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INTRODUCTION

Macrostomum is a species-rich genus of the turbellarian 
family Macrostomidae (Platyhelminthes, Macrostomorpha), 
with over 160 species having so far been described from 
around the world (Tyler et al., 2006–2020). These free-living 
flatworms are transparent, hermaphroditic, mostly 1–2 mm 
in body length, and have a relatively simple general anat-
omy. Species in Macrostomum have been attracting interest 
in some research fields, such as developmental biology and 
reproductive biology (Ramm et al., 2015; Grudniewska et al., 
2016; Giannakara and Ramm, 2017; Singh et al., 2020). In 
particular, Macrostomum lignano Ladurner, Schärer, 
Salvenmoser, and Rieger, 2005, with its outstanding regen-
eration capacity (Egger et al., 2006; Nimeth et al., 2007), has 
become a versatile model organism for molecular, develop-
mental, and evolutionary biology in a range of research 
fields—including aging, bioadhesion, stem cells, mating 
behavior, sexual selection, and sex allocation (Schärer et al., 
2011, 2020; Grudniewska et al., 2016; Mouton et al., 2018; 
Wunderer et al., 2019; Wudarski et al., 2020). To explore and 
describe new species of Macrostomum will obviously be of 
benefit to these research fields by providing more biological 
and genetic resources.

Description of a macrostomid flatworm requires mor-
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phological analysis of particular body structures, such as the 
penis stylet, which is the most significant feature for the tax-
onomy of Macrostomum species (Ferguson, 1954; Rieger, 
1977; Rieger et al., 1994). The taxonomy of these small, 
fragile microturbellarians has been difficult to study. It can 
be a challenging task to identify a new Macrostomum spe-
cies due to the fact that there is considerable convergent 
evolution of the copulatory organ morphology (Schärer et 
al., 2011). Recently, other features such as the sperm mor-
phology (Schärer et al., 2011), and the muscle arrangement 
(Adami et al., 2012) were suggested to provide additional 
valid taxonomic information. It has been encouraged to use 
extensive digital photomicrography detailing both hard and 
soft parts and molecular analyses inferred from multiple 
gene segments to facilitate the analysis of microturbellari-
ans (Ladurner et al., 2005), and accumulating data show the 
abundance and diversity of macrostomid flatworms (Creer et 
al., 2010; Fonseca et al., 2010; Schärer et al., 2011; Janssen 
et al., 2015; Xin et al., 2019).

The first species of Macrostomum described from China 
was Macrostomum intermedium Tu, 1934 (Tu, 1934). 
Seventy years later, the present laboratory reported a sec-
ond Macrostomum species, Macrostomum xiamense Wang 
and Luo, 2004. Since then, 20 species of Macrostomum 
have been reported from China, of which 19 species were 
reported by the present laboratory, 13 from freshwater and 
six from brackish environments (Lin et al., 2017b; Xin et al., 
2019). China is likely to have a high richness and diversity of 
Macrostomum species, since 12 new species were reported 
in the last five years from south China alone, mainly in 
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Guangdong Province.
In this paper, we describe two new brackish-water spe-

cies of Macrostomum from China. We also provide observa-
tions on the mating behavior of one of the two species, 
recorded by using digital photomicrography.

MATERIALS AND METHODS

Sample collection and rearing
Specimens were collected in April 2017 from the seashore at 

Xichong, Shenzhen (22°28′4″N, 114°31′42″E) and Futian Mangrove 
Wetland, Shenzhen (22°31′38″N, 113°59′53″E), Guangdong 
Province, China, respectively (Fig. 1). Salinity of the habitat water 
was 19–20‰ and 6–10‰, respectively. Samples were collected by 
washing off sediment and organisms from floating plants or under-
water stones and using 180-, 125-, and 75-μm mesh nets sequen-
tially. The material retained by the 125-μm and 75-μm mesh nets was 
transported to the laboratory. The specimens were observed under a 
stereomicroscope (Leica EZ4, Leica Microsystems, Germany). All of 
the live flatworms were maintained in the water of the original loca-
tion with a 12:12 h light/dark period at room temperature (25 ± 1°C). 
The flatworms were fed with Paramecium sp. every two days.

Specimen preparation, observation, and data processing
The procedures of specimen preparation followed the method 

described by Xin et al. (2019). In brief, the specimens were fixed in 
Bouin’s solution after being anesthetized successively with 5% (for 
1–2 min) and 7% (for 1–2 min) ethanol in habitat water. The speci-
mens were embedded in paraffin and serially sectioned along the 
sagittal plane (6 μm thickness) using a manual rotary microtome 
(Leica RM2235, Leica Biosystems, Germany). After being stained 
with hematoxylin and eosin, the specimens were mounted in neutral 
balsam for histological observation. Lactic acid phenol liquid (lactic 
acid : phenol = 1:1 in volume) was used for penis stylet dissection.

The chamber used for mating experiments was prepared 
according to Schärer et al. (2004). Images of living individuals, sec-
tions, sperm, and penis stylets; and videos of copulation were cap-
tured by a differential interference microscope (Olympus BX51, PA, 
USA) and DP 2-BSW professional software (Olympus, ver. 2.2, PA, 
USA). The eggs were collected and transferred to 24-well plates. 
Postembryonic development was observed after egg hatching. 
Image-Pro Plus software (ver. 6.0) was used for data measurement. 
Frames from the video were exported by Free Video to JPG 
Converter (ver. 5.0). Patterns of specimens were drawn using Pho-
toshop (ver. CS6).

Type material has been deposited in the Institute of Zoology, 
Chinese Academy of Sciences, Beijing (IZCAS), with the abbrevia-
tion PLA–Ma (Platyhelminthes–Macrostomum) followed by catalog 
numbers.

DNA extraction, amplification, and sequencing
After being deprived of food for three days, three individuals of 

each species (non-type) were put into liquid nitrogen for 15 s for the 
following DNA extraction. An E.Z.N.A.TM Mollusk DNA Isolation Kit 
(Omega, Norcross, GA, USA) was used to extract DNA. PCR reac-
tions were performed in 25 μl with a Thermal Cycler (Applied 
Biosystems 2720, Thermo Fisher Scientific, USA). The primers for 
18S rDNA and 28S rDNA sequences and PCR amplification proce-
dures are listed in Table 1. PCR products were separated on a 1.2% 
agarose gel and purified using a Gel DNA Extraction Kit 
(Chinatopbio, Shenzhen, China). The PCR-amplified DNA frag-
ments were sequenced by Sanger sequencing by Beijng Genomics 
Institute (BGI, Shenzhen, China) or Beijing TsingKe Biotech Co., 
Ltd (Beijing, China).

Molecular phylogenetic analyses
The 18S rDNA and 28S rDNA sequences of the two new species 

have been deposited in the GenBank database at NCBI under the 

Fig. 1. Map showing collecting localities for the present two new species of Macrostomum in Guangdong Province, China.

Table 1. Primer sequences and PCR procedures used for amplification and sequencing (after Schärer et al., 2011).

Gene Primer Direction Sequence (5′–3′) PCR procedure

18S rDNA
Macro_18S_200F forward GGCGCATTTATTAGATCAAAACCA 2 min 94°C; 40 cycles of (30 s 94°C, 30 s 54°C, 2 

min 72°C); 7 min 72°C.Macro_18S_1640R reverse GCAAGCCCCGATCCCTGTC

28S rDNA
ZX-1 forward ACCCGCTGAATTTAAGCATAT 5 min 95°C; 40 cycles of (30 s 95°C, 30 s 55°C, 2 

min 72°C); 7 min 72°C.1200R reverse GCATAGTTCACCATCTTTCGG
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accession numbers given in Table 2. The information of sequences 
used for the present molecular phylogenetic analyses is listed in 
Table 2. A total of 39 sequences for 18S rDNA and 45 sequences for 
28S rDNA were used, including sequences from 36 Macrostomum 

species. Five species within the genus Psammomacrostomum were 
chosen as the outgroup.

Alignments were performed with the online version of the soft-
ware MAFFT ver. 7 (Kuraku et al., 2013; Katoh et al., 2017), applying 

Table 2. GenBank accession numbers of 18S and 28S rDNA sequences for species taxa used in the phylogenetic analyses.

Species
18S rDNA 28S rDNA

Accession number Reference Accession number Reference

Macrostomum acus KY579352 Lin et al. (2017b) KY579343 Lin et al. (2017b)

M. balticum FJ715310 Schärer et al. (2011) FJ715330 Schärer et al. (2011)

M. bicaudatum — — KY652224 Lin et al. (2017b)

M. chongqingense KX769148 Lin et al. (2017a) KX769150 Lin et al. (2017a)

M. clavituba FJ715304 Schärer et al. (2011) FJ715324 Schärer et al. (2011)

M. cliftonense — — MK684171 Schärer et al. (2020)

M. finnlandense FJ715302 Schärer et al. (2011) FJ715322 Schärer et al. (2011)

M. gieysztori FJ715301 Schärer et al. (2011) FJ715321 Schärer et al. (2011)

M. heyuanense — — KY652221 Lin et al. (2017b)

M. hystricinum FJ715311 Schärer et al. (2011) FJ715331 Schärer et al. (2011)

M. hystrix FJ715303 Schärer et al. (2011) FJ715323 Schärer et al. (2011)

M. janickei — — MK684168 Schärer et al. (2020)

M. kepneri FJ715307 Schärer et al. (2011) FJ715327 Schärer et al. (2011)

M. lankouense KY814495 Lin et al. (2017b) KY814498 Lin et al. (2017b)

M. lignano FJ715306 Schärer et al. (2011) FJ715326 Schärer et al. (2011)

M. longituba FJ715309 Schärer et al. (2011) FJ715329 Schärer et al. (2011)

M. mirumnovem — — MK684172 Schärer et al. (2020)

M. mystrophorum FJ715305 Schärer et al. (2011) FJ715325 Schärer et al. (2011)

M. obtusa KY579348 Xin et al. (2019) KY579339 Xin et al. (2019)

M. pseudosinense sp. nov. 1 MT758405 this study MT758408 this study

M. pseudosinense sp. nov. 2 MT758406 this study MT758409 this study

M. pseudosinense sp. nov. 3 MT758407 this study MT758410 this study

M. pusillum FJ715314 Schärer et al. (2011) FJ715334 Schärer et al. (2011)

M. qiaochengense KY008497 Wang et al. (2017) KY008500 Wang et al. (2017)

M. quiritium FJ715299 Schärer et al. (2011) FJ715319 Schärer et al. (2011)

M. rubrocinctum KC869789 Laumer and Giribet (2014) KC869842 Laumer and Giribet (2014)

M. shenda MG675031 Xin et al. (2019) MG675034 Xin et al. (2019)

M. shenzhenense KY008491 Wang et al. (2017) KY008494 Wang et al. (2017)

M. shiyanense KY814505 Lin et al. (2017b) KY814502 Lin et al. (2017b)

M. sinense KY579354 Xin et al. (2019) KY579345 Lin et al. (2017b)

M. sp. CEL-2014 KC869790 Laumer and Giribet (2014) KC869843 Laumer and Giribet (2014)

M. sp. LS 302 FJ715312 Schärer et al. (2011) FJ715332 Schärer et al. (2011)

M. spirale FJ715308 Schärer et al. (2011) FJ715328 Schärer et al. (2011)

M. spiriger MG675037 Xin et al. (2019) MG675040 Xin et al. (2019)

M. taurinum sp. nov. 1 MT758411 this study MT758414 this study

M. taurinum sp. nov. 2 MT758412 this study MT758415 this study

M. taurinum sp. nov. 3 MT758413 this study MT758416 this study

M. tuba KP730496 Janssen et al. (2015) KP730549 Janssen et al. (2015)

M. zhaoqingense — — KX769153 Lin et al. (2017a)

M. zhujiangense KX771197 Fang et al. (2016) KY359386 Wang et al. (2017)

Psammomacrostomum sp. 1 TJ-2015 KP730508 Janssen et al. (2015) KP730539 Janssen et al. (2015)

Psammomacrostomum sp. 2 TJ-2015 KP730481 Janssen et al. (2015) KP730543 Janssen et al. (2015)

Psammomacrostomum sp. 3 TJ-2015 KP730500 Janssen et al. (2015) KP730530 Janssen et al. (2015)

Psammomacrostomum sp. 4 TJ-2015 KP730514 Janssen et al. (2015) KP730555 Janssen et al. (2015)

Psammomacrostomum sp. 5 TJ-2015 KP730513 Janssen et al. (2015) KP730540 Janssen et al. (2015)
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the L-INS-i and FFT-NS-i interactive refinement methods for 18S 
and 28S rDNA, respectively. After alignment, ambiguous regions 
(e.g., containing gaps and poorly aligned sites) were removed with 
Gblocks ver. 0.91b (Castresana, 2000) using default settings. Final 
alignments (1189 bp and 784 bp for 18S rDNA and 28S rDNA 
sequences, respectively) were used in the phylogenetic analyses. 
In addition, a concatenated dataset (18S–28S rDNA) was com-
bined using MEGA ver. 6.06 (Tamura et al., 2013); missing bases 
were filled with N. Substitution saturation test was carried out in 
DAMBE ver. 5 (Xia and Lemey, 2009; Xia, 2017) to assess the 
nucleotide substitution saturation.

Based on the Akaike information criterion (AIC), we used 
ModelFinder (http://iqtree.cibiv.univie.ac.at/, accessed 18 April, 
2020; Kalyaanamoorthy et al., 2017) to find the best evolution model 
for maximum-likelihood (ML) method; GTR + F + I + G4 model was 
selected for both 18S and 28S rDNA sequences. Meanwhile, to find 
the best-fit model for Bayesian-inference (BI) analyses, MrModeltest 
ver. 2.3 (Nylander, 2004) was used applying the AIC; GTR + I + G 
model was chosen for all datasets. After that, phylogenetic trees 
were constructed by both ML and BI methods. For ML, analyses 
were performed in IQ-TREE ver. 1.6.2 (Nguyen et al., 2015) with 
5000 bootstrap replicates. Model parameters were calculated inde-
pendently for each gene partition of the concatenated dataset. For 
BI, analyses were performed in MrBayes ver. 3.2.6 (Ronquist et al., 
2012) with two simultaneous runs of one cold and three heated 
chains. Partitioned analysis was performed on the concatenated 
dataset. The Markov Chain Monte Carlo (MCMC) algorithm was run 
for 1,000,000 generations for 18S rDNA and 28S rDNA, and 
2,000,000 generations for 18S–28S rDNA sequences. Every 1000th 
generation was sampled. Burn-in was chosen to be 25% of the 
results. Effective sample size (ESS) values of each parameter in the 
.p files were checked by TRACER ver. 1.7.1 (Rambaut et al., 2018) to 
ensure good convergence. All trees were visualized using FigTree 
ver. 1.4.3 (Rambaut, 2009) and Photoshop CS6.

RESULTS

Taxonomy
Genus Macrostomum Schmidt, 1848

Macrostoma Örsted, 1843: p. 565, gender neuter, type spe-
cies not fixed, permanently invalid due to the homonymy 
with Macrostoma Risso, 1826.

Macrostomum Schmidt, 1848: p. 54, gender neuter, type 
species Macrostoma hystrix Örsted, 1843 (fixed by 
monotypy).

Archimacrostomum Ferguson, 1954: p. 145, gender neuter, 
type species not fixed; for synonymy, see p. 4 of the 
Supporting Information of Schärer et al. (2011).

Inframacrostomum Ferguson, 1954: p. 145, gender neuter, 
type species Macrostomum rubrocinctum Ax, 1951 
(fixed by original designation); for synonymy, see p. 4 of 
the Supporting Information of Schärer et al. (2011).

Nomenclatural notes. The genus was first proposed as 
Macrostoma by Örsted (1843: p. 565) for Macrostoma 
hystrix Örsted, 1843 and Macrostoma appendiculatum 
Örsted, 1843 without type fixation; the generic name is neu-
ter in gender according to Article 30.1.2 of the International 
Code of Zoological Nomenclature (hereafter, the Code) 
(International Commission on Zoological Nomenclature 
[hereafter, ICZN], 1999). Schmidt (1848: p. 54) did not 
expressly propose Macrostomum as a new replacement 
name for Macrostoma Örsted, 1843, although it has effec-
tively served as such, because, as Hyman (1936: p. 14) cor-
rectly pointed out, the flatworm Macrostoma Örsted, 1843 

was preoccupied by the myctophid lanternfish Macrostoma 
Risso, 1826 (p. 447). Macrostomum Schmidt, 1848 was 
established only for Macrostomum hystrix (Örsted, 1843); 
therefore, the type species (fixed by monotypy) is 
Macrostoma hystrix Örsted, 1843, according to Article 68.3 
and Recommendation 67B of the Code (ICZN, 1999). The 
gender of Macrostomum is obviously neuter according to 
Article 30.1.3 of Code (ICZN, 1999).

The following 19 names of species within Macrostomum 
were originally published with the masculine/feminine  
ending -ensis (Tyler et al., 2006–2020). According to Articles 
31.2 and 34.2 of the Code (ICZN, 1999), these are herein 
changed into neuter endings as follows: Macrostomum 
baoanense Wang and Fang, 2016; Macrostomum 
chongqingense Lin and Wang, 2017; Macrostomum 
cliftonense Schärer and Brand, 2020; Macrostomum 
coomerense Faubel and Cameron, 2001; Macrostomum 
deltanense Beltagi and El-Said, 2002; Macrostomum 
heyuanense Wang and Sun, 2015; Macrostomum ismailiense 
Beltagi, Ibrahim, and Moustafa, 2001; Macrostomum 
lankouense Lin and Wang, 2017; Macrostomum norfolkense 
Jones and Ferguson, 1940; Macrostomum platense Adami, 
Damborenea, and Ronderos, 2012; Macrostomum 
puntapiedrense Brusa, 2006; Macrostomum qiaochengense 
Wang and Fang, 2017; Macrostomum salemense Beltagi and 
El-Said, 2003; Macrostomum shenzhenense Wang and 
Wang, 2017; Macrostomum shiyanense Lin and Wang, 2017; 
Macrostomum sinense Wang, 2005; Macrostomum xiamense 
Wang and Luo, 2004; Macrostomum zhaoqingense Lin and 
Wang, 2017; and Macrostomum zhujiangense Wang and 
Fang, 2016.

Macrostomum beaufortense Ferguson, 1937, the specific 
name of which was originally published as beaufortensis 
(Ferguson, 1937: p. 230), was once classified in 
Archimacrostomum Ferguson, 1954; the latter has been 
regarded as synonymous with Macrostomum (Schärer et 
al., 2011).

The name brasiliensis in Macrostomum appendiculatum 
forma brasiliensis Marcus, 1952 is subspecific under Article 
45.6.4 of the Code (ICZN, 1999). While the taxon was included 
in Archimacrostomum as Archimacrostomum brasiliense 
(Marcus, 1952) by Ferguson (1954: p. 145), it should be 
referred to as Macrostomum brasiliense Marcus, 1952.

The nominal species Macrostomum dongyuanense 
Wang and Sun, 2015, with its specific name originally pub-
lished incorrectly as dongyuanensis, has been regarded as 
a junior synonym of Macrostomum quiritium Kolasa, 1973 by 
Xin et al. (2019).

The name finnlandensis in “Macrostomum ruebushi 
finnlandensis” was originally proposed as a variety (Ferguson, 
1940b: p. 246) but is subspecific under Article 45.6.4 of the 
Code (ICZN, 1999). The variant “finlandense” (Schärer et al., 
2011: p. 4 in the Supporting Information) is an incorrect subse-
quent spelling under Article 33.3 of the Code (ICZN, 1999). 
When the taxon is deemed as a distinct species, it should be 
referred to as Macrostomum finnlandense Ferguson, 1940.

Macrostomum pseudosinense Wang and  
Zhang, sp. nov.

(Figs. 2–6)
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Material examined. Six speci-
mens in toto: holotype, IZCAS 
PLA–Ma0120, collected by Siyu 
Zhang on 29 April, 2017 from a 
beach at Xichong (22°28′4″N, 
114°31′42″E) (Fig. 1), Shenzhen, 
Guangdong Province, China, 
unsectioned whole body mounted 
in neutral balsam; five paratypes 
(collection date and locality same 
as the holotype), comprising two 
serially sectioned specimens 
mounted in neutral balsam (IZCAS 
PLA–Ma0121, 0122) and three 
unsectioned whole specimens pre-
served in 10% formaldehyde 
(IZCAS PLA–Ma0123, 0124, 0125). 
Digital photomicrographs of the 
holotype specimen and the two 
sectioned paratype specimens, as 
well as photomicrographs of five 
non-type specimens (IZCAS 
PLA–Ma0120a–e) imaged in vivo, 
were further deposited on the  
Macrostomorpha Taxonomy and 
Phylogeny website (at http://
macrostomorpha.info) and can also 
be accessed at https://doi.
org/10.5281/zenodo.4282577.

Etymology. The new species 
was named based on the morphol-
ogy of the penis stylet being similar 
to that of Macrostomum sinense 
Wang, 2005, although the stylet of 
M. sinense has only a single turn; 
the new specific name is an adjec-
tive.

Diagnosis. Macrostomum with 
dorsoventrally flattened body (Fig. 
2A). Body lengths and widths of 
mature worms are 907 ±  64.4 μm 
and 143 ±  11.6 μm. Two eyes 
appear kidney-shaped. Testes 
clearly larger than ovaries. Muscu-
lar wall of vesicula seminalis thick-
ened. The distinctive stylet (152 ± 
15.0 μm) is a gradually narrowing 
funnel with a leaf-shaped distal 
opening, including first a 60° bend-
ing (in anterior 67% position) and 
then a 120° bending (in anterior 
89% position) (Fig. 2D, E). Sperm 
(91 ±  6.5 μm) with paired bristles 
and brush (Fig. 2F, G).

Description. Body dorsoven-
trally flattened and colorless. 
Mature individual 907 ±  64.4 μm 
(n =  5) in length and 143 ±  11.6 μm 
(n =  5) in width (Fig. 2A). Entire 
body densely covered with cilia, lat-
ter being 4 ±  0.4 μm (n =  5) long. 

Fig. 2. Macrostomum pseudosinense Wang and Zhang, sp. nov., live specimens (non-type). 
(A) Whole animal, ventral view. (B) Male copulatory apparatus, ventral view. (C) Testes and 
ovaries. (D, E) Penis stylet. (F, G) Mature sperm. Abbreviations: bri, bristle; bru, brush; e, eye; 
fvs, false vesicula seminalis; i, intestine; m, mouth; o, ovary; ps, penis stylet; pso, penis-stylet 
opening; t, testis; vg, vesicula granulorum; vs, vesicula seminalis. Scale bars: (A–C), 50 μm; 
(D–G), 20 μm.

Fig. 3. Macrostomum pseudosinense Wang and Zhang, sp. nov., photomicrographs of histo-
logical sections. (A–C) Horizontal sections (paratype IZCAS PLA–Ma0121). (D–F) Longitudinal 
sections (paratype IZCAS PLA–Ma0122), showing male copulatory apparatus. Abbreviations: 
br, brain; fa, female antrum; fvs, false vesicula seminalis; i, intestine; m, mouth; oo, oocyte; pg, 
pharyngeal gland; ps, penis stylet; vg, vesicula granulorum; vs, vesicula seminalis. Scale bars: 
(A–F), 20 μm.
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Anterior and posterior edges of body equipped with rigid 
cilia, 6 ±  0.6 μm (n =  5) long. Sensory hairs, 11 ±  2.8 μm (n 
=  4) in length, sparsely distributed along body edges. Two 
kidney-shaped eyes, separated from each other with dis-
tance of 36 ±  2.9 μm (n =  5) (Figs. 2A, 3B). Mouth 110 ± 
18.0 μm (n =  5) in length. Pharynx located posterior to eyes, 
surrounded by gland cells (Figs. 2A, 4A).

Female reproductive system consisting of pair of ova-
ries, female antrum, and female gonopore. Pair of short 
elliptic ovaries, 79 ±  7.4 μm (n =  5) in length and 25 ±  4.8 
μm (n =  5) in width, located on both sides of intestine (Figs. 
2C, 4A). Female gonopore opening ventrally at female 
antrum, surrounded by numerous cement glands. Female 
antrum with thickened part of epithelium; cellular valve pres-
ent, in which great majority of sperm feelers being anchored 
(see Supplementary Movie S1).

Paired testes, long, ellipsoid in shape, 152 ± 20.4 μm 
(n = 5) in length and 34 ± 5.8 μm (n = 5) in width (Figs. 2C, 
4A). Male copulatory apparatus consisting of false vesicula 
seminalis, vesicula seminalis, vesicula granulorum, and 
penis stylet (Figs. 2A, B; 3A, C–F; 4B, C). False vesicula 
seminalis kidney-shaped, located behind female antrum, 
connecting to vesicula seminalis at its left side from ventral 

view. Vesicula seminalis spherical, having thickened mus-
cular wall (Figs. 2A, B; 3A, E; 4C). Vesicula granulorum 
spindle-shaped, connecting to vesicula seminalis on one 
side, while extending into proximal end of penis stylet on 
the other side (Figs. 2B, 3F, 4C). Stylet 20 ± 4.0 μm (n = 5) 
in diameter at its proximal end (Figs. 2D, E; 4D); curved 
length from proximal to distal ends (dotted line ‘cl’ in Fig. 
4C) 178 ± 16.0 μm (n = 5); direct distance between proximal 
and distal ends (dotted line ‘dd’ in Fig. 4C) 152 ± 15.0 μm 
(n = 5); stylet tapering from base to distal end (Figs. 2D, E; 
4D), curved in its anterior 67% position with bending angle 
of 60°; distal end curved towards convex side of tube, form-
ing angle of 120° in anterior 89% position; distal opening 
leaf-shaped, 7 ± 0.5 μm in length (n = 5) (Figs. 2E, 4D). Male 
reproductive organs in mature individuals containing high 
density of sperm (Fig. 2B); mature sperm 91 ± 6.5 μm in 
length measuring from feeler to shaft along the curve (n = 
5), with paired bristles 15 ± 1.6 μm in length (n = 5) and 
brush 4 ± 0.3 μm in length (n = 5) (Figs. 2F, G; 4E). Sperm 
with frontal feeler, allowing sperm to anchor itself in epithe-
lium of female antrum. Feeler, sperm body, sperm shaft 
being 27 ± 3.1 μm, 19 ± 2.6 μm, and 45 ± 2.3 μm in length, 
respectively (n = 5).

Fig. 4. Macrostomum pseudosinense Wang and Zhang, sp. nov., line drawings. (A) Whole body, ventral view. (B) Profile of the tail. (C) Male 
copulatory apparatus. (D) Penis stylet. (E) Mature sperm. Abbreviations: ag, adhesive gland; bo, body of sperm; br, brain; bri, bristle; bru, 
brush; c, cilium; cg, cement gland; cl, curved length along stylet between its proximal and distal ends; cv, cellular valve; dd, direct distance 
between proximal and distal ends of stylet; e, eye; fa, female antrum; fe, feeler; fg, female gonopore; fvs, false vesicula seminalis; i, intestine; 
mg, male gonopore; o, ovary; oo, oocyte; p, pharynx; pg, pharyngeal gland; ps, penis stylet; rc, rigid cilium; rh, rhabdite; sh, sensory hair; 
sha, shaft; t, testis; vg, vesicula granulorum; vs, vesicula seminalis. Scale bars: (A), 100 μm; (B–D), 20 μm; (E), 10 μm.
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Development. Fertilized eggs hatched out into juvenile 
worms, latter grew up to adult body size in 10 days at 25°C 
(Fig. 5A–E). Juvenile worms, 328 ± 23.9 μm (n = 5) in length 
and 84 ± 1.6 μm (n = 5) in width, having pair of eyes, mouth, 
pharynx, and intestine, with numerous rhabdites covering sur-
face of ciliated body (Fig. 5A). Ovaries, testes, and penis stylet 
firstly observed at 6 days after hatching (dah) (Fig. 5C). In 
addition, size and shape of penis stylet developed to the same 
as that of sexually mature individuals at 10 dah, suggesting 
that the flatworms could become mature at about 10 dah.

Mating behavior. Just before the mating, the two mat-
ing partners contracted sharply and were tightly coupled to 
each other with their tail plates, forming a double-kidney 
posture and circling around their center of mass (Fig. 6; see 
Supplementary Movie S2-1, frames at 0–3.2 s). Then each 
worm’s tail plate was closely attached to the ventral area of 
the partner, while the head touched the posterior dorsal sur-
face of the other, forming a G- or S-like posture (Fig. 6; see 
Supplementary Movie S2-1, frames at 3.3–5.8 s). Subse-
quently, the two worms moved away from each other in 
opposite directions, while the tail plates were still tightly 
attached (Fig. 6; see Supplementary Movie S2-1, frames at 
5.8–11.0 s). During this period (from 3.3 s to 11.0 s), both 
individuals reciprocally inserted the stylet into the female 

antrum of the partners, and sperm were 
transferred. After copulation, the two 
mating partners gradually withdrew their 
stylets within 20 seconds (Fig. 6; see 
Supplementary Movie S2-1, S2-2). In 
addition, the phenomenon of ‘‘erection’’ 
in which tissue surrounding the copula-
tory stylet raised and appeared as a 
translucent cone-like shape in the tail 
could be observed during mating, sug-
gesting it was sexually motivated (see 
Supplementary Movie S3).

Remarks. A comparison of the 
penis stylets of M. pseudosinense sp. 
nov. and eight similar species within the 
genus is shown in Table 3. The stylet 
lengths of Macrostomum extraculum Ax 
and Armonies, 1990 and Macrostomum 
pithecusae Papi, 1959, 68–72 μm and 
41.5 μm, respectively, are much shorter 
than that of M. pseudosinense sp. nov. 
(152 ±  15.0 μm). Moreover, the stylet of 
M. extraculum has a very prominent 
asymmetric distal opening, which is dif-
ferent from that in M. pseudosinense sp. 
nov. The ratio of the proximal diameter to 
the stylet length in Macrostomum johni 
Young, 1972 and Macrostomum 
lankouense, 25.5–41.3% and 22.2–
36.4%, respectively, is much larger than 
that in M. pseudosinense sp. nov. 
(13.2%). The distal stylet opening 
(round-hole shape) and length (3.5 μm) 
of Macrostomum retortum Papi, 1951 
are different from those in M. 
pseudosinense sp. nov., the latter being 
willow-leaf shape and 7 ±  0.5 μm in 

length, respectively. And the stylet in M. retortum has a spi-
ral trend, which is more complex than that in M. pseudosi-
nense sp. nov. The diameter of the proximal stylet opening 
in M. sinense (40–52 μm) is much longer than that in M. 
pseudosinense sp. nov. (20 ±  4.0 μm). Macrostomum 
xiamense differs from M. pseudosinense sp. nov. mainly in 
the shape of the stylet end: spiral-curve shape in M. 
xiamense vs. nonspiral in M. pseudosinense sp. nov. More-
over, the ratio of the proximal diameter to the stylet length in 
M. xiamense (23.8–26.7%) is much larger than that in M. 
pseudosinense sp. nov. (13.2%). The main difference 
between M. zhaoqingense and M. pseudosinense sp. nov. 
is the number of stylet bends: four in M. zhaoqingense vs. 
two in M. pseudosinense sp. nov. The stylet bending angles 
between the two species are different as well.

In summary, it is evident that M. pseudosinense sp. nov. 
is a new species within Macrostomum, based on mainly the 
differences in the penis stylet morphology between M. 
pseudosinense sp. nov. and the similar species within the 
genus.

Macrostomum taurinum Wang and Zhang, sp. nov.
(Figs. 7–9)

Fig. 5. Macrostomum pseudosinense Wang and Zhang, sp. nov., photomicrographs 
showing worms in different developmental stages. (A) 2 days after hatching (dah). (B) 4 
dah. (C) 6 dah. (D) 8 dah. (E) 10 dah. Abbreviations: e, eye; fvs, false vesicula seminalis; 
m, mouth; o, ovary; ps, penis stylet; t, testis; vs, vesicula seminalis. Scale bars: (A–E), 
100 μm.
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Material examined. Five specimens in toto: holotype, 
IZCAS PLA–Ma0130, collected by Fan Xin in April 2017 from 
Futian Mangrove Wetland (22°31′38″N, 113°59′53″E) (Fig. 
1), Shenzhen, Guangdong Province, China, unsectioned 
whole body mounted in neutral balsam; four paratypes (col-

lection date and locality same as the 
holotype), one series of sections 
mounted in neutral balsam (IZCAS 
PLA–Ma0131), three unsectioned whole 
specimens preserved in 10% formalde-
hyde (IZCAS PLA–Ma0132, 0133, 0134). 
Digital photomicrographs of the holotype 
and the sectioned paratype, as well as 
photomicrographs of four non-type 
specimens (IZCAS PLA–Ma0130a–d) 
imaged in vivo, were further deposited 
on the Macrostomorpha Taxonomy  
and Phylogeny website (at http:// 
macrostomorpha.info) and can also be 
accessed at https://doi.org/10.5281/
zenodo.4282577.

Etymology. The name of the new 
species is derived from the morphology 
of its oxhorn-shaped penis stylet; the 
new specific epithet is an adjective.

Diagnosis. Macrostomum with dor-
soventrally flattened body and rounded 
rostrum (Fig. 7A). Body lengths and 
widths of mature worms are 821 ±  114.1 
μm and 144 ±  21.6 μm. Two eyes appear 
bean-shaped. Testes clearly larger than 
ovaries. Vesicula granulorum muscular. 
The distinctive stylet (81 ±  7.4 μm) is a 
slender funnel that is gradually narrow-
ing in diameter in proximal half, includ-
ing a 60° bending at half position and 
appearing inverted S-shaped on side 

view (Fig. 7D, E). Beveled distal end not swollen and distal 
opening willow-leaf-shaped. Sperm (121 ±  4.2 μm) with 
paired bristles and brush (Fig. 7F).

Description. Body 821 ±  114.1 μm (n =  10) in length 
and 144 ±  21.6 μm (n =  10) in width (Fig. 7A), covered with 

Fig. 6. Macrostomum pseudosinense Wang and Zhang, sp. nov., key frames clip from a 
video footage capturing the mating behavior between a pair of adults (non-type). For video, 
see Supplementary Movie S2-1.

Table 3. Comparison of the penis stylets between Macrostomum pseudosinense sp. nov. and eight similar species.

Species
Stylet  
length  
(μm)

Diameter of  
basal/distal 

opening (μm)

Ratio of basal 
diameter to 
stylet length

Bending angles and  
positions of bends in stylet*

Habitat Distribution Reference

M. extraculum 68–72 18–22/3 25%–32.4% ≤60°/40%, <120°/70% brackish USA
Ax and 

Armonies 
(1990)

M. johni 80–98 25–33/2.3–3.7* 25.5%–41.3% <60°/40%, 90°/86% freshwater UK
Young 
(1972)

M. lankouense 110–135 30–40/5–6 22.2%–36.4% <60°/90% anterior region freshwater China
Lin et al. 
(2017b)

M. pithecusae 41.5 6–9/2.6* 14.5%–21.7% <60°/entire region freshwater Italy Papi (1959)

M. pseudosinense 
sp. nov.

152 ±  15.0 20 ±  4.0/7 ±  0.5 13.2% 60°/67%, 120°/89% brackish China this study

M. retortum 138 20/3.5 14.5% ≤60°/40%, ≥90°/80% freshwater Italy Papi (1951)

M. sinense 220–280 40–52/6–7 14.3%–23.6% <60°/80% freshwater China
Wang 
(2005)

M. xiamense 120–126 30–32/10.5–18* 23.8%–26.7% ≤60°/55% freshwater China
Wang and 
Luo (2004)

M. zhaoqingense 166–175 37–38/6–7 21.1%–22.9%
<30°/50%, <30°/67%, 

<90°/85%, 60° end of stylet
freshwater China

Lin et al. 
(2017a)

* Measurement based on images and scales from the references. The bending angles were measured according to Ferguson (1940a).
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cilia, 3 ±  0.7 μm in length (n =  5). Rhabdite bundles, 2–4 
rhabdites per bundle, most abundant on dorsal side of head 
and tail. Rigid cilia, 6 ±  0.8 μm (n =  6) in length, at both ends 
of body. Sensory hairs, 17 ±  1.2 μm (n =  6) in length, 
sparsely distributed on body edges. Pair of eyes, bean-
shaped, located at 17% of body length from anterior end; 
distance between two eyes 35 ±  1.8 μm (n =  6) (Figs. 7A, 
8A). Mouth 80 ±  11.4 μm (n =  6) in length. Adhesive glands 
present at edge of tail plate (Fig. 8A).

Pair of ovoid ovaries lying directly behind testes (Figs. 
7B, 8A). Ovaries 75 ±  20.6 μm in length and 28 ±  5.8 μm in 
width (n =  5). Female antrum located ventrally behind intes-
tine, with thickened part of epithelium (cellular valve) (Figs. 
8B, 9A). Sperm observed in the female antrum (Fig. 7B). 
Female gonopore opening ventrally at female antrum, sur-
rounded by cement glands (Fig. 8A).

Testes elongated, 193 ±  6.0 μm in length and 31 ±  5.9 
μm in width (n =  5) (Figs. 7B, 8A). Male copulatory appara-
tus consisting of false vesicula seminalis, vesicula semina-
lis, vesicula granulorum, and penis stylet (Figs. 7C; 8B, C; 
9A–C). False vesicula seminalis oval-shaped, located pos-
terior to female antrum on left side from ventral view (Figs. 
7C, 8C), connecting to vesicula seminalis at its right side. 
Vesicula seminalis having slightly thickened muscular wall, 
connecting to vesicula granulorum. Vesicula granulorum 
muscular, partially entering proximal end of penis stylet 

(Figs. 7C; 8B, C; 9C). Stylet long funnel-
shaped, gradually narrowing in diame-
ter in proximal half, forming inverted 
S-shape as well on side view (Figs. 7E, 
8E); curved length from proximal to dis-
tal ends (dotted line ‘cl’ on Fig. 8C) 81 ± 
7.4 μm (n =  5); direct distance between 
proximal and distal ends (dotted line 
‘dd’ on Fig. 8C) 75 ±  7.3 μm (n =  5); 
proximal end of stylet 15 ±  3.0 μm (n = 
5) in diameter; stylet bending at half 
position, with angle of about 60°; bev-
eled distal end not swollen, with willow-
leaf-shaped opening of 7 ±  1.2 μm (n = 
5) in width. Male gonopore 8 ±  1.5 μm 
(n =  4) in diameter (Fig. 8A). Mature 
sperm 121 ±  4.2 μm (n =  5) in length; 
sperm with pair of bristles being 10 ± 
1.7 μm in length (n =  7), and brush 
being 5 ±  0.5 μm in length (n =  7) (Figs. 
7F, 8F).

Remarks. A comparison of the 
penis stylets in M. taurinum sp. nov. and 
seven similar species within the genus is 
shown in Table 4. Macrostomum boreale 
Riedel, 1932 differs from M. taurinum 
sp. nov. in the length of the stylet, that of 
the former (120 μm) is much longer than 
that of the latter (81 ±  7.4 μm). The sty-
lets in both Macrostomum gallicum Ax, 
2008 and M. taurinum sp. nov. bend at 
half position; the difference between 
the two species is the bending angle, 
which is 90° in M. gallicum, while 60° in 
M. taurinum sp. nov. In Macrostomum 

gilberti Ferguson, 1939 and Macrostomum obtusum 
Vejdovsky, 1895, the stylet bends at the anterior 34% and 
33% of the stylet length, respectively, which are different 
from the bending position in M. taurinum sp. nov. (50%). 
Macrostomum karlingi Papi, 1953 differs from M. taurinum 
sp. nov. in the ratio of the basal diameter to the stylet length, 
with that of the former (30.0%) being much larger than that of 
the latter (18.5%). In addition, the sperm of M. gilberti has 
neither bristle nor brush, which is different from that in M. 
taurinum sp. nov. The ovaries in M. karlingi and M. obtusum 
are lobed, which is different from the smooth-walled ovaries 
in M. taurinum sp. nov. The stylet in M. taurinum sp. nov. is 
inverted S-shaped on side view, which is similar to the sty-
lets in Macrostomum phocurum Marcus, 1954 and 
Macrostomum stepposus Rogozin, 2012. However, the tail 
of M. phocurum is bifurcated and its stylet curves spirally in 
the uncompressed state, which is different from that in M. 
taurinum sp. nov. Moreover, the diameter of the proximal end 
of the stylet in M. phocurum (30 μm) is much longer than 
that in M. taurinum sp. nov. (15 ±  3.0 μm). The ratio of the 
basal diameter to the stylet length in M. stepposus is 
36.4%–40.0%, which is much larger than that in M. taurinum 
sp. nov. (18.5%).

Accordingly, it is evident that M. taurinum sp. nov. is a 
new species within the genus Macrostomum.

Fig. 7. Macrostomum taurinum Wang and Zhang, sp. nov., live specimens (non-type). (A) 
Whole animal, ventral view. (B) Testes, ovaries and female antrum. (C) Male copulatory 
apparatus, ventral view. (D, E) Penis stylets. (F) Mature sperm. Abbreviations: bri, bristle; 
e, eye; fg, female gonopore; fvs, false vesicula seminalis; i, intestine; m, mouth; o, ovary; 
oo, oocyte; ps, penis stylet; pso, penis-stylet opening; t, testis; vg, vesicula granulorum; 
vs, vesicula seminalis. Scale bars: (A, B), 50 μm; (C–F), 20 μm.
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Molecular phylogeny
Our phylogenetic analyses inferred from the nuclear 

ribosomal gene fragments are shown in Fig. 10 and 
Supplementary Figures S1–S3. The topologies of the 
single-gene phylogenetic trees inferred by ML and BI meth-
ods, respectively, are congruent for both the 18S and 28S 
rDNA datasets (see Supplementary Figures S1, S2). The ML 
and BI trees obtained from the concatenated dataset are 

basically similar in topology to each other, differing only in 
those nodes that are weakly supported. As shown in Fig. 10, 
the three individuals of M. pseudosinense sp. nov. clustered 
together with high support value (1.00 PP), as the sister 
clade of Macrostomum kepneri Ferguson and Jones, 1940. 
The three individuals of M. taurinum sp. nov. clustered 
together with high support value (0.98 PP), forming a clade 
with Macrostomum lignano, Macrostomum janickei Schärer, 

Fig. 8. Macrostomum taurinum Wang and Zhang, sp. nov., line drawings. (A) Whole body, ventral view. (B) Profile of the tail. (C) Male 
copulatory apparatus. (D, E) Penis stylet. (F) Mature sperm. Abbreviations: ag, adhesive gland; bo, body of sperm; br, brain; bri, bristle; bru, 
brush; c, cilium; cg, cement gland; cl, curved length along stylet between its proximal and distal ends; cv, cellular valve; dd, direct distance 
between proximal and distal ends of stylet; e, eye; fa, female antrum; fe, feeler; fg, female gonopore; fvs, false vesicula seminalis; i, intestine; 
mg, male gonopore; o, ovary; oo, oocyte; p, pharynx; pg, pharyngeal gland; ps, penis stylet; rc, rigid cilium; rh, rhabdite; sh, sensory hair; 
sha, shaft; t, testis; vg, vesicula granulorum; vs, vesicula seminalis. Scale bars: (A), 100 μm; (B, C), 20 μm; (D–F), 10 μm.

Table 4. Comparison of the penis stylets between Macrostomum taurinum sp. nov. and seven similar species.

Species
Stylet 
length 
(μm)

Diameter of 
basal/distal 

opening (μm)

Ratio of basal 
diameter to 
stylet length

Bending angles and 
positions of bends in stylet

Habitat Distribution Reference

M. boreale 120 30*/5* 25.0% 73°*/33% seawater Denmark Riedel (1932)

M. gallicum 65 10*/3* 15.4% 90°*/50%* brackish France Ax (2008)

M. gilberti 72 19*/9* 26.4% 70°*/34%* freshwater USA
Ferguson 

(1939)

M. karlingi 60 18/4 30.0% 60°/50% freshwater Italy Papi (1953)

M. obtusum 80–91 18/5–12* 19.8%–22.5% 73°*/33% freshwater various
Papi (1951) and 
Luther (1960)

M. phocurum 60–100 30/5 30.0%–50.0% 57°*/29%*, 40°*/80%* brackish Portugal Marcus (1954)

M. stepposus 50–55 20/13* 36.4%–40.0% 70°*/37%*, 90°/85%* unknown Russia Rogozin (2012)

M. taurinum sp. nov. 81 ±  7.4 15 ±  3.0/7 ±  1.2 18.5% 60°/50% brackish China this study

* Measurement based on images and scales from the references. The bending angles were measured according to Ferguson (1940a).
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2020, Macrostomum sp. CEL-2014, Macrostomum 
mirumnovem Schärer and Brand, 2020, Macrostomum 
cliftonense, Macrostomum hystrix Örsted, 1843, 
Macrostomum shenda Wang and Xin, 2019, Macrostomum 
zhujiangense, Macrostomum mystrophorum Meixner, 1926, 
and Macrostomum qiaochengense, as the sister clade of 
Macrostomum shenzhenense.

DISCUSSION

The phylogenetic trees obtained from the concatenated 
dataset (18S–28S rDNA) showed that all individuals of M. 
pseudosinense sp. nov. and of M. taurinum sp. nov. clus-
tered together as separate species with high support values 
and formed clades that were distinct from other species, 
supporting our conclusion that the newly described species 
are two new species. However, our analyses could not 
resolve species-level relationships within the genus using 
only nuclear 18S and 28S rRNA genes, because of their 
relatively slow evolutionary rates. Some other molecular 
markers, such as the mitochondrial cytochrome c oxidase 
subunit I (Cox1) showing a more rapid evolutionary rate 
(Schärer et al., 2020), should be used to better resolve spe-
cies-level relationships and help to identify new species in 
combination with morphological characters. So far, only 10 

sequences for Cox1, 2 sequences for cytochrome b (cytb) 
and six sequences for the 16S rRNA gene within the genus 
were published (Laumer and Giribet, 2014; Janssen et al., 
2015; Lin et al., 2017a; Schärer et al., 2020). Mitochondrial 
gene sequences are not available in many species of 
Macrostomum, which is a field worthy of attention by 
researchers in further studies.

Schärer et al. (2011) assembled a molecular phylogeny 
comprising 16 species of Macrostomum. By mapping the 
character states of the collected species onto this phylog-
eny, Schärer et al. (2011) identified two clades, with all mem-
bers in one clade (Clade 1) sharing the hypodermic mating 
syndrome (HMS), while most members in the other clade 
(Clade 2) exhibit the reciprocal mating syndrome (RMS), 
except for Macrostomum hystrix. RMS species have the fol-
lowing characteristics: 1) reciprocal mating and sperm trans-
fer via the female gonopore, often showing a postcopulatory 
sucking behavior; 2) sperm with two stiff lateral bristles; 3) 
female antrum with a cellular valve, which is a thickened part 
of the epithelium. In contrast, HMS species inject their sperm 
by inserting the needle-like stylet through the epidermis of 
the partner, which could play a role for sexual selection and 
mitigate some sexual conflicts (and create new ones). Sim-
plification in the evolution of the sperm design was observed 
in HMS species, where both the bristles and the brush dis-
appeared (Schärer et al., 2011; Janssen et al., 2015).

One of the new species, M. pseudosinense sp. nov., 
showing the reciprocal mating behavior, has sperm with 
paired bristles and the structure of the cellular valve is well 
developed (see Supplementary Movie S1), suggesting it could 
be included in the Clade 2 of Schärer et al. (2011). Our molec-
ular phylogenetic results suggest that M. pseudosinense sp. 
nov. is closely related to Macrostomum kepneri, which has 
indeed been categorized into Clade 2. The other new spe-
cies, M. taurinum sp. nov., also having the sperm with paired 
bristles and the structure of the cellular valve, is consistent 
with the characteristics of RMS species, and sperm were 
observed inside of the female antrum in this species (Fig. 
7B), suggesting that M. taurinum sp. nov. might be classified 
into Clade 2. However, its stylet is pointed and rigid, which is 
congruent with that of species within Clade 1, although it 
lacks a needle-like distal thickening and a subterminal open-
ing. Observations on the mating behavior of M. taurinum sp. 
nov. were tried but unfortunately no mating behavior was 
observed in this study. Regarding the present molecular 
phylogeny, the clade that includes M. taurinum sp. nov. does 
not separate very well. Further study on mating behavior and 
phylogenetic analyses (using mitochondrial genes) will be of 
help to clarify the species-level relationships and the evolu-
tion of reproductive traits of macrostomid flatworms.

ACKNOWLEDGMENTS

The authors would like to thank Linhong Zhong for assistance 
with sample collection. We also thank Weixuan Li and Xiaoyu Song 
for their kind support in the laboratory. This study was supported by 
Guangdong Provincial Undergraduate Training Program for Innova-
tion and Entrepreneurship (No. 105902018062, No. 105902018073), 
Special Funds for the Cultivation of Guangdong College Students’ 
Scientific and Technological Innovation (“Climbing Program” 
Special Funds; No. pdjh2020b0507), and Basic Research Program 
(JCYJ20190808121811243) funded by Shenzhen Municipal Gov-
ernment.

Fig. 9. Macrostomum taurinum Wang and Zhang, sp. nov., photo-
micrographs of histological sections. (A–C) Longitudinal sections 
(paratype IZCAS PLA–Ma0131), showing male copulatory appara-
tus. Abbreviations: cv, cellular valve; fa, female antrum; fg, female 
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Supplementary Movie S3. Mating behavior of Macrostomum 

pseudosinense sp. nov., showing the phenomenon of erection.
Supplementary Figure S1. Maximum-likelihood phylogenetic 

tree topology inferred from 18S rDNA dataset.
Supplementary Figure S2. Maximum-likelihood phylogenetic 

tree topology inferred from 28S rDNA dataset.
Supplementary Figure S3. Maximum-likelihood phylogenetic 

tree topology inferred from 18S–28S rDNA dataset.
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