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Why different morphs of Littorinafabalis prefer different microhabitats

ABSTRACT

Tatarenkov and Johannesson ('94) have recently found out that the flat
periwinlde Littorina fabalis has two different morphs at the West coast of Sweden.
They are very similar, but differ in size and in genotype of one (out of 30) allozyme
loci, namely arginine kinase (Ark). There is also one distributional difference, and that
is that the large morph is the most common in exposed habitats and the small morph is
the most common in sheltered habitats. In intermediately exposed areas the two
morphs overlap, but there is always a lack of exposed/sheltered heterozygote classes
of Ark. This systematic pattern of allozyme variation implies that this or a linked
polymorphism is not selectively neutral and habitat-related selection is suggested.
Further research (Tatarenkov and Johannesson '98) has revealed that in all habitats,
the snails homozygous for alleles of "exposed" type grow faster and mature at a larger
size than do snails homozygous for alleles of "sheltered" types. Therefore Tatarenkov
and Johannesson ('98) suggest an alternative explanation to the observed deficiency
of Ark-heterozygotes; the presence of two, although possibly communicating, gene
pools. There is no character diagnostic between the two morphs, therefore it is still a
question whether these are different species (which hybridize) or the same
polymorphic species (with two reproductive subunits). In this study, possible factors
or interactions of factors which can be important for the habitat-related distribution of
the two morphs of Littorina fabalis were examined. I used a transplant experiment to
test possible interactions between morph, size and habitat and effects of the individual
factors on survival and growth of L. fabalis. To test possible microhabitat
"preference", I studied the distribution of the snails on fucoids from exposed versus
fucoids from sheltered habitats. This test was done in laboratory. In addition to these
experiments I measured pH and oxygen concentration of the sea water at each of the
sites used in the transplant experiment, and recorded which fucoid algae were present.
I found a possible additional explanation for the habitat-related distribution: The two
genotypes could have different morphological and physiological differences partly
due to their difference on the Ark locus. The variable pH, favouring different Ark
allozymes could therefore be partly responsible for the microhabitat-related
distribution of Littorinafabalis.

Abstract
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Why different morphs of Littorina fabalis prefer different microhabitats

INTRODUCTION

Population genetic background

Polymorphism can be defined as the existence of different forms of individuals

within a species or population (Henderson's dictionary '95). Selective processes may

favour different morphs in various habitats due to adaptive differences in morphological

or physiological characters. This can result in differing morph frequencies among

habitats. Eventually, this may lead to a divergence into separate species. In species with

limited mobility, even very closely situated populations can differ in one or more

phenotypic traits as a result of a local reproductive barrier or of differential selection

(Futuyma '86).

A classic and complex example of polymorphism is the colour and banding

pattern of Cepaea nemoralis, a common European land snail. The morphological

variation is determined by the alleles at a group of closely linked genes, so that the snails

vary strikingly in color and pattern from yellow, unbanded types to brown, banded ones

(Weaver & Hedrick '92). The relative numbers of the various morphs of Cepaea

nemoralis differ greatly from one place to another, and the variation of morph

frequencies among populations, depend upon several factors. For example, different

morphs confer protective camouflage from the predation of birds depending upon the

habitat in which they are found. Also, the density in which the morphs occur can

influence the choice of the predator (frequency dependent selection) Moreover, the

genotypes differ in their susceptibility to extreme temperatures (Futuyma '86).

The flat periwinkle Littorinafabalis : Two morphs — two habitats

The marine snail Littorina fabalis lives in the intertidal zone of sheltered to

moderately exposed rocky shores of the North Atlantic. It is an epiphytic grazer on

macrophytes, usually fucoid algae. L. fabalis lacks a pelagic dispersal stage and the eggs

deposited on fucoids develop directly into miniature snails (Reid 1996).

On the British and Irish coasts, two morphs of L. fabalis occur with several
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differing characters. They differ in size of mature individuals, so Reimchen (1981)

describes them as a "dwarf" (5-8 mm) and a "large" (11-14 mm) form. Further, they

differ in frequencies of colour varieties, micro-ornamentation of the shell, growth rate,

and microhabitat distribution; the large morph being more common in exposed habitats

and the small in sheltered habitats (Reimchen '78 and '81).

Littorinafabalis on the Swedish west coast

The Swedish coast is almost non-tidal compared to the British coast. Therefore

the brown macroalgae, mainly Ascophyllum nodosum, Fucus serratus, and Fucus

vesiculosus, are found in a, compared to tidal areas, compressed belt of a few meters

wide. Due to the small tidal differences on the Swedish coast, L. fabalis is found

throughout the eulittoral zone on the substratum or on the fucoids instead of being

confined to low tidal levels as it is on the British coast (Reid 1996). Its distribution spans

from moderately sheltered sites to moderately exposed sites. The degree of exposure is

indicated by the macroalgae Ascophyllum nodosum, which is present only in sheltered

areas and absent in moderately exposed areas (Lewis 1972).

In agreement with the findings of Reimchen ('81), Tatarenkov and Johannesson

(1994) describe a large and a small morph of L. fabalis on the coast of Sweden, though

their size distributions overlap. The large morph is the most common in exposed habitats

and is referred to as E-morph. The small morph is the most common in sheltered habitats

and is referred to as S-morph. In a detailed allozyme variation study, Tatarenkov and

Johannesson ('94) found that morphs from exposed parts and from sheltered parts of the

same shore are distinguished by different alleles of arginine kinase (Ark) while

indifferent , or very nearly so, in another 29 loci. In intermediately exposed areas the two

morphs overlap, but there is always a lack of exposed/sheltered heterozygote classes of

Ark. This systematic pattern of allozyme variation implies that this or a linked

polymorphism is not selectively neutral and habitat-related selection is suggested

(Tatarenkov and Johannesson '94). Further research has revealed that in all habitats, the

snails homozygous for alleles of "exposed" type grew faster and matured at a larger size

than did snails homozygous for alleles of "sheltered" types. Also, slight differentiation
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between sheltered and exposed Ark-homozygotes in colour frequencies and in allozyme

of two additional polymorphic loci were found. Tatarenkov and Johannesson ('98)

therefore suggest an alternative explanation to the observed deficiency of Ark-

heterozygotes; the presence of two, although possibly communicating, gene pools.

This project

The E- and S-morph ofLittorinafabalis at the Swedish West coast show marked

differences in Ark-allele frequencies, growth rate and size. But they are morphological

very similar, and there is no character diagnostic between them. Therefore, it is still a

question whether these are different species (which hybridize) or the same polymorphic

species (with two reproductive subunits). The evolutionary forces behind this may be the

same force that promote the evolution of reproductive isolation. Therefore the main

question of this project is : Why do they not share the same habitat, more than

marginally?

The most reasonable possibilities are: I) Size, or some trait correlated with size, is

selected upon, favoring the large snails in the exposed habitat and vice versa, II) Snails

homozygous for the "exposed" type of alleles are favored in exposed habitat and vice

versa, III) Some difference between them in phenotype or genotype which we do not

know of is the reason for the habitat-related distribution.

With this background, the main purpose of this study was to examine which

factors or interaction of factors are important for the habitat-related distribution of the

two main morphs ofLittorinafabalis.

Introduction 5
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MATERIALS AND METHODS

I used a transplant experiment to test possible interactions between morph,

size and habitat and effects of the individual factors on survival and growth of Littorina

fabalis. To test possible microhabitat "preference", I studied the distribution of the snails

on fucoids from exposed versus fucoids from sheltered habitats. This test was done in the

laboratory. In addition to these experiments I measured pH and oxygen concentration of

the sea water at each of the sites used in the transplant experiment, and recorded which

fucoid algae were present. In this way I got estimates of the variation of a few

environmental factors between sheltered and exposed sites.

Transplant experiment

I sampled and transplanted approximately 1000 Littorina fabalis along

exposed and sheltered areas around Tjärnö Marine Biological Laboratory (58°52'5"N;

11°9'O"E) near StrOmstad on the Swedish west coast (Figure 1). I used the presence or

absence of the macroalgae Ascophyllum nodosum to asses the degree of exposure. The

presence of A. nodosum indicated sheltered areas, while its absence indicated moderately

exposed areas. Individuals from exposed areas (E-morph) and from sheltered areas (S-

morph)(see also introduction), were measured and divided into small; < 6 mm, medium;

6-8 mm, and large; > 8 mm snails. The medium snails were discarded to make the

difference between the size classes larger, and a possible selection on size during the

experiment more obvious. I used the length of the aperture as an estimate of size. This

was measured as the distance from the junction of the outer lip with the body whorl to the

furthest point of the anterior lip (Figure 2). The snails were then marked with enamel

paint on the shell (blue representing the E-morph and red representing the S-morph), and

kept in aquaria over a few days to check for preparation damage.

I tested the following treatments; I) E-morph, large, II) E-morph, small, Ill)

S-morph, large and IV) S-morph, small, in both exposed and sheltered sites (giving 4 x 2

treatments). Replicate sites of the same habitat for each treatment were used, giving a

total of 16 release sites. I used 50 marked individuals for each treatment, and released

them at one spot in the release site. The sites were marked and described carefully (Figure

1 and Appendix). I recaptured surviving snails after 5 weeks. For each recaptured

Materials and methods 6
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individual, the position in the field on Ascophyllum vesiculosus, Fucus serratus, F.

vesiculosus, or other substrata was noted. Further I noted their size and the number of

surviving snails of each treatment. The snails were directly frozen, which makes future

allozyme analysis possible.

Materials and methods 7

Figure 2. Illustration of size measurement.

The length of the aperture was used as an

estimate of size.

Figure 1. Exposed ( • ) and sheltered ( o ) sample sites . TMBL = Tjärnö Marine

Laboratory.
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Laboratory experiment

I sampled 400 snails, plants of Fucus serratus and F. vesiculosus from

exposed and sheltered shores. The snails were divided into groups using the same criteria

for morph and size as in the transplant experiment. The algae were cut into pieces of 15

cm and divided into groups with a total weight of about 45 grams which corresponds to 7

- 8 small plants. I attached the prepared fucoid pieces to a non-floating plastic frame. The

algae from the different environments were placed on each side of the frame, leaving the

middle part empty of algae. Here the snails were released (Figure 3). I tested the

"preference" of each group, one group at a time, through releasing 15 snails in the empty

zone, and noting their position in the aquarium after 30 mm. Possible positions were I)

algae from exposed habitat, II) algae from sheltered habitat, and III) other (when not

situated on algae) New algae and snails were used for each trial. Each group was

replicated 3 times.

[ FLUORESCENT TUBE 1

Materials and methods 8

/ /

F1tL I ti-tED

15cm

--j-

Figure 3. The set up of the laboratory experiment. The algae from the different environments were

placed on each side of a non-floating plastic frame. The snails were released on the empty part in the

middle of the aquarium.
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Habitat description

I measured the concentration of dissolved oxygen and pH of the sea water

on the 16 release sites. This was done using a dissolved oxygen meter (Salinometer YSI

58) and a portable pH meter (Radiometer pHM 80). All measurements were done during

day time (29 and 30 June 1998) at low tide, with an approximate water temperature of

14°C. I measured oxygen concentration and pH with an accuracy of one and two

decimals respectively.

Statistics

In the transplant experiment, a three-factor analysis of variance (ANOVA)

was applied to test whether the factors "morph" (fixed), "size" (fixed) and "habitat"

(fixed) had an effect on survival (the dependent variable). All three factors were

orthogonal and the data set was balanced with n=2 for each combination of the

orthogonal factors. The null-hypothesis of the test was: Survival rates are independent of

morph, size, habitat and their interactions.

In addition, I analysed any effects of the factors morph, size and habitat on

growth rate, with a separate three-factor ANOVA using the same design as above. As an

estimate of growth, I used the difference in mean size of the groups after 5 weeks in the

field; The mean size of the snails of each group before they were released was subtracted

from the mean size of the recaptured snails from the same group after the experiment.

I compared the oxygen concentration and pH between sheltered and

exposed sites with a one-way ANOVA, and assessed the degree of correlation between

these factors, within each type of habitat.

In the laboratory experiment a three-factor ANOVA was applied to test

whether the distribution of snails between algae from exposed and sheltered habitats was

non-random. I tested for possible interactions between morph, size and type of substratum

and for effects of the individual factors on the distribution ("preference") of Littorina

fabalis. The "preference" was measured as the frequency (%) of snails on each type of

substratum at the end of the experiment.

Cochran's heterogeneity test was applied to test each data set for significant

deviations from homogeneous variances.

Materials and methods 9
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RESULTS

No two-or three-way interactions were found between E- and S-morph, small and

large size and exposed and sheltered habitats (Table 1). This suggests that the survival of

the snails is independent of any interactions between morph, size and habitat. Size,

however, had a general effect on the survival; large snails survived better than small

snails (Figure 4, Table 1).

Table 1. Sums of squares, ANOVA. Dependent variable: Survival.

Source df Sum of Squares Mean Square F-Value P-VaI...
MORPH 1 95,062 95,062 2,645 ,1425
SIZE 1 217,563 217,563 6,054 ,0393
HABITAT 1 18,063 18,063 ,503 ,4985
MORPH * SIZE 1 27,562 27,562 ,767 ,4067
MORPH * HABITAT 1 ,062 ,062 ,002 ,9678
SIZE HABITAT 1 5,062 5,062 ,141 ,7172
MORPH * SIZE a... 1 52,562 52,562 1,463 ,261 0
Residual 8 287,500 35,938

Dependent: SURVIVAL

32- .

,

-

.

30
28

> 26> ')4..
I-
0

20-
c0 18-
= l6
0o 14-

12-
Large Small

SIZE
Figure 4: Survival of the transplanted individuals after 5 weeks in the field. Large snails have a

higher survival than small snails (Interaction plot, ANOVA).
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Table 2. Sums of squares, ANOVA. Dependent variable: Growth.

df Sum of Squares Mean Square F-Value P-Val...

Growth was affected by the interaction of morph and size (Table 2); the morphs

showed a different growth rate depending on their size. The small snails from both

morphs grew faster than large snails from both morphs. Even more so, the small E-morph

grew faster than the small S-morph (Figure 5).

Figure 5: Comparing growth of E— & S- morph after approximately 5 weeks in exposed and

sheltered habitats. Small individuals from both morphs grow faster than large individuals. In

addition, the small E morph has a higher growth rate than the small S-morph (Interaction plot,

ANOVA).

Results II

Source
MORPH 1 2,255

—

2,255 116,122 ,0001
SIZE 1 4,937 4,937 254,304 ,0001
HABITAT 1 ,020 ,020 1,039 ,3380
MORPH * SIZE 1 1,816 1,816 93,524 ,0001
MORPH * HABITAT 1 ,115 ,115 5,902 ,0412
SIZE * HABITAT 1 ,002 ,002 ,104 ,7550
MORPH * SIZE *•• 1 ,034 ,034 1,753 ,2220
Residual 8 ,1 55 ,01 9

Dependent: GROWTH

2,5

2

1,5

'4-
0 1

Cl)

'5

C-) 0

-'5
Large Small

SIZE
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In addition there was an interaction between morph and habitat (Table 2); the growth rate

of the two morphs depended on the habitat they were placed in. The E-morph grew faster

than the S-morph in both habitats, and in addition had a higher growth rate in exposed

compared to sheltered habitats (Figure 6).

To asses a size distribution of Littorina fabalis the size of all the individuals that

were sampled in the six sample sites (Figure 1) for the experiments, was measured. The

S-morph showed a normal distribution of sizes compared to a skewed distribution of the

E-morph (Figure 7). The peaks of the size distributions of both morphs had moved to the

right from April till June, showing an increase in size of the snails. The mean size of the

two morphs were clearly different; the snails from the exposed habitat were larger than

the snails from the sheltered habitat. (For exact values see Appendix.)

In both habitats, the released Littorina fabalis was more frequently recaptured on

Fucus vesiculosus than on the other macroalgae (Figure 8). In sheltered habitats I found

the snails more often on Ascophyllum nodosum than on Fucus serratus. Only a few large

individuals of both morphs were found on F. serratus. I found small E-morph mainly on

F. vesiculosus but none on A. nodosum.

Results 12

Figure 6: Comparing growth of E- and S-morph. The E-morph grows faster than the S-

morph in both habitats, and in addition have a higher growth rate in exposed than sheltered habitats.



Figure 7: A comparison of the size distribution of the two morphs of Littorina fabalis in the field in

April and June. The graph is based on samples from six different sites within 5 km along the Swedish

west coast.
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Figure 8: Fucoid preference of the two morphs of Littorinafabalis in exposed and sheltered habitats.
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Table 3. Sum of squares, ANOVA. Dependent variable: Frequency

MORPH

SIZE
TYPE OF SUBST...

MORPH * SIZE
MORPH * TYPE 0...
SIZE * TYPE OF
MORPH * SIZE *•••

Resid ual

1

1

2

1

2

2

2

2,500E-5
2,500E-5
316,517

2,500E-5
789,643

1944,410
169,523

As an estimate of a possible "preference" of the snails, I tested the distribution of the two

morphs on F. serratus from exposed habitats, from sheltered habitats, and other types of

substrata in the aquarium. The interaction between size of snail, morph, and the type of

substratum was not significant (Table 3). The two-way interaction between size and type

of substratum was, however significant (Table 3). This shows that the snails do not

distribute at random, but the distribution is influenced by their size and the type of

substratum. The most obvious result was that the small snails occupied either exposed or

sheltered F. serratus while the large snails tended to stay at the bottom or the side of the

aquarium (Figure 9).

Figure 9: The "preference" of Littorinafabalis for Fucus serratus from different habitats, tested in

aquarium (Interaction plot, ANOVA).

Results 14

Source df Sum of Squares Mean Square F-Value P-VaI...

24 621 9,767 259,157

2,500E-5
2,500E-5
158,258

2,500E-5
394,822
972,205
84,761

9,65 E-8
9, 65 E-8

,61 1
9,65E-8

1,523
3,751
,327

,9998
,9998
,5512
,9998
,2383
,0382
,7242
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I found a three-way interaction between morph, size and type of substratum

(Table 4). This shows that the preference of the snails for F.vesiculosus from different

habitats is influenced by a combination of the three tested factors. It is not easy to extract

valuable hypotheses from a three-way interaction, but one trend is that the E-morph

"prefer" the algae and tend to avoid the other substrata (bottom and side of the aquarium)

while the S-morph shows a less clear "preference" (Figure 10).

Table 4. Sums of squares, ANOVA. Dependent variable: Square rot of frequency

. 12— I I I I

I

I

..

large large large small small small
exp shelt oth exp shelt oth

::

Figure 10: The "preference" of Littorinafabalis for Fucus vesiculosus from different habitats, tested

in aquarium (Interaction plo t, ANOVA)

Results 15

Source df Sum of Squares Mean Square F-Value P-Vat...
MORPH 1 ,008 ,008 ,008 ,9299
SIZE 1 ,127 ,127 ,126 ,7262
TYPEOFSUBSTR... 2 3,626 1,813 1,789 ,1887
MORPH * SIZE 1 ,059 ,059 ,058 ,81 18
MORPH*TYPEO... 2 18,496 9,248 9,126 ,0011
SIZE*TYPEOF... 2 3,033 1,516 1,496 ,2441
MORPH * SIZE *••• 2 8,083 4,041 3,988 ,0320
Residual 24 24,321 1,013
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A one way ANOVA (Table 5a) showed that the average pH value of the eight

exposed sites (8.77) was higher than the average pH value of the eight sheltered sites

(8.32) (For exact values see Appendix). In addition, the average oxygen concentration at

the sheltered sites (9.7 mg/i) was lower than the average oxygen concentration at the

exposed sites (15.3 mg/i) (Table 5b). The pH and oxygen concentration were strongly

correlated pooling all sites (Correlation coefficient = 0.952) (Fig 11).

Table 5 . Sums of squares, ANOVA .Dependent variable a: pH values ,b: oxygen concentrations.

a:

Source' df Sum of Squares Mean Square F-value P-value
Habitat 1 ,824 ,824 22,755 ,0003
Residual 14 ,507 ,036
Dependent: pH

b:

Source' df Sum of Squares Mean Square F-value P-value
Habitat 1 126,001 126,001 33,591 ,0001
Residual 14 52,514 3,751
Dependent: 02 (Mg/i)

9 18
8.8

8.6 14'
0

12
——-pH-EXP

8.2 10 ' —--pH-SHEL
• 8 —O--02-EXP

8
6

—D--02-SHEL

7.8
A

w
7.6

2 x
7.4 I I I I 00

1 2 3 4 5 6 7 8

Measurement

Figure 11: pH value and oxygen concentration of the sea water at the 16 release sites.

Results i 6



Why different morphs of Littorina fabalis prefer different microhabitats

DISCUSSION

In agreement with Tatarenkov and Johannesson ('98), I found that large snails

survived better than small snails during the 5-week transplant experiment (Figure 4). This

could partly be due to a difference in age. Small snails were mostly juveniles, and were

therefore likely to be more vulnerable to crab predation than the large adult snails, as the

latter have a thickening of the shell lip (Goodwin and Fish, '77). Still, the possibility of

selection on size should not be ruled out. Thus size or a trait related to size is favoured,

giving size related differences in the survival rate.

Growth is affected by the interactions of size and morph, and morph and habitat.

First, the two morphs show different growth rates depending on their size (Figure 5). The

fact that small individuals grow faster than large individuals is probably due to their

difference in age. This is in agreement with observations made by Tatarenkov and

Johannesson ('94), who suggest that slow growing snails are sexually mature while the

fast growing ones are immature. The interesting part is that small E-morph grows even

faster than the small S-morph. This could be an indication of differences in life strategy.

The small S-morph could concentrate on an early maturation instead of fast growth,

resulting in early reproduction, a thickened shell, and a higher survival rate. Reimchen

('81) argues that in sheltered habitats where small crabs are important predators, small

adult size will be favoured due to the thickened outer whorl. On the other hand, small

adults produces less eggs. Thus the strategy of the E-morph is to grow fast until maturity

at a larger size than the S-morph, and produce more eggs. The survival rates in this

experiment showed no differences between the two morphs, suggesting that the E-morph

strategy may in fact be the optimal strategy, at this season, unless maturity at a small size

is related to a shortened juvenile stage as Reimchen suggests ('81).

Second, growth is affected by the interaction between morph and habitat. The E-

morph grew faster in both habitats, and in addition, grew faster in exposed compared to

sheltered habitats (Figure 6). This indicates that fast growth could be a genetic trait and

not just a non-genetic effect of the environment. This is in accordance with Tatarenkov &

Johannesson ('98), who found that in all habitats, the snails homozygous for alleles of

"exposed" type grew faster and matured at a larger size than did snails homozygous for

alleles of" sheltered" type.

Discussion 17
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Of great importance when analyzing these results, is the fact that the dependent

variable, growth, is estimated from the difference in mean size at the beginning and at the

end of the experiment, and might thus not only reflect growth. If, for example more of the

small than of the large individuals within a treatment died during the experiment, the

mean would be higher than if only growth had occurred. However, growth has most

certainly occurred, while the largest individuals of the "small" groups were smaller than

6 mm when released (see also materials and methods), and when recaptured, the mean

size of the individuals in the same groups were measured to be 7.2 mm (small E-morph)

and 6.8 (small S-morph). This shows that a growth of at least 1.2 and 0.8 mm

respectively has occurred (see Appendix for exact values).

In agreement with earlier observations (Tatarenkov & Johannesson '94) I found a

clear, though overlapping, difference in size between the two morphs (Figure 7). Further,

the individuals from both habitats show a size frequency displacement to the right from

April till June, which probably reflects the growth of the individuals.

A very interesting observation is the difference in size distribution between the

two morphs (Figure 7). I found that the S-morph individuals show a normal distribution

while the E-morph show a skewed distribution. This is probably due to their difference in

growth, and again, could reflect a different strategy of the two morphs. The S-morph

grows slow and matures at a small size, while the E-morph shows a fast growth, reaching

maturity at a larger size, and therefore shows a "lack" of small individuals resulting in a

skew distribution.

I also noted another difference between the curves of the two morphs, namely

that the S-morph tend to have a wider curve with two or more peaks while the E-morph

was one-peaked. Goodwin and Fish ('77) state that the degree of sexual dimorphism of

Littorina fabalis appears to be related to the exposure of the habitat such that there is an

increase in sexual dimorphism as exposure decreases. It is not unlikely that this is

reflected in the size distribution curves of the two morphs.

In the future it would be interesting to measure the size distribution of the two

morphs more frequently throughout a year. A comparison of differences in size

distribution between exposed and sheltered populations could reveal new information

about their life strategies and therefore maybe preference of different microhabitats.
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Why different morphs of Littorina fabalis prefer different microhabitats

Both morphs seem to prefer Fucus vesiculosus over other Fucoid species in both

environments (Figure 8). Barker and Chapman ('90) found the same results for two other

Littorina species when the snails were given a "choice" between four species of Fucus.

Watson and Norton ('87) however, found L. fabalis predominantly associated with

F. serratus when testing its habitat and feeding preferences on Isle of Cumbrae,

Scotland. Probably this is due to the smaller tidal differences on the Swedish west coast

compared to the coast of Scotland. Possibly to escape prolonged times of emergence, the

snails on the Scottish coast are confined to the low tidal areas, where F. serratus can be

found, but L. fabalis can live throughout the eulittoral zone in Sweden, and thus also on

F. vesiculosus.

When comparing the exposed and sheltered environments, the distribution of the

snails seem to be slightly different (Figure 8). In exposed habitats, the snails seem to

choose fucoids more specifically and to a lesser extent stones, cliffs and bottom than

individuals in sheltered habitats. The latter could be due to the wave exposure. It is

probably easier for the snails to hold on to fucoids that follow the movement of the water

compared to cliffs and stones that stand still.

The small snails are clearly distributed on F. serratus more often than the sides or

the bottom of the aquarium, defined as other type of substratum (Figure 9). Though, even

if they are able to make an active "choice", they do not show a "preference" for algae

from their "own" habitat; the small snails are equally distributed between algae from

both habitats.

The same experiment with F .vesiculosus (Figure 10) gave slightly different

results, as the distribution of the snails is influenced by a combination between all three

tested factors. This means that the distribution ("preference") of the snails between the

fucoids from both habitats and the bottom or side of the aquarium depends on which

morph and size the snail is. It is a very complex interaction, but the most obvious trend is

that the E-morph more often is found on the algae and avoids the bottom compared to the

S-morph.

In summary, Littorinafabalis does not distribute at random, suggesting that it has

a "preference" of substratum, but in the aquarium it shows no "preference" for Fucoids

from its "own" environment.

Discussion 19

__________________________________________



Why different morphs of Littorina fabalis rrefer different microhabitats

Sea water is described as very stable due to its buffering capacity: The carbonic

acid - bicarbonate — carbonate system in seawater functions to buffer or to limit changes

of seawater pH (Sumich, '81). Therefore I was rather surprised by the differences in pH

between the exposed and sheltered release sites (Figure 11). However, these differences

between habitats open a new and very exciting possibility to explain some aspects of the

two morphs living in two different microhabitats.

As mentioned in the introduction, the two morphs differ in genotype of one

allozyme locus, namely arginine kinase (Tatarenkov & Johannesson, '94). Wieser and

Wright ('79) have found differences in the kinetic parameters of arginine kinase (Ark)

from the foot of the pulmonate snail Helix pomatia when assayed in solutions of pH 8.0

and pH 8.6 respectively. In this experiment, the pH at the exposed release sites was

higher than the pH at the sheltered sites. Therefore I suggest the following possibility

Individuals homozygous for alleles of the "exposed" type have a different allozyme of

arginine kinase than individuals homozygous for alleles of the "sheltered" type. Possibly,

the arginine kinase of the "exposed" type is more active at higher pH than is that of the

"sheltered" type, and vice versa. Therefore, "exposed" type is favoured in exposed

microhabitats with high pH, and the "sheltered" type favoured in sheltered microhabitats

with lower pH.

With this hypothesis, other differences in morphological and physiological

characters could be partly explained. First, the small E-morph in this experiment grew

faster in exposed compared to sheltered habitats. If the arginine kinase of the E-morph

would be more efficient in high pH, this would result in faster growth of the small E-

morph in exposed habitats compared to sheltered habitats with a lower pH. It is not

known yet if Ark directly influences growth, but Hawkins and Day ('96) suggest that

genotype could affect whole-animal physiology and growth efficiency through

differences in protein metabolism. Second, the difference in size and growth between

morphs could also be partly due to the different influences of the different Ark allozymes

on the metabolic functions of the snails.. Ragupathi et a! ('91) point out the multiple

function of this enzyme in molluscs. Therefore, it is not unlikely that arginine kinase

could influence morphological and physiological characters of the snails. One alternative

is, of course, that growth and size is selected on its own.
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Why different mori,hs of Littorina fabalis prefer different microhabitats

In summary, I think that the two genotypes described by Tatarenkov and

Johannesson ('98), also referred to as morphs, could have different morphological and

physiological differences partly due to their difference on the Ark locus. The variable pH,

favouring different Ark allozyrnes could therefore be partly responsible for their

microhabitat related distribution.

Finally, I would like to stress the large difficulty in assessing whether or not

selection acts at an enzyme locus, because the possibility that the locus is in linkage

disequilibrium with closely linked loci that are the real "target" of selection can not be

ruled out (Tatarenkov & Johannesson, in prep.).

In the future it would be very interesting to isolate Ark from both morphs, and

look at their properties at different pH values. Also, comparing the growth and other

characters of the different morphs when kept at different pH values could reveal some

new information.

Discussion 2 l



Why different morphs of Littorina fabalis prefer different microhabitats

REFERENCES

Dayalal, L.W.C. and Shimizu, C. (1989) "Occurrence and Distribution of Arginine
Kinase in Crustacea with special Reference to Kurumaebi Penaeus japonicus.."
Nippon Suisan Gakkaishi 55(6): 105 1-1057.

Hawkins, A.J.S. and Day, A.J. (1996) "The metabolic basis of genetic differences in
growth efficiency among marine animals". J. Exp. Mar. Biol. Ecol. 203: 93-115.

Henderson's Dictionary of Biological Terms. (1995) ed. by Eleanor Lawrence.
Longman group Limited, UK, p 455.

Futuyma, D.J. (1986) "Variation". In Evolutionary Biology, Sinauer Associates,
Massachusetts, USA. pp 81-116.

Ragupathi, R.R.S., Roustan, C. and Benjamin, Y. (1991) "Purification and
properties of two molecular forms of arginine kinase from the adductor muscle of
the scallop, Pecten maximus ". Comp. Biochem. Physiol. 99B(2): 3 87-394.

Reid, D.G. (1996) Systematics and evolution of Littorina, Ray Society, London.

Reimchen, T.E. (1979) "Substratum heterogeneity, crypsis, and colour
polymorphism in an intertidal snail (Littorina mariae )". Can. J. Zool. 57: 1070-
1085

Reimchen, T.E. (1981) "Microgoegraphical variation in Littorina mariae Sacchi &
Rastelli and a taxonomic consideration". J. Conch. 30: 341-350.

Reimchen, T.E. (1982) "Shell divergence in Littorina mariae and L. obdusata and
predation by crabs". Can. J. Zool. 60: 687-695.

Rolan-Alvarez, E., Johannesson, K. and Erlandsson. J. (1997) "The maintainance of
a dine in the marine snail Littorina saxatilis : The role of home site advantage
and hybrid fitness". Evol. 5 (16): 1838- 1847

Sumich, J.L. (1981) "An introduction to the Biology of Marine Life". By W.H.C.
Brown Company Publishers, USA; pp 18-19.

Tatarenkov, A. and Johannesson, K. (1994) "Habitat related allozyme variation on a
microgeographic scale in the marine snail Littorina mariae (Prosobranchia:
Littorinacea)". Biol.J.Linn.Soc 53: 105-125.

Tatarenkov, A. and Johannesson, K. (1998) "Evidence of a reproductive barrier
between two morphs of the marine periwinkle Littorina fabalis (Gastropoda)".
Biol. J. Linn. Soc. 63: 000-000.

Watson, D.C. and Norton, T.A. (1987) "The habitat and feeding preferences of
Littorina obtusata and L.mariae Sacchi et Rastelli". J. Exp. Mar. Biol. Ecol.
112: 61-72.

Weaver, R.F. and Hedrick P.W. (1989) "An Introduction to Population Genetics".

References 22

_________________



Why different morphs of Littorina fabalis prefer different microhabitats

In Genetics, Wm.C Brown Publishers, USA, pp. 544-567.

Wieser, W. and Wright, E. (1979) "The Effects of Season and Temperature on D-
Lactate Dehydrogenase, Pyruvate Kinase and Arginine Kinase in the Foot of
Helix pomatia L". Hoppe.Seyler's Z. Physiol.Chem. 360: 53 3-542.



Why different morphs of Littorinafabalis prefer different microhabitats

APPENDIX

Release- / test-site descriptions (transplant experiment)

Exact values of survival and growth (transplant experiment)

Exact values of pH and oxygen concentration

Statistics

idix 24



Release-sites descriptions

E-morph. large

1) Release date: 98-04-06
Exposed site

Ostra Smáholmarna: south end of stony beach on west side of island (close to where the
stony part ends), 6 m south-west of mark.
No Ascophyllum nodosum.

2) Release date: 98-04-06
Sheltered site

Ostra Smáholmarna: small bay on south-east side of island, Ca. 70-80 m from south end,
next to hillock, 3.6 m from mark.
Dense stands of Ascophyllum nodosum.

3) Release date: 98-04-07
Sheltered site

Lökholmen: bay at north tip, west side of island, on the inside of the most northern islet.
High density of A.nodosum aswell as F.vesiculosus.

4) Release date: 98-04-08
Exposed site

Lökholmen: Most vestern point of stony beach on south of island.
4.5 m south-vest of mark, second large stone from the right in the "bow".
High density of Fucus serratus and F. vesiculosus

E-morph,small

5) Release date: 98-04-15
Sheltered site

St Flatskär: beach at south-east, close to cement plate, 3.5 m south of mark.
Dense stands of Ascophyllum nodosum.

6) Release date: 98-04-15
Sheltered site

St Flatskär: beach on east side, 20 m north of south-east point of island (close to bay), 2.7 m
east of mark.
Dense stands of Ascophyllum nodosum.

7) Release date: 98-04-15
Exposed site

Saltö: beach with large stones on west side of island, 3.6 m west (in direction of light tower)
of mark, ca. in the middle of the islets.
High density of F.serratus and F.vesiculosus, no A.nodosum.

8) Release date: 98-04-15
Exposed site

Saltö: ca. in the middle of stony bay, 50 cm south of large stone in water, 6 m west of mark.
No A.nodosum, high density of Fucus sp.



S-morph large

9) Release date: 98-04-06
Exposed site

Yttre Burholmen: the most western of the two stony beaches at north-west , Ca. 20 m from
west end of the beach (cliff side), 6.5 m from mark. NOTE: Arrow mark points ca. 2 m to far to
the right.

10) Release date: 98-04-06
Exposed site

Yttre Burholmen: north end of stony beach at the west side of the island, ca. 8 m south of
cliff that ends the beach in northern direction, 5.5 m from mark. NOTE: Arrow mark points Ca.
1 m to the right.
No Ascophyllum nodosum.
Sites 4 and 5 are separated by a L.fabalis -free, rocky area.

11) Release date: 98-04-07
Sheltered site

Lökholmen: stony beach at south east of island, 6.6 m south-east of mark (on the inside of the
two large stones, third small one to the left).
A.nodosum aswell as F.serratus and F.vesiculosus present.

12) Release date: 98-04-15
Sheltered site

Klövskär: Little, stony bay at south-east of large, sandy beach, 2.0 m south (-east) of mark.
Dense stands of Ascophyllum nodosum.

S-morph. small

13) Release date: 98-04-06
Exposed site

Ostra Smãholmarna: stony beach on west side of island, ca. 75 m north of site 1), south of
flat rocks, 6.7 m south-west of mark.
Very few, tiny Ascophyllum nodosum.
There is a continuously distributed population of Lfabalis between sites 1) and 2), but the
distance in between is 75 m.

14) Release date: 98-04-08
Exposed site

Lökholmen: stony beach on vest side of island, about 40 m north of south point.
3.9 m vest of mark on cliffs, between large stones.
No Ascophyllum nodosum.

15) Release date: 98-04-08
Sheltered site

Lángholm: sandy bay on norh-vest of island, next to dam, 70 cm south of mark.
F.vesiculosus and A.nodosum present, but almost no F.serratus.

16) Release date: 98-04-15
Sheltered site

Saltö: little bay at the north end of the island, on north side of stone bridge, 3.2 m east of
mark. Sandy bottom with stones.
A little more Fucus vesiculosus than Ascophyllum nodosum. Also some F.serratus.
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X 5,8 19

6,2 20
X 6,2 21

7,4 22
X 5,9 23
X 6,1 24
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12 2 1

n— 25

1.SURVIVAL=

AVER.= 6,121
STDEV 0,526

25,57

AVER. GROWTH= 0,581

AVER. SIZE, RESULTS = 6,071 AVER. SIZE, POPULATION =

ST.DEV, RESULTS = 0,5 02 ST.DEV, POPULATION =

Fuc. V
x
x

x

x
x
x
x
x
x

x

2

Other Size mrr

6,1
5,6

6

6,2
x 5,9

6

5,6
5,6
5,2
6,9
5,8
6,9
6,3
6,2

10

n= 14
AVER. 6,021
STDEVZ 0,477

5,49

±L

1



OXYGEN &pH

srr pH cc 02 (mg/I) 02 (%)
1 8,81 13,4 16,5 186
4 8,7 16,1 181

7 8,82 a 15,8 178
8 8,87 U 17,1 194
9 8,53 a 11,9 137

10 8,76 a 13,7 161
13 8,74 • 15,5 171
14 8,82 a 15,6 163

AVER. 8,75625 13,4 15,275 171,375
STDEV. 0,10595653 1,68247267 17,8160241

SHEUtR
srr pH c 02 (mg/I) 02 (%)

2 8,06 13,4 6,3 75
3 8,37 a 11,3 126

7,91 14,2 7,2 81

6 8,28 a 8,9 102
11 8,61 13,4 12,4 141
12* 8,27 14,2 9,1 102
15 8,62 13,4 11,5 135
16 8,4 13,4 10,6 123

AVER. 8,315 (-) 9,6625 110,625
STDEV. 0,24570598 2,16130747 24,5003644

Measuring was done at low tide, 29/5 - 1998 ( were measured 1/6 - 1998, also at low tide).



Eftect of morph, size and choise on preference of F.vesiculosus:

Type Ill Sums of Squares
Source dt Sum of Square Mean Square F-Value P-Value
MOFFH 1 1.93E-35 1.93E-35 1.35E-37 1S 1 2.05E-34 2.05E-34 1.44E-36 1

HOISE 2 355.115 177.557 1.247 0.3054
MORPH*SIZE 1 4.OOE-34 4.OOE-34 2.81E-36 1

MORPHtCHOISE 2 2342.372 1171.186 8.224 0.0019
SIZE*CHOISE 2 470.822 235.411 1.653 0.2125
MORPH*SIZE*... 2 1095.705 547.852 3.847 0.0355

Residual 24 3417.787 142.408

Dependent: PREFERENCE

Means Table
Effect: MORPH * SIZE * CHOISE
Dependent: PREFERENCE

Count Mean Std. Dev. Std. Error var
E-morph, small, expo 3 31.133 7.679 4.433 58.967
E-morph, small, shelt 3 48.867 7.679 4.433 58.967
E-morph, small, othei 3 20 0 0 0

E-morph, large, expo: 3 46.667 17.613 10.169 310.22
E-morph, large, shelt 3 33.367 11.547 6.667 133.33
E-morph, large, othei 3 19.967 6.65 3.839 44.223
S-morph, small, expo 3 31.133 13.891 8.02 192.96
S-morph, small, shelt 3 35.533 3.868 2.233 14.961
S-morph, small, othe 3 33.333 11.547 6.667 133.33
S-morph, large, expo: 3 15.567 7.679 4.433 58.967
S-morph, large, shelt 3 33.333 15.275 8.819 233.33
S-morph, large, othep 3 51.1 21 .671 12.512 469.63

Cochran's test:
Q(k=24, v=2) 0.235
Q calculated 0.275 sIgnificant, thus heterogenlc.



Heterogeneity test, Aquarium data, Fucus vesiculosus:
Transformed with square root
Type Ill Sums of Squares
Source df Sum of Square Mean Square F-Value P-Value

MOF*+1 1 0,008 0,008 0,008 0,9299
SI 1 0,127 0,127 0,126 0,7262
CHOISE 2 3,626 1,813 1,789 0,1887
MORPH*SIZE 1 0,059 0,059 0,058 0,8118
MORPH*CHOISE 2 18,496 9,248 9,126 0,0011
SIZEtCHOISE 2 3,033 1,516 1,496 0,2441
MORPH*SIZE*... 2 8,083 4,041 3,988 0,032
Residual 24 24,321 1,013
Dependent: Column 5

Means Table
Effect: MORPH * SIZE * CHOISE
Dependent: Column 5

Count Mean Std. Dev. Std. Error var
E-morph, small, expo 3 5,553 0,668 0,386 0,446224
E-morph, small, shelt 3 6,975 0,564 0,325 0,318096
E-morph, small, othei 3 4,472 0 0 0

E-morph, large, expo: 3 6,738 1,378 0,796 1,898884
E-morph, large, shelt 3 5,723 0,962 0,556 0,925444
E-morph, large, othel 3 4,426 0,756 0,437 0,571 536
S-morph, small, expo 3 5,491 1,214 0,701 1,473796
S-morph, small, shelt 3 5,955 0,32 0,185 0,1024
S-morph, small, othe 3 5,707 1,069 0,617 1,142761
S-morph, large, expo: 3 3,844 1,088 0,628 1,183744
S-morph, large, shelt 3 5,673 1,311 0,757 1,718721
S-morph, large, othei 3 7,037 1,542 0,891 2,377764

Cochran's test:
Q (k=24, v=2) 0,235
0 calculated 0,196 n.s



Effect of morph, size and choise on preference of F.serratus, heterogeneity test

Type Ill Sums of Squares
Source df Sum of SquarE Mean Square F-Value P-Value

MOIH 1 2.50E-05 2.50E-05 9.65E-08 0.9998
1 2.50E-05 2.50E-05 9.65E-08 0.9998

cHOISE 2 316.517 158.258 0.611 0.5512
MORPH*SIZE 1 2.50E-05 2.50E-05 9.65E-08 0.9998
MORPH*CHOI 2 789.643 394.822 1.523 0.2383
SIZE*CHOISE 2 1944.41 972.205 3.751 0.0382
MORPHtSIZE 2 169.523 84.761 0.327 0.7242
Residual 24 6219.767 259.157
Dependent: PREFERENCE

Means Table
Effect: MORPH * SIZE * CHOISE
Dependent: PREFERENCE

Count Mean Std. Dev. Std. Error var
E-morph, smal 3 40 17.632 10.18 310.887424
E-morph, smal 3 34.433 5.095 2.942 25.959025
E-morph, sma 3 25.567 13.481 7.783 181.737361
E-morph, largE 3 33.333 6.65 3.839 44.2225
E-morph, largE 3 24.457 20.384 11.769 415.507456
E-morph, large 3 42.2 23.378 13.497 546.530884
S-morph, smal 3 33.333 13.35 7.708 178.2225
S-morph, sma 3 53.333 13.35 7.708 178.2225
S-morph, sma 3 13.333 0.058 0.033 0.003364
S-morph, largE 3 33.333 24.005 13.859 576.240025
S-morph, large 3 31.1 25.251 14.579 637.613001
S-morph, large 3 35.567 3.84 2.217 14.7456

Cochran's test:
Q (k=24, v=2 0.2354
Q calculated 0.2050274 n.s.

0 calculated : max(var) I sum(var)


