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External morphology of cypris larvae of two species of
Trypetesa Norman, 1903 (Crustacea: Thecostraca:
Cirripedia: Acrothoracica: Trypetesidae)
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ABSTRACT: The external morphology of the cypris
larvae of two closely related acrothoracican species
Trypetesa lampas (Hancock, 1849) and T. lateralis
Tomlinson, 1953 has been investigated with a scanning
electron microscopy. Special attention was given to the
structure of lattice organs, antennules, thoracopods and
telson. The trypetesid cyprid larvae have lattice organs
with pore fields, fourth antennular segment with subter-
minal and terminal setae and slightly cleft telson. These
characters bring together both trypetesid and lithoglyp-
tid cypris larvae. Four-segmented antennules with the
attachment organ on the third segment, subterminal and
terminal setae on the fourth segment and lattice organs
with pore fields are synapomorphies for all cirripede
cypris larvae. These characters support a monophyletic
taxon Cirripedia comprising the Acrothoracica, Thorac-
ica and Rhizocephala.

PE3IOME: Hapyxhast Mop¢osiorusi IHIPUCHO-
BUJIHBIX JINUMHOK JIBYX POJICTBEHHBIX BUJIOB Trypetesa
lampas (Hancock, 1849) uT. lateralis Tomlinson, 1953
ObL1a HCCIIEA0BAaHA C TOMOIIBIO CKAHUPYIOLIETO JICKT-
poHHOT0 MUKpOcKona. CriennanbHOe BHUMaHHE Y1 lIs-
JIOCh TAaKUM CTPYKTYpaM Kak pelieTdaTbie OpraHbl, aH-
TCHHYJIbI, TOPAKOIIOJAblI W TCJILCOH. I_[I/Il'lpI/ICOBI/UIHI)Ie
JMYUHKA TPUIIETECH]I UMEIOT peleTdarbie OpraHbl ¢
MOPUCTBIM IT0JIEM, YETBEPTHIH aHTCHHYIISIPHBIA CETMEHT
¢ CyOTepMHHAJIBHBIMU M TSPMHHAJIBHBIMH IETHHKAMHA
W CJIeTKa pacIeIUICHHBIN TeNbCOH. DTH NPU3HAKA COTH-
JKAIOT IUMPUCOBUAHBIX JTHUYMHOK ceMeicTB Lithogly-
ptidae u Trypeteidae. Takue mpu3HAKH, KaK YETHIPEX-
CErMEHTHbIE aHTEHHYJIBI C IPUKPEITUTEIILHBIM OPTaHOM
Ha TPEThEM CETMEHTE, CyOTEpMUHAIBHBIMU M TEPMH-

HAJIBHBIMH IICTHHKAMHU Ha YCTBEPTOM H PEIICTYATHIC
OpraHbl C MOPHUCTHIM IOJIEM — CHHAOMOP(GUHU st
BCEX IUIMPUCOBUIHBIX JINYMHOK YCOHOTHX PakooOpas-
HbIX. OHM TOBOPAT 0 MOHO(UIMK TakcoHa Cirripedia,
cocrosero u3 HagoTpsnoB Acrothoracica, Thoracica
u Rhizocephala.

Introduction

The Acrothoracica represent the most plesiomor-
phic cirripede taxon [Anderson, 1994; Glenner et al.,
1995; Kolbasov et al., 1999]. The larval characters,
especially those of the cypris larvae, are urgent for
resolving of the relationships within the Thecostraca,
because their adult stages are highly modified by symbi-
otic or sessile way of life [Grygier, 1987a; Jensen et al.,
1994; Kolbasov et al., 1999]. Jensen et al. [1994] used
SEM for the study of the lattice organs of both the
Ascothoracida and Cirripedia. They found some putative
synapomorphies between the Ascotoracida and Acrotho-
racica and putative synapomorphies that group all three
cirripede superorders into a monophyletic taxon. Spears
et al. [1994], using molecular data, supposed that the
Acrothoracica should be suggested as close relatives of
the Ascothoracida and argued the monophyly of the
Cirripedia. Recently Kolbasov et al. [1999] investigated
with SEM almost all external cyprid characters in two
acrothoracican species of the genus Lithoglyptes Aurivil-
lius, 1892. In contrast to Spears etal. [1994], they showed
that all three cirripede taxa compose a monophyletic
taxon, although the Acrothoracica exhibit a row of com-
mon characters with the Ascothoracida.
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All previous works on the morphology of the cypris
larvae of Trypetesa [Tomlinson, 1955; Turquier, 1967,
1970, 1971] based on light microscopy. Most of them
described the changes occurred during a metamorphosis
from cyprid to adult female or male.

Here we study such structures as lattice organs,
antennules, thoracopods and telson of the Trypetesa
cyprid and compare them with the analogous structures
of cyprids of the lithoglyptid acrothoracicans [Kolbasov
et al., 1999].

Material and methods

Although most acrothoracican species brood their
larvae inside the mantle sac until the cypris instar [ Tom-
linson, 1969] the species of the Trypetesa have free-
swimming larval instars.

The cyprids of T" lampas were reared in the Kristine-
berg Marine Research Station (59°15.79'N, 11°27.79°E,
Sweden) from the culture of adult barnacles, burrowed
the buccinid gastropod shells, occupied by hermit-crab
Pagurus bernhardus (Linnaeus, 1758).

Two just-settled cyprids (future dwarf males) of 7.
lateralis were found in Tomlinson’s material (Califor-
nia, Monterey Bay, Monterey Country, Point Pinos, in
gastropod shell of Tegula Born, 1778, occupied by
hermit-crabs) deposited in the Zoological Institute RAS
(St.-Petersburg).

All material was preserved in 70% alcohol. We
examined five cypris larvae of T. lampas and two cypris
larvae of T. lateralis with SEM. All larvae were post-
fixed with 2% OsO, for 2 hrs, dehydrated in acetone, and
critical point dried in CO,,. Dried larvae of were sputter-
coated with platinum-palladium or gold and examined at
15 kv accelerating voltage (with a JEOL JSM-840 SEM
in Copenhagen and a HITACHI S405A SEM in Mos-
COW).

Results

General appearance

The cypris headshield or carapace has spindle-shaped
form (Fig. 1A), with rounded anterior and truncated
posterior ends and curved dorsal margin. They measure
ca. 450-500 um in length. Their shape is rather similar
to the shape of Weltneria cypris larvae [Jensen et al.,
1994; own data], the height ratio of the carapace is ca.
2:1, whereas the same ratio for the cypris larvae of the
genus Lithoglyptes is 3:1 [Kolbasov et al., 1999]. The
surface of the carapace is smooth, with a few small
pores. We did not find conspicuous furrows at the
anterior end, as in the cyprids of Lithoglyptes [Kolbas-
ov, et al. 1999].

The rounded, conspicuous frontolateral pores are
similar to those in Lithoglyptes and are situated near the
anteroventral margin of the carapace (Fig. 1B). The
pores are elongated (3 by 6 pm) and surrounded by a
simple cuticular ridge (1.36 um high).

Lattice organs

The lattice organs of the cyprids of 7. lampas were
studied in detail with SEM [Jensen et al., 1994] and
TEM [Hoeg et al., 1998]. The shape and location of all
five pairs of lattice organs (two anterior and three
posterior pairs) are similar in both species of Trypetesa.
As in all acrothoracican cypris larvae, the second pair of
lattice organs has an anterior terminal pore, whereas
other pairs bear posterior terminal pores (Fig. 1C-G). All
lattice organs are in the elongate and slightly curved
depressions. A distinct medial keel was observed in the
lattice organs of T. lateralis, whereas thoseof T. lampas
lack such a conspicuous keel (Fig. 1C, D). All surface of
the lattice organs of 7. /ateralis are densely covered by
small pores (Fig. 1G). It seems that the lattice organs of
T. lampas have a smooth surface (Fig. 1D, F), although
Jensen et al. [1994] described a medial keel sometimes
covered with very small pores.

Cypris body

The cypris body is completely covered by carapace
(Fig. 1A). The anterior half of the mantle cavity is
occupied by antennules (Fig. 2A, B), compound eyes
and frontal filaments [Kolbasov etal., 1999]. The thorax
with six natatory thoracopods, the rudimentary abdo-
men and the telson with furca are situated in the posterior
half of the mantle cavity (Fig. 2A).

Antennules

Four-segmented antennules (Fig. 2B—D) exhibit al-
most the same morphology as in the cypris larvae of
Lithoglyptes [Kolbasov et al., 1999]. The big first seg-
ment is smooth and lack any denticles and setae. The
cylindrical second segmentis ca. 104 pm long (Fig. 2B),
with a postaxial seta 2 (psll), number 13 in the classifi-
cation of Nott & Foster [1969], inserted ventrodistally
(Fig. 2C). The hoof-shaped third segment (Fig. 2C)
measures ca. 24 by 14 um, with conspicuous ventral
attachment disc, covered with a dense carpet of cuticular
villi. Maybe due to poor fixation, we found only a
postaxial sensillum (pas) at the postaxial margin of the
segment (Fig. 2C). The cylindrical fourth segment (Fig.
2C, D) measures ca. 7 by 4 um and inserts laterally on the
third segment. It is armed with three subterminal and five
terminal setae (Fig. 2D). It differs from the fourth
segment of Lithoglyptes species in having three, instead
of four, subterminal setae. The subterminal setae have an
equal length (ca. 5 pm), with terminal pores. The termi-
nal setae are of different sizes. Two short and tiny setae
surround a biggest terminal seta, that is probably homol-
ogous to the aesthetasc of other cirripede cypris larvae.
The fifth seta is long and narrow.

Oral pyramid

An undifferentiated oral pyramid or buccal cone is
situated on the ventral side just anterior to the thorax
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Fig. 1. A — just settled cypris larvae of dwarf male, general view, B — frontolateral pore, C, D — lattice organs, anterior pairs
(first pair left), E — parts of lattice organs from rectangle area in C, F — parts of lattice organs from rectangle area in D, G —
magnificated part of lattice organ of second pair in C. (A, CEG — T. lateralis, B,D,F — T. lampas). Abbreviations: lol — lattice organ
of first pair; lo2 — lattice organ of second pair; tp — terminal pore of lattice organ. Scale bars in um.

Puc. 1. A — HeAaBHO oceBIIAsI UUIIPUCOBUAHASI AMYMHKA KAPAMKOBOIO camua, obmymii Bup, B — ¢ponrosaTepassnas nopa, C, D
— peleTyaThe OpraHbl, nepeaHue mapsl (Hepsas mapa caesa), E — yacTu pelneTyaTbix OpraHOB M3 IIPSMOYTOABHOM 06AacTi Ha puc.
C, F — gacTn perneTdaTsix OpraHoB U3 IIPSIMOYTOABHOM obaacTi Ha puc. D, G — yBeAmdeHHas 9acTh PEIIETYATOTO OPraHa BTOPOU IapbI
¢ puc. C. (A,CE,G — T. lateralis, BD,F — T. lampas). O6osnauenns: lol — permerdarsiit oprau nepsoii mapsi; 1o2 — penteryarsivi opran
BTOPOW Iaphl; tp — TepMMHAABHAS IOpa peIeTdaToro oprana. Macimrab B MKM.

(Fig. 2F). It represents a small protrusion with the
rudiments of the mouth parts.

Thorax and thoracopods

The thorax forms the posterior third of the body (ca.
154 pm long). It consists of six segments each bearing a
pair of natatory, biramous thoracopods (Fig. 2A, E, F).
Grygier [1983, 1987a] and Grygier & Ohtsuka [1995]
indicate that both, the Thecostraca and the Maxillopoda,
in general have a 5-7-4 tagmosis scheme. Kolbasov et al.

[1999] supposed that the seventh thoracal segment may
be one of the four rudimental segments described for the
abdominal area in Lithoglyptes cypris larvae.

We could not observe in details all six pairs of thora-
copods which also were described for the cypris larva of
Trypetesanassarioides Turquier, 1966 by Turquier [1967]
with a light microscopy. They resemble those, described
from the cypris larvae of Lithoglyptes [Kolbasov et al.,
1999]. A two-segmented protopod (coxa and basis) car-
ries a two-segmented exopod and a three-segmented
endopod (Fig. 2E, F). Their setation is similar to that
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Fig. 2. T. lampas: A — cypris larva, lateral view of left side (carapace removed), B — anterior part of cypris body from rectangle
area in A, C — antennule, distal part, D — fourth antennular segment, E — posterior half of cypris body, lateral view (thorax,
thoracopods, telson and furcal rami), F — oral pyramid and anterior part of thorax, ventral view, G — posterior part of thorax with
telson and furcal rami, dorsal view. Abbreviations: al — antennules (I — IV numbers of antennular segments); ad — attachment
disc; ba — basis; ca — carapace; co — coxa; en — endopod; ex — exopod; fr — furcal rami; op — oral pyramid; pas — postaxial sensillum;
psll — postaxial seta 2; ss — subterminal setae; te — telson; th — thorax; thp — thoracopods (1—6 numbers of thoracopods); ts —
terminal setae. Scale bars in pm.
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described from the cypris larvae of Lithoglyptes and T.
nassarioides. A single stout seta is inserted laterodistal-
ly at the first exopod segment, its denticles are shorter
than in the analogous one in Lithoglyptes. This type of
seta is characteristic for all previously investigated cyp-
rid larvae, but the degree of armament varies between
different acrothoracican species.

Telson and furcal rami

The telson measures ca. 20 by 11 pm and has a
conspicuous notch at the posterior margin (Fig. 2G).
This notch is much deeper in the telson of the cypris
larvae of Lithoglyptes [Kolbasov et al, 1999] and is
distinctly cleft. Two long and narrow furcal rami are
inserted at the posterior margin of the telson (Fig. 2G).
They consists, as in the cypris larvae of Lithoglyptes, of
a single segment with a tuft of long, distal setae.

Discussion
Lattice organs

The first pair of lattice organs of the Acrothoracica
retains in all investigated species a plesiomorphic pos-
terior position of the terminal pore. The acrothoracican
lattice organs have a ‘keel in a trough” morphology by
Jensen etal. [1994]. These characters are plesiomorphic
for Thecostraca and are also described for Ascothoraci-
da [Jensen et al., 1994] and Facetotecta [own data].
Whereas other species of Cirripedia, belonging to the
superorders Thoracica and Rhizocephala, have the lat-
tice organs of the ‘pore field type’ [Jensen et al., 1994],
i.e., an oval or elongate area perforated by numerous
small pores.

Jensen et al. [1994] indicated that the lattice organs
of Acrothoracica lack true pores. Kolbasov et al. [1999]
wrote that the elongate depression of the lattice organs
of Lithoglyptes ‘has a lattice bottom due to minute
perforations in the epicuticle, but TEM investigation of
similar organs in the acrothoracican 7. lampas revealed
that they lack pores in the underlying procuticle [Hoeg
et al., 1998]".

The lattice organs of T. lateralis and also lattice
organs of other acrothoracican species [own data] pos-
sess distinct and dense minute pores, having a similar
morphology to analogous ones in the thoracican barna-
cles. These facts stimulate us to reexamine our data on
the lattice organs ultrastructure in Acrothoracica. We
reinvestigate the TEM ultrastructure of the lattice or-
gans of Acrothoracica of the study of Hoeg et al. [1998]
and established that they also penetrate the procuticle,

whereas the lattice organs of Ascothoracida and Faceto-
tecta lack any pores [Jensen et al., 1994; own data].

It means that the field of pores of the lattice organs is
a synapomorphy for Cirripedia and distinguish them
from other taxa of Thecostraca (Ascothoracida and
Facetotecta).

Antennules

The four-segmented antennules with big first and
second segments, special attachment disc on the hoof-
shaped third segment and small fourth segment inserted
laterally on the third segment are synapomorphies for all
Cirripedia [Kolbasov et al., 1999]. There may be some
variations on the number and form of setae of the fourth
segment [Clare & Nott, 1994; Hoeg & Rybakov, 1996;
Kolbasovetal. 1999; Moyseetal., 1995; Walker, 1985].

A complete discussion on the structure of the fourth
segment and the character of its setation in the cirripede
taxa was made in Kolbasov et al. [1999] paper. There-
fore here we concentrate only on some interesting details
found in Trypetesa cypris larva.

Only three, instead of four in Lithoglyptes, subtermi-
nal setae were observed in Trypetesa cypris larva. Four
terminal setae are suggested as a ground pattern for
cirripede cypris larvae. Three subterminal setae of 7ry-
petesa should be considered as an apomorphic character
for this genus. The cypris larvae of Trypetesa and
Lithoglyptes lack a distinct aesthetasc formed by a
terminal seta in Thoracica and Rhizocephala. Anyway
we can not consider an absence of aesthetasc as an
synapomorphy of the Acrothoracica. Our data on the
cypris larva of Weltneria spinosa Berndt, 1907 revealed
the presence of a distinct aesthetasc in this species.

Telson and furcal rami

Following to Grygier [1987b], Kolbasovetal.[1999]
and Walossek et al. [1996] one-segmented furcal rami
are present in all cirripede cypris larvae. The basal
segment of the two-segmented furcal rami, described in
some thoracican cypris larvae [Glenner & Hoeg, 1995;
Walker & Lee, 1976], is a derivative of the telson
cleavage. Probably Turquier [1967] made a similar
mistake, when he described two-segmented furcal rami
for T. nassarioides.

We observe a different degree of the telson cleavage
in the cypris larvae of the acrothoracican species. The
telson of 7. lampas has only a small median notch,
whereas telsons of Lithoglyptes species [Kolbasov et al.,
1999], anew species of the genus Kochlorine Noll, 1892
and W. spinosa possess a deep medial cleft [own data].

Puc. 2. T. lampas: A — yunpucosmanas amumHKa, Bup cOOKy, AeBas cropoHa (Kapalake CHAT), B — HepeAHss JacTh Teaa
IJUITPUCOBMUAHON AMYMHKM U3 IMPIMOYTOABHOM 0baacTn Ha puc. A, C — aHTeHHYAA, AUCTAABHAS YacTh, D — 4eTBePTHIN aHTEHHYASPHBIN
cermenT, E — 3aAHSS IIOAOBMHA TeAd LUITPUCOBUAHONM AMYMHKH, BUA COOKY (TOpAKC, TOPAKOIOABL, TEABCOH 1 pypKasbHble BeTBN), F
— POTOBasI MMPAMMAA M HEPEAHSISI YaCTh TOPAKCA, BEHTPAAbHAsI CTOpoHa, G — 3aAHSISL 4ACTh TOPAKCA C TEABCOHOM U GYPKAABHBIMU
BeTBsIMM, AoopcanbHast cropoHa. Obosnauenns: al — anrtennyast (I — [V HOMepa aHTEHHYASPHBIX CETMEHTOB); ad — IPUKPEITUTEABHBII
AUCK; ba — Gacue; ca — Kapamakc; co — KOKCa; €N — IHAOIOAUT; €X — IK3OMOAMT; fT — QypKasbHbBIE BETBU; Op — POTOBAs IIMPAMUAL;
pas — nocTakcuasbHasi ceHcmaaa; psll — mocrakcmasbHas myeTuHKa 2; s — cybTepMuUHAAbHBIE IJETUHKY; te — TeabcoH; th — Topaxc;
thp — Topakonoasr (1—6 HOMEpa TOPaKOIOAOB); ts — TepMMHAAbHBIE IJETMHKM. Macmrab B mKrm.
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The cypris larvae of Facetotecta [ Grygier, 1987b,1to
& Ohtsuka, 1984; own data] possess an entire telson. It
means that this morphology of the thecostracan telson
should be considered as plesiomorphic. This character
of the telson is more plesiomorphic in 7. lampas in
comparison with other studied acrothoracican barna-
cles, although the genus Trypetesa is regarded tradition-
ally as the most advanced within the Acrothoracica
[Tomlinson, 1969].
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