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ABSTRACT: All six naupliar stages of Stenhelia peniculata (Lang, 1965) from Auke Bay
near Juneau (Alaska) are described. Naupliar morphology within the Stenheliinae differs
among species and even more at supraspecific level. Nauplii of S. peniculata are charac-
terized by the following apomorphies compared to the only other species of Stenhelia
where nauplii have been studied, namely S. palustris (cf. Dahms, Bresciani, 1993): third
antennal segment bears three (S. peniculata) or two (S. palustris) medial setae at the third
naupliar stage; mandibular endopod with three or four setae on outer lateral field at the
sixth naupliar stage; no spinulation on mandibular exopod or strong spinulation; first
maxilla with three or two setae. The nauplii of both these stenheliid species differ from
those of Pseudostenhelia wellsi Coull, Fleeger, 1977 by the terminal seta of the first
antenna, which is as long as the third segment (Stenhelia) or three times as long as the
third segment (Pseudostenhelia); the four middle setae of the antennal endopod are of
regular size (Stenhelia), instead of two of the four being much longer; the proximal seta of
the mandibular exopod long instead of being short (Pseudostenhelia); their endopod
having an outer lateral field with one long seta (Stenhelia) instead of having three long
setae. A reaffirmation of the Stenheliinae Brady, 1880 is supported by the following
stenheliinid apomorphies in the morphology of the nauplii (as evidenced from a compari-
son of Stenhelia and Pseudostenhelia, with all other oligoarthran harpacticoid nauplii as
an outgroup): lateral edge of the naupliar shield bears protuberances on either side
(Stenheliinae) instead of no protuberance (Oligoarthra); masticatory process of the sec-
ond antenna is peculiarly fan-shaped distally (Stenheliinae) instead of tapering terminally
(Oligoarthra); antennal exopod strongly developed, three-segmented and upwardly curved
(Stenheliinae) instead of being four-segmented and never strongly developed (Oligoar-
thra); the whole mandible is of peculiar shape and orientation (Stenheliinae) instead of
being common (Oligoarthra); the posterolateral field of the mandibular endopod bears a
remarkable strong, inner spinulose spine (Stenheliinae) instead of lacking such spine
(Oligoarthra); the three distal exopodal setae are of unique structure (Stenheliinae).
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PE3IOME: Bce mects HayImmanbHbeIX ctaguid Stenhelia peniculata (Lang, 1965) omuca-
HBI 10 MaTepuany, coOpaHHoMy Hemalneko oT T. JxyHo (Amnsicka, Auke Bay). Haymmuycel
Stenheliinae nposiBisitoT Mop¢oJIOruyecKrue OTINYMs Ha BUIOBOM U, B OOJIbILEi cTene-
HH, Ha HaABHIOBOM ypoBHAX. Haymmmycsl S. peniculata ornvdarorcsi oT TakoBBIX S.
palustris (cm. Dahms, Bresciani, 1993), npyroro Buga Stenhelia, y KOTOpOro M3ydeHbI
HayIUTHAJIbHbIE CTa/IMH, CIEIYIOUIMMHU armoMOpP(HBIMH HpPU3HAKAMHU: TPETHH CErMEHT
aHTCHHYJI HayIUTNyCca TpeThel cTanuu ¢ tpems (S. peniculata) v nByms (S. palustris)
MeJUaNTbHBIMU ETHHKAMH; SHAOMOUT MAaHIHOYII IIECTON HAYIUTMYCHON CTally C Tpe-
Ml WJIM YETBIPbMS MICTHHKAMH Ha Hapy»KHOM OOKOBOM Kpae; dK30IOIUT MaHIHOYJ Oe3
IIUITAKOB WM ¢ MHOT'OYHCICHHBIMH IIMIIMKAaMH; IIePBble MAKCHIUIBI C TPEMsI WIIM JBYMS
meTHHKaMu. Haymimycel IBYyX BHJOB CTEHXEJNHHJ OTJIUYAIOTCS OT TaKOBBIX
Pseudostenhelia wellsi Coull, Fleeger, 1977 TepMuHanbsHOI IETHHKON NMEPBBIX aHTEHH,
JUTMHA KOTOPOH paBHA JJIMHE TPETbero wieHuka (Stenhelia) winy TpeBHIIACT IIIHHY
TPETHETO WICHHUKA B TpH pasa (Pseudostenhelia); >HAOIOAUT aHTEHH B CpEIHEN YacTH C
YeTBIPbMS ETUHKaMHU O0OBIYHO 1iHHEI (Stenhelia), a He ¢ IETUHKAMH, JIBE U3 KOTOPBIX
3HAYUTENBHO JUIMHHEE JABYX APYTMX LIETHHOK; MPOKCHMAaJbHas LICTHHKA JK30MOAUTA
MaHAUOYT [UTMHHAS, a He KopoTKas (Pseudostenhelia); X 3HIOTIOANT C OTHOM IITHHHON
MIETHHKOW Ha Hapy>XKHOM OOKOBOM Kpae (Stenhelia), a He ¢ TpeMs JIMHHBIMH IETHHKA-
Mu. Monogwminernunocts Stenheliinae Brady, 1880 moaTBepkiaeTcst ClaeIyrOIUMH arno-
MOPQHBIMU MOP(OIOTHYECKIMHU MTPU3HAKAMH HAYIUIMYCOB CTEHXEINHH] (BBISIBICHHBIX
B XOJI€ CpaBHEHUS HAYIITNYCOB Stenhelia n Pseudostenhelia co BceMu qpyruMu HayTUTH-
yCaMH OJIMTOAPTHBIX TapIaKTHKOM], BEIOPAHHBIX B KAQueCTBE BHEIIHEH TpyIIbl): O0KO-
BBIC Kpasi FOJIOBHOTO IIUTa HAYITNYCOB ¢ Oyropkamu (Stenheliinae), a He 6¢3 Oyropkos
(Oligoarthra); »eBaTenbHBIA BBIPOCT BTOPHIX aHTEHH C BeepooOpa3zHOW (opMmoi muc-
TanpHOI acTu (Stenheliinae), a He cyxuBaetcs TepmuHanbHO (Oligoarthra); sx3omoaut
aHTCHH XOpPOIIO Pa3BUT, TPEXWICHUCTHI M U30THYT BBepX (Stenheliinae), a He ciabo
pa3BuT K yeThipexwieHucThIH (Oligoarthra); MaHIMOYIIBI UMEIOT CIELUPHYECKYIO GOpPMY
n HanpasneHue (Stenheliinae), a He Hao6opor (Oligoarthra); nocTeponaTepanbHbIi Kpai
SHJOIOIUTA MAaHIUOYJI ¢ XOPOIIO PA3BUTHIM IIUIIOM C IIUIUKAMH Ha BHYTPSHHEM Kpae
(Stenheliinae), a He 6e3 Takoro mmuna (Oligoarthra); Tpu JUCTANBHBIX MIETHHKA YK30110-
quta HeoObraHOM (opmsl (Stenheliinae).

KIJIFOYEBLBIE CJIOBA: mocTaMOpHOHAEHOE pa3BUTHE, MOP(OIOTHS, ONpENeITUTENb
cTanuii, pumoreHus.



Nauplii of Stenhelia peniculata 3

Introduction

In organisms with larval development, mor-
phological characters in both early and late
developmental stages, are phenotypes of the
same genotype. However, when reconstructing
phylogenetic relationships, adult characters are
most often used, even though larvae provide a
rich source of additional morphological, be-
havioural, and ecological as well as structural
and developmental characters. Evidence from
postembryonic stages should complement the
data set from the adult organisation, for an
individual exhibits different and significant
characters at all phases of its ontogeny. Such
characters could be used as species-specific
character patterns of evolutionary species (Ax,
1987), as this has been shown for naupliar
larvae of the Crustacea (Dahms, 2004a). Dahms
(1990) demonstrated the usefulness of naupliar
characters for phylogenetic considerations
among the Harpacticoida and Walossek (1993)
for Crustacea in general. Several other workers
have used naupliar characters of copepods for
phylogenetic considerations and their results
will be discussed throughout this study.

Compared to other copepod taxa, the
postembryonic development of harpacticoids
is far less studied — despite Dahms’s reviews
for harpacticoid nauplii (1990) and copepo-
dids (1993). Our lack of knowledge is exem-
plified in the large harpacticoid family Diosac-
cidae, comprising Diosaccinae, Stenheliinae and
Miraciinaec — the latter two hypothesized as
sister-taxa by Willen (2000). All Stenheliinae
and some taxa of the Diosaccinae develop nau-
plii, which are peculiarly shaped in relation to
all other nauplii: these nauplii are wider than
long, with crab-like appearance and locomo-
tion, i.e. moving sideways. Rosenfield (1967)
studied the naupliar development among Di-
osaccidae and published the naupliar develop-
ment of Paramphiascella fulvofasciata Rosen-
field, Coull, 1974. Dahms (1986, 1987) subse-
quently compared populations of Paramphias-
cella fulvofasciata from Massachusetts (stud-
ied by Rosenfield) and from Helgoland.

Most peculiar are nauplii of Stenhelia, Dela-
valia, and Pseudostenhelia, which are the only

harpacticoids known to construct and dwell in
mucoid tubes (Lorenzen, 1969; Williams-How-
ze et al., 1987) in all developmental stages.
Dahms and Bresciani (1993) gave a historical
update of postembryonic research on Stenhe-
lia, described nauplii of Stenhelia palustris,
and suggested its exclusion from Diosaccidae
on the grounds of its striking naupliar apomor-
phies. Apstein (1908) was the first author to
describe the naupliar exuviae of Stenhelia, prob-
ably Stenhelia palustris, followed by Purasjoki
(1945). Both authors, however, did not recog-
nize that their specimens belong to Stenhelia.
This was demonstrated later independently by
Delamare-Debouteville (1960) and Bresciani
(1960), who also gave the first account of the
helicoidal but sideways locomotion of Stenhe-
lia nauplii.

Por (1964) raised the taxon Melima Por,
1964 (later synonymized with Stenhelia by
Wells and Rao (1987) but resurrected by Willen
(2002)). He stated ,,The creation of the genus
Melima, placed next to Stenhelia with its two
subgenera brings us closer to the necessary
separation of the highly peculiar Stenhelia-like
Harpacticoida from the other Diosaccidae®. It
became clear to Dahms (1990) that nauplii pro-
vided a similar hiatus in character performanc-
es — between S. palustris — the only stenheli-
inid species where nauplii were known (see
Dahms, Bresciani, 1993) and all diosaccid nau-
plii known at that time. This initiated interest in
pursuing naupliar characters in this group of
phylogenetically related taxa.

There are several reasons why naupliar char-
acters have thus far been widely neglected in
systematic and phylogenetic studies, e.g. in
difficulties to obtain detailed information on
naupliar characters, nauplii provide fewer char-
acters than later ontogenetic instars and adults,
lack of appropriate comparative data, and con-
flicting evidence when comparing adult and
naupliar character states.

The present study provides the first de-
scription of nauplii belonging to another sten-
heliinid species, namely Stenhelia peniculata
(Lang, 1965). This enabled us to compare nau-
pliar characters of taxa belonging to the same
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and to different systematic rank, providing on-
togenetic apomorphies for established mono-
phyletic groups, the legitimate approach of re-
constructing phylogeny.

Materials and Methods

Nauplii of Stenhelia peniculata (Lang,
1965) were collected from an intertidal mud-
flat in Auke Bay (58°22°N,134°40°W) with a
hand-held, piston corer (2.6 cm diameter) from
March, 1992 to April, 1993 (N.V. Schizas, see
Schizas, Shirley, 1996). Auke Bay is a subarc-
tic embayment with known biota and hydrogra-
phy (Coyle, Shirley, 1990), approximately 19
km north of Juneau, Alaska. Samples were pre-
served in 10% buffered formalin and stained
with Rose Bengal to facilitate sorting. The sed-
iment samples were washed through a 500 um
sieve to exclude macrofauna and a 39 um sieve
to retain meiofauna. Specimens designated for
light microscopical study were fixed in 5%
formalin and embedded in W15 (C. Zeiss com-
pany). Mounting and further treatments of fixed
naupliar stages are described by Dahms (1990,
2004b). As the nauplius eye soon loses colour
and shape in the embedding medium, it was
omitted in the drawings. Measurements are giv-
en from the frontal portion of the naupliar shield
to the caudalmost protrusion of the hind-body
(length) and widest lateral tips of the naupliar
shield (width); only the specimens drawn were
considered for the lengths measurements. Oth-
erwise, 2—5 specimens per stage were used for
the investigation of stage-specific variability.
Species identification was done with the aid of
Lang’s (1948, 1965) monographs if not stated
otherwise.

Abbreviations used:

A1l — first antenna; A2 — second antenna;
Enp — endopod; Exp — exopod; Cur — cau-
dal ramus; Md — mandible; Mx1 — first max-
illa; N I, IT ... — nauplius I, II etc.

AOGOGpeBuarypa:

Al — mepBag aHTeHHa; A2 — BTOpad
anteHHa; Enp — ouponoanur; Exp —
sk3onoauT; Cur — KayzaasiabHas BeTBb; Md —

MauauOysa; Mx1 — nepas makcwia; N I, 11
... — Haymuyc [, Il u T.1.

Description

Individuals of all six naupliar stages are
strictly benthic and move sideways. They are
wider than long in shape and not pigmented
except for the red eye. The cephalic shield
covers the whole body including the hindbody
in all naupliar stages (Figs. 1, 2).

Nauplius I (Figs. 1, 3-5)

Body length 63 pm, body width 108 um.
The body is wider than long and the cephalic
shield shows lobular bulges at both lateral sides.
The hindbody bears 1 seta (=the initial furca),
arising from a protuberance on each caudal
side and a row of short spinules in between.
The almost circular labrum is furnished with
hairy spinules along its lateral and distal edge.
The unornamented sternal field wall arises as a
lappet-like fold from under the labrum, in be-
tween the second antennae.

The first antenna is 3-segmented. The 1%
segment is unornamented. The 2™ segment
bears 2 tiny setae, 1 tiny process between them
and 1 outer distal row of spinules. The distal
segment is armed with 3 setae, the outermost
strong and outwardly curved, 1 aesthetasc, and
1 row of spinules, at the outer anterior distal
corner (Fig. 3).

The second antenna bears a large coxa me-
dially drawn out into a masticatory process,
which widens and becomes fan-shaped distally
(Fig. 4). The coxa has a proximal seta; the
masticatory process bears a gnathobase at its
blade-like median edge, split into 2 spiniform
projections which bear 2 inner spinules and
points under the labrum towards the recessed
mouth opening. Between the anterior and pos-
terior spiniform projections of the gnathobase
there is a fine membrane covered with a row of
spinules. The basipod bears 2 inner longer prox-
imal and 2 shorter distal setae medially. The
tubular endopod, being as long as the first ex-
opodal segment, bears 2 median setae, 1 short
terminal, stout, spinulose claw-shaped seta, 1
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Fig. 1. Stenhelia peniculata. Naupliar stages I-IV in ventral view. Insertion area of frontal 3 pairs of
appendages (=naupliar limbs) indicated by dashed lines. Arrowheads indicate new structures as compared
to preceding stage. Scale bar 50 pm.

Puc. 1. Stenhelia peniculata. Haynmmycs! ctanuu I-1V, Bun causy. Mecta npukperuieHus nepeinux 3 nap
KOHEYHOCTEH OTMEYeHbI ITyHKTUPHOH JinHuei. CTpenkamMu 0003HaueHbl HOBBIE CTPYKTYPBI, OTCYTCTBYIO-
mye y mpeamecTByomeit craguu. Macmrad 50 Mxm.
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taller seta on its outer terminal edge and 1 inner
setule. The extended exopod is 3-segmented.
The proximal segment is twice as long as the
endopod. On the outer margin of the first seg-
ment, medially there is a flap-like, unornament-
ed notched process. The shorter 2™ segment
bears 1 long spinulose seta and the 3™ segment
is armed with 1 subterminal and 2 terminal
spinulose setae (Fig. 4).

The mandible is made of a short proximal
portion (=initial coxa) with one setulate seta
medially, a large basipod (Fig. 5). At its base
the basipod is elongated into a short protrusion
bearing 1 setulate seta. The surface of the basi-
pod is furnished with a row of spinules at the
inner and outer distal corner. The 1-segmented
endopod arises from the first third of the inner
edge of the basipod and bears 2 and another 1
stout spinulose seta, and 2 very small setae
laterodistally. The exopod is 1-segmented and
slightly lengthening in its first fifth. The proxi-
mal part is tubular, about 3.5 times as long as
wide, and unornamented throughout the nau-
pliar phase; it bears 1 spinulose seta in the
proximal fifth of the outer edge, and, an inner-
most spine furnished with heavy spinules in its
distal half and with a row of spinules along the
outer edge up to the tip and a subterminal
spinulose spine (Fig. 5).

Nauplius II (Figs. 1, 3-5)

Body length 80 um, body width 130 pm. N
II differs from N I in the following aspects:

Sternal field wall is ornamented with
spinule rows midlength along its caudal mar-
gin; it also shows 2 short median convex rows
of spinules on both lateral sides (=initial parag-
naths) (Fig. 1).

The gnathobase of the antenna has a tripar-
tite inner process (Fig. 4). Its proximal basipo-
dal seta as long as the whole gnathobase.

The mandibular basipod bears a second seta
on its inner proximal corner. There is an addi-
tional seta on the mandibular endopod. A small
seta is added at the proximal outer margin of
the exopod; the exopod becomes slightly S-
shaped.

Nauplius III (Figs. 1, 3-5)

Body length 95 um, body width 160 pm. N
III differs from N II in the following aspects:

First antenna with 1 additional median seta
on its distal segment (Fig. 1).

Antennal gnathobase bears a strong spinu-
lose seta at base of its masticatory process
(Fig. 4). Its endopod with an additional 3™ seta
proximally on its inner margin and a 3" seta
accompanying the terminal subchelate seta at
its base. The proximal portion of the first exo-
pod segment shows a 4" median seta midlength
and a posterior 4" seta on its distal segment.

The mandibular basipod obtains a 4" seta at
its proximal corner (Fig. 5).

Hindbody with 1 tiny additional outer seta
on either side.

Nauplius IV (Figs. 1, 3-5)

Body length 110 pm, body width 175 um.
N IV differs from N III in the following as-
pects:

First antenna with 3 additional setae on the
posterior face of its distal segment (Fig. 3).

The maxillular limb bud appears bearing a
single seta (Fig. 1). There are no changes in the
mandible.

Hindbody with a tiny additional inner seta
between the innermost and the larger caudola-
teral seta (Fig. 1).

Nauplius V (Figs. 2-5)

Body length 130 pm, body width 200 um.
N V differs from N IV in the following aspects:

First antennae with an additional small seta
posteriorly midlength on the distal segment
(Fig. 3).

The antennal endopod bears a 4" seta on its
inner proximal margin proximal to the other
seta (Fig. 4).

Mandibular basipod with a spiniform 5
seta medially at its proximalmost corner. Dis-
tal exopodal portion stretched considerably
(Fig. 5).

The precursor of the first maxilla becomes
weakly subdivided and with a 2™ seta (Mx1).
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Fig. 2. Stenhelia peniculata. Naupliar stages V and VI in ventral view. Insertion area of naupliar limbs
indicated by dashed lines. Arrowheads indicate new structures as compared to preceding stage. Scale bar 50
pm.

Puc. 2. Stenhelia peniculata. Hayrmumycel ctaguu V u VI, Bug causy. Mecta npuKperuieHus: KOHeYHOCTe!
OTMEYEeHBI TyHKTUPHOIT inHuel. CTpesikaMi 0003HaueHbl HOBBIE CTPYKTYPbI, OTCYTCTBYIOIHE y TIPEALIe-
cTByrouIel cranuu. Macmrad 50 MKM.
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Fig. 3. Stenhelia peniculata. Development of naupliar left first antennae in anterior view. Arrowheads
indicate new structures as compared to preceding stage. Scale bar 50 um.

Puc. 3.Stenhelia peniculata. Pa3BuTtHe neBoii nepBoii aHTeHHbI HayIuInyca. CTpenkaMu 0003HaueHEI HOBBIE
CTPYKTYPBbI, OTCYTCTBYIOLIHE y NPEAUICCTBYOMICH ctaauu. Maciutad 50 MKM.

There are 2 other buds of postmandibu- Nauplius VI (Figs. 2-5)
lar appendages visible on both ventral sides Body length 140 pm, body width 220 pm
(Fig. 2). N Vldiffers from N V in the following aspects:
The flanks of the labrum are somewhat . i .
bulged. Distal segment of first antenna with 4 ad-

Hindbody with a 4% tiny seta on either inner ditional setaec on the anterior face midlength
side. (Fig. 3).
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Fig. 4. Stenhelia peniculata. Development of naupliar right second antennae. Arrowheads indicate new
structures as compared to preceding stage. Scale bar 50 pm.

Puc. 4. Stenhelia peniculata. Pa3Butue npaBoil BTOpoi aHTeHHBI Haymianyca. CTpeakaMu 0003HA4YeHBI
HOBBIE CTPYKTYPBI, OTCYTCTBYIOIIME Y MpeaIiecTByouei ctaqun. Macmrad 50 Mkm.
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Fig. 5. Stenhelia peniculata. Development of naupliar left mandible. Arrowheads indicate new
structures as compared to preceding stage. Scale bar 50 pm.

Puc. S. Stenhelia peniculata. Pazsutue neBoit MannuOynel Haymnyca. CTpenkaMu 0003HAa4eHBI HOBBIE
CTPYKTYpBI, OTCYTCTBYIOIIHE y NpeaIIecTByoumen cragun. Macmrad 50 Mxm.
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There is a small 5" seta terminally on the
endopod of the second antenna (Fig. 4).

Mandibular endopod expanded, now reveal-
ing its 2-segmented nature; basipodal projec-
tion enhanced; coxa’ still a lobe with 1 stylet-
like seta.

The precursor of the first maxilla develops
a 3" inner seta. The inner edge with enditic
lobes; 1 seta on the endopod, 1 seta on the
presumptive exopod (Fig. 2).

There are 4 lobular precursors of postman-
dibular appendages developed on both lateral
sides. It is difficult to identify the anterior two
unarmed limb-buds. We assume, however, that
these represent the first maxilla and maxilliped
precursor. As usual also in other copepods, the
first two swimming legs are indicated at the 6th
nauplius stage. Hence, we interpret the lobe with
1 seta to correspond to leg 1, and further caudal-
ly, the lobe with 2 setae to correspond to leg 2
(Fig. 2), while the second maxilla is missing.

Key for the naupliar stages of Sten-

helia peniculata

1. Hindbody with 1 seta on each side........... 2
— Hindbody with 2 setae on each side.... N III
— Hindbody with 3 setae on each side; bud of
first maxilla with 1 seta .......c..ccccocevenene NIV
— Hindbody with at least 4 setae on either side;
first maxilla bud bearing 2 or more setae..... 3

2. Mandibular basis with 1 seta at the proximal
inner corner; exopod with 1 distal seta ..... N I
—Mandibular basis with 2 setae at the proximal
inner corner, exopod with 1 proximal seta and
1 seta halfway down the margin ............... NII
3.Hindbody with 4 setae on either side; buds of
less than 3 postmandibular limbs present ......

.................................................................. NV
— Hindbody with 5 setae on either side; buds of
3 postmandibular limbs present ............. N VI

Discussion

As hypothesized by Willen (2002) who
based her arguments on adult characters, prob-
ably neither ,,Stenhelia® nor ,,St. Stenhelia®
and ,,St. Delavalia® are monophyletic. The
,foreshortened naupliar habitus* used to unite
the Diosaccidae and Stenheliinae as sistergroups

is problematical if the Diosaccinae as well as in
the Miraciinae the plesiomorphic ,.elongate
habitus®. The Miraciinae and not the Stenhelii-
nae have been placed as the sistergroup of the
Diosaccinae in the system of Willen (2000).

Willen (2000) reaffirmed the monophyly of
the Stenheliinae Brady, 1880, by using adult
autapomorphies alone. Willen (2000) demon-
strated that the Stenheliinac show the autapo-
morphies defining the Thalestrioidea and Di-
osaccidae, respectively. Two alternative expla-
nations can be deduced from this:

1. because of their special non-homolo-
gous realization of the male swimming leg 2
endopod, the Stenheliinae have to be removed
from both Thalestrioidea and Diosaccidae,
which would have the consequence, that all
autapmorphies of the Thalestrioidea and Di-
osaccidae would have developed at least twice
independently,

or alternatively,

2. have evolved convergently within the
Stenheliinae, of which the monophyly is well
supported, and could be interpreted as addi-
tional autapomorphies of this taxon. The latter
alternative was accepted by Willen (2000) stat-
ing that there is no evidence to assign the Sten-
heliinae to any other taxon of the Thalestridi-
morpha.

The traditional subgeneric division of Sten-
helia was abandoned by Mu and Huys (2002)
since both subgenera, Stenhelia (Stenhelia) and
Stenhelia (Delavalia), are polyphyletic taxa.
They tentatively upgraded the latter to generic
rank pending a phylogenetic analysis of the
Stenheliinae. The genus Stenhelia was restrict-
ed to a core group of species formerly allocat-
ed to the subgenus Stenhelia (Stenhelia), in-
cluding S. gibba, S. proxima, S. curviseta, S.
divergens, S. peniculata, S. pubescens and two
new species, S. sheni and S. taiae described
from the Bohai Sea. The genus Beatricella,
erroneously considered a junior objective syn-
onym of Stenhelia, was reinstated to accom-
modate S. aemula as the type species. The
problematic S. asetosa was transferred to a
new genus Anisostenhelia. S. xylophila was
designated as the type of a new genus Hicksia.
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Table 1. Naupliar apomorphies of Stenhelia peniculata (present study) and S. palustris — c¢f- Dahms and
Bresciani (1993). Respective apomorphic character states are highlighted in bold throughout — the
plesiomorphic character state not in bold.

Tab6auna 1. Anomopdun Haymmycos Stenhelia peniculata (opurHHANBHBIC TaHHBIC) U S. palustris — 1o
Dahms, Bresciani (1993). AmomopdHBIe COCTOSHUSI TPU3HAKOB BBIICICHBI JKUPHBIM MPUPTOM, TIC3HO-
MOpGHBIE COCTOSIHUS 0€3 BBIACICHUS.

Structure S. peniculata S. palustris
A1 - 3 segment: 3 medial setae (N IlI) - 3 seg.: 2 medial setae (N Ill)
Md - endopod with 3 setae on - endopod with 4 setae on outer lateral field (N VI)
outer lateral field (N VI)
- no spinulation on exopod (N I-VI) - strong denticuliform spinulation on exopod (N
lI-lll - being reduced at N IV-VI)
Mx 1 - armature: 3 setae (N VI) - armature: 2 setae (N V-VI)

Table 2. Naupliar apomorphies of Stenhelia (as evidenced from Stenhelia palustris and Stenhelia
peniculata) and Pseudostenhelia (as evidenced from Pseudostenhelia wellsi — cf. Dahms and Fleeger
(submitted). Respective apomorphic character states are highlighted in bold throughout — the plesiomorphic
character state not in bold.

Ta6auna 2. Anomopduu Haynianycos Stenhelia (Ha OCHOBaHMU JAHHBIX 1I0 pa3BUTHIO Stenhelia palustris
u Stenhelia peniculata) n Pseudostenhelia (Ha ocHOBaHMU TaHHBIX 110 Pseudostenhelia wellsi — mo Dahms,
Fleeger (submitted). AmomMop(hHBIE COCTOSHUS IPU3HAKOB BBIIEJICHBI )KUPHBIM IIPUPTOM, IUIE3HOMOPh-
HBIE COCTOSIHUS 0€3 BBIJECTICHUS.

Structure Stenhelia Pseudostenhelia
A1 - terminal seta as long as 3 segment - terminal seta 3 times as long as 3 seg.
A2 - endopod — middle 4 setae of regular size - endopod — middle 2 of 4 setae much longer
Md - exopod proximal seta long - exopod proximal seta much reduced

- enp. outer lateral field with 1 long seta - endopod outer lateral field with 3 long setae
Cur - the inner caudal seta one half the - 2 caudal setae

length than the outer caudal setae

Table 3. Naupliar apomorphies of Stenheliinae (as evident from Stenhelia palustris, S. peniculata,
Pseudostenhelia wellsi) and Diosaccinae (as evident from all foreshortened and elongate naupliar forms
known, as described and discussed by Dahms (1990)). The respective apomorphic character state is
highlighted in bold — the plesiomorphic character state not in bold.

Ta6anua 3. Anomopdun HaymimycoB Stenheliinae (Ha OCHOBaHMHM JAHHBIX 1O pa3Butuio Stenhelia
palustris, Stenhelia peniculata u Pseudostenhelia wellsi) u Diosaccinac (Ha OCHOBaHMM TaHHBIX 10
Pa3BUTHUIO YKOPOUCHHBIX U YAJIMHEHHBIX (OPM, OIMCAHHBIX U paccMoTpeHHbIX Dahms (1990)). Anomop-
(hHBIE COCTOSIHUSI IPH3HAKOB BBIICICHBI )KUPHBIM IIPUPTOM, IUIE3HOMOP(HBIE COCTOSIHUS €3 BBIICIICHNSI.

Structure Stenheliinae Diosaccinae
Body - the lateral edge of the nauplius shield - no protuberances
bears protuberances on each side
A2 enp - the masticatory process is peculiarly - never fan-shaped
fan-shaped distally
A2 exp - the antennal exopod is strongly developed, - never strongly developed, 4-seg-
3-segmented and upwardly curved mented, not upwardly curved
Md - the whole mandible is of unique shape and - not so
orientation (basis, endopod and exopod)
Md basis - the mandibular basis bears 2 setae at N Il - bears 1 setafrom NIl - N IV
Md enp - the posterolateral field of the mandibular endopod - not so

bears a remarkably strong, inner spinulose spine
Md exp - the 3 distal exopodal setae are of unique structure - not so
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As shown by Dahms (1990), two groups of
distinct naupliar forms occur within the Dio-
saccinae, foreshortened and elongate ones.
Compared to those representatives of the Di-
osaccinae sensu Willen (2000) with foreshort-
ened nauplii, peculiarities of the nauplii of S.
palustris, S. peniculata, and Pseudostenhelia
wellsi, have not been given adequate attention
as yet. Although the nauplii of the latter three
taxa are much wider than long and move side-
ways as do the foreshortened nauplii of certain
diosaccid taxa, they exhibit several unique char-
acters in relation to diosaccinid nauplii in gen-
eral. Some peculiarities of larvae belonging to
S. palustris and nauplii belonging to Diosac-
cinidae have been discussed by Dahms and
Bresciani (1993). Stenheliinid nauplii exhibit a
number of morphological peculiarities so far
unknown from other oligoarthran harpacticoids
(Table 3) (¢f Dahms 1990) and crustacean
nauplii (¢f. Dahms 2004a) — which are inter-
preted as evolutionary novelties. We hypothe-
size, therefore, that these naupliar peculiarities
common to both, Stenhelia and Pseudostenhe-
lia, are autapomorphies of the Stenheliinae to
those of the Diosaccinae (Table 3) with all
other known oligoarthran nauplii as an out-
group. As for the habitus, the extremely fore-
shortened shape and the lateral protuberances
of the naupliar cephalic shield are unknown
elsewhere in the Harpacticoida and provide a
synapomorphy for both taxa, Pseudostenhelia
and Stenhelia. As for the Stenheliinae, the first
antenna bears a peculiar protuberance on the
distal third of the second segment. Its distal
segment bears a peculiarly notched inner distal
seta. The second antennal exopod bears a flap-
like outer protuberance on its first segment. The
shape of the stenheliinid mandible is unique
with its laterodistally elongated basipod, and the
strongly sclerotized exopod with peculiar spini-
form setae on its distal segments. These special
setae may serve as adjustments for performing
vigorous crawling strokes. Although nauplii of
Stenhelia (D.) spp. and Pseudostenhelia wellsi
are much wider than long and are able to move
sideways as the group of foreshortened diosac-
cid nauplii does, they exhibit a remarkable num-
ber of evolutionary novelties (Table 2).

Naupliar characters are sufficiently differ-
ent at different systematic levels as shown above
using S. peniculata as a model and are useful
for phylogenetic analysis. S. peniculata shows
several naupliar characters which are different
to those of S. palustris beyond intraspecific
variability. Both species of Stenhelia are de-
marcated from Pseudostenhelia by even more
pronounced and unique naupliar apomorphies.
These apomorphic characters in outgroup-com-
parison to other harpacticoid nauplii confirm
the distinct status of Stenhelia and Pseudosten-
helia belonging to different monophyla among
the Stenheliinae. Also, on wider phylogenetic
level, naupliar differences provide apomorphies
for Stenheliinae on the one hand and Diosacci-
nae on the other.

It has to be considered, however, that nau-
plii are known only from two of the 8 valid
species of Stenhelia, 51 species in Delavalia, 5
species in Melima and another 9 in various
other stenheliid genera. The situation is similar
in the Diosaccinae, being one of the largest
taxa within the Oligoarthra concerning the num-
ber of species. One has to be aware that state-
ments on ,,autapomorphies* of these higher taxa
based on larval characters are based on a small
database.
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