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Unified models of biological diversity across organizational levels (genes, species, com-
munities) provide key insight into fundamental ecological processes. Theory predicts 
that the strength of the correlation between species abundance and genetic diversity 
should be related to community age in closed communities (i.e. abundant species 
accumulate more genetic diversity over time than rare species). Following this ratio-
nale, we hypothesize that historical climatic events are expected to impact assembly 
processes, hence affecting both the species abundance distribution (SAD) and the spe-
cies genetic distribution (SGD) in continental communities. Therefore, we predict 
that, if the congruence between SADs and SGDs depends on community age, then 
higher congruence would be observed in localities where climate has been more stable 
since the Last Glacial Maximum (LGM). We tested this prediction using relative abun-
dance and nucleotide diversity (cox1-5′) data from 20 communities of leaf beetles 
along a latitudinal transect in the Iberian Peninsula. We observed that the congruence 
between SAD and SGD curves, measured as the correlation between the species’ rank 
orders in both distributions, was significantly related to the change in mean annual 
temperature since the LGM, but not to current climatic conditions. Our results sug-
gest that, despite the high connectivity of continental communities, historical climatic 
stability is still a relevant predictor of the congruence between species abundance and 
genetic diversity. Hence, the degree of congruence between SADs and SGDs could be 
used as a proxy of community stability, related not only to historical climatic variation 
but also to any other disrupting factors, including human pressure.

Keywords: biodiversity patterns, Coleoptera, community barcoding, Quaternary 
climate, species–genetic diversity correlation (SGDC), unified models

Introduction

Unified macroecological models across organizational levels (genes, species, communi-
ties) provide predictive frameworks that open unique opportunities to discern the role 
of fundamental ecological processes shaping the variation of biological communities 
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(Overcast  et  al. 2021, Baselga  et  al. 2022). These models 
inherently recognize the interplay between ecological and 
evolutionary processes as key drivers of population and com-
munity dynamics (Vellend et al. 2014). From seminal works 
suggesting that species and genetic diversity are under the 
influence of the same processes (Antonovics 1976), accumu-
lated knowledge has shed light on the mechanisms that result 
in parallel patterns of diversity within and among species 
(Vellend 2003, 2005, Vellend et al. 2014). A crucial break-
through was Vellend’s (2016) synthetic theory of ecological 
communities, with the realization that the processes govern-
ing the composition and diversity of biological communi-
ties can be distilled into four high-level categories (selection, 
drift, speciation, and dispersal) with clear parallels in popula-
tion genetics (Vellend 2010, 2016). Importantly, the recogni-
tion that the same processes govern diversity at genetic and 
species levels does not necessarily imply that patterns at both 
levels must be always correlated, but it opens the opportunity 
to assess the conditions under which these parallelisms arise 
(Vellend and Geber 2005, Baselga et al. 2013, 2015, Gómez-
Rodríguez  et  al. 2019, Schmidt  et  al. 2022). Furthermore, 
process-based simulations can be instrumental in generating 
predictions about patterns emerging across hierarchical levels 
(genes, genealogies, and species, Baselga et al. 2015). These 
simulations serve as valuable tools for inferring the processes 
that underlie the observed patterns of variation of biologi-
cal communities (Laroche et al. 2015, Overcast et al. 2021, 
Baselga et al. 2022).

Inferring ecological processes from observed biodiversity 
patterns faces a significant challenge given that most mac-
roecological patterns might potentially arise from different 
mechanisms (McGill 2010, Cabral et al. 2017). An emerging 
field that tackles this challenge involves the use of mecha-
nistic eco-evolutionary models to simulate large-scale biodi-
versity patterns at multiple hierarchical levels (Hagen 2023). 
These simulations are designed to generate testable bench-
marks against which empirical diversity patterns can be com-
pared, thus allowing the inference of assembly processes from 
whole-community genetic and species data (Baselga  et  al. 
2022, Overcast et al. 2023b). For instance, the joint neutral 
model (Overcast et al. 2019) underlying the massive ecoevo-
lutionary synthesis simulations (MESS, Overcast et al. 2021) 
predicts that, all other things being equal, abundant species 
would tend to accumulate more genetic diversity than rare 
species. While this aligns with previous empirical support 
(McCusker and Bentzen 2010, Grundler  et  al. 2019), it is 
essential to note that, in the context of island communities, 
this prediction leads to an additional inference: the correla-
tion between species abundance and species genetic diversity 
(SGD) will vary among local communities as a function of 
community age (Overcast  et  al. 2019, 2023b). If this pre-
diction holds, it opens an interesting avenue, as it suggests 
that the correlation between species abundance and genetic 
diversity could serve as an estimator for community age or, 
more broadly, community stability, as we argue below. Here 
we test this prediction for continental communities using a 
fully curated dataset of genetic barcodes and abundance data 

for whole communities of leaf beetles along a latitudinal gra-
dient in the Iberian Peninsula (Baselga et al. 2015).

The concept of community age is inherently complex, 
owing to the dynamic nature of biological communities. In 
general terms, species composition changes over time (i.e. 
temporal turnover) in response to environmental changes, 
biotic interactions, and the arrival of new species, as well as 
by random fluctuations in demographic processes (Magurran 
and Henderson 2010). Nevertheless, the age of oceanic 
island communities has a discernible maximum limit tied 
to the island's origin and subsequent colonization by differ-
ent species. In contrast, determining the age of continental 
communities proves even more elusive due to their higher 
connectivity and, consequently, the larger influence of immi-
gration processes compared to the relatively more isolated 
island communities. In the context of continental communi-
ties, historical climate change emerges as a key driver of com-
munity reconfiguration, inducing shifts in both the position 
and size of species distribution ranges (Taberlet et al. 1998, 
Hewitt 1999, Davis and Shaw 2001, Jansson 2003), some-
times unfolding over extended time periods (i.e. Milankovitch 
climatic cycles, Dynesius and Jansson 2000). These shifts in 
species ranges result from the interplay between niche filtering 
and dispersal processes (Skov and Svenning 2004, Svenning 
and Skov 2007) and are therefore not expected to be con-
certed across species (Stewart et al. 2010), thus leading to the 
reshuffling of communities due to climate change (Graham 
and Grimm 1990, Williams et al. 2001). Consequently, the 
more stable the climate, the higher the probability of spe-
cies persistence in a given site (Fjeldsa et al. 1999, Dynesius 
and Jansson 2000, Jansson 2003), making it more probable 
that the biological community has remained unchanged over 
time. In other words, climatic stability could serve as a proxy 
for community age or, more broadly, community stability. 
Building on the prediction by Overcast  et  al. (2023a), we 
would expect a positive relationship between climatic stability 
and the correlation between species abundance and genetic 
diversity. We hypothesize that, if the correlation between spe-
cies abundance and genetic diversity depends on community 
age, then higher congruence would be observed in continen-
tal localities with a more stable climate since the Last Glacial 
Maximum (LGM).

Our aim is to test the prediction that the congruence 
between relative abundance and genetic diversity within 
communities depends on their long-term climatic stability. 
To examine this, we have assessed the parallelism between 
the species abundance distribution (SAD) and the SGD dis-
tribution of whole communities of leaf beetles (Coleoptera: 
Chrysomelidae) in the Iberian Peninsula. This region offers 
an ideal case study, being one of the major glacial refugia 
in Europe. Moreover, it is also thought to have harboured 
multiple refugia at very small scales due to its broad topo-
climatic heterogeneity (Gómez and Lunt 2007). As a con-
sequence, late Quaternary climate changes have played an 
important role in structuring the spatial pattern of endemism 
and genetic structure in the Iberian Peninsula (Abellán and 
Svenning 2014). Leaf beetles are also a good biological group 
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to address this type of analysis because their communities are 
very diverse (dozens of species usually coexist locally, associ-
ated to different host plants), with marked variation in both 
abundance and genetic diversity across species.

Material and methods

Leaf beetle community data

Leaf beetle communities were sampled in 20 localities along a 
south–north transect (820 km, Fig. 1) in the Iberian Peninsula 
in April–June 2010 (for more information see Baselga et al. 
2015). All localities were well-preserved areas (mostly Natural 
Parks or areas with some degree of protection) and cover a 
wide altitudinal range, from 123 m a.s.l. (ALC, see locality 
codes in the Supporting information and Fig. 2 caption) to 
1264 m a.s.l. (OMA) as well as a wide climatic gradient, with 

mean annual temperatures from 9.5°C (OMA) to 17.5°C 
(ALC) and mean annual precipitation from 478.7 kg/m2 
(HOR) to 1764.5 kg/m2 (EUM, see Supporting information 
for more information on the sampled localities). Each locality 
was intensively sampled by sweeping and beating all types of 
vegetation, including trees, shrubs, and herbs, for 20 sampling 
periods of 30 min (except 18 sampling periods in UBG). All 
specimens were preserved in 100% ethanol for DNA extrac-
tion and amplification of a 655 base pair region from the 5′ 
end of mitochondrial cox1 (sequence data n = 4531, published 
in Baselga et al. 2015). All specimens were also identified to 
species level by an expert taxonomist (A. Baselga), mostly using 
the taxonomic monographs for the European (Warchalowski 
2003) and Iberian (Petitpierre 2000) leaf beetle faunas. To 
assess the congruence between genetic diversity and relative 
species abundance at the community level, in each locality we 
have considered only species with an abundance of at least 
three individuals (Tajima 1983).

Figure 1. Spatial variation of the rank congruence between the species abundance distribution (SAD) and the species genetic diversity (SGD) 
curves (SAD–SGD rank congruence). On the left, Pearson’s correlation values between species SAD and SGD ranks are shown for each local-
ity, represented by the size of the circles. On the right, the SADs (left) and SGDs (right) for two example localities with the largest (Ancares, 
ANC) and lowest (Deleitosa, DEL) correlations. Note that the colour gradient in SAD and SGD plots always reflects the rank position in the 
SAD, so if SAD–SGD congruence is high, the same colours should appear in a similar order in the SGD, but not if congruence is low.
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Local species abundance distributions

We built the SAD curve in each locality, with the x-axis repre-
senting the rank of each species from most abundant to least 
abundant, and the y-axis representing the local relative abun-
dance of each species. Thus, from the vector of abundances, 
we computed the rank order of each species within the dis-
tribution (ranked abundance distribution, RAD, Whittaker 
1965), which informs about their relative commonness (low 
rank values) or rarity (high rank values) in the community. 
When two or more species had the same relative abundance 
within a community, they were assigned the same rank order 
(i.e. minimum rank).

Local species genetic diversity distributions

Analogously to SADs, we computed local SGD distribu-
tions based on the species nucleotide diversity (π, Nei and Li 
1979) in each locality (i.e. nucleotide diversity of each popu-
lation). To calculate the nucleotide diversity of each popula-
tion we used the nuc.div() function in the ‘pegas’ package 
(Paradis et al. 2023) in R (www.r-project.org). Sorting spe-
cies based on their nucleotide diversity provides their rank 
order within the community according to their genetic vari-
ability. This SGD rank order was compared to the rank order 
in the SAD to assess the congruence between both levels 
(section ‘Congruence between SADs and SGDs and climatic 
predictors’).

For each community, we also summarized genetic diversity 
across species using the SGD mean (genetic diversity mean, 
GDM) and its evenness (genetic diversity evenness, GDE). 
GDM is the average nucleotide diversity across species. GDE 
is based on Shannon entropy and corresponds to the first-
order Hill number of nucleotide diversity (measured as expo-
nential Shannon’s diversity or 1D) standardized by species 
richness (i.e. 1D / S) (French et al. 2023). GDE informs about 
the variability in genetic diversity among species within a 
community (i.e. high values of GDE indicate similar genetic 
diversity among species in a locality). Analogous measures of 
diversity were computed at the species level: species richness 
(S) and abundance distribution evenness measured as expo-
nential Shannon’s diversity standardized by species richness 
(i.e. 1D / S).

Congruence between SADs and SGDs and climatic 
predictors

To assess the congruence between species abundance and 
SGD in each locality, we computed the Pearson’s correlation 
between the species rank order in the SAD and in the SGD. 
This SAD–SGD rank congruence informs about species rank 
shifts between the two levels, so high positive congruence val-
ues would indicate that the most abundant species are also 
the ones with higher genetic diversity, as expected for older 
communities according to Overcast et al. (2023a).

We also assessed the relationship between SAD–SGD rank 
congruence and both current and past climatic conditions, 

as well as the long-term climatic stability in each locality, 
using linear regression models. We obtained current climate 
data from the CHELSA 2.1. database (Karger  et  al. 2017) 
and past climate data from the CHELSA database (PMIP3, 
CCSM4 model) for the LGM (Karger  et  al. 2021). We 
selected the following climatic variables as major descriptors 
of local climatic conditions: mean annual temperature (bio1), 
mean maximum temperature of the warmest month (bio5), 
mean minimum temperature of the coldest month (bio6), 
annual precipitation (bio12), mean precipitation of the wet-
test quarter (bio16), and mean precipitation of the driest 
quarter (bio17). We measured long-term climatic stability 
as the difference between the current and the LGM mean 
annual temperature (temp_diff = bio1.present – bio1.LGM) 
and, independently, as the difference between the current and 
the LGM annual precipitation (prec_diff = bio12.present – 
bio12.LGM). We also included altitude, spatial coordinates 
(latitude and longitude), and species richness as potential pre-
dictors to control for alternative spatially structured factors as 
well as potential biases due to the diversity of communities. 
The best regression model was identified following a forward 
stepwise process based on AIC. Additionally, we built equiva-
lent regression models using standard diversity measures as 
response variables: species richness (S) and abundance distri-
bution evenness (1D / S) for the species level and GDM and 
GDE for the genetic level. See Supporting information for 
complementary regression models.

Results

Leaf beetle community data

A total of 5100 specimens and 209 species were collected for 
this study, with local species richness ranging from 27 (HOR) 
to 67 (ANC). The most abundant species in the dataset were 
Longitarsus juncicola, Gonioctena olivacea, and Calomicrus 
circumfusus, present in 7, 18, and 13 localities, respectively. 
The barcode region (cox1-5′) of the mitochondrial genome 
was successfully amplified for 4531 specimens (88.8% of the 
total). Once the less frequent species (n < 3) were removed 
from each locality, the total number of specimens for fur-
ther analyses was 4091, corresponding to 140 species. Leaf 
beetle communities showed a wide range of variation in both 
genetic diversity and species abundances (Fig. 2).

Local species abundance distributions and species 
genetic diversity curves

Mean relative abundance ranged from 0.026 ± 0.013 (SD) 
in ANC to 0.067 ± 0.064 (SD) in ALC and 0.067 ± 0.033 
(SD) in HOR (Table 1), with the most locally dominant 
species being L. juncicola (53 specimens) and L. dorsalis (34 
specimens), both in ALC. The locality with the most even 
abundance distribution was ANC (1D / S = 0.745) while ALC 
showed the most unbalanced abundance distribution (1D / 
S = 0.509, see Table 1). Contrasting results were observed 
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Figure 2. Spatial variation in relative abundance and genetic diversity among the studied communities. (a) Genetic diversity mean (GDM) and 
mean relative abundance for each locality. (b) Genetic diversity evenness (GDE) and abundance distribution evenness, measured as exponential 
Shannon’s diversity standardized by species richness (1D / S) for each locality. The values of all variables were standardised (z-scores) to allow a 
visual comparison of the genetic diversity and abundance attributes of communities. Locality codes: Arribes del Duero-Norte (ADN), Arribes 
del Duero-Sur (ADS), Alcornocales (ALC), Ancares (ANC), Cornalvo (COR), Deleitosa (DEL), Fragas do Eume (EUM), Sierra de Francia 
(FRN), Hornachos (HOR), Jerez de los Caballeros (JCB), Larouco (LAR), Lastra (LAS), Macizo Central (MAC), Omaña (OMA), Sanabria 
(SAN), Sierra Norte de Sevilla (SNS), Sierra de San Pedro (SSP), Valle del Tuéjar (TUE), Ubrique-Grazalema (UBG), La Vera (VER).
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for nucleotide diversity, with UBG being the locality with 
the lowest GDM (0.004 ± 0.005 [SD]) and OMA with the 
largest GDM (0.012 ± 0.022 [SD]). The locality with the 
most even genetic diversity was HOR (GDE = 0.807), while 
OMA (GDE = 0.310) showed the most unbalanced genetic 
diversity distribution.

For each locality, we represented SADs and SGDs by sort-
ing species according to their relative abundance and nucleo-
tide diversity, respectively. These plots graphically represent 
the rank shift between the genetic and species level and hence 
the congruence between SADs and SGDs (see Fig. 1 for illus-
trative purposes, and Supporting information for the SAD 
and SGD plots of all sites). SAD–SGD rank congruence 
ranged from Pearson’s r = −0.25 (DEL) to Pearson’s r = 0.48 
(ANC) (Fig. 1 and Table 1). The average Pearson’s correlation 
across localities was r = 0.14 ± 0.21 (SD), with only one cor-
relation being significant (ANC).

SAD–SGD rank congruence and climatic stability

The best multiple regression model for explaining SAD–
SGD rank congruence included both temperature stability 
(the difference between current and LGM mean annual tem-
perature) and current mean temperature (bio1) (R2 = 0.32, 
F2, 17 form = 4.01, p = 0.037), although only temperature 
stability was significant (Fig. 3; see Supporting informa-
tion for parameter details). Climatic stability varied among 
localities, from relatively low temperature change in ALC 
(∆T = 2.7°C) to the largest variation in DEL (∆T = 6.4°C). 
See Supporting information for results for models of  
species richness, abundance distribution evenness, GDM, 
and GDE.

Discussion

Our results show that the impact of long-term climatic stabil-
ity on biological communities can be detected when evaluat-
ing diversity patterns simultaneously at both the species and 
genetic level. Long-term climatic stability serves as an indica-
tor of abiotic conditions experienced by the biological com-
munity but, more importantly, it also functions as a proxy 
for community age. This association is grounded in the fact 
that narrower climatic oscillations result in smaller changes in 

Table 1. Diversity measures and rank congruence between the species abundance distribution (SAD) and the species genetic diversity (SGD) 
curves (SAD–SGD rank congruence) for each locality. See Fig. 2 caption for explanation of Locality codes.

Locality Richness Evenness (1D/S) Relative abundance (Mean ± SD) GDM1 (Mean ± SD) GDE2 Congruence3

ADN 42 0.707 0.040 ± 0.020 0.005 ± 0.008 0.568 −0.048
ADS 41 0.733 0.037 ± 0.021 0.006 ± 0.005 0.690 0.039
ALC 30 0.509 0.067 ± 0.064 0.006 ± 0.006 0.606 0.412
ANC 67 0.745 0.026 ± 0.013 0.005 ± 0.007 0.525 0.476
COR 34 0.603 0.053 ± 0.029 0.006 ± 0.005 0.735 0.402
DEL 41 0.640 0.050 ± 0.030 0.007 ± 0.006 0.757 −0.252
EUM 41 0.678 0.048 ± 0.025 0.005 ± 0.006 0.592 0.375
FRN 43 0.628 0.042 ± 0.026 0.005 ± 0.005 0.614 −0.013
HOR 27 0.696 0.067 ± 0.033 0.007 ± 0.005 0.807 −0.134
JCB 36 0.732 0.048 ± 0.018 0.007 ± 0.000 0.587 0.060
LAR 40 0.663 0.040 ± 0.028 0.008 ± 0.012 0.470 0.292
LAS 56 0.684 0.030 ± 0.017 0.007 ± 0.015 0.340 0.035
MAC 49 0.691 0.043 ± 0.023 0.008 ± 0.013 0.429 −0.072
OMA 45 0.711 0.034 ± 0.023 0.012 ± 0.022 0.310 −0.055
SAN 47 0.642 0.045 ± 0.023 0.006 ± 0.008 0.497 0.367
SNS 35 0.640 0.056 ± 0.041 0.006 ± 0.005 0.670 0.291
SSP 35 0.647 0.050 ± 0.034 0.006 ± 0.006 0.637 0.090
TUE 48 0.684 0.038 ± 0.018 0.006 ± 0.011 0.445 0.075
UBG 34 0.692 0.056 ± 0.026 0.004 ± 0.005 0.611 0.138
VER 41 0.676 0.038 ± 0.026 0.006 ± 0.005 0.674 0.253

1GDM: genetic diversity mean.2GDE: genetic diversity evenness.3Congruence: Pearson’s correlation between the species rank order in the 
SAD and the SGD distribution. The only significant correlation value is highlighted in bold (p = 0.002).

Figure 3. Relationship between the rank congruence of the species 
abundance distribution (SAD) and the species genetic diversity 
(SGD) (SAD–SGD rank congruence) and climatic stability since 
the Last Glacial Maximum (LGM; difference between current mean 
annual temperature and mean annual temperature at the LGM). 
Colours correspond to the localities in the map of Fig. 1. Dot size is 
proportional to species richness.
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species’ range positions and sizes (Dynesius and Jansson 2000, 
Brown  et  al. 2020), thus resulting in increased stability of 
biological communities over time. Therefore, our study sup-
ports the prediction of a positive relationship between com-
munity age and the correlation between species abundance 
and genetic diversity (Overcast et al. 2023a). While this pre-
diction was made in the context of island biogeography, our 
results extend this expectation to any biological community, 
as the legacy of climatic stability is observed in the degree of 
correlation between species abundance and genetic diversity 
of continental communities. Consequently, our study under-
scores the relevance of unified models of biological diversity 
across organizational levels (genes, species, communities) to 
understand fundamental ecological processes (Vellend et al. 
2014, Vellend 2016). In particular, here we show that the 
impact of historical climatic events in assembly processes 
conditions our ability to predict community structure at the 
genetic level (i.e. the distribution of genetic diversity among 
species in the community) based on observations at the spe-
cies level (i.e. the distribution of abundance among species in 
the community).

We observe higher congruence between abundance and 
genetic diversity distributions in localities that have experi-
enced greater climatic stability, measured as temperature dif-
ference since the LGM. In these localities (e.g. ALC, ANC, 
COR, or EUM), the most abundant species tend to be the 
ones with higher nucleotide diversity as well, as would be 
expected for communities that have remained stable over 
an extended period of time (Overcast  et  al. 2019, 2023b). 
Conversely, the correlation between species abundance and 
genetic diversity decreases in localities that have undergone 
larger temperature changes since the LGM. This aligns with 
expectations for communities that have recently reassembled, 
so abundant species may have not accumulated genetic diver-
sity, although other factors such as competition may also be 
at play. Our comparison of community structure at two orga-
nizational levels complements previous studies evidencing 
the imprint of past climatic events on contemporary diversity 
patterns at either the species (Araújo  et  al. 2008, Ordonez 
and Svenning 2015, Svenning  et  al. 2015) or the genetic 
(Taberlet  et  al. 1998, Hewitt 2000) level. Furthermore, it 
contributes new evidence supporting the significant impact 
of long-term climatic stability on biological communities 
(Petit et al. 2003, Carnaval et al. 2009, Brown et al. 2020). 
From a theoretical standpoint, current ecological theory, as 
proposed by Vellend (2016), asserts that the same funda-
mental processes shape ecological communities at both the 
species and molecular levels: selection, drift, dispersal (gene 
flow), and speciation (mutation). However, it is important to 
note that the existence of analogous processes does not neces-
sarily imply the existence of identical patterns at both levels 
(Laroche et al. 2015), as our study also demonstrates. In fact, 
we highlight that community stability is key to explaining the 
correlation (or lack thereof ) between species abundance and 
genetic diversity distributions. In other words, climatic sta-
bility is a major driver of a macroecological property emerg-
ing across organizational levels: the degree of congruence 

between community structures at the genetic and species 
levels.

Our results support the notion that climatic stability 
serves as a predictor for the correlation between abundance 
and genetic diversity. This emerges even in the face of gener-
ally low correlation values between abundance and genetic 
diversity, along with substantial variations observed across 
different localities. Notably, low SAD–SGD rank correlations 
are expected in continental communities given their higher 
connectivity, which increases the likelihood of species immi-
gration. Despite this inherent ecological dynamism, both the 
variability in local SAD–SGD rank correlation values and 
its relationship with climatic stability underscore the poten-
tial of assessing diversity patterns across hierarchical levels, 
from genetic variants to clades and to species (Vellend 2003, 
Vellend and Geber 2005, Baselga et al. 2013, Vellend et al. 
2014, Baselga  et  al. 2015). For instance, a spatio-temporal 
continuum of biodiversity becomes apparent when the same 
processes operate with equal strength at both the species and 
genetic levels (Baselga et al. 2013). Given that haplotypes and 
intraspecific lineages are delimited using neutral molecular 
markers, which are not subject to selection processes (Diniz-
Filho and Bini 2011), the existence of such a spatio-temporal 
continuum has allowed the inference of dispersal processes 
playing a major role in shaping diversity patterns at the 
species level (Baselga  et  al. 2015, Gómez-Rodríguez  et  al. 
2019, Arribas  et  al. 2020). Other studies have also con-
trasted patterns at both levels to detect a dominant effect of 
environmental constraints (Múrria  et  al. 2017) or histori-
cal factors (Robuchon et al. 2019), as well as to argue about 
their important implications in biodiversity conservation 
(Kahilainen et al. 2014). Recent advances in the field, such 
as metabarcoding of whole communities (Arribas et al. 2020, 
Noguerales et al. 2021) or community-scale eco-evolutionary 
simulations (Overcast et al. 2019, 2021, Baselga et al. 2022), 
hold promise for expediting the inference of ecological and 
evolutionary processes from the simultaneous assessment of 
species and genetic diversity patterns (Gillespie et al. 2023, 
Overcast et al. 2023b). However, here we have benefited from 
the availability of a fully curated DNA barcoding dataset of 
whole communities along a latitudinal gradient (Baselga et al. 
2015). While taxonomic identification and DNA barcoding 
of all specimens of complete assemblages may be costly com-
pared to metabarcoding approaches, it also offers two main 
advantages to test the prediction of Overcast  et  al. (2019, 
2023a): 1) it provides direct measures of relative abundance 
of each species, and 2) in this particular study, species identi-
fication is based on morphological characteristics and hence 
is independent of the molecular data used to estimate nucleo-
tide diversity.

Our study relies on assessing the distribution of rela-
tive abundance and, independently, of nucleotide diversity 
within biological communities. The distribution of abun-
dance within a community (SAD) stands as one of the most 
studied patterns in ecology (Magurran and Henderson 2011, 
McGill 2011). It has proven mostly useful to assess changes 
in biodiversity structure across communities, space or time 
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(Antão et al. 2017, Matthews et al. 2019). For instance, tem-
poral changes in biological communities can be assessed by 
tracking the shifts of species in SADs from one time period 
to another (Dornelas 2010, Tsai et al. 2014). Here we assess 
analogous shifts but, instead of comparing the temporal 
shifts in communities’ SADs (SAD in time 1 versus SAD in 
time 2), we compare organizational levels within communi-
ties (SAD versus SGD) in a wide spatial context. The geo-
graphic variation of SADs has recently garnered attention, 
with studies showing how their shape depends on spatial 
scale (Antão et al. 2017) or varies along latitudinal gradients 
(Qiao et al. 2015, Ulrich et al. 2016). In contrast, SGDs have 
not received comparable attention in a biogeographical con-
text (Griffiths and Tavare 1994). Alternatively, the burgeon-
ing field of ‘macrogenetics’ is providing interesting insight 
into how intraspecific genetic diversity varies across multiple 
communities at larger spatial scales, as well as the evolution-
ary processes that generate, maintain, and erode biodiversity 
(Miraldo et al. 2016, Leigh et al. 2021, Schmidt et al. 2023). 
Previous contributions to macrogenetics have predominantly 
focused on average measures of genetic diversity, rather than 
the complete distribution of nucleotide diversity across spe-
cies within communities. However, a particularly noteworthy 
study on insect macrogenetics demonstrates that nucleotide 
diversity is more uneven across species in areas that were gla-
ciated during the LGM (French et al. 2023). Hence, using 
a summary metric, this study points to historical climatic 
events shaping the current distribution of genetic diversity 
within a community. Our study takes a step further, analyz-
ing Iberian leaf beetles to investigate whether the distribu-
tion of genetic diversity is correlated with the distribution 
of abundance and how this may be mediated by historical 
climatic events.

In conclusion, continental leaf beetle communities exhibit 
low correlation values between species abundance and genetic 
diversity, as expected from the higher connectivity of conti-
nental communities compared to insular ones. The continen-
tal setting is expected to raise the likelihood of novel species 
arriving to local communities, thereby increasing the variabil-
ity of species abundances over time. However, despite the rela-
tively modest SGD–SAD correlations, their variation across 
localities is linked to the magnitude of climate change since 
the LGM. This evidences the key role of historical climatic sta-
bility in shaping biological communities from the molecular 
to the species level. These results carry two important implica-
tions. First, the degree of congruence between SADs and SGDs 
could be used as a proxy for community stability, not only 
related to historical climatic change but also to other disrupt-
ing factors, including human pressure. Second, in climatically 
stable localities, species abundance could be used as a proxy 
for genetic diversity, which is a key facet of biological diversity 
and should therefore be contemplated in conservation plan-
ning (Carvalho et al. 2017, Hanson et al. 2021, Schmidt et al. 
2023). If genetic diversity data were available, deviations from 
SAD–SGD congruence could also be leveraged to infer recent 
colonizations, thus providing valuable insights into historical 
biodiversity dynamics and conservation efforts.
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