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Nabholz et al. (2024) published an important comment on our study on the phylogeography of Oedipoda latreille, 1829, 
reflecting some discussions we also had internally when writing the paper. While they agree with our conclusions of raising 
Oedipoda mauritanica lucas, 1847, Oedipoda meridionalis ramme, 1913 and Oedipoda pentagonalis Jannone, 1937 to 
species level, they challenge our synonymization of a subspecies described by the senior author (Oedipoda fuscocincta 
morini Defaut, 2006). Nabholz et al. (2024) argue that numerous cases exist in which mitochondrial phylogenies are 
not in line with valid species designations. We completely agree with this and we have documented such unresolved 
species groups before, such as the Sphingonotus caerulans group (Husemann et al. 2014), or the various species in the 
tribe Bryodemini (kock et al. 2024). For the same reason, we have refrained from taxonomic conclusions on the species 
status of Oedipoda germanica (latreille, 1804) and Oedipoda fuscocincta lucas, 1847. However, in these cases robust 
morphological data (and in the case of Sphingonotus Fieber, 1852 also bioacoustic data) support the species status of the 
taxa in question. In the case of subspecies, the situation is way more complex as subspecies definitions lack objective 
criteria and frequently fail to reflect distinct evolutionary units (Braby et al. 2012). 

We agree that our dataset is dominated by mitochondrial data, which is not unusual due to the slower mutation rates 
of nuclear DNA. For the same reason, a separate analysis of the ItS2 dataset does not provide substantial insights into 
the phylogeny of the genus. the ItS2 phylogeny presented by Nabholz et al. (2024) does not include any branch support 
indicators, but based upon our own analyses we can confirm that in addition to poor resolution, bootstrap support values 
and posterior probabilities of the ItS2 dataset alone were not acceptable to be publishable. Adding more comprehensive 
nuclear genetic data would be desirable, but due to their large genomes, genomic studies have long been challenging in 
orthoptera, particularly in oedipodinae (Hawlitschek et al. 2023). Meanwhile such issues can be overcome by sampling 
genome wide data using transcriptomics or genome reduction techniques such as hybrid capture or ddrAD to create more 
extensive SNP datasets (see for example Schmidt et al. 2024).

We agree that taxonomic conclusions from genetic data alone must be undertaken with care and all evidence must be 
considered. this is particularly true for mitochondrial genes, which may be affected by introgression, incomplete lineage 
sorting or NuMts as correctly stated by Nabholz et al. (2024). When we started sequencing mitochondrial genes for 
inferring phylogenies in orthoptera (Hochkirch 2001), we soon realized that CoI (the “barcoding gene”) is particularly 
difficult to apply in orthoptera phylogenies, as this gene appears to be frequently copied into the nuclear genome, leading 
to unresolved phylogenies (see for example Hawlitschek et al. 2017; kock et al. 2024). For this reason, we relied on more 
stable gene fragments, including NDS, which is a combination of 16S rDNA, trNA-leu and NADH-Dehydrogenase 
subunit 1 (and therefore unlikely to be copied as a whole into the nuclear genome) as well as 12S rDNA, which is 
known to be quite stable in orthoptera. this, however, does not prevent any erroneous conclusions from mitochondrial 
introgression or incomplete lineage sorting.

Nabholz et al. (2024) argue with the Chorthippus biguttulus group as an example of a species group that cannot be 
separated with mitochondrial data alone (note that we follow the globally accepted taxonomy here (Cigliano et al. 2024) 
and still refer to Chorthippus Fieber, 1852 rather than Gomphocerippus roberts, 1941). We do not doubt the validity of 
Chorthippus biguttulus (linnaeus, 1758), Chorthippus mollis (Charpentier, 1825) and Chorthippus brunneus (thunberg, 
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1815), as these differ substantially in their songs, which are known to be important premating barriers (Gottsberger & 
Mayer 2007). Nevertheless, hybridization between these species in nature (see table 1 in Gottsberger 2007) is well 
documented and even gave rise to the evolution of a hybrid species, Chorthippus jutlandica Fogh Nielsen, 2003. We 
have shown in our own studies widespread hybridization in the sister genus Pseudochorthippus Defaut, 2012 (rohde 
et al. 2015), confirming the hypothesis that hybridization is more common in orthoptera than expected based upon the 
assumption that songs act as effective premating barriers. Hybridization and subsequent mitochondrial introgression is 
one of the main reasons for inconsistencies between mitochondrial and nuclear datasets. there even exist documented 
cases in which the complete mitochondrial gene pool appears to have been displaced by multiple introgression events 
(Babik et al. 2005). Furthermore, incomplete lineage sorting is a second important reason for inconsistencies between 
mitochondrial phylogenies and taxonomic designation (Maddison & knowles 2006) as correctly stated by Nabholz et 
al. (2024). Despite these obvious issues with introgression and incomplete lineage sorting in the genus Chorthippus, 
the senior author of Nabholz et al. (2024) transferred the species of the Chorthippus biguttulus group into the genus 
Gomphocerippus (Defaut 2022) by exploiting an incomplete mitochondrial phylogeny of other researchers (Nolen et al. 
2020), a practice which has been criticized by other colleagues (Fontana et al. 2024).

We completely agree with the statement by Nabholz et al. (2024) that phenotypic distinct taxa should not be 
synonymized based upon genetic data alone and we would not come to such taxonomic conclusions carelessly. In the case 
of Chorthippus and Sphingonotus, the species have very distinct songs, acting as premating barriers - even though they 
may not be 100% effective. However, the status of the Oedipoda subspecies is not based on robust data. Nabholz et al. 
(2024) argue that O. fuscocincta morini Defaut, 2006 is slightly smaller and has a blue-green hind wing color. Body size 
is known to be quite plastic in many orthoptera species (e.g. Berggren 2008) and island populations of other orthoptera 
species are also smaller than mainland populations (e.g. Sphingonotus rubescens on the Baleares are much smaller than 
on the mainland, even though they possess the typical sinuous intercalary vein and produce the typical song of that 
species; Husemann et al. 2013). We argued in our publication (Hochkirch et al. 2023) that hind wing color is strongly 
variable in many Oedipoda species, e.g. O. charpentieri Fieber, 1853 has red winged and blue winged specimens in 
sympatric populations, O. caerulescens (linnaeus, 1758) has blue, yellow or reddish hind wings, O. schochii Brunner von 
Wattenwyl, 1884 has blue or purple hind wings, O. miniata (Pallas, 1771) has a rose-winged and a yellow-winged morph. 
In some cases, these may represent valid subspecies, but wing color alone is not a sufficient character to justify such a 
status. the determination of wing coloration of orthoptera remains unknown, but it may well be that it is just based upon 
a single mutation in a single gene, or may even be caused by phenotypic plasticity as has been shown for the fore wing 
color of the oedipodinae genus Sphingonotus (Edelaar et al. 2017) and other orthoptera species (Hochkirch et al. 2008). 
there is currently also no evidence that hind wing color plays any significant role in mate choice of Oedipoda species. 

We here follow the subspecies approach by Braby et al. (2012), who recommend that the “definition of subspecies 
[should] be restricted to extant animal groups that comprise evolving populations representing partially isolated lineages of 
a species that are allopatric, phenotypically distinct, and have at least one fixed diagnosable character state, and that these 
character differences are (or are assumed to be) correlated with evolutionary independence according to population genetic 
structure.” We currently do not see any evidence for any independent population genetic structure in O. fuscocincta morini 
and subsequently synonymized this subspecies. It is unlikely that the lack of any mitochondrial differences is caused by 
mitochondrial introgression as the taxon is endemic to two islands, a situation very different from O. germanica, which 
has a hybrid zone with O. coerulea in the Pyrenees. While incomplete lineage sorting cannot be excluded, this would also 
suggest that any separation must be very recent. 

We have kept the subspecies rank of Oedipoda caerulescens sardeti. Similar to O. fuscocincta morini, morphological 
differentiation of Corsican specimens is weak and based upon color pattern and morphometrics. the phylogeny places 
it in a distinct clade together with specimens from the Iberian Peninsula and southern France. It clearly fulfills the 
requirements of an evolutionary independent unit if those specimens are included. Assigning subspecies based upon a 
few morphological characters is always associated with the risk that these characters reflect the human perception of 
species recognition (e.g. colors), while more complex patterns of differentiation in other traits (e.g. pheromones, genitalia, 
courtship behavior) remain unstudied. 

Nabholz et al. (2024) finally provide some comments on the position of O. coerulea and potential hybridization with 
O. germanica. As we have stressed in our publication (Hochkirch et al. 2023), this is indeed a case that requires further 
study and we agree that the pattern is most likely influenced by introgression. this also requires a critical evaluation of 
the types of O. germanica pyrenaica uvarov, 1936, which may in fact represent our O. coerulea clade, but is currently 
treated as a synonym of O. germanica. In this case, O. coerulea may not be valid and most of the blue-winged individuals 
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from the Iberian Peninsula would be moved back to O. fuscocincta. However, any conclusions on this group are currently 
premature and highly speculative. 

In conclusion, this discussion might deserve to be placed in the splitters vs. lumpers context. With the data at hand, 
we do not see sufficient support for keeping O. fuscocincta morini as a valid subspecies, but future studies may falsify our 
conclusion. In the end, taxonomy remains dynamic - different species concepts and new methodological approaches have 
always fostered taxonomic re-arrangements and this will continue to keep taxonomists busy. 
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