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In trod u ction

Sargassum m uticum , an  invasive brow n alga o f 
Jap an ese  orig in , has been found  a ttached  at two 
m ain  localities in  th e  southw est N etherlands: at 
Lake Grevelingen and  the E astern  Scheldt (Fig. 1). 
Sm aller p o p u la tio n s occur on  th e  W adden Sea is
lands o f  Texel an d  Terschelling (Fig. 1, inset).

T he southw est N etherlands com prises a  num ber 
o f  islands m aking  up th e  D utch D elta region (/.<?., 
the convergence o f  the rivers Rhine, M euse and  
Scheldt). T h e  area  is o f  considerable ecological im 
p o rtan ce  (reviewed by Saeijs & D eJong, 1981; Ban- 
n ink  et al., 1984; N ienhu is & H u is in’T  Veld, 1984). 
W ith in  th is prescribed area  th e  presence o f  S. m uti
cum  was th o u g h t to  be  a direct result o f  large q u a n 
tities o f  fertile d rif t m ateria l o rig ina ting  from 
French an d  B ritish p o p u la tio n s (Fig. 1, inset an d  
C ritchley  et al., 1983). D rift p lan ts have been cast 
upo n  D utch shores since 1977 (P ru d ’hom m e van 
Reine, 1977a, b) an d  have been clearly  dem o n stra t
ed to  have preceded a ttached  p lan ts (N ienhuis, 
1982; P ru d ’hom m e van Reine &  N ienhuis, 1982).

T he work presented  here represents a  con tinuous 
field s tudy  from  N ovem ber 1981 to  N ovem ber 1982, 
followed by p e riod ic  m on ito ring  o f  d istrib u tio n  un 
til 1985 and  a resurvey o f  q u ad ra ts  in M ay 1986.

D escrip tion  o f  sites studied

T his p ap er is concerned  with tw o m ain  areas o f  S.

m uticum  co lon ization  in the southw est N ether
lands, Lake Grevelingen and  th e  E astern  Scheldt
(Fig. 1).

Lake Grevelingen: T he Grevelingen estuary  was 
once one o f  the d istribu taries o f  th e  large Rhine- 
M euse river system. T he estuary  was c losed o ff  
from  all riverine and  N orth  Sea influences in 1964 
and  1971 respectively. T he area o f  the form er estu 
ary was reduced from  140 to 106 km 2 to  becom e a 
n on-tida l, shallow  saline lake with an  average depth 
o f  5.3 m (64%  o f  the lake < 5  m; 46%  o f  th e  lake 
<  2.5 m ). G radual eu troph ica tion  o f  the lake neces
sitated  open ing  (v /a  a  sluice) a  connection  w ith  th e  
N o rth  Sea (Fig. 2; Saeijs & Stortelder, 1982). T he 
sluice rem ained open  briefly during  the la tter part 
o f  1978 an d  for th e  w hole o f  1979. Subsequently, as 
a  form  o f  m anagem ent, the sluice has been opened 
only  du rin g  the w inter m onths (O c to b e r-M a rch ). 
T he long-term  m anagem ent strategy fo r Lake 
Grevelingen rem ains undecided, an d  there is a  po s
sib ility  (albeit rem ote) th a t the  w ater-body could 
becom e a freshw ater im poundm en t (B annink et al., 
1984; N ienhuis & H uis in’T  Veld, 1984).

M ost o f  th e  perim eter o f  Lake Grevelingen was 
protected  from  erosion by artificial cladding (dike 
walls) o f  hard substra ta  (e.g., b asa lt, lim estone, 
concrete  aggregate and  asphalt). Sim ilarly, natu ral 
and  m an-m ade islands w ithin the  lake were p ro tect
ed from  wave a ttack  by th e  dum ping  o f  basa lt b o u l
ders to form  “ rip -rap ” dam s (N ienhuis, 1982). All 
these structu res provided m any new substra ta  for 
biological colonization . However, .certain  areas o f
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Fig. I .  The d istribu tion  o f  attached  popu la tio n s  o f  Sargassum  m u tic u m  in th e  southw est N e therlands and  the positions in Lake 
Grevelingen and the E astern  Scheldt. In se t:  A ttached  S. m u tic u m  a long  th e  E uropean  coasts  o f  th e  English C hanne l and N o rth  Sea.

the lake {Le., Slikken van Flakkee, a fo rm er salt- 
m arsh; Fig. 3) com prised  b o tto m  su b stra ta  o f  soft 
m ud  and  silt an d  were largely devoid o f  rocks. In 
th is  shallow  n o rtheastern  section  o f  th e  lake the 
m arine  angiosperm  Zostera marina was p a rticu la r
ly com m on (N ienhuis, 1983),

O bservations o f  Sargassum m uticum  in Lake 
Grevelingen were based on  sam pling a long  th e  dike 
wall running from  Scharendijke to  B rouwershaven 
(Fig. 2). W ithin ca 10 m  o f  the dike wall th ere  is a 
gentle  sublittoral g radient com prising  scattered  
rocks and  build ing  m aterial to  a  d e p th  o f  ca  2 m . 
M ussels (M ytilus edulis) com m only  form  a  dense 
cover (8 0 -1 0 0 % ) o f  all su b stra ta  w ithin th e  first 
m eter o f  water. Beyond 10 m from  th e  dike wall th e  
p rofile  deepens sharply an d  hard  su b stra ta  a re  less 
com m on  and  tend to  p ro trude  from  an  underly ing 
m ud-clay bo ttom  overlain by fine silt.

Lake Grevelingen contains a large n a tu ra l-sp a t- 
fall p o p u lation  o f  oysters {Ostrea edulis). In  the 
m ain  p roduction  areas o f  th e  lake som e shallow

beds are found  a t 4 m , bu t m ore com m only  at 
> 1 0  m dep th  (Critchley & D ijkem a, 1984).

Eastern Scheldt: T he E astern  Scheldt was to  be 
th e  last rem aining estuary  destined  fo r annexation  
from  th e  N orth  Sea as p a rt o f  the D elta P lan  
(Saeijs & D eJong, 1981). However, in light o f  the 
problem s o f  eu troph ica tion  experienced w ith c lo
sure o f  Lake Grevelingen (B annink et al., 1984; 
N ienhuis & H uis in’T  Veld, 1984) and  under pres
sure from  com m ercial interests (fisherm en and 
shellfish farm ers), the  D utch  governm ent decided 
no t to  dam  o f f  the m o u th  o f  th e  estuary. Yet the 
su rround ing  islands h ad  to  be  m ade  safe from  
flood ing  by the sea. T he costly  an d  technologically 
un ique  o p tio n  taken was to  construct a  storm -surge 
barrier (SSB) in the  m o u th  o f  the estuary  spanning  
approxim ately  8 km (Fig. 1). T he b a rrie r com prises 
tw o m an-m ade  islands an d  a  series o f  gates, so the 
estuary  can  be closed o f f  from  the N orth  Sea 
should  flood conditions th reaten  the southwest 
N etherlands. C o n struc tion  o f  th e  b arrie r was not
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Figs. 2 - 5 .  E xpansion  o f  the p opu la tion  o f  a ttached  Sargassum  m u tic u m  in Lake G revelingen, southw est N etherlands, 1980-1985. Fig
u re  2, d is trib u tio n  1980; A, sluice connection  w ith N orth  Sea; B, G revelingen dam ; in se t: in troduction  o f  S. m u ticu m  to  the lake via 
a sluice connection  w ith the N orth  Sea du rin g  1979. Figure 3, 1981. F igure 4, 1983. F igure 5, 1985. D otted  lines w ithin th e  lake are p ro 
tective r ip -rap  dam s. Solid d o ts  represent a ttached  Sargassum .
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itself w ith o u t ecological consequences; as the SSB 
was com ple ted  only  in 1986, its full effects on the 
estuary  are  still to  be  m onitored . However, th e  pres
ence o f  th e  constru c tio n  caused reductions in tidal 
volum e o f  45%  a n d  m ean tida l height o f  35%  
(from  th a t o f  the fo rm er open  estuary). T he area 
behind th e  SSB receives less tida l influence, and  the 
residence tim e an d  c la rity  o f  the w ater have in 
creased, b u t th e  in fluence o f  waves has no t changed 
greatly.

M uch o f  th e  in itial co nstruction  and  reclam ation  
work was u n d ertak en  by th e  d um ping  o f  1 x  1 m 
concrete b locks as a  basis for fu rth e r building. T he 
struc tu re  o f  the perim eter walls o f  the  SSB islands 
are very sim ilar to  those in Lake Grevelingen. 
Hence, as a result o f  the construction  w ork there is 
an  en o rm o u s am o u n t o f  hard  substra te  available 
for co lo n iza tio n  by ben th ic  organism s, in an  area 
previously unsu itab le  (i.e., large sand  bars).

M aterials and m eth od s

Field w ork was undertaken  on foot and by boat, in 
o rder to  dete rm ine  th e  d istrib u tio n  an d  extent o f  
Sargassum m uticum  popu lations in the southw est 
N etherlands. In Lake Grevelingen, algal co m m uni
ty stru c tu re  was investigated by assessing percen t
age cover an d  a ttach ed  basal frequency o f  dom i
nant m acroalgae in sam ple p lo ts o f  0 .5 -2 5  m 2 
(Critchley, 1981a). N om enclatu re  o f  th e  identified 
algae follows Parke & Dixon (1976). M icroalgae 
were no t taken in to  account.

M aterial fo r phenological investigation was col
lected m on th ly  (ca 30 p lan ts taken random ly) and 
m easured for m ass, developm ent o f  m ain  axis 
shoo ts (M A S), length  o f  longest p rim ary  laterals 
and  reproductive condition  o f  the receptacles 
(nom enclature  a fte r  Jensen, 1974; see a lso  C h am 
berlain  et al., 1977; Jephson  & Gray, 1977; C ritch
ley, 1981a, 1983).

R esults

Expansion o f  Sargassum  m uticum  populations in 
Lake Grevelingen

Figures 2 - 5  dep ic t the spread in Lake Grevelingen 
o f  S', m uticum  since its first discovery in 1980 
(N ienhuis, 1982); the d istribu tion  increased east
w ards u p  to  1 9 8 2 -8 4  (Fig. 4) when v irtually  all o f 
th e  available hard  substra ta  were colonized to som e 
extent. Areas in th e  region o f  Slikken van Flakkee 
rem ained largely uncolonized due to lack o f  su ita
ble substra ta . A fte r 1983, the rate o f  Sargassum  ex
pansion  had declined, but there was conso lidation  
o f  existing popu lations to form  extensive beds.

In  th e  shallow  areas o f  the  lake where rocky o u t
crops were abu n d an tly  covered by M ytilus, their 
shells were often  densely colonized by S. muticum. 
T h e  dep th  d istrib u tio n  o f  the  alga in Lake Grevelin
gen was generally restricted to 2 m by the availabili
ty o f  hard  substra ta . But where su itable substra ta  
existed, plants were found at 9 m (Den Osse, m id 
po in t between Scharendijke an d  Brouwershaven, 
Fig. 2). A t depths below 2 m, Sargassum  was not 
com m on  and was m uch reduced in size. T he alga 
has no t been found a ttached  to  Ostrea edulis in the 
m ain  production  areas o f  the lake, though  plants 
a ttach ed  to  oysters are found in th e  shallows 
« 2  4

T he colonization  o f  Lake Grevelingen by S. m uti
cum  has not been a straightforw ard invasion with 
success o f  all progeny. T he southwest N etherlands 
suffered  from  a series o f  severe winters during  
1 981-86 . Figure 6A  (December, 1981) illustrates 
th e  freezing conditions o f  the 1981-82 winter, 
when ¡arge areas o f  the  lake froze, w ind-driven ice 
floes scoured the dike walls and denuded a zone 
0.5 -1  m from the  dike wall. Figure 6B (June, 1982) 
illustrates the resilience o f  S. muticum  to such se
vere conditions. Nearest the dike wall, in a water 
d ep th  o f  less th an  30 cm , all organism s were re
m oved by the ice-abrasion. In a dep th  o f 
3 0 - 5 0  cm , Sargassum  p rim ary  laterals were frozen 
into th e  ice and perished, but the perennating  
ho ldfast-m ain  axis was largely unaffected , and 
e longation  o f  secondary  laterals (C ham berla in  et 
al., 1977) and regeneration  o f  m ain axis shoots
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soon  to o k  place. Sargassum  p lan ts a t dep ths of 
> 5 0  cm  were unaffected  by the freezing o f  the 
lake. Figures 5 an d  6B show th a t S. m uticum  
fo rm ed a  canopy up to  10 m  wide in sum m er 1982 
a ro u n d  m uch o f the perim eter o f  Lake Grevelingen 
an d  the  in ternal islands (with th e  exception o f Slik
ken van Flakkee). T he canopy began to form  in 
M arch (Fig. 7) w ith p lan ts 2 0 - 3 0  cm  long standing 
u p righ t in shallow  water. T he canopy increased in 
extent th ro u g h o u t the grow th season as m ore o f  the 
frond’s length floated a t th e  surface in shallow  
w ater an d  p lan ts at greater dep ths grew to break-the 
surface. D uring M a y -Ju n e  1982 the Sargassum 
canopy in Lake Grevelingen was particu larly  dense, 
and  the am bient sunlight was reduced to
1 - 2  nE ■ m ~ 2 • s -1 w ithin 30 cm  benea th  a full 
canopy. Furtherm ore, a distinct tem perature  dis
co n tin u ity  existed betw een a  th in  lam ina ( 1 - 2  cm) 
o f  w ater associated w ith the to p  o f  th e  canopy and  
w ater below o r outside. T he tem perature  difference 
on  days o f  high inso lation  and  heating o f  the upper 
w ater was up  to  10 °C . T h is phenom enon  o f  “extra
hea ted ” water was m ost noticeable in the tideless 
Lake Grevelingen on w indless days (C ritchley & De 
Visscher, unpubl.).

Loss o f  fronds due to  natu ral senescence and 
w ind-action  resulted in the canopy breaking up 
from  m id-June, yet persisting in patches until Au
gust. However, cover began to  re-form  from 
N ovem ber (Fig. 7) by p lan ts in th e  shallow est water 
reaching the surface (dep ths o f  2 0 - 3 0  cm).

T h ro u g h o u t the  year, S. m uticum  p lants 
( > 3 0  cm ) a ttached  to  M ytilus edulis shells were 
washed ou t on to  the dike walls. O nce p lan ts 
reached ca 30 cm , w ind-generated waves created 
suffic ient drag on the thallus to  tea r the a ttached  
m ussels away from  the substra ta , by ripp ing  their 
byssus th reads free. T his represented a significant 
tran sp o rt o f  biological m aterial from  bo th  algal 
an d  mussel populations. T hose  m ussels cast onto  
th e  dike wall perished an d  form ed extensive shell 
banks.

Expansion o f  Sargassum  m uticum  populations in 
the Eastern Scheldt

As a result o f  co nstruction  o f  the SSB, together

with m ajo r recon touring  o f the estu ary  and islands, 
it was not possible to provide a detailed sequential 
accoun t o f  the expansion o f  Sargassum  p o p u la 
tions in the E aste rn  Scheldt.

U ntil 1982 the alga rem ained largely confined to 
th e  SSB and  ad jacen t shores o f  the estuary. Fig
ure 1 details the d is trib u tio n  o f  S. m uticum  in the 
estuary  up to M ay 1986. T he largest p o p u lations o f 
S. muticum  were still associated  w ith  th e  SSB work 
islands. Sargassum  was spread ing  in an  easterly  
d irection w ith new records o f  a tta ch ed  plants from  
bo th  th e  n o rth ern  and  so u th e rn  shores o f  the estu 
ary  in 1984 and  1985.

T he vertical an d  h o rizon tal d istrib u tio n  o f  S. 
m uticum  in the E astern  Scheldt was sim ilar to  Lake 
Grevelingen, again  determ ined  by availability o f  
hard substra ta . G enerally  th e  p lan t was lim ited to 
a depth  o f  ca 2 m , but som e p lan ts were found at 
10 m. A canopy o f  Sargassum  fronds was form ed 
only  in the E astern  Scheldt, a t low water, between 
M ay and A ugust 1982 (Fig. 7). O w ing to tidal in 
fluence o f  the E astern  Scheld t, the Sargassum 
popu lations were not subject to  ice-scouring du rin g  
th e  severe winters.

Phenology o f  Sargassum  m uticum  in Lake 
Grevelingen and the Eastern Scheldt, 1982

Ow ing to th e  severe w inter co n d itio n s, it was not 
possible to  collect m aterial du rin g  D ecem ber 1981 
(see Fig. 6A). T he e longation  o f  the longest 
prim ary laterals o f  Sargassum  collected from  Lake 
Grevelingen and th e  E astern  Scheld t is described in 
Fig. 7. From  Ja n u a ry  1982, a ttach ed  plants collect
ed from  the E astern  Scheld t were consistently  
longer th an  those collected from  Lake Grevelingen. 
Relatively little grow th occurred  from  Ja n u a ry  to 
M arch in e ither popu la tio n , bu t du rin g  April rapid 
e longation  was evident. M axim um  lengths were a t
tained in Lake Grevelingen (ca 300 cm ) in Ju ly  and 
in the E astern Scheldt (ca 350 cm ) in A ugust. In 
cluded in the Lake Grevelingen collections were d e 
tached Sargassum  p lan ts cast u p o n  the strand line 
(i.e., detached by storm s). T he d rift 5. m uticum  
plan ts began to ap p ear in A pril 1982 and  were 
longer th an  those  which rem ained a ttach ed  
(Fig. 7). T he m ajo rity  o f  cast S. m uticum  were at-
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Fig. 6 . A: freezing cond itions  during  the 198 1 -8 2  w inter: (i) dike wall, (ii) ice floes pushed tow ards dike wall causing  ab rasion . B: in 
June  1982, (iii) dike wall, (iv) area d enuded  by ice ac tion , (v) Sargassum  canopy formed.
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Fig. 7. E longation  o f  longest p rim ary  laterals o f  Sargassum  m u tic u m  (m ean ±1 S .E .) from  p o p u la tio n s  w ithin Lake Grevelingen and 
the E astern  S cheld t, 1982. ( * _____ * ) ,  Lake Grevelingen: a ttached , ( a  a  ) Lake G revelingen: d r if t , (  e  •  ) E astern  Scheldt. A r
rows ind icate  p ro d u c tio n  o f  receptacles fo r reproduction . Solid  bar, period  o f  canopy presence o f  Lake G revelingen; open  bar, period 
o f  canopy presence in  the E astern  Scheldt.

tached to  less-stable su b stra ta  (e.g., sm all pebbles 
and  in particu la r living Mytilus).

Fertile p lan ts (possessing m ature  receptacles) 
were recorded from  Lake Grevelingen in A pril (de
tached p lan ts) an d  M ay (a ttached  population); thus 
th e  m ost advanced  and  longest p lan ts had  becom e 
detached . Fertile p lan ts were first found in the 
E astern  Scheld t in May. P lan ts  from  both  localities 
con tinued  to  release germ ling plants un til necrosis 
o f  the  p rim ary  laterals in Septem ber an d  O ctober 
(Fig. 7).

Figure 8 illustrates th e  frequency o f  M A S de
velopm ent in p o p u lations o f  S. m uticum  collected 
from  tw o localities in February  1982. Lake 
Grevelingen p o p u lations were restricted to  one 
group  where 2 - 8  M A S h ad  developed, w hilst in 
the E astern  Scheldt th ree  g roups were determ ined:
2 - 7 ,  9 - 1 3  and  1 5 -1 6  M AS.

Sargassum  m uticum  and indigenous algae in the 
southwest Netherlands

In teractions betw een th e  indigenous m arine flora

O 20-

MUMGEROF MAIN AXIS SHOOTS

Fig. 8 . D evelopm ent o f  m ain  axis shoo ts (M A S) o f  Sargassum  
m u tic u m  collected from  th e  E astern  S cheld t (closed bars) and 
Lake Grevelingen (open bars), F ebruary  1982.

o f  th e  southw est N etherlands an d  S. m uticum  will 
be  th e  subject o f  a  separate  pub lica tion  (Critchley 
& N ienhuis, unpubl.). However, it is possible to 
com m ent generally on the presence o f  5. muticum.

Q u a d ra t analysis o f  algal com m unities (see also 
N ienhuis, 1982) in th e  region o f  Scharendijke, Lake 
Grevelingen (Fig. 2) indicated  th a t few algae could 
survive beneath  a persistent dense Sargassum  can o 
py. T he m ost frequently  occurring  algae in such 
areas were Chondrus crispus, D um ontia incrassata
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an d  Polysiphonia  spp . (P. elongata, P. nigrescens, P. 
urceolata and  P. violacea). In  areas where th e  can o 
py was less dense o r b roken  Codium fragile, Bryop
sis spp., Ulva spp., Petalonia fascia, Scytosiphon  
lomentaria  and  Ceramium rubrum  were m ore com 
m on.

A  resurvey o f  N ienhu is’s (1982) perm anen t q u a d 
rat in M ay 1986 show ed th at there h ad  been a 
reduction  in the  occurrence o f  such taxa as Chon
drus crispus, Ceramium rubrum, D um ontia incras
sata, Polysiphonia spp., and  in particu lar, Codium  
fragile  was rare o r  absent from  som e areas. No 
large Codium  p lan ts were present; only  germ ling 
p lan ts ( < 5  cm) cou ld  be found associated  w ith the 
bases o f  some S. m uticum  stands.

In the E astern Scheldt S. m uticum  is associated 
w ith few m acroalgae, as m uch o f  th e  substra te  is 
“ virgin” , only recently being available to  co lon iza
tio n  by o p p o rtun is tic  species. Subtidally , at the 
SSB, S. muticum  was th e  d o m in an t a lga  w ith only 
scant coverings o f  Enterom orpha  spp. (E. prolifera 
an d  E. intestinalis), Ulva spp., D ictyota dichotoma, 
Petalonia fascia. Scytosiphon lomentaria  and  Ce
ramium rubrum.

Discussion

T he populations o f  Sargassum  in th e  southw est 
N etherlands arose from  d rif t m ateria l a b u n d an t in 
the N o rth  Sea du rin g  th e  late 1970s (P ru d ’hom m e 
van Reine & N ienhuis, 1982). T here  was only  one 
o p p o rtu n ity  for th e  a lga  to gain  access to  Lake 
Grevelingen (i.e., th e  sum m er o f  1979), when the 
sluice connection  w ith  th e  N o rth  Sea rem ained 
open for th e  w hole year. Brief open ings o f  the 
sluice in w inter 1978 and  w inter flushings (O ctober 
to  M arch) as part o f  th e  m anagem ent regim e o f  the 
lake occurred  at tim es when no viable d rif t Sargas
sum  was a floa t (F a rn h am  et al., 1981; P ru d ’hom m e 
van Reine & N ienhuis, 1982).

In spite o f  freezing du rin g  w inters, expansion  o f  
S. m uticum  p o p u la tio n s has been m ost rapid  in 
Lake Grevelingen, where the a lga  increased  by d is
sem ination  o f  fertile  d rift m aterial confined  to  a 
relatively small area . D rift Sargassum  c an n o t reat
tach , bu t when fertile  th e  m onoecious an d  self

com patib le  p lan ts  have the ability  to  release num er
ous progeny before  being cast up o n  the shore  (N or
ton , 1976). Since 1983, th e  Grevelingen popu lation  
has n o t expanded  greatly, b u t has experienced a 
period  o f  con so lid a tio n  an d  recuperation  from  ice- 
dam age. Conversely, in the E astern  Scheldt, S. m u
ticum  was still in  an  expansive phase, w ith  new sites 
established as m ore virgin su b stra ta  were laid open 
to co lon ization . C om ple tion  o f  th e  SSB and  its 
co ncom itan t changes in th e  estu ary  m ade  co n d i
tions m ore favorable fo r S. muticum.

W ith in  Lake Grevelingen, com petition  between 
S. m uticum  a n d  Zostera (as suggested by D ruehl, 
1974) was unlikely, principally  due to  differences in 
substra ta  requirem ents (see N ienhuis, 1983 for 
Zostera d is trib u tio n  an d  p o p u la tio n  fluctuations). 
Studies o f  Z. marina in B rita in  (Critchley, 1981a) 
showed th a t o p p o rtu n is tic  germ lings o f  S. muticum  
cou ld  se ttle  am ongst Zostera p lan ts colonizing 
sm all pebbles a n d  shells o f  th e  aggregate substrata. 
B ut juvenile  p lan ts  rarely developed due to  physical 
dam age from  abrasive Zostera leaves, a n d  shading 
m ain tained  th e  alga a t a  size ( <  I cm ) where it was 
susceptib le to  grazing. I f  any  Sargassum  ind iv idu
als a tta in ed  a length  o f  m ore th an  10 cm their a t
tached  su b stra ta  were usually  below  th e  mass re
qu ired  to  keep th e  plants secured. W ith  increasing 
length an d  buoyancy (due to  num erous a ir  vesicles) 
th e  p lan ts becam e m obile an d  were carried  from  
th e  Zostera beds by currents. Likewise, it is possible 
th a t large S. m uticum  p lan ts m ight carry  o f f  a t
tached  oysters. T h e  m ost extensive oyster po p u la 
tions o f  L ake Grevelingen were a t a  d ep th  greater 
th an  10 m, which was below the lim iting dep th  for 
S. m uticum  in th is hab ita t.

T he phenology o f  S. m uticum  in the southw est 
N etherlands (Figs. 7 and  8) closely followed th a t 
fo r the sou th  co ast o f  B ritain  (Jephson  & Gray, 
1977; Critchley, 1981a). T h e  m ost well-developed 
m ain  axes were fo u n d  in the E astern  Scheldt pop u 
la tions w ith three d istribu tions o f  developm ent; 
p lan ts from  Lake Grevelingen were restricted to  
one. T hese d istribu tions agreed w ith M A S develop
m ent determ ined fo r 1-, 2- and  3-year age classes 
(Critchley, 1981a, b). V ariations in th e  length and 
age construction  o f  the po p u la tio n s stud ied  was a 
reflection o f  substrate  stability ; in Lake Grevelin-
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gen  m any p lan ts, in shallow  water, were a ttach ed  to  
m ussels w hich, in  tu rn , could be detached from  
th e ir rocky  substra ta . Regular recolonization  by S. 
m uticum  ensured m aintenance o f  a  low-age-group 
p o p u la tio n . Conversely, in th e  E astern  Scheldt, S. 
m uticum  was a ttached  to  stable substra ta , below 
th e  level o f  m ussel colonization , which allowed the 
developm ent o f  a  m ore m ature  popu lation . Fig
u re  9 indicates the presence o f  three-year-old p lan ts 
in the E aste rn  Scheldt, thereby dating  establish
m en t a t 1979, th e  sam e tim e as suggested for Lake 
Grevelingen (N ienhuis, 1982). N otw ithstanding 
these observations, investigations in Lake Grevelin
gen du rin g  1986 showed a m arked decline in the 
num ber o f  m ussels, enabling Sargassum  to  a ttach  
to  the dike wall, thereby increasing the longevity o f  
ind iv idua ls w ith in  the population .

Dense stan d s o f  Sargassum  in the southwest 
N etherlands also caused problem s for recreational 
a n d  am en ity  usage o f  th e  waterways (see C ritchley 
et al., 1986). T he problem s were particularly  preva
lent in Lake Grevelingen where the canopy is a  per
sistent feature  during  the sum m er m onths at a tim e 
o f  greatest recreational dem and , e.g., swim m ing, 
scuba-div ing, sailboarding, fishing, etc. (Fig. 7).

C o n c l u s i o n s

Sargassum m uticum  is a perm anent m em ber o f  the 
N etherlands m arine flora. Its d istribu tion  will be 
restricted  by th e  availability o f  suitable hab ita ts 
(subm erged, stable, hard substrata); therefore, 
m uch  o f  th e  du tch  coastline, com prising sand  and  
particu la te  shores, will rem ain uncolonized.

T h e  unique, non-tidal, saline Lake Grevelingen 
h ad  appro ach ed  its m axim um  capacity  for Sargas
sum  w ithin ca fou r years o f  its in troduction . T he 
a lg a  was lim ited by substra ta  availability. T he E ast
e rn  Scheld t, however, was not such a closed system 
until com pletion  o f  the SSB. We predict th e  ra te  o f  
co lon ization  in this body o f  water will increase 
rapidly  d u e  to  the favorable environm ental changes 
w hich occurred  in the estuary  as a result o f  th e  bar
rier.

W ith th e  rapid expansion o f  S. m uticum  in Lake 
G revelingen, concern  was expressed th at the alga

m igh t b e  dele terious to  th e  po p u la tio n s o f  Zostera 
marina, Ostrea edulis a n d  indigenous algae, and  to 
am en ity  usage. T h e  h ab ita t preferences o f  Z. mari
na and  th e  brow n alga were largely m utually  exclu
sive, w hilst th e  m a jo r  oyster beds (a t a d ep th  o f 
>  10 m ) were too deep  to  be  colonized by signifi
c a n t Sargassum  p o p u latio n s. L ight a tten u a tio n  in 
th e  lake was a  fac to r de term in ing  th e  lower lim it o f 
th e  alga.

D irect co m p etition  w ith  S. m uticum  m ay no t be 
suffic ien t to  o u st ind igenous algae in  th e  sh o rt
term . B ut th e  o p p o rtu n is tic  colonizing strategy o f 
Sargassum  takes ad van tage  o f  na tu ra l catastrophes, 
in th a t b lanket coverage o f  substra ta  by germ lings 
an d  grow th o f  a can o p y  can preclude reestablish
m ent o f  som e com ponen ts o f  the  n a tu ra l fau n a  and  
flora.

T h e  persistence o f  a  Sargassum  canopy w ithin 
n o n -tid a l environm ents requires fu rth e r investiga
tio n  o f  its effects on  b io tic  physical conditions 
o f  shallow  waters. T he m o st extensive populations 
o f  S. m uticum  m ay require som e form  o f  con tro l 
for b o th  ecological an d  am enity-usage considera
tions.
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