











FIGURE 6. Dugesia saccaria. Paratype IZCAS PLA-0204. (A—B) photomicrographs of transverse sections, showing bursal
canal, hump, ejaculatory duct and male atrium; (C) reconstruction of transverse sections, showing dumb-bell hump; (D-E)
photomicrographs of transverse sections, showing left oviduct, right oviduct, common atrium, cement glands and gonopore; (G)
reconstruction of transverse sections, showing asymmetrical oviducal openings. Scale bar: 200 um. Abbreviations: be: bursal
canal; ca: common atrium; ceg: cement glands; dh: dumb-bell hump; ed: ejaculatory duct; go: gonopore; lod: left oviduct; ma:
male atrium; rod: right oviduct.

FIGURE 7. Dugesia saccaria. Paratype IZCAS PLA-0203, photomicrographs of horizontal sections. (A—C) copulatory
apparatus. Scale bar: 200 um. Abbreviations: be: bursal canal; ca: common atrium; cb: copulatory bursa; dh: dumb-bell hump;
ed: ejaculatory duct; ma: male atrium; pg: penial glands; pp: penis papilla; sv: seminal vesicle; vd: vasa deferens.
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FIGURE 8. Dugesia saccaria. Photomicrographs of sagittal sections. (A) paratype RMNH.VER. 20256.a, showing copulatory
bursa, seminal vesicle and diaphragm; (B—C) paratype RMNH.VER. 20256.b, showing copulatory bursa, seminal vesicle,
ejaculatory duct, and diaphragm. Scale bar: 200 um. Abbreviations: ca: common atrium; cb: copulatory bursa; d: diaphragm; ed:
ejaculatory duct; lod: left oviduct; ma: male atrium; pg: penial glands; pp: penis papilla; sv: seminal vesicle; vd: vasa deferens.

Abundant erythrophil penis glands open into the dorsal section of the ventral seminal vesicle, the interconnecting
duct between the two seminal vesicles, the diaphragm, and the ejaculatory duct (Figs. 5B, 8A, 9A). Another group
of erythrophil glands opens through the blunt tip of the penis papilla (Fig. 5SB—C).

The ventral seminal vesicle and the interconnecting duct between the two vesicles are enveloped by a thick coat
of reticulated musculature, which is particularly thick on the dorsal portion of the ventral seminal vesicle. A similar,
rather thick coat of reticulated musculature extends over the ejaculatory duct (Figs. 5B—C, 8B, 9A).

The conical penis papilla has a characteristic shape, in that its broad basal portion has an oblique ventro-posterior
orientation, while its distal section runs more or less parallel to the ventral body surface (Figs. 5B-C, 8B, C, 9A).
This means that about halfway, the penis papilla shows a distinct bend, so that from thereon its broad, blunt tip faces
the posterior end of the body (Figs. 5B—C, 8B—C, 9A). The penis papilla is lined with an infranucleated epithelium,
which is underlain by 2-3 layers of circular muscles, followed by 1-2 layers of longitudinal muscle fibres.
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FIGURE 9. Dugesia saccaria. Reconstructions of holotype IZCAS PLA-0201. (A) male copulatory apparatus; (B) female
copulatory apparatus. Scale bar: 200 pm. Abbreviations: be: bursal canal; ca: common atrium; cb: copulatory bursa; ceg: cement
glands; d: diaphragm; dh: dumb-bell hump; ed: ejaculatory duct; go: gonopore; lod: left oviduct; m: mouth; ma: male atrium; pg:
penial glands; pp: penis papilla; rod: right oviduct; sg: shell glands; sv: seminal vesicle; vd: vasa deferens.

Discussion

In the phylogenetic trees based on the concatenated dataset, Dugesia saccaria constitutes a single lineage, which
shares a sister-group relationship with a small clade of three species, viz., D. constrictiva, D. verrucula, and D.
majuscula (Fig. 2), while its phylogenetic position reveals that it belongs to a clade comprising other Dugesia
species from the Australasian and Oriental regions. The topology of the Australasian and Oriental clade in our
phylogenetic tree generally agrees with the results from previous phylogenetic analyses (Song et al. 2020; Wang et
al. 2021a, b, ¢; Liu et al. 2022). However, in the tree of Song ef al. (2020), Liu et al. (2022) and our trees based on
concatenated datasets, D. japonica clusters with D. umbonata and D.gemmulata, whereas in the trees of Wang et al.
(2021a,2021b, 2021c¢) and our trees based on COl, it clusters with D. majuscula, D. verrucula, and D. constrictiva.
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The difference may be due to the different genes analysed by Liu et al. (2022) and Song et al. (2020), who used
the complete mitochondrial genome (GenBank code: AB618487), while Wang et al. (2021a, 2021b, 2021¢) and our
study used a partial mitochondrial sequence (GenBank code: FJ646990).

100° 110° 120°
T 7 @ 40° N

Huanghe River 10 3

Dugesia saccaria

SR~

Ve
Yangtze River

. gemmulata

@)

. constrictiva
. verrucula

. circumcisa

. semiglobosa

. umbonata

20° , ,
. sinensis

S
©
® ©® Qe e e e

D
D
D
D
D. majuscula
D
D
D
D

. Japonica

500 km @?

FIGURE 10. Collection sites of Dugesia species in China.

At the morphological level, there is one unique character that sets Dugesia saccaria immediately apart from all
of its currently known congeners, viz., the dumb-bell-shaped hump on its bursal canal. Similar structures are known
from two other Chinese species, D. umbonata and D. gemmulata. However, in these two species the muscular hump
is confined to either the dorsal side of the bursal canal (D. umbonata; Song et al. 2020) or to its ventral side (D.
gemmulata; Liu et al. 2022), whereas in D. saccaria two humps are present, one on the ventral side and another
on the dorsal side. In point of fact, in D. saccaria the humps are not fully dorsal or ventral, as the dumb-bell sits
at an angle of about 45° on the bursal canal. It is noteworthy that in the study of Liu ez al. (2022) and our study,
D. umbonata and D. gemmulata were sister species and belong to a different clade than D. saccaria. Although the
histological composition of the humps in D. umbonata and D. gemmulata and the dumb-bell hump in D. saccaria
is highly similar, the latter species is not closely related to D. umbonata and D. gemmulata. Based on the present
data, this suggests that the dumb-bell evolved independently and, thus, is not homologous with the humps in the
other two species. This is surprising, not only in view of the great anatomical similarity between humps and dumb-
bell but also because of other similarities between these three species. For example, in all three species there is an
intrabulbar seminal vesicle that lies very close to the ventral body surface and from which arises a duct that via a
kind of postero-dorsally directed loop runs to a small diaphragm, which leads to a wide ejaculatory duct. Further, in
all three species the oviducts open asymmetrically into the copulatory complex (Song et al. 2020, Liu et al. 2022).
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When the records of the ten species of Dugesia that are presently known from China are plotted on a map
(Fig. 10), it is evident that thus far the genus is mainly distributed in the southern and eastern parts of the country.
However, this restricted distribution may merely reflect a collector’s artefact, as this portion of the country houses
most of the research institutes and, thus, has received most of the attention of specialists. In view of the presently
known range of the genus (cf. Sluys & Riutort 2018), it is to be expected that other parts of the country also harbour
species of Dugesia.
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Supplementary FIGURE 1. Bayesian inference phylogenetic tree topology inferred from the concatenated dataset (18S rDNA,
ITS-1, 28S rDNA, COI). Numbers at nodes indicate support values (posterior probability). Scale bar: substitutions per nucleotide
position.

Supplementary FIGURE 2. Bayesian inference phylogenetic tree topology based on 18S rDNA dataset. Numbers at nodes
indicate support values (posterior probability). Scale bar: substitutions per nucleotide position.
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Supplementary FIGURE 3. Maximum likelihood phylogenetic tree based on 18S rDNA dataset Numbers at nodes indicate
support values (posterior probability/bootstrap). Scale bar: substitutions per nucleotide position.

Supplementary FIGURE 4. Bayesian inference phylogenetic tree topology based on 28S rDNA dataset. Numbers at nodes
indicate support values (posterior probability). Scale bar: substitutions per nucleotide position.

Supplementary FIGURE 5. Maximum likelihood phylogenetic tree based on 28S rDNA dataset Numbers at nodes indicate
support values (posterior probability/bootstrap). Scale bar: substitutions per nucleotide position.

Supplementary FIGURE 6. Bayesian inference phylogenetic tree topology based on ITS-1 dataset. Numbers at nodes indicate
support values (posterior probability). Scale bar: substitutions per nucleotide position.

Supplementary FIGURE 7. Maximum likelihood phylogenetic tree based on ITS-1 dataset. Numbers at nodes indicate support
values (posterior probability/bootstrap). Scale bar: substitutions per nucleotide position.

Supplementary FIGURE 8. Bayesian inference phylogenetic tree topology based on COI dataset. Numbers at nodes indicate
support values (posterior probability). Scale bar: substitutions per nucleotide position.

Supplementary FIGURE 9. Maximum likelihood phylogenetic tree based on COI dataset. Numbers at nodes indicate support
values (bootstrap). Scale bar: substitutions per nucleotide position.
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