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Enteropneusta is one of two classes constituting the
phylum Hemichordata, whose representatives are bot-
tom burrowers of marine sediments. Hemichordates
have some features that allow them to be considered a
group closely related to ancestors of Chordata [1-3, 5].
One of such features is the development of skeletal for-
mations from connective tissue. Among these struc-
tures are the gill skeleton and the unpaired skeletal ele-
ment of the stalk connecting the collar and the probos-
cis. The morphology of the unpaired skeletal element of
relatively few species has been studied [4, 7]. This work

(a)

deals with the structure of the skeletal element of Sac-
coglossus mereschkowskii Wagner, 1885.

In this study, we used specimens collected in the
vicinity of the White Sea Biological Station of the Mos-
cow State University (Kandalakshsky Bay of the White
Sea) at a depth of 5-10 m on a muddy bottom. The ani-
mals were fixed in Bouin’s fluid and then placed into
70% ethanol, where they were kept until the histologi-
cal processing. The standard method was used for
microscopical anatomy study, including dehydration in
alcohols, embedding into paraplast, and making slices
7 um thick. The slices were stained with haematoxylin.

(b)

| 6

Fig. 1. Location of the skeletal element of the stalk of S. mereschkowskii. (a) The ventral view; (b) the lateral view. Designations:
1, proboscis; 2, stomochord; 3, stalk; 4, collar; 5, digestive tube; 6, trunk. The skeletal element is shaded.

IThe article was translated by the authors.
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Fig. 2. The skeletal element of the stalk of S. mereschkowskii. The ventral view. Designations: /, rostrum; 2, supporting saucer;
3, bordering ridge; 4, central fossa; 5, lateral wing; 6, ventral keel; 7, paired posterior horns.

Fig. 3. The skeletal element of the stalk of S. mereschkowskii. The lateral view. Designations are the same as in Fig. 2.

The skeletal element is a Y-shaped organ located in
the stalk connecting the collar and proboscis divisions
(Fig. 1). By nature, the skeletal element is an over-
growth of acellular substance of the basal plate sepa-
rated endodermal epithelia of the pharynx and the sto-
mochord, as well as endodermal stomochord epithe-
lium and ectodermal proboscis epithelium. The skeletal
element consists of an unpaired plate directed forward
to the proboscis and paired horns extended rearward to
the collar department on each side of the digestive tube.
The length of the skeletal structure is, on average,
1.2 mm, the horns accounting for 0.7 mm, i.e., approx-
imately 55% of the entire length of the skeletal element.

The anterior part of the unpaired plate is a conical
rostrum with symmetrical supporting saucers on each
side (Figs. 2, 3). The rostrum rests on the stomochord
tissue on the ventral side, and supporting saucers spread
under the lateral invaginations of proboscis epidermis.
At the saucer base level, there is a central fossa on the
ventral side of the skeletal element. The fossa is bor-
dered by a ridge on each side (Fig. 2). There are lateral
wings on either side of the skeletal element, which
extend from the saucer base to the most narrow region
of the unpaired plate. A ventral keel passes along the
median line of the ventral surface from the posterior
margin of the central fossa (Fig. 2). The dorsal surface,
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prominent in the transverse section, lacks any relief
modifications.

At the level of the anterior collar region, the skeletal
element divides into paired horns. The posterior horn
tips are located in the very middle of the collar (Fig. 1).
The horns are bent symmetrical processes tapering
from the base to the posterior end (Figs. 2, 3). The horns
are flattened laterally in the transverse section.

Judging from the published data, the skeletal ele-
ment of Enteropneusta is organized according to a com-
mon scheme. In all examined species, it consists of an
unpaired anterior plate and paired posterior horns
[6, 7]. Among the common characteristic features is the
ventral keel, which is present, besides Saccoglossus, in
Balanoglossus [6] and Schizocardium [6]. All studied
species have the lateral wings to a greater or lesser
extent. The anterior region of the unpaired plate forms
symmetrical supporting saucers, although their shape
considerably varies even in closely related species. The
rostrum in the form of a short tubercle is distinct in
almost all species except Saccoglossus kowalevskii [6].
The shape of the unpaired plate substantially varies in
specimens of different genera of Enteropneusta. For
example, species of Balanoglossus have a rectangle
unpaired plate [6]. In Schizocardium, the unpaired plate
tapers in the anterior direction, i.e., to the saucer base
[6]. In Saccoglossus caraibicus [7] and S. meresch-
kowskii, the unpaired plate looks like a rod. On the
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other hand, in S. kowalevskii, the unpaired plate has the
shape of a triangle widening anteriorly [6]. The horns
are typically bent outgrowths, tapering posteriorly.
Conversely, in Balanoglossus it widens toward the pos-
terior end [6].

The observed variation of the skeletal element orga-
nization allows us to expect that the morphology of this
organ will be important for the classification of
Enteropneusta and diagnosis of individual species.

REFERENCES

1. Beklemishev, V.N., Osnovy sravnitel’noi anatomii
bespozvonochnykh (Basics of Comparative Anatomy of
Invertebrates), Moscow: Nauka, 1964.

2. Fedotov, D.M., Evolyutsiya i filogeniya bespozvonoch-
nykh zhivotnykh (The Evolution and Phylogeny of Inver-
tebrates), Moscow: Nauka, 1966.

3. Bateson, W., Quart. J. Micr. Sci., 1886, vol. 26, pp. 535—
571.

4. Hyman, L.H., The Invertebrates: Smaller Coelomate
Groups, New York: McGraw-Hill, 1959, vol. 5, pp. 72—
154.

5. Ruppert, E.E., Fox, R.S., and Barnes, R.D., Invertebr.
Zool., 2004, vol. 27, pp. 857-871.

6. Spengel, J.W., Enteropneusta, vol. 18 of Fauna und
Flora des Golfes von Neapel, Monogr., 1893.

7. Van der Horst, C.J., Hemichordata, Leipzig: Akad. Ver-
lagsgesellschaft M. B. H., 1939.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


