Invertebrate Zoology, 2010, 7(1): 29—46 © INVERTEBRATE ZOOLOGY, 2010

Proales tillyensis sp.n. (Monogononta: Proalidae),
a new rotifer species from North-West Germany,
with reconstruction of its somatic musculature
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von Ossietzky University Oldenburg, 26111 Oldenburg, Germany.
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ABSTRACT: We here describe a new proalid rotifer species Proales tillyensis sp.n. from
Oldenburg, North-West Germany. The species was initially found in the ph-neutral water
of Lake Tilly in August 2006. Its description is based on light and electron microscopy,
providing different views of both the whole specimen and its trophi. Additionally, the body
musculature of the species was visualized by confocal laser scanning microscopy using
fluorescent-labelled phalloidin and compared with the musculature of other Proales
species. Proales tillyensis sp.n. resembles P. fallaciosa Wulfert, 1937 and P. decipiens
(Ehrenberg, 1832) but differs in its ecology. Furthermore it can be diagnosed from the
former species by the absence of a knob-like projection between the toes, the small body
size, the number of uncus teeth and the organization of body musculature. From the latter
species it can be diagnosed by the number of uncus teeth, the small body size and the lack
of a constriction between stomach and intestine.
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Proales tillyensis sp.n. (Monogononta: Proalidae):
HOBbIU BUA KONIOBpPaTOK U3 ceBepo-3anagHon NepmaHumn
C PEKOHCTPYKLMEN COMAaTUYECKOU MyCKynaTypbl
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PE3IOME: Onmucan HOBBI BUJ MPOATHIHOW KONOBpaTtku Proales tillyensis sp.n. u3
OnprenOypra (ceBepo-3anagHas ['epmanust). Bun O6put oOHapykeH B pH HeWTpambHOM
Boze B ozepe Twimmu B aBrycre 2006 r. OcoOu ObUTH M3yYEHBI METOJIAMHU CBETOBOH H
JIEKTPOHHOW MUKPOCKONHH. bIIH Mosydens! (hoTorpaduu HEesIbIX >KHBOTHBIX U HX POTO-
BBIX YacTel. J[ormomHuTeNbHO OBUIO IPOBEACHO N3YYEHHE COMATHYECKON MYCKYJIaTyphl
HOBOTO BH/Ia C TIOMOIIBIO (UIFOOPUCIIEHTHON (haJUIONIMHOBON METKH U IIPOBE/ICHO CPaB-
HEHHWE C OpraHM3alneil MyCKyJlaTypsl y JIpyTHMX KOJIOBpAToK poxa Proales. Proales
tillyensis sp.n. cxoneH ¢ P. fallaciosa Wulfert, 1937 u P. decipiens (Ehrenberg, 1832), Ho
ux 3Kosorus paznmmana. Kpome toro, ot P. fallaciosa HOBBIN BUJ OTIMYAETCS OTCYTCTBHEM
60p01aBKOOOPA3HOTO BBIPOCTA MEXIY MaJIbI[aMH, MEIKUMH pa3MepaMH Tella, WHBIM
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YHCIIOM 3y0OB YHKYCa M HHOH OpraHH3aliisi CoMaTn4eckoil Myckynatypsl. Ot P. decipiens
HOBBII BUJ] OTJIMYACTCS YUCIIOM 3yOOB YHKYCa, MEJIKUMH pa3MepaMu Tejia i OTCYTCTBHEM

MEPETKKU MEXKAY JKEJIYyAKOM M KUIITKOH.

KJIFOYEBBIE CJIOBA: Proales tillyensis sp.n, konoBpatku, Proalidae, koHdokanbpHas
na3epHasi CKAaHUPYIOIIasi MUKPOCKOTIHS, COMATHYECKasi MyCKyJIaTypa.

Introduction

The monogonont rotifer taxon Proalidae,
Proales Gosse, 1886 comprises a genus with
currently 44 species (Segers, 2007). From a sys-
tematic point of view Proales is problematic and
in need of a revision because it represents an
assemblage of diverse species from which sever-
al have been moved in and out in the past (Segers,
1995; Wilts et al., 2009a; De Smet, in press.).
Koste (1978) already subdivided the species of
Proales into two main groups: Group A (group
Proales sensu stricto) comprises freshwater spe-
cies that resemble the type species P. decipiens
and are characterized by a tubular habitus with a
trunk comprising multiple pseudosegments, a
hardly offsethead with arostrum and a short foot,
acerebral eye and an elongated buccal field. The
other group comprises almost unexceptionally
marine species resembling Proales reinhardti
(group B, misleadingly designated as group Proa-
les sensu stricto by Wilts et al., 2009a). The
representatives of this group are characterized by
a bulbous trunk with an offset head and a long
foot, apical eyes and two epidermal projections
restricting the apical corona caudally.

We found a new species in a lake near
Oldenburg, North-West Germany occuring in
floating gras material during warm periods of
the summer months. The new species fits group
A, resembling P. fallaciosa and P. decipiens. In
the following we describe the species carefully
on the basis of light and scanning electron
microscopic (SEM) findings, and give standar-
dised views of the specimen and its trophi.
Furthermore, we analyze the somatic muscula-
ture of the species using confocal laser scanning
miscoscopy (CLSM) in order to provide a broad-
er overview of the variation of the muscular
pattern across Proales.

Material and methods

Samples were collected during August 2006,
2008 and 2009 from Lake Tilly in Oldenburg,
north-western Germany (53°04’35.0”N, 7°12’
00.07”E) with a plankton sieve of 64 pm mesh
size. Single rotifer specimens were studied by
both differential interference contrast light mi-
croscopy (Leica DMLB) and scanning electron
microscopy (Zeiss DSM 940). Light micro-
scopic images were taken with a digital camera
(Olympus ColorView). Isolated rotifer speci-
mens were narcotized with an aqueous solution
0f0.25% bupivacaine (Bucain®) and fixed with
4% 0s0,in 0.1 M sodium cacodylate bufferand
picric acid formaldehyde at 240 mOsm (after
Melone, 1998). Specimens were dehydrated in
a graded ethanol series followed by critical-
pointdrying. Dried specimens were mounted on
stubs. For trophi preparations, individual spec-
imens were dissolved under a stereo micro-
scope (Leica MZ12,) following the procedure
given by Kleinow et al. (1990) leaving only the
cuticularized trophi elements. Trophi were rinsed
and dried on a coverslip and mounted on stubs.
Specimens and trophi were coated with gold
and studied by scanning electron microscopy.
For CLSM, specimens were anaesthetized with
bupivacaine, fixed for 1 h in phosphate-buff-
ered 4% paraformaldehyde, rinsed in 0.1 M
phosphate-buffered saline (PBS), and then made
permeable for staining by exposure to 0.1%
Triton X-100 buffered in 0.1 M PBS for 1 h. For
staining, 2 ml of 38 mM methanolic TRITC-
labelled phalloidin solution were added to 100
ml of Triton X-100 buffered in 0.1 M PBS.
Specimens were stained for 3 h and mounted in
Citifluor® on a coverslip; a total of five speci-
mens were analyzed. The images were obtained
under a wavelength of 488 nm using a Leica
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TCS SP 5 confocal laser scanning microscope.
Weused Leica LAS AF 1.7.0 for the analysis of
the image stacks. All line drawings were pre-
pared with Adobe Photoshop® CS2.

Order Ploima Hudson & Gosse, 1886
Family Proalidae Bartos, 1959
Genus Proales Gosse, 1886

Proales tillyensis sp.n.

MATERIAL. Holotype. A parthenogenetic female in
a permanent, glycerin glass slide mount deposited at
Museum fur Naturkunde, Germany, Berlin (ZMB) Gener-
alkatalog freilebende Wurmer ZMB Vermes 11372.

Paratypes. Three parthenogenetic females in perma-
nent, glycerin glass slide mounts (ZMB Vermes 11373-1,
-2 and -3), ten parthenogenetic females mounted on a SEM
stub (ZMB Vermes 11373-4, -5, -6, -7, -8, -9, 10, -11, -12
and -13) and a trophi preparation with three trophi mount-
ed on a SEM stub (ZMB Vermes 11373-14, -15 and -16).

TYPE LOCALITY. Lake Tilly in Olden-
burg, Lower Saxony, Germany. August 20006,
2008, 2009 (53°04'35.02”N, 7°12°00.07”E).

ETYMOLOGY. The species name tillyen-
sisis derived from the type locality Lake Tilly in
Oldenburg.

DIAGNOSIS. Species with long, slender,
tubular body; head and foot hardly offset; trunk
with seven longitudinal folds; apical corona
with elongated, ventral buccal field; foot with
two pseudosegments and acute, conical toes;
rami with anterior projections; unci with six
teeth, largest tooth ventrally with accessory
toothlet; fulcrum rod-shaped, distally broaden-
ing; manubria club-shaped, slightly curved dis-
tally; hypopharynx with paired plates ventrally,
bearing two large teeth each.

DESCRIPTION. Habitus. (Figs. |A,B,2A—
D, 4A—C, 5A-C) Proales tillyensis sp.n. has a
hyaline, tubular and flexible body. Head and
foot are not distinctly broader or narrower than
the trunk. The whole body is divided into three
distinct regions: head with neck, trunk and foot
withtoes (Fig. 1 A, B). The epidermis is sparsely
stiffened and has an almost smooth surface. The
head is completely contractible into the trunk
and divided into two pseudosegments, separat-

ed from each other and the trunk by transverse
folds (Figs. 1A, B, 4A, B, 5A). The anterior
pseudosegment carries a small, rounded ros-
trum. The rostrum is separated from the anterior
pseudosegment via a transverse fold. Dorsally
the pseudosegment has a dorsal antenna (Figs.
1B, 4B, 5A, C) and is followed caudally by the
shorter neck pseudosegment (nps) (Figs. 1A, B,
4A, 5A). The corona appears semicircular in
dorsal view. Its long, locomotory cilia are locat-
ed apically (Figs. 1B, 5C); the ventral buccal
field consists of numerous short cilia and ex-
tends to the center of the neck pseudosegment
(Figs. 4C, 5B). The cylindrical trunk is usually
divided into three pseudosegments differing in
size and separated from each other by distinct
transverse folds (Figs. 1A, B, 4A, B, C, 5A).
The anteriormost, longest and broadest trunk
pseudosegment bears at its posterior third two
antennae in dorsolateral position (Figs. 4A,5A).
This pseudosegment bears also seven longitudi-
nal folds (one long dorsomedian fold and three
long dorsolateral ones on each side) and two
shorter lateral folds (one on each side) (Figs.
1A, B, 4A, B, 5A). The pseudosegment is fol-
lowed by a very short lumbar pseudosegment
(Ips). The lumbar pseudosegment is subsequently
followed by a preanal pseudosegment (pps) that
slightly overlaps the foot (Figs. 1A, B,4A, 5A).
Depending on the degree of contraction of the
animal, the trunk can have two additional trans-
verse folds: One fold in the anterior region (see
arrow Fig. 5A) and one in the posterior region of
the largest trunk pseudosegment (see arrows
Figs. 4C, 5A). The completely contractible,
broad and only slightly tapering foot is divided
into two short foot pseudosegments and two
short, acute, conical toes (Figs. 1A, B, 2D, 4B,
C). Viewed dorsally, the toes are usually spread
(Figs. 2D, 5A). The two short and broad pedal
glands stretch through the foot and nearly fill
out both foot pseudosegments completely (Fig.
2C, D).

Digestive system. (Figs. 1A, B,2A-C) The
digestive tract consists of a mouth opening, a
spherical mastax, a narrow oesophagus, a stom-
ach and an intestine (Figs. 1A, B, 2A-C). The
mouth opening is located ventrally in the center
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10 pm

Fig. 1. General body organization of Proales tillyensis sp.n.
A — habitus in lateral view; B — habitus in dorsal view; C — trophi in ventral view; D — trophi in dorsal view; E —
uncus in frontal view; F — manubrium in lateral view; G — incus in ventral view.

Puc. 1. O0mas opranuzanus Proales tillyensis sp.n.

A — Buj cboky; B — Bux co cnimuHOM cTopoHbl; C — Tpodu ¢ BEHTpaIbHOU CTOPOHBI; D — Tpodu ¢ jopcanbHOU
cTopousl; E — yHKyC ¢ ppoHTanbHOI cTopoHb!; F — MaHyOpuyM c60Ky; G — HHKYC C BEHTPAIBHON CTOPOHBIL.

of the neck pseudosegment and leads to a short
buccal tube (Figs. 1A, 4C, 5B). The following
mastax is located in the anterior trunk region
(Fig. 2A, B). One pair of salivary glands is
visible laterally in the mastax complex. The
oesophagus diverges dorsally from the mastax
and leads to the stomach that s filled with lipid
droplets (Fig. 2A—C). From the anterior stom-
ach wall one pair of bulbous, oval gastric
glands (Fig. 2B). The stomach and the intestine
are not separated by a prominent constriction
(Fig. 2B). The intestine leads to the cloaca that
opens dorsally below the preanal pseudoseg-
ment.

Mastax hard parts (trophi). (Figs. |C-G,
2E, F, 3A-D, 5D, E, 6A-G) The trophi are
bilaterally symmetrical and possibly represent
an intermediate stage between malleate and
virgate type. The fulcrum attaches obliquely to
the rami and is oriented in the longitudinal axis
of the body, with its prominent fan-shaped ter-
minal end directing caudally. In ventral view it
appears slender and rod-shaped and broadens
terminally (Figs. 1C, D, 2E, F, 3B, 6A, D). Seen
from lateral the fulcrum appears triangular with
ahighbase, tapering ventrally more than dorsal-
ly to its terminal end (Fig. 6G). The rami appear
truncate triangular in dorsal view (Fig. 1D, 6D).
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Fig. 2. Light microscopic images of Proales tillyensis sp.n.

A — specimen in lateral view; B — specimen in dorsal view; C — specimen in ventral view; D — foot; E — median
section of mastax; F — ventral section of trophi; Abbreviations: br — brain, fo — foot, fu— fulcrum, gg — gastric gland,
gv — germovitellarium, he — head, hyp — hypopharynx, in — intestine, ma — manubrium, mx — mastax, pgl — pedal
gland, ra — ramus, ro — rostrum, st — stomach, to — toe, tr — trunk, tro — trophi, un — uncus.

Puc. 2. Opranusauus Proales tillyensis sp.n. Ha TOTaJBHBIX MpeNapaTax B CBETOBOH MHUKPOCKOIL.

A — BuJ cO0Ky; B — BuJ ¢ nopcanbHOM cTOpoHEL; C — BHJA C BEHTPAIBHOH cTOpoHbl; D — Hora; E — nenrpansHas
4yacTh MacTakca; F — BeHTpasibHasi 4acTh KeBaTeNbHOrO ammapara. O6o3nadenus: br — mosr, fo — Hora, fu —
($yIapKpyM, gg — JKelyJouHas XKejesa, gv — ronHaza, he — romnosa, hyp — runogapuHkc, in — KHIIEYHHK, ma —
MaHyOpHyM, MX — MacTakc, pgl — meaanbHast Kenesa, ra — paMyc, r0 — POCTPYM, St — KEIyI0K, t0 — Mmaser HOTH,
tr — TyJsoBHIIE, tro — TpodH, Un — YHKYC.
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Fig. 3. Light microscopic details of the mastax of Proales tillyensis sp.n.
A — mastax in ventral view; B — dissolved trophi elements;C — manubrium; D — uncus (arrow heads indicate uncus
teeth). Abbreviations: ba — basal apophysis, ey — eye, fu — fulcrum, hyp — hypopharynx, ma — manubrium, mx —

mastax, ra — ramus, su — subuncus, un — uncus.

Puc. 3. leramu crpoenns mactkca Proales tillyensis sp.n. I0 JaHHBIM CBETOBOH MUKPOCKOIIHH.

A — MacTaKc, BUJ C BEHTPAIbHON CTOPOHBI; B — n3011MpoBaHHbIN xKeBaTenbHblH anmnapat (tpodu); C — ManyOpuym;
D — yHKyc (HakOHEUHHKaMH yKa3zaHbl 3yObl yHKyca). OGo3HaueHus: ba — OasanbHblil anodus, ey — rinas, fu —
¢dyabpkpym, hyp — runodapunke, ma — MaHyOpHyM, mX — MacTakc, ra — pamyc, Su — CyOyHKyC, un — YHKYC.

Large, rounded apophyses are located on the
ventral side of the rami, lateral to the proximal
fulcrum end (Figs. 1G, 2F, 3B, 6A). The apo-
physes represent parts of the ramus subbasal
chambers. The leftapophysis has a thorn-shaped,
terminally split projection (Figs. 1G, SE, 6D),
whereas the right apophysis has a hardly recog-
nizable cusp (Figs. 1G, 3B). The inner margin of
the left ramus subbasal chamber features one
additional thorn-shaped projection as well as
one tubercle-like swelling. The right ramus sub-

basal chamber bears a three-toothed projection
and two tubercle-like swellings (Figs. 3B, 5E,
6D). The ramus basal chambers have straight
lateral sides and curved anterior and posterior
margins when seen in dorsal view (Figs. 1D,
6D). Both the ramus basal and the ramus sub-
basal chamber display distinct openings with
the small, circular ramus foramen subbasalis
pointing caudally (Fig. 6B, E) and the small,
oval centrally located ramus foramen basalis
facing caudodorsally (Figs. S5E, 6D). A large,
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Fig. 4. Scanning electron microscopic (SEM) habitus images of Proales tillyensis sp.n.

A —relaxed specimen in lateral view (arrowhead indicates position of lateral antenna); B — bent specimen in lateral
view; C — specimen in ventral view (arrow indicates additional trunk fold). Abbreviations: bf — buccal field, da —
dorsal antenna, fo — foot, fol — longitudinal folds, he — head, lps — lumbar pseudosegment, nps — neck
pseudosegment, pps — preanal pseudosegment, to — toe, tr — trunk.

Puc. 4. Buemnuit Bun Proales tillyensis sp.n. 10 JaHHBIM CKaHUPYIOIIEH 3JIEKTPOHHOH MHKPOCKOIINU

(COM).

A — paccnaOneHHblil 9K3eMIUIIp cOOKYy (CTPENKO# yKa3aHO IOJIOKEHHE JIaTepallbHOM aHTCHHBI); B — HM30THYTHIN
9K3eMIUIp cO0Ky; C — H30THYTHIH 9K3eMIUIIP C BEHTPATBLHOH CTOpOoHEL. O003HaueHus: bf — OykkanpHOe moie, da —
JopcanbHas aHTeHHa, fo — Hora, fol — npononbHas cknagka, he — romnosa, Ips — MOSCHUYHBIHA ICEBIOCETMEHT, NPS —
LICHHBIN TCEBJOCETMEHT, PPS — MPeaHaIbHbIH ICEBIOCETMEHT, t0 — MaJiel HOTH, tr — TYJIOBHIIE.

unpaired hypopharynx is located ventral to the
rami. Anteriorly, it carries two strong, 2-toothed
projections (Figs. 3A, SE, 6A, D) and its cau-
dolateral sides show somewhat more strongly

cuticularized pockets (Figs. 2F, 3A, 6A). The
paired unci are built on domed plates, each
carrying six unci teeth decreasing gradually in
size from the dorsalmost to the ventralmost
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Fig. 5. Scanning electron microscopic (SEM) images of Proales tillyensis sp.n. with details of habitus and
trophi.

A — relaxed specimen in dorsal view (arrow indicates additional trunk folds; arrowhead indicates position of lateral
antenna); B — corona in ventral view with buccal field and mouth opening; C — head in dorsal view; D — uncus in
frontal view; E — rami in dorsal view. Abbreviations: co — corona, da— dorsal antenna, fo — foot, fol — longitudinal
folds, he — head, hyp — hypopharynx, lps — lumbar pseudosegment, nps —neck pseudosegment, pps — preanal
pseudosegment, rbc — ramus basal chamber, rfb — ramus foramen basalis, rsbc — ramus subbasal chamber, ro —
rostrum, su — subuncus; to — toe, tr — trunk, un — uncus.

Puc. 5. Jletanu BHeuHel Mopdooruu u opranusaiuu tpodu Proales tillyensis sp.n.

A — pacabiIeHHBIH SK3EMILISP C A0PCaTbHOM CTOPOHBI (CTPEIKON YKa3aHbI OIOIHUTEIBHBIC TYIOBHUIIHBIC CKIIAIKH,
HAKOHEYHHKOM YKa3aHO II0JI0KEHHE JIATePaIbHON aHTEHHBI); B — BEHTpasIbHBIIl BUJI Ha KOPOHY C OYKKaJIbHBIM I10JIEM
u potoBeIM oTBepcTreM; C — roJyioBa ¢ J0pcaibHO# cTopoHbl; D — yHKyc, ppoHTansHslil Bua; E — pamu, Bux ¢
JopcaibHOit cTopoHbl. O003HaYECHUS: CO— KOpoHa, da— nopcanpHas aHTeHHa, fo— Hora, fol — npogoNbHbIE CKITAIKH,
he — ronosa, hyp — runodapuskc, Ips — HOSCHUYHBIN IICEBIOCETMEHT, NPS — LICHHBINA IICEBIOCEIMEHT, PpS —
IIpeaHalbHBIA IICEBJOCETMEHT, rbc — Oa3ampHas KaMmepa pamyca, rfb — 0GaszanbHoe oTBepcTHe pamyca, rsbc —
cyO0yKKanpHasi Kamepa pamyca, ro — pocTpyM, su — CyOYHKYC; t0 — Iajer HOTH, tr — TYJIOBHIIE, Un — YHKYC.
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Fig. 6. SEM images of the mastax hard parts (trophi).

A — trophi in ventral view; B — trophi in ventrocaudal view; C — closed trophi in frontal view; D — trophi in dorsal
view; E — trophi in caudal view; F — open trophi in frontal view; G — trophi in lateral view. Abbreviations: ca— cauda,
cl — clava, fu — fulcrum, hyp — hypopharynx, ma — manubrium, mfd — manubrium foramen dorsalis, mfv —
manubrium foramen ventralis, ra — ramus, rbc — ramus basal chamber, rfb — ramus foramen basalis, rfsb — ramus
foramen subbasalis, rsbc — ramus subbasal chamber, un — uncus.

Puc. 6. ectkue yactu marakca (Tpo¢u) no nanasiM COM.

A — Ttpodu, BH] ¢ BEHTPaIbHOU CTOPOHEL; B — Tpodu, Buz ¢ BeHTpoKaynanbHOM cTopoHbl; C — Tpodu ¢ ppoHTaIbHOU
cTopousl; D — tpodu ¢ nopcansHol cTtoponsl; E — Tpodu ¢ kaynansHOl cTopoHsl; F — oTtBepcrue Tpodu, BHI C
¢dponTansHOl cToponsl; G — Tpodu, Bux c6oky. Obo3HaueHNUS: ca — Kayza, cl — Oyropok, fu — dyaskpym, hyp —
runopapuHkc, ma — MaHyOpuy™m, mfd — gopcambHOE OTBepcHe MaHyOpHyMa, mfv — BEHTpaIbHOE OTBEPCTHE
MaHyOpHuyMa, ra— pamyc, rbc — Ga3anpHas Kamepa pamyca, rfb — 6a3anpHOe oTBepcTue pamyca, rfsb— cyb6azanpHoe
OTBepCTUE pamyca, Isbc — cyOba3anbpHas kKamepa pamyca, Un — yHKYC.
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tooth (Figs. 1E, 2E, 3B-D, 5D, 6C, F). Beneath
each of the bent principal teeth lies an addition-
al, small accessory toothlet. Further, a subuncus
with scleropilar structures is located beneath the
uncus (Figs. 1D, 3D, SE). The club-shaped
manubria (Figs. 1F, 3C, 6QG) attach to the unci
proximally by fine ligaments and taper gradual-
ly from the very prominent clava towards the
end of'the slender, inwardly curving cauda. The
dorsal manubrial chamber is small and has a
caudally directed, rip-shaped manubrium fora-
men dorsalis (Fig. 6D, E). The large ventral
manubrial chamber displays a rounded, ventro-
caudally directed manubrium foramen ventralis
(Fig. 6A, B, E). Whereas the median and to a
certain degree the dorsal manubrial chamber
form the cauda, the ventral manubrial chamber
is shorter and accounts only for two-fifths of the
manubrial length. A distinct manubrium fora-
men medius was not recognizable.

Nervous system and sensory organs. (Figs.
1A, B, 2A, B) The large, saccate brain is situat-
ed in the head and reaches caudally to the
mastax (Figs. 1A, B, 2A, B). A single, red
cerebral eye is located at the posterior end of the
brain. The eye is displaced to the right and lies
in front of the left oriented retrocerebral organ
(Figs. 1B, 2B). The dorsal antenna is located
centrally on the head and consists of several
cilia (Fig. 5C). The lateral antennae are located
in the last third of the largest trunk pseudoseg-
ment (Figs. 4A, 5A).

Excretory system. (Fig. 1A, B) The proto-
nephridial system consists of several pairs of
distinct terminal organs distributed laterally in
the body cavity, along the longitudinal axis of
the animal. The collecting tubules open into a
contractile bladder thatis positioned ventrocau-
dally in the trunk (Fig. 1A, B). The fluid of the
bladder is emptied into the terminal part of the
intestine (cloaca).

Reproductive organs. (Figs. 1A, B, 2A, B)
Proales tillyensis sp.n. is an oviparous species.
The parthenogenetic females have a syncytial
germovitellarium situated ventrolaterally in the
posterior part of the trunk. The vitellarium con-
tains eight nuclei (Fig. 1A, B). Some of the ob-
served amictic females bore one large, ovoid egg.

MEASUREMENTS. Total length 85-170
pm, maximum dorsoventral dimension 21 pum,
maximum width 26-30 pum, foot length 16—18
pm, toe length 8—9 um, trophi length 16—-19 pm,
trophi width 17-18 pm, ramus length 8-9 pm,
manubria length 16—17 pm, cauda width 9—10
um and fulcrum length 8-8.5 um.

DISTRIBUTION AND ECOLOGY. The
species was only found among floating bunches
of a grass-like water plant (supposably a Pota-
mogeton species) during the summer months
from the end of July to early September, when
the solar irradiation is high enough to warm up
the water. In these gras bunches a lot of detritus
accumulates, on which the species possibly feed.
Insamples the species swim in an even and slow
rotating manner through the water, propelled
along by the beating of the coronal cilia.

Somatic musculature

LONGITUDINAL MUSCLES (Figs. 7A—
C, 8A-E). The somatic musculature in five
specimens was visualized by confocal laser scan-
ning microscopy. Four specimens were exam-
ined in dorsoventral and one specimen in lateral
position. In total, the somatic muscular system
of P. tillyensis sp.n. comprises four longitudinal
muscle pairs (musculus longitudinalis I-IV).
Musculus longitudinalis I, Il and [T run from the
head to the base of the toes, whereas musculus
longitudinalis IV only extends from the head to
the anteriormost third of the trunk. The longitu-
dinal muscles differ in number of their subunits
with musculus longitudinalis IV consisting of
one subunit, musculus longitudinalis I and III
consisting of three and musculus longitudinalis
I consisting two subunits. Musculus longitudi-
nalis I (m. longitudinalis ventralis) is the ven-
tralmost pair of longitudinal muscles and reach-
es from the anterior trunk region to the terminal
foot pseudosegment (Figs. 7A—C, 8A, B). The
paired musculus longitudinalis II (m. longitudi-
nalis lateralis medius) (Figs. 7B, C, 8A—D) runs
laterally from the head to the terminal foot
pseudosegment. Each muscle has two strands
that both consist of two subunits. The inner
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Fig. 7. Schematic drawing of the somatic musculature of Proales tillyensis sp.n.

A — dorsal view; B — lateral view; C — ventral view. Abbreviations: mc I-XI — musculus circularis I-XI, ml [-IV —
musculus longitudinalis I-TV.

Puc. 7. Cxema opraHu3aiun coMaTHIeCKOi MycKyIatypsl Proales tillyensis sp.n.

A — BUA ¢ JopcanbHOU cTopoHBl; B — Bua c6oky; C — Bua ¢ BeHTpanbHOIH cTopoHbl. O60o3HaveHms: me [-XI —
konbleBas Myckynarypa I-XI, ml I-IV — npogonsaas myckynarypa [-1V.
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strand of the muscle terminates in the neck
pseudosegment, whereas the other strand an-
chors in the head. The broad musculus longitu-
dinalis III (m. longitudinalis dorsalis) stretches
along the dorsalmost part of the body, extending
from the head to the toes. Its two strands anchor
in front of the toe bases (Figs. 7A, B, 8A, B) and
run frontally. On level of the mastax the slender,
inner muscle strand crosses the broader, outer
muscle strand and terminates (Fig. 7A, B). The
broader muscle strand reaches to the head, where
it splits into three separate terminals (Figs. 7A,
8A). The paired musculus longitudinalis IV (m.
longitudinalis capitis) anchors dorsally bifur-
cate in the head and terminates in the anterior-
most third of the trunk. Its caudal end seems to
attach to the musculus longitudinalis III.
CIRCULAR MUSCLES (Figs. 7 A-C, 8A—
E). A total of eleven circular muscles (musculi
circulares [-XI) were identified. Except for
musculus XI, all circular muscles are interrupt-
ed dorsally or ventrally and show various de-
grees of incompleteness (Fig. 7A—C). The fron-
talmost circular muscle musculus circularis 1
(pars coronalis) is an almost complete ring in the
frontal section of the head. In its course it
follows the corona with its buccal field from
ventral to dorsal (Figs. 7A, B, C, 8A, C, D) and
displays in all investigated specimens a small
dorsal interruption. The caudally following
musculus circularis I1is highly incomplete, trig-
onal-shaped and positioned ventrolaterally in
the head at both sides of the buccal field (Figs.
7B, C, 8 A-C). The broad, trigonal-shaped
musculus circularis [I1is located in the neck and
runs from lateral to ventral (Figs. 7B, C, 8C, D).
The median trunk region displays seven circular
muscles (musculus circularis [IV—X) arranged in
eaqual distance to each other. Musculus circu-
laris IV is a fine muscle that is located directly
behind the neck (Figs. 7B, C, 8A). Its dorsal
ends are widely separated (Fig. 7A), its ventral
ends lie much closer together and almost reach
to the musculus longitudinalis ventralis (Fig.
7C). The musculus circularis V is located on
level of the mastax region and displays a broad
dorsal separation (Fig. 7A), whereas the ventral
ends come close together, virtually reaching the

midline of the body (7C). The musculus circu-
laris VI lies directly behind the mastax, is dor-
sally almost closed (Fig. 7A) but has ventrally a
broad interruption (Fig. 7C). Musculus circu-
laris VI is followed caudally by the musculi
circulares VII-X. All these circular muscles are
robust, dorsally almost closed and terminate in
the ventrolateral trunk region (Figs. 7A—C, 8A).
The musculus circularis XI (m. circumpedalis)
presents the caudalmost circular muscle and
forms a complete ring situated in front of the toe
bases (Figs. 7A-C, 8B, E).

VISCERAL MUSCULATURE. Proales
tillyensis sp.n. presents a complex network of
visceral musculature characterized by delicate
circular, longitudinal and transverse fibers as-
sociated with the corona, stomach, gut and clo-
aca (Fig. 8A, E). Especially the strong, cross-
striated mastax musculature displays an intense
fluorescence signal. These muscles are clearly
visible in all analyzed specimens but are not
described here in detail and are not considered
in the reconstructions.

Discussion

Differential diagnosis. Concerning the habi-
tus solely P. tillyensis sp.n. resembles Proales
decipiens, Proales fallaciosa, Proales phaeo-
pis Myers, 1933, Proales parasita (Ehrenberg,
1838) and Proales palimmeka Myers, 1940.
Regarding the overall morphology, including
the trophi, P. tillyensis sp.n. closely resembles
P. fallaciosa and P. decipiens. Hence in the
following, we mainly compare these three spe-
cies (results are summarized in Tab.1). In order
to do this we rely on our own observations and
the descriptions given by Ehrenberg (1832),
Walfert (1937, 1939), Voigt (1957), Koste
(1978) and De Smet (1996).

Proales tillyensis sp.n. is a small species
with a maximum body length of 170 pm. Most
ofthe examined specimens had a length of about
100-120 pum, therewith the species is definetly
smaller as P. decipiens (120-270 pm body
length) and much smaller than P. fallaciosa
(200-320 um body length). The body outline of
P. decipiens is described as fairly constant; the
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Fig. 8. Fluorescent staining of F-actin filaments in the musculature of Proales tillyensis sp.n., confocal laser
scanning microscopy (CLSM).

A — depth-coded maximum projection (specimen 1); B— maximum projection (specimen2); C — median head region;
D — ventral head region (notice caudally closed mc I); E — foot region. Abbreviations: mc I-XI — musculus circularis
[-XI, ml I-IV — musculus longitudinalis I-IV, mx — mastax, vm — visceral musculature.

Puc. 8. dmoopucuenTHOe okpammBaHue F-akTHHOBBIX (puiaamMeHTOB B MycKynatype Proales tillyensis
sp.n., KOH(pOKaIbHAA JTa3epHas ckaHupytomas Mukpockonus (KJICM).

A — 3-D npoekuusi ¢ MaKCUMaJIbHOU IiyOnHOM pe3kocTH (3k3eMIusp 1); B — makcuManbHas npoekius (3K3eMIutsp
2); C—MemaHHas 4acTh rojoBbl; D — BeHTpasbHas 4acTh roJ0BbI (KayaanbHo npubikersl me I); E—obnacts Horu.
O603nauenus: me [-XI — konbuessie Mbimipl [-XI, ml [-IV — npoxoasnsie Mpimis! -1V, mx — macrake, vin —
BHCLIEpAIIbHAS MyCKYJIaTypa.
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Tablel. Comparison of morphological and ecological characters of Proales fallaciosa, Proales decipi-
ens and Proales tillyensis sp.n.
Tabnuma 1. CpaBHATENIEHBIE MOP(OIOTHYECKHE U SKOJIOTUIECKHE XapaKTepucTuku Proales fallaciosa,
Proales decipiens u Proales tillyensis sp.n.

Proales fallaciosa Proales decipiens Proales tillyensis sp.n.
body length 200-320 pm 120-270 pm 85-170 pm
ggg ection between present absent absent
retrocerebral organ displaced to left displaced to left displaced to right
stomach-intestine
constriction absent present absent
inflated toe bases absent occasionally present absent
number of uncus 57 left / 46 right 4left /5 right 6 left / 6 right
teeth (accgssory toothlet (accgssory toothlet (without accessory toothlet)

included) included)
gllidf:{znmtﬁl crest present absent absent
habitat ponds, pools, waste ponds, pools, waste water, |in floating, grass-like plant
water Sphagnum material of Lake Tilly
. algae, bacteria,
diet algac, bacteria, dead ectoparasitic on algae, bacteria, detritus
arthropods
Stephanoceros

seasonal .
appearance perennial autumn summer
pars coronalis uninterrupted — dorsally interrupted
number of circular 5 . 1
muscles
musculus
circumpedalis absent B present

same does not hold true for P. fallaciosa and P.
tillyensis sp. n., whose body outline is variable.
Like P. decipiens, the new species lacks the
knob-like projection between the toes that is
always present in P. fallaciosa. The retrocere-
bral organ in P. fallaciosa, and usually in P.
decipiens, is displaced to the right, whereas it is
displaced to the left in P. tillyensis sp.n.. Fur-
thermore, P. decipiens presents a more or less
deep constriction between stomach and intes-
tine, whereas such a constriction is not obvious
in P. fallaciosa or P. tillyensis sp.n.. The pedal
glands of P. tillyensis sp.n. are, like those of P.
decipiens, somewhat larger than in P. falla-
ciosa. The toe bases in P. decipiens are occa-
sionally inflated, whereas those in P. tillyensis
sp.n. and P. fallaciosa never have this shape.
The hard parts of the jaw apparatus in P. falla-
ciosa and P. decipiens are characterized as
modified malleate by Voigt (1957) and desig-

nated as virgate by De Smet (1996). Possibly the
trophi of P. fallaciosa, P. decipiens and P.
tillyensis sp.n. represent an intermediate of the
modified malleate and virgate type. The cuticu-
larized mastax hard parts of the three species are
very similar, especially regarding the uncus
(rami and fulcrum), but differ in minor aspects.
Over the three years of observation, both unci
constantly feature 6 distinct uncus teeth in all
examined specimens of P. tillyensis sp.n. (the
small, hardly developed accessory toothlet ven-
tral to the principal tooth not included), whereas
the right uncus of P. decipiens has 5 teeth and
the left uncus has 4 teeth (accessory toothlet
included) (see Table 37 Fig. 1d in Voigt 1957
and Fig. 29a—i in Wulfert 1960). In the initial
description of P. fallaciosa the drawings of
Waulfert (1937) show unambiguously 5 distinct
teeth on each uncus (including the well devel-
oped bent, accessory tooth). In his later descrip-
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tion of P. fallaciosa, Wulfert (1939) states 6
teeth on the right and 7 teeth on the left uncus
(including the accessory toothlet). By contrast,
Donner (1955) observed in P. fallaciosa 4 and
5 uncus teeth (the acessory tooth included) (see
Fig. 31c in Donner 1955) and negates the num-
ber ofuncus teeth mentioned by Wulfert (1939).
Koste (1978) and Koste and Shiel (1990) stated
7 teeth on the left and 5 to 6 teeth on the right
uncus (the acessory tooth included). In his de-
scription De Smet (1996) generalizes these data
and quotes 4 to 7 uncus teeth for P. fallaciosa.
These different observations lead to three pos-
sible conclusions: a) eithernot all previous light
microscopic observations were precise or b) the
different recorded numbers of uncus teeth doc-
uments a broad variability of P. fallaciosa re-
garding the unci (whereof we are not convinced)
or ¢) in the past authors described different
species all identified as P. fallaciosa and the
name represents a previously not recognized
species complex. In our opinion the latter is the
most likely explanation. However, none of the
previously observed numbers of uncus teeth is
conform with the number of teeth we found in P.
tillyensis sp.n.

In the new species the longitudinal axis of
the fulcrum and the unci form an angle of
approximately 90° (Fig. 6), whereas the draw-
ings of P. fallaciosa and P. decipiens in Wulfert
(1937,1939), De Smet (1996) and Koste (1976)
display an angle of about 160°. Most likely this
is based on misinterpretations of the conditions
and the angle in both species also amounts to
approximately 90°. Unlike in P. fallaciosa, the
mid-ventral crest quoted by De Smet (1996)
could not be observed in P. tillyensis sp.n. The
new species has an unpaired hypopharynx (Figs.
1C, 3A, 6A) that is also present in P. fallaciosa
and P. decipiens, admittedly it was not recog-
nized previously. In fact, the more cuticularized
and denticulate lateral parts of the hypopharynx
were previously characterized misleadingly as
paired, hammer-shaped epipharyngeal elements.
It was not noticed previously that these parts are
embedded in less strongly cuticularized materi-
al since sodium hypochlorite, suggested by De
Smet (1998) and applied in previous studies, is

more aggressive on less strongly cuticularized
trophi structures than SDS/DTT we use in this
study for trophi preparation. However valuable
the use of sodium hypochlorite is for displaying
the single trophi elements and the different
chambers wherupon manubria and rami consist
of, it often fails to preserve important, less
strongly cuticularized structures and reflecting
the natural, relative position of the trophi ele-
ments. For the same reason, the presence of a
hypopharynx in Bryceella was only recently
noticed (see Wilts et al. 2009b); the same ap-
plies for several other taxa (e.g. Mytilina Wilts
unpublished).

P. tillyensis sp.n. was solely found among
floating gras bunches in the shallow water of
Lake Tilly and could not be sampled in the water
column. In contrast, P. fallaciosa and P. decipi-
ens can be found in the water column of small
herbaceous waters and in waste water. The latter
species is also reported from wet Sphagnum.
Unlike P. fallaciosa that occurs in spring, sum-
mer as well as in autumn and winter, the new
species occurs only during warm temperatures
and the population collapses each time in the late
summer or early autumn, respectively, indicating
that the species is not perennial. Proales tyllien-
sis sp.n. seems to feed on detritus, algae and
bacterialike P. fallaciosaand P. decipiens, where-
asthe latter species is also ectoparasitic on Steph-
anoceros Ehrenberg, 1832 adults and eggs fol-
lowing Stevens (1907). In contrast, P. fallaciosa
is also necrophagic and can be observed in dead
crustaceans and dead insect larvae.

Somatic musculature within P. tillyensis
sp.n. and across Proales. The somatic muscle
system in P. tillyensis sp.n. comprises bilateral-
ly symmetrical longitudinal as well as complete
and incomplete circular muscles. All muscles,
including the musculature associated with the
trophi, show a distinct cross-striation. In the
following we compare the musculature of P.
tillyensis sp.n. with the three hitherto studied
species of Proales (see Serensen, 2005). Fur-
thermore, we enlarge the homology hypotheses
suggested by Serensen (2005).

Withits musculature P. tillyensis sp.n. closely
resembles P. fallaciosa. Both species have four
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longitudinal muscles spanning the entire body
and one longitudinal muscle stretching from the
head to apointinthe anterior region of the trunk.
Because of their course, position and function
the four longitudinal muscles in these two spe-
cies can reasonably be assumed to be homolo-
gous. The musculus longitudinalis I (m. longitu-
dinalis ventralis) in P. tillyensis sp.n. and the
corresponding muscle in P. fallaciosa (ventral
trunk retractor, see Serensen, 2005) run ventral-
ly straight from the head to the foot. The muscu-
lus longitudinalis IT (m. longitudinalis lateralis
medius) in P. tillyensis sp.n. and its counterpart
in P. fallaciosa (lateral trunk retractor, see So-
rensen, 2005) stretch laterally from the caudal-
most foot pseudosegment to the anterior region
of'the head. Like the dorsal trunk retractor in P.
fallaciosa (see Serensen, 2005) the musculus
longitudinalis III (m. longitudinalis dorsalis) P.
tillyensis sp.n. runs dorsally from the caudal-
most foot pseudosegment to the head, where it
trifurcates. The musculus longitudinalis IV (m.
longitudinalis capitis) in P. tillyensis sp.n. and
its equivalent in P. fallaciosa stretch from the
anterior trunk region to the anterior head region.
Both species also display a pars coronalis and
further incomplete circular muscles in the trunk.
Admittedly, the musculature in both species
differs in some respects. The musculus longitu-
dinalis lateralis medius in P. tillyensis sp.n.
consists of two subunits (Fig. 7A), whereas the
lateral retractor in P. fallaciosa consists of three
subunits. On the contrary the musculus longitu-
dinalis dorsalis in P. tillyensis sp.n. consists of
three subunits (Fig. 7A) and the dorsal retractor
in P. fallaciosa consists of two subunits. Fur-
thermore, the caudal end of musculus longitudi-
nal capitis in P. tillyensis sp.n. attaches to the
musculus longitudinalis dorsalis and possibly
represents a branch of the latter (Fig. 7A).
Following Serensen (2005) this is apparently
notthe case for P. fallaciosa. The pars coronalis
inP. fallaciosa is complete, whereas it is dorsal-
ly interrupted in P. tillyensis sp.n. (Fig. 7A).
Proales tillyensis sp.n. displays two highly in-
complete circular muscles ventrally in the head,
seven circular muscles in the trunk and one
complete circular muscle in the foot (musculus
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circumpedalis) (Fig. 7A-C). By contrast, P.
fallaciosa displays only four incomplete circu-
lar muscles in the trunk and lacks further circu-
lar muscles.

When comparing P. tillyensis sp.n. with P.
fallaciosa, P. reinhardti and P. daphnicola ho-
mologous longitudinal muscles varying in some
respects can also be found in the latter two
species. Due to their position and function, the
ventral trunk retractor in P. daphnicola and P.
reinhardti can be considered homologous with
the musculus longitudinalis ventralis in P. #illy-
ensis sp.n. and the ventral trunk retractor in P.
fallaciosa, respectively (see also Serensen
2005). For the same reason the dorsal trunk
retractor in P. daphnicola and P. reinhardti can
be considered homologous with the musculus
longitudinalis dorsalis in P. tillyensis sp.n. and
the dorsal trunk retractor in P. fallaciosa, re-
spectively. A lateral trunk retractor is lacking in
P. reinhardti, whereas such a muscle is present
in P. daphnicola, P. fallaciosa and P. tillyensis
sp.n. (m. longitudinalis dorsalis). Although this
muscle is much shorter in P. daphnicola, it can
be considered to be homologous in all three
species due to its orientation and function (see
also Serensen, 2005). It is conspicuous that P.
daphnicola and P. reinhardti have further lon-
gitudinal muscles that P. fallaciosa and P. tilly-
ensis n. sp. lack: lateral head retractor, ventro-
lateral retractor, foot extensor, ventral foot re-
tractor and possibly dorsolateral retractor. Be-
sides, P. reinhardti features a dorsal foot mus-
cle, a toe abductor and a toe flexor and P.
daphnicola has a lateral coronal retractor. Se-
rensen (2005) assumed that the presence of a
footretractorin P. daphnicola and P. reinhardti
is correlated with the presence of an offset and
movable foot. Following this argumentation,
the presence of differentiated toe muscles is
possibly correlated with the offset, spindle-
shaped and movable toes in P. reinhardti.

The circular muscles, unlike their longitudi-
nal counterparts, are highly variable in size,
orientation and completeness, making homolo-
gy determination much more difficult. The four
species of Proales so far investigated differ
conspicuously in their number of circular mus-
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clesbutall have a pars coronalis being interrupt-
ed dorsally only in P. fallaciosa. The pars coro-
nalis can reasonably considered as homologous
since it has evolved in the stem lineage of
Ploima according to Riemann et al. (2008). A
distinct coronal sphincter is only present in P.
daphnicola and P. reinhardti. In the former
species it is broad and almost complete but
slender and only ventrally developed in the
latter. Whilst in P. fallaciosa there is no trace of
this huge mucle, the situation in P. tillyensis
sp.n. is unclear. The species has a broad, trigo-
nal, paired muscle ventral in the neck region
(Fig. 7B, C). If this muscle possibly represents
a reduced coronal sphincter is ambigous at the
moment because in other so far investigated
rotifer species (e.g. Epiphanes senta, Martini,
1912; P. reinhardti, P. daphnicola, Serensen,
2005; Pleurotrocha petromyzon, Pleurotrocha
robusta, Trichocerca sp. Wilts unpubl. data)
the coronal sphincter is much more conspicu-
ous, broader and completer than in this species.
In a further comparison of the hitherto investi-
gated species of Proales, it is noticeable that P.
reinhardtihas only three circularmuscles, where-
as P. fallaciosa has four, P. daphnicola five and
P. tillyensis sp.n. seven circular muscles in the
trunk (Fig. 7C). These muscles are only laterally
developed in P. reinhardti, whereas they are
almost closed dorsally in P. daphnicola and P.
fallaciosa. In P. tillyensis sp.n. most of the
circular trunk muscles are nearly closed dorsal-
ly and only the anteriormost ones have a broader
dorsal interruption (Fig. 7A). A musculus cir-
cumpedalis is only present in P. tillyensis sp.n.
(Figs. 7A—C, 8E). Based on the argument that
the musculus circumpedalis is a ground pattern
feature of Ploima (see Riemann et al., 2008;
Riemann et al., 2009; Wilts et al., 2009) this
muscle is homologous with the transverse toe
muscle detected in P. reinhardti by Sorensen
(2005) (see also Riemann et al., 2008).
Conclusion. Although P. tillyensis sp.n. can
be diagnosed by several ecological and morpho-
logical characters regarding habitus, trophi and
musculature the comparison with P. decipiens
and P. fallaciosa was difficult due to their poor
descriptions, that are not as informative as they
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should be. The repeated confusion of P. falla-
ciosa, P. sordida and P. decipiens as mentioned
by Harring and Myers (1922), Voigt (1957) and
Koste (1978) demonstrates this. Uncertain and
varying characters shared by several species of
Proales are listed in the species keys and descrip-
tions. Especially the imprecise trophi descrip-
tions possibly hide an unrecognized species com-
plex. For the future a detailed analysis of P.
fallaciosa, P. decipiens and further species of
Proales, possibly with implementation of molec-
ular methods, is preferable.

Within Proalidae, descriptions of the somatic
musculature of three species of Proales (Serens-
en, 2005) and one species of Bryceella (Wilts et
al., 2009b) have been revealed previously. With
this study detailed data on the musculature of five
species of Proalidae is available. Unfortunately,
these data are not sufficient enough to make
conclusions on the ground plan of Proales re-
garding the body musculature because it is as-
sumable that Proales doesn’t represent a mono-
phyletic taxon (Wilts et al., 2009a). In fact, the
distinct agreement of the somatic musculature of
P. tillyensis sp.n. and P. fallaciosa and the dis-
tinct differences with the somatic musculature of
P. reinhardti suggest that there are two different
muscular patterns in the genus (P. daphnicola is
excluded from this argumentation because we
have recently found hints for a relationship with
species ofanother Ploima genus, results are given
in a following paper). The revealed data show
that the two species groups within Proales (group
A, resembling P. decipiens and group B resem-
bling P. reinhardti) differ not only regarding
their habitat, habitus and trophi morphology but
also regarding their somatic musculature. A sim-
ilar study focusing on the somatic musculature of
another representative of group B (e.g. P. the-
odoraor P. halophila) would be useful to support
this hypothesis. A support would represent an-
other factor arguing for a division of the genus.
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