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C oasta l w e tla n d s  p ro v id e  im p o r ta n t  eco log ica l se rv ices  to  th e  co as ta l zo n e , o n e  o f  w h ic h  is s e d im e n t 
re te n tio n . In th is  s tu d y  w e  in v e s tig a te d  s e d im e n t re te n tio n  acro ss  a  ra n g e  o f  g e o m o rp h o lo g ic a l s e tt in g s  
a n d  acro ss  v e g e ta tio n  z o n e s  c o m p ris in g  c o as ta l w e tla n d s . W e se le c te d  six  c o as ta l w e tla n d s  d o m in a te d  by  
m a n g ro v e s  o v e r  a  g ra d ie n t fro m  riv e rin e  to  tid a l s e tt in g s  in  S o u th e a s t  Q u e e n s la n d , A ustra lia . Each site  
w as  c o m p ris e d  o f  th re e  d is t in c t  v e g e ta tio n  c o m m u n itie s  d is tr ib u te d  as p a ra lle l z o n es  to  th e  c o a s t line: 
se a w a rd  fringe  m a n g ro v e s , la n d w a rd  sc ru b  m a n g ro v e s  a n d  s a ltm a r s h / c y an o b a c te r ia  m a t o f  th e  h igh  
in te r t id a l  zo n e . W e m e a su re d  s u sp e n d e d  s e d im e n t re te n tio n  a n d  s e d im e n ta tio n  ra te s . A dd itiona lly , in 
o rd e r  to  a sse ss  th e  o rig in  o f  s e d im e n t tra n s p o r te d  a n d  d e p o s ite d  in  th e  m a n g ro v e s , g lo m a lin , a  novel 
te r re s tr ia l  soil c a rb o n  tra ce r, w a s  u sed . O u r re s u lts  s h o w  a  m e a n  a v e rag e  s e d im e n ta tio n  o f  
0 .6 4  ±  0.01 m g  c m -2  s p rin g  t id e -1 , w h ic h  w as  v a ria b le  w ith in  s ite s , reg a rd le ss  o f  g e o m o rp h o lo g ic a l 
se tt in g . H ow ever, g e o m o rp h o lo g ic a l s e tt in g  in f lu en c e d  s p a tia l p a t te rn s  o f  s e d im e n t d e p o s it io n . R iverine 
m a n g ro v e s  h a d  a  m o re  h o m o g e n e o u s  d is tr ib u tio n  o f  s e d im e n ts  acro ss  th e  in te r t id a l  z o n e  th a n  tid a l 
m a n g ro v es , w h e re  m o s t s e d im e n ta tio n  o c c u r re d  in  th e  fringe  zo n e . O verall, th e  fr in g e  zo n e  re ta in e d  th e  
m a jo rity  o f  s e d im e n t e n te r in g  th e  c o as ta l w e tla n d  d u r in g  a  tid a l cycle  w ith  0 .9 0  ±  0 .22  m g  c m -2  
sp rin g  t id e -1 , a c c o u n tin g  fo r 52 .5  ±  12.5% o f  th e  to ta l s e d im e n ta tio n . T he  p re s e n c e  o f  g lo m a lin  in  su s­
p e n d e d  s e d im e n ts , a n d  th u s  th e  re la tiv e  im p o r ta n c e  o f  te r r ig e n o u s  s e d im e n t, w a s  s tro n g ly  in flu en c e d  by  
g e o m o rp h o lo g ic a l se tt in g , w ith  r iv e rin e  m an g ro v e s  rece iv in g  m o re  g lo m a lin  in  s u sp e n d e d  so lids th a n  
t id a l m a n g ro v e s . G lo m alin  w as  a lso  d iffe ren tia lly  d e p o s ite d  w ith in  th e  v e g e ta tio n  z o n es  a t  d iffe re n t 
g e o m o rp h o lo g ic a l s e tt in g s : p r im a r ily  a t  th e  fringe  z o n e  o f  t id a l m a n g ro v e s  a n d  w ith in  th e  sc ru b  zo n e  o f  
riv e rin e  m a n g ro v es . T he d iffe ren ce s  w e  o b se rv ed  in  th e  s p a tia l d is tr ib u tio n  o f  s e d im e n ta tio n  a n d  th e  
d iffe ren c e  in  th e  o rig in  o f  th e  s e d im e n t d e p o s ite d  in  riv e rin e  a n d  t id a l m a n g ro v e s  a re  like ly  to  h av e  a n  
im p a c t o n  eco log ica l p ro ce sse s .

© 2 0 0 9  E lsev ie r Ltd. All r ig h ts  re se rv ed .

1. Introduction

Coastal w e tla n d s  a re  co m p rised  o f  v arious v eg e ta tio n  c o m m u ­
n itie s  such  as m angroves, sa ltm a rsh  a n d  cyan o b acte ria  m ats. T hese 
v eg e ta tio n  c o m m u n itie s  a re  o ften  d is tr ib u te d  as paralle l zones to  
th e  coast line, re sp o n d in g  to  an  e lev atio n  g rad ien t, w h ich  d e te r ­
m in es tida l flush ing  freq u en cy  (R obertson  an d  Alongi, 1992). Fringe 
m an g ro v es occupy  th e  lo w est e levations, w h e re  th e y  are  freq u en tly  
flooded  by n eap  an d  sp rin g  tides, w h ile  scrub  m an g ro v es occupy 
m id  e levations, w h e re  th e y  are  flooded on ly  d u rin g  sp rin g  tid es 
(e.g. Furukaw a e t al., 1997). S a ltm arsh  a n d  cy an obacteria  m at
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co m m u n itie s  occupy  th e  h ig h es t e lev a tio n  zone, w h ich  is rare ly  
flooded  by  tides. A lthough, m angroves, sa ltm a rsh  an d  cyanobac­
te ria  m a t c o m m u n itie s  coex ist in som e regions, m angroves a re  th e  
d o m in a n t v eg e ta tio n  c o m m u n ity  in  tro p ical a n d  su b trop ica l coasta l 
w e tla n d s  (K angas an d  Lugo, 1990).

M angroves a re  genera lly  k n o w n  for be ing  d epositiona l sites for 
sed im en t an d  assoc ia ted  carb o n  an d  n u trie n ts  (Eyre, 1993 ; Furukaw a 
a n d  W olanski, 1996). Thereby, m angroves aid  in th e  p ro tec tio n  of 
a d jacen t seagrass an d  coral re e f  ecosystem s from  th e  negative 
im pacts o f  n u tr ie n t e n ric h m e n t an d  se d im en ta tio n  (Ewel e t  al., 1998; 
Valiela an d  Cole, 2002). The ro le o f  m angroves in  en h an c in g  sed i­
m en ta tio n , w h ich  o ften  resu lts  in  expan sio n  o f  m angrove  hab ita ts, is 
w ell know n. A bove-ground  ro o t system s an d  stem s en h an c e  sed i­
m e n t d ep o sitio n  th a t  fu rth e r p ro m o tes m angrove  g ro w th  an d  
exp an sio n  (Furukaw a an d  W olanski, 1996). The accretion  capacity  o f
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m angroves is th e  re su lt o f  a  com plex  roo t system  th a t  increases 
friction an d  red u ces tida l c u rre n t velocities (W olanski e t  al., 1992). 
M angrove roo ts also g en era te  tu rb u len ce  th a t  resu lts  in  fine sed i­
m e n t rem ain in g  in susp en sio n  w h e n  e n te rin g  th e  fo rest w ith  th e  
flood tid e  (Shahbud in  e t  al., 1999). As th e  tid e  p rogresses th ro u g h  th e  
forest, th e  c u rre n t slows. D uring slack h igh tide, as c u rre n t velocities 
ap p ro ach  zero, floes a re  d ep o sited  (Furukaw a e t al., 1997). W hile  
settling , th e  flocculated m ate ria l increases in  size by  a n  o rd e r o f 
m ag n itu d e  an d  as a  result, eb b  tid e  c u rren ts  a re  o ften  to o  slow  to 
re su sp en d  th em  (Furukaw a an d  W olanski, 1996). T hese  processes 
resu lt in sed im en ta tio n  an d  accretion  th a t c an  b e  ex trem ely  rap id  in 
som e se ttin g s (e.g. vertica l acc retio n  o f  4 c m y r _1; Alongi e t al.,
2005).

Spatial p a tte rn s  o f  se d im e n ta tio n  w ith in  co asta l w e tla n d s  a re  
variable. Som e sites ex p erien ce  h ig h er se d im e n ta tio n  ra tes  a t  th e  
fringe zone  re la tive  to  a reas fa rth e r lan d w ard  (Furukaw a and  
W olanski, 1996). This se d im e n ta tio n  p a tte rn  gen era lly  follow s th e  
e x p o n en tia l d ecrease  o f su sp en d ed  se d im e n t co n cen tra tio n  d u rin g  
tida l in u n d atio n , w h ich  d ecreases from  th e  seaw ard  fringe to  th e  
scrub  zone  (Furukaw a an d  W olanski, 1996). H ow ever, o th e rs  sites 
have sh o w n  d iffe ren t sp a tia l p a tte rn s . For exam ple, a t th e  Red River 
in V ietnam , m o st o f  th e  se d im e n t th a t  e n te rs  w ith  th e  h igh  tid e  is 
re ta in ed  n o t in th e  fringe zone, b u t ra th e r  o n  th e  riverbank  
m u d fla ts  lying seaw ard  o f th e  m angroves (Van San ten  e t  al., 2007).

S ed im en tation  p a tte rn s  a re  likely to be  influenced by th e  
geom orphological se ttin g  in w h ich  a  m angrove co m m u n ity  grows. 
G eom orphological classifications a re  based  o n  th e  princip le th a t th e  
physical forces acting  on  a shoreline  w ill no t on ly  sh ap e  it, b u t w ill 
con tinuously  in fluence processes occurring  w ith in  th a t  shoreline. 
T hom  (1982) classified th e  m angroves according to  th e ir  geom or­
phological se ttin g  as river dom inated , tid e -d o m in a ted , w av e-d o m i­
nated , com posite  riv er-w ave-dom inated  o r as d ro w n ed  bedrock  
valley. W ith in  T hom ’s five se ttings (Thom, 1982), th e  g rea tes t co n trast 
is b e tw een  riverine  m angroves, w h ich  are  d o m in a ted  by  un id irec ­
tiona l flows, an d  tidal m angroves, ch aracte rized  by  b id irectional 
flows (W olanski e t  al., 1992). In th is schem e, riverine  m angroves a re  
characterized  by  h igh  n u trie n t influx an d  strong  ou tw elling  (W ood- 
roffe, 1992). In con trast, tida l m angroves have b id irectional fluxes o f  
w a te r an d  su sp en d ed  m ateria l o ften  w ith  little  n e t ex p o rt an d  even  
w ith  overall im p o rt o f m ateria ls (W oodroffe, 1992). Based o n  th is 
theo re tica l analysis, it is ex pec ted  th a t tidal m angroves w ill have 
h ig h er su sp en d ed  sed im en t re ten tio n  an d  sed im en ta tio n  ra tes th an  
riverine  m angroves.

G eom orphological classifications a re  o ften  u sed  to  explain  
ecological d ifferences b e tw ee n  m angrove  forests (e.g. Tw illey e t  al., 
1998; Ryan e t al., 2003). G eom orphological classifications o f 
m angroves also u n d erlie  theo re tica l m odels e stim a tin g  th e  m ag n i­
tu d e  o f m angrove  ecological services (Ewel e t  al., 1998) an d  th e  
effects o f c lim ate  change  o n  th e  coasta l zone  (N icholls e t  al., 1999; 
Ryan e t al., 2003). How ever, th e  role o f  th e  geom orpholog ical se ttin g  
in d e te rm in in g  ecological p rocesses w ith in  m angroves, such  as 
sed im en t re ten tio n , has no t y e t b een  q u an tita tiv e ly  assessed .

S ed im en t d ep o sited  in m angroves o rig ina tes from  a range o f 
sources. A lloch thonous sed im e n t arrives from  ex te rn a l sources, 
e ith e r  te rre s tria l o r oceanic, w h ile  a u to ch th o n o u s  sed im en t is 
resu sp en d ed . D eterm in ing  th e  source o f sed im en ts  d ep o sited  w ith in  
m angroves is req u ired  to  qu an tify  th e  m angrove  n e t re ten tio n  
capacity  o f  te rre stria l-d eriv ed  m ate ria ls  as w ell as to  u n d e rs tan d  th e  
linkages b e tw e e n  te rre s tria l a n d  m arin e  ecosystem s. How ever, th e  
ab ility  to  trace  th e  orig in  o f  a llo ch th o n o u s o r au to ch th o n o u s  sed i­
m e n t has p roven  challenging.

T echn iques em p lo y ed  to  tra c e  th e  o rig in  o f d e p o s ite d  se d im e n t 
in c lu d e  a  ran g e  o f  ch em ica l a n d  physical m ark ers . A lth o u g h  m an y  
o f  th e s e  te c h n iq u es  a re  e x tre m e ly  p o w erfu l, e sp ec ia lly  w h e n  u se d  
w ith  a  m u ltip le  t ra c e r  a p p ro ac h  (R aym ond a n d  Bauer, 2001),

re p lica tio n  is o f ten  lim ited  (H edges e t  al., 1986). D esp ite  b e s t 
e fforts, so m e  o f  th e  m u ltip le  tra c e r  s tu d ie s  lead  to  d ifficu lty  in 
in te rp re ta tio n  o f  re su lts  (W h ea tc ro ft e t  al., 1996), v a ria b ility  o f  
p e rfo rm a n ce  o f  m ark e rs  w ith in  s ites  (P rah l e t  al., 1994) a n d  o v er­
lap p in g  o f  signals (R odelli e t  al., 1984). T herefo re , a  reliable, 
u n iversa l, s im p le  a n d  in ex p en siv e  tra c e r  o f  te rr ig e n o u s  o rig in  is 
d esirab le .

G lom alin is a  g lycopro tein  p ro d u ced  by  sym bio tic  a rb u scu la r 
m ycorrh izal fungi (W righ t a n d  U padhyaya, 1998). A rbuscu lar 
m ycorrh izal fungi a re  asso c ia ted  w ith  th e  roo ts o f  m o st te rre s tr ia l 
p lan ts, b u t n o t w ith  m angrove  roots, excep t in co n d itio n s o f  low  
sa lin ity  (S engup ta  an d  C haudhuri, 2002). G lom alin is v e ry  re s is tan t 
to  deco m p o sitio n , hav ing  a half-life  o f  7 -4 2  y ears  (Rillig e t  al., 2001 ). 
It accu m u la te s  in soils to  fo rm  a sign ifican t p ro p o rtio n  o f soil c arbon  
(ap p ro x im ate ly  5% o f  soil carb o n ) (Rillig e t  al., 2001 ; Lovelock e t  al., 
2004). V ariation  in th e  g lom alin  co n ce n tra tio n  in soils d e p en d s  on  
a  ran g e  o f  e n v iro n m en ta l a n d  p lan t factors. Soil g lom alin  co n ce n ­
tra tio n  is significantly  co rre la ted  w ith  th e  o rgan ic  c arb o n  c o n te n t in 
soils, fertility, cu ltivation  reg im e a n d  p lan t c o m m u n ity  p ro d u c tiv ity  
(W righ t an d  U padhyaya, 1996; Lovelock e t  al., 20 0 4 ; T reseder and  
Turner, 2007). D espite  th is  varia tion , th e  u n u su a l ch arac te ris tics  o f 
g lom alin  (h ig h  chem ica l stab ility  an d  its k n o w n  te rre s tr ia l orig in) 
m ake  it a  p ro m isin g  can d id a te  as a  te rrig en o u s  tracer. G lom alin has 
b een  successfu lly  u sed  in  th e  s tu d y  o f d e v e lo p m en t o f  soils in 
a cc retin g  riv er sy s tem s (H arn er e t  al., 2004). In th is  study, w e  u se  
g lom alin  to  in v estig a te  p a tte rn s  in te rre s tr ia l soil c a rb o n  d ep o sitio n  
in coasta l w e tlands.

To exam ine  va ria tio n  in  sed im en t re te n tio n  a n d  sed im en ta tio n  in 
m angroves over a  range  o f  geom orpholog ical se ttin g s an d  to  d e te r­
m in e  th e  p a tte rn s  o f  g lom alin  deposition , w e  analysed  a  n u m b er o f  
sites rang ing  from  riverine  to  tida l in S ou th east Q ueensland. W e 
m easu red  su sp en d ed  sed im en t re te n tio n  an d  se d im en ta tio n  ra tes 
w ith in  d ifferen t zones o f  th e  w e tlan d  a n d  co m p ared  th e  a m o u n t o f  
g lom alin  found  in  su sp en d ed  an d  d ep o sited  sed im en ts  in each  
geom orpholog ical se ttin g  an d  v eg e ta tio n  zone. In th is  study, w e  also 
u sed  th e  p ro p o rtio n  o f  reactive g lom alin  as an  co m p lem en ta ry  
in form ation , he lp ing  us to  d iscern  b e tw ee n  th e  “y o u n g e r” dep o sited  
sed im en t recen tly  derived  from  te rre s tr ia l origin, from  th e  “o ld er” 
d ep o sited  sed im en t o f m arin e  orig in  a n d /o r  re su sp en d ed  m ateria l. 
Our ex p ec ta tio n  w as th a t riverine  m angroves w ou ld  have low er 
sed im en ta tio n  ra tes  a n d  sed im en t re te n tio n  th a n  tida l m angroves, 
an d  th a t  g eom orpholog ical se ttin g  influence th e  spatia l d is trib u tio n  
o f se d im en ta tio n  w ith in  th e  m angroves. Furtherm ore , w e  ex pected  
riverine  m angroves to  have h ig h er g lom alin  co n cen tra tio n s an d  
m ore  reactive  g lom alin  in  th e  su sp en d ed  an d  d ep o sited  sed im en t 
th a n  tid a l m angroves, therefo re , p rov id ing  a  sig n a tu re  o f a  recen t and  
s trong  te rre s tria l influence.

2. Methodology

2.Î. S tudy sites

The sites ch o sen  for th is  s tu d y  a re  located  in th e  S o u th east 
Q ueensland  b iogeograph ic  region. The e s tu a rie s  sam p led  are  s itu ­
a ted  w ith in  M o re ton  Bay, w ith  th e  excep tio n  o f th e  M ooloolah  
River, w h ich  lies 40  km  n o rth  o f  th e  Bay (Fig. 1). The tid a l reg im e 
w ith  th e  reg ion  is sem id iu rn a l a n d  th e  tid a l ran g e  is low  (< 2  m, 
A ustra lian  E stuarine  D atabase  Survey, 1998). The reg ion  is classified 
as sub trop ica l, ex p erien c in g  m o d e ra te  te m p e ra tu re s  all y e a r round . 
The m ean  a n n u a l m ax im u m  te m p e ra tu re  o f  th e  a rea  is 25.4 °C and  
th e  m in im u m  is 15.7 °C (A ustra lian  B ureau o f M eteorology: h t tp : / /  
w w w .bo m .g o v .au /in d ex .sh tm l. B risbane A irport Station; 1951- 
2000). The c lim ate  is ch arac te rized  b y  a  d ry  w in te r  w ith  a  to ta l 
rainfall o f 64  m m  (June to  A ugust) an d  a  h o t su m m er w ith  a  to ta l 
rainfall o f 597 m m  (D ecem ber to  February). D uring  th e  sum m er, th e
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Fig. 1. Study sites in Southeast Queensland and location of the Brisbane Airport 
Meteorological Station.

prevailing  w in d s  for th is  reg ion  a re  from  th e  n o rth e a s t an d  
so u th w e s t (Abal an d  D ennison, 1999). The average  to ta l an n u al 
rainfall is 1186 m m  (A ustralian  B ureau o f M eteoro logy  for Brisbane 
A irport S tation, 19 5 1 -2 0 0 0 ). Sam pling  w as c o n d u c ted  th e  su m m er 
m o n th s  b e tw e e n  Jan u a ry  a n d  M arch 2007. D uring  th is  period , th e  
reg ion  received  a to ta l 249 m m  o f  rain, w h ich  w as low  co m p ared  to  
h isto rica l d a ta  (A ustralian  B ureau o f  M eteoro logy  for B risbane 
A irport S tation, 2008).

The sh o re lin e  o f  S o u th east Q u een slan d  has ex ten siv e  m angrove  
a rea s (ap p ro x im ate ly  533 k m 2) w ith  Avicennia m arina  be ing  th e  
d o m in a n t species in m o st c o m m u n itie s  (Duke, 2006). M angroves 
g ro w  in large  a reas in th e  so u th e rn  p a r t o f  M o re ton  Bay a n d  th e y  
e x ten d  u p  th e  rivers an d  c reeks o f th e  a rea  o ften  fo rm ing  ex tensive  
rip a rian  zones (P an tu s a n d  D ennison, 2005). T errestria l v eg eta tio n  
in S o u th east Q ueensland  is d o m in a ted  by  E ucalyp tus-L ophoste- 
m o n -S yncarp ia  ta il o p e n  forests, eu ca ly p t o p en  forests an d  w o o d ­
lan d s (A ustralian  N atural R esource Atlas, 2002).

2.2. M aterials and m ethods

Six m an g ro v es s ites located  in six  e s tu a rie s  in S o u th eas t 
Q ueensland  w e re  ch o sen  for th e  study. The e s tu a rie s  co m prised  
a  g ra d ie n t from  riverine  to  tidal. T he se lec ted  e s tu a rie s  have all b een  
affected  by  lan d -u se  change. The e s tu a ries  w e re  c lassified accord ing  
to  th e ir  g eo m orpho log ica l se ttin g  b ased  on  th e  A ustra lian  E stuarine  
D atabase c lassification  (O zcoasts, A ustra lian  O nline Coastal Infor­
m ation : h ttp ://w w w .o zco asts .o rg .au /) (Table 1). In o rd e r  to  ob ta in  
a  nu m erica l va lue  o f th e  geom orpho log ica l classification, w e 
calcu la ted  a p rincipal co m p o n e n t analysis (PCA), w h ich  included  
th e  follow ing geom orpho log ica l ch arac te ris tics  o f  each  site: sa lin ity  
(m easu red  u sin g  th e  Practical Salinity  Scale), c a tch m e n t size (k m 2), 
d is tan ce  o f o u r  sam p lin g  site  to  th e  sea  (m ) an d  size o f th e  e n tran ce  
sec tion  (m 2). D ata in cluded  for th e  PCA w as d irec tly  m easu red , such  
as sa lin ity  an d  d is tan ce  to  th e  sea, o r  o b ta in e d  from  th e  A ustra lian  
E stuarine  D atabase (O zcoasts, A ustralia). The tw o  m ain  factors 
resp o n sib le  for th e  va riab ility  o f th e  sites o b ta in e d  from  th e  PCA 
(Factors 1 a n d  2) w e re  u sed  for fu r th e r  analysis o f  th e  da ta . Factor 1 
re p re se n ted  th e  p e rcen tag e  o f  v a ria tio n  o f each  site  exp la in ed  by 
riverine  an d  tid a l forces an d  it is m ain ly  a re su lt o f  v a ria tio n  in 
c a tch m e n t area , d is tan ce  to  sea  an d  size o f  th e  e s tu a ry  e n tran ce  
sec tion  (Table 2). Factor 2, re p re se n ts  th e  v a ria tio n  in  sa lin ity  w ith in  
sites a n d  it can  be  u sed  as an  in d ica tio n  o f th e  co n n ec tio n  b e tw ee n  
th e  site  a n d  th e  a d jacen t o cean  (Table 2). Factor 1 a n d  2 va lues w e re  
n u m erica lly  tran sfo rm e d  to  a rb itra ry  n u m b ers  from  1 to  8 in o rd e r 
to  facilitate  th e  v isu a liza tio n  o f  th e  index. In general, Factor 1 
se p a ra ted  o u r  sites in tw o  groups, th e  sites d o m in a ted  by  river 
forces (M ooloolah  River, C abooltu re  River an d  T ingalpa Creek) an d  
th e  sites d o m in a ted  by  tida l forces (Bald Hills Creek, E prapah  Creek 
a n d  N udgee Creek). H encefo rth  w e  w ill re fe r to  th e m  as “riv erin e” 
a n d  “tid a l” m angroves, re spec tive ly  (Table 1, 2).

2.2.1. Total suspended solids
In o rd e r  to  a ssess th e  a m o u n t o f  se d im e n t available for sed i­

m en ta tio n , a n d  to  calcu la te  th e  a m o u n t o f  se d im e n t re ta in e d  in 
m an g ro v es (T hom as an d  Ridd, 2004), to ta l su sp en d e d  solids (TSS) 
co n cen tra tio n s  w e re  m ea su re d  a t each  site. In th e  field, 100 m l o f 
w a te r  w as ta k e n  from  30 cm  b e lo w  th e  w a te r  surface in p lastic  
b o ttles. W e chose  o n e  d e p th  for sam p lin g  based  o n  resu lts  from  
a  p ilo t s tu d y  w h e re  w e  co m p ared  TSS co n ce n tra tio n  a t  d iffe ren t 
d e p th s  in th e  w a te r  co lu m n  (20  c m  b e lo w  th e  w a te r  surface  an d  
2 0  cm  above th e  sed im en t). In th is  p ilo t s tu d y  w e  found  th a t  TSS 
co n cen tra tio n s  w e re  h o m o g en eo u sly  d is tr ib u te d  in d e p th  (TSS 
c o n ce n tra tio n  d ifference  b e tw e e n  d e p th s  <10%), ind ica ting  a  w ell- 
m ixed  w a te r  colum n. The w a te r  sam p le  w as filtered  th ro u g h  a  p re ­
w e ig h ed  47 m m  glass m icrofibre  GF/C W h a tm a n  filte r (1.2 p m  pore  
size) (Pejrup , 1988). Sam ples w e re  tak e n  in th re e  p o in ts  w ith in  each  
v eg e ta tio n  zone  (e.g. Furukaw a e t al., 1997) d u rin g  flood a n d  ebb 
tid e  d u rin g  th re e  tid a l cycles. The zo n es w ere : (1) th e  fringe

Table 1
Geomorphological classification and characteristics of the study sites.

Site Condition Classification Subclassification Location Salinity Catchm ent 
area (km 2)

Distance to 
sea (km)

Entrance 
section area (m 2)

Mooloolah River Modified River
dom inated

W ave-dom inated delta Ocean 34.8 215.0 5.0 1980

Caboolture
River

Modified River
dom inated

Tide-dom inated delta Bay 18.9 354.0 3.0 1240

Tingalpa Creek Extensively
modified

River
dom inated

Tide-dom inated delta Bay 19.1 150.0 3.1 858

Bald Hills Creek Extensively
modified

Tide dom inated Tide-dom inated
estuary

Bay 38.1 13.5 2.3 1008

Nudgee Creek Extensively
modified

Tide dom inated Tidal flat/creek Bay 33.5 1.7 1.6 162

Eprapah Creek Modified Tide dom inated Tidal flat/creek Bay 35.4 31.0 0.4 100

http://www.ozcoasts.org.au/
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Table 2
Contribution of param eters describing the 6 sites in the study to the principal factors 
of variability (Factor 1 and 2) obtained from a PCA. Each factor represents the 
percentage of variability that is explained by each param eter (salinity, entrance 
section, distance to the sea and catchm ent area). The relative value is a numerical 
transform ation of each factor in order to facilitate their visualization. The resulting 
num ber was used for further analysis of the data.

Factor
1

% Factor
2

% Relative 
value 
Factor 1

Relative 
value 
Factor 2

Salinity 0.57 11.8 -0 .8 0 59.2
Entrance section (m 2) -0 .8 9 28.9 -0 .4 5 18.6
Distance to the  sea (m) -0 .9 0 29.5 -0 .3 8 13.2
Catchm ent area (km2) -0 .9 0 29.9 0.31 9.0

Mooloolah River -1 .8 3 -1 .4 7 1.0 3.7
Caboolture River -1 .7 4 1.16 1.1 1.0
Tingalpa Creek -0 .6 8 0.91 2.2 1.3
Bald Hills Creek 0.77 -0 .9 8 3.6 3.2
Nudgee Creek 1.53 0.09 4.4 2.1
Eprapah Creek 1.96 0.29 4.8 1.9

m angrove  zone, w h ich  w as th e  fo res t a d jacen t to  th e  c reek /riv e r 
an d  u su a lly  th e  ta lle s t fo rest in th e  coasta l w e tlan d ; (2) th e  scrub  
m angrove  zone, w h ich  is lan d w ard  o f th e  fringe m an g ro v es and  
co m p rises sm alle r tree s  (< 2  m  in h e igh t); a n d  (3) th e  sa ltm a rsh / 
cy an obacteria  m at zone, located  lan d w ard  o f th e  scrub  m angroves 
(Fig. 2). In th e  laboratory , filters w e re  oven  d ried  a t  60  °C an d  re ­
w eighed . The p e rcen tag e  o f TSS re te n tio n  for each  site  w as calcu ­
la ted  by  a  m odified  m eth o d  o f Furukaw a a n d  W olanski (1996).

( TSS f lo o d  ( m g  L_1 ) -  TSS ebb  ( m g  L_1
TSS re ten tio n  (%) =   ----------------- --------------- -------------------------------------

TSS f lo o d  (  m g  L^1)

Fig. 2. Diagram representing the three sampling points for each zone of a coastal 
wetland dominated by mangroves: fringe mangroves, scrub mangroves and saltmarsh/ 
cyanobacteria m at zone.

A ustra lian  B ureau o f M eteorology). T raps w e re  dep lo y ed  a t  low  tid e  
in g ro u p s o f five rep lica tes w ith in  th ree  tran sec ts  c rossing  th ro u g h  
th e  th re e  v eg e ta tio n  zones u se d  for TSS sam p lin g  (see  above). Traps 
w e re  se t u p  in  th e  m id d le  o f each  in te rtid a l zo n e  (Fig. 2). In to ta l, 45 
se d im e n t trap s  w e re  u sed  p e r site  a n d  w e re  left for 7 -1 0  tid a l cycles. 
Special care  w as tak e n  w h e n  se ttin g  a n d  re triev in g  th e  tra p s  so as 
no t to  d is tu rb  th e  ad ja ce n t sed im en t. S ed im en t trap s  th a t  a p p ea red

X 100 (1)

2.2.2. Sedim entation
The sam p lin g  w ith in  e ach  loca tion  w as d o n e  o n  th e  d ep o sitio n a l 

side o f  th e  river (riv erin e  m an g ro v es) o r  tid a l c reek  (tida l 
m angroves), i.e. on  th e  m ea n d e r  bend , w h ich  is th e  a rea  th a t  p re ­
se n ted  th e  m o st dev e lo p ed  m angrove  forests. S ed im en t tra p s  c o n ­
sisted  o f  p re -w e ig h ed  9 cm  W h a tm a n  q u a lita tiv e  filters p laced  in 
th e  g ro u n d  (Reed, 1989) over Petri d ish  lids h e ld  to  th e  se d im e n t by 
hooks. The Petri d ish  lids w e re  0.8 cm  in h e ig h t a n d  9 cm  in w id th  
w ith  a  sm all b a se :h e ig h t ra tio  o f 0.1, w h ich  has b een  a sso c ia ted  w ith  
a  d ecrease  in th e  risk  o f o v e res tim a tio n  o f se d im e n t trap p in g  an d  an  
increase  in th e  p ro b ab ility  o f m easu rin g  re su sp e n d ed  m ate ria l 
u n d e r  tu rb u le n t co n d itio n s (H argrave a n d  Burns, 1979). The sed i-

d is tu rb ed  by  c rabs o r  o th e r  o rg an ism  w e re  d iscard ed  (7 o u t o f 280  
traps). The trap s  w e re  re triev ed  d u rin g  low  tid e  a n d  tran sp o rte d  
w ith in  th e  Petri d ish  covered  w ith  a  lid. S ed im en t trap s  w e re  d ried  
a t 60 ° C an d  w eighed . All th e  se d im e n t c ap tu red  inside  th e  Petri d ish  
w as in cluded  in th e  calcula tion . The w e ig h t o f  th e  se d im e n t w as 
co rrec ted  for sa lt w e ig h t by  w e ig h in g  se d im e n t trap s  b e fo re  an d  
a fte r  b e in g  su b m erg ed  in  d istilled  w a te r  a n d  o ven  d ried  a t 6 0 °  C. 
S ed im en ta tio n  ra te s  p e r  v eg e ta tio n  zone  w e re  calcu la ted  p e r tidal 
cycle by  su b trac tin g  th e  filte r w e ig h t b efo re  (to) to  th e  w e ig h t a fte r  
d e p lo y m e n t in  th e  field (ti) . In o rd e r  to  h o m o g en ize  th e  se d im e n ­
ta tio n  ra te s  for all th e  sites, th e  ra te s  w e re  d iv ided  b y  th e  n u m b e r  o f 
t id e s  th e  se d im e n t trap s  w e re  su b m erg ed  (e q u a tio n  (2)).

S e d im en ta tio n  ra te  ( m g  cm  2 sp r in g  tid e  ■*)
f i l te r  w e ig h t  fi (m g) -  f i l te r  w e ig h t  to (m g)  
f i l te r  area  (cm 2) x  n u m b e r  o f  sp r in g  tides

(2 )

m e n t trap s  w e re  dep lo y ed  a t tim es  w h e n  tid e s  w e re  h igh  e n o u g h  to  
su b m erg e  th e  th re e  v eg e ta tio n  zones. Based o n  field ob se rv a tio n s 
an d  tid e  tab le s  w e  ca lcu la te  th is  th re sh o ld  as sp rin g  tid e s  h ig h er 
th a n  2.2 m  in all s ites excep t M ooloolah  River, w h ich  w as 
co m p le te ly  su b m erg ed  a t  tid e s  h ig h er th a n  1.7 m. Sam pling w as

S ed im en ta tio n  ra te  a t  zo n e  1
S e d im en ta tio n  ratio  =  -,—  ------------ :--------------------------------------------

(S ed im en ta tio n  ra te  a t  zo n e  1 +  zo n e  2

Finally, in  o rd e r to  co m p are  th e  p ro p o rtio n  o f  se d im e n t re ta in e d  by 
each  v eg e ta tio n  zone, w e  calcu la ted  th e  coefficient o f  v a ria tio n  (% 
CV) o f se d im e n ta tio n  ra te s  across th e  coasta l w e tla n d  a n d  a  sed i­
m en ta tio n  ra tio  (e q u a tio n  (3)).

n g  cm  2 sp r in g  tid e  ' )
zo n e  3) (m g  c m - 2 sp r in g  tid e - 1)

'/y '  Fringeforest 

: Scrub forest

"" Saltmarsh/ cyanobacteria mat 

f P  Terrestrial forest 

•  Sampling point Jtpfc j|j)| 1?
T T »
f f

co n d u cted  in tid e s  o f a m p litu d e  2 .22 m  to  2 .62 m  (1.8 m  to  1.83 m in  A dditional hydrological in fo rm atio n  (cu rren ts , tid a l h e ig h t and
M ooloolah  River) (tid e  h e ig h ts  a re  m e te rs  above P red ic tion  D atum , sa lin ity) w e re  m easu red  in th e  c reeks a n d  rivers in fro n t o f  th e  fringe
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m an g ro v e  zo n e  d u rin g  each  sam p lin g  cam paign . Tidal c u rre n ts  
w e re  m ea su re d  using  sm all b u o y an t ob jects, w ith  a  d e n sity  such  as 
to  float ju s t  b e lo w  th e  surface, e n o u g h  to  b e  affected  by  c u rre n ts  b u t 
n o t b y  w ind . Tidal h e ig h t w as m easu red  u sin g  w a ter-so lu b le  col­
o u re d  ribbons (English e t  al., 1997) a n d  sa lin ity  w as m easu red  w ith  
a  h an d  held  re fra c to m e te r (m o d el 300011 w/ATC, SPER Scientific, 
Scottsdale, USA). From  th is  in fo rm a tio n  w e  cou ld  b ro ad ly  d e fin e  th e  
hydrological ch arac te ris tics  o f th e  sites. The sites s tu d ied  have 
a sy m m etrica l tida l cycles, w ith  sh o rte r  an d  faste r eb b  tid es 
co m p ared  to  flood tides. F u rth e rm o re , w e  calcu la ted  th a t  du rin g  
h igh  tid e  (tid es >  2.2 m), th e  d e p th  o f  th e  w a te r  in th e  fringe zone 
ran g ed  from  0.7 to  1.5 m.

2.2.3. Terrestrial carbon tracer: analysis o f  glomalin
W e used  g lom alin  as a  p roxy  o f  terrestria l-d eriv ed  carbon  (C) 

tran sp o rte d  an d  dep o sited  w ith in  coastal w e tlands. From  b o th  th e  
TSS re ta in ed  in th e  filters and  from  th e  sed im en t d ep o sited  in th e  
traps, g lom alin  w as ex tracted  an d  quantified  using  th e  m eth o d  
described  in W righ t (2000). Filters w e re  cu t an d  subm erged  in 
ex tractan ts . For th e  sed im en t trap s  ex traction  o f 1 -3  filters w ere  
sufficient to  o b ta in  0 .5 -1  g o f sed im ent. TSS re ta in ed  in  th e  filters and  
sed im en t trap s  se t in th e  sa ltm arsh /cyanobacteria  m at sites d id  no t 
collect en o u g h  sed im en t to  carry  o u t th e  extraction . Two ex tractions 
w e re  d o n e  to ob ta in  tw o  d ifferen t g lom alin  pools: Bradford reactive 
soil p ro te in  (BRSP) and  Im m unoreactive  soil p ro te in  (IRSP). For th e  
first pool (BRSP), sam ples w e re  ex tracted  in sod ium  pyrophosphate , 
pH 9 in th e  autoclave for 1 h  a t  1 20° C. M ultip le ex tractions w ere  
d o n e  (2 -3 )  u n til su p e rn a ta n t w as clear. For th e  second pool (IRSP), 
filters w e re  ex tracted  in  sod ium  citrate , pH 8, for 30  m in  a t  12 0 ° C. 
Sam ples w ere  cen trifuged  for 10 m in  a t  322 0  x g  b e tw een  an d  afte r 
ex tractions. BRSP w as calcu lated  from  th e  first ex traction  using 
a  Bradford te s t  w ith  bovine se ru m  a lb u m in  (BSA) as a  con cen tra tio n  
standard . The BRSP pool has sh o w n  som e cross-reactiv ity  w ith  high 
artificially leaf p ro te in  ad d itio n s (Rosier e t  al., 2 0 06) an d  w ith  poly­
phen o ls (W hiffen e t  al., 2006; Schindler e t al., 2007). Based o n  th e  
p ro te in  co n cen tra tio n  o b ta in ed  w ith  th e  Bradford, an  indirect 
en zym e-linked  im m u n o so rb en t assay  (ELISA) w as d o n e  o n  th e  
second  extraction . The ELISA w as con d u cted  using  a  m onoclonal 
an tib o d y  (M A b32B ll) developed  against spores o f arbuscu lar 
m ycorrhizal fungi (W righ t and  U padhyaya, 1996). A sam ple  from  
a  sa ltm arsh  site  w ith  a  k n o w n  h igh co n cen tra tio n  o f IRSP w as u sed  as 
a  standard . Results a re  p re sen ted  as m illigram s o f IRSP p e r g ram  of 
sed im en t; h en cefo rth  th ey  w ill b e  referred  as “g lom alin” ( m g g -1 ). 
The p ro p o rtio n  o f th e  IRSP to BRSP has b een  sh o w n  to  decline  over 
tim e  as th e  an tib o d y  reactive site is a lte red  w ith  decom position , th u s  
providing som e qualitative  ind ica tion  o f th e  tim e  since th e  glom alin  
w as p ro d u ced  by th e  m ycorrhizal fungi (W righ t e t al., 1996; Lovelock 
e t  al., 2004). In th is  study, w e  use  th e  ra tio  b e tw ee n  IRSP and  BRSP as 
a  m easu re  o f  th e  percen tage  of im m unoreactiv ity , an d  hen cefo rth  it 
w ill be  referred  as “ im m unoreac tive  g lom alin” (%).
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Fig. 3. Total suspended solids retention (%) at six sites in Southeast Queensland 
ranging from riverine to tidal. Total suspended solids retention (TSS) was calculated as 
the mean difference of TSS in the flood compared to the ebb tide for three tidal cycles 
at each site.

2.2.4. Data analysis
M ultifactorial analysis o f  v a rian ce  (ANOVA) w as u sed  to  te s t  for 

d ifferences in TSS, se d im e n ta tio n  an d  g lom alin  o v er d iffe ren t 
v eg e ta tio n  zones an d  am o n g  riverine  a n d  tida l m angroves. Sedi­
m e n ta tio n  d a ta  w e re  logarithm ica lly  tran sfo rm e d  (log +  1 ) p rio r to  
analysis in  o rd e r to  m ee t ANOVA re q u ire m e n ts  for h o m o g en e ity  o f  
variances. L inear reg ress io n  w as u se d  to  d e te rm in e  th e  p ro p o rtio n  
o f th e  v a ria tio n  in se d im e n ta tio n  a n d  g lom alin  th a t  w as ex p la ined  
by  th e  factors o f  va riab ility  o b ta in e d  from  th e  PCA (see  above). 
A nalyses w e re  p e rfo rm ed  u sin g  th e  s ta tistica l c o m p u tin g  package 
STATISTICA (version  8, Tulsa, OK, USA) a n d  Sigm a Plot (Systa t 
Softw are, CA, USA).

3. Results

3.1. Total suspended solids (TSS)

The average TSS co n ce n tra tio n  in th e  es tu a ries  sam p led  w as 
117.6 ±  6.2 m g L_1 (m ea n  ±  s ta n d a rd  e rro r). The site  w ith  th e  
h ig h es t TSS co n ce n tra tio n  w as N udgee Creek (134.4 ±  21.8 m g L_1) 
an d  th a t  w ith  th e  lo w est c o n ce n tra tio n  w as M ooloolah  River 
(90.71 ± 1 4 .8  m g L“ 1; Table 3).

E xchange o f  TSS (calcu la ted  u sin g  th e  d ifference  b e tw e e n  TSS 
c o n ce n tra tio n  in flood v e rsu s eb b  tid e  a t th e  fringe forest) w as 
v ariab le  a n d  ran g ed  from  an  ex p o rt o f  -7.7%  a t M ooloolah  River to  
re te n tio n  o f  36.9% a t T ingalpa C reek (Table 3, Fig. 3). R eten tion  of 
TSS w as o b se rv ed  a t four o f  th e  six sites. M angroves a t  C aboolture 
River, T ingalpa Creek, N udgee Creek an d  E prapah  Creek im p o rted  
TSS, w h ile  m angroves a t Bald Hills Creek a n d  M ooloolah  River 
ex p o rted  TSS. W e d id  n o t find a re la tio n sh ip  b e tw e e n  sed im en t 
re te n tio n  an d  g eo m o rpho log ica l se ttin g  (Fig. 3).

Table 3
Total suspended solids (TSS ) (mg L ')  entering the mangrove forest during flood tide, TSS exchange (%) and sedim entation rate (mg cm -2 spring tide-1 ) in six mangrove sites in 
Southeast Queensland. Values are the means and standard errors of data from three tidal cycles for TSS concentration, and TSS retention and for five sedim ent traps in three 
sampling points a t three zones (fringe, scrub and saltm arsh/cyanobacteria m at) for sedim entation rates. Positive TSS exchange stands for im port and negative values for export.

Total suspended solids Sedim entation rate (m gcm  2 spring tide  1)

TSS (m g L-1 ) Retention (%) Mean Fringe m angrove Scrub mangrove Saltmarsh/cyanobacteria m at

Mooloolah River 90.7 ±  14.8 -7 .7  ± 2 5 .7 0.37 ±  0.03 0.32 ±  0.06 0.41 ±  0.01 0.12 ± 0 .0 0
Caboolture River 113.0 ± 2 3 .6 31.2 ± 20.1 0.59 ±  0.07 0.61 ±0.11 0.53 ±  0.09 0.57 ± 0 .1 8
Tingalpa Creek 119.2 ± 6 .8 36.9 ±  33.4 0.81 ±0.21 1.23 ± 0 .53 0.86 ± 0 .1 7 0.36 ± 0 .1 4
Bald Hills Creek 127.4 ±  13.0 -1 .1  ± 8 .3 0.58 ± 0 .1 2 0.65 ± 0 .17 0.85 ±  0.22 0.23 ±  0.09
Nudgee Creek 134.4 ± 2 1 .8 4.5 ±  11.6 0.45 ± 0 .1 4 0.78 ±  0.36 0.27 ±  0.05 0.29 ± 0.11
Eprapah Creek 120.9 ±  10.4 4.5 ±  36.4 1.07 ± 0 .2 8 1.83 ± 0 .13 0.96 ± 0 .1 9 0.03 ±  0.03

Mean 117 ± 6 .2 14.5 ±  6.9 0.64 ±  0.01 0.90 ±  0.22 0.65 ± 0.11 0.27 ±  0.8
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setting  o f th e  sites. In th e  tidal m angroves th e  sed im en t deposition  
ra tes w e re  h igher in  th e  fringe zone, w h ile  in th e  riverine  m angroves, 
sed im en t d eposition  w as in genera l m ore  un ifo rm ly  d istrib u ted  
th ro u g h o u t th e  w e tlan d  (Fig. 4b). T here w as a significant corre lation  
b e tw een  th e  p rincipal factor o f  variability  (Factor 1 ) ob ta in ed  from  
th e  PCA an d  th e  coefficient o f  v aria tion  (% CV) (R2 =  0.70; F1 4  =  8.10; 
p  <  0.05). T here w as also a  corre lation  b e tw ee n  Factor 1 an d  th e  ratio  
o f  th e  sed im en ta tio n  o f th e  fringe zone  com p ared  to  th e  en tire  
w e tlan d  (R2 =  0.68; F1 4  =  7.38; p  =  0.05). Thus, riverine  m angroves 
(low  factor values) have low er variability  in th e  spatia l d is trib u tio n  o f 
th e  sed im en ta tio n  ra tes across th e  w e tland , co m pared  to  tidal 
m angroves (h igh  factor values), w h e re  m o st o f th e  sed im en t is 
re ta in ed  in th e  fringe zone (Fig. 4b).
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Fig. 4. (a) Sedimentation rates (mg c n r 2 spring tide- 1 ) in different zones in a coastal 
wetland (fringe mangroves, scrub mangroves and saltmarsh/cyanobacteria mat). 
Values are means of three sets of five replicates within each zone. Sediment traps were 
deployed for between 7 and 10 tidal cycles between January and March 2007. (b) 
Correlation between the principal factor of variability obtained from a PCA (Factor 1, 
see Section 2) and the coefficient of variation (% CV) ( • )  and the ratio of the sedi­
mentation rate in the fringe zone in relation to the sedimentation rate of the coastal 
wetland (fringe +  scrub +  saltmarsh/cyanobacteria mat) (o). Regression line is in the 
form of y  =  0.05x -  0.22 (R2 =  0.70; =  8.10; p  < 0.05) for % CV and in the form of
y  =  0.18x +  0.82 (R2 =  0.65; F14 =  7.38; p  =  0.05) for the sedimentation ratio.

C om parison  o f  th e  TSS re te n tio n  cap acity  o f  each  v eg e ta tio n  
zone  o f th e  w e tla n d  (fringe, scrub  a n d  sa ltm arsh /cy an o b ac teria  
m at) a n d  in e ach  tid a l d irec tio n  (flood a n d  ebb) sh o w ed  th a t  a t sites 
w ith  TSS re te n tio n  (C abooltu re  River, T ingalpa Creek, N udgee Creek 
an d  E prapah  Creek), th is  p rocess m ain ly  occu rred  d u rin g  th e  ebb  
tid e  w ith in  th e  fringe zone  (average o f 44% o f  to ta l re te n tio n ) and  
w ith in  th e  scrub  zo n e  (average o f 30% o f to ta l re ten tio n ).

3.3. Glomalin in total suspended solids

G lom alin in  th e  TSS w as analysed  in o rd e r to  quan tify  th e  a m o u n t 
o f  terrestria l-d eriv ed  C e n te rin g  an d  re ta in ed  in  th e  m angroves. The 
TSS in tidal w a te r  co n ta ined  sm all am o u n ts  o f  g lom alin  averaging 
0.048 ±  0.021 m g g - 1  w ith  a  m ax im u m  value o f 0.175 m g g - 1  

observed  in  th e  floodw ater o f  th e  Caboolture River. Glom alin 
m easu red  in  TSS w as significantly  corre lated  w ith  its im m unoreac- 
tiv ity  (Fitio =  56.01, R2 = 0.83, p  <  0.01 ). Thus, th e  a m o u n t o f  g lom alin 
w as p roportiona l to its relative age; h igh g lom alin  co n cen tra tions 
w ere  associated  w ith  h ighly im m unoreac tive  o r “you n g er” g lom alin 
and  low  g lom alin  con cen tra tio n s w e re  associated  w ith  low  im m u ­
noreactive o r  “o ld er” glom alin.

W e found a  negative corre lation  b e tw een  th e  Factor 2 o f  va ri­
ability  calcula ted  from  th e  PCA (Table 2) an d  g lom alin  co ncen tra tion  
(m g g-1 ) (first o rd e r inverse  polynom ial fit, R2 =  0.74, F4>4  =  11.08; 
p  =  0.03) an d  th e  p ro p o rtio n  o f  im m unoreac tive  g lom alin  (%) (first

0.20

~  0.15 at 
at 
£
jf oio
IB
Eo
Ü 0.05

3.2. Sedim entation 0.00 A A

The m ean  sed im en ta tio n  
0.64 ±  0.11 m g cm -2  spring tid e -1

ra te  over all sites w as 
The h ighest ra te  w as found  in th e  

fringe zone  a t Eprapah Creek (1.83 ±  0.13 m g cm -2  spring  tid e -1 ) and 
th e  low est in  th e  saltm arsh /cyanobacteria  m at zone o f th e  sam e site 
(0.03 ±  0.03 m g cm -2  spring tid e - 1 ). Overall, th e  site a t  E prapah 
Creek had  th e  h ig h es t m ean  sed im en ta tio n  ra te  w ith  
1.07 ±  0.28 m g cm -2  spring tid e -1 w h ile  th e  site  a t  M ooloolah River 
had  th e  low est (0.37 ±  0.03 m g c m -2  spring  t id e -1 ) (Table 3, Fig. 4a).

The v egetation  zone w ith  th e  h ighest m ean  sed im en ta tio n  ra te  
w as th e  fringe zone w ith  9.0 ±  0.22 m g cm -2  spring  t id e -1 (Fig. 4a). 
S ed im en tation  w as significantly  low er in th e  scrub zone 
(0.65 ±  0.11 m g cm -2 spring  t id e - 1 ) an d  in th e  salt m arsh /cy an o ­
bacteria  m at zone (0.27 ±  0.08 g m -2  spring  tid e - 1 ) (m ain  effect 
Zone, F2 ,4 6  =  5.91 ; p  <  0.01 ) (Fig. 4a). M ean sed im en ta tio n  in  th e  
fringe zone accoun ted  for 52.5 ±  6.21% o f to ta l sed im en ta tio n  in th e  
coastal w etland . A re la tionsh ip  b e tw een  sed im en ta tio n  ra te  and 
geom orphological se ttings o f th e  sites w as no t found (Fig. 4a). 
However, th e re  w as a  difference in  th e  spatial d istrib u tio n  p a tte rn  o f 
th e  dep o sited  sed im en t w ith  varia tion  in  th e  geom orphological
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Fig. 5. (a) Glomalin concentration (m gg ) in total suspended solids (TSS) versus 
Factor 2 resulting from a PCA (see Section 2) of geomorphological characteristics of six 
sites in Southeast Queensland, (b) Immunoreactive glomalin {%)  in TSS versus Factor 2. 
The curves are significant: first order polynomial fit and in the form ofy =  -0 .07  +  (0.21/ 
x) (Æ2 =  0.74; F1>4 =  11.08; p  =  0.03) for glomalin and in the form ofy =  -10.02 +  (29.10/ 
x) (R2 = 0.88; Flt4 =  28.11 ; p  <  0.01 ) for immunoreactive glomalin.
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o rd e r inverse  polynom ial fit, R =  0 .8 8 , Fi,4  =  28.11 ; p  <  0 .0 1 ) o f  th e  
TSS (Fig. 5). Factor 2 is a  value  th a t  rep re sen ts  varia tion  in salinity  
am o n g  estu aries  (Table 2). Thus, th e  negative  corre lation  b e tw een  
Factor 2 and  g lom alin  co n cen tra tio n  an d  its im m unoreac tiv ity  ind i­
cates th a t h igh  co n cen tra tions o f “y o u n g ” g lom alin  w ere  m easu red  in 
estu aries  w ith  low  salin ity  (correlation  b e tw ee n  p ro p o rtio n  o f 
im m unoreac tive  g lom alin  (%) an d  salinity: R2 =  0.86, F1 4  =  24.22; 
p  <  0.01 ). The riverine sites o f C aboolture River and  T ingalpa Creek, 
w h ich  had  low  salin ity  values, had  h igh con cen tra tio n s o f  highly 
im m unoreac tive  g lom alin  in th e  TSS (0.175 m g g _1; 20.3% and  
0.057 m g g _1; 12.3% for Caboolture River and  T ingalpa River, 
respectively). Com paratively, M ooloolah River, Bald Hills Creek, and  
E prapah  Creek, sites w ith  h igh  salinity, had  TSS w ith  low  concen­
tra tio n s  o f low  im m unoreac tive  g lom alin  (0 . 0 0 2  m g g _ 1  o f  0 .1 %, 
0.03 m g g“ 1; 0.6%, 0.007 m g g ^ 1; 1.9% and  0 .008 m g g“ 1; 1.3% for 
M ooloolah River, Bald Hills Creek, N udgee Creek an d  E prapah  Creek, 
respectively).

T here w as a  difference b e tw ee n  th e  g lom alin  an d  th e  p ro portion  
o f  im m unoreac tive  g lom alin  in th e  TSS d u rin g  ebb  a n d  flood tides. In 
th e  tidal m angroves (Bald Hills Creek, N udgee Creek an d  Eprapah 
Creek) th e  g lom alin  and  th e  p ro p o rtio n  o f im m unoreac tive  g lom alin  
w e re  low er in th e  TSS en te rin g  th e  m angroves du rin g  th e  flood tide  
(0.03, 0.01 an d  0.01 m g g- 1 ; 0.5%, 1.3% an d  1.9%, respectively) 
co m pared  to  th o se  m easu red  in th e  TSS leaving th e  m angroves 
d u rin g  th e  ebb  tid e  (0.08, 0.03 an d  0 .04 m g g_1; 2.1%, 4.2% an d  3.5%, 
respectively). In con trast, in  tw o  o f  th e  th ree  riverine sites (C aboolture 
River an d  T ingalpa Creek) co n cen tra tio n  an d  p ro p o rtio n  o f im m u ­
noreactiv ity  o f g lom alin  in  th e  TSS w ere  67% an d  8 8 % h ig h er in th e  
sed im en t en te rin g  in th e  flood tid e  (0.17 an d  0.06 m g g _ 1  ; 12.3% and  
20.3%, respectively) com pared  to  th a t  m easu red  in  th e  eb b  tid e  (0.02 
an d  0.02 m g g - 1 ; 1.4% an d  11.4%, respectively). C oncen trations o f 
g lom alin  in th e  TSS o f th e  M ooloolah River du rin g  flood a n d  e b b  tidal 
flows w ere  v e ry  low  an d  too  close to  th e  d e tec tio n  lim its o f th e  te s t to  
d e tec t any significant differences.

3.4. Glomalin deposited in sedim ents

S e d im en t d e p o s ite d  in  th e  se d im e n t tra p s  w as an a ly sed  for 
g lo m alin  in  o rd e r  to  o b ta in  an  in d ica tio n  o f  th e  p ro p o rtio n  o f 
te r re s tr ia l-d e r iv e d  C d e p o s ite d  in  m an g ro v es. G lom alin  c o n c e n ­
tra tio n s  d e p o s ite d  in th e  s e d im e n ta tio n  tra p s  h ad  a m e a n  v a lu e  o f 
0 .46  ±  0.17 m g g _1. T he h ig h es t g lo m alin  c o n c e n tra tio n s  w e re  
fo u n d  in  th e  fringe zo n e  o f Bald Hills C reek w ith  1.38 m g g _ 1  w h ile  
th e  lo w e s t g lo m alin  c o n c e n tra tio n s  w e re  o b se rv ed  in th e  fringe 
m an g ro v e  zo n e  o f  th e  C aboo ltu re  R iver w ith  0.02 m g g _1. S im ilar to  
g lo m alin  in  TSS, g lo m alin  m ea su re d  in  d e p o s ite d  se d im e n ts  w as 
sig n ifican tly  c o rre la te d  to  its im m u n o re ac tiv ity  (F1 2 1  = 1 8 .4 2 , 
R2 =  0 .44, p  <  0.01).

A lthough  th e re  w as no  significant co rre la tio n  b e tw ee n  
g eom orpho log ica l se ttin g  a n d  th e  g lom alin  co n ce n tra tio n  o f th e  
se d im e n ts  dep o sited , th e re  w e re  d ifferences in th e  d is tr ib u tio n  o f 
g lom alin  b e tw e e n  in te rtid a l zones o f th e  riverine  a n d  tida l 
m an g ro v es (Fig. 6 ). In th e  riverine  m an g ro v es o f  M ooloolah  River, 
C aboolture River a n d  T ingalpa Creek th e  h ig h es t g lom alin  co n cen ­
tra tio n s  w e re  found  in th e  scrub  zo n e  w ith  94.3%, 95.9% a n d  74.9% o f 
th e  to ta l g lom alin  d ep o site d  (fringe +  scrub), respectively . In 
co n trast, in th e  tida l m an groves o f Bald Hills Creek, N udgee Creek 
an d  E prapah  Creek, th e  h ig h est g lom alin  co n cen tra tio n s  w e re  found 
in th e  seaw ard  fringe zone  w ith  97.6%, 81.6% an d  58.8% o f  th e  to ta l 
g lom alin . Thus, m o st o f  th e  g lom alin  w as d ep o site d  in th e  fringe o f 
tid a l m an g ro v es a n d  th e  scrub  zone  o f  riverine  m angroves.

4. Discussion

The re su lts  o f th is  s tu d y  in d ica te  th a t  geom orpho log ica l se ttin g  
affects spa tia l p a tte rn s  o f  se d im e n ta tio n  in  m angroves in  S o u th eas t 
Q ueensland . W e found  a m o re  h o m o g en eo u s p a tte rn  o f se d im e n ­
ta tio n  th ro u g h o u t th e  in te rtid a l zone  in riverine  m angroves
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Fig. 6. (a) Glomalin concentrations (mg g 1 ) in the deposited sedim ent for a gradient of geomorphological settings. Values are means and standard errors of replicates w ithin two 
zones (fringe ( ■ )  and scrub ( □  ) mangroves) for each site. The percentage w ithin the bar indicates the am ount of glomalin found on each zone as a proportion of the total am ount 
measured in the w etland (fringe +  scrub), (b) Glomalin concentrations (m gg-1) in the deposited sedim ent of the fringe and scrub zone of tidal and riverine mangroves, (c) 
Proportion of immunoreactive glomalin in the deposited sedim ent of the fringe and scrub zone of tidal and riverine mangroves. Values for glomalin and proportion of immu­
noreactive glomalin (%) are means and standard errors of values w ithin each zone and for three riverine mangroves (Mooloolah River, Caboolture River and Tingalpa Creek) and 
three tidal mangroves (Bald Hills Creek, Eprapah Creek and Nudgee Creek) in Southeast Queensland.
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co m p ared  to  tid a l m angroves. In tida l m an g ro v es m o st o f  th e  
se d im e n t w as accu m u la ted  in th e  fringe zone  (Fig. 4).

The orig in  o f  th e  TSS th a t  e n te rs  th e  m an g ro v e  fo rest d u rin g  
tida l in u n d a tio n  an d  th e  d ep o sitio n  o f th is  m ate ria l also varied  
acco rd ing  to  g eo m orpho log ica l ch arac te ris tics  o f each  site. TSS from  
sites th a t  received  fresh w a te r in p u ts  had  h ig h er co n ce n tra tio n  o f 
h igh ly  im m u n o reac tiv e  glom alin , ind ica tin g  a s tro n g e r te rre s tr ia l 
in fluence (Fig. 5). G eom orpholog ical se ttin g  also  affected  th e  
p a tte rn  o f m ate ria l d ep o sitio n  w ith in  th e  in te rtid a l zone, w ith  
r iverine  m an g ro v es accu m u la tin g  th e  m ajo rity  o f  th e  g lom alin  in 
th e  scrub  zone, w h ile  tid a l m angroves accu m u la ted  m o st g lom alin  
in th e  fringe zone  (Fig. 6).

4.1. Glomalin in total suspended solids (TSS) as soil source indicator

The co n ce n tra tio n  o f  o u r  te rre s tr ia l m arker, glom alin , w h ich  w as 
ex trac ted  from  TSS su p p o rts  th e  hyp o th esis  th a t  m an g ro v e  forests 
in d iffe ren t geom orpho log ica l se ttin g s  have d iffe ren t links to  th e  
te rre s tr ia l a n d  m arin e  en v iro n m en t. The stro n g  co rre la tio n s 
b e tw e e n  g lom alin  an d  its im m u n o reac tiv ity  o f th e  TSS m easu red  
d u rin g  flood tid e  an d  Factor 2 o f va riab ility  (Fig. 5) p rov ides 
ev id en ce  th a t  m an g ro v es asso c ia ted  to  h ig h er fresh w a te r  ru n o ff 
receive  “y o u n g e r” te rr ig en o u s  m ate ria l a n d  have a  s tro n g e r 
te rre s tr ia l influence. It w as su rp ris in g  th a t  o n e  o f o u r sites, th e  
M ooloolah  River, sh o w ed  th e  ch arac te ris tics  o f  a  s ite  d o m in a ted  by 
r iverine  forces; h o w ev er its co n n ec tio n  to  th e  te rre s tr ia l e n v iro n ­
m en t, m ea su re d  as g lom alin  co n cen tra tio n  a n d  im m u n o reac tiv e  
glom alin , w as n o t as s tro n g  as o n e  w o u ld  ex p ec t from  a h ighly  
r iverine  site. The h igh  sa lin ity  o f th e  flo o d w ate r (sa lin ity  o f 35 
co m p ared  to  v a lu es a ro u n d  19 in  th e  o th e r  riverine  sites; Table 1) 
an d  its low  c o n cen tra tio n  o f low  im m u n o reac tiv e  g lom alin  in d ica te  
th a t  th is  site  is stro n g ly  in fluenced  by  ocean ic  w ater. Unlike th e  
o th e r  sites, th e  M ooloolah  River is n o t co n ta in ed  w ith in  an  
e m b a y m en t (Fig. 1 ) an d  is d irec tly  c o n n ec ted  to  th e  o p e n  ocean  by 
n a tu ra l an d  artificial ch annels , w h ich  a p p e a r  to  have  en h an c ed  th e  
inflow  o f  ocean ic  w a te r  to  th e  w e tlan d s. Our re su lts  su p p o rt th e  
idea th a t  w a te r  q u a lity  m an a g em e n t a t  s ites w ith  d ifferen t 
geom orpho log ica l se ttin g s  sh o u ld  be  c o n ce n tra ted  to w a rd  th e  
sources o f p o llu tan ts  (Eyre a n d  France, 1997). For exam ple, p o llu t­
a n ts  in  th e  m arin e  e n v iro n m en t a re  m o st likely to  affect tida l 
m angroves a n d  sites w ith  s tro n g  m arin e  influences, w h ile  p o llu t­
a n ts  u p s tre a m  a re  m o stly  likely to  in fluence  riverine  m angroves.

A lth o u g h  th e  te r re s tr ia l  soil in d ic a to r—g lo m a lin —v aried  
w ith in  th e  TSS frac tio n  a n d  in se d im e n ts  in a  w ay  th a t  is c o n s is te n t 
w ith  o u r  resu lts , th e  u se  o f g lo m alin  as a  q u a n tita tiv e  in d ic a to r o f  
te r re s tr ia l  in flu en ce  in th e  m arin e  e n v iro n m e n t w ill n e ed  to  be  
fu r th e r  in v es tig a ted , p a rticu la rly  if  it is to  be  u se d  to  c o m p are  
acro ss  c a tc h m e n ts  w ith  d iffe rin g  c h arac te ris tic s . T he c o n c e n tra ­
tio n  o f  g lo m alin  in  u p lan d  soils varies. The g lo m alin  m o lecu le  has 
so m e s im ila ritie s  to  h e a t  sh o ck  p ro te in s  (R a in er e t  al., 1996) an d  
th u s  its c o n c e n tra tio n  in soils v a ries  w ith  a  ran g e  o f soil a n d  p lan t 
factors, w h ic h  in c lu d e  p la n t c o m m u n ity  typ e , fertility , w a te r  
availab ility  a n d  th e  physio log ica l s ta tu s  o f th e  p la n ts  (Rillig e t  al., 
20 0 3 ; T resed e r a n d  T urner, 2007). A dditionally , v a ria tio n  in  lan d - 
u se  p ractices, su ch  as cu ltiv a tio n , m ay  d iffe ren tia lly  d is ru p t  soils 
a n d  fungal h y p h a l n e tw o rk s  (W rig h t a n d  U padhyaya, 1996; Rillig 
e t  al., 20 0 3 ), w h ic h  re su lts  in  v a ria tio n  in e ro s io n  a n d  th e  t ra n s p o r t  
o f  so ils in to  w a te rw a y s  (H o w arth  e t  al., 1991 ). T hus, a n  a lte rn a tiv e  
e x p la n a tio n  for th e  g lo m alin  p a tte rn  fo und  in  TSS in o u r  s tu d y  
cou ld  b e  th a t  th e  g lo m alin  c o n c e n tra tio n s  a re  a  re su lt o f  d iffe ren t 
soil ch a ra c te ris tic s  a n d  e d ap h ic  co m p o s itio n  from  w h e re  th e  TSS 
o rig in a ted . H eavily  d is tu rb e d  soil w ith  h igh  g lo m alin  c o n c e n tra ­
tio n s  w ill be  flu sh ed  d o w n s tre a m  to  b eco m e  TSS w ith  m o re  g lo ­
m alin , c o m p a red  to  th e  TSS o rig in a tin g  from  less d is tu rb e d  soils. 
H ow ever, in  th is  s tu d y  all th e  s ites  hav e  c a tc h m e n ts  w ith  sim ila r

m o d ifica tio n s for u rb a n  a n d  ag ricu ltu ra l u se s (O zcoasts, A ustra lia , 
1998) a n d  s im ila r v e g e ta tio n  co m p o s itio n  (A u stra lian  n a tu ra l 
R esource A tlas). T hus, it is m o re  likely  th a t  th e  o b se rv ed  d iffe r­
e n ces  in  g lo m alin  c o n c e n tra tio n s  e n te r in g  th e  m an g ro v e  fo res t 
d u rin g  tid a l in u n d a tio n  a re  a  re su lt o f  p ro cesses a sso c ia ted  w ith  
g eo m o rp h o lo g ica l se ttin g  ra th e r  th a n  d iffe ren ces in  u p s tre a m  
lan d  u se  a n d  e d a p h ic  co m p o sitio n .

The resu lts  o b ta in ed  from  g lom alin  ex trac tio n  from  th e  TSS also 
h ig h lig h t d ifferences in  th e  fluxes o f  te rre s tr ia l m ate ria l in to  and  
o u t o f  th e  fo res t d u rin g  tid a l in u n d atio n . In th e  riverine  m angroves 
o f  C abooltu re  River an d  T ingalpa Creek, th e  g lom alin  c o n ce n tra ­
tio n s  an d  its im m u n o reac tiv ity  w e re  h ig h er in th e  flo o d w a te r (67% 
an d  88%) co m p ared  to  th e  eb b  w ater, suggesting  th a t  riverine  
m angroves in S o u th east Q ueensland  are  sinks o f  te rr ig en o u s  soil 
carbon. This re su lt is c o n sis ten t w ith  th e  h ig h er TSS re te n tio n  a t 
th e se  sites (19% an d  26% a t C aboolture River an d  T ingalpa Creek, 
respectively ) (Table 3, Fig. 3). The im p o rt o f  te rre s tr ia l carb o n  via 
se d im e n ta tio n  in co n ju n c tio n  w ith  h igh  ra tes  o f  m icrobial d eco m ­
po sitio n  w ith in  th e  m an g ro v e  fo rests o f  riverine  m angroves 
(Alongi, 1988) cou ld  ex p la in  th e  o b se rv ed  re d u c tio n  in o rgan ic  
m a tte r  c o n te n t o f  partic les in m an y  d e lta s  o f  rivers th ro u g h o u t th e  
w o rld  (Keil e t  al., 1997). In co n trast, g lom alin  m ea su re d  in th e  TSS in 
tida l s ites w as lo w er (60%) in flo o d w ate r co m p ared  to  th e  ebb  
w ater. T herefore, tid a l m an g ro v es m ay  b e  sou rces o f g lom alin  an d  
possib ly  o th e r  te rre s tr ia l m ate ria ls  to  th e  m arin e  e n v iro n m en t 
d u rin g  so m e perio d s o f th e  year.

It h as p rev iously  b een  su g g ested  th a t  te rre s tr ia l C an d  TSS 
ex p o rts  a re  m o re  p red ic tab le  th a n  n u tr ie n t ex p o rts  (F isher and  
Likens, 1973). If te rre s tr ia l c a rb o n  flux p a tte rn s  p re sen te d  h e re  a re  
c o n sis ten t o r  d o m in a n t th ro u g h o u t th e  year, th is  cou ld  lead  to  
a  d is tin c tiv e  flux o f te rre s tr ia l c a rb o n  in TSS from  m an g ro v es w ith  
d iffe ren t geom orpho log ica l se ttings, w h ich  w ill have im p o rta n t 
c o n seq u en ces for carb o n  subsid ies p ro v id ed  to  co asta l w a te rs  
(D ittm ar e t  al., 2006).

4.2. (TSS) exchange and sed im enta tion  rates

M angroves in S o u th east Q ueensland  had  a  TSS exchange 
rang ing  from  a n  ex p o rt o f 7.7% to  re te n tio n  o f 37% (Fig. 3, Table 3). 
T hese va lues w ere  sim ilar to  th e  30% re te n tio n  o b ta in ed  in Palau 
(V ictor e t  al., 2004), an d  6% re te n tio n  obse rv ed  for th e  Fly River 
(W olanski e t  al., 1998) a lth o u g h  lo w er th a n  th e  80% re te n tio n  
rep o rted  in Coral Creek A ustralia  (Furukaw a e t al., 1997). TSS 
re te n tio n  w as v ariab le  across sites, a n d  w as n o t ev id en tly  affected  
by  g eo m orpho log ica l se ttin g  (Fig. 3).

W hile  g eo m orpho log ica l se ttin g  affects th e  p a tte rn  o f  sed i­
m en ta tio n  th ro u g h o u t th e  in te rtid a l zone, it had  no d iscern ib le  
effect on  th e  to ta l q u a n tity  o f  se d im e n t dep o sited . H ow ever, sites 
in te rm ed ia te  in riverine  o r  tid a l classifications (T ingalpa Creek, 
Bald Hills Creek, E prapah  Creek) a p p ea r  to  have th e  h ig h est sed i­
m en ta tio n  ra te s  o f all th e  geom orpho log ica l se ttings. D ifferences in 
se d im e n ta tio n  ra te s  a re  also  likely to  b e  co rre la ted  w ith  local 
characte ris tics . For exam ple, th e  tid a l m an g ro v es o f E prapah  Creek 
had  th e  h ig h es t se d im e n ta tio n  ra te s  (1.07 m g c m -2  sp ring  t id e - 1 ). 
High se d im e n ta tio n  ra tes  can  be  exp la in ed  by hydrological ch a r­
acteristics th a t  favour se d im e n ta tio n  in  th is  site, such  as h igh  TSS 
co n cen tra tio n s  (m ea n  co n cen tra tio n  o f 121 m g L - 1 ), long in u n d a ­
tio n  p e rio d  (7.5 h), slow  eb b  c u rre n t (1.6 km  h -1 ) an d  a  h igh  d e p th  
o f in u n d a tio n  (0 .90  m). In co n trast, M ooloolah  River h ad  th e  low est 
se d im e n ta tio n  ra te s  (0.37 m g c m -2  sp ring  t id e - 1 ) o f all th e  sites 
analysed . Low se d im e n ta tio n  ra te s  a t  M ooloolah  River can  be 
ex p la in ed  by th e  low  TSS co n cen tra tio n s  (m ean  co n ce n tra tio n  of 
90  m g L- 1 ), sh o rt tid a l in u n d a tio n  p e rio d  (5.7 h), fast ebb  c u rre n t 
(2.8 km  h -1 ) a n d  th e  low  d e p th  o f  in u n d a tio n  (0.65 m ) o f th is  site.
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The sed im en ta tio n  ra tes in  all zones o f  th e  sam pled  sites in th is 
stu d y  w ere  in th e  range o f 0 -3 0  g rrT 2 spring  tid e -1. This ra te  is low er 
th a n  th a t m easu red  in th e  fringe o f th e  forest in Palau, M icronesia 
(4 5 -3 2 5  g m -2  tid e -1 ; V ictor e t  al., 2004), h igher th a n  sed im en ta tio n  
ra tes sam pled  a t  Louisiana sa ltm arsh  (ra tes o f  0 -0 .6 6  g m -2  tid e - 1 ; 
Reed, 1989); and  w ith in  th e  ranges o f  th o se  observed  in a  m angrove 
forest in Coral Creek, Australia (0 -3 0 0  g m -2  tid e - 1 ; Furukaw a e t al.,
1997) an d  sim ilar to  th e  m ean  m easu red  a t a  sa ltm arsh  in M aryland, 
U nited S tates (average o f 16.44 g m -2  tid e -1 ; Pasternack an d  Brush,
1998). O ur sed im en ta tio n  values w e re  on ly  m easu red  du rin g  one 
p eriod  o f th e  y ear an d  could  significantly  v ary  from  lo n g -te rm  sed i­
m en ta tio n  rates. Furtherm ore, th e  sed im en t trap s  used  in th is study, 
w h ile  w ere  effective in  m easu ring  relative sed im en ta tio n  rates, could 
b e  u n d e restim a tio n s o f  real sed im en ta tio n  ra tes d u e  to  po ten tial 
sed im en t resuspension  (H argrave an d  Burns, 1979).

D eposition  in  tida l m an groves w as c o n ce n tra ted  in  th e  fringe 
zone, w h ile  d ep o sitio n  in  riverine  m angroves w as co m p arativ ely  
h o m o g en o u s th ro u g h o u t th e  e n tire  coasta l w e tlan d . T hese  p a tte rn s  
m ay  a rise  from  th e  hydro logy  o f  riverine  m angroves, w h ere , d u e  to  
co m b in ed  river a n d  tid a l forces, m ate ria l is co n tin u o u sly  flushed  
o u t o f  th e  fringe zone  (Tw illey e t al., 1986). The h ig h er d eg ree  o f 
flush ing  in th e  fringe re la tive  to  o th e r  p a rts  o f th e  w e tla n d  is also 
re flected  in  h ig h er se d im e n t tu rn o v e r  ra te s  in  riv erin e  m angroves 
co m p ared  to  sites w ith  less tid a l flushing (Tw illey e t  al., 1986).

A c o m p a riso n  o f  se d im e n ta tio n  acro ss  zo n es o f  th e  in te r tid a l 
c o m m u n ity  fo u n d  th a t  s e d im e n ta tio n  in  th e  fringe zo n e  acco u n ts  
for u p  to  72% o f th e  to ta l s e d im e n ta tio n  (Fig. 4a). H igher se d i­
m e n ta tio n  ra te s  in  th e  fringe re su lt from  g re a te r  v e g e ta tio n  cover 
in  th is  zone, m o re  e x ten siv e  ro o t sy s tem  c o m p a red  to  th e  re s t  o f  
th e  in te r tid a l v e g e ta tio n  zo n es (Lugo a n d  Snedaker, 1974) an d  
a  w ell d e v e lo p ed  ep ip h y tic  a lga l c o m m u n ity  o n  th e  m an g ro v e  
ro o ts  th a t  fu r th e r  e n h an c es  fric tio n  (D avey a n d  W oelkerling , 1985). 
In ad d itio n , th e  fringe zo n e  sa m p le d  in  th is  s tu d y  is s i tu a te d  a t 
a  lo w e r e lev a tio n  th a n  o th e r  zo n es in  th e  w e tla n d  a n d  th e re fo re  
flood levels in th is  zo n e  a re  h ig h e r a n d  m o re  freq u en t, a n d  last 
lo n g er th a n  in  an y  v e g e ta tio n  zone. S im ilar re su lts , (h ig h e r  se d i­
m e n ta tio n  in fringe  c o m p a red  to  th e  re s t  o f  th e  in te r tid a l 
c o m m u n ity ) h av e  b e e n  p rev io u s ly  re p o rte d  for s ites  in  Q u een slan d  
(F u ru k aw a  a n d  W olansk i, 1996), M alaysia (S h a h b u d in  e t al., 1999) 
a n d  Palau  M icronesia  (V ictor e t  al., 2004). Collectively, th e se  
re su lts  in d ica te  th a t  se a w ard  fringe m an g ro v e  zo n e  sh o u ld  be 
a  p r io r ity  zo n e  fo r c o n se rv a tio n . N ev erth e less , in o rd e r  to  effec­
tiv e ly  su s ta in  th e  se d im e n t re te n tio n  fu n c tio n  p ro v id ed  by 
m an g ro v es, th e  w h o le  co as ta l w e tla n d  sh o u ld  b e  p re se rv ed . This 
fu n c tio n  is p a rticu la rly  im p o r ta n t  in  e s tu a r ie s  a d ja c e n t to  a rea s 
su ffe rin g  from  h ig h  se d im e n t loads, tu rb id ity  a n d  low  w a te r  
q u a lity  (T h ru sh  e t  al., 2004), w h ic h  o f ten  re su lt from  lan d  d e g ra ­
d a tio n  a n d  e ro s io n  (N eil e t  al., 2002).

4.3. Glomalin in deposited sed im en t as soil source indicator

All sites, reg ard less o f  th e ir  g eo m o rpho log ica l se tting , had  
sim ilar g lom alin  co n cen tra tio n s  in th e  se d im e n t co llected  in th e  
se d im e n t trap s . H ow ever, g lom alin  w as d ep o site d  d ifferen tly  
w ith in  zones, w ith  h ig h er g lom alin  d ep o sitio n  in th e  fringe zone  of 
tid a l m an g ro v es a n d  in th e  scrub  zone  o f  riverine  m angroves 
(Fig. 6). This d ifferen tia l d ep o sitio n  o f g lom alin  reflects th e  sed i­
m e n ta tio n  p a tte rn , w ith  a  re la tive ly  h o m o g en eo u s d istr ib u tio n  o f 
se d im e n ts  across th e  fo rest in riverine  m angroves a n d  p rim ary  
d ep o sitio n  in th e  fringe zone  o f tid a l m angroves. H ow ever, th e  
co n ce n tra tio n  o f  g lom alin  in  se d im e n t d e p o site d  in th e  sed im en t 
trap s  d id  n o t reflect th e  s tro n g  te rr ig en o u s  in fluence  in riverine  
m an g ro v es w ith  low  sa lin ity  th a t  w as found  in  th e  TSS (i.e. h igh 
g lom alin  a n d  h igh  p ro p o rtio n  o f im m u n o reac tiv e  glom alin , Fig. 5).

V arious physical, chem ical an d  biological p ro cesses a re  likely to  
c o n trib u te  to  th e  d ifferen tia l d is tr ib u tio n  o f g lom alin  th ro u g h o u t 
th e  coasta l w e tla n d  a n d  th e  re la tio n sh ip  b e tw e e n  g lom alin  in th e  
TSS a n d  in th e  se d im e n ts  th a t  a re  dep o sited . Y ounger te rre s tr ia l 
o rg an ic  m a tte r  e n te r in g  riverine  sites d u rin g  flooding is m ore  
b io reactive  th a n  m arin e  o rg an ic  m a tte r  (R ainer e t  al., 1996) an d  
ten d s  to  b e  lig h te r a n d  usua lly  a tta ch e d  to  o th e r  m ateria l, such  as 
o rg an ic  m ucus, w h ich  red u ces its se ttlin g  ve loc ity  (W olanski, 1995). 
This ch arac te ris tic  o f  th e  m ate ria l e n te rin g  th e  riverine  m angroves 
cou ld  a llow  m o st o f th e  g lom alin  to  rem a in  in su sp en s io n  o r to  be 
co n su m ed  w ith in  th e  fringe v ia  th e  h igh  m icrob ial ac tiv ity  th a t  has 
b e en  reco rd ed  a t  lo w er e lev a tio n  zones (in  o u r  study, th e  fringe 
m angroves) o f  m an g ro v e  sed im en ts  in Q ueen slan d  (Alongi, 1988). 
E levated m icrobial ac tiv ity  cou ld  exp la in  th e  low  g lom alin  
co n cen tra tio n s  a n d  low  im m u n o reac tiv e  p ro p o rtio n  o f g lom alin  
d ep o sited  a t th e  fringe zone  o f riverine  m angroves. In co n trast, 
“o ld e r”, d eg rad ed  an d  less b io reactive  o rg an ic  m ate ria l o rig ina ting  
from  th e  m arin e  e n v iro n m en t (R ainer e t  al., 1996) e n te rs  tida l 
m angroves. This m ate ria l m ay  b e  less su scep tib le  to  m icrobial 
c o n su m p tio n  an d  d eco m p o sitio n  (S te inberg  a n d  Rilling, 20 0 3 ) an d  
th e re fo re  w o u ld  te n d  to  accu m u la te  w ith in  th e  forest. The 
p ro p o sed  e x p lan a tio n  w o u ld  ben efit from  fu tu re  s tu d ies  o n  g lo ­
m alin  d e g rad a tio n  ra te s  in aq u atic  an d  tid a l ecosystem s.

5. Conclusion

O ur re su lts  p rov ide  ev id en ce  th a t  th e  g eo m o rpho log ica l se ttin g  
o f  m an g ro v e  forests d e te rm in e s  th e  spa tia l d is tr ib u tio n  o f sed i­
m e n ta tio n  p a tte rn s  (Fig. 4), w h ich  w ill affect th e  d is tr ib u tio n  of 
o rg an ism s a n d  ecological p ro cesses (p rim ary  a n d  seco n d ary  
p ro d u c tio n ) w ith in  th e  forest, th e  d is tr ib u tio n  an d  accu m u la tio n  of 
p o llu tan ts  (Eyre an d  M cConchie, 1993), n u tr ie n t tra n sp o rt an d  
d ep o sitio n  (Eyre, 1993 ) a n d  th e  ab ility  o f  to  keep  pace w ith  sea  level 
rise  (C ahoon e t al., 2006). G eom orpholog ical se ttin g  also in fluences 
th e  im p o rt an d  ex p o rt o f te rre s tr ia l m ateria l, w h ich  has im p o rta n t 
im p lica tions for linkages to  n ea r-sh o re  eco sy stem s (D ittm ar e t  al.,
2006), th e re b y  affecting  a range  o f  p ro cesses includ ing  coasta l 
productiv ity . Finally, geom orpho log ica l se ttin g  w ill also  d e te rm in e  
th e  resp o n se  o f m an g ro v es to  a  chan g in g  e n v iro n m en t. For 
exam ple, riverine  m an g ro v es w ith  a  s tro n g e r te rre s tr ia l influence 
w ill be  m o re  v u ln e rab le  to  d irec t an th ro p o g e n ic  im p ac ts such  as 
te rre s tr ia l p o llu tan ts  a n d  n u tr ie n t runoff. E stuaries w ith  d iffe ren t 
g eom orpho log ica l ch arac te ris tics  have d iffe ren t spa tia l p a tte rn s  o f 
se d im e n ta tio n  a n d  te rre s tr ia l c a rb o n  fluxes th a t  sho u ld  be inco r­
p o ra te d  in to  co n se rv a tio n  p lan n in g  w h e n  co n sid erin g  th e  im pacts 
o f  c lim ate  ch an g e  an d  fu tu re  d e v e lo p m en ts  in  th e  coasta l zone.
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