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BIOLOGY AND COMPARATIVE ANATOMY OF DIVARISCINTILLA YOYO AND
D. TROGLODYTES, TWO NEW SPECIES OF GALEOMMATIDAE (BIVALVIA)

FROM STOMATOPOD BURROWS IN EASTERN FLORIDA

Paula M. Mikkelsen' & Riidiger Bieler?

ABSTRACT

Two new galeommatid bivalves, Divariscintilla yoyo and D. troglodytes, are described as
commensals in burrows of the stomatopod Lysiosquilla scabricauda from central eastern Flor-
ida. They are remarkable in their snail-like appearance and behavior, due to elaborately orna-
mented pallial layers enclosing the shell, and their ability to actively crawl on a highly mobile foot.
Both are simultaneous hermaphrodites, brooding their larvae in the suprabranchial chamber
prior to release of straight-hinged veligers. The two new species differ from one another in shell
morphology, the number of secretory “flower-like organs,” and the nature and ornamentation of
the mantle. They differ from the type and only other described species in this genus, D. maoria,
primarily in shell characters, namely in anterior (rather than posterior) prolongation, and in the
absence of a ventral cleft. The genus Divariscintilla, previously known only from New Zealand,
is redefined with the following diagnostic characters: incompletely internalized shell with anterior
or posterior prolongation, species-specific numbers of pallial tentacles and papillae, a two-part
foot used in active crawling and “hanging” utilizing both byssus- and byssus adhesive glands,
secretory “flower-like organs” on the anterior surface of the visceral mass, eulamellibranch
ctenidia with interlamellar and interfilamentary junctions, and simultaneous hermaphroditism
with larval brooding.
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INTRODUCTION

A wide variety of mollusks are known to
associate with other invertebrates in symbi-
otic relationships. Galeommatoidean [= ga-
leommatacean] bivalves are among the best
known symbionts (Boss, 1965, as Erycina-
cea), and are interesting in the anatomical
and behavioral modifications associated with
their specialized mode of life. These include
(1) internalization of the shell by the middle
pallial fold, (2) elaboration of this pallial layer
by tentacles and papillae, (3) snail-like loco-
motion on a highly extensible foot, and (4) the
occurrence of hermaphrodites or dwarf
males. Anatomical data are available for spe-
cies in less than 30 of the approximately 110
Recent, presumably valid genera (Vokes,
1980; Chavan, 1969).

Within the family Galeommatidae Gray,
1840, the monospecific genus Divariscintilla
Powell, 1932, was originally based on empty
shells of the New Zealand species D. maoria
Powell, 1932. Distinguishing shell characters

include a deep ventral notch, a strongly ob-
lique posterior prolongation, and dentition lim-
ited to a small conical tooth in each valve. The
anatomy and biology of D. maoria were sub-
sequently described by Judd (1971) from
specimens found living in the burrows of the
stomatopod crustacean Heterosquilla tricari-
nata (Claus).

A study of organisms associated with the
sand-burrowing stomatopod Lysiosquilla sca-
bricauda (Lamarck) in shallow waters in
eastern Florida has yielded a number of
undescribed or poorly known molluscan
species. Data on the two species of vitrinellid
gastropods in the burrows have appeared
elsewhere (Bieler & Mikkelsen, 1988). Five
previously undescribed species of galeom-
matid bivalves were also encountered, and
two, assignable to Divariscintilla, are here
described. The data presented here identify
anatomical characters of value at the generic
level and represent a step toward clarification
of the taxonomic disorder in this super-
family.
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MATERIAL AND METHODS

Stomatopod burrows in shallow-water sand
flats in the Indian River lagoon just inside the
Ft. Pierce Inlet, St. Lucie County, eastern
Florida (27°28.3'N, 80°17.9'W), were sam-
pled using a stainless steel bait pump (“yabby
pump’) and sieves of 1-2 mm mesh. Depths
during extreme low water ranged from less
than 0.5 m to supratidal, wherein the water
level lay several centimeters below the level
of the sand.

Living clams were maintained in finger
bowls of seawater at room temperature
(24°C). Behavioral studies were aided by
video recordings taken of the living animals in
aquaria using a standard commercial 1/2-
inch-format video camera equipped with a
macro lens.

Carmine and fluorescein sodium particles
aided observation of ciliary action and cur-
rents produced by the animals. Relaxation
prior to dissection or preservation was most
eftectively accomplished with menthol crys-
tals, floated on the seawater surface, or with
crystalline magnesium sulfate, added directly
in small, gradual amounts. Methylene-blue/
basic-fuchsin and neutral red were used to
delineate tissues and organs in gross dissec-
tions.

For histological serial sections, animals
were fixed in either a glutaraldehyde-formalin
solution (4% formalin, 2.5% glutaraldehyde in
0.1M phosphate buffer, pH 7.2) or in 5% buff-
ered formalin (Humason, 1962: 14). Shells
were decalcified using either dilute hydrochlo-
ric acid (complete decalcification within min-
utes, however, with bubble production pre-
senting technical histological difficulties) or a
1% solution of ethylene diamene tetraacetic
acid (EDTA, adjusted to pH 7.2; decalcifica-
tion complete over a period of 5-6 days).
Specimens were embedded in paraffin, sec-
tioned at 5—7 um and stained with alcian blue/
periodic-acid-Schiff (PAS), counterstained
with Harris’ hematoxylin/eosin (Humason,
1962 125, 269, 298), hereatfter referred to as
APH. Staining reactions described in the text
refer to this method unless otherwise noted.
Colors referred to in the text are supplied for
future use, e.g., to infer homologies of the var-
ious glands. Other similarly prepared speci-
mens were stained with hematoxylin/eosin.
The section in Fig. 23 was fixed in Kar-
novsky's fixative (Karnovsky, 1965), post-
fixed in 1% osmium tetroxide in a phosphate
buffer, dehydrated through an ethanol propy-

lene oxide series, embedded in Epon-812,
sectioned at 1 um and stained with Richard-
son's stain (Richardson, et al., 1960). Photo-
micrographs of sections were taken either
with a Zeiss Photomicroscope-3 or an Olym-
pus BH-2 stereomicroscope fitted with an
Olympus OM-2 camera.

For scanning electron microscopy (SEM),
partially dissected preserved specimens were
passed through an ethanol-to-acetone series
and critical-point dried. These and air-dried
shells were coated with gold/palladium and
scanned using a Zeiss Novascan-30.

All cited anatomical measurements were
taken from specimens of average size (ap-
proximately 10—-15 mm mantle length). Be-
cause of the extreme expansivity and con-
tractility of the mantle, it is difficult to
accurately measure “length” of a living animal
of this type. Approximate mantle length was
measured along an anteroposterior axis from
an animal in normal crawling or hanging pos-
ture; throughout the text, this is expressed as
“relaxed” and does not refer to any chemical
treatment of the animals. Measurements of
type specimens refer to preserved mantle
lengths. Shell length is expressed as the max-
imum dimension, i.e. an oblique anteropos-
terior length.

Cited institutions are (* indicates location of
type and other voucher material):

AMNH— American Museum of Natural His-
tory, New York

*“DMNH— Delaware Museum of Natural His-

tory, Wilmington

Harbor Branch Oceanographic In-

stitution, Ft. Pierce, Florida

*IRCZM—Indian River Coastal Zone Mu-

seum, HBOI

Museum of Comparative Zoology,

Harvard University, Cambridge,

Massachusetts

SMSLP-— Smithsonian Marine Station at Link
Port, Ft. Pierce, Florida

*USNM— National Museum of Natural His-
tory, Smithsonian Institution, Wash-
ington, D.C.

HBOI—

*MCZ—

TAXONOMIC DESCRIPTIONS
Family GALEOMMATIDAE GRAY, 1840
Gray (1840: 154) introduced the family

name Galeommidae for Galeomma Turton,
1825 (erroneously spelled “Galeomidae” by
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Gray, 1842: 78). It has been used in that form
by various authors (e.g. H. & A. Adams, 1857,
Tyron, 1872; Kisch, 1958). Dall (1899: 875)
emended the spelling without explanation to
Galeommatidae, and it is this form that is now
in common use (e.g. Thiele, 1934; Popham,
1939; Vokes, 1980; Chavan, 1969; B. Morton,
1973; Abbott, 1974; Boss, 1982). Dall’s action
was a justified emendation of an incorrect
original spelling [ICZN, 1985: Art. 29(b)(i),
32(c)(iii)] because the Greek noun 6upa pro-
vides the stem ommat- for the formation of the
family name. As a justified emendation, Ga-
leommatidae bears Gray, 1840, as authority
and date [ICZN, 1985: Arts. 11(f)(ii), 19(a)(i)];
the name of the superfamily is accordingly
Galeommatoidea [= Galeommatacea] Gray,
1840. The nominal superfamilies Leptonoidea
Gray, 1847; Erycinoidea Deshayes, 1850;
and Chlamydoconchoidea Dall, 1889, are
here considered junior synonyms.

DIVARISCINTILLA POWELL, 1932: 66.

Type species: Divariscintilla maoria Powell,
1932 (by original designation). Recent, New
Zealand.

DIVARISCINTILLA YOYO, SP. NOV. (FIGS.
1,3, 5, 6, 8-11, 26)

Material examined: Holotype: 5.3 mm [pre-
served mantle length], USNM 860036. Para-
types (8): 5.8, 4.7 mm, USNM 860037; 8.3,
7.5 mm, MCZ 297406; 6.0, 5.2 mm, IRCZM
064:01721; 5.7, 4.7 mm, DMNH 175516. To-
tal material: 83 specimens: FLORIDA: Ft.
Pierce Inlet: March 1987, 4; 2-3 May 1987,
19 (including MCZ paratypes); 24 June 1987,
4; 03 August 1987, 6; 14 August 1987, 7; 31
August 1987, 17 (including USNM, IRCZM,
and DMNH type specimens); 28 December
1987, 1; 11 March 1988, 2; 12 April 1988, 13.
—Sebastian Inlet: 30 December 1987, 10.

Type locality: Ft. Pierce Inlet, St. Lucie
County, Florida, 27°28.3'N, 80°17.9'W, in
Lysiosquilla scabricauda burrows on intertidal
sand flats with patches of the seagrass
Halodule wrightii Ascherson.

Diagnosis

Animal translucent white. Mantle thick, sur-
face granular, falling into large creases. Two
long “cephalic” pallial tentacles; one very
short mid-dorsal tentacle just anterior to ex-

current siphon. Shell wedge-shaped, elon-
gate-pointed anteriorly, with weak internal
ribs, length approximately 40% of extended
mantle length. “Flower-like organs” on ante-
rior surface of visceral mass ventral to labial
palps, numbering 3—7 (usually 5).

Description

External features and mantle: Living ex-
tended animal (Fig. 1) 10—15 mm in length,
globular in general shape, entirely translucent
white, except for dark upper portion of diges-
tive gland. Shell nearly completely enclosed
by thick mantle with granular external surface
(Fig. 6; formed by middle pallial fold) falling
into large creases, and with sparse, minute
papillae; mantle thinner, more translucent,
and with scattered, relatively larger papillae in
smaller (approximately 7 mm) specimens.
Anteropedal pallial opening wide, forming ex-
tensive anterior cowl (Fig. 1, c). Two long,
retractable, “cephalic” tentacles (Fig. 1, cpht)
anterodorsally just behind cowl. Very short (<
1 mm) median pallial tentacle (Fig. 1, mpt) on
dorsal midline anterior to excurrent siphon
(Fig. 1, exs). Each tentacle with central core
of longitudinal muscle and nerve fibers, visi-
ble as an inner thread under low magnifica-
tion. Mantle fused dorsally from edge of cowl
to excurrent siphon located posterodorsally
and often on conspicuous rounded protuber-
ance (dependent on degree of pallial expan-
sion); fusion interrupted only by small circular
(approximately 2 mm diameter) foramen (Fig.
1, uf) just over umbo of shell. Mantle fused
posteroventrally from excurrent siphon to
mid-ventral point (Fig. 1, mf) at posterior end
of anteropedal opening. Inner pallial fold
highly muscular; fibers continuous with mus-
cles of central “core” of tentacles.

Preserved animals characterized by gen-
eral globular appearance, with retracted
cephalic tentacles, mantle-covered shell (with
small foramen over umbo), contracted cowl
and excurrent siphon. Foot usually com-
pletely withdrawn into pallial cavity.

Shell (Figs. 8-11). Thin, transparent to
translucent white except for yellow prodisso-
conch and network of opaque white coloration
on early portion; equivalve, showing fine
growth lines; oval initially, changing to anteri-
orly elongate-pointed with angulate corners
anteriorly and posteriorly near attachment
points of adductor muscles; weak internal ra-
dial ribs corresponding in placement to weak
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FIGS. 1-5. External appearance and internal shell morphology. 1. Divariscintilla yoyo in crawling position,
from left side. 2. D. troglodytes, same as Fig. 1. 3. D. yoyo, internal surface of right valve, showing
approximate location of muscle insertions. 4. D. troglodytes, same as Fig. 3. 5. D. yoyo, in hanging position,
from right side. Scale bars: 1,2,5 = 2.0 mm; 3, 4 = 1.0 mm. (aam, anterior adductor muscle; apr, anterior
pedal retractor muscle; apt, anterior pallial tentacle; bag, byssus adhesive gland; by, byssus; byg, byssus-
gland; c, cowl; cpht, cephalic tentacles; ct, ctenidium; exs, excurrent siphon; fl, flower-like organ; ft, foot; mf,
point of ventral mantle fusion; mpt, median pallial tentacle; pam, posterior adductor muscle; pef, posterior
extension of foot; ppm, pedal protractor muscle; ppr, posterior pedal retractor muscle; ppt, posterior pallial

tentacles; sh, shell; uf, umbonal foramen; vgr, ventral groove).

external grooves. Muscle scars indistinct.
Hinge (Fig. 10) primarily internal, with weak
external ligament, stronger internal resilium
and two rudimentary, non-interlocking cardi-
nal teeth; lateral teeth absent. Shell nearly
completely enclosed in chamber formed by
pallial layers, communicating with exterior via
small umbonal foramen (Fig. 1, uf). Perio-
stracal groove lying between inner and outer
pallial folds. Size small in relation to body,
extending only over dorsal portion of visceral
mass; length approximately 40% of relaxed
mantle length. Permanently gaping at 110-
120° angle while relaxed, incapable of closure
more than 50°. Periostracum colorless, most
evident as periostracal webbing extending
between valves, anterior and posterior to
hinge, and at periphery of shell. Shell micro-
structure (Fig. 11) cross-lamellar, with thin ho-
mogeneous layer on either side.

Prodissoconch (Fig. 16) approximately 350
wm in length, having distinct prodissoconch |

_and prodissoconch |l stages; prodissoconch |

approximately 140 pm in length, with “granu-
lated” surface sculpture and marginal radial
ridges; prodissoconch |l stage relatively large,
sculptured with distinct concentric ridges.
Abrupt demarcation between prodissoconch
and dissoconch.

Organs of the pallial cavity: Foot (Figs. 1,
5, 18-19, ft, pef) highly extensible, with
hatchet-shaped anterior crawling portion and
elongated tubular posterior extension. Ante-
rior portion internally with dorsal haemocoel,
sparse longitudinal musculature, and with ex-
tensive lateral and ventral external ciliation
and accompanying mucous glands (staining
turquoise to dark blue in APH). Ventral groove
(Figs. 1, 18, 21, vgr) extending from approx-
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FIGS. 6-7. Exterior pallial surfaces (SEM). 6. Divariscintilla yoyo. 7. D. troglodytes; arrows indicate enlarged

pallial papillae. Scale bars = 50 pm.

imate midpoint of anterior tip to terminus of
posterior extension, heavily ciliated interiorly
along entire length. Byssus-gland (Figs. 1, 21,
byg) restricted to very small area on either
side of ventral groove, a short distance be-
hind anterior end of groove in vicinity of pedal
ganglia (see below); closely associated with
numerous blood spaces; faintly whitish in liv-
ing animal, staining dark blue in methylene
blue, purple in APH. Posterior extension ter-
minally pointed (Fig. 19), consisting internally
largely of longitudinal muscle fibers and con-
nective tissue; proximal half with free edges
of ventral groove heavily ciliated externally;
external ciliation and accompanying mucous
glands disappearing abruptly to leave distal
half of posterior extension with ciliation re-
stricted to interior of groove. Byssus adhesive
gland [Figs. 1, 22, bag; see Ecology and Be-
havior (below) for explanation of term] just
short of terminus of posterior extension, with
internal lamellae surrounding a common lu-
men; opaque white in living animal, staining
dark blue in methylene blue, light purple in
APH.

Anterior and posterior adductor muscles
subequal, long, of moderate diameter. Attach-
ment ends oval, subequal. Anterior pedal re-
tractor slightly smaller in diameter than, and
attaching to shell anterior to, anterior adduc-
tor; posterior pedal retractor smaller than, and
attaching to shell posterodorsal to, posterior
adductor. Very small pedal protractor attach-
ing to shell dorsal to anterior adductor.
Integument of visceral mass with numerous

longitudinal muscle fibers, most highly con-
centrated posteriorly; these continuous with
anterior and posterior pairs of pedal retractor
muscles, only slightly smaller in diameter than
adductor muscles. Small anterior pedal pro-
tractor originating ventral to anterior adductor
muscle within anterior tissues of digestive
gland, passing posterodorsally to insert on
shell, dorsal to anterior adductor. Muscles
leaving no visible attachment scars on shell;
approximate insertion locations shown in
Fig. 3.

Labial palps (Fig. 28, Ip) large, oval, each
with 10-14 lamellae each side; each pair
fused at midline near mouth. Outer palps at-
tached laterally by elongated strip of tissue to
inner surface of mantle lining shell; inner
palps similarly attached to surface of visceral
mass. Cilial currents moving particles oral-
ward on inner palp surfaces, laterally toward
ctenidia on outer palp surfaces. Ctenidia (Fig.
25) eulamellibranch, homorhabdic, hanging in
loosely pleated folds, with numerous fila-
ments; inner and outer demibranchs on each
side with both ascending and descending
lamellae. Both demibranchs with well-devel-
oped, numerous interfilamentary junctions
(Fig. 24, ifj; Fig. 25, arrow), and evenly dis-
tributed, albeit few, interlamellar junctions
(Fig. 24, ilj). Inner demibranch approximately
50% larger, extending farther ventrally and
anteriorly than outer, with food groove (Fig.
25, fg) at free edge; anterior end (with termi-
nus of food groove) extending between labial
palps. Ventral tips of anterior filaments of in-
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FIGS. 8-15. Shells and shell structure (SEM). 8. Divariscintilla yoyo, left valve, external view, 3.9 mm
[maximum dimension]. 9. D. yoyo, right valve, internal view, 3.0 mm. 10. D. yoyo, hinge, anterior to left. 11.
D. yoyo, microstructure, with internal surface at top. 12. D. troglodytes, same as Fig. 8, 5.9 mm. 13. D.
troglodytes, same as Fig. 9, 5.3 mm. 14. D. troglodytes, same as Fig. 10. 15. D. troglodytes, same as Fig.
11. Scale bars: 10 = 100 um; 11, 15 = 5 pm; 14 = 200 pm.
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FIGS. 16—-17. Prodissoconch and larval shell morphologies (SEM). 16. Prodissoconch (Divariscintilla yoyo);
arrow indicates boundary between prodissoconch 1 and Il. 17. Shell of newly hatched larva (D. troglodytes);
arrow indicates zone of initial shell formation. Scale bars: 16 = 50 um; 17 = 10 pum.

FIGS. 18-19. Foot (SEM). 18. Ventral view of entire foot, showing ventral groove (Divariscintilla troglodytes).
19. Terminus of posterior foot extension, showing byssus-threads (D. yoyo). Scale bars: 18 = 200 um; 19
= 50 um. (by, byssus; pef, posterior extension; vgr, ventral groove).

ner demibranch “not inserted into a distal oral
groove” (Stasek, 1963, Category lll); antero-
ventral margin of inner demibranch fused to
inner palp lamella. Outer demibranch shorter,
without food groove; margins inserting be-
tween inner and outer labial palps, along up-
per portion of visceral mass, and on inner sur-
face of mantle to posterior end of pallial
cavity. Cilial currents as in Fig. 30, moving
food particles in food groove and in groove
between demibranchs oralward. Tract on in-
ner surface of cowl anterior to palps as exit
point for removal of waste particles. No cilial

currents evident on inner pallial surface or
surface of visceral mass.

Visceral mass of brownish digestive gland
anterodorsally, whitish granular-appearing
gonad posteriorly, distally, and, in ripe speci-
mens, overlapping digestive tissue laterally
and dorsally; red pedal ganglia visible at distal
end of gonad in base of foot.

Cluster of 3—7 (most often 5; X = 4.7, n =
31) nonretractable “flower-like organs” (Figs.
23, 26) originating on anterior surface of vis-
ceral mass just ventral to labial palps. Usually
arranged as single organ closest to palps,
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FIGS. 20-24. Internal structure, histological sections. 20. Cross-section at level of esophagus and anterior
edge of ctenidia (Divariscintilla yoyo). 21. Cross-section through foot at region of byssus-gland (D. yoyo). 22.
Longitudinal section through byssus adhesive gland at terminus of posterior foot extension (D. yoyo). 23.
Longitudinal thin section through two “flower-like organs” (D. yoyo). 24. Cross-section of ctenidium showing
interlamellar and interfilamentary junctions (D. troglodytes). Scale bars: 20 = 300 um; 21, 24 = 100 pm;
22,23 = 50 pm. (bag, byssus adhesive gland; byg, byssus-gland; ct, ctenidium; dg, digestive gland; es,
esophagus; gon, gonad; idb, inner demibranch; ifj, interfilamentary junctions; ilj, interlamellar junctions; lam,
lamellae of byssus adhesive gland; Ip, labial palp; man, mantle; mg, midgut; mug, mucous glands; mus,
muscle fibers; odb, outer demibranch; pef, posterior extension of foot; pg, pedal ganglia; pn, pedal nerve; sh,
shell; ss, style sac; vgr, ventral groove).
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FIG. 25. Ctenidia of Divariscintilla yoyo (SEM). Ar-
rows indicate interfilamentary junctions. Scale bar
= 100 pm. (fg, food groove of inner demibranch;
idb, inner demibranch; odb, outer demibranch).

with successive organs commonly originating
in pairs, ventral to first; more ventral pairs of-
ten slightly smaller. Tendency for more nu-
merous “flower-like organs” in larger speci-
mens (= 5 in specimens of shell length < 4.0
mm; = 5 in specimens of shell length > 4.0
mm), but highly variable (smallest specimen
= 2.1 mm shell length with 5 organs; largest
specimen = 5.8 mm shell length with 5 or-
gans; specimens of 2.6 and 4.7 mm shell
length with 7 organs each). Each organ 0.3—
0.7 mm in diameter, 0.5 mm in height (in-
cluding “head” plus stalk); head composed of
numerous (80-90), onion-shaped subunits,
each opening to exterior via large pore (Fig.
23); homogeneous stalk of blood-filled spongy
connective tissue, without lumen and without
obvious nervous connection.

Digestive system: Mucous glands embed-
ded in bases of labial palps surrounding
mouth and anterior esophagus. Short esoph-

agus leading from mouth into stomach at dor-
sal center of visceral mass. Stomach (Fig. 28,
st) round or oval, slightly elongated antero-
posteriorly. Major openings into stomach in-
clude those from: (1) esophagus (eso), open-
ing anteriorly, (2) right and left digestive ducts
(dd), opening posteroventral to esophageal
opening, (3) left pouch (Ipch), adjacent to left
digestive duct, and associated with shallow
dorsal pocket [dorsal hood (dh)], (4) style sac
(ss), opening posteroventrally, and (5) midgut
(mg), opening just anterior to, but morpholog-
ically separate from, style sac. Major typhlo-
sole (ty) on mid-ventral surface of stomach as
wide loop extending from midgut and style
sac to right digestive duct. Faintly ridged ar-
eas (?sorting areas) present, adjacent to
esophageal opening and between edge of
gastric shield and major typhlosole. Many
small ducts to digestive gland opening into
right and left digestive ducts and left pouch.
Gastric shield (Fig. 28, gs and A) with thick-
ened knob-shaped dorsal projection (upon
which crystalline style rotates) attached to tis-
sue flap between left digestive caecum and
left pouch; remainder of gastric shield thin,
wrapped around dorsal end of crystalline style
with dorsal extension forming narrow channel
into dorsal hood.

Style sac extending nearly entire length of
visceral mass, with ventral tip visible exter-
nally within gonadal tissue on left side of foot;
internally with typhlosole on anterior wall con-
tinuing into stomach and communicating with
major typhlosole; crystalline style (Fig. 28, cs)
extending entire length of style sac, sharply
tapered at distal end. Midgut (mg) with 2-3
loops within anterior part of visceral mass, of-
ten visible just below surface of integument
on either side; typhlosole initially large, de-
creasing in size rapidly; extending to distal
end of visceral mass on right side, near tip of
style sac, where it loops back to pass directly
dorsal [as hindgut (hg)] near surface along
posterior right side of gonad, leaving visceral
mass near region of heart. Rectum (re) pass-
ing posteriorly through heart and kidney; rec-
tal glands absent. Anus (Figs. 28, 29, an) po-
sitioned just inside excurrent siphon. Fecal
strands of irregular length and varying width.

Suprabranchial chamber (Fig. 29). Re-
ceives openings of gonad, kidneys and diges-
tive system. Two oval, whitish, glandular
patches [?hypobranchial glands (hgl)] on roof
of suprabranchial chamber, flanking rectum.
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FIGS. 26-27. Flower-like organs (SEM). 26. of Divariscintilla yoyo, showing typical number of five, of
subequal size. 27. of D. troglodytes, in lateral view. Scale bars: 26 = 100 um; 27 = 50 pm.

Nervous system (Fig. 31). Nervous system
of typical bivalve organization with three pairs
of ganglia, red in living animal, connected by
long commissures. Ganglia relatively large,
subequal (length approximately 0.4 mm),
cerebropleural ganglia more elongate than
others. Cerebropleural ganglia (cplg) lying
just anteroventral to anterior adductor mus-
cle, dorsal to esophagus; cerebral commis-
sure (cc) short; each ganglion giving rise to
three additional major branches: (1) dorsally,
common trunk giving rise to cephalic tentac-
ular nerve (ctn) leading to cephalic tentacle,
and pallial nerve (paln) leading to ventral shell
edge as a continuous cord (to visceral gan-
glion) with numerous smaller nerves extend-
ing into mantle tissue; (2) ventrally, cere-
bropleural-pedal commissure (cpc) passing
between visceral mass and integument along
anterior face of foot, penetrating gonadal tis-
sue distally to join with pedal ganglion; and (3)
laterally, cerebrovisceral commissure (cvc)
passing through upper portion of visceral
mass to visceral ganglion. Pedal ganglia
(Figs. 21, 31, pg) closely fused at midline;
showing through integument of foot in living
animal as red organ at extreme distal end of
gonad; each dorsally receiving cerebropedal
commissure from cerebropleural ganglion;

each ventrally giving rise to two anterior and
one posterior pedal nerves. Statocyst (Fig.
31, stc) on posterodorsal face of each pedal
ganglion; each with one spherical statolith
(stl) 50 pm in diameter. Visceral ganglia (vg)
joined together at midline (but not as closely
fused as pedal ganglia), lying ventral to heart,
posteroventral to posterior adductor muscle;
each receiving cerebrovisceral commissure
(anterolaterally) and pallial nerve (dorsolater-
ally) from cerebropleural ganglion; each giv-

_ing rise ventrolaterally to branchial nerve (with

somewhat swollen base), which extends
along common axis of inner and outer demi-
branchs of ctenidium.

Reproductive system: Simultaneous her-
maphrodite. Ovotestis white, encompassing
most of volume of visceral mass, extending
from small portion in umbonal area, down
posterior surface of digestive gland, and ex-
panding to surround pedal ganglia and ventral
extensions of style sac and intestinal loops.
“Spent” appearance sparse, with pedal gan-
glia fully exposed at terminus, and with silvery
ducts clearly visible, packed with mature
spermatozoa. Common genital ducts with
large ciliated openings, emptying into supra-
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FIGS. 28-31. Anatomical structures in Divariscintilla species. 28. Visceral mass, from right side, showing
stomach, opened laterally. Midgut (mg) with four cross-sections, showing reduction of typhlosole. (A) =
gastric shield, excised. 29. Roof of suprabranchial chamber, with anterior end up and inner lamellae of right
and left inner demibranchs removed. 30. Diagrammatic representation of ctenidial demibranchs in cross-
section, showing cilial currents. 31. Nervous system (semi-diagrammatic). Tentacles with nerves drawn as
broken lines present only in D. troglodytes; remainder identical for both species. Sizes of ganglia and lengths
of nerves not drawn to scale. Scale bars = 1.0 mm. (an, anus; apn, anterior pedal nerves; aptn, anterior
pallial tentacular nerve; bn, branchial nerve; cc, cerebropleural commissure; cpc, cerebropleural-pedal
commissure; cs, crystalline style; cplg, cerebropleural ganglion; ct, ctenidium; ctn, cephalic tentacular nerve;
cve, cerebropleural-visceral commissure; dd, right and left digestive ducts; dg, digestive gland; dh, dorsal
hood; eso, esophageal opening; exs, excurrent siphon; fl, flower-like organs; ft, foot; go, gonadal opening;
gon, gonad; gs, gastric shield; hg, hindgut; hgl, ?hypobranchial gland; idb, inner ctenidial demibranch; ki,
kidney; kio, kidney opening: Ip, labial palps; Ipch, left pouch; mg, midgut; mptn, median pallial tentacular
nerve; odb, outer ctenidial demibranch; paln, pallial nerve; pam, posterior adductor muscle; pg, pedal
ganglion; ppn, posterior pedal nerve; ppr, posterior pedal retractor muscle; pptn, pallial tentacular nerve; re,
rectum; sh, shell; ss, style sac; st, stomach; stc, statocyst; stl, statolith; ty, major typhlosole; vg, visceral
ganglion; vm, visceral mass).
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branchial chamber just anterior to visceral
ganglia (Fig. 29, go).

Ova small, approximately 20 pm in diame-
ter (maturity not determined, measured in
paraffin sections, in posterodorsal region of
gonad). Spermatozoa approximately 7 um in
head length (acrosome + nucleus + middle
piece); nucleus cylindrical, asymetrical; ac-
rosome subterminal, dish-shaped with central
“papilla,” tilted approximately 45° from long
axis of nucleus; middle piece short; tail long.
Gametes and gametogenesis to be described
in detail in a paper currently in preparation.

Brooding large number of small larvae for
an undetermined period (longest time ob-
served 14 days). Larvae held primarily within
outer demibranch, and in suprabranchial
chamber where they are circulated via pallial
expansions and contractions. During brood-
ing, excurrent siphonal opening constricted
by sphincter-like muscles around plug formed
by free end of rectum (often expanded into
bulb by haemocoelic pressure), allowing di-
gestive processes to continue during brood-
ing and preventing loss of larvae through ex-
current siphon. Larvae initially white, turning
pink with shell development; released as
straight-hinged veligers with apical flagella,
122-138 umin shell length (x = 131.8 pm, n
= 20; Fig. 17). Larval shell with distinct zone
of initial shell formation (Fig. 17, arrow). Lar-
vae expelled through excurrent siphon via
strong contractions of shell and pallial mus-
cles. Adults brooding larvae collected in May
and June 1987, and April 1988.

Circulatory system: Heart just posterior to
umbones, within pericardium lined by brown-
ish pericardial gland. Doughnut-shaped ven-
tricle traversed by intestine; auricles lateral to
ventricle, inconspicuous. Blood vessels not
evident; major haemocoelic spaces present
within foot, tentacles and main axes of demi-
branchs.

Excretory system: Kidney yellow, ventral to
heart, dorsal to visceral ganglia, surrounding
pedal retractor muscles on roof of suprabran-
chial chamber. Paired ciliated renopericardial
apertures opening anteriorly into ventral wall
of pericardium. Paired renal openings into
the suprabranchial chamber large, funnel-
shaped, adjacent to visceral ganglia.

Distribution: Known only from the type lo-
cality, Ft. Pierce Inlet, St. Lucie County, and

one other location approximately 45 km north,
Sebastian Inlet, Brevard County, Florida.

Etymology: A noun in apposition from the
English vernacular “yo-yo,” a child’s toy orig-
inating in China about 1000 B.C., referring
here to the periodic up-and-down motion of
the bivalve as it hangs from its byssus-thread
The word “yo-yo” is in Tagalog, an Indone-
sian language, for a similarly constructed, six-
teenth-century hunter's weapon made of
large wooden disks and twine.

DIVARISCINTILLA TROGLODYTES, SP.
NOV. (FIGS. 2, 4, 7, 12-15, 27).

Material examined: Holotype: 7.7 mm [pre-
served mantle length], USNM 860038. Para-
types (9): 6.7, 4.5 mm, USNM 860039; 6.8,
6.6 mm, MCZ 297407; 7.0, 5.0 mm, IRCZM
064:01722; 4.9, 4.8, 4.5 mm, DMNH 175517.
Total material: 87 specimens: FLORIDA: Ft.
Pierce Inlet: 10 March 1987, 1; 2-3 May
1987, 12 (including MCZ paratypes); 24 June
1987, 12; 03 August 1987, 4; 14 August 1987,
7; 31 August 1987, 13 (including USNM and
IRCZM type specimens); 28 December 1987,
6; 11 March 1988, 6; 12 April 1988, 13. —
Sebastian Inlet: 30 December 1987, 13 (in-
cluding DMNH paratypes).

Type locality. Ft. Pierce Inlet, St. Lucie
County, Florida, 27°28.3'N, 80°17.9'W, in
Lysiosquilla scabricauda burrows on intertidal
sand flats with patches of the seagrass
Halodule wrightii Ascherson.

Diagnosis

Animal translucent yellowish-white. Mantle
thin, surface granular with numerous evenly
distributed short papillae. Two long “cephalic”
tentacles; two short anterior pallial tentacles;
three long posterior pallial tentacles surround-
ing posterodorsal excurrent siphon. Shell
oval, elongate-rounded anteriorly, with weak
internal ribs, length approximately 50% of ex-
tended mantle length. A single “flower-like
organ” on anterior surface of visceral mass
ventral to labial palps.

Description

External features and mantle: Living ex-
tended animal (Fig. 2) 10—15 mm in length,
globular to oval in general shape, translucent
white to yellowish, except for dark upper por-
tion of digestive gland showing through tis-
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sues. Shell nearly completely enclosed by rel-
atively thin mantle, clearly revealing outlines
of shell and ctenidia. Extended mantle some-
what posteriorly elongated, with granular sur-
face and numerous, evenly distributed, short
papillae (Fig. 7, arrows). Anteropedal pallial
opening and cowl as in Divariscintilla yoyo.
Two long, retractable, “cephalic” tentacles
anterodorsally just behind cowl; two shorter,
retractable anterior pallial tentacles originat-
ing laterally to cephalic pair. Posterodorsal
excurrent siphon on prominent rounded pro-
tuberance; pallial fusion as in Divariscintilla
yoyo. Three long posterior pallial tentacles
surrounding excurrent siphon: one anterior
and mid-dorsal, two lateral. Umbonal foramen
(Fig. 2, uf) a transverse slit-like opening, ca-
pable of distention during periods of stress to
expose nearly entire shell.

Preserved animals with shell nearly com-
pletely exposed by retraction of umbonal fo-
ramen, retracted pallia! tentacles, contracted
cowl and excurrent siphon. Foot often anteri-
orly protruding from pallial cavity.

Shell (Figs. 12—15). Nearly completely en-
closed in chamber formed by pallial layers,
communicating with exterior via slit-like um-
bonal foramen (Fig. 2, uf). Shell length ap-
proximately 50% of relaxed mantle length, ex-
tending over dorsal half of visceral mass, and
anterior portion of ctenidia. Permanently gap-
ing at 80—120° angle while relaxed, incapable
of closure more than 50°. Shell (Figs. 12—13)
thin, transparent to translucent white except
for yellow prodissoconch and network of
opaque white coloration on early portion;
equivalve, oval, roundly elongated anteriorly,
showing fine growth lines; weak internal ra-
dial ribs strongest at periphery, corresponding
in placement to weak external grooves.
Slightly scalloped edge formed by ends of ra-
dial ribs, also evident on former heavier
growth lines. Periostracum, hinge (Fig. 14),
internal muscle scars (Fig. 4), prodissoconch,
and microstructure (Fig. 15) as in Divariscin-
tilla yoyo.

Organs of the pallial cavity: Foot, visceral
mass, and ctenidia as in Divariscintilla yoyo.
Labial palps of same general structure as
those of D. yoyo, but each with more numer-
ous (14-20) lamellae each side. Adductor,
pedal, and internal pallial musculature similar
to that in D. yoyo. Core muscle bundles of all
tentacles continuous with pallial muscle layer;
single posterior tentacle receiving muscles

from both sides of midline. “Flower-like
organ” (Fig. 27) always single, similar in gen-
eral size and form to those of D. yoyo, head
with fewer (approximately 25) subunits.

Nervous system: As described for Divari-
scintilla yoyo. Anterolateral and paired poste-
rior tentacles, as well as single posterior ten-
tacle receiving innervation from branches of
the pallial nerve (Fig. 31, aptn, mptn, pptn).

Reproductive system: Simultaneous her-
maphrodite. Ovotestis, ova and spermatozoa
as in Divariscintifla yoyo. Gametes and game-
togenesis to be described in detail in a paper
currently in preparation.

Divariscintilla troglodytes broods its larvae
in the suprabranchial chamber and outer
demibranch as in D. yoyo for an undeter-
mined period (longest time observed 29
days). Adults brooding larvae were collected
in June and December 1987. White larvae
with initial stages of shell measured at 68 pm
diameter. Newly released straight-hinged
veligers 120—130 pum in length (x = 126.1
pm, n = 20).

Digestive, circulatory and excretory sys-
tems: As described for Divariscintilla yoyo.

Distribution: Same as that of Divariscintilla
yoyo.

Etymology: A noun in apposition from the
Greek mpwyArodvrn{ = troglodytes, a hole- or
cave-dweller.

ECOLOGY AND BEHAVIOR

Neither Divariscintilla yoyo nor D. troglo-
dytes was ever found actually attached to a
stomatopod, either in the field or in museum
specimens (IRCZM). They are assumed to be
free-living within the burrow near the open-
ing(s), although specimens were never visible
at the opening prior to pumping. However, in
spite of other burrowing invertebrates in the
area (callianassid shrimps, polychaetes, sip-
unculans), neither Divariscintilla species has
ever been collected in any habitat other than
a Lysiosquilla burrow. The two species were
often collected together [and often also with
two species of vitrinellid gastropods (Bieler &
Mikkelsen, 1988) and two of another galeom-
matid genus] from a single Lysiosquilla bur-
row (of 21 burrows with Divariscintilla, 12 con-
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Fig. 32. Diagrammatic representation of (A) crawling, (B,C) byssus-thread production, (D) hanging, (E,F)
“yoyo" response to stimuli, and (G) crawling to break byssus attachment.

tained both, 9 contained only one species).
Densities were low, frequently of only one or
two specimens per species per burrow sam-
ple; the highest number of specimens in one
burrow was 13 in the case of either species,
and not all burrow samples included galeom-
matoideans. However, it must be noted that in
no case was an entire stomatopod burrow ex-
cavated and assessed for mollusks; the
yabby pump only effectively samples its own
length (0.5—1.0 m) of the burrow adjacent to
an opening. Estimates of occurrence and/or
density of any clams living in the deeper hor-
izontal section of the burrow was not possible
using this method.

Small (0.5 mm length) parasitic worms
(Trematoda: ?Digenea) were found encased
in small tissue pockets on the pallial layer lin-
ing the inner shell surface of a specimen of
Divariscintilla troglodytes. Density per clam
and frequency of occurrence were not as-
sessed.

Living animals spend much of their time in
the laboratory “hanging” from byssus-threads
from the water surface, or, more frequently,
on the sides of the aquarium or finger bow!.
The hanging sequence is depicted in Fig. 32.

The byssus-threads (usually two) are pro-
duced by the byssus-gland located in the
crawling portion of the foot (Fig. 19). Strong
pulsing of the byssus-gland area during
thread production (Fig. 32, b) is probably
caused by engorgement of the many blood
spaces in the vicinity; this area remains
somewhat swollen for a short time after com-
pletion. The threads are attached immediately
to the substrate, usually with a V-shaped at-
tachment. As they are completed, the threads
appear to be “picked up” (Fig. 32, c) by the
byssus adhesive gland at the terminus of the
posterior elongation so that they are secured
within the ventral groove between the two
glands; details of this process are unclear.
The “hanging” animal thereafter appears to
be suspended from the posterior tip of the foot
(Figs. 5; 32, d). While relaxed in this posture,
the tentacles and posterior siphon are ex-
tended, the ventral edges of the cowl are
pursed together forming a functional incurrent
siphon, and the crawling portion of the foot is
partially withdrawn into the pallial cavity. Pe-
riodically, and especially in response to exter-
nal stimuli, the adductor muscles, and mus-
cles of the mantle, tentacles and foot contract
























