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ABSTRACT

To determine if subtropical gastropods exhibited magnitudes and patterns of intraspecific
morphological variation comparable to those of more thoroughly studied temperate
species, [ collected three species of rocky shore gastropods from a total of eleven in-
tertidal sites along the shores of Hong Kong. Two species were predatory muricids (Thais
clavigera and T. leuteostoma) and the third was a common, herbivorous trochid
(Monodonta labio). 1 examined traits sensitive to pollution levels (penis size), traits
related to desiccation resistance/susceptibility to dislodgment (aperture area, projected
area, shell capacity) and traits related to predation intensity/resistance (number of re-
paired shell injuries, apertural tooth height, lip thickness, development of shell sculpture,
shell weight and occupied volume).

For both Thais clavigera and T. leuteostoma, masculinized females were more
common at Cape d’Aguilar than at any other site, perhaps because of its proximity to
major shipping lanes. More samples along Hong Kong’s southern shores would be re-
quired to substantiate this pattern. For traits where data could be compared quantitatively,
both T. clavigera and Monodonta labio exhibited magnitudes of shell variation com-
parable to those of temperate species. The frequency of repaired shell injuries also
compared favourably with published values for rocky shore species from the North
Atlantic. Hence, Hong Kong gastropods did not appear to be unusual in either respect.
Of some interest, the relative variability of morphological traits was significantly cor-
related between T. clavigera and M. labio: traits more variable in T. clavigera also
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tended to be more variable in M. lahio. In addition, the species found over a broader
range of sites (T. clavigera) was most variable, while the species found at the fewest
sites (T. leuteostoma) was least variable, with M. labio in between.

Using regression techniques, I compared shell traits both among populations and
among species. Aperture size exhibited the most striking variation among habitats: for
both Thais clavigera and Monodonta labio, populations from more wave exposed shores
had proportionally larger apertures. These taxonomically and ecologically distant spe-
cies thus exhibited similar morphological responses over a wave exposure gradient.
Somewhat surprisingly, I found little evidence of correlated responses to variation in
predation intensity. In both species, the relative development of defensive attributes was
not significantly correlated with shell repair frequency among sites. In addition, the only
significant correlation of comparable defensive traits between species was a negative
one: thicker lipped T. clavigera were generally found on shores with thinner lipped M.
labio. Thus wave action and predation risk did not appear equally capable of inducing
shell variation in these species. The interspecific comparisons revealed that both T.
clavigera and M. labio displayed a remarkably similar weight of shell per unit body
weight and per unit shell capacity. Hence, in spite of their different sizes and shapes,
these two species invested in roughly equivalent amounts of shell to protect the same
body mass or living space.

INTRODUCTION

Most extensive studies of intraspecific variation in the shell morphology of rocky shore
gastropods have focused on species from temperate latitudes, mainly muricids (Kincaid
1957; Luckens 1970; Phillips et al. 1973; Kitching and Lockwood 1974; Crothers 1985;
Appleton and Palmer 1988; Palmer 1990) and littorinids (Newkirk and Doyle 1975;
Smith 1981: Johannesson 1986; Seeley 1986; Janson, 1987). A few have examined
tropical or subtropical species (Struhsaker 1968; Palmer 1979; Hamilton 1980; Wel-
lington and Kuris 1983; Foin 1989). Coupled with the much higher diversity and
relatively lower abundances of tropical species (Vermeij 1978; 1987), one is left with
the impression that temperate species are intrinsically more variable morphologically
than tropical ones. To address such a question, however, similar sampling intensity and
quantitative techniques have to be applied over a comparable range of habitats.

Among rocky shore gastropods exhibiting pronounced intraspecific variation, shell
form correlates most commonly with the level of water movement and the intensity of
predation by shell-breaking predators (Kitching et al. 1966; Struhsaker 1968; Crothers
1985: Johannesson 1986; Etter 1988b) although it may also correlate with growth rate
and food availability (Vermeij 1980; Wellington and Kuris 1983; Kemp and Bertness,
1984; Appleton and Palmer 1988). To determine whether subtropical gastropods exhibit
comparable magnitudes and directions of intraspecific morphological variation in re-
sponse to a variable environment, I conducted a quantitative study of such variation in
three species of rocky shore gastropods from the shores of Hong Kong: the predatory
muricids Thais clavigera Kister and Thais leuteostoma Holten, and the herbivorous
trochid Monodonta labio (L.).
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MATERIALS AND METHODS

Collection sites

Snails were collected during low tides from a total of eleven sites within five different
geographic regions along the shores of Hong Kong between 12 and 21 April 1989.

[. Cape d’Aguilar, exposed (CD1)—114°15'43" E, 22°13'02" N (approximate). Thais
clavigera and Monodonta labio were collected from the upper 75 cm of the
Megabalanus volcano zone in crevices and on shelves on a steep bedrock shore along
the south-east edge of the cape. Because of high swell and a poor low tide, only the
upper shore could be collected. T leuteostoma were collected from a high pool where
they appeared to have been thrown during storms as no food was available, and the
shells appeared bleached compared to those from CD2. This sample of T. leuteostoma
may not have been representative of those present intertidally.

2. Cape d’Aguilar, intermediate (CD2)—114°15'43" E, 22°13'02" N (approximate).
T. clavigera, T. leuteostoma, and M. labio were collected from the upper 50 cm of
the Megabalanus volcano zone in crevices and on shelves on a steep bedrock shore
at southernmost tip of the cape.

3. Ping Chau, exposed bench (PC1)—114°26'07" E, 22°32'22" N. T. clavigera and T.
leuteostoma were collected at mid shore from among Tetraclita on bedrock ledges
and crevices at the southernmost end of the island.

4. Ping Chau, high pools (PC2)—114°26'07" E, 22°3222" N. T. clavigera and T.
leuteostoma were collected from among a dense cover of what appeared to be
Chthamalus intermingled with articulated coralline algae on a bedrock ledge just above
water line of a large tidepool into which waves continued to break even during low
tide. Most snails were rapidly growing juveniles and young adults, and hence this
sample may not have reflected the adult form in these pools accurately. M. labio were
sparse here, and only a few individuals were found among a rather larger number of
mid and upper shore tide pools examined. Most of those found were small.

5. Hoi Ha Wan, exposed (HH1)—114°207220" E, 22°28'51" N. T. clavigera and M. labio
were collected from the middle and upper portions of the Saccostrea zone from
bedrock crevices, boulders, and pools at the northernmost tip of Koon Tsoi Kok, at
the eastern edge of the mouth of the bay.

6. Hoi Ha Wan, intermediate (HH2)——114°20'06" E, 22°28'32" N. T. clavigera and M.
labio were collected from the middle of the Saccostrea zone on boulders and cob-
bles along the south-western edge of the first major promontory along the east shore
of the bay.

7. Hoi Ha Wan, protected (HH3)—114°20'01" E, 22°28'04" N. T. clavigera and M.
labio were collected from the middle and upper portions of the Saccostrea zone
among mixed boulders and bedrock along the west edge of the second major
promontory along the east shore of the bay.

8. Hoti Ha Wan, very protected (HH4)—114°19'37" E, 22°27'47" N. T. clavigera and
M. labio were collected from among Saccostrea on boulders surrounded by sand in
front of the village of Hoi Ha.

9. Hoi Sing Wan, exposed (HS1)—114°14'44" E, 22°26'09" N. T. clavigera were
collected from the middle, and M. labio from along the upper edge, of the Saccostrea
zone on a bedrock headland projecting out into Tolo Harbour.
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10. Hoi Sing Wan, protected (HS2)—114°14'36" E, 22°26'06" N. T. clavigera were
collected from the middle, and M. labio from along the upper edge, of the Saccostrea
zone, on the tip of small point, approximately two-thirds of the way along the north
shore between HS1 and the head of the bay.

11. Tai Tan (TT)—114°20'02" E, 22°2622" N. Only snails at the upper edge of their
range were collected from the boulder substratum at this site because the low tide
was very poor.

At each site, 50100 snails of as many sizes as possible were collected by searching
intensively over a contiguous area of shore. From this initial sample, a subsample (N =
25-50) was taken which included roughly equal numbers of individuals across the
available size range. The goal of this sampling strategy was to ensure an accurate de-
scription of the size-dependence of morphological variation at each site. This subsample
was selected purely based on size, otherwise it reflected a random sample of phenotypes
available on a given shore. Snails not selected for measurement were returned to the
shore. Those to be measured were taken to the lab alive.

Identification of Thais species

For the most part, Thais clavigera and T. leuteostoma were easy to distinguish. T.
leuteostoma generally had larger knobs at the shoulder of the body whortl, e.g., see Figure
6C below, and their shells were both lighter and more uniformly coloured than those of
T. clavigera. In mature animals, as the name indicates, T. leuteostoma also had a
characteristic yellowish, cream-coloured aperture whereas T. clavigera usually had
noticeable dark patches along the outer lip associated with the spiral ribs. Both species,
however, exhibited considerable variation in these traits, e.g., see Abe 1985a, particu-
larly among smaller rapidly growing individuals. I found that individuals ambiguous
for the above traits could be distinguished most reliably by the numbers and distribu-
tion of very fine spiral striae between the most prominent two spiral rows of knobs
adjacent to the suture. For T. clavigera, the number of striac between the tips of adja-
cent rows of knobs was usually seven (occasionally up to 9 or 10). T. leuteostoma, on
the other hand, exhibited twice as many striae between knob rows. The spiral striae of
T. leuteostoma were also much finer and were repeated axially all the way across the
tips of the knobs, whereas those of T. clavigera were coarser and were not present in
the central 20% of a knob. The reliability of these characters was confirmed among the
present samples by examining mature individuals otherwise identifiable unambiguously,
based on shell sculpture and colour.

Shell handling, weights, volumes, sexing

Prior to any measurements, shells were cleaned of encrusting organisms, rinsed briefly
in fresh water, and allowed to dry. Identifying numbers were written on each shell with
a fine-tipped waterproof pen, and coated with cyanoacrylate glue to prevent abrasion.

Two measurements had to be made while the animals were still alive: weight of the
whole animal in air (to 1 mg), and the unoccupied volume of the shell (to I mg). Prior
to measuring whole weight, snails were chased back into their shells with a soft mod-
elling brush and then absorbent tissue was pressed firmly up against the operculum to
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remove as much extravisceral water as possible. After the outer surface of the shell had
dried, snails were weighed on a digital balance.

Unoccupied volume of a shell was measured by weighing the amount of fresh water
needed to fill the volume of the shell between the operculum of the living snail and the
plane of the aperture. After recording the whole weight of a snail, the balance was tared
with the snail on it so that only the added water would be weighed. Fresh water was
then introduced into the aperture with a Pasteur pipette while holding the apex downward
until the unoccupied volume was filled approximately half way. This prevented bub-
bles from being trapped around the operculum or up towards the apex if the animal could
withdraw very far into the shell. The shell was then positioned on a lump of modelling
clay with the plane of the aperture parallel to the surface of the weighing pan. Addi-
tional fresh water was introduced into the aperture until the water formed a flat surface
(neither bowed nor sagged) flush with the outer lip and the ventral surface of the
columella. After the desired flat surface was achieved, the total weight of water added
to the aperture was recorded. With care, this method is repeatable to well less than 5%
(Palmer 1990). Throughout the paper, ‘volumes’ are reported as mg of fresh water. These
weights may be converted to actual volumes as follows: 1000 mg = 1 ml = 1 cc.

After the weights were completed, snails were placed in boiling water for several
minutes, and the flesh extracted from the shells using a curved probe. Snails were sexed
either by penis size (Thais) or gonad colour (Monodonta labio). The size of the penis
(if present) was estimated by eye, and both the length and diameter, as a fraction of the
right tentacle, were recorded. For M. labio, the gonad was either cream coloured or a
deep forest green. Microscopic examination of macerated green gonad revealed eggs,
so cream-coloured gonads were assumed to be from males.

Shells were dried overnight at 60 °C in a drying oven and weighed to the nearest
mg. Flesh dry weights were only measured for a subsample of all three species. After
removing the body from the shell as above, the flesh was dried to a constant weight at
60 °C in a drying oven (between 24 and 48 h). These subsamples yielded very accurate
reduced major axis (RMA) regressions of Y = log(body dry weight) as a function of X
= log(estimated body wet weight) (Fig. 1A; slopes and adjusted means * sEwm; see
Statistical analyses for a discussion of model II regression techniques).

Both Thais species pooled: RMA slope = 1.0304 (£ 0.0231), mean X = 2.9281,

expected Y at mean X = 2.3480 (£ 0.0068) (FL“: 1949, P < (0.0001).

For Monedonta labio: RMA slope = 1.0428 (£ 0.0467), mean X = 2.8272,

expected Y at mean X = 2.0739 (£ 0.0125) (Fx, = 483, P < 0.0001).

Body wet weight for these regressions was estimated by computing the difference be-
tween the total weight (shell plus live animal) and shell dry weight. Body dry weights
for all remaining animals were estimated using the above regressions.

Total internal volume of a shell (shell capacity) was also only measured for a
subsample of snails. To minimize problems with surface tension, 1 or 2 ml of ethyl
alcohol was introduced with a Pasteur pipette into a previously dried and weighed shell
while holding the apex downwards. While in this position, the apex was snapped with
a fingernail to try to dislodge any possible bubbles in the tip of the apex. The shell was
then inverted and the alcohol vigorously shaken out. Next, the shell was mostly filled
with freshwater while holding the apex down and again snapped with a fingernail to
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Fig. 1. Subsamples from which estimates of A, body dry weight, and B, total internal
volume of the shell (= shell capacity) were determined for three species of gas-
tropods from Hong Kong. See Materials and Methods for regression equations.

dislodge bubbles. It was then placed on a lump of clay with the apertural plane parallel
to the weighing pan of a digital balance, and remainder of the internal volume filled
with water as for unoccupied volume. Care was taken not to allow any air to displace
water in the apex when positioning the shell on the balance. Total internal volume was
calculated by subtracting the shell dry weight from the weight of the shell filled with
fresh water. The subsamples also yielded very accurate RMA regressions for Y = total
internal volume as a function of X = estimated body wet weight + occupied volume
(Fig. 1B; slopes and adjusted means *+ sem).

For both Thais species: RMA slope = 0.9466 (+ 0.0126), mean X = 1849,
expected Y at mean X = 1695.1 (£ 9.80) (F, _ = 5626, P < (.0001).

1,57

For Monodonta labio: RMA slope = 0.9956 (£ 0.0174), mean X = 589.2,
expected Y at mean X = 562.1 (£ 6.05), (Fm: 3271, P < 0.0001).
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Total internal volume for all remaining snails was estimated via these regressions. Oc-
cupied volume was computed simply by subtracting the unoccupied volume, which was
measured directly, from the estimate of total internal volume.

Shell morphometrics

Several morphological attributes of shells were selected for measurement because of
their utility for inferring functional relationships. In the list below, ‘calipers’ indicates
measuremerits recorded to the nearest 0.1 mm using Vernier calipers, or to the nearest
0.02 mm with dial calipers (lip thickness only). ‘Digitized’ indicates measurements
obtained by superimposing, via a camera lucida, the image of a shell under a dissecting
microscope over that of a calibrated graphics tablet (MacTablet, Summagraphics Corp.,
Fairfield, CT, USA; 500 x 500 DPI resolution).

Shell length (calipers)—from the apex to tip of the siphonal canal for Thais, or from the
apex to the distal-most margin of the aperture parallel to the axis of coiling for
Monodonta labio (repeatable to = 0.2 mm).

Aperture length (digitized)——from the posterior margin of aperture at the suture to the
tip of the siphonal canal for Thais, or from the line described by the adapical margin
of the aperture adjacent to the suture, to a point perpendicular to this reference line
on the abapical margin of the aperture, for M. labio [mean % errors £ sem (N = 10)
were 0.7 + 0.17% and 2.4 + 0.38% for T. clavigera and M. labio, respectively].

Aperture area (digitized)—the area described by the outermost margin of the apertural
lip and the polished parietal callus when viewed perpendicular to the plane of the
aperture [mean % errors * sem (N = 10) were 1.8 + 0.50% and 3.5 + 0.96% for T.
clavigera and M. labio, respectively].

Apertural tooth height (digitized)—the elevation of the tip of the tooth perpendicular
to the inner margin of the aperture when viewed roughly perpendicular to the plane
of the aperture (Thais only, the tooth heights of M. labio were not measured because
they were conspicuous in all samples). When present, the heights of the two most
abaxial teeth were measured. In specimens where teeth were quite prominent, these
teeth were the second and third teeth abapically from the suture; the fourth and fifth
teeth were usually larger but were more difficult to orient for accurate measurement.

Lip thickness (calipers)—In Thais, lip thickness was measured from a point inside the
lip at the location of apertural teeth, to a point outside the lip lying between the two
prominent spiral rows of knobs nearest the suture. It was measured from the tip of
the apertural tooth at this position if one was present. Before conducting statistical
analyses, however, the height of the apertural tooth was subtracted from this meas-
ure of total lip thickness. In M. labio, lip thickness was measured from a point
between the third and fourth apertural teeth adapically from the columella, to a point
between the spiral cords on the outer surface of the shell, as perpendicular as possible
to the margin of the aperture. Lip thickness was repeatable to + 0.06 mm.

Projected area (digitized)—Projected area was measured as the total area of the shell
when viewed perpendicular to the axis of coiling from the right side of the shell.
Shells were attached to an adhesive vertical surface (duct tape attached to a rectan-
gular supporting block) with the axis of coiling perpendicular to the line of sight
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[mean % errors * sem (N = 10) were 1.1 £ 0.27% and 1.1 + 0.22% for T. clavigera
and M. labio, respectively].

Knob height (digitized)—Knob height was measured as the elevation of the tip of the
knob perpendicular to the outer surface of the shell when viewed roughly perpen-
dicular to what would have been the plane of the aperture at the time the knob was
being produced (Thais only). Two knobs were measured on each individual—the
highest two of the first four, proceeding away from the apertural margin, along the
row adjacent to the suture. Knobs in this row were generally more pronounced than
those in the other, more anterior rows.

Statistical analyses

Statistical analyses were conducted with the microcomputer statistical packages Statview
IT (Ver. 1.03; descriptive regressions) and SuperANOVA (Ver. 1.01, analysis of
covariance), both from Abacus Concepts (Berkeley, California, USA). Slopes from least
squares linear regressions (LLR) were converted to reduced major axis slopes (the RMA
is one form of model II regression) by dividing them by the correlation coefficient; the
standard errors of the slopes remain the same (LaBarbera 1989). The standard errors
for adjusted means are not precisely defined for model II regression, so to compare
differences among means in the figures, I graphed the standard error for the expected
Y at mean X as determined from the LLR analysis. To construct the figures that com-
pare traits among populations, I computed values at a standard size using only the
regressions based on individuals from each site as follows:

log(standardized value) = {[log(standard X) — log(sample mean of X)] * RMA slope }
+ log(expected Y at mean X)

These standardized values were detransformed prior to graphing.

Statistical inference of significant differences among populations was complicated
for most traits because populations differed not only in their average development of
particular traits, but also in their alometric relations (see Appendices I-11I). Hence,
although averages differences were clearly apparent among populations, the precise
value of the differences depended upon the reference size used to compare populations.
To avoid potentially misleading patterns that might result when estimating population
means using a common slope across all populations when slopes did in fact differ, I
computed regressions of functionally related pairs of traits for each population sepa-
rately rather than with analysis of covariance (ANCOVA). These population-specific
regressions were then used to compute expected means at three different sizes for each
population. This allowed me to determine to what extent the among-population patterns
reported below varied in response to the choice of standard size. Qualitative patterns
of variation among populations that depended upon the choice of reference size are
noted in the text. All of the population-specific regressions for the traits examined
are presented in Appendices I-III.

To examine most patterns of variation among populations, the reference size used
was approximately the average size across all populations for each species separately.
For traits where quantitative comparisons between species were also relevant, I used a
single reference size for all three species which was close to the average for them all.
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When examining correlations between characters within species or between species,
I computed both a standard parametric correlation coefficient and a non-parametric
correlation statistic (Spearman’s coefficient of rank correlation; Sokal and Rohlf 1981).

RESULTS

Variation in adult size

[ estimated adult size by computing the average shell length of the largest 20% of the
sample used for morphometric analyses. Because a roughly uniform distribution of snails
was collected across the size range available at each site, this seemed like a reasonable
measure of adult size.

Adult size varied significantly among sites for all three species, but was most pro-
nounced for T. clavigera (Fig. 2). Of interest, the largest sized adults of both T. clavigera
and Monodonta labio were found at the intermediate sites of Hoi Ha Wan (HH2 and
HH3). Also, for T. clavigera, the smallest sized adults tended to be found at the most
wave-exposed sites (Ping Chau and Cape d’Aguilar).

[. T. clavigera T. leuteostoma M. labio]
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Adult shell length (mm)
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Fig. 2. Average shell length (mean t sem) of the largest 20% of each sample of three
species of gastropods from 11 sites along the shores of Hong Kong. Sites are
ordered roughly in order of decreasing wave exposure (see Materials and
Methods for site abbreviations), missing bars indicate no data. Data for PC2
were not included because the sample was unavoidably biased towards smaller
snails. See Appendices -1l for sample sizes.

Variation in penis size and sex ratio

Penis size varied in an unexpected manner among the four regions studied (Fig. 3).
Among Thais from Hoi Sing Wan, Hoi Ha Wan and Ping Chau, penes were either well
developed or effectively absent. This pattern was the same whether or not smaller snails
were included (compare Fig. 3A with 3B and 3C with 3D). At Cape d’Aguilar the dis-
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tribution of penis sizes was still bimodal, but the penis size in presumptive females was
consistently larger there than at the remaining sites. Significantly, both T. clavigera and
T. leuteostoma exhibited the same paitern.

M Hoi Sing Wan Hoi Ha Wan
B Cape D'Aguilar Ping Chau
801 P AT, clavigera, All lengths
OF
407 ~ Tentacle
20f :
80T
601
407
= 2071
=
3
&
80T
601

207

2

none <O0.001 <0.01 <0.1 <0.5 <1.0
Penis size index

Fig. 3. Frequency distributions of relative penis size in two species of Thais from four
regions of Hong Kong. Penis size index was computed as [r * (diameter/2)? -
length]/2, where diameter and length were expressed as proportions of the
equivalent dimension of the right tentacle. Index values less than 0.5 indicate a
penis whose volume was approximately equal to or less than that of the tenta-
cle. Data were pooled for all sites within each region.
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Females were, on average, more common than males in the samples for all three
species (Table 1). Sex ratio varied among sites, but departures from 50:50 were only
significant at Ping Chau, where females formed a larger proportion of the sample, and
at Cape d’Aguilar, where males were more common.

Table 1
Numbers of males and females of three species of rocky shore gastropods
collected from various sites around Hong Kong.

Thais clavigera Thais leuteostoma Monodonta labio
Site M F ? M F ? M F ?
CD1 21 19 0 2 20
CDh2 34 21 0 8 14 0 0 0 40
PC1 10 30 0 6 16 1
PC2 3 8 0 6 9 0 3 3 3
HH1 16 21 3 9 19 2
HH2 12 26 2 11 11 8
HH3 27 18 0 12 16 1
HH4 5 14 1 14 9 7
HS1 14 24 0 0 0 24
HS2 20 20 0 0 0 24
TT 1 5 14
All pooled 163 200 6 20 41 22 50 63 123
Chi-square:” 25.5 0.74 4.46
d.f.: 9 2 3
P: 0.002 0.69 0.22

Note: For Thais, individuals with a penis that was clearly larger than the right tentacle were con-
sidered males, those with no penis or a penis clearly smaller than the right tentacle were considered
females. For M. labio, sex was determined by gonad colour (see Materials and methods). ?—sex
either ambiguous or not sexed. See Materials and Methods for site abbreviations.

*Contingency tabie analysis on M and F categories only for sites containing > 10 sexed snails.

Variation in shell repair frequency

The incidence of repaired shell injuries varied by several-fold among sites (Fig. 4). For
Thais clavigera, the average number of injuries per shell varied significantly from 0 to
0.32 (chi-square = 17.6, d.f. = 9, P = 0.040). Rather remarkably, the incidence of re-
pairs dropped consistently with decreasing wave exposure among sites in all four regions
studied. Only at Ping Chau, however, did there appear to be an overall lower incidence
of repair.

Although the incidence of repairs also varied among sites for Thais leuteostoma and
Monodonta labio, these differences were not significant statistically (chi-square = 1.09,
d.f. =3, P =078, and chi-square = 9.1, d.f. = 8, P = 0.33, respectively). Somewhat
surprisingly, there was no concordance of repair frequency between either of these
species and T. clavigera.
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Fig. 4. Average number of repaired shell injuries (total repairs per sample/total snails
per sample) for three species of gastropods from 11 sites along the shores of
Hong Kong. Sites are ordered roughly in order of decreasing wave exposure
(see Materials and Methods for site abbreviations), missing bars indicate no data
except where indicated.

Allometric variation

All populations of Thais clavigera and T. leuteostoma, and all but two populations of
Monodonta labio, exhibited positive allometry for lip thickness relative to aperture length
(Fig. SA). At all but one site T. clavigera exhibited the most pronounced allometry, and
it was also the most consistently allometric of the three species (statistically significant
in 8 of 10 populations). In addition, three of the seven statistically significant allometries
for T. clavigera, and two of the three for M. labio, occurred at Hoi Ha Wan sites.

In contrast, all populations of Thais leuteostoma and Monodonta labio, and all but two
populations of 7. clavigera, exhibited negative allometry of aperture size relative to shell
capacity (Fig. 5B). M. labio exhibited the most consistent allometry (6 of 9 populations sig-
nificant), whereas that exhibited by T. clavigera was somewhat less consistent (5 of 10
populations significant). Among geographic regions, the extent of allometry in M. labio tended
to increase with increasing wave exposure (Tai Tan — Hoi Sing Wan —» Hoi Ha Wan —
Ping Chau. The sample from Cape d’Aguilar, however, was not consistent with this trend.
Very similar patterns were also exhibited by all three species for aperture size relative to pro-
jected area, both within and among geographic regions, although the average allometry
exhibited by all three species was somewhat less pronounced (see Appendices I-11I).

All three species were approximately isometric for shell dry weight relative to body
dry weight, when averaged across all sites (Fig. 5C). The magnitude of allometry,
however, varied rather markedly among sites. Although Thais leuteostoma and
Monodonta labio did not exhibit any notable patterns, the allometry of T. clavigera
varied in a curious way. First, with one exception, allometry increased with decreasing
exposure among sites within each of the four geographic regions examined; the excep-
tion was HH1. Second, in contrast to the first pattern, the average allometry for each
region increased with increasing wave exposure (0.85, 1.04, 1.09 and 1.19 for Hoi Sing
Wan, Hoi Ha Wan, Ping Chau and Cape d’Aguilar, respectively).
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(- T. clavigera T. leuteostoma M. labio]

A) Lip thickness (mm) vs. Aperture length (mm)

Coefficient of allometry

CDI1 CD2 PCl PC2 HH! HH2 HH3 HH4 HSI1 HS2 TT
Collection site

Fig. 5. Coefficients of allometry (RMA slopes) for A, apertural lip thickness relative to
aperture length; B, aperture size relative to shell capacity; and C, shell dry weight
relative to body dry weight, for three species of gastropods from 11 sites along
the shores of Hong Kong. Dashed lines indicate isometry. Asterisks indicate
samples exhibiting significant allometry (P <0.05); see Appendices I-lll for ac-
tual slopes and results of t-tests. Sites are ordered roughly in order of decreasing
wave exposure (see Materials and Methods for site abbreviations), missing bars
indicate no data.
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Variation in antipredatory shell features: tooth height, lip thickness, and knob height

Of the two Thais species, only T. clavigera consistently exhibited apertural teeth. Only two
of 84 T. leuteostoma were found with apertural teeth, and in these individuals, teeth were
not overly well developed (0.05 and 0.2 mm from HH2 and PC1, respectively). The great-
est development of apertural teeth in T. clavigera was at HH1 and CD2 (Fig. 6A), but the
extent of tooth development did not vary in any notable way, either within or among
geographic regions. The lack of apertural teeth at PC2 was probably an artefact of having
sampled predominantly juveniles and small adults at this site (see site descriptions in
Materials and methods). The least well-developed teeth among the remaining samples were
at HH2.

All three species exhibited roughly equivalent variation in lip thickness among sites
(Fig. 6B; note that lip thickness did not include apertural tooth height). As for apertural
tooth height, lip thickness in Thais clavigera was highest at HH1 and CD2, and lowest
at HH2. Too few sites yielded T. leuteostoma for any patterns to emerge. In Monodonta
labio, lip thickness tended to increase with decreasing wave exposure not only among
sites within geographic regions (Hoi Ha Wan, Hoi Sing Wan), but also among geographic
regions (1.14, 1.48, 1.44, 1.50 and 1.56 mm for Cape d’Aguilar, Ping Chau, Hoi Ha
Wan, Hoi Sing Wan and Tai Tan, respectively).

Except for unusually well developed knobs in the tidepool sample from Ping Chau
(PC2), neither species of Thais exhibited very pronounced variation in the development
of shell sculpture over the sites examined (Fig. 6C). Nonetheless, both T. clavigera and
T. leuteostoma produced strikingly larger knobs in the Ping Chau pools, suggesting a
strong, commonly experienced effect of environment.

Variation in aperture size and shape

All three species exhibited similar patterns of variation in relative aperture size (ex-
pressed as aperture area at a given shell capacity): aperture size increased with increasing
wave exposure not only among sites within geographic regions (Fig. 7A), but also among
geographic regions (Table 2). These patterns were even more pronounced for smaller-
sized snails (Fig. 7B, Table 2).

Aperture shape (expressed as apertural area at a given aperture length) did not ex-
hibit such consistent patterns (Fig. 7C). Thais clavigera from Cape d’Aguilar and Ping
Chau had relatively wider apertures than those from other regions, and T. leuteostoma
from Cape d’Aguilar had relatively wider apertures than those from Ping Chau. Nei-
ther of these species, however, exhibited consistent patterns of variation among sites
within regions. Rather strikingly, Monodonta labio exhibited no significant variation in
aperture shape among sites, even though it did vary in aperture size. This lack of vari-
ation was also apparent when adjusted means were computed for either smaller (reference
shell length = 13.0 mm) or larger (reference shell length = 23.0 mm) Monodonta labio
(data not shown; see Appendix III).

Variation in shell weight and occupied volume

Because weights and volumes are less arbitrary than linear dimensions of supposedly
comparable features of different species, e.g., shell ‘length” and aperture ‘length’, T was
able to compare relative shell weights and occupied volumes quantitatively among
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Fig. 6. A, average apertural tooth height; B, average apertural lip thickness; and C,
average sculpture height, for three species of gastropods from 11 sites along
the shores of Hong Kong. All bars are mean * sem for snails at a common ap-
erture length specific to each species (approximately average aperture length:
19.3, 21.3 and 12.2 mm for Thais clavigera, T. leuteostoma and Monodonta
labjo, respectively). Sites are ordered roughly in order of decreasing wave ex-
posure (see Materials and methods for site abbreviations), missing bars indicate
no data unless noted by a zero. Approximate significance levels from ANCOVA
for common slope = 0, equality of slopes among populations, and equality of
adjusted means (assuming equal slopes) were as follows. T. clavigera: A =
<0.001, <0.001, <0.001; B = <0.001, <0.001, <0.001; C = <0.001, <0.001,
<0.001; 7. leuteostoma: B = <0.001, 0.15, <0.001; C = <0.001, 0.30, <0.001;
M. labio: B = <0.001, <0.001, <0.001. See Materials and Methods for a discus-
sion of the limitations of these analyses.
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Variation in apertural traits for three species of gastropods from 11 sites along
the shores of Hong Kong. A, aperture area at average shell capacity (1215, 1726
and 897 mg for Thais clavigera, T. leuteostoma and Monodonta labio, respec-
tively); B, aperture area at small shell capacity (491, 556 and 363 mg for T.
clavigera, T. leuteostoma and M. labio, respectively); and C, aperture area at
average aperture length (19.3, 21.3 and 12.2 mm for T. clavigera, T. leuteostoma
and M. labio, respectively). All bars are mean + sem. Sites are ordered roughly
in order of decreasing wave exposure (see Materials and methods for site ab-
breviations), missing bars indicate no data. Approximate significance levels from
ANCOVA for common slope = 0, equality of slopes among populations, and
equality of adjusted means (assuming equal slopes) were as follows. T. clavigera:
A, B = <0.001, 0.004, <0.001; C = <0.001, 0.07, <0.001; T. leuteostoma: A, B =
<0.001, 0.64, 0.15; C = <0.001, 0.009, <0.001; M. labio: A, B = <0.001, 0.02,
<0.001; C = <0.001, 0.18, 0.87. See Materials and Methods for a discussion of
the limitations of these analyses.
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Table 2
Average aperture area (mm?) at a standardized shell capacity for two sizes of three
species of rocky shore gastropods from five geographic regions around Hong Kong.

Thais clavigera Thais leuteostoma  Monodonta labio
Region Ave.* Juv.” Ave. Juv. Ave. Juv.
Cape d’Aguilar 151.5 86.0 173.5 84.9 120.4 67.4
Ping Chau 149.3 83.4 175.6 85.1 108.7 64.8
Hoi Ha Wan 136.2 77.0 103.4 60.0
Hoi Sing Wan 126.9 70.2 99.5 56.8
Tai Tan 99.0 55.3

Note: Tabied values are averages of the adjusted means from Figure 8A and B.

“The shell capacities at which aperture sizes were compared were computed for each species us-
ing the following RMA regressions tabulated in the Appendices: 1-144, 11-51, and 1il-112 for T.
clavigera, T. leuteostoma and M. labio, respectively. The shell lengths for which ‘average’ shell
capacities were computed were, 27.5, 30.0 and 18.0 mm, while those for ‘juvenile’ shell capacities
were 20.0, 20.0 and 13.0 mm for T. clavigera, T. leuteostoma and M. labio, respectively.

species as well as within species. For these comparisons, I chose a reference value close
to the average of the log-transformed values of body dry weight for all species com-
bined (150 mg, actual detransformed mean = 148.2 mg) and shell capacity (1000 mg,
actual detransformed mean = 992.8).

In spite of their very different shapes, both Thais clavigera and Monodonta labio
exhibited remarkably similar overall shell weights at a given body weight (Fig. 8A). T.
clavigera, however, exhibited much more dramatic variation among sites than did M.
labio (1.77 vs 1.18, ratio of maximum to minimum adjusted mean among sites). T.
clavigera also exhibited a dramatic decline in relative shell weight with decreasing
exposure among sites within three of the four regions examined (Ping Chau, Hoi Ha
Wan, Hoi Sing Wan), although the pattern was reversed at Cape d’Aguilar. No trend in
relative shell weight was apparent among regions, however. Of the three species ex-
amined, T. leuteostoma produced the least shell per unit body weight, but showed no
significant variation among sites.

When expressed as a function of shell capacity, Thais clavigera had the heaviest shells
of the three species examined (Fig. 8B). Significantly, the pattern of variation among sites
was very similar to that exhibited at a standard dry body weight, hence this geographic
variation was not primarily a product of variation in relative body size. As before, both T.
leuteostoma and Monodonta labio exhibited only slight variation in shell weight when snails
with a common shell capacity were compared. In contrast to Figure 8A, however, both
species had comparable shell weights even though their shapes were quite different.

Thais clavigera occupied a larger fraction of the internal shell volume than either 7.
leuteostoma or Monodonta labio, both of which were quite similar to each other (Fig.
8C). This fraction of the internal volume actually occupied by a snail also varied sig-
nificantly among sites for both T. clavigera and M. labio, although the variation was
much more pronounced for T. clavigera. The three highest values for T. clavigera oc-
curred in the two most wave-exposed regions (Cape d’Aguilar and Ping Chau), but M.
labio exhibited no noteworthy pattern of variation. Once again, differences among sites
for T. leuteostoma were not significant.
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Fig. 8. Variation in relative shell weight and the volume of occupied shell for three
species of gastropods from 11 sites along the shores of Hong Kong. A, shell dry
weight at a common body dry weight (150 mg for all three species); B, shell dry
weight at a common shell capacity (1000 mg for all three species); and C, oc-
cupied volume at a common shell capacity (1000 mg for all three species). All
bars are mean + sem. Sites are ordered roughly in order of decreasing wave
exposure (see Materials and methods for site abbreviations), missing bars indi-
cate no data. Approximate significance levels from ANCOVA for common slope
= 0, equality of slopes among populations, and equality of adjusted means
(assuming equal slopes) were as follows. Thais clavigera: A = <0.001, <0.001,
<0.001; B = <0.001, <0.001, <0.001; C = <0.001, <0.001, <0.001; T.
leuteostoma: A = <0.001, 0.88, 0.15; B = <0.001, 0.86, 0.13; C = <0.001, 0.20,
0.14; Monodonta labio: A = <0.001, <0.001, <0.001; B = <0.001, <0.001, <0.001;
C = <0.001, <0.001, <0.001. See Materials and Methods for a discussion of the
limitations of these analyses.
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DISCUSSION

Selection of characters and analyses

In any study of morphometric variation, the characters measured and the number of
analyses conducted are in principle limited only by one’s imagination and patience. In
practice, the characters measured and the comparisons conducted should be selected in
advance to address particular questions of functional or ontogenetic interest. In this
manner, one may avoid drawing unjustified conclusions based upon small numbers of
statistically significant associations after having conducted many possible analyses on
arbitrary sets of characters. In this study, the characters 1 chose to measure, and the
analyses which I chose to conduct, were selected for the following reasons.

Penis size was measured because increasing evidence suggests that ‘masculinization’
of female gastropods may be induced by the antifoulant tributyltin (Bryan ef al. 1986;
Gibbs et al. 1988).

Shell length was used primarily to provide a description of the ‘size’ dependence of
attributes for all populations in units commonly used in other studies, e.g., see RMA
regression equations in Appendices I-I11. Although convenient, shell length may not
always be a useful descriptor of ‘size’ (Palmer 1990).

Aperture length was used to scale out size differences for traits functionally or
developmentally related to the aperture (apertural tooth height, lip thickness, knob
height, aperture area). This avoided potentially confounding effects that might have
arisen from using shell length as a general size metric, due to differences commonly
observed in the proportional or allometric relations between aperture length and total
shell length among populations (Crothers 1985; Palmer 1990).

Aperture area was selected because of its relation to tenacity (Branch and Marsh 1978)
and to desiccation resistance (Lowell 1984). Aperture area relative to projected area
should approximate the relative susceptibility to dislodgment by moving water: te-
nacity (proportional to foot area) relative to the maximum drag force experienced
(proportional to maximum area in the direction of flow). In addition, aperture area
relative to shell capacity should be an index of desiccation resistance: water loss rate
(proportional to foot area) relative to water reserve (proportional to the total internal
volume of the shell).

Lip thickness and apertural tooth height were selected for measurement because they
are directly related to vulnerability to attack by shell-peeling crabs (Vermeij 1978;
1982d).

Knob height was measured because such knobs reduce vulnerability to shell-crushing
fish (Palmer 1979).

Projected area was measured because it is proportional to the maximum force likely to
be experienced by shells in breaking waves (Denny er al. 1985).

Shell dry weight was measured because of its general value as a deterrent against shell-
breaking predators of all types (Vermeij 1978; Palmer 1979), and also because shell
weight at a given body weight should be roughly proportional to the energetic in-
vestment in morphological defense.

Body dry weight was measured to allow the relative investment in morphological defense
(weight of the shell relative to weight of body) to be compared among populations.
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Shell capacity was measured as a component of desiccation resistance and as a means
of comparing the relative amount of shell invested in protecting a given volume of
living space of a shell.

Occupied volume was measured to compare the relative amount of living space actu-
ally occupied by the snail because this may vary in response to environmental stimuli
(Palmer 1990).

Masculinization of female Thais

The concordant geographic variation in the extent of penis development in presump-
tive females of Thais clavigera and T. leuteostoma (Fig. 3) suggests very strongly a
common cause. In Nucella, masculinization of females is widespread along shores
exposed to even very low levels of the antifoulant tributyltin (TBT) (Bryan et al. 1986;
Gibbs er al. 1988). These data thus suggest that Cape d’Aguilar experiences higher
levels of TBT than any of the other sites in Mirs Bay or Tolo Channel. Little more
can be said, however, without a more thorough survey of masculinization on other
Hong Kong shores.

Shell variation: genetic or ecophenotypic?

Patterns of interpopulation morphological variation by themselves are not very in-
formative about the mechanisms responsible for that variation. Consistent differences
may arise among populations via at least four pathways: (1), the cumulative effects of
selection over several generations coupled with low gene flow among populations; (2),
intense selection for a subset of genotypes from a large pool of genotypes arriving in
each generation; (3), selective recruitment of particular genotypes to particular habitats;
or (4), ecophenotypic effects where even genetically homogenous populations may di-
verge from each other in response to environmental stimuli.

I think the first mechanism may be rejected for the three species examined here. If
Monodonta labio and the two Thais species studied here are like their congeners, they
will have planktonic larval stages (Fretter and Graham 1962; Spight 1976), whose
planktonic period will be on the order of one (Fretter and Graham 1962) to two weeks
or more (Webber 1977), respectively. Hence it seems unlikely that larvae released by
parents from a particular site on the shore would return to that same site.

The second mechanism would also seem unlikely to account for the variation ob-
served here. This mechanism should result in decreased character variance with
increasing size, but scatter plots on log-transformed axes revealed that the variation in
larger individuals was at least equivalent to, or somewhat larger than, that of smaller
ones.

Although I cannot reject the third mechanism-—preferential settlement is always
possible yet very difficult to detect without reliable genetic markers—I feel that the
fourth mechanism, ecophenotypic plasticity, is a more likely explanation for the bulk
of the interpopulation variation reported above. Numerous studies have now demon-
strated experimentally that gastropod shell shape (Kemp and Bertness 1984; Etter 1988a),
shell weight and apertural defenses (Appleton and Palmer 1988; Palmer 1990), and life-
history attributes (Crowl and Covich 1990) can all show plasticity in response to
environmental stimuli.




THAIS AND MONODONTA SHELL VARIATION 669

Magnitude of shell variation: differences among Hong Kong species

The morphological variability exhibited by the three species examined appeared to
depend upon the range of habitats over which they were found. Thais clavigera was
found at all ten sites which were thoroughly sampled (Tai Tan was not included here
because the tide was too poor to determine which species were present), and for all but
one character (relative aperture length), it exhibited the broadest range of variation (Table
3). Monodonta labio was found at eight of the ten thoroughly sampled sites and was
more variable than T. leuteostoma for two-thirds of the traits they shared in common.
T. leuteostoma was found at the fewest number of sites (four) and for the majority of
characters examined, it exhibited the least variation. Although the sample size is not
large here, these data are consistent with the view that ecological generalists are more
morphologically variable than ecological specialists.

Relative character variability also appeared to be correlated between the two species
which occurred over the broadest range of habitats: characters which were relatively
more variable in Thais clavigera also appeared to be relatively more variable in
Monodonta labio (Fig. 9). For both species, apertural traits (size, shape, and allometry)
were relatively less variable than those related to morphological defense (shell weight
and lip thickness). Here again, too few species have been examined to draw any strong
conclusions. Nonetheless, the proportionally greater variation in defensive attributes
compared to those relating to desiccation resistance or tenacity is intriguing, particu-
larly if the bulk of this variation is ecophenotypic. Perhaps selection has been stronger
for plasticity in defensive characters than for characters related to physical stresses (but
see below).
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Fig. 9. Association between the relative variability of morphotlogical traits in Thais
clavigera and Monodonta labio (r = 0.82, P = 0.007, Spearman P = 0.067). Each
point represents the ratio, for a single trait, of the maximum population mean
over the minimum population mean observed among all the sites sampled (data
from Table 3).
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Magnitude of shell variation: comparison with temperate species

As emphasized in the introduction, most of the extensive studies of morphological
variation in marine gastropods have concentrated on temperate species. Unfortunately,
lack of a common methodology rather limits the ability to compare quantitatively the
extent of intraspecific morphological variation. To conduct a preliminary examination,
I computed comparable measures of shell variability for three notoriously variable
species of north-temperate Nucella upon which I have worked. Rather surprisingly, Thais
clavigera in the vicinity of Hong Kong exhibited a range of variation nearly equivalent
to these species (Table 4). However, the rather impressive magnitude of variation ex-
hibited by T. clavigera may not be representative of tropical Thais. It is more a
subtropical than a tropical species because it appears to be near the southern end of
its range in Hong Kong (Abe 1985b).

Allometric variation

The patterns of allometric variation (Fig. 5A-C) were somewhat difficult to interpret.
The consistent positive allometry of lip thickness exhibited by all three species (Fig.
5A) occurs commonly in marine gastropods (Vermeij 1980; Palmer 1990). Such
allometry could arise if the maximal rate of body growth was limited by the rate of
shell deposition (Palmer 1981). If this were the case, however, sites exhibiting the most
pronounced allometry should also exhibit the highest occupied volume, because the
bodies of rapidly growing snails should have expanded to fill as much of the habitable
volume as possible. Yet for both Thais clavigera and Monodonta labio, sites with the
highest lip allometry were associated with relatively low occupied volumes (e.g., in HH1
and HH2). Perhaps the occupied volumes at the time of collection were not representa-
tive of differences in growth rates among populations. In addition, none of the three
species consistently exhibited any allometry of shell weight relative to body weight (Fig.
5C), further suggesting that the rate of shell production does not limit the rate of body
growth in these snails.

Perhaps the most interesting allometry was exhibited by aperture size. On the whole,
all three species exhibited proportionally smaller apertures with increasing size (nega-
tive allometry, Fig. 5B). This was true even for populations from wave exposed shores
where average aperture size was larger (Fig. 7A, B), suggesting that the size-depend-
ence of aperture area was less relevant to tenacity than to some other factors, e.g.,
desiccation or predation resistance.

Concordant variation of characters within species

Assuming that most of the observed variation reported here arose ecophenotypically (as
argued above), concordant variation of characters among populations within a species
may reflect: (a), developmentally independent responses of different characters to the
same environmental stimuli; (b), developmentally independent responses of different
characters to separate but otherwise correlated environmental stimuli; (¢), correlated
change due to developmental interdependence, either via some form of tradeoff or via
linked developmental pathways; or (d), geometric non-independence. [ have avoided
making any comparisons which might fall in this last category, and have tried to con-




A.RICHARD PALMER

672

‘(Atenise utenres syl Bupnioxa ‘gz ainby (G86 1) s18Y101D Ag pajuasald 18s eiep Jebie| yonw e ul 8Buel 8y} yim A19sojo ajinb saiedwod snjeA sy,
biem Apog Asp Bw oGy Alsrewixoidde jy,

‘Ybus| sinuede WW Gyl Iy

‘Wbuaj jjeys (snjidey ‘N) ww Gz 1o ‘(ereubrews N) WW 0z 1,

‘0661 JBWEd W suoissaibel woy peindwon,

'0g ‘punog Aspjieg ui Jusipesb ainsodxs sABM B 19A0 S8MUS (1 WOy Blep paysigndun ‘iswied;

‘8861 Jswied pue uols|ddy ui psjuesaid Ajlelued eiep woyy paindwior),

‘s8108ds 9oy} 8y JO Yoes o) azis abeiaae A|ybnol Je suesw palsnipe WNWIXew pue WNWIUIW 81e S8N|BA Pa|qe ) ‘8j0N

€9°L  8/SY 182 181 €9v1 z8. 81¢e 2ovs LLYZ o(Bw) ybiem yous
vl y'¥0l P16 szww ‘eaie) sdeys sinuady
2L €02 89l SL'L LS 9¢el Sww) yibus| ainjady
161 9s'¢ L1871 Lww) ssauxolyy din
UIN/XBN  "XBW UIN UIN/XeN  Xel UIN UIN/XeN  XBW UIN nelp
<snyjide; Bj1eonN -Bjeuibiews eljeonN BSOj8WE| BIjOONN

‘spodoujseb aioys Axo01 Jo so10eds ereladws) saiy) ul uolelea [eoibojoydiow jo sebuey
v °iqel




THAIS AND MONODONTA SHELL VARIATION 673

0571
C| =< HHl
S E 04}
S|
5037 Hg - CD2
S 2 e pct
§g 0% e %
o | ,," - S
~L2 01t - 7w BSI ;}-'CDI
0.0 = e
. PC2+
0.8 1.0 1.2 1.4 1.6

Thais clavigera Lip thickness (mm)

Fig. 10. Correlation between relative apertural tooth height and relative lip thickness in
Thais clavigera from 10 sites along the shores of Hong Kong (see Materials and
methods for site abbreviations; r = 0.63, P = 0.07, Spearman P = 0.11). Each
point represents the mean * sem along each axis for a single collection site (data
from Fig. 6A, B). Note that lip thickness does not include the height of apertural
teeth. The sample from PC2 (identified by 1) was excluded from the analysis
because it was biased towards younger, more rapidly growing snails where teeth
were less likely to develop. Note that within each region {Hoi Sing Wan, Hoi Ha
Wan and Cape d'Aguilar), tooth height was also positively correlated with lip
thickness (dashed lines).

centrate on characters of particular functional significance (lip thickness, apertural tooth
height, aperture area) or characters that showed substantial variation among populations
(shell weight, occupied volume; see Table 3).

In Thais clavigera, populations with thicker lips tended to have larger apertural teeth,
although the association was not quite significant statistically (Fig. 10). Note that the
same pattern was evident among sites within the three regions having reliable tooth-
height measurements. Thus, the positive association between tooth height and lip
thickness does seem valid. Because these characters are geometrically independent (see
Materials and methods), and because both are intimately associated with reducing vul-
nerability to predation by shell breaking crabs (Vermeij 1978), this correlation seems
most likely to be a product of mechanisms (a) or (c).

For both Thais clavigera and Monodonta labio, lip thickness was also positively
correlated with occupied volume (a measure of relative body size; Fig. 11A). Although
these correlations could have arisen if thicker lips cramped the internal volume of the
shell forcing the body to occupy a larger fraction of this space (mechanisms (c) or (d)),
the expected negative correlation between relative shell weight and occupied volume
did not materialize (r = 0.14, P =0.71, N= 10 for 7. clavigera and r = 0.11, P = 0.78,
N = 9 for M. labio; both estimated at a common shell capacity of 1000 mg). Hence,
neither mechanism (c¢) nor (d) seems likely to account for these correlations. In addi-
tion, these correlations are the reverse of what would be expected based on studies of
predator induction: experimentally induced thicker lips are associated with a decreased
occupied volume in both Nucella lamellosa and N. lapillus (Appleton and Palmer 1988;
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Fig. 11. A, correlation between relative lip thickness and relative occupied volume in
Thais clavigera and Monodonta labio from 10 and 9 sites respectively along the
shores of Hong Kong. Each point represents the mean * sem along each axis for
a single collection site (data from Figs. 6B and 8C). For 7. clavigera, r = 0.71,
P = 0.031, Spearman P = 0.090; for M. labio, r = 0.62, P = 0.078, Spearman P
= 0.053); B, correlation between relative lip thickness and relative aperture size
in the same samples of T. clavigera and M. labio. The data are from Figs. 68
and 7A. For T. clavigera, r = 0.69, P = 0.028, Spearman P = 0.053; for M. /abio,
r=0.87, P=0.002, Spearman P = 0.044. Note that lip thickness does not in-
clude the height of apertural teeth. Dashed lines were fitted by eye.

Palmer 1990). Thus a correlated response to common environmental stimuli associated
with predation by crabs (mechanism (a)) also does not seem likely. Taken together, these
patterns suggest that lip thickness and occupied volume reflect independent responses
to separate but correlated features of the environment (mechanism (b), e.g., growth rate
or food availability, and predation intensity).

Curiously, the association between lip thickness and aperture size differed between
Thais clavigera and Monodonta labio (Fig. 11B): larger apertured populations of 7.
clavigera tended to have thicker lips whereas lip thickness decreased with increasing
aperture size in M. labio. For both species, larger apertures were associated with in-
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creased wave exposure (Fig. 7A, Table 2; see also Fig. 12 below), thus for some rea-
son T. clavigera produced thicker lips and M. labio thinner lips on more wave exposed
shores. Mechanisms (), (c) and (d) all seem unlikely causes because they would gen-
crate parallel patterns in both species. Thus these contrasting correlations most likely
reflect some other differences in the biology of these two species. Since T. clavigera is
a predator of oysters and small bivalves (Taylor 1980) while M. labio is presumably a
microherbivore like other trochids, and since these species have very different shell
microstructures, most notably extensive development of nacre in M. labio (personal
observation), many explanations for these contrasting patterns are possible.

Concordant morphological variation of sympatric species across environments

As with correlations among characters within species, many possible correlations could
have been examined between species. However, I chose to analyze only four characters
shared by Thais clavigera and Monodonta labio for interspecific correlations. Two of these
exhibited consistent associations across habitats within species (aperture size and lip
thickness), and two exhibited a particularly high range of variation (shell weight and oc-
cupied volume; Table 3). These seemed the most interesting to examine because either
the presence or absence of correlations would be informative. Unfortunately, the third
species, T. leuteostoma, was not found at enough sites to include in these analyses.

Table 5
Summary of the strength and direction of association of shell traits
with two major aspects of the environment in two species of
rocky shore gastropods from Hong Kong.

Wave exposure’ Crab predation intensity?
Trait Fig. T.clav. T. leut. M. labio T.clav. T. lsut. M. labio
‘Adult’ shell length 2 - ? ? ? ? ?
Tooth height? 7A ? X X ? X X
Lip thickness® 7B ? ? — +/?7 - ?
Sculpture height? 7C ~/? - X ? - X
Aperture size (area)* 8A +++ 0 +4+ ? 0 ?
Aperture shape (area)? 8C ? + 0 ? ? 0
Sheli weight® 9A + 0 ? +/? 0 ?
Occupied volume® 9C ? 0 ? ~/? 0 ?

'Qualitative ranking of regions by wave exposure: Cape d'Aguilar > Ping Chau > Hoi Ha Wan > Hoi
Sing Wan > Tai Tam. Within each region, seaward sites were considered relatively more exposed.
“Predation intensity assumed to be proportional to incidence of repaired shell injuries (Fig. 4).

At a given aperture length.

‘At a given shell capacity.

At 150 mg dry body weight.

5At 1000 mg shell capacity. .

+++ = strong and consistent positive association; + = weak or less consistent positive association;
0 = no significant differences among sites; ~ = weak or less consistent negative association; — =
strong and consistent negative association; ? = association ambiguous; x = not applicable. Covariates
used to compare traits given in figures listed.
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Although lip thickness exhibited the greatest range of variation of characters shared
by all three species (Table 3, excluding allometric variation), and also exhibited a con-
sistent negative association with wave exposure at least in Monodonta labio (Table 5),
it exhibited only a weak negative correlation between Thais clavigera and M. labio (r =
(.59, P = 0.13, N = 8, Spearman P = 0.14; data not shown). As suggested in the pre-
ceding section, this negative correlation may be a product of differences between these
two species in the biology of feeding and growth or of shell production. Additional
information is needed before any conclusions can be drawn. Neither of the other two
shared characters which showed substantial variation were significantly correlated be-
tween T. clavigera and M. labio (shell weight at a common body dry weight: r = 0.30,
P =0.48, N =8, Spearman P = 0.17; occupied volume at a common shell capacity: r =
0.26, P = 0.54, N = 8, Spearman P = 1.0).

( Aperture area @ average shell capacity)
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Fig. 12. Concordant variation in relative aperture size between Thais clavigera and
Monodonta labio among the eight sites sampled in Hong Kong (r = 0.72, P =
0.042, Spearman P = 0.096). Each point represents the mean * sem along each
axis for a single collection site (data from Fig. 7A).

Relative aperture size, the trait which was most consistently associated across envi-
ronments within species (Table 5), was also significantly correlated between species
(Fig. 12): shores harboring large apertured Thais clavigera also harbored large apertured
Monodonta labio. The occurrence of larger apertured populations on more wave exposed
shores is a common pattern in rocky-shore gastropods (Vermeij 1973; Crothers 1985;
Seeley 1986). The fact that these two species should exhibit concordant variation in
aperture size, despite their distinctive taxonomy and ecology, suggests that water
movement is an environmental force with an influence on shell form that transcends

taxonomic and ecological considerations.
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Phenotypic correlations with incidence of shell repair

Although the incidence of repaired shell injuries varied substantially among populations,
from a low of none, to a high of 0.38 repairs per individual (Fig. 4), the overall aver-
age incidence of repair was quite comparable among species (mean * sem: 0.13 £ 0.033,
0.08 £ 0.021, and 0.18 £ 0.033 for Thais clavigera, T. leuteostoma and Monodonta labio,
respectively). These frequencies compared favourably to those observed in Nucella
lapillus (Vermeij 1982a) and Littorina littorea (Vermeij 1982b) from the North Atlan-
tic. Hence, relative to other species from rocky shores, snails from Hong Kong appear
to have a similar probability of experiencing and surviving a crab attack.

In spite of the roughly tenfold variation among sites, differences in predation in-
tensity accounted for very little of the observed interpopulation shell variation. To
obtain an overall index of crab predation intensity, I pooled the repair frequencies
across species on the assumption that, within any particular habitat, each of these
species was equally likely to be attacked, and proportionally likely to survive the
attack. None of the traits considered likely a priori to respond to crab predation in-
tensity exhibited significant associations with repair frequency for either Thais
clavigera or Monodonta labio: apertural tooth height (» = 0.34, P = 0.37, N = 9,
Spearman P = 0.99; T. clavigera only, PC2 excluded), lip thickness (r = 0.10, P = 0.77,
N = 10, Spearman P = 0.81, and r = -0.36, P = 0.34, N = 9, Spearman P = 0.30 for T.
clavigera and M. labio, respectively), shell weight (r = 0.55, P = (.10, N= 10,
Spearman P =0.22, and r = 0.16, P = 0.68, N = 9, Spearman P = 0.67 for T. clavigera
and M. labio, respectively), and occupied volume (r = -0.48, P = 0.16, N = 10,
Spearman P = 0.14, and r» = -0.46, P = 0.26, N = 9, Spearman P = 0.67 for T. clavigera
and M. labio, respectively). Either, (a), larger sample sizes are required to describe
the variation of repair frequency among sites more accurately; (b), repair frequency
is a poor indicator of predation intensity in certain situations (Vermeij 1982¢); or (¢),
the bulk of shell variation observed in T. clavigera and M. labio is not in response to
different levels of predation. In view of the rather substantial variation observed in
these species, this topic would seem worthy of further study.

CONCLUSIONS

To my surprise, in spite of considerable variation in many morphological traits, the only
particularly striking association between shell form and environment revealed by this
study was between aperture area and wave exposure (Figs. 7A, B and 12; Table 2). As
discussed above, this pattern is common in other species of gastropods and its exist-
ence in two taxonomically and ecologically distant species suggests that wave action is
a significant agent of selection on Hong Kong shores.

I find it puzzling, however, that traits related to predation resistance exhibited so little
correlation between species or among environments. The incidence of repaired shell
injury is sufficiently high to suggest that shell-breaking predators are an important source
of gastropod mortality on Hong Kong shores (Fig. 4). In addition, studies of shell vari-
ation in temperate rocky shore gastropods have revealed that shell form may change
quite rapidly in response to increased predation risk (Vermeij 1982a; Secley 1986), a
large fraction of which may be ecophenotypic (Appleton and Palmer 1988; Palmer 1990).
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Part of the explanation may lie in the assumptions I have made. First, I have assumed,
based on the evidence for extensive plasticity in temperate species (Vermeij 1980; Kemp
and Bertness 1984; Appleton and Palmer 1988; Palmer 1990), that most of the varia-
tion observed among sites would be ecophenotypic. Perhaps this is valid for Thais
clavigera, as muricids are commonly quite variable, but not for Monodonta labio. More
information is needed about the length of planktonic development in these species. The
lack of concordance between them does not mean that neither is responding to preda-
tion risk, only that one of them is not.

Second, 1 have assumed that both T. clavigera (a predatory muricid) and M. labio
(an herbivorous trochid) would show similar responses to predation risk. The negative
correlation between these species in lip thickness (Fig. 11A), a well-defined antipredatory
trait {Vermeij 1987), immediately suggests this assumption is invalid. Perhaps the sys-
tem for cueing to predation risk that has evolved in muricids is only weakly developed
or absent in trochids. Laboratory experiments examining the relative responsiveness of
these two species to risk stimuli would be most informative.
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APPENDICES

These appendices include the descriptive regressions used to generate standardized values
for Thais clavigera (Appendix I), T. leuteostoma (Appendix II) and Monodonta labio
(Appendix III) in the figures and tables in the text. For each regression, sites are or-
dered roughly in order of increasing wave exposure. For each species, regressions are
ordered alphabetically by X and then Y variables. For each character pair examined in
each species, a separate regression was computed for each site, i.e., slopes differed too
often among sites to justify using pooled slopes from ANCOVA. See Materials and
methods for details of measurement and Discussion for a justification of the variables
analyzed.

Abbreviations: Regr. #—number of the regression as referred to in the text; Site—
see Materials and methods for site abbreviations (All = regression computed on data
for all sites pooled); N-—sample size; Min., Max.—minimum and maximum
untransformed values for the X variate; Mean——mean of the X variates actually used to
compute the regression (may or may not be log-transformed); Least Sq. Linear Regr.—
results from a least squares linear regression [Slope (standard error of slope),
r—correlation coefficient]; Expected Y @ Mean XY value predicted from the least-
squares linear regression at the mean value for X (standard error of expected Y); RMA
slope—reduced major axis slope for a model 1I regression (= least-squares linear re-
gression slope/r, see Statistical analyses section in Materials and methods); Ts
Allom.—Student’s ¢ value for the difference between the observed RMA slopes and those
expected for isometry (see Statistical analyses section in Materials and Methods).




681

THAIS AND MONODONTA SHELL VARIATION

850 9.0'1 (§210°0) 8800~ 65v°0 (E1€1°0) ¥6%°0 Loz’ §'zz 8'8 Ss 2ao 0€-
FAN 8561 Am?o 0) 8,00~ 90€°0 (£10€°0) 6650 09Z'4 v'22 9vi oY 1ao 62-1
Lee 8692 (8820°0) 9200 2280 (9z16°0) 8122 LS 01 m i 20d 821
9.0 €011 (€210°0) 82070~ 0590 (29€1°0) 21270 9s2°1 9z 101 ov 10d 12
€0~ 5/8°0 (8510°0) 6v0'0 25850 (02£1+°0) €8%°0 A 292 €2t 0z YHH 921
gl i 568°0 (€210°0) 1210 6€€°0 (0€21°0) 0620 82¢'1 1’62 941 St EHH G2
060~ 050'1 (8110 9 BY1°0 020°0 (0691°0) 1200~ £2€°1 5’82 $'91 oy ZHH ¥2-1
€50 190°1 (€L100) 6110 989°0 (1921'0) 2Z€L0 veZ'L zee 20t (014 LHH €21
891 852°1 (8110°0) 5000~ 6590 (€€61°0) 628°0 18271 €52 g€l ot ZSH 221
810~ 1260 (0010°0) €100~ orL o (G651°0) 9810 962°1 S've (N2 8¢ LSH 12
(ww wbiey qouyy) Boj = A (ww ‘Yybus| sinuady) Boj = x
s8'e 9z1'4 (0£00°0) 6160 1160 (£280°0) 004"t 1024 §ze 8'8 SS 2ao 0z
e 8211 (8200°0) 600°+ EV6°0 (6090°0) $90°+ 092’4 v'22 9t ot Tele} 61-l
s0¢2 SHE'L (8200°0) 2£8°0 1260 (0891°0) L¥2't KT 0Lt 611 1 2od 811
v 20zt (6800°0) 9260 186°0 (€££0°0) 62171 9521 9've L0t oy 10d L
661 9.0t (8€£00°0) £26'0 6860 (68€0°0) $90'+ oye' 292 €21 61 YHH 91+
80'G €614 (8200°0) 610+ $86°0 (20€0°0) 9€1°1 €EE°L 162 91l 24 EHH G-
2y'9 1821 (0€00°0) 800 , 1860 (00%0°0) ££2°1 geet 5’82 591 8¢ ZHH Pl
S8 G504 (8200°0) 2¥6 §86°0 (9620°0) 6£0°1 peZ'L 2'ee 204 ov LHH €1
16 Y01 (0200°0) 886 1860 (1220°0) 620+ 182'4 £62 €eL ov ZSH 2l
S6°1 980°1 (5200°0) 000 0/6°0 (8e¥0°0) £50°1 962°1 Sve Ll 8¢ LSH L
(ww "Yipim einpedy) Bol = A ww ‘Yybue| sinusdy) Bo| = X
612 5902 (0€£00°0) 186+ 5660 (8620°0) S50°2 L02°L §22 88 el°] 2ao 041
4! 0.0°2 (0£00°0) 6E1°2 2860 (0£90°0) €£€0°2 0921 |44 9vi oY £ao 60-1
St Lre'e (0110°0) 028°1 ¥56°0 (evez'0) €822 1611 0'/4 6Lt 1 20d 801
82t 991°2 (S£00°0) 0012 ¥66'0 (88€0°0) €512 952t 9ve L0t ov 10d L0+
9.0 6£0°2 (05000) €202 $66°0 (8150°0) 6202 ove'1 z92 A 61 YHH 90+
¥2°0 6202 (€£00°0) 912°2 ¥66°0 (1ve0'0) €102 €EE' L L'62 911 127 EHH G0+
e 161°2 (0v00°0) 1022 6860 (1650°0) 2912 2281 582 S91 LE gHH $0-1
150 1202 (££00°0) 9¥0'2 ¥66°0 (0££0°0) 600°2 [T ze2 20k o LHH €01
26t 6,02 (0£00°0) €212 £66°0 (60%0°0) $90°2 1821 €62 eel ov ZSH 20-1
09t 1802 (SE00°0) 6512 886'0 (+$50°0) 2902 9624 Sv2 (N2 8¢ LSH L0

(;ww ‘esse sinuady) Bo| = A (ww ‘ybus| sinusdy) Boj =

“wojy ado|g (was) x uesp 7 (nas) adojg ueesp XBW UIN N 8IS #
S1 VINH @ A psedxy iBay tesaup bg isesen SIXY-X 1Bay

"BIBDIARIO SIBY |
I XIANAddV




A. RICHARD PALMER

682

€80 pE0L (0500°0) 6512 1260 (60%0°0) $00'L v0¥'2 %44 €€t g€ LSH 191
. (;wuw ‘esie sunuady) Boj = A ‘(;ww ‘esse psslfold) Boj =
e SLZ't (5110°0) 2L1'E 0L6°0 (9040°0) 62171 180'2 61¢ 8l fofe] 2ao 09-1
0ne LG4 (€010°0) 9e2°€ 226'0 (§220°0) £90"t 2.22 198 16 ot ele} 661
€20 SOL'4 (£220°0) ¥06'2 226'0 (2ep10) 610°} 296'1 €81 S5 L 20d 86-|
(7 0801 (0v10°0) $92°¢ 5960 (86¥0°0) 2v0'L 9812 0eY (¥4 oy 10d 2571
A 9.0'1 (0020°0) ¥60°€ 896°0 (+£90°0) 2¥0°1 8512 185 9t 0z YHH 96-1
A 16670 (0210°0) 605°€ 2.6°0 (2v€0°0) ¥26°0 Yor'2 2v6 ge St €HH GG
06'¢~ 9¥8°0 (S110°0) 20G°€ 8660 (96€0°0) 0180 6EY2 016 LL L€ ZHH PG
59'¢ 982'1 (8020°0) 2/2°€ 2260 (y8.20°0) 26171 €Lz 96¢ se oY LHH €G-
YL~ £¥6°0 (5£00°0) SiE€E 9/6°0 (0££0°0) 0260 00’2 965 g8 or 2SH 261
oy - §9.°0 (£110°0) 26E'E 806°0 (£€50°0) §69°0 96€°2 965 0L 8¢ LSH 1671
(Bw 1w Aip yjays) Boj = A ‘(Bw “1m Aip Apog) Bo| =
Lv0°0 (0510°0) 8910 88570 (9¥00°0) $20°0 291 szz 88 G5 2ao0 061
6500 (8€10°0) 8¥0°0 100 (¢200°0) 100°0 €81 ¥'22 9vl o 1a0 &
0000 (0000°0) 0000 000" (0000°0) 0000 A2 oLt 611 1 2od 8p-|
2v0°0 (£020°0) 8€1°0 £25°0 (0900°0) 2200 v'8l 9v2 10t ov 10d Lt
2500 (82€0°0) ¥€1°0 G120 (+800°0) LEQO L z'9z €2l 02 PHH 9t
GEO'0 (§120°0) 6220 0.0 (6¥00°0) €100 812 162 941 Sy EHH Sl
1%0°0 (€610°0) ¥¥1°0 €50 (9500°0) 2200 €1z §'82 G914 ot ZHH Pl
990°0 (0520°0) €2£°0 91,0 {(v£00°0) L¥0'0 S/l zee 204 ov LHH Eb1
8200 (5910°0) 021°0 L01°0 (6¥00°0) £00°0— v6l €62 £'et ot 2SH 2y
1500 (0220°0) 8610 S€0°0 (6£00°0) 200°0- 002 §ve Lyl 8¢ LSH L
(ww) wbiey wooy = A (ww) ybusy sinuady = x
LS €01 (E¥10°0) L10°0 09.°0 (1251°0) ¥62°1 102°1 gze 88 Ss 2ao ot
8¢ €L5°1 (8800°0) $80°0 ¥€9°0 (9261°0) L66°0 092°1 $'22 91 ov 1ao0 6€-1
Le €9%'2 (81€£0°0) 9020~ 9€S°0 {9€69°0) 02t 16174 0Lt 641 1 20d 8€-|
G6'L 2L (8800°0) £90°0 8€6°0 (6960°0) 029'1 9get 9ve 10t ov 10d L€
£V’ evie (04+20°0) 2600~ 1680 (£622°0) 606°L 8€T 1 z'92 €2t 02 YHH 9€-1
82'S 251 (£110°0) 2800 0480 (1511°0) geet 8281 162 91t St EHH GE-
eLL 6£8°2 (5210°0) 5000 8680 (€162°0) 6.€2 €281 $'82 G591 ov gHH vE-1
118 9eve (6£10°0) 8100 1980 (8961°0) 2112 ¥eZ'1 zee 201 ov LHH £€-1
102 0€€'4 (€€10°0) 1900 £09°0 (12£1°0) 2080 182°4 €62 €El oY ZSH 2e|
80'€ ovLL (8710°0) 2200 £€95°0 (50t2°0) £86°0 962°1 Sve L'yl 8e LSH Le
(ww ‘yiesy Buipnioxe sseunoiyl di) Boj = A (ww ‘ybus| sinuedy) Boj =
‘wolly adojg (was) X uespy 4 (w3s) adoig UBOIN ‘X U N aus #
81 VINY @ A powedxgy iBey sesur] bg ises SIXY-X iBay

(1u09) | xipuaddy




683

THAIS AND MONODONTA SHELL VARIATION

oee
902
EV°0
602
[4°x4
€10~
06'0—
98'¢t
ceE-
09'v—

€96
€04
v8°0
€L°6
(Yaa4
Ll
6L°L
o'y
G20
09¢

AR
0L 4~
L0

Lie—
90 1~
€v'G—
9'p-
G20~
G8°0

0tg~

20—
621~
0.0

97—
9g 1~
00°%-
9g'e-
14K
9'€

Git't
6E1°1
v90°
y80°1
SLLL
966'0
2960
8ye' L
€16°0
162470

10474
LEO'L
060°1
0se't
€02t
epit
611
80174
S00°4
€801

€290
£29°0
1290
090
8¥9°0
0090
2090
€990
089°0
8290

$26°0
L8670
cs0't
0/6°0
2960
9160
€v6°0
£v6'0
POL°L

01100
/86000

( )ziie
( ) 9gz'e
(8620°0) ¥06°2
(€210°0) $92°€
(0£10°0) ¥60'€
(€010°0) 01G°E
(0110°0) ZoSE
(5210°0) 1L2€
Mmmoo.ow siee

€600°0) g6E'E

§GG00°0
€500°0
€100

( ) 9562
( ) 08L°2
( ) vrie
(0800°0) £99'2
(§210°0) 0¥9°2
(0900°0) €962
(£900°0) 5262
(§900°0) 2652
(8Y00°0) 6062
(§900°0) €062

S¥00°0
GE00'0
09000
8€00°0
€500°0) ¥20°

( ) 186°1
( ) 6EL'Z
( ) 0L8t
( ) 0 N
( ) $20
(Le000) 912 N
( )1
( ) 9
( ) €
( ) 6

86’
e1
L8
[

0¥00°0) 1022
0+00°0) 9¥0'C
0¥00°0) €212
8€00'0) 6512

(0500°0) 186°1
(0500°0) 6€1°2
(8200°0) 048+
(€500°0) 001°2
(0£00°0) €202
(e¥00°0) 9122
(0v00°0) 1022
Mmﬁoo.ow 9v0'2

0¥00°0) €212

.60
1€6°0
6060
.60
9/6°0
6.6°0
2960
8v6°0
$86°0
660

€660
L1160
9660
2660
886°0
$66°0
2660
1660
c66°0
860

9860
v.6°0
/860
£66°0
¥66°0
166°0
886°0
1660
6860
§86°0

0860
9v6°0
11670
9860
686°0
686°0
8860
6860
/8670

Evi00
2£20°0
€9€0°0
2100

( )
( )
( ) @@ o
( )
(8£10°0)
( )
( )
( )
( )
( )

v

3%

4
9€9°0
$¥9°0
2c10'0) 9690
G§100) §
9¥10'0) £
€910°0) €
6

28100

650
G9°0
90
190

05200
16¥0°0
0S.0°0) 820°}t
29¢0'0) 9660

( ) 906°0
( )
( )
( )
M?mo.ow 2v6°0
( )
( )
( )

9880

0120°0) 906°0
1G20°0) ¢€6°0
£€220°0) €€6°0
£820°0) 060°4

66.°¢
986'¢
vv9'e
345K
€v6'C
FAYA
L02°€
068'c
8E1L'E
LYiE

66.°¢
9862
la4°K4
343K
£v6'e
FAT A
JAVA
068'¢c
8ElL'e
LYL'E

66.'¢
986'¢
yv9°C
1962
£v6'C
9€C'e
ceze
068°¢
8E1L'E
A4

G81°C
/22
(4R 4
6/2'¢
AT
[42 44
L8Yv'¢
S/2e
€8€'C

2SLt
6002
6€6

A4
€ige
/8%
121474
L02e
PAXAN
00t€
(Bw

[4°7A
6002
6€6

L1
€12ge
17414
Yoyy
L0ce
JAXAS
00ie

G9

FA44
§Ge
804
8.2
€61
LB6S
vel
62y
Liv

“w Aip yeug) Boy =

S9

Lyy
662
801
8.
€61
LBS
el
62y
Ly

(Bw ‘awnjoa psidnoop) Bo

[4FA}
6002
6€6

LLie
£ice
1 24°14
Yovy
L1022
JAX4)
001€

S9

FA44
G6e
801
8.2
€61
LBS
PEL
6cvy
Ly

(;ww ‘este einuedy) Boj

10¢€
33
Y61
9¢
[ 334
229
LZ4°
08¢
ey

132
911
c8
14°)
c8
LL
691
09
61

jeie] 2ao 001+
oy Qo 66-1
L 20d 86-1
)4 10d 161
02 YHH 96+
194 EHH G6-1
oY ZHH v6-1
oy LHH £6-1
oY ¢SH ¢6-1
8¢ LSH 16-1
A ‘(Bw ‘Ayoedes jjeyg) Boy =
jeie] 2do 06-1
oy 130 68+
L 20d 88-1
ov 10d 18+
02 YHH 98-
14 EHH G8-1
ov CHH ¥8-1
oy LHH £8-1
oy 2SH 28-1
8¢ L1SH 18-
= A ‘(Bw ‘Ayoeden jjeys) Boj = x
jo1°] 2ao 08-1
)4 1ao 64-1
L 20d 8.1
oY 10d L244
0z PHH 92-1
144 EHH G-l
LE CHH (78
ot HHH €44
oY ZSH 75
8¢ LSH (WA
= A ‘(Bw ‘Ayoedes jjayg) Boj = x
SG 2ao 0L-1
[0)4 1ao 69-1
48 20d 89-1
oY 10d FASH!
61 PHH 99+
144 EHH G9-
LE CHH 91
oy HH £9-
)4 ZSH 29-1




A. RICHARD PALMER

684

066~ €652 (800°0) 180°2 1860 (6890°0) ¥¥5°2 2vet 9'ie 801 S5 2d0 eyl
€91~ €8L°2 (02000} 2/2°2 966°0 (£2€1°0) 1992 eLE°t 8'0¢ 98t ot 10 13-
62'0 160°€ (8610°0) £96°1 256°0 (1G1€°0) €¥6°2 yiZ1 6'€2 961 i 20d O -
SY o~ 1662 (6110°0) 9812 ¥26°0 (¥601°0) v/8°2 ¥8E°L £¥e 82l ot 10d 6E1-1
89°1 652°¢ (0610°0) 8512 6160 (8S1°0) 161°€ z8et £9¢ 591 0z PHH 8E 41
ov'e 202°€ (0600°0) ¥9¥°2 $86°0 (1¥80°0) ¥S1°€ y6¥'1 GGy 86l St EHH LE 1
aLs 085'€ (0800°0) €2v'e G860 (€101°0) 925°€ 506°L 0t L've ov ZHH 9e -1
0zZ'e~ $09'2 (8210°0) €112 956°0 (0v21°0) 68Y°2 z8€1 L've 0'et ov LHH gLl
ov'i veie (€900°0) 10¥'2 $86°0 (£880°0) ££0°€ 2stL z'8e 00z or ZSH PEi-
<= €€2'E (0010°0) 962 0960 (£0S1°0) POL'E 65P° 1 s8¢ 802 8€ LSH AR
A Ao S18'2 (§¥00°0) 8922 656°0 (81%0°0) 0022 Sivl S'Gt 801 69¢ v Ze4-

(Bus “wm Aip Apog) Boj = A “(ww ‘yiBuey |8ys) Bol =
$S 9~ 2580 (§200°0) 102t 1860 (9220°0) 9€8'0 ZreL 9'1e 804 SS 2ao AT
05°e~ 1880 (0200°0) 092+ 956°0 (01%0°0) 61870 €LE°1 8'0¢ 9’81 or 1ao 0zt
601~ 2260 (5€00°0) 1511 €L6°0 (#120°0) 2680 1 7%A 6€2 961 Lt 20d 611
65 b 8980 (0£00°0) 952"+ 6.60 (£820°0) 0580 v8eL R4 821t 014 10d 8l
€81~ £56°0 (5200°0) 882t £66°0 (8520°0) 9¥6°0 Z8¢e°L €'9¢ G591 0z YHH JARE
126~ ¥06°0 {0200°0) 82€°1 1660 (2810°0) 968°0 vev L S'Gy 861 Sy EHH 9L
€0'6~ 698°0 (€200°0) €2¢°1 £86°0 (1920°0) ¥58°0 5064 ((R24 L've ov ZHH Sii-
0Lt~ 0880 (5200°0) ¥£2°1 ¥86°0 (5520°0) 9980 z8¢e't LYE oet ot LHH 129!
802 250'1 (0200°0) 1824 1860 (€£20°0) €40+ zsrt z'8e 00z oy ZSH €11
251~ Zv6°0 (§200°0) 962"} 0/6°0 (08€0°0) ¥16°0 6Sb°L $'8e 802 8¢ LSH 2L
eI~ 0680 (€100°0) 592°1 v16°0 (1010°0) 8280 Sivd [}~ 801 69¢ TV bt

(ww ‘yibuey sinuedy) Bol = A ‘(ww ‘ybusy 18yg) Boy =
80t~ 6S.°1 (6900°0) 186'1 0670 (1650'0) 902°1 ZreL 9'1g 80t o] 2a0 014
22—~ gLl (6500°0) 6€1°2 9€6°0 (£101°0) 659t £LE°1 8'0¢ 9'81 oY £ao 601-1
€L°0 8512 (0+10°0) 028 P £56°0 (9212°0) L50°2 |78 6'€2 9'Gi i 20d 804+
£8'1— 0881 (8900°0) 001 1160 {£590°0) L£8°1 v8eL £ve 8zt oy 10d 2011
$6°0- 6€6°1 (£900°0) v20° N 166°0 (5£90°0) 226°1 v8e L £'9¢ s91 61 YHH 904+
296~ 128°1 (0500°0) 5122 G860 (£4¥0°0) 008°L 00§t S'Gh 86l 27 EHH S04+
Py L= 906'1 (6500°0) 102°2 6.6°0 (2590°0) 998°1 0161 0'vy L'vz L€ ZHH 01
1Le~ 081 (0900°0) 9v0°2 6.6°0 (2850°0) e¥2't z8¢e°t L'v€ 0€Et o LHH €01+
162 861°2 {0500°0) €212 2860 (9990°0) 8512 AT 2’88 0oz ot ZSH 2041
ov'o- 996'1 (8500°0) 6512 $96°0 (+980°0) 2681 85t 1 G'8¢ 802 8¢ LSH L0
(;ww ‘eate ainuedy) Boy = A *(ww ‘Wbusj j18yg) Bol = X

‘wioly adolg (was) ¥ ueepy 4 (w3s) adoig uespyy XeW RUTIT] N NS #
S1 YiNH @ A peywedxy ufey teaury ‘bg iseaq SIXY-X “ibey

("1u09) | xipuaddy




685

THAIS AND MONODONTA SHELL VARIATION

602 PGLe (0800°0) 2L 1€ G860 (8€20°0) 20 eret 9'ie 804 SS 230 $9i-
9v't 612'€ (£200°0) 982°¢€ 8560 (L6¥1°0) ¥80 €L€°1 8'0¢ 9'81 oy 1ao £91-|
zi 12v'e (8810°0) ¥06'2 ¥¥6°0 (Sp2€°0) 622 m vie 6'€2 961 L 20d 294-1
ye'z €81°¢ (0800°0) ¥92°¢€ 6860 (€820°0) 8¥1€ ¥8E°1 e 82t oY 10d 1911
06'€ 905°¢ (5210°0) ¥60°E 8860 (862+°0) ¥9v°E z8€'t £9¢ G591 02 YHH 09141
2L0 9v0'e (0£00°0) 605°€ 0660 (§90°0) 910°¢ evL S'gp 861 1 E€HH 651+l
620 0€0'e (800°0) 205°¢ 8.6°0 (8201°0) €962 S0G°1 [oR24 L'vZ ov ZHH 861+
8v'e 6YE'E (€010°0) 2L2°€ £86°0 (2001°0) Z62°€ z8et L'¥E o€t oy LHH 161+
£€9°0- vv6°2 (6900°0) s1e°€ £86°0 (£880°0) ¥68°2 25hL Z'8e 002 ov ZSH 9G1-1
€26~ viv'e (£900'0) z6€°E 046°0 (50014°0) 00¥'2 65Y°1 S'8e 802 8¢ LSH GG
(B “w Aip 18ys) Bop = A H(ww 'yibuey jayg) Boy =

g~ 828'2 (8£00°0) 0082 €860 (¥020°0) 0822 ZyeL 9'1e 801 SS 2an IS
€91~ 8282 (6500°0) 986°2 £.6°0 (1501°0) 25472 €LE°L 8'0¢ 9’81 oY efo} €G1-
160 s12¢ (€210°0) ¥¥9°2 ¥16°0 (80¥2°0) SE1'E [ZeA 6'€2 96t i 2od 2541
090~ 862 (8010°0) 1¥6'2 9.60 (y€01°0) £98°2 v8eL £'ve 82t oY 10d 161
610~ v86°2 (€800°0) £¥6°2 £66°0 (€680°0) £96°2 28¢E'L €'9¢ S91 02 YHH 0G4-1
860 090°€ (900°0) ZiZ'€ 1660 (9090°0) 2€0°€ I GSt 86t St EHH 6Y1-1
064 [2° 1N (8900°0) L02'E 18670 (6080°0) €1 1€ 50G°4 0'vy L've oy ZHH 8yl
SLg- 9892 (0010°0) 068°2 £/6°0 (6660°0) €192 z8¢e°L LYE o€l ot LHH L1
62¢ 622'¢ (€500°0) 8€1 '€ 1660 (9690°0) 002°¢ 25t°L z'8e 002 oY ZSH 9 i
8zt AN (8900°0) Z¥1'€ 186°0 (2001°0) 690°¢ 85t 1 §'8¢ 802 8¢ LSH Shi-l
106 Sv8'e (€€00°0) 910°€ 6.6°0 (90€0°0) 582°2 Siv'L S'S 80} 69¢ v 1248
(Bw ‘Ayoeded jjeyg) Boj = A (ww ‘ybusy eyg) Boj = x

Y 0L~ 688°1 (€1000) 92e°2 ¥66°0 (£010°0) 828°1 Sip't GGt 80t 69¢ v e il

(;ww ‘eete payosfoid) Boj = A (ww ‘Wbusgy jjayg) Boj =




A. RICHARD PALMER

686

681~ G190 (££00°0) 292°2 1860 (6220°0) €090 092'¢ 9oy 90L 12 10d iZAl
(;ww ‘ease ainuady) Boj = A (Bw ‘Auoedes jjayg) Bop = X
€06~ 2060 (£900°0) 58172 $66°0 (9610°0) 2680 z8€'2 169 9L 12 2ao €211
260~ 586°0 (0600°0) 6222 9/6°0 (S2¥0°0) 1960 6i'2 1LY €Ll 2z 1a0 ze
8g' - 9%6'0 (0200°0) 1202 £66°0 (22€0°0) 6¥6°0 €622 8.8 08 Si 20d (Fall
YL 2 €88°0 (££00°0) 6522 G/6°0 (L2¥0°0) 19870 2972 €86 .61 €2 10d 0z
(;ww'este sinuady) Boj = A ‘(;ww ‘esie pawsfold) Boy = X
91'e zzL (8£10°0) §82°¢€ 8860 (L8800} 6 02r'2 2se 65 44 2aon 6411
89°1 802°4 (8€€0°0) 850°€ 6260 (gezi'0) 221 €912 €2y ¥ Si 20d 8-
9e't 9Lt (0420°0) 29%¢ 0v60 (2580°0) 6401 8252 S6/ 4] €2 10d JARY
(Bw “m Aup jaus) Boj = A {(Bw “wm Aip Apog) Boy = ¥
80'9 EvpL (5010°0) L¥00~ G/6°0 (6220°0) L0V 262°1 €2¢ Legl 1z 2ao 91+
061 [ Z4 " (8610°0) 6,00~ 2LL0 (9€22°0) 710t Sie'L 9'82 L'yl ez 1aon G-
6.0 LELL (8510°0) 91€°0~ GE8'0 {€€L1°0) 6¥6°0 622+ £€e &4 Si 20d P
zee 6¥5°1 (8810°0) 0800~ $12°0 (L9€2°0) 9011 LEE'L z'82 594 €2 10d el
(ww ‘ssausoiyl din) Boy = A (ww ‘ybus| sinliedy) bo| =
894 LLE Y (S1€0°0) ¥22'0 L0 (+022°0) 626'0 z624 £2e Lt 12 2an Zi-l
/Z¢ 1602 (5620°0) 8620 20.0 (ceee'0) 89¥'L SLe 9'82 Lyl 22 1ao L
eLe P6EL (€€10°0) ¥2€°0 1260 (6¥¥1°0) 262t 622°1 €€2 vet St 20d Ot~
9G'+ yOov'1 (5020°0) £61°0 2E5°0 (9652°0) L¥L°0 LE€°L z'8e G591 €2 10d 60-11
(ww Wbisy gouyl) Bol = A (ww ‘Ybusy sinpady) Boy = X
t4 24 SEN] (S£00°0) 0€0°+ G660 (0620°0) SO 262°1 €2¢ L2t 12 230 80-11
€61 0041 (8¥00°0) 9¥0'1 1160 (0250°0) 520°1 SieL 9'82 L'y 44 1aon 2011
8e'y 614 (€¥00°0) 5680 1660 (6YY0°0) 9811 6224 £€e x4 S1 20d 90-11
€E0 v20°1 {(8500°0) 250°1 76°0 (6€20°0) L9670 LEE°L z'82 $91 €2 10d G011
(ww ‘ypm sinuedy) Bop = A (ww ‘Ybus| ainyedy) Boj =
4 8¥0'2 (8Y00°0) 5812 1660 (0v€0°0) 2¥0°2 2621 €2¢ 121 12 2ao ¥0-1l
£9'1 602 (ev00°0) 6222 $66'0 amvo 0) 690°2 GlE'tL 9'82 Lyl ze 1ao €01
85°¢ €122 (§500°0) 1202 $66°0 (6650°0) 202°2 6221 £€2 vzt Si 20d 2011
oL 1- 8061 (§900°0) 852°2 6460 (8£80°0) 898°1 LEE7L 282 S'91 €2 19d LO-11
(;ww ‘eese aunuady) Boj = A (ww ‘yhus| anusdy) Boy = ¥
‘woly adojg (GES N @E J (was) adojg BB XBW U N 8)s 2
Si YINY @ A peiosdxy iBoy Jesui 'bg 1sE8T SIXY-X 1bey

"BLIOJSO8ING] Siey |
I XIANAddV




687

S AND MONODONTA SHELL VARIATION

THAI

0te
0s¢
090
090

8€e~
LEO
€61~
Y8~

9G4~

Lie—
[
vei-
80—

8.8~
880~
(4%
€L2~
8L~

6L%-
920

921
vig-

8c'E
Pit
621

90
€°0-
1co

yS'€-
800~

1ci'e
LEV'E
180'E
¥80°€

16L¢
€26°C
68.'2
96.°¢

064

8..°2
§66'e
(4744
99.°¢2

980
2.6'0
6v8°0
1060
G880

0LL
ce0e
6481
81}

8Lt
FOL°L
960°1

6€0°1L
6v6°0
8001

1€9°0
$99°0

(5600°0) ¥82°¢
(0910°0) L¥E'E
(510°0) 850°€
(€210°0) 19¥€

(€010°0) €EL'E
(5610°0) 8682
(8210°0) 192°¢
(§200'0) S21°€

(€200°0) €6€°2

(G110°0) 0zZ¥2
(§220°0) €912
{(££10°0) 82572
(£600°0) €£6£°2

{0800°0) 6812
(0800°0) 6222
(§010°0) 1202
(0600°0) 862°2

(0910°0) ¥82'€
(€620°0) Lv0'E
(€610°0) L2¥'€

(8800°0) 1262
(€610°0) 6v9°2
(8600°0) 2¥0'E

(5¥00°0) §81°2
(8010°0) L1072

966°0
.60
G860
8.6'0

$66'0
cL6°0
9/6'0
8860

9660

$66°0
966°0
166°0
L1670

G660
686°0
886°0
£86°0
6860

£66°0
186°0
€860
2960

0660
2960
§S6°0

1660
0.60
/8670

8660
186°0

(6£50°0) 601°€
(6¥L1°0) 8¥E'E
(09¥1°0) 1¥0'€
(66€1°0) 910°¢

6190°0) LLL72
8502°0) 1782
18€1°0) 2242
1180°0)29.°2

(€610°0) 296'1

(20L0°0) 19272
(0602°0) evv'2
(€161°0) 2292
(1920°0) 20472

0020°0) 0980
02€0°0) 1960
99€0°0) 6£8°0
19€0°0) 988°0
L¥10°0) /870

(0S€0°0) 20}t
(€160°0) 290°t
(5v20°0) £p0°L

(0610°0) 9€0°+
(2690°0) 1260
(8280°0) S66°0

(0010°0) 0£9°0
(88€0°0) 1690

SEv'
6G¥°1
G9¢€'L
18vL

sey’
19¢
28y’
Ley’

FAZ ANt

SEY'L
g9t
18vL
9EY'L

124
65
fejelon
18y
LYy

eyl
6Sy°1
G9E'L
18v'L

cel’e
868°¢C
09c’e

cEL'E
868°C
09Z'¢

ISL'e
868'C

vy 861 22 2ao
98¢ 261 22 Hele)
§'6e v'9L g1 20d
82y vz €2 19d §G-11
(Bw “m Aip yjaus) Boj = A “(ww ‘WiBusy leyg) Boy = X
vl 86l 44 zao PS5
GiE 91 €l 294 €511
8'Zy v1z ¥4 10d es-1
YLy 8'Gl 09 TV LGt
(Bw *Ayoedeo ug) oy = A “(ww ‘yibus| yBYg) Boj = X
viY 86l €8 TV 0§11
(;wiw ‘eale peyelold) Bol = A “(ww ‘Yyibusy 18yg) Bol = X
viv 86t 22 2an 6111
5'ge v'9t g1 2od
82y v1e 44 10d
vy 861 €9 v
(Bw “wm Ap Apog) Bop = A {(ww ‘ybue jjoug) Boy = x
YLy 8'Gl 12 2a0
98¢ Z61 44 1a0
gge v91 51 20d
8ev vz €2 10d
¥l 86t €8 TV LE
(ww ‘yibus| sinuiady) Boj = A (ww ‘ybusy 1ayg) Bo| = X
viv 86t 12 2ao 9g-11
9'8¢ Z6t 2z Lao GE-11
§'GE ¥91 St 2od vEI
82y vz €2 10d €€-11
(;ww ‘eele ainuady) Boj = A (ww ‘Yibus |18yg) o = X
G269 v.2 44 2aon
¥981 622 €1 20d
910t 90/ 12 1 0d
(Bw wm Aip y18ys) Boj = A *(Bui *Auoeden jleyg) Boj = X
5269 v.2 22 2ao 62-11
y981 622 €l 20d 82-11
9iop 90/ 12 10d L2
(Bwi “awnjoa peydnoag) Bo| = A ‘(Bw *Anoedes jjayg) Boj = x
5269 vi2 1z 2ao 92-11
¥981 622 gl 20d g2l




A. RICHARD PALMER

688

1L~ 6160 (£800°0) 968°2 686°0 (2620°0) 606°0 L1881 A 44 ve LSH 62"
oL~ 1080 (£800°0) 0€E8'2 066°0 (6920°0) €640 1691 201 vi 0z 1L 82-1i1
(Bw “m Aip f1oyg) Boj = A “(Bw “m Aip Apog) Boj = X
1921 81€'L (££00°0) 680°0 2.8°0 (6¥01°0) 6% 11 80171 LGt 26 ot 2ao
Ly 2511 (€410°0) 2210 0$6°0 (29€1°0) ¥60°1 EY0'L GGl 1’8 6 2od
z0°0 £00'4 (€800°0) +12°0 0920 (r€21°0) 29270 9.0'1 v'GL z8 0€ PHH
49 6€9°1 (£800°0) 6810 v¥6°0 (9€01°0) LpSL oLy 291 06 62 €HH
Se'L 0€Z'L (8€£10°0) 26170 £89°0 (8691°0) 0¥8°0 €014 691 1’8 0e ZHH
89'G vl (S010°0) €710 L1670 (£1€1°0) €091 JARN 8/t S8 o€ LHH
€80 8/0'1 (€800°0) OF1°0 €160 (9€60°0) ¥86°0 /104 6'h1 €L vZ ZSH
vz 0€e’L (€010°0) ¥80°0 S06°0 (90z1°0) ¥02'1 SY0'L Spi 08 174 LSH
L84~ Lv8°0 (8600°0) S01°0 0€8°0 (G141°0) €020 1860 yar4l 0L 02 1l 6111
(ww ‘ssaunonyy dr) Bop = A (ww ‘ybus) amuedy) Boy = X
192 2041 (8200°0) $¥0'L 9.6'0 (€680°0) 920°1 8011 pag-i! Z'6 ov 2ao 81-111
051 9eL (££00°0) 9260 8/6°0 (G060°0) +414 £v0'1 GGt 1'g 6 20d JARHH
¥v0 8104 (8200°0) 810+ 9/6°0 (€270°0) ¥66°0 9.0'4 61 Z'8 o€ PHH 9Ll
012 160°1 (8€00°0) $S0°+ SL6°0 (y9%0°0) 020"t oLLy 291 06 62 €HH G-
BS'E 6241 (0£00°0) L¥O'L 986°0 (0980°0) €117 €01t 6'91 18 0e 2HH P11
150 GL0'4 (£200°0) £50°1 886°0 (00€0°0) €004 JARR 8Lt $'8 (o] LHH €l
¥2'€ SOL'4 (8200°0) 1960 066°0 (+2€0°0) 60"t L1074 33 €L vz ZSH 2L
92 .04 (£200°0) 6860 £66°0 (8£20°0) 990°1 SPOL Syl 08 ¥e LSH -
99°0 0€0'1 (0+00°0) 606°0 £86°0 (8Y$0°0) 2104 1860 yar4l 0L 0g 11 o411
(ww ‘yipim esnpady) Boj = A (ww ‘Wybus| ainpedy) Bol = ¥
£7'e ¥91'2 (€€00°0) 9902 1660 (64¥0°0) SP1L2 8011 LG 26 oY 2ao
181 zeLe (0900°0) 826°1 966°0 (2020°0) €212 £v0'1 GGl 18 6 20d
/20 $10'2 (§€00°0) €002 066°0 (5250°0) ¥66°L 9.0'4 v'GiL 28 o€ PHH
01'e z61'2 (0500°0) 9202 686°0 (0290°0) 8912 oLt FACTH 06 62 EHM
sz'e 6v12 (££00°0) 650°2 ¥66'0 (85%0°0) 9€1°2 €011 691 18 (o] ZHH
8t $v0'2 (€200°0) 1602 166°0 (s0e0'0) 6802 LitL 8/ S8 o€ LHH
904 6502 (0500°0) 6.8 , 2660 (0950°0) €402 L10'4 (34! €L ¥Z ZSH
SOt vz (0€£00°0) 9£6 1660 (25€0°0) 9€1°2 Sy0'L vl 08 174 LSH
0Le €912 (£500°0) 96/ €660 (090°0) 8¥1°2 186°0 12} 0L 02 il
(;ww ‘esie ainpady) Bol = A {ww 'Ybusl sinuedy) bo| =
‘woy|y adojg (w3s) X uespy i (was) edojg [¥):1=T0N] Xep U N a)s #
R VYINY @ A pooedx3y iBey seeu "bg isesn SIXY-X 1Bey

"01qe| BILUOPOUOH
11 XIANAddV




689

THAIS AND MONODONTA SHELL VARIATION

800
841~
68~

[4a4
XAV
89'}
9g'9
102
92’1
6v'S
88’V
20's

902~
186G~
4k o
966~
621~
005~
G6'9—
LETL—
Ler -

280

06'¢c—
69'1-
6v8~
8l e~
S8~
9€'9~
€ 1-
L9°L

LEY—
bO-
06'¢-
81¢

9G" 1~
ety

€L~

200t
9660
ce8'0

$60°1
066°0
8€0' L
€.0°1
080'}
020’
290’}
8.0°}
Oct't

L¥9°0
bLS°0
2650
6850
2290
2090
8650
0v¥9'0
99°0

020't
198°0
0v6'0
€280
2680
2180
0880
Lv6°0
650'}

€480
660
6/8°0
£LS50°}
ov6°0
LS
6960

(0800°0) 206°2
(€800°0) 9682
(€900°0) 0£8°2

(5200°0) 2892
(0020°0) $0G°2
(0500°0) 19272
(5£00°0) 928°2
(8900°0) 206°2
(Ep00°0) S18°2
(6€00°0) 8952
(5¥00°0) 2952
(0£00°0) §9€°2

8200°0) 990°2
G/00°0) 806}

(

(

(€€00°0) £00°2
(0v00°0) 9202
(0900°0) 9812
(S€00°0) 1602
(0£00°0) 6/8°1
(8500°0) 9¢6°1
(£600°0) 96/t
(€00°0) 9902
(5600°0) 826' |
(0500°0) €002
{sv00°0) 9202
(5900°0) 850°2
(€¥00°0) 1602
(0¥00°0) 6/8'+
(0£00°0) 9£6°1L
(£900°0) 96/°1
(0£00°0) 580°¢
(0£20°0) 998°2
(5600°0) 8E1°€
(€800°0) 8G+'E
(€010°0) Y1 '€
(0010°0) ¥91°€
(0600°0) 2062

€660
066°0
660

866°0
G660
€660
866°0
/86°0
966°0
6660
8660
966°0

€660
8660
166°0
€660
6960
¥66'0
/660
6860
€660

6860
6860
086°0
166°0
660
0660
§66°0
€86°0
6860

6460
$66°0
896°0
2660
€860
9860
166°0

(¥520°0) 5660
(2820°0) 9960
(€+20°0) £28°0

(2210°0) LE9'0
(8210°0) 0460
(1510°0) /850
(0€£10°0) 6850
(S¥£0°0) £09°0
(0€10°0) 8650
(2010°0) ¥65°0
Mmomo,ow £€9°0

£/10°0) 6€9°0

(8¥20°0) 600°}
(£4¥0°0) 258°0
(96€0°0) 12670
(8020°0) 9180
(1v€0'0) €£8°0
(#120°0) 6080
(8810°0) 9£8°0
(12€0°0) +€6°0
(¥9€0°0) L¥0'L

(0620°0
(65500
(£1%0°0
(+920°0
(6¥€0°0
(99800
(922070

1812
/18¢
cvoe

626°¢
822
§66'¢C
650°¢
6L1'E
0s0°€
16L°¢
1182
cv9'e

626'¢
8c.LC
§66°¢
650°€
6LL'E
0s0°€
16L°¢
L182
croe

€Gl'e
ccoe
siee
9eee
8022
82e'e
602
1902
S66°1

cs6'1L
08}
0€02
1602
160°¢
¥80°¢
€v8’1L

11
RRIENIS

99-11t
SO-Hi
y9-1it

) Boy = ¥

S
vy
24

4%

24
ov-
6¢-
8¢-
LE-H

9€-
Ge-
ye-
€g-
ce
33

9622 861 144 ZSH
X433 Lee e LSH
€901 (848 0C 11
(Bw 1 Aip j1ays) Boj = A “(Bw Awoedes jays) Boj = x
8LLL 09¢ 014 [4ate}
G802 L8} 9 c0d
0cee 6.2 o€ YHH
801¢€ 26¢ 6¢ €HH
6162 €65 t44 CHH
Ye62 (0] %4 o€ FHH
9Gee 861 e ZSH
12GH 1ee ve L1SH
€904 84" 02 11

(Bw ‘swnion peidnoop) Bop = A ‘(Bw ‘Auoedes leyg) Bop = X
811 092 oy a0
G802 /81 9 ¢0d
0cee 6.2 o€ PHH
801L€ 262 62 €HH
6162 £66 t44 ZHH
Y62 (0194 0e FHH
96ee 861 144 ZSH
Lest (§44 e LSH
€90} 84" 02

(;ww ‘eate sinpady) Boj = A (Bw ‘Ajoede

1322 89 014 2a0
652 8] 6 20d
cle (Y4 o€ YHH
£9¢ 9 62 €HH
90¢ L9 0€ ¢HH
L2ce 9 019 LHH
06 4% e ZSH
202 jeie) e LSH
891 8¢ 0c 11

(zww ‘esue einuady) Boj = A ‘(;ww ‘ease paysloid) Boj = x
81 L2 (014 [4ule}
€€e 144 9 c0d
€92 0¢ 0€ PHH
£6¢ 62 62 EHH
082 L2 o€ ZHH
6€€ 92 0¢ LHH
89¢ 44 ve ¢SH

0e




A.RICHARD PALMER

690

vZ v 6v.L'2 (£900°0) 260°2 ¥66°0 (1650°0) €642 882"t €62 £l 62 EHH
892~ 5692 (§210°0) 1502 9/6°0 (6EL1°0) 0E9'2 92 692 Sl 82 ZHH
989~ 8EY'2 (£600°0) §80°2 ¥86°0 (6180°0) 6652 6L2'1 6'92 S0l o€ FHH
260~ vi6°2 (0600°0) €78+ 16670 (¥280°0) /¥62 902't e S0k ¥2 2SH
862~ 0922 (5800°0) LE8'L 166°0 (5080°0) 5€2°2 8811 22 Lok ve LSH
18'€ 26€'€ (0600°0) 1S9+ 266°0 (620470} 59¢°€ 2L 661 vt o i
00'€- 6/8'2 (E¥00°0) 956°4 8/6°0 (20v0'0) 9182 ¥re €62 Lok (Ko TV LOL-L
(Bw i Aip Apog) Boj = A “(ww ‘ybusy 8yS) Bof = X
9€'2~ 2160 (8200'0) 601"+ 8960 (2£€0°0) €88°0 R g22 81t oy 200 161
- ¥9.°0 (0900°0) £¥0" + 1860 (0950°0) 6v2°0 1911 8'€2 [§0]8 6 20d 06111
9L€~ v€8°0 (€€00°0) L2074 0960 (0¥¥0°0) 1080 v82' L 962 oz o€ PHH 68-111
€8 LI~ €690 (€£200°0) LLL'L 1660 (££10°0) /890 882'1L €62 e 62 €HH 88
GG €vL0 (0600°0) €01+ £v6°0 (99%0°0) 1040 vi2L 692 Sl 0€ ZHH i8
0E 0L~ 2iL0 (0£00°0) L1 L'k 8/6°0 (0820°0) 9690 6.2} 692 S0k 0e LHH 98-
8L v~ ££8°0 (§€00°0) L F 086°0 (05€0°0) 91870 902'L §v2 S0 ve ZSH S8
6€'6— S6.L°0 (0¥00°0) §¥0 ¥/6°0 (18€0°0) ¥£4°0 881 22 L0l ¥e LSH v8
290~ 1260 (0v00°0) 186 0860 (09v0°0) 2560 2L 664 v'oL 0z jui €8
€98~ 2€8°0 (0200°0) 940 €€6°0 (S6L0°0) 9220 vre L €62 (o] 9€2 v 28
(ww ‘yibue| einlady) boj = A (ww ‘Yybusyl |1oys) Bol =
8€'0— 1i6L (§00°0) 9902 1860 (6190°0) 6€6°L Rt G2z 8 kL ot 2ao
GLE- 929’1 (8010°0) 826'} /860 {£660°0) S09'L 19171 8'€2 Lok 6 2od
Srre- 891 (€£00°0) £00°2 9560 (r€60°0) $09'L v82'1 962 oek 0e YHH
JANES 6161 (§500°0) 9202 /860 (£2v0°0) 66¥ L 882} €62 et 62 €HH
19— 865+ (5600°0) 8502 156°0 (££80°0) 6254 vi2L 692 Sl o€ ZHH
9.6~ 1871 (£900°0) 1602 6.6°0 (£550°0) 92¥'L 6.2} 6'92 S0k o€ LHH
126~ VAN (0900°0) 6£8°+ 6860 (E¥50°0) S69'+ 902+ S$pe S0 ve ZSH
26~ LOL 'k (0600°0) 9€6’ P 2.6°0 (0580°0) £59'+ 8811 212 Lot 24 LSH
SLL 2042 (820070} 96/ ¥86°0 (5880°0) 8902 2LV 661 ¥0L 02 11
(;wuw ‘ease sunyady) Bo| = A ‘(ww 'Yibus| jjoyg) Boj =
e~ 2060 (£900°0) §80°¢ 18670 (9820°0) 5880 6262 811 092 ov 200 2L
102~ 0960 (€800°0) 9982 666'0 (€610°0) 6560 8212 $802 181 9 20d 92
92— 106°0 (0600°0) 8€L°€ 2/60 (10¥0°0) 9/8°0 $66'2 0zee 6.2 o€ YHH 0L
SE'Y 124} (5800°0) £61°€ 1660 (2620°0) ZLL'4 650°€ 801¢€ 262 62 EHH 69
6v°0 0204 (££00°0) §92°€ €86°0 (81¥0°0) €00°L 6L1€ 6152 €65 44 ZHH 89
YeV o9l (0010°0) ¥91°€ 9860 (69€0°0) prLL 050'€ y£62 018 o€ FHH L9
IOy adojg (W3s) X ueey b} (w3s) adojg N-CIY XBW UIN N slg #
s VINH @ A psyedxy sBey sesui] bg iseaT SIXY-X 168y

{('1uo2) 1 xipuaddy




691

THAIS AND MONODONTA SHELL VARIATION

0L

05°e-
67 1—
6€ 'L~
[3°h o
60°L-
66"}~
c0'G~
cl'e

86—

00" L=

oLe
VA XA
€40~

c8le
889°¢
0ssc
8062
625°¢
908'¢
088'¢
8E5e
LiLe

£80'€
96/°2
LE8'2
0852
99¢€'¢
8lv'e
vi8'¢
969°¢
soce
08¢

668}

y8i'¢e
669°¢
€06°¢

(€500°0) S80°€
(£600°0) 068° N
(0800°0) 8€4°

(0500°0) £S1 m
(€800°0) €¥ 1L

(£900°0) ¥91 m
(0600°0) 206°2
(0010°0) 5682
( )0

€800°0) 0€8°2

(0900°0) 6262
(0600°0) 8222
(0600°0) 5662
(6900°0) 650°€
{€010°0) 021°¢
(£600°0) 150°E
(5800°0) 26272
(6200°0) 2182
Mmmoo,ow 2roe

8€00°0) £€6°C

(€100°0) €512

(§900°0) 256+
(6810°0) 082+
(€010°0) 0802

148670
9660
860
16670
8860
§66°0
+66°0
§86°0
0660

1860
6660
£.6°0
€660
G960
¥86°0
2660
€660
¥66°0
6460

v66°0

986°0
9660
0/6'0

(6120°0) 9¥22
(2060°0) 24972
(0104°0) ¥6P°2
(82%0°0) 668°2
(¥$20°0) 66¥'2
(§650'0) 26472
{0280°0) v58°2
(8260°0) 0062
(€060°0) 0692

66.0°0)
€850°0)
9€11°0) 9922
8960°0) 2952
Rmfow €822
)
)
)
)

( EVO'E
(
(
(
(
M&mo.o 6.€°2
(
(
(

€64°¢

€6,0°0) 1682
9890°0
6¥80°0
9/€0°0

LE9°C
Sve'e
cele

(8210°0) 8¥8°}

(6£80°0) 6E1L°€E
(£1240) 8892
(£2€1°0) 9182

824
L9V
8¢
882
1224
6.2
90¢”
881"
745

824
318
82
882"
0ce
6.2
90¢”
881"
[72%
8ve’

yye

374
19
8¢

b

~— il ol Sl i ol Sl e —Trr T -

-

gee 811
8'€C L0l
962 0eH
€62 [
6°92 SHE
692 S0k
Sve SO0t
e Lot
66 Y0k
(Bw "wm Aip jeys) Boj =
gee 81
8'€C L0l
962 0eh
€62 €L
692 9'vi
692 S0l
Sve S04
cie L0k
66 70l
€62 Lot
(Bw “Ayoedes yoyg) oy =
€62 LOL
(;ww ‘esie peloafoid) Boj =
Gee 811
8'€e [S]8
962 e

[0)4 [eje]
6 20d
0e YHH
62 E€HH
oe CHH
0€ FHH
144 ¢SH
ve ISH
0e 1l et

A {ww ‘yiBusy jleys) Bop = x

ov 2a0

9 20d

0g YHH

62 EHH

22 ZHH

0¢ FHH

v2 ZSH

v2 LSH

02 in

62z R ZhL-H
A {ww ‘ybuey jleyg) Boj =
9e2 v LRI
A (ww yibuey yeys) Boj =
ov 2ao Ob ki
9 20d 60 k-1t

0oe YHH 801-11







