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Abstract The recolonization process of Lanice conchi-
lega was studied on an intertidal sand flat in the northern
Wadden Sea after an intertidal population had been
wiped out during the severe winter of 1995/96. After
very low recruitment in the first two years, the popula-
tion fully recovered in the third year after its destruction.
By then, the distribution pattern closely resembled the
pattern before the severe winter with >95% of all Lanice
occurring below —0.5 m mean tidal level and dominance
of the density categories 6-50 individuals (ind) m-2 and
51-200 ind m=2. Lanice larvae have been observed to at-
tach preferentially on the tubes of adults. However, the
high recruitment in the third year was also seen in areas
devoid of adult Lanice, indicating that settlement facili-
tation by adults was of little importance for the recoloni-
zation process. Instead, we suggest that the observed re-
cruitment pattern was a consequence of alarge-scale de-
cline in the metapopulation in the tidal basin and the on-
shore coastal subtidal which resulted in insufficient lar-
val supply onto the tidal flats and low recruitment in the
first two years following the severe winter.

Keywords Lanice conchilega - Winter effects -
Recolonization - Recruitment - Population dynamics

Introduction

The sand mason, Lanice conchilega, is a widespread
polychaete that belongs in the top ten species with re-
spect to its contribution to macrozoobenthic biomass in
the intertidal Wadden Sea (Beukema 1976; Beukema et
al. 1978). It is typically found in the intertidal and shal-
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low subtidal (Ziegelmeier 1969) and builds very charac-
teristic tubes, made from cemented sand grains and shell
fragments. The top of the tube usualy carries a ragged
fringe that projects a few centimetres out of the sedi-
ment. The tubes may have either a blind ending down in
the sediment (I-shape) or may be U-shaped or W-shaped,
in which case a second ragged fringe may appear on the
sediment surface (Seilacher 1951; Ziegelmeier 1969).

The population dynamics of Lanice is characterized
by conspicuous spatial and tempora heterogeneity.
Lanice has been found to establish dense clusters of up
to 10,000 ind m2 in the intertidal (Ziegelmeier 1952;
Hertweck 1995) and of about 20,000 ind m—2 in the sub-
tidal (Buhr 1979). In a long-term study in the western
part of the Wadden Sea, the abundance of Lanice showed
the highest variability between years of all the species
studied (Beukema et al. 1983). This variability is caused
by its high sensitivity to cold winters. Lanice usually oc-
curs in high abundances during periods with mild win-
ters and in low abundances after cold winters (Beukema
1990, 1992). After exceptionally hard winters, Lanice
populations regularly suffer mass mortality: during the
winter of 1962/63 in the German Bight (Ziegelmeier
1964) and in the intertidal zone of south and south east
England (Crisp 1964); during the winter 1978/79 in the
Dutch part of the Wadden Sea (Beukema 1979) and in
the Weser Estuary (Buhr 1981); during the winter of
1995/96 in the intertidal and subtidal zone of Lower Sax-
ony (Gunther and Niesel 1999) and in the intertidal of
Schleswig-Holstein (this study). A meteorological char-
acterization of the winter 1995/96 in the northern Wad-
den Seais given in Martens (2001)

Despite the striking importance of such mass mortali-
ties for the population dynamics of Lanice, the recoloni-
zation process has never been investigated in detail in
the field. After a massive Lanice population in the Weser
Estuary was destroyed during the winter of 1978/79 we
only know recolonization had not taken place until July
1980 (Buhr 1981). After the elimination of Lanice on in-
tertidal flats near Spiekeroog (Lower Saxony) during the
winter of 1995/96, the population had not recovered in
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1996 (Gunther and Niesel 1999). Based on a study by
Hertweck (1995) in the Spiekeroog area it is presumed
that the distribution pattern of Lanice is re-established
within 3 or 4 years (Heuers et a. 1998). In the Dutch
Wadden Sea, Lanice usually reached nearly normal lev-
els of abundance within 1-2 years after severe winters
(Beukema 1990).

Here we present a 4-year study where we mapped
Lanice abundance on a kilometre scale in the year before
and in the three years after the severe winter of 1995/96.
The detailed mapping approach enabled us to determine
(1) how long it took until an intertidal Lanice population
fully recovered after a winter elimination and (2) to what
extent the recolonization pattern resembled the spatial
pattern before the die-off. Recruitment of Lanice seems
to depend to some extent on promotion by adults since
larvae of Lanice have been described as settling prefer-
entially on the tubes of adult worms (Carey 1987,
Pieloth 1996; Heuers et a. 1998). As these tubes were
missing after the severe winter we expected a low re-
cruitment immediately after the die-off and a gradual in-
crease of Lanice in the following years, leading eventu-
ally to former densities.
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Methods

The study was conducted in “Oddewatt”, a large intertidal area of
Koénigshafen about 1 km? in size, which is situated at the north of
theisland of Sylt in the northern Wadden Sea (Fig. 1). The Konigs-
hafen is part of the Sylt-Remg Bight. The water exchange with the
North Sea is confined to a narrow tidal inlet between the islands
Sylt and Remg. The tides are semidiurnal with a mean tidal range
of about 2 m. More information about the bight is given in Gétje
and Reise (1998). The Oddewatt was chosen as the study area be-
cause it has generally been populated by high numbers of Lanice
in the past (Reise 1985).

For mapping purposes the Oddewatt was divided into a rectan-
gular grid with 50 m grid point distance, resulting in 206 sampling
stations (Fig. 1). The sampling stations were assigned to four tidal
levels: high intertidal (above —0.5 m mean tidal level = MTL),
mid-intertidal (-0.5 m to -0.8 m MTL), low intertidal (-0.8 m to
—-1.0 m MTL), and shalow subtidal (below —1.0 m MTL). The
shallow subtidal was only accessible at spring low tides. Half of
the stations were located in the high intertidal (103 stations), 28%
in the mid-intertidal (58 stations), 12% in the low intertidal
(24 stations), and 10% in the shallow subtidal (21 stations).

Abundance of Lanice

Abundance of Lanice was determined in July/August 1995, Sep-
tember 1996, October/November 1997, and November 1998 based
on counts of the visible fringes of the tubes above the sediment
surface. Since a single Lanice may build more than one fringe, it
was necessary to determine the relation between the number of
visible fringes above the surface and the actual nhumber of Lanice
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Fig. 2 Number of live Lanice
below 0.0225 m-2 versus num-
ber of visible fringes above the
sediment. Indicated are linear
regression line (solid line) and
afringe:Laniceratio of 1 (bro-
ken line)

Visible fringes of Lanice

in the sediment in order to obtain a more reliable estimate of the
population density. To this end, we determined the ratio between
visible fringes and live Lanice at 30 sites with different Lanice
densities in October/November 1995 in the low intertidal zone. At
each site the sediment was excavated down to 30 cm using a box-
corer of 0.0225 m2 and both the number of visible fringes above
the sediment and the number of live Lanice inside the core were
counted. The number of live worms was significantly correlated
with the number of visible fringes (Spearmans r=0.97, n=30,
P<0.001) and the line of best fit was almost parallel to a hypothet-
ical fringe:Lanice ratio of 1 (Fig. 2). This indicates that the shape
of Lanice tubes (I-, U- or W-type) was independent from density
in the tested range. The mean fringe:Lanice ratio of the 30 sites
was 0.73 with an average deviation of 24% from this mean. Abun-
dance of Lanice for each of the 206 stations was finally estimated
by counting all visible fringes in ten randomly placed quadrats of
0.0625 m2 and multiplying the mean with the correction factor of
0.73. In addition to the mapping procedure, the study areawas vis-
ited at least once a month between March and November each
year so as not to miss any sudden major changes in population
densities.

Results

Distribution of Lanice before and after the ice winter
of 1995/96

In summer 1995 the spatial pattern of the Lanice popula-
tion was characterized by a patchy distribution with a
dominance of the density categories 6-50 ind m—2 and
51-200 ind m=2 (Fig. 3). Only two patches with densities
>200 ind m2 existed with a maximum of 386 ind m2 at
one station. Average population density for the entire ar-
ea amounted to 30.4 ind m=2. More than 99% of all
Lanice were found below —0.5 m MTL. This population
was completely eliminated by the severe winter of
1995/96. After the melting of the ice shield in March
1996, empty Lanice tubes were still protruding abun-
dantly out of the sediment but these decayed amost
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completely until June. In 1996 recruitment of Lanice was
very poor. Only few individuals (average of Oddewatt
0.2 ind m2) had recolonized the low intertidal and the
shallow subtidal by the end of summer. Although recruit-
ment was slightly higher in 1997 than in 1996, average
population density (1.3 ind m—2) was still much lower
than before the ice winter. Maximum values did not ex-
ceed 47 ind m=2.

In June of 1998 we observed high recruitment in the
study area. Juvenile Lanice could be seen abundantly in
the low intertidal but also in the mid- and high intertidal
where adult worms were still missing. Occasionally
strong easterly winds in summer allowed us to examine
the shallow subtidal which usually remains covered by
water even at spring low tides. Here, a high recruitment
had also taken place in the absence of adult tubes. In No-
vember 1998 the recol onization pattern of the population
closely resembled the pattern before the winter of
1995/96 (Fig. 3). The average population density in 1998
(30.7 ind m—2) was nearly the same as in 1995, and the
density categories 6-50 ind m=2 and 51-200 ind m—
were again dominant. The maximum value in 1998 was
227 ind m2. About 97% of all Lanice were found below
—0.5m MTL. A conspicuous similarity between the spa-
tial patterns of 1995 and 1998 also became apparent
when abundances for tidal levels were regarded separate-
ly (Fig. 4). Highest average abundances were found in
the lowest intertidal zone (-0.8 m to —1.0 m MTL). Av-
erage abundances were about 35-40% lower in the shal-
low subtidal (<-1.0 m MTL) and about 25% (1995) and
50% (1998) lower in the mid-intertidal (-0.5mto-0.8 m
MTL). In al years, abundances were lowest in the high-
est intertidal zone (>-0.5 m MTL).



Fig. 3 Distribution of Lanice
in Oddewatt near the island of
Sylt in 1995-1998
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Discussion
Recolonization pattern after the severe winter of 1995/96

Eliminations of intertidal Lanice populations after severe
winters are a well known phenomenon (e.g. Crisp 1964;
Beukema 1979; Gunther and Niesel 1999). However,
this recolonization process has never been studied in de-
tail. In our study it took three years for the Lanice popu-
lation to recover from elimination by a severe winter.

179

However, we cannot confirm our hypothesis that the re-
covery time is governed mainly by a gradual increase in
adult worms that facilitate settlement of Lanice larvae.
While it has been demonstrated earlier that larvae of
Lanice prefer to settle on tubes of adult worms (Carey
1987; Pieloth 1996; Heuers et al. 1998) our results show
that promotion of settlement by tubes of adults is not
compulsory for high recruitment. After two years of low
recruitment, the high recruitment event of Lanice in
1998 took also place in areas where tubes of adults were
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Fig. 4 Mean abundance (+SE) m—2 of Lanice in 1995-1998 in re-
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absent. In field experiments it has been shown that the
reported preference of Lanice larvae for tubes of adults
to settle on was not caused by chemical cues from the
adults because the larvae also settled on artificial tube-
like structures like wooden or metal sticks (Heuers et al.
1998) or PVC bristles of yard-brooms (Pieloth 1996).
However, in Oddewatt recruitment was also high in areas
without tube-like structures or any other conspicuous
epibenthic structures. The presence of adult Lanice did
not seem to be a requirement for recolonization in the
Dutch Wadden Sea either. There, Lanice suffered total
mortality during al colder than average winters
(Beukema 1979) and even during cold spells in winters
that had mean temperatures above average (Beukema
1985). However, Lanice usualy reached near-normal
levels of abundance within 1-2 years (Beukema 1990).
In the year after the severest winter of the twentieth cen-
tury (1946/47), Kristensen (1957) even observed unusu-
ally high abundances of juvenile Lanice in the Dutch
Wadden Sea.

As the high recruitment of Lanice in 1998 occurred
independently of the presence of adult Lanice, we con-

clude that the low recruitment in 1996 and 1997 cannot
be explained by the absence of tube-like structures. What
other factors may explain the retarded recolonization
pattern following mass mortality?

If intertidal populations are wiped out, the recoloniza-
tion process depends on the larval supply of surviving
subtidal Lanice. However, after the severe winter of
1995/96, Lanice was not only eliminated from the inter-
tidal but abundances had aso sharply decreased in the
onshore coastal subtidal near Sylt and did not recover
until 1997 (Armonies et al. 2001). In our study the re-
tarded recolonization of the intertidal sand flat corre-
sponded well with the larval abundance of Lanice in the
Sylt-Remg bight (Strasser 2000; M. Strasser, in prepara-
tion). Accordingly, the low recruitment in 1996 was ac-
companied by a virtual absence of Lanice larvae, where-
as an increase in larval abundance in the following years
was accompanied by increased recruitment. Therefore,
we suggest that the entire metapopulation in the tidal ba-
sin and the onshore coastal zone of the North Sea near
Sylt was too small in 1996 to release sufficient numbers
of larvae to alow recolonization of the intertidal edge of
the distributional range of Lanice. After a gradual build-
up of the onshore subtidal population within 2 years,
enough larvae may be supplied onto the tidal flats in the
third year, resulting in high recruitment. Reduced larval
abundance in the years immediately after adult popula-
tions of Lanice had been killed was also reported by
Buhr (1981) as well as Gunther and Niesel (1999).
Therefore, we suggest that it was the large spatial scale
on which winter cold affected the Lanice metapopulation
near Sylt that caused the delay in recovery. The quicker
recolonization of the intertidal flats in the Dutch Wadden
Sea might be caused by a higher survival of the subtidal
Lanice stocks during severe winters. Since winter water
temperature in the Wadden Sea decreases from south-
west to northeast, the negative effects of severe winters
to cold-sensitive species are lower in the western than in
the northern Wadden Sea (Beukema et al. 1988). If the
subtidal Lanice population suffers relatively little dam-
age, then its larval production may be high enough to
achieve a successful recolonization of the intertidal flats
in the first two years after severe winters. In addition, the
western part of the Wadden Sea is further supplied with
larvae from the southern North Sea coast where water
temperature hardly ever falls below 0°C even during se-
vere winters (Beukema et al. 1988).

Our results confirm the assumption in a preliminary
simulation model designed to explore the spatial and
temporal dynamics of Lanice (Heuers et a. 1998;
Grimm 1999), that it takes about 3—4 years until an inter-
tidal population reaches a similar density and distribu-
tion pattern as before a severe winter. However, in a re-
finement of the model it should be taken into account
that high recruitment may also take place in the absence
of tubes of adults and that larval supply may differ sub-
stantially between years.



Distribution pattern in the intertidal zone

The highest average abundances of Lanice were found in
the lowest intertidal zone and in all years more than 90%
of al Lanice were situated in the three zones closest to
the low tide line (below —0.5 m MTL). These results are
in accordance with other studies from the Wadden Sea
where high densities of Lanice were restricted to areas
below MTL (Wohlenberg 1937; Ziegelmeier 1952;
Beukema 1985; Reise 1985; Carey 1987). Abundances
gradually decreased in a landward direction. While La-
nice was amost absent in the highest intertidal zone in
three out of the four years, an average abundance of
about 6 ind M2 in 1998 indicates that abiotic factors do
not generally restrict colonization of this tidal level by
Lanice. Conceivable factors that may contribute to rela-
tively low Lanice abundances in the higher intertidal are
(1) negative interactions with the bioturbating lugworm
Arenicola marina that occurs in high densities in the up-
per tidal zone, (2) lack of epibenthic structures such as
shell fragments and Mytilus edulis beds (see Heuers et
al. 1998), (3) too low near-bottom flow velocities to al-
low successful settlement (see Heuers et al. 1998;
Grimm 1999) or (4) insufficient settlement due to a de-
creasein larval supply in alandward direction.

Finaly it should be noted that the maximum abun-
dances of 386 ind m—2 in 1995 (before the severe winter)
and 227 ind m2 in 1998 (after full recovery) do not pres-
ent the carrying capacity of Lanice in the study area, as
densities of about 1,000 ind m—2 have been observed in
1977-1978 and 1990-1993 (K. Reise, personal commu-
nication).
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