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ABSTRACT: C a rbon  fluxes from a m angrove  c reek  with ad jacen t  seag rass  m ead o w s an d  coral reefs (at
4 km from the creek) w e re  inves tiga ted  in Gazi Bay (Kenya). Analysis of the  s table  isotope s ig n a tu re  of 
sed im en t  carbon  in the seag rass  zone and  da ta  on the sed im en t  carbon  conten t  indicate  tha t  outwelling 
of par ticu la te  organic  m at te r  (POM) from the  m angrove  forest occurs,  but that  deposition of this POM  
rapidly dec reases  aw ay  from the  forest. No ev idence  for any inpu t  of m an g ro v e  POM in the  seagrass  
zone w as found at a d is tance  of 3 km  from the m an g ro v e  creek, n e a r  the  reefs. T he  g rad ien t  in sed i ­
m en t  813C va lues in the seagrass  zone was paral le led  by a similar g rad ien t  of 813C va lues in Thalasso­
dendron  cilia tum , the d om inan t  subtidal seagrass .  This g rad ien t  p robab ly  reflects the  availabili ty of 
respiratory  C 0 2 der ived  from m ang ro v e  POM  as a  carbon  source  for the  seagrass .  Analysis of C :N  
ratios of par ticu la te  m ateria l  (< 1 mm) collected with sed im en t  traps in the  seagrass  zone y ie lded  va lues 
rang ing  from 8.5 to 11.2. This ran g e  is rem arkab ly  low com p ared  to C :N  ratios of p lan t  m ateria l  p ro ­
d u ced  in the m ang ro v e  forest, a n d  suggests  that  some of the m an g ro v e -d er iv ed  organ ic  particles 
deposi ted  in the seag rass  zone have  gone  th rough  a ph ase  of in tensive  processing. During flood tides 
conspicuous decreases  w e re  found in 813C values of seston f lowing over the seagrass  zone, coinciding 
with significant increases in the  carbon  content  of the seston. T hese  f indings point to a reversed  flux of 
o rganic  particles from the  seagrass  zone to the m an g ro v e  forest. O ur  da ta  indica te  that, as far as POM 
fluxes a re  concerned ,  the  m angrove  forest and  ad jacen t  seagrass  m ead o w s a re  tightly coupled, but that  
the n earby  coral reefs m ay  exist in relative isolation.
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Particulate  o rgan ic  m at te r  - Outwelling

INTRODUCTION

M angrove  forests a re  o p en  systems, coupled to 
coastal waters  by tidal currents.  Several studies indi­
cate that export of part icu la te  o rgan ic  m atte r  (POM) 
from m angrove  forests may be a gene ra l  fea ture  of 
these  systems (Boto & Bunt 1981, Twilley 1985, Robert­
son 1986, F lores-Verdugo et al. 1987). The factors that 
de term ine  the m agn itude  of this transport and  the 
sp read ing  of the materia l in the ad jacen t coastal zone 
are  poorly known, but they include geom orphological

and  hydrodynam ic  factors (Twilley 1985, Woodroffe 
1992, W olanski et  al. 1992). M angroves  occur in a 
n u m b e r  of different environm enta l  settings. An in tri­
g u ing  situation is the co-occurrence of m angroves,  
seagrass  m eadow s an d  coral reefs as ad jac en t  systems 
in tropical coastal zones. It is know n tha t the  level of 
nu tr ien t availability in both seagrass  an d  reef  systems 
m ay have  profound  effects on their s truc tu re  and  func­
tion (e.g. Harlin & Thorne-M iller  1981, Smith et al. 
1981, Brock & Smith 1983, Short 1983, 1987, Birkeland 
1987, Hallock 1988, F ou rqu rean  et al. 1992). Thus, if
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part icu la te  o rganic carbon  and  associa ted  nutrients 
such as n itrogen  and  phosphorus  are  exported  from 
the m a n g ro v e  forest and  en ter  the ad jacen t seagrass  
and  ree f  systems, an  influence on the s tructure  and  
functioning of these  systems is not unlikely. A lthough 
the  po ten tia l chem ical links b e tw e en  m angroves,  s e a ­
grass b eds  and  coral reefs have  been  sugges ted  
repeated ly ,  w e are  not aw a re  of s tudies focusing on the 
ac tua l exis tence of m ateria l fluxes am ong  these  3 
ecosystems. In the  p re se n t  study, we repor t  on the 
fluxes of par t icu la te  carbon  from a m angrove  forest 
w ith  ad jacen t  seagrass  beds  and  coral reefs in Gazi 
Bay (Kenya).

METHODS

Study area. Gazi Bay is s ituated  50 km  south of 
M om basa  on the  Kenyan  coast (4° 25' S, 39° 30 ’ E). On 
the  la n d w a rd  side a 6.61 k m 2 m angrove  forest covers 
m uch  of the  bay (Fig. 1). T here  are  2 major tidal creeks 
p en e tra t in g  the forest. The w es te rn  creek  is the  m outh  
of the river Kidogoweni, a seasonal river. The eas te rn  
c reek  (Kinondo creek) is tidal; the p resen t  inves tiga­
tion focused on the  outflow of this creek.

A total of 8 m a ngrove  species are  found in Gazi Bay. 
In the d ra in a g e  a re a  of Kinondo creek, the vegeta tion  
is dom ina ted  by Rhizophora m ucronata, locally in te r ­
m ingled  with B ruguiera gym norrh iza  and  C eriops 
tagal. S tands of Sonneratia  alba  and  A vicennia  m arina  
a re  found a long the  c reek  fringes. Directly ad jacen t to 
the m angroves  on the  se aw ard  side are  intertidal flats 
in te rsec ted  by channels,  and  shallow, subtidal areas. 
Both the  in ter tidal and  subtidal a reas  are  to a la rge 
ex ten t covered  by various species of seagrass  and, to a 
lesser  extent,  by m acroalgae.  Particularly re levan t to 
this study w as the  subtidally  growing  seagrass  T halas­
sodendron  ciliatum . T. ciliatum  forms dense  beds  in 
Kinondo creek  and  in the  channels  b e tw e en  the  tidal 
flats. In subtidal a reas  of the bay, this seagrass  is p r e ­
sent in monospecific m eadow s w hich sp rea d  to the  reef 
zone. T. cilia tum  is a stem -form ing species, giving the 
p lan t  a total he igh t of up  to 80 cm.

The ree f  zone in front of the  bay  is p a r t  of the  fringing 
reef tha t forms a nearly  u n in te r rup ted  belt a long the 
Kenyan coast. The d is tance b e tw e en  the m outh  of 
Kinondo creek  an d  the  reef zone is approxim ately  4 km.

Tidal flow  pattern. As par t  of the study of carbon 
fluxes, the tidal flow p a t te rn  of Kinondo creek  and  the 
ad jacen t seagrass  zone w as m e asu red  from 22 A ugust 
to 25 S ep te m b er  1992. Tidal heigh ts  w ere  reco rded  by 
a p ressu re  sensor, and  w ere  re la ted  to a stable re fe r ­
ence point to yield relative values  of tidal height.  The 
circulation p a t te rn  for flood and  ebb  tides in this a rea  
was m e a su re d  from a w ork  platform near  the  m outh  of

the  creek  and  a mobile dinghy. For each  successive 
tidal cycle tha t was monitored, the d inghy  was m oved 
within the bay to positions chosen to rep resen t  the v a r ­
ious morphological units of the study area. To m easure  
the  vertical velocity profile of the  w a te r  column, strings 
of 5 propeller  cu rren t  meters (Ott) w ere  used  at the 
p e rm a n e n t  station. At the dinghy, 3 curren t  meters 
w ere  used. C urren t  directions w ere  es tim ated  from the 
bear ings  of the  curren t  meters.  C u rren t  velocities w ere  
m e asu red  every  10 min. A ssum ing that at the bottom 
the  cu rren t  velocity was zero, and  tha t the  velocity at 
the  w ate r  surface was the sam e as tha t at the  h ighest 
m e asu red  point in the vertical, the  dep th -a v erag e d  
cu rren t velocity was calculated  from the  vertical veloc­
ity distribution as:

h
Ü = M  U2 dz

h í
w h e re  U = m e an  curren t  velocity over the w ate r  col­
um n depth  (cm s " 1 ) ; Uz = cu rren t  velocity at z cm above 
the bottom (cm s “1 ); h = w ate r  dep th  (cm).

In order  to construct the flow pa t te rn  in the  bay on 
the basis of cu rren t velocities m e a su re d  during  differ­
en t tidal cycles, it was necessary  to transform the  cu r­
ren t  velocities of each  tide to the  m ean  tidal situation. 
The ave rage  of all tidal ranges  of the  848 h tidal data  
set was used for this transformation. Each tidal range  
was d ivided by the average  value of this time series. By 
multiplying the resulting reduction  coefficient with the 
m e a n  curren t  velocity, s tandard ized  cu rren t  velocities 
w e re  obta ined.

Sam pling. Sampling was carried  out from 19 Ju n e  to 
7 July  1992. Various types of sam ples  (see below) were  
ta k e n  on 4 subtidal transects, positioned in the  channel 
forming the continuation of Kinondo creek  an d  in the 
shallow bay w aters closer to the reefs (Fig. 1). Thalas­
sodendron  ciliatum  w as the only, or the dominant,  s e a ­
grass species on these  transects. On each  transect, 4 
sed im en t cores w ere  taken  by scuba divers, using a 
sed im en t corer with an  in ternal  d iam eter  of 7 cm. The 
d istance be tw een  sam pling sites on a g iven transect 
was approxim ate ly  20 m. The u p p e r  7 cm of each  core 
was im m edia te ley  transferred  to a sam ple  container. 
At each  sam pling site, the  above -g round  biomass of T. 
ciliatum  was c lipped from 3 plots of 25 x 25 cm. S ed i­
m e n t  and  seagrass  samples w ere  stored in cooling 
boxes until they w ere  r e tu rn ed  to the field laboratory 
w h ere  they w ere  frozen (-20 °C) and  lyophilized. The 
lyophilized sed im ents  w ere  sieved over a 2 m m  m esh 
sieve to rem ove coarse m ateria l (mainly seagrass  roots 
and  mollusc shells). The 3 seagrass  sam ples  collected 
at each  sam pling site w ere  pooled, y ie lding a total of 4 
sam ples  per  transect. To d ec rease  the vanabili ty  which 
m ight arise from analyzing seagrass  leaves of different 
deve lopm enta l  stage, only the th ird -youngest  leaves of
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each  T. ciliatum  shoot in a sam ple  w ere  collected and 
used  for further chemical analyses. T hese  third- 
youngest leaves are  nearly full-grown, but they lack 
the crust of epiphytes  complicating the analysis of 
older leaves. Analyses w ere  carried out after drying 
the leaf material at 70 °C.

Sedim ent traps w ere  used to obtain particula te  m a t­
ter depositing  in the seagrass zone. Four traps were  
positioned on each  transect, in the plots which had  
been  cleared of Thalassodendron ciliatum . The traps 
consisted of a PVC tube with an in ternal d iam eter  of 
7.6 cm and  a length  of 33 cm, closed on one side by a 
PVC disc. A steel pin connected  to the disc was used  to 
anchor the tube in an  upright position in the sediment. 
The open ing  of the traps was positioned at the  level of 
the 71 ciliatum  canopy. After 10 to 17 d of deployment, 
the sed im en t traps w ere  closed u n d e rw a te r  with r u b ­
ber  s toppers and  re tu rn ed  to the field laboratory. The

Fig. 1. Gazi Bay, Kenya. T he  m an g ro v e  a rea  is ind ica ted  in 
da rk  grey. The  seagrass  zone is south of the m ang ro v e  forest; 
the intertidal pa r t  of it is ind ica ted  with  light shading.  S a m ­
pling transects in the seagrass  zone are ind ica ted  with 2-letter 
codes. 1: C eriops tagal sam pling  site; 2: R hizophora m u cro ­

nata  sam pling  site; 3; location of work  platform

contents w ere  filtered th rough  a 1 mm sieve, an d  the 
coarse m atte r  re ta ined  on the filter was d iscarded. 
Subsequently , 200 to 400 ml of the  filtrate was filtered 
over W hatm an  G F/C  filters. The particula te  material 
re ta ined  on the filters was lyophilized prior to further 
chemical analyses.

To investigate ch anges  in seston characteristics in 
the tidal w ate r  w h en  it passed  th rough  the seagrass  
zone, seston sam ples  w ere  collected during 1 ebb  tide 
(24 June)  and  2 flood tides (30 J u n e  and  1 July). Ebb 
w ate r  flowing se aw ard  from the m angrove  forest was 
collected at the M M  and  CS transects. Incoming flood 
w ate r  w as collected at the CC and  M M  transects. 
W ater sam ples  w ere  collected over the full duration  of 
each  tide (approximately 1 sam ple  h _1 at each  t ra n ­
sect). W ater sam ples  (25 1 each) w ere  collected with a 
h an d  d iaph ragm  pum p, 1 m  above the  subtidal se d i­
m ent surface. The sam ples  w ere  im m ediate ly  t ran s ­
por ted  to the w ork  platform n ea r  Kinondo creek, 
w here  2.5 to 8 1 aliquots w ere  filtered over W hatm an  
GF/C filters. The filters w ere  stored in a cooling box for 
transport to the  field laboratory  and  w ere  dried  by 
lyophilization.

Additional sed im en t sam ples  (upper 7 cm) w ere  col­
lected from the in tertidal flats ad jacen t  to the subtidal 
MS and  CS transects,  from stands of R hizophora  
m ucronata  and  Ceriops tagal, and  from Chale lagoon, 
directly east of Gazi Bay (Fig. 1). This lagoon is s e p a ­
ra ted  from Gazi Bay by a b road  sill of fossil coral that 
ex tends  b e tw e en  C hale  Peninsula an d  C hale  Island, 
restricting d irect w ate r  ex c h an g e  b e tw e e n  Gazi Bay 
an d  the lagoon. Thalassodendron  ciliatum  is a b u n d a n t  
in the lagoon, and  sam ples  of this seagrass  w ere  also 
collected here. P rocessing of the sed im en t an d  s e a ­
grass sam ples  w as carried  out as described  above. 
Finally, green,  fully grow n leaves of all m angrove  s p e ­
cies p resen t in Gazi Bay w ere  collected and  dried 
(70 °C) for chemical analyses.

A nalyses. C arbon  and  nitrogen  contents of sed im en t 
samples, sed im en t trap samples, seston and  plant sa m ­
ples w ere  d e te rm in ed  with a Carlo Erba NA1500 CN 
analyzer. Except for the p lan t samples, all sam ples  
w ere  p re trea ted  with a solution of 25 % HC1 to rem ove 
ca rbonates  (for details see N ieuw enhu ize  et al. in 
press). To de te rm ine  the  ca rbonate  conten t of sed im ent 
samples, aliquots of the dried  and  g round  sed im en t 
w ere  mixed with a solution of 25 % HC1. The m ixture 
was sh a k en  mechanically. Evolved carbon dioxide was 
de te rm ined  by volumetry.

C arbon  isotope ana lyses  w ere  carried  out on sed i­
m en t samples, sed im en t trap samples, seston  sam ples  
and  on leaf sam ples  of T halassodendron cilia tum  and  
the m angrove  species. The sam ples  w ere  first in tro­
duced, if necessary  after p re t rea tm e n t  with 25%  HC1, 
into the  CN ana lyzer  (Carlo Erba NA1500). To purify
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the  ca rbon  dioxide g e n e ra te d  by com bustion of the 
sam ples  in the e lem en t analyzer, the  effluent gases 
w e re  transfe rred  to a system  of condensa tion  traps 
cooled with a mixture of solid carbon  dioxide and  
e thanol,  an d  with liquid nitrogen, to trap  w ate r  and  
carbon  dioxide respectively. The final collection tube 
with  carbon  dioxide from the  sam ple  w as subsequen tly  
co n nec ted  to a F inn igan  MAT 251 mass spectrometer.  
Results a re  expressed  as deviations in %o from the PDB 
s tandard ,  w h ere

513C
(13C / 12C)samp|e -  (l3C /12C)standard 
-----------------------------------------------------------------------  X 1000

✓ I 3 p / 1 2 p \
I ^--Jstandaid

T he reproducibility  of the  isotope analysis w as d e te r ­
m in e d  with  cane  sugar  (SD ±0.14, w ith  n = 14, during 
the per iod  of the m easurem ents) .  Accuracy of the 
abso lu te  values  w as d e te rm in ed  using  a certified ch a r­

coal s tandard  (-24.68%c), Six m easu rem en ts  of this 
s tandard  resulted  in a m e an  value of -24.62 ± 0.11 %o. 
The absolute difference be tw een  rep e a te d  d e te rm in a ­
tions on the sam e hom ogenized  field sam ple  was u su ­
ally less than  0 .2 0 % o .

Analysis of variance followed by post hoc contrasts 
w as used  for de term in ing  statistical differences in the 
various sets of results.

RESULTS 

D escription of the tidal flow  pattern

Gazi Bay has a sem i-diurnal tidal regime. The tidal 
am plitude m e asu red  during  the 848 h monitoring 
period varied be tw e en  290 cm at spring tide and  70 cm 
at n ea p  tide The flood period is usually shorter  than 

the ebb  period. At spring tide the  flood 
tide lasts abou t 4 to 5 h and  the su b se ­
q u en t  ebb  tide 7 to 8 h. This inequality  
d isappears  tow ards n ea p  tide. At neap  
tide flood and  ebb  are  of equa l  d u ra ­
tion. Fig. 2 shows the  flow vectors at 
each  of the m easur ing  locations in the 
bay, m athem atically  transform ed to 
rep re se n t  the  situation during an  av e r­
ag e  tidal cycle. The tidal flow pat te rn  
in the bay can  be derived  from these 
data. In general,  the curren t velocities 
at the en trance  of Kinondo creek  are 
m uch  h igher  than  in the bay. With ris­
ing tide, the  incoming w ate r  first fol­
lows the channel lead ing  to Kinondo 
creek. With increasing tidal height, 
the tidal flats are  in u n d a ted  and  the

KINONDO CREEK

Fig 2. Circula tion p a t te rn  for n s in g  an d  falling tide in the  s tudy a rea  n e a r  
Kinondo c reek  Arrows indicate  flow direction Arrow leng th  corresponds  to the 
t ransform ed  curren t  velocity. Different a rrow  styles indica te  a v erag e  flow char- 
actens tics  m e a su re d  d u n n g  the  1st hour, 2nd a n d  3rd hour, a n d  4th and 5th hour 
of flood tide, a n d  d u n n g  the ebb  tide, i.e. d u n n g  the  6th a n d  7th hour, 8th and 
9th hour, 10th and  11th hour, an d  12th hour  after the  b eg in n in g  of the  hood  tide 
Points indica te  c u rren t  velocities be low  the de tect ion  limits of the flow m eters

w ater  flows s traight tow ards the  m a n ­
grove forest. The m angrove  forest is 
d ra ined  by the creek  d u n n g  the  su b se ­
q u en t  ebb  tide. W ater in the  creek  
channel follows the channel until it 
en ters the  d ee p e r  parts  of the bay. 
W ater from the tidal flats crosses the 
flats into the bay until the final phase  
of the ebb  tide. In this phase, w ater  
flows from the tidal flats towards the 
channel,  w hich subsequen tly  carries 
the  w a te r  tow ards the d e e p e r  parts  of 
the  bay.

Fig. 3 shows tha t  for the  m ean  tidal 
range  (i.e. data  reduced  to average  
tide) cu rren t  velocities at the p e r m a ­
nent station n ea r  the  m outh  of 
Kinondo creek  are  g rea te r  during  ebb 
than  during  flood. The ebb  current
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velocity is especially high  at spring tide, up  to 40 cm 
s " 1. In ag re e m e n t  with these  findings, d ischarge m e a ­
su rem ents  (not shown) indicate  that at ebb  tide the vol­
um e of w ate r  efflux via Kinondo creek  is 2 to 3 times 
h igher  than  the incoming w ate r  volume at flood tide. 
As no river influx is found in this par t  of the m angrove  
forest, this difference m ust be  caused  by a circulation 
of the water, once in the m angroves,  tow ards the 
creek. Thus, Kinondo creek  appears  to function pri­
marily as a tidal w ate r  export system.

O utw elling of m angrove carbon

Leaves form the major ca tegory  of o rganic material 
p roduced  by the m angrove  trees in Gazi Bay (F. J. Slim 
unpubl. data). Table 1 shows the 513C values of leaves 
of the various m angrove  species occurring in Gazi Bay, 
rang ing  from -2 8 .2 5 %o for Rhizophora m ucronata  to 
-24,12% 0 for Ceriops tagal. 513C values of o rganic m a t ­
ter in the sed im ents  of R. m ucronata  and  C. tagal

Table  1. C a rbon  isotope s igna tu re  (813C) of m an g ro v e  leaves 
occurr ing  in Gazi Bay. M ean s  of 2 sam ples  of pooled  (10 to 

20) leaves

Species 5l3C (%o)

Rhizophora m ucronata -28 .25
C eriops tagal -24 .12
Sonnera tia  alba -27 .15
A vicen n ia  m arina -26 .84
B ruguiera gym norrh iza -27 .30
X ylo ca rp u s grana tum -24 .86
L um n itzera  racem osa -26 .99
Heritiera littoralis -27 .73

stands (-25.31 and  -22.69%o respectively; see Table 2) 
w ere  less d ep le ted  than  those of the  leaves. T he  513C of 
sed im en t from Kinondo creek  (MM transect) fell in the 
ran g e  of the  m a ngrove  sediments. However, as T able 2 
shows, the re  w as a conspicuous en r ichm en t  in 13C in 
the seagrass  zone aw ay  from the m angroves.  At the 
CC transect the ô13C of the sed im en t (—15.14 %o) was 
not significantly different from tha t  of the sed im en t in 
C hale  lagoon (—14.75%o ), the sam ple  location outside 
Gazi Bay. The da ta  for the  2 in tertidal locations show  a 
similar trend.

The organic carbon  conten t of sed im en t at the M M  
transect  was relatively high. However, coinciding 
with the  se aw ard  en r ichm en t  in 13C, the  organic 
carbon  con ten t  of the subtidal sed im en ts  dec reased  
significantly. T hese  da ta  suggest  ou tw elling  of m a n ­
grove-der ived  POM, but also suggest  tha t this POM  
is t rapped  in the  seagrass  zone, close to the  m a n ­
groves.

Enrichm ent in ,3C with  inc reas ing  d is tance from the 
m angroves  was also very clearly found in the T halas­
sodendron  cilia tum  g row ing  at these  sites (Table 3). 
Seagrass  at any  of the  4 subtidal transects,  however, 
w as always m ore en r iched  in 13C than  sed im en t at the 
sam e site.

Table 2. C arbon  isotope s igna tu re  (513C), an d  carbon  an d  carbona te  con ten t  (% weight), of sed im en t  sam ples  in Gazi  Bay a n d  
C ha le  lagoon. M ean s  ± SD shown. Data in a column sharing  a com m on superscr ip t  letter a re  not significantly different  (a  = 0.05)

Location 5 ,3C (%o) % C arbon  % C arb o n a te  No. of obs.

M angrove  R hizophora m ucronata -25.31 ± 0.33a 15.37 ± 5.02 1.20 ± 0.66 3
M angrove  C eriops tagal -22 .69 ± 0.57b 1.71 ± 0.24 0.60 ± 0.2 3
Subtidal, MM -22.94 ± 0.26b 3.78 ± 0.95a 38.77 ± 4.86a 4
Subtidal ,  MS -20.61 ± 1.46c 2.22 ± 0.88b 43.30 ± 6.11a 4
Subtidal,  CS -18.48 ± 0.31“ 0.68 ± 0.16c 27.65 ± 7.85b 4
Subtidal,  CC -15.14 ± 0.77e 0.67 ± 0.45c 80.30 ± 2.01e 4
C ha le  lagoon -14.75 ± 0.52e 0.63 ± 0.19c 88.03 ± 0.83e 3
Intertidal, MS -20.99 ± 1.02e 5.13 ± 2.86 55.42 + 5.87 4
Intertidal, CS -17.13 ± 0.76' 0.67 ± 0.53 59.70 ± 33.30 4
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Table  3. C arbon  isotope s igna ture  (8l3C) of Thalassodendron  
cilia tum  (third y ounges t  leaves) growing  at increas ing  d is­
tances  from the m outh  of Kinondo creek, Gazi Bay, and  in 
C ha le  lagoon. M eans  ± SD of 4 (pooled leaf) sam ples are 
shown. Data sharing  a comm on superscrip t  le t ter  are not 

significantly different (a = 0.05)

Location 5I3C (%o)

Subtidal ,  MM -19.65 ± 0.39a
Subtidal ,  MS -18.30 ± 0.45b
Subtidal ,  CS -15.77 ± 0.47c
Subtidal ,  CC -10 .70  ± 0.23d
C hale  lagoon -10.72 ± 0.36d
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Table  4. Seston a n d  POC levels in tidal w a ter  crossing the 
seag ra ss  zone. M eans  ± SD of sam ples  tak e n  at approxim ate ly  
hourly intervals over the  dura tion  of the  tide a re  shown. Dif­
fe rences  be tw een  transect seston a n d  PO C da ta  w e re  statist i­
cally an a lyzed  for each  tide separately.  D ata  sharing  a com ­
m on superscrip t  letter a re  not significantly different (a = 0.05)

Tide Date Transect Seston 
(mg I ' 1)

POC
(mg F 1)

No. of 
obs.

Ebb 24 Ju n MM 1.99 ± 1.63a 0.32 ± 0.06a 5
CS 3.30 ± 1.53a 0.46 ± 0.16a 5

Flood 30 Jun CC 3.45 ± 1.71a 0.28 ± 0.13a 5
MM 6.23 ± 2.56a 1.12 ± 0.39b 5

Flood 1 Jul CC 2.78 ± 0.95a 0.35 ± 0.07a 6
MM 8.65 ± 6.61a 1.76 ± 1.27b 5

Fig. 4. C h a n g e s  in 813C values  of seston in the t idal w a te r  of 
the  seag ra ss  zone, s im ultaneously  collected at 2 transects 
over the  dura tion  of e b b  or flood tide. » : results  of tidal he igh t  
m ea su re m e n ts .  (A) Ebb tide of 24 J u n e  1992, (B) flood tide of 

1 Ju ly  1992

O rganic matter fluxes from the seagrass zone

5 l3C values  of seston w ere  d e te rm in ed  to investi­
ga te  w h e th e r  shifts in o rganic  composition of the  se s ­
ton occurred  dur ing  the flow of the tidal w a te r  mass 
over the seagrass  zone. Fig. 4A shows results for ebb  
tide. At a d is tance of 2 km  from the m angroves  (at 
the CS transect), the seston w as less d ep le te d  in l3C 
than  at the  M M  transect.  The difference is statisti­
cally significant (p < 0.01). No difference w as found 
in salinity of the  w a te r  be tw e en  these  locations. 
T hese  results allow us to exc lude the possibility that 
mixing of w ate r  eb b ing  from the eas te rn  p a r t  of the 
m angroves  with  w a te r  from the river Kidogoweni 
caused  the  shift in carbon  isotope signature .  The 
inc rease  in 613C of the seston is consistent with the 
a b ove -m en tioned  process of sed im entation  of m a n ­
grove POM  in the  seag rass  zone. However, up take  
of part icu la te  m ateria l from the  seagrass  zone  could

have  contributed  to the  shift in S13C values: the re  was 
a m odera te  increase in ave rage  seston and  seston 
POC content going from the M M  to the  CS transect 
(Table 4), but the d ifferences are  not significant. 
Clearly, m ore da ta  a re  n e e d e d  before any  conclusion 
can be m ade  rega rd ing  this point.

Fig. 4B shows seston 813C da ta  for the flood tide m e a ­
su rem en ts  of 1 July. The seston of ocean w ate r  e n te r ­
ing the  bay, sam pled  at the CC transect, had  813C 
values be tw een  -17.27 and  -19.04 % o  (mean —18.10%o). 
However, w h en  the w ate r  h ad  crossed the seagrass 
zone and  was abou t to en ter  the m angroves,  the 513C 
was consistently shifted to m ore nega tive  values, r a n g ­
ing from -22.04 to -23.70%o (mean -22.88%o). For the 
flood tide of 30 Ju n e  (not shown) identical results were  
ob ta ined  (mean 5l3C value at CC transect -18 .22 %o; at 
MM  transect -23.43%o; m eans  of 5 observations). 
T hese  highly significant shifts (p < 0.001) w ere  most 
p robab ly  due to resuspension  and  up ta k e  of organic 
m ateria l in the  seagrass  zone, not to sedim entation  
processes: the ocean w ate r  that en ters  the bay has a 
relatively low POC conten t (CC transect, Table 4), but 
on reach ing  the  M M  transect the POC conten t has 
inc reased  significantly. Thus it appears  that, besides
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Table  5. C arbon  isotope s igna ture  (S13C) of particula te  
organic  m ateria l  collected with sed im en t  traps in the seagrass  
zone of Gazi Bay. M eans  ± SD shown. Data shar ing  a comm on 

superscrip t  letter are not significantly different (a = 0.05)

Location 8I3C (%,) No. of obs.

Subtidal ,  MM -23 .30  ± 0.40“ 4
Subtidal ,  MS -22.47 ± 0.21- 3
Subtidal,  CS -19.15 ± 0.85b 3
Subtidal,  CC -13 .96  ± 0.63r 4

outwelling of m angrove  carbon, there  is also a 
reversed  transport of POC from the seagrass  zone to 
the m angroves,  driven by the incoming flood tides.

Nature of m aterial depositing in the seagrass zone

Most of the sed im ent traps dep loyed  in the seagrass  
zone contained some d e tac h ed  leaves or la rge  leaf 
f ragm ents of Thalassodendron ciliatum. This coarse 
material was not inc luded in the chemical analyses of 
the trap contents, as the contents of the traps w ere  fil­
te red  over a 1 mm  sieve prior to analysis.  The re m a in ­
ing material consisted of very fine, dark  brown to black 
coloured, un recognizab le  particles. 813C values of this 
material increased from a strongly negative  value of 
-23.30%o at the MM transect to -13.96%o at the CC 
transect (Table 5). C :N  ratios of the materia l collected

in the sed im en t traps (Table 6), varied  b e tw e en  8.5 and
11.2. C :N  ratios of seston filtered from the w ate r  were  
on ave rage  be tw e en  6.5 and  10, and  thus w ere  of the 
sam e order  of m agnitude .  T here  is a rem a rk a b le  con ­
trast b e tw e en  these values  and  the C :N  ratios of m a n ­
grove leaves, particularly sen escen t  leaves, which can 
have  C :N  ratios of m ore than  200.

DISCUSSION

The carbon isotope s igna tu res  of leaves  and  sed i­
m en ts  collected in the m angrove  forest show tha t the 
organic m atte r  in the forest is charac ter ized  by strongly 
nega tive  513C values. Only the  513C value  of the  sed i­
m en t in the  seagrass  zone close to the  m a ngroves  (MM 
transect) fell within the  ran g e  of the m a n g ro v e  sed i­
m e n t  values. Further  away, the  m a n g ro v e  signal faded 
out rapidly, and  our da ta  indicate tha t  a t  a d is tance of 
only 2 km  from the m outh  of Kinondo creek  the input 
of m angrove  carbon w as a lready  of m arg ina l  influence 
in de te rm in ing  the 513C value of the  sedim ent.  Thus it 
ap p e a rs  tha t during  ebb  flow, carbon  d ep le ted  in 13C is 
exported  from the m angrove  forest, but tha t all or part  
of this outwelling  carbon  is t rap p e d  in the  seagrass  
zone before it reaches  the  coral reefs.

In principle, carbon ou tw elling  from the m angroves  
m ay be tied up  in both inorganic  and  o rganic  m o le ­
cules. Inorganic ca rbon-contain ing  m olecules (carbon 
dioxide, ca rbonate  and  bicarbonate),  which are

Table  6. C :N  ratios of sed im en t  trap  contents  an d  of seston collected at subtidal  t ransects  during  1 e b b  and  2 flood tides (data of 
the 2 flood tides w e re  pooled). Statistical analyses of sed im en t  t rap  and  seston da ta  w e re  carr ied  out separately.  Data shar ing  a 
common superscrip t  letter are not significantly different (a = 0.05). For comparison, C :N  ratios of the d o m inan t  seag rass  an d  m a n ­
grove species in the s tudy a rea  a re  also given. The  da ta  on Thalassodendron  ciliatum  are  from the  3 sam ples  of poo led  third- 
youngest  leaves collected at the M M  transect. Data on m angrove  leaves a re  ba sed  on 2 sam ples  of poo led  leaves (10 to 20 leaves 

each). M e a n s  ± SD shown. N u m b er  of observations given in p a re n th eses

Sedim ent traps and seston
Location Sed im en t  traps Seston, eb b  w a ter Seston, flood w ater

Subtidal, MM 10.0 ± 1.0ab (4) 7.0 ± 1.7b (5) 10.0 ± 1.6a (10)
Subtidal ,  MS 11.2 ± 0.5b (3)
Subtidal ,  CS 9.1 ± 1.5“ (3) 6.8 ± 1.2b (6)
Subtidal ,  CC 8.5 ± 0.7a (4) 6.5 ± 0.9b (11)

Seagrass and m angrove leaves
Fresh  leaves  Sen escen t  leaves

Thalassodendron  ciliatum 19.3 ± 0.4 (3)
R hizophora m ucronata 43.0 (2) 193
C eriops tagal 59.2 (2) 218
Bruguiera gym norrh iza 44.5 (2) 187
Sonneratia  alba 25.1 (2) 72
A vicennia  m arina 31.8

C
O

C
O

o?

'D a ta  from Rao et al. (in press)
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d ep le te d  in 13C, do occur in w aters  n e a r  m angroves.  
This can  be  in ferred  from the  fact tha t  m arine  molluscs, 
w h ich  d e p e n d  on u p ta k e  of inorganic  carbon  from the 
se aw a te r  for the  formation of shell carbonates, have 
shells with relatively low 8l3C values  in such  env iron­
m ents  (Lin et al. 1991). T hese  au thors  as sum ed  that 
inorganic  carbon  d ep le te d  in 13C is g e n e ra te d  by m in ­
eralization of m a ngrove  detritus, depos ited  outside the 
m an g ro v e  a re a  in n ea rsho re  waters. A lthough  this ce r ­
ta inly m ay be the  case, w e  assum e tha t  13C -dep le ted  
carbon  dioxide m ay also en te r  the  w a te r  during in u n ­
dation  of the  m a ngrove  forest. This inorganic  carbon 
will be  exported  with  the ebb  flow, and, after assimila­
tion, m ay contribute  to the  low 13C values of the  sea- 
g rasses  in the  proximity of the  m a ngroves  (see below).

O utw ell ing  of 13C -dep le ted  inorganic  carbon  from 
the  m a ngrove  forest is an  in terest ing  possibility that 
can  be  ne i the r  p roven  nor exc luded  on the  basis of our 
data, and  d eserves  furthe r  study. However, the re  is 
clearly ev idence  in our da ta  tha t  at  least par t  of the 13C- 
d ep le te d  carbon  exported  from the  m angroves  of Gazi 
Bay leaves the  system  as POM  w hich  is subsequen tly  
t rap p e d  in the  seag rass  zone. The a rg u m e n ts  for these 
p rocesses  are: (1) the  dec reas ing  organic  conten t of the 
sed im en ts  in the  seagrass  zone with  increasing  d is­
tance  from the m angroves,  and  (2) the conspicuously 
m ore  13C -dep le ted  ch a rac ter  of POC  in the  transect 
sed im en ts  co m pared  to tha t  of seagrass  g row ing  on the 
sam e sediments.  This d isc repancy  would  be  unlikely if 
the  sed im ent carbon  isotope s igna tu re  d e p e n d e d  only 
on the input of seagrass  material.

Remarkably, the  carbon  isotope s igna tu re  of T halas­
sodendron  cilia tum  shows a t r en d  similar to tha t  of the 
sed im en t values with  inc reas ing  d is tance from the 
m angroves.  It is kn o w n  th a t  the  isotope s igna tu re  of 
seagrasses  is highly  variab le  (McMillan et al. 1980). 
A bei & Drew (1989), in the ir  rev iew  of carbon  isotope 
discrimination in seagrasses ,  a rg u e d  tha t  the  observed  
variability is consistent w ith  the  idea  tha t  the  diffusion 
bo u n d ary  layer a round  the  leaves is a key  factor in 
de te rm in ing  seagrass  513C values. A ccording to these 
authors, factors w hich  inc rease  the  photosynthetic  rate 
or the  th ickness of the  boundary  layer  te n d  to increase  
the observed  513C value. It is certain ly  conceivable 
that,  in our study, d ifferences in e.g. i r rad iance or cu r ­
ren t  velocity contribu ted  to the  variability in T. ciliatum  
813C values. However, it is difficult to im ag ine  tha t this 
env ironm enta l  variability w ould  result  in a g rad ien t 
w hich  exactly parallels  the  input of m a ngrove  carbon 
in the transect sedim ents.  Low S,3C values  of s e a ­
grasses  grow ing  in the  proximity of m a ngrove  forests 
have  b e e n  repo r ted  before (Zieman et al. 1984, F lem ­
ing et al. 1990, Lin et al. 1991). M ore likely, the g rad i­
en t in seagrass  513C values in Gazi Bay reflects the 
am oun t of m angrove  carbon  tha t is available for assim ­

ilation by the  seagrasses. C 0 2 resulting from the m in ­
eralization of m angrove  POM trapped  in the seagrass  
zone supplies T. ciliatum  with inorganic carbon re la ­
tively dep le ted  in I3C; and, as ind icated  above, the p os­
sibility cannot be  exc luded  tha t dissolved respiratory 
C 0 2, directly exported  from the  m angrove  forest, is a 
source of carbon for the  seagrass.

T here  appears  to be  not only a simple unidirectional 
efflux of carbon from the m angroves, but also a 
reve rsed  flux from the  seagrass  zone back  to the m a n ­
groves. D u n n g  both flood tides w hich  w ere  studied, 
h ighly  significant decreases  in the S13C values of the 
seston from the  CC to the MM  transects  w ere  found 
(ca 5 %o; Fig. 4B), coinciding with significant increases 
in the  POC conten t of the  seston. The 513C values of the 
flood seston at the  M M  transect (ca -2 3  %o) are  clearly 
m ore nega tive  than  tha t of the seagrass  vege ta tion  at 
this transect (-19.65%o). T hese  strongly nega tive  va l­
ues  suggest  tha t  at least par t  of the  carbon ta k en  up  in 
the  seagrass  zone by the  flood tides originally comes 
from the  m angrove  forest. Presumably, both au to ch ­
thonous seagrass  particles and  al lochthonous particles 
from the m angroves,  deposited  in the  seagrass  zone at 
earlier ebb  tides, are  ta k en  up by the  incom ing w ate r  
and  transported  into the forest. Moreover, c i rcum stan­
tial ev idence for this process is found in the  carbon 
isotope s ignature  of the m angrove  sediment. The sed i­
m en t 813C value of the  Rhizophora m ucronata  s a m ­
pling location, a low-lying site tha t is inu n d a ted  each 
flood tide, is conspicuously less nega tive  (by 2.9%o) 
than  the S13C values of the R. m ucronata  leaves. Such a 
dec rease  would  not be  expected  if litter from the  trees 
was the  only source of organic m atte r  in the  sediment, 
especially  since the  carbon isotope s igna tu re  of R. 
m ucronata  leaves in Gazi bay shows m ore p ronounced  
13C deple tion  in senescen t leaves prior to leaf fall (Rao 
et al. in press). Sedim enta tion  of particu la te  material 
from the  seagrass  zone in the  R. m ucronata  zone would 
result in less dep le ted  sed im en t 813C values. Using the 
S13C values of the flood seston and  those of the  R. 
m ucronata  leaves as end  m em bers ,  a simple ca lcula­
tion indicates tha t to arrive at the  sed im en t 813C value, 
R. m ucronata  carbon and  flood seston carbon would 
h ave  to be  mixed in a proportion  of 1:1.33. At the C eri­
ops tagal site the difference b e tw e en  the  carbon iso­
tope s igna tu res  of sed im ent and  leaf m ateria l was 
small (1.4%o lower in the  sediment). This site is only 
in u n d a ted  at spring tides, an d  the  ex terna l  input of 
tidally borne particu la te  m atte r  p robab ly  is more 
restricted.

The materia l cap tu red  by the sed im en t traps in the 
seagrass  zone was p resum ably  a mixture of locally 
derived resuspended  particles and  allochthonous m a te ­
rial. The shift in 813C values  m oving se aw ard  p robably  
reflects the  decreas ing  input of m angrove -de r ived  par-
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t id e s  further  aw ay  from the m angroves,  and  the con ­
tribution of local seagrass  carbon. W hat is rem arkab le  
is the fact tha t the C :N  ratio of the seston collected in 
the  sed im en t traps was low, varying b e tw e en  8.5 and
11.2. N either  these values nor the C :N  ratios of the ses­
ton obta ined  by filtering the tidal w a te r  over the s e a ­
grass zone (ratios of 6.5 to 10) are  close to the  C :N  
ratios of e i ther  m angroves or seagrasses  (Table 6). Boto 
& Bunt (1981) s tudied  POM  transport from a m angrove  
creek  in Missionary Bay (Australia), and  found C:N  
ratios b e tw e en  8 and  200, d e p e n d in g  on the tidal 
phase. T here  a re  at least 2 lines of explanation  for the 
low C :N  ratios found in our study. First, the direct con ­
tribution of m angrove  (and seagrass) detritus to the 
seston POM  pool could be  very  low com pared  to tha t of 
o ther  constituents with  low C :N  ratios, such as phy to ­
plankton, Zooplankton an d  bacteria .  However, if this is 
the case the  g rad ien t  in sed im en t organic carbon con ­
tent and  in sed im en t §13C values, m oving  from the 
m angroves  tow ard  the sea, and  the  strongly negative  
S13C values of seston at the M M  transect are  difficult to 
explain. A more plausible explanation  is tha t the  ses­
ton contains an  im portan t fraction of o rganic particles 
derived from the  m angroves  an d  seagrass  vegeta tion  
tha t has  a lready  gone th rough  a phase  of intensive 
processing, result ing  in shifts in the chemical cha rac ­
teristics of these particles. We have  sugges ted  above 
tha t the organic particles from the m angroves  
(together with seagrass  particles) may go th rough  
rep e a te d  efflux-reflux cycles. T hese  transport cycles 
en h a n ce  the  proportion  of older, m ore p rocessed  
organic m ateria l in the  seston an d  m ay therefore  be  a 
crucial e lem en t in explain ing the  low C :N  ratios of ses­
ton and  seston trap material.

A progressive change  in C :N  ratios m ay be caused  
by several processes. Increases in n itrogen  levels d u r ­
ing decomposition have b ee n  observed  in m any  types 
of vascular  p lan t  detritus (Swift et al. 1979). Robertson 
(1988) also observed  this p h en o m en o n  during  d ec o m ­
position in m angrove  leaves. T he  C : N  ratio in d ec o m ­
posing leaves of R hizophora stylosa, A vicenn ia  m arina  
and  C eriops tagal w as approxim ate ly  ha lved  after 
160 d of decomposition. This d ec rease  in C :N  ratios in 
decom posing  p lan t litter m ay be due  to the  co n d e n sa ­
tion of reactive phenolics an d  other compounds, 
re leased  during decomposition, with microbial e x u ­
dates  (Rice 1982, Melillo et al. 1984, Rice & H anson  
1984, Wilson et al. 1986a, b). Secondly, n i trogen  fixa­
tion may enrich the litter. N itrogen  fixation activity is 
w id esp re ad  in m angrove  forests (Alongi et al. 1992), 
and  is also found in association with decay ing  leaf lit­
ter  (Goto & Taylor 1976, van  der  Valk & Attiwill 1984). 
The process has  also b ee n  observed  in tropical s e a ­
grass m eadow s, and  m ay occur on p lan t detritus (Hem ­
m inga  et al. 1991 and  references  therein). In a g r e e ­

m en t with these  findings, n itrogen  fixation has  b ee n  
found in both  the m angroves  an d  the  Thalassodendron  
ciliatum  m eadow s in Gazi Bay (A. F. Woitchik pers. 
comm.). Thirdly, several studies have  show n that 
p lanktonic  bacteria  h a ve  a low carbon  conversion  effi­
ciency on detrital substra tes  (Newell et al. 1981, Linley 
& N ew ell  1984, Bauerfe ind 1985, Bjornsen 1986). We 
m ay specula te  tha t  a d ec rease  in C :N  ratios of detritus- 
bac teria  ag g re g a te s  is fu rthe red  by the  low conversion 
efficiency of the  hetero trophic  bac teria  associa ted  with 
the  particles.

T he key  fea tu res  of PO M  fluxes in Gazi Bay which 
e m erg e  from this study m ay be sum m arized  as follows:
(1) spatially restr ic ted  outwelling  of m a ngrove  carbon;
(2) reve rsed  fluxes of POM  from the seagrass  zone to 
the m angroves; (3) transported  POM  charac ter ized  by 
low C :N  ratios. T hese  fea tures  m ay well b e  typical for 
m angrove  forests with  ad jacen t seagrass  an d  fringing 
coral reef  systems. The p re se n ce  of the reef  c rea tes  a 
low -energy  env ironm ent on the la n d w a rd  side, 
restricting the hydrodynam ic  transpor t  of particles. In 
addition, the  seagrass  vege ta tion  will red u c e  dispersal 
of outwelling  m angrove -de rived  particles: the  p r e s ­
ence  of seagrasses  en h a n ce s  the  sed im en ta tion  of p a r ­
ticulate m ateria l from the overlying w ate r  column, as 
the res is tance of the  canopy causes a reduction  in the 
cu rren t  velocity of the w a te r  (Fonseca et al. 1982, Har- 
lin et al. 1982, W ard  et al. 1984). F urtherm ore ,  as coral 
reefs can only exist above salinities of 27 %o, with  opti­
mal g row th  at salinities b e tw e en  34 an d  36 %0 (Fager- 
strom 1987 an d  references  therein), the  a b u n d a n t  
occurrence  of coral reefs in the proximity of m angroves  
is limited to t ide -dom inated  (non-riverine) en v iro n ­
ments. A ccording to Woodroffe (1992), t ide -dom inated  
m angrove  habi ta ts  are  character ized  by bi-directional 
fluxes of su sp e n d ed  material, w h e rea s  r iver-dom i­
na ted  hab i ta ts  a re  character ized  by s trong outwelling  
from the  m angrove  forest. O ur da ta  on the  reve rsed  
flux of o rganic particles, from the seagrass  zone to the 
tide -dom inated  m a ngrove  system of Gazi Bay, fit into 
this scheme.

In Gazi Bay, and  probably  in other com parab le  coastal 
zones, the seagrass  zone appears  to function as a buffer 
b e tw e e n  the  m angroves  and  the coral reefs, t rapp ing  
outwelling  POM  at close d istance from the  m angroves.  
This p rocess reduces  the  inpu t of m a n g rove -de r ived  
particles in the reef zone. Our data, however, provide no 
information on the  transport of dissolved com pounds  
and  of floating m acromaterial,  such  as leaves and  twigs, 
from the m angrove  forest to the coral reefs, nor can  we 
exclude the  possibility tha t a par t  of the  m angrove -  
derived POM  m ay not u ndergo  sed im entation  at all and  
thus escapes  to the  coastal ocean.

T he spatially restr ic ted  outwelling  of m a ngrove  
POM  implies tha t  effects of the expor ted  m a ngrove
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POM  m ust be sough t primarily in the  ad jacen t s e a ­
grass zone. In addition, the  flux of resu sp e n d ed  m a te r ­
ial from the  seagrass  zone to the m angroves  m ay have 
an  im pact on the  m angrove  system. Limited da ta  are 
ava ilab le  on the significance of outwelled  m angrove  
detritus. Deposition of m angrove  detritus m ay en h a n ce  
oxygen  consum ption  in offshore sed im ents  (Alongi 
1990), bu t  d ec reases  m acro-infaunal densities and  
n em a to d e  species diversity (Alongi & Christoffersen 
1992). S upp lem en ts  of m angrove  litter in laboratory 
exper im en ts  did not affect bacteria l densities or p ro ­
duction in the  sediment,  or the grow th of ciliate and  
f lagellate popula tions (Alongi et al. 1989, Alongi 1990). 
Rodelli e t al. (1984) d e te rm in e d  the  carbon isotope s ig ­
n a tu re  of a la rge  n u m b e r  of organism s in a coastal a rea  
with m angroves .  They  found ev idence tha t  some an i­
mals from the  m angroves  and  nearby  mudflats and  
inlets derived  a par t  of their  nutrition from m angrove  
detritus, bu t  tha t this was not the  case for animals col­
lec ted  furthe r  offshore (>2 km). In these  studies, the 
p robab ly  refractory charac ter  an d  poor nutritional 
quality  of the  ou tw elled  m ateria l are  f requently  m e n ­
tioned. The h igh  C :N  ratio of m angrove  detritus is co n ­
side red  re levan t to these  characteristics. Alongi & 
Christoffersen (1992), for instance, es tab lished  C :N  
ratios (w/w) rang ing  from 27 to 49 in m angrove  de t r i ­
tus depos ited  at various offshore stations. The fine p a r ­
ticula te m ateria l collected in the  sed im ent traps in Gazi 
Bay, however, has  a conspicuously lower C :N  ratio. 
The implications this m ay have  for the functioning of 
the  seagrass  system  rem ain  to be investigated.
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