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The enteropneust hemichordate Glandiceps hacksi inhabits the muddy bottoms of the intertidal to
subtidal zones of Koguno-shima Island, located in the central part of the Seto Inland Sea of Japan.
Monthly collections from October 2005 to September 2007 revealed that their spawning occurs
once a year, in the latter half of May. Parameters such as density and sex ratio, as well as the type
of sediment, were also examined. Worm behavior and type of burrows revealed that G. hacksi are
infaunal burrowers. Autotomy and regeneration of their posterior regions, and swimming behavior
were also observed in an aquarium environment. This is the first comprehensive study on the biol-

ogy of G. hacksi, the swimming acorn worm.
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INTRODUCTION

Enteropneusta is a class of the phylum Hemichordata,
accommodating ca. 80 species assigned to four families,
Harrimaniidae, Spengelidae, Ptychoderidae, and
Torquaratoridae (Nishikawa, 1986; Osborn et al., 2012).
They are commonly known as acorn worms, mainly soft,
benthic animals burrowing in the mud or sand bottom of the
sea. Their morphological and developmental characters, such
as gill slits, stomochord, and dipleurula-type tornaria larvae,
have often been regarded as ancestral characters inherited in
deuterostomes. Molecular studies on Harrimaniidae and
Ptychoderidae have revealed some homologies and analo-
gies to chordates or echinoderms (Ogasawara et al., 1999;
Tagawa et al., 2001; Lowe et al., 2003, 2006). The inter-
class or family relationships in Hemichordata were also
determined by molecular phylogenetic analysis (Cannon et
al., 2009; Osborn et al., 2012).

The family Spengelidae is a small group composed of
about 20 species including Glandiceps gqingdaoensis,
recently discovered in China by An and Li (2005). In contrast
to the families Harrimaniidae and Ptychoderidae, the ecol-
ogy and behavior of the Spengelidae are less known.
Glandiceps hacksi was discovered in Yokohama, in middle
Japan (Marion, 1885), followed by further illustrating in
datails (Marion, 1886), and findings of one large individual
in Nagoya and two small one elsewhere in Japan (Spengel,
1893). When six small individuals were discovered from
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Surabaya (Java) by the Siboga-expedition (1899-1900),
Spengel (1907) described them as G. malayanus and distin-
guished the small individuals previously collected from
Japan as G. eximius which he had considered to be a
younger stage of G. hacksi. Recently, many individuals of
Glandiceps sp. were collected from Shodo-shima Island in
the Seto Inland Sea of Japan (Fig. 1) (Yoshimatu and
Nishikawa, 1999).

A large-scale swarming of G. hacksi in the water column
was observed off Sensui-jima Island (originally described
“Sesuijima” was probably an erratum), located in the central
part of the Seto Inland Sea of Japan (Fig. 1), predawn on
September 3 to 5, 1907 (lkeda, 1908). He reported anec-
dotal evidence from local fishermen that such unique behav-
ior of G. hacksi had taken place under calm sea conditions,
during nocturnal periods, from August to the beginning of
September. The swarming individuals were characterized by
dorsoventrally flattened bodies, dorsoventrally varying body
color, and mud-free intestines, suggesting that they may be
benthic creepers with their dark dorsal side up, rather than
a sediment burrower (Ikeda, 1908). Recently, swarming of
Glandiceps sp. was similarly recorded from Harima-nada in
the Seto Inland Sea of Japan (Fig. 1), from the middle of
August to the beginning of October (Yoshimatu and
Nishikawa, 1999). On the other hand, Spengel (1909)
reported on the swarming behavior of Glandiceps malayanus
in Surabaya (Java) during the months of April to June 1899.
However, the purpose of their swimming behavior and life-
style remained uncertain.

In 2005, a highly dense habitat of G. hacksi was found
on the mudflat of Koguno-shima (local name Kokuno-jima)
Island, located in the central part of the Seto Inland Sea of
Japan. Owing to current limited knowledge of the biology of
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the species, apart from the bizarre swarming behavior in the
water column, a biological investigation of this species was
undertaken.

MATERIALS AND METHODS

Monthly collections of G. hacksi were carried out in the lower
intertidal and shallow subtidal muddy sediments over a defined
area, the southeastern side of the Koguno-shima, Takehara,
Hiroshima, Japan: 34°18’17.0” N, 132°59'04.2” E (Fig. 1), from
October 2005 to September 2007. Koguno-shima is a small, unin-
habited, island (0.1 km?) located in the central part of the Seto
Inland Sea of Japan, where the maximum tidal range is about 3.5
m. Individuals were obtained by digging into intertidal and shallow
subtidal muddy sediment by hand at low tide. The subtidal zone out-
side the collection area was also investigated using a 0.04 m?
Ekman-Berge bottom sampler on January 24, 2006, to determine
the presence or absence of the acorn worm. Some individuals from
the intertidal area were photographed and then either studied in the
laboratory, or released back into their natural habitat. The size of liv-
ing individual was measured at their collar in length and width. The
density of burrows and individuals within an area of 1 m? by 20 cm
depth was measured on 12 April, 21 June, and 21 September 2006.
The maturity of gonads was identified by artificial insemination fol-
lowed by cleavage and blastula stage, or estimated by trunk color.

To observe worm burrowing, behavior, and regeneration, ten or
more individuals were cultured in an aquarium (temperature approx-
imately 21 to 29°C, fed with a unicellular algae, Chaetoceros gracilis
(1.S.C Co. Ltd.), and using an 1 L plastic bottle filled with mud from
their natural habitat for each one or two individuals) at Takehara
Marine Science Station, Hiroshima University (Takehara MSS, Fig. 1),
or Marine Biological Laboratory, Hiroshima University (Mukaishima
MBL, Fig. 1). One individual was cultured in a flat plastic case to
observe its burrow. Some individuals were kept in constant light
conditions to suppress their sensitivity to light. Swimming action of
an intact individual about 13 cm in total body length was observed
in a vat of seawater (30 x 20 x 4 cm) without mud and recorded by
a video camera (OLYMPUS C-770). Two individuals were fixed in
Bouin’s solution and sectioned.

Sediment samples were taken from the surface of four sites of
tidal flats in Hiroshima prefecture: the habitat on Koguno-shima and
three non-habitats, the Zostera belt in Koguno-shima, Yoshina, and
Jigozen (Fig. 1). Triplicate samples at each site were sieved over
the range of 4.75 mm down to 0.075 mm with sedimentation anal-
ysis (according to Japanese Industrial Standard A 1204: 2000), fol-

lowed by loss-on-ignition analysis to estimate the amount of organic
content. Surface water temperature was simultaneously recorded at
the collecting site.

RESULTS

Habitat and density

All collected acorn worms were identified as adult G.
hacksi, with the exception of one small Saccoglossus sp.,
collected on June 9, 2006. Their collar size, the smallest
was 3.4 mm in length, 7.2 mm in width, largest was 8.7 mm
in length, 13.8 mm in width and the average was 6.22 mm
in length, 9.47 mm in width (n = 26), could be distinguished
from that of G. eximius, 1 to 1.75 mm in length, 2 to 3.5 mm
in width. Sections showed the absence of proboscis septum
in the front part of the acorn, unlike G. gingdaoensis.

All individuals were found as infaunal burrowers within
10 cm of the benthic surface. They were found every month
during our study period, except February 2007, without any
significant changes to their morphology except for the devel-
opment of gonads. The number of individuals collected is
shown in Fig. 3. Estimations of individual density, per habi-
tat, in the intertidal zone, are shown in Table 1. The density
ranged from 11 to 24 ind/m? with a mean density of 16.7
ind./m? (n = 3). The density in the subtidal zone was 12.5
ind/m?, estimated by an Ekman-Berge bottom sampler on
January 24, 2006. The eelgrass Zostera japonica grew in
some parts of the mudflat, but few individuals were collected
from this location. Small numbers of other benthic animals
were also collected from the habitat of G. hacksi. The deca-
pod Asthenognathus inaequipes, belonging to the family
Pinnotheridae, a possible symbiote with molluscs, poly-
chaetes, echinoderms, and enteropneustes (Ross, 1983),
was also collected around the burrow of G. hacksi on April
12, June 9, 21, and July 21, 2006, although the possibility
of a symbiotic relationship to G. hacksi was not determined.

The area consisted of well-sorted mud and fine sand
containing a small amount of weakly carbonized vegetable
debris. The results of a grain-size distribution curve for the
sediment are shown in Fig. 4. The median diameter of sed-
iments, obtained from Fig. 4, was 0.08 mm for the Koguno-
shima habitat, 0.06 mm for the Zostera belt in Koguno-
shima, 0.40 mm for Yoshina, and 0.43 mm for
Jigozen. The ignition losses of sediments were
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Fig. 1. Map of western Japan, showing the collection site, 34°18’17.0” N,
132°59'04.2” E (asterisk), in Koguno-shima and other tidal flat sites, Yoshina
and Jigozen in the Hiroshima prefecture.

5.32% for the Koguno-shima habitat, 4.51% for the
Zostera belt in Koguno-shima, 1.73% for Yoshina,
and 1.69% for Jigozen.

Breeding and sex ratio

Artificial insemination allowed us to determine
the sex of matured individuals by their trunk color,
i.e. pink ovaries for a female, white testes for a
male (Fig. 2). Gonads filled the lateral body wall
and usually ranged from the branchial region to the
hepatic region. During the breeding season of
2006, mature individuals identified by artificial
insemination were found in January 2006. Nearly
all individuals collected on April 12 and May 11
developed gonads estimated by trunk color, and
then, the gonads of all individuals emptied until
June 21. No mature individuals were collected from
the summer to winter. During the breeding season
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Fig. 2. Matured individuals of G. hacksi, showing the difference of
the trunk color in the male and female. Scale bar = 1 cm.
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Fig. 3. Breeding season of G. hacksi and a change of water temperature (W. T.) around
collection sites in Koguno-shima, from October 2005 to September 2007, showing maturing/
matured periods (M) and deduced spawning periods (S). The number in the lower part of the
graph shows the monthly number of collected individuals.

Table 1. Collection data from 1 m? x 20 cm depth of muddy area in the Koguno-shima inter-

tidal zone.

Male Female Immature Density (m?) Sex ratio (M: F) Burrow-opening
12-Apr-06 12 11 1 24 1:0.92 50
21-Jun-06 0 0 11 11 - 21
21-Sep-06 0 0 15 15 — 50

Fig. 5. Autotomy and regeneration of G. hacksi. (A) A male individual dismembered by
autotomy, ventral view. (B) Tracing of the regeneration of the same individual cultured in
aquaria, showing the primary morphallaxis process (0 to 9 days) and secondary epimorpho-
sis process (9 to 35 days) with hepatic region (hr). Scale bars = 1 cm.
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Fig. 4. Grain-size distribution curves of sediments from collection
areas in Koguno-shima and neighboring tidal flats in the Hiroshima
Prefecture.

of 2007, mature individuals identified by
artificial insemination were found in
December 2006, and 19 out of 20 indi-
viduals collected on May 11 developed
gonads estimated by trunk color. The
gonads of all individuals emptied on May
31, and no mature individuals were col-
lected until September 2007. Surface
water temperature was approximately
10 to 15°C in maturing periods and
increased to about 18°C in spawning
periods in both years (Fig. 3, Table 1).

As shown in Table 1, the M : F sex
ratio was 1 : 0.92 on April 12, 2006. A
significant bias in the sex ratio was not
detected (x2 test, P > 0.05).

Autotomy and regeneration

The soft trunk of worms, especially
the hepatic and caudal region, was eas-
ily damaged and amputated during han-
dling. In addition, the artificial change of
seawater temperature, up to 28°C from
18°C for example, could trigger auto-
tomy, which occurred simultaneously at
many cutting points in the trunk. These
points seemed to appear at certain con-
stant intervals from the posterior (Fig.
5A). In aquaria, the antero-most piece
regenerated its lost posterior part within
10 to 30 days after cutting (Fig. 5B), but
the posterior piece did not regenerate.
Regeneration proceeded by a morphal-
laxis process to form the caudal region
from the branchial and/or postbranchial
region within 10 days, followed by an
epimorphosis process to form the poste-
rior trunk, including the hepatic region
(Fig. 5B).

Burrows and behavior

On the sediment surface in the
Koguno-shima habitat, many holes,
approximately 5 to 8 mm in diameter,
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were observed (Fig. 6A). These holes opened slopingly and field, although individuals in aquaria sometimes made a
were liable to collapse. Because individuals in aquaria made mound consisting of fecal pellets that was fragile, cylindrical,
holes similar to these (Fig. 6B), it was inferred that these and 2 or 3 mm in width (Fig. 6B). Usually, the gut of an indi-
were their burrow openings. Results of the estimation of the vidual contained some grayish mud and/or fragile blackish
number of openings of burrows within 1 m? quadrat are feces, clearly distinguishable from their burrowing mud.

shown in Table 1. No fecal mounds were identified in the When individuals were put in an aquarium, some indi-

-
$e

Discharging

Fig. 6. Burrows and behavior of G. hacksi. (A) A presumed burrow opening of G. hacksi in the Koguno-shima habitat, with the photographer’s
finger added for size comparison. (B) Burrow openings and fecal pellets (f) in aquaria. (C, D) The construction process of a burrow by one indi-
vidual in aquaria. Firstly there is a base tunnel (bt) with a single opening (op1) at Day One (C), with the number of openings increasing after-
wards (op1, 2), and the base tunnel is maintained after two weeks (D). Note the mound of feces (f) formed far from the opening. (E) The
anterior body extension process in aquaria. Asterisks show the top of the extending anterior body. Extended caudal region (cr) and crawling
trace (ct) of other individuals also visible. (F) An individual adopting a swimming form and discharging fecal pellet. (G) The putative lifestyle of
G. hacksi. Scale bars = 1 cm.
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viduals crawled on the surface of the sediment for a few
minutes with their dorsal side upward, but all individuals
finally burrowed into sediment approximately 5 cm in depth
(Fig. 6C). Burrows were relatively stable and possessed an
additional opening (Fig. 6D). Fecal pellets were discarded at
a place apart from the opening (Fig. 6B, D). In addition, an
extended posterior region and a crawling trace from an
opening were sometimes observed (Fig. 6E). Under dark
conditions, individuals sometimes extended an anterior
region of the body from the opening and retracted it by light
stimulation. Some individuals cultured in artificial constant
light condition for half a year also extended and moved the
body horizontally around the opening with their posterior end
hooked into the burrow (Fig. 6E).

Swimming

Although we did not observe any swimming individuals
of G. hacksi around Koguno-shima, collected individuals
quite often exhibited a body wiggle and readily engaged in
swimming when removed from the sediment. Swimming
behavior was often induced by artificial light or physical stim-
ulation. Individuals could crawl out from their burrow and
swim away within several seconds. This swimming ability
was observed irrespective of seasons or size of individuals.

During swimming, the proboscis forewent peristalsis
movement and remained fixed in a pear shape. In addition,
the trunk became more flattened dorsoventrally, and individ-
uals swam forward by wiggling the trunk (Fig. 6F), with an
intermittent clockwise rotation. Swimming usually finished in
a short time, followed by the body returning to its benthic
form. Four episodes of swimming recorded under aquaria
conditions revealed that swimming speed and wiggling cycle
was 45 to 55 mm/sec and 1.80 times/sec, respectively. The
average swimming time was 71 seconds and the longest
was 165 seconds. Under the bright conditions in the field,
released individuals immediately began to burrow into mud
after reaching the sediment, even if they had started swim-
ming.

DISCUSSION

Glandiceps species have been usually collected from
depths of 10 m or more, e.g. G. talaboti from about 350 m
(Marion, 1885) and G. abyssicola from 4572 m (Spengel,
1893). In this study, the estimated habitation density of G.
hacksi in intertidal zone is comparable to previous reports
that show the density of ptychoderid and harrimaniid acorn
worms could amount to a few tens of individuals/m?
(Nishikawa, 1977; Larsen, 1979). The results also show the
restriction of the habitat to a small area containing a high
ratio of silt and fine sand in comparison with the neighboring
typical tidalflats. This suggests a muddy sediment environ-
ment is the typical habitat for this species or genus.
Because rootstalks of eelgrass seemed to impede the bur-
rowing of G. hacksi, other unknown large habitat may
extend to subtidal zone.

As reviewed by Hadfield (1975), and Nishikawa (1986),
previous studies on the complete development and regener-
ation of acorn worms have been limited to Ptychoderidae
and Harrimaniidae. The clarification of the breeding season
and regeneration of G. hacksi will serve as useful informa-
tion in future developmental studies. Our data clearly show
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that the spawning season of G. hacksi is once a year, in the
latter half of May. The spawning may be correlated to
changes in seawater temperature, such as the sudden rise
in seawater temperature during May, from 15 to 18°C, as
shown in Fig. 3. Inducing a change to seawater temperature
has been a useful method for inducing artificial spawning in
other acorn worms (Colwin and Colwin, 1962; Tagawa et al.,
1998; Urata and Yamaguchi, 2004; Miyamoto and Saito,
2007). However, it is still unclear what triggers the induction
of spawning in nature. Asexual reproduction was previously
reported in some ptychoderid species and the whole
process of asexual reproduction, fragmentation, and sub-
sequent morphogenesis, was recently described in
Balanoglossus simodensis (Miyamoto and Saito, 2010). We
observed body fragmentation by autotomy in G. hacksi, but
did not identify subsequent morphogenesis. The regenera-
tion is well described in ptychoderid acorn worms, mainly on
the regeneration from a posterior piece to the anterior
(Rychel and Swalla, 2008). Miyamoto and Saito (2010)
showed that the trunk piece of B. simodensis could regen-
erate posterior parts, while Humphreys et al. (2010) and
Tweedell (1961) also documented the occurrence of poste-
rior regeneration in Ptychodera flava and the harrimaniid
acorn worm Saccoglossus kowalevskii, respectively. Our
observations reveal a regeneration process in Spengelidae
for the first time, with its remarkable ability to regenerate the
posterior similar to these reports, suggesting that it may be
a common feature of acorn worms. As shown in Fig. 6E, the
caudal region, which regenerated immediately, functioned
as an anchor during the extension of their anterior body.
Therefore, the foremost purpose of the regeneration for G.
hacksi may be a recovery mechanism in response to the
stresses of daily body action and feeding.

As shown in Fig. 3, we performed monthly collection
without a drastic seasonal change in the number of individ-
uals following breeding or a previously reported swimming
season. If G. hacksi is a stable benthic animal, the swim-
ming swarms may not be an annual migration event, but
rather caused by a temporary change to environmental con-
ditions, for example, a decrease in dissolved oxygen content
that is not uncommon in muddy sediment environments. The
constant swimming ability and the dual mode (burrowing
and swimming) potential of G. hacksi also suggest a quick
response to changes in environmental conditions. On the
other hand, the identification of their spawning season in the
latter half of May is completely disparate from the previously
reported swimming season of G. hacksi, from August to the
beginning of September. Therefore, as Ikeda (1908) sug-
gested by their sexual immaturity, it is clear that swimming
behavior was unrelated to the breeding season. Our obser-
vations of their swimming pattern support and expand upon
previous studies (Ilkeda, 1908; Yoshimatu and Nishikawa,
1999). However, the purpose of their swimming behavior in
nature requires further investigation.

As described in the Introduction, |keda (1908) sug-
gested that G. hacksi is a benthic creeper. Contrary to his
expectation, our investigation supported that they are infau-
nal burrowers, as proposed by Spengel (1909). However,
the observations of their body extension, crawling traces,
and their sloping burrow openings suggest that they occa-
sionally crawl out from their burrows (Fig. 6). The observa-
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tion of anterior body extension behavior under simulated
nocturnal conditions, suggests this behavior in nature occurs
primarily at night. Feeding is likely to be the primary purpose
of this epifaunal mode owing to their blackish feces consist-
ing of microorganisms such as diatoms and dinoflagellates
(Ikeda, 1908), which suggests filter and/or deposit feeding.
Cameron (2002) investigated the feeding behavior of the
acorn worm Harrimania planktophilus and suggested that
the filter-feeding pharynx is evolved prior to the evolutionary
divergence of the hemichordate-echinoderm clade from the
chordates. He also mentioned G. hacksi as a potential filter-
feeder. Interestingly, many acorn worms are found crawling
on deep-sea floors (Osborn et al., 2012). It is now recog-
nized that crawling, or gliding, is one life mode of the acorn
worm. G. hacksi has, as it were, triple mode that was par-
tially shared with the deep-sea acorn worms.

ACKNOWLEDGMENTS

We are grateful to Dr. K. Torigoe for the first discovery of the
habitat. We thank Drs. T. Nishikawa, M. Yamaguchi, N. Miyamoto
for valuable suggestions on our work, Dr. R. Ishii for analysis of sed-
iments, Dr. D. Ueno for taking the photograph of burrows, Drs. K.
Yasui, K. Tagawa, N. Yamaguchi and students at Hiroshima Univ.
for their help in collecting animals.

REFERENCES

An J, Li X (2005) First record of the family Spengeliidae (Hemichordata:
Enteropneusta) from Chinese waters, with description of a new
species. J Nat Hist 39: 1995-2004

Cameron CB (2002) Particle retention and flow in the pharynx of the
enteropneust worm Harrimania planktophilus: the filter-feeding
pharynx may have evolved before the chordates. Biol Bull 202:
192-200

Cannon JT, Rychel AL, Eccleston H, Halanych KM, Swalla BJ
(2009) Molecular phylogeny of hemichordata, with updated sta-
tus of deep-sea enteropneusts. Mol Phylogenet Evol 52: 17-24

Colwin AL, Colwin LH (1962) Induction of spawning in Saccoglos-
sus kowalevskii (Enteropneusta) at Woods Hole. Biol Bull 123:
493

Hadfield MG (1975) Hemichordata. In “Reproduction of Marine
Invertebrates Vol 2" Ed by Giese AC, Pearse JS, Academic
Press, New York, pp 185-240

Humphreys T, Sasaki A, Uenishi G, Taparra K, Arimoto A, Tagawa
K (2010) Regeneration in the hemichordate Ptychodera flava.
Zool Sci 27: 91-95

lkeda | (1908) On the swimming habit of a Japanese enteropneust,
Glandiceps hacksii Marion. Annot Zool Jpn 6: 255-257

Larsen PF (1979) The shallow-water macrobenthos of a northern
New England estuary. Mar Biol 55: 69-78

Lowe CJ, Wu M, Salic A, Evans L, Lander E, Stange-Thomann N, et
al. (2003) Anteroposterior patterning in hemichordates and the
origins of the chordate nervous system. Cell 113: 853-865

Lowe CJ, Terasaki M, Wu M, Freeman RM, Runft L, Kwan K, et al.
(2006) Dorsoventral patterning in hemichordates: insights into
early chordate evolution. PLoS Biol 4: €291

Downloaded From: https://bioone.org/journals/Zoological-Science on 27 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

Marion A (1885) Sur deux espéces de Balanoglossus. C R Acad Sci
101: 12891291

Marion AF (1886) Etudes Zoologiques sur deux espéces
d’Entéropneustes (Balanoglossus hacksi et Balanoglossus tal-
aboti). Arch Zool Exp Gén Il 4: 305-326, pls xvi—xvii

Menon KR (1903) Enteropneusta from Madras. Q J Microsc Sci 47:
123-131, pl 10

Miyamoto N, Saito Y (2007) Morphology and development of a new
species of Balanoglossus (Hemichordata: Enteropneusta: Pty-
choderidae) from Shimoda, Japan. Zool Sci 24: 1278-1285

Miyamoto N, Saito Y (2010) Morphological characterization of the
asexual reproduction in the acorn worm Balanoglossus
simodensis. Dev Growth Differ 52: 615-627

Nishikawa T (1977) Preliminary report on the biology of the entero-
pneust, Ptychodera flava Eschscholtz, in the vicinity of Kushimoto,
Japan. Publ Seto Mar Biol Lab 23: 393-419

Nishikawa T (1986) Enteropneusta. In “Systematic Zoology Vol. 8”
Ed by T Uchida, M Yamada, Nakayama-Shoten, Tokyo, pp 4—
61 (in Japanese)

Ogasawara M, Wada H, Peters H, Satoh N (1999) Developmental
expression of Pax1/9 genes in urochordate and hemichordate
gills: insight into function and evolution of the pharyngeal epi-
thelium. Development 126: 2539-2550

Osborn KJ, Kuhnz LA, Priede IG, Urata M, Gebruk AV, Holland ND
(2012) Diversification of acorn worms (Hemichordata, Entero-
pneusta) revealed in the deep sea. Proc Biol Sci 279: 1646—
1654

Ross DM (1983) Symbiotic relations. In “The Biology of Crustacea
Vol 7, Behavior and Ecology” Ed by FJ Vernberg, WB Vern-
berg, Academic Press, New York, pp 163-212

Rychel AL, Swalla BJ (2008) Anterior regeneration in the hemichor-
date Ptychodera flava. Dev Dyn 237: 3222—-3232

Spengel JW (1893) Die Enteropneusten des Golfes von Neapel und
der angrenzenden Meeres-Abshnitte. Fauna und Flora des
Golfes von Neapel und der angrenzenden Meeres-Abshnitte,
Monographie 18, pp 1-758

Spengel JW (1907) Studien Uber die Enteropneusten der Siboga-
expedition, Monographie XXVI, pp 1-126

Spengel JW (1909) Pelagisches Vorkommen von Enteropneusten.
Zool Anz 34: 54-59

Tagawa K, Nishino A, Humphreys T, Satoh N (1998) The spawning
and early development of the Hawaiian acorn worm (hemichor-
date), Ptychodera flava. Zool Sci 15: 85-91

Tagawa K, Satoh N, Humphreys T (2001) Molecular studies of
hemichordate development: a key to understanding the evolu-
tion of bilateral animals and chordates. Evol Dev 3: 443-454

Tweedell KS (1961) Regeneration of the enteropneust, Saccoglos-
sus kowalevskii. Biol Bull 120: 118-127

Urata M, Yamaguchi M (2004) The development of the entero-
pneust hemichordate Balanoglossus misakiensis Kuwano. Zool
Sci 21: 533-540

Yoshimatu S, Nishikawa T (1999) Swimming swarms of a usually
benthic enteropneust. Glandiceps sp. in the Seto Inland Sea,
Japan, found in 1998. Zool Sci 16, Suppl: 39

(Received November 19, 2011 / Accepted December 14, 2011)



