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Quantifying threshold conditions for seaward expansion of 
tidal marsh shorelines: A transplantation experiment
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1. Introduction
T he ex ten t o f tid a l m arsh es typ ically  changes by  la n d w a rd  e ro s ion  o r  seaw ard  expansion , a t ra te s  v a ry in g  from  a 
few  m eters  p e r y ear (e.g. S cheld t es tu a ry , SW  N e th e rlan d s  (V an d e r  W al et al., 2008)) to  several h u n d re d s  of 
m eters  p e r  y ear (e.g. Y angtze estu a ry , C h ina  (Y ang et a l,  2001)). C on tra s tin g  stages of m arsh  dev e lo p m en t such  
as g en tle  s lop ing  m arsh -m u d fla t tran sitio n  zones th a t are  a s ig n  for an  ex p an d in g , accreting  m arsh  o n  the  one 
h an d , an d  e ro d in g  cliffs, triggered  by  w aves, tid a l cu rren ts, an d  m ass m o v em en ts  o n  th e  o th e r  h a n d  can  be 
fo u n d  in  the  field (e.g. A llen  (1989), T em m erm an  (2003)). H o w ever, little is k now n  on th e  th resho ld  
env iro n m en ta l co nd itions th a t de te rm in e  the  o n se t of seaw ard  ex p an sio n  o r lan d w a rd  erosion . W e h y po thes ize  
th a t seaw ard  expansion  by  th e  estab lish m en t an d  su rv iv a l of p lan ts  on  in itially  b a re  tida l flats d e p e n d s  m ain ly  
o n  sed im en t dynam ics, w h ich  sh o u ld  be  in  d irec t link  w ith  w av e  exposu re . In  o rd e r to  s tu d y  th e  im pact of 
sed im en t d ynam ics o n  th e  expansion  by seeds o r  p ro p ag u le s  (rh izom es), a tran sp lan ta tio n  exp erim en t has been  
co n d u cted  a t tw o  sites w ith  co n trasting  w av e  ex p o su re  a lo n g  th e  S cheld t estu a ry  n o rth  o f A n tw erp  in 2011.

2. Methods
T he tw o  sites chosen  fo r th e  experim en t a re  R illand  (NL) w h ich  lies v e ry  close to  the  sh ip p in g  channel a n d  G root 
B u itenschoor (B) w h ich  is p ro tec ted  b y  a d am  from  d irec t w av e  im pact.

S eed lings, in d iv id u a l shoo ts g ro w n  from  
rh izom es, an d  a d u lt  tussocks ex tracted  from  the 
n a tu ra lly  d o m in a tin g  p ioneer v ege ta tion  of the 
brack ish  in te rtida l m arsh es (Scirpus m aritim us) 
h av e  been tra n sp la n te d  o n  5 d is tinc t levels. In 
o rd e r  to  tak e  in to  acco u n t a  g rad ien t of 
in u n d a tio n  stress  an d  sed im en t dynam ics, the 
tran sp lan ta tio n s  w ere  p e rfo rm ed  a lo n g  an  
e leva tion  g ra d ie n t of 1.2 m , reach ing  from  the 
b are  m u d fla t a t 1 .2 m a .m .s .l . (above m ean  sea 
level) u p  in to  th e  p io n ee r v ege ta tion  a t 
2.4 m  a.m .s.l. M o n ito ring  of p lan t g ro w th  and  
su rv iv a l an d  of sed im en ta tio n  an d  erosion  ra tes 
w ith  a sim plified  Surface-E levation-T able 
(C ahoon  et al.r 2002) h a s  tak en  p lace  from  A pril to 
S ep tem ber 2011.
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Figure 1. A  -  General location of the Scheldt estuary; B - Location 
of field sites in the  brackish p a rt of the Scheldt north  of A ntw erp.
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3. Results and discussion

F irst ana ly ses of th e  d a ta  ind ica te  th a t n e ith e r in u n d a tio n  stress n o r  the  n e t sed im en ta tio n  ra te s  h a d  sign ifican t 
im p ac t o n  th e  su rv iv a l of th e  p lan ts. A s a resu lt, su rv iv a l ra te s  o f in itia lly  tra n sp la n te d  p lan ts  w ere  com parab le  a t 
bo th  sites (Fig. 2 A). A t the  sh e lte red  site, h o w ever, a c lear ad v an ta g e  fo r clonal p ro p ag a tio n  of th e  tran sp lan ted  
p lan ts  cou ld  be ob serv ed  (Fig. 2 B). T he co n trastin g  w av e  ex p o su re  an d  th e ir  d irec t a n d  in d irec t effects cou ld  be 
th e  rea so n  fo r this: A s d irec t effect o f w av es, th e  p lan ts  su ffer from  physica l w eak en in g  as they  b en d  fo rw ard  and  
back w ard  a t each  w av e  event. A s in d irec t effect o f the  co n trastin g  w ave  exposa l the g ran u lo m etric  com position  
of th e  sed im en t a t the  tw o  locations d iffers a  lot, w ith  R illand being  m a in ly  san d y  (> 70 % san d  fraction  o n  all 
levels), w hereas silt d o m in a tes  in  G roo t B u itenschoor (approx . 50 % on  average). This g ran u lo m etrica l con trast 
leads to  a d ifference  of o rgan ic  m a tte r  co n ten t (< 3 % a t R illand  vs. «  7 % a t G roo t B u itenschoor) w h ich  cou ld  
th u s  be an  ex p lana tion  fo r th e  b e tte r p e rfo rm an ce  o f c lonal ex p an sio n  a t th e  sh e lte red  site , sim ply  because  m ore  
n u tr ien ts  w ere  availab le  there.
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Figure 2. C om parison of p lan t perform ance a t exposed and  sheltered site, all levels combined.
A - Relative m ean survival of transplanted  shoots; B - Relative m ean clonal expansion of shoots.

M oreover, o u r  ex p e rim en t sh o w ed  th a t p u n c tu a l ex trem e even ts  such  as s to rm s (e.g. June 28th, 2011, 
in d ica ted  w ith  an  a rrow ) d es tro y ed  w ith in  a few  h o u rs  p lan ts  th a t h a d  w ell estab lished  on th e  m u d fla t over 
several w eeks. H ere  again , the exposed  site  suffered  m ore  th an  the  sh e lte red  s ite  (see Fig. 2), a n d  p lan ts  th a t h ad  
b een  tran sp lan ted  in to  th e  m arsh  su rv iv ed  u n h a rm e d , w h ich  em p h asizes  th e  ro le o f w av e  a tten u a tio n  and  
p ro tec tion  o f m arsh  vegeta tion .

4. Conclusions

O u r o rig inal hy p o th es is  of d irec t link  b e tw een  sed im en ta tio n  dy n am ics a n d  su rv iv a l ra te  c an n o t be confirm ed  
based  on  these  resu lts . H o w ever, it rem ain s  to  d e te rm in e  w h e th e r th e  direct im p ac t o f w av es  lim its th e  su rv iv a l of 
p lan ts. In  o rd e r to  d o  so, th e  im p o rtan ce  of w ave  ac tion  o n  th e  p la n ts , as p la n n e d  in  a w av e  flum e exp erim en t a t 
th e  w av e  flum e of U G ent in  Ju ly  2012, n eed s  to  be investigated .
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