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Abstract Introduction 

This paper is concerned with the ecological sig- 
nificance of variation in shell form within the 
thaisid gastropod genus Lepsiella in New Zealand. 
Shell form has been investigated by measurement of 
shell height and breadth, aperture length and 
width, the diameters of consecutive whorls, apical 
angle, shell weight, and shell capacity, although 
in many cases shell height and shell breadth could 
not be measured because of erosion. L.albomarginata 
has been studied intensively at 4 stations in the 
South Island, and L. scobina less intensively at 
6 stations in the North and South Islands. Com- 
parisons of pairs of characters between stations 
have been tested by regression analysis and analy- 
sis of covariance where appropriate. Shells of 
L. albomarginata are relatively taller and narrower, 
and have a thicker wall, at a very sheltered 
station (Hakahaka Bay) than at more wave-exposed 
stations. L. scobina (sensu stricto), characterised 
by the presence of spiral ribs on the shell, 
exhibits less striking but comparable differences 
in shell shape. In laboratory tests in a tidal 
tank the thicker-shelled L. albomarginata from a 
sheltered station (Hakahaka Bay in Port Underwood) 
was much better able to resist attack by the shore 
crab Hemigr~psus edwardsi than was L. alboma~ginata 
from a nearby wave-exposed station (Whites Bay, 
near Cape Campbell, South Island). L. scobina from 
both stations was resistant to attack. H. edwardsi 
abounds at sheltered stations, but is missing from 
wave-exposed rock reefs such as those at Whites 
Bay, so that the ability to survive encounters 
with shore crabs is ecologically important to L. 
aLbomarginata inhabiting sheltered stations. L. 
scobina occupies a lower zone on the shore, where 
it is probably liable to encounter other more 
powerful predators. Its spiral ribs probably 
strengthen the shell. We do not know to what 
extent differences in shell form and thickness 
depend on environmental factors, and to what ex- 
tent they originate genetically. Thin shells are 
associated with an abundance of mussels (Mytilus 
edulis ssp. aoteanus or Modiolus neozelanicus). 
There is an interesting possibility that a scarcity 
of mussels or other food caused by superior non- 
specific predators might result in the production 
of better-protected Lepsiella. 

The thaisid gastropod Lepsiella scobina (Quoy and 
Gaimard) and the subspecies (or closely related 
independent species?) L. scobina ssp. albomargi- 
nata (Deshayes) (Suter, 1913; see Powell, 1962, for 
nomenclature) occupy in New Zealand niches cor- 
responding closely to that filled by Nucella la- 
pillus (L.) on North Atlantic shores. They feed 
mainly on barnacles and mussels of several species, 
but are also capable of eating various other com- 
mon shore animals (see Luckens, ]966). Photographs 
of a range of Lepsiella shells are shown in Fig. L 
L. scobina (sensu strictoJ is provided with spiral 
ribs (3 on the body whorl), whereas these are 
missing from L. albomarginata (Surer, 1913). The 
spiral ribs of L. scobina end at the outer lip, 
and are conspicuous in profile (Fig. Id-g). As the 
shell grows the advancing outer lip overlaps the 
middle and lower spiral ribs of the preceding 
whorl, so that only the upper rib remains visible. 

Places mentioned in this paper are shown in the 
map of New Zealand in Fig. 2. Fearon (1962; 
summarised by Knox, 1963) has shown that Lepsiella 
scobina is mainly a northern form, extending south- 
wards as far as the north shore of the South Is- 
land, whereas L. albomarginata occurs all around 
the South Island and in some parts of the North 
Island as well. L. scobina also occurs in Lyttle- 
ton Harbour, which is outside its geographically 
continuous range. In some areas where both forms 
occur together there are intermediate forms also, 
with only I or 2 spiral ribs. 

We are concerned in this paper with the occur- 
rence and ecological significance of differences 
in shell form. Subjectively, the shells of Lep- 
siella a~bomarginata and L. scobina from very 
sheltered localities appear taller and narrower 
than those from the open coast. Unfortunately, 
nearly all the shells of L. albomarginata from 
wave-exposed localities in New Zealand are so 
badly eroded at the spire that accurate measure- 
ments cannot be made of shell height. However, a 
limited number of perfect and practically perfect 
shells were found at Taylor's Mistake, an open bay 
with intertidal reefs near Christchurch, well- 
known from the survey by Knox (]953). Therefore we 
first report on a detailed study of these shells 
and of shells from Hakahaka Bay, a very sheltered 



Fig. I. Lepsiella albomarginata and L. scobina from various stations. In shells shown in vertical sec- 
tion, the plane of the cut is at right angles to the aperture. In (j), damage by crabs was incurred 
in an experiment involving Hemigrapsus edwardsi 
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Extensive studies were also carried out on Lep- 
siella albomarginata from two other stations 
(Whites Bay, exposed to north and east, and Kai- 
koura, exposed to north), except that shells from 
these places were too eroded for measurement of 
apical angle. Additional samples of L. albomargi- 
nata and L. scobina were collected from various 
stations in the North and South Islands and were 
used for the measurement of successive whorl diam- 
eters. These stations include two extremely 
sheltered harbours or estuaries (Charteris Bay in 
Lyttleton Harbour and Paihia in the Bay of Islands) 
where L. scobina is noticeably taller and narrower 
than on the open coast. 

Finally, we describe differences in the resist- 
ance of Lepsiella albomarginata from different 
localities to attack by the shore crab Hemigrapsus 
ed~ardsi. Here also we found a parallel with 
Nucella lapillus (see Kitching et al., 1966). It 
was in fact the discovery of the differences in 
resistance to crabs which led us to examine the 
differences in shell form. 

Var~Tation ~Tn Shell Form 

Methods 

Fig. 2. Map of New Zealand. Inset: Port Underwood 

bay within the much larger bay known as Port 
Underwood (Fig. 2). 

The results from these two contrasting stations 
are supported by a further comparison of slightly 
less perfect shells of Lepsiella albomarginata by 
means of measurements not seriously impaired by 
minor damage to the apex: shell capacity, shell 
weight, diameters of the body whorl and preceding 
whorl, and apical angle, all as defined later. The 
results of this comparison are examined in the 
light of D'Arcy Thompson's (]9]7) theoretical 
treatment of the perfect logarithmically spiral 
shell, towards which gastropod shells approximate. 
The relevant characteristics for a "turbinate" 
shell, of essentially conical proportions, are the 
apical angle (28), the spiral angle (=), and the 
ratio of the breadth of consecutive whorls (R). 
The "spiral angle" is the angle between a radius 
intersecting the outer surface and a tangent to 
the surface at that point of intersection. Diagrams 
illustrating these characteristics are given by 
Moore (1936), who has discussed their application 
to ~ucella lapillus. For a turbinate shell the 
relation is: 

2.72 sin @ Tan O~ - 
Log R 

Our data permit the calculation of ~ from apical 
angle and whorl ratio. 

Collections of Lepsiella spp. were made from each 
locality by picking up all living specimens seen 
until a sufficient number, normally 40 to 100 
shells, had been collected. Usually at least two 
collections were made in each locality, and some 
localities were visited several times. Some care 
was taken to include both small and large specimens 
(if available), but no other selection was made. 
In general, laborious programmes of measurement 
were carried out on one complete collection from 
each locality, whereas a second or larger collec- 
tion was used for more limited programmes. Damaged 
shells which would lead to faulty results were 
discarded. 

The various linear shell measurements are shown 
in Fig. 3a, b. "Outside" Vernier steel callipers 
were used, and all measurements, including aper- 
ture length and width, were made from outside. The 
margin of the aperture at the columella was taken 
as the outer border of the glossy lining of the 
aperture. The diameter of the body whorl (Do) was 
measured from the upper margin of the aperture 
around the body whorl along one of the shell striae 
to the opposite side: this is the line along which 
the upper lip would advance, forming a suture, if 
further growth of the shell were to occur. For 
comparison we measured the whorl diameter (D_]) 
along the suture exactly one gyre of the spiral 
above this. These measurements of whorl diameter 
are illustrated in Fig. 3b. The apical angle was 
measured between straight lines tangential to the 
body whorl and preceding whorl; arrows at the 
points of contact are shown in Fig. 3c. 
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Fig. 3. Linear and angular measure- 
ments used for comparing shells. In 
(c), arrows indicate the points of 
contact of the two lines subtending 
the apical angle 

For measurement of shell weight, the specimens 
(already stored for I month or more without pre- 
servative) were twice boiled for i h in 10% KOH 
to remove any remains of the body of the animal. 
The shells were then washed, reboiled in distilled 
water, and dried in a warm dry room. The dry shells 
were weighed and immersed in water in a flask, 
which was then evacuated to remove air locks and 
fill the spire of the shells with water. Finally, 
the shells were lifted in turn from the water, 
allowed to dry on the outside, and re-weighed full 
of water. The difference between dry and full 
weights is a measure of the shell capacity. 

All these measurements were analysed by linear 
regression, quadratic regression where appropriate, 
and by analysis of covariance, by means of com- 
puter programs prepared for us by Dr. D. Aikman. 
These programs derive the appropriate regressions 
and provide the evidence required to test first 
the significance of linear regression slopes and 
then whether a significant reduction in the re- 
sidual variance is obtained by the use of a 
quadratic relationship. They provide for compari- 
sons by t or F tests of the results of treating 
two collections as part of a single population 
with a combined regression or as two separate 
populations each with its own regression. They 
also provide estimates of the mean value and 
standard error of one variable for stated values 
of the other, so that comparisons may readily be 
made between members of a series of stations in 
respect of a standard size of shell. All these 
values are appropriate for the interpretation of 
relationships as found within the size range of 
shells actually available and collected, and they 
provide a means of studying changes with size and 
so, by implication, with age. Clearly, however, 
the relation between any pairs of measured charac- 
teristics must in fact originate at the origin, 
and the occurrence of a significant intercept in 

our regressions implies that there has been a 
change in slope during an early growth period in- 
adequately represented in our collections. 

Results 

The linear measurements illustrated in Fig. 3a 
were made on 3; perfect Lepsie~la albomarginata 
shells from Hakahaka Bay and on ]4 perfect shells 
from Taylor's Mistake. In comparisons between 
these two groups of shells, very significant dif- 
ferences were found between each pair of measured 
characteristics, as judged from rectilinear re- 
gressions (taken either way). Either the slopes 
differ, or if not the analysis of covariance shows 
a significant difference between the populations. 
A few of these comparisons are summarised in Table 
I, and aperture measurements in relation to shell 
height are plotted in Fig. 4. As illustrated in 
Fig. ]b, c, the shells from Hakahaka Bay are 
taller and narrower and have narrower apertures 
than those from Taylor's Mistake. The body whorl 
and the aperture also occupy a smaller proportion 
of the shell height in the Hakahaka Bay shells. 

All the shells of Lepsiella albomarginata from 
Hakahaka Bay conform to the characteristic "Haka- 
haka Bay" type, as do all in a collection made 
from Deep Bay - another sheltered bay in Port 
Underwood. All those from Taylor's Mistake conform 
to the "Taylor's Mistake" type. The linear measure- 
ments were carried out only on the rather small 
number of unworn Taylor's Mistake shells in order 
to obtain reliable values. 

Measurements carried out on large samples 
showed no significant difference in the spiral 
angle (~), calculated separately for each shell, 
between Hakahaka Bay and Taylor's Mistake. The 
apical angle and whorl ratio were both very sig- 
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nificantly smaller for Hakahaka Bay than for 
Taylor's Mistake, and these two differences bal- 
ance out in the calculation of spiral angle. Api- 
cal angle decreased significantly at both stations 
with increase of shell capacity (as a measure of 
shell size), and there is a corresponding decrease 
in whorl ratio at Hakahaka Bay; however, whorl 
ratio varied too much at Taylor's Mistake to reveal 

Table ] .  Lepsiella albomarginata. Comparisons of 
pairs of measurements (mm) of shells of 
specimens from Hakahaka Bay (collected 8 
January and 27 February, 1971) and Taylor's 
Mistake (collected 17 March, 1971) 

c~ 

0 

Hakahaka Taylor' s ~ 
Bay  M i s t a k e  ~ o ~ 

(n  = 3 1 )  (n  = 14) ~o ~ ~  ~ ~ ~ 
o] I I 1,4 0 a-a 

(J 

any significant trend. Table 2 summarises the data 
on which these conclusions are based. If spiral 
angle can be regarded as constant for the species, 
then local differences in shell proportions can be 
described adequately in terms either of apical 
angle or of whorl ratio. 

The relationship of the diameter of the main 
body whorl (Do) to that of the preceding whorl 
(D_]) for Lepsiella albomarginata at Hakahaka Bay, 
Whites Bay, Kaikoura, and Taylor's Mistake is 
illustrated in Fig. 5. Statistical information is 
given in Table 3, which includes the regression 
constants and standard errors for a quadratic fit 
where this gives a significant improvement. 
Although all these collections of L. albomarginata 
differ very significantly from each other, the 
distributions for the Whites Bay (general inter- 
tidal) and Kaikoura shells overlap substantially 
and are intermediate between the other two. The 
Hakahaka Bay and Taylor's Mistake collections rep- 
resent extreme opposites, with no overlap except 
for very small shells. Estimates of D o for stated 

Shell Shell 0.77 O.]9 0.90 -0.09 1.92 3.92 
breadth height 

E 

Whorl Shell 0.49 0.70 0.64 -0.09 2.83 6.99 ~i0 
height height 

Aper- Shell 0.55 1.0 0.75 -0.03 4.39 9.39 
ture height E 
length 

Aper- Shell 0.35 -0.25 0.45 0.O1 2.13 ]2.06 ~s 
ture height 
width 

Aper- Aper- 0.59 -0.47 0.60 0.04 0.17 5.27 
ture ture 0 
width length 

Aper- Shell 0.42 0.O] 0.50 0.34 1.53 9.76 
ture breadth 
width 

T M / / / / ~  a P ~ f ~ ,  9th 

5 10 15 20 
She(t height (ram) 

Fig. 4. Lepsiella albomarginata. Aperture measure- 
ments in relation to shell height for shells from 
Taylor's Mistake (TM) and Hakahaka Bay (HB) 

Table 2. Lepsiella albomarginata. Statistical variables for shell shape of specimens from Hakahaka Bay 
(collected 8 January ]97]) and from Taylor's Mistake (collected I2 March, 197]); means ~ stan- 
dard error. Shell capacity (v) is used as a measure of shell size. NS: Not significant 

Station No. of Regression for whorl Whorl ratio Regression for Apical Spiral angle 
shells ratio (R = Do/D_I) for V = apical angle (28) angle (a) 

where R = a + by 0.25 ml where 2@ = a + by vor v = 
0.25 ml 

a b a b 

Hakahaka 42 1.8]iO.03 -0.966• II3 1.6OiO.O! 68i2 -63i6.7 52• 80.35iO.17 
Bay 

Taylor's 46 R=2.O1• NS 2.0]iO.03 88• -24i5.8 82• 80.43iO.19 
Mistake 
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Fig. 5. Lepsiella albomarginata. Relation of D o (diameter of body whorl) to D_] (diameter of preceding 
whorl), measured as shown in Fig. 3b, for 4 stations 



J.A. Kitching and J. Lockwood: Shell Form of Lepsiella in New Zealand 1 3 7  

I .,-I 

~ J  tl-i 

OC'-I 

o0 

+ 

cJ 
~1 I 

L~ 
0 + 

~J II 

~ o 

o o 
4~ . - t  

O ~  

O 4-1 

N ~ 

O ~ 

~ O 
O 

"El + 

q4 ~ ~ 

O O ~  

,.-4 ~ + 1  
�9 O 

.X~ (1) 4-1 
- ~  

O ~ 4J 

~ 
~ o.~ 
~ 4J ~ 

�9 m 

~.~ ~ 

C) 

0 

+1 

c~ 

GO 

~q 

0 

+1 

r~  
~O 

O 

O 

+1 

O 
I 

.4" 

J 
+1 

c-.l 

O 

+1 

J 
I 

r~ 

J J 
+1 +1 

d d 
+I + I  

C'4 

~ u'3 

I 

r ~  

J 
+1 

O 

J 
+1 

c-4 

~g 

~J 

0 

4J ,~ 
o,-I ~N1 

I 

J 
+1 

oo 

o-,I 

J 
+1 

J 

O 

u 

(1) 

O 

-,-4 H ~ v  

0 

+I 

o~ 
0 

0 

+1 

I q  

0 

0 

+1 

O 
! 

d 
+1 

O 

~D 
~D 

d 
+1 

c.l 

I 

,,-,4 

~J o 

0 

0 

+1 

o~ 

o~ 

0 

+1 

00 
r~  

Lq 

cq 
0 

+1 

aO 

0 
I 

aO 
c~ 

J 
+1 

c-.l 

g 

+1 

I 

0 

"~, 
M 

Oh u'3 
~ O 

J J 
+1 +1 

J ~d 

- ~  u'3 

J J 
+1 +1 

oa aO 

Lq Lq 

I I 

J o 
+ l  +1 

~D ~D 
gO oh 

- j 

~ c q  

J J 
+1 +1 

0 0 ~ 0 

J J J J J j 
]'1 +1 +1 +1 +1 +1 

0 CO CO 0"~ Lq r'~ 
P~ (30 0% Oh U~ 0 

. . . .  o �9 
aO O0 aO Oh aO 0 

J J J 6 J J 
+1 +1 +1 +1  +1 +1 

Oh 0% ~ ~ u'~ 03 

J o 
J 

+1 
+1 u'3 

J J 
I I I I I 1 

cO I-,,-,. oo ~ , ~  

d - J J o J 
+1 +1 +1 +1 +1 +1 

0 0 Lq O0 O0 

+1 + 1  +1 + 1  + l  +1 

r~  -.1- Lq CO ~1" 0 

~ . ~  " ~ _ ~ 
I I 

~J U tJ ~ ~ .~4 r~ 

o ~1 r 

~ . r - I  ,.~ 
~ J.~ -~ . ~  U 

QJ -,-I 
~J ~ tO 

. ~  ~ O 

J o J 
+1 +1 + l  

cq 
0 ~ 0 

c; o o 

J o J 
+ I  +1 +1 

0 P-- 
. . 

~D ~ Lq 

r~. 
E ~ 

O 

O 
+1 

+1 u'3 

~ c-4 

o J 
! ! I 

J J J 
+1 -t-I +1 

o ~ ~ 
U3 ...1" 

J J �9 
- I - I  "1-1 + i  

mm m r-. 
O -.'r 

I I 

O 
..~ ~ o u'3 ~ 

,-4 ~ T--~ 

CXl Cxl 

" ~  ",H 
0 1,4 

!0~ "0 

0 ~1 

El , ~  0 

~1E-I 



138 J.A. Kitching and J. Lockwood: Shell Form of Lepsiella in New Zealand 

values of D_ I (2.5 and 5.0 mm) are also given in 
Table 3, and provide a useful basis for comparison, 
the standard deviations of these estimates being 
calculated from the variances and covariances of 
the parameters of the appropriate regressions. 
These estimates reflect the general differences in 
shell proportions, and are less liable than some 
other measurements to distortion through erosion. 

Measurements of shell weight and capacity were 
made on Lapsiella albomarginata from the same 4 
stations. Shells from Taylor's Mistake are lighter, 
in relation to shell capacity, than those from 
Hakahaka Bay, Whites Bay (general shore collection), 
or Kaikoura (Fig. 6). Statistically there are 
significant differences between all pairs of 
stations except Hakahaka Bay and Kaikoura, which 
give the highest estimates of shell weight for 
stated values of shell capacity (Table 4). Whites 
Bay shells are intermediate, and shells from 
Taylor's Mistake and from the mussel zone at 
Whites Bay (exposed only at low water) are the 
lightest. Taylor's Mistake shells and those from 
the mussel zone at Whites Bay do not differ sig- 
nificantly. They are also much thinner than those 
from Hakahaka Bay, as is obvious from inspection 
of shells cut vertically into halves (Fig. I). It 
is evident that differences in shell thickness are 
the main cause of differences in shell weight for 
a given shell capacity, although the Taylor's 
Mistake shells are also a slightly more economical 
shape. 

Measurements of whorl diameters were also made 
on Lepsiella scobina from Hakahaka Bay (sheltered), 
Whites Bay (exposed), Charteris Bay (sheltered, in 
Lyttleton Harbour), and in the North Island from 
Paihia (very sheltered, in Bay of Islands), and 
Whangapoua Point and Hicks Bay (both fully exposed 
to north-east) (Fig. 7; Table 3). Although the 
differences are less striking than for L. albomar- 

ginata, L. scobina shells from sheltered stations 
have a lower estimated value of D o for D_ I = 5.0 
mm (Table 3). Some specimens from Charteris Bay 
appear to be intermediate between L. scobina and 
L. albomarginata, having less than 3 spiral ribs. 
Many specimens from Whangapoua Point have the 
upper and middle spiral ribs well developed, and 
two or three poorly developed lower ribs. They do 
not differ convincingly in whorl ratio from typi- 
cal L. scobina from that station. 

Predation Tests 

Material and Methods 

Preliminary tests were carried out with submerged 
cages in Hakahaka Bay to see if crabs of various 
species could break open various species of 
thaisid gastropods. Work was then transferred to 
the Edward Percival Marine Station, Kaikoura. Ex- 
periments were carried out here in a tidal tank on 
batches of Lepsiella albomarginata and L. scobina 
placed together with the shore crab Hemigrapsus 
ec~ardsi, which is found on many sheltered beaches 
under boulders. 

Slabs of rock within the zone of Lepsiella 
albomarginata were removed from the reefs near 
Seal Point, Kaikoura, to the tidal tank. These 
slabs were covered with the barnacle Chc~aesipho 
columna, which is the normal food of L. albomar- 
ginata at Kaikoura. The tops of the rocks were ex- 
posed to air during simulated low tide and covered 
with water during high tide. Crevices between the 
rocks provided hiding places which the Hemig~3sus 
edwardsi occupied by day: at night the crabs ,i I 
emerged to forage. The tidal controls were set to 
give 6 h of low water and 6 h of high water per 
cycle. During high water the volume of water was 

Table 4. Lepsiella albomarginata. Regressions describing relation of shell weight (w) (in g) to shell 
capacity (V) (in ml) according to linear equation (w = a + by), or quadratic (w = a + by + cv 2) 
if improvement is significant; each estimate ~ standard error 

Station Date of No. of a b c Estimates of w where v = 
collection shells 0.25 ml 0.5 ml 

Hakahaka Bay 27 Feb.,197! 45 -0.04 + 0.030 2.01 + 0.101 - 0.46 + 0.O12 0.96+0.026 

Whites Bay 
(general shore) 27 Feb.,]971 71 -0.06 + 0.015 1.78 -+ 0.07 - 0.38 _+ 0.007 0.83+0.020 

Whites Bay 
(mussel zone) 29 Dec.,1970 38 0.O13 + 0.007 1.13 -+ 0.036 - 0.29 + 0.004 O.58+O.012 

Whites Bay 
(combined) - 109 0.0035 + 0.023 I. 17 + O. 19 0.85 + 0.35 0.35 + 0.008 0.80+0.023 

Kaikoura 6 & 16 March, 
1971 56 -0.09 + 0.026 2.15 + 0.075 - 0.45 + O.011 O.99+O.O16 

Taylor' s 
Mistake 17 March,197] 74 -0.002 + O.O10 1.10 + 0.032 - 0.27 + 0.048 0.55-+0.008 
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64 I, the depth was 16 cm and the rocks were fully 
covered. At the change from high to low water the 
circulation Was cut off and the water in the tank 
siphoned off to leave a depth of 3 cm. The top of 
the tank was covered with mesh polythene to prevent 
escape. 

Table 5. Lepsiella albomarginata. Survival of 
specimens from Kaikoura in tidal tank in 
presence of Hemigrapsus ad~ardsi; 6 male 
crabs, carapace width 29, 31, 33, 35, 37, 
37 n~n; 6 females, 27, 30, 31, 31, 31, 33 
mm. Experiment started 3rd and finished 
8th January, 1971 

Results 

i 
The results of these experiments are shown in 
Tables 5-8. In the first experiment 12 Hemigr~osus 
edwardsi destroyed about half the 100 Lepsiella 
albomarginat~ (collected at Kaikoura) within a 
period of 5 days (Table 5). This implied a much 
greater susceptibility than had been found in pre- 
liminary experiments carried out with submerged 
cages at Hakahaka Bay, 

Accordingly, in the next two experiments with 
the tidal tank, the resistance of Lepsiella spp. 
from two different habitats was compared. L. sco- 
bina was found to be very resistant to attack by 
Hemigropsus edwardsi (Table 6). L. albomarginata 
from Hakahak~ Bay was resistant but from Whites Bay 
was susceptible (Tables 6 and 7). The combined 
losses of L. albomarginata from Whites Bay amounted 
to 65 out of~ 150, and only 6 out of 150 for speci- 
mens from Hakahaka Bay. Although the susceptible 
size classes, as judged by height, were not equally 
distributed, the results leave no doubt about the 
preferential~destruction of Whites Bay specimens. 
In fact shell capacity (representing bulk of body) 

Height No. present Losses 
(mm) at start after 5 days 

16 - 18 8 8 0 

I0 - 15 82 37 45 

7 - 9 lO 2 8 

would probably be a more fitting basis for com- 
parison, and if compared in this way the vulner- 
ability of shells from Whites Bay would appear 
even more striking. The cube root of shell capacity 
is a linear function of shell height, in accordance 
with the regressions summarised in Table 9. Shells 
from Whites Bay are equivalent in capacity to 
Hakahaka Bay shells larger by 2 to 3 of the size 
classes used in Tables 6 and 7. 

Finally, the tidal tank was subdivided by a 
partition allowing the passage of water but not 
Lepsiella. Six large male Hemigrapsus edwardsi and 
50 L. albomarginata were placed on the left side, 

Table 6. Lepsiella albomarginata and L. scobina. Survival of specimens from Hakahaka Bay and from 
Whites Bay in tidal tank in presence of Hemigrapsus edwardsi. Experiment started 8th and 
finished 13th January, 1971. The same crabs were used as in Table 5 

Species Height (mm) 

and station 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
Total 

L. albomarginata 

Whites Bay 

Hakahaka Bay 

No.at start 0 O 6 6 7 8 9 2 2 1 I ] 2 2 2 1 50 

No.after 5 days 0 O 0 4 ] 7 5 2 2 l I I 2 0 2 1 29 

Losses O O 6 2 6 I 4 0 0 0 O O 0 2 0 O 21 

No.at start l O 0 2 3 6 9 9 5 10 3 I l 0 0 0 50 

No.after 5 days 0 O 0 2 3 6 9 8 5 10 2 I I O 0 O 47 

Losses l O 0 0 0 0 0 l 0 0 l O 0 O O 0 3 

L. scobina No.at start 0 O O 2 2 2 1 9 3 8 9 9 I 3 0 I 50 

Whites Bay No.after 5 days 0 O 0 2 2 2 I 9 3 8 9 9 ] 3 0 I 50 

Losses 0 O 0 0 0 0 0 0 0 O 0 0 0 0 O 0 0 

Hakahaka Bay No.at start 0 O 0 0 4 5 17 9 9 4 I I 0 O 0 O 50 

No.after 5 days 0 0 0 O 4 a 5 16 b 9 7 3 l I 0 0 0 0 46 

Losses 0 O O 0 0 O l O 2 1 O O O O O 0 4 

a I specimen with body whorl and siphon badly damaged. 
b 

2 specimens with body whorl badly damaged. 
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Table 7. Lepsiella albomarginata. Survival of specimens from Hakahaka Bay and from Whites Bay in 

tidal tank in presence of He~gr~sus edwardsi; 6 male crabs, carapace width 26, 29, 31, 

31, 32, 33 man; 6 female crabs, carapace width 24, 24, 26, 26, 27 mm. Experiment started 
28 February and finished 6 March, 1971 

Station Height (mm) Total 
10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Hakahaka Bay No. at start 0 O 2 3 12 9 8 9 13 15 19 5 2 3 100 

No. after 7 days 0 O 2 3 12 9 8 8 13 15 18 5 ! 3 97 

Losses 0 O O 0 O 0 0 I 0 0 I 0 l O 3 

Whites Bay No. at start l 3 18 24 12 18 5 7 4 2 4 1 I 0 IO0 

No. after 7 days 0 I 5 9 7 12 3 7 4 2 4 I I 0 56 

Losses 1 2 13 15 5 6 2 0 O 0 O 0 0 0 44 

Table 8. Lepsiella albomarginata. Su.r~ival of 
specimens from Goose Bay,-on the open 
east coast near Kaikoura, in< ~ tidal tank 
in presence of male or female Hemigrapsus 
edwardsi. Experiment started 13th and 
finished 20th March, 1971 

Experimental Position in tank 
animals Left side Right side 

H. edwardsi 

No. and sex 6 males 6 females 

Carapace 34, 35, 36, 31, 31, 32, 
widths (rmn) 37, 37, 37 33, 35, 38 

L. albomar- 
ginata a ...... 

Height (mm) 15 13 9-11 15 13 9-11 

No. at start 8 22 20 (50) 8 22 20 (50) 

After 7 days 2 1 0 (3) 8 22 20b(50) 

Losses 6 21 20 (47) 0 0 0 (O) 

aTotal numbers are given in parentheses. 

bl specimen had outer lip chipped. 

and 6 large female H. edwardsi, of about the same 
size range as the males, together with 50 L. albo- 
~arginata on the right side. The L. albomarginata 
were in 3 size ranges, distributed equally to both 
sides. The H. edwardsi were from Kaikoura and the 
L. albomarginata from nearby Goose Bay. After 7 
days only 3 L. albomarginata survived in the 
presence of the male crabs, but all those with the 
female crabs survived (Table 8). Male H. edwardsi 
have much larger chelae. L. albomar~inata from 
Goose Bay somewhat resemble in appearance the thin- 

shelled specimens found at Taylor's Mistake, and 
from the experiment they appear to have been more 
vulnerable than those from Whites Bay, 

Taylor's Mistake is a very popular site for the 
collection of marine biological material. For this 
reason, in the interests of conservation, Lepsiella 
was not collected here for the predation exper- 
iments. However, in view of the fact that their 
shells are thin, we believe that (if tested) L. 
albomarginata from Taylor's Mistake would have 
been found to be very vulnerable to Hemigrapsus 
edwardsi. 

The shells broken by crabs in these experiments 
were all of medium size or rather small. Many were 
broken into small pieces, but those shells which 
were not completely broken up had the body whorl 
and the whorl above it broken open, with little 
or no damage to the outer lip (Fig. lj). They had 
clearly bern crushed. 

Discussion 

Variation within the Lepsiella group in New Zea- 
land involves the presence or absence of the 3 
knobbly spiral ribs, the overall shape of the 
shell - tall and narrow or short and broad - and 
the thickness of the shell. Although sculptural 
features often show very great variation within a 
single species of thaisid (e.g. Clench, 1947; 
Kincaid, 1957), it is generally and no doubt cor- 
rectly considered that such features are deter- 
mined genetically and that they may be used - with 
discretion - for the separation of species. It 
seems likely that L. scobina and L. albomarginata 
are genetically distinct, even though intermediate 
forms occur in some places. 

The situation is much less clear in respect of 
overall shell shape and shell thickness. Field 
data are difficult to interpret, and the question 
will probably only be settled by means of experi- 
ments. Tall narrow shells of Lepsiella albomargi- 
nata and L. scobina clearly tend to be associated 



J.A. Kitching and J. Lockwood: Shell Form of Lepsiella in New Zealand 148 

Table 9. Lepsiella albomarginata. Regressions of relation of cube root of shell 
capacity (~P~) (in ml) to shell height (h) (in mm) according to linear 
equation (~J~" = a + bh). A quadratic fit gave no significant improvement. 
Each estimate • standard error 

Station Date of No. of a b Estimate of 3W~7'9 
collection shells for h = i5 mm 
(]971) 

Hakahaka Bay 27 Feb. 44 -0.049 2 0.034 0.041 i 0.002 0.57 ~ 0.006 

Whites Bay 27 Feb. 68 0.091 2 0.0]9 0.039 • 0.00]5 0.68 J 0.005 

Kaikoura 6 and 16 March 55 O. IIO • 0.O21 0.036 ~ O.OO! 0.64 ! 0.004 

Taylor's 17 March 72 0.026 • 0.018 0.049 2 0.001 0.72 • 0.004 
Mistake 

with sheltered conditions, and short broad shells 

with exposure to waves, as in the case of Hucella 
lqaillus. Exposure to waves is often associated 
with differences in the nature and quantity of 
available food. Moore (1936) attributed differences 
in the shell form of N. lapillus to diet (mussels 
or barnacles), but Staiger (]954, ]957) has de- 
scribed differences in the chromosomes of this 
species associated with habitat, and he attributed 
to these the differences in shell form. Using a 
related species, Thais lamellosa, on San Juan 
Island (Washington State, USA) Spight (1973) found 
that the shell was relatively shorter and broader 
at certain more wave-exposed stations where bar- 
nacle populations are dense. In experimental tanks 
in the laboratory, however, the offspring of broad 
or narrow specimens all developed as the narrow 
form, even though growth was rapid. He therefore 
attributed the differences in shape found in the 
"field" to some other unknown environmental factor. 
There is evidence that in limpets the shape may be 
influenced by the posture associated with holding 
on (Moore, 1934). For Patella aspera, very de- 
pressed shells are found in very sheltered con- 
ditions permitting prolonged relaxation (Ebling et 
a~., 1962). So far as Lapsiella is concerned, the 
supply of food, the direct influence of water 
movement, and other unknown environmental variables 
all deserve consideration. 

In Hakahaka Bay the chief foods available to 
Lepsiella are the barnacles Elminius modestus 
(under boulders) and Chamaesipho colursna (on out- 
crops of solid rock). The mussel MytiZus edu~is 
ssp. aoteanus forms a zone low in the intertidal 
region on solid rock or occasionally on very large 
boulders, but such places are limited in extent. 
In Whites Bay Lepe~ella was obtained from a prom- 
ontory of solid rock, ending in an arch. Here C. 
columna extends over much of the intertidal region, 
but gives way to M. edulis ssp. aoteanus and the 
green mussel Perna canaliculata lower down. M. 
edulis ssp. aoteanus forms a dense and extensive 
zone just above the level of low water of spring 
tides. At Kaikoura C. coZunna was found on certain 
reefs only, and only these were inhabited by L. 
albomarginata; there were no mussels near them. At 

Taylor's Mistake intertidal crevices were filled 
with the small mussel Modiolus neozelanicusj on 
which L. albomargina~a was clustered, and there 
were many C. columna on the open surface of the 
rock. The shells of all L. albomarginata from 
Taylor's Mistake and of the rather small specimens 
taken in the sample from the mussel zone on the 
Whites Bay promontory (Fig. Ic, h) were very thin. 
It is quite possible that abundant food, easily 
obtained, promoted a rapid growth in the body 
without a corresponding increase in rate of shell 
secretion. Larger shells at Whites Bay tended to 
be thicker as well as higher up on the shore, but 
we do not know whether there is an upward migration 
of L. albomarginata from the mussel zone to the C. 
columna zone above. The differences in shell shape 
between stations might equally plausibly be attri- 
buted to environmental or to genetic influences, 
but we suspect that the latter play some part. 

Have the differences in shell shape and thick- 
ness any ecological significance? The sheltered- 
water form of N~cella lapil~us was found to be 
much more resistant to attack by crabs (Kitching 
et al., 1966), and even so crabs destroy a sig- 
nificant proportion of the population (Feare, 
1970). The shore crab Hemigrq3sus edwardsi~ used 
in our tests, is abundant on sheltered boulder- 
strewn shores in the South Island of New Zealand, 
but is missing from rock-reefs on the open coast 
where shelter is lacking. It is therefore fitting 
that Lepsiella living in sheltered habitats should 
be sufficiently protected to enable most individ- 
uals to survive chance encounters with these 
abundant predators, while those living on wave- 
exposed shores may be less well protected, at 
least when young. The struggle for existence is 
keen, and the cost of extra shell weight must be 
weighed against the advantage gained. Over-pro- 
tection would probably entail unacceptable dis- 
advantages, and it seems that L. albomarginata is 
finely adjusted to the risks of its habitat. We do 
not know to what extent shell shape, as such, 
affects the ability of Lepsiella to resist crushing 
by crabs; it is clear, however, that shell thick- 
ness is important, and also that ribs (where 
present) are likely to confer additional protection. 
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Where both L. albomarginata and L. scobina occur 
together, the latter, with its ribs and knobs, 
usually occurs in a lower (but often overlapping) 
zone, where it is likely to meet more powerful 
predators. Other New Zealand thaisids which are 
ribbed - Lepsithais lacunosus (Brugui~re) of 
southerly distribution and Neothais scalaris (Men- 
ke) of northerly distribution - also occupy the 
lower shore, and no doubt face the same or greater 
risks. We have not investigated the ecological 
significance of the wider shell aperture of speci- 
mens from wave-exposed coasts, but we suspect that, 
as in the case of Nucella lapillus~ this is as- 
sociated with a large foot and thus with a better 
grip, as originally suggested by Colton (1922) and 
demonstrated by Kitching et al. (1966). It seems 
likely that both environmental and genetic in- 
fluences determine shell form, in a manner shaped 
by natural selection to provide the best ecological 
advantage, and it is possible that some degree of 
individusl plasticity is advantageous. For in- 
stance, scarcity of food caused by the presence of 
superior general predators might result in slower 
growth and in the development of thicker shells. 
It is known that progressive starvation can lead 
to thickening at the growing edge of the shell of 
N. lopillus (Bryan, 1969). On the other hand, 
genetic variation, acting within the limitations 
imposed by overall environmental conditions such 
as sea and air temperature (e.g. Largen, 1967), 
might also provide a local variation of phenotype 
appropriate to local conditions. In either case it 
seems that these differences are ecologically 
important. 
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