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| ranged from high in Tectus pyramis to nearly zero in Trochus maculatus.
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| distance between Tectus species was 1.510. Nei's genetic distances between ,
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on the basis of shell morphology.
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GENETIC RELATIONSHIPS AMONG THE TOPSHELLS
TROCHUS AND TECTUS (PROSOBRANCHIA: TROCHIDAE)
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Large species of Trochus and Tectus common on the
Great Barrier Reef were screened for polymorphism
at eleven putative allozyme loci. The samples were
first identified as belonging to Trochus niloticus L.,
1758, Trochus conus Gmelin, 1791, Trochus macula-
tus L., 1758 and Tectus pyramis (Born, 1778), but
subsequent electrophoretic analysis showed that
Trochus conus and Tectus pyramis each consisted of
at least two reproductively isolated, sympatric
species. Some of these species matched older descrip-
tions, based on shell morphology, of taxa which had
since been synonymised. Allozyme polymorphism
ranged from high in Tectus pyramis to nearly zero in
Trochus maculatus. Average Nei’s genetic distance
between Trochus species was 1.726. Genetic distance
between Tectus species was 1.510. Nei’s genetic
distances between Trochus and Tectus ranged from
3.226 to infinity. A phylogenetic tree based on genetic
distances grouped together all four Trochus species
versus the two Tectus species, confirming the validity
of these two genera erected originally on the basis of
shell morphology.

Several large species of the genera Trochus and
Tectus (Prosobranchia: Trochidae) are common
on the Australian Great Barrier Reef (GBR).
These gastropods are ecologically important as
algal grazers in coral reef habitats (Klumpp &
Pulfrich, 1989). Trochus niloticus is also of
economic value on the GBR, where natural
populations of this species are exploited for
meat and nacre (Nash, 1985).

Trochus and Tectus species, including the
common taxa currently recognized in the GBR,
have been described on the basis of their shell
morphology (e.g. Reeve, 1862). Some of these
species have since been considered morpho-
logical variants of other taxa with which they
were synonymised (e.g. Cernohorsky, 1972).

! Address for correspondence:
Nouvellé-Calédonie.
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The grouping of species into two genera
Trochus Linné, 1758 and Tectus Montfort,
1810, on the basis of shell architecture, is gener-
ally accepted (Cernohorsky, 1972; Abbott,
1986). However, there is still confusion as to
whether Trochus niloticus L., 1758 and Trochus
conus Gmelin, 1791 should be put into the
genus Tectus instead of Trochus (A.M. Keen,
in Moore, 1960; Kira, 1962; Habe, 1964). Tectus
has also been considered as a sub-genus of
Trochus (Rippingdale & McMichael, 1961;
Wilson & Gillett, 1971). The systematics of
these species are therefore in need of some
revision. :

The present paper reports the phylogenetic
relationships inferred from allozyme variation
in several species of Trochus and Tectus com-
mon on the GBR, in an attempt to clarify some
aspects of the systematics of this group. In the
process, taxa currently identified as Trochus
conus and Tectus pyramis were each found to
consist of at least two reproductively isolated
sympatric species on the GBR, highlighting
further taxonomic problems in the Trochidae
with respect to the definition of species bound-
aries.

MATERIALS AND METHODS

Sampling

Animals were collected by SCUBA on three reefs of
the GBR: Escape Reef (15°53'S, 145°48’E), Davies
Reef (18°49’S, 147°39'E) and Square Reef (20°03’S,
149°49'E) (Fig. 1). Samples of Trochus niloticus L.,
1758 were collected at Escape Reef and Square Reef
(sample size, n = 38 for each sample). Samples first
identified as Tectus pyramis (Born, 1778) were
collected at Escape Reef (n = 39), Davies Reef (n =
27) and Square Reef (n = 30). Trochus maculatus L.,
1758 (n = 19) and a species identified as Trochus
conus Gmelin, 1791 (n = 3) were collected at Davies
Reef. One more individual identified as Trochus
conus was collected at Escape Reef.
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Figure 1. Location of sites sampled for Trochus and Tectus on the Great Barrier Reef.

Species identification

Identifications of Tectus pyramis, Trochus conus and
Trochus maculatus were made by Mr I. Loch (Austra-
lian Museum, Sydney), on a few shells of each species
which had been preserved (Fig. 2). These shells were
deposited at the Australian Museum with registration
numbers C.168454 to C.168463 (see Borsa & Benzie,
1992, for details).

The Tectus pyramis sample of Escape Reef could
be separated into two distinct groups on the basis of
shell morphology (see below). Electrophoretic data
obtained in the present study indicated that these two
groups belonged to two distinct species. One of these
(n = 2 at Escape Reef) was morphologically similar to
that sampled at Davies Reef and Square Reef, with
shell pyramidal with a wide, flat base and whorls
convexly flattened and tuberculated towards the apex
(Fig. 2a). It will be referred to here as Tectus pyra-
mis. The other species, collected only at Escape Reef
(n = 37), had a shell of depressed conoid form with a
wide, flat base and whorls flatly sloping and more
prominently tuberculated than Tectus pyramis (Fig.

2b). It will be referred to here as Tectus aff. pyramis.
The sample of Trochus conus (n = 4) was also mor-
phologically heterogeneous, with one individual
{Davies Reef) corresponding to the description of
Trochus conus given in e.g. Abbott (1986), still called
here Trochus conus, and which had a perfectly
conical shell and round peristome (Fig. 2d). The
shells of the three other individuals (two from Davies’
Reef, one from Escape Reef) were heavy, tall, slightly
onion-shaped, their aperture slightly flattened and
their entire surface covered by encircling ridges bear-
ing granules (Fig. 2e, f). Allozymic data showed that
these three individuals were of a separate group
reproductively isolated from Trochus conus, referred
to here as Trochus aff. conus.

The preferred habitat of Trochus niloticus was the
most exposed part of the reef crest, the habitat of
Tectus aff. pyramis was the reef flat behind the most
exposed zone of the reef crest. The habitat of Tectus
pyramis was on average more protected at Davies
reef and Square Reef than that of Tectus aff. pyramis
at Escape Reef. All other species were found on the
more protected parts of the reef, on the leeward side
or in the lagoon.
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the australian museum
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Figure 2. Voucher specimens of Trochus and Tectus from the Great Barrier Reef: a. Tectus pyramis (Born,
1778), Davies Reef, Central Great Barrier Reef (AM C.168458); b. Tectus aff. pyramis, Escape Reef, Great
Barrier Reef off Cape Tribulation (AM C.168456); ¢. Trochus maculatus Linné, 1758, Square Reef, Southern
Great Barrier Reef (AM C.168457); d. Trochus conus Gmelin, 1791, Davies Reef (AM C.168463); e. Trochus
aff. conus, Davies Reef (AM C.168462); f. Trochus aff. conus, Escape Reef (AM C.168455). Scale bar =

50 mm.

Processing

Animals were kept alive in running seawater on
board the research vessel until they were dissected
and processed according to protocols reported in
Borsa & Benzie (1992). Portions of digestive gland
and columellar muscle tissue were dissected and
stored at —80°C. Tissues were homogenised in an
equal volume of aqueous B-mercaptoethanol and, in
the case of muscle, centrifuged at 7,000g for 5

minutes and the supernatant used as the source of
soluble enzymes.

Electrophoresis

The methods for electrophoresis were originally
developed for Trochus niloticus and were extended to
all species studied here. Detailed protocols for elec-
trophoresis are given in Borsa & Benzie (1992). Nine
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enzymes were assayed, selected on the basis of their
electrophoretic intensity and resolution in Trochus
niloticus: diaphorase (EC 1.6.-.-), esterase-D (EC
3.1.1.1), glucose-phosphate isomerase (EC 5.3.1.9),
isocitrate dehydrogenase (EC 1.1.1.42), malate
dehydrogenase (EC 1.1.1.37), malic enzyme (EC
1.1.1.40), non-specific dehydrogenase (EC 1.1.1.-),
peptidase (EC 3.4.11.-) and phosphoglucomutase
(EC 2.7.5.1). Because of (1) the consistency of
electrophoretic banding patterns with their known
quaternary structures and (2) the presence of all
phenotypes expected to be in non-marginal propor-
tions according to a Mendelian model, the genetic
basis of the electrophoretic patterns for these en-
zymes has been ascribed to Mendelian variation at
eleven loci, respectively: Dia-1, Dia-2, Est-D, Gpi,
Idh-1, Mdh-1, Mdh-2, Me-2, Ndh, Pep-2 and Pgm
(Borsa & Benzie, 1992). Bands for Mdh-1 and Ndh in
Tectus pyramis were not detected on gels stained for
these systems even though other species developed
bands. The absence of activity was assumed to refiect
the presence of an allele unique to Tectus pyramis in
each case. No data were obtained for Ndh in Trochus
niloticus from Square Reef.

Electromorph frequencies in each population were
estimated directly from zymogram data.

Data analysis

The distribution of genotypic frequencies in each
sample was compared to Hardy-Weinberg expecta~
tions by means of Weir & Cockerham’s (1984) f-
statistic. Single-locus f values were tested assuming
that f2n(k—1) has a x* distribution with k(k—1)/2
degrees of freedom under the null hypothesis of
equilibrium (Waples, 1987), where n = sample size
and k = number of alleles in the sample. Mean f over
all polymorphic loci was compared to zero by
Student’s ¢-test.

Genetic variation in every population was esti-
mated using three parameters: (1) genetic diversity,

e
H = UI32n(1 — ixa,-z)/(mi -1
] 1

where ! = number of loci and x; = frequency of
electromorph i at locus j; (2) Percentage (P) of loci
polymorphic, i.e. those for which the largest electro-
morph frequency was less than 0.95; (3) A = mean
number of allelomorphs per locus, whose frequency
was larger than 0.05.

Standard deviations around each estimation of
mean f, H, P and A were estimated by jackknifing
(Miller, 1974) the corresponding set of single-locus
values.

Genetic distances were estimated using the indices
of Nei (1972) and Rogers (1972) and a Wagner tree
was built from the matrix of Rogers’ genetic distances
using Swofford & Selander’s (1981) BIOSYS pack-
age. The assumption that the absence of activity in
Tectus pyramis for Mdh-1 and Ndh reflected the pre-
sence of an allele unique to Tectus pyramis in each
case is the most conservative interpretation. It effec-
tively treats these characters as autapomorphies

which will not affect the branching pattern of the
cladistic tree produced, but extend the length of only
the branch from the last node connecting Tectus
pyramis to the rest of the network.

The sample sizes for Trochus conus and Trochus
aff. conus were respectively n = 1 and n = 3. Gorman
& Renzi (1979) have empirically shown that such
sample sizes could be considered large enough for
approximately estimating genetic distances between
species and genetic diversity.

RESULTS

Electromorph frequencies at eleven putative
enzyme loci in samples of Trochus maculatus,
Trochus conus, Trochus aff. conus, Trochus
niloticus, Tectus pyramis and Tectus aff. pyra-
mis are reported in Table 1. Raw genotypic
data for the two individuals of Tectus pyramis
collected at Escape Reef (reported in Borsa &
Benzie, 1992) did not indicate differences with
the two other samples (Davies Reef and Square
Reef). Gene frequencies were similarin different
populations of a single species, but differed
markedly between species. Several fixed gene
differences were observed between the taxa,
including the cryptic Tectus pyramis and Tectis
aff. pyramis, and Trochus conus and Trochus
aff. conus. Of the nine loci surveyed in common
in both species, four (Dia-1, Est-D, Mdh-2 and
Me-2) were diagnostic between Tectus pyramis
and Tectus aff. pyramis. At three other loci
(Gpi, Pep-2 and Pgm), the most frequent elec-
tromorph in one species was not represented,
or had a very low frequency in the other
species. Six loci (Dia-1, Gpi, Mdh-2, Ndh, Pep-
2 and Pgm) out of eleven, were diagnostic be-
tween Trochus conus and Trochus aff. conus.
Heterozygote deficiencies (large positive
values of Weir & Cockerham’s f) were noted at
locus Est-D in both Tectus pyramis and Tectus
aff. pyramis, at loci Me-2 and Pgm in Tectus
pyramis and at Pep-2 in Tectus aff. pyramis.
Heterozygote excesses were observed at Gpi
and Pep-2 in each of the two samples of
Trochus niloticus (Table 2). However, only one
single-locus value among a total of twenty-eight
and only one mean f value out of seven had a
probability of occurrence of less than 0.05, re-
sults which might be expected by chance alone.
The extreme values of heterozygote deficiency
present in Trochus aff. conus, were due to the
presence of one individual from Davies Reef
(Fig. 2e) differentiated from the two others
[one from Davies Reef, the other one (Fig. 2f)
from escape Reef] by a fixed gene difference at
each of three loci (Dia-1, Gpi and Idh-I). For

=
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Table 1. Electromorph frequencies in eight populations of Trochus and Tectus from the Great Barrier
Reef. NIL1, Trochus niloticus, Escape Reef; NIL2, Trochus niloticus, Square Reef; MAC Trochus macu-
latus, Davies Reef; PYR1, Tectus pyramis, Davies Reef; PYR2, Tectus pyramis, Square Reef; (PYR}SP,
Tectus aff. pyramis, Escape Reef; CON, Trochus conus, Davies Reef; (CON)SP, Trochus aff. conus,
Davies Reef and Escape Reef. Each electromorph numerotated as its mobility relative to the most
common electromorph in Trochus niloticus. n, sample size.

Locus Population

NIL1 NIL2 MAC PYR1 PYR2 (PYR)SP CON (CON)SP
Dig-1
100 1.000 1.000 0 0 0 0 0.500 0
116 0 0 0 0 0 1.000 0 0
126 0 0 0 1.000 1.000 0 0 o]
127 0 0 0 0 0 0 0.500 0
132 0 0 1.000 0 0 0 0 0
136 0 0 0 0 0 0 ¢} 0.333
160 0 0 0 0 0 0 0 0.667
n 38 38 19 27 30 37 1 3
Dia-2
100 1.000 1.000 0 0 0 0 0 0
119 0 0 1.000 0 0 0 0 0
133 0 0 0 0 0 0 1.000 1.000
142 0 0 0 1.000 1.000 1.000 Q 0
n 38 38 19 27 30 37 1 3
Est-D
070 0.013 0 0 0 0 0 0 0
081 0 0 0 0 0 0 0 0.167
100 0.987 1.000 0 0 0 0 1.000 0.833
130 0 0 1.000 0 0 0.297 0 0
150 0 0 0 Q Q 0.703 0 0
174 0 0 0 0.981 0.900 0 o] 0
189 0 0 0 0.019 0.017 0 0 0
223 0 0 0 0 0.083 0 0 - 0
n 38 38 19 26 30 37 1 3
Gpi
082 0 0 0 0 0 0 0.500 0
100 0.842 0.934 0 Q Q 0 4} 0
127 0 0 0 0 0 0 0 0.500
160 0.158 0.066 0 0 0 0 0 0.167
173 0 0 0 0 0 0.946 0 0
200 0 0 0 0 0 0 0.500 0
204 0 0 1.000 0.019 0.021 0.054 0 0.167
223 0 0 0 0.204 0.083 0 0 0
230 0 0 0 0.019 0.063 0 0 0
236 0 0 0 0 0 0 0 0.167
248 0 0 0 0.185 0.375 0 0 0
263 0 0 0 0.111 0.042 0 0 0
290 0 0 0 0.444 0.396 0 0 0
300 0 0 0 0.019 0.021 0 0 0
n 38 38 19 27 24 37 1 3
Idh-1
030 0 0 0 0 0 0 1.000 0.333
100 0.987 1.000 1.000 0 0 0 0 0
120 0 0 0 Q 0 0.014 0 0
127 0 0 0 0 0 0.014 0 0
160 0.013 0 0 0 0 0 0 0
166 0 0 0 1.000 0.983 0.973 0 0
200 0 0 0 0 0.017 0 0 0.667
n 38 38 19 27 30 37 1 3
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Locus Population
NiL1 NIL2 MAC PYR1 PYR2 (PYR)SP CON (CON)SP
Mdh-1
075 0 0 1.000 — — 0 0 0
090 0 0 0 — — 1.000 0 0
100 1.000 1.000 0 — — 0 0 0
110 0 0 0 — — 0 1.000 1.000
n 38 38 19 0 0 2 1 3
Mdh-2
100 1.000 1.000 0 0 0 0 0 0
128 4] 0 0 0 0 1.000 0 0
137 0 0 0 0 0 0 0 1.000
139 0 o 0 0.778 0.750 0 0 0
171 0 0 1.000 0 0 0 1.000 0
200 0 o] 4] 0.222 0.250 0 0 0
n 38 38 19 27 30 37 1 3
Me-2 .
009 0 0 0 0 0.083 0 0 0
027 0 0 0 1.000 0.917 0 0 0
040 0 0 0 0 0 © 1.000 0 0
092 0 0 1.000 0 0 0 0 0
100 1.000 1.000 0 0 ¢] 0 1.000 1.000
n 38 38 19 27 30 37 1 3
Ndh
050 0 — 1.000 —_ - 0 0 0
066 0 — 0 — — 1.000 0 0
075 0 — 0 — — 0 1.000 0
100 1.000 - 0 — — 0 0 1.000
n 17 0 6 0 0 3 1 3
Pep-2
075 0 0 0.026 0 0 0 0 0
085 0 0 0 0 0 0 0 0
086 0 0 0 0 0 0 1.000 0
088 0 0 0.974 0 0 0 0 0.833
089 0.092 0.066 0 0 0 0 0 0
094 0.368 0.382 0 1.000 0.967 0.068 0 0.167
100 0.539 0.539 0 0 0.017 0.351 0 0
106 -0 0.013 0 ¢ 0.017 0.581 0 0.
n 38 38 19 27 30 37 1 3
Pgm
082 0 0 0 0 0 0 0.500 0
094 0 0 0 a 0 0 0.500 0
095 0 0 1.000 0 0 0 0 0
100 1.000 1.000 0 0 0 [¢] 0 0
103 0 0 0 0 0 0 0 1.000
110 0 0 0 0.542 0.400 0.041 0 0
117 0 0 0 0.208 0.200 0 0 0
120 0 0 0 0.208 0.250 0 ] 0
122 0 0 0 0 0 0 0 0
124 0 0 0 0.042 0 0 0 0
132 0 0 0 0 0 0.959 0 0
135 0 0 0 0 0.150 0 0 0
n 38 38 19 12 10 37 1 3
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Table 2. Weir and Cockerham’s {1984} fixation index (f) values in seven populations of Trochus and
Tectus species from the Great Barrier Reef. ND, no data; SD, jackknife estimate of standard deviation;

other abbreviations as in Table 1.

Locus Population

NiL1 NiL2 MAC (CON)SP PYR1 PYR2 (PYR)SP
Dia-1 — — — 1.000 — — —
Dig-2 — — -— — — — —_
Est-D 0.000 — — 0.000 0.000 0.286 0.237
Gpi —0.175 —-0.057 — 0.200 —0.020 0.000 -0.044
ldh-1 0.000 — — 1.000 - — —0.067 —-0.007
Mdh-1 — — — — ND ND —
Mdh-2 — — — — —0.063 0.039 —
Me-2 —_ — —_ — — 0.360* —
Ndh — ND —_ ND ND —
Pep-2 -0.118 —0.306 0.000 0.000 — —-0.009 0.237
Pgm —_ — — — 0.364 0.212 -0.029
mean f —0.060 —0.261 0.000 0.529 0.116 0.104 0.184*
SD 0.084 0.126 —_ 0.238 0.155 0.090 0.051

* p < 0.05.

Gpi this individual was heterozygous for two
alleles absent in the other two individuals
(Borsa & Benzie, 1992).

Values of mean genetic diversity per locus
(H), percentage of loci polymorphic (P) and
mean number of allelomorphs per locus (A)
with their jackknife estimates of standard
deviation are reported for each species in Table
3. Two species were very polymorphic, namely,
Trochus aff. conus and Tectus pyrainis, and one
species almost totally monomorphic (Trochus
maculatus). The values of H, P and A for the
other species were intermediate.

A Wagner tree (Fig. 3) was built from' the
matrix of Rogers’ genetic distances presented in

Table 4 and rooted at the midpoint of the
largest segment. This was used to represent the
hypothetical phylogenetic relationships among
the six species from the family Trochidae. The
first node of this tree separated all four Trochus
species from the two Tectus species. Trochus
niloticus and Trochus conus clearly were
grouped within the Trochus branch.

Rogers’ distances between populations with-
in a species (Trochus niloticus and Tectus pyra-
mis) were one to two orders of magnitude less
than those between species (Table 4). Values of
Nei’s standard genetic distance are also pro-
vided to assist comparisons with results in the
literature. Nei’s genetic distance between

Table 3. Genetic variation in eight populations of Trochus and Tectus species from the
Great Barrier Reef, based on the electromorph frequency data at 9 loci scored in ail
populations (see Table 1); n, mean sample size per locus; H, mean genetic diversity per
locus; P, percentage of loci polymorphic (0.95 level); A, mean number of alleles per locus
{only alleles whose frequency > 0.05 are considered); SD, jackknife estimate of standard

deviation; other abbreviations as in Table 1.

Population n H+ SD P SD A* SD

Trochus niloticus (NIL1) 38.0 0.099 + 0.066 0.22 + 0.15 1.33 £ 0.24
Trochus niloticus (N1L.2) 38.0 0.077 £ 0.063 0.22 + 0.15 1.33+£0.24
Trochus maculatus 19.0 0.006 * 0.006 0.00 * 0.00 1.00 + 0.00
Trochus conus 1.0 0.222 + 0.111 0.33 + 0.17 1.33 £ 0.17
Trochus aff. conus 3.0 0.281 £ 0.100 0.56 *+ 0.18 1.78 £ 0.32
Tectus pyramis (PYR1) 25.2 0.196 * 0.100 0.33 + 0.17 1.67 + 0.37
Tectus pyramis {PYR2) 271 0.253 * 0.098 0.56 % 0.18 2.00 + 0.41
Tectus aff. pyramis 37.0 0.133 * 0.068 0.33 = 0.17 144 + 0.24




|— Trochus niloticus, Escape Reef

Trochus niloticus, Davies Reef

Trochus conus

Trochus maculatus

Tectus pyramis, Davies Reef

Tectus pyramis, Square Reef

Tectus aff. pyramis

282 PHILIPPE BORSA & JOHN A H. BENZIE
Trochus aff. conus
r T T R T T T T N T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0:45 0.50

Distance from root

Figure 3. Wagner tree illustrating the hypothetical phylogenetic relationships among 6 taxa from the genera

Trochus and Tectus. Total tree distance was 2.419.

Trochus and Tectus ranged between 3.226 and
infinity. The average genetic distance between
species within genus Trochus was 1.726, and
1.510 between Tectus pyramis and Tectus aff.
pyramis.

DISCUSSION

The allozyme survey of several taxa confirmed
two basic, monophyletic, groupings of trochid
species into the genera Trochus and Tectus
erected originally on the basis of shell architec-
ture (Hickman & McLean, 1990). Trochus
niloticus and Trochus conus were each placed
within the genus Trochus establishing their

generic placement which had been subject to
some doubt. i

The survey also revealed that Tectus pyramis
and Trochus conus, each consist of two species
on the Great Barrier Reef. Given the high
proportion of diagnostic loci and the sympatric
occurrence of the taxa, there is no doubt that
reproductive isolation between the latter is
total. It is also pertinent to note that genetic
distances among the ‘sibling’ taxa were orders
of magnitude greater than inter-populational
differences within species, but of the same
order as those among the recognised trochid
species, and as inter-specific distances in other
molluscs (e.g. Skibinski et al., 1980; Buroker,
1982).

Table 4. Values of genetic distances among 8 populations of Trochus and Tectus species from the
Great Barrier Reef. Above diagonal: Rogers’ (1972) estimator; below diagonal: Nei‘s (1972} estimator.

Abbreviations as in Tabie 1.

" Population NIL1T NiL2 MAC CON (CON)SP PYR1 PYR2 (PYR)SP
Trochus niloticus NIL1 — 0.013 0.888 0.728 0.668 0.911 0.899 0.930
Trochus niloticus NiL2 0.001 — 0.891 0.731 0.675 0.916 0.903 0.934
Trochus maculatus MAC 2367 2364 — 0.871 0.869 0.955 0.943 0.951
Trochus conus CON 1.372 1.376 2322 — 0.545 0.913 0.902 0.934
Trochus aff. conus (CON)SP  1.181 1.192 2311 0.791 - 0.890 0.879 0.916
Tectus pyramis PYR1 3.270 3.245 6.300 infinity 3.976 — 0.051 0.745

_ Tectus pyramis PYR2 3.251 3.226 6.154 infinity 3.918 0.007 — 0.732
Tectus aff. pyramis  (PYRISP 3.839 3.810 3.385 infinity 6.133 1532 1508 —




GENETICS AND PHYLOGENY OF TOPSHELLS

Heterozygote deficits and, in some instances,
excesses, are commounly found in marine
molluscs (Zouros & Foltz, 1984; Koehn et al.,
1988). Minor departures from expected genotype
frequencies in all species studied here except
Trochus aff. conus were not significant (Table
2) and may reflect stochastic effects of sampling.
There was no evidence of inbreeding of an ex-
tent that might indicate the occurrence of other
sibling taxa. On the other hand, the extreme
values of heterozygote deficiency in Trochus
aff. conus, although based on only three indi-
viduals, and due to one individual genetically
very different from the two others, may indicate
the occurrence of another, third, sibling species
within the group currently recognised as
Trochus conus.

Each taxon could also be distinguished on
shell morphology and some habitat separation
was also observed (see above). When compar-
ing sample shells with older descriptions from
the literature, there was no ambiguity concern-
ing the identification of Trochus niloticus,
Trochus maculatus and Trochus conus. One
of the species referred to here as Trochus
aff. conus (Fig. 2e) fitted the description of
Trochus virgatus Gmelin, 1791 (Abbott, 1986).
The species referred to here as Tectus pyramis
corresponded to T. coerulescens originally
described by Lamarck (1822), and illustrated by
Kiener & Fischer (1850). The species referred
to here as Tectus aff. pyramis fitted the original
description of T. tabidus given by Reeve (1862;
Plate XIII, species 74).

We suggest that the name Tectus tabidus
(Reeve, 1862) (our Tectus aff. pyramis) be used
again. Further research is needed to decide
which of the names Tectus pyramis or Tectus
coerulescens should in fact be retained for the
Tectus commonly found at Davies Reef and
Square Reef (our Tectus pyramis).

The estimated value of genetic diversity in
Trochus maculatus (H = 0.006) was uncom-
monly low for a marine gastropod. For example,
the mean observed heterozygosity value was Hy
= (.158 with no individual value lower than
0.017 among fifteen marine gastropod species
listed by Brown & Richardson (1988). Because
other biological and historical parameters are
unknown, no clear model can be invoked to
account for the low genetic diversity in Trochus
maculatus, whether based on the hypothesis of
recent population bottlenecks (Nei et al., 1975),
directional selection (Soulé, 1976) or trophic
resource stability (Redfield er al., 1980). At
least, this result is inconsistent with the claim
that shallow water tropical marine invertebrates
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have high levels of heterozygosity in relation to
their environment (Valentine, 1976). There is a
marked contrast between the low genetic diver-
sity (as estimated by enzyme electrophoresis),
and the high morphological variability that
has been reported for Trochus maculatus
(Cernohorsky, 1972).

The present results confirm that some older
descriptions of trochid species based on shell
morphology were correct and indicate that
some of the morphological variation presently
considered intraspecific instead reflects the
occurrence of separate species. The genera
Trochus and Tectus may require further taxo-
nomic revision.
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