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ABSTRACT: After the major loss of eelgrass habitats in the 1930s the snake pipefish Entelurus 
aequoreus was considered to be rare in the W adden Sea (south-eastern North Sea, G erm an Bight). 
We hypothesize that a sudden increase in pipefish abundance observed in the area since 2004 is 
related to new  habitats provided by the introduced Japanese seaw eed Sargassum muticum . SCUBA 
observations conducted near the Island of Sylt during July 2006 showed that approxim ately every 
second S. m uticum  thallus was inhabited by E. aequoreus, w hereas no pipefish could be found on 
sedim entary areas dom inating the W adden Sea. In a field experim ent, we rem oved thalli from a S. 
m uticum  bed and transplanted them  to an unvegetated  site and to the donor S. m uticum  bed, respec­
tively. Nine days after the transplantation, abundances of pipefish per thallus w ere almost equally 
high w ithin all transplanted S. m uticum  units at vegetated  and originally unvegetated  sites. A bun­
dances of E. aequoreus in transplanted thalli did not significantly differ from those found in unaf­
fected control thalli located in the donor S. m uticum  bed. To explain high pipefish densities within S. 
m uticum  beds we sam pled the Zooplankton community inside and outside the S. m uticum  bed  and 
com pared it w ith gut contents of pipefish. Zooplankton densities w ere significantly higher inside the 
S. m uticum  bed. Harpacticoid copepods w ere the dom inant group associated w ith S. m uticum  and 
also represen ted  the major prey of E. aequoreus. We conclude that stocks of E. aequoreus are pro­
m oted by S. m uticum  beds since they benefit from higher food supply during the spaw ning season, 
probably in addition to increased shelter by habitat complexity. Results of the present study suggest 
that introductions of habitat-form ing species such as S. m uticum  may cause beneficial effects on 
abundance and diversity of native species.
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INTRODUCTION

In coastal ecosystems biogenic habitats composed of 
m acrophytes such as seagrasses are generally known 
to increase abundance and species diversity of associ­
ated fish communities (e.g. Pollard 1984, Jackson et al. 
2001, Franco et al. 2006). In the W adden Sea, shallow- 
w ater fish diversity is considered to have declined 
since the major loss of subtidal seagrass habitats d u r­
ing the 1930s (Wolff 2000, Polte 2004), w hen an infec­

tion by a parasitic slime mould (Labyrinthula zosterae) 
caused a severe decline of subtidal Zostera marina 
stocks that have not recovered in the W adden Sea area 
(den H artog 1987, de Jonge et al. 2000). Species such 
as the broad-nose pipefish Syngnathus typhle, the sea 
stickleback Spinachia spinachia, and the snake p ipe­
fish Entelurus aequoreus (all: Linnaeus, 1758) attrib­
uted  to the seagrass fish community (W ohlenberg 
1935, Redeke 1941, Nijssen & de Groot 1987) becam e 
rare in the area, most probably because of the lack of
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complex m acrophyte habitats in the shallow subtidal 
zone (Berg et al. 1996). During fish surveys carried out 
in 2003 on intertidal seagrass beds (Zostera noltii), 
mussel beds (Mytilus edulis) and sand flats, as well 
as in subtidal areas w here Z. marina formerly occurred 
and which w ere unvegetated  at the time of sampling, 
none of the nam ed fish species could be found (Polte 
2004, Polte & Asmus 2006). However, since 2004 S. 
spinachia and E. aequoreus could be observed more 
frequently in the northern W adden Sea (P. Polte & C. 
Buschbaum unpubl. data). Snake pipefish E. aequoreus 
in particular was found in exceptionally high abun­
dances in the north-eastern Atlantic O cean during the 
last 5 yr (Kirby et al. 2006, Lindley et al. 2006, Harris et 
al. 2007, 2008, Kloppmann & Ulleweit 2007). The re a ­
son for the strong increase of the snake pipefish popu­
lation has been attributed so far to global w arm ing and 
a rise in sea surface tem peratures that benefit rep ro ­
duction and survival of larvae (Kirby et al. 2006, Lind­
ley et al. 2006).

Based on observations in the northern W adden Sea 
(south-eastern North Sea), we assum e that the in ­
creasing success of the introduced Japanese seaw eed 
Sargassum m uticum  (Yendo) might also represent a 
key factor prom oting Entelurus aequoreus by provid­
ing im portant habitats, especially during the spawning 
season, w hen males that conduct parental care find 
shelter and an enriched food supply w ithin the S. 
m uticum  beds.

Sargassum m uticum  is highly invasive and, currently, 
has an almost worldwide distribution. Probably as a 
result of oyster Crassostrea gigas  Thunberg aquacul­
ture activities, it becam e introduced to northern Europe 
in 1976. From the English Channel S. m uticum  rapidly 
spread north- and southward. Because of its success­
ful reproductive strategy by self-fertilisation (Fletcher 
1975, Norton 1976, 1977) and efficient dispersal m ech­
anism by floating thalli, its current distribution reaches 
from Portugal to Scandinavia (Druehl 1973, Critchley 
1983, Rueness 1989, Karlsson & Loo 1999, Wolff 2005). 
After establishm ent, densities of S. m uticum  have 
strongly increased along European coasts (e.g. Critch­
ley et al. 1987, Karlsson & Loo 1999, Staehr et al. 2000).

Sargassum m uticum  becam e established in the 
southern range of the W adden Sea in 1980, w here it 
was first found at the Dutch island of Texel. Since 1993, 
S. m uticum  can regularly be found near the Island of 
Sylt (Germany) in the northern W adden Sea (Korn­
m ann & Sahling 1994). In this area, S. m uticum  grows 
in the shallow subtidal zone at the particular tidal level 
w here eelgrass Zostera marina occurred before stocks 
vanished. In the sedim entary environm ent of the 
W adden Sea, S. m uticum  preferentially settles on epi- 
benthic molluscs such as native blue mussels M ytilus 
edulis and the introduced Pacific oyster Crassostrea

gigas (Buschbaum 2005, Buschbaum et al. 2006). In 
cold w aters S. m uticum  is pseudo-perennial. The la t­
eral branches detach in summer and early autumn, 
leaving a short perennial stipe from which thalli reg en ­
erate during the following spring (e.g. Jephson & Gray 
1977) and may achieve a length of >4 m during sum ­
mer. O ther habitat-form ing algae are very rare in the 
subtidal zone of the W adden Sea. Hence, S. m uticum  
w ith its long and complex thalli m ight serve as a com ­
pensatory habitat to native fishes that have been  asso­
ciated w ith seagrass habitats provided that those fish 
species are still present on the North Sea scale. Thus, 
w e hypothesised, that: (1) w hen S. m uticum  occurs in 
the shallow subtidal zone it will becom e inhabited by 
snake pipefish and (2) the density of planktonic prey is 
significantly higher w ithin S. m uticum  beds com pared 
to unvegetated  areas.

MATERIALS AND METHODS

Study sites. Studies w ere conducted on the east coast 
of the Island of Sylt in the northern W adden Sea (North 
Sea) (Fig. 1). A shallow tidal basin is formed by the 
m ainland and the islands of Sylt (Germany) and Romo 
(Denmark). Along the tidal w atersheds the Sylt-Romo 
Bight is nearly closed by causeways connecting the 
islands w ith the m ainland. A single inlet opens the 
bight to the open North Sea. Tides are semi-diurnal, 
w ith an average am plitude of about 2 m. Salinity 
ranges seasonally from 28 in w inter to 32 in summer. 
During the vegetation period of Sargassum m uticum  
from February to August, w ater tem peratures vary 
seasonally from 1 to 20°C. During the investigation 
period in July 2006, the m ean w ater tem perature was 
18°C. M ean w ater depth  in the investigated areas 
ranged from 0.5 m (mean low tide line) to 2 m (mean 
high tide line).

The intertidal and shallow subtidal zone of the 
Sylt-Rom o Bight is dom inated by bare  sandy to muddy 
sediments. Today, seagrass beds are limited to the 
intertidal zone and dom inated by the dwarf seagrass 
Zostera nolti, Hornem ann, covering approxim ately 
12% of tidal flats (Gätje & Reise 1998). M ussel beds 
(Mytilus edulis) used to cover 0.3% of the intertidal 
zone (Gätje & Reise 1998), but may show interannual 
variations. However, during the last 3 yr, they have 
becom e increasingly invaded by the Pacific oyster 
Crassostrea gigas (Diederich 2006), leading to a shift in 
landscape from mussel beds to oyster reefs. Introduced 
by oyster aquaculture, Sargassum m uticum  has spread 
in the shallow subtidal zone since 1993 in the range of 
mussel beds, oyster reefs and breakw aters (Kornmann 
& Sahling 1994, Buschbaum 2005, Buschbaum et al.
2006). Studies w ere conducted in a S. m uticum  bed
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located in the subtidal zone on the northern side of 
Koenigshafen Bay (a shallow subsystem of the Sylt- 
Romo Bight) and on unvegetated  soft sedim ents 
located about 3.5 km south, in the reach of a sheltering 
breakw ater (List Breakwater), off the village of List 
(Fig. 1). This site was chosen because it fulfils the hab i­
tat requirem ents of S. m uticum  more closely than 
exposed sand flats and was, therefore, considered to 
bring the experim ental setup as close to natural condi­
tions as possible.

Density and biomass of Sargassum muticum. On 
10 July 2006, abundance and biomass of Sargassum  
m uticum  thalli w ere m easured in a seaw eed bed that 
was used as a donor area for experim ental trans­
plantation of S. m uticum  to study pipefish settlem ent 
(Fig. 1C, Site 1). Densities of thalli w ere counted in 3 x 
3 m plots (n = 20), random ly chosen and defined by 
tape m easure. Thalli w ere collected random ly (n = 10). 
The algae w ere detached from their substrata (oysters 
Crassostrea gigas and mussels M ytilus edulis), placed 
in a bucket (of known weight) and w eighed (g fresh 
wt) using a spring balance. Additionally, the length of 
each thallus was recorded using a tape m easure.

Sargassum muticum  transplantation experiment. To 
test the hypothesis that W adden Sea areas will become 
inhabited by snake pipefish w hen S. m uticum  is 
present, S. m uticum  thalli (n = 20) w ere randomly re ­
moved from the S. m uticum  bed. Afterwards, thalli 
w ere detached from the substrata and fresh wt and 
length w ere recorded. The thalli w ere attached to 
m etal poles using cable ties fixed at the thallus' hold­
fast. Each unit was equipped w ith a small num ber tag 
fixed to the pole; 10 of the thalli w ere transplanted a 
distance of 2 km to the originally unvegetated  site at 
List Breakw ater and to a tidal level the same as that 
at the donor S. m uticum  bed.

Ten thalli attached to metal poles w ere re-transplanted 
to the donor Sargassum m uticum  bed  to estim ate trans­
plantation effects. As control units, another 10 thalli

located within the donor S. m uticum  bed  w ere ran ­
domly chosen and not handled, except that num ber 
tags w ere fixed on the alga's holdfast right at the 
oyster substrate.

On 19 July, 9 d after transplanting the thalli, the 
abundance of pipefish on transplanted  and control 
units was exam ined by SCUBA during high tide. 
Additionally, on unvegetated  sandy sedim ents at List 
Breakwater, 5 replicate 30 m transects w ere controlled 
for the occurrence of pipefish.

Due to the experim ental setup, the abundance of 
pipefish could not be m easured per area directly. 
Instead, abundance was m easured as the num ber of 
fish per Sargassum m uticum  thallus. Since Entelurus 
aequoreus shows minimal escape behaviour, espe­
cially w hen hiding cam ouflaged beneath  the algae, 
fish per transplanted thallus could reliably be counted 
in situ. Pipefish abundance per area could be calcu­
lated secondarily from fish abundance per thallus and 
density of thalli per area. Specimens of E. aequoreus 
found near transplanted  and control thalli w ere exam ­
ined for eggs externally adhered to the trunk of male 
fish.

Analyses of pipefish gut contents. Individuals of 
Entelurus aequoreus w ere randomly collected within 
the Sargassum m uticum  bed  (n = 8). They w ere taken 
to the laboratory w here total length and fresh wt w ere 
m easured. Stomach contents w ere removed, diluted in 
seaw ater and brought into a plankton counting cham ­
ber. Organism s found in each stomach w ere counted 
and identified to taxonomic order. Fragm ented organ­
isms w ere quantified by counting only the heads.

Prey densities in the field. To investigate w hether 
Sargassum m uticum  beds may provide an increased 
food supply to pipefish during the spaw ning season, 
the density of prey fauna w ithin the Koenigshafen Bay 
S. m uticum  bed  was com pared to that of adjacent 
unvegetated  areas located at the same tidal level (dis­
tance: approxim ately 20 m). During incoming tide a
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plankton net of 1.60 m length and a diam eter of 50 cm 
(mesh size: 250 pm) was brought to the bottom by a 
SCUBA diver. The ring frame of the net was carefully 
moved underneath  the bivalve substrate, and the net 
was pulled vertically over single, subm erged S. m u ti­
cum  thalli (n = 6) (almost as long as the height of the 
w ater column) from the bottom to the w ater surface 
(depth: 1.60 m). At the surface, prior to rem oving the 
S. m uticum  thallus from the net, the thallus was 
w ashed 3 times to remove adherent fauna. Outside the 
S. m uticum  bed  a similar technique was conducted on 
unvegetated  sediment, w hereby the net was moved 
from the bottom to the surface over the same distance 
as inside the algal bed  (n = 6). The sam pled w ater vol­
um e inside and outside the S. m uticum  bed  was 0.3 m3 
(area of the net opening = 0.2 m 2 x sam pling distance = 
1.6 m). Organisms w ere w ashed out of the rem ovable 
cylinder attached to the bottom of the plankton net and 
fixed in 10% formalin. Organisms from vegetated  and 
unvegetated  areas w ere identified to taxonomic order. 
Due to the sam pling technique used, the term  'Zoo­
plankton' is used here, although a num ber of orders 
caught are usually found close to the sea floor and might 
also be referred  to as hypoplankton or epibenthos.

Data analysis. Results of quantitative assessm ents 
are presented as arithmetic m eans w ith standard errors 
(±SE). Statistical effects w ere tested for significance 
using a 1-way analyses of variance (ANOVA). Datasets 
w ere tested for homoscedasticity by Cochran's test 
and transform ed using log(x + l) if necessary to fulfil 
the assumptions for ANOVA. Effects betw een single 
treatm ents of the Sargassum m uticum  transplantation 
experim ent w ere analysed using post hoc Tukey's 
honestly significant differences (HSD) test. Statistical 
significance was assum ed if the p-level w as <0.05.

In the Sargassum m uticum  bed  at Koenigshafen Bay 
(Fig. 1), the abundance of E. aequoreus per thallus in 
unaffected control thalli w as 0.6 ± 0.2 ind. thallus-1. 
With a given S. m uticum  density of 7 thalli per 10 m 2 
(see above), abundance of E. aequoreus corresponds 
to 4.2 ind. per 10 m2. At the unvegetated  site at 
List Breakwater, m ean abundance of pipefish in trans­
planted S. m uticum  thalli was 0.6 ± 0.2 thallus-1. In the 
transplanted thalli located w ithin the donor S. m uticum  
bed  0.5 ± 0.2 ind. thallus-1 w ere found (Fig. 2). Pipefish 
abundances in the experim ental treatm ents showed no 
significant differences overall (ANOVA, p = 0.9, df = 2, 
F = 0.05).

Of all pipefish found in transplanted and control Sar­
gassum  m uticum  thalli during the investigation period, 
57 % w ere males carrying eggs adhered to their trunk. 
Note: Beside Entelurus aequoreus, 2 specimens of the 
sea stickleback Spinachia spinachia w ere observed 
inhabiting the transplanted S. m uticum  thalli, w hereas 
none of these fish w ere observed at the unvegetated  
control site.

Composition of pipefish diet

Specimens of Entelurus aequoreus sam pled for 
analysis of gut contents had a m ean body length of
28.8 ± 0.9 cm and a m ean fresh wt of 2.9 ± 0.3 g. 
Harpacticoid copepods represen ted  by far the majority 
of prey organism s found in the guts of pipefish from 
the Sargassum m uticum  bed. Barnacle and fish larvae, 
as well as am phipods and mysidaceans, w ere also 
found, but in com parably lower percentages (Table 1). 
Numerical m ean abundances of prey groups per fish 
gut (n = 8) w ere as follows— harpacticoid copepods:

RESULTS 

Sargassum muticum  density and biomass

In the investigated Sargassum m uticum  bed, m ean 
density (±SE) of thalli was 7 ± 0.05 per 10 m2. Thalli 
had a m ean length of 1.4 ± 0.1 m and a m ean fresh wt 
of 0.47 ± 0.05 kg. The thalli transplanted during the 
experim ent showed no significant differences with 
respect to length and w eight (thallus length: ANOVA 
p = 0.3, df = 2, F= 1.2; thallus fresh wt: ANOVA p = 0.5, 
df = 2, F =  0.7).

Abundance of Entelurus aequoreus

No individuals of Entelurus aequoreus could be found 
on the unvegetated transects at List Breakwater (Fig. 1).
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Fig. 2. M e a n  ab u n d an c e  (±SE) of E nte lu ru s a eq uoreus  p e r  
Sarg a ssu m  m u ticu m  thallu s in  th e  ex p erim en ta l tra n sp la n ta ­
tio n  a n d  contro l un its . All tran sp lan ts  w e re  from  th e  S a rg a s­
su m  donor b e d  (w here  th e  contro l w as also located) in  th e  
K oen igshafen  Bay area ; th e  b a re  sed im en t site  w as at List 
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T able  1. M e a n  p e rce n ta g e s  (±SE) of p rey  o rgan ism s found  
in  th e  gu ts of E nte lu ru s a eq uoreus  (n = 8)

I I Within S. muticum  bed  □  Outside S. m uticum  bed 

200

Prey P ercen t of p re y  p e r  fish  gut

H arp ac tico id  copepods 86.3 ± 4 .8
C ypris la rv ae 4.5 ± 1.5
Fish  la rv ae 5.5 ± 3.7
A m phipods 1.7 ± 1.0
M ysidaceans 0.6 ± 0.3

74.8 ± 20.9, barnacle (cypris) larvae: 2.4 ± 0.8, fish 
larvae: 1.4 ± 0.7, amphipods: 1.1 ± 0.5 and mysi- 
daceans: 0.5 ± 0.2.

Density of Zooplankton groups associated with 
Sargassum muticum

The Zooplankton sam pled in vegetated  and unvege­
tated  areas was dom inated by copepod and amphipod 
crustaceans, as well as by planktonic stages of benthic 
larvae (meroplankton) such as polychaetes, gastro­
pods, bivalves and balanids (Table 2). With 40.8 ± 
3.9 ind. per 0.3 m 3, the m ean density of Zooplankton in 
total was significantly lower in the unvegetated  area 
adjacent to the Sargassum m uticum  bed  (p = 0.001, 
df = 1, F = 21.2) than  inside the bed  w here the total 
density was 768 ± 158.5 ind. per 0.3 m3. This is also 
true for all taxonomic groups. Num bers of copepods, 
am phipods and benthos larvae w ere all significantly 
higher in the S. m uticum  bed com pared to unvege­
tated  areas (Fig. 3) (copepods: p = 0.001, df = 1, F  = 
22.0; amphipods: p < 0.001, df = 1, F=  12.02; benthos 
larvae: p = 0.006, df = 1, F= 98.7). Cypris stages of b a r­
nacle larvae (Balanidae) w ere the only group that 
showed slightly lower abundances inside S. m uticum

T able  2. M ean  d ensity  (±SE) of Zooplankton organ ism s p e r 
0.3 m 3, asso c ia ted  w ith  S argassum  m u ticu m  a n d  u n v e g e ta te d  

a reas

Tax on M ean  density  p e r  0.3 m 3 
S. m u ticu m  S. m u ticu m  

p re se n t ab sen t

H oloplankton
C o p ep o d a

C alanoid 3.5 ± 0.4 17.3 ± 2.8
C yclopoid 17.8 ± 3.0 1.17 ± 0.5
H arpac tico id 599.8 ± 122.3 15.8 ± 3.6

A m phipoda 128.2 ± 31.8 1.5 ± 0.8
M eroplankton
Polychaeta 4.0 ± 1.15 0.5 ± 0.34
G astro p o d a 1.3 ± 0.4 0.2 ± 0.2
Bivalvia 12.7 ± 3.6 3.8 ± 1.4
C irriped ia

B alan idae 0.2 ± 0.2 0.5 ± 0.2

g  400

=3 200

C opepods Am phipods Benthos larvae 
(Meroplankton)

Fig. 3. M e a n  a b u n d an c e  (±SE, n  = 6) of Zooplankton p e r 
0.3 m 3 in side  an d  ou tside  th e  S argassum  m u ticu m  bed . 

* * p < 0 . 0 1 ;  *” p < 0 . 0 0 1

than on unvegetated  areas. However, num bers of b ar­
nacle larvae found w ere very low, and differences 
w ere not significant (p = 0.3, df = 1, F = 1.4).

DISCUSSION

Results of the experim ental transplantation of Sar­
gassum  m uticum  indicate that originally unvegetated  
areas w here snake pipefish w ere absent becam e in ­
habited rapidly after Sargassum  thalli w ere artificially 
introduced. In that area, abundance of Entelurus 
aequoreus reached the same level as in the donor S. 
m uticum  bed  (~1 fish per 2 thalli) within a little more 
than a w eek. The process of transplantation and the 
way thalli w ere artificially fixed at the site are not 
considered to have affected the results, since no differ­
ence in pipefish abundance could be observed among 
unaffected control thalli and re-transplants within 
the original S. m uticum  bed. Sex distribution of fish 
could not be assessed reliably in situ. In contrast to 
many syngnathid species in w hich m ales carry the 
eggs w ithin a brood pouch, males of E. aequoreus 
carry the eggs externally adhered to their trunk 
(Vincent et al. 1995). Thus, egg-carrying males could 
easily be identified in situ. They m ade up 57 % of total 
individuals found during the investigation period. 
This finding suggests that the vegetation period of S. 
m uticum  in the W adden Sea from February to August 
coincides w ith the spaw ning season of E. aequoreus, 
which might point out a significant role of S. m uticum  
habitats during pipefish reproduction, a sensitive 
phase in the fish's life cycle.

The density of planktonic prey, such as harpacticoid 
copepods, was significantly increased inside the Sar-
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gassum  m uticum  bed  com pared to in adjacent u n ­
vegetated  areas. The im portance of harpacticoid cope­
pods as a food source for pipefish is also described 
for other species of syngnathids (Tripton & Bell 1988). 
However, prey composition varies am ong syngnatid 
species due to morphological differences such as snout 
length and species mobility (Kendrick & Hyndes 2005). 
Since data  on the diet of Entelurus aequoreus are 
limited to fish taken  from the S. m uticum  bed, results 
are biased and are not suggested to cover the entire 
spectrum  of potential prey. However, they dem on­
strate that the harpacticoid copepods that dom inated 
the plankton community inside the S. m uticum  bed  are 
a suitable food for pipefish and are extensively preyed 
on. Based on these results it can be concluded that d u r­
ing the pipefish reproduction period in the W adden 
Sea, S. m uticum  beds provide efficient feeding grounds 
for E. aequoreus.

Since the grow th of Sargassum m uticum  in the 
W adden Sea is pseudo-perennial, the algal biomass 
decreases drastically during late summer and early 
fall, w hen lateral branches detach (Jephson & Gray 
1977, Buschbaum et al. 2006). Therefore, S. m uticum  
habitats are only tem porarily available and do not sup­
port a resident fish fauna. While m any pipefish species 
are considered to inhabit inshore habitats rather p e r­
m anently (e.g. Kendrick & Hyndes 2003, Oliveira et al.
2007), Entelurus aequoreus can be regularly found off­
shore. W hether the pelagic mode represents a certain 
stage in the life cycle of snake pipefish or w hether the 
oceanic forms of E. aequoreus are even taxonomically 
different from the inshore form is unclear (see Klopp- 
m ann & Ulleweit 2007 for details). H igher num bers of 
snake pipefish larvae in offshore plankton and of adult 
specimens in fish surveys m ight be a result of North 
Sea currents influencing the distribution of pipefish 
and their larvae, originating from inshore habitats. 
Active, seasonal inshore-offshore migrations are also 
possible, as has been docum ented for other syngnatid 
species, such as the northern pipefish Syngnathus  
fuscus, w hich leaves estuaries and moves offshore 
during w inter (Lazzari & Able 1990).

Kirby et al. (2006) and Lindley et al. (2006) attribute 
the sudden num erical increase of Entelurus aequoreus 
in the northeast Atlantic to a w arm ing sea as a result 
of climate change, which is beneficial for reproduc­
tion and larval survival. Environm ental factors such as 
changing tem peratures or the overexploitation of food 
competitors probably affect stocks of pipefish. How­
ever, those factors might not explain the sudden in ­
crease in stock sizes. The present study does not p ro­
vide an exclusive reason for the increase of snake 
pipefish in the northeast Atlantic, but, in our opinion, 
the introduction of Sargassum m uticum  is a key factor 
for the recovery of E. aequoreus in the W adden Sea.

However, population dynamics and distribution p a t­
terns could not be dem onstrated on a W adden Sea scale 
in the present study, and we can only suggest that the 
settlem ent of pipefishes on transplanted S. m uticum  
thalli occurred by passing pelagic specimens. However, 
since snake pipefish have been considered a red  list 
species in the W adden Sea (Berg et al. 1996), its sudden 
density and inshore aggregation in Sargassum  habitats 
indicates a significant ecological function of S. m uticum  
for these fish. Since S. m uticum  stocks are increasing in 
European w aters (e.g. Critchley et al. 1987, Karlsson & 
Loo 1999, Staehr et al. 2000), a subject of further re ­
search should be w hether these stocks could potentially 
trigger the high abundances of snake pipefish currently 
found in the northeast Atlantic Ocean.

That the complex structure of Sargassum m uticum  
provides a significant shelter from predation can only 
be assumed, since this was not investigated during the 
present study. However, in our experience, specimens 
of Entelurus aequoreus w ere difficult to spot w ithin the 
algal canopy, since they mimic S. m uticum  branches in 
colour and form. That different pipefish species occupy 
certain m acrophytes based on their ability to mimic 
morphology and colour was observed by Kendrick & 
Hyndes (2003) in W estern Australia. With their brow n­
ish colour and brighter markings, the cam ouflage of 
the snake pipefish we found m atched S. m uticum  more 
closely than the seagrass (Zostera marina) habitats that 
they are docum ented to have formerly inhabited in the 
W adden Sea area. Specimens recently illustrated or 
described (e.g. Froese & Pauly 2007) show a coloura­
tion similar to fish found during the present study and 
therefore are well cam ouflaged w ithin S. muticum . We 
w ere not able to determ ine w hether S. m uticum  hab i­
tats promote E. aequoreus densities more than seagrass 
habitats by offering a substrate that provides better 
camouflage, or w hether snake pipefish simply adapt 
their colour to a changing habitat as other syngnathids 
do. However, this information is considered im portant 
to evaluate w hether the introduction of S. m uticum  to 
the W adden Sea leads to a restoration of snake p ipe­
fish stocks or w hether it rather leads to an overpopula­
tion that m ight negatively affect ecosystem function­
ing. Since historical data on pipefish abundance before 
the decline of subtidal seagrass beds are not available, 
it is difficult to evaluate w hether the present increase 
of pipefish stocks m ight exceed the carrying capacity 
of the ecosystem and negatively influence other biota 
via the food web. Examples of such negative influ­
ences have already been  reported by Harris et al. 
(2007), who observed that E. aequoreus increasingly 
becam e part of the diet of seabirds in the northeast 
Atlantic, negatively affecting their breeding success 
because chicks could not swallow snake pipefish and 
a high num ber of juvenile birds choked.
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Beside snake pipefish, the sea stickleback Spinachis 
spinachia and the broad-nose pipefish Syngnathus  
typhle have been  considered to be th reatened  in the 
W adden Sea due to habitat loss (Berg et al. 1996). During 
the relatively short investigation period, 2 sea stickle­
backs w ere observed within the transplanted Sargassum  
m uticum  thalli. A lthough the observation of 2 individu­
als is not enough to conclude that the alga affects the 
stock of S. spinachia in the W adden Sea, it might indicate 
that a North Sea population of S. spinachia is still present 
in spite of the loss of Zostera marina habitats. In contrast 
to the snake pipefish and the sea stickleback, the broad- 
nose pipefish Syngnathus typhle is probably still absent 
in the northern W adden Sea since the d isappearance of 
subtidal seagrass (Polte 2004). Since S. typhle  occurs 
in relative proxim ity— about 300 km northw ard, in the 
Danish Limfjord— the species' geographical range does 
potentially allow a re-colonization of the W adden Sea. 
Since reports of S. typhle to our knowledge are limited to 
seagrass habitats (e.g. Vincent et al. 1995, Riccato et 
al. 2003, Vizzini & M azzola 2004, Oliveira et al. 2007), 
this species might rely on seagrass habitats and not 
take advantage of alternative habitats provided by 
Sargassum  spp.

The introduction of non-indigenous species to all 
varieties of ecosystems is considered to be a major 
threat to global biodiversity (e.g. Steneck & Carlton 
2001). However, depending on the capacity of ecologi­
cal niches in the receptor system, it is also possible that 
introduced, habitat-form ing organism s may promote 
the diversity of native communities instead of harm ing 
them. Buschbaum et al. (2006) found 60 species of 
epibionts associated w ith Sargassum m uticum  in the 
W adden Sea, and a high num ber of them  w ere origi­
nally rare in the area. However, there is also evidence 
of negative effects, e.g. on native algal assem blages 
caused by the introduction of S. m uticum  to other eco­
systems. Britton-Simmons (2004), for example, showed 
that S. m uticum  introduced to the Pacific coast of the 
northern USA out-com peted native m acroalgae, and 
thus negatively affected the p lan t-g razer regim e by 
limiting food availability to herbivores.

Thus, we conclude that the effects of non-indigenous, 
habitat-form ing species such as Sargassum m uticum  
may differ in distinct coastal systems. Although alter­
ation of ecosystems by introduced species should 
never be promoted, consequences of introductions 
cannot be generalized but could b e — and should b e — 
investigated in relationship to the unique characteris­
tics of the receptor system.
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