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File S1. Methods for statistical analyses and molecular phylogeny.

Statistical analyses
	Statistical analyses were performed with R software version 4.3.2, except that Excel 2016 was used for linear regression. The number of components in a normal mixture distribution of cyst size was estimated with the mclust package [1] for two datasets: Dataset A containing measurements of cysts from all infested hosts (378 of 389 extracted cysts; 11 were lost before measurement) and Dataset S containing measurements of cysts from the single host specimen showing the highest intensity (70 of 71 extracted cysts; one was lost before measurement). The value of the Bayesian information criterion (BIC; [2]) was used to infer the number of components [3]. Differences in the number of cysts by host sex were tested with the non-parametric Mann–Whitney U test; prior to the test, the data were assessed for normality for both female and male hosts with the Shapiro–Wilk test. The relationship between the number of cysts and the size of the host was examined by linear regression, with the regression line and coefficient of determination calculated with Microsoft Excel 2016. Figures were constructed with Excel 2016 (Fig. 2A–D, F) or R (Fig. 2E), and were edited with Adobe Illustrator CC.

DNA extraction and polymerase chain reaction (PCR)
	DNA was extracted from the whole body of five cysts (172.6, 205.0, 206.9, 228.8, and 252.1 µm in diameter), each from a different Cyathura individual collected on 7 March 2023, by using a NucleoSpin Tissue XS Kit (Macherey–Nagel, Germany), after the removal of host tissue with needles. 28S sequence was determined for a single cyst out of the five cysts and ITS1 region sequences for the five cysts. For the 28S gene, primers U178 and L1642 [4] were used for PCR amplification; in addition, primers 300F, 300R, and U1148 (Lockyer et al. 2003) for cycle sequencing (CS). For the ITS region, the primers M1780F and M 5·8R [5] were used for amplification; in addition, newly designed primers ITS1_inF (AACATTGGCAGTGCTAGGC) and ITS1_inR (TGAACTGCACGCTCAACACTA) for CS. PCR amplification conditions for 28S and the ITS1 region with TaKaRa Ex Taq DNA polymerase (Takara Bio, Japan) were 95℃ for 1 min; 30 cycles of 95℃ for 30 sec, 50℃ for 30 sec, and 72℃ for 1 min; and 72℃ for 7 min. All nucleotide sequences were determined by direct sequencing with a BigDye Terminator Kit ver. 3.1. and a 3730 DNA analyzer (Life Technologies, USA). The sequences we obtained were deposited in the International Nucleotide Sequence Database (INSD) through the DNA Data Bank of Japan (DDBJ), under accession numbers LC808145 (28S) and LC808146–LC808150 (ITS1 region; cysts with diameters 228.8, 206.9, 252.1, 172.6, and 205.0 µm, respectively). 

Molecular phylogenetic analysis
	A molecular phylogenetic analysis of 28S sequences from thirty-four microphallids was conducted to identify our parasite; sequences from two lecithodendriid and one macroderoidid species (the sequence of AF433673 is likely Macroderoides spiniferus Pearse, 1924, not Plesiocreadium typicum Winfield, 1929; [6]) were included as outgroup taxa. The sequences were aligned by using the MAFFT online platform version 7 [7] with the “L-INS-i” strategy [8] and were trimmed with MEGA7 [9] to match the shortest length among them. Ambiguous sites were removed with Gblocks version 0.91b [10]. The optimal phylogenetic tree was determined with the maximum likelihood (ML) method implemented in IQtree version 2.1.2 [11], with nodal support values obtained through 1000 Shimodaira-Hasegawa-like approximate likelihood ratio tests (SH-aLRT; [12]) and analysis of 1000 ultrafast bootstrap (UFBoot; [13]) pseudoreplicates. Clades with both SH-aLRT ≥ 80 and UFBoot ≥ 95 were considered to be well supported. The optimal substitution model determined under the corrected AIC (Akaike information criterion) option in ModelFinder [14] was GTR+F+R3. The resulting phylogenetic tree was viewed with FigTree software version 1.4.4 (https://github.com/rambaut/figtree/releases/tag/v1.4.4) and edited with Adobe Illustrator CC. 
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Figure S1. Maximum likelihood phylogenetic tree for microphallid trematodes based on 28S rRNA gene sequences (945 bp). Numbers near nodes are SH-aLRT/UFBoot support values. The portion of the tree containing species in Microphallidae is outlined in green and the Microphallus clade is shaded orange. Our taxon is in bold font. The scale bar indicates branch length in number of substitutions per site.


Table S1. P-distances (in percent) among partial 28S rRNA sequences (945 bp) from species in the Microphallus clade in the phylogenetic tree. 
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	1. Microphallus triangulatus (HM584139)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2. Microphallus pseudopygmaeus (HM584127)
	0.7
	
	
	
	
	
	
	
	
	
	
	
	
	

	3. Microphallus kurilensis (HM584129)
	1.3
	1.2
	
	
	
	
	
	
	
	
	
	
	
	

	4. Microphallus pygmaeus (HM584133)
	1.4
	1.3
	0.3
	
	
	
	
	
	
	
	
	
	
	

	5. Microphallus calidris (HM584124)
	1.1
	0.7
	0.4
	0.5
	
	
	
	
	
	
	
	
	
	

	6. Microphallus minutus (KT355822)
	1.3
	1.0
	0.6
	0.7
	0.2
	
	
	
	
	
	
	
	
	

	7. Microphallus piriformes (HM584123)
	2.0
	1.9
	1.4
	1.5
	1.2
	1.0
	
	
	
	
	
	
	
	

	8. Microphallus similis (AY220625)
	2.6
	2.5
	2.2
	2.3
	1.8
	1.6
	2.5
	
	
	
	
	
	
	

	9. Microphallus ochotensis (MG783587)
	5.5
	5.3
	5.1
	5.0
	4.7
	4.9
	5.3
	4.9
	
	
	
	
	
	

	10. Microphallus sp. (KJ868217) 
	6.3
	6.0
	6.0
	5.9
	5.6
	5.8
	6.3
	5.8
	4.0
	
	
	
	
	

	11. Microphallus abortivus (AY220626)
	7.8
	7.7
	7.4
	7.3
	7.0
	7.0
	7.3
	6.8
	7.4
	7.4
	
	
	
	

	12. Microphallus primas (AY220627)
	7.8
	7.7
	7.4
	7.3
	7.0
	7.0
	7.2
	6.8
	7.4
	7.7
	0.8
	
	
	

	13. Microphallus basodactylophallus (AY220628)
	7.3
	7.1
	6.7
	6.6
	6.4
	6.5
	7.0
	6.9
	6.6
	7.8
	9.0
	9.1
	
	

	14. Microphallidae sp. (AB974360)
	4.6
	4.2
	3.8
	3.9
	3.5
	3.5
	3.8
	4.0
	4.6
	5.7
	6.8
	6.9
	6.4
	

	15. Metacercaria, this study (LC808145)
	5.6
	5.5
	5.2
	5.1
	4.8
	5.0
	5.3
	4.9
	4.8
	6.1
	6.8
	6.9
	7.4
	3.1
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