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N ative a n d  exo tic  seaw eed s freq u en tly  lie on  th e  beach  a n d  susta in  p a r t  o f th e  b en th ic  food w eb . H ow ever, 
th e  ro le o f exo tic  seaw eed s as food sources fo r beach  co n su m e rs  has b een  poo rly  s tu d ied . W e s tu d ie d  th e  
tem p o ra l an d  spatia l v ariab ility  in th e  tro p h ic  significance o f th e  invasive b ro w n  seaw eed  Sargassum  
m uticum  on  sandy  b eaches. W e m e a su re d  th e  stab le  iso to p es  (613C an d  615N) in  th e  tissu es  o f S. m uticum  and  
o f in v e rteb ra te  co n su m ers  an d  e s tim a te d  th e  d ie ta ry  b iom ass  p ro p o r tio n  o f  S. m uticum  d u rin g  fou r sam pling  
da te s  a t  tw o  b each es  a n d  h e ig h ts  on  th e  shore . S am ples w e re  co llected  from  e ig h t p itfall tra p s  p laced  a t  a 
d is tance  o f 2 m  from  each  o th e r. D etrita l m acroa lgae  an d  seag rasses w e re  also  co llected  by  h a n d  w ith in  an 
a rea  o f  30 cm  a ro u n d  each  p itfall trap . W e m e a su re d  th e  spatia l an d  te m p o ra l v ariab ility  in  th e  iso tope  
com position  o f th e  beach  co n su m ers  an d  o f  S. m uticum  u s in g  d iffe ren t m ode ls  o f analy ses o f v ariance. W e 
th e n  ca lcu la ted  th e  b iom ass p ro p o r tio n  o f  S. m uticum  to  th e  an im al d ie t w ith  a  tw o -iso to p ic  m ix ing  m odel. 
The invasive alga S. m uticum  seem ed  to  be  on e  o f th e  m a in  food sou rces for th e  a m p h ip o d  Talitrus saltator  
and , to  a  less ex te n t, for th e  isopod  Tylos europaeus. The im p o rtan ce  o f S. m uticum  w as  h o w e v er tem p o ra lly  
variab le  an d  d ec rea sed  d u rin g  sp ring  (in  M arch a n d  M ay), p ro b ab ly  d u e  to  th e  availab ility  o f  native  
m acro p h y tes. The supp ly  o f invasive w rack  to  beach  food w e b s  th u s  d e se rv es  m o re  a tte n tio n  if  w e  w a n t to  
u n d e rs tan d  th e ir  ro le  in in fluenc ing  food w eb  dynam ics.

© 2009  E lsevier B.V. All rig h ts  reserved .

1. Introduction

M arine seaw eeds and seagrasses are often  de tached  by w aves or 
during  sto rm s and  tran sp o rted  to  nearb y  beaches w h ere  th ey  
accum ulate for a variable am o u n t o f  tim e and decom pose (Inglis, 
1989; Kirkm an and Kendrick, 1997). These heaps o f p lan t detritus, 
com m only referred as wrack, provide im portan t, though  ephem eral, 
spatial subsidies (sensu  Polis e t  al., 1997) to  sandy beaches (Griffiths 
e t al., 1983). They m ay becom e a refuge from  desiccation and 
p redation  (Buck e t  al., 2003; Lewis e t  al., 2007) as w ell as an  im portan t 
food source for a range o f ben th ic  consum ers (Bedford and Moore, 
1984; Polis e t  al., 1997; Bolam e t al., 2000). Their role as food and 
n u trien t supplier is o f  such an  im portance th a t th ey  m ay becom e 
m etabolic ho tspo ts on  poorly-enriched sandy beaches (Coupland 
e t al., 2007). Furtherm ore, by providing a llochthonous m arine  food 
sources to beach ecosystem s, w rack becom es an  im p o rtan t vehicle o f 
carbon and n u trien t exchange be tw een  d ifferent m arine  ecosystem s 
and be tw een  m arine  and terrestria l ecosystem s (Brown and McLa- 
chlan, 1990; Dugan e t al., 2003; Colombini and Chelazzi, 2003;
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Schlacher and Connolly, 2009). A lthough it is o ften  assum ed th a t 
invertebrates a re  d irectly  involved in th e  up take  of wrack, little is 
know n abou t th e  role o f th is phy todetritu s in subsidizing food to  
supralittoral beach com m unities (B ustam ante and Branch, 1996; 
M ews e t al., 2006). Such de tection  m ay be com plicated by the  
ex istence o f spatially  and  tem porally  variable sources o f food. 
Different species o f w rack m ay becom e available for a variable tim e 
and a t d ifferent positions on th e  shore, depending  on beach dynam ics, 
m acroalgal decom position  ra te  and life cycle, nu tritional value or the  
presence o f m acroalgal species on th e  ad jacen t rocky shores (Orr 
e t al., 2005). Furtherm ore, changes in env ironm ental conditions such 
as tem p era tu re  o r desiccation m ay greatly  affect m acroalgal decom ­
position rates. Therefore, m acroalgal availability could vary according 
to  th e  tim e o f th e  year, w h en  m acroalgae becom e available on the  
beach, o r th e ir position along th e  shoreline. For exam ple, th e  h igher 
th e  seaw eed is located on  th e  beach, th e  longer is supposed to  be 
deposited  (Orr e t al., 2005). In addition, th e  beach consum ers m ay 
greatly  increase th e  spatial variability  o f beach food w ebs. Consum ers 
m ight feed locally o r m ove along th e  shore tow ards th e  food sources 
(Colombini e t al., 2002). Such feeding pa tte rn s m ay vary w ith in  the  
sam e species as th ey  m ay be a behavioral response to th e  availability 
o f  food and th e  need of refuge (Duffy and Hay, 1991; Pavia e ta l., 1999; 
Stachowicz and Hay, 1999; Cruz-Rivera and Hay, 2001).
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Very little  a tten tio n  has been  given to  th e  role o f  invasive 
seaw eeds in providing food to these  sandy beach consum ers (Rodil 
e t al., 2008), desp ite  th e  fact th a t th e  arrival o f  invasive seaw eeds and 
plan ts to new  areas has becom e an  increasing phenom enon  during 
th e  last decades (Pauchard and Shea, 2006). According to th e  enem y 
release hypothesis, ERH, in troduced  plants should experience a 
decrease  in regulation  by herbivores due to  th e  absence o f their 
natural grazers (Keane and Crawley, 2002). Therefore, th e  d e tritu s o f 
invasive species could be less edible th an  th e  d e tritu s o f native 
seaw eeds for beach inhabitants, and reduce th e  am o u n t o f w rack 
recycled in th e  food web. U nder these  circum stances, th e  p resence of 
invasive seaw eed d e tritu s m ay even be a cul-de-sac  for th e  flux of 
a llochthonous organic m atte r into th e  beach food web.

The in troduced Japanese  b row n  alga Sargassum muticum  (Yendo) 
Fensholt has invaded m any  in tertidal habitats o f Europe and North 
Am erica (B ritton-S im m ons, 2004). S. m uticum  species invaded 
n o rth ern  Spain in th e  1980s and it w as first observed on th e  Galician 
coast in 1986 (Fernández e t al., 1990). Since then , it has successfully 
colonized m ost o f th e  Galician estuaries increasing its abundance 
rapidly. Nonetheless, th e  trophic  role o f S. muticum  has been  poorly 
understood  (Rodil e t  al., 2008).

This study  investigated th e  role o f this invasive seaw eed as a 
po ten tial food source for th e  invertebrates inhabiting  sandy beaches 
on  th e  Galician coast. In particular, w e  m easured  natural abundances 
o f  stable isotopes (ô13C and ô15N) o f w rack  and consum ers, and 
estim ated  th e  biom ass p roportion  o f S. m uticum  con tribu ting  to the  
d ie t o f th e  ben th ic  consum ers along tw o levels o f th e  shoreline o f  tw o 
exposed sandy beaches a t d ifferent tim es of th e  year. Shifts in the  
spa tia l and  tem p o ra l iso top ic  co m p o sitio n  o f m acroalgae and  
consum ers m ay often  occur (see M achás e t  al., 2006). Isotopic 
signature  o f m acroalgal specim ens m ight for instance vary according 
to  th e  tim e o f th e  y ear and th e  place w here  they  grow. Furtherm ore, 
w rack isotopic com position varies during  th e ir decom position  rate 
according to  env ironm ental variables such as tem pera tu re , desicca­
tion  or beach dynam ics. Thus, w e expected  changes in th e  isotopic 
signatures influenced by th e  origin o f w rack  and th e  d ifferent 
processes th e  w rack undergo (i.e.; dehydration , aging, fragm entation) 
a t d ifferent shore levels and over tim e. M oreover, since isotopic 
signature  o f consum ers reflects th a t o f th e ir food sources, w e also 
expected  th a t beach consum ers w ould  vary th e ir isotopic com position 
follow ing variations in th e ir food sources. W e tes ted  th e  hypotheses 
th a t (i) th e  isotopic signatures o f S. m uticum  and  o f consum ers w ould 
show  differences along th e  shore and th rough  th e  year and th a t (ii) 
th e  variability  in th e  isotopic signature o f consum ers w ould be 
influenced by th a t o f S. m uticum . Eventually, since m acroalgae life- 
h isto ry  traits  and environm ental conditions as well as consum er 
behaviour and energy  requ irem en ts m ay greatly  m odify th e  avail­
ability o f w rack as food for beach consum ers, w e estim ated  the  
biom ass p roportion  of S. m uticum  con tribu ting  to  th e  consum er d iet 
and tes ted  w h e th er th ere  w ould be differences along th e  shore and 
th rough  th e  year.

2. Material and methods

2.Í. Sampling and laboratory analyses

The study  w as done in th e  South p a rt o f th e  Galician coast 
(N orthw est coast o f  Spain). W e random ly chose tw o exposed sandy 
beaches, abou t 400 m  apart, th a t p resen ted  sim ilar m orpho-dynam ic 
conditions. H ereafter these  beaches will be referred  as Barra (42° 15' 
N, 8° 51 ' W ) and Vifió (42° 15 ' N, 8° 50 ' W ). W e collected da ta  on the  
natural abundance o f stable isotopes (ô13C and ô15N) for sandy beach 
consum ers and w rack in October and D ecem ber 2007 and in March 
and May 2008. Eight pitfall trap s m ade of plastic cups (15 cm, inner 
d iam eter) filled up  w ith  w a ter w ere  pushed in th e  sand and placed a t 
a distance o f 2 m  from  each o th er a t tw o  levels on  th e  shore, i.e. the

strand line  and 3 m  above th e  strand line  (h ereafte r low er and upper 
zone, respectively). Pitfall traps w ere  left overn igh t and th e  day after 
in th e  m orning th e  co n ten t o f  each pitfall w as collected and taken  to 
th e  laboratory. Animals w ere  picked d irectly  from  4  random ly chosen 
pitfalls. Detrital m acroalgae and seagrass w ere  collected by hand 
w ith in  an  a rea  o f -3 0  cm  around  each pitfall trap. Additional detrital 
m aterial deposited  on  th e  beach and located outside  th is area w as also 
collected w h en  it differed from  th a t found inside th e  pitfall traps.

In th e  laboratory, anim als w ere  sorted  alive and relaxed w ith  10% 
MgCl to be accurately  cleaned o f any residual debris and clean th e  
stom ach conten t. In total, 619 sam ples w ere  analysed. Anim als w ere  
th en  d ried  a t 60 °C for 48 h. The detrital m acroalgae and seagrass w ere  
rinsed w ith  filtered seaw ater to clean off epibionts, dried  (60 °C for 
48 h) and ground to fine pow der. All d ried  sam ples w ere  stored  frozen 
( — 20 °C) un til isotopic analyses.

The carbon and n itrogen  isotopic com position o f th e  sam ples was 
d e te rm ined  using a MAT 253 stable isotope ratio  m ass spectrom eter. 
The carbon and n itrogen isotope ratios are  expressed  in th e  delta
no tation  Ô13C and Ô15N, W here 0X =  [ (K sa m p le /R re fe re n c e )  — l ] x l 0 3,
w ith  R =  13C/12C for carbon and 15N/14N for n itrogen. Reference 
m aterial w as Vienna Pee Dee Belem nite standard  (PDB) for carbon 
and air N2 for nitrogen. Precision in th e  overall p repara tion  and 
analysis w as ±0.13%  for bo th  ô13C and ô15N. Sam ples w ere  acidified 
before analyses by add ing  a drop  of 10% HC1. A lthough acidification 
m ay in troduce a bias in determ in ing  th e  natural abundance o f ô 15N 
(M ateo e t al., 2008), such trea tm e n t w as necessary due  to th e  large 
am o u n t o f carbonate  in th e  w rack provided by coralline m acroalgae 
and serpulid  polychaetes. In addition, recen t analyses on m acrofauna 
consum ers typical o f in tertidal flats revealed no differences be tw een  
natural and acidified sam ples (Rossi F. unpublished).

2.2. Statistical analyses

To te s t for differences in th e  spatial and tem poral d istribu tion  o f 
stable isotopic signatures o f S. m uticum  and  ben th ic  consum ers (ô13C 
and ô15N), w e used  d ifferent m odels o f analyses o f variance (ANOVA). 
To te s t  for differences in th e  ô13C and  ô15N o f S. m uticum , w e used  a
3-w ay m odel ANOVA w ith  sam pling dates (random , 4  levels: October, 
December, March and May), shore (fixed, 2 levels: upper and lower 
zones) and beaches (random , 2 levels: Barra and Vifió) as orthogonal 
factors, and pitfall traps as replication units.

Talitrus saltator w as th e  only consum er species to be analysed 
because it occurred  in a sufficient num ber o f traps a t each  shore level 
and beach to  perform  ANOVA (see n in Table 1). This species was 
how ever no t collected in O ctober and th ree  sam pling dates w ere  used 
for detecting  tem poral fluctuations. To tes t for differences in th e  
isotopic signatu res (b o th  ô13C and  ô15N) o f T. saltator, w e used  a
4 -w ay  m odel ANOVA w ith  th ree  o rthogonal factors: sam pling da te  
(random , 3 levels: December, M arch and May), beach (random , 2 levels: 
Barra and Vifió) and shore (fixed, 2 levels: upper and low er zones) 
and one nested  factor: pitfall traps. Anim als co llected  w ith in  each 
pitfall w ere  replicates. In o rd er to balance th e  analyses o f variance, 
th ree  rep licates trap s and  6 an im als pe r trap  w ere  used. Data w ere 
not-transform ed w h e th er o r no t variances o f  residuals w ere hom oge­
neous because the  ANOVA is robust to heterogeneous data w hen  there  
are balanced data  (Underwood, 1997). Factors w ere pooled w hen  
P > 0.25. W hen significant differences am ong m ain factors or their 
interactions w ere found, S tudent-N ew m an-K euls (SNK) tes t was used 
as a posteriori com parison (Underwood, 1997). To te s t w h e th er the  
differences observed in consum er isotopic signatures w ere due to the 
differences in S. muticum, w e used a 3 factor analyses o f covariance 
(ANCOVA), the  sam e factors used for ANOVA and S. muticum  isotopic 
signatures as covariate. Data w ere no t transform ed.

W e calculated th e  con tribu tion  of S. m uticum  and th e  w rack 
species collected to th e  anim al d ie t w ith  a tw o-iso tope  m ixing m odel 
(ISOSOURCE softw are, h ttp ://w w w .epa .gov /w ed /pages/m odels.h tm )

http://www.epa.gov/wed/pages/models.htm
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Table 1
Mean ±  SD and sample numbers (n) of Ô13C and Ô15N a t each beach (Barra and Viñó) and height on the shore (lower and upper zone) for each sampling date.

Barra Beach October 2007 December 2007 March 2008 May 2008

013C 615N n 013C 615N n 013C 615N n 013C 615N n

Lower zone
Sargassum muticum - 1 8 .4  ± 3 .4 5.6 ± 0 .6 4 — 17.7 ±  1 5.2 ± 0 .2 4 -2 0 .4  ± 0 .6 7.8 ± 0 .5 4 -1 8 .7  ± 1 .2 5.9 ± 0 .7 4
Ascophyllum nodosum -1 7 .4  ± 1 .6 8.0 ± 0 .8 3
Colpomenia peregrina -1 2 .5  ± 3 .4 6.5 ±0.1 2
Cystoseira baccata -1 8 .8 5.7 1 — 19 ±1.1 6.2 ± 2 .2 3 -1 7 .7  ± 0 .7 6.4 ± 1 6
Fucus spp. —14.3 8.6 1 — 16.2 ±  1 9.6 ± 1 2
Himanthalia elongata -1 3 .4  ± 0 .8 7.2 ± 0 .5 2
Codium sp. -1 8 .8  ± 7 .5 6.9 ± 0 .4 6 —13.6 6.9 1
Plocamium cartilagineum -2 2 .9 7.4 1
Ulva rigida -1 2 .5  ± 3 .9 4  ± 3 .6 2 -1 4 .5  ± 1 .4 7.6 ± 0 .6 2
Zostera marina -1 0 .1  ± 0 .9 6.5 ±1.1 3 -1 0 .3  ±1 .3 6.8 ± 1 .4 3 -1 1 .2 6.3 1 - 9 .6  ± 0 .9 7 ± 0 .6 5
Aleochara sp -1 9 .1 10.2 1 -1 8 .3 10 1 -2 2 .3 11.1 1
Arctosa variana - 2 6 2 1
Formicidae -2 4 .9 3 1
Phaleria cadaverina -1 6 .2  ± 0 .2 9.7 ± 0 .9 2 -1 9 .6  ±2 .3 10.6 ± 0 .8 4
Larva P.cadaverina - 1 8 9.8 1
Talitrus saltator -1 7 .5  ± 0 .8 8.3 ± 0 .7 35 -1 7 .4  ± 1 .6 10.0 ± 1 .7 26 -1 6 .9  ± 1 .0 9.3 ± 0 .7 25
Trechus sp -2 8 .6 5 1
Tylos europaeus -1 8 .1  ± 0 .6 9 ± 0 .6 3 -1 7 .4  ± 3 .5 9.9 ±1 .3 4 -1 3 .3 9.6 1

Upper zone
Sargassum muticum -2 2 .0  ±6.1 6.6 ± 1 4 -1 7 .9  ± 3 .8 4.9 ± 1 .2 4 -1 9 .2  ± 0 .6 7.1 ± 0 .9 8 -1 7 .7  ± 0 .8 5.6 ± 0 .7 3
Ascophyllum nodosum -2 6 .5 5.9 1 -1 4 .6  ± 1 .4 7.2 ± 0 2 -1 6 .9  ± 0 .9 8.7 ± 0 .8 8 -1 6 .6 8.5 1
Cystoseira baccata — 19 ±1 .3 5.6 ± 1 .7 6 -1 8 .9  ± 0 .7 7 ± 0 .7 2
Fucus spp. - 2 2 .4  ± 0 .4 8.1 ± 0 .8 2 — 15.7 ±  1 8.4 ± 0 .6 7 16.0 ± 1 .2 7.8 ± 0 .8 3
Ceramium rubrum -1 8 .6 8.2 1
Zostera marina -1 9 .9  ± 1 .8 6 ±2.1 4 - 9 .3  ± 5 .5 7.8 ±2.1 4 — 11 ± 1 6 ± 0 .5 4 -1 0 .3  ±0 .3 7.8 ± 0 .2 3
Arctosa variana -2 0 .9 1
Diptera -2 0 .4 1
Formicidae -2 5 .1 1 -2 5 .4 5.8 1
Julidae -2 1 .1  ± 1 16.7 ± 3 .7 4
Ligia oceanica -2 0 .9 5.7 1
Lycosidade -2 1 .4  ± 1 .6 9.1 ± 1 .8 3 —19 ±  3.1 9.7 ±2.1 4
Phaleria cadaverina -1 9 .3  ±2 .5 13.1 ± 8 .7 2 -2 2 .6  ± 2 13.6 ± 7 .4 26 — 20.2 ± 1 .5 8.6 ± 2 .9 5
Phaleria sp. -2 0 .9 3.9 1
Talitrus saltator -1 6 .5  ± 0 .7 8.5 ± 0 .9 40 -1 6 .8  ± 0 .9 9.8 ± 0 .7 26 -1 6 .8  ± 0 .6 9.3 ± 0 .6 26
Trechus sp. -1 9 .2 5 1
Tylos europaeus -1 7 .7  ±1.3 9.2 ± 0 .4 13 -2 1 .9  ±1.1 8.0 ± 0 .7 8

Viñó Beach October 2007 December 2007 March 2008 May 2008

013C 615N n 013C 615N n 013C 615N n 013C 615N n

Lower zone
Sargassum muticum - 2 3 .4  ± 3 .9 5.9 ± 0 .8 6 - 1 9  ± 0 .5 4.5 ±0 .3 4 -1 9 .3  ± 0 .7 8 ± 0 .4 4 -1 8 .2  ± 1 .9 6.7 ± 0 .5 5
Ascophyllum nodosum -1 7 .4 5.0 1
Colpomenia peregrina - 8 .1 1.1 1 - 1 3  ± 0 .6 6.7 ± 0 .8 3
Cystoseira baccata -2 5 .1 3.8 1 -1 8 .7  ± 1 .2 5.8 ± 0 .9 2 -1 8 .7  ± 2 .5 6.8 ±0 .3 4
Fucus spp. -1 4 .2 9.8 1 -1 4 .9 6.6 1
Himanthalia elongata -1 0 .3 6 1
Sacchoriza polyschides -1 3 .5 7.2 1
Ceramium rubrum - 8 .4 7.5 1
Ulva rigida - 1 4  ± 3 .4 7.3 ± 0 .2 3 — 16.5 ± 0 8.1 ± 0 1
Zostera marina - 1 0 .1 ± 0 9.0 ± 0 1 -1 0 .1  ±1 .3 7.7 ± 0 .6 4
Aleochara sp -1 8 .1  ± 0 .5 11.1 ±0 .3 8
Formicidae - 2 1 11.4 1
Ligia oceanica -1 7 .3 10 1
Lycosidade -2 0 .4 11.8 1
Phaleria cadaverina -2 1 .7 9.3 1 -2 0 .4  ± 1 .8 10 ± 0 .9 3
Talitrus saltator — 16.7 ±  1 8.5 ± 2 42 -1 6 .5  ± 0 .8 9.3 ± 0 .9 27 -1 6 .8  ± 1 .0 9.0 ± 0 .5 26
Tylos europaeus -1 7 .6  ± 1 .4 9.2 ± 0 .4 11 -1 3 .5 9.1 1 -1 6 .5 8.8 1 -1 5 .6 9.5 1

Upper zone
Sargassum muticum -1 9 .2  ±2.1 5.4 ± 0 .8 4 -1 9 .1  ±1.1 5.3 ± 0 .3 4 -1 9 .1  ± 1 7.8 ±0 .3 5 -1 8 .5  ± 1 .7 5.4 ± 0 .8 3
Ascophyllum nodosum -2 2 .4 5.9 1
Colpomenia peregrina - 1 1  ± 0 .7 6.7 ±0.1 5
Cystoseira baccata -2 0 .9 6.6 1 —17.7 ±  1.1 5.5 ± 0 .8 4
Fucus spp. -1 5 .2 5.9 1 -1 2 .3 6.2 1
Himanthalia elongata -1 0 .5 6.5 1
Ceramium rubrum -1 6 .7 6.4 1
Lomentaria clavellosa -2 9 .9 6.6 1
Plocamium cartilagineum -3 2 .4 6.7 1
Enteromorpha intestinalis -1 7 .5 6.6 1 - 8 .3 8.6 1
Ulva rigida —17.6 ±  1.1 6.7 ± 0 .0 2
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Table 1 (continued)

Viñó Beach October 2007 December 2007 March 2008 May 2008

013C 615N n 013C 615N n 013C 615N n 013C 615N n

Upper zone
Zostera marina -1 4 .9  ± 6 .7  7.2 ± 0 .4 5 -1 0 .1 6.9 1 -1 0 .1  ± 0 .3 7 ± 0 .7 5
Aleochara sp. - 1 7 .4  ± 1 .2 14.3 ± 9 .9 4 -1 7 .7  ± 0 .4 11.2 ±0 .3 3
Diplopoda - 1 5 2.9 1
Eurinebria complanata -2 3 .4 10.9 1
Lycosidade -2 1 .2 8.4 1
Phalangiidae -2 3 .3 5.9 1
Phaleria cadaverina - 1 4 .4  ± 0 .4 10.1 ± 0 .5 2 — 21 .2 ±  1 10.7 ± 1 9
Talitrus saltator —17.9 ±  1.1 8.2 ± 0 .8 43 - 1 6 .4  ± 1 .5 10.1 ± 1 .0 26 — 16.6 ±  1.0 9.2 ± 0 .7 26
Tylos europaeus -1 6 .9  ± 1 .8  9.5 ± 0 .2 3 -1 4 .8 9.4 1 - 1 6 .4  ± 3 .6 10.4 ± 0 .9 14 -1 3 .7  ± 0 .7 9.7 ±1.1 5

(Phillips and Gregg, 2001, 2003). The biom ass fraction o f each i food 
sources (/si) used  by th e  consum er can be calculated follow ing the  
equation:

( ’̂ c o n s u m e r  4 - 1 (

assum ing t h a t ^ / si =  1

w here  ôXconsumer rep resen ts th e  isotopic signature  o f th e  consum er 
and ôXsi th a t o f i food source.

If w e w an t to  estim ate  th e  fractions for each food source, / sii it is 
necessary  to m easure  n isotope signatures to estim ate  n +  1 biom ass 
fraction. The ISOSOURCE m ixing m odel softw are has been  designed 
for situations in w hich  n isotopes are  being used and m ore th an  n + 1  
sources a re  likely to be con tribu ting  to  a m ixture. It is how ever 
advisable to  use food sources th a t differ considerably in th e ir isotopic 
signatures. In this study, w h en  th e  isotope signatures o f different 
w rack species coincided (e.g. differences w ere  <1%») species w ere  
aggregated  (Phillips e t al., 2005).

Furtherm ore, to apply th e  m ixing m odel it is necessary to include in 
th e  m odel the  fractionation th a t each isotope value undergoes during 
th e  digestion and assim ilation process. Although fractionation is usually 
accepted to be relatively constant a t each trophic level, am phipods and 
herbivores in general m ay show  great variability (Vander Zanden and 
Rasmussen, 2001). W e therefore applied tw o different fractionation 
values to  our data. W e first assum ed the  w ell-accepted positive 
fractionation of +1%» for ô13C and a m ean trophic enrichm ent o f 
+  3.4%o for ô15N as a result o f th e  assim ilation of food (Adin and Riera, 
2003). W e th en  used the  fractionation values proposed by Crawley e t  al. 
(2007). These researchers show ed th a t th e  fractionation  o f the  
am phipod Allorchestia compressa, a species relatively similar to those 
species found in this study, m ay greatly  vary depending on the  
m acrophyte species. In Sargassum genus, they  found negative ô13C 
discrim ination, w ith  values in th e  consum ers — 2%» depleted  and a small 
positive ô15N fractionation , w ith  values +1%» increased  in th e  
consum er. For o ther m acroalgal species, including red and brow n 
algae these authors m easured  average —3%» and +1%» in ô13C and 
ô15N, respectively. Moreover, w hen  A. compressa w as fed w ith  seagrass 
detritus, fractionation values w ere —10%» and +  3 to 4%». W e therefore 
m aintained the  fractionation o f 3.4%» for th e  seagrass detritus.

The data  corrected  for fractionation  can be rep resen ted  graphically 
w ith  a varie ty  o f m ethods. Here, w e  have reported  th e  real signatures 
o f  bo th  w rack and consum ers as points and w e have superim posed  on 
th e  g raph th e  w rack isotopic signatures corrected  for fractionation as 
poin ts delim iting a polygon (Fig. 1 and Results section). This graphical 
rep resen ta tion  m ay also help to  visually estim ate  th e  im portance of 
each food source for each consum er. The consum er feeds on som e of 
th e  collected  food sources only w h en  its isotopic signa tu re  is 
delim ited  by th e  polygon. The closer th e  isotopic signatures o f the  
consum er are  to  one o f th e  food source isotopic signatures delim iting

th e  polygon, th e  larger is th e  biom ass p roportion  o f th a t food source 
used by th e  consum er (Phillips e t  al., 2005).

To te s t for differences in th e  biom ass p roportion  o f S. muticum  
assim ila ted  by  th e  consum ers, w e  applied  th e  previously  d escribed  a 
3 -w ay  ANOVA m odel on  th e  m ean  d ie ta ry  b iom ass p ro p o rtio n  o f 
S. m uticum  calcula ted  by ISOSOURCE a t each pitfall trap . Data w ere  
log-transfo rm ed  to avoid th e  skew ness from  norm al d is trib u tio n  g en ­
e ra ted  w h en  calcula ting  ratios. W e restric ted  o u r analysis to th e  
sam pling  da tes o f D ecem ber 2007 and  M arch 2008, because a t these 
sam pling dates S. muticum  signatures w ere clearly distinguished from 
o ther w rack species a t any beach and shore level and the  standard  errors 
o f th e  calculated m eans w ere relatively small.

3. Results

3.1. Isotopic composition

The ô13C o f S. m uticum  and  T. saltator show ed differences in th e  
in te rac tio n  sam pling  d a te  x beach  x sh o re  (ANOVA, F3 32 =  6.0, 
P = 0 .0 0 2  and F2, 2 4  =  5.2, P =  0.004, respectively). The a posteriori 
SNK te s t done  on  th is in teraction  te rm  show ed th a t th e  ô13C values o f 
S. muticum  w ere  dep le ted  in October a t th e  u p p e r zone o f Barra beach, 
w hereas th e  ô13C values o f T. saltator w ere  dep le ted  in D ecem ber a t 
th e  u p p e r zone o f Vifió beach  (SNK, P =  0.05, Table 1). After 
elim inating  th e  da te  o f October, w h en  T. saltator w as no t found, th e  
ô13C values o f S. m uticum  w ere  h igher in M arch th an  D ecem ber and 
May (ANOVA, P2, 24 =  6.9, P =  0.004).

There w as also a significant interaction sam pling date x beach x shore 
for th e  ô15N o f S. muticum  (P3 32 =  3.4, P = 0 .0 3 ), w hich w as 15N de­
pleted in Decem ber and 15N enriched in M arch consistently a t any beach 
and shore level (SNK perform ed on the  interaction, P =  0.05). The ô15N 
of T. saltator va  ried am ong sam pling dates (ANOVA, F3i 36 =  18.00, P =  
0.001). The T. saltator tissues w ere ô15N -depleted in December (SNK, 
P =  0.05, Table 1 ). Such tem poral differences w ere rem oved by adjusting 
the  values to th e  influence of S. muticum  (ANCOVA, P >  0.05).

Overall, th e  isotopic values o f th e  isopod Tylos europeus w ere  fairly 
sim ilar to those o f T. saltator especially in M arch and May (Table 1, 
Fig. 1 ). Among the  o th er taxa collected, w hich w ere found sporadically 
in the  pitfall traps, the  staphylinid Aleochara sp., Lycosidae, Formicidae 
and th e  tenebrionid Phaleria cadaverina had ô15N values very variable, 
w ith  ô15N e ither above, close o r below  those o f T. saltator o r T. europeus, 
probably indicating feeding a t different trophic levels. The isopod 
Ligia oceanica had instead isotopic signatures very close to those of 
T. europeus, w hereas th e  o th er taxa (the  staphilinid Trechus sp., th e  arach­
nids Arctosa variana and Phalangiidae, Diptera, Julidae milleped and the  
carabid Eurynebria complanata) w ere  13C— or 15N— depleted  (Table 1, 
Fig. 1), w hich m ay indicate a d iet based on terrestrial sources.

S. m uticum  was collected a t any sam pling occasion on bo th  beaches 
and heights on  the  shore. W e also collected six native b row n m acro­
algae, variably p resen t on the  beaches (Cystoseira baccata, Fucus spp.,
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Fig. 1. Dual stable isotope plots for each beach (Barra and Viñó) and height on the shore (lower and upper zones) during October, December, March and May. Symbols refer to mean 
values (see Table 1 for Mean ±  SD and n) of wrack (black circles) and consumers (open diamonds). Sargassum muticum  is the grey circle. The polygons represent the projections of 
wrack signatures corrected for fractionation (see Material and methods). Continuous line indicates the correction according to the well-accepted fractionation of + 1  and +  3.4%o for 
013C and 615N, respectively (Adin and Riera, 2003). The polygon indicated as dashed line indicate the fractionation of — 2, —3 or — 10%o for 013C, 1 or 3.5%o for 015N in S. muticum, 
o ther macroalgae and Zostera marina, respectively (Crawley e t al. 2007). 1 =  Codium sp.; 2 =  Enteromorpha intestinalis; 3 =  Zostera marina; 4  =  Ceramium rubrum; 5 =  Cystoseira 
baccata; 6 =  Fucus spp.; 7 =  Himanthalia elongata; 8 = Ascophyllum nodosum; 9 =  Colpomenia peregrina; 10 =  Plocamium cartilagineum, 11 =  Ulva rigida, 12 =  Lomentaria clavellosa, 
13 =  Sacchoriza polyschides.

Ascophyllum nodosum, Colpomenia peregrina, Hymanthalia elongata and clavellosa) and green algae (Enteromorpha intestinalis, U. rigida and
Sacchoriza polyschides). W rack w as som etim es com posed of red ma- Codium sp.). The seagrass Zostera marina  w as often found m ixed to the
croalgae (Plocamium cartilagineum, Ceramium rubrum  and Lomentaria w rack seaw eeds. These m acrophytes had well distinguished isotopic
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Table 2
Minimum and maximum dietary biomass proportion of wrack (ISOSOURCE) at each beach, height on the shore and sampling date.

Barra beach

Lower zone

S. muticum S. muticum  +  5 3 5 6 7 10 11 1, 6, 11

October T. europaeus A 0.9-1 0-0.02 0-0.1
December Aleochara sp. A 0-0.4 0-0.3 0.4-0.7 0-0.5

T. saltator A 0.7-1 0-0.1 0-0.2 0-0.1
B 0-0.5 0-0.4 0-0.2 0.2-0.9

March P. cadaverina A 0-0.1 0.2-0.3 0.6-0.8 0-0.6
T. europaeus A 0-0.3 0-0.2 0.5-0.9 0-0.1
T. saltator A 0-0.4 0-0.2 0.5-0.9 0-0.2

May P. cadaverina B 0.9-1 0-0.1
T. europaeus A 0.4-0.7 0.2-0.5 0-0.4
T. saltator A

oioiooo

0-0.2

Upper zone

S. muticum S. muticum  +  5 3 4 5 6 8

October T. europaeus A 0-0.03 0.9-1
December T. saltator A 0.9-1 0-0.1 0--0.1
March T. saltator A 0-0.7 0-0.2 0.2-0.7 0-0.4 0-0.3
May P. cadaverina B 0-0.5 0.04 0-0.6

T. saltator A 0.6-0.9 0-0.1 0-0.4 0-0.1

Viñó beach

Lower zone

S. muticum S. muticum  +  5 3 4 5 6 9 11

October T. europaeus A 0.3-0.7 0.2-0.5 0-0.3 0-0.1
December T. europaeus A 0.4-0.5 0.4-0.5 0-0.1

T. saltator A 0.8-0.9 0-0.2 0-0.2
March L. oceanica A 0-0.6 0-0.1 0.3-0.9 0-0.2 0-0.4

P. cadaverina B 0.9-1 0-0.1 0-0.1
T. europaeus A 0-03 0-0.1 0.8-0.9 0-0.2

B 0-0.6

moio

0-0.2 0-0.5 0-0.7
T. saltator A 0-0.2 0-0.2 0.5-0.9 0-0.3 0-0.3

B 0-0.1 0.3-0.4 0.5-0.7
May T. europaeus A 0.6-0.8 0-0.3

Upper zone

S. muticum 2 3 4 5 6 8 9 10, 12

October T. europaeus A 0-0.8 0-0.5 0-0.6
December T. europaeus A 0.5-0.7 0.2-0.4 0-0.2

T. saltator A 0.9-1 0-0.1
March P. cadaverina A 0-0.5 0-0.9 0-0.5 0.1-0.8 0-0.2

T. europaeus A 0-0.7 0-0.9 0-0.7 0-0.7 0-0.3
T. saltator A 0-0.6 0-1 0-0.7 0-0.7 0-0.3

May T. europaeus A 0-0.6 0-0.5 0-0.7 0-0.7
T. saltator A 0-0.9 0-0.2 0-1 0-0.2

A: fractionation of +  1 and + 3.4%o for i>13C and i>15N, respectively; B: fractionation o f — 2, — 3, — 10%,. for i>13C and 1,1, 3.5%,. for i>15N in Sargassum muticum, other macroalgae and 
Zostera marina, respectively (see Materials and m ethods). 1 =  Codium sp.; 2 =  Enteromorpha intestinalis; 3 =  Zostera marina: 4 =  Ceramium rubrum; 5 =  Cystoseira baccata: 6 =  Fucus 
spp.; 7 =  Himanthalia elongata; 8 =  Ascophyllum nodosum: 9 =  Colpomenia peregrina: 10 =  Plocamium cartilagineum, 11 =Ulva rigida, 12 =  Lomentaria clavellosa.

signatures, except S. muticum  and C. baccata in May and in October, a t 
th e  low er zone o f Barra beach (see Table 1).

3.2. M ixing model

The dual-iso tope plots (Fig. 1) show ed th a t T. saltator and  T. 
europaeus w ere  included or very close to th e  polygon d raw n  by the  
w rack isotopic signatures using th e  classical fractionation o f 1 and 
3.4%o (continuous line in Fig. 1), excep t a t th e  low er zone of Vifió 
beach in May. These species w ere  also included in th e  polygon d raw n 
using th e  discrim ination  values from  Crawley e t al. (2007) (dashed  
line in Fig. 1 ) a t th e  low er zones o f Barra beach in D ecem ber and of 
Vifió beach in M arch. The estim ated  d ie ta ry  p roportion  o f S. muticum  
decreased  in M arch and May, excep t in th e  up p er zone o f Barra beach. 
In Decem ber, w h en  b o th  T. europeus and  T. saltator w ere  present, the

p roportion  of S. m uticum  con tribu ting  to th e  d ie t o f  th e  form er was 
sm aller th an  th a t con tribu ting  to th e  d ie t o f  th e  la tter (Table 2, Fig. 2). 
The biom ass p roportion  of S. m uticum  assim ilated  by T. saltator 
decreased  in M arch in bo th  beaches, a lthough  differences w ere  larger 
in Vifió th an  in Barra beach (ANOVA, significant interaction: sam pling 
da te  x beach: Flt 8 =  11.00, P =  0.01; SNK done on th e  in teraction  a t 
P =  0.05, Fig. 3).

The o th er consum ers w ere  rarely included w ith in  th e  polygons. 
Aleochara sp. w as included a t th e  low er zone o f Barra beach in 
Decem ber, th e  isopod L. oceanica a t th e  low er zone o f Vifió beach in 
M arch and th e  tenebrion id  P. cadaverina a t Barra beach in M arch and 
May and a t th e  up p er zone o f Vifió beach in M arch (Fig. 1). The 
estim ated  d ieta ry  p roportion  o f assim ilated  S. m uticum  w ere  low, 
excep t a t th e  low er zone o f Vifio beach in March, w hen  considering 
th e  discrim ination  values o f  Crawley e t al. (2007) (Fig. 2).
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4. Discussion

Spatial and  tem p o ra l varia tions in th e  isotopic com position  o f
5. m uticum  m ay occur because w aves and  tides m ay  continuously  
dep o sit p lan ts th a t a re  de tach ed  from  d ifferen t areas, exposed  to 
env iro n m en ta l processes th a t m ay affect th e  iso topic signa tu re  o f 
m acroalgae (M achás e t al., 2006). For instance, 15N e n rich m en t in 
m acroalgae o ften  ind icates an  increase  in th e  availability  o f h u m an - 
derived  n u trien ts  (Carvalho e t al., 2008) and  d ifferen tia l deco m p o ­
sition  am ong  tissues m ay d e te rm in e  low  ô13C because lignine, th e  
low est decom posing  p a rt o f p lan ts is 13C d ep le ted  (B enner e t al., 
1987). The 13C d ep le tio n  in S. m uticum  tissues a t th e  u p p e r zone is 
c o n sis ten t w ith  idea th a t  w rack on h igher levels on  th e  shore  is 
som etim es o ld er th an  low  on th e  shore  (O rr e t al., 2005), w h ereas 
th e re  a re  several processes th a t  could co n trib u te  to th e  increased  
values o f  ô15N and  ô13C in M arch such as an th ro p o g en ic  d istu rbance, 
d ifferen t bacteria l co lonization  or decom position  stage (Finlay and 
Kendall, 2007).

C onsum ers m ay in teg rate  th e  isotopic changes in th e ir food 
sources, w h en  sufficient tim e allows th e  m etabolic tu rnover o f the  
ingested  sources o f food. W e assum ed th a t th e  isotope signatures of 
consum ers in tegrated  th e  isotopic signatures o f th e  w rack collected a t 
th e  sam e tim e. W e sam pled a t a scale o f m onths and th e  tu rn o v er for 
am phipods and, in general, arth ropods are  a t a scale o f 1 -2  w eeks 
(Crawley e t al., 2007; Kaufman e t al., 2008). W e thus allow ed a 
sufficient tim e to ensu re  th a t th e  isotopic signature o f consum ers did 
n o t resem ble th a t o f  th e ir food as collected a t th e  previous sam pling 
date. Rather, th e  consum ers reflected the  isotopic signatures o f wrack 
deposited w ith in  2 w eeks before th e  sam pling date. The tem poral va r­
iation in th e  ô15N of T. saltator in March, following th a t o f S. muticum  
m ay thus suggest th a t this consum er fed on  S. muticum. This explanation 
m ay hold even if w e found inconsistent patterns o f variability b e ­
tw een  the  ô13C of S. muticum  and T. saltator. M arine invertebrates have 
difficulties in digesting structural carbohydrates as cellulose, though 
som e talitrids m ay d igest som e com plex polysaccharides (Crawley and 
Hyndes, 2007). Thus, they  m ay assim ilate carbon selectively feeding on 
tissues o f th e  sam e w rack w ith  less lignine. In addition, T. saltator may 
use different sources o f carbon and nitrogen. On the  beach, anim als 
m ay m ove and forage a t n ight low on th e  shore, returning to supratidal 
levels during th e  day or forage up and dow n on th e  shore during 
their tidal rhythm s o f activity (Brown and McLachlan, 1990).

The m ixing m odel corroborated  these  findings th a t T. saltator m ay 
use S. m uticum  as a food source. The m odel also indicated th a t 
som etim es T. saltator m igh t feed a lm ost exclusively on  S. m uticum , 
w hereas T. europaeus, fed on a m ix o f S. muticum  and Z. marina. T. 
europaeus has been  found burrow ing  ben ea th  or near piles o f kelp or 
Zostera marina, considered  no t only a refuge, bu t also a p rim ary  source 
o f food ingested in o rder to  assim ilate th e  m ore labile and digestible 
b iom ass o f  th e  m ic ro -ep ip h y tes  (B row n and  O dendaal, 1994; 
Colombini and Chelazzi, 2003). The diversified d ie t o f  T. europaeus 
as com pared to  T. saltator in D ecem ber m ight indicate a niche dif­
feren tia tion  be tw een  these  tw o  ecologically sim ilar species, a hypo­
thesis th a t requires ap propria te  experim ental w ork in th e  future.

It is also interesting to notice th a t o ther consum ers, w hose habitat is 
often th e  dune ra ther th an  th e  beach, such as scavenger staphylinid 
Aleochara sp. or th e  tenebrionid P. cadaverina seem ed to forage on 
w rack and on S. muticum  occasionally. Increased abundance of a r­
thropods related to w rack deposition have been also found w orldw ide 
and explained assum ing bo th  a protection role, providing a shelter from

■ December

Viñó

Fig. 3. Mean ±  SE biomass proportion of Sargassum muticum (ISOSOURCE) contributing 
to Talitrus saltator diet.

desiccation and predators, and a trophic role o f wrack (Ince e t  al., 2007). 
Olabarria e t al. (2007) and Rodil e t al. (2008) also observed th a t wrack 
a ttracted  arthropods, including Aleochara and Phaleria on  sandy beaches 
o f th e  n o rthw est coast o f Spain. Our results suggest th a t such a ttraction 
effect o f  w rack is based on shelter provision and to a less e x ten t on food 
supply.

The m ixing m odel also show ed  th a t  th e  d ie ta ry  co n trib u tio n  o f 
S. m uticum  w as m ore im portan t in October and Decem ber th an  in 
M arch and May and th a t the  brow n seaw eed C. baccata becam e m ore 
im portan t during spring. Consum ers often show  a feeding preference 
for brow n algae over o th er m acroalgae and seagrasses, even w hen  the  
latter are equally or m ore abundan t (Duffy and Flay, 2000; Pennings 
e t al., 2000; Adin and Riera, 2003; Flyndes and Lavery, 2005; Crawley 
e t al., 2007; Lastra e t al., 2008), although brow n algae produce num er­
ous secondary m etabolites th a t m ay preven t consum ers (Jorm alainen 
e t al., 2001 ; Kubanek e t al., 2004) and are o f low  nutritional value com ­
pared to green or red m acroalgae (Duffy and Hay, 2000). Nonetheless, 
during desiccation and aging, brow n algae m ay reduce secondary m eta­
bolite concentration and increase their nutritional value, through bacterial 
colonization (Cronin and Hay, 1996; Pennings e t al., 2000; Norderhaug 
e t al., 2003). In addition, the  slowest decomposition rate am ong seaweeds 
guarantees longer availability on the beach (Buchsbaum et al., 1991; 
Kubanek e t al., 2004; Crawley and Hyndes, 2007; Lastra e t al., 2008), 
providing m ore perm anent spatial subsidy than  o ther seaweeds (Adin 
and Riera, 2003). Certain species may also adapt to high secondary m eta­
bolite concentration (Crawley and Hyndes, 2007) and take advantage 
from these deterren t metabolites, which m ay offer an additional pro­
tection from their predators (Duffy and Hay, 1991).

These findings do no t explain w hy T. saltator w ould  feed on 
S. m uticum  ra ther th an  o th er b row n algae. The genus Sargassum  has 
sim ilar high levels o f secondary  m etabolites and it does no t d e ­
com pose slow er th an  o th er b row n m acroalgae (Crawley and Hyndes, 
2007). Furtherm ore, ad ap tation  to its secondary  m etabolites is less 
probable th an  for o th e r seaw eeds since S. m uticum  is an  invasive 
species in th e  study  area. There is also little  evidence on  feeding p re ­
ference of am phipods for S. m uticum . A lthough som e am phipods m ay 
feed m ore on  Sargassum  th an  on o th er b row n  algae in th e  laboratory  
(Pennings e t al., 2000), T. saltator m ay prefer F. serratus over o th er 
b row n algae, including S. m uticum  (Adin and Riera, 2003). In addition, 
the  am phipod Allorchestia compressa could consum e th e  b row n m acro­
algae Ecklonia radiata and  Sargassum in equal proportions (Crawley and 
Hyndes, 2007).

A lthough w e did no t take any quan tita tive  m easu rem en t o f th e  
biom ass o f th e  d ifferen t algae w ith in  th e  stran d lin e  pool, th e
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Fig. 2. Frequency distribution of the dietary biomass proportion of Sargassum muticum (ISOSOURCE) at each beach and height on the shore for each sampling date. Data are reported 
only when isotopic signatures of S. muticum were distinguished from those of other seaweeds. The Y-axis indicates the num ber of times (over the total number of permutations done 
by ISOSOURCE) when a certain dietary proportion occurs. It does indicate the probability of occurrence of a given dietary proportion value (Phillips e t a l, 2005). A: fractionation 
of + 1  and +3.4%o for i>13C and i>15N, respectively; B: fractionation of —2, —3, — 10%,. for i>13C and 1, 1, 3.5%,. for ö15N in S. muticum, other macroalgae and Zostera marina, 
respectively (see Material and methods).
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availability o f th is invasive seaw eed over th e  pool o f o th er native 
b row n seaw eeds seem s th e  m ost likely explanation. Indeed, the  
b row n alga C. baccata th a t con tribu ted  to th e  consum er d ie t in M arch 
w as no t collected in D ecem ber and o th er seaw eeds w ere  collected in a 
less n u m b er o f tim es. Biomass o f S. m uticum  on Galician sandy 
beaches, in fact, increases during  sum m er and early  au tu m n  w hereas 
biom ass o f C. baccata increases in m id-spring  (C. Olabarria, personal 
observation).

In th e  m ixing m odel w e first assum ed a fixed isotopic d iscrim i­
nation  o f + 1  and +  3.4%o for ô13C and ô15N, respectively. Such values 
have been  com m only used, also in beach ecosystem s (Adin and Riera 
2003). However, it has been  recently  dem o n stra ted  th a t w hen  the  
m ost d igestible com pounds are 13C-depleted, negative fractionation is 
likely (Crawley e t al., 2007). W e therefore  also used th e  discrim ina­
tion  values calculated experim entally  by Crawley e t al. (2007). This 
a lternative  m ixing m odel rarely identified w rack species as food 
sources for invertebra te  consum ers (6 versus th e  27 tim es o f th e  o th er 
m odel, Table 2) and called for a lternative  sources o f food. However, 
w rack rep resen ts an  im po rtan t spatial subsidy for sandy beaches 
(e.g. Polis e t  al., 1997; Coupland e t al., 2007) and it is very  unlikely th a t 
beach inhab itan ts did no t feed on w rack a t all. A lthough ou r results 
canno t be conclusive and ad hoc experim en ts need  to be done  to 
identify discrim ination  values for each species and food source, we 
suggest th a t th e  values calculated in th e  laboratory  for th e  am phipode 
A. compressa (Crawley e t al., 2007) did no t apply  to our system .

5. Conclusion

Our study  suggested th a t th e  invasive seaw eed S. m uticum  could 
support th e  ben th ic  food w eb  based on T. saltator, one of th e  m ost 
num erous and w idespread  beach consum ers, especially in Decem ber. 
In spring th e  ecological value o f S. m uticum  appeared  to  be undertaken  
m ainly by th e  native seaw eed C. baccata. This species has a sim ilar 
form  and struc tu re  to  th a t o f S. muticum. In th is case, a native and an 
invasive seaw eed could play a sim ilar role in supporting  sandy beach 
food w eb alte rna ting  th e ir role a t d ifferent tim es of th e  year. Such 
tem poral variability  in providing th e  carbon and th e  n itrogen to the  
beach consum ers w as probably based on th e  differential availability o f 
native vs. invasive b row n  seaw eeds on th e  beach, ra th e r th an  
preferential choice o f T. saltator. Therefore, by being one o f th e  few 
brow n species o f seaw eeds p resen t on  th e  beach during  autum n,
S. muticum  could support a population  o f T. saltator o therw ise  absen t 
or very reduced. How invasive seaw eeds m odify tem poral food supply 
should be taken  into account because it m ay have consequences for 
beach ecology and for th e  energy  transfer in food webs.
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