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Revision of
Tornatellinidae and Achatinellidae
| (Gastropoda, Pulmonata) | |

By C. MONTAGUE COOKE, JR. and YOSHIO KONDO ;

Berwice P. BisHor MUSEUM

INTRODUCTION

This revision and consolidation of the orthurethrous families Achatinellidae
and Tornatellinidae had its beginning in a simple plan whereby the members
of the group Tornatellinidaec were to be treated conchologically and ana-
tomically, region by region, beginning with Rapa. The regional results were
to be added to the tornatellinid framework represented by volume 23 of the
Manual of Conchology. However, because of the complications engendered by
the varied types of genitalia, it was at first difficult, later impossible, to stay
within the confines of Rapa. We found that, in order to derive a clear under-
standing of the relationship of the tornatellinid genera, it was essential that the
genitalia of all be studied, including those in Achatinellidae. This was wholly
in accord with Pilsbry’s view (Pilsbry and Cooke, 1914, p. ix),! when he wrote
that “An entirely satisfactory classification of the genera [of Tornatellinidae]
is naturally not to be expected until we are acquainted with their soft anatomy.”
When Pilsbry made this statement he and Cooke had just completed a ‘monu-
mental monograph on the group which was to be the foundation for this present
work.

The study of the Rapan genera, estimated to require six to nine months,
took several years. It was started on December 7, 1941, and at the time of Dr.
Cooke’s death in October 1948 the most important portions had been recorded.
There remained only the relatively simple task of integration. His portion of
the introduction, the distribution, was only partially complete when he fell ill ;
but it is given below as he left it, except for routine editing.

The conchological work for this report was done by Dr. Cooke, senior
author ; the anatomical work by Yoshio Kondo, the junior author.

This work is far from the last word on this group of mollusks and should
be considered but a framework for future investigations. '

ACKNOWLEDGMENTS

We are greatly indebted to‘D,r‘. Henry A. Pilsbry and to Dr. Horace B.
Baker for reviewing the anatomica) findings and for their valuable criticisms
during the early part of this research. Upon its completion, the manuscript

1 Dates in parentheses refer to the Bibliography, page 293.
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received their critical attention ; and their advice on numerous points has aided
the work materially. We are also obligated to Dr. Nils Hj. Odhner for a rare
specimen of the animal of Fernandezia bulimoides. And for giving freely of
their time toward proofreading the original manuscript we owe a debt of
gratitude to Miss Margaret Titcomb, Miss Naida P. Das, and Mrs. Kiyoko
S. Kondo. ‘

MATERIAL AND METHOD

‘I'his paper is concerned principally with (a) the reproductive and (b) the
central nervous systems and (c¢) the radula of the family Achatinellidae. The
genitalia are studied in detail. The central nervous system of only a repre-
sentative number has been studied. The teeth are not treated exhaustively.
Only samples have been taken.

At least three animals of each species have been dissected to gain a concept
of the genitalia, with the average studied for each species about five to six.
Where animals are scarce, only one or two have been dissected. If a record of
the number of animals dissected has been kept, it has been given here. For the
study of the central nervous system and teeth, at least two specimens of each
species have been dissected, often more if animals were plentiful.

Much of the material on which this work is based is the result of more than
40 years of collecting by Dr. Cooke, including a vast store of specimens from
the Austral, Mangareva (Gambier), and Society Islands, collected in 1934
when he led the Mangarevan Expedition to these heretofore unexplored areas.
Unless otherwise noted, all dates in locality citations are 1934,

Critical Juan Fernandez tornatellinids were contributed by Nils Hj.
Odhner of the Riksmuseum, Stockholm.

Animals studied had been collected and preserved by Cooke’s own method :
drowned for approximately 12 hours, preserved in 50-percent alcohol, extracted
in the laboratory, and stored in 75-percent alcohol after a short period of
dehydration in 95-percent alcohol.

The dissections of the animals were done by Yoshio Kondo, whose methods
follow those of H. B. Baker. Only fully expanded animals were used for geni-
talia and central nervous system studies.

First, the foot was pinned down at several points. Next, the lung was sepa-
rated from the body by cutting along the collar line, then pinned down. The
dorsal integument of the forebody was slit longitudinally from head to nuchal
membrane, which was also cut, as far as the albumin gland. When the body
covering was pinned down at appropriate points, the common penial retractor
(RM) disconnected from the diaphragm and pinned down to one side, the
most important organs of the snail (excepting the ovotestis) were exposed as
shown in figure 1. After the animal was mounted for study, the first step was
to determine whether the penis was innervated by the cerebral or pedal
ganglion (Partulina dubia, fig. 1, by cerebral: PN); the next, to determine
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whether the ommatophoral retractor was free or passed through the peni-
oviducal angle (in P. dubia it passes through this: Rt Omm). Next, the
various nerves and other tissues were cleared away from the genitalia, the geni-
talia separated from the body and remounted separately for closer examination.

The macroscopic ontogeny of a few species of Achatinellidae were studied,
most of them in the subadult or paraneanic juvenile substages. Tn one species,
Lamellovum auriculella, a fairly good series of the youngest to the oldest juve-
nile substages was dissected and illustrated.

The study of the central nervous system required the dissection of addi-
tional animals. The principal nerves were traced from point of origin to termi-
nation. A drop of methyl violet among the organs helped delineate the nerves.

In this work, teeth were processed, stained in methyl violet, and mounted
in Canada balsam by a complicated method now regarded unnecessary.

Ph— ———RiBucc Gang
s IoD,— W\ /,/ sl Tent
Gb a \\ \ Vi -SupfrN
Lt Inf Tent— s ;7 PN

e —Rt Omm
Awp

Suplnf FEN— -
Lab-TentN- -

Omm «Op N——-- ;i
Cer Gang -~ s
Sal G
Collar ~._
Lung—._ s
-IntN

Stomach B &mm.

F1eure 1.—Gross anatomy of most internal organs of Partuling dubia discussed under
material and method. Left: Ph = pharynx, Oe = oesophagus, It Sal D = left salivary
duct, Lab R = labial retractor, Lt Inf Tent = left inferior tentacle, Lt Omm = leit
ommatophore, It Omm R = left ommatophoral retractor, Sup + Inf Fr N = superior +
inferior frontal nerve, Omm 4 Op N = ommatophoral + optic nerve, Cer Gang = cere-
bral ganglion, Sal G = salivary gland, Pulmo O = pulmonary orifice, Pr = prostate.
Right: Rt Buce Gang = right buccal ganglion, Inf Tent = inferior tentacle, Sup Fr N =
superior frontal nerve, PN = penial nerve, Rt Omm = right ommatophore, App =
appendix, RM = common retractor, P = penis, Ft = foot, S8 = spermathecal stalk,
VD = vas deferens, Rt Pall N = right pallial nerve, Ovd = oviduct, An N = anal nerve,
Int N = intestinal nerve, HD = hermaphradite duct.
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The digestive system is simple, It consists of a prominent pharynx (Ph)
or buccal mass which contains the radula. The oesophagus (Oe) leads off from
the dorsal surface and goes through a ring formed by the principal ganglia just
posterior of which the left and right salivary gland (Sal G) wrap themselves
around it. It widens into the crop, or stomach, near the prostate (Pr) ; thence
into the intestine, which is twice reflexed (Pilsbry, 1900, pl. 17, fig. 3, Achati-
nella dolet) ; and becomes the hindgut and rectum, which empties into the pul-
monary orifice (Pulmo Q).

The lung is plain, with microscopic veins transverse to the pulmonary vein,
which arises out of the anterior end of the heart to run anteriad and paralleling
the ureter. The kidney is parallel with the heart; its division from the ureter is
not obvious (Kidney + Ureter).

The terminology of the genitalia follows that of Pilsbry and Baker in part ;
the terminology of the nervous system follows Baker.

All drawings and measurements, hoth shell and anatomical, are based on
camera lucida projections.

The first species dissected was Pitys pagodiformis, followed by Lamellovim
globosum. Their affinity was thus early established and the status of Pitys
finally fixed. However, a comparison with Pilsbry’s dissection of Auriculella
and with Odhner’s Tornatellina, Fernandezia, and Pacificelle provided no clue
to relationship. Nor did the diverse genitalia of the new genera—Antonella,
Perahua, and Tubuaio—shed any light in that direction. It was not until ani-
mals of all available genera were studied that tenuous evidence was seen, yet
much remains obscure.

ABBREVIATIONS OF TERMINOLOGY

Abd, abdominal

Ac, acoustic

ALP, anterolateral pedal
An, anal

Ant, anterior

At, atrium

App, appendix

App V, appendical “verge”
AVP, anteroventral pedal

b, bulge in appendix = appendical “verge”

Buce, buccal

¢, central tooth

Ch, chamber

Ca, carrefour

Cau, caudal

Cer, cerebral

Col, columellar

Conn, connective

Cop, copulatory

CVP, caudoventral pedal

D, duct
Dor, dorsal

Tc, ectocone
Emb, embryo
Tin, entocone
Epi, epiphallus

Fo, folds

Fox, vertical folds
Fo., transverse folds
Fl, flagellum

Fol, follicle

Fr, frontal

Ft, foot

G, gland
Gang, ganglion
GO, genital orifice

HD, hermaphrodite duct
HG, hermaphrodite gland ; ovotestis
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In{, inferior
Int, intestinal

T.ab, labial

Lat, lateral

IP, lateral pedat
1.t, leit

M, muscle or muscle tissue
MC, muscle cord

MV P, medioventral pedal
MW, muscular wall

N, nerve
Nuc, nuchal

O, orifice

Odont, odontophoral

Oe, oesophageal

Omm, ommatophoral
Op, optic

QOv, ovum or ova

Qvd, oviduct or oviducal

P, penis

Pal, palatal

Pall, pallial

Pap, papilla

Par, parietal

Ped, pedal

Pil, pilaster

Pil 1, same as P Pil

Pil 2, 3, secondary, tertiary pilasters
PLP, posterolateral pedal
P Pap, penial papilla

P Pil, principal pilaster
Pleu, pleural

Post, posterior

PN, penial nerve

Pr, prostate

Preut, preuterine

PS, penial stalk

Pt, part or in part
Pulmo, pulmonary

R, retractor

R App, appendical retractor
RM, common retractor

RP, penial retractor

Rt, right

S, stalk

Sal, salivary

Sec, Secretory

Sec-ejac, secretory-ejaculatory

sN, small innominate nerve connecting
two or more other nerves

Sp, spermatheca

Sphr, “spermatophore” or sperm mass

Sup, superior

SS, spermathecal stalk

T, teeth
Ta, talon

Ut, uterus or uterine

V, verge

Vag, vagina, vaginal

Ve, valve

Vel, velum of interior of penis

Vest, vestigial

VD, vas deferens

VDO, vas deferens orifice into penis
(see Y)

Vent, ventral

Vivip, viviparous

V'8, “vesicula seminalis” or carrefour vesicle

X, junction of spermathecal stalk with
oviduct

Y, junction of vas deferens with penis

(see VDO)

The terminology for the apertural armature is given on figure 2. Pilsbry
(1916, vol. 24, p. vii) gives a detailed discussion of the terminology of the
apertural teeth, illustrating it in his figure 1.

In this paper the usual terms applied to the supra- and subcolumellar lam-

ellae are upper and lower,

The palatal plicae run spirally. Ribs are parallel to the crrowth lines, cutting
across the path of the plica at right angles. :

The measurements of the shell are shown here in figure 3, and dimensions
are taken from the figure. Length or height is measured from apex to the bot-
tom extremity, usually the base of the aperture, along the axis of the shell. The
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diameter, or width, is used for the lateral measurement at its widest portion.
The height of the last whorl is the distance between the end of the penulti-
mate whorl and the basal line. The axis of the aperture is the distance between
the end of the last whorl and the columellar base. The diameter of the aperture
is the distance between the outermost columellar edge to the point directly
opposite. Owing to the nature of the aperture, these points are not always con-
stant and sometimes may be taken from that portion to slightly above, as indi-
cated by the fine broken lines. The projection of these alternative points show
that practically no difference in measurement exists.

l»lrUpper or o
=i Supracolumellar N 2.8
g Columellar Lower Palatall - o
gLLower or

Subcolumellar Palatal Rib

Fi1cure 2—Terminology for apertural armature.

The height of the parietal lamella is shown by dotted lines in figure 3.

All scales on figures are for 1 mm. unless otherwise labeled.

Color nomenclature is after Robert Ridgway’s “Color standards and color
nomenclature” (1912).

REVIEW OF LITERATURE ON ANATOMY

The anatomy of the following achatinellids has been treated previously as
follows:

Pallial organs: Achatinella by Semper (1870) ; Partulina dolei by Pilsbry
(1900) ; Auriculella by Pilsbry (1915-1916) ; T'ornatellaria by Pilsbry (1915-
1916) ; Tornatellinops ( ==Pacificella) variabilis by Odhner (1922) ; Partulina
redfieldii, P. horneri, P. virgulata, and P. mauiensis by Neal (1928); New-
combia canaliculata by Neal (1928) ; Achatinella lehuiensis var. meineckei by
Neal (1928).
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The digestive system, except teeth and jaws, has been treated as follows:
Partuling dolei by Pilsbry (1900) and Achatinelld vulpina by Pleffer (1877).

Tree muscles have been treated as follows: Partulina dolei by Pilshry
(1900) ; Achatinella, Partulina, Newcombia, and Perdicella (in part) by Neal
(1928},

The central nervous system has been treated as follows: Fernandezia buli-
moides (in part) by Odhner (1922); Tornatellinops variabilis (in part) by
Odhner (1922} ; Partulina redfieldic (in part) by Neal (1928).

} Ape”
D

F1cUre 3.—Measurements of shell,

The genitalia have been treated as follows: Achatinella lorata hy Semper
(1870) ; Achatinella stewartii producta by Binney (1884) ; Achatinella vulpina
by Pfefler (1877) ; Partulina dolei by Pilsbry (1900) ; Achatinellidae by Pils-
bry (1912-1916) ; Achatinella abbreviata, A. stewartii, A. viridans, A. byronii,
A. hla, A. simulans, A. lorata nobilis, A, mustelina, and A. vulpina by Pilsbry
(1915-1916) ; Partulina redfieldii kamaloensis, and P. confusa by DPilsbry
(1915-1916) ; Newcombia philippiana by Pilsbry (1915-1916) ; Tornatellini-
dae by Pilshry (1915-1916) ; Auriculella pulchra, A. cerea, and A. westerlun-
diane by Pilsbry (1915-1916) ; Tornatellina bilamellata by Odhner (1922);
Fernandezia bulimoides by Odhner (1922) ; Tornatellinops variabilis by Odh-
ner (1922); Newcombia canaliculata, N. pfeifferi, and N. cumingi by Neal
(1928) ; Perdicella helena, P. mauiensis, and P. carinella by Neal (1928} ;
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Partulina horneri, P. dubia, P. virgulata, P. tesselata, P. rufa, P. proxima, P.
redfieldit, P. natti, P. mighelsiana, and P. mighelsiana var, belle by Neal
(1928). Achatinella viridans, A. decipiens, A. stewartii var. producta color
form dunkeri, A. vulpina, A. lehuiensis var. meineckei, A. lorata var. pulchella,
and A. turgida by Neal (1928).

ParrLiar, Orcans

Semper (1894, p. 70) studied the pallial organs of an unknown species of
Achatinella and classified it with those mollusks with completely enclosed kid-
ney and secondary ureter (Stylommatophoren mit vollstindig geschlossenem
Niere- und Darmharnleiter).

Pilsbry (1900, pp. 565-566, pl. 17, fig. 3) fully describes and figures the
pallial organs of Partuline dolet (Baldwin) and points out the significance of
the direct ureter (Orthurethra) as compared with the sigmoid type (Sigmur-
cthra). Later, Pilsbry describes the same mollusk and figures it (Pilsbry and
Cooke, 1915, p. 57, pl. 20, fig. 3). He says that the kidney is narrow and long,
extending nearly to the collar, where it opens on the intestinal side via a small
pore. He adds that the apex is turned back a short distance, in the form of a
narrow, fleshy ridge ; that the heart lies parallel with the kidney; that a broad
pulmonary vein runs posteriad alongside the ureter ; and that a mesh of arteries
and veins was not seen.

Pilshry (Pilsbry and Cooke, 1915, p. 66) also describes the paliial organs
of Auriculella and Tornatellaria as achatinelloid.

Odhner (1922, p. 250) describes the pallial organs of Tornatellinops vari-
abilis as being orthurethrous and achatinelloid.

Neal (1928, pp. 35-36, figs. 11, 12) describes and figures the pallial organs
of four species of Partulina, one Newcombia, and one Achatinella.

DIGESTIVE SYSTEM (EXCEPT TEETH AND JAWS)

Pfetfer (1877, p. 330) mentions the buccal mass of Achatinella vulpina
(TFérussac) as proportionately larger than that in helicids.

Pilsbry (1900, p. 566, pl. 17, fig. 3) describes and figures the pharynx,
oesophagus, salivary glands, stomach, and intestine of Partulina dolei. (See also
Pilsbry in Pilsbry and Cooke 1915, pl. 20, fig. 3.) He states that the salivary
gland forms a complete ring around the oesophagus; that the oesophagus is
long, unusually slender, without a crop; that the stomach is much lengthened,
curved at the end; and that the intestine is unusually long.

Free MuscLES

Pilsbry (1900, pp. 566-567, pl. 17, fig. 5) made a study of the retractor
muscles of Partulina dolei. According to him (p. 565), the principal difference
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between the achatinellid and partulid muscle systems is the fact that in the
partulid the right occular retractor unites with the tail retractor, whereas in
the achatinellid neither of the retractors unites with the tail retractor.

Neal (1928, pp. 35-36) found that in all but one species of a total of 23
species and in the varieties studied, the buccal retractor muscle was attached to
the tentacular retractor. In Partulina mighelsiana (Pfeiffer) the two muscles
were not attached.

CENTRAL NERVOUS SYSTEM

Little work has been done on the central nervous system, merely a super-
ficial survey of the ganglia. Odhner (1922, pp. 242-243, 251, figs. 16, 21)
dissected the nervous system of Fernandezia bulimoides (Pleiffer) and Tor-
‘natellinops variabilis (Odhner). The ganglia plus their commissures were
treated, but their principal nerves were not followed. Neal (1928, footnote,
p. 39, fig. 16) dissected the nerve collar of Partuling redfieldii {(Newcomb)
and found a subcerebral commissure such as those reported by Watson (1923)
in the genera Ena, Rachis, and Chondrina; but only two of the principal nerves
were described.

GENITALIA

Semper was probably the first to dissect achatinellid genitalia (Achatinella
lorata Férussac), He figured it (1870, pl. 16, fig. 23), but he apparently
omitted it from the text. Probably for this reason, and because it was not in-
dexed, many subsequent authors have missed it entirely. Pilsbry did not review
it (Pilsbry and Cooke, 1914, pp. lii-lvii; 1915, pp. 59-60), although he noted
the figure (1914, p. 278). Semper’s dissection and figure are excellent, the
terminology quite modern. It is notable that he recognized the prostate as such,
for this organ can easily be confused with the albumin gland. He probably saw
the reduced albumin gland, for he did extricate the spermatheca (bursd seini-
nalis feminia, Semper) from the prostate follicles, as the figure indicates. He
also recognized the penial retractor (although it is unlabeled), the appendix or
flagellum as an adjunct of the penis (gl. p., probably = glandula penis), and
the ovotestis (glandula hermanphrodita, Semper).

Binney (1873, pp. 337-338, pl. 15, fig. 4), among numerous other species,
dissected, described, and figured the genitalia of Achatinella stewartii pro-
ducta Reeve. Binney reports that, owing to poorly preserved material, the dis-
sections were difficult to make. e was somewhat misled by the penial and
appendical retractors which he thought might be ducts and by the common
retractor, which he thought to be the prostate gland. Also, the appendix ap-
peared to Binney to be either a dart sac or a prostate gland. The terminology
is the same as that of Leidy.

Pfeffer (1877, pp. 330-334, figs. 1-3) dissected, described, and figured the
genitalia of Achatinella vulpina. He made a careful dissection of the prostate
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(Binney’s ovary) and corrected Binney on this point. He also noted the true
functions of the penial, appendical, and common retractors.

Pilsbry (1900, p. 566, pl. 17, figs. 7, 7a} describes and figures the genitalia
of Partuling dolei. Except for the omission of the ovotestis and for the desig-
nation of the prostate as the “albumin gland,” Pilsbry’s morphological details
are excellent. (See discussion on albumin gland in relationship of subfamilies,
under Achatinellinae.) He evidently saw the interior of the penis. The lumen
of the penis is described as being narrowed above by two large pilasters. This
pilaster, now considered to be a single reflected organ, is one of the principal
characteristics of the family.

Pilsbry (Pilsbry and Cooke, 1914, p. ix) gives an excellent summary of
the genital organs of the family Achatinellidae. He must have found the true
albumin gland after his Partulina dissection, for in his diagnosis the “albumin
gland” reverts to the prostate. Later, Pilsbry (Pilsbry and Cooke, 1915, p. 58)
gives a more detailed diagnosis of the achatinellid genital organs, as well as
dissections and illustrations of nine Achatinella, one Newcombia, and two Par-
tulina (p. 60, pls. 12, 13, 14). He also gives {p. 66) the diagnosis of the geni-
talia of what was then considered the- separate family Tornatellinidae. The
family diagnosis is based upon the genus Auriculella, the genitalia of which is
of the “Achatinellid type, except that the appendix has no retractor muscle.”
Three species of Auriculella genitalia (pl. 22) are figured by Pilsbry.

Odhner (1922, p. 235) dissected Tornatellina, Fernandesia, and Tornatel-
linops [ = Pacificella]. On the basis of the extraordinary genitalia (large semi-
nal vesicles ; vestigial penis) he limits the Juan Fernandez mollusks to Torna-
tellinidae, in which he tentatively includes Tornatellinops, which he thinks may
belong to a distinct family [ ? family Pacificellidae, Steenberg, 1925, p. 202].
Auwriculelle and its allies he places in the Auriculellidae. The genitalia of the
Juan Fernandez genera are so odd Odhner cannot be criticized for making such
an extravagant delimitation. He includes the ovotestis of the three genera
studied, although, as he himself admits later (in a letter to Cooke, Mar. 6,
1943), the ovotestis of Tornatellinops is “rather schematical.”

Neal in her painstaking work (1928, pp. 34-43) with the genitalia of three
species of Newcombia, 13 Partulina, and seven .dchatinella shows that—though
the organs are not fundamentally different among the genera—slight but con-
sistent size differences in the penis of Perdicella, together with the primitive
webbed condition of the appendical retractor, justify its elevation from sectional
to generic rank. The subsequent chapter (pp. 44-49) Neal devotes to the dis-
sections of age groups from the ananeanic substage to the paraneanic substage
and up to the gravid ephebic stage (total = six growth stages) of Achatinella
viridans Mighels. This research unearths a most interesting fact, that in the
very immature stages (groups D-F) the appendix lacks a retractor or is just
beginning to form one and that in the youngest stage (group F) the appendix
is absent.
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REVIEW OF LITERATURE ON TEETH AND JAWS

The teeth and, or, jaws of the following achatinellids have been treated
previously : Achatinella bulimoides (teeth) by Ieynemann (1867) ; Elasmias
manilensts (teeth) by Semper (1870) ; Auriculella, Achatinella, Partulina
(teeth and jaws) by Bland and Binney (1873) ; Achatinella vulpina hy Pieffer
(1877); Auriculella, Achatinella, Partulina (teeth and jaw) by Binney
(1884) ; Elasmias apertum (teeth) by Binney (1884) ; Lamellidea oblonga
(teeth) by Binney (1884); Auriculella, Achatinella, Partulina, Newcombia
(teeth and jaws) by Gwatkin, Suter, and Pilsbry (1895) ; Tornatellides chath-
amensis (teeth) by Dall (1896) ; Achatinellidae (teeth and jaw) by Pilsbry
(Pilsbry and Cooke, 1914, 1915); Achatinella lorata (jaw) by Pilsbry
(1913) ; Achatinella lorata nobilis (teeth) by Pilsbry (1915) ; Achatinella vul-
pina (teeth) by Pilsbry (1915); T'ornatellinidae (teeth and jaw) by Pilsbry
(1913) ; Elasmias apertum (teeth) by Pilsbry (1915); Elasmias manilensis
(teeth) by Pilshry (1915); Tornatellides chathamensis (teeth) by Pilshry
(1916) ; Tornatellina bilamellata (teeth) by Odhner (1922); Fernandeszia
bultimoides (teeth) by Odhner (1922); Tornatellinops variabilis (teeth and
jaw) by Odhner (1922); Fernandesia bulimoides (teeth) by Peile (1929).

As far as can be determined, Pilsbry is the only investigator who has
figured the jaw of an achatinellid (Pilsbry and Cooke, 1915, pl. 14, fig. 3,
Achatinella lorata). References to the jaw are found in the following pages,
which review the literature on teeth.

Heynemann (1867) was the first to study the achatinellid teeth (A. buli-
moides Swainson). For that early date and the equipment of that period, his
observations are surprisingly good. According to him, the teeth are all similar,
the medians and laterals undifferentiated; the median teeth the smallest,
increasing in size outward. The teeth are shaped like a rake with a small handle,
the front ones recurved, broadened, toothed, the six Cusps projecting more or
less as tuberosities, the two outermost the largest. Small or short teeth appeared
to be present when suitable strata were examined. In some specimens, two
additional cusps were found behind the outer two cusps. Heynemann’s figures
(1867, pl. 1, figs. 2, 2a) are excellent in that they clearly illustrate the shoul-
dered, chelate, incurved condition of the cusps which is apparent in Achatinella
teeth, Heynemann also made a comparison of the achatinellid teeth with the
athoracophorid teeth and noted their remarkable similarity. (See also Knight,
1859, pp. 381-382, pl. 66, figs. 9, 10.) As most of the subsequent authors have
repeated this information, further discussion here is terminated with Pilsbry’s
note (Pilsbry and Cooke, 1914, p. xii). “The Athoracophoridae have also
evolved teeth wonderfully similar to those of Achatinellidae. This is evidently
a case of convergent evolution, as the relationship must be remote.” Heyne-
mann saw no jaw in A. bulimoides. '
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Semper (1870) prepared the radula of Elasmias manilensis (Dohrn) but
not in its entirety, and he was unable to define the rhachidian. The tooth had a
long, fine, crooked median cusp with a small cusp on each side. Pilsbry (1915,
p. 114) states, “It is obvious that Semper’s ‘middle cusp’ is really the basal
plate.” An inspection of Semper’s figure (1870, pl. 16, fig. 13) leaves no room
for doubt as to Pilsbry’s diagnosis that the tooth was mounted upside-down,
the median cusp being obscured by the basal plate.

Bland and Binney (1873) found that the jaw of Achatinellidae was very
delicate, very thin, transparent, and arcuate, with the ends blunt. The teeth
are arranged in shallow V-shaped rows. The rhachidian, lateral, and marginal
teeth are all alike, the first smaller and symmetrical ; long, narrow, bluntly trun-
cate below, curving and widening above, first gradually, then rapidly ; the apex
twice the width of the base, reflected, slightly produced, seven-cuspid, central
cusp smallest. The formula in one specimen is 175-1-175. The teeth of Achati-
nella stewartii (Green) are figured by Binney. Later, Binney (1834) sum-
marizes his work on A. stewartii, adding a description and figure of Elasmias
apertum (Pease) teeth plus a short description of the teeth of Lamellidea ob-
longa (Pease). The teeth of both are of the same type as those of Achatinella, s.s.

Pfeffer (1877) gives the tooth formula for Achatinella vulpina as 180-1-180
X 155 rows.

Pilsbry (1895) describes the jaws and teeth of Achatinella, Partulina, and
Tornatellina. The jaw is excessively delicate ; the teeth arranged in very oblique
transverse rows. For the form of the teeth, the reader is referred to Pilsbry’s
plate 11, fig. 52. (Gwatkin et al.)

Gwatkin (Gwatkin et al., 1895), after studying Achatinella, Partulina,
Newcombia, and Auriculella—together with Amastra, Laminella, and Lept-
achatina—divided the achatinellids from the amastrids by the dentition. The
achatinellid teeth are described as being of the same type: “Base narrow, head
rather broad, with four, five, six, or seven small tentacles (exactly as in Janella
and Tornatelling and the marginals only of Succinea).”

Suter (Gwatkin et al., 1895) studied the dentition of Achatinella turgida
cookei (Baldwin), 4. fuscobasis lyonsiana (Baldwin), and Partulina dolei
(Baldwin). He described and figured the radula of Partulina dolei and the
rhachidian plus two marginals of A. fuscobasis Iyonsiana, noting that the rha-
chidian of the latter was bicuspid, whereas no reflection could be seen in the
others, The laterals and marginals appeared to resemble the marginals of
Succinea. ‘

A. H. Cooke (1895, p. 234) gives a short account of the achatinellid teeth
and figures those of 4. vulpina (Férussac) in his figure 140, E. On page 443 he
includes Tornatelling in the family Achatinellidae, giving no reason ; but doubt-
less his conclusion is based on the similarity of the teeth.
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Dall (1896) figures one tooth of Tornatellides chathamensis (Dall) from
Chatham Island, Galapagos, sketched by Binney. The cusps appear to be eroded
or broken.

Pilsbry (Pilsbry and Cooke, 1914, p. ix) notes that in Achatinellidae the
“jaw was wanting or extremely thin, indistinctly plaited vertically. Radula
broad and short, Teeth excessively numerous, arranged in V-shaped transverse
rows ; rake-like, composed of narrow basal plate and a broad recurved portion
bearing numerous unequal cusps.” In discussing the morphology of the achati-
nellid teeth Pilsbry says (pp. x-xii) that he believes the achatinellid radula had
lost both central and lateral teeth, leaving only the marginals, and that the mar-
ginals were derived from those of some unspecialized group of ground snails
with multicuspid marginals. Pilsbry’s view on the Athoracophoridae teeth is
given above, under Heynemann. A short review of literature to 1914 is given
by Pilsbry (p. lvii).

Suter (1913, p. 768) sketchily describes the jaw and teeth of Achatinelli-
dae. He mentions two types; the first evidently a résumé of his original study
on A. fuscobasis Iyonsiana (see above) ; the second, interesting in that the cen-
tral is described as unicuspid, the laterals as bicuspid, and the marginals as
multicuspid. He does not identify the second type.

Pilsbry (Pilsbry and Cooke, 1915, p. 59) describes and figures the thin
delicate jaw of Achatinella lorata Férussac as being “composed of narrow,
more or less overlapping, vertical elements, which seem completely united”
though not converging toward the middle. In some of the species there are no
jaws, only a cuticle. The radula bears 150 teeth in a half row (A. lorata nobilis
Pfeiffer) ; all teeth are alike, or rastriform, the basal plate narrow, long, widen-
ing and recurving anteriorly, with five to seven acute cusps, the lateral the
largest. Some species have narrow “central,” bi- to tricuspid teeth ; others lack
central teeth, or if they are present, they are not distinguishable from mar-
ginals. Pilsbry illustrates the characters of the teeth of /. vulpina and A. lorata
nobifis (pl. 20, figs. 1, 2) and gives a good review of the literature up to 1916
(pp. 59-60). On the family Tornatellinidae Pilsbry notes (pp. 66-68) that the
teeth are similar to those of Achatinellidae. He also discusses Elasmias aper-
tum and E. manilensis, as found by Binney and Semper, and finds them to he
the same type as those of Achatinella. Pilsbry reproduces a tooth of Tornatel-
lides chathamensis from Dall (pl. 44, fig. 17).

Odhner (1922, pp. 235, 240, fig. 14) finds the radula of Tornatelling bila-
mellata Anton to be achatinelloid. The teeth are multicuspid, having large and
small denticles. The teeth of Fernandezia bulimoides Pleiffer (Odhner, p. 242)
are rastroid. Neither one has a jaw. The jaw of Tornatellinops variabilis
(Odhner) is thin, consisting of a few smooth hyaline bandlike segments
(p. 250) ; teeth achatinelloid (Odhner’s fig. 19), with rake-like edges, eight-
cuspid, ectocone strong, mesocones feebler ; median tooth lacking.
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Steenberg (1925, pp. 193-195), following Odhner’s paper, reviews the
teeth as given by Pilsbry and Odhner. The variability of the genitalia led Odh-
ner to suggest the erection of four families: Achatinellidae, Tornatellinidae,
Auriculellidae, and Pacificellidae (p. 202) as proposed by Odhner (1922, p.
235).

Peile (1929, p. 268, fig. 1) shows that the Fernandezia bulimoides teeth are
the same as those of Tornatelling and Achatinella.

BRIEF REVIEW OF CLASSIFICATION

The first attempt at bringing order into the classification of Tornatellinidae
was made by Pilsbry in 1910. His system is given below.

Genus Auriculella
Elasmias
Section Elasmias

Lamellovum

Tornatellina
Tornatellina
Lamellina
Lamellidea
Tlasmatina

‘'ornatellides
Tornatellides
Tarnatellaria

Genus Fernandesia was then classified under Amastridae.

In 1915 the classification by Pilsbry and Cooke was slightly modified. ‘I'he
genera and subgenera bracketed together were considered closely related. Fer-
nandezia was still excluded.

Genus [ Lamellovum
1 Elasmias
Tornatellina
Section Lamellidea (T.ameliina)
Tornatellinops
Elasmatina
Tornatellides
Subgenus Waimea
(Tornatellaria
! Gulickia
lAuriculella

In 1922 Odhner included Fernondezio in the family, created Pacificella,
and limited Tornatellinidae to the Fernandezian forms, relegating the extra-
Fernandezian to Auriculellidae.

As a result of Odhner’s work, Pilsbry and Cooke in 1933 made additional
revisions to their order. Lamellidea was substituted for Tornatellina, Strobilus
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was reinstated, Pitys was included (formerly in Endodontidae), and the new
subgenus, Atea, was added. ‘

The reconstituted classification of Tornatellinidae would have stood as
follows:.

Lamellovum
Flasmias
Tornatellina
Fernandezia
T.amellidea
Lamellidea
Tornatellinops
Atea
Strobilus
Pitys
Tornatellides
Tarnatellides
Waimea
Gulickia
Auriculella

CATALOG OF GENERA, SUBGENERA, SECTTONS

Subclass Pulmonata
Order Stylommatophora
Suborder Orthurethra
Family Achatinellidae
Subfamily Pitysinae
Tribe Pitysini
Genus Strohilus
Subgenus Strobilus
Tautautua
Tanga
Genus Pukunia
Mangaoa
Mitiperua
Taitaa
Scction Taitaa
Taireva
Taraija
Genus Apopitys
Pitys
Lamellovum
Subgenus Lamellovum
Maitna
Trihe Antonellini
Genus Antonella
Perahua
Tribe Tubuaiini
Genus Celticola
Suhgenus Celticola
Meryticola
Nesonoica
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Genus Tubuaia
Subgenus Tubuaia perplexa (group)
Tubuaia gouldi (group)
Tubuaia voyana. (group)
Subfamily T.amellideinae
Tribe Tornatellinoptini
Genus Tornatellinops
Tribe Lamellideini
Genus Lamellidea
Subgenus Lamellidea
Elamellidea
Atea
Subfamily Tornatellininae
Tribe Tornatellinini
Genus Elasmias
Tornatellina
Fernandezia
Subfamily Tornatellidinae
Tribe Tornatellidini
Genus Tornatellides
Subgenus Tornatellides
Aedituans
Waimea
Tribe Tornatellariini
Genus Philopoa
Tornatellaria
Subfamily Auriculellinae
Tribe Auriculellini
Genus Auriculella
Gulickia
Subfamily Achatinellinae
Tribe Achatinellini
Genus Newcombia
Perdicella
Partulina
Subgenus Baldwinia
Partulina
Partulinella
Eburnella
Genus Achatinella
Subgenus Bulimella
Achatinellastrum
Achatinella

NEw GROUPS, SPECIES, SUBSPECIES, AND FORMS IN SysTEMATIC ORDER

Pitysinae, new subfamily Tautautua, new subgenus
Pitysini, new tribe Strobilus perfragilis
Strobhilus turritus basalis Tanga, new subgenus
Strobilus opeas Strobilus brevis

Strobilus opeas intermedius Strobilus brevis subsimilis
Strobilus subtilis Strobilus brevis pumilus
Strobilus subtilis similaris Pukunia, new genus
Strobilus acicularis Pukunia acuta

Strobilus acicularis raphis Pukunia margaritae
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Pukunia pellucida

Mangaoa, new genus
Mangaoa perissa

Mitiperua, new genus
Mitiperua simplex

Mitiperua simplex subcostata
Mitiperua simplex convexior
Taitaa, new genus

'F'aitaa, new section

Taitaa dacryma

Taitaa arauana

Taireva, new section

Taitaa striatula

Taitaa zimmermani

Taraia, new section

Taitaa neanica

Taitaa terebriformis
Apopitys, new genus
Apopitys andersoni

Pitys scalaris

Pitys scalaris form A

Pitys alpestris

Maitua, new subgenus
Lamellovum auriculella
Lamellovum leptospira
Lamellovum solitaria
Lamellovum costata
Antonellini, new tribe
Antonella, new genus
Antonella trochlearis radicula
Antonella trochlearis fusiforma
Antonella trochlearis nesiotica
Antonella pfeifferi

Antonella tenuis

Perahua, new genus

Perahua grandis

Perahua hakeri

Tubuaiini, new tribe

Celticola, new genus
Celticola pilsbryi
Celticola pilsbryi proxima
Celticola pilsbryi incerta
Celticola pilsbryi latior
Meryticola, new subgenus
Celticola arborea

Celticola arborea sororcula
Nesonoica, new subgenus
Celticola conoides
Celticola anatonuensis
Tubuaia, new genus

Tubuaia gouldi nannodes, new form

Tubuaia cremnobates
Tubuaia cylindrata

Tubuaia cylindrata philolichen
Tubuaia voyana rapaensis
Tubuaia inconstans
Lamellideinae, new subfamily
Tornatellinoptini, new tribe
Tornatellinops concolorans
Lamellideini, new tribe
Lamellidea micropleura
Elamellidea, new subgenus
Tlasmiatini, new tribe
Elasmias ovatum exiguum
Elasmias simplicimum
Tornatellinini, new tribe
Tornatellidinae, new subfamily
Tornatellidini, new tribe
Tornatellides oswaldi
Aedituans, new subgenus
‘I'ornatellides neckeri
Tornatellariini, new tribe
Philopoa, new genus
Philopoa singularis
Auriculellini, new tribe
Achatinellini, new tribe

19

An illustrated synopsis of the tribes of Achatinellidae is given in figures 7,
&, and 9. Selected to represent the tribes are :

Achatinellini: Achatinella concavospira
Auriculellini: Awriculella auricula
Tornatellariini : Tornatellaria neweombi
Tornatellidini : Tornatellides oblongus

Tornatellinini : Fernandesia bulimotdes (after Odhner)

Elasmiatini: Elasmias apertum
Lamellideini : Lamellidea oblonga

Tornatellinoptini : Tornatellinops variabilis

Tubuaiini: Twbuaia perplesa
Antonellini : Antonella trochlearis

Pitysini: Pitys pagodiformis
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TypPES OF GENERA AND MINOR GROUPS

PITYSINAE

Strobilus: S. turritis Anton
Strobilus: S. turritus
Tautantua: S. perfragilis
Tanga: S. brevis

Pukunia: P. acuta

Mangaoa: M. perissa

Mitiperua : M. simplex

Taitaa: 7. dacryma
Taitaa: T. dacryma
Taireva: T. striatula
Taraia: T. neanica

Apopitys: A. andersoni

Pitys: P. pagodiformis (E. A. Smith)

Lamellovum : L. globosum Petit
Lamellovum: I,. globosun
Maitua: .. auriculella

Antonella: A. trochlearis Pleiffer

Perahua: P. grandis

Celticola: C. pilsbryi
Celticola: C. pilsbryi
Meryticola: C. arborea
Nesonoica: C. conotdes

Tubuaia: T. perplexa (Garrett)

LAMELLIDEINAF

Tornatellinops : T novoscelandica (Pleiffer)
Lamellidea: 7. peponun (Gould)
Lamellidea: L. peponsmn
Elamellidea: 1. tantalus (Pilsbry and Cooke)
Atea: I.. adamsoni Pilsbry and Cooke

TORNATELLININAE

LFlasmias: E. aperta (Pease)
Tornatellina: 7. bilamellata (Anton)
Ternandezia: F. wilsoni (Pilsbry)

TORNATELLIDINAT,

Tornatellides: 7' oblongus (Anton)
Tornatellides: 7. eblongus
Aedituans: T. neckeri
Waimea: T'. rudicostatus (Ancey)

Philopoa: P. singularis

Tornatellaria: T. newecombi (Piciffer)

AURICULELLINAE

Auriculella: A. auricula (Férussac)
Gulickia: G. alexandri Cooke
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ACHATINELLINAE

Newcombia: N. plicata (Pfeiffer)

Perdicella: P. helena (Newcomb)

Partulina: P. virgulate (Mighels)
Partulina: P. virgulata
Partulinella: P. marmorata (Gould)
Baldwinia: P. physe (Newcomb)
Eburnella: P. variabilis {(Newcomb)

DISTRIBUTION

The family Achatinellidae is limited to the islands in and bordering the
Pacific Ocean. Three species have been reported outside of this area, from
Loombok and Java in the East Indies and from Mauritius and Bourbon in the
Indian Ocean. These three species belong to the genus Elasmias, the most
widespread member of the family, and have undoubtedly been distributed
through human agency.

Throughout its distribution there are three principal centers of generic evo-
lution, shown on the accompanying map (fig. 4): (1) the Austral Islands,
including Rapa, with 11 genera, (2) the Hawaiian Islands, with eight genera,
and (3) the Juan Fernandez Islands, with two genera. The number of species
referable to these genera are, more or less: Australs, 35; Hawaiian Islands,
152; and Juan Fernandez, 19. The centers are located at approximately the
following points: Australs, latitude 22° to 27° S., longitude 144° to 145° W.;
Hawaii, latitude, 19° to 22° N, longitude 155° to 160° W.; Juan Fernandez,
latitude 33° S., 80° W. Approximate distances between these centers are:
Hawaii to Rapa 2,700 miles ; Rapa to Juan Fernandez 3,900 miles; Juan Fer-
nandez to Hawaii 5,000 miles.

In the Australs nearly all the genera belong to the group Pitysinae, a sub-
family almost entirely confined to Rapa. Of this group, the subgroup, or tribe
Antonellini (two genera, five species), is limited to Rapa alone and the tribe
Pitysini (eight genera, 26 species) extends, in a small way, into the other
islands of the Austral group (fig. 11). One of its members (7'aitaa) is found
in the nearest islands of Raivavae, Tubuai, and Rurutu. The third tribe of this
subfamily, Tubuaiini (two genera, 12 species), has a genus (Celticola) re-
stricted to the Australs but also has a relatively widespread member ( Tubuaia),
species of which may be found in the Kermadec, Cook, and Austral Islands,
Mangareva, Pitcairn, and the Society Islands (Garrett).

In the Juan Fernandez Islands (Masafuera, Masatierra) off the coast of
Chile are two restricted genera of the subfamily Tornatellininae (tribe Torna-
tellinini) with 19 species between them forming a second and a most paradox-
ical center of generic evolution. Much can be learned by a thorough collection
of the land-shell fauna of these islands, particularly the tornatellinids, and a
systematic study of their anatomy. For many years the Fernandezian genera
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Top: Rapa, Maitua valley from Ahurei jetty, a rich shell country; peaks are, left
to right, Mangaoa (1,434 feet), Tautautu (1,784 feet), and Pokumaru (1,916 feet);
photo by J. F. G. Stokes. Bottom: Rapa, forest southeast of Morongota fortress, its
rocky rounded peak in left middle ground: Mount Perahu (2,077 feet), right back-
ground; Mount Putaketake (1,194 feet), left background. Although much native forest
has been destroyed, several patches like that in foreground remain.
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Tornatelling and Fernandezia have posed a provocative eniga, but the present
study has shed some light on it by our stumbling onto its affinity to Elasmaas.
Further discussion will be found under Elasmias.

In the Hawaiian Islands are eight endemic genera, restricted in their dis-
tribution to the islands of this group. Four genera (Achatinella, Newcombia,
Perdicella, and Partulina) comprise the subfamily Achatinellinae and are lim-
ited to the islands of Oahu, Molokai, Tanai, Maui, and Hawaii. TI'he genus
Auriculella, of Auriculellinae, has the same distribution. Neither Achatinellinae
nor Auriculellinae is represented on the island of Kauai except by introduced
species. Gulickia, of the same group as Auriculella, is known only from west
_ Maui. The genus Tornatellaria of the subfamily Tornatellidinae is represented
by endemic species on all the Hawaiian Islands except Kauai, whereas the
monot ;pic genus Philopoa is known only from the small island of Nihoa.
““Mbst of the genera of the family, of which 26 are recognized in this paper,
are highly restricted in their distribution, as shown in the following table.

TasLE 1
GROUPS OF WipELY
On~E IsLanD OxE Grour IsLANDS* D1STRIBUTED
Achatinella, Oahu Auriculella, Hawaiian Ts. Tubuaia Elasmias
Antonella, Rapa Celticola, Australs Lamellidea
Apopitys, Rapa Fernandezia, Juan Fernandez Tornatellides
Gulickia, Maui Newcombia, Hawaiian Is. Tornatellinops
Lamellovum, Rapa Partulina, Hawaiian Is.
Mangaoa, Rapa Perdicella, Hawaiian Is.
Mitiperua, Rapa Taitaa, Australs
Perahua, Rapa "I'ornatellaria, Hawaiian Is.
Philopoa, Nihoa Tornatellina, Juan Fernandez

Pitys, Rapa
Pukunia, Rapa
Strobilus, Rapa

# Kermadee, Cook, Austral and Society Islands, Mangareva, and Pitcairn.

Apparently, 12 genera are restricted to single islands, nine of them to Rapa.” -
Nine genera are known only from island groups, five of them from the Hawai-
jan Tslands, One genus (Tubuaia), as shown on the map (fig. 67), is appar-
ently limited mainly to the southernmost islands of the central Pacific: the
Kermadec, Cook, Austral, Mangareva, and Society Islands. Only four of th
26 genera have a widespread distribution: Elasmias (Tornatellininae), Lamél-
lidea and Tornatellinops (Lamellideinae), and Tornatellides (Tornatellidinae).
There is little doubt that their wide distribution is due, for the most part, to
human agency.

The genus Lamellidea has been taken from the Palau Islands in the west to
the Marquesas in the east and from the Izu and Hawaiian Islands in the north
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to Rapa in the south. It has not been reported from any of the islands west of
Fiji in the south Pacific. (See map, figure 5.)

The genus Tornatellinops is known to inhabit a large proportion of the
Pacific islands, as shown on the accompanying map (fig. 6). The wide dissemi-
nation of 7', veriabilis (Odhner) is undoubtedly due mainly to human agency
(map, fig. 77). The westernmost island having Tornatellinops is one of the
Ryukyus. The northernmost islands from which the genus is reported are the
Izu Islands, just south of Japan, and Kure (Ocean), in the northwestern part
of the Hawaiian chain. Easter Island is the easternmost record of its occur-
rence, and in the south a few species have been reported from Pitcairn, Rapa,
L.ord Howe, and New Zealand. To date, no species have been reported from
the Gilbert Islands. Undoubtedly, one or more species will be found there with
intensive collecting.

The genus Tornatellides has a remarkable distribution (map, fig. 104),
having been reported almost entirely from the peripheral islands of the Pacific:
To the northwest, Hongkong and Formosa; to the north, the Hawaiian
Islands ; to the east, the Marquesas; to the southeast, Pitcairn and Mangareva ;
to the south, the Society Islands, the Australs, the Kermadecs, and New Zea-
land. Within this perimeter the only islands from which Tornatellides has been
recorded is Ebon in the Marshalls. This species had been referred to as Torna-
tellides simplex Pease [ = oblongus Anton] by Pilshry and Cooke. The genus
is apparently absent from all the high islands within the perimeter; that is,
from Samoa, Tonga, Fiji, the Carolines, and Marianas, all of which have re-
ceived considerable attention from collectors. Another anomaly is the presence
in the Galapagos Islands of a single species, T'. chathamensis (Dall), which is
apparently more closely related to the Hawaiian form of species than to 7.
oblongus, which is widely distributed throughout the islands of the southeast-
ernt Pacific from the Marquesas to the Cook and Society Islands. (After this
was written, the late Dr. Pilshry called our attention to two species of Torna-
tellides from islands off Mexico.) The distribution of this genus is covered
more fully in the systematic discussion.

Elasmias is the most widespread genus of the family. (See map, figure 96.)
It is not confined entirely to the oceanic islands of the Pacific but has heen col-
lected in Australia, in Papua, in three of the islands of the East Indies (Natuna,
Loomhok, and Java), in the Philippines, and in Mauritius, Reunion, and the
Maldive Islands in the Indian Ocean.

In Pilsbry’s estimation (Pilsbry and Cooke, 1915, p. 114) Elasmias repre-
sents a form “probably not far removed from the ancestral Tornatellinid stock.”
The similarity between the genitalia of Elasmias on one hand and Fernandezia
and Tornatellina on the other can hardly be accounted for by convergent evo-
lution. Possibly the Juan Fernandez genera, by virtue of their isolation and
lack of competition, have retained their early ancestral anatomical characters:
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conchologically, there seem to be no connecting characters.

The four and only distinct species of Elasmias are from the Hawaiian,
Society (l'ahiti, Moorea), and Austral Islands (Rapa, Rurutu), along the
castern rim of the distributional area.

Except for the four forms of Elasmias, the 17 species from the entire area
of distribution can be divided into two types which more or less overlap each
other. To identify unlocalized material accurately is almost impossible, as some
of the species have heen described without comparison with a representative
collection.

Most of the species of Elasmias have been collected near sea level, and many
have been taken on garden and other cultivated plants. This fact, together with
the rather close resemblance of most of the species recognized, leads us to he-
lieve that the wide distribution of the genus undoubtedly took place after the
advent of man to the peripheral islands of the eastern Pacific and, further, that
much of this distribution has occurred since Europeans entered the area. This
may explain the presence of the genus on the islands of the Indian Ocean, in
the Last Indies, in Australia, and in the Philippines, for no other member of
the family is represented in their faunas. Iredale (1944, p. 308) expresses
virtually the same opinion.

The very wide distribution of Elasmiias apertum throughout the islands of
the southeast Pacific is almost paralieled by Tornatellides oblongus, Lamel-
lidea oblonga, L. pusilla, and Tornatellinops variabilis.

The high percentage of endemicity among the genera of Achatinellidae is,
without doubt, due primarily to isolation. If it has taken a comparatively long
period of time for a genus to evolve, it seems strange that the majority of the
genera are restricted in their distribution, for the agencies which distributed
the early primitive types have undoubtedly continued to function and are still
potential distributors. The only altered factors are land areas which were once
somewhat larger.

Of the many authors who have discussed the distribution of plants and ani-
mals in the Pacific oceanic area, some believe that only land connections account
for the rather logical distribution of flora and fauna. Advocates of the land-
bridge theory have strongly opposed advocates of other natural means of dis-
tribution such as winds, ocean currents, and birds.

We know practically nothing of the geography of the ocean floor between
most of the groups of islands, nor do we know the contours of the ocean floor
between the individual islands of many of the groups. Before we are able to
discuss any possible land connections or larger land masses, we must have a
clear picture of the appearance of the entire ocean floor of the Pacific Basin.
The dissimilar distribution of many of the genera and subfamilies of land mol-
tusks in the Pacific is opposed to any large land mass at any single period in
the past, as a few of numerous examples illustrate.
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The genus Thawmatodon (Endodontidae) extends from Palau to New Zea-
land and from Hawaii to Rapa. Within this area it is probably represented on
all the high islands. The genus Charopa, considered in the broad sense of years
ago, is known to inhabit the same area with the exception of the Hawaiian
Islands, the Marquesas, Mangareva, and the Austral Islands. The genus is
most strongly represented in the southwest Pacific.

The subfamily Diplommatininae is well represented in the faunas of the
high islands west of and including Fiji, with a subgenus (Moussonia) in
Samoa. No species of the subgenus has been recorded from any island east of
Samoa. The zonitid subfamily Trochomorphinae occupies nearly the same area
as the Diplommatininae except that it extends eastward to include the Society
Islands. It is entirely absent in the Cooks, the Australs, the Tuamotus, the
Marquesas, and the Hawaiian Islands.

The family Helicinidae undoubtedly occurs on all the islands of the Pacific
as far east as Mangareva and the Marquesas. One of the genera (Pleuropoma)
occupies nearly the whole of this area, Owmphalotropis is reported from most
of the high islands and atolls in all island groups, but it does not occur in the
Hawaiian Islands and its presence in the Marquesas is doubtful.

The above examples show that each group of terrestrial mollusks has its
own peculiar distribution. Each pattern of distribution may be paralleled or
overlapped to some degree by that of another, but usually some peculiar diver-
gence at a significant point raises a question. Present knowledge can supply
only speculative answers.

ANATOMY

An over-all picture of the anatomical findings in the study of the families
Tornatellinidae and Achatinellidae will be found in the synopsis of genitalia
(figs. 7-9). Eleven principal types of genitalia, one (Tubuaiini) with an inter-
esting variant during the juvenile paraneanic substage, were found ; these rep-
resent the tribal subgroups of the six subfamilies in the proposed consolidation.

(GENITALIA

OVOTESTIS

One of the most important diagnostic features of the genitalia is the type of
ovotestis or hermaphrodite gland (figs. 7-9). Except for the subfamily Torna-
tellininae (fig. 8), each subfamily is characterized by a definite type of ovo-
testis : unilobate or multilobate.

For a quick means of discriminating between Tornatellinops ( Lamellideini )
(fig. 8) and Twbuaia (Tubuaiini), figure 9, a good dissection of the ovotestis
is essential. The male and female parts of hoth genera are so similar that a
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quick differentiation depends almost entirely upon the character of the avotes-
tis. Innervation of the penis may also he resorted to, but this entails consider-
able labor.

While the ovotestis may be broadly divided into two major categories, uni-
lobate and multilobate, they may be further analyzed and divided into five
types: (1) the true unilobate (type, Elasmias), (2) the apparently bilobate
(type, Atea), (3) the bilobate to trilobate (type, Tornatellides), (4) the true
multilobate (type, Achatinella), and (5) the clustered form (type, Fernan-
dezia). The first type is apparently a simple sac, which is often slightly indented
distally, sometimes quite deeply. In the second form the ovotestis has a deeper
distal indentation than usual so that it appears to be bilobate. However, no

ACHATINELLINAE
ACHATINELLIN}

AURICULELLINAE
AURICULELLINI

TORNATELLIDINAE

TORNATELLARIINI

TORNATELLIDINI

F16URrE 7.—Synopsis of tribes of Achatinellidae : Achatinellini (represented by Achati-
nella concavospira), Auriculellini (Auriculella auricula), Tornatellariini (Tornatellaria
newcombi}, Tornatellidini ( Tornatellides oblongus).
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separate efferent ducts to the hermaphrodite duct are apparent, hence it is, in
reality, only a modification of the first form. The bilobate to trilobate type (3)
is the usual condition in Tornatellides, in which case the indentations have not
only divided the ovotestis but each lobe is connected with the hermaphrodite
duct by a separate efferent duct. The true multilobate type of ovotestis is the
commonest and consists of numerous lobes, up to 10 or so, and always appears
to be heavily packed. The clustered form of ovotestis is a novelty. As all the
efferent ducts appear to meet at the same point, the gland differs somewhat
from the true multilobate type in which the efferent ducts enter the hermaphro-
dite duct separately and at some distance from each other.

HERMAPHRODITE DUCT

In the adults the hermaphrodite duct is usually distended and convoluted.
In Pitysini it is always heavily swollen and convoluted. The distension is
caused by the storage of large amounts of gonadal products, which, at least in
Achatinella, consist principally of an enormous number of spermatozoa.

TALON

The talon is a small U-shaped or sigmoid termination of the hermaphrodite
duct near the carrefour. In Achatinellidae it is usually hidden and difficult to
detect, and the typical shape is missing in many specimens.

CARREFOUR

Like the talon, the carrefour is a small inconspicuous organ, a continuation
of the hermaphrodite duct, and usually hidden under the follicles of the albumin
or prostate glands. It is generally ovate or oblong and assumes the role of a
“crossroad” where the product of the hermaphrodite gland, albumin, and pros-
tate glands appear to be received and dispersed to the vas deferens, uterus, and
the carrefour vesicle, if the last organ is present.

CARREFOUR VESICLE, OR VESICULA SEMINALIS

Odhner (1922) first discovered the peculiar “vesicula seminalis” in Torna-
tellina bilamellata and Fernandezia bulimoides. In Fernandesia bulimoides it is
a large, cylindrical, hollow organ ; in Elaswmias it is minute ; and in both it origi-
nates at the carrefour and terminates in the columellar muscle, where its tip is
attached. That the vesicle is a storage organ is indubitable, for it is a hollow
cylinder connected with the carrefour. One of our most surprising discoveries
in the Elasmiatini is the presence of an organ of an identical nature. This fact
came to light after preliminary dissections of Elasmias were completed, but,
before the critical analysis was started. What was for some time regarded as a
peculiar retractor of the upper female region connecting it with the columellar
muscle was carefully removed in dissection and found to be a small but definite
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vesicle. However, were it not for the fact the Odhner had first found the “vesi-
cula seminalis,” the vesicle of Elaswmias would probably have been overlooked,
for it was the Tornatellinini vesicle that served as a clue toward its identifica-
tion. The occurrence of this vesicle in Elasmiatini and Tornatellinini brings
the two closer together, but not as close as Lamellideini is to Tornatellinoptini
or as close as the tribes of Pitysinae. This remote relationship is explained by
the fact that the ovotestis of Klasmiatini and Tornatellinini differ radically
from each other and by the knowledge that, whereas the interior of the Elas-
miatini appendix is simple like that of Tornatellinoptini; that of T'ornatellinini
is complex.

TORNATELLININAE

TORNATELLININ |

ELASMIATIN]

LAMELLIDEINAE

TOANATELLINOPTIN]

LAMELLIDEIN!

Froure 8.—Tornatellinini ( Fernandesia bulimoides, after Odhner), Elasmiatini (Elas-
mias apertum), Lamellideini (Lamellidea oblonga), Tornatellinoptini (Tornatellinops
vartabilis).
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“The carrefour vesicle discussed herein is not to be confused with that dis-
cussed and illustrated by Neal (1928, p. 36, fig. 13). The seminal vesicle re-
ferred to by Neal is probably a mislabeling for the preuterine chamber (fertili-
zation chamber of authors), a bulge commonly found in the uterus immediately
below the carrefour. Partially formed embryos are found there in many ani-
mals. (See preuterine chamber in Achatinella concavospira, Partulina mighels-
iana, Perdicella helena, Newcombia cumingi.)

ALBUMIN GLAND

The albumin gland is a variable organ in the Achatinellidae. It ranges from
minute to large and, in relation to the prostate, may be classified as dominating
or relatively reduced. In general, it is a fair-sized organ with numerous follicles

PITYSINAE

TUBUAINE

ANTONELLINI

e
=

PITYSIRI

) Frcure 9.—Tubuaiini ( Tubuaia perplexa), Antonellini (.Antonella trochlcaris), Pity-
sini {Pitys pagodiformis).
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which are either erect and rooted to a central core, thus radiating outward, or
lie sprawled all over each other in indefinite arrangement. This gland forms a
head at the distal termination of the oviduct. In the adult of Pitysini and Anto-
nellini the albumin gland is vestigial or, in many, apparently absent. When
present, it is a small mass of numerous minute lobes. In the subadult or the
paraneanic substage the gland is large and dominating.. (See Pitys pagodi-
formis, Strobilus subtilis, Taitaa dacryma, Pukunia acuta, Antonelly tenis.)
Why the gland gradually diminishes as maturity approaches, is not known. Its
large size in the late juvenile stage and its minuteness in the adult stage suggest
that utilization diminishes as age advances. Thus it appears that with age,
members of the tribes may change over from functional females to functional
males. Further, with the diminution of the albumin gland a corresponding
enlargement of the prostate gland takes place until the upper female parts are
dominated by a large head of prostate follicles.

In Tubuaiini the above peculiar characteristic, noted for Pitysini and Anto-
nellini, is reversed. Here the subadult or paraneanic members of the tribe re-
peat the change in the mature pitysinine genitalia, and this is accomplished
faithfully even to the diminution of the albumin gland. Apparently, members
of the tribe Tubuaiini function as females in the adult stage and as a males in
the subadult stage,

In the subfamily Achatinellinae the albumin gland is minute, but apparently
never totally absent. However, unlike the Pitysinae, there appears to be no
stage in its development where the albumin gland dominates.

The albumin gland in the Auriculellinae is small in comparison to the pros-
tate but cannot be said to be minute. In both the subfamilies Achatinellinae and
Auriculellinae the follicles are numerous, rather small, and apparently arranged
radially with their roots attached to a common central core, for only the tips
are visible,

In the remaining subfamilies (Tornatellidinae, Tornatellininae, Lamellidei-
nae) the albumin glands are relatively inconspicuous but definitely dominating,
as compared to the prostate. The follicles are fairly numerous and rather small,
and they may either sprawl or radiate from a central core.

PROSTATE GLAND

Typically, the prostate is a gland with few to numerous digitate follicles,
The exception may be found in Flasmiatini (see Elasmias peasianum), where
the follicles are merely short and squat and have relatively large protuberances
or diverticuli.

Among members of the oviparous tribes the prostate is nearly always large
and dominating. The gland is composed of large digitate follicles, roughly ar-
ranged like a fan. The few dissections in Tornatellariini show that the prostate
is either as large as or larger than the albumin gland. Since the juvenile pros-
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tate is quite small, as compared to the albumin gland, the prostate probably
dominates in normal adults.

Among the viviparous tribes the prostate is reduced [with the exception of
Achatinellini and Tornatellariini (Philopoa)]. The prostate is usually a dimin-
utive organ, paucifolliculate, and often surfaced with some black pigment. The
follicles are short-clavate to fairly long-digitate. Sometimes the prostate is ap-
parently absent, in which case a careful search near the carrefour will reveal a
few inconspicuous follicles on the vas deferens. In Philopoa the prostate ap-
pears to be equal in size to the albumin gland. The prostate of Achatinellini is
peculiar in two ways: (1) it is relatively strongly developed, especially since
the albumin gland is minute and (2) it is formed of very long follicles which
form a compact bundle enclosing tightly the spermatheca.

SPERMATHECA AND STALK

Except in the Achatinellini, where it is enclosed within the prostate follicles,
the spermatheca is always free and joined to the albumin or prostate glands, on
which it rests by fine membranous threads, or it is only partially overgrown
by follicles of the glands. Although its position is usually near the prostate, in
many gravid individuals it is pulled down and rests on the upper uterus. It
ranges from small to fairly large and is roughly ovate, some having a blunt
point distad. Very often, simple, compact, elongate masses of sperm are found
within the spermatheca, but in no specimen did any horny covering surround
them.

In general, the stalk empties into the oviduct (indicated by X in the figures)
below the lowest or oldest embryo or egg. The exception is Tornatellidini, in
which the spermathecal stalk enters the oviduct well above the first or earliest
embryo at the point where the uterus joins the carrefour (see Tornatellides
oswaldi, T'. oblongus). In general, the stalk of the adult in viviparous groups
enters the oviduct at a point well below the half-way level. In the oviparous
groups the entrance is anywhere from just below the carrefour to almost at the
atrium. In juvenile viviparous snails the stalk may be well above the half-way
point, depending upon the number of embryos present (see Lamellidea oblonga,
Celticola pilsbryi). ‘

OVIDUCT

The oviduct in the viviparous achatinellids is almost always large, sac-
shaped, and diaphanous. The portion generally referred to as the uterus usually
composes the larger, upper part of the tube ; the vagina is narrow and short.
Tornatellidini are the exception.

In the oviparous snails, the oviducal distention occurs only when the eggs
are present. Ordinarily the oviduct is very narrow and tubular, rarely translu-
cent. The vagina is long in the tribes Pitysini and Antonellini. In Tornatel-
lariini it is about half the oviducal length. The vagina is short in Achatinellini.



36 Bernice P. Bishop Museum—DBulletin 221

VAS DEFERENS

The vas deferens is a thin tube, ordinarily narrow, and always free. Imme-
diately upon leaving the carrefour, it follows the oviduct to the latter’s termi-
nation and curves upward, following the penis to the apex or entering it some-
where between the apex and midbody. In many members of the oviparous
tribes such as Pitysini, Antonellini, and Auriculellini the width of the vas
deferens equals the oviducal width, exceeding it in others. Like the oviduct, it
is elastic and, rarely, bulges somewhere along its length with a mass of sperm.

PENIS

The family exhibits a varied assortment of penial types (figs. 7-9). Every
tribe is characterized by a penial type peculiar to itself, although some of them
have superficially similar types. All except Auriculellini and Elasmiatini are
equipped internally with a recurved pilaster. In some, the pilaster is modified
either toward simplicity or toward complexity. All are characterized by the
lack of an epiphallus except the Auriculellini, which have a small one. In the
majority, the penis is equipped with an appendix, The penis varies from vesti-
gial to longer than the female parts. Some species produce individuals (Tubu-
aia voyana, Lamellidea oblonga) without penis. The retractor, when present, is
always terminal.

A vestigial or highly reduced penis 1s a mere pimple on the larger appendix.
It is difficult to trace unless the penial retractor is followed. The penial retrac-
tor, in turn, requires careful search and handling as it is a very thin, delicate
thread. The interior of the vestigial penis may contain vestiges of the achatinel-
lid pilaster (Fernandegia) or may be entirely free of it (Elasmias). The vas
deferens always terminates at or near it. A somewhat larger penis, but com-
paratively small, is found in Tornatellinoptini, It is =0.25 the oviducal length,
narrow, and usually pointed. The interior has a modest recurved pilaster.

The next type, a little larger and longer than the foregoing, is the penis
found in Tubuaiini. The Tubuaiini penis is of interest because it is the final
result of a penis which, in its ontogeny, has passed through a much larger type
(the pitysinid) and, apparently, partially atrophied to a relatively insignificant
organ. Within is a recurved pilaster.

The largest, but not the longest, penial type is found both in Achatinellini
and in Pitysini. Ordinarily it is large, fairly long (+0.5 oviducal length to as
long or longer), and club-shaped. The pilaster within is large and impressive,
ascending dorsad from the stalk, recurving at the apex, and descending a
short distance, usually to the level of the appendix, as a semi-pendulous tongue.

A unique type of penis is found in Auriculellini. Tt is without pilaster and
is the only one equipped with an epiphallus, which is small. The appendix is
terminal or nearly so and without a retractor, in contrast to all the aforemen-
tioned, wherein the appendices emerge off the penis at a somewhat low level
and are all equipped with retractors.






