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The Japanese brown alga Undaria pinnatifida on the coast of 
France and its possible establishment in European waters

J. Y. Floc’Ii, R. Pa jot, and I. W allentinus
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T h e  first observations o f  the seaw eed Undaria pinnatifida  ( H arv ) Sur in F rance  were 
m ade in 1971 in the  É ta n g  de T hau in the  M ed ite rran ean , a f te r  the alga had been 
accidentally  in troduced  w ith oysters from  Ja p an . Since the species is of com m ercial 
in te rest, the prospect o f cultivating  it on the F rench  A tlan tic  coast was exp lored . The 
risk of its d ispersal from  the farm  site was considered  m inim al by the French 
au thorities . F ield experim ents w ith farm ing on ropes have been conducted  by 
IF R E M E R  a t th ree  sites since 1983, two o f  which w ere soon abandoned . O n  the 
island of O uessan t. B rittany , the  experim ents w ith rope cultivation  in the field have 
con tinued  w ith p lan lu les raised  in a local ha tch ery . B ased  on the  lite ra tu re , an 
evaluation  o f the possible estab lishm ent o f  the species on the E uro p ean  A tlan tic  
coast was m ade by the  IC E S  W orking G ro u p  on In troductions and  T ransfers of 
M arine O rganism s, It was suggested  th a t a con tro l p rogram m e including a study o f 
the main grazers should be carried  o u t by F rench algologists. Since I9S7, after a visit 
to the Asian .seaweed com m unities including Undaria  (in K orea . Ja p a n , and C hina), 
a survey of fertile  p lan ts and naturally  se ttled  sporophytes has been undertak en  by 
Ihe first two au tho rs at O uessan t. In 1987. Undaria  sporophytes w ere found in the 
bay o f  L atnpaul on  th e  w est coast o f B rittany , grow ing vigorously on  im m ersed 
supporting  stru c tu res o f  a m ussel farm , bo th  old and newly built. A few plants were 
also recorded  from  rocks dow n to  a  d ep th  o f  5 m , occasionally  dow n to 18 m . T he 
occurrence of m atu re  spo rop h y tes and the co lonization  in the  autum n of 1987 on 
structu res built th a t sum m er ind icated  th a t the species had reproduced  on the French 
A tlantic coast. H ow ever, the significance o f  natu ral reproduction  for the native 
seaw eed com m unities in the a rea  will d epend  also on com petition  w ith o th er species 
and on the grazing p ressure . A n experim en ta l contro l p rogram m e was begun in May 
1988 to check the com petition  betw een  the newly in troduced  Undaria and  the native 
seaw eed com m unities ou the rocky shore  o f O uessan t. T hus the ecological im portance 
o f  the species in these w aters will have to  be evaluated  after the final results o f the 
contro l p rogram m e are  available,
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i .  World distribution and environmental 
conditions for growth and reproduction
Introduction

The m ajor hazards associated with transfers and in tro 
ductions o f non-indigenous species are those of sp read
ing diseases and parasites, hut the risks o f in troducing 
a species which is a strong com petito r with native species 
must also be considered.

T he po ten tia l geographical d istribution  area o f sea
weeds depends on their physiological to lerance limits,

i.e. being regulated  by their basic dem ands for growth 
and rep roduction . W ithin a geographical a rea , where 
the w ater has the physical/chem ical p roperties cor
responding to  these requ irem en ts, the establishm ent of 
a species fu rther depends on the chance of diaspores 
reaching a  site, on th e  com petition  with o ther species, 
and on predation . The assessm ent o f w hether o r not a 
marine alga could becom e an established species in a 
particular locality thus has to  be based on both the 
environm ental conditions and its ecological perfor
mance.
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C onsideration o f the Undaria  “case” by the 
ICES W orking Group

A fter the s ta rt o f Undaria pinnatifida  farm ing in France 
(see P art 2) the risks o f  in troducing the species into the 
A tlan tic  w ere taken  up by th e  ICES W orking G ro u p  on 
In troductions and T ransfers o f M arine O rganism s at the 
m eetings in H alifax, C anada, in 1984 (IC E S CM 1984/ 
F: 35) and G o thenbu rg , Sw eden, in 1985 (ICES CM 
1985/F: 60). The m eetings resulted  in IC ES resolutions 
to  continue the m onito ring  and  to  carry ou t a risk 
assessm ent (IC E S  C. R es: 1984/2: 33, ICES C. Res. 
1985/2: 36b and 1985/2: 35, respectively). T he risk 
assessm ent (I. W .) was p resen ted  at the IC ES W orking 
G roup  m eeting in G dynia. Poland, in 1986 (IC E S CM 
1986/F: 51 A pp. V ), an d  it was recom m ended  tha t a 
pilot study should be encouraged; this started  in 1987 
(J .Y .F ., see fu rth e r, Part 2). T he ICES W orking G roup  
visited the farm ing site at O uessan t, B rittany , in June 
1987 and a detailed  rep o rt was given in  the docu
m entation  from the W orking G roup  m eeting  in  B rest, 
France in 1987 (IC E S  CM  1987/F: 35). T he results 
accom plished in the field w ork  (J .Y .F . and R .P .)  until 
sum m er 1988 arc p resen ted  in Part 2. They were also 
p resen ted  at the IC ES W orking G roup  m eeting in 
D ublin . Ire land in 1989 (IC E S  CM 1989/F: 16), and 
provided a foundation  for the ICES recom m endations 
relative to  fu ture cultivation o f the species on the A tlan 
tic coasts o f E u ro p e  (IC E S C. R es. 1989/4: 4). Such 
applications had until then  not been approved (IC E S 
CM I988/F: 20).

Life history and distribution

Undaria pinnatifida  (L am inariales, Phaeophyceae), as 
o ther m em bers of th e  o rd er, has a he terom orphic  life 
cycle with a large sporophy te . usually annual, and 
m icroscopic fem ale and  m ale gam etophytes (Fig. 1), 
In sp ring -sum m er the basal parts of the sporophytes

develop undu la ted  w ing-like sporophylles with zoo- 
sporangial sori along the midrib. In m ost areas the 
sporophyte w ith its p innate  lam ina reaches a length of 
1 to  2 o r even 3 m (e .g . K urogi and A kiyam a, 1957; 
Perez et u l., 1981, 1984; A kiyam a and K urogi, 1982; 
K oh, 1983; Z hang  et a l., 1984; H ay and Luckens, 1987; 
S tap leton , 1988; Sanderson . 1990, pers. com m ., see also 
Part 2), bu t usually less than 1 m in the U SSR  (Z inova, 
1954; P erestenko , 1980) and a t som e of the localities in 
the M editerranean  Sea (B oudouresque et al., 1985. but 
see also Part 2). The species is not know n to reproduce 
vegetatively by fragm entation . H ow ever, asexual rep ro 
duction through unfertilized eggs, which can develop 
into parthenogenetic  sporophytes, has been recorded in 
laboratory  experim ents (Y abo , 1964; F än g e rn /., 1982).

Undaria pinnatifida  is a  native species of the Japan  
Sea and  the Jap an ese  coast of the N W  Pacific, w here it 
grows on  m ost suitable coasts of Jap an , excluding the 
N and E  coasts o f H okkaido  (e .g . Saito , 1975; A kiyam a 
and K urogi, 1982) and the coasts o f K orea (K ang, 1966), 
For centuries it has also been utilized as a food resource 
on the ou te t C hinese islands of Z heijang , although most 
of the Undaria populations in C hina today originate 
from  in troductions from  K orea  during  the 1930s (Tseng, 
1981). It is now a com m on C hinese species in the areas 
around Q ing-dao, Shidao , Y antai, and D ahlian , while 
lim ited num bers are found on the o u te r islands (Z hang 
et a!., 1984). T here  are  also reports of the species being 
found in the U SSR  near V ladivostok (B ay of P eter the 
G reat: Funahashi. 1966, 1974; Perestenko . 1980) and 
in the O kho tsk  Sea (B ay of K ylky, Islands of R ejnekc: 
Z inova. 1954).

T he species was in troduced accidentally to  the French 
M editerranean  coast (sec Part 2) and recently  also to 
the east coast o f T asm ania, A ustralia  (Sanderson, 1988, 
1990), to  W ellington H arbou r, New Z ealand  (H ay, 
1987; H ay and L uckens, 1987; S tap leton , 1988), and to 
T im aru , on the east coast o f the South Is land . New 
Z ealand  (H ay . pers. com m .). T he  in troductions to the

Figure 1. T he life cycle o f  Undaria 
pinnatifida.

Young sporophyte

Sporophyte
zoospores

380



southern  hem isphere are believed to  originate from 
ballast w ater from  Japanese ships and this might be a 
fu rther indication o f the species having a potential for 
dispersal to  new  areas. So far there  a re  no reports of 
Undaria pinnatifida  from E uropean  countries o th e r than 
F rance.

Habitat

A ccording to  the lite ra tu re , Undaria pinnatifida  grows 
on both  natural and artificial hard  substra tes, with a 
p reference for sparsely covered surfaces. T he high 
affinity for artificial substra tes could facilitate dispersal 
in arcas with soft substra te , w here structures used in 
aquaculture and m arinas, for exam ple, are com m on. Its 
depth range in the non-E uropean  areas is from  the 
lower in tertidal to  about 10 m , and som etim es 15 m 
depth  (e.g . K anda, 1936; Saito . 1975; A kiyam a and 
K urogi, 1982; Kim et al., 1983; Sohn. 1983; H ay and 
Luckens, 1987. H ay, pers. com m .; Sanderson , 1990, 
pers. com m .); the m axim um  depth  depending on am bi
ent light conditions. Saito (1975) sta ted  th a t zoospore 
attachm ent is inhibited  in cu rren ts above 14 cm s 1 and 
w ould be adversely affected at speeds above 8 c m s _ t, 
which m ight be found in areas with strong tidal currents.

Factors influencing growth and reproduction  

Temperature
B efore Undaria farm ing was started  in B rittany , it was 
hypothesized (see P art 2) that the species would not be 
able to  reproduce in sini because the tem pera tu re  would 
be too  low for the fem ale gam etophytes to  reach m atu r

ity. T hus one o f  the main tasks for evaluating the risks 
of its fu ture dispersal was to  find experim ental data  
on the effects o f d ifferen t tem pera tu res , as well as 
to com pare tem p era tu re  regim es for areas w here the 
species rep roduces naturally  in Asia with tem p era 
ture regim es in E u ropean  A tlan tic  w aters, T he sam e 
approach was also used in the discussions at the first 
two m eetings o f the IC ES W orking G ro u p , w hen the 
subject of cultivation  of Undaria was raised.

D ata on tem pera tu re  op tim a and /o r to lerance limits 
for sporophytic  grow th a re  given in T able 1, together 
with seasons w hen the sporophytes appear and  dis
appear in d ifferen t areas. T he suitability  of tem 
pera tu res for enhancem ent o f sporophytic grow th was 
the main p rerequisite  for starting  the farm ing in B rittany 
(see, fu rther, Part 2), which is in agreem en t with the 
published data . H ow ever, re lease o f  zoospores, i.e. 
m atu ration  o f the sporophy te , is one of the requirem ents 
to  enab le  a species to  com plete  its life history, and  the 
ra ther wide lim its given by d ifferen t scientists (T able 2) 
support the hypothesis tha t the  species on the A tlantic 
coast can indeed p roduce zoospores, germ inating  into 
gam etophytes (see also P art 2 ). Taniguchi et al. (1981) 
also no ted  th a t zoospore release sta rted  earlier in the 
inner part of a bay th an  in th e  ou te r.

T he developm ent of eggs and sperm atozoids was also 
considered crucial for com pletion  o f  the life cycle in the 
A tlantic. T he tem p era tu re  ranges given (T able 3) vary 
considerably, bu t a re  in m any cases well w ithin the 
tem pera tu re  regim es found at the farm ing site in B rit
tany, A ccording to  m any Japanese  and C hinese studies 
(for references see T able 3), sporophytes can be form ed 
at ra th e r low tem pera tu res , bu t need longer to  grow to

Tabic 1. T em p era tu re  ranges and seasons for grow th of sporophytes o f Undaria pinnatifida.

O ptim um R ange A p p ea r D isa p p ea r A rea R eference

4-25°C O ct-N o v J u l-A u g N E  H onshu , Japan A kiyam a and K urog i, 1982
D ec-F eb E n d  sum m er SE  H ok k aid o , Ja p an K anda, 1936

A u g -S e p (-O c t) N Japan K urogi and A k iy am a, 1957
D ec Jun E  coast, K orea K oh, 1983

5-lO °C F e b -A p r Z heijan g . C hina Z h ang  et a t., 1984
ca. 10-17°C A ug L a te  sum m er T asm ania , A ustra lia S anderson , 1990, pers . com m
ca, 13-18°C M a y -D ee L ate sum m er N ew  Z ealand H ay, pers. com m ,

(Feb)
N ov-M ar Ju n -Ju l M e d ite rr ., F rance Pérez et a l., 1981, 1984

A ug M e d ite rr., F rance T h is p ap e r
All year B rittany , F rance This paper

10-20°C A kiyam a, 1965
(young thalli)
15-17”C Saito, 1975
(voung thalli)
< 12-13“C Saito , 1975
(o td  thalli)
l(M 5 °C Sep >20°C A rasak i and A rasak i. 1983

0-2CPC T seng , IC E S  CM  1985/F: 60
>10°C Fang, IC E S  C M  1985/F; 60
15-20°C Y an, IC E S  C M  1985/F: 60
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Table 2. Temperatures and seasons for zoospore maturity and release in Undaria pinnatifida.

O ptim um R ange M onth /Season A rea R eferen ce

ca. 7-23°C M a r-J  ul N E  H onshu , Jap an A kiyam a and K urogi, 1982
Ju n -Ju l SE H okk a id o , Japan K anda, 1936
M a r-A p r  to  Aug N E  H onshu , Japan K urogi and A k iy am a, 1957
A u g -Jan T asm an ia , A ustralia S anderson , 1990, p e rs . com m

ca. 12-18°C S cp -F e b N ew  Z ealand H ay , pers. com m .
M ay-Jun M e d ite rr ., F rance Pérez et a l., 1981, 1984
M a y -> O c t B rittany , F rance This pap er

17-22°C 14-23°C S aito , 1975
17-20°C A rasak i an d  A rasak i, 1983

5-15°C T seng, IC ES C M , 1985/F: 60
6-ire F ang , ICES C M . 1985/F: 60

14-22°C Y an , IC E S  C M , 1985/F: 60

th e  sam e size as those grown at h igher tem pera tu res 
(see, e .g ., K urogi and A kiyam a, 1957; A kiyam a, 1965; 
T able 4). F u rth e rm o re , in the areas w ith established 
Undaria in the sou thern  hem isphere the tem pera tu res 
in the austral sum m er only reach ab o u t 17°C (G reig et 
a l., 1988; H ay , pers. com m .; Sanderson , pers. com m .).

By com paring sum m er and  w in ter isotherm s for the 
native a rea  o f Undaria p innatifida  in A sia with those of 
the E uropean  A tlan tic  coast (Fig, 2) and  with the ranges 
for developm ent o f  the two stages discussed above, it 
would appear th a t a large p a rt o f the E u ropean  A tlantic 
coast (at least up to  abou t Scotland and N orw ay) is a 
potential area for estab lishm ent o f  Undaria pinnatifida. 
H ow ever, in the m ore boreal a reas the seasonal ap p ea r
ance and developm ent of the sporophyte  w ould p rob
ably be delayed , as is also repo rted  for m ore northern  
Japanese  w aters (e .g . K anda, 1936; K urogi and 
A kiyam a. 1957). T h ere  might also be an alm ost con
tinuous period w hen tem pera tu res  are suitable for both 
m aturity  o f zoosporangia and gam etophyte devel
opm ent, which can facilitate natu ral ''seed ing" . By com 
paring w ater tem p era tu res  Sanderson (1990) also 
predicted  a fu rther sp read  o f Undaria to the coast of 
sou thern  A ustralia .

Salinity and nutrients
M ost o f  the experim ents rep o rted  in the lite ra tu re  have 
been perform ed in norm al seaw a te r , but salinities above 
1 5%e Cl (>27%f/S) w ere quo ted  by Saito (1975) as nec
essary fo r grow th o f sporophytes and gam etophy te  
developm ent. T h a t ran g e  w ould be found on m ost 
E u ropean  coasts, except for estuaries, the K attegat, and 
the Baltic Sea. F o r a ttachm en t o f zoospores Saito (1975) 
gave a low er th resho ld  o f >l0?r.o Cl (>18%o S). A t W el
lington, N ew  Z ea lan d , salinities are  generally  around  
33% iS, but can tem porarily  fall to about 22-23%cS 
(H ay, pers. com m .).

T here  a re  few  available d a ta  on nu trien t requ ire 
m ents. K urogi and A kiyam a (1957) repo rted  that 
gam etophyte m aturity  was inhibited in cu ltu res poo r in 
nu trien ts, while they  grew  well in the ones to  w hich N 
and P had  b een  added .

Light
G row th and  photosynthesis of the sporophytes are poss
ible over quite a wide range o f light intensities (Table 
4). G row th  and m atu ra tion  of the gam etophytes (Table 
4) have ra th e r low light requ irem en ts, which allows 
Undaria pinnatifida  to  develop  beneath  canopy species

T able 3. T em p era tu re  ranges fo r grow th  of g am etophy tes and release of gam etes in Undaria p innatifida.

G row th M aturity F ertilization R eference

15-20°C (op tim al) 15-20°C (op tim al) !5-20°C  (op tim al) A kiyam a, 1965
5-28°C  (possib le) 5-28°C  (possib le) 5-28°C  (possib le) A kiyam a, 1965

-  1-28°C (survival) A kiyam a, 1965
> 15°C > 1 5 “C K a n d a ,1936

15-20°C (op tim al) 15-20°C (optim al) Fang et a l., 1982
17-24°C (op tim al) < 2 0 -2 2 °C < 2(FC S aito , 1975
15-24”C (possib le) Saito , 1975

-1 -3 0 ° C  (survival) S aito , 1975
1 7 -2 0 X A rasak i and A rasak i. 1983

0 -2 5 X 5-15°C T seng, IC E S  C M , 1985/F: 60
O-26'’C & -15X Fang, IC E S  C M , 1985/F: 60

23-28°C  (op tim al) 17 -2 0 X 20-23oC Y an , IC E S  C M , 1985/F: 60
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Figure 2. Surface w ate r iso therm s o f  sum m er 
(A ugust) an d  w inter (F eb ruary ). (A ) T h e  Jap an  Sea 
and the E  coast o f  Ja p an , sum m er; (B ) the Japan  
Sea and  th e  E  coast o f  Ja p a n , w in ter; (C ) th e  N orth  
A tlan tic , th ick  lines w in ter and  th in  lines sum m er. 
(A -B ) F rom  F unahash i 1974, (C ) from  van den  
H oek  1982.

providing space is available am ong the perennial o rgan
isms. L ight intensity  w ould th e re fo re  m atte r m ore in 
determ ining vertical ra th e r than  regional d istribution. 
H ow ever, very turb id  coastal w aters restric t distribution 
in som e areas (e.g . Z hang  et a i ,  1984). T he dorm ance 
capacity o f the  gam etophytes (A rasaki and A rasaki, 
1983), especially under low light conditions, might also 
facilitate long-distance dispersal, in ballast w ater, for 
exam ple, which is how the species is supposed to  have 
been in troduced  in to  the sou thern  hem isphere.

T he sporophytes develop m ainly during short days 
(e.g . Saito, 1975), bu t can also grow during  long days 
(A kiyam a, 1965). M ost of the data on sporophyte 
appearance in natu re  (Table 1) correspond  to  the sea
sons o f short days, but tha t is o f  course dependen t on 
the in tegrated  light and tem p era tu re  regim es. For the

developm ent of the gam etophytes, long days (A kiyam a, 
1965), short days (A kiyam a. 1965; Saito , 1975) and a 
L :D  period of 10:14 (Fang et al. , 1982) have been 
considered optim al. Since la titudes are  sim ilar for 
the d ifferen t parts of the world under consideration 
(ca. 3tW 5°N  or S), any possible influence of short- or 
long-day conditions w ould only be of in terest when 
discussing a possible dispersal to  the no rthernm ost part 
o f the E uropean  A tlan tic  coast, w here the tem peratu re  
probably w ould be m ore crucial than  the length of the 
day.

C om petitive ability
Undaria pinnatifida  is often  found in small num bers 
am ong large seaw eeds o r sessile m acrofauna (e .g . K ur
ogi and A kiyam a, 1957; Sakai, 1977; Sanderson, 1990;
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T able  4 L ight in ex p erim en ts  w ith g row th /production  of the sporophy tes and grow tlt/m aturity  of the gam etophytes o f  Undaria 
pinnatifida  (lk is th e  light sa tu ra tio n  po in t fo r photosyn thesis).

S porophyte G am eto p h y te Photosyn thesis R eference

570-4000 lux (young) 

500-3090 lux

570-4000 lux 
1000 lux (op tim al)
1500 lux (op tim al)

< 400  lux
2000-6000 (optim al) 

< 1 5 0  lux (no  m atu ra tion )

k  ca, 100-450 «E  m ’ V  1 
(=  500-22 500 lux) 
lk 18000 lux

A kiyam a, 1965 
A kiyam a and K urog i, 1982 
F ang et a t. , 1982 
Pérez  el a t.. 198)
S aito , 1975 
S aito , 1975 
Saito , 1962 
M atsuyam a, 1983

W u et a l., 1981

H ay, pers. com m  ) ,  which im plies a low com petitive 
ability. This might indicate a sm aller risk of excluding 
native perennial canopy species than  in the case of 
som e o th e r in troduced  species; how ever. Undaria might 
possibly com pete  w ith o th e r annuals which also have 
periodic recru itm ent. Us often  dense coverage on secon
dary substrates (see also P art 2), m ight indicate a ten d 
ency of an opportun istic  colonization strategy, although 
it lacks m any o th e r  characteristics of true opportunists 
such as many genera tions per year, a high reproductive 
o u tp u t and  high m etabo lic  rates.

High grazing rates on Undaria , mainly by sea urchins, 
have been repo rted  (e .g . N o to  and M asakai, 1983; 
B oudouresque, pers. com m ,; Part 2), although in the 
sou thern  hem isp h ere , these are considerably low er than 
its grow th ra te  (S anderson , 1990; H ay , pers com m .). 
H ow ever, insufficient is know n to  pred ict to w hat extent 
grazing w ould influence the establishm ent o f Undaria 
pinnatifida  a long the E u ro p ean  A tlan tic  coasts.

2. Undaria pinnatifida  on the French 
coasts
U nd a ria  p in n a tif id a  irr th e  M e d i te r r a n e a n  S ea  

The Étang de Thau
Undaria pinnatifida  was first found in the É tang  de Thau 
in 1971. T he É tang  de T hau  (18 x 4 km ) is situated  in 
the south of F rance (Fig. 3), close to  the city o f Sète. It 
com m unicates w ith the M ed iterranean  Sea by channels 
and supports very active oyster aquacu ltu re . It is p ro b 
ably one o f the E u ropean  m arine sites w here the largest 
num ber of alien organism s can be found (B oudouresque 
et a l., 1985), The biology of th e  alga in T hau  was 
repo rted  by P érez et al. (1981, 1984) to be sim ilar to 
that in K orea and  Japan: the sporophytes are  visible in 
au tum n, the grow th is m axim al in M arch, the sporo- 
phylles are  m atu re  from  May to July, and the .sporo
phytes d isappear in July from  th e  natural sites.

A  visit to the É tang  de T hau in A pril 1988 (J .Y .F .) 
confirm ed th a t Undaria p innatifida  was still there .

attached  to  the perm anen t structures of the oyster 
farm s. Since the vertical ropes supporting  the oysters are  
frequently  c leaned . Undaria pinnatifida  has no chance to 
colonize them . As a consequence the alga is not a 
real nuisance for the fisherm en, who are  actually m ore 
concerned abou t an o th e r in troduced brow n alga Sar
gassum  m uticum  (Y endo) Fensholt.

U ndaria  dispersal ou t o f  the Étang de Thau 
T idal fluctuations are very small in the É tang  de T hau, 
as they are  in the M editerranean  Sea generally. The 
cu rren ts, which are essentially  p roduced  by the w ind, 
are  w eak, and the channel betw een the É tang  de Thau 
and th e  open sea is narrow . This is probably why it was 
no t until 1981, i.e . ten  years a fte r its discovery in the 
É tang  de T hau , tha t Undaria pinnatifida  was reported  
on the open  coast, on the p ier o f the harbour o f  Sète 
(Perez et a t., 1981). It seem s that from  that year the 
alga spread  faster along the M ed iterranean  coast. In 
fact, the species had already been found in 1981 at Port 
L a N ouvelle, 70 km  SW  o f Sète (B oudouresque et al., 
1985), but it was not until 1984 tha t these au thors studied 
a w ell-developed population  of Undaria pinnatifida  at 
this site. T he presen t know n sou thern  limit of the species 
is the h a rb o u r of Port V endres. 60 km S o f Port La 
Nouvelle and 10 km from  the Spanish b o rder (Fig. 3) 
(K noeppflcr-Peguy and F loc 'h , pers. obs. 1988). It is 
not known how  far the alga has sp read  E of Sele , but 
to th e  west its dispersal seem s to follow the well-known 
curren ts in th e  G olfe  du L ion. T h erefo re , it would not 
be surprising if the species w ere to  reach the Spanish 
coasts, if it has not a lready  done so.

T he general biology of Undaria pinnatifida  is sim ilar 
along the parts of the M editerranean  coasts w here it 
has been  found so far H ow ever, the size and duration  
of the sporophy tes seem  to vary according to  the local 
environm ental conditions. For instance, the com 
paratively sm aller size o f the alga in P ort La N ouvelle 
(m axim um  30 cm , B oudouresque et a i ,  1985) com pared 
to  100 cm in Port V endres (K noeppfler-Peguy and 
Floc’h, pers. obs. 1988) is probably due to  a higher 
turbidity  of the w ater th e re , a fact to  be com pared to
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T able  5, C a len d ar o f  th e  transfers o f  Undaria p innatifida  into 
th e  experim en ta l cu ltu re  field in open  sea at O u essan t (J, Y. 
M oign, C o opera tive  aqu aco le , pers. com m .).

Y ear M onth

L ength  o f 
tran sfe rred  ropes 

w ith p lan tle ts 
(km )

Y ield o f Undaria  
(fresh  w eight (t))

1983 O ct 0.15 1 (Feb  1984)
1984 F eb 0.2 2 ( J i m  1984)

N ov 1 0
1985 F eb 2 0

Sep 3 0
1986 M ar 1 0

Nov 2 0
1987 Sep 2 0
1988 Feb 1 0

A pr 1 G o o d  (no t harvested)

Figure 3 M ap show ing th e  sites w here Undaria p innatifida  was 
e ither in troduced  to o r  found on  th e  coast o f  F rance: (1) E tang  
de  T h au , (2) P o rt L a  N ouvelle, (3) P o rt V endres. (4) Island 
o f  O u essan t, (5) La R anee , (6) Island  o f G roix .

the  environm ental conditions in the Yellow Sea, w here 
th e  alga only grows to a sm all size (W u, C hang and Xia. 
pcrs. com m ,).

Undaria p innatifida  in the A tlantic O cean

Sequence o f  the intentional transfer o f  U ndaria  to the 
Atlantic

In 1983 the F rench IF R E M E R  decided to transfer 
Undaria pinnatifida  from  the M ed iterranean  Sea to the 
A tlantic O cean  (Pérez et a l., 1984). T he m ethod  fol
lowed th a t used in K orea: th e  m atu re  sporophylles w ere 
cut from  the sporophytes found in the E tang  de Thau 
and transferred  to  N antes. Subsequently  th e  spores 
w ere m ade to  germ inate  on ropes in a  hatchery; they 
p roduced  gam etophytes and  then  new sporophytes. 
W hen the newly form ed sporophytes w ere strong 
enough , th e  ropes tha t supported  them  w ere transported  
to  the sea a t th ree  d ifferen t sites in B rittany (Fig. 3): 
one a t the island of G roix in the sou th , ano ther at the 
island of O uessan t in the w est, the  th ird  in the estuary 
of La R anee in  th e  north .

T hese experim ents w ere based on two propositions: 
(1) Undaria pinnatifida  w ould grow' b e tte r in co lder 
w ater; and (2) the species w ould no t be able lo  rep ro 
duce in situ  an d , as a consequence, the cultures would 
be fully contro llable. T he sites of the R anee and Groix 
w ere soon abandoned  and the island o f O uessant 
becam e the only approved  French  experim ental site 
until 1989 (T able  5).

The aim  o f the study repo rted  here , restricted  to  
O uessan t at the request o f IF R E M E R , w as to  check

w hether the in troduced  alga had  escaped from  its exper
im ental site  since the first in troduction  in 1983. O u r 
study s ta rted  in 1987.

Ecological survey o f  the introduced Undaria  at 
O uessant

The site o f  survey
T he island o f O uessan t is situa ted  20 km off the w estern 
coast o f B rittany . T he experim ental Undaria culture 
field is located  in the bay o f L am paul, SW of the island 
(Fig. 4). O uessan t is fam ous fo r its exposure to  strong 
storm s and curren ts. T he difference betw een high and 
low w aterm arks can reach 8 m in this area. H ow ever, 
the bay o f L am paul is th e  m ost sheltered  site around 
the island. From  o u r own observations th e  currents 
seem  to be w eak inside the bay and the w ater there  is 
renew ed largely by the tida l m ovem ents. T he substrate  
of the bay is mainly rocky with som e sand patches. T he 
rocks are abundantly  covered with seaw eeds, the bulk 
o f w hich a re  m em bers o f Fucales and Lam inariales.

T he Undaria experim ental cultu re  field i s 200 x  100 m 
large, A  m ussel farm  s itua ted  50 m W of this field 
consists o f nine horizontal long lines (100 o r  125 m 
long), each supporting  200 to  300 vertical suspensions 
(5 to  8 m long).

M ethods
T he first step  was to exam ine the structures of the mussel 
farm. Since the horizontal lines w ere found abundantly  
covered with vigorous Undaria sporophytes. it was de
cided to  study the horizontal and vertical d istributions o f 
the alga on these structu res in detail. These prelim inary 
results w ould be used to  organize the search for Undaria 
pinnatifida  on the rocky substrate  of the bay.

Since Undaria pinnatifida  on the m ussel suspensions 
w ere not found d eep e r than 5 m from the surface, the 
subsequent search for the alga on the  rocky bottom  was 
first lim ited from  1.5 m above th e  low est tide m ark , i.e .
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N o r t h

ISLAND O F  OU ESS AN T

©  Undaria  c u l tu r e  
■#r M u s s e t  fa rm

*w — h ig h e r  w a t e r  m ark  
• • » a « ,  tow er  w a te r  m a rk  
- 'S - *  m e t e r s  be low  low er  w a te r  m a r t  

c i r c l e s :  limit s  of s e a r c h  for U n d a r i a

Figure 4. S tudy site in the  SW part o f  the Island  of O uessan t.

the upper lim it o f H im anthalia elongata  (L .) S. F. G ray, 
to  5 m below  the low est tide m ark. Using SC U B A  
diving, sam pling quad ra ts  o f 80 n r  were exam ined 
for sporophytes o f Undaria pinnatifida, A  total of 75 
q u ad ra ts , located  on  concentric circles a round  the 
experim ental algal culturing field as a cen tre , w ere 
exam ined in 1987 and  1988. T he w hole area studied was 
the eastern  p art o f the bay, situated  E o f the rock called 
Y ouc’h korz (Fig. 4).

Resul ts

U ndaria  pinnatifida on the m ussel structures 
In the spring of 1987 the d istribution  o f  Undaria p in 
natifida  on  the horizontal long lines of the mussel farm 
differed in accordance with the ir location in the bay. 
The northern  ex ternal struc tu res w ere the m ost heavily 
covered by the alga, som e o f them  carrying 6 to  8 
sporophytes per m etre  in M arch and May of th a t year.

T he vertical d istribution  of Undaria pinnatifida  was 
studied on th ree  suspensions o f each horizontal line, 
o n e  at each end and o n e  in th e  m iddle o f the lines. 
T he results (Fig. 5) show ed that the sporophytes were 
a ttached  in tufts along the suspensions, each tuft being 
form ed from a few up to 27 sporophytes, The bulk of 
the Undaria popu la tion  was found within the first 2 m

below the surface. O nly one sporophyte was found at a 
dep th  o f 5 m.

T he overall d istribution  of Undaria on the mussel 
struc tu res, horizontal plus vertical, show ed that 50%  of 
the algal population  was located w ithin the first 0.5 m 
below the surface (Fig. 6). T he Undaria sporophytes 
w ere found a ttached  to  the structu res, ropes, o r nets, 
or to  the m ussels them selves, O th e r algae were found 
together w ith them , mainly the brow n algae Saccorhiza  
polyschides  (L igh tf.) B a tt., Lam inaria digitata (Fluds.) 
L am our. and the red  alga Asparagopsis armaia  H arvey.

The length of the sporophytes was m easured in M arch 
and May 1987 (Fig. 7A  and B). T he results showed that 
the m axim um  size was found in M ay (Fig. 7B), most o f 
the sporophytes being betw een 50 and 120 cm long; 
some w ere nearly  2 m long.

U ndaria p innatifida on the rocky bottom  o f  the bay o f  
L am paul
T he search for Undaria pinnatifida  am ong the native 
algae of O uessan t was very difficult for several reasons. 
F irst, the local m arine fiora is very rich (F loc 'h , 1970: 
D izerbo and F loc‘h , 1971); the species are num erous, 
the densities are high and the sizes o f the algae are 
large. T hus H im anthalia elongata , situated  in the upper 
part of the stud ied  zone, is 4 -5  m long. Lam inaria
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h o r i z o n t a l  l o n g  l i n e s  
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s u r f a c e
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I I
I
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m e t e r s

1 n u m b e r  o f  s p o r o p h y t e s  p e r  tu f t  on  th e  s u s p e n s i o n s

Figure 5. V ertical d istribu tion  o f  Undaria  spo rophy tes on the suspensions in the  m ussel farm  at O uessan t. T h ree  suspensions 
w ere se lected  p er long line: one  a t each  en d  (E )  and one  in th e  m iddle (M ).

digitata. Lam inaria ochroleuca  Bach. Pyl. and L am i
naria hyperborea  (G u n n .) Foslie, fu rther dow n, form  
forests 2 -4  m high. M oreover, Alaria esculenta (L .) 
G rev. is com m on in this area and its sporophytes, w hen 
young and im m ature , a re  sim ilar to  those of Undaria 
pinnatifida, particularly  w hen the la tte r is young in 
M arch (Fig. 7A ). F u rth erm o re , no t all the quadrats 
could be visited the sam e day nor even in  th e  same 
m onth , and we did not know  anything about the suc
cession o f the escaped  sporophytes o f  Undaria from the 
experim ental cu ltu re  field (if any). T herefo re , it would 
have been necessary to  exam ine periodically the q u ad 
rats th roughou t the year to  de term ine w hether Undaria 
was there  o r no t -  a task  beyond the resources o f this

30
%  U ndaria  25

0 . 5  1 1 .5 2 2 ,5  3 3 5 4  4 . 5  5 m

d e p th

Figure 6. V ertical d istribu tion  o f  Undaria  spo rophy tes in the 
whole m ussel farm  at O uessan t in 1987

study. C onsequently , the p resen t study was definitely a 
qualitative one , and  no  quantita tive evaluation  o f the 
geographical d istribu tion  o f  Undaria in the bay is poss
ible from  the  following results.

In Ju n e  1987, 7 sporophy tes, 20 to  80cm  long, w ere 
found on the rocky b o tto m , 5 m beneath  the exper
im ental cu ltu re  field, and 10 sporophytes w ere found on 
the rocks 9 m b enea th  one o f the mussel farm  structures.

In A ugust abou t 40 sporophytes w ere found on rocks 
at dep ths betw een 5 and 18 m . T he sizes o f the algae 
were again betw een  20 and  80 cm long.

From  our earlie r observations (M arch and M ay) these 
results w ere unexpec ted , since no Undaria had  been 
found deep e r than  5 m on th e  mussel structures. M ore
over, all the  sporophy tes found on the rocks w ere very 
late m aturing  com pared  to  the p lants we saw on the 
mussel farm  at th e  sam e period . T herefo re  it was de
cided to  exam ine all the  Undaria pinnatifida  a lready 
found instead o f surveying the w hole bay.

The wild  U ndaria  pinnatifida in O ctober at Ouessant 
The Undaria popu la tions we found in O ctober 1987 on 
the mussel structures w ere m ixed populations o f plants 
of d ifferen t sizes: som e of them  w ere reduced to  their 
bases (w ith m ature sporophylles), som e w ere large (with 
their stipe, sporophylles, and full b lade), o thers  w ere 
young and apparen tly  grow ing. A t the sam e tim e the 
sporophytes we had seen before on the rocky bottom  
w ere reduced to  their bases (w ith sporophylles, only the 
m argins of w hich w ere m atu re).
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n u m b e r  of s p o ro p h y te s  per  c la s s  of size
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s p o ro p h y te s  s izes

n u m b e r  of s p o ro p h y te s  pe r  c la s s  of size

'0 0  150

s p o ro p h y te s  s ize s

200  cm
Figure 7. D istribu tion  o f Undaria 
sporophytes p e r  size class in th e  
m ussel farm  a l O uessan t in 1087 
(A ) M arch . (B ) M ay.

A significant finding w as tha t one mussel suspension, 
newly built in June 1987, was found  to be carrying 
18 sporophytes m easuring  from 30cm  to lOUcm long. 
T hese sporophytes m ust have com e from a com plete 
reproduction  of th e  sporophytes we had  found in  the 
spring of the sam e year, since no new culture ropes had 
been in troduced  befo re  S ep tem ber (T able 5 ), and this 
in troduction  could n o t have produced  such well- 
developed  plants if they had  escaped.

Discussion
The dense populations o f Undaria pinnatifida  found on 
the m ussel farm  structu res in the spring o f 1987 clearly 
showed th a t the in troduced  alien species had  escaped 
from  th e  culture experim ental site  at O uessant.

This escape could have tw o possible origins:

1. Since ropes w ith p lan tle ts w ere im m ersed in the

experim ental field in N ovem ber 1986 (T able 5) and 
th e  cu ltu re  was soon a fte r destroyed by a storm , 
it is possible th a t the p lan tle ts, o r the fertilized 
eggs, had been  detached  from  the ropes (fram es) 
and rea ttached  to the mussel structures nearby. H ow 
ever, this seem s to  be rare  in N atu re  and could 
only happen  in qu ie t w aters (W u, pers. com m .). 
T h erefo re , it w ould be surprising if such a great 
num ber o f p lan tle ts succeeded in fixing them selves 
to  th e  m ussel s truc tu res as th e  w ater m ovem ents 
w ere strong  a t O uessan t. Indeed  the observed  den 
sities o f 6 to  8 sporophytes per m e tre  on those struc
tures are not far below the best which fisherm en can 
obtain  in the cultivation  farm s (A kiyam a and K urogi, 
1982; P érez et al., 1984).

2. A m ore p lausible hypothesis is th a t the sporophytes, 
which had been cultivated  and had  becom e m ature 
at the O uesssan t site in 1983 and 1984 (T able 5), 
had re leased  the ir spores in  situ and th a t the whole
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reproductive cycle is com pleted  in the bay each year 
through the gam etophytes. In o u r opinion this would 
be a b e tte r exp lanation  for the num erous spo ro 
phytes o f wild Undaria pinnatifida  found in the bay 
of Lam paul in 1987 and 1988. a m inim um  estim ate 
o f which on the rocky bottom  in 1987 was 20 000.

This conclusion is co rrobo ra ted  by the fact tha t in 
O ctober 1987 we observed Undaria pinnatifida  sporo 
phytes of d ifferent sizes and m atu rity  stages on  a 
recently built mussel struc tu re , and by the num erous 
large wild sporophytes we found again on the mussel 
structures in the bay in early May 1988, at which time 
the cultivated algae did not exceed 15 cm (T able 5).

Conclusion
T he above results clearly  show  th a t Undaria pinnatifida 
does rep roduce  in situ in the A tlan tic  O cean at 
O uessan t, a conclusion that is contrary  to the hypothesis 
previously advanced by the algal culture prom oters. 
M oveover, from the p resen t resu lts , it appears that 
Undaria pinnatifida  does no t have exactly the sam e 
vegetative cycle at O uessan t as in the M editerranean  
Sea: thus although the species is annual, the sporophytes 
can be found all the year long at O uessan t. com parable 
to for exam ple the biology of Saccorhiza polysch ides , 
which is an o th e r annual m em ber of the Lam inariales 
that can be  found all the y ea r round  in this region.

Several questions th ere fo re  arise, the first being 
w hether it is possible to  foresee the geographical limits 
o f dispersal in the A tlan tic  coastal regions.

C learly Undaria pinnatifida  grows well in A tlan tic  
w aters. W ith ex trem e tem pera tu re  lim its in A sian 
w aters from  (TC (N W  H okkaido) to  27°C (SW  K yushu) 
(Fig. 2), virtually all A tlan tic  coastal regions from  N o r
way in the north  to  M auritania in the south are p o ten 
tially available so far as tem pera tu re  is concerned . O ther 
environm ental conditions must also, o f course, be 
favourable and  it is know n that in A sian Seas (the Pacific 
O cean, the Japan  Sea, the  Yellow Sea) the distribution 
of Undaria pinnatifida  is also regulated  by factors such 
as cu rren ts, tu rb id ity , and  grazing.

A no ther question  is w hether Undaria pinnatifida  will 
grow d ifferently  w hen in troduced , as happened  in 
the colonization of E uropean  w aters by Sargassum m u t
icum . So far, the evidence is th a t Undaria pinnatifida  
grows to abou t the sam e size ( 1-2 m) both in Japan  and 
O uessant.

In teractions and com petition  with local organism s are 
also im portan t G razing pressure on Undaria pinnatifida  
is undoubtedly  high, and in the M ed iterranean  it seem s 
now to be the favourite d iet o f sea urchins (B ou
douresque, pers. com m .). A t O uessan t we have seen 
grazed sporophytes in sum m er, and here it seem s tha t 
the fishes are  the m ain grazers on the mussel structures. 
H ow ever, grazing of gam etophytes is likely to have a

strong influence on contro lling  U ndaria , but there  is as 
yet no evidence from  w hich such in teractions can be 
quantified.

Undaria pinnatifida  grows well and in high densities 
at O uessan t on cleaned substra tes hanging from the 
surface structures (the  suspensions in the mussel farm ). 
An experim ent on com petition  betw een Undaria p in 
natifida and local algae was perfo rm ed  at O uessan t 
during 1988-1989. T hese results will be published else
w here. A nyhow . Undaria pinnatifida  does no t seem  to 
be very com petitive, especially if com pared  to  Sac
corhiza polyschides.
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