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				Meloimorpha japonica (Haan, 1844), a widely distributed cricket species in East Asia, exhibits notable morphological variation across its range. This study integrates morpho-metric and molecular approaches to investigate intraspecific variation in wing morphol-ogy and its geographical correlates. We analysed morphometric data (34 specimens) and COX1 sequences (20 specimens) across seven Chinese populations. Phylogenetic analyses revealed a monophyletic clade with no population structure, despite significant longitudinal clines in forewing length (R = –0.36, p = 0.039). Despite size variation, key taxonomic characters (wing venation, leg morphology, genitalia) remained invariant, supporting the recognition of M. japonica as a single polytypic species. This study high-lights the importance of longitudinal gradients in shaping morphological diversity and underscores the need for integrative approaches in understanding intraspecific variation.

			

		

		
			
				Introduction

				How organisms adapt to environmental change represents a fascinating question in ecology and evolutionary biology. Regular patterns of trait variation along environmental gradients provide rich material for exploring such adaptations. The positive cline of increasing body size with latitude is well documented in insects, adhering to Bergmann’s rule. This pattern is exemplified by the termite Reticulitermes speratus (Kolbe) (Morooka et al. 2025) and the seed-feeding beetle Stator limbatus (Horn) (Stillwell et al. 2008). Conversely, reverse clinal variation has been observed in the leaf-cutting ant Atta cepha-

			

		

		
			
				lotes Linnaeus (Sandoval-Arango et al. 2020) and the periodical cicada Magicicada septende-cim (Linnaeus) (Beasley et al. 2018), demon-strating contrasting evolutionary responses to latitudinal gradients. Similarly, elevation shapes biological traits, as seen in the Asian corn borer Ostrinia furnacalis (Guenée), whose wing mor-phology is adjusted in response to high-elevation environments (Tu et al. 2011). However, these environmentally correlated patterns often lack phylogenetic consistency. For instance, stud-ies of certain tropical butterflies and European damselflies indicate that wing traits are weakly constrained by phylogenetic history (Mena et al. 2020, Yildirim et al. 2024). This decoupling 
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				from evolutionary history may be driven by nat-ural selection, which can promote evolutionary lability and weaken correlations between phy-logeny and trait evolution (Revell et al. 2008).Such processes complicate the interpretation of adaptive mechanisms and highlight gaps in our current understanding.

				Meloimorpha japonica (Haan, 1844), known colloquially as “Ma-Ling” in China, represents an exceptional case within Phalangopsidae (Fig. 1). As the sole phalangopsid species dis-tributed north of the subtropical zone (Cigliano et al. 2025), its range spans from temperate to tropical Southeast Asia. This species exemplifies a typical acoustically communicating cricket that relies on species-specific calling songs for mate attraction and reproduction. The morphology of male forewings, the crucial sound-producing organ, is therefore intrinsically linked to their survival and reproductive success. However, our field observations have revealed noticeable mac-roscopic variations in male forewing size among geographically distinct populations of M. japo-nica (Fig. 2). This raises fundamental questions: Do these differences represent interspecific divergence or reflect intraspecific morphologi-cal variation within a single species? Further-more, how might such variation correlate with geographical and environmental gradients? To address these questions, we conducted integrated morphometric and molecular analyses of 34 specimens from seven geographically separated populations, aiming to: (1) determine whether these populations constitute a single biological species; (2) verify whether the observed morpho-logical variation in male forewings represents 

			

		

		
			
				genuine phenotypic divergence; (3) investigate potential relationships between geographical dif-ferentiation in wing morphology and environ-mental factors, and identify specific factors that may drive such variation.

				Materials and methods

				Taxonomic and morphological studies

				We collected specimens in the field with the help of a lamp and preserved them in abso-lute analytical-grade ethanol. In the laboratory, we softened selected specimens by immersing them in ca. 70% ethanol for 2–3 days. These softened specimens were then set on pins as dry vouchers, with male genitalia dissected for further examination. The remaining specimens were preserved in absolute ethanol and stored at –20 °C as molecular material. Habitat pho-tographs of living individuals in their natural environment were taken using a Nikon D610 with a Nikon AF Nikkor 40 mm lens. Specimen photographs were obtained using a VHX-6000 super-high magnification lens zoom 3D micro-scope (Keyence, Japan). Pictures of genitalia were taken using a ToupCam digital camera and bundled software (ToupTek, Hangzhou, China). Image editing was accomplished using Adobe Photoshop 2020. Male genitalia were dissected from softened specimens and then cleaned by placing them into an alkaline protease solution (0.2 g/ml; AOBOX, Beijing, China) with a water temperature of 40–50 °C for 48 h. All speci-mens were measured using a ToupCam digital 
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				Fig. 1. Meloimorpha japonica morphotypes from different locations in China: — A: Zhejiang. — B: Hunan.
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				camera (E3ISPM05000KPA) and bundled soft-ware (ToupTek, Hangzhou, China). Morphologi-cal examination beyond simple measurements included counting oblique veins in the basal field of forewings, documenting chord vein numbers and mirror shapes, and counting dorsal tibial spurs on posterior legs. All measurements are in millimetres (mm). The field collection infor-mation for the samples used in this research is shown in Table S1 (Appendix). Wing length statistics are shown in Table S2 (Appendix). All specimens are deposited at the Zoological and Botanical Museum, Shaanxi Normal University, Xi’an, China (SNNU).

				DNA extraction and amplification

				We collected hind legs from a total of 20 speci-mens of M. japonica from six provinces in 

			

		

		
			
				China (Guangdong, Hunan, Zhejiang, Yunnan, Hubei and Sichuan). We extracted total genomic DNA from the muscles of the hind leg using the TIANamp Genomic DNA Kit (Tiangen Biotech, Beijing, China), according to the manufacturer’s instructions. The mitochondrial cytochrome c oxidase subunit 1 (COX1) gene was ampli-fied using the universal primers LCO1490 (5′-GGTCAACAAATCATAAAGATATTGG-3′) and HCO2198 (5′-TAAACTTCAGGGTGAC-CAAAAAATCA-3′) (Folmer et al. 1994), which yield an approximately 660 bp fragment of the standard animal barcode region. The PCR ampli-fication conditions were as follows: initial dena-turation for 5 min at 94 °C, 35 cycles of dena-turation at 94 °C for 30 s, annealing at 48 °C for 30 s and elongation at 72 °C for 45 s, and final extension at 72 °C for 7 min. The same prim-ers were used for sequencing. In addition, the complete mitochondrial genomes of Indozacla 
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				Fig. 2. Approximate ranges of forewing lengths in seven geographical populations of Meloimorpha japonica. The circles on the map represent the distribution sites of each of the three different body size groups identified by col-ours. Only the samples represented in pale green and light blue differed significantly from each other.
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				dorsiglaber Ma & Wang, 2025 and Meloimorpha cincticornis Walker, 1870 were obtained, from which the COX1 gene sequences were extracted for analysis (Appendix: Table S3). The data, including the newly generated COX1 sequences, are openly available in the Zenodo Repository (https://doi.org/10.5281/zenodo.17534939) and in NCBI GenBank (https://www.ncbi.nlm.nih.gov/genbank/; for accessions, see Appendix: Table S3).

				Molecular phylogenetic analyses

				To investigate the phylogenetic relationships among Meloimorpha japonica, M. cincticor-nis and Indozacla dorsiglaber, we downloaded sequence data for Amphiacusta exacerbans Otte & Perez-Gelabert, 2009, Brevizacla molisae Desutter-Grandcolas, 2012, and Oecanthus sin-ensis Walker, 1869 from GenBank (Appendix: Table S3). We assembled the sequencing data using SeqMan v. 7.1.0 (Burland 2000) and man-ually verified and corrected the base calls by inspecting chromatograms in Geneious Prime v. 11.0.4 (Kearse et al. 2012). Sequences were aligned using MAFFT v. 7.0 (Katoh & Standley 2013) and trimmed with Gblocks v. 0.91b (Tala-vera & Castresana 2007). Maximum-likelihood (ML) analyses were performed using IQ-TREE v. 1.6.12 (Nguyen et al. 2015), integrated into Phylo-Suite (Zhang et al. 2020), under the GTR + Γ + I substitution model. The nodal support was esti-mated using Ultrafast bootstrapping with 5000 replicates. Bayesian inference was performed in MrBayes v. 3.2.1 (Ronquist et al. 2012) using the same substitution model. The majority-rule con-sensus tree was generated through Markov chain Monte Carlo (MCMC) sampling. Chains were run for 10 000 000 steps, with sampling every 10 000 steps and the first 25% discarded as burn-in. We used FigTree v. 1.4.4 (Rambaut 2021) to visualise the phylogenetic trees.

				Species delimitation

				For species delimitation analysis, COX1 sequences of 25 specimens were used: 22 speci-mens sequenced by us (20 M. japonica, 1 M. 

			

		

		
			
				cincticornis and 1 I. dorsiglaber) and three out-group sequences (O. sinensis, B. molisae and A. exacerbans) downloaded from GenBank. We applied two single-locus species delimita-tion methods: Bayesian Poisson Tree Process (bPTP) modelling, which identifies species boundaries based on relative substitution rates across the phylogenetic tree (Zhang et al. 2013), and the Refined Single Linkage (RESL) algo-rithm, which clusters sequences into molecular operational taxonomic units (MOTUs) based on genetic distance thresholds (Ratnasingham & Hebert 2013). The bPTP analysis was performed on the bPTP website (https://species.h-its.org/ptp) using the ML tree without the outgroup sequences as an input  To assess convergence, we performed two independent MCMC analy-ses. Each run was set for 1 000 000 steps with sampling every 100 steps, and the first 10% of samples were discarded as burn-in. RESL analy-sis was performed in the BOLD platform, which assigns COX1 barcode sequences to MOTUs.

				Morphometric and statistical analyses

				We measured the forewing length of 34 speci-mens of M. japonica from seven collection sites. To test for differences among populations, we performed a one-way ANOVA followed by Dun-can’s multiple-comparison test, using the aov and duncan.test functions from the agricolae package (de Mendiburu 2023). We assessed the bivari-ate relationships between forewing length and geographical gradients (longitude, latitude and elevation) by fitting linear regression models and plotting the correlation curves using the ggplot2 and ggpmisc (Aphalo 2024) packages. The dis-tribution of collection sites was also mapped using ggplot2. Furthermore, we constructed a generalised linear model (GLM) with forewing length as the response variable and the three geographical features as predictors, using the glm function from the built-in stats package. The best-supported model, identified through model comparison, confirmed a significant correlation with longitude. To assess collinearity between the environmental predictors, we additionally fitted a GLM between longitude and elevation. For the comparative analysis presented in the 
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				results, populations were categorised as ‘western’ or ‘eastern’ based on their position relative to the median longitude (113.29° E) of all collection sites (see Appendix: Table S2 for coordinates). All statistical analyses and graphics were gener-ated using R v. 4.4.1 (R Core Team 2023).

				Results

				Species delimitation based on molecular evidence

				Maximum-likelihood and Bayesian-inference analyses of COX1 sequences (Fig. 3 and Appen-dix: Fig. S1) revealed no population structure within M. japonica, with all Chinese specimens forming a monophyletic clade (ML bootstrap value = 100, Bayesian posterior probability = 1). Both bPTP and RESL delimitation meth-ods consistently recognised three MOTUs cor-responding to M. japonica, M. cincticornis and I. dorsiglaber. Despite morphological differences, samples from different distribution sites were assigned to the same species.

			

		

		
			
				Species delimitation based on comparative morphology

				External morphological traits other than fore-wing length, including wing venation, the number of dorsal spurs on the posterior tibiae and male genitalia, showed no consistent differ-ences across populations. Forewings exhibited consistent veins and sizes in the basal field with 4–5 oblique veins (Fig. 4A–D). Specimens were also uniform in the number of chord veins and the shape of the mirror, and all had three pairs of dorsal spurs on the posterior tibiae (Fig. 4E–H). Male genitalia likewise showed no diagnostic variation; the ectoparamere was curved inward, the posterior margin of the epiphallus was with a protuberance, and the anterior margin was con-cave. These conserved morphological features were consistent across all examined populations.

				Objective variation in body size and its geographical distribution patterns

				ANOVA revealed significant wing length differ-ences (F6,27 = 2.612, p = 0.039), with western 
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				Fig. 3. Maximum-likelihood tree recovered using 25 COX1 sequences from Meloimorpha japonica, M. cincticornis, Indozacla dorsiglaber, Amphiacusta exacerbans, Brevizacla molisae and Oecanthus sinensis. Bootstrap values are indicated for all nodes.
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				populations (Yunnan: 13.59 ± 0.43 mm; Hubei: 13.57 ± 1.08 mm) exhibiting approximately 10–11% longer wings than the eastern Guang-dong population (12.28 ± 0.74 mm) (Fig. 5A). Multivariate regression identified longitude as the primary predictor (R = –0.36, p = 0.039), contrasting with non-significant correlations for latitude (R = 0.0044, p = 0.98) and elevation (R = 0.28, p = 0.11) (Fig. 5B–D). The GLM analysis confirmed the significant negative cor-relation between longitude and forewing length (p = 0.039), consistent with the correlation anal-ysis results (Appendix: Fig. S2).

				Discussion

				Latitudinal gradients often correlate with varia-tions in temperature, sunlight, and hydrothermal conditions, leading to greater focus on latitudi-nal differences in animal distribution in biogeo-graphical research (Stillwell et al. 2008, Beas-ley et al. 2018, Sandoval-Arango et al. 2020, Morooka et al. 2025). Consequently, studies on animal distribution patterns across longitudes at the same latitude are relatively scarce. Chi-na’s vast territory spans not only significant latitudinal ranges but also a broad longitudinal 

			

		

		
			
				expanse. Moreover, influenced by elevation and continental climate, China exhibits pronounced topographic and climatic disparities along its east–west axis. Under such natural conditions, geographical areas at the same latitude but dif-ferent longitudes may harbour distinct environ-mental gradients that could, in turn, affect animal morphology and their distribution.

				During our survey of cricket species, we observed striking variations in the apparent body size among Meloimorpha populations; this per-ception is primarily due to differences in fore-wing size, which covers and extends beyond the abdomen. The actual body size (from head to abdominal tip) is largely consistent across populations, indicating that the observed vari-ation is specific to the forewings. To avoid subjectivity in morphological assessments, we first conducted ANOVA on forewing measure-ments across geographical populations, confirm-ing significant morphological divergence. To clarify the taxonomic relationships of these mor-phologically distinct Meloimorpha populations, we performed an integrative taxonomic study combining morphological and molecular data. The results, based on male genitalia morphology and molecular markers, identified all specimens as geographical populations of M. japonica. 
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				Fig. 4. Wings and posterior tibiae of Meloimorpha japonica. A and E collected from Yunnan Province, B and F from Zhejiang Province, C and G from Hunan Province, and D and H from Guangdong Province.

			

		

	
		
			
				143	Ma & Li: Longitudinal clines in wing morphology of Meloimorpha japonica • Ann. ZOOL. Fennici Vol. 62

			

		

		
			[image: ]
		

		
			
				Finally, to explore the relationship between fore-wing size variation and geographical distribu-tion, we correlated forewing measurements with latitude, longitude and elevation.

				Our findings demonstrate the importance of longitudinal gradients in shaping morphological diversity in M. japonica, with western popu-lations characterised by larger forewings than eastern counterparts. While our sample size was sufficient to detect this strong longitudinal cline, limited statistical power may have prevented detection of subtler correlations with other morphological variables or landscape features. Future studies with larger sample sizes across more geographical locations would help address potential Type II errors and better character-ise the full extent of morphological variation. In contrast, Bergmann’s rule, which predicts 

			

		

		
			
				latitudinal effects, showed no influence here. However, with current data, our study only pre-liminarily demonstrates longitudinal gradients in forewing length. Future studies should investi-gate the specific eco-evolutionary mechanisms driving this cline. Potential explanations include acoustic adaptation, where wing size variation may influence sound propagation efficiency or call characteristics (e.g., intensity or frequency modulation) in different habitats, or historical processes such as recent range expansion from Pleistocene refugia.

				Nonetheless, we believe this finding holds practical implications for insect taxonomy: when examining similar species distributed at compa-rable latitudes but different longitudes, research-ers should consider whether they represent intraspecific geographical populations with trait 
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				Fig. 5. Variability in wing length among Meloimorpha japonica geographical populations and correlation with longi-tude, latitude and elevation. — A: Results of one-way ANOVA and multiple-comparison test for seven geographical populations. Different letters above the bars indicate significant differences between populations; groups sharing the same letter do not differ statistically. — B: Correlation between wing length and longitude. — C: Correlation between wing length and latitude. — D: Correlation between wing length and elevation.
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				variations, thereby avoiding misclassification due to limited morphological scrutiny. In our focal species, the consistency in these morpho-logical patterns (e.g., genitalia, wing venation) aligns with the species boundaries delimited by COX1 sequence analysis. Our findings caution against over-splitting taxa based solely on longi-tudinal morphological variation. Several recently proposed cricket species based on east–west morphological differences (Li et al. 2021, Hou et al. 2024), including Homoeoxipha oscillan-tenna He, 2021 and Homoeoxipha eurylobus Ma, Liu & Zhang, 2016 which share identical male genitalia and similar external morphology, as well as Svistella rufonotata (Chopard, 1932) and Svistella yayun He, 2024 which exhibit com-parable genitalia and external traits, were classi-fied as distinct species largely based on east-west geographical separation and questionable mor-phological variation. These cases may represent intraspecific variation along longitudinal gra-dients rather than distinct species. Intraspecific morphological variability is not uncommon in cricket taxonomy (Wang et al. 2022, Zheng et al. 2023). Understanding longitudinal patterns in such variation may reshape interpretations of species relationships.
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				Table S2. Forewing lengths and collection site information for the 34 individuals of Meloimorpha japonica.

				Site	Specimen no.	Wing (mm)	Longitude	Latitude	Elevation (m)

				Zhejiang	ZJ-2209-193	11.90	121.044779	29.173663	136

				Zhejiang	ZJ-2209-364	13.10	121.044779	29.173663	136

				Zhejiang	ZJ-2209-398	12.28	118.939369	28.325678	412

				Zhejiang	ZJ-2209-413	12.38	118.939369	28.325678	412

				Zhejiang	ZJ-2209-426	13.04	118.939369	28.325678	412

				Zhejiang	ZJ-2209-427	12.21	118.939369	28.325678	412

				Yunnan	YN-2108-765	14.00	102.5097108	23.7061288	1571

				Yunnan	YN-2108-779	13.14	102.5097108	23.7061288	1571

				Yunnan	YN-2108-788	13.63	102.5097108	23.7061288	1571

				Hunan	HuN-2208-163	12.85	110.535969	29.355395	331

				Hunan	HuN-2208-164	12.23	110.535969	29.355395	331

				Hunan	HuN-2208-167	12.91	110.535969	29.355395	331

				Hunan	HuN-2208-168	13.11	110.535969	29.355395	331

				Hunan	HuN-2208-176	12.45	110.535969	29.355395	331

				Hunan	HuN-2208-405	12.75	114.014292	28.45329	225

				Hunan	HuN-2208-453	13.49	114.014292	28.45329	225

				Hunan	HuN-2208-454	11.64	114.014292	28.45329	225

				Hunan	HuN-2208-455	13.05	114.014292	28.45329	225

				Guangdong	GS-2009-050	12.00	113.2915911	24.7971585	1000

				Guangdong	GS-2009-051	11.11	113.2915911	24.7971585	1000

				Guangdong	GS-2009-116	12.65	113.2915911	24.7971585	1000

				Guangdong	GS-2009-144	12.76	113.2915911	24.7971585	1000

				Guangdong	XLD-1392	12.88	113.2915911	24.7971585	1000

				Sichuan	SC-2109-046	13.68	103.8732441	30.6911474	500

				Sichuan	LY-1510-061	11.57	103.8732441	30.6911474	500

				Hubei	HB-0408-012	14.74	110.2506489	31.37103589	771

				Hubei	HB-2308-125	12.81	110.2506489	31.37103589	771

				Hubei	HB-2308-126	12.52	110.2506489	31.37103589	771

				Hubei	HB-2308-128	12.61	110.2506489	31.37103589	771

				Hubei	XLD-0654	14.22	110.2506489	31.37103589	771

				Hubei	HB-2308-129	14.51	110.2506489	31.37103589	771

				Beijing	BJ-1309-005	13.07	115.9990602	39.9748126	267

				Beijing	BJ-1309-006	12.05	115.9990602	39.9748126	267

				Beijing	BJ-1309-007	12.48	115.9990602	39.9748126	267
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				Table S1. Field collection information of different populations of Meloimorpha japonica, including the number of col-lected individuals (N).

				Collection site	N	♀/♂	Date	Collector

				Zhejiang, Suichang, Jiulong Mt.	2	male	16 Sep. 2022	Wang, N.

				Zhejiang, Lishui, Baiyun	2	male	14 Sep. 2022	Wang, N.

				Zhejiang, Tiantai, Guoqing	2	male	8 Sep. 2022	Wang, N.

				Yunnan, Shiping, Huanwen	2	male	28 Aug. 2021	He, Zhixin

				Yunnan, Mengla, Mengla	1	male	16 Aug. 2013	Ma, Libin

				Hunan, Zhangjiajie, Wulingyuan	5	male	14 Aug. 2022	Wang, N.

				Hunan, Liuyang, Daweishan 4	male	24 Aug. 2022	Wang, N.

				Guangdong, Shaoguan, Nanling Mt.	5	male	1 Sep. 2020	He, Zhixin

				Sichuan, Chengdu	2	male	3 Sep. 2021	Yuan, Wei

				Hubei, Luotian, Tiantangzhai	4	male	14 Aug. 2005	Cai, Z.

				Hubei, Xingshan, Shuiyuesi	2	male	12 Aug. 2005	Cai, Z.

				Beijing, Wangping	3	male	19 Sep. 2013	Ma, Libin
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				Table S3. COX1 sequences and their NCBI GenBank accessions used in the species delimitation analysis.

				Species (specimen id)	Collection site	Accession	Data source

				Indozacla dorsiglaber	Xizang, Shigatse, Yadong	PX504984	this study

				Meloimorpha cincticornis	Yunnan, Lushui, Luzhang	PV397472	this study

				Meloimorpha japonica (G1)	Guangdong, Nanling	PV390715	this study

				Meloimorpha japonica (G2)	Guangdong, Nanling	PV390714	this study

				Meloimorpha japonica (Y1)	Yunnan, Honghe, Shiping	PV390703	this study

				Meloimorpha japonica (Y2)	Yunnan, Dali	PV390702	this study

				Meloimorpha japonica (Y3)	Yunnan, Honghe, Shiping	PV390701	this study

				Meloimorpha japonica (Y4)	Yunnan, Honghe, Shiping	PV390700	this study

				Meloimorpha japonica (HN1)	Hunan, Changsha, Liuyang	PV390709	this study

				Meloimorpha japonica (HN2)	Hunan, Changsha, Liuyang	PV390708	this study

				Meloimorpha japonica (HN3)	Hunan, Changsha, Liuyang	PV390707	this study

				Meloimorpha japonica (HN4)	Hunan, Zhangjiajie	PV390706	this study

				Meloimorpha japonica (HB1)	Hubei, Shennongjia	PV390713	this study

				Meloimorpha japonica (HB2)	Hubei, Shennongjia	PV390712	this study

				Meloimorpha japonica (HB3)	Hubei, Shennongjia	PV390711	this study

				Meloimorpha japonica (HB4)	Hubei, Shennongjia	PV390710	this study

				Meloimorpha japonica (Z1)	Zhejiang, Lishui, Suichang	PV390699	this study

				Meloimorpha japonica (Z2)	Zhejiang, Taizhou, Tiantai	PV390698	this study

				Meloimorpha japonica (Z3)	Zhejiang, Lishui, Suichang	PV390697	this study

				Meloimorpha japonica (Z4)	Zhejiang, Lishui, Suichang	PV390696	this study

				Meloimorpha japonica (S1)	Sichuan, Dujiangyan	PV390705	this study

				Meloimorpha japonica (S3)	Sichuan, Suining	PV390704	this study

				Amphiacusta exacerbans	–	EU939170	NCBI

				Brevizacla molisae	–	KY646251	NCBI

				Oecanthus sinensis	–	KY783908	NCBI
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				Fig. S1. Bayesian inference tree recovered using 25 COX1 sequences of Meloimorpha japonica, M. cincticornis, Indozacla dorsiglaber, Amphiacusta exacerbans and Brevizacla molisae, with Oecanthus sinensis as the outgroup. Posterior probabilities are shown on branches.
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				Fig. S2. Simulated regression curves between longitude and forewing length using a generalised linear model (p = 0.039).
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Ma, L.-B. & Li, P.-H. 2025: Longitudinal clines in wing morphology of Meloimorpha japonica (Haan,
1844) (Orthoptera: Phalangopsidae): Insights from morphometric and molecular analyses. — Ann.
Zool. Fennici 62: 137—-148.

Meloimorpha japonica (Haan, 1844), a widely distributed cricket species in East Asia,
exhibits notable morphological variation across its range. This study integrates morpho-
metric and molecular approaches to investigate intraspecific variation in wing morphol-
ogy and its geographical correlates. We analysed morphometric data (34 specimens)
and COX1 sequences (20 specimens) across seven Chinese populations. Phylogenetic
analyses revealed a monophyletic clade with no population structure, despite significant
longitudinal clines in forewing length (R = —0.36, p = 0.039). Despite size variation, key
taxonomic characters (wing venation, leg morphology, genitalia) remained invariant,
supporting the recognition of M. japonica as a single polytypic species. This study high-
lights the importance of longitudinal gradients in shaping morphological diversity and
underscores the need for integrative approaches in understanding intraspecific variation.

lotes Linnaeus (Sandoval-Arango et al. 2020)
and the periodical cicada Magicicada septende-
cim (Linnaecus) (Beasley et al. 2018), demon-
strating contrasting evolutionary responses to

Introduction

How organisms adapt to environmental change
represents a fascinating question in ecology and

evolutionary biology. Regular patterns of trait
variation along environmental gradients provide
rich material for exploring such adaptations.
The positive cline of increasing body size with
latitude is well documented in insects, adhering
to Bergmann’s rule. This pattern is exemplified
by the termite Reticulitermes speratus (Kolbe)
(Morooka ef al. 2025) and the seed-feeding
beetle Stator limbatus (Horn) (Stillwell ef al.
2008). Conversely, reverse clinal variation has
been observed in the leaf-cutting ant A#fa cepha-

latitudinal gradients. Similarly, elevation shapes
biological traits, as seen in the Asian corn borer
Ostrinia furnacalis (Guenée), whose wing mor-
phology is adjusted in response to high-elevation
environments (Tu et al. 2011). However, these
environmentally correlated patterns often lack
phylogenetic consistency. For instance, stud-
ies of certain tropical butterflies and European
damselflies indicate that wing traits are weakly
constrained by phylogenetic history (Mena ef al.
2020, Yildirim et al. 2024). This decoupling
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