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Three-dimensional structure of the skeleton
and buccal diverticulum of an acorn worm
Saccoglossus mereschkowskii Wagner, 1885
(Hemichordata: Enteropneusta)
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ABSTRACT: We describe and illustrate the morphology of unpaired proboscis skeleton
and buccal diverticulum of a hemichordate Saccoglossus mereschkowskii for the first time
and compare them to homologous structures in other species. The proboscis skeleton is a
unique structure found only in enteropneust hemichordates. It is made of cartilaginous-like
material and supports the buccal diverticulum. The proboscis skeleton is a Y-shaped organ,
which consists of the unpaired anterior plate and two posterior horns. The anterior part of
the plate bears the conical rostrum with the two symmetrical supporting saucers on each
side. The ventral side bears a central fossa. A pair of lateral wings extends on each side of
the proboscis skeleton. The ventral keel passes along the ventral midline. The horns are
curved symmetrical outgrowths separating the flattened diverticulum base from the buccal
tube. The buccal diverticulum consists of three main parts: the flattened base, the isthmus
and the hood-shaped anterior region, supported by the skeletal rostrum. The isthmus
consists of the axial part with asmall spherical lumen. The base of diverticulum anterior part
has three outpocketings: one ventral and two lateral. The skeleton growths fit the appropri-
ate depressions of the buccal diverticulum surface. The morphology of the skeleton and the
buccal diverticulum in enteropneusts varies from species to species and can serve as a
potentially useful taxonomic character.

KEY WORDS: Saccoglossus mereschkowskii, proboscis skeleton, buccal diverticulum,
morphology, taxonomy.
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PE3IOME: MeronaMu THCTOJIOTHYECKONH TEXHUKH H3ydeHa MOPQOJOTHS HEMapHOTro
CKEJICTHOTO 3JICMEHTA U OYKKaJIbHOTO TUBEPTHKYIa Saccoglossus mereschkowskii Wagner,
1885. Ilo cepusim cpe30B cocTaBIeHA TPEeXMEpHasi PEKOHCTPYKILHUS 3TUX 00pa30BaHMIA;
MIPOBEICHO CPAaBHEHUE C TOMOJIOTUYHBIMH CTPYKTYpaMu APYTuX BUIOB. HenmapHblii cke-
JIETHBIM 2JIEMEHT — 9TO YHUKAJIbHAS CTPYKTYpPa, CBOWCTBEHHASI TOJILKO KUIICUHO/IbIIIIA-
M. OH 00pa3oBaH XpsIIENoA00HBIM BEIIECTBOM M CIIYKUT OTIOPOH JUIsi OyKKaIbHOTO
nuBepTuKyia. CKeNeTHBIN dIeMeHT — 9T0 Y -00pa3HbIil OpraH, COCTOAIINN U3 HEeMapHOM
nepeHel MIIaCTUHKY U Mapbl 3aAHUX pokek. Criepein Ha HeapHOH ITaCTUHKE pacoa-
raercs KOHMYECKUI poCcTpyM, a TaKkoKe IBE CHMMETPUYHBIE ITOJICTABKHU C KaX 10 CTOPOHBI.
Ha BenTpasibHOI CcTOpOHE MMeeTCs LEHTpajbHas sIMKa, OT KOTOpPOH crHepeau Ha3al
IIPOXO/IUT BEHTPAIbHBIN KHJIb. [10 60Kam HenapHO MJIaCTHHKH pacIiolaraloTcs JiaTepajib-
HBIE KPBLJIbsI CKEJIETHOTO AJIeMeHTa. POJKKH IPECTABISIFOT COO0# N30THY Thle CHMMETPHY-
HBIE OTPOCTKH, OTACJSIONINE YIUIOIEHHOE OCHOBaHUE OYKKaJIbHOTO JMBEPTHUKYJA OT
KHIICYHOM TpyOKH. ByKKaIbHBIN TUBEPTUKYII COCTOUT U3 TPEX OCHOBHBIX YaCcTEH: YILIO-
IEHHOTO0 OCHOBAHUS, MepelIelKa 1 KOJIITauKOBUHOM NIepeHEN YacTH, ONIMpAroLLIeiics Ha
POCTPYM CKEJIETHOTO 3JieMeHTa. B meperieiike BbIAEISETCS OCeBasi 4acTh ¢ HEOOIBIINM
OKPYTJIBIM IPOCBETOM. B 0OcHOBaHMY nepeiHeit yacTn OyKKaIbHOT 0 AUBEPTUKYJIIA HIMEETCS
TpH CBOCOOPaA3HBIX KapMaHa: OJIMH BEHTPAJIbHBIN H IBa JIaATepalibHbIX. PocTpyM ckeneTHo-
'O JIEMEeHTa BJaéTCs B TKaHb OYKKaIBbHOTO IUBEPTHKYIIA, 00pa3ysi B Heil COOTBETCTBYIO-
miee yriryosaenne. Mopgosorus CKelIeTHOTo dJIeMEeHTa ¥ OyKKaJIbHOTO JUBEPTHKYJIA pa3-
JINYAETCs Y Pa3HbIX BUJIOB KUIISYHOBIIIANINX U MOKET UCIIOJIL30BATHCS B TAKCOHOMUHU
STOU IPyIIIBL.

KJIFOUEBBIE CJIOBA: Saccoglossus mereschkowskii, ckelleTHBIN 371eMeHT, OyKKaJIbHbIN

JTIUBEPTHKYIT, MOP(HOJIOTHs, TAKCOHOMHUSI.

Introduction

Enteropneusts, commonly known as acorn
worms, are burrowing marine animals, which
form a class in the phylum Hemichordata. The
class includes about 70 species, distributed into
five families: Protoglossidae, Harrimaniidae,
Spengelidae, Ptychoderidae, and Saxipendidae.
The enteropneust body comprises three mor-
phologically distinct regions: the anterior mus-
cular proboscis (protosome), the short collar
(mesosome), and the long trunk (metasome)
with numerous gill slits. The proboscis narrows
posteriorly to the slender proboscis stalk, join-
ing the proboscis with the collar (Hyman, 1959;
Benito, Pardos, 1997).

Hemichordates possess a series of features
permitting them to be considered a group close-
ly connected with Chordate (Bateson, 1886;
Beklemishev, 1964; Fedotov, 1966; Ruppert et
al.,2004). One of the characteristics which may

be interpreted as a similarity between hemichor-
dates with the chordates is the internal skeleton
complex. This complex includes a buccal diver-
ticulum! (the functional skeleton of hemichor-
dates), an unpaired cartilaginous wishbone in
the stalk between the collar and proboscis, and
the cartilaginous gill bars. These structures have
beenknown foralong time (Spengel, 1893; Van
der Horst, 1939; Hyman, 1959), however their
detailed morphology has been studied in a rela-
tively small number of species (Van der Horst,
1939; Hyman, 1959). Recent morphological
studies on different enteropneusts concern of
electronic structure to a greater extent than
detailed morphology (Benito, Pardos, 1997,
Cameron, 2002; Jianmey, Xinzheng, 2005).

Hyman recommends “buccal diverticulum”
since words formed from “chord” seem to imply
a solid construction.

"' We use term “buccal diverticulum” instead of “sto-
mochord” in the wake of Hyman (1959).
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We describe the proboscis skeleton and the
buccal diverticulum of Saccoglossus meresch-
kowskii Wagner, 1885 and compare its mor-
phology to the homologous structures in other
species of hemichordates .

Material and methods

As material for this study, we used four
specimens of Saccoglossus mereschkowskii
collected at the White-Sea Biological Station of
Moscow State University in the Kandalaksha
Bay of the White Sea at a depth of 5-10 m from
a muddy substrate. The animals were fixed in
Bouin’s picri-formal-acetic fixative and then
transferred and stored in70% ethanol. Speci-
mens were dehydrated in a standard alcohol
series, embedded in paraplast (Paraplast Em-
bedding Media; SIGMA. The melting point
temperature 60°C), and serially sectioned at 7
pm. Sections were stained with hematoxylin,
mounted in canada balsam and viewed and
photographed on a Zeiss Axioplan 2 Imaging
microscope equipped with a camera (AxioCam
Hrm Zeiss). We made four series of sections:
one transverse, one frontal and two sagittal. The
three-dimensional structure of the proboscis
skeleton and buccal diverticulum was restored
with the method of projecting reconstruction by
W. His (Ivanov et al., 1981). Images of the
organ of interest were collected separately from
each section and further manipulated in Adobe
Photoshop CS 8.0 to create a 3D model.

Abbreviations for figures: aldb — alae lat-
erales diverticuli buccalae; aldbd — ala latera-
lis diverticuli buccalae dexter; aldbs — ala
lateralis diverticuli buccalae sinister; ali—alae
laterales isthmi; alid — ala lateralis isthmi dex-
ter; alis — ala lateralis isthmi sinister; alsk —
alae laterales skeletale; alskd — ala lateralis
skeletale dexter; alsks — ala lateralis skeletale
sinister; bas — basis diverticuli buccalae; bd —
buccal diverticulum; bt — buccal tube; ¢ —
collar; canc— canales cornuum; cancd — cana-
lis cornuum dexter; cancs — canalis cornuum
sinister; cand — canalis dorsalis diverticuli buc-
calae; cbsin — central blood sinus; cc — collar
coelom; cor — corni; cord — cornus dexter;
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cors — cornus sinister; crcfc — crista circum-
flexa fossae centralis; crdmv —crista divisioria
mediana ventralis; cv — carina ventralis; ep —
epithelium; fc — fossa centralis; fsub — fossae
subiculi; g — gut; gl — glomerulus; gw — gut
wall; hv—heart vesicle; i—isthmus diverticuli
buccalae; lisk— lamina imparis skeletale; lum —
lumen ofbuccal diverticulum; m—mouth; nc—
nerve cord; nl—nerve layer; pa— pars anterior
diverticuli buccalae; pai — pars axialis isthmi;
pc — perihaemal coelom; pd — paries dorsalis
diverticuli buccalae; pr — proboscis; prc —
proboscis coelom; prcd — proboscis coelo-
moduct; rdb — rostrum diverticuli buccalae;
rsk — rostrum skeletale; sacl — saccus latera-
lis; sacv — saccus ventralis; st — stalk; sub —
subiculi; t— trunk; trcst — transverse constric-
tions; vlisk— vagina laminae imparis skeletale;
vr — vagina rostri.

O6o3Hauenus Ha pucynkax: aldb — mare-
palbHBIE KPbUIbsl OYKKAJIBbHOTO TUBEPTHUKYIIA,;
aldbd — mpaBoe aTepanbHOE KPBUTO OYKKaIb-
HOro auBepTuKyina; aldbs — neBoe nmarepasb-
HOE KPBLJIO OYKKaJIbHOTO AUBEP-THKYIA; ali —
JarepaibHbIe KPbUIbs Nepenieiika; alid — npa-
BOE JIaTepajibHOE KpbUIO Iepenieiika; alis —
JICBOE JIaTepalibHOE KPBLJIO Niepeleiika; alsk —
natepanbHbIe KPBUIbsi CKEJIETHOTO 3JIEMEHTA;
alskd — mpaBoe nmaTepanibHOEC KPBLIO CKEJIET-
Horo ayieMeHTa; alsks — ieBoe JarepanbHoe
KPBITO CKENETHOTO 3JIeMeHTa; bas — OCHOBa-
HUe OYKKaJbHOTO JMBEpTHKYJa; bd — Oyk-
KaJbHBIN TUBEPTHKYJIT; bt— KHIIeyHast TpyOKa;
C — BOPOTHHYOK; Canc — KaHAaJbIbl POXKEK;
cancd — mpaBbIil KaHANCIl POXKEK; cancs —
JIeBBIN KaHasel poxek; cand — JopcanbHbIit
KaHaJ OyKKaJbHOTO JMBEPTHKYIHa; cbsin —
LEHTPaIbHbIN KPOBEHOCHBIH CHHYC; CC — BO-
POTHHYKOBBII IeJIOM; cOr — pOKKH; cord —
MIPaBBIN POXKEK; COr'S — JIEBBIN pOKeK; crefc —
OKaMMIISTIOIMH TPeOeHb IIEHTPAIbHON SIMKH;
crdmv — BEHTpaJIbHBIN pa3AeIuTeNIbHbII Ipe-
OCHb; CV — BEHTPAJbHBIN KHJIb; €p — JIHTe-
nuii; fc — 1enTpanpHas smka; fsub — siMKu
MOJICTABOK; g — KHIIKa; gl — riomepymroc;
gW— CTEeHKA KUIIKHU; hv — mepukapauanbHbIi
[[eTIOM; 1 — Tepenieek OyKKaaIbHOTO THBEPTH-
KyJia; lisk — HenapHas riacTHHKa CKeJIETHOIO
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9JIEMEHTA; lum — mpocBeT OYKKaJIbHOTO M-
BEPTHKYJIa; M — pOT; NC — HepBHas TpyOKa;
nl — HEpBHBIHA CJIOH; pa — HepenHss 4acTh
OYKKaJIbHOTO IMBEPTHKYJIa; pai — OCeBasi 4acTh
TieperIeiika; pc— nepureMaibHbIH 1enoM; pd —
JlopcajbHasi CTeHKa OYKKaJIbHOTO JTUBEPTHKY-
J1a; pr — X000TOK; Prc — X00OTKOBBIN LIEJIOM;
prcd — x000TKOBBII 11eT0OMOAYKT; rdb — poc-
TpyM OyKKaJIbHOTO IUBEPTHKYIIA; r'sk — pocT-
PYM CKEJIETHOTO 3JeMeHTa; sacl — yaTepaiib-
HBI KapMaH; sacVv — BEHTPaJIbHbII KapMaH;
st— crebelék; sub — moIcTaBKu; t— TYJIOBH-
11e; trest — norepevHsle neperskku; vlisk —
BJIaraJjiuile HelmapHOW TIACTUHKYU CKEJIETHOI'O
9JIEMEHTA; VI — BJIarajifiie pocTpyma.

Results

Skeleton is an inverted-Y-shaped structure
situated in the proboscis stalk which connects
the collar and the proboscis body regions (Fig.
1). The skeleton constitutes a thickening of the
basal lamina between the endodermal epithelia
of pharynx and buccal diverticulum as well as
the endodermal epithelium of buccal diverticu-
lum and the ectodermal epithelium of probos-
cis. The skeleton consists of an unpaired plate
(lamina imparis skeletale) directed forward
along the stalk to proboscis and paired horns
(corni) extended backwards to the collar region
on each side of buccal tube. The skeleton was
1.2 mm long in the largest specimen studied; the
horns accounting for about 55% of total skele-
ton length (0.7 mm).

The anterior part of the unpaired plate con-
sists of a conical rostrum with symmetrical
lateral supporting saucers (subiculi) (Fig. 2).
The rostrum nests in a depression of the buccal
diverticulum (see below), while the subiculi
positionally correspond to the paired lateral
invaginations of proboscis epidermis and the
buccal diverticulum depressions. There is the
central invagination or fossa (fossa centralis) at
the level of the subiculi on the ventral side of
skeleton. Fossa centralis is confined by a bor-
dering ridge (crista circumflexa fossae centra-
lis) on each side (Fig. 2A). A pair of lateral
wings (alae laterales) extends on each side of

0.V. Ezhova, V.V. Malakhov

the skeleton from the base of subiculi to the
narrowest portion of the unpaired plate. The
midventral keel (carina ventralis) extends from
the posterior margin of the fossa centralis (Fig.
2A). Lamina imparis skeletale is convex on the
dorsal side and lacks surface modifications.

The posterior part of the proboscis skeleton
is divided into the paired horns (corni). The
horn tips are situated in the middle of the collar
region (Fig. 1). Corni are curved symmetrical
tapered outgrowths (Fig. 2). In transverse sec-
tions the horns appear laterally compressed and
turned at an angle of 45 degrees with respect to
the frontal plane of the animal (Figs 3C, D).

Buccal diverticulum (diverticulum bucca-
lae) represents a blind anterior outpocketing of
the buccal tube (Figs 4, 5). Its length in the
largest studied specimen was 1.3 mm. The buc-
cal diverticulum consists of three main parts: the
flattened base, the isthmus, and the anterior
hood (Fig. 6).

Thebuccal diverticulum base (basis diverti-
culi buccalae) is the area, where the dorsal wall
of the gut forms the dorsal and ventral walls of
the diverticulum. In the collar region the dorsal
epithelium of the gut is histologically different
from the ventral and lateral epithelium (Fig. 7).
It is thicker 175 pm (compared to no more than
70 um), is vacuolated, and appears lighter then
the lateral and ventral epithelium of the gut. The
dorsal wall of the gut forms a groove (canalis
dorsalis diverticuli buccalae) corresponding to
the nerve tube and the underlying perihaemal
coeloms (Figs 3, 6B).

There is no distinct boundary between the
modified epithelium ofthe dorsal wall of the gut
and the dorsal wall of the buccal diverticulum
(paries dorsalis diverticuli buccalae). The
groove which contains the nerve tube and the
perihaemal coeloms continues as the dorsal wall
of the buccal diverticulum. The ventral wall of
the buccal diverticulum joins with the dorsal
wall of the gut in the anterior third of collar
region, forming an anteriorly directed V-formed
boundary.

The base of the buccal diverticulum is dor-
so-ventrally compressed. The lumen of the di-
verticulum is continuous with the lumen of the



Skeleton and Buccal Diverticulum of Saccoglossus mereschkowskii 107

Fig. 1. Location of the stalk skeleton (shaded) of Saccoglossus mereschkowskii.

A — ventral view; B — lateral view. Scale bar 500 um.

Puc. 1. PacnionoxeHre HermapHOT0 CKEJIETHOTO AJIEMEHTA (3alITPUXOBaH) B Tene Saccoglossus mereschkowskii.
A — BUJ C BEHTPaJIbHOI cTOPOHBI; B — BuI cOoky. Macmtad 500 pm.

a

crcfc sub alsk

Fig. 2. Unpaired stalk skeleton of Saccoglossus mereschkowskii.

A — ventral view; B — lateral view (twisted). Scale bar 500 um.

Puc. 2. HenapHslii ckeneTHsIi aneMeHT Saccoglossus mereschkowskii.

A — BUJI C BEHTPaJIBHOW CTOpOHBI; B — By c6oky (mox yriaom). Macmrad 500 pm.
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Fig. 3. Transverse sections through the collar of Saccoglossus mereschkowskii from posterior (A) to
anterior (D).

LM. Arrows indicate the lumen of the buccal diverticulum. Scale bar 100 um.

Puc. 3. Cepust monepedHsIX cpe3oB uepe3 BOPOTHHK Saccoglossus mereschkowskii czanm (A) xuepenu (D).
CaeToBoif Mukpockon. CTpelkaMy yKa3aH IPOCBET OyKKaIbHOrO AuBepTUKyna. MacmTab 100 pm.
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Fig. 4. Sagittal section through the proboscis, stalk, and collar of Saccoglossus mereschkowskii.

LM. The arrows point to transverse constrictions of the diverticulum rostrum. The vertical lines mark the level of the
transverse sections. Scale bar 500 pm.

Puc. 4. CarutraneHblii cpe3 yepe3 X000TOK, cTebeék u BOPOTHUUOK Saccoglossus mereschkowskii.
CBeToBOif Mukpockomn. CTpeiakaMH yKa3aHbl HOIEPEUYHbIC IEPETSHKKH POCTpyMa OyKKaIbHOIO AUBEPTHKYIA. BepTu-
KaJTbHBIMH JIMHASMH OTMEUEHBI yJacTKH, Yepe3 KOTOpPhIe IIPOXOIMIN Ionepednsle cpe3sl. MacmTab 500 um.

pr

\ st

AT

Fig. 5. Location of the buccal diverticulum (shaded) of Saccoglossus mereschkowskii.

A — dorsal view; B — ventral view; C — lateral view. Scale bar 500 pm.

Puc. 5. Pacnionoxxenne OyKKaIbHOTO AMBEPTHKYIIA (3alITPUXOBAH) B Tele Saccoglossus mereschkowskii.
A — BUJA ¢ JOpcanbHOU CTOPOHBL; B — Bua ¢ BeHTpanbHO# croponsr; C — Bux cOoky. Macmrab 500 pm.
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gutcavity. Intransverse sections the lumen of the
diverticulum appears as a narrow transverse slit
(Fig. 3A). In some sections the lumen may be
reduced dueto strong development of vacuolated
epithelium of the buccal diverticulum (Fig. 3B).

The dorsal part of the gut is separated from
the lateral parts by the skeletal horns. Gut epi-
thelium surrounds the horns both from the in-
side and outside. Folds of the gut epithelium
surround the horns from the outside continuing
forward and giving rise to the lateral wings of
the diverticulum (alae laterales diverticuli buc-
calae) (Fig. 3). The skeletal horns adjoin the
buccal diverticulum latero-ventrally and are
housed within the special grooves of the buccal
diverticulum (canales cornuum). The buccal
diverticulum forms the ventral ridge (crista di-
visioria mediana ventralis) between the horns
(Figs 3C, D, 6A, C). The ridge runs from the
horns’ closure to the middle of diverticulum
isthmus.

The isthmus (isthmus diverticuli buccalae)
is the narrowest part of the buccal diverticulum
(Fig. 6). In transverse sections it consists of an
axial part (pars axialis isthmi) with a small
rounded lumen and the wings (alae laterales
isthmi) which surround the skeleton laterally
(Fig. 8A). The transverse diameter of the buccal
diverticulum increases from the mouth to the
base of the proboscis. The isthmus is semi-
circularin the transverse sections with ventrally
directed cusps (Fig. 8B). Ventral invagination
ofthe wall of the buccal diverticulum is closely
fits the unpaired plate of the skeleton (vagina
laminae imparis skeletale). At this level, the
epithelium of the diverticulum is differentiated
into dorsal lightly staining vacuolated region
and the ventral region comprised of columnar
ciliated cells (Fig. 8B).

The anterior part of the buccal diverticulum
(pars anterior diverticuli buccalae) is hood-
shaped. The rostrum of the diverticulum (ros-
trum diverticuli buccalae) is conical and has
irregular transverse constrictions (Figs 4, 6B, C).

The skeletal rostrum supports the anterior
partofdiverticulum from the ventral side. Atthe
same time subiculi fit the appropriate depres-
sions of the diverticulum. The rostrum of the
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skeleton fits the conical depression (vagina
rostri) at the base of the anterior part of the
diverticulum. The base of the anterior part of the
diverticulum has three pouches: one ventral
(saccus ventralis) and two lateral (sacci lat-
erales) (Fig. 8C). The paired subiculi fit the
symmetrical latero-ventral fossae subiculi.

The rostrum of diverticulum has a distinct
lumen (Fig. 8D). The lumen in the posterior part
of the rostrum is enlarged and triangle-shaped.
Here it divides into three pockets: one ventral
and two lateral, enclosed in the saccus ventralis
and sacci laterales (Fig. 8C).

Discussion

The skeleton and the buccal diverticulum
are the main supporting structures of collar and
proboscis in enteropneusts. In all studied spe-
cies the proboscis skeleton is a wishbone-like
structure with the unpaired anterior plate and
paired posterior horns (Spengel, 1893; Van der
Horst, 1939). However, the shape of the un-
paired plate varies widely in different species of
enteropneusts (Fig. 9). In Balanoglossus au-
rantiacus the unpaired plate is rectangle-shaped
(Van der Horst, 1939). In Schizocardium peru-
vianum the unpaired plate narrows to the ante-
rior end — to subiculi base (Spengel, 1893). In
Saccoglossus caraibicus the unpaired plate is
rod-shaped and enlarges at the posterior end
(Van der Horst, 1939). In S. kowalevskii the
unpaired plate is triangle-shaped and enlarges
anteriorly (Spengel, 1893). The unpaired plate
of S. mereschkowskii is rod-shaped and enlarg-
es at the anterior end.

In all studied species of the Enteropneusta
the unpaired plate has a mid-ventral keel and
more or less pronounced lateral wings. The
anterior part of the unpaired plate forms subicu-
[i, but its shape differs even in closely related
species. A short rostrum is reported for almost
all species except S. kowalevskii (Spengel, 1893).
S. mereschkowskii has a well pronounced ros-
trum. Paired subiculi are reported in all species.
In all species except S. mereschkowskii the
terminal areas of subiculi are directed anterior-
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rdb trgst aldb

pa i " bas

5 fsub crdmv

pa i bas

Fig. 6. Buccal diverticulum of Saccoglossus mereschkowskii.

A — ventral view; B — dorsal view; C — lateral view. Scale bar 500 pm.

Puc. 6. Bykkanbubiit tuBepTukyn Saccoglossus mereschkowskii.

A — BUJI C BEHTPAJIBHOM CTOPOHBI; B — BuJ ¢ mopcanbroii ctoponsl; C — Buj cOoky. Macmrad 500 pm.
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Fig. 7. Transverse section through the collar of
Saccoglossus mereschkowskii in the most posterior
region of the skeleton.

LM. Scale bar 100 pm.

Puc. 7. IlonepeuHslii cpe3 uepe3 BOPOTHUK
Saccoglossus mereschkowskii Ha ypoBHe camoii 3a11-
HEW YaCTH CKEJICTHOTO 3JIEMEHTA.

CseroBoii Mukpockorn. Macmra6 100 pm.

ly. However, in S. mereschkowskii the subiculi
curved posteriorly.

In most cases the horns bend and taper
posteriorly. B. aurantiacus is the only species
where the horns enlarge rather then taper poste-
riorly (Van der Horst, 1939). In B. aurantiacus
the horns separate at a widely divergent angle
(Fig. 9). In S. kowalevskii, S. caraibicus, and S.
mereschkowskii the horns curve ventrally to-
wards each other so that the skeleton is lyre-
shaped.

Some other details of skeleton structure in S.
mereschkowskii appear unique, but could more
likely result from inadequate investigation. For
example, the fossa centralis is not reported for
most of species. Nevertheless Van der Horst
(Van der Horst, 1939) pictured the elongated
ventral depression for S. caraibicus which could
correspond to fossa centralis of S. meresch-
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kowskii. More detailed studies of skeleton could
supply information useful for enteropneust tax-
onomy.

The enteropneust buccal diverticulum is di-
vided into three or four regions depending on
the species (Spengel, 1893; Willey, 1909; Van
der Horst, 1939). Four regions (base, isthmus,
anterior part and appendix) are characteristic
for Spengelidae only (Spengel, 1893). In Harri-
maniidae and Ptychoderidae the appendix is
absent, thus the buccal diverticulum is tripartite.
Stereobalanus canadensis is reported to lack an
isthmus (Van der Horst, 1939).

The morphology of the buccal diverticulum
is correlated with the shape of the proboscis
skeleton (Fig. 10). The modified diverticulum
epithelium is separated from gut epithelium by
the skeletal horns, i.e. the epithelium of the
buccal diverticulum above and below the skel-
etal horns is histologically different. In B. car-
nosus, B. biminiensis, B. jamaicensis, B. nu-
meensis, and B. gigas the outgrowths of the
skeletal plate divide the buccal diverticulum
into three separate tubes (Willey, 1899). In
Harrimania kupfferi the skeletal outgrowths
divide the isthmus into five or six tubes isolated
from each other (Spengel, 1893). In S. meresch-
kowskii the isthmus bears the lateral wings.
They look like the lateral pockets in transverse
sections and are supported on appropriate skel-
etal wings (Fig. 11, 12). Such formations are
known in other enteropneust species. Strongly
developed lateral pockets of the isthmus are
present in Glandiceps hacksi (Van der Horst,
1939). In B. misakiensis there are three blind
pockets of the isthmus: one dorsal and two
dorsolateral (Van der Horst, 1939).

The anterior part of skeleton pushes out the
buccal diverticulum tissue, which results in three
posteriorly directed blind pockets (Spengel,
1893; Willey, 1899; Van der Horst, 1939). S.
mereschkowskii also has such pockets (Fig. 11,
12). Only in Protobalanus koehleri and St.
canadensis the blind pockets are absent (Van
der Horst, 1939).

Few papers provide a complete reconstruc-
tion of the skeletal element in enteropneusts.
However, with the information at hand, it is



Skeleton and Buccal Diverticulum of Saccoglossus mereschkowskii 113

Fig. 8. Transverse sections through the collar (A), stalk (B), and proboscis (C, D) of Saccoglossus
mereschkowskii.

LM. Arrows indicate the lumen of the buccal diverticulum. Scale bar 100 pm.

Puc. 8. Cepust nomnepeuHbIx cpe3oB uepe3 BOpoTHUIOK (A), crebenék (B) n xobotok (C, D) Saccoglossus
mereschkowskii.

CseToBoif Mukpockon. CTpenkaMu yka3aH MPOCBET OyKKalbHOTO JUBepTHKyIa. MacmTad 100 um.
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Fig. 9. Schemes of the unpaired skeletons of different enteropneust species. Ventral view.

A — Balanoglossus aurantiacus (Van der Horst, 1939); B — Schizocardium peruvianum (Spengel, 1893); C —
Saccoglossus caraibicus (Van der Horst, 1939); D — S. kowalevskii (Spengel, 1893); E — S. mereschkowskii.

Puc. 9. CxemMbl HemapHBIX CKEJIETHBIX 2JIEMEHTOB Pa3IMYHBIX BUI0B KUIICYHOABIIIAIINX. BH]] ¢ BeHTpalb-
HOI CTOPOHBI.

A — Balanoglossus aurantiacus (Van der Horst, 1939); B — Schizocardium peruvianum (Spengel, 1893); C —
Saccoglossus caraibicus (Van der Horst, 1939); D — S. kowalevskii (Spengel, 1893); E — S. mereschkowskii.

Fig. 10. Relative position of the unpaired skeleton (dark) and the buccal diverticulum (light). Scale bar 500
pum.

Puc. 10. B3aumHOE pacmnonokeHne HEMapHOTO CKEJIETHOTO dJIEMEHTa (M0Ka3aH TEMHBIM) U OyKKalIbHOTO
UBEPTUKYIA (MOKa3aH cBeTIbM). MacmTad 500 um.

possible to distinguish three groups of enterop-
neusts according to the shape of their proboscis
skeleton (Fig. 9). The first group includes the
species of Saccoglossus (Harrimaniidae) (Fig.
9C-E). They have a long lamina imparis and
long (more than half of the total skeleton length)

lyre-shaped horns which bend around the ante-
rior part of the gut. The long skeletal element is
correlated with the relatively long proboscis of
Saccoglossus, compared to the other enterop-
neusts (Hyman, 1959). The long lyre-shaped
horns and relatively long lamina imparis pro-
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Fig. 11. Shape and location of the lumen (black) of the buccal diverticulum of Saccoglossus mereschkowskii.

a — frontal view; b — lateral view. Scale bar 500 um.

Puc. 11. ®opma u pacrosiokeHHe MpocBeTa (ToKa3aH YEPHBIM) OYKKAILHOTO AUBEPTUKYIA Saccoglossus

mereschkowskii.

a — (poHTaNBHbI BUI; b — BUA cOoky. Macmrtad 500 pm.

vide for mechanical support of the elongated
proboscis. The second group inserts the species
of Ptychoderidae (Fig. 9A) which are character-
ized by relatively short proboscis. Accordingly,
the skeleton of B. aurantiacus has short, widely
separated horns and a broad lamina imparis.
The skeleton of specimens of Spengelidae (the
third group) has intermediate morphology (Fig.
9B). Sch. peruvianum has a skeleton with short
straight horns, but relatively long lamina inpar-
is. We suggest that the shape of unpaired skele-
tal element may have a role in enteropneust
systematics. However, small number of species

with reconstructed skeleton does not allow to
discuss this question in more detail.
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