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ABSTRACT
The study describes seasonal fluctuation of
a L. littorea population at an artificial pier
on Helgoland. External factors which may
influence the population were studied. There
was no detectable influence of tidal magni-
tude when spring tide and neap tide were
compared. There was no relationship be-
tween wind and wave stress and the number
of snails on the pier. Increasing temperature
in summer was correlated with an increase
in the total number of snails. Other seasons
did not show significant relationships. The
number of snails increased on the pier dur-
ing summer (July to Aug.), was constant in
autumn (Sep. to Nov.), increased consider-
ably in peak winter (Dec. to Jan.), and de-
creased through the following months until
August the following year. Fluctuation of
snail numbers in summer could be related
to a limited downward migration, whereas
in winter the population density was con-
siderably higher due to decreased downward
migration. Counts of marked individuals in
squares on the pier suggested a trend ofpre-
dominating lateral movement and less ex-
change downwards. Accordingly, individual
snails experience at least several days of
equal time of desiccation at low tide. The
method of marking is discussed in relation
to the habitat of the snails.

INTRODUCTION
The vertical range ofthe intertidal area de-
pends on the extreme high and low water
levels of spring tides (Nybakken 1982) and
slope ofthe shore. Environmental conditions
ofthe intertidal are very special. The inhab-
itants are bathed by sea water at incoming
tide, but during tidal ebb they are periodi-
cally uncovered and exposed to the rigours
of the aerial climate. The diurnal movement
ofthe tides brings about special conditions
on the sea shore. The fauna may be deprirled
ofseawater twice every day, for a period of
some hours, and during this period exposed
to the air, the heat of the sun, and at times
to fresh water due to rain.

The periwinkle Littorina littorea is an in-
tertidal gastropod on Helgoland and more
common than other Zittorina species in the
area. MostZ.Iittorea live on rock, stone, and
seaweed from the middle to the lower shores
(Champbell L977, Ziegelmeier 1966, Janke
1986, 1990) but some snails can always be
found subtidally. Periwinkles are a food re-
source for many coastal crabs and birds, as
well as being collected by people. At
Helgoland, L. littorea snails are vertically
zoned throughout the year within a certain
range related to the tidal regime.

Snails remain settled on their substrate
during rise and fall of the tides. When in-
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coming tide reaches them, they become ac-
tivated to crawl and feed (Newell 1958).
They are able to withstand wide ranges of
temperature (Garner & Thomas 1987), but
prefer temperatures of about l-B 'C (Hayes
1929). They are inactive during winter
where the crawling ceases at about 8 'C
(Newell, 1958). Christensen (1995) reported
changes in size frequency distributions along
exposure gradients within this littoral gas-
tropod. Newell (1958) found that there was
no relation between the distribution of the
winkle population onthe shore atWhitstable
(UK) to tidal level and desiccation.

Snails live on the pier throughout the year
and this makes it interesting to examine,
which factors might cause their spatial dis-
tribution. In the present study I have ex-
amined a limited number of external factors,
namely shifting tides, seasonal tempera-
tures, and exposure (wind and wave stress).
My suggestion was that migration activity
of the snails depends on environmental fac-
tors, but the signifrcance of individual fac-
tors may vary among habitats. To test this
hypothesis experiments were designed to
study the population structure and migra-
tion behaviour of snails in a delimited area
on a pier on Helgoland. The study is the first
par! of my study for the Ph. D. degree at the
"Biologische Anstalt Helgoland", Germany.
My continued work with periwinkles wiII
deal with physiological aspects of living on
the pier.

MATERIALS AND METHODS
A vertical transect, 5,9 m long and 2,9 m
wide, was framed on a pier at Helgoland
(Fig. 1), using nylon rope. The height of the
transect was divided into two rows repre-
senting algal and non algal areas. The algal
zone was 1.3 m high and the non-algal area
1.6 m. The methods used in this study were
observation and counting. These were done
seasonally when the tide was low and car-
ried out every two days in the period from
one springtide to the next starting from sum-
mer 1998 until spring 1999. I refer the
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Figure l-. The location of Helgoland in the North
Sea

springtide observations to seasons as fol-
lows: Summer (July-August 1998), autumn
(October-November 1998), winter (January-
February 1999), spring(April 1999). Counts
supplementary to the springtide counts were
done in September 1998, December 1998,
and March 1999. The latter counts were
used to compare with the springtide counts
and to estimate the trend of population size
variations through a year. .

The count was restricted to adults (not
differentiated by sex). The behaviour ofthe
animals on the pier was observed, and ex-
ternal factors recorded: a) seasonal tempera-
ture (related to e.g. Iocomotory activity), b)
exposition, i.e. wind and associated wave
action (related to persistence on the pier), c)
specific local tidal amplitude, and differences
of neap and spring tides (related to dura-
tion of desiccation phases). Wind speed and
direction were recorded with the metrologi-
cal equipment fixed on the BAH building
close to the research station. The measure-
ment of wind speed was based on Beaufort's
scale (Bft), and wind direction was expressed
by degree or initials SE (South-East), SW
(South-West), NE (North-East), and NW
(North-West).

Snails were marked with nail paint for a
migration experiment. They were not re-
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moved from the substrate. They were ob-
served and counted in the autumn of 1999.
Snails in 12 squares (each 4 m2) were
marked. The squares started at the base of
the pier wall (referred to as wall) and con-
tinued seaward in 3 rows (Rock, 1,2,3) across
the horizontal area in front ofthe pier. The
horizontal area is completely dry during low
tide. Counts of snail density on the pier and
on the rocky area in front of the pier in sum-
mer (Aug. 1999) were compared with counts
of snails in winter (Jan. 2000). In winter
2000, snails were sampled (each plot 100
individuals) and length and width of the
snails measured in the laboratory for esti-
mation of age classes.

Data analysis
Linear regression analysis was applied to
analyse the relationship between day of ob-
servation as an independent variable (X) and
total number of snails, air temperature, and
water temperature as dependent variables
(Y). The data were analysed using the sta-
tistical program Graphpad Prism version
3.0,32 bit version for windows 95 and NT.
The level of significance is labeled by aster-
isk and the probability levels are as follows:
* 0.05 p 0.02; ** 0.02 p 0.002; p > 0.05
not significant (NS)

RESULTS

Habitat Condition
Littorina littorea was distributed from the
pier to the subtidal area. The macroalgae
Fucus uesiculosus and Chondrus crispus
dominated, especially at the pier. Diatoms
were also observed but not identified. The
orientation of the pier was 123" SE, and ar-
eas about and below this direction (SE, NE,
and NW) were exposed while the SW direc-
tion was sheltered.

nde
The snails were observed and counted dur-
ing the spring/neap tide cycle of the month
(Figs. 2-5). There was no detectable differ-

ence between spring and neap tide.

Seasorual temperature u ariations
Statistical analysis of the relation between
day of observation with total number of
snails, air temperature and water tempera-
ture is given in Tab. 1.

Tabel 1. Statistical analysis. Correlation between
total number of snails (n), water temperature (tw),
and air temperature (ta), against day of obsewation
during the seasonal study. * = significant at 0.05 ) p
> 0.02' ** = signifrcant at 0.02 ) p > 0.002.

Summer Autumn Winter Spring

nf 0.320 0.157 0.198 0.27G
p 0.022 * 0.128 0.097 0.054

tw 12 0.478 0.397 0.223 0.052p 0.003 ** 0.009 ** 0.076 0.432

ta f 0.170 0.366 0.044 0.010
0.712 0.013 * 0.455 0.729

In summer the increasing temperatures
were correlated with an increase in total
number of snails (Fig. 2). In relation to the
day of observation, the total number of snails
increased significantly (p < 0.05) This was
also found for water temperature, which in-
creased significantly, however air tempora-
ture did not signifrcantly increase. fn au-
tumn the decrease of air and water tempera-
tures did not match the decreasing number
of snails (Fig. 3). In relation to the day of
observation, the total number of snails did
not significantly decrease, but both air and
water temperature decreased significantly.
In winter the decreasing air and water tem-
peratures were also not related to the total
number of snails (FiS. a). In relation to the
day of observation, the total number of snails
did not show a significant decrease, and air
and water temperature did also not signifr-
cantly decrease. In spring the increase ofair
and water temperature was not related to
the decrease of the total number of snails
(Fig. 5). In relation to the day of observa-
tion, the total number of snails did not sig-
nificantly decrease, and air and water
temperature did not signifrcantly increase.
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In conclusion, changing temperatures could
only be related to changing number of snails
during the summer.

In summer the air temperatures ranged
from 13.5-21 "C with an average of 16.5 'C,
and water temperatures ranged from 15.4-
18.5 "C with an average of 16.9 'C. In au-
tumn" the air temperatures ranged from 3.6-

Figure 2. Density of
Littorina littorea during
summer. Air and water
temperatures, total num-
ber of snails, trends for
temperatures and snail
density are shown. Full
moon: 09-07-98; last quar-
ter 16-07-98; new moon
23-07 -98;first quarter 31-
07-98. S = significant; NS
= not sig'nificant.

Figure 3. Density of
Littorina litt oreo during au-
tumn. Air and water tem-.
peratures, total number of
snails, trends for tempera-
tures and snail density are
shown. Full moon: 05-10-
98; last quarter 12-10-98;
new moon 20-10-98; first
quarter 28-10-98. Asterisk
marks exposure to waves.
Double asterisk = high de-
gree ofexposure.

13.5 "C with an average of 9.3 "C, and wa-
ter temperatures ranged from7.7-74 "C with
an average of 11.5 'C. In winter the air tem-
peratures ranged from -3- +7.3 "C with an
average of +4.3 oC, and water temperatures
ranged from-1- +6.5 "C with average of +5.1
'C. In spring, air temperatures ranged from
0.5-10.5 'C with average of 3.7 "C, and wa-

()t- 20
o
5
lg
o(t
815oF

NFFFT'-(,croo(>
d;ridF-Orrrr

l*6SOC(3(}(}o{;
;e.i.rd{d(tt

E
t!5e5
o
o
-a

2$0 e
3

t
cl0F

g_

cc
o

500 b
o
'o
E:

25O c
t
o

0

o
;10
!'
g
o
0.
E-o5F

()OO-e

FOFC.,lrtNOOOO

oo<)c)o
IOF.OtF(.)
OO(3rr



Phuhet Marine Biological Center Special Publication 21(1): 91-102 (2000)

F;--dd*qqqqq.?c
$a|J}FOON!Oeer?(tala{

Day of observatlon

-r*4. 
Be€rature {T' rt) ----.-\.da&r bnpffit,re (? ulr} ---f*Total nunb€r o{ 3mls (11,t

-.-.-1'wr(ts) ......,rar{}6} 

-TN(NS}

1000

sssvt$vs!tsoo600<)oo<)o
Gidh-ai;ddF.<rt*

*??fFN

Day of obaeratlon

-*r*Air S'lperature {T af} ---{*W.ter temperabre {T'v{trl ---.r*Total number o{ snals {'lN}

-TN{NS} 

"..."..T'ai(N$! *.-,-r\st{Ns}

ter temperatures ranged from 0.5-8 "C with
an average of 2.4"c.

Density of snails
The average number of snails per m2 dur-
ing the four springtide measurements is
shown in Fig. 6. In summer the total number
of snails in the algal zone were 3386 ind.

Figure 4. Density of
Littorina littorea during
winter.Air and water tem-
peratures, total number of
snails, trends for tempera-
tures and snail density are
shown. Full moon: 02-01-
99; last quarter 09-01-99;
new moon 17-01-99; frrst
quarter 22-01-99. Asterisk
marks exposure to waves.
Double asterisk = high de-
gree ofexposure.

Figure 5. Density of
Littorina littorea duri,ng
spring. Air and water tem-
peratures, total number of
snails, trends for tempera-
tures and snail density are
shown. FulI moon: 01-04-
99; Iast quarter 09-04-99;
new moon 16-04-99; first
quarter 22-04-99. Asterisk
marks exposure to waves.

(27 ind. per m2) andl7{ind. (3 ind. per m2)
above the algae. In autumn the total number
increased to 5603 ind. (46 ind per m2) in the
algal zone and 266 ind. (5 ind. per m2) above
the algae. In the winter the total number of
snails increased by more than two times. A
total of 12532 ind. (110 per m2) were counted
in the algal zone, and 336 ind. (6 per m2)
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Figure 6. Average number of L. littorea per m2
during springtide cycles of 4 seasons. White bars
= algal zone; black bars = area above algae.
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from the subtidal rocky area in this period.
Considering all months the total number of
snails increased in summer (July toAugust),
were relatively constant in autumn (Sep. to
Nov.), increased in winter (Dec.-Jan.), de-
creased during spring and summer until
next July, and increased again in August.
Corresponding temperatures to this sea-
sonal cycle are shown in Fig. 8. The chang-
ing number of snails during the seasons
could not be related to temperature in a sim-
ple way.

The size spectrum (Tab. 2) measured in
January 2000 suggested that the snails con-
sisted of different year classes from half a
year until more than four and half years old.

Exposure
Exposition was studied by counting the

snails on the pier both in
algae and above the al-
gae and recording the
wind speed and direc-
tion). The observation of
wind speed showed that
in summer the wind
strength varied from 1-5
Bft. with an average ofo
3.6 Bft., whereas in au-
tumn it varied from 1-8
Bft. with an average of 5

E Figure 7. Total number of
9 L. littorea encountered in
: the study area. Counts per

month during springtide
cycles supplemented with
counts in other months.

Bft., and in winter it varied from 2-7 Bft.
with an average of 4Bft.In spring it varied
from 2-6 Bft. with an average of 3.9 Bft.
Wind speed, and consequently wave stress,
showed no indication of effect on the posi-
tion of the snails on the pier. The total
number of snails fluctuated irrespective of
whether they were sheltered or exposed, or
the wind was weak or strong. For example,
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above the algae. In spring the total number
was 6544 ind. (61 per m2) and 1099 ind. (22
per m2) above the algae.

When all counts are considered (springtide
samples plus other months) monthly
changes of the population were basically as
could be expected, except the unusually high
densities recorded in December and Janu-
ary (Fig. 7). The snails must have migrated
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Table 2. Size spectrum ofL. littorea (Jan. 2000) increased even though on this day they were
exposed to the wind. These observations
suggest that exposition was not responsible
for increasing and decreasing number of
snails on the pier.

Desiccation
The mean tidal cycle of Helgoland is shown
in Fig. 9. The tidal amplitude determines
the period snails may be exposed to desicca-
tion. The position of the transect is marked
on the frgure and shows that the population
of L.littoreq. on the pier was covered by wa-
ter at high water level during spring tide.
Calculation of exposition times based on the
observation of the tidal cycle started from
mean high water level springtide. At the
high tidal level (above algae) the exposure
time was about 8-10 h, at middle level (al-
gal zone) it was about 6-7 h, and at low level
(wall base and horizontal plain) it was about
t h. spring/neap differences were at about
half an hour as a maximum of exposure
times.

Marhing experiment
The result of the marking experiment is
shown in Fig. 10a-b. On the first day ofrrb-
servation, 590 individuals were marked in
the algal zone (Fig. 10a).

On the second day 351 marked individu-
als could be refound, while 139 individuals
apparently had migrated from the transect.
Either they crawled to the subtidal area or
they were still on the pier but outside the
transect. In the meantime, 320 unmarked
individuals had migrated to the area with
algae (Fig. 10b.). These unmarked snails
could have come from the subtidal area in
front ofthe pier or from the area on the pier
outside the transect. During the first two
days the weather was rough (wind 5-8 Bft
from direction of 145' SE), and there were
no snails in the area above the algae.

On the third day only 151 marked indi-
viduals were refound in the algal zone while
14 marked and 44 unmarked individuals
were found above the algae. The weather
conditions were calm, the wind was only 1

Shell Ag"
length (mm) (yr)

t4 0,5

t4-t7.4 0.5-1.5 3 -

1,7.4-22.4 "1,.5-2.5 50 43

22.4-25.4 2.5-3.5 39 34

25.4-27.3 3.5-4.5 5 15
>27.3 4.5 3 8

Total 100 100

+AjrbmpsE&rB *Wat6.bmpe6t r€

Figure 8. Monthly average temperatures ('C)
during the study period from July 1998 to Au-
gust 1999.

in summer (Fig. 2) there was a drastic de-
drease in total number of snails from 397
ind. (21 July) to 186 ind. (25 July). The wind
on 21 July came from SW direction with a
speed of 4-5 Bft. Because the wind was from
SW, the study area was sheltered, and a high
number of snails were counted as would be
expected. However, on 25 July the wind
speed decreased to 3 Bft from NW (exposed),

and the number of snails decreased. In au-
tumn (see asterisk on Fig. 3), the total
number of snails increased even though on
these particular times [(5 Oct. and 7 Oct.)
and (15 Oct., L7 Oct., 30. Oct.)l they were
strongly exposed to wind and waves.A simi-
lar case also happened in winter (see aster-
isk on Fig. 4), where the total number of
snails increased at the time they were
strongly exposed to the wind (8 Jan). In
spring the same phenomenon happene"d on
17 April where the total number of snails
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Figure 9. Tidal curve for Helgoland. MHW =
mean high water = 2,59 rn, MLW = mean low
water = 0.15 m. Springtide = fully drawn line,
neaptide = stippled line. The positions ofthe al-
gal zone and the non-algal zone are shown. Modi-
fied from "Gezeitentafeln ftir das Jahr 2000.
Europdische Gewiisser" by Bundesamt fi.ir
Seeschiffahrt und Hydrographie ( 1999) Nn 2L15.
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to 2 Bft from the direction of 285' NW, so
the marked snails from the algal zone could
easily crawl up to the area above the algae.

However, this observation was only acci-
dental because on days where the wind
speeds were 6-7 Bft. (15 Oct.) and 5-6 Bft.
(17 Oct.) from the direction of NW, there
were still snails found above the algae, 31
and 21 snails respectively. Based on this
observation I have to conclude that wind and
wave stress were not the only factors that
controlled the position of the snails on the
pier.

The predominant movement of the snails
is shown in Figure 11a-c. These figures show
the migration pattern of marked individu-
als of each 4 m2 squares from the wall to-

ward the sea (rock 1,2,3). The
snails were marked on 13
August and counting was
done in 3 days from l4August
to 16 August 1999. It is sug-
gested that a small number of
snails migrated from the
subtidally horizontal plain to
the pier, and vice versa. Most
of the snails tended to mi-
grate laterally and relatively
dispersed. In summer the ra-
tios of snail densities between
pier and rocky area in front
of the pier (Fig. 12) were
(115:1108 or approx. 1:10) and
in winter (335:1212 or approx.
1:4). This indicated that there
was an important shift in the
behaviour of the snails in the
winter.

Figure 10. (a) Marked individu-
als ofZ. littorea counted on the
pier in Autumn 1998. (b) Un-
marked individuals of L.littorea
counted during the same period.
Open signatures = algal zone.
Filled signatures = area above
the algae.
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Wall

Rock-1

Rock-2

Rock-3

Wall

Rock-1

Rock-2

Rock-3

Wa11

Rock-1

Rock-2

Rock-3

Figure 11,. Migration pattern of snails marked
and observed in squares on the pier wall and
on an intertidal, flat rocky area in front ofthe
pier. - (a) shows 102 marked snails released
in square B on the wall. - (b) 200 snails re-

leased in square E on Rock 1 close to the wall. -
(c) 200 snails released in square H ofthe next
row referred to as Rock 2. Rock-3 is close to the
sea. Numbers show counts within squares A-L,
starting to the left on 14 August and ending to
the right on 16August.Arrows indicate assumed
direction of movement.

77;57i
65;82

A

102;106;
148;105
(335)"

B

268;208;
233;176

576;651 i
710;788

D

1962;1392;
1420t1476
(18?O*

E

24*;1762;
1802;1896

F

767;712i
768t744

G

1484;1288;
1240;126{)
(1252)'

H

1110;1112;
129111268

I

480;452;
5t2i492

J

360;450;
414t497
(s08)*

K

t440i620;
tt321l092

L

Figure 12. Total number of snails counted in
squares on the pier wall (Wall) and on an inter-
tidal, flat rocky area in front ofthe pier (Rock-
1,2,3,).The squares A-L are identical to the
squares shown in Fig. 11. From left to right, the
numbers within squares show counts on 13,
14,15, and 16 August. Subsequent numbers in
parenthesis show counts on 8 January 2000.

DISCUSSION

Habitat
Newell (1958) found winkles on top of stones,
or at the sides of stones, and others again
on the vertical surface ofgroynes. This pat-
tern of distribution at Whitstable was also
observed at Helgoland. L.littorea was found
both among algae and above algal areas. The
animals were observed either hanging on to
the algae or hiding under algae on concrete
slabs. The algaewereFucus uesiculosus and
Chondrus crispus. The former is probably a
food source in this habitat (Barnes & Hughes
1982; Sze 1983; Barker & Chapman 1990).
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The latter, which was most abundant on the
pier, was not consumed by the animal (Sze
1983; Barnes & Hughes 1982) but was be-
lieved to serve as protection for the animals.
Petraitis (1983) reported thatjuvenile and
adultZ. Iittorea feed on diatoms and encrust-
ing algae, which also were present in the
transect observed.

Tides
The influence of spring and neap tide differ-
ence was not detectable in this study. This
can be comparaed to results by Newell (1958)
who found that tidal level had no effect on
the population density of snails. Snails re-
main settled under stones or concrete slabs
for most of the tidal periods, but when the
incoming tide reached them they became
activated to crawl and feed (Newell 1958).
According to Underwoo d (197 2) the survival
of longer emersion (subtidal occurrence)
indicated that physical conditions directly
related to the rise and fall oftide cannot be
the factors controlling the zonation of
Littorina. In accordance with Underwood
(op. cit.) tide was not identified as a factor
controlling migration activity of the snails
in the present study.

Behauiour
There was a strong seasonal fluctuation in
the number of snails. My hypothesis was
that this was due to changes in locomotory
activity due to high and low temperatures.
Consequently, the snail counts in summer
should be higher than those during winter.
But, this was not the case. Temperature as
such appeared not to be a factor controlling
the locomotory activity of the snails on
Helgoland. Only during the summer there
was a parallel increase in temperature and
the total number of snails. One factor con-
trolling the increase or decrease ofthe snails
on the pier could be the snail's behayiour.
After some time of exposure, snails secrete
a film of mucus around the rim of the shell,
which hardens sufficiently to support the
animal's weight. Then the foot is withdrawn
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and the operculum closed so that the ani-
mal is in no danger of rapid desiccation
(Newell 1958). Wilson (in Newell 1958) noted
that a mere gust of wind will topple winkles
from the rocks to which they are stuck by
mucus, and further states that those, which
come to rest with the head downwards, al-
ways topple off when the foot retracts. In
contrast, Newell (1958) suggested that win-
kles are far more unstable on sloping sur-
faces when oriented head-uppermost than
when the head is downwards. This behav-
iour could explain why the population on the
pier was much lower in summer than in
winter. If the substrate was dry and the
weather was calm, the snails would easily
fall down becauce the mucus would no longer
facilitate attachment on the substrate. This
condition could happen in summer. On the
other hand, in winter where the condition
of the substrate was moist, the snails were
still able to attach to the substrate with their
foot muscle. Other factors that could be re-
sponsible for this behaviour, but not consid-
ered in this study, are orientation of the
beach (Petraitis, 1982),or amounts of avail-
able food (Underwood and Chapman, 1985).

Desiccation
The duration ofdesiccation ofthe snails de-
pended on the position ofthe snails on the
shore/pier. Snails inhabiting the area above
the algae were exposed longer than those of
the algal zone, whereas the snails on algae
were exposed longer than those at the foot
ofthe pier.

The seasonal fluctuation of snail numbers
could possibly also be related to desiccation
causing increased mortality in summer. Ac-
cording to Underwood (1979) desiccation
probably causes high mortality of juvenile
animals. Here, during periods of calm, dry
weather desiccation can account for sudden,
catastrophic mortality of adults located at
high levels on the shore. This is in contrast
to findings of Newell (1958) who stated that
desiccation does not affect the density ofthe
species. However, dessication is a summer
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phenomenon and can not explain why the
population increased in winter at low tem-
perature.

Population structure and breeding
The animals were observed to stay (form
patches) for longer times during winter at
the bottom part of the pier (algal area). As
observed in the present study L. littorea
appeared on the transect in varying sizes
from juveniles to adults throughout the year.
The results of the size spectrum study in
winter (Jan. 2000) suggested that the snails
consisted of different year classes from half
a year (14 mm shell length) to more than
four and half years old ( > 27.3 mm shell
length). This was compared with the results
of Moore (1937) at Drake Island (Plymouth).
About 50% ofthese snails were 1.5-2.5 years
old, which were considered to be sexually
mature and at an age of the first consider-
able spawn (Moore 1937). This supports the
work of Linke (1933) who found that on
Helgoland the spawning season of L.littorea
is January to June. In addition Reid (1996)
suggested that there is a defrned breeding
season, with peak spawning in late winter
and spring and most adults being spent by
late summer and autumn. The spawning
season of L. littoreo at Helgoland could ac-
count for the decrease in number of snails
on the pier during early spring (see Fig.7),
because most of the snails would stay sub-
merged in the horizontal area to spawn,
whereas, in winter the snails were less ac-
tive and tended to stay attached on the wall.

Exposure
Wind speed together with wind direction
showed no indication of effect on the posi-
tion ofthe snails, irrespective ofbeing ex-
posed or sheltered. There was a short-time
fluctuation in number of snails but this could
not be related to wind.iwave action. Accord-
ing to Christensen (1995) changes in size
frequency distributions of littoral gastropods
along exposure gradients are often observed.
Size dependent susceptibilityto wave action

has been offered as an explanation for these
patterns. His experiment supported the
claim that large individuals of Littorina
Iittoreu, are more resistant to wave action
than small ones. Vermelj, (1972) suggested
that temperature, desiccation, and compe-
tition could explain vertical size gradients
of snails.

Migration
The marking experiment suggested that
there was a trend of predominating lateral
movement and therefore less exchange from
the base of the wall and downwards. Jorgen
Hylleberg (pers. com.) made similar obser-
vations with markedL. littorea on a pier in
the Danish Limfiorden. Accordingly, speci-
mens experience at least several days of
equal time of desiccation. Counts in squares
at the base of the wall and on the wall
showed little short-time migration. However,
the method of marking and the influence of
paint couid affect the number of snails
counted. NaiI paint is considered to be an
effective method of marking snails because
it can last for a long time, but the influence
on the behaviour (physiology) of winkles is
not known. I assume that since the pigment
is not in contact with the soft body and the
solvent (acetone) quickly evaporates this
should not be a source of error in marking
experiments with winkles.
Many marked shells were not refound. It
indicates that migration took place but
refinding the marked snails is a source of
error in itself. The difficulties of finding
marked animals, put out in relatively small
numbers, among their fellows on an uneven
surface covered by an abundant flora, make
quantitative results difficult to obtain in
agreement with Gowanloch & Hayes (1926).
The present findings do not agree with
Petraitis (1982) who found that snails, ob-
served under natural conditions and marked
without removing them from the surface,
were found to move randomly. Field experi-
ments suggested that directional movement
inL.littorea is initiated by dislodgement and
is modified by the snail's intertidal origin
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and placement, and the orientation of the
beach (Petraitis, 1982).
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