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MALACOLOGIA, 1988, 28(1-2): 95-103

THE INITIAL STAGES OF RADULAR DEVELOPMENT IN CHITONS (MOLLUSCA:
POLYPLACOPHORA)

D. J. Eernisse' & K. Kerth?

ABSTRACT

The initial stages of development of the chiton radula were examined in Mopalia lignosa
(Gould, 1846), M. muscosa (Gould, 1846), Lepidochitona fernaldi Eernisse, 1986, and L.
caverna Eernisse, 1986. It starts in postmetamorphic juveniles with the secretion of the 2nd, 5th
and 8th pairs of laterals, which are the main functional teeth of adult chitons. Moreover, it
appears that juveniles are equipped with an efficient feeding instrument nearly as soon as radula
formation begins, and certainly before the chitons have their complete set of teeth. This is
evident from the mineralization of the 2nd laterals (“magnetite” teeth) from the start, the
indications of normal degradation of “used” radula teeth in young juveniles, and observations of
feeding in juveniles. As juveniles mature, new laterals are added between existing ones. The 1st
laterals and the central tooth originate by fragmentation of a medial “precursor’ plate. The
phylogenetic implications of the polyplacophoran mode of tooth pattern formation are discussed
and related to inferences concerning a primitive ancestral molluscan radula.

Key words: radula; Polyplacophora; chiton; morphogenesis; ontogeny; phylogeny.

INTRODUCTION

Comparative ontogenetic investigations of
the molluscan radula have potential to reveal
shared patterns of radular formation or diver-
gent patterns that distinguish between partic-
ular lineages of mollusks. For all mollusks,
only polyplacophorans (Minichev and Sirenko,
1974, French translation by Sirenko &
Minichev, 1975), Solenogastres (“aplacoph-
orans”) (Salvini-Plawen, 1972, 1978), and
pulmonates (Kerth, 1979) have been thor-
oughly investigated. Minichev and Sirenko
(1974) describe the radula in several genera of
“larval” polyplacophorans as having a broad,
monostichous form. They conclude from this
observation that the radula of primitive mol-
lusks is derived from a monostichous ances-
tral state. Salvini-Plawen (1981; 1985) has
reached similar conclusions for two species of
Solenogastres (or Neomeniomorpha), based
on Pruvot's famous larva (Pruvot, 1890) and
his own observations (Salvini-Plawen, 1972,
1978) of Simrothiella, although he shows only
a slender connection between two already well
shaped halves in Simrothiella. In contrast,
Kerth (1979) showed that the radulae of em-
bryos of several pulmonate families pass
through a distichous stage.

If the general scheme proposed by Mini-

chev and Sirenko (1974) and Salvini-Plawen
(19895) is correct, then polyplacophorans (also
referred to as chitons hereafter) and “apla-
cophorans” would appear to have a funda-
mentally different ontogenetic sequence of
radular development from pulmonates, sug-
gesting a possible phylogenetic discontinuity.
This, and the availability of chiton larvae, led
us to reexamine the process of radular forma-
tion in chitons. Here we reexamine the
ontogeny of radular development in four
chiton species: Mopalia lignosa, M. muscosa,
Lepidochitona fernaldi, and L. caverna. The
successful culturing of chitons through meta-
morphosis has been difficult for most workers,
and often published descriptions have been
based on cultures with a low percentage of
metamorphosing juveniles. These four spe-
cies were selected because of the fortuitous
availability of healthy larvae and juveniles. In
retrospect, this selection also permitted com-
parisons between two families, between
closely related species of two genera, and
between free spawners (both Mopalia spp.)
and brooders (both Lepidochitona spp.). Fi-
nally, we infer a more general view of the
basic polyplacophoran radula from our com-
parisons of these four species, and compare
this view to the one proposed by Minichev &
Sirenko (1974).
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MATERIALS AND METHODS

Larvae and juveniles of four chiton species
were obtained from adult chitons spawning at
Friday Harbor Laboratories. All adults except
for Lepidochitona caverna were collected on
San Juan Island, Washington U.S.A. Adults of
L. caverna were descended from a breeding
population first maintained at Santa Cruz,
California U.S.A. (site of original collection,
Eernisse, 1984; 1986) and later at Friday
Harbor Laboratories on San Juan Island.

Mopalia lignosa and M. muscosa free
spawned their gametes, and embryos
hatched as swimming larvae in less than two
days after fertilization for M. lignosa, and less
than four days after fertilization for M. mus-
cosa. These swimming larvae were main-
tained in beakers for approximately one week
with daily changes of filtered sea water and
kept at ambient sea water temperatures (12
to 14° C). For each of the following samples of
known age, the radulae of 4 to 14 specimens
were examined, all fixed in 70% ethanol.

The first series of larvae and juveniles was
obtained from a single spawning M. muscosa
female and several lightly spawning males,
on June 10, 1985. Fixations were made at 7,
8, 9, 10, 11, 13, 15, 17, and 21 days after
fertilization. Less than 10% of several hun-
dred larvae had metamorphosed by 13 days,
when a selection of representative larvae and
all the benthic survivors of one of three cul-
tures were fixed. At 17 days, about 40% of the
remaining larvae in the cultures had meta-
morphosed and the benthic survivors of the
better of the two remaining cultures were
fixed. Finally, at 21 days, nine metamor-
phosed juveniles were fixed.

The best series of larvae and juveniles was
obtained from two M. lignosa spawning within
hours of collection on August 1, 1985. An
isolated male spawned first, and his sperm
were introduced to an isolated female,
prompting her to spawn copiously. The result-
ing larvae were observed at least daily until
they were near to metamorphosis. The first
fixation was made at eight days, when about
40% of the larvae in all cultures (and in the
fixed subsample) were metamorphosed. The
next fixation was made at 12 days, approxi-
mately one day after more than 95% of the
larvae had completed metamorphosis. Sub-
sequent fixations for this study were made at
18, 22, 29, 36, 51, 66, and 105 days after
fertilization (length of juveniles examined:
0.35 to 1.6 mm), and other animals from this

cohort were kept alive including 19 that were
still alive at 14 months (mean length *= st.
dev. = 21.4mm =+ 3.26; max. length =
27.6 mm; min. length = 13.3 mm).

In contrast to the free spawners M.
muscosa and M. lignosa, the brooders L.
fernaldi and L. caverna care for their embryos
until the emerging larvae are capable of
crawling and are within one or two days of
metamorphosis (Eernisse, 1984). A large se-
lection of adult brooders of these species
were kept in the lab, and juveniles were
collected near adults shortly before or after
they had metamorphosed. For L. caverna,
these juveniles ranged from recently meta-
morphosed, about 0.5 mm length, to consid-
erably older juveniles, to a maximum of
1.8 mm length. For L. fernaldi, we examined a
series of juveniles ranging from 1.1 mm to
1.6 mm length. The exact age of juveniles
collected in this way could not be determined.
However, for L. fernaldi, additional broods
were removed from three adults and cultured
as for M. lignosa and M. muscosa. The age of
each of these three broods (i.e. days since
fertilization) was estimated with a high degree
of confidence based on the appearance of
previously timed developmental features in
the embryos (Eernisse, 1984). Their age in
relation to metamorphosis could be deter-
mined by direct observation. All 45 larvae and
juveniles from one brooder were fixed on July
11, 1985, when about 70% of the larvae had
metamorphosed (approx. 13 days after fertil-
ization), including 1 of 45 metamorphosed on
July 8 (at 10 days), and 15 of 45 on July 10 (at
12 days). Juveniles from two other brooders
were fixed at about 19, 25, and 28 days after
fertilization. The length of the 13 to 28 day old
L. fernaldi juveniles ranged from 0.35 mm to
0.5 mm.

In addition to the above species, we exam-
ined premetamorphic larvae of Lepidochitona
cinerea (Linnaeus, 1767) (a kind gift from
Prof. Dr. W. Haas, Bonn, Fed. Rep. of Ger-
many).

In preparation for phase contrast and
Nomarski-interference contrast light micros-
copy, specimens were first rehydrated, then
the calcareous dorsal plates and girdle
spicules were dissolved with 1N HCI. Next,
specimens were macerated in cold 5-10%
KOH (1 to 2 h). Finally, the radulae were
prepared by pressing the macerated tissue
under a cover glass in hot glycerine gelatine.

For SEM observations, juveniles and adults
were macerated in warm 5% KOH only until
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FIG. 1: Radulae of adult Mopalia lignosa in dorsal (slightly lateral) views with SEM. A. Adult (length 43 mm)
from San Juan Is., Washington, USA; total radula length 8.6 mm with 33 transverse rows of mineralized
teeth. Complete transverse rows 6-11, scale bar: 190 pm. B. Small adult (length 16 mm) from Ano Nuevo
Pt., California, USA. Left central portion of transverse rows (approx. ' distance from first anterior row) with
teeth spread in preparation, scale bar: 80 um. L, to Lg = laterals, M = medial (central) tooth.

the radulae were clean and could be teased
away from other tissue. After a distilled water
rinse, radulae were stored in 70% ethanol,
then transferred to 100% ethanol before
mounting on a specimen stub. The radulae
were sputtercoated with gold for two to six
minutes and scanned at 40 kV on a JEM 1200
EX™ STEM (in conjunction with energy dis-
persive Xray microanalysis of juvenile and
adult radulae as reported in a subsequent
study, Eernisse and Fontaine, in prep.) or at
15 kV on a JEOL SM-35 SEM.

RESULTS
The chiton radula

The chiton radula is remarkably uniform in
tooth number and type, bearing transverse
rows of 17 teeth of predictable shapes (Figs.
1A,B) except 11 or 13 teeth per row in
Juvenichiton (Sirenko, 1975). Each row is
“stepped,” or v-shaped, with each tooth an-
terior (at its base) to the next most distal
tooth. The eight lateral teeth (L; to Lg) on
each side of the medial or “central” tooth
(“M”) are attached to the elastic radular mem-
brane. The L, and Ls pairs are the most
elongate teeth. The L, pair are the main

working teeth and bear highly magnetized
dark caps (Lowenstam, 1962; Carefoot, 1965;
Towe and Lowenstam, 1967), usually each
with one to three sharp cusps. Each L; tooth
has the general appearance of a sickle, usu-
ally with a flattened distal tip, and lies in close
association over the mineralized portion of
the L, tooth from one row posterior. The
relationship of the Ls and L, cusps suggests
that they cooperate in scraping and collecting
food or, alternatively, the Ls cusps protect
other soft parts from the highly mineralized L,
cusps as these teeth roll back into their nor-
mal tube-like orientation. Finally, the margins
of the radula are stabilized by the plate-
like LE.?.E'

The development of the juvenile radula

We found no radular structure in
“trochophore” larvae (those larvae that still
had a prototroch); the radula first appears
after metamorphosis. Even the specimens of
L. cinerea with conspicuous valve rudiments
(plate-anlagen) lacked radulae. The first
radulae were recognized in M. lignosa 8 days
after fertilization (3 to 6 longitudinally re-
peated, transverse rows of teeth); in M.
muscosa in the course of the first week after
metamorphosis (up to 10 transverse rows);
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FIG. 2: Radula morphogenesis in juvenile chitons. A. Foremost transverse row of the larval radula with 3
pairs of teeth (composite reconstruction with teeth slightly separated from camera lucida drawings of Mopalia
lignosa, M. muscosa, Lepidochitona fernaldi). H = hump. B. Earliest larval radula of L. fernaldi 13 days after
fertilization, phase contrast, scale bar: 20 pm. C. Transverse row with 9 teeth (composite reconstruction as
in Fig. 2A of M. lignosa, M. muscosa, L. fernaldi) corresponding with Fig. 2F. D. Transverse row with 13 teeth
(camera lucida drawing as in Figs. 2A,C of L. fernaldi). E. L,-pair and medial tooth (L. fernaldi oldest series).
Compare with the medial “precursor” plate (MP) in younger juveniles (Figs. 2 C,F), phase contrast, scale
bar: 20 pm. F. Bending plane of the radula, anteroventral SEM view (M. lignosa, 19 days after fertilization).
Note the shape of the medial plate. Scale bar: 10 um, A = alar membrane (subradular membrane) of the
radula.
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FIG. 3: Light micrograph dorsal view of radula (L. fernaldi 25 days after fertilization) with prominent
dark-capped cusps (‘magnetite teeth’’) of L.-pairs. Left to right: anterior to posterior. Scale bar: 20 pm.
FIG. 4: Anterior end of a juvenile (1.1 to 1.6 mm length) radula with degradation. The foremost inner laterals
and the medial tooth are shed (arrows). (L. fernaldi, phase contrast). Scale bar: 20 pm.

and in L. fernaldi 13 days after fertilization (4
to 7 transverse rows).

The tooth shape and pattern were identical
in the youngest specimens of M. lignosa, M.
muscosa, and L. fernaldi: Radular develop-
ment consistently starts simultaneously with
the paired formation of the “magnetite teeth”
(Lo), the sickle-shaped L; teeth, and the out-
ermost marginal plates (Lg). Therefore the
first transverse row of the newly formed
radula usually consists of 6 teeth (pairs of
L, 5 g). More rarely 4 teeth (pairs of L, s) or,
much more rarely, a single pair (L,) was
noted. Each tooth was easily identified from
the start by its characteristic shape (Figs.
2A.B,F). There is a bilaterally-symmetrical
tooth pattern from the outset. The cusps of
the anterior-most L, pair were dark-capped
even In the earliest cases, suggesting miner-
alization of these cusps from the onset of
radular formation. Moreover, juveniles of all
species considered here began active forag-

ing movements within a week of metamor-
phosis, moving from side to side and leaving
a trail of corresponding rasp markings in the
substrate covering of diatoms. A medial tooth
could not be detected in early stages of
radular development. This finding is contra-
dictory to observations of Schizoplax by
Sirenko & Minichev (1975: figs. 2b,c). In a few
cases amorphous humps (“H” in Fig. 2A)
were observed in front of the foremost plates.

Further radular development was docu-
mented in M. lignosa, L. fernaldi and L.
caverna. The radula elongates and the num-
ber of transverse rows increases up to 30 to
40 in the oldest series. Several of the 18 to 28
day old juveniles showed radula degradation
which is characteristic of all older animals. For
juveniles of all ages as in adults, the medial
part of the radula’s anterior end was shed first
(Fig. 4).

New longitudinal rows of teeth appear with
the increasing age of the chitons. A large
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medial plate ("MP,” Figs. 2C,D) and the Lg
teeth are next to be added between the
existing L, s g teeth. The radular development
is identical in the three species until each has
nine teeth within the transverse row, but dif-
ferences were observed after this stage. In
each transverse row, additional teeth form in
the order L+, Ly and L, in L. fernaldi and M.
lignosa, but Ls, Ly and L; in L. caverna.
Almost all of the oldest specimens of
Lepidochitona appeared to exhibit a complete
radula with 17 teeth in the transverse row,
although the small L; could not be identified
unequivocally. New teeth are added to the
radula of M. lignosa very slowly by compari-
son. The oldest juveniles have at most 11
longitudinal rows of teeth in their radula.

Minichev & Sirenko (1974) state that nearly
all new teeth in the transverse row originate
from a fragmentation of “precursor’-plates.
Such a process can be excluded at least for
the Lo4568 Decause we never observed
these tooth pairs in an intermediate stage of
fragmentation. On the other hand the medial
plate apparently splits up to form the L, pair
and the definitive medial tooth (Fig. 2D,H).
This process was evident by comparing juve-
niles that had only a broad medial plate with
juveniles at a slightly more advanced stage
that had a small medial tooth flanked by the
L, pair. The medial tooth could be identified
as a small medial ridge on the “precursor -
plate before its apparent separation.

DISCUSSION

In the three species examined at early
stages, radula formation starts soon after
metamorphosis. First a symmetrical tooth pat-
tern arises, consisting normally of several
transverse rows of “teeth,” each with three
“tooth” pairs. A medial plate for each trans-
verse row is added later. This sequence is
basically the same as has been observed In
radulae of many gastropods (Kerth, 1979;
19834, b) including seven families of pulmo-
nates and in two genera of opisthobranchs,
Polycera and Adalaria, which pass through a
stage with one to three pairs of laterals in each
transverse row before a central tooth is added.

The radulae of the chitons we examined,
however, differ considerably from those of the
gastropods examined in their later develop-
ment. In gastropods, new longitudinal rows of
laterals are added only on the outermost
margins of the radula (Kerth and Hansch,

1977). In chitons, new longitudinal rows of
laterals are inserted (i.e. erupt) between ex-
isting laterals. We found that the first teeth or
plates to appear in a chiton radula are, appro-
priately enough, the main adult working L, s
teeth and Lg plates, the latter previously sug-
gested to serve as margin stabilizers. Evi-
dence presented here would indicate that
particular radular teeth are formed with char-
acteristic shapes making them functional al-
most from the start, and certainly before all 17
teeth per row are present. Judging from their
dark color, we concluded that the cusps of the
initial L, pairs were apparently mineralized
from the start. This result has more recently
been confirmed with energy dispersive Xray
microanalysis of M. lignosa juveniles only 16
days post-fertilization (Eernisse and Fon-
taine, in prep.). Finally, our observations of
feeding behavior in newly metamorphosed
juveniles provide strong evidence of the func-
tionality of the newly formed radula.
Minichev and Sirenko (1974) described the
radular development in four chiton genera
and in some unidentified chiton “trocho-
phores.” Our results differ from theirs in sev-
eral ways: (1) We observed no radulae earlier
than postmetamorphic stages. (2) These au-
thors describe a primordial radula in the uni-
dentified trochophores with only one longitu-
dinal row of broad plates. We didn't observe
any comparable structure, although there oc-
casionally were a few amorphous humps in
front of the foremost transverse row (Fig. 2A).
(3) Minichev and Sirenko (1974) depicted pri-
mary central teeth in the foremost parts of the
youngest radula, but secretion of these teeth
stopped very early. We were not able to find
any comparable structure even with phase
contrast or Nomarski-interference optics.
(4) According to these authors, almost all of
the laterals originate by fragmentation of a
pair of “precursor”-plates on either side of the
L, pair. Although the order of fragmentation is
never explicitly stated in Minichev and
Sirenko (1974: 1136), Sirenko and Minichev
(1975: fig. 2b,c,d) clearly indicate that they
believe the first fragmentation of the “precur-
sor’-plates will lead to the adult L; and Ls.g
pairs, the next fragmentation to the L; and
Ls.g pairs, and so on until finally the L; and Lg
fragment. We can rule out such a fragmenta-
tion process in the species we examined for
all laterals with exception of the L;-pair.
These and the medial tooth originate by frag-
mentation of the medial plate (Fig. 2C,E,F).
(5) We observed a different order that new
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teeth are added In each transverse row.
Sirenko and Minichev (1975: figs. 2b,c,d)
depicted very exactly the shape of the laterals
in the earliest radula and because their draw-
ings are completely in accordance with the
shape of laterals in our investigated species,
it is clear they have misinterpreted several
teeth or plates. For example, the teeth or
plates Sirenko and Minichev (1975: fig. 2d)
have labeled Ls, L4, and Ls.g should instead
be labeled Ls, L; and Lg, respectively.
(6) Minichev and Sirenko (1974: 1136, fig.
1:4) argued that the dark portions of the L,
pairs are a secondary feature, with the first
few L, pairs lacking mineralization altogether.
We observed mineralization concurrent with
the start of radular formation.

There is a possibility that our results differ
from those of Minichev and Sirenko (1974)
because they studied different chiton species,
or because some of their species differ be-
cause they are brooders (e.g. Schizoplax
brandtii and Hanleyella asiatica). However,
our consistent results for members of two
chiton families, and for both free spawners
and brooders, suggests to us that the patterns
we have observed are general for chitons. If
we are correct then our results are important
not only in documenting a previously un-
known pattern of tooth formation but are also
important to recent discussions of molluscan
evolution. This is true because the ontogeny
of the chiton radula has been used as a prime
case in favor of a bilateral yet monostichous
ancestral condition. In order to appreciate
both the underlying assumptions and previ-
ously stated support for this idea, some re-
view is necessary.

The discovery of living monoplacophorans
and descriptions of their anatomy (Lemche
and Wingstrand, 1959; Wingstrand, 1985)
has again brought to prominence the often
suggested hypothesis that metamerism is a
basic feature of mollusks, perhaps a primitive
condition shared with other metameric pro-
tostomium ancestors. Organs are also re-
peated in polyplacophorans (chitons) and in
the cephalopod genus Nautilus as was
discussed in depth by Naef (1926) and
previous authors (for review see Wingstrand,
1985). Particularly striking are the repetition
of kidneys, atria and gills in monoplac-
ophorans, polyplacophorans, and in Nautilus.
Other authors regarded the metameric condi-
tion as a convergence (Hoffmann, 1937;
Boettger, 1959; Yonge, 1960; Salvini-
Plawen, 1985) and argued that single paired

systems were present in a hypothetical mol-
luscan ancestor.

Wingstrand (1985) supports grouping the
sister groups Polyplacophora and Conchifera
(the latter group including monoplacophorans)
as a monophyletic unit, the “Testaria” (Salvini-
Plawen, 1972; 1980; Lauterbach, 1983), itself
a sister group to the either mono- or biphyletic
aplacophoran mollusks (i.e. the Caudovo-
veata and the Solenogastres). In support of
this view, Wingstrand describes many testar-
lan synapomorphic features including the
radula and radular apparatus, the velum, the
subradular organ, the large pharyngeal diver-
ticula, the large digestive gland, the coiled in-
testine, the eight pairs of pedal retractor
groups, and the already mentioned similarities
of the heart complex. As Wingstrand (1985)
has noted, even if as he has concluded,
metamerism is primitive for testarians, it is dif-
ficult to determine whether a basic metameric
organization is a plesiomorphic condition for
testarians, present also in a protostomian an-
cestor or, alternatively, if metamerism is a
synapomorphy for testarians. Only the “Apla-
cophora™ are available for outgroup compar-
iIson and their nonmetameric condition could
either be a primitive molluscan feature or at-
tributed to convergent evolution due to a
vermiform habit or neotenic reductions result-
iIng from small adult body size. The serial na-
ture of all known molluscan radulae might pro-
vide insight on the issue of metamerism but,
not surprisingly, there is little general agree-
ment on the features that are primitive to a
radula. First, there are obviously two issues
concerning the presumed serial or nonserial
nature of the primitive radula, differing in
whether the “metamerism’ is bilateral (left and
right) or longitudinal (serially repeated rows).
Nierstrasz (1905) and Boettger (1955, 1959)
proposed that the basic ancestral radula was
bipartite (i.e. in two parts, symmetrical left and
right) and distichous (i.e. arranged with two
matched teeth in each longitudinally repeated
row), while Salvini-Plawen (1972, 1978, 1981,
1985) contended it had a broad monostichous
form. Meanwhile, Minichev and Sirenko
(1974) and lvanov & Tzetlin (1981) attributed
to the Aplacophora and Polyplacophora a pri-
marily monstichous radula and to the
Conchifera a polystichous (Minichev and
Sirenko, 1974) or a distichous (lvanov &
Tzetlin, 1981) radula.

Because aplacophorans have been re-
garded as the one or two earliest diverging of
extant molluscan lineage(s) (i.e. Wingstrand,
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1985) and because they have the simplest
adult radula, the aplacophoran radula might be
especially appropriate to consider. However,
the highly specialized and diverse modes of
feeding of many aplacophorans, especially
those that are interstitial, could confound this
conclusion. For example, about 25% of known
members of the Solenogastres (Neomenio-
morpha) lack a radula, using enzymatic se-
cretions of a protrusible foregut to dissolve
cnidarian tissue (Salvini-Plawen, 1985). The
Caudofoveata (Chaetodermomorpha or Chae-
todermatida) include several genera with a
distichous radula and several that display a
specialized feeding apparatus of disputed
construction, whereas the distichous tooth
pattern prevails unequivocally in members of
the Solenogastres that have a radula (Salvini-
Plawen, 1978). Moreover the radula of both
aplacophoran groups clearly shows features
of a bipartite construction: The teeth attach to
a radular membrane which is often split medi-
ally, perforated by a series of slits, or is fused
together from two ribbons (Heath, 1905;
Salvini-Plawen, 1978; Scheltema, 1981; pers.
comm. 1984; contrast with Hyman, 1967).
We have presented evidence that from the
start the juvenile chiton radula is in most cases
polystichous, not monostichous as believed by
Minichev and Sirenko (1974). However, we
believe the issue is much more fundamental
than this distinction. Even if it could be shown
that certain mollusks (i.e. two species of
Solenogastres as claimed by Salvini-Plawen,
1985) pass through a monostichous stage In
their radular formation, this would not neces-
sarily indicate the primitive radular condition of
a presumed early molluscan ancestor. Com-
parative ontogenetic studies might reveal the
initial ancestral state (i.e. “Von Baer's laws")
but this assumes that early ontogenetic stages
are less prone to modification than later stages
or, stated differently, the initial expression of a
morphological trait reflects more accurately
than later expressions an ancestral condition
(Kluge and Strauss, 1985). In practice, testing
this assumption requires outgroup compari-
son (Kluge, 1985) which in the present case is
difficult because it would require comparisons
of radular ontogeny with the ontogeny of a
structure presumed to be homologous to the
molluscan radula in a non-molluscan out-
group. Moreover, it would be mistaken to as-
sume that the initial state of a juvenile chiton
radula must correspond to the adult radula of
a hypothetical ancestral mollusk. Instead, the
juvenile condition of chitons is better com-

pared to the ancestral juvenile condition, and
simplicity (i.e. few teeth or even a monostich-
ous condition) attributed to the inherently small
size of juveniles.

Thus, there is no longer any reason to pos-
tulate that the presumed ancestor of early mol-
lusks was equipped with a monostichous
radula as suggested by Salvini-Plawen
(1985), Minichev and Sirenko (1974), and
lvanov and Tzetlin (1981). In addition to the
uncertainties inherent in using early on-
togenetic stages to infer a primitive condition,
two facts are incompatible with the suggestion
of an ancestral monostichous condition. First,
the predominant radula type of the Apla-
cophora is distichous and basically bipartite,
even if there is an initial connection in the
juvenile radula as claimed by Salvini-Plawen
(1985). Second, none of six genera of chitons
hitherto examined (this paper and Minichev
and Sirenko, 1974) reveal any sign of a
monostichous stage in their radular develop-
ment, except for the “monostichous™ radula of
the unidentified “trochophore” depicted in
Minichev and Sirenko (1974). We would
reinterpret this latter case as distichous, con-
sisting of two longitudinal rows of incomplete
L, teeth. Both the prevailing aplacophoran
radula type and the ontogenetic sequence of
the chiton radula lead us to propose a rather
different basic feeding instrument in early mol-
lusks. We conclude that it was bilateral or even
bipartite with one or more pairs of longitudinal
rows of teeth. It would be tempting to assume
that such a radula represents the ancestral
type for all mollusks, but this extrapolation
needs to be tested with additional comparative
studies.
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