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FOREW ORD

The aim  of this STD-2 project on: "Dynamics and  A ssessm ent of K enyan  M angrove 
Ecosystems" n° TS2-0240 C (GDF) was double.
First it w as m ean t as a scientific basic research  s tu d y  on  m an g ro v e  ecology and  
second, as a real scientific collaboration betw een African and  European  scientists.

In general the da ta  o u tp u t  has  been  considerab le , b u t  resu lts  still n eed  fu r ther  
in tegra tion  an d  in te rp re ta tion . F u r the r  s u p p o r t  is therefore  req u ired  an d  ideally, 
such a s tudy  shou ld  last for 6 to 7 years w ith  careful evalua tion  of the  o u tp u t  every 
2 years. The results obtained u p  to now  look very p rom ising  and  rep resen t the first 
s tep  tow ards  the u n d e rs tan d in g  of an  East African m an g ro v e  ecosystem . Such an 
exercise is essential for a fu tu re  policy of susta inable  m an ag em en t of this fragile and 
th re a ten e d  ecosystem  w h ich  is of g rea t  va lue  from  b o th  the  scientific  an d  the 
econom ic poin ts  of view.

This  pro ject in it ia ted  a scientific  co -ope ra t ion  b e tw e e n  E u ro p ea n  a n d  African 
researchers. This co-operation in the fields of both, research an d  educa tion  has in 
general been perceived very positively  by m ost partic ipants. As a d irect or, indirect 
resu lts  of this co-operation, ab o u t  ten M aste r  D egrees w ere  o b ta ined  by African 
scientists  in Europe. Also, ten  Belgian s tu d en ts  an d  on e  D utch s tu d en t ,  w ro te  a 
licentiate thesis on  the different subjects concerning Gazi Bay ecosystem. H ow ever, 
it is felt tha t m ore  efforts sh o u ld  be  p u t  in p ro v id in g  A frican  scien tis ts  w ith  
o p p o r tu n i t ie s  to com ple te  the ir  scientific fo rm ation  a n d  th is  at d iffe ren t levels 
(technicians, M asters, PhD's). Efforts sh o u ld  also be p u t  in p ro v id in g  o u r  African 
colleagues w ith  long-term  financial, technical and  scientific su p p o rts  in o rder for 
the  research  in Africa, in itia ted  th ro u g h  this project, to con tinue  an d  to take-off. 
This shou ld  be achieved w ith in  the  fram ew ork  of bilateral co-operation agreem ents  
be tw een  E uropean  and  African research units. In the fu ture , it m igh t also be useful 
to e laborate  a co-operation system  w here in  an E uropean  scientist o r research unit 
"adop ts” an African counterpart.

All partic ipan ts , in m ost cases, feei tha t the  p resen t scientific co-operation  exercise 
has been very  positive  b u t tha t in o rd e r  to achieve its educa tiona l, econom ical and  
social goals, financial su p p o r t  and  fo llow -up  sh o u ld  be p u rs u e d  d u r in g  several 
years.
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As general conclusion we will sugges t  tha t  in the fu ture , N ational, E u ropean  and 
In te rna tiona l organisations take in to  accoun t these rem arks  and  will collaborate to 
p ro v id e  o p p o r tu n i t ie s  for efficient co -o p e ra t io n  in Science and  T echno logy  for 
D ev e lo p m e n t .

Prof. P. Polk(1) and  Dr. E. O kem w a(2), general co-ordinators of the project.

(1) Lab. Ecology, Free University  of Brussels, Belgium
(2) Kenya M arine  & Fisheries Research Institute, M om basa, Kenya
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1. GENERAL INTRODUCTION

M an g ro v e  ecosystem s are the characteristic  littoral p lan t fo rm ation  of tropical and 
subtrop ical sheltered  coastline (Saenger e t al., 1983). They p lay an im p o r tan t  role in 
fishery  p ro d uc tion , coastal s tab iliza tion  and  in m ain tenance  of critical habita ts  for 
m a n y  com m o n , th rea ten ed  a n d  e n d a n g e re d  species. M an g ro v e  a reas  p ro v id e  
n u m e ro u s  com m ercia l p ro d u c ts  a n d  g en e ra te  econom ic  o p p o r tu n i t ie s  in m any  
countries  (Saenger et al., 1983). M angroves  form a buffer zone  w here  the o u tp u t  of 
con tinen t to the  sea undergoes  im p o r tan t  b iogeochem ical transform ations. For the 
carbon and  n itrogen  cycles they form  a very  im p o rtan t  link be tw een  con tinen t and 
ocean.

The association of coastal lagoons an d  m a n g ro v e  forests along  the K enyan  coast, 
c o n s t i tu te s  u n iq u e  e n v i ro n m e n ts  s u s ta in in g  e n h a n c e d  b io m a sse s  of severa l 
com m ercial fish, shellfish and  c rustaceans species as com pared  to coastal and  open 
sea env iro n m en ts .  This un iq u en ess  is d u e  to the  fact tha t  such  lagoons p rov ide  
n a tu ra l  shelter, characteristic physico-chem ical conditions and  assu m ed  abundance  
of nu tr ien ts  su pp lied  by the m an g ro v e  ecosystem.

The lack of appra isa l of the status of K enyan  m angrove  forest has been a limitation 
on the  fo rm ula tion  of an ad eq u a te  m a n ag e m e n t  and  conserva tion  policy (Gang «Sc 
Agatsiva, 1992). Therefore this project w as designed  as an in terd iscip linary  scientific 
co -o p e ra t io n  b e tw een  K enya, The N e th e r la n d s ,  a n d  Belgium , to g a th e r  basic 
in fo rm a t io n  on  the  s t ru c tu re  a n d  fu n c t io n in g  of a se lec ted  K e n y an  m an g ro v e  
ecosystem , Gazi Bay, s itua ted  50 km  so u th  of M om basa. Later on, Italy w ith  the 
U n ivers ity  of Florence received a one  year financial su p p o r t  from  the  CEC, to join 
this project.

T h e  re sea rch  w o rk  focused  on  the  fo llow ing: (1) A sse ssm en t of the  d ifferen t 
co m p o n en ts  of the  ecosystem, in te rm s of b iodiversity , b iom ass  and  productiv ity ; 
(2) E s t im a t io n  of n u t r ie n t  a n d  e n e r g y  flow s th ro u g h  th e  eco sy s tem , an d  
m athem atica l  modelling; (3) A pplica tion  (oyster culture).
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This w ork  was a continuation  and  a w id en in g  of an ongoing  scientific co-operation 
s ta r ted  in 1985, be tw een  research  un its  from  the Free U nivers ity  of Brussels, the 
U n iv e rs i ty  of G ent, and  the  K enya  M ar in e  and  F isheries  R esearch  Institu te , 
M om basa  u n d e r  the im pulse  of Prof. P. Polk.

A com plem en ta ry  research effort w as  also p rov ided  in 1992, by the one  year lasting 
In d ia n  O cean  e x p e d i t io n  o rg a n is e d  by  the  N e th e r l a n d s  M a r in e  R esearch  
Founda tion , bo th  w ith  an offshore  research  effort in K enyan  coastal w aters  using 
the "Tyro" and  a coastal research in Gazi Bay.

The research com pleted  d u r in g  the STD-2 p rog ram m e will, partly  be con tinued  and 
w id e n ed  d u r in g  a 2 year STD-3 project on "Interlinkages b e tw een  Eastern-African 
coastal ecosystems".

References

G ang , P.O. & A gatsiva, J.L. (1992). The cu rren t  s ta tus  of m a n g ro v e s  a long the 
K enyan  coast: a case s tu d y  of M ida  Creek m an g ro v es  b a se d  on  rem ote 
sensing. Hydrobiologia  247: 29-36.

S aenger ,  P., H egerl ,  E.J. & D avie , J.D.S. (1983). G lobal s ta tu s  of m an g ro v e  
eco sy s tem s , W o rk in g  G ro u p  on  M a n g ro v e  E co sy s tem s of the  IUCN 
C o m m is s io n  on  E c o lo g y  in  c o -o p e ra t io n  w i th  U N E P  a n d  W WF, 
Com m ission on Ecology Papers , n u m b er  3, 88p.
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2. SITE DESCRIPTION

2.1. INTRODUCTION TO THE STUDY AREA

Gazi Bay, w here  the present s tu d y  w as carried out, adopts  its nam e from  the nearby 
village Gazi. The approx im ate ly  750 inhabitants  of this village d e p e n d  largely on 
their na tu ra l  env ironm ent. Besides som e small shops, a t ra n sp o r t  co m p an y  and  a 
p r im ary  school m ost households  find their income out of fisheries (fish, shells, sea 
cucum ber)  an d  the selling of m angrove  poles. Except for som e sm all backyard  
cu ltu re  of cassava, tomatoes and  banana  and  an old coconut p lan ta tion  there is no 
im p o r tan t  agricu lture  in Gazi area.

In Gazi bay (M aftaha bay) the fisherm en of Gazi and  tw o nearby  villages (Kinondo 
and  M sam bw eni) find fishing g rounds  sheltered from the ocean, an d  a safe landing 
site for their boats (w ooden canoes ou t of a single m ango  tree) on a sm all beach. 
The m ost co m m on  type of fishing is w ith  a Seine net d u r in g  low  w a te rs  on the 
sub tida l seagrass beds. Occasionally, the Seine net is used  on the m u d  flat, at neap 
tides. Fish traps are widely used  in the eastern channel an d  along the edge  of the 
sub tida l seagrass  beds. D uring  spring  tides weir fishery is used  on the m u d  flat. 
O nly  a few of the fisherm en use spear and  line fishing. The fisherm en  go o u t twice 
a day  using the tidal currents to facilitate their travel.

The felling of trees is also done  d u r in g  low waters. The stra igh t poles are piled  up 
a long  the neares t  creek and  are collected du ring  high  w ater  w ith  a canoe. On the 
beach the poles are sorted out. M ost of the poles are sold outside  the village.

Gazi Bay covers an area of 15 k m 2 an d  is protected by Chale pen insu la  on the west 
an d  a coast fr ing ing  coral reef on the sou th  from the Ind ian  ocean. The area is 
covered w ith  seagrass beds and  a m angrove sw am p w ith an area of 6.61 k m 2.

T w o tidal creeks are leading  o u t of the m angrove  sw am p. The creek on the west 
side finds its lan d w ard  continuation  in the seasonal river K idogw eni. In upstream  
direction, the salinity g rad ien t is ev iden t from the decreasing w ater  conductiv ity  (46 
m S /c m  to 3 m S /cm , at 25 °C and  low tide). The creek bo ttom  is bare an d  sandy  with 
only a scarce cover of seagrass tow ards  the ocean side. The eastern  creek is not fed 
by a river and  carries only tidal w ater (conductivity 49 m S /c m  at 25 °C) in and  out of 
the  m a n g ro v e  sw am p . This creek has a lu x u r ian t  cover w ith  seag rasses  and  
seaw eeds . The creek has only  a few m inor side channels. Both creeks have steep 
slopes leading  to the relative flat m angrove  sw am p (Figure 2).
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3. PRIMARY PRODUCERS

3.1. THE MANGROVE VEGETATION

F.J. Slim(1) an d  P. G w ad a(2l

d) N e th e r la n d s  Ins titu te  of Ecology, C en tre  for E s tuarine  an d  C oasta l research, 
Yerseke, The N etherlands .

(2) Kenya M arine and  Fisheries Research Institute, M ombasa, Kenya

3.1.1. Survey of the mangrove

3.1.1.1. Methods

A n aerial p h o to g rap h  of the w hole  of Gazi Bay was obta ined  from  the International 
Ins titu te  for A erial Survey and  Earth Science (I.T.C.), Enschede, The N ether lands . 
Es tim ation  of the scale of the aerial pho to  w as done  by m easu r in g  recognizable  
objects in the field. Four roads  w ere m easu red  in the field w ith a 50 m  m easu ring  
tape and  on the photo  with a vernier calliper. It was calculated that the grid  on the 
pho to  w as 498.7 x 498.7 meter. In further use it was assum ed that the g rid  w as 500 x 
500 m, w hich is one of the s tandards.

A n Ultra Light aeroplane w ith  pilot (Alexis Peltier, U.L.M. Kenya Ltd.) w as  h ired  to 
m ake  detailed  aerial pho tog raphs  of the m angrove  and  bay  area. W ith  this type of 
ae ro p lan e  it is qu ite  easy to m an o eu v re  on different heights  for o verv iew  a n d  for 
de ta i led  pho tographs. The pho tog raphs  were taken w ith  an overlap  of at least 15 % 
b e tw een  sectors. Photographs, perpend icu la r  to the earth surface w ere  m ad e  at 600 
an d  400 m  altitude. A N ikon cam era w ith film w inder and  a 35 m m  lens w as used 
in com bination  w ith  a colour pho to  film (Kodakgold 200). Prints of 10x15 cm were 
m ade , rep resen ting  a scale of approx im ate ly  1: 6,500. To p reven t erro rs  caused  by 
lens aberra t ion  at the edges of the photos  only the center parts  w ere  used  for the 
m ap p in g . The recognizable patterns  in vegetation and topography  w ere  transferred 
to tra n sp a ren t  paper. Precise scaling of these d raw ings  w as done  u s in g  the aerial 
p ho to  from  I.T.C. and  the use of a copier m achine w ith  en largem ent an d  shrinking  
op tions .

Fieldtrips by foot and  boat w ere  m ade  to connect the actual vegeta tion  in the field 
w ith  the d is t inc tive  p a tte rn s  on the photos. D u ring  these f ie ld tr ips  also m ore
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d e ta i led  s tu d y  of the vegeta tion  w as  m ad e  along a transec t ru n n in g  from  the 
w este rn  channel tow ards  the m ainland. Estimates of the tree cover (%), tree height 
(m), ab u n d an ce  and  cover of the d ifferen t m angrove  species (ord inal scale of van 
de r  M aarel, 1-9) and  num ber of seedlings for the different m angrove  species (counts 
of seedlings) w ere  m ade every 10 m eter  in 5 x 5 m eter squares along  the transect. 
The relative e levation of the bo ttom  w as estim ated  using a levelling ins trum en t.

3.1.1.2. Results

The following m angrove species w ere  found  in the m angrove  area of Gazi Bay:

Sonnera tiaceae:
Sonneratia alba

R h izophoracea :
Rhizophora mucronata  L am ark  
Ceriops tagal [Perr.] Rob.
Bruguiera gymnorrhiza L am ark

Verbanaceae:
Avicennia marina [Forsk.] Vierh.

M eliaceae:
Xylocarpus granatum K o en ig

C om bretaceae:
Lumnitzera racemosa Van Steenis

Sterculiaceae:
Heritiera littoralis D rym and  ex h. Ait.

A long  the creeks high  (12-18 m) g ro w in g  fr inging  forests of Avicennia marina are 
fou n d , fu r ther  aw ay  from the creeks rep laced  by a thick bushes  (5 - 10 m  high) of 
m a in ly  Rhizhophora mucronata  an d  Bruguiera gymnorrhiza .  The sed im en ts  of 
these  low er pa rts  of the m angrove  consist of black m u d  and  are da ily  flooded  by 
h ig h  tide. O n  h igher areas inside the bush , Ceriops tagal ap p ea rs  in m onospecific  
s tands , reaching  u p  to 3 m eter height. M ost of these areas are only f looded  du ring  
sp r in g  tides. The sedim ent is more solid and  sandy  w ith  a grey colour. Especially

7



on the w este rn  m ain land  side, extensive s tands  of Avicennia marina (2 - 3 m high) 
a re  fo u n d ,  w ith  Lumnitzera racemosa and  Xylocarpus granatum  on  the higher 
san d y  parts. In the transition zone betw een  m ain land  and  m angrove  area Heritrea 
littoralis is frequently  found. Sonneratia alba is com m only  found  a long the borders  
of the m an g ro v e  sw am p on the ocean side. Due to regu lar  cu tting  m o s t  of the R. 
m ucronata  and  B. gymnorrhiza  trees a re  freakishly  fo rm ed  or t ru n ca ted .  Large 
areas w ere  only  a sparse vegetation is left also exist. The open  areas sh o w  a scarce 
sett lem ent of propagules. In an area w hich was cleaned 5 years ago traces of erosion 
w ere  visible. The soil w as w ash ed  aw ay  an d  roots w ere  exposed . This w ay  of 
cutting , taking ou t whole trees as fuel for factories, was s to p p ed  in the beginning  of 
1990. N o w ad ay s  only selective cutting of straight poles is allowed.

By com bin ing  the contours  visible on the aerial p h o to g rap h s  w ith  "g ro u n d  truth" 
observa tions , n ine  distinctive types of m angrove  sites cou ld  be d isce rn ed  on the 
p h o to g ra p h .  A ccording to this d iv is ion  the vegeta tion  m a p  of the m an g ro v e  in 
G azi Bay w as d raw n. A list of the types of m angrove sites is given below; it includes 
the m arker  code for each type of site, as was used  in the final vegetation m ap.

1) Sonneratia alba fringe:
p a t t e r n  : da rk  green; frontier line on ocean side and  isolated trees 
m a r k e r :  S
d e s c r i p t i o n :  b o u n d a ry  vegeta tion  of several (2-10) row s of trees; he igh t 3 to 6 

meter; cover 10 to 30 %; sever dam age by cutting b eh in d  first rows 
from  ocean; m o s t  of the  o lde r  trees are  t ru n c a te d  a n d  have 
regenerating side branches

2) Avicennia marina fringe: 
p a t t e r n :  light g reen /yellow ; a long creeks 
m  a r k e r : A
d e s c r i p t i o n :  creek fringing vegetation of several (2 - 5) row s of trees; he ight 10 to 

20 meter; cover 60 to 80 %

3) M ixed forest:
p a t t e r n :  da rk  green; texture g ranu la ted  and rich 
m a r k e r :  Mr ,  Mb,  Me
d e s c r i p t i o n :  d ense  m ixed  v e g e ta t io n  w ith  Rhizophora m ucrona ta  (60 %), 

Bruguiera gymnorrhiza  (20 %) and  Ceriops tagal (10 %); he igh t 5 to 
10 meter; cover 50 to 100 %; due  to cu tting  R. mucronata  is often 
freakishly fo rm ed , w hereas  B. gymnorrhiza is t runca ted ; on basin 
side: monospecific  s tands  of R. mucronata [m arker = Mr] (cover 80
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to 100 %); to w ard s  the m ain lan d  a m ix tu re  w ith  B. gymnorrhiza  
[marker = Mb] and  C. tagal [marker = Me] in opener (cover 50 to 80 
%) vegetation is found.

4) Ceriops tagal:
p a t t e r n  : light green; fine texture; distinct borders; found  as fringing vegeta tion  on 

the m ain land  side and  in isolated stands 
m  a r k e r : C
d e s c r i p t i o n :  m onospecies s tand  of Ceriops tagal; height 2 to 8 m eter; cover 50 to 

75 %; thinly tail t re e s /sh ru b s

5) Avicennia marina shrubs:
p a t t e r n  : g re e n /b ro w n  on grey /ye llow ; isolated trees an d  fine texture 
m a r k e r :  A
d e s c r i p t i o n :  m onospecific  s tan d  of Avicennia marina  sh rubs ; h e ig h t  2 to 8 

meter; cover 10 to 30 %; thinly t re e s /sh ru b s  w ith  trunks  branching 
on low level above g round

6) Bare grounds:
p a t t e r n :  ye llow /g rey ; on w est m ain land  side and  isolated islands 
m a r k e r :  B
d e s c r i p t i o n :  bare  g ro u n d s ;  scarce se t t lem en t of A. marina s e e d l in g s  after 

flowering season  of A. marina; after ra iny  season a th in  cover (< 5 
%) of Salicornea spec, m ay  develop.

7) M ain  land  border:
p a t t e r n :  light grey and  dark  grey isolated trees in a fringe on m ain lan d  side 
m  a r k e r : H
d e s c r i p t i o n :  isolated trees of Xylocarpus granatum  and  Heritiera littoralis on 

m ain land  edge; cover up  to 30 %; height 5 to 20 m eter

8) Logged area:
p a t t e r n :  da rk  green g ranula ted  spots on black; isolated trees 
m  a r k e r :  L
d e s c r i p t i o n :  isolated trees of C. tagal and  B. gymnorrhiza  in the w est  and  mid 

area and  in the east w ith  m ixture of isolated R. mucronata; cover < 
15 %; height 2 to 8 m eter
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9) M ain land:
p a t t e r n :  b ro w n /g reen ;  rich texture; clear frontier line 
m a r k e r : -

d e s c r i p t i o n :  terrestrial vegetation and agriculture; ou tside  s tu d y  area

The final m ap  of the m angrove  vegeta tion  in Gazi bay is sho w n  in F igure  1. The 
results  of the s tu d y  of a transect th rough  the m angrove, giving an illustra tion of the 
zona tion  of trees and  seedlings, is show n  in Figure 2. There is a clear separa tion  of 
species a long the transect. 5. alba a n d  H. littoralis are p resen t on the creek and 
la n d w ard  side, respectively. The C. tagal cover shows a small gap  a ro u n d  70 m from 
the m ain land , filled by A. marina. As can be seen on the m ap  (Figure 2a), this is the 
p o in t w here  the transect crosses an e longation of a larger A. marina site; the area is 
s ligh tly  e levated  above its su rro u n d in g s .  M ost likely, tran sp o r t  of p ro p ag u le s  by 
tidal w a ter  is the cause for this phenom enon .

3.1.2. Biomass estimation in selected field plots

3.1.2.1. Methods 

Fieldwork plots

Tw o fie ldw ork  plots, covered by different vegetation types, w ere  selected for studies 
on  b io m ass ,  p r im a ry  p ro d u c t io n ,  litte rfa ll ,  litter d e c o m p o s i t io n  a n d  ben th ic  
decom posers . The plots m easured  20 x 20 m eter each an d  were clearly m ark ed  with 
p a in t  a n d  ropes . The c o -o p e ra t io n  of the local p eo p le ,  to leav e  the  p lo ts  
u n d is tu rb e d ,  w as  asked  for an d  given. The p lo ts  are  re p re se n ta t iv e  for two 
v eg e ta t io n  types that are com m only  fo u n d  in Gazi bay. Rhizhophora mucronata 
v ege ta tion  is d o m in an t  in the low er m an g ro v e  areas and  covers over 50 % of the 
m a n g ro v e  area in Gazi Bay. Ceriops tagal is com m on on h igher g ro u n d s ,  covering 
a ro u n d  15 % of the m angrove sw am p. The two plots not only differ in vegetation, 
e lev a tio n  ( in u n d a tio n  period), soil characteris tics  and  fauna , b u t  are  likely also 
d ifferen t w ith  respect to n u tr ien t  dynam ics. The location of the p lo ts  is show n  in 
F igure  3.

The Rhizhophora mucronata  p lo t has a 80 % p lan t cover. It is s i tu a ted  circa 50 
m ete rs  inside the m angrove  bu sh  seen from  the sou thern  b o rd e r  of the m angrove  
area. The area is flooded w ith  each high tide, and  only during  low tides it is possible 
to reach the plot by foot. The soft black sed im en t of the plo t consists of m u d  and

10



clay a n d  a m ino r  sand  com ponent. Table 1 show s som e soil characteristics of this 
plot.

Table 1. Soil characteristics in the R. mucronata plot.

depth
cm

C
%

N
%

P2O5

m g/g

CaC03
%

0 -  5 15.61 0.832 1.70 0.00
5 - 2 0 10.27 0.498 0.86 0.00

2 0 -4 0 8.10 0.390 0.78 0.00

depth
cm

PH
KC1

m edian  
grain-size pm

NaCl 

g 1

watera

0 -  5 7.00 51 29.5 332.5
5 - 2 0 6.60 112 29.0 215.4

2 0 -4 0 6.34 216 23.8 168.1

a: g water per 100 g dry soil

The Ceriops tagal plot has a 60 % cover of small (1 - 4) Ceriops tagal trees. The plot 
w as  d iv ided  in 5 x 5 meter squares  for subsam pling. Also this p lo t w as  m arked  by 
pa in t and  a rope. It is s ituated in the w estern  part of the m angrove  (Figure 3). Only 
d u r in g  spring  tides this relatively h igh lying plot is flooded. Table 2 show s some 
soil characteristics of this plot.

Table 2. Soil characteristics in the C. tagal plot.

depth
cm

C
%

N
%

p 2o 5
m g/g

CaC03
%

0 -  5 1.64 0.088 0.14 0.03
5 - 2 0 5.14 0.142 0.17 0.06

2 0 -4 0 6.93 0.138 0.12 0.00

depth
cm

P H
K a

m edian  
grain-size pm

NaCl 

g 1

watert

0 -  5 6.86 256 33.8 46.0
5 - 2 0 4.37 234 33.3 78.8

2 0 -4 0 3.50 205 53.6 86.9

a: g water per 100 g dry soil
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D eve lopm ent  of  a non-destructive biomass  estimation method

It w as a t tem p ted  to develop a m ethod  w hich could m ake it possible  to estim ate  the 
Ceriops tagal an d  Rhizophora mucronata  b iom ass in a n o n -d e s tru c t iv e  w ay. To 
d ev e lo p  such  a p ro ced u re  for Ceriops,  a series of 26 trees, v a ry in g  in size, was 
selected just ou ts ide  of the Ceriops plot. After labelling the ind iv idua l trees, a series 
of pa ram ete rs  w hich  were suspected  to have a correlation w ith  the total b iom ass of 
the tree, w ere  m easured  (Table 3).

Table 3. Parameters measured on C. tagal trees.

Param eter Precision

circum ference of trunk:
at 30 cm above ground m  m
at 75 cm  above ground m  m
height of tree with:
m easu rin g  tape cm
im p ro  c linom eter cm
diam eter of shadow  from crown
at the g ro u n d  at noon cm

C ircum ference of the trees w as m easu red  w ith a m easuring  tape. For estim ating  the 
he igh t of the trees a line on a pole w as used  to reach the top of the tree. A sledging 
m ark e r  on the line w as used  to m ark  the he ight of the tree on the line, the m arked  
line w as m easu red  w ith a m easuring  tape. For large trees a p rov is iona l clinom eter 
w as used. The d iam eter of the sh ad o w  of the crow n could  easily be m e asu red  on 
the  g r o u n d  w i th  a m e a s u r in g  tap e .  A n a v e rag e  of tw o  m e a s u r e m e n ts  
p e rp en d icu la r  to each other w as used  for the regression calculations. Shortly  after 
taking the m easu rem en ts  the trees w ere  cut d o w n  and the separa te  fresh  w eights  of 
roots (above g round) , trunk, branches an d  leaves w ere m easured . The leaves were 
picked  from  the tree by hand , for separa ting  the b ranches from the t ru n k  a small 
saw  w as used. W ith a saw the above g ro u n d  parts  of the roots w ere  separa ted  from 
the tru n k  at the end  of the broadening . Subsam ples  of the o rgans  w ere  taken  for 
f r e s h /d r y  w eigh t relations and  C / N / P  analyses. Dry w eigh t w as d e te rm in e d  after 
d ry in g  the sam ples  at 70 °C till constan t weight. C and  N  conten t w as  estim ated  
w ith  an e lem ent analyzer (Carlo Erba, N A  1500) according to s tan d a rd  p rocedures  at
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the  N IO O -C E M O  labora to ries  in the N e th e r lan d s .  For all p a ra m e te r s  linear 
regressions on the logarithmically (LN) transform ed data  w ere  calculated.

For seed lings  the regression  be tw een  leng th  an d  fresh  b iom ass  w as  calculated . 
Seedlings are defined as: no t branching , p ropagu le  still recognizable. Their length  
w as  m e a su re d  w ith  a m easu rin g  tape (mm) and  their w e igh t w ith  an electronic 
balance (0.1 g). In addition, sam ples w here  collected for f r e s h /d ry  ratio an d  C, N  and 

P contents.

E ssentially  the sam e m easuring , sam pling  and  analysis m e th o d s  as d esc r ibed  for 
Ceriops tagal trees and  seedlings, w ere  app lied  to Rhizophora mucronata.  Table 4 
s h o w s  the p a ram ete rs  used  to estab lish  a m e th o d  for n o n -d e s tru c t iv e  b iom ass  
estim ation. These param eters were m easured  in a series of 25 trees, vary ing  in size, 
just ou ts ide  of the fieldwork plot.

Table 4. Parameters measured on R. mucronata trees.

Parameter Precision

circum ference  of trunk:
at 20 cm above highest p roproo t m  m

at 150 cm above ground m  m

at 200 cm above ground m  m

heigh t of tree with:
m easu r in g  tape cm

n u m b e r  of proproo ts 1
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3.I.2.2. Results

Ceriops tagal

In Table 5 the calculated regressions are sum m arized.

Table 5. Ceriops tagal. Results of the linear regressions of different parameters versus total fresh 

weight (g), after LN transformation of the data. [30, 75 = circumference of trunk at 30 and 75 

cm; H = height of tree; C = diameter of crown].

Parameter 30 75 H C

C o n s ta n t -1.049 -0.053 -3.597 -2.729

Std Err of Y Est 0.724 0.978 1.715 1.120

X Coefficient 1.946 1.872 2.359 2.385

Std Err of Coef 0.138 0.195 0.317 0.225

R squ ared 0.89 0.82 0.70 0.82

D egr of freedom 24 21 24 24

A LN LN regression between trunk  circumference at 30 cm an d  total fresh  w eight of 
the tree show ed  the best correlation. The regression equation was calcu lated  as:

fresh w e igh t in kg = 48.8 * IO"3 * (circumference in m m )2-31

This regression  is show n in Figure 4.
The de te rm ina tion  of fresh w eights  of various parts  shows that m ost of the biomass 
of C. tagal is fo u n d  in the a b o v e g ro u n d  p a r t  of the root system  (Table 6). The 
parti t ion ing  of d ry  weights show s a similar pa ttern  as is the fresh weights: roots 30.7 
%; tru n k  27.4 %; branch 27.6 % leaves 14.0 %.

Table 6. Biomass partitioning in C. tagal (on basis of fresh weights).

Tissue % of tree biomass n

root 32,5 ± 9.7 22
tru n k 22.9 ± 6.7 22
branch 24.7 ± 8.2 22
leaves 19.9 ± 8.3 22
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Table 7 show s the percentage w ater content of the various tissues. N o t surpris ingly , 
the leaves are the organs w ith  the highest percentage of water.

Table 7. Water content of different C. tagal tissues.

Tissue % * water (n)

leaves 63.10 ± 9.7 22

branch 22.9 ± 6.7 22

tru n k 24.7 ± 8.2 22
root 19.9 ± 8.3 22

C arb o n  and  n itrogen  levels in the various parts  of the tree are of the sam e order of 
m a g n itu d e .  The pe rcen tage  n i trogen , how ever, is c o n sp icu o u s ly  h ig h e r  in the 
leaves than in the other organs (Table 8).

Table 8. C and N content of different dry C. tagal tissues.

Sample % C % N n i

leaves 42.7 ± 0.6 1.012 ± 0.11 5
branch 45.6 ± 0.6 0.342 ± 0.07 4

t r u n k 47.6 ± 1.1 0.186 ± 0.01 5

roo t 46.4 ± 1.9 0.210 ± 0.03 5

L pooled  samples.

The linear regression betw een  seedling length  and  total above g ro u n d  fresh weight 
w as  ca lcu la ted  after LN transfo rm a tion  of the data. The fo llow ing  re la tion  w as 
fo u n d  (Figure 5):
Fresh w eigh t (gram) = 2.55 * IO'3 4 (length in m m )1-49 
The w ater  content of the seedlings w as 54.7 % ±1 .7  [n=13].
C o m b in a tio n  of the data  on b iom ass  partit ion ing  by the tree, the w a te r  content in 
the  v a rious  organs, and  the C, N  conten t of these o rgans , m akes  it possib le  to 
calculate overall conversions from  tree fresh w eight to d ry  weight, C w eigh t and  N 

w eigh t Table 9).
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Table 9. Overall conversions from fresh weight to dry weight, C and N weight for C. tagal trees.

0.522 * fresh kg = dry  kg
0.240 * fresh kg = kg C
105 * 10 '3  * fresh kg = kg N_________

As m en tio n ed  above, m easu rem en t of the trunk  circum ference at 30 cm will give 
the best estim ate  of the above g round  biom ass for C. tagal, an d  this p a ram ete r  was 
therefore  u sed  for above g ro u n d  biom ass estimations. The C. tagal field p lo t was 
d iv ided  into 16 squares of 5 x 5 meter to describe spatial variance of the biomass. In 
each of the squares  the circumference of all the living trunks at 30 cm above g round  
level w as m easu red . After correction for LN transform ation  (Baskerville, 1971) the 
b iom ass p resen t in each square  was calculated. An estim ate of the average  biomass 
p e r  sq u a re  m e te r  w as ca lcu la ted  tak ing  in co n s id e ra t io n  the  v a r ian ce  on the 
in d iv id u a l tree biom ass estim ation and  the spatial variation. For seed ling  biomass 
estim ation  the leng th  of each seedling in the squares w as m easu red  an d  the same 
p ro c e d u re  an d  b iom ass  w as  d e te rm in ed  us ing  the re la tion  sh o w n  in F igure  5. 
M easu rem en ts  of the trunk  circumferences and  seedling length  w ere  carried  out on 
4 occasions w ith  in tervals of approx im ate ly  6 m onths. The differences in biomass 
on the various dates  (Table 10) are not significant. Thus it appears  that the s tanding  
c rop  of the C. tagal vegeta tion  is in a s teady  state or is chang ing  at a rate  not 
detectable  w ith  ou r  m ethod.

Table 10. C. tagal above ground biomass (fresh weight) for seedlings and trees on different dates.

date trees
k g / m 2

seedling
g / m 2 n

January  '91 6.75 ± 0.59 21.86 ± 5.06 9
M ay '91 7.88 ± 1.29 28.61 ± 6.38 6
D ecem ber '91 7.55 ± 0.64 24.15 ± 3.40 16
A u g u s t  '92 7.56 ± 0.65 23.56 ± 3.33 16
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Rhizophora  mucronata

In Table 11 the  regressions calculated for Rhizophora mucronata are su m m arized .

Table 11: Rhizhophora mucronata. Results of the linear regressions of different parameters versus 

total fresh weight (g) after LN transformation of the data.

[ +20,150, 200 = circumference of trunk at 20 cm above highest proproot and at 150 cm and 200 

cm above ground in mm; H = height of tree in cm; n prop = number of proproots]

Parameter + 20 150 200 H n prop

C o n s ta n t  
Std Err of Y Est 
X Coefficient 
Std Err of Coef 
R squared  
Degr of freedom

-4.166
1.177
2.851
0.249
0.85

23

-1.636 
0.402 
2.358 
0.090 
0.95 

33

0.761
0.540
1.945
0.119
0.93

20

-10,071 
1.523 
3.273 
0.257 
0.88 

23

7.321
0.231
0.174
0.018
0.80

23

A LN LN regression  betw een trunk  circumference at 150 cm and  total fresh w eight 
of the tree sh o w ed  the best correlation. The regression equation  is:

Fresh w eigh t in kg = 404.9 * IO'3 * (circumference in m m )2-20

This reg ress ion  is show n in Figure 6. As seen in Table 12 the la rgest p a r t  of the 
b iom ass  (fresh w eight) of R. mucronata is found  in the trunk. This p a r ti t ion ing  is 
essentially  the sam e w hen  the d ry  biom ass is considered: root 24.6 %; tru n k  50.5 %; 
b ranch  9.6 % leaves 15.1 %.

Table 12: Biomass partitioning in R. mucronata (on basis of fresh weights).

Tissue % of tree biomass n

leaves 22.2 ± 2.6 55
branch 8.7 ± 2.1 55
t ru n k 43.1 ± 3.9 55
roo t 26.0 ± 4.0 55

17



Table 13 show s  the percentage w ater in the various organs of R. mucronata. As was 
the case for C. tagal, the leaves contain the highest percentage of water.

Table 13 : Water content of different R. mucronata organs.

Sample % - water n

leaves 65.83 i+ 00 122
branch 44.22 ± 6.9 14
tru n k 41.16 ± 6.7 12
roo t 52.51 ± 7.5 14

The percen tage  carbon in the various  o rgans  of R. mucronata is ra the r sim ilar, and  
of the sam e o rd e r  of m agnitude  as the levels found  in C. tagal (Table 14). Also in R. 
m ucro n a ta  the  leaves have a h ig h e r  n i tro g en  con ten t than  o th e r  tissues. The 
pe rcen tag e  n i trogen  in the leaves, h o w ev er ,  is m uch  low er than  in leaves  of C. 
tagal.

Table 14 : C and N content oí different dry R. mucronata tissues, pooled samples.

sample % C % N n l

leaves 46.2 ± 0.4 0.610 ± 0.02 5
b ranch 46.9 ± 0.5 0.196 ± 0.01 5
t r u n k 47.2 ± 0.7 0.110 ± 0.03 5
roo t 48.1 ± 0.4 0.248 ± 0.10 5

After LN transfo rm ation  of the data  the linear regression be tw een  seed ling  length 
an d  total above g round  fresh w eigh t w as calculated (Figure 7). This equa tions  is as 
follows:

Fresh w eigh t (gram) = 24.1 * IO'3 * (length in m m )1-23

The w a te r  co n ten t  of the seed lings  w as 63.5 ± 1.7 (n = 5, p o o led  sam p le s  of 4 
in d iv idua ls ) .  C om bina tion  of the v a r io u s  da ta  resu lts  in the co n v ers io n  factors 
given in Table 15.
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Table 15 : Overall conversions from fresh weight to dry weight, C and N weight for R. mucronata.

0.501 * fresh k g = dry  kg
0.237 * fresh kg -  kg C

69.8 * 10-3 * fresh kg = kg N

As in d ica ted  above, m easu rem en t of the tru n k  circum ference at 150 cm will give 
the best estim ate  of the above g ro u n d  biom ass of R. mucronata. This p a ram e te r  was 
u sed  for b io m ass  estim ations. The R. mucronata  field p lo t w as  d iv id e d  into 4 
squares  of 10 x 10 meter to describe spatial variance of the biomass. In each of the 
squares  the circumference of all the living trunks at 150 cm above g ro u n d  level was 
m e asu red .  A fter correction for LN transfo rm ation  the b iom ass  p re s e n t  in each 
sq u are  w as calculated. An estim ate  of the average biom ass per  sq u are  m eter  was 
ca lcu la ted  tak ing  in considera tion  the  variance  on the in d iv id u a l  tree  biom ass 
e s t im atio n  a n d  the spatial varia tion . For seedling  b iom ass  es tim atio n  leng th  of 
seed lings  in the squares w ere  m easu red . Table 16 sum m arizes  the resu lts  of the 
b iom ass  estim ations.

Table 16 : R. mucronata above ground biomass for trees and seedlings in the fieldplots (September 1992).

Trees
k g /m 2

Seedling
g /m 2

n

fresh 51.0 ± 8.2 118 ± 30 4

dry 25.6 ± 41 43 ± 11

3.1.2.3. Some comments on biomass estimations

In the  l i te ra tu re  a b road  range  of b iom ass  estim ations for Rhizophora  forests is 
available. Pu tz  (1987) sum m arizes som e of these results. W ith increasing  age of the 
forest the s tan d in g  biom ass increases. F rom  1.6 - 5 kg D W / m 2 for a 5 years old 
forest, to 27.0 - 47.4 kg D W /m 2 in forests of 28 years and  older. O u r estim ate  of 25.6 
kg  D W / m 2 thus  indicates tha t the Rhizophora  p lo t is p a r t  of a full g ro w n  forest. 
Little  is k n o w n  on the s tan d in g  b iom ass  in Ceriops tagal vegeta tion . Lugo and  
S n ed ak e r  (1974) give a value of 0.79 kg D W / m 2 for sh ru b  m a n g ro v e  forest in 
Florida. The C. tagal vegetation in our s tu d y  w ith its small trees resem bles a sh rub  
vegeta tion , b u t  our estimate of the above g ro u n d  biom ass of 3.95 kg D W / m 2 is far 
above that of the shrub  m angrove s tud ied  by Lugo and  Snedaker (1974). W oodroffe
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(1985) p resen ts  a s tudy  in w hich  the biom ass of an Avicennia marina vegeta tion  is 
c a lcu la ted .  W ith  the s t ru c tu re  of A v i c e n n i a  in ou r  s tu d y  area  in m ind , a 
c o m p ar iso n  w ith  their results  is not unrealistic. Their es tim ate  of 2.3 - 10.4 kg 
D W / m 2 for trees ranging from 1 to 5 meter is of the same o rder of m ag n itu d e  as our 
estim ate .

3.1.3. Measurement of litterfall in the mangrove

3.1.3.1. Methods

Litterfall w as determ ined  in two different ways. In the case of C. tagal the data  were 
ob ta ined  indirectly  from a phenological s tu d y  on new  fo rm ation  a n d  on losses of 
ex isting  leaves, in com bination  w ith  the results  from the b iom ass  estim ation  per 
square  m eter  in the plot and  biom etric  da ta  presen ted  in section 3.2. (e.g.: biomass 
p a r t i t io n in g  in tree, w ater  con ten t of leaves). The p h e n o lo g y  s tu d y  invo lved  
observa tions  on 240 branches on a 2 w eekly  basis over a pe riod  of a 2 years. The 
branches  w ere  d is tribu ted  over 20 trees; per tree 12 branches w ere  followed. These 
b ranches were assigned to 3 height levels (1 /4 , 1 /2 , 3 /4  of relative he igh t of crown; 4 
b ranches  per he ight level). The branches w ere tagged by plastic labels. A t each of 
the  successive observations carried  out, the appearance  of the b ranch  w as  checked 
a g a in s t  a d ia g ra m  of the b ranch , sh o w in g  the a m o u n t  an d  po s it io n  of leaves, 
flow ers, p ro p ag u le s  and  b u d s  on the p rev ious  observation  date. F rom  the trunk  
o n w ard s ,  each pair of leaves w as m arked  by dots indicating the pa ir  n u m b e r  of the 
leaves w ith  a m arker (Edding 3000). N ew ly  form ed leaves w ere  easy to recognize by 
the lack of a do t w hereas the loss of a leaf was noticed by the w rong  starting  num ber 
of the first pa ir  of leaves present. Litterfall subsequently  w as  calcu la ted  w ith  the 
fo llow ing  equations:

lost leaves per leaf p resen t per day  =
(total of fallen leaves) + (leaves u n d e r  observation) + (observation p e riod  in days) 

leaves present per square  m eter = 
biom ass per square  meter * 0.1991 + 0.982

fallen leaves per square m eter per day  =
(lost leaves per leaf present per day) * (leaves present per square  meter) 

litterfall (gram dry  weight) per square meter per day  = 
fallen leaves per square meter per day  * 0.3693
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T percentage  of biomass present as leaves;
2: ind iv idua l fresh weight of a C. tagal leaf;
3: d ry  m atter content of a C. tagal leaf.

In the case of R. mucronata, da ta  on litterfall were obta ined  directly  w ith  the use of 
lit te rtraps . T w en ty  of these devices (stainless steel rings 0  75 cm, 0.44 m 2, nylon 
n e tt in g  # 1 m m ) were placed ad ra n d o m  in the field plot. The nets w ere  s itua ted  
above  the h igh  w ater level to avoid  any contact of the tidal w ater w ith  the litter in 
the traps, as this w ou ld  result in m ateria l losses due  to leaching. Fortn igh tly  the 
t ra p s  w ere  em p tie d  and  the lit te r so r ted  ou t in to  leaves, b u d sca le s ,  flow ers, 
p ropagu les ,  and  wood. N um ber, fresh and  dry  weight (70 °C until constan t weight) 
of the  sam p les  w as d e te rm in ed . The d ry  sam ples  w e re  taken  to the CEM O 
laboratories  for determ ination  of C, N  and  P content.

3.1.3.2 Results

Litterfall in the Ceriops tagal field plot

The calculated  litterfall show s a seasonal pa ttern  tha t coincides w ith  the rains. As 
can be seen in Figure 8, the litterfall show s a su d d en  d ro p  from  1.34 ± 0.26 gram  
d r y / m 2/ d a y  in the dry  season (A ugust - April) to 0.43 ± 0.12 gram  d r y / m 2/ d a y  in the 
w e t season  (April - June). Shortly  after the rains, a peak  in litterfall occurs. This 
p e ak  exists on ly  for a short  while. D u ring  the short  ra in  p e r io d  of O ctober - 
N o v em b er  no clear trends in litterfall levels are observed.

Litterfall in the Rhizophora mucronata field p lot

Figure  9 show s the data on litterfall in the R. mucronata plot.
A lth o u g h  no t as obvious as in the C. tagal plot, a decrease  in litte rfa ll can be 
o b se rv ed  w h ich  coincides w ith  the rainfall. The rise of the  litterfall in A pril is 
c au sed  by the com bined  effect of an  increase in fallen leaves and  the end  of the 
f lo w erin g  season  w ith  h igh  n u m b ers  of fallen flow ers co n tr ib u tin g  to the total 
a m o u n t  of litter. The contribution of fallen leaves to the total a m o u n t of litter is on 
average  85 % outside  the flowering season, and  60 % d u r in g  the f low ering  season. 
T otal litterfall d ro p s  from  4.66 g d r y / m 2/ d a y  in O ctober - N o v e m b er  to 3.22 g 
d r y / m 2/ d a y  in December - March. This d rop  is followed by a short rise to previous 
levels. From early April onw ards , a g radua l decrease in the litterfall in the period
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A pril  - June  leads to m in im u m  litterfall va lues in Ju ly  - S ep tem b er of 1.42 g
d r y /m 2/day.

Table 17 presen ts  the results on C an d  N analysis of the trap p ed  litter. The average 
w ater  content of the trapped  leaves was 62.5 % ± 8.3 (n = 336) and  their ind iv idua l 
fresh w eight was 1.97 ± 0.4 (n = 336).

Table 17 : Carbon and nitrogen content of R. mucronata litter.

% N % C C /N n

0.267 ± 0.04 45.160 ± 1.53 172.6 ± 26.31 89

The phenology o f C. tagal

The sam e pheno logy  data  enab ling  us to calculate litterfall of C. tagal, also yield 
ins ight into the reproductive  success of this species. Figure 10 presents  som e of the 
resu lts  on this topic. For fu r ther read ing  we refer to Slim et al. (in prep.). D uring  
the hot d ry  season  (December - January) flow erbuds are fo rm ed  w hich  give in 2 
m o n th s  time flowers in a ratio  of 1 b u d  to 10 flowers. P ropagu les  are  fo rm ed  5 
m o n ths  after the setting of flow erbuds. Only 2 percent of the flowers will p roduce  a 
p ro p ag u le .  The flow ering season  of C. tagal is just before  the ra iny  season, and  
d ev e lopm en t of the propagules  occurs d u r in g  this season.

3.1.3.3. Some comments on the litterfall data

Tw illey  (1986) classifies m an g ro v e  forests by their tidal activity. In the o rder of 
in c reas in g  w a te r  tu rn o v e r  ra tes , m a n g ro v e s  are c lass ified  as fo llow s: sch ru b  
m an g ro v es ,  basin  m an g ro v e  m onospec ies ,  basin  m an g ro v es  of m ixed  character, 
fr inge an d  o v e rw ash ed  m angroves , r iverine  m angroves. The sch ru b  m an g ro v es  
are rarely tidally inundated , basin m angroves  are inland or m ore frequen tly  flooded 
fr inge  m an g ro v es ,  and  r iverine  m angroves  are in u n d a te d  by r iverine  freshets  as 
well as by tides. O ur R. mucronata forest fits the desc rip tion  an d  litterfall (year 
average  3.06 g D W /m 2/d a y )  values of the fringe and  o ve rw ash  type (1.82 - 3.00 g 
d r y / m 2/d ay ) .  The C. tagal p lo t is s ituated higher in the intertidal range an d  fits both 
the descrip tion  and the litterfall values (year average = 1.03 g d r y / m 2/d a y )  of the 
m onospec ies  basin  m angroves  (0.96 - 1.8 g d r y / m 2/d a y ) .  The general tren d  that 
hydro logy  strongly  influences the litter productiv ity  of m angroves  is also su p p o rted
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by o u r  findings. Seasonality is described by o ther au thors  (W ium -A ndersen , 1978; 
C hris tensen , 1977; Duke, 1988; Sasekum ar, 1983; Saifullah, 1989; Twilley, 1986) as 
well. The u n de rly ing  factors causing seasonality appear to be complex. Few reports  
focus on the causality  of env ironm en ta l factors and  pa tte rns  in litterfall. Rainfall 
(Leach, 1985), soil salinity (Twiley, 1986; Due, 1988), tem p era tu re  (Saifullah, 1989) 
have  been sugges ted  as u n de rly ing  env ironm enta l factors, bu t as these  factors are 
c o u p led  it is d ifficult to d is t ingu ish  be tw een  the effects of each of these  factors 
separately.
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Figure 1 . Vegetation m ap  of the m angrove  area in Gazi Bay.
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Figure 3 : M ap of Gazi Bay. Square m ark ed  1: C. tagal plot; square m arked 2:Gazi SquareBay m arked
R. mucronata plot; square m arked  3: w orkpla tfo rm . Dotted line: transect used 
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Figure 4 : Regression betw een tree circumference at 30 cm and total above 
g round  biom ass (fresh weight) for C. tagal trees. (n=114; R2=0.98)
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Figure 5 : Regression betw een seedling  fresh weight and  its length for C. tagal. 
(R2=0.93; n=67)
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Figure 6 : Regression betw een tree circumference at 150 cm and  total above 
g ro u n d  biomass in kg (fresh weight) for R. mucronata trees. (n=62; R2=0.95)
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Figure 7 : Regression betw een seedling fresh weight and  its length for R. 
mucronata.  (R2=0.72; n=59)

31



l i t t e r f a l l

g r a m / m - 2 / day

C . t a g a l  EÉüâl r a i n f a l l

May 21 Aug  13 Nov 6 Ja n  2 7  Apr 21 Jul  14  

d a t e

2 5 0

200

1 5 0

100

5 0

‘g  T in  fie ld  P ,o t ' “  ^  to
Departm ent; Dist. Agr. Ä Ü Ä T  ^

32
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Figure 9 : R. mucronata. : litterfall in the field plot (g DW) as related to 
rainfall pe riods  in Gazi. (rainfall da ta  from Kenya Meteorological 
D epartm ent; Dist. Agr. Off., M sam bw eni)

33



C e r i o p s  t a g a l  p h e n o l o g y

70
/ m - 2  [ f I . b  u d  s , p r o p . J i / m ~ 2  [ i l . ]  m m  [ r a i n ]

60  !

50

40

30

8 0 0

6 0 0

-\ 4 0 0

20 h;. .

■ J.Sl uia

i  200

JLjeiiA-.j t \  '„tinn-——'  r    --------------------------- r
Nov 2 7 J a n  2 9  Apr 9 Juri ! 9 A u g  2 8  Nov 6 Jan  13Mar  2 4  Juri 2 A u g  H

f l o w e r b u d s

d a t e

flowers 1 " 1 ro i 'ODQOû eS
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3.2. THE SUBMERGED VEGETATION OF THE TIDAL CREEKS

3.2.1. Seagrasses and Macro-algae of eastern and western creeks

P. H. van  AvesaathP), G. van  der Velded) and  E. C oppejans(2)

U) L a b o ra to ry  of A q u a tic  Ecology, C atho lic  U n iv e rs i ty  of N i jm e g e n ,  The 
N e th e r la n d s .

(2) L aboratory  for Plant M orphology, Systematic and Ecology., U nivers ity  of Ghent, 

B elg ium .

3.2.1.1. Introduction

In S ep tem b e r  1991 the s tu d y  of the d is tr ib u tio n  an d  b iom ass  of the  a b u n d a n t  
seagrasses  an d  macro-algae of tw o major creeks w ithin the m angrove  ecosystem  of 
G azi Bay was started. The creeks s tud ied  are the w estern creek and the eastern  creek 
(F igure  1). In the w este rn  creek the  river K idogow eni d ischarges , p ro d u c in g  a 
g ra d ie n t  from fresh w ater over the creek. The eastern  creek is no t in fluenced  by 
fresh  w ater  streams. The aim  of the s tu d y  was to get m ore ins ight in to  the species 
co m p o s i t io n ,  d is tr ib u tio n  p a t te rn s  a n d  b iom ass  of the  d o m in a n t  seag rass  and  

m acro-a lgae  com m unities of the tw o creeks.

3.2.1.2. Materials and Methods

The su rvey  took place from  Septem ber until December 1991 and  w as o rgan ized  in 
such  a w ay  tha t at the sam e time data  could be collected for the desc rip tion  of the 
d is tr ib u tio n  as well as of the  b iom ass  of the vegetation of seagrasses an d  m acro­
algae.

For these  p u rp o ses ,  an a d a p te d  line in tercep t m ethod  (O rth  & M oore, 1985) was 
used . A t fixed intervals transects w ere  m ade  perpend icu lar  to the creek. Along the 
transect, each 5 m  a quadra te  (area 0.04 m 2) was placed on the bo ttom  an d  the above 
g ro u n d  p a rts  of the vegeta tion  w ith in  the q uad ra te  w as sam p led  by h a n d  using 
sn o rk e ll in g  gear. At each sam p lin g  site the com position  of the se d im e n t  was 
desc ribed . In the eastern  creek, transects  w ere  m ad e  at 50 m  in tervals . In the 
w este rn  creek transects were at 100 m  intervals. The com position  of the  vegetation 
w ith in  a quad ra te  was considered representative for an area of approx im ate ly  5 by 50
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m etres  in the eastern creek and  5 by 100 metres in the w este rn  creek, w hich are the 
sm allest units  of the grid cells of the GIS maps.

In the labora tory  sam ples w ere  split into the various species. The fo llow ing keys 
w ere  used  for the identification: M oorjani & Sim pson (1988), Jaasunel (1976) and  
D en H a r to g  (1970). The n u m b e r  of shoo ts  and  leaves of the seag rasses  were  
counted . The d ry  weight of the above g round  parts  of the vegetation w as  used  as a 
b iom ass  m easure . The dry  w eigh t of the sam ples was d e te rm ined  by w eigh ing  the 
subsam ples  after being dried  to a constant weight at 70 °C.

A c luster analysis  (tw inspan) w as used  to d is tingu ish  the several vegeta tion  types 
us in g  species com position  an d  abundance . A b o veground  b iom ass  w as  used  as a 
m easu re  for the abundance  of the species.

The d a ta  w e re  collected in such  a w ay  tha t they co u ld  be a n a ly se d  w ith  a 
G eographica l Inform ation System (GIS) com puter model. This p ro g ram m e  (IDRISI) 
w as  used  to calculate the total b iom ass of the vegetation. Fur therm ore  it w as used 
to visualize  the d istribution of the vegetation types w ithin  the creeks. As a base for 
the GIS m ap of the eastern creek Figure 2a was used. Processing using GIS produced  
a schem atic  m ap  show n in Figure 2b. As a base for the GIS m ap  of the Figure 3a was 
used. Processing using GIS p roduced  a schematic m ap show n  in Figure 3b.

3.2,1.3. Results and discussion

T he sam p led  area  of the easte rn  creek is abou t 2.7 ha. It consists  of tw o m ain 
ch an n e ls  w h ich  are locally connec ted , th u s  fo rm ing  is lan d s  in -be tw een . The 
ch an n e ls  are  ra th e r  small (m ean  w id th  app rox im a te ly  18 m) a n d  therefore  the 
influence of shad ing  by the m angrove  trees is relatively s trong. The m ean  dep th  is 
approx im ate ly  1.2 m at spring  tide low  water; the m axim um  d ep th  is approxim ate ly  
3 m. The entire area of the creek w hich has been stud ied  is s itua ted  in the subtidal 
zone: apart  from  some large coral blocks at the end of the w este rn  channel, no area 
is exposed  to air d u r in g  low  tide. The com position  of the su b s tra te  varies from 
stone (coral blocks) to silt. Silt was always found at the sheltered sites of the creek.

The w estern  creek differs in som e ways from the eastern creek. The creek is fed by a 
sm all r iver w h ich  results  in salinity  an d  nu tr ien t  g rad ien ts . Also the d im ensions 
differ. The total area of the s tud ied  pa r t  of the creek is 18 ha w hich  is a lm ost seven 
times bigger than  the eastern creek. The m ain  part of the creek is also m uch  wider. 
The m e an  w id th  is a p p ro x im a te ly  92 m. The in fluence  of s h a d in g  by  the
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su rro u n d in g  trees of the m angrove  forest is therefore relatively small in this creek. 
The w este rn  creek is also m uch  deeper: 1.9 m  deep  at sp r in g  tide low  water. An 
extensive  san d b a n k  near the beach of the f isherm en is exposed  to the air at low 
water: no vegeta tion  was found  at this site. The substra te  consists m ain ly  of sand. 
Very rarely a coral block or a small area w ith  a silt bottom  can be found.

As sh o w n  in Table 1, the species com position  of the eastern  creek differs greatly  
from  that of the w estern creek. The vegetation of the eastern  creek is m ore diverse. 
A p a r t  from  a few seagrass species in com m on (Cymodocea rotundata,  Cymodocea  
serrulata,  Halodule uninervis  and  Thalassia hemprichii), in the w este rn  creek some 
p io n e e rs  w e re  fo u n d  w h ich  lack in the eas te rn  c reek  (Halophila ovalis  and  
Halophi la  st ipulacea) .  The e a s te rn  c reek , in c o n tra s t ,  is d o m in a te d  by 
Thalassodendron ciliatum an d  occasionally  by Enhalus acoroides. T. ciliatum often 
contains  ep iphy tic  macro-algae such as Gracilaria corticata and  Dictyota spec. In the 
eas te rn  creek also more epily thic  algae w ere  found  (such as Sargassum spec, and  
Hormophysa triquetra). The d om inan t algae are listed in Table 1.

Table 1. Species composition of the creeks.

Species W. Creek E. Creek

Macro-algae: 

Acanthophora specif er a +

Amphiroa fragilissima +
Avrainvi l lea  spec. +
Caulerpa racemosa + +

Caulerpa scalpelliformis +
Caulerpa sertularioides + +

Chaetomorpha crassa +

Cystoseira myrica +

Dictyota spec. +
Gracilaria corticata +

Gracilaria foliifera +
Gracilaria millardeti +
Gracilaria salicornia +

Halimeda macroloba +
Halimeda opuntia +
Hypnea cornuta +
Janea adherens +

37



Species W. Creek E. Creek

Padina boreana +
Sargassum spec. 1 +
Sargassum spec. 2 
Seagrasses:

+

Cymodocea rotundata + +
Cymodocea serrulata + +
Enhalus acoroides +
Halodule uninerv is +
Halophila ovalis +
Halophila stipulacea +
Thalassia hemprichii + +
Thalassodendron cil iatum +

The m u ltiva ria te  analysis technique (tw inspan) resu lted  in eight vegeta tion  types 
(ap p e n d ix  Table 2). This p ro g ram m e  form s g ro u p s  of sam ples  b ased  on their 
s im ilarity  us ing  presence or species absence, and  abundance  (aboveground  biomass). 
In the following, a description of the vegetation types in the eastern  creek is given, 
based  on the tw inspan  analysis.

G r o u p  1

Species:
Gracilaria salicornia 
Acanthophora specif  er a 
Cystoseira myrica 
Padina boreana 
Hormophysa triquetra 
Ulva cf lactuca 
Dictyota spec.

G ro u p  1 consists  only of algae. The presence of G. salicornia and  the absence of 
Sargassum  species is characteristic for this vegetation type. A part from  G. salicornia 
o th e r  ep ily th ic  algae are found: P. boreana, H. triquetra, U. cf lactuca. All species 
w ere  found  on coral blocks.
C. myrica a n d  D. spec, are epiphytes and  were found on H. triquetra.
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G r o u p  2

Species:
Gracilaria salicornia 
Sargassum spec. I 
Sargassum spec. 2 
Caulerpa racemosa 
Chaetomorpha crassa 
Dictyota spec.

Hypnea cornuta 
Halimeda opuntia  
Cymodocea serrulata

The characteris tic  species of this g ro u p  is Sargassum spec. 1. This g ro u p  is closely 

re la ted  to the form er group and  is m ost frequently  found on coral blocks. O nly  once 
a seagrass is found  (C. serrulata) du e  to the fact that a quadra te  that w as p laced  at the 
edge of a coral block. By the presence of Sargassum spec. 1 this sam ple is p laced into 
this g roup .

G r o u p  3

Species:
Gracilaria salicornia 
Sargassum spec. I 
Acanthophora specif  er a 
Hormophysa triquetra 
Chaetomorpha crassa 
Cystoseira myrica 
Dictyota spec.
Hypnea cornuta 
Amphiroa fragil issima  
Gracilaria corticata 
Halimeda opuntia  
Cymodocea serrulata 
Halodule uninerv is  
Cymodocea rotundata
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The g ro u p  is characterized by the occurrence of the m en tioned  seagrass  species in 
co m bina tion  w ith  epiphytes. W hen  coral blocks are presen t, also ep ily th ic  algae 
w ere  found. The epiphytic algae were m ostly  found  on the epilythic algae.

G r o u p  4 

Species:
Gracilaria salicornia 
Sargassum spec. I 

Sargassum spec. 2 
Acanthophora specifera 
Chaetomorpha crassa 
Cystoseira myrica 
Dictyota spec.
Hypnea cornuta 
Amphiroa  fragil issima  
Gracilaria corticata 
Gracilaria foliifera 
Gracilaria millardetii 
Janea adherens

This g ro u p  consists of epilythic algae in com bination w ith  epiphytes. Characteristic 
species  are  D. spec, and G. corticata. This g ro u p  is d is tinct from  g ro u p  5 by the 
absence of the seagrass T. ciliatum.

G r o u p  5

Species:
Gracilaria salicornia 
Acanthophora specifera 
Hormophysa triquetra 
Chaetomorpha crassa 
Dictyota spec.
Hypnea cornuta  
Amphiroa  fragil issima  
Gracilaria corticata 
Halodule  uninerv is  
Thalassodendron ciliatum
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This g ro u p  is based  on the occurrence of T. ciliatum in com bina tion  w ith  one or 
s e v e ra l  e p ip h y t ic  algae (m ain ly  D. spec. H. cornuta, A.  fragilísima a n d / o r  G. 
corticata). O nly  on two occasions epilythic algae were found  (H . triquetra).
The p lan t species of this g roup  cover the largest area of the creek. The substra te  is 
m a in ly  sand , bu t even on rocky bottom s w ith  just a thin layer of san d  T. ciliatum 
w as  found . The vegetation  type  w as often found  in the m idd le  of the  channel 
(Figure 4).
A h ig h  biom ass of epiphytic  algae w as found; D. spec, an d  G. corticata fo rm ing  the 
h ig h es t  biomass.
The h ighest biomass of epiphytic  algae was found  on the s tem s of T. ciliatum.

G r o u p  6

Species:
Thalassodendron ciliatum 
Cymodocea serrulata 

Halodule  uninervis  
Caulerpa sertularioides 
Cymodocea rotundata 
Enhalus acoroides

In th is  g ro u p  m ain ly  seagrass  species w ith o u t  ep ip h y tes  occur. O n ly  on  one 
occasion an algal species w as found  (C. sertularioides). The presence of T. ciliatum 
w ith o u t  epiphytic  algae is characteristic for this group.

G r o u p  7

Species:
Halimeda opuntia  
Cymodocea serrulata 
Halodule  uninerv is

This g roup  is very  similar to g roup  6. It differs by the absence of T. ciliatum. Only a 
few  species, m a in ly  seagrasses, occur in this cluster. The d o m in a n t  species is C. 
serrulata.
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G r o u p  8

Species:
Cymodocea serrulata 
Halodule un inervis  
Cymodocea rotundata 
Enhalus acoroides 
Thalassia hemprichii

This vege ta tion  is clearly d o m in a te d  by E. acoroides w hich  w as  m os tly  found  in 

she lte red  reg ions of the creek. As kno w n  from  the l i te ra tu re  (Den H artog , 1970) 
only  a few species occur in com bination  w ith  E. acoroides.

The d is tr ib u tio n  of the various vegeta tion  types in the eas te rn  creek is sho w n  in 
F igure 4. N o clear d istribution  p a tte rn  can be seen. It is a m ozaic  pa tte rn  of plant 
species. There  seems to be a tendency, how ever, to find  m ore  m acro-a lgae  land 
in w a rd  tow ards  the end of the creek, probably  caused by lack of light d u e  to shading 
by  the s u r ro u n d in g  trees. The d is tr ib u t io n  pa tte rn  is also in f lu en c ed  by the 
sed im en t com position. It is obvious that strictly epilythic algae only occur on coral 
blocks or ha rd  substrates  in troduced  by man. Most seagrasses need  a m ore  or less 
s an d y  substrate . In the field it seem ed that T. ciliatum can g row  on jus t a thin layer 
of coarse sand. E. acoroides w as m ainly  found  on silt. The vegeta tion  type  w ith  T. 
ciliatum and  attached epiphytes (cluster 5) dom inates  the eastern  creek: c luster 5 has 
an  area of 9819 m 2 which is 35.6 % of the total area (Table 3).

Table 3. Area covered by the vegetation types in the eastern creek.

C luster 0 represents  the g roup  of sam ples w ithout a vegetation.

Cluster 0 1 2 3 4 5 6 7 8 total

area

m 2 4519 1192 2467 1359 1781 9819 1284 1538 3600 27559

% 16.4 4.3 8.9 4.9 6.5 35.6 4.7 5.6 13.1 100

The biom ass of the vegetation in the eastern creek
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T. ciliatum has the h ighest aboveg round  biom ass in the eastern  creek (Table 4). As 
cluster 5 dom inates  the eastern creek (Table 3), it can be concluded  that T. ciliatum is 
the single m ost ab u n d an t  species. E. acoroides w ith in  its vegeta tion  g ro u p  show s a 
h igh  b iom ass also. Together w ith  T. ciliatum, E. acoroides form s the m ajor part of 
the seagrass vegetation.
O f the m acro-algae, G. corticata show s the highest b iom ass. Like D. spec., it was 
fo u n d  a ttached  to T. ciliatum.

Table 4. Aboveground biomass (g DW m'2) of the vegetation in the eastern creek.

V egeta tion  type: 1 2 3 4 5 6 7 8 total
Percent of total area: 4.3 8.9 4.9 6.5 35.6 4.7 5.6 13.1 840
Gracilaria salicornia 107 23 2 24 8
Sargassum spec 1. 200 22 51 22

Sargassum spec 2. 31 44 6
Caulerpa racemosa 0
Padina boreana 15 1
Ulva cf lactuca 0
Acanthophora specifera 3 4 0

Hormophysa triquetra 43 16 9 6
Chaetomorpha crassa 1 0
Cystoseira myrica 3 0
Dictyota spec. 16 4 52 30 16
Hypnea cornuta 1 44 3 4

Amphiroa fragilísima 17 1

Cracilaria corticata 30 12 64 25
Gracilaria foliifera 2 0
Gracilaria millardeti 2 0
Ganea adheren 0

Thalassodendron cilatum 647 647 261

Halimeda opuntia 2 77 220 16
Cymodocea serrulata 4 45 13 76 4 8

Halodule uninervis 2 1 8 1
Cymodocea rotundata 4 16 4 1
Caulerpa sertularioides 5 0
Enhalus acoroides 29 200 28
Thalassia hemprichii 1 0
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The vegetat ion types  o f  the western creek

The d is tinc tion  of the vegeta tion  in the w este rn  creek is m ain ly  b a sed  on the 
occurrence of seagrasses. In the following, a descrip tion  of the various  vegetation 
types as indicated by tw inspan analysis (appendix  Table 5) is presented.

G r o u p  1

Species:
Halophila ovalis 

G r o u p  2 

Species:
Thalassia hemprichii  
Cymodocea rotundata

The characteristic species of this g ro u p  is T. hemprichii.

G r o u p  3 

Species:
Halophila stipulacea 
Halodule uninerv is  
Caulerpa sertularioides 
Cymodocea rotundata

In com parison  w ith  the other groups, a lot of sam ples belong to this cluster.

G r o u p  4

Species:
Cymodocea rotundata  
Cymodocea serrulata

This g ro u p  is characterized by the occurrence of both C. rotundata and  C. serrulata.
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G r o u p  5

Species:
Cymodocea serrulata 

G r o u p  6 

Species:
Caulerpa scalpelliformes 
Avrainvi l lea  spec.
Halimeda macroloba

In this cluster only macro-algae occur.

F igure  5. show s the distribu tion  of the vegetation types in the w este rn  creek. The 
b lank parts  of the m ap  indicate that no vegetation  was found. In contrast w ith  the 
eastern  creek, the biggest part of the w estern  creek is w ithou t a vegetation (nearly 82 
% of the  sam p led  area, Table 6). The vegeta tion  type w ith  H. stipulacea and  C. 
rotundata covers the largest area. No distinct pattern  of d is tribu tion  is recognizable 
except the fact tha t no vegetation w as found  in the m iddle  of the creek. There are 
two possible reasons for that: the w ater curren t is too high  or the p lan ts  suffer from 
a lack of suffic ien t light because  of the  w a te r  d ep th  a n d  the tu rb id i ty  of the 
waterlayer. In the field, a lot of sed im ent transport  by the w atercu rren t w as  noticed. 
Fu r ther research  will be needed  to s tu d y  the limiting factors of p lan t g ro w th  in the 
W est creek.

Table 6. Area covered by the vegetation in the western creek.

Cluster 0 1 2 3 4 5 6 total

Area
m 2 151483 3276 2164 20695 1450 3678 2498 185244

% 81.8 1.8 1.2 11.2 0.8 2.0 1.3 100

The biomass o f  the vegetation in the western creek

The total b iom ass  of the vegetation  in the w estern  creek is very small. Locally T. 
hemprichii  is sh o w in g  the h ighest  b iom ass  locally, b u t  over the w ho le  area  C. 
rotundata is the dom inan t species.
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Table 7. The aboveground biomass (g dry weight m'2) of the vegetation of the western creek.

/

/

/ I  

/

/
/

Concluding remarks

The v ege ta tion  of the eastern  creek is be tter d eve loped  than  tha t of the  w este rn  
creek. The vegetation is m ore diverse, the vegetation is m ore a b u n d a n t  and  has a 
h igher  biomass.

The vegeta tion  in the eastern creek is d o m ina ted  by T. ciliatum w ith  ep iphy tes  like 
G. corticata, Dictyota spec, and  A. fragilissima. It is likely that there is a correlation 
b e tw ee n  the sed im en t com position  an d  the vegetation. W hethe r  this re la tion  is 
d irec t or indirect is difficult to say. O ther factors (like w ater  curren t or w ave  action) 
interfere. In the eastern creek the availability of light seems to limit the vegetation. 
In the d eep es t  p a r t  of this creek a n d  in very heavily  sh ad ed  areas, no seagrasses 
occur a n d  only  a few species of m acro-algae w ere found. The veg e ta t io n  in the 
w este rn  creek is probably  lim ited by several factors. The presence of p ioneers  (H. 
oval is ,  H. st ipulacea) po in t in the d irec tion  of instability . D ue to h ig h  w a te r  
cu rren ts  sed im en ts  will be tran sp o rted  fo rm ing  an u n favourab le  s i tua tion  for the 
sett lem ent an d  establishm ent of plants. Due to the h igh curren ts  sed im en t particles 
will cause a h igh  turbidity  lim iting the vertical d is tribu tion  of the plants. Also the 
p resence  of the fresh w ater s tream  can play an  im portan t role, as n u tr ien t  and  salt 
g rad ien ts  can form a chemical barrier for p lant species.

V egeta tion  type: 1 2 3 4 5 6 total
Percent of total area 1.8 1.2 11.2 0.8 2.0 1.3 18
Avrainvil lea spec. 2 0
Caulerpa scalpelliformes 2 0
Halimeda macroloba 2 0
Haluphila stipulacea 3 0
Halodule uninervis 0
Caulerpa sertularioides 0
Thalassia hemprichii 33 8 1
Cymodocea rotundata 2 14 1 2
Cymodocea serrulata 2 1 19 1
Halophila ovalis_ 3 0
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Appendix table 1. The vegetation of the eastern creek.
Output of twinspan. The sam ples, listed horizontal, and the species, listed vertical, are 
separated with numbers (0 and 1). The sam ples with the sam e code (within a line) are 
similar.

gra sal: Gracilaria corticata; sar sp1: Sargassum  spec. 1; sar sp2: Sargassum  spec. 2; 
cau rac: Caulerpa racem osa; pad bor: Padina boreana\ ulv Iac: Ulva c f lactuca-, aca  
spe: Acantophora specifera] hor tri: Horm ophysa triquetra; cha era: Chaetom orpha  
crassa ; cys myr: Cystoseira m yrica ; dic spe: Dictyota  spec.; hyp cor: Hypnea cornuta ; 
amp fra: Amphiroa fragilissim a; gra cor: Gracilaria corticata; gra fol: Gracilaria fo liife ra ; 
gra mil: Gracilaria millardetr, jan adh; Janea adherens-, tha cil: Thalassodendron  
cilia tum ; hal opu: Halimeda opuntia', cym ser: Cymodocea serrulata-, hal uni: Halodule  
uninervis-, cym rot: Cymodocea rotundata-, cau ser: Caulerpa sertularioides-, enh aco: 
Enhalus acoroides-, tha hem: Thalassia hemprichii.

3 4 1 2 3 4 7 1 7  4 244486  21562668  627 2 2 3 3 3 3 3 4 4
87 2 2 7 0 4 9 0 4 6 5 1 8 0  67 4091992  07177 4 52 2 3 4 4 9 2 3 5 6 8 3 8

17 g r a s a l 3 3 5 3 3 3 3 - 3 3 3 3 -------------------------1 2 ------------------------- 4 ------------------------------------------

2 2 s a r l s g --------------------- 3 4 3 3 3 5 4 4 5 4 4 3 - 1 1 - - 3 - - - 3 4 1 3 ---------------------------------------

23 s a r n v t ------------ 5 3 ---------------------------------4 4 ------------------------------
13 d i p b o r --------1 - 3 ------------------------------------------------------------------------------------------------------------------------------

24 u l v I a c - 1 ------------------------------------------------------------------------------------------------------------------------------------------

28 c a u r a c 11111111111111111111111111111111111<—
1 1 1 1 1CM111

7 a c a s p e 1 1 tv
) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I—
* 1 1 1 1 tv
) 1 1 1 H
* 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1

19 h o r t r i - 5 ------------------------------------------------------------------------3 --------------------------------------------------------------

1 0 c h a e r a ---------------------------- ----------------------------- ! --------- ! ------------- 1 2 - 1 - -
1 1 c y s myr ---------- 1 ----------------------- 1 ----------- 1 ------- 2 ---------------------------------------

2 0 hyp c o r ---------------------- 2 ----------------1 --------- 1 - 1 - 1 1 1 - 4 3 2 3 2 - 2 1 - 3 ----------1
1 2 d i c s p e ---- 1 ----------4 ------- 1 ----- 2 - 1 - 1 - 2 3 3 4 2 3 2 - - 2 3 3 4 3 2 3 - 2 - -

8 amp f r a ------------------------------------ 4 --------- 5 1 - 1 - - 3  2 2 2 1 1 1 - 2 - 1 1 2
14 g r a c o r -------------------------------------- 1 3 - 3 2 1 3 - 2 2 1 3 3 4 2 1 3  3 3 3 - 2 1 3
15 g r a f o l ------------------------------------------------------- 2 ---------------------------
16 g r a m i l ------------------------------------------------------- 2 ---------------------------
2 1 }an a d h ------------------------------------------------ 1X---------------------------------

6 t h a c i l ------------------------------------------------------------- 5 5 5 5 5 5 5 5 5 5 4 5
18 h a l opu ---------------------------------- 2 - - 3 5 3 3 ------------------------------------

2 cym s e r 1 1 1 1 1 1 1 O
J 1 1 1 1 1 I 1 1 1 1 1 O
J

O
J 1 O
J

O
J 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

4 h a l u n i ------------------------------------------ 4 2 -------------------------------- 2 - -
1 cym r o t ---------------------------------------------- 2 ----------------------------------------
9 c a u f i l
3 e n h a c o ----------------------------------------------------- 5 --------------------------------------
5 t h a hem

00000000000000000000000000000000000000000000
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1
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4 4 5 5 5 5 6 6 7 7  77 888888113 82 775 57 831664  99169155112  3 52 
8 92 3 68690138012  3 5878163 67105943  3 5110 582 645142 97 65

------------------------------------1 ----------------------------------------------------- 5 -

- _ 1 -------
 5 - 2
1 - - - 1 - -

1 3 -------1 ----------- 1 -------m --------------------------------------------------- !_
- 2 - 1 3 2 3 3 - 3 2 - 3 4 1 3 2 1 1 - - 1 1 --------------------------------------------------
2 1 2 1 - 2 -------- 1 1 1 1 3 1 1 3----- 1 1 ------------------------------------------------
3 3 2 1 - 1 2 2 - - -3113 2 5 - 5 4  5 4 1 --------------------------------------------------

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 2 4 - - 3 2 2 5 3 --------------------------------------
 ------------------------------------------------------------- 3 5 --------------------------------
------------------------------------------------- 2 2 2 3 2 3 3 4 3 3 ------------------------
----------------------------------------------------2  2 2 2 1 ------------------------- 3

 2 ------------------------------------------
----------------------------------------------------3 3 ----------4 5 5 5 5 4 4 43 33 33 5 3
 2

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1 1 1 1 1

00
0 1 0 0 0 0
0 1 0 0 0 0
0 1 0 0 0 1
0 1 0 0 0 1
0 1 0 0 0 1
0 1 0 0 1
0 1 0 1 0 0
010101
01011
0 1 1 0 0 0
0 1 1 00 1
0 1 1 0 1 0
0 1 1 0 1 0
0 1 1 0 1 1
0 1 1011
0 1 1 0 1 1
0111
100
1 0 1 0 0
10101
10110
10111
110
111
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Appendix table 2. The vegetation types of the West creek.
Ouput of twinspan. The samples (listed horizontal) and species (listed 
vertical) are separated with a number (0 and 1).

22 1412244 1333444443333 111222222311 113344
89196727122 3 402 3 403 45915676712 4013 45603558968897 8

10 avr spe ------------ ----- ---------------------------------- 2 1
9 cau sea -------------------- --------------- ----- ---------- 1
4 hal mac ------------------ ----- ---------------------------]___ 1
8 tha hem -----334------------------ --------------------------- 011
7 hal u m ...........---3----- 1-------------------------------- 011
6 hal sti -------- 1-122321112-221222------------------------- Oil
1 cau ser -------- 1 1 ------------------------------------------- Oil
2 cym rot ------2--- ...................................-132244114344422333---------------------- 010
5 hal ova 11222.......------------- ----------------------------------------------------------------------------- 00
3 cym ser --------------------- ----------------------------------------------------------------------22443133------- 00

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1  
0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  00 0 0 0 1 1 0 0 0 0 0 0

avr spe: Avrainvillea spec.; cau sea: Caulerpa scalpel!formis; hal mac: 
Halimeda macroloba; tha hem: Thalassia hemprichii; hal uni: Halodule uninerv­
is; hal sti: Halophila scipulacea; cau ser: Caulerpa sertularioides-, cym rot: 
Cymodocea rocundaca; hal ova: Halophila ovalis; cym ser: Cymodocea serrulata.
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Figure 1 : Detailed m ap of Gazi Bay w ith  the eastern creek (E) and  the western 
creek (W).
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A B

Figure 2 : (A) Detailed m ap  of the  eastern creek. Each line indicates the 
location of a transect. (B) GIS m a p  of the eastern creek. The lines indicate the 
border of cells with vegetation.
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A B
Figure 3: Detailed m ap of the w estern  creek. (B) GIS m ap  of the w estern creek. 
Each line indicates the location of a transect or the border of a cell with 
vegetation .
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Figure 4 : Distribution of the vegetation types of the eastern creek. Codes 1-8 
in the figure refer to groups 1-8 in the text.

54



Figure 5 : D istribution of the vegetation types of the western creek. C odes  1- 
in the figure refer to groups 1-8 in the text.

55



3.2.2. Epiphytic macro-algae on mangroves and seagrasses

E. C oppejans  and  collaborators.

L abo ra to ry  for P lan t M orphology, System atic  and  Ecology., U n ivers ity  of G hent, 
B elg ium .

3.2.2.I. The macro-algae from the mangrove

(M. Sc. thesis of De Schryver 1990)

A im s  o f  the s tudy

The m a in  objective  of this s tu d y  w as  to inven tarize  the  e p ip h y tic  m acroalga l 
v e g e ta t io n  (B os trych ie tum ) on  the p n e u m a to p h o re s  a n d  rh iz o p h o re s  of the 
m an g ro v e  as well as to look for the varia tion  of the B ostrychietum  a long  several 
en v iro n m en ta l  gradients. The m acroscopic vegetation s tu d y  w as do n e  on the spot, 
w h e rea s  iden tifica tions  w ere  carried  o u t  in the labora to ry  in G hen t.  Therefore  
sam ples  were collected and either pressed and dried  or pickled in 4 % formalin. The 
sam ples  are n o w  deposited  in the h e rb a riu m  of the U niversity  of G h e n t  (GENT); 
dup lica tes  are p resen t in the KMFRI.

Results  and Discussion

Seven  transec ts  w ere  m ad e  at r igh t ang les  on the coastline  a n d  a t increas ing  
d is tance  from  the open  sea. In total 367 p n eum atophores  w ere  collected. 36 algal 
species were  found: 14 Chlorophyta, 2 Phaeophyta  and  18 R hodophyta .
C h 1 o r o p h y t a : Boodleopsis pus i l la  (C ollins) T ay lo r ,  Caulerpa fas t ig ia ta  
M o n tag n e ,  Chaetomorpha crassa (C. A g ard h )  Kiitzing, C. cfr. gracilis K iitzing, C. 
m i n i m a  C o llins  & H ervey , C. sp., Cladophora patent iramea  f. l o n g ia r t i c u la ta  
R e inbo ld , C. sp. (dw arf  form), Enteromorpha clathrata (Roth) J. A g a rd h ,  E. kylinii 
B lid ing , E. multiramosa Bliding, E. ramulosa (J.E. Sm ith) H o o k er ,  R h izo c lo n iu m  
africanum  K iitzing, Ulvaria oxysperma (Kiitzing) Bliding.
P h a e o p h y t a :  Dictyota adnata Zanard in i, Ectocarpaceae (sterile). 
R h o d o p h y t a  -.Bostrychia radicans  M o n tag n e , B. tenella (Vahl) J. A g a rd h , 
Caloglossa leprieurii (M ontagne) ]. A g a rd h ,  Catenella caespitosa (W ith e rin g )  L. 
Irv ine , Ceramium maryae W eber van  Bosse, Gelidiella myriocladia  (B orgesen) 
F e ld m an n  & H am el, Gracilaria cfr. salicornia (C. A gardh) D aw son , Herposiphonia
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tenella f. secunda (C. A gardh) H ollenberg, f. tenella (C. A gardh) A m bronn , Hypnea  
valent iae  (T urner)  M on tagne , Laurencia perforata (Bory) M o n tag n e  (2 g ro w th  
fo rm s) , cfr. Lejolis ia,  Lophosiphonia reptabunda  (Suhr) K ylin , L. subadunca  
(K ü tz ing )  Fa lkenberg , Murrayella periclados (C. A gardh) Schm itz, Platys iphonia  
m in ia ta  (C. A gardh )  Borgesen, Polysiphonia scopulorum  H arvey , Stic tosiphonia  
tangatensis (Post) King & Puttock.
C y a n o p h y t a :  only the m acroscopic  Brachytrichia quoyi  (A g a rd h )  Bornet & 
F lahault has been included in this study.

Relative cover estimates for all species w ere  obtained for each vertical zone of 5 cm 
high. The resu lting  da ta-m atrix  com prises  1092 relevés. The data  w ere  analyzed  
u s in g  TW IN SPA N , DCA and  CCA. In add ition  the s tand ing  crop of the epiphytes 
w as  s tu d ied  on five locations w ith  a dense cover.

The four red  algae, characterizing the Bostrychietum w o rld w id e  are also p resen t in 
the  m a n g ro v e  system  of G azi Bay. Bostrychia tenella, Catenella caespitosa and  
Caloglossa leprieurii  are the  three  m ost frequen t taxa. Murrayella  periclados, 
a n o th e r  charac te ris tic  species, w as  fo u n d  in all transec ts ,  th o u g h  w ith  low er 
abundanc ies .

Differences in em ersion period , resu lting  from  the increasing  d is tance to the open 
sea, are also reflected in floristic differences betw een the transects. Close to the open 
sea, the g reen  algal species of the genera  C h ae tom orpha  an d  E n te rom orpha  were 
f r e q u e n t ly  found ; coverage  h o w e v e r  w as  very  low. The g reen  a lga  Ulvaria  
oxysperma  w as exclusively found  in these transects w ith  a short em ersion  period.

A seco n d  g ra d ie n t  in em ers ion  p e r io d  w ith  increasing  d is tance  from  the tidal 
channel w as reflected in a s trong  decline of species d iversity  and  total cover. This 
w as  only  found  in the longer transects from the mixed s tands on the w este rn  bank.

Epiphytic  g row th  was generally  m axim al in the 5 - 1 5  cm zone (above the substrate). 
A bove an d  below  this zone a decline in cover was noted . This w as also found  in 
o th e r  m angrove  systems. The zone of m axim al cover tends to becom e low er on the 
p n e u m a to p h o re s  w ith  increasing  d is tance  from  the o p en  sea. Bostrychia tenella 
m o s t  clearly show s a zonation pattern . This species is characterized by its resistance 
to desiccation . H igh  covers  w ere  fo u n d  even  in the u p p e r  seg m e n ts  of the 
p n e u m a t o p h o r e s .  Catenella caespitosa  also sh o w s  a m a rk e d  re s is tan ce  to 
desiccation  though  less than Bostrychia tenella.

A strong  exposure  to direct sun ligh t is reflected in lower cover estimates. Especially 
a m o n g  the  red  algae this sc iaph ilous  charac te r is p ro m in en t .  The green  alga
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Ulvaria oxysperma  on the o ther h an d  was found  w ith  h ighest re la tive  covers in 
s trong ly  sun-exposed  areas. This phenom enon  was also observed  in o ther studies.

M ost species d id  not show  a preference for a certain m angrove  species except for 
Bostrychia tenella and  Ulvaria oxysperma.  The former species seem s to prefer hard  
su b s tra te s  like Rhizophora  an d  old  Sonneratia p n eu m ato p h o res .  It is absen t on 
y o u n g  an d  on d ead  Sonneratia  p n e u m a to p h o re s  w hich  are very  soft. Ulvaria  
oxysperma on the other hand seems to prefer these soft substrates.

Bostrychia tenella was absent on places w ith  a fine sedim ent, p robab ly  as a result of 
the very  high turbidity. This species how ever is very resistant to s trong  w ave action 
(and therefore also grows on surf exposed vertical, sh ad ed  rocky cliffs). Smaller red 
algae are m uch  less tolerant to w ave action. The m athem atical analysis show ed  the 
im p o r tan ce  of the distance to the op en  sea as a m ain  con tro lling  factor for the 
e p ip h y t ic  v e g e ta t io n .  Boodleopsis pusil la,  Dictyota adnata,  S t i c t y o s i p h o n i a  
tangatensis  an d  Bostrychia tenella seem  to prefer localities fu r ther  a w ay  from  the 
o p en  sea. Polysiphonia scopulorum  is an ind ica tor species for localities near the 
o p en  sea. The above m en tioned  green  algae were d is tinc tly  s ep a ra te d  from the 
o ther taxa in the ord ination  d iagram s.

H o w ev e r  it is im p o r tan t  to no te  tha t ou r data  are less su ited  for o rd in a tio n  and  
T W IN SPA N  analysis due  to the s trong  heterogeneity  in cover estim ates, d iversity  
a n d  to the com plexity  of env ironm enta l factors in the m angrove  ecosystem.

The d isco v e ry  of Dictyota adnata in the  m an g ro v e  is b io g e o g ra p h ica l ly  very  
in teresting : the species has been  described  from  Indonesia  in 1878 a n d  recorded  
there again  in 1926 and  in 1984 (by ourselves). The presence of D. adnata a long the 
K enyan  coast results  in a disjunct d is tribu tion , bo th  know n  g row th  places being at 
the eas tern  an d  w estern  end of the Indian  Ocean.

W ith  respect to the biomass, the largest DM -values were found  at Gazi Beach (352 
g / m 2. The negative  influence of su n -ex p o su re  on ep iphy tic  g ro w th  w as  clearly 
reflected in a low er biomass (dow n to 0 g / m 2). Biomass w as com parab le  on both 
Avicenn ia  and  Sonneratia  p n e u m a to p h o re s  (if their total surface w as  taken  into 
account). A distinct trend  em erged  from the analysis of the vertical d is tr ibu tion  of 
the biomass. Largest b iom ass levels w ere  found  in the zone be tw een  5 a n d  15 cm 
above  substra te .  Above this zone  b iom ass  declined  g radua lly , b e lo w  this zone 
b iom ass  levels were  also m uch  lower. Especially in s tations w ith  a fine sed im ent 
the  la tte r  w as  very m arked . This again  show s the negative  in fluence  of h igh 
tu rb id ity  on epiphytic  growth.
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3.2.2.2. The epiphytic macro-algae on seagrasses

(M.Sc. thesis of De Wit, 1988)

A im s  o f  the s tudy

T he  e p ip h y t ic  a lgal c o m p o n e n t  on sea g ra sse s  has  o n ly  b een  s tu d ie d  on 
Thalassodendron ciliatum because this species forms ex tended  m ead o w s  in the vast 
sublittoral area of Gazi Bay.

M aterial and Methods

A  series of u p r ig h t  shoots of Thalassodendron was collected  an d  pick led . In the 
labora to ry  each p lant was su b d iv id ed  in several zones: the s tem s in zones of 5 cm 
length , s tar ting  from the leaves, the leaves in 3 zones: a basal, an in te rm edia te  and  
an  apical part. M oreover, u p p e r  an d  low er surface of the leaves w ere  considered  
sep a ra te ly  an d  a d is tinction w as m ade  betw een  the o lder (outer) and  the younger 
(inner) leaves. The analysis resu lted  in 214 relevés and  23 algal species.

Results and Discussion

E piphytic  algal species from  the releves: it is im portan t to stress tha t som e of the 
rem arkab le  larger ep iphy tes  (Dictyota, Dictyopteris) do not a p p ea r  on the random ly  
collected plants.
C h l o r o p h y t a :  Cladophora cfr. nitida Kiitzing, C. patentiramea f. longiarticulata  
R einbold , Boodleopsis pusilla (Collins) Taylor.
P h a e o p h y t a : Giffordia rallsiae (V ickers) Taylor, G. turbinariae  J a a s u n d ,  
Sphacelaria furcigera Kiitzing.
R h o d  o p h y t a : Centroceras  c la v u la tu m  (A g a rd h )  M o n ta g n e ,  C e r a m i u m  
camouii D aw son , C. codii (R ichards) M azoyer, Griffithsia sp., Spyridia filamentosa 
(W u lfen )  H a rv e y ,  Herposiphonia secunda  (A g a rd h )  A m b ro n n ,  M u r r a y e l l a  
periclados (A gardh) Schmitz, Polysiphonia crassicollis Borgesen, Gracilaria corticata 
A g a rd h ,  Gracilaria edulis (G m elin) Silva, Gracilaria salicornia (A g a rd h )  D aw so n , 
Champia parvula (A gardh) H arvey , small encrusting  Corallinaceae.

T W IN S PA N  analysis  m akes a well m a rk ed  difference b e tw een  the pho toph ilic  
co m m u n ity  on the leaves a n d  the sciaphilic com m unity  on the stems; bu t no clear
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difference is m ad e  betw een old an d  young  leaves, old and  y oung  parts  of a single 
leaf, u p p e r  a n d  lower surface of a leaf.

It is clear that this is only a first approach  of a s tudy  of the ep iphytic  vegetation  on 
seagrasses; m ore detailed s tudies could lead to m ore subtle conclusions.

3.2.2.3. Microphytobenthos

(M. Sc. thesis Van Zele, 1992)

Aim s o f the study

The m ic ro p h y to b en th ic  co m m u n itie s  of in te rtida l zones  in tropica l reg ions still 
rem ain  a lm ost uns tu d ied ,  a lthough  they m ost probable  have  an im p o r ta n t  role as 
p r im ary  p roducers  and  as food source for a large num ber of zoobenthic organisms.

In v iew  of such  a research a p re lim inary  inven tarisation  of the m icrophy toben th ic  
d ia to m s  has been  carried  o u t  in the m angrove , the seagrass  beds a n d  the tide 
channel (including  sand  banks) of Gazi Bay.

Material and M ethods

The m acroscop ic  vegeta tion  s tu d y  w as done  on the spot, w hereas  identifications 
were carried  o u t  in the laboratory  in Ghent. Therefore sam ples  w ere  collected and 
either p ressed  an d  dried  or pickled in 4 % formalin. The sam ples are n o w  deposited  
in the h e rb a riu m  of the U niversity  of G hen t (GENT); dup lica tes  are p resen t  in the 
KMFRI.

Sam pling  w as d o n e  in Sep tem ber 1991. From  each s ta tion  2 sam ples  w ere  taken 
from the u p p e r  1 cm. One w as used  for the identification and  coun ting  of dia tom s, 
the second  one for s ed im en t analysis (grainsize d is tribu tion) . T e m p e ra tu re  and  
cond u c tiv i ty  w ere  m e asu red  on the spot; salin ity  w as som etim es  d e te rm in e d  by 
refrac tom etry .

Iden tif ica tion  w as  d o n e  on  c leaned  m ateria l (H 2O 2) w ith  the he lp  of ligh t and  
scanning  electron microscopy.
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Resul ts  and Discussion

The rela tive  abundance  of the d ifferent taxa in each sam ple  w as de te rm ined . The 
re su lting  d a ta se t  was then p rocessed  w ith  the com pu te r  p ro g ram s  TW IN SPA N , a 
classification technique and  DCA, an o rd ina tion  technique.

A total of 279 taxa was found; 66 of these could only be identified up  to genus level. 
T he  id e n t i f ic a t io n  of these  taxa req u ire s  fu r th e r  m ic roscop ica l in v es t ig a t io n ,  
li te ra tu re  s tu d y  and  exam ination of type specimens. S um m ariz ing  w e can say that 
Gazi Bay has a rich and diversified intertidal d ia tom  flora.

The m ajority  (about 89 %) of the taxa belong to the Pennatae. From the 279 taxa, the 
m o st  a b u n d a n t  genera are: Mastogloia  (13 %), Navicula  (11.5 %), Nitzschia  (10 %), 
Am phora  (9 %) an d  Achnanthes  (6.5 %).

A m o n g  the Centricae (about 11 %) the m ost ab u n d an t  were: Coscinodiscus  (1.8 %), 
Aul iscus  (1.4 %), Biddulphia (1.4 %) and  Triceratium (1.4 %).

The m u lt iv a r ia te  analysis revealed  2 m ain  g ro u p s ,  c o r re sp o n d in g  w ith  the two 
rivers, the K idogow eni and  the M kurum uji. There is also a re lation w ith  salinity 
an d  the tex ture  of the sediment.

Future research

Because of the im portance  of the re la tionsh ips  be tw een  the benth ic  o rgan ism s of 
m an g ro v e  an d  seagrass  ecosystem s, em phasis  shou ld  be laid on the s tu d y  of the 
c o m p o si t io n ,  d is tr ib u tio n ,  b iom ass  an d  in te rre la t io n sh ip s  b e tw een  m ic ro p h y to ­
ben thos  an d  zoobenthos.
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3.3. PHYTOPLANKTON PRIMARY PRODUCTIVITY

O. A. W aw iye (Kenya M arine & Fisheries Institute, M ombasa, Kenya)

3.3.1. Objectives of the research

P h y to p lan k to n  in the oceanic env iro n m en t is the principal con tr ib u to r  of p rim ary  
e n e rg y  f low  as they are re sponsib le  for pelagic p r im ary  p ro d u c t io n .  P r im ary  
p ro d u c t io n  values can give us an indication of the fertility of the o p en  sea and  a 
ro u g h  estim ate  of its poten tia l on a fishery resource. H o w ev er  in the m angrove  
ecosystem  p r im ary  energy flow m ay be either from a detrita l source aris ing out of 
b re a k d o w n  of detrita l m atte r  p ro d u c e d  from  breakages of m angrove  a n d  seagrass 
p a rts ,  from  m acro-a lgae  or from  p h y to p lan k to n . This rep o r t  is an  a t te m p t  to 
q u a n t i fy  the p roduc tion  a t tr ib u tab le  to the p h y to p lan k to n  a n d  to d e te rm in e  its 
characteristics i.e. w hether it show s a seasonal trend or horizontal s tratification and 
w h a t  abiotic factors affect it. Two distinct w ind  patterns, the north -easter ly  w inds 
from  D ecem ber to A pril an d  the sou th -eas te r ly  w inds  from  M ay  to N o v em b er  

charac te rize  the east-African coast. The SE m onsoon  extends from  A pril  to June 
an d  the no rth -eas t  m onsoon  period  cover October and  N ovem ber. H ow ever, the 
precise tim ing an d  extent of the m onsoons varies considerably (Grove 1986). In this 
rep o r t  the t im ing  of the tw o m o n so o n  seasons and  the two in te rm o n so o n  have 
been  established on the basis of rainfall patterns. The p resen t s tu d y  covers period  
from  M arch 1990 to A ugust 1991.

P rev io u s  w o rk  done  in Gazi creek on ph y to p lan k to n  p ro d u c tiv i ty  d u r in g  period  
June  1986 to A pril 1989 fo u n d  the creek to have an average  p ro d u c t iv i ty  of 65 
m g C / m 3/ h r  w ith  the h ig h e s t  p ro d u c t iv i ty  in the m o n th  of O c to b e r  (113.54 
m g C / m 3/ h r )  a n d  the low est in D ecem ber 16.66 m g C / m 3/ h r  (de Souza , 1988). 
Abiotic pa ram ete rs  of tem pera tu re  and  salinity d id  not fluctuate m u ch  betw een  the 
s ta tions.

T he objective  of this resea rch  w as  to assess the m a g n i tu d e  of p h y to p la n k to n  
p r im ary  productiv ity  in the creek an d  the abiotic factors that affects its seasonality.
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3.3.2. Materials and methods

(a) Temperature

T e m p e ra tu re  w as d e te rm in ed  us ing  a m ercury  th e rm o m e te r  w h ich  w as left in 
w ater  for 3 min. before reading  taken.

(b) salinity

Salinity was m easured  using a refractometer. Water sam pled  for salinity was d raw n 
from  the same sam ple as that from which productiv ity  w ere  d raw n.

(c) transparency

T ransparency  was m onitored  using the secchi disc.

(d) rainfall

Rainfall da ta  w as obtained from  meteorological d ep ar tm en t M om basa  station.

(e) Production

In the p re sen t  s tu d y  p rim ary  p ro d u c tio n  m easurem en ts  w ere  carried  ou t twice a 
m on th  w henever  possible in Gazi along 3 stations s itua ted  at the m o u th  (station 1), 
head  (station 3) and  at a s ta tion  (station 2) roughly  in te rm ed ia te  b e tw een  the two 
fish lan d in g  points. P ro duc tiv ity  w as de te rm in ed  us ing  the W ink le r  m e th o d  of 
light and  dark  bottles and  calculated using procedure as outlined  by Daro (1986).

Replicate 125 ml BOD glass bottles were filled w ith w ater  collected us ing  a 12 litre 
capacity  N isk in  vertical sam pler. The bottles were then s u sp e n d e d  at the dep th  of 
collection of the w ater  sam ple  via help of a buoy  an d  sinker. D e p th  of bottle 
su sp en s io n  w as 0 m and  2 m. The da rk  bottles were  d a rk e n ed  us ing  scotch tape 
covered  over by a lu m in iu m  foil. The bottles were s u sp e n d e d  for 3 hrs. before 
rem oval and  fixation. P revention  of direct sunlight and  sca ttered  ligh t effects once 
bottles w ere  su sp en d ed  w as not done. A bout 15 min. w ere  taken later from  sample 
surfacing  using the N iskin  vertical sam pler to lowering of BOD bottles. BOD bottle 
surfacing  to fixing was im m ediate , never exceeding 3 min. D ura tion  of fixed storage 
w as up to  24 hrs. in dark  at room  tem perature . After acid ad d it io n  filtration was 
done  after period  of 30 min. b u t  never exceeding 2 hr.
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3.3.3. Results

Tem perature

The te m p e ra tu re  d id  not show  any m ark ed  varia tions  in the three  s ta tions  and  
hence the da ta  collected for the three s tations were pooled  together. The highest 
tem p era tu re  w as recorded in M arch 1990 (32.6 °C) while the lowest w as recorded  in 
July (26.1 °C), see Figure 2.

Salinity

Except for the SE m onsoon period  covering April 1991 - June 1991, salinity  d id  not 
fluctuate m uch  betw een the stations (Figure 1). H ow ever it could periodically  show  
m a rk e d  v a r ia t io n s  from  s ta t io n  to s ta t io n  a fter ra ins  w h e n  it co u ld  reduce  
c o n s id e ra b ly  in the in n e r  m a n g ro v e  s ta t io n  d u e  to in f lu en ce  of the  r ive r  
K idogow eni.  In s ta tion  1 at the m o u th  of the creek, the h ig h es t  sa lin ity  was 
reco rded  in M ay 1990 and December 1990 (37 %o) while the lowest was in M ay 1991 
(32 %o). In s ta tion  2 at the fish land ing  point, the h ighest salinity recorded  was in 
M ay 1990, Septem ber 1990, December 1990 and  February 1991 (37 %o), the lowest was 
in M ay 1991 (21 %o). In s tation 3 at the head  of the creek the h ighest salinity  was 
reco rd ed  in M ay 1990, Septem ber 1990 and  February  1991 (37 %o) w hile  the lowest 
w as  in July 1991 (14 %o)  on pooling  data  on salinity for the three stations together 
the h ighest salinity  was recorded  in M ay 1990, Septem ber 1990 and  Decem ber 1990 
(37 % o )  while the lowest w as recorded  d u r in g  the m onth  of M ay 1991 (23 %o) .

Transparency

M ean transparency  of w ater  w as high relative to d ep th  of w ater  co lum n in alm ost 
all recorded  cases the secchi disc was visible until it touched the bo ttom  or until the 
2 m  d e p th  w h e re  d e p th  ex ceed ed  2 m. S ta tion  3 h o w e v e r  h a d  a g rea te r  
concentra tion  of su sp en d ed  m ateria l than the other two stations.

Rainfall

Rainfall w as  m axim al in O ctober 1990 (186.5 m m ) an d  least in F ebruary  1991 (0.4 
m m ) (F igure  3). The tw o in te rm o n so o n s  w ere  re la tive ly  d ry  c o m p a re d  to the 
m o n s o o n s .
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Gross production

The d if fe ren ce  in the m ean  g ross  p ro d u c t io n  of the th ree  s ta t io n s  w as no t 
significant in an y  of the seasons (Figure 4, Table 2). On pooling  the da ta  on gross 
p ro duc tiv it ies  collected from the stations together to get an  average value  for the 
gross p ro duc tiv ity  of the creek, the h ighest co lum n gross p roductiv ity  was recorded 
d u r in g  the m o n th  of June 1990 (272.24 m g C / m 2/h r )  and  the low est in April 1990 
(28.01 m g  C / m 2/h r ) .  H ow ever the difference betw een the p roductiv it ies  of the 4 
seasons w as found  not to be statistically significant (F=l,51 Fo.os (l) 3.12 = 3.49).

N et production

The difference is the mean net p roduc tion  of the three stations w as no t statistically 
s ig n if ic an t  (F igure  4, Table 3) in any  of the seasons. P o o ling  the  da ta  on 
p ro duc tiv it ie s  of the three s tations to rep resen t creek net co lum n p ro duc tiv ity  the 
h ig h e s t  p ro d u c t iv i ty  w as reco rd ed  d u r in g  the m o n th  of June  1990 (97.46 mg 
C / m 2/h r )  w hile  the lowest was d u r in g  the m onth  of April 1990 (3.57 m g  C / m 2/h r ) .  
N o  significant differences w ere  found  be tw een  the m ean net p ro d u c tio n  m easured  
in the va rious  seasons.

Table 1. Mean seasonal values of productivity and abiotic variables at Gazi Creek.

Season Temp. 
(° C)

Sal
(%c)

Surface
GJ*.

m gC /m 2/hr

Bottom
G.P.

m gC /m 2/hr

Surface
NP

m g/m 2/hr

Bottom
NP
m gC /m 2/hr

rainfall
OTTI

Intermonsoon 

Season 1

July '90-Septem ber 

'90

26.4 36 94.35 79.43 31.28 21.54 31.6

North East monsoon, 

October '90-Dec. '90

30.1 36 89.32 65.91 33.95 32.19 130.8

Intermonsoon 

Season 2

January '91 - March
'91

30.7 35 64.64 57.45 39.32 14.27 18.7

South east monsoon 

April '91-June '91

29.3 30 35.53 69.23 15.22 20.07 -

Annual Average 2.91 34 70.96 68.02 29.94 22.02

66



Table 2. Mean column gross productivity (mgC/m2hr) for the three stations in the four seasons.

Seasons Column productivities (mgC/m2/hr)

Station 1 Station 2 Station 3 Average

productivity

Intermonsoon season 1 

July '90-September '90

F= 0.47 Fo.05(1) 2,8 = 4-46*

118.56 136.87 195.70 150.38

North East Monsoon 

October '90-December '90

F= 0.18 po.05(l) 2,8 = 4-46*

114.09 98.89 118.54 110.51

Intermonsoon Season 2 

January '91-June '91

F= 1.14. Fo.05(1), 2,9 = 4-26*

169.01 123.13 80.70 124.28

South East monsoon 

April '91-June '91

F=0.53 Fq.05(1) 2,7 = 4-74*

102.46 137.16 64.29 101.30

* Between stations F-values from ANOVA for specific seasons.
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Table 3. Mean column net productivity (mgC/m2/hr) for the three stations in the four seasons.

Seasons Column productivities (mgC/m2/hr)
Station 1 Station 2 Station 3 Average column  

productivity 

m g C/m2/hr

Intermonsoon season 1 

July '90-September '90

F= 0..50 Fo.05(1) 2,8 = I-46*

36.57 72.70 55.45 54.91

North East Monsoon 

October '90-December '90

F= 0.15 F0.05O) 2,8 = 4-46*

43.52 48.47 51.13 47.41

Intermonsoon Season 2 

January '91-June '91

F= 0.22. Fo.050), 2,9 = 4.26*

36.67 35.21 49.68 40.52

South East monsoon 

April '91-June '91

F=0.72 Fo.05(l) 2 , 7  = 4 .74*

43.33 36.21 12.73 30.76

* Between stations F-value from ANOVA for specific seasons

Table 4. Variation of temperature and salinity with season in the three stations.

Seasons
Station

Station 1 Station 2 Station 3
Temp.

(°C)
S alin ity

(%.)
Temp.

(°C)
S alin ity

(%o)
Temp.

<°C)
S alin ity

(%e)

Intermonsoon 

Season 1

July '90-September '90

26.2 36 26.3 36 26.7 35

North East Monsoon 

Oct '91-Dec '90 29.4 36 30.2 36 30.8 35

Intermonsoon 

Season 2

January '91-March '91

29.7 34 31.4 35 30.8 35

South-East monsoon 

April '91-June '91 28.4 34 29.5 30 29.5 28

Annual average 28.4 35 29.4 34 29.4 33
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3.3.4. D iscussion and Conclusion

Surface w a ter  tem perature  is generally de term ined  by the am o u n t of solar radiation 
s tr ik in g  the sea surface. (P.M.B. Bhattalthisi 1982). In Gazi creek, surface w ater 
te m p e ra tu re  w as lower d u r in g  the p e riod  charac terized  by so u th -eas te r ly  w inds  
re la tive  to north-easterly  w ind  characterized  periods due  to the h igher cloud cover 
a n d  relatively lower solar insolation found  d u ring  this period.

The low  value  of salinity d u r in g  the SE m onsoon  period  A pril 1991 - June 1991 in 
s ta t io n s  2 a n d  3 was due  to fresh w a ter  d ischarge  into the area  at the time of 
s am p l in g  caused  by the seasonal river K idogow eni after p rec ip ita tion . H ow ever 
this effect is usually  not pe rs is ten t bu t fluctuates w ith  the tidal pa ttern : salinity  
increases w ith high tide and decreases w ith  low  tide.

D ue to the shallowness of the creek, the secchi disc was in m any  cases visible up to  
bottom . Station 3 situated at the head  of the creek had  how ever relatively less clear 
w a te r  d u e  to a greater presence of su sp e n d e d  solids than either s tation 2 or 1. The 
h ig h  m ix ing  caused  by the tidal f lush ing  on the shallow  creek ensu res  that the 
p h y to p la n k to n  populations receives adequa te  sunlight for photosynthesis .

The d ifferences  betw een the average  p roductiv ities  of the three s ta tions  was not 
significant. The highest gross p roduc tiv ity  was recorded  d u r in g  the in te rm onsoon  
season  July  1990 - Septem ber 1990 characterized  by sou th -eas te rly  w in d s  (150 m g 
C / m 2/h r )  w hile  the lowest w as recorded  d u rin g  the SE m onsoon  period  April 1991 - 
June 1991 (101 m g C / m 2/h r) .  There w as som e indication of an  inverse  relationship 
b e tw een  p roductiv ity  and rainfall.

G ross  a n d  ne t p ro duc tiv it ies  w ere  no t very  m uch  affected  by the  above four 
s e a so n a l  d e m arca t io n s  bu t w ere  ra th e r  affected by the m o n th ly  p rec ip ita t io n  
p a t te rn s ,  the  p e r io d  of r is in g  ra in fa l l  c o r re sp o n d in g  to p e r io d s  of fa lling  
p ro d u c tiv i ty .  D uring  the ra iny  p e rio d s  the h igher than  u su a l c loud  cover an d  
increased  tu rb id ity  arising ou t of presence of su sp en d ed  solids from runoff of land 
a n d  rive r m ake  light the m o s t likely  lim iting  factor of p ro d u c t io n .  H o w ev er  
im m edia te ly  after the rains d ispersion  of the suspended  solids is effected by the high 
tidal flush ing  an d  light ceases to be the limiting factor. Increased nu tr ien t  inpu t in 
the creek after the effects of the runoff thus  results in increased p roduction . Station 
3 w i th  its g re a te r  n u tr ie n t  lo ad  do es  n o t  sh o w  a s ig n if ic an t  d iffe ren ce  in 
p ro d u c t iv i ty  from  station 1 as ligh t is the lim iting factor he re  d u e  to g reater 
p red o m in an ce  of suspended  solids w hereas  in the outer s tation 1, n u tr ien ts  m ay be 
the lim iting  factor.
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4 .  FATE OF ORGANIC MATTER AND NUTRIENTS

4.1 SECONDARY PRODUCERS

4.1.1. Zooplankton studies in a mangrove creek, system, Gazi

J. M. M w alum a, E. O kem w a and  M. K. Osore

K enya M arine  & Fisheries Research Institute, M ombasa, Kenya.

4.1.1.1. Objectives of the research

Z o o p lan k to n  play an im portan t role in the aquatic food chain  by acting as the link 
be tw een  p rim ary  producers an d  secondary  consumers. They form a vital link in the 
transfe r  of energy  from low er to h igher trophic  levels. A part  from  that, early life 
s tag es  of com m ercially  im p o r tan t  species of fish, c rustaceans  an d  m olluscs  start 
their life as Zooplankton. It is in this light, tha t a s tudy  was initiated w ith  the aim of 
f ind ing  ou t the role Zooplankton p lay in Gazi creek, a tropical m angrove  creek. The 
follow ing objectives were pu t forward:
1) To ex am in e  the species co m p o si t io n  of the Z ooplankton  c o m m u n ity  in the 

m an g ro v e  creek of Gazi
2) To estimate the abundance or biomass of the Zooplankton in the creek
3) To determ ine the spatial distribution and seasonal variation of Zooplankton in 

the creek
4) To measure hydrographic variables and relate them to Zooplankton distribution.

4.1.1.2. Materials and methods

T hree  sam p lin g  sites are located in the creek. Station one is located at the creek 
m o u th  (oceanic). Station tw o is the in te rm ed ia te  (mid-creek) an d  s ta tion  three is 
the in n e rm o st  pa r t  of the creek, w hich  has one seasonal river K idogow eni d ra in ing  
in to  it. S am p lin g  w as carried  ou t on an  average  of twice a m o n th  a lte rna ting  
be tw een  sp rin g  and  neap tide, d u r in g  high  tide. A 335 p m  m esh-size p lank ton  net 
w as  tow ed  in near surface w ater  for 5 m inu tes  using a rubber d inghy . Three tows 
w ere  d o n e  in each station each  lasting  for five m inutes. The v o lu m e  of w ater  
f low ing  th ro u g h  was m o n ito red  us ing  a flow m eter tied across the m o u th  of the 
net. The collected Zooplankton w as r in sed  into a plastic container, and  sam ples
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w ere  p re se rv ed  in 5 % fo rm aldehyde  for laboratory  analysis. At the  sam e time 
e n v iro n m e n ta l  variables: pH , salin ity , d isso lved  oxygen and  te m p e ra tu re  were 
taken  an d  recorded , transparency  w as de te rm ined  using a secchi disc. Lab-w ork 
in v o lv e d  so r t in g  o u t  the Z oop lank ton  in to  taxa an d  co u n tin g  u n d e r  the w ild 
H eerb rugg  M3C microscope.

4.1.1.3. Results 

Environm ental variables

M ax im u m  tem p e ra tu re s  w ere  reco rd ed  d u r in g  the p re -m o n so o n  p e riod , and  in 
M arch  tem peratu res  were as h igh as 32.3 °C. M in im um  tem pera tu res  recorded  was 
d u r in g  the  m o n so o n s  w ith  te m p e ra tu re s  of 25.5 °C in A ug u st .  U su a lly  the 
in n e rm o s t  creek (station 3) gave  h ig h e r  read ings  than  the o th e r  tw o  stations. 
M in im u m  tem peratu res  at any  given time w ere found in Station 1 (oceanic region) 
a n d  ran g ed  betw een  25 - 29 °C, this could be due  to the influence of the sea, keeping 
the  s ta t io n  m u c h  cooler th an  the  rest. T e m p e ra tu re  v a r ia t io n  b e tw e e n  the 
in te rm e d ia te  an d  the in n e rm o st creek w as  often low. This area  be in g  shallow  
a lw ays  h ad  a h igher tem pera tu re  than  station 1. T em pera ture  w as h igh  usually  in 
D ecem ber an d  January  and cooler d u r in g  the rainy season betw een A pril and  May.

D isso lved  oxygen readings varied  w ith in  the range of 3.87 a n d  6.90 m g/1 . H igh 
d isso lved  oxygen readings w ere  rep o r ted  in March, 6.90 m g/1 , b u t  w ere  low est in 
June, July and  January  a round  4.0 mg/1.

Salinity w as fairly constant at 35 %o, except for the rainy season A pril a n d  December 
w h en  salin ity  fell to a round  30 %o. At any  one time, salinity w as a lw ays h ighest at 
s ta tion  1 a n d  reduced  in the innerm ost p a r t  of the creek. This could  be d u e  to the 
influence of the oceans into the creek.

p H  w as w ith in  the range of 7.50 an d  8.63. The pH  was low d u r in g  the ra iny  season 
an d  h igher in the d ry  season.
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Biological features

A b o u t 40 d ifferen t taxa have  so far been recorded  in Gazi. M on th ly  average 
ab u n d an ce  varied  between 25 - 425 o rg a n is m s /m 3. C opepoda  were identified as the 
m o s t im p o r ta n t  g roup  fo rm ing  up to  92 % of total 300 p lan k to n  species. O ther 
im p o r ta n t  g ro u p s  inc luded  C hae tognaths , A m phipods , B ranchyuan  larvae Isopods 
an d  C um aceans.

The copepoda  g roup  com prised Calanoids, Cyclopoids and  Harpacticoids. The most 
d o m in a n t  taxa w as Pseudodiaptomus sp. and  Oithona spp. O th e r  calano ids  were 
Un d i n u l a ,  Tor tanus ,  Labidocera, Acrocalanus  and  Acartia.  Im p o r ta n t  cyclopoid  
species  w ere  Oithona,  Corycaens,  Oncacea,  and  Saphirella. H a rp ac t ic o id s  were 
d o m in a te d  by  Methis ignea and  Setella species. P seudod iap tom us  an d  O ithona  
species w ere  fo u n d  alm ost th ro u g h o u t  the year m ostly  in the m id d le  and  inner 
creek parts.

Z o o p lan k to n  d iversity  on the M argalef Index ranged  b e tw een  2.00 an d  4.53 units. 

The h ighest d iversity  (4.53) was observed at station 1 in A ugust. O n average, station 
3 a lw ays had  the least diversity.

4.I.I.4. Discussion

Gazi creek su p p o rts  a diverse Zooplankton com m unity. C opep o d a  w ere  established 
as the  s ing le  m o s t  im p o r ta n t  taxon  fo rm in g  up to  92 % of to ta l Z ooplankton  
c o m m u n ity .  Z o o p lan k to n  p o p u la t io n  w as seen to be h ig h e s t  in  A pril  (p re ­
m o n so o n ) an d  g rad u a lly  falls w ith  the ap p ro ach  of the S.E. m onsoons. This is 
p ro b ab ly  d u e  to the fact tha t d u r in g  the m onsoons a lot of rain  falls into the creek 
hence  d i lu t in g  the creek w aters .  This could^be u n fa v o u ra b le  for Z ooplankton
p ro d u c t io n  as it low ers the level of salinity . A part  from  that, the  seasonal R.

0K idogow eni p o u rs  fresh w a te r  into the innerm ost part of the creek (station 3) and  
indeed  low  salinity has been recorded  in the rainy season, i.e. 30 %o.

E nv ironm en ta l  condition be tw een  the m idd le  an d  inner creek parts  is seen do not 
to vary  significantly, hence probably  do not affect Zooplankton d is tr ibu tion  between 
these  tw o sta tions  much. In the ou te r  oceanic station, e n v iro n m en ta l  conditions 
are  d ifferent. Species d ive rs ity  has been  fo u n d  to be h igher  at this s ta tion  as 
c o m p ared  to the inner creek stations. To some extent, the Zoop lank ton  in Gazi 
creek  exhibit localisation, especially  w ere  d o m ina ted  by  Pseudodiaptomus  species 
w hich  w as absent m ost of the times in station 1. At the sam e time o ther groups like
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fish la rvae, b iva lve  larvae and  g a s tro p o d  larvae  have  been fo u n d  in the inner 
creeks. H ence  in this sense we cou ld  say tha t en v iro n m en ta l  co n d itio n s  have 
p layed  a role in their distribution. Perhaps another factor that could  p lay  a role in 
Z o o p lan k to n  d is t r ib u t io n  a long  G azi creek  is the b o t to m  a n d  s u r r o u n d in g  
vegeta tion  of the creek. Station 3 (innermost) is characterized by m angrove  g row th  
an d  the b o ttom  is shallow  an d  has seagrass  beds. H ence  in this s ta tion  lots of 
am p h ip o d s  and  cum aceans are found  which probably feed on the sea weeds. Lots of 
harpactico ids  are also found here, they probably  feed on the decaying vegetation of 
the m angroves . These are species that are not found  in station 1. S tation two is 
characterized  by seagrass beds, and  also su rro u n d ed  by m angroves  an a little bit of 
coral g row th , a lot of cryptonicid  larvae (isopods) and  a m p h ip o d s  have  also been 
recorded . Station 1 is characterized by seagrass and  coral g row th  and  lesser am oun t 
of a m p h ip o d s  an d  isopods are recorded, and  greater varie ty  of copepod  species are 
fo u n d .  To su m m arise ,  s ta t ion  1, the oceanic reg ion  has a g rea te r  a m o u n t  of 
Z ooplankton  diversity  bu t lesser am oun t of biom ass as com pared  to the m idd le  and 
inner creeks, w hich am oun ts  num erically  an d  biomass.

4.I.I.5. C o nc lus ion

In fu tu re  it w o u ld  be n ecessa ry  to f ind  o u t  w h a t  effects the t ides  have  on 
Zooplankton d is tribu tion  in Gazi creek, because our sam pling  was only done  during  
high  tide because it was the period  d u rin g  w hich the rubber boat could  move. At 
low  tide little pools of w ater usually  rem ain in the inner creeks especially m id creek 
(station 2) hence trapp ing  organism s w hich have been b ro u g h t  by the tide. At high 
tide the o rgan ism s which have been trapped  m ay be w ashed  aw ay  into the sea and  a 
d iffe ren t p o p u la t io n  trap p ed , so w e d o n 't  k n o w  w h e th e r  tha t p o p u la t io n  is the 
sam e or a d ifferen t one. It w o u ld  be good to find ou t w h e th er  tha t popu la t io n  of 
Zooplankton  in Gazi is "resident" or "tem porary" because the area is shallow  and  
the tidal influence is ev idently  present. For this to be done  sam pling  bo th  at high 
tide an d  low  tide is reco m m en d ed , the only  p rob lem  w o u ld  be, the inner creek, 
s ta t ion  3, w o u ld  be inaccessible, because it is s lightly  far an d  m u d d y .  S tation 1 

(oceanic) a lw ays has water at low tide.

R e m a rk

Some of the results are already published  in H ydrobio logy :
Osore, M.K.W. (1992). Z ooplankton  studies in a Tropical M angrove Creek System, 

Gazi, Kenya. Hydrobiology
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Table 1. Zooplankton taxa recorded at Gazi

Taxa STN1 STN 2 STN 3
Annelida

Polychaete larvae XX X XX

Polychaetes XX X XX

Am phipoda
H yperia XXX XX X

unidentified XX X X

Appendicularia
Oikopleura XX X X

unidentified X X X

Brachiopoda
Cladocera X X X

C haetognatha
Sagitta spp. x XX X X

unidentified X X X

C irripedia
cirripedia nauplii XX X X

Cnidaria
siphonophora XX XX X

Hydro medusae X X X

Cumacea
cumacea XX XX XX

Copepoda
calanoida XXX XXX XXX

copepodid XXX XXX XXX

cyclopoida XXX XX XX

H arpacticoida X X XX

M onstrilloida X X X

Decapoda
penaeidae X X X

sergestidae X X X

Decapod larvae
A no muran Zoea X X X

Brachyuran Zoea XXX XX X

Brachyuran Megalopa XX X X

Caridean larvae XX X X

Insecta X X X

Isopoda
Paragnathia XX XX XX

unidentified X X X

Mollusca
Bivalve larvae XX XX XXX

Gastropod larvae X X XX

Pteropoda X X XX

Heteropoda X XX X

M ysidacea
Mysids X X XX

Nem atoda X X XX

Ostracoda XX XX XX

Pisces
Fish eggs XXX XX XX

Fish larvae XX XX XX

Stoma poda X X X

XXX = a b u n d an t  xx = com m on x = rare
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4.I.I.6. Publications

(1) Seasonal varia tion of Zooplankton in M angrove creek system , in Gazi, Kenya by 
M elckzedeck Osore
Jam es M w alu m a  
Ezekiel O kem w a

This p a p e r  has been accepted  to be p re sen ted  in the la rge  m arin e  ecosystem  
sy m p o s iu m  to be held in M arch 1993, M ombasa. A ttached  herew ith  is 2 copy of 
the abstract. The m anuscrip t is available from the A u th o r  Mr. O sore  w ho is in 

FAME course Brussels.

(2) A com para tive  account of three 24 hours  series sam pling  in a tidal estuary , Gazi, 
by : James M w alum a

M elckzeldeck Osore 
Ezekiel O kem w a

This p a p e r  has been p re sen te d  in the  HYSEA s y m p o s iu m  on  B iodiversity , 
p ro d u c t io n  an d  conservation of African Ecosystems held  in H ara re ,  Z im babw e 
on  14-17 Decem ber 1992. It has also been accepted as a pos ter  in the on  coming 
la rge  m arin e  Ecosystem S y m p o s iu m  to be held  in M om basa  in M arch  1993. 
A ttached  herew ith  is a copy of the m anuscrip t.

80



4.1.2. Ecological study of the benthos of the mangroves and surrounding beaches

J. S c h r i jv e rs^ '  J. O kondo(2) & M. V in c x i

i .  Zoology Institute, M arine Biology Section, University of Gent, Belgium.
(2). Kenya M arine & Fisheries Research Institute, M ombasa, Kenya.

4.I.2.I. Aims of the study

The co m m u n ity -eco lo g ica l  p ic tu re  of the  m eio- a n d  m a c ro zo o b e n th o s  of the 
m an g ro v es  of G azi Bay, near M om basa , Kenya, is p resen ted . H ab ita ts  differing 
acco rd in g  to the type of m an g ro v e  v eg e ta t io n  (nam ely  A v icen n ia ,  Bruguiera ,  
Ceriops, Rhizophora  and  Sonneratia) and  to the sed im en t in all its characteristics 
(e.g. sandfla t-m angrove, inundation) are investigated.
The abiotic da ta  have been w ritten d o w n  as completely as possible.
D ensities , d ivers ities  and  b iom ass  da ta  of the ben thos  (e.g. in fauna) have  been 
ca lcu la ted  a n d ,  w here  possible, m athem atica lly  p rocessed  in o rd e r  to p ro d u ce  a 
reliable com m unity-ecological pattern .

4.1.2.2. Study area

The sam p lin g  sites are s itua ted  at Gazi Bay (at about 50 km s sou th  of M om basa) 
(Figure 1). Tw elve sites have been chosen: G l ,  G2, G3, G4, G5, G 6 , G7, G8 , *G9, *G10, 
*G11 an d  *G12 . The sites G3, G4, G5, G 6 and  G7 are the sam e as those s tud ied  by 
V an h o v e  (1990). Possible com parisons  are  evalua ted . They are  s i tu a ted  in the 
m ixed  m an g ro v e  described by Gallin et al. (1989) and  sam pling  was carried  out on 
the  s e d im e n t  of 5 m a n g ro v e  v e g e ta t io n s  (Av icen n ia  marina, Bruguiera  
gymnorrhiza,  Ceriops tagal, Rhizophora mucronata, Sonneratia alba resp . G4, G3, 
G 6 , G5, G7).
The n ew  sites are G l and  G2 (EC-plots), G 8  (near Gazi-beach) and  *G9, *G10, *G11 

an d  *G12 ( w ith o u t  m angrove  vegetation).

s tation G l  : Rhizophora mucronata,  no t cut 
s tation G2 : Ceriops tagal, not cut
station G3 : Bruguiera gymnorrhiza,  cut
station G4 : Avicennia marina, cut
s ta tion  G5 : Rhizophora mucronata,  cut



Station G6 : C e r i o p s  tagal ,  cut

station G7 
Station G 8  

station *G9 
station *G10 
Station *G11

Sonneratia alba, cut 
Sonneratia alba, s trongly  cut 
sand  flat
entirely cut m angrove (little beach) 
sand  flat

s ta tion  *G12 : sand  flat (with seagrass)

4.I.2.3. Materials and methods 

Abiotic factors

At each site, g ranu lom etric  variables and  the am o u n t of organic m ateria l have been 
d e te rm in ed . After a p re lim inary  d ry ing  at 100 °C (to rem ove  peat), the organic 
content w as m easu red  via the loss of w eight du ring  a 600 °C combustion. Instead of 
a m echanical sieve shaker and  a g raded  series of s tandard  sieves (Buchanan, 1984), a 
C oulter RLS Particle Size Analyser was used  to define the % of gravel, san d  and  silt, 
the m ed ian  particle  size, the curtosis an d  the skew ness of the total sed im ent. The 
interstitia l w a ter  of the sed im ent was exam ined  for nu tr ien t contents (N H 4-N, PO 4- 
P, N O 2-N, N O 3-N  and  Si), salinity, tem perature , acidity, redox potential and  oxygen 
con ten t .

Biotic factors

M e i o b e n t h o s

O n ly  tw o  (G l & G2) of the  tw elve  s ta t io n s  are  in v e s t ig a te d  for m e io fau n a  
d is tr ibu tion  a n d  com pared  w ith  the five stations of V anhove (1990). A ccording  to 
the m e th o d  d e sc r ib ed  by M cIn tyre  & W arw ick  (1984) th ree  s ta n d a r d  plastic  
tran sp aren t  handcores  (3.6 cm diam eter, 30 cm length) were  taken for m eiofauna  to 
a d e p th  of 20 cm. Each core w as p re se rv ed  in a ho t (60 °C) 4 % n eu tra l iz ed  
formaline solution. Laboratory trea tm ent consisted of extracting the m eiofauna  by a 
com bina tion  of sed im enta tion , s iev ing  (38 pm ) an d  cen tr ifugation  a n d  of s tain ing 
w ith  Rose Bengal. Major m eio fauna  taxa w ere  iden tified  an d  co u n ted  u n d e r  a 
stereoscopic microscope.

The nem atodes  w ere de term ined  to genus level and  m ean  fresh and  d ry  w eigh t per 
in d iv id u a l an d  total fresh and  d ry  w eigh t for nem atodes  in 10 cm 2 w as  m easured . 

The m e th o d  used  is described by Vanhove (1990).
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M a c r o b e n t h o s

As described  by H olm e & M cIntyre (1971), a metal cylinder (d iam eter 13 cm and a 
surface area  of 133 cm 2) was used  to take three handcores to a dep th  of 20 cm. The 
s e d im e n t  w as  p rese rv ed  in a cold 4 % neu tra l ized  fo rm aline  so lu tion . In the 
labo ra to ry  the m acrofauna was extracted by using two sieves w ith  a 1 and  2 m m  
m esh  w id th  an d  by picking ou t pieces of peat and  roots by hand. The anim als  were 
s ta in ed  w ith  Rose Bengal. M ajor m acro fauna  taxa w ere iden tif ied  a n d  counted  
u n d e r  a s tereoscop ic  m icroscope (WILD, type M3). The Isopoda , A m p h ip o d a ,  
T an a id acea ,  C um acea  an d  Polychaeta  w ere  d e te rm in ed  to fam ily  level (even to 
g enus  or species). By de te rm in ing  the m ean  ash free d ry  w e igh t for O ligochatea, 
Po lychaeta , Bivalvia, G as tropoda , Isopoda  and  A m p h ip o d a  (w ith  a M ettler M3 
m icrobalance) it was possible to find the total biomass per taxon an d  per m 2

M a t h e m a t i c a l  a n a l y s i s

D ivers ity  ind ices were calcu lated  for the meio- and  m acroben thos  taxa and  the 
n em ato d e  genera. We w ere  especially in terested  in the S hannon-W iener diversity  
index H ’, the S im pson index SI and  Pielou's evenness J (H urlbert, 1971; Peet, 1974). 
To f ind  som e p a tte rns , in te ractions  and  re la tions  be tw een  densit ies  an d  abiotic 
factors, w e  u sed  TW INSPAN (Hill, 1979) an d  CA, PCA an d  DCA (Jongm an et al., 
1987). These m athem atical analyses were done w ith  meio- and  m acro fauna  data in 
o rd e r  to get an idea about com m unity  ecology in the s tud ied  area. The Spearm an- 
ran k  co rre la t io n  coefficient (Sokal & Rohlf, 1981) w as ca lcu la ted  to d e te rm ine  
re la tionsh ip  be tw een  biotic and  abiotic variables.

4.I.2.4. Results

4.1.2.4.1. Abiotic factors (Table 1)

S e d im e n t  

- M e d i a n

The m ed ian  of the total sed im en t lies be tw een  276 and  544 pm . The stations *G9 
and  *G11 sh o w  the highest m ed ian  (quite coarse sedim ent), the sites G2, G4 and  G7, 
have the low est values (rather m u d d y )  and  the others lie in between.
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- P a r t i c l e  s i z e  p e r c e n t a g e

The percen tages  of the different particle sizes vary s trongly b u t  san d  alw ays forms 
the biggest pa r t  (around 90 %).

N u tr ien ts

The d ifferen t sam pling  sites vary strongly  in nu tr ien t content. Only the stations G4 , 
G5, G 6 , G7 an d  *G9 are very similar in nu trien t concentrations.

Organic material

The o rgan ic  con ten t lies be tw een 0 and  22.5 %. In general, one can state  that this 
pe rcen tage  is especially influenced by type and  density  of m angroves, cu tting  and 
b u rn in g  effects, influence an d  closeness of the ocean re la ted  to tides and  currents, 
p resence  of seagrasses, etc. Each s ta tion  has to be exam ined  separa te ly  for these 
e lem en ts .

Others

T e m p e ra tu re ,  salinity , pH , oxygen  con ten t an d  redox  po ten tia l va ry  a long  the 

d ifferent sites. N o real patterns are recognizable.

4.1.2.4.2. Biotic factors 

M eioben thos

Seventeen taxa are identified and  the nem atodes  constitute the biggest p a r t  followed 
by copepodes  an d  turbellarians. The total m eiobenthos densities (Figure 2) are 3100 
a n d  6101 in d . /1 0  cm 2 for the s ta tions  G l an d  G2. T ogether w ith  the d a ta  of 
VANHOVE (1990) the m ean total density  becomes 3932 ind. per 10 cm 2.

- Nem atode community

* N e m a to d a  have  densities rang ing  from  1709 to 5640 ind. per 10 cm^ or from 65 % 
to 97 % of the total m eiofauna (Figure 3).
* P a t te rn s  of leng th  d is tr ib u tio n  of N e m a to d a  seem  m ore  s ign if ican t in d e p th  
profiles (Vanhove, 1990) than is the case w ith  the horizontal variation.

84



* The average  biom ass per in d iv id u a l a n d  the total b iom ass do no t sh o w  a clear 
p a t te rn  for the horizontal d is tribu tion  in the m angrove region either.
* For the nem atode  com position (which is only exam ined for R h izophora  (G2) and  
C eriops  (G l)), a great difference exists in diversity  on the basis of the n u m b er  of the 
genera: s tation G l  has 31 genera w ith  an H' of 4.43 w hereas G2 consists of 19 genera 
w ith  an  H' of 4.34.
* For bo th  sites the feeding categories w hich  are p resen t can clearly be re la ted  to 
available food and  kind of sedim ent.
The biggest pa r t  of the nem atodes in station G l consists of epistrate  feeders followed 
by o m n iv o re /p red a to rs .  Station G2 is especially characterized by selective and  non- 
selective deposit  feeders (about the sam e density).

Macrobenthos

The total m acrobenthos densities (Figure 4) for the stations G l to *G12 va ry  betw een 
265 a n d  6025 in d . / m 2. Eighteen taxa are distinguished.

The M ollusca are represented  betw een  0 (G5) and  2250 i n d . / m 2 (G3), the  Crustacea 
b e tw een  0 (*G9) and  1125 i n d . / m 2 (*G12) an d  the A nnelida  show  for all s tations 
ra the r  h igh  values (especially for G2, G4, *G10 and  *G12 w ith  resp. 2300, 1850, 1602 
a n d  1450 i n d . / m 2). Station *G12 has a consp icuously  high n u m b er  of N em ertin i 
w hereas  the s tations G2, G5, G7, *G9 an d  *G12 have m any  m acro-N em atoda.
As far as the  families of po lychae tes  are  concerned , the large p resence  of the 
N e re id ae  is rem arkable.

The A m p h ip o d a  and  Isopoda are, in con trast to w h a t  the lite ra tu re  indicates , not 
tha t f requen t (2 and  3 families respectively). We used Fauchald & Jum ars  (1979) and  
Fauchald  (1977) to s tudy the Polychaeta systematically and  autecologically.

W ith  the necessary  caution the difference in d iversity  of the m acroben thos  will, in 
con tras t  to w h a t  is said abou t the N em ato d a ,  p rove  to be the resu lt  of a different 
d is tr ib u tio n  of the indiv iduals  over the taxa (this seems, how ever, to be logical as 
large taxa are  being  used  to calculate the d iversity  indices). The H' va lues  of the 
s tations stay in between 1.65 and  3.35 w ith  a m ean value of 2.6.

C oncern ing  biom ass (Figure 5), conclusions are difficult to m ake because we had  to 
decide on a s tanda rd  mean weight.
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4.I.2.4.3. Mathematical analysis

M eiobenthos

M ultivaria te  analysis of the da ta  points to a similarity of the Rhizophora regions on 
the basis of the h igh num ber of N em ato d a  and the m u d d y  sed im ent. The Ceriops 
reg ions on the contrary  show  a less s trong  relationship  except because  of the low 
n u m b e r  of Polychaeta  and  the absence of K inorhyncha. The Sonneratia  s ta tion  
d iscerns  itself from the rest. A lthough  all this points  to a s tro n g  influence of the 
n a tu re  of the  type of m a n g ro v e  v ege ta tion , A v ic e n n i a  an d  B ru g u ie ra  in the 
m eio faunacom position  resemble each o ther well as does the sedim ent.
Conclusion: the sed im ent lies at the basis of the de te rm ina tions  of the m eiofauna 

c o m m u n i t ie s .

Macrobenthos

The m a them atica l  analysis of the densities  of the large taxa show s  the following 
pa tte rns:
* The s ta tions  of Avicennia  an d  Bruguiera  and  the com ple te ly  cu t beach  (which 
u sed  to be overg row n w ith a m ixed  m angal as well) show  a lot of polychaetes  and 

m olluscs and  are at the same time sandy.
* The Rhizophora and  Ceriops regions belong together because of the g rea t quan tity  
of oligochaetes, m u d  and  organic  material. Here a close relation ap p ea rs  betw een 
vege ta tion  an d  sediment.
* The Sonneratia  sites an d  the tw o sam p led  sand  flats are all q u ite  san d y  and  
c o rre sp o n d  reasonably well as far as com position is concerned. O nly  the num ber of 
c rus taceans  d iv ides  them into Sonneratia and  sand flat.
* The san d  flat w ith  pudd les  and  seagrass closest to the ocean clearly discerns itself 
from  all o ther stations.
C onclusion: the type of vegeta tion  is no t really the decisive factor in de te rm in ing  
the pa tte rn . The separation b e tw een  san d  flat and  m angrove  on the o the r  h an d  is 
s trik ing.



4.1.2.5. Discussion

Meiobenthos

The com pared  literature is m ainly based on data from Australia (H odda  & Nicholas, 
1985 an d  1987; Alongi, 1987; Nicholas et al.,1991), Cuba (Lalana-Rueda & Gosselck, 
1986) and  South Africa (Dye, 1983 and  1983b). A discussion of our data  together with 
the lite ra ture  and  Vanhove (1990) (data from Kenya) show s the following:
* There  is a large difference betw een the densities of Gazi an d  those of the literature 
(especially because of the nu m b er of nematodes). The reason  for this could  be more 
re la ted  to the m ethod  used, e.g. different m ethods of counting , d ifferen t d ep th  of 
s am p l in g ,  in accu ra te  m ethods ,. . .  E n v iro n m en ta l  fac tors , h o w e v er ,  can  no t be 
excluded.
* For the b iom ass  the sam e applies  as for the densities  (only the n em ato d es  are 
m easu red ) .
* It is s tr ik ing  tha t it is no t so m uch  the k ind  of vege ta tion  that influences the 
co m m u n it ie s  b u t  that 'quan ti ty ' of vegeta tion  or o ther factors, w h ich  directly  or 
ind irec tly  constitu te  the basis of the sedim ent, are determ ining.

Macrobenthos

The lite ra tu re  w hich  is used  here is the following: W ade  (1972), M au re r  & Vargas 
(1984), G ue lo rge t et al. (1990), Lalana-Rueda & Gosselck (1986), A longi (1989 and  
1990) an d  W arw ick & R usw ahyun i (1987).
D iscussion of ou r  data  in relation to the literature :
* The density  of the m acrobenthos  of Gazi is m uch h igher than  those fo u n d  in the 
li te ra tu re .  As is true  for the m eio b en th o s  this cou ld  be espec ia lly  caused  by 
m ethod ica l differences such as the m esh  size, the w ay  of counting,... H ere  again, 
how ever, environm enta l factors are no t to be excluded.
* For the b iom ass the sam e pa tte rns  occur (which is expected because of the m ethod  
used). These data  do correspond  w ith  certain literature da ta  w hich  points to the fact 
that the an im als  in Gazi are m uch  smaller than those in o ther areas.
* In co m p ar iso n  w ith  the e s tu a ry  or lagune  areas it is s tr ik ing  tha t the richness 
(densities  an d  biom ass) is sm alle r  than  that of the G azi-m angroves . W ith in  the 
Gazi s tations themselves this a lready becomes clear.
* As w as  true  for the m e io b en th o s  the  influence of the  v e g e ta t io n  is no t the 
decisive factor in de term in ing  the com m unity  ecology.

87



4.I.2.6. Conclusion

It can be said  tha t Gazi is richer in density  and  biom ass than  o ther 'similar' areas. 
W h eth e r  this is the result of 'm ethod ' or 'environm ent' still has to be determ ined . 
The fact tha t the m angals  of Gazi are richer than  the estuaries  in general is also 
clearly show n  (contrary to w ha t Alongi (1990) claims).
Pa tte rns  in com m unity  ecology are only vaguely  related  to the type of vegetation. 
T hat re la tionsh ip  only exists because the m angrove  type, am ong  others, forms the 
basis of o ther, m ore decisive factors, such  as sediment,... Fauna com position  could 
possibly  be tied to the kind of m angrove tree, but this cannot be concluded  from this 

study.
M ore d a ta  (biotic bu t also abiotic) will p rov ide  a better ins igh t into the complex 
ben thos-sys tem  bringing us closer to a thoroughly  analysed  ecosystem. Only then 

will these areas be conserved in a responsible way.
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T ab le  1: Sed im en t  characteris tics  fo r  the  tw elve  sta tions.

Station Gl G2 G3 G4 G5 G6 G7 G8 *G9 "G10 *C11 »G12

% mud 3.35 11.27 0.39 6.96 4.22 2.52 3.78 2.37 0.32 3.3 0.78 0.84

% sand 93.2 85.51 97.82 85.37 87.75 92.3 90.93 84.42 93.87 79.83 87.42 94.46

% gravel 3.45 3.22 1.79 7.67 8.03 5.18 5.29 13.21 5.81 16.87 11.8 4.7

median 369.8 276.4 409.1 287.7 357.1 357.7 281.2 366.5 518.7 334.9 544.5 312.9

skewness -2.56 -1.56 -2.30 -2.07 -1.54 -2.24 -1.74 -1.69 -3.40 -2.11 -4.76 -1.62

curtosis 11.43 3.252 19.46 6.569 4.592 9.804 7.223 6.057 34.46 8.553 40.82 10.04

% organic material 19.41 22.47 0.79 2.11 7.04 3.09 7.38 1.3 0 6.44 0 1.47
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T ab le  2: D ensity  ( indVm2) of the  fam il ies  of A m p h ip o d a ,  Isopoda ,  Polychaeta  a n d  T ana idacea ,  for th e  tw e lve  stations.

Station Gl G2 C3 G4 G5 G6 G7 C8 *G9 *G10 *G11 *G12

Gastropoda 225 25 100 550 300 275 150 150 150

Bivalvia 25 2150 38 150 75 25 713 25 75

Isopoda

Amphipoda

Tanaidace

Cumacea 25 50 25

Decapoda 50 25 50

Oligochaeta 600 2075 375 200 425 75 263 225

Polychaeta

Nematoda 350 50 200 25 550

Nemertini 50 50 25 25 2525

Sipuncula 25 125 25 225 225 25

Echiura 75

Cnidaria 25

Insect larvae 25 25 38

Pisces 25



T ab le  3: D ens i ty  ( in d im ^ )  o f  th e  fam ilies  of A m p h ip o d a ,  Isopoda ,  Polychaeta  a n d  T ana idacea  fo r  the  tw e lv e  s ta tions.

Station Gl G2 G3 G4 G5 G6 G7 G8 *G9 *G10 *G11 *G12
Isopoda
Euridicidae 0 0 800 25 0 0 0 0 0 0 0 0
Sphaeromatidae 0 0 50 0 25 0 0 0 0 0 0 0
Olibrinidae 0 0 0 50 25 25 0 0 0 0 0 0
Amphipoda
Ampeliscidae 0 25 25 0 0 0 25 0 0 38 0 0
Corophiidae 188 0 0 150 0 0 100 75 0 113 0 75
Polychaeta
Amphinomidae 0 0 0 0 0 0 0 0 0 113 0 0
Cirratulidae 0 0 175 0 0 0 0 0 0 75 0 0
Eunicidae 0 0 0 25 25 0 100 0 0 0 0 75
Capitellidae 0 0 0 1425 75 0 250 50 0 0 25 0
Paraonidae 0 0 0 0 0 0 0 0 0 75 0 325
Nereidae 113 50 250 25 25 38 325 50 0 512 0 125
Nephtyidae 0 0 0 0 50 0 75 0 0 150 0 0
Hesionidae 0 0 0 50 0 38 0 75 0 113 75 0
Phyllodocidae 0 25 0 0 0 0 25 25 50 38 150 25
Terebellidae 113 25 0 25 0 0 175 0 0 263 0 325
Glyceridae 0 0 0 0 50 0 0 25 0 0 0 250
Syllidae 38 0 25 75 0 0 0 0 0 0 0 25
Polyodontidae 0 0 0 0 0 0 0 0 0 0 0 25
Orbiniidae 0 0 175 0 25 0 0 0 0 0 0 50
Polynoidae 0 50 0 0 25 0 25 0 0 0 0 0
Lacydoniidae 0 75 0 0 0 0 0 0 0 0 0 0
Spionidae 0 0 0 0 0 0 0 0 100 0 25 0
Maldanidae 0 0 0 25 0 0 0 0 0 0 0 0
Tanaidacea
Paratanaidae 0 50 0 0 75 38 125 0 0 0 1075
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4.1.3. Ecological research on mangrove crustaceans

(U niversity  of Florence, Italy; responsible: Prof. Marco Vannini)

4.I.3.I. Objective of the Research

A m o n g  the m angrove  m acro-benth ic  organism s, crustaceans are one of the m ost 
im p o r tan t  taxon for their biomass, their diversity  and  specializations, their different 
an d  im p o r tan t  role both in the energy  and  m atter fluxus.
E co logy  of m a n g ro v e  m a c ro -b en th ic  c rus taceans  (M alacos traca , Iso p o d a  an d  
A m p h ip o d a )  is poorly  k n o w n  in East-Africa an d  even  an  u p to d a te d  list of the 
species is missing. Several species are indicated  as "m angrove-crabs" b u t  their real 
role as possible predators or m u d  or else leaf-eaters is totally unknow n.

The resea rchers  from the U nivers ity  of Florence, before p a r tic ipa ting  to the EEC 
STD-2 project, were a lready  carry ing  som e pre lim inary  research a long the Kenyan 
coast and  a lready  had some contacts w ith  KMFRI and the D epartm en t of Zoology of 
N a i ro b i  U n iv e rs i ty  (C h iro m o ),  u s in g  fu n d s  from  v a r io u s  I ta l ia n  agencies  
(D e p a r tm e n t  of A nim al B iology an d  G enetics  of the  U n iv e rs i ty  of Florence, 
M u se u m  of Zoology of the U niversity  Florence, Italian CNR, A ccadem ia dei Lincei) 

to s tu d y  the ecology of several m angrove taxa.

The Italian sub-project on K enyan m angroves  could be su p p o r te d  by the EEC STD-2 
project, for one  year only. The "philosophy" tha t Italian resea rchers  decided  to 
a d o p t  w as no t to start a new  and  indep en d en t large research project bu t to invest the 
availab le  time an d  m oney in:

1 ) en ter ing  new  research w hich could realistically reach concrete results  within 

1 2  - 18 m onths,
2) enhanc ing  some of the research s tarted  betw een 1989 an d  1991 by  including 

K enyan  researchers,
3 ) collecting p re lim inary  da ta  and  observations for possible  research  fu ture  

d e v e lo p m e n t .

C onsequently , the m ain research lines to be activated were:
1) m angrove  crustaceans (mostly D ecapoda and  Isopoda) ecology,
2) relationships be tw een D ecapoda, Isopoda and  o ther m angrove  m acrofauna,
3 ) re la tionships be tw een m acro-crustaceans and  m angroves,
4) taxonom ic research an d  other accessory research.
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E stab lish ing  re la tionsh ips  and  co-opera tion  links w ith  K enyan  re sea rchers  and  
In s ti tu tions  w h ich  m ay  be the base for fu tu re  research, w as also co n s id e red  and  
im p o r ta n t  objective.

In fact, few m on ths  ago, a formal agreem ent has been a rranged  be tw een  KMFRI and 
the Ita lian  C e n t ru m  for the S tudy  of Tropical Ecology a n d  F aun is tics  of CNR 
(p rev ious ly  engaged  in Somalia) for develop ing  fu tu re  com m on research  along the 
K enyan coast.

F u r th e rm o re ,  tw o EEC STD-3 projects have been set up , w ith  the co-operation  of 
team s from  Belgian, Dutch and  English academ ic Institutions.

4.I.3.2. M ateria l and  M ethods

M aterial w as collected or inspected  d u r in g  regu lar surveys w hose rhy thm icity  was 
d e p en d in g  u p o n  the specific taxon or problem.
O b se rv a t io n  l inked  w ith  an im al m ig ra tions  w ere  u su a lly  carried  on every  five 
m in u tes  for 9 hou rs  a day  (tree vertical m igrations of m e d iu m  size Brachyura) of 4 
times every Low  Tide (horizontal, platform  m igration of large Brachyura).
The vis ited  m angroves  were Lam u, N gom eni, Robinson Island, M ida creek, Kilifi, 
M tw ap a , Gazi, Shimoni.
P a rt  of the lab o ra to ry  w o rk  w as conduc ted  in the w e t labora to ry  of KMFRI, in 
M om basa .
Three research visit to Kenya took place:

1) 20th O ctober - 30th N ovem ber 1991, by:

Prof. M. V annini 
Dr. G. M essana 
Mr. R. Vezzosi 
Miss S. Barbaresi 
Miss G. Innocenti 
Mr. R. K. Ruw a 
Mr. M. Osore 
Mr. J. M w alum a 
Miss D. A nyona

(University  of Florence)
(CNR)
(Univ. of Florence; Ph.D. student) 
(Univ. of Florence; M.Th. student) 
(Univ. of Florence; M.Th. s tudent) 
(KMFRI)
(KMFRI)
(KMFRI)
(KMFRI)
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2) 21st June-14th July 1992, by:.

Prof. M. V annin i (University of Florence)
Mr. R. Innocenti (photographer, Univ. of Florence)
Mr. R. K. R uw a (KMFRI)

3) 16th N ovem ber - 21th December 1992, by:

Dr. G. M essana (CNR)

Mr. R. Vezzosi (Univ. of Florence; Ph.D. student)
Mr. S. Cannicci (Univ. of Florence; Ph.D. student)
Mr. M. Bonazzi (Univ. of Torino; M.Th. student)
Miss M. Owili (KMFRI)
Mr. R. M dodo  (Univ. of Nairobi)
Miss D. A nyona  (KMFRI)

D ata  on  A n o m u ra  taxonom y an d  their s tom ach  con ten t w ere  an a ly se d  in the 
Florence U niversity  laboratory, by Mr R. K. Ruwa (March 1992).

4.I.3.3. R esu lts  (sum m ary)

4.1.3.3.1. Decapods ecology

1. M ig ra t io n  a n d  te r r i to r ia l ism  of the  sw im m in g  crab , Thalamita crenata 

(P o rtu n id ae)
2. C o m m e n sa l im s ,  p o p u la t io n  s t ru c tu re  a n d  b eh av io u r  of Heteromysis harpax 

(Mysidacea)
3. Sphaeroma terebrans (Isopoda) p o p u la t io n  and  family s truc tu re
4. Sesarma leptosomum (G rapsidae) vertical tree m igra tion

4.1.3.3.2. Relationships between decapods and other mangrove animals

5. P reda tion  and  ecological role of the sw im m ing  crab, Thalamita crenata (Decapoda, 
P o r tu n id ae )

6 . Zonation, food chain position and  s tom ach content of m angrove  crabs (Decapoda, 
B rachyura)
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4.I.3.3.3. Relationships between decapods and mangroves

7. Ecological role of the w ood borer Sphaeroma terebrans (Isopoda)
8 . Ecological role of the tree crab Sesarma leptosomum (D ecapoda, G rapsidae)

4.1.3.3.4. O th e r  research

9. hydrosta tic  p ressure  response of the crab Thalamita crenata in labora to ry
10. N ew  records of A nom urans  in Kenya
11. N e w  records of m angrove crabs in Kenya

4.1.3.4. R esults  (in detail)

1. M igra t ion  and terr i torial ism o f  the s w im m in g  crab, T h a la m i ta  crenata 
(Portunidae)

R. Vezzosi, D. Anyona, S. Barbaresi, M. Vannini

a) D u rin g  1991, observations  w ere  m ade  in M ida Greek, by m a rk in g  ab o u t  200 
an im als  a n d  following for 4 weeks their m ovem ents , by record ing  every  low  tide 
their position. The density  of crabs is very  high  (even 4 / m 2), being  ve ry  com m on 
all a long the bare  platform, about 1 0 0  m  wide, in front of the seaw ard  edge of the 
m a n g ro v e  belt.
b) Pa tte rns  of activity  and  territorialism  have been investigated. B urrow  a n d  crabs 
w ere  m ark ed  w ith  plastic tags on a 60 x 50 m surface. C rabs are n o t  m ig ra ting  
ne ithe r w a n d e r in g  at ran d o m  b u t  rem ain  "faithful" to their b u rro w  or to a system  
of 2 - 3 b u rro w s  which are visited in turn , m ak ing  only occasional short  excursions 
for feeding a n d / o r  mating.
c) D u r in g  1992 exper im en ts  w ere  m ad e  in M ida Creek , to s tu d y  the  ho m in g  
p erfo rm an ce  of artificially rem o v ed  crabs. B urrow  an d  crabs w hich  p ro v e d  to be 
"faithful" to one or more bu rrow s, w ere  m arked . M arked  anim als  w ere  d is lodged  
an d  their p a th  w as recorded  after releasing. Releasing took place from  5 - 7 m, in 
one series of experim ents and  from 50 - 200 m in another series. D ifferent tests were 
m ad e  at n igh t and  at day time, w ith  intact and  b linded animals.
Intact anim als released from 5 - 7 m, especially at day  time, could locate their home- 
refuge assum ing  a s traight p a th  while b lind crabs w ere  seen w alk ing  a t ra n d o m  as 
well as crabs released from longer distances.
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Portunidae). Mar. Behav. & Physiol (in preparation).

2. Commensal ims ,  popula tion structure and behaviour o f  Heteromysis  harpax 
(Mysidacea)

G. Innocenti, R. K. Ruwa, M. Vannini

a) H. harpax is an obligate com m ensal, w hich  lives in m on o g am o u s  pairs  inside the 
shells of va rious  species of tropical Dardanus  herm it crabs. N o  re la tionsh ip  seems 
to exist b e tw een  the sex, size a n d  species of herm it and  the p robab ility  of its shell 
be ing  in h ab ited  by the m ysids. M ale an d  female occupy d istinc t areas  inside the 
shell, som etim es with their offsprings belonging  to several broods (6  - 7) of different 
age classes (until 77 individuals). This is the first record of a real fam iliar in g roup  
in m a r in e  C rus taceans . The c ro w d s  of y o u n g  w ere  c o m p o sed  of in d iv id u a ls  
be long ing  to several distinct age classes, w hich p resum ably  co rre spond  to separate  
b roods  of sim ilar or different age p ro d u ced  by the resident adu lt  pair.
b) U sing  glass t ran sp aren t  shells it w as  possible  to observe  tha t  H. harpax is a 
p la n k to n  feeder  and  does not pe rfo rm  active c leaning behav iou r .  It can easily 
fo llow  the h e rm it  w hen  it changes  shell and  can also avo id  expu ls ion  w h en  the 

h e rm it  m ou lts .
c) P re l im in a ry  experim ents  sh o w ed  tha t H. harpax p robab ly  em ploys  bo th  visual 
an d  chem ical cues to identify  suitable  shells for habitation. The m ysids  were not 
a ttrac ted  to shells occupied by herm its  of a different genus (Calcinus).
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3 . Sphaeroma terebrans population and fam ily  structure (Isopoda)

M essana G., Osore M., M w alum a J., Owili M.

a) A b o u t  350 sam ples  were taken  in 7 m angroves  (from  Shim oni to Lam u) of 
m a n g ro v e  roo ts  inhab ited  by Sphaeroma terebrans an d  by  o th e r  C o ra l lan id ae  
isopods  to s tu d y  zonation, effect and  in tensity  of the boring  activity of this isopod 
on  the various  m angrove species, in the different K enyan m angrove  sw am ps.
b) A m o n g  the above samples (about 400 S. terebrans were collected) abou t 25 were 
"families" m ade  by a single ad u lt  female and  several young , usua lly  of the sam e 
size. In a few case young of different size or single sub-adu lt males were recorded.
c) The s tu d y  of the m aternal behaviour, digging technique and  rh y th m  were s tudied  
bo th  in field and  in KMFRI laboratory, using a TV camera, on S. terebrans.
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4 . Sesarma leptosomum (Grapsidae) vertical tree migration

V annin i M., Ruw a R. K.

a) S. leptosomum, is the only East-African m angrove crab sp en d in g  all its life on the 

roo ts  a n d  branches  of m angroves  (m ostly  of R. mucronata, B. gymnorhiza  and  C. 
tagal) an d  feed ing  on fresh leaves. It never enters the w ater  ne ither, d u r in g  low 
w ater ,  it ven tu res  on the free m u d  surface. S. lep to som um  spends  p a r t  of the day  
a n d  the n igh t on the low er pa rt  of the m angrove  roots, search ing  for food and  
w ater.

U ntil n o w  only  ano ther species, the W est Atlantic re la ted  species, Aratus pisoni, 
w as k n o w n  to be able to feed on fresh leaves.
Twice a day, from about 06:00 to 08:00, in the m orning, and  from 16:00 to 18:00 in the 
ev en in g , S. leptosomum m igra tes  to w ard s  the top of the tree, reach ing  the leaves 
an d  feeding  am ong  these, p robably  just of these. Its perm anence  am o n g  the leaves 
is an y w ay  quite  short: from abou t 07:00 to 10:00, and, again, from 17:00 to 19:00, two 
d o w n w a rd s  m igration flows drive the crabs back again tow ards  the roots.
b) C o m p a r in g  the m ig ra tion  time p a tte rn s  of tw o d ifferen t p e r io d s  of the year 
("winter" an d  "summer") it is sho w n  that the num ber of crabs m ig ra ting  along the 
t ru n k  is m o d u la te d  by the sp ring -neap  tidal cycle while the daily  m ig ra tion  onset 
seem s m ostly  controlled by the light level a n d /o r  by other climatological cues. The 
ad ap tiv e  m ean ing  of this m ig ra to ry  behav iou r  is p robab ly  related  to bo th  avoiding 
p red a tio n  and  feeding advantage.
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5. Predation and ecological role o f  the sw im m ing crab, Thalamita crenata (Decapoda,
Portunidae)

R. Vezzosi, D. Anyona, M. Vannini

a) The role of this sw im m in g  crabs as one of the m o s t p o w erfu l  p re d a to r  of 
m angroves  has been studied. T. crenata is m ostly  active be tw een  H W  and  LW. It 
preys on every  sort of invertebrates and  it is the m ain food for crab eating birds such 
as the Crab Plover, one of the com m onest large shore birds in M ida Creek.
T. crenata  is the com m onest m angrove  p reda to r  (am ong crabs) and  it m ay  account 
for 2 / 3  of the w ho le  p re d a t io n  du e  to crustaceans. K n o w in g  its density , its 
p red a tio n  spec trum , and its feeding turn- over, it w ou ld  be possible to evaluate  its 
real role in the m angrove food-chain.
Several s tom achs are still u n d e r  s tu d y  and  laboratory  experim ents  were  m ade, both 
in 1991 and  in 1992, to s tu d y  the feeding turnover.

6. Zonation, food-chain position and stomach content o f  mangrove crabs (Decapoda,
Brachyura)

M. Vannini, A. Oluoch

a) M ost littoral anim als can m ake use of their habitat by adop ting  an Iso-Phasic (IP) 
or Iso-Zonal (IZ) spatial strategy. IP species migrate along the substra tum , according 
to the tidal oscillation, so as to rem ain  a lw ays in the sam e re sp ira to ry  phase  (i.e. 
Grapsus spp. on rocky shores or Talitrus on sandy  beaches, m igra ting  vertically or 
horizon ta lly , respectively); IZ species a lw ays stay in the sam e zone an d  sp en d  the 
"w rong” tidal phase  h idden  in suitable refuges (i.e. Uca spp.).
In the m angroves, IP decapods are facing an unique spatial p rob lem  since they could 
avoid  the high w ater  both by m igrating, horizontally, th rough  the m angrove  belt or 
vertica l ly , a lo n g  the m a n g ro v e  trunks . A m o n g  the severa l  d e c a p o d  species 
inhab iting  K enyan  m angroves, som e G rapsidae  (at least 2 spp. of M etopograpsus)  
and  Sesarm idae  (2 spp. of Selatium  and  Sesarma leptosomum) are clearly IP species, 
avo id in g  high  w ater  by clim bing  m angrove  trees. To this m o m en t no species has 
ever been found  to avoid the incom ing tide by m igrating  all th rough  the m angrove 
w ood. Some IZ species m ay occupy the lower portion of the trunks and , at low tide, 
a c t iv e ly  fo rage  a ro u n d  (i.e. Sesarma g u t ta tu m )  or res t a m o n g  the  roots  (i.e
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Clibanarius  laevimanus).  S. leptosomum  is h igh ly  sp ec ia lised  a n d  can climb 
Rhizophora trees as high as 15 m, feeding on leaves, thus ap paren tly  v icariating the 
W est A tlantic species, Aratus pisoni.
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7. Zonation and ecological role o f the w ood borer Sphaeroma terebrans (Isopoda) 

M essana G., M. Osore M., M w alum a J.

a) The zonation  of this m angrove borer (and allied species) is u n d e r  s tu d y  as well as 
the preference for different m angrove  species. M ore sam ples  will also e lucidate the 
p o ss ib le  re la t io n sh ip  b e tw ee n  its d a m a g in g  ac tiv ity  a n d  the g e n e ra l  hea lth  
conditions of the trees.
b) A p re l im in a ry  m icrob io log ica l ana lys is  w as  a t te m p te d  sea rc h in g  possib le  
V ibrionaceae on the exoskeleton of some S. terebrans from  M ida Creek.
c) O n a p a r t  of the S. terebrans sam ples  collected in 1991 an d  1992, a D N A  finger 
p r in t  analysis  is n o w  a ttem pted  to s tu d y  the re la tionships be tw een  the m em bers  of 
these "families" (in connection w ith  research 3).
An ana logous  s tudy , using DNA finger print, will also be m ade  to com pare  genetic 
h o m o g en e i ty  be tw een  in d iv id u a ls  collected w ith in  the sam e m an g ro v e  a n d  from 
d ifferen t m angroves.
Isopods  (directly  developing  in the m other 's  m arsu p iu m ) are expected  to be more 
h o m o g e n eo u s  w ith in  the sam e creek than  be tw een  ad jacen t m a n g ro v e .  If the 
above  techn ique  will be able to reveal this, the w hole  research p ro ced u re  will be 
ap p lied  to m an y  other im p o rtan t  anim al taxa. We hope, in this w ay, to be able to
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m e asu re  the degree  of m igra tion  (i.e. the possibility  of reco lon ization) be tw een  
d ifferent creeks of several crustaceans an d  fishes.

References
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first a t tem p t to analyse paren ta l re la tionships in popu la tions  of Sphaerom a 
terebrans from Kenya trough a D N A  technique. Boli. Zool. (in prepar.)

8. Ecological role o f the tree crab Sesarma leptosomum (Decapoda, Grapsidae)

V annini M., R uw a R. K.

a) A nalysis  of feeding activity of S. leptosomum will be m ade  in M arch - A pril 1993 
to d e te rm in e  the  im pact of this  species  on  the m an g ro v e  leaves  a n d  on the 
m a n g ro v e  health .
b) A s tu d y  will also be a t tem p ted  to u n d e rs ta n d  the scanty  d is tr ib u tio n  of this 
species  w h ich  occasionally  is very  a b u n d a n t  (in som e areas w ith in  M ida  Creek, 
m ore  than  300 anim als per tree) but, at the sam e time, is totally lacking from  m ost 
of the K enyan  m angroves.

9. H ydrostatic  pressure response o f  the crab Thalamita crenata in laboratory

Vezzosi R., A nyona  D., Vannini M.

a) A ctiv ity  rh y th m  of T halam ita  c renata  w as s tu d ied  bo th  in field (1991) an d  in 
labora to ry  (1992). Animals were  collected in Gazi and  M tw apa in o rder to establish 
the activity  p a tte rn  in re lationship w ith  the tide and  hydrosta tic  pressure .
Several tests w ere  m ade  in each of w hich , the m o v em en t of 4 an im als , k ep t in 
small aquaria , were  recorded every 2 mins, for 72 hours (i.e. 3 days). Tw o crabs were 
k ep t in cons tan t conditions, in the th ird  a q u a r iu m  the w ater  level w as  vary ing  in 
phase  w ith  the tide, in the fourth, in an ti-phase  w ith the tide.
A nim als  are m ore  active at day  time th an  at n igh t time. The m ajor activity  peaks 
occurred  w hile  the w ater w as rising and  lowering, roughly  be tw een  5 an d  25 cm of
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w ate r  level, confirm ing thus the previous observations in M ida Creek. The results 
w ere  n o t  re la ted  to the actual phase  of the tide lead ing  one to th ink  tha t a real 
p ressu re  de tec tor m ust exist am ong  T. crenata. Inform ation on hydrosta tic  pressure  
are necessary  in nature, to avoid w a ter  levels higher than  a certain level (about 25 
cm) w hich  can allow the dangerous  visits of several p reda to rs  (cuttle-fishes, parro t 
fishes, ray fishes, etc.).
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T halam ita  crenata: biological clock or pressure gauge ? Mar. Behav. Physiol, 
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V ezzosi R., A nyona  D., B arbaresi S., V annin i M., 1993. Field o b se rv a tio n s  on 
activity  rhythm s of Thalam ita crenata (Decapoda, Portunidae). Ethol. Ecol. & 
Evol. (in preparation)

10. N ew  records o f Anomurans in Kenya

R uw a R. K., Vannini M.

a) Three  species of terrestrial he rm it  crabs (fam. Coenobitidae) are rep o r ted  for the 
first tim e from  Kenya, and  som e ecological notes are given: Birgus latro, Coenobita 
b rev im a n u s  an d  Coenobita perlatus.
b) The p rob lem  of an ecological exp lana tion  for the strict is land preference of some 
te r re s t r ia l  d e c a p o d s ,  c o m p a re d  w i th  congenerics  w id e ly  p re s e n t  on  A frican 
con tinen t is p u t  forward.
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11. N ew  records of mangrove crabs in Kenya

V annini M., R uw a R. K.

a) Four species of Sesarmidae, n ew  for Kenya, were d iscovered  in the M ida Creek 
m a n g ro v e  an d  notes on their zo n a tio n  as well as on their ecological role were 
reco rd ed :  Sesarma leptosomum, S. villosum, S. longipes and  Selatium brocki. 
Sesarma leptosomum was found  to climb trees as high as 10 - 12 m  and  feed directly 
on  g reen  leaves, Selatium brocki only lives on m an g ro v e  trunks  (like the re la ted  
w ell k n o w n  species, Selatium elongatum) bu t only am o n g  the p rox im al Avicennia  
be lt ( in s tead  of the distal Sonneratia  and  Rhizophora  w h ich  are in h ab ited  by S. 
elongatum).  The rem ain ing  two species have only been fo u n d  on the floor, under 
debris  of w ood  and  rocks, in the u p p e r  level of the intertidal belt.
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Sphaerom a terebrans from  Kenya (in prep.).

110



R uw a R. K. & Vannini M., 1993. N ew  records of terrestrial he rm it  crabs in Kenya 
(D e cap o d a ,  A n o m u ra ,  C o en o b it id ae )  and  the p ro b le m  of the  " is land  
species". Bull. Atoll. Res. (in press)

V annin i M., Innocenti G. & R uw a R. K., 1993. S tructu re  of fam iliar g ro u p s  in 
M ysids, commensals of herm it crabs. Trop. Zool. 6(2): (in press)

V annin i M., O luoch  A. fe R uw a R. K., 1993. Vertical m ig ra tions  of the tree crab, 
Sesarm a lep tosom um  (Decapoda, Grapsidae). Mar. Biol, (in press).

Vezzosi R., A nyona  D., Barbaresi S. & V annini M., 1993. Activity  m o d u la tion  in 
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h  R 0 2

O c cu r r en c e  of H. harpsLX in the  Kenyan Dardanus hermit c rab  shells.
y

Mysids
A b s e n t  P r e s e n t  G - t e s t  P

( n = 2 5) (n  = 48)

H e r m i t  f e m a l e s  11 25 0 . 4 2  d f = l  NS
S e x  m a l e s  14 23

H e r m i t  s m a l l  10 19 0 . 5 5  d f = 2  NS
S i z e  medium 11 18

l a r g e  4 11

H e r m i t  D. l a g o p o d e s  11 24 2 . 2 3  d f = 2  NS
S p e c i e s  D. m e g i s t o s  13 18

o t h e r  s p p .  1  6

F r e q u e n c y  d is t r ibu t ion  of the  H. harpax  found in the Kenyan Dardanus. N = 
n u m b e r  of H. harpax  found in each hermit.

N 0 1 2  3 >=10
F r e q u e n c y  25 5 35 1 7
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h  R 0 3

MALINDi
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r í s .  Collecting sites.
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h  RG5

ging r*.
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h  P 0 4
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h R 0 ‘
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s  -  r e s e a r c h  PG4
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h  RG4
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UJ
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fa iI^Pt°somum- Average migration flow along a Rhizophora  t r u n k  (19 days ,  1991 and
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e c o l o g y  o f  ma ngr-Qve c r u s t a c e a n s r e s e s  r c r.

A v e r a g e  n um be r  (n) a n d  s t a n d a r d  e r r o r  (SE) of  c r a b s  pa r t i c i pa t i ng  ¡i 

t h e  f o u r  migr at ion  flows.

M O R N IN G E V E N IN G A V E R A G E

1991

a v e r a g e

n

SE

Up Down

3 33  428

10 10 
2 6 . 9  3 1 . 9

Up Down

3 0 0  169

10 10 
7 3 . 5  3 4 . 1

Up Down

316  298

1992

a v e r a g e

n

SE

522 517

7 6

6 9 . 9  7 4 . 3

4 0 0  252

9 9

7 5 . 1  5 3 . 7

453 358

A v e r a g e  F50 (t ime at  whi ch  50% of  t he  migrat lonal  flow was r ec or d ed )  

for  d i f f e r e n t  f lows In 1991 a nd  1992 a n d  r e l a t i ve  compar ison ( t - t e s t ) .

1991 1992

UM DM UE DE UM DM UE DE

a v e r a g e  F 50 0 6 : 2 0  0 7 : 4 0  1 7 : 1 5 1 7 : 4 1 0 6 : 4 0  0 8 : 3 9  1 7 : 0 0  1 7 : 4 4

n 10 10 7 7 7 6 9 9

SD 16 '  1 8 '  2 0 ' 15 ' 12 '  1 4 '  2 9 '  16 '

c o m p a r i s o n s  : t d f P<= d i f f e r . ( 9 2 - 9 1  )

UM91 v s  UM92 2 . 9 2 3 15 0 . 0 2  2 0 '

DM91 v s  DM92 6 . 9 3 7 14 0 . 0 1  5 9 '

UE91 v s  UE92 1 . 167 14 n . s  . -  15 '

DE91 v s  DE92 0 . 4 5 6 14 n . s  . 4 '

SG4
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s  -  r e s e a r c h  RG 5
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/

Sesarma
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Gastropods
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Metopograpsus
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guttatum

Epixanthus
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Uca 
vocans

Dead
insects

Eurycarcinus / Thalamita
natalensis /■1 crenata
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Ocypode
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laevimanus meinerti

•ded predation acts among mangrovi 
er a p> o cl s ( da ta  f rom d irec t  observation: 
cl stomach content analysis).
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h  R06

VERTICAL DISTRIBUTION ABOVE W ATER LEVEL 
OF M e t o p o g r a p s u s  t h u k u h a r  (DAY+NIGHT)
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e c o l o g y  o f  ma n g r o v e c r u s t a c e a n s r  e s e a r  c r ' u n

V E R T IC A L  D IS T R IB U T IO N  A B O V E  W A T E R  L E V E L
O F  E. dentatum  a n d  S. g u t t a t a
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h  R06
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e c o l o g y  c f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h  R07

S. terebran s  . Water c ircu la t ion  within th e  burrow
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e c o l o g y  o f  m a n g r o v e  c r u s t a c e a n s r e s e a r c h  R09

Activity model of Thalamita crenata  in a tidal day
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Fig. 1 - Activity model of Thalamita crenata between two nocturnal tides. 

Dotted line= water level; solid line= frequency of crabs per ha; black 

bars= nocturnal hours, white bars= diurnal hours.
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4.1.4. Report on U c a  (ñddler crab) research

I. G ordon, L. D epew , M. Kagoda, A. Oluoch & E. V anden Berghe 

University  of Nairobi, Dept. Zoology., Kenya.

4.I.4.I. Introduction and objectives of the study

In this report,  the results of two projects, orig inally  in d ep en d en t,  are p resen ted . 
The tw o  projects are: 'Investiga tions  on Uca h a n d ed n ess ' ,  su b m it te d  by Dr. I. 
G o rd o n ,  a n d  'E stim ating  the a b u n d an ce  of f idd ler  c rab s’, su b m it te d  by Dr. E. 
V anden  Berghe. Since there is a considerable am oun t of overlap  betw een these two 
projects, w e  dec id ed  to unite  forces, a n d  conduct research  on the f id d le r  crabs 
jo in tly .

The results  p resen ted  are prelim inary, the project still being carried out, and  a lot of 
d a ta  a re  still to be analysed . Also, the o b se rva tions  tha t  sh o u ld  lead  to the 
conclusion  have  not yet been m ade. D ue to a series of prob lem s (’N o th in g  is as 
s im ple  as it looks'), the exclosures that form  the central m e th o d  of observation  for 
this research, have only recently been com pleted. H ow ever, all p roblem s have now  
been  solved to a (more or less) acceptable degree, an d  a start has been  m ade  w ith  
d is to r t in g  the ratio  of left- to r igh t h a n d e d  m ale  crabs. Also, the first sets of 
observationa l da ta  that shou ld  lead to the final solution of the p rob lem  have been 
m ade.

F id d le r  crabs are  am ongst the m ost a b u n d a n t  and  m ost active m em b ers  of the 
m an g ro v e  fauna. Their role in the food chain and  recycling of n u tr ien ts  - being  
de tr i tu s  feeders - m ust be considerable. Before it is possible to m ake a quantita tive  
estim ate  of their im pact on the m angrove  ecosystem, it is necessary to have reliable 
w ays in w hich to assess their densities.

The m ain  objectives of this project are:
1. d ev e lo p in g  reliable techn iques  to investigate  ab u n d an ce  a n d  activ ity  of the 

fiddler crabs
2. investigating a possible advan tage  of a m inority  g roup
3. an  investigation  of the allom etric  re la tionships describ ing  re la tive  claw size 

(relative to body  size)
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P re lim inary  results  of the research have been com piled an d  p resen ted  at the third 
HYSEA conference, Zim babwe, D ecem ber 1992. Abstracts of the p resen ta tions  are 
p re sen ted  here.

4.1.4.2. Abstracts, HISEA Conference, D ecem ber 1992 

1. Estim ation o f  fiddler crab densities in mangroves

1.}. G ordon , L.A. D epew  and E. V anden Berghe

Uca crabs consti tu te  a substantia l p ropo r tion  of the anim al biom ass in m angroves  
an d  satisfactory  m ethods for the estim ation of their densities are a pre-requisite  for 
m a n g a l  ecosys tem  studies. The fo llow ing  techniques  w ere  ap p lied  in the Gazi 
m a n g ro v e  on  the Southern  K enyan  coast: transects, q u ad ra ts ,  d igs, d ro p - trap s ,  
p h o to g ra p h s ,  b u r ro w  counts, exclosures an d  m ark -recap tu re .  The re su lts  are 
p re s e n te d  a n d  the va rious  m e th o d s  c o m p ared .  Large scale exc losu res  are 
p a r t i c u la r ly  re c o m m e n d e d .  The p re v e n t io n  of la te ra l  m o v e m e n t  w ith in  a 
ve rtica l ly  z o n e d  system  p e rm its  the  iso la tion  of su b -p o p u la t io n s  w h ich  can be 
subjected to detailed  study and  experim ental m anipulation.

Key w ords: m angroves, Uca, densities, techniques

2. The effect o f  handedness on agonistic interactions and male reproductive success
in Uca inversa

L.A. D epew , E. V anden Berghe and  I.J. G ordon

In m ale  f id d le r  crabs e ither the r ig h t  or the left cheliped  is g rea t ly  en larged , 
accoun ting  for u p  to 40 % of the body  weight. This m assive investm en t, together 
w ith  the  re su lt in g  halving of the feeding  rate  in males as co m p ared  to females, 
m akes  the m ajor cheliped of Uca crabs a spectacular exam ple of an expensive male 
seco n d ary  characteristic that m u s t  have  evo lved  th rough  sexual selection. In m ost 
Uca species the ratio of left to right h a n d ed  males is 1:1. W e here repo rt  the results 
of observa tions  on the effects of h an d ed n ess  in Uca inversa p o p u la t io n s  in w hich 
h a n d ed n e ss  ratios have been experim entally  perturbed .

Key w ords: Uca inversa, handedness , f requency-dependen t selection
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3. Aspects o f  the biometry o f  Uca lactea annulipes (Ocypodidae): dimorphism o f the 
m ajor cheliped

E. V anden  Berghe, I.J. Gordon, L.A. D epew  and  M. Kagoda

T h r o u g h o u t  the genus Uca,  each species show s  a d im o rp h ism  for the m ajor 
cheliped  of the male crabs. O ne form is long and  slender, w ith  red u ced  tubercles, 
the  o th e r  sh o r t  and  stout, w ith  m ore  p ro n o u n c e d  tubercles. These  form s are 
k n o w n  as the leptochelous and  brachychelous forms, respectively. The basis of this 
d im o r p h is m  is unclear, an d  cou ld  be e ither  genetic  in orig in , or re su lt  from  
re g e n e ra t in g  chelipeds. R egenera ting  limbs of d ecap o d s  are sm alle r  than  n o n ­
regenera ting  ones in many cases.

A s tu d y  w as  u n d e rtak en  to investigate  this d im o rp h ism  in Uca lactea an nu lipes , 
q u an tify ing  the size of the major cheliped in relation to body  size. Results not only 
ind ica te  tha t the leptochelous form  is sm aller than the brachychelous one, bu t also 
th a t  re s id u a ls  from  a regress ion  of cheliped  length  vs. carapace  w id th  form s a 
m u l t im o d a l  d is t r ib u t io n .  Th is  is tak en  to be a s t ro n g  a r g u m e n t  for the 
reg en era tio n  hypothesis, w here  d ifferent m od i in this d is tr ibu tion  co rrespond  w ith  
d ifferen t phases  of regeneration of the cheliped.
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4.2. TERTIARY PRODUCERS

4.2.1. Species composition and shuttle movement of fish

Ntiba, W akwabi, E.O(2), M w atha, G.K<2) & Kimani, E(2)

d) D epartm en t of Zoology, U niversity  of Nairobi, P.O. Box 30197, Nairobi, Kenya.
<2) Kenya M arine and  Fisheries Research Institute, P.O. Box 81651, M om basa, Kenya.

4.2.1.1. Introduction and objectives of the research

M angrove  creeks have been ass igned  the role of nu rse ry  g ro u n d s  for juveniles of 
so m e  m a r in e  trop ica l fishes (M acin tosh , 1982) an d  hav e  been  s h o w n  to be 
im p o r ta n t  fish ing  g ro u n d s  for bo th  fin fish and  shellfish (K rish n am u rth y  et. al., 
1979). W hile  Stone (1986) s tu d ie d  the com m unity  s tru c tu re  of the juvenile  and  
a d u l t  fish in sim ilar ecosystems in Puerto  Rico the only re la ted  w ork  in the West 
Ind ian  Ocean area is that of Little et. al., (1988) in the Tudor creek, Kenya.

This s tu d y  describes the species diversity, abundance and  the tem poral occurrence of 
the fish species in Gazi creek on an annual cycle. The w ork also tries to establish the 
life h is to ry  s ta tus of the species found  and  provides baseline in form ation  for fu ture 
s tu d ie s  on the sh u ttle  m o v e m e n ts  of fish b e tw een  m a n g ro v e  creeks  an d  the 
adjacent seagrass beds and  coral reefs.

4.2.1.2. Material and Methods

Four sam p lin g  stations w ere  selected from  the m o u th  of the m ain  channel to the 
u p p e r  reaches of the creek. These stations were fished, w ith  a beach seine 40 m long 
a n d  2 m high  w ith  a m esh size of 5 m m  over a period of 3 consecutive days at low 
tide a ro u n d  sp ring  tides from  M arch  1991 to April 1992. Day a n d  n ig h t sam ples 
w ere  taken. Each catch w as  so rted  ou t into species, w e ig h ed , total leng th  and  
s tan d a rd  length  m easured  to the nearest millimetre and  a subsam ple  p reserved  in 5 
% fo rm alin  for analysis  of the  s to m ach  con ten ts  back in the labo ra to ry . The 
id e n t i f ic a t io n  of the  m a te r ia l  w as  d o n e  fo l lo w in g  the  a v a i lab le  l i te ra tu re  
(Sm ith ,1979; Fisher & Bianchi, 1984, Smith & Heem stra, 1986).
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4.2.I.3. Results

Table 1. show s the percent annual abundance  of families of fish caught in Gazi creek 
from March, 1991 to April, 1992. It is clear that the family G erreidae is ou ts tand ing ly  
a b u n d a n t  fo llow ed by A ntherin idae  w hich in terms of n u m b ers  com prised  abou t 
31.47 % an d  8.86 % respectively. A part from these two the o ther families that are 
s ignificantly  a b u n d a n t  in the creek include T eraponidae , L utjan idae, Sillaginidae, 
A c ro p o m id a e ,  C lu p e id ae , L e th rin idae , Belonidae, a n d  Scaridae. A lso of some 
im p o r tan ce  in the creek are  the families S iganidae, S p h y raen id ae ,  F is tu lariidae , 
A pogonidae, Triodontidae, and  Pom acentridae  each constitu ting  betw een  1 and  2 % 
of the  to ta l c o m m u n i ty  n u m e r ic a l  a b u n d an c e .  T he re m a in in g  28 fam ilies  
en co u n te red  in the creek d u r in g  this s tu d y  con tribu ted  less than 1 % each to the 
total num erica l abundance  of the com m unity .

This table fu rther shows that the species richness per family ranges from 1 to 9. The 
card inals  (Apogonidae) are the best represented  w ith  9 species followed by Mullidae 
an d  L ethrin idae  each w ith 7 species; Lutjanidae, C arangidae , and  Synodontidae  are 
r e p re s e n te d  by  5 species each  w hile  G ob iidae , A c a n th u r id a e ,  B o th idae , an d  
C lu p e id a e  have  4 species each. H o w ev e r  there is no re la t io n sh ip  be tw een  the 
n u m b e r  of species  en co u n te re d  in a fam ily  w ith  its co n tr ib u t io n  to the total 
n u m erica l  a b u n d an c e  of the ich th y o c o m m u n ity  of G azi creek. The S hannon- 
W eaver indices of com m unity  d ivers ity  (H) (Zar, 1984) in Gazi are sh o w n  for the 
d if fe ren t  m o n so o n  seasons  in Table  2. These  indices are  h ig h e r  d u r in g  the 
so u th eas t  and  northeast m onsoons than in the in te rm onsoon  period.

The c o n tr ib u t io n  by d if fe ren t  species  to the over n u m erica l  a b u n d a n c e  of a 
pa rticu la r  fam ily in the creek w as highly variable (Figure(s) 1 (a), (b), (c)) and  that 
Gerres oyena  (97 %), H e rk lo s t s ich th y s  quadr im acu la tus  (75 %) a n d  L u t j a n u s  
f u l v i f l a m m a  (62 %) are  n u m erica l ly  the m ost im p o r ta n t  species  a m o n g s t  the 
G erre idae , C lupe idae  and  Lutjan idae  respectively. Trachinotus blonchii (37 %) and  
Caranx ignobilis (35 %) are the m ost im p o r tan t  species a m o n g s t  the kingfishes 
(C arangidae) in the creek (Figure 1 (d)). Similarly Lethrinus harak con tribu ted  69 % 
of the total num erical ab u n d an ce  am ongst the 7 Lethrin ids cau g h t  in the creek in 
this s tudy. In the A pogonidae, the best represen ted  family in species richness in the 
creek, Apogon cookii (39 %) an d  A. nigripes (24 %) were the m ost ab u n d an t.

The tem pora l varia tion  in the num erical abundance  of each species in the creek is 
s h o w n  in Table 3. It is a p p a ren t  that som e species such  as Gerres oyena, Lethrinus  
h a r a k ,  Therapon  jarbua ,  Sphyraena  jello,  S iganus  su to r ,  H e r k l o s t s i c h t y s  
q u a d r im a c u la t u s ,  Trachinotus blonchii an d  Leptoscarus vaigiensis  occur in the
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creek ro u n d  the year. This pa tte rn  of occurence is show n  only for T. jarbua, S. sutor 
an d  G. oyena in Figure 2 (a), (b) and  (c) respectively. Lutjanus fulvif lamma, Caranx  
ignobilis, Thylosurus acus (Figure 3 (a), (b) and  (c)) and  Parupeneus barberinus occur 
in the creek from  January  to June. The o ther species seem  to have  no definite  
p a tte rn  of occurrence in Gazi creek.

4.2.I.4. D iscussion and conclusion

The n u m b e r  of species recorded  in this s tu d y  is no t su rp r is in g  since w ith  m ore 
sam p lin g  an d  better spatial cover of the creek this list will g row  longer. The fishes 
cau g h t  w ere  small averaging in length betw een 3.9 to 43.9 cm. O n an annual basis 
the sp ec ie s-abundance -d is tr ibu tion  of the com m u n ity  of fish in Gazi is high and  
h o m o g e n o u s  (H  = 1.07). H o w ev e r ,  d u r in g  the in te r -m o n so o n  p e r io d s  the 
c o m m u n ity  ab u n d an ce  is d o m in a te d  by G. oyena in A p r i l /M a y  while in October, 
d u r in g  the  S E /N E  in term onsoon, the species d ivers ity  w as low est an d  dom ina ted  
aga in  by G. oyena and  Shilago sihama. W hether this w as caused  by the reversal of 
the m onsoon  gyres is hard  to explain w ithou t further research.

Based on com parison  of the average sizes of fish obtained in this s tu d y  (Table 4) and  
the m a x im u m  sizes rep o r te d  for these species in the In d ian  O cean  (Smith & 
H eem stra ,  1986) it is clear tha t the Gazi fish com m unity  is a m ixture  of adu lt  and  
juveniles. E m perical calculations show  that on the average  fish becom e sexually 
m a tu re  at 35 % of their m ax im u m  total length  (Nzioka, 1981, N tiba, 1986; Ntiba, 
1990; N tiba  & Jaccarini, 1988) an d  the sm allest m a tu re  fish in any  stock is on the 
average  30 % of the m axim um  total length of the species. G oing by this principle 47 
% of the species  sh o w n  in table 4 are  juven iles  tha t have  no t a t ta in ed  sexual 
m a tu ra t io n  a n d  thus  use the creek as a n u rse ry  g round . The species w hich  are 
in d ic a ted  as ad u lts  in this Table 3 m u s t  p lay  an im p o r tan t  role in the trophic  
re la t io n sh ip s  of the creek an d  this has been  sho w n  for the A po g o n id ae  (Vivien, 
1975) in M alagasy coral reef.

The occurrence  ro u n d  the year of, for exam ple, H. quadrimaculatus, G. oyena, L. 
harak, T. jarbua, S.jello, S. sutor, and  L. vaigiensis could  be in te rp re ted  in tw o ways. 
O ne, the species could  be ad u lts  re s iden t in the area or, two, they are  juveniles 
o r ig in a tin g  from  ad u l t  popu la tion (s)  w ith in  the vicinity w hose  sp a w n in g  occurs 
th r o u g h o u t  the  year. Based on the in fo rm a tio n  g iven  in tables 3 an d  4 H . 
quadrimaculatus,  G. oyena appea r  to res iden t in the creek ro u n d  the year while the 
o ther species are juvenile fishes sp aw n ed  elsewhere and  come to the creek. Ntiba & 
Jaccarin i, 1990 sh o w ed  s trong  seasonality  for the juvenile  S. sutor in the T u d o r
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creek, M om basa , Kenya w here  they ap p ea red  from M arch to April and  again  from 
S ep tem ber to October. The sam e au tho rs  show ed  that these juveniles w ere  from 
tw o defin ite  sp aw n in g  seasons of adu lt  one an d  a half m on ths  earlier. Based on 
ex am in a tio n  of gonads  of fish in the East African m arine  w aters  N z ioka  (1979) 
po in ts  ou t tha t spaw n ing  lasts from July to February  w ith  a peak  in O ctober in the 
L u tjan idae . H e  fu r ther  pos tu la tes  two sp aw n in g  peaks  for the L e th rin idae  in 
S e p te m b e r /O c to b e r  and  J a n u a ry /F e b r u a ry  an d  for the M ullidae  in M arch  and  
N o v e m b e r .

A lth o u g h  the hatching  time of eggs of m arine  fish in tropical w aters  is very short 
(P au ly  & Paulin , 1988) there is no inform ation  on the time taken by the larvae to 
g ro w  an d  a t ta in  the juvenile  stages cau g h t  in Gazi a p a r t  for S. sutor (N tiba  & 
Jaccarini, 1988) w hich w ould  be 3 m onths  old. C ontinu ing  research off the Kenyan 
inshore  w aters  indicates that in L. fulviflamma sp aw n in g  lasts Sep tem ber to M arch 
(K aunda, Pers. com) which agrees w ith  the findings of N zioka (1979). These finding 
a re  fu r th e r  co rrobo ra ted  by the ap p ea ran ce  of the juveniles  of L. fulvif lamma  in 
G azi creek  from  January  to June. Earlier repo rts  from  Kenya (Ntiba & Jaccarini, 
1988), Pa lau  a n d  Singapore (Lam, 1974) an d  G uam  (Kami & Ikehara, 1976) show  
s tro n g  sp a w n in g  seasonality  am o n g st  s iganids. N zioka (1979) also repo rts  s trong 
sp aw n in g  seasonality  for L. harak in the East African m arine waters. But contrary  to 
these rep o rts  juveniles of S. sutor an d  L. harak in this s tu d y  w ere  en co u n te red  all 
the year ro u n d .  Bw athondi (1981) repo rted  that s iganids off the T anzan ian  coast 
b reed  th ro u g h o u t  the year. W hat this m ay  m ean  is tha t som e areas  are m ore 
p re fe r re d  as n u rse ry  g ro u n d s  by the juven ile  fish so tha t if there  are  several 
sp a w n in g  a d u l t  population(s) w hose  tim ing of sp aw n in g  are not synchron ized  the 
p o s t  la rv ae  w o u ld  m ig ra te  to m o re  im p o r ta n t  m a n g ro v e  n u rs e ry  areas  thus  
ex p la in in g  the  all year ro u n d  tem pora l occurrence  of som e juven iles  of species 
k n o w n  f ro m  o th e r  lines of ev id en ce  to h av e  a h ig h ly  sy n c h ro n iz e d  oocyte  
d ev e lo p m en t  in their ovaries. If this a rg u m en t is true then it could well be that the 
juveniles  repo rted  to appear seasonally  by (Lam, 1974), (Kami & Ikehara, 1976) and  
(N tiba & Jaccarini, 1988) w ere p robab ly  en rou te  to some ecologically m ore  suitable 
n u rs e ry  g ro u n d s .  Gazi creek could  therefore  be one of these im p o r tan t  nu rse ry  
g ro u n d s  for the juvenile m arine  fish in Kenya.

H ow ever, it shou ld  be poin ted  ou t tha t to a certain the sp aw n in g  times of our fishes 
s im u ltan eo u s  sam pling  is needed  for the cycle of gonad  m atu ra tion  of the adu lts  as 
w ell as p lan k to n  surveys for the eggs an d  larvae. F u r the r  da ta  on the juveniles 
such  as the p resen t  on could equally  be useful if the g row th  p a ra m ete rs  for the 
species are k n o w n  since it w ou ld  allow the time taken by the larvae after hatching 
(Pauly  & Paulin , 1988) be calculated from the empirical g row th  equation. C urren tly
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these  e q u a t io n s  are only k n o w n  for S. sutor (N tiba & jaccarin i,  1988) and  L. 
Fulviflamma  (Kaunda, Pers Com.) in the inshore w aters of Kenya.

G az i  c reek  is also u sed  as a s p a w n in g  g ro u n d  by so m e  fishes  su ch  as 
A n th er in o m o ru s  lacunosus  (A n th e r in id ae )  w hich  com e to the creek  in huge  
sch o o ls ,  the  a p o g o n id s  Archamia  mozambiquensis ,  Apogon nigripes,  A p o g o n  
cookii, a n d  the c lupeid Sardinella bibbosa.

This s tu d y  has show n the im portance  of Gazi creek as (a) an m ajor nu rse ry  g round  
for the young  of fish that su p p o r t  the artisanal fishery in Kenya and  for other lesser 
species w hich  do  not feature in the fishery bu t are of great im portance  in this creek’s 
food  w ebs, and , (b) a sp aw n in g  g ro u n d  for some res iden t an d  shoaling  m igratory  
species. For these reasons it is concluded  that the Gazi m angrove  area be protected 
an d  conserved  for the con tinued  surv iva l of the fish species and  o ther fauna and  
has a key role to play in the fisheries p roductiv ity  in our inshore waters. The same 
sh o u ld  be done  for other m angrove  areas in the world.

C o m m e n t s

The w o rk  on fishes in East African coastal ecosystems is in its in fan t stage. The 
species  list m u s t  be com ple ted  no t only  for m angroves  b u t  also for the equally  
im p o r ta n t  seagrass  beds and  the coral reefs. In this part of the w o rld  n o th ing  is 
k n o w n  of the trophic  interactions nor the shuttle  m ovem ent of fish in these coastal 
b io topes . W hile  the fishery is be ing  explo ited  close to its m a x im u m  susta inable  
y ie ld  level, in form ation  on the biology of m ost exploited species, save for S. sutor 
a n d  L. fulviflamma,  is com pletely  lacking. The sp aw n in g  cycles an d  the sp aw n in g  
g ro u n d s  for the adu lt  fish species from  w hich  the juveniles recorded  at Gazi in the 
p re sen t  s tu d y  m u s t  have come from , are unknow n. Also there  are  m an y  species 
no t exploited  commercially in these w aters  bu t w hose ecological role is u n d o u b ted ly  
im p o r tan t  an d  m ust be studied.
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Table 1 : The abundance and the species richness of various families of fish in Gazi creek, Kenya.

Fam ily % Abundance N° of species

Acanthuridae .21 4
Acropomatidae 3.69 2
Antherinidae 8.86 1
Apogonidae 1.25 9
Belonidae 2.38 1
B oth idae .78 4
Carangidae 3.75 5-
Chaetodontidae .03 1
C hanidae .04 1
Chirocentridae .07 1-
Clupeidae 3.67 jb
D actylopteridae .02 1
Diodontidae .39 2
Engraulidae .10 1
E phippidae .25 1
Fistu lariidae 1.72 1
Gerreidae 31.47 3
Gobiidae .20 3
H aem ulidae .08 2
H em riram phidae .04 2
K yphosidae .01 1
Labridae .21 2 .
Leiognathidae .26 3
Lethrinidae 3.30 7-
Lobotidae .04 1
Lutjanidae 4.87 5.
Monacanthidae .08
M onodactylidae .84 1
M ugilidae .60 1
M ullidae .90 7
O straciidae .90 1
P latycep h alid ae .90 3-
Plotosidae .43 1-
Pomacentridae 1.19 2-
Scaridae 2.11 3
Scombridae .07 1-
Scorpaenidae .18 3
Siganidae 1.90 2 ,
S illa g in id a e 4.22 1
Soleidae .12 2.
Sphyraenidae 1.78 2 .
Synodontidae .34 4
Teraponidae 6.52 2
Triodontidae 1.21 2
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Table 2 : The seasonal changes in the community diversity of fishes in Gazi creek, Kenya.

Season Tim e of year S h an n o n -W eav e r  Index  (H)

NE - SE in te rm onsoon April - May 0.86

SE m o n so o n June - Septem ber 1.35

SE - NE in te rm onsoon October 0.68

NE m o n so o n N ovem ber - M arch 1.19

The index of com m unity  diversity  (H) for this area in general is 1.07
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Table 3.: Reported maximum lengths (Ly) compared with the mean total lengths (MLT) of the fish  

species in Gazi. The species life-history stage is given as: A, Adult, J, Juvenile.

X

V/

Species  N am e Fam ily (L.) cm (MLT) cm
Acropoma japonicum A cropom atidae 20 6.06 + 0.46 A
A n th er in o m o ru s  lacunosus A n th e r in id a e 14 7.49 + 0.91 A
Apogon frenatus A pogon idae 10 8.70 + 3.25 A

Apogon nigripes A pogon idae 7 7.10 + 1.99 A

Cheilodipterus lineatus A pogon idae 22 8.37 + 0.44 A

Apogon cookii A p ogon idae 10 9.95 ±1.10 A

Thylosurus  acus B elonidae 125 28.75 ±4.20 J

Bothus  manchus B othidae 42 13.50 ±1.34 J

Bothus pantherinus B othidae 30 8.70 ±4.13 J
Trachinotus  blochii Caraginidae 54 12.40 ±1.40 J

Scomeroides tol C arangidae 60 4.71 ±1.50 J

Sardinella bibbosa C lupeidae 17 12.30 ±2.20 A

H. quadrimaculatus C lupeidae 14 6.63 ±0.45 A

Spratelloides delicatus C lupeidae 7 6.16 ±1.80 A

Pellona ditchela C lupeidae 14 8.60 ±1.10 A
Caranx igyiobilis C rangidae 165 1.66 ±1.64 J

Platex pinnatus Ephipp idae 30 8.39 ±1.56 J
Gerres oyena G erreidae 25 8.98 ±0.53 A

Gerres f i lamentous G erreidae 25 12.20 ±3.09 A /J

Gerres poeti G erre idae 25 11.91 ±5.40 A /J

O plopom us  oplopomus Gobiidae 8 7.80 ±0.10 A

Cheilo inermis Labridae 50 14.40 ±0.66 J

Stethojulis  strigiventer Labridae 15 6.70 ±0.19 A

Leiognathus equula Leiognath idae 25 6.01 ± 0.97 J

Lethrinus harak L eth rin idae 60 7.44 ±1.30 J

Lethrinus  nebulosus L eth rin idae 75 8.70 ±1.17  J

Lethrinus lentjan L eth rin idae - 7.70 ±1.78 J

Lut janus  fu lv i f lamma L utjan idae 30 8.18 ±1.67 J

Lutjanus  ehrenbergi Lutjan idae 30 6.63 ±0.81 J

Lutjanus  angentimaculatus Lutjan idae 100 37.40 ±6.45 J

Aluterus  scriptus M o n ac a n th id ae 100 14.50 ±4.95 J

Paramonacantus barnadi M o n ac a n th id ae 9 9.31 ±0.80 A

M onodyc ty lus  falciformis M onodacty lidae 31 11.78 ±1.28 A
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Species  Nam e Fam ily (L.) cm (MLT) cm
Valamugi l  seheli M ugilidae 50 14.40 + 0.44 J
Parupenus indicus M u llid ae 32 13.80 + 0.70 A
Upeneus tragula M ullidae 20 9.58 ±0.39 A
Parupenus  cinabarinus M u llid ae 28 10.90 +2.52 A
Plotossus nkunga Plotosidae 54 16.30 ± 0.43 J
Dascyllus carneus P om acen tr idae 7 3.65 ±0.21 A

Dascyllus trimaculatus P om acen tr idae 14 8.01 ±0.10 A
Leptoscarus vaigiensis Scaridae 35 9.24 ±2.25 A
Pterois miles Scorpaen idae 31 12.00 ±1.08 A
Parascorpaena mossambica Scorpaen idae 10 7.78^2.08 A
Siganus sutor Siganidae 45 6.18 ±3.30 J
Shillago sihama Sillag in idae 30 18.50 ±1.30 A
Solea bleekeri Soleidae 17 13.63 ±3.81 A
Sphyraena jello S p h y raen id ae 125 12.00 ±4.66 J

Saurida gracilis S y n o d o n tid ae 20 14.35 ±2.26 A
Therapon jarbua T erap o n id ae 33 6.97 ±0.71 J
Therapon theraps T erap o n id ae 25 6.80 ±0.71 J

Chelonodon laticeps T rio d o n tid ae 20 19.35 ±1.34 A
A ro thon  immacula tus T rio d o n tid ae 30 18.41 ±2.21 A
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T a b le  4: Percentage tem p o ra l  a b u n d a n c e  o f  f ish in Gazi creek, Kenya, f ro m  A pril  1991 to A pril  1992

Species Name March April May June July October November December January February March April

Acanthurus lineatus .26 .17

Ctenochaetus strigosus .73

Naso brevirostris .60 .60
Acanthurus xanthopterus .16
Acropoma japonicum 18.41
Acropoma spp .33 24.80 .81
Antherionomorus lacunosus 46.19 11.26 .16 45.32 .26 2.93 .32
Foa brachygramma .34

Apogon lateralis .82

Apogon flagellifer .53
Apogon frenatus .53 .16

Apogon nigripes 3.47 .16

Archamia mozambiquensis .16

Cheilodipterus lineatus 2.10

Apogon cookii 5.87

Fowleria aurita .82

Thylosurus acus 1.37 6.52 3.44 .82 .73 5.94 4.27 5.48

Bothus myriaster .20 4.36

Bothus manchus .28 .20 2.07 .16

Bothus pantherinus .16 1.33

Pseudorhombus arsius .30 .30

Caranx ignobilis 1.59 1.01 .86 1.43 .82 1.17 3.88 2.40 2.42

Trachinotus blochii .34 .16 7.81 7.81 .15 .27 .16



T a b le  4: con tinua tion

Species Nam e March April M ay June July O ctober N ovem b er D ecem ber January February March April

Gnathanodon speciosus .17 .41

Trachenotus bailoni 8.79

Heniochus acuminatus .41

Chanos chanos .49

Chircentrus dorab .88

Sardinella bibbosa 2.38 .73 4.13
Herklostsichthys quadrimaculatus .18 9.01 5.91 .60 .60 1.90 9.07 5.81

Spratelloides delicatus 1.87 .81

Pellona ditchela 1.10

Scomeroides tol 1.74 .58 1.07

Dactyloptena orientalis .20

Diodon hystrix 4.24 .16

Lophodiodon calori .27

Stolephorus holodon 1.15

Platex pinnatus .69 .20 .49 1.61

Fistularia petimba .13 .33 8.11 8.11 .29 3.71

Gerres filamentous .28 4.76 .58 1.03 .32

Gerres poeti 4.80 .81

Gerres oyena 19.55 65.62 55.70 10.64 16.26 37.04 32.13 32.13 20.61 28.17 10.67 36.94

Amblygobius albimaculatus .26 .82 .16

Oplopomus oplopomus .44

Caffrogobius nudiceps .30 .30 .16

Diagramma pictum .17

Plectorhinchus gatrinus .15 .27 .32

Hyporltambus affinis .17



T ab le  4: co n t inu a t ion

Species Nam e March April M ay June July O ctober N ovem b er D ecem ber January February March April

Hemriramphus far .27

Kyphosus bigibbus .13

Chelio inermis .44 .61 .16

Stethojulis strigiventer .61 .69

Leiognathus elongatus .18

Leiognathus equula .99 1.03 .27

Gazza minuta .30 .30

Lethrinus malsenoides .20

Lethrinus harak 1.59 6.31 1.43 1.31 1.31 2.40 2.40 1.02 9.68

Lethrinus nebulosus .20 .15 4.35

Lethrinus semicintus 2.42

Lethrinus mahsena .20

Lethrinus lentjan 4.11

Lethrinus elongatus .52

Lobotes surinamensis .40 .26

Lutjanus fulviflamma 1.97 1.28 5.50 .41 10.18 1.02 .78 8.00 7.10

Lutjanus ehrenbergi .20 9.61 9.61

Lutjanus bohar .20

Lutjanus angen linucula tus .99 .27

Lutjanus russelli .87 .26 .27

Aluterus scriptus .26

Steplwnolepis auratus .16

Paramonacanthus barnadi .53

Monodzctylus falciformis 5.52 4.58

Valu mugil seheli 6.73 .53



T ab le  4: con tin ua t io n

Species N am e March April M ay June July O ctober N ovem ber D ecem ber January February March April

Parupeneus barberinus .20 .57 2.05 .41 .16 .60 .60 .53 .16

Parupenaeus macronema .20

Upeneus vittatus 1.14 .20

Parupenus indicus .33

Upeneus tragula 1.15

Parupenus cinabarinus 1.31

Parupeneus pleurostigma .60 .60

Lactoria cornuta 1.19 .44 3.60 3.60 .29 .52 .80 .32

Grammoplites protuguesus .20

Platycephalus indicus .16

Papilloculiceps longiceps .16

Plotossus nkunga 5.17

Dascyllus carneus 13.16 .53

Dascyllus trimaculatus .58

Leptoscarus vaigiensis 1.76 .17 1.81 .90 .90 .26 1.60

Scarus psittacus 1.57 8.77

Scarus vaigiensis .26 4.47

Ratrelliger kanagurta .82

Scorpaeopsis cirrhosa .29

Pterois miles .49

Parascorpaena mossambica 1.33 .16

Siganus sutor 1.76 .85 2.58 1.64 .66 2.18 3.00 3.00 .52 .80 2.58

Siganus stellatus .73 .17 52 1.87

Shillago sihama .71 11.99 34.86 .30 .30 1.02 2.07

Solea bleekeri 1.07



T able  4: con tin ua t io n

Species N am e March April M ay June July O ctober N ovem b er D ecem ber January February March April

Pardachirus marmoratus .32

Sphyraena jello .60 1.82 3.43 1.02 1.80 .87 1.02 5.94 2.40 1.61

Sphyraena barracuda .82

Saurida gracilis .20 .13 .51 .20 .15 1.33 .32

Saurida undosquamis .20

Synodus indicus .33

Trachinocephalus myops .27 .48

Theraphon jarbua .79 1.13 1.20 11.00 12.00 10.81 10.81 2.34 19.90 .27 1.61

Theraphon theraps .45 1.89 3.94

Chelonodon laticeps .20 6.31 6.31 .15 .53 .65

Arothon immaculatus .44



Gerreidae Lutjanidae

rp o e t i  ( 1 */•

G. f i l a m e n t o u s  ( 2 */.)

. G. o y e n a  ( 97  ' / .

L f u l v i f l a m m a  ( 6 2 * / . )

L a r g e n t i m e r c u l a t u s

L b o h a r

L e h r e n b e r g i

Clupeida c Carangidae

S .  b i b b o s a  ( 16*/. )

P . d i t c h e l a  ( 2 * / . )

S . d e l i c a t u s  ( 6 */•

H. q u a d r i m a c u l a t u s  ( 7 5 ' / . )

C. ign o b i l i s  ( 35 */• )

T . b lo c h i i  ( 37 */.

G. s p e c i o s u s  ( I */. )

Figure 1. The percent abundance  of fishes in the family G erre idae  (a), 
C lupeidae (b), Lutjanidae (c) and  C arangin idae  (d) in Gazi creek, 1991/92.
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Figure 2. The variation in the tem pora l num erical abundance  of I. jarbua (a), 
S. sutor (b) and G. oyena (c) in Gazi creek, 1991/92.
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Figure 3 The variation in the tem poral num erical abundance  of L. 
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4.2.2. Fish parasites

E. M artens(1)' G. Geets(2) & J. Moens(3)

H) Department of Zoology, University of Nairobi, Kenya.
(2) Department of Zoology, Kenyatta University
(3) Departm ent of Biology, Limburg University Centrum

4.2.2.1. Introduction

Fish parasites form an im portant component in aquatic ecosystems and can have a 
significant im pact on the host populations. Parasitological research may reveal 
valuable information for studies on feeding habits of fishes, fish m igration and 
mortality. The literature s tudy  indicates that the current knowledge of parasitic 
fauna of marine fish and invertebrates is very limited for the Eastern African coast 
and  that this research is new for Kenya.

4.2.2.2. Objective of the research

The aim of the study is to make a taxonomic survey of the parasite fauna in fishes 
of the Kenyan coast and to gain knowledge of the ecological aspects such as 
prevalence, infection intensity and site specificity in the host.

4.2.2.3. Material and methods

Fishes were sampled with fish traps and seine nets at Nyali area and Gazi Bay, while 
a first set of Siganus was collected from the fish market in Mombasa. Ectoparasites 
were collected from the gills, m outh  cavity and skin. Endoparasites were collected 
from the intestinal tract and rinsed in physiological saline. For taxonomic study the 
parasites were collected from fresh fish. Monogenea and  Digenea were fixed in 
FAA for whole mounts, in Steve and  Bouin solution for light microscopy sections 
and in Glutaraldehyde for electron microscopy. Nematodes were fixed in Berland’s 
G A A /F orm alin  solution, cleared in lactophenol or glycerol. Acanthocephala were 
rinsed with tapwater to make them extrude their proboscis, fixed in 4 % formalin 
and  cleared in lactophenol or glycerol. Crustacea were fixed in 4 % formalin. Of the
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gill and  intestinal parasites encountered the numbers and distribution in the host 
were recorded: on gili arch 1 to 4 or 5, left and right side; in intestine part 1 to 4.

4.2.2.4. Results

As the taxonomic survey has been ham pered by the lack of the literature needed, 
identification  of the specimens is still ongoing. Therefore, the unidentified  
parasites are now distinguished as "types". Representatives of the different parasite 
groups found in the fish species studied till now are given in Table 1.

For the parasites in Siganus sutor  the infection prevalence and intensity of infection 
is given in Table 2.

4.2.2.5. Conclusions

The identification of the different parasites found has been ham pered  by the time 
needed  to gather the taxonomic literature. From the different M onogenea and 
Digenea now  distinguished as "types", some might be allometric forms of one 
species. It is therefore essential to identify the species and describe new ones first, 
before the quantitative data can be accurately analysed for the ecological aspects. 
From the data analysed till now  can be seen that for Siganus sutor , a herbivorous 
fish, the prevalence of infection is quite high, especially in the adult sizes (market 
sample).

After more intensive sampling of other fish species comparisons will be related to 
the fish feeding habits and abiotic characteristics of sampling location.

4.2.2.6. Oral communications

Parasitological study of Siganus sutor, a commercially im portant fish species of the 
Kenyan coast. IZWO Workshop "Marine research in Kenya", Ostend - May 1992. 
First parasitological study of marine fish species of the Kenyan coast. HYSEA 1992 
Symposium, Harare - December, 1992.
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Table 1: Gili and intestinal parasites found in different fish species.

Fish species 

(nr studied)

G ili parasites Intestinal parasites

Siganus sutor 

(59)

Monogenea: Pseudohaliotrema sp. 1 

Pseudohaliotrema sp. 2 

Tetrancistrum sigani 

Microcotyle mouwoi type 1 

Copepoda: Caligidae: 2 types

Hatschekiidae: 1 type 

Isopoda: Gnathiidae: 1 type

Digenea: Opisthogonoporoides sp.

Gyliauchen papillatus 

Hexangium sigani 3 types 

Acanthocephala:

Neorhadinorhynchus sp. 

Nematoda: Procamallanus sp.

Lutjanus rivulatus 

(12)

Monogenea: 3 types 

Caligidae: 1 type 

Hatschekiidae: 12 type 

Copepoda: 2 types

Digenea: 3 types 

Acanthocephala: 1 type

Lutjanus

fulviflam mus

(9)

Monogenea: 1 type 

Hatschekiidae: 1 type 

Crustacea: 1 type

Digenea: 2 types

Lethrinus

nebulosus

(7)

Monogenea: 3 types 

Hatschekiidae: 1 type

Digenea: 1 type 

Acanthocephale: 1 type

Scarus ghobban 

(15)

Monogenea: 2 types 

Hatschekiidae: 2 types 

Copepoda: 1 type

Digenea: 2 types

Scarus forsteri 

(1)

Hatschekiidae: 1 type

Leptoscarus 

va ig iensis: 

(5)

Monogenea: 2 types 

Hatschekiidae: 1 type 

Isopoda: 1 type

Digenea: 1 type

Abudefduf

saxa ti l is

(11)

Monogenea: 3 types 

Copepoda: 1 type

Digenea: 3 types 

Acanthocephala: 1 type

Gerris oyena 

(1)

Hatschekiidae: 1 type
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Table 2: Prevalence and mean intensity of infection in Siganus sutor

Parasite Prevalence (%) Mean intensity
I II I II

Tetrancistrum sigani
Pseudohaliotrema spp. 100 100 97.4 89.8
Microcotyle mouwoi
Monogenea type 1 14.8 4.3
Caligidae 11.1 7.5

Hatschekiidae 43.7 37.0 9.7 6.8

G nath iidae 62.5 33.3 5.3 4.2

Opisthogonoporoides sp. 81.8 77.7 168.2 81.3
Gyliauchen papillatus 100 88.8 201.6 92.3
H exangium  sigani 68.2 59.2 21.1 9.8

Digenea type 1 74.1 48.3
type 2 51.8 23.4
type 3 14.8 3.1

Neorhadinorrhynchus sp. 81.8 48.2 2.7 2.3

Procamallanus sp. 90.9 63.0 21.9 11.6

I = market sample (for gili parasites: 32 fishes, intestinal parasites: 22 fishes), mean total length =

24.5 cm (G. Geets & E. Martens)

II = fresh fish catches (27 fishes), mean total length = 15.8 cm (E. Martens & J. Moens)
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4.3. SUSTAINABLE MANAGEMENT

4.3.1. The autecology of the mangrove oyster Saccostrea cucullata (von Bom, 1778)

Ph. Polkd), E. O kem w a(2), R.K. Ruw a(2), J.F. Tack(1- 2), E. Vanden Berghe(3), E. 
K im ani(2)

d) Lab. Ecology, Free University of Brussels, Belgium
(2) Kenya Marine & Fisheries Research Institute, Mombasa, Kenya
(3) Dept. Zoology, University of Nairobi, Kenya

4.3.1.1. Introduction

The m angrove oyster Saccostrea cucullata was described for the first time by von 
Born (1778) as Ostrea cuccullata. Because the original spelling cuccullata  is 
orthographically wrong von Born (1780) corrected the name to cucullata. Following 
the International Code of Zoological N om enclature the spelling cuccullata can be 
considered as a lapsus calami or unintentional mistake within the m eaning of art. 
32c ii. This means that cuccullata is under consideration for correction to cucullata 
(art. 32d) or emendation (art. 33b ii.). U nder these circumstances the name of the 
author and the date of the original spelling are kept. Dollfus & Dautzenberg (1920) 
placed this species in the genus Saccostrea. So the correct name of the mangrove 
oyster m entioned is Saccostrea cucullata (von Born, 1778).

There exists a lot of confusion about the nomenclature of this species. The two 
main reasons for this problem are the great variation in form, and the fact that 
some authors  have regarded Saccostrea as a junior synonym  of Crassostrea. The 
latter is believed to be erroneous, because the two can be distinguished consistently 
by shell features^

Since 1954 Crassostrea cucullata and Saccostrea cucullata have been used  for the 
same species. Following the argum ents above, preference has to be given to the 
nam e Saccostrea cucullata (von Born, 1778). Saccostrea cucullata is found on the 
trunk and the stilt roots of m angrove trees and rocky substrata in brackish marine 
environments. Especially in the mangrove forests, they can be very abundant, and 
are the dom inant species of the fauna.
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We studied  several aspects of the autecology of S. cucullata growth rates, and size 
and  form as related to the distribution within the interidal zone of the Kenyan 
coast. Results from these studies can now be used in setting up a commercial oyster 
culture in Gazi Bay.

4.3.1.2. Results

4.3.1.2.1. Size as related to vertical distribution

The littoral oyster S. cucullata occurs between 1.05 and 3.35 m above chart datum, 
w ith  the highest density occurring between 1.85 and 2.75 m. Its distribution is 
related to size specimens occurring lower in the intertidal zone tend to be larger. To 
quantify this trend, two studies were carried out. In the first study, a sample of 1470 
oysters has been m easured on a rocky shore near Mkomani. The second study 
involved m easuring 2825 oysters growing on the trunks and stilt roots of mangrove 
trees in Gazi.

The M k o m a n i  sample

Oyster were random ly selected in an area of about 4 by 2.5 m, on a vertical rising 
cliff. Shell lengths (maximum linear dimension) were m easured to the nearest 0.1 
m m  using Vernier callipers. The reduction in size of the oysters is dem onstrated by 
com putation of correlation coefficients (r) and  regression equations between length 
(d ep en d en t variable) and height ( independen t variable). Because of the non- 
linearity  of the overall relationship , the data  were d iv ided  in three groups, 
according  to heigh t above datum . The regression param eters  and correlation 
coefficients are given in Table 1. All correlation coefficients are significant at p = 
0.001. Mean length for all oysters in consecutive 10 cm bands are plotted in Figure 1.

Table 1: regression parameters of oyster length versus height above datum; the date have been split 

into three groups, according to different heights above datum.

Heights slope intercept r2

1 -1.85 6.49 43.64 -.569
1.86-2.75 -17.14 62.67 -.941
2.76-3.35 - 24.85 91.44 -.899
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The G az i  sample

Observations were made along five parallel transects. The first transect was located 
at the entrance of the main channel. The others were at a distance of approximately 
400, 800, 1200 and 1600 m inland. A part from height above da tum , as in the 
M kom ani study, other factors were taken into account: approximate density of the 
oyster growth, and proximity to the bottom.

Density  of the oyster was estimated by setting out small line transects over the 
substrate. Density expressed as percentage cover was taken to be the percentage of 
the length of the line going over oysters. Height above the bottom was measured 
directly, to the nearest cm.

The results showed that oyster length was weakly correlated (rank correlation) with 
the approxim ate density of the oysters. However, for densities equal to and higher 
than 65 % there was a fairly strong negative correlation. This dem onstrates the 
influence of density on oyster length for densities higher than 70 % cover. The 
influence increases as density increases, as shown in Figure 2. Other authors have 
sim ilarly  dem onstra ted  that density  m ay affect grow th rate and size in littoral 
bivalves.

Shell lengths of S. cucullata are small at a height lower than 0.25 m above the 
bottom as compared to oysters growing farther from the bottom. This may be due to 
the h igher sedim ent load closer to the m u d d y  bottom. Because oysters are filter 
feeders, they may have to expend more energy in filtering the water at lower levels 
to get an equal amount of food compared to the oysters growing at higher levels.

Table 2: Regression parameters, rank correlation coefficient and sample sizes for regression of length 

versus height above datum. Oysters grow ing closer than 25 cm to the bottom, or with a 

density of larger than 70 %, are not included in this analysis.

Transect Slope Intercept r2 n

I -11.671 67.28 .85 543
II -14.421 70.09 .35 536
III -11.190 62.31 .75 194
IV -12.192 62.64 .69 150
V -13.091 62.46 .69 52
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The fairly strong negative rank correlation between oyster length and  the height 
above d a tu m  (after removing all oysters growing lower than 0.25 m above the 
bottom and all oysters growing on substrata with a density higher than 70 % cover) 
dem onstrates  that S. cucullata exhibits size-related patterns in vertical distribution. 
This is even more clear when the five transects are studied separately. Regression 
parameters, correlation coefficients and sample sizes are given in Table 2. A scatter 
plot for one transect (transect I) is included as Figure 3. The other transects show 
similar patterns.

Height above chart datum, and thus percentage of time immersed, seems to be the 
p rim ary  factor determining the shell length of the oysters. This relationship is 
obscured by the influence of crowding and proximity to the bottom. Competition 
for space is the obvious mechanism by which crowding can influence the length of 
the oyster shell. The way in which proximity to the bottom influences oyster 
g row th  remains to be investigated, but a probable mechanism is the interference of 
high sedim ent load with the filter feeding of the oysters. As with the correlation 
be tw een  form and height above chart datum , it seems logical to look for an 
exp lanation  for the correlation between shell length and  the time an oyster is 
subm erged (feeding time).

One problem with harvesting oysters on a commercial basis is their small size as 
com pared  to European oysters. From these results it is clear that, in an oyster 
culture the oysters should be grown as low as possible in the intertidal zone, but 
k eep in g  a m in im um  distance of 25 cm from the bottom. This s tudy  also 
dem onstrates the importance of keeping the density of the oysters low.

4.3.I.2.2. Growth rates

From our data, the calculated growth curves showed that the growth rate decreased 
in an upw ard  direction and secondly the growth was fastest before the age varying 
from 8 to 10 months, after which it slowed with increasing age. At elevation 1.1 m 
above the Kilindini datum  the growth rate ranged from 3.6 to 3.9 m m  per month, 
for oysters that were 8 to 10 months old, and with shell lengths ranging from 31.6 to 
34.2 mm. At an elevation of 2.7 m, the growth rate at similar ages ranged from 21 to 
22 m m  per m onth with shell lengths ranging from 19.6 to 21.8 mm. The oysters 
translocate from 1.1 m to 2.9 m show ed decreased grow th  rate which ranged 
between 2.3 and 2.6 mm per m onth with shell lengths ranging from 21 to 22 mm at 
ages between 8 and 10 months. In the inverse experiment, oysters were translocated 
from a height of 2.9 m to 1.1 m. These oysters grew faster (3.0 to 3.3 m m  per month)
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and  reached a higher shell length (ranging from 26.1 to 33.7 mm) at similar ages 
than the oysters that had already settled at 1.1 m and were translocated to 2.9 m. 
Growth rates and shell lengths on different heights are summarised in table 3.

Table 3 : Growth rate of oysters on heights above datum. Initial height and final height refer to 

height above datum before and after translocation, respectively.

Initial height Final height Growth range Length range

1.1 1.1 3.6-3.9 31.6-34.2

2.7 2.7 2.1 -2.2 19.6-21.8
1.1 2.9 2.3 - 2.6 21.0-22.0
2.9 1.1 3.0-3.3 26.1 -33.7

S. cucullata commonly settled between 1.0 end 3.0 m above datum  with profuse 
settlem ent below 2.0 m. Settlement below 1.0 m was ham pered  by the prolific 
g ro w th  of hydrozoans, bryozoans, sponges, and the annelids, Serpu la  sp. and 
Spirob is  sp. The barnacles settled profusely between 1.6 and 3.2 m above chart 
d a tu m  with Eurpahia withersi confined to the highest levels between 2.4 and 3.2 m.

From these observation it is clear that the nuisance of fouling by barnacles can be 
reduced  if the oysters are cu ltured  between 1.0 and 1.7 m above da tum  where 
advantageously  the growth rate of the oysters is even faster. The nuisance of self- 
fouling by the oysters can be tackled by mechanical destruction of the spat within 
two months after the short and long rains, thereby encourage fastest growth.

4.3.1.2.3. Form in relation with several environmental parameters

For this aspect of the autecology of S. Cucullata, we made observations on 85 oyster 
shells. A part from recording observations necessary to describe the form, the 
following environmental factors were recorded: height above datum , height above 
bottom, d iam eter of the substrate on which the oyster was growing, density, and 
species of the mangrove tree serving as substrate. In a first approach the shell form 
was described using a single variable, the second approach involved a description of 
the shell form by Fourier analysis.
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Shell form: univariate method

The form of the oyster shell, as seen in a projection, was described by a shape factor 
SF = p c /p .  p is the circumference of the oyster, pc is the circumference of a circle 
with the same area as the oyster. Defined in such a way, SF will vary inversely with 
the irregularity of the oyster; an oyster that is more or less circular will have SF 
approximately equal to, but always less than, unity. If the outline of the oyster is 
very irregular, if the oyster grows large, winglike projections, SF will be lower.

Rank correlation of Sf with height above chart datum  was -0.726 (p < 0.01; n = 85), 
leading  to the conclusion that the form of the oyster is more irregular w hen 
grow ing higher in the intertidal zone. Typical oyster forms are d raw n in Figure 5. 
Figure 5.1 and  5.2 are oysters growing high in the intertidal zone, 5.3 and 5.4 came 
from a lower spot. A possible explanation for this phenom enon is that S. cucullata 

tries to enlarge the contact surface between the seawater and its phenom enon is that 
S. cucullata tries to enlarge the contact surface between the seawater and its gills. 
This w ould  enable oysters which are in the water for a short period to collect as 
m uch food as oysters which are submerged in the water for a longer period.

Shell form: Fourier analysis

We calculated Fourier coefficients for the outlines of the same 85 oyster shells. 
Those coefficients were used in a cluster analysis. It is clear from the results that the 
form of the oyster shell is influenced by both height above datum  and the diameter 
of the substrate: oysters that were collected from the same tidal level tended to 
cluster together, as did oysters growing on substrates of the same diameter. The 
results of the cluster analysis are given in Figure 4. 'Misclassifications' were defined 
as oysters that clustered together with oysters growing on different tidal levels, 
a n d /o r  oysters growing on different diameter substrate. They are represented in 
Figure 4 as capital, rather than lower case characters.

Height above da tum  has the most im portant influence, as reflected in the fact that 
the two groups were separated at the highest level of distance. Differences of form 
resulting from differences of diameter of the substrate were smaller. The number of 
misclassifications for this last environmental variable was small in this study, but 
this was caused by the way in which the sampling was performed: sampling was 
done on the complete range of tidal level, but only on the extremes for substrate 
diam eter.
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The distinction between these four groups can be related to the appearance of the 
oysters. Oysters growing on small diameter substrates are more elongated than the 
ones grow ing  on large diameter substrate. This allows them to attach a large 
portion of their shell to the substrate and improves the structural strength of the 
shell. Typical oysters for the four different environmental conditions are given in 
Figure 5.

Orientation with respect to main tidal current was treated in the same way as the 
two env ironm enta l param eters discussed above. O rientation seems to have a 
weaker, but still clear influence on the form. This is also apparent from a visual 
inspection of the outline of the oysters, as dem onstra ted  in Figure 6. Oysters 
growing perpendicular to the tidal current often have lobes all around their outline, 
as opposed  to oysters growing parallel to the current, which have lobes mainly on 
one side.

This s tudy  has demonstrated the existence of a relationship between environmental 
param eters and the form and size of the oysters. The next step in research should be 
the construc tion  of a functional m odel to investigate the causal relationship  
between shell morphology of S. cucullata and the environmental variables.

4.3.I.3. List of publications

O kem w a, E, R.K. Ruwa & P. Polk, 1986. The autecology of the edible oyster 
Crassostrea cucullata Born, 1778: size related  vertical d is tr ibu tion  at 
Mkomani, Mombasa. Kenya Journal of Sciences Series B 7(2): 9-14.

Ruwa, R.K., 1988. Towards im proving shellfish production  through appropriate  
techniques in the culture of the edible oyster, Crassostrea cucullata Born. In: 
P roceedings of the UNESCO/UTAFITI W orkshop  on the Ecology and 
Bioproductivity of the Marine Coastal Waters of Eastern Africa, University 
of Dar-es-Salaam, Tanzania, 18-20 January 1988, PP. 66-74.

Ruwa, R.K., 1990 & P. Polk, (in press). Patterns of spat settlement of the tropical 
oys ter  Crassostrea cucullata (Born, 1778) and  the barnacle, Bal anus  
amphitrite (Darwin, 1854) in a mangrove creek. Tropical Zoology.
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Figure 5 : Typical oyster forms
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Figure 6 Visual inspection of the outline of the oysters growing parallel 
and perpendicular to the tidal current.
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4.4. BIOGEOCHEMICAL CYCLES

4.4.1. Distribution of nutrients and particulate organic material in Gazi Bay

J. Kazungu(1>, F. Dehairs(2), L. Goeyens(2)

(1) Kenya Marine & Fisheries Research Institute, Mombasa, Kenya
(2)- Lab. Analytical Chemistry, Free University of Brussels, Belgium

4.4.1.1. Objectives of the research

All ecosystems are driven by the flow of energy which is unidirectional and the 
flow of materials which is cyclic. The availability of energy and the cycling of 
restricted materials will thus set an upper limit to the productivity of the ecosystem 
(Selmer, 1988). Ever since nutrients (especially nitrogen) were cited as the major 
lim iting  factors in prim ary productiv ity , a lot of research on them  has been 
conducted  (Nixon and Pilson, 1983; McCarthy et al., 1984; Sweeney and Kaplan; 
1980). In estuaries and shallow coastal ecosystem, nutrients are supplied into the 
sys tem  by various  a lloch thonous  and  au to ch th o n o u s  sources. The main 
allochthonous source of this supply  being rivers and anthropogenic inputs. The 
variations of these inputs hence controls the prim ary p roduction  of a coastal 
ecosystem. In the open sea, prim ary production is mainly controlled by the supply 
of regenerated (autochthonous) nutrient supply (Glibert, 1988). Upwelling regions 
are usually associated with high prim ary productivity and active fisheries activity. 
This high production  is usually due to the allochthonous input of nutrients into 
the euphotic zone from the deep waters. All the above mentioned examples stress 
on the im portance of nutrients on prim ary production and  ultim ately fisheries 
distribution.

M angrove vegetation covers most parts of the coastal creeks in tropical regions. 
They are characterized by their ability to thrive in saline inter tidal areas that may 
also be anaerobic. Mangrove vegetation offers a suitable shelter for m any different 
types of m arine species. However, little is know n material (POM) distribution 
within the system.

The main objective of this work was to investigate on the distribution of nutrients 
in m angrove ecosystem in order to assess the importance of m angroves in the 
supply  of dissolved nutrients.
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4.4.1.2. M aterials and methods

b) sampling

Figure 1 shows the sampling stations established within the study site. Stations Gl, 
G2, G3 and G4 and G4 are sampling stations along the Gazi creek while stations Kl, 
K2 and  K3 are stations along river Kidogoweni. Station M was established at the 
entrance of Mkurumuji estuary to monitor the inter tidal fluctuation of nutrients 
and particulate organic material entering the Bay through the estuary.

W ater sam ples for nutrients ( N O ] , PO¡~and SiO¡~) determ ination  from the water 
colum n were collected in 100 ml plastic sampling bottles and fixed immediately 
w ith  abou t three drops of chloroform  before storing in cool boxes pending  
transportation to the laboratory. At the laboratory the determinations were done by 
a Technicon Autoanalyzer II system using the standard methods of Armstrong et al. 
(1967) and Chan and Riley (1970). Salinity determinations were perform ed using 
the K nudsen  titration m ethods w here the water sam ples are titra ted  against 
s tandard ized  silver nitrate solution.

For Particulate Organic Material (POM) samples, one to two litters of the water from 
the particulate station was filtered onto pre-combusted W hatman G F /F  filters. The 
filters were stored in petri-dishes in cool boxes pend ing  transporta tion  to the 
laboratory where they were dried  at 80 °C for 24 hrs. These samples were latter 
stored in desiccators and eventually taken to Free University of Brussels for carbon, 
nitrogen and carbon isotope analysis. The carbon and nitrogen analysis were done 
using a Carlo Erba NA1500 Nitrogen Analyzer with acetanilide as s tandard  while 
the carbon-isotope m easurem ents were performed using the same equipm ent in 
line with a Finnigan Mat Delta E mass spectrometer interfaced with a Finnigan Mat 
trapping box.

Carbon-13 abundance is expressed in 5 units where

( 13C / 12C)sample
5 C % =

(l3C / 12C)standard
xi 000

The standard  value against which all measurements are referenced is the one for 
PDB carbonate.
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4.4.1.3. Results and discussion

River M kurum uji is established to contribute positively in the supply  of dissolved 
nutrien ts  into Gazi Bay during the rainy season. Figures 2a - 2d display various 
profile of param eter observed at the m outh of M kurumuji estuary during  a six- 
hour time series conducted during  rainy season (mid-May 1991). It is seen that at 
low tide (indicated as t = 0 hr) salinity values were very low (< 1.0 %o) while 
between the third and forth hour the values changed to ca. 34.0 %o (Figure 2a). The 
same trend was noticed for the nutrients profiles. At low tide, phosphate, nitrate 
and  silicate concentrations were relatively higher than observed du ring  the high 
tide.
Phosphate concentrations changed from about 3.2 (ig at-P/1 to values below 1.0 jig 
a t-P /1  (Figure 2b) du ring  the change from low tide to high tide. N itra te 
concentrations changed from about 4.5 jig at-N/1 to about 1.0 jig at-N/1 while silicate 
changed from about 160 jig at-Si/1 to ca. 30 |ig at-Si/1 during the same 24-hr period . 
Time series conducted at the same station two weeks latter confirmed the same 
features. At high tide (indicated as t = 0 hr) salinity values were ca. 33 %o (Figure 3a) 
which decreased to < 1.0 %o at low tide (t = 6 hr). However, it was strange to note 
that at the second expected high tide (t = 12 hr) there was no significant change in 
salinity values. A significant change came at the repeat of the entire tidal cycle (t = 
24 hr) w hen the salinity was again observed to raise to ca. 33 %o. N utrient profiles 
(Figure 3b, 3c, 3d) are seen to exhibit the same features. While relatively high 
nutrient values were noticed at t = 6 hr corresponding to low tide, these values were 
not changed significantly during the second high tide (t = 12 hr). Dissolved oxygen 
profile (Figure 3c) indicated the same feature as that observed for salinity. The two 
extreme high tides (t = 0 hr and t = 24 hr) had water with relatively higher D.O. 
values (ca. 6.8 ml/1) while values at the two low tides (t = 6 hr and t = 18 hr) and the 
second high tide (t = 12 hr) were lower at ca. 3.5 ml/1 associated with the 
M kurum uji river contribution. 24-hr time series conducted earlier during  the dry 
season (March 1991) also displayed some similar features as those noticed during 
the rainy season. However there was no significant contribution of dissolved 1 
nutrients by the river into the bay. Nitrate and phosphate concentrations were both 
below 1.0 (ig at/1 even during low tide. Salinity profile show ed that at high tide 
salinity values were ca. 35 %o which decreased to about 30 %o at low tide. At the 
second high tide (t = 12 hr), no significant change was observed.

H ourly  tidal height measurements taken during  the 24-hr time series of May 1991 
(Figure 3 - 7 )  indicates that there was a tidal height difference of about 1.0 metre 
between the first and second high tide (or second and third high tide). It therefore 
seems that the extra water brought in by the first and third high tide is responsible

177



for the significant changes. Otherwise during the second high tide, it is only water 
w ithin the Bay and its environs that is pum ped up  the estuary. This observation is 
also supported  by stable carbon isotope studies involving particulate organic matter 
(POM). Carbon isotopic composition of POM is gaining popularity  as a tool of 
investigating organic matter flow pattern in m any estuaries (Fleming, et al., 1990; 
Rezende, 1990; Gebauer and Schulze, 1991). Checking the 5 13C values against time 
(Figure 5), we also see that the second high tide (t = 12 hr) had no effect on the 
carbon isotopic values. 5 13C values (ca. - 20.0 - 21.00 %o) characteristic of marine 
waters (Rezende, 1990) were noticed during the first and third high tide. At low 
tide, 5 13C values were found to be between - 25.0 %o and - 26.0 %o which is 
characteristic of POM dominated by mangrove influence (see section 4.4.2.3.). There 
was no significant change between the low tide and the second high tide (Figure 5).

Salinity and nutrient profiles (average values for May and  June) observed in River .< 
K idogow eni (Figure 6a - d) indicates that the rive acts as an additional input of | 
nutrients into the Bay during the rainy season. During the dry season the river had | 
insignificant effect.

Figure 7a - d shows the average salinity and nutrient profiles observed in Gazi creek 
du ring  the rainy season (May) and dry season (January/February/M arch). Salinity 
values increases from about 35.5 %o at station G1 to about 36.5 %o at station G4 
du ring  the dry  period. This increase is most probably due to evaporation as the 
creek gets shallower towards station G4. During the rainy season salinity values 
ranges from about 33 %o at station G1 to about 22 %o at station G4, m arking the j 
significant influence of river Kidogoweni. Silicate concentrations along Gazi creek 
are show n to be around 20 pg at-Si/1 th roughout the creek during  dry  season. 
H ow ever during  the rainy season, there is a steady increase from about 30 (ig at-Si/1 
at station G1 to about 150 pg at-Si/1 at station G4. Nitrate and phosphate  values 
w ere  also observed to be low th roughou t the creek du r in g  the dry  season as 
com pared to the rainy season (Figure 7c and 7d). The reduced nitrate and phosphate 
values at s tation G2 and G3 could be due to higher uptake rate by prim ary 
producers. This would be checked latter with labelled nitrate compounds.

Table 1 shows the 8 13C distribution of POM in Gazi creek during  the dry  season 
(January 1991). A progressive decrease of 8 13C values is noticed from station G1 to 
G4. Since marine POC has been shown to have a characteristic value of - 20.50 %o 

and mangrove POC having a value of - 26.77 %o (see section 4.4.2.3.) it is clearly seen 
that there is a progressive influence of mangrove contribution as one moves deeper 
into the creek.
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Table 1: S13C (%o) distribution of POM in Gazi creek during the dry season (January 1991).

Station Gl G2 G3 G4 K1 K2

5 13C (%o) -21.74 -23.15 -23.20 -25.83 -25.52 -25.20

Table 2 displays 5 13C values of POM at station G3 on a six-hour time series during a 
dry  period (October 1992). Whereas at high tide (t = 0 hr) the 5 13C values indicated 
marine POC dominance (relatively high values) at low tide (t = 6 hr) 5 13C values 
characteristic of mangrove POC dominance were observed as the water was moving 
out. This means mangrove detritus is exported out of the system both during the 
wet and dry  season.

Table 2: 833C (%o) values of POM at station G3 on a six-hour time series during a dry period (October 

1992). t = 0 hr corresponds to high tide w hile t = 6 hr corresponds to low tide.

T im e t = 0 t = 1 t = 2 t = 3 t = 4 t = 5 t = 6

a i3c  (%c) -20.93 -21.07 -20.98 -22.08 -23.99 -24.23 -24.51

4.4.I.4. Conclusion

T h o u g h  m angrove  ecosystems are very  im portan t as safe g rounds  for m any 
different types of marine species, no clear evidence has emerged to indicate that 
m angroves supply  significant contribution of dissolved nutrients into the system. 
In Gazi Bay, rivers M kurum uji and  K idogow eni have been show n  to supply  
d isso lved  nu trien ts  into the bay d u r in g  rainy  season. W hen this supp ly  is 
m in im ized  du ring  the dry  season, d issolved nu trien t levels are also found to 
decrease significantly. Time series study of POM and nutrients at the m outh  of the 
M k u ru m u ji  es tuary  indicates that nu tr ien ts  and particu la te  o rganic  m aterial 
s u p p lie d  into the Bay d u r in g  low tide are not w ashed  ou t of the system  
immediately. Some of the material is in fact pum ped back into the estuary during 
the following high tide hence creating a to and from movement of materials at the 
bay before it is eventually w ashed out. This is confirmed by the 0 13C analyses of
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POM at the entrance of river M kurumuji in which 0 13C values associated with 
m angroves and low tide waters not changed, significantly during  the following 
high tide with relatively low tidal amplitude.

Though  the supply  of nutrients by the rivers into the Bay was found to be very 
minimal during the dry season, time series study both at river M kurumuji entrance 
and  in Gazi creek indicated that mangrove detritus are exported out of the system 
throughou t the year. This therefore implies that mangrove ecosystems export out 
nutrien ts  in particulate phase and  not inorganic dissolved phase as suggested by 
O ng 'anda’s (1992) modelling studies explained elsewhere in this text (section 7).

4.4.1.5. Future work

Though  the m angrove system has been established to have very low dissolved 
nutrients, there is a higher probability that this could be a result of relatively high 
up tak e  of dissolved nutrients within the system. Vertical profiles of nutrients 
w ithin the mangrove sediment system indicates very high (almost 6.0 times higher) 
n u tr ien t  concentrations in sed im ent as com pared to am bient values within the 
water column. Assuming that these nutritional elements eventually diffuses out of 
the sedim ent, the mangrove systems are thus expected to have higher nutrients 
levels than those observed. The next phase of this project should  be focused on 
fluxes of the nutrients between the sedim ent and water phase. This s tudy  should 
in tegrate  remineralization rate of organic material in the m angrove system and 
uptake rates (or removal rates) of these elements. Stable nitrogen-15 isotope studies 
will be very useful for this investigation.
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Figure 1 : Sampling stations established within the study site
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Figure 2 a, b : Salinity and Phosphate profiles respectively at station M during
a six hours sampling series of m id-M ay 1991.
(t = 0 hr corrsponds to low  tide w hile  t = 6 hr corrsponds to high tide)
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Figure 2 c, d : Nitrate and Silicate profiles respectively at station M during a
six hours sam pling series of m id-M ay 1991.
(t -  0 hr corrsponds to low  tide w hile  t = 6 hr corrsponds to high tide)
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Figure 3 c, d : Nitrate and  Silicate profiles respectively at station M during a 24
hours  sam pling  series of 29-30 M ay 1991.
(t = 0 hr, t = 12 hr and t = 24 hr corresponds to 1st, 2nd and  3rd high tides)
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Figure 3 e : Dissolved O xygen profile at station M d u r in g  a 24 hours sampling 
series of 29-30 May 1991.
(t = 0 hr, t = 12 hr and t = 24 hr corresponds to 1st, 2nd and  3rd high tides)
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192



S T A T I O N

Figure 7 d : Average values of silicate profile for the stations along Gazi 
Creek.



4.4.2. M angrove  litter as nu tr i t ive  source in the m angrove  ecosystem

A.F. W oitchik(1), B. O how a(2), R. Rao(1) & F. DehairsO)

(1) A nalytical C hem istry  D epartm ent, Vrije U niversiteit Brussel
(2) Kenya M arine & Fisheries Research Institute, M ombasa, Kenya

4.4.2.1. Objective of the research

The aim s of this w ork  were:
(1 ) to investigate  on  the nu tri tive  value of m angrove  litter, its decom position  and  
the p a th w a y s  th ro u g h  w hich this litter becom es en riched  in n i tro g en  relative to 
carbon.
(2 ) to assess the relative im portance of m angrove  litter as potentia l source of energy 
for secondary  and  tertiary producers.

O u r  first s tep  w as to analyse the organic C and  N  conten t of fresh an d  senescent 
leaves of the eight species of m angroves of Gazi Bay.

The second  s tep  w as to investigate  the in situ deco m p o s it io n  of m an g ro v e  leaves 
a n d  the ir  n i tro g en  en richm en t th ro u g h  biological n i trogen  fixation  d u r in g  both 
ra iny a n d  d ry  season.

The th ird  step  w as to start tracing m angrove  carbon along the trophic  chain  of Gazi 
Bay us ing  natura l stable isotopic ratio 313C.

4.4.2.2. Material and Methods

C and  N  composi t ion  o f  mangrove  leaves

Fresh  an d  senescent leaves from  trees of the eight species of m an g ro v es  occurring 
in G azi Bay, were  ga thered  in N o v em b er  1990 a n d  February  1991. For Avicennia  
marina,  fresh a n d  senescent leaves w ere  collected from  trees g ro w in g  on the m ain  
land  an d  from  the fringing forests (see section 3.1.: M angrove  vege ta tion  in Gazi 
Bay). Fresh leaves of the sam e physiological age were collected, choosing the second 
one  from  the term inal bud. Senescent leaves were collected directly  from  the trees. 
The leaves were d ried  at 80 °C for five days, treated w ith  liqu id  n itrogen  and  ground
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into fine pow der. Organic carbon and  n itrogen  were m easu red  w ith  an Elemental 
A nalyzer Carlo Erba N A  1500.

Decomposition experiments and biological nitrogen fixation

In situ l i t te rbag  experim ents  w ere  co n d u c ted  in the 2 fie ldw ork  plots described  
earlier in section 3.1.2. (Ceriops tagal plot, s an d y  sed im ent, in u n d a te d  only d u rin g  
sp r in g  tides an d  Rhizophora mucronata plot, m u d d y  sed im en t,  in u n d a te d  twice a 
day )  se lec ted  as rep resen ta tiv e  of the m an g ro v e  v ege ta tion  of Gazi bay. One 
e x p e r im en t w as  conducted  d u r in g  the ra iny  season  1991 (M ay until A ugust) and  
one  e x p e r im e n t  d u r in g  the  d ry  season  1991-1992 (D ecem ber u n ti l  February). 
Senescen t leaves of Rhizophora mucronata and  Ceriops tagal w ere  p icked  directly  
from  the trees. In the laboratory, they were d ried  at 80 °C for 5 days and  cut into 
cross halves. Litterbags (mesh 1 mm) each one containing 3 half Rhizophora  leaves 
or 5 half C er iops  leaves were w e igh ted  and  p laced  back in the R h izophora  and  
C er io p s  p lo t respectively , t ig h ten ed  to the aerial roots of the trees. L itterbags 
w i th o u t  leaves were also placed in the 2 plots as b lanks for the n itrogen  fixation 
m easu rem en ts .  The rem aining halves w ere hom ogenized  per litterbag and  kept for 
analysis  of initial C and N  content.

D u ring  the ra iny  season 1991, 3 litterbags + 1 blank w ere  collected ran d o m ly  every 
w eek  d u r in g  a period  of 50 days. D uring  the d ry  season 1991-1992, 3 litterbags + 1 
b lank w ere  collected every 2-3 days d u ring  the first 18 days an d  then every week till 
the  en d  of the exper im en t (70 days). A n ad d itio n a l ex p er im en t w as  conduc ted  
d u r in g  the d ry  season, w here  litterbags w ith  R hizophora leaves w ere  subm erged  in 
the creek d u r in g  46 days and  collected after 1, 3, 5, 7, 14, 18, 25, 33 and  46 days to see 
the difference in decom position  rates be tw een  con tinuously  su b m erg ed  leaves an d  
leaves p laced  on  the forest floor w ith  only  tidal inundation.

Litterbags w ere b ro u g h t back to the laboratory  and  gently w ashed  u n d er  tap w ater to 
rem ove  the a ttached  sedim ents. They w ere  assessed for n itrogen  fixation activity 
u s in g  the ace ty lene  red u c tio n  techn ique  (H a rd y  et al. 1973). L itterbags w ere 
incubated  for 8  hours  in gas-tight enclosures u n d e r  10  % (by volum e) of acetylene. 
E thane w as used  as internal s tan d a rd  and  gas w as sam pled  every hou r and  analysed 
by gas c h ro m a to g rap h y  us ing  a V arian  m ode l 3300 to check for the reduc tion  of 
acetylene in ethylene. At the end  of the incubation experim ents, leaves w ere taken 
o u t  of the litterbags, gently  w a sh e d  again  to rem ove  the m icrobial film, d r ied  to 
constan t w eigh t at 80 °C and analysed for C and  N  content.
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cfi^C measurements

The m easu rem en ts  were perform ed  w ith  a delta E Finnigan M at Isotope Ratio Mass 
Spectrom eter. The CO2 generated  in the CN  Analyzer was trapped  in an on-line CT- 
N T F inn igan  M at T rapping  Box for cryopurification before being injected into the 
M ass Spectrom eter. S tandard  C O 2 gas was calibrated to the in ternational s tandard  
(C O 2 in PeeDee belemnite). Stable carbon isotope abundances  are p resen ted  as d ^ c  
v a lues :

ô C %  =
( 13C / 12C)sample

(I3C / 12C)standard
xi 000

4.4.2.3. Results and D iscussion

Carbon, cfl^C and nitrogen composition o f mangrove leaves 

Results for C, N  and  are sum m arized  in Table 1
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Table 1 : Carbon, nitrogen contents of the leaves of eight mangrove species occurring at Gazi Bay; in 

weight % ± a.; n = number of leaves analyzed. d13C in %o ± a  for 10 measurements on the same 

sample.

Species Carbon
% ± G

N itro g en
% ± a

C /N
atom ic

ratio

¿)13C
%c ± a

Rhizophora mucronata
Fresh leaves (n =20) 

Senescent leaves (n =10)
44.8 ± 2.1 
41.2 ± 2.0

0.67 ±0.09  

0.25 ±0.06

78 ±9 
193 ±45

-26.087 ±0.026  

-28.576 ±0.013

Bruguiera gymnorrhiza
Fresh leaves (n =16) 

Senescent leaves (n =10)
45.6 ± 1.6 
48.0 ±0.4

0.76 ±0.10 
0.30 ± 0.12

70 ±9 
187 ± 6

-25.772 ±0.042  

-28.168 ±0.019

Ceriops tagal
Fresh leaves (n =19) 

Senescent leaves (n =20)
44.3 ± 1.6 
43.2 ± 2.0

0.75 ±0.05  

0.23 ± 0.03

69 ± 4  

218 ±2 6
-24.275 ± 0.031 
-26.896 ±0.009

Xylocarpus granatum
Fresh leaves (n =20) 

Senescent leaves (n =10)
40.8 ±3 .2  

40.7 ±0.3

1.24 ±0.30  

0.48 ±0.03

39 ±7 
99 ±7

-25.866 ± 0.011 
-27.212 ±0.020

Lumnitzera  racemosa
Fresh leaves (n =10) 

Senescent leaves (n =10)
39.2 ±0.4

37.2 ±0.4

1.18 ±0.40  

0.43 ±0.01
39 ±1 
101± 2

-27.166 ±0.034  

-26.491 ±0.023

Sonneratia alba
Fresh leaves (n =10) 

Senescent leaves (n =10)
33.9 ±0.6
28.9 ±0.5

1.18 ±0.04  

0.47 ±0.03
34 ±1 
72 ±3

-26.495 ±0.010 
-27.178 ±0.009

Avicennia  marina
Fresh leaves (n =20) 

Senescent leaves (n =10) 
Avicennia marina ( f r in g in g )  

Fresh leaves (n=10) 
Senescent leaves (n= 1 0 )

44.3 ± 0.6 
47.2 ± 0.4

39.1 ±0.3 
38.8 ± 0.5

1.90 ±0.3 
0.63 ± 0.1

1.65 ± 0.04 
0.50 ± 0.04

27 ± 5  

8 8  ±6

28 ± 1  
91 ± 7

-26.615 ±0.015  

-26.220 ±0.010

-29.711 ±0.029  

-29.433 ± 0.041

Heritiera littoralis
Fresh leaves (n =10) 

Senescent leaves (n =10)
50.5 ±0.3 
53.9 ± 0.5

2.47 ±0.07  

0.85 ±0.04

24 ±1 
74 ± 3

-28.779 ±0.011 
-27.878 ±0.014

(* One sample only)
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Heritiera littoralis has the low est C / N  ratio w hile  Rhizophora mucronata has the 
highest. N o  significant difference was observed  in C / N  ratio be tw een  Avicennia  
marina leaves collected from the m ain land  and  from the fringing forest.

Statistical analysis  th rough  one w ay  A N O V A  show s tha t the fresh  leaves of the 
e ig h t  species  d iffer significantly  in carbon a n d  n itrogen  contents. F ratio , for 
n itrogen  is 164.846 (p = .0001) and  for carbon is 85.264 (p = .0001), at 95 % confidence 
interval. F u r the r  analysis th rough  Fisher Protected Least Square Design and  Scheffe 
F-test ind ica tes  tha t S. alba, A. marina and  H. littoralis are s ign ifican tly  d ifferen t 
from  each  o th e r  an d  also from  the o ther species. L. racemosa a n d  X. granatum  
sh o w  a s im ilar com position as do B. gymnorrhiza, C. tagal and  R. mucronata.

A m o n g  the four more im p o rtan t  species of m angroves  of Gazi bay (A. marina, B. 
g ym norrh iza ,  C. tagal and R. mucronata), A. marina has the low est C / N  ratio and  
thus  the  h ig h es t  nu tr i tive  value an d  the three o thers  have  co m parab le  nu tri tive  
v a lu e .

The 9 13C va lues  for the m angrove  leaves vary  from  - 25.2 %o to - 29.7 %o. Those 
values are  in ag reem ent w ith  values repo rted  by Rodelli et al. (1984) in M alaysian 
m an g ro v e  sw am p s  and  are in the typical range of C-3 terrestrial p lan ts  (Gebauer & 
Schulze, 1991). The 8 13C values for the senescen t leaves of som e of the species 
( Rh izo p h o ra , Ceriops,  Bruguiera ,  Xy locarpus  an d  Sonnera t ia ) are  m ore  negative  
than  those of fresh  leaves. Such results  w ere  also rep o r ted  by G arten  & Taylor 
(1992) w h o  su g g es t  that this difference could  be a ttr ibu ted  to b iochem ical changes 
p rio r to abscission. 513C values of A. marina (fringing) leaves are m ore  negative by 
3 %o than  those of the sam e species from the m ain land. This consistent difference 
su g g es ts  tha t  varia tion  w ith in  species of d13C values could  be a func tion  of the 
h ab ita t ,  e sp ec ia lly  the possib le  effect of re la tive  h u m id i ty  of a ir  on  s tom ata l  
conductance, as reported  also by Garten & Taylor (1992). As a result plants grow ing 
u n d e r  conditions  of higher relative h u m id ity  w ou ld  have m ore  negative  8 13C. It is 
ve ry  possib le  tha t  the air in A vicennia  fo rest fr ing ing  the creek, has  a h igher 
relative h u m id i ty  than the air in A vicennia forest from the m ain land .

For all the species a change in m ean C / N  ratio for fresh leaves from 47 ± 21 to 129 ± 
60 in senescen t leaves indicates tha t approx im ate ly  64 % of n itrogen  is resorbed  by 
the plants as sh o w n  in Table 2.
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Table 2 : Mean Nitrogen resorption in Mangroves of Gazi.

Species N itrogen  reso rp tion  %

Avicennia marina 69
Avicennia marina ( f r in g in g ) 69
Bruguiera gymnorrhiza 63
Ceriops tagal 69
Heritiera littoralis 68

Lumnitzera racemosa 62

Rhizophora mucronata 59
Sonneratia alba 53

Xylocarpus granatum 61

M an g ro v es  trees at Gazi Bay are efficient in re ta in ing  n itrogen  before senescence 
a n d  abscission. Such results were  also observed  by other researchers. Twilley et al. 
(1986) a n d  Boto & Bunt (1981), reported  45 % - 55 % decrease in n itrogen  contents in 
senescen t leaves of A. marina and  R. mangle.

In table 3 w e  com pare  513C values and  C:N atomic ratios be tw een  m angrove  leaves 
and  o rgan ic  m atte r  in underlay ing  sed im ents  for the C. tagal and  R. mucronata field 
plots. A lth o u g h  organic m atter in sed im ents  tend to be m ore  positive in 8 13C than 
the leaves for bo th  plots, m angrove  leaves a p p ea r  to rep re sen t  the m ain  carbon 
source.

A ten fold decrease  in C:N atom ic ratio from  the senescent m angrove  leaves to the 
sed im en ts  indicates  that n itrogen en richm ent occurs d u r in g  decom position .
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Table 3: C:N atomic ratio and Ô33C values of sediments at the Ceriops and Rhizophora  plots of Gazi 

Bay

Study  Site C:N atomic Ratio 513C in 
S ed im en ts

%0 ± o

513C in m angrove  
leaves  
%o ± o

Fresh
Senescen t

Ceriops tagal plot 18 -24.165 ± 0.022 -24.275 ± 0.031 
-26.896 ± 0.009

R h i z o p h o r a  
mucronata  plot 21 -25.460 ± 0.027 -26.087 ± 0.026 

-28.576 ± 0.013

D ecom position experiments

The resu lts  of leaf decom position  d u r in g  rainy and  dry  season  for bo th  species of 
m a n g ro v e s  (Ceriops tagal and  Rhizophora mucronata) are p resen ted  in Figure 1 as 
% d ry  w eigh t remaining.

D uring  the ra iny season 1991, after 20 days of decom position, there is a loss of d ry  
w e ig h t  (DW) of 80 % for R. mucronata  and  35 % for C. tagal. A fter 50 days of 
decom posit ion  we observed a DW loss of 100 % for R. mucronata an d  of 70 % for C. 
tagal.

D uring  the d ry  season 1991 - 1992, after 20 days of decom position, there is a DW loss 
of 30 % for R. mucronata and  of 17 % for C. tagal. After 50 days  we observed  a DW 
loss of 52 % and  30 % for R. mucronata and  C. tagal respectively.

For bo th  species the decom position  appea rs  to be twice as rap id  d u r in g  the ra iny 
season com pared  to the d ry  season. Similar results were also observed  by Twilley et 
al. (1986).

D uring  both  ra iny  and  d ry  season, the rates of decom position  of R hizophora  leaves 
are h igher than the decom position  rates of Ceriops leaves. The R h izophora  plot is 
in u n d a te d  2 times a day  an d  the C eriops  p lo t only d u r in g  sp rin g  tides, this can
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ex p la in  the  fas ter  rate  of d eco m p o s it io n  o b se rv ed  in the R h izo p h o ra  p lo t as 
decom position  is increasing w ith  the tidal frequency (Twilley et al. 1986).

The resu lts  of decom position  for leaves of R. mucronata co n tin u o u s ly  su b m erg ed  
in the creek an d  for leaves p laced on the forest floor (subm erged  2 times a day  at 
h igh  tide) are presented  in Figure 1. We can see that d u ring  the first 7 days  the rates 
of d eco m p o s i t io n  are very  s im ilar (20 % DW loss) bu t tha t after 10 days, the 
d eco m p o s it io n  becom es m ore rap id  for leaves p laced  on  the forest floor. These 
resu lts  are  in con trad iction  w ith  observations of F lores-V erdugo et al. (1987) and  
Steinke & W ard  (1987) w ho found  that leaves constantly  sub m erg ed  decom posed  at 
faster rate  than those exposed to air for some period  of time. In our case, leaves on 
the forest floor w ere  inunda ted  twice a day  a lthough  in their case, leaves w ere only 
in u n d a te d  d u r in g  spring  tides. Twilley et al. (1986) have sh o w n  that the forest floor 
h y d ro lo g y  influences the litter decom position , w ith  h igher decom position  rates in 
w e t te r  en v iro n m en t.  In o u r  s tu d y  the difference be tw een  su b m erg ed  an d  n o n ­
su b m erg ed  leaves in terms of tidal inunda tion  frequency w as not as im p o rtan t  as in 
the s tud ies  of Flores-Verdugo et al. (1987) and  Steinke & W ard  (1987). In our case, 
leaves on the forest floor are exposed to some period  of desiccation d u r in g  low tide. 
It has  been  sh o w n  for a tem pera te  forest, tha t the a lte rna tion  of desiccation and  
w e t t in g  p e r io d s  e n h an c e  the  a c t iv i ty  of the  m ic ro f lo ra  r e s p o n s ib le  for 
decom pos ition  (Aber & Melillo, 1980). This can explain w hy  we observed  a faster 
decom posit ion  rate for leaves placed on the forest floor com pared  to the subm erged  
ones.

C/N evo lu tion

Initial C / N  com positions of C. tagal and  R. mucronata leaves are show n  in Table 4. 

Table 4 : Initial C/N composition (± a)

Species (C /N)i 
dry season

(C /N )i 
rainy season

Ceriops tagal 178 ± 13 253 ± 36

Rhizophora mucronata 158 ±16 188 ±25
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W e can notice a significant difference in the initial C / N  com position  of the leaves 
of bo th  species between dry  and  rainy season. As the carbon content stays constant, 
there  is m ore  initial nitrogen in senescen t leaves collected d u r in g  the d ry  season 
than  d u r in g  the rainy season.

The resu lts  of C / N  evolution d u rin g  decom position  expressed  as % of initial C / N  
com position  of the leaves, are show n  in Figure 2.

W e can see in all cases an im m edia te  d im in u tio n  of C / N  ratio  in d ecom posing  
leaves re la tive  to the initial C / N  value. As the carbon  con ten t s tays re latively 
constan t, this d im inu tion  is due  to an increase in the n itrogen  content of the leaves 
d u r in g  decom posit ion . This en rich m en t in n itrogen  is m ore  p ro n o u n c e d  d u r in g  
the ra in y  season  for both  m an g ro v e  species. R h izophora  leaves becom e m ore 
en riched  in n itrogen  than Ceriops leaves d u ring  both  seasons.

Nitrogen evo lu tion

To go into m ore  details in n itrogen  dynam ics  of leaves d u r in g  decom position  we 
have p lo tted  the relative n itrogen content (N t /N i  x 100, w ith  N t  = n itrogen  after t 
d ay s  of d eco m p o s it io n  and  N i = the initial n itrogen  con ten t ) of leaves and  the 
ab so lu te  n i t ro g en  content (% N  rem ain in g , N t  corrected  w ith  d ry  w e ig h t  loss) 
against time in F igure 3.

C o ncern ing  the relative N  content we observed  d u r in g  the ra iny season  for both  C. 
tagal a n d  R. mucronata, a s im ilar n itrogen  enrichm ent from  200 % after 5 days of 
decom position  to 400 % after 20 - 25 days. D uring  the first 50 days of the d ry  season, 
bo th  C. tagal a n d  R. mucronata are less enriched  in n itrogen  than  d u r in g  the ra iny  
season  w ith  R. mucronata m ore enriched  than  C. tagal.

This re la t iv e  n i tro g en  e n r ic h m en t  has  been  o b se rv ed  p re v io u s ly  a n d  is well 
d o c u m e n te d  in the  lite ra tu re  (Fell et al., 1975, Rice «Sc Tenore, 1981, Steinke «St 
C h ar les ,  1986). The n i tro g en  e n r ic h m en t  of leaf litter d u r in g  d eco m p o s it io n  
inc ludes  ad so rp tio n  and  absorp tion  processes by bacterial and  fungal p o pu la tion  as 
well as biological n itrogen fixation (Twilley et al., 1986).

D u rin g  the d ry  season, the absolu te  N  con ten t (Figure 4) increased  w ith  time for 
bo th  species a n d  rem ained  above the original N  content (100 %). D uring  the rainy 
season the absolu te  N content of C. tagal s tays above the original va lue  d u r in g  the 
first 20 days. Following this p e r io d  the abso lu te  N  con ten t decreased  below  the 
orig inal con ten t w ith  an increase again  after 40 days and  a decrease to 70 % of the
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o rig ina l N  con ten t on the end  of the experim ent. D uring  the ra in y  season the 
abso lu te  N  content of R. mucronata is above the original value only d u r in g  the first 
3 day s  an d  decreased  steadily to reach 20 % of the original N  content on the end  of 
the  e x p e r im en t ,  due  to the a lm o s t  com ple te  d isap p e a ra n ce  of the  leaves by 
d e co m p o s it io n .

D u r in g  the  d ry  season, we observed  an  abso lu te  increase of n i tro g en  for both 
species, enhanc ing  the recycling of n itrogen on the forest floor (Twilley et al, 1986). 
D u rin g  the ra iny  season, there is an absolute  increase of n itrogen only d u r in g  the 
first 20 day s  and  3 days for C. tagal and  R. mucronata respectively . After this 
period , there is a loss of nitrogen due  to the decom position process.

Nitrogen fixa tion

The resu lts  of n itrogen  fixation expressed  as the p ro d u c t  of red u c tio n  of C 2H 2 

(nm oles C 2H 4 p r o d u c e d /h /g  DW) are presented  in Figure 5.

D u ring  the ra iny  season 1991, we observed  for C. tagal 2 peaks, one after 15 days of 
d ecom pos it ion  (400 nmoles) and  one after 30 days (1140 nmoles). For R. mucronata, 
w e  o b se rv ed  a peak  after 15 days (1200 nm oles) and  a decrease in the n itrogen  
f ix a t io n  ac t iv i ty  to a zero  va lue  a fter 35 d ay s  d u e  to the  a lm o s t  com ple te  
deco m p o s it io n  of the leaves.

D u rin g  the d ry  season 1991-1992, there is for both m angrove  species an increase in 
the activity  d u r in g  the first 10 days to reach a m ax im um  value of 230 nm oles for C. 
tagal after 7 days and  of 560 nmoles for R. mucronata after 10 days.

For b o th  species the n itrogen fixation activity  was higher d u rin g  the ra iny  season 
a n d  for bo th  seasons the activity w as h igher in R. mucronata than in C. tagal.

C o n cern in g  the com parison  b e tw een  su b m erg ed  leaves of R. mucronata an d  leaves 
p laced  on the forest floor d u rin g  the d ry  season, we can see from Figure 5, the same 
ev o lu t io n  of n itro g en  fixation activ ity  w ith  time w ith  h igher  activ ity  in leaves 
p laced  on  the forest floor. As the activ ity  of the d eco m p o s in g  m icroflora , the 
activ ity  of the n itrogen  fixing m icro-organ ism s is also enhanced  by the a lternation  
of w et and  d ry  period  (Aber & Melillo, 1980).

«

If w e take in to  account the theoretical conversion  factor of 3 /1  (C2H 4 / N 2 ) and  a 
n itrogenase  activity of 12 hours  per day  w e obtain the following results  for nitrogen 
fixation. For C. tagal, the m a x im u m  rates of n itrogen  fixation v a ry  from  26 (ig
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N / d a y / g  DW (dry  season) to 128 |ig  N / d a y / g  DW (rainy  season) an d  for R. 
mucronata  they vary  form 63 (ig N / d a y / g  DW (dry season) to 135 pg N / d a y / g  DW 
(rainy season). These results are in the same range as those reported  by Taylor cited 
in Fell et al. (1975): 24 to 96 p g / d a y / g DW.

In teresting  results are obtained w hen  we plot s im ultaneously  n itrogen  fixation rates 
an d  absolute  nitrogen content against time (see Figure 6 ).

W e o b serv ed  in all cases, except for R. mucronata d u r in g  the ra in y  season, that 
w h e n  a peak  in the n itrogen fixation activity  appears , it is fo llow ed  w ith  a time 
de lay  by a peak  in absolute n itrogen  content. This suggests  tha t n itrogen  fixation 
c o n t r i b u t e s  s ig n if ic a n t ly  to th e  n i t r o g e n  e n r i c h m e n t  of le a v e s  d u r in g  
d eco m p o s it io n .

To quan tify  the contribution of n itrogen fixation to the absolute increase of nitrogen 
o b served , we in tegra ted  the curves of n itrogen  fixation to obta in  the cum ula tive  
va lues  of n itrogen  fixation over the decom position  experim ent, expressed  in p g N /g  
DW  (tak ing  into account the conversion factor of 3 /1  and  a n itrogenase  activity of 
12 h o u rs  per day). The resu lts  w ere  co m p ared  to the cu m u la t iv e  differences 
be tw een  absolu te  nitrogen content after decom position  an d  initial n itrogen  content, 
expressed  in p g N /g  DW. The results are presen ted  in Table 5.

Table 5 : Contribution of nitrogen fixation to the absolute leaves nitrogen enrichment

Species N -fixation
( |!gN /gD W )

N gain  
(jigN /gD W )

N -fixation  
c o n tr ib u tio n  (%)

C. tagal 
d ry  season 
(70 days)

340 6480 5

C. tagal 
ra iny  season 
(50 days)

750 943 80

R. mucronata  
d ry  season 

(70 days)
1505 17440 9

R. mucronata  
ra iny season 
(3 days)

199 710 28
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N itro g e n  f ixa tion  can su p p ly  5 to 80 % to the abso lu te  n i t ro g e n  e n r ich m en t 
ob se rv ed  in the m angrove leaves of C. tagal and  R. mucronata and  the contribution  
of n itrogen  fixation is more im portan t d u rin g  the rainy season  than  d u r in g  the d ry  
season.

4.4.2.4. Conclusion

Statistical analysis  show s that the fresh leaves of the e ight species of m angroves  
d if fe r  s ig n if ican tly  in c arbon  an d  n i t ro g en  con ten ts .  A m o n g  the four m ore 
im p o r ta n t  species of m angroves  of Gazi bay  (A. marina, B. gymnorrhiza,  C. tagal 
a n d  R. mucronata),  A. marina has the low est C / N  ra tio  a n d  thus  the  h ighest 
nu tr i t ive  value and  the three o thers  have com parable  nu tr i t ive  value.

M angroves  of the Gazi Bay are efficient in conserv ing  n itrogen  by sho w in g  64 % 
reso rp tion  before fall of the leaf.

The 5 13C values for the m angrove  leaves vary  from -25.2 %o to -29.7 %o and  are in 
the typical range of C-3 terrestrial plants.

The ra tes  of leaf decom position  an d  n itrogen  fixation are h igher d u r in g  the rainy 
season  c o m p ared  to the d ry  season  for both  species of m angroves. The rates of 
deco m p o s it io n  an d  nitrogen fixation are h igher for R. mucronata leaves than for C. 
tagal ones. E nrichm ent of n i trogen  d u r in g  deco m p o s it io n  is o b se rv ed  in bo th  
species  d u r in g  the rainy and  the d ry  season bu t leaves of R. mucronata becom e 
m ore  en riched  in n itrogen  than  leaves of C. tagal. This is in ag reem en t w ith  the 
rates of n itrogen  fixation m easu red  an d  nitrogen fixation contributes  significantly (5 
to 80 %) to the n itrogen en richm ent of leaves d u ring  decom position.
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Figure 1 : Evolution of d ry  m atte r  losses d u r in g  decom position  in 2 species
of m angroves  (R. m ucronata  an d  C. tagal) d u r in g  d ry  an d  ra iny seasons.

207



C ER IO PS

100

80- "O
-a.

o-—6 0 -c
o
3

£ 4 0 -»
Z
U 20 -

rainy

o-

0 2 0 40 60 80

time (days)

R H IZO PH O R A
100

rainy80-

e_o
J3
> 40 HV

Z
S  2 0 -

6 0 -

D -

0 2 0 60 8040

time (days)

Figure 2 : C / N  evolution d u r in g  decom position  in 2 species of m angroves
(R. m ucrona ta  and  C. tagal), d u r in g  d ry  an d  rainy season.

208



C E R IO P S
400

rainy

o
300 -

co«
Z

200 -
01
>

01L_

100
o 20 40 60 80

time (days)

R H IZ O PH O R A

400

I  300 '
s9
01

Z

200 *01>
rainy

100
0 20 40 60 80

time (days)

Figure  3 : Evolution of relative n itrogen  con ten t d u rin g  decom position  in
2 species of m angroves (R. m ucrona ta  an d  C. tagal), d u ring  dry  and  ra iny
seasons.

209



C E R IO PS
2 0 0 -

ae 150 - s
c ...a., /  \  ....o...
'E *------ \ • \  / .*v \'E
Eai 100  -

0 >s
0 -0 -0 -0 --

"oy \

u
Z

50- •  rainy

n - 1 1------1------r-

o dry

---- »------r — "i i T
0 10 20 30 40 50 60

time (days)

R H IZ O PH O R A
300

ae
•E 200-
s
EVU

Z  100-
$ •o

rainy

0 20 40 60 80

time (days)

Figure  4 : Evolution of abso lu te  n itrogen  content d u r in g  decom position  in
2 species of m angroves (R. m ucrona ta  and  C. tagal), d u r in g  d ry  and  rainy
se a so n s .

210



a
-2®£
*r

r)o

CERIOPS
1200

1000 rainy

o-
800

600

400

200

0 40.
10 20 30 40

t im e  ( d a y s )

50 60

RHIZOPHORA

£Q

T
Xrsu

1200

1000 - rainy

800

600

400■jí«
oE
c 200

0 20 40 60 80
t im e  ( d a y s )

RHIZOPHORA dry season

600

500 N-Fixation Rhizophora 

N-Fixaiion Rhiz. submerged400

300

200

100

0
0 20 40 60 80

t im e  (d a y s )

Figure 5 : Evolution of Nitrogen fixation activity during decomposition in 2 species of 
mangroves (R. mucronata and C. tagal), during dry and rain seasons.

211



C eriop s dry

3 0 0  1 r 160

«250
- 140

200

150 - 1 2 0

2 100
-  100

- 80
0 10 20 30 40 50 60

time (days) 

C eriops rainy

1200 -i r 160

ao 1000 140

800 -
120

600 -
100

400 ■

200 -

60

100 20 30 40 50
days 

R hizophora  dry

time (days) 

R h izop h ora  rainy

N-Fixauon 
absolute nitrogen

N -Fixation 
absolute nitrogen

600 -I r  250

«  500 - 

5  400 - 

Ö 300 - 

1 200 -]

200

150

100 -

100

0 20 40 60 80 N-rix aueri

absolute nitrogen

1200 r  150

1000

800 100

'S01
c

200

0 10 20 30 40 50
time (days) absolute nitrogen

Figure 6 : C oevolution o f n itrogen fixation  rates and absolute nitrogen content d u ring  
decom position in 2 species of m angroves (R. m ucronata and C. tagal), du ring  dry and rainy 
seasons.

212



4.4.3. R em oval of fallen  litter by the ep ib en th ic  com m unity

F.J. Slim(1), B. Schoute(1) and P. G w ad a(2)

d) N e th e r la n d s  Institu te  of Ecology, C en tre  for E stuarine  a n d  C oasta l Ecology, 
Yerseke, The Netherlands.

(2) K enya M arine and  Fisheries Research Institute, M ombasa, Kenya.

4.4.3.1. Methods

Senescent (yellow coloured) leaves w ere  collected from the trees. Before the leaves 
w ere  set o u t  in the fie ldw ork  plot, the in d iv id u a l  leaf area  w as  m ark ed  on 
t ra n sp a ren t  paper. The leaves were tied w ith  a thin nylon  fishing line of circa 100 
cm. In each of the various trials, a set of 50 leaves was left for the crabs an d  snails to 
eat (24 h). After collection of the leaves, the rem aining leaf area was com pared  to its 
o rig inal im age  on the transparen t paper. The initial and  rem ain ing  leaf area was 
e s t im ated  w ith  an  optical leaf area m eter to the nearest m m 2. The experim ent was 
carried  o u t  in the R. mucronata p lo t 3 times d u r in g  neap  tide, an d  2 times during  
sp ring  tide. In the C. tagal plot the experim ent w as conducted  2 times d u r in g  spring 
a n d  n e ap  tide. The fate of u n tied  leaves d u r in g  spring  a n d  neap  tides was also 
o bserved .

4.4.3.2. Results

In the R. mucronata plot it was observed  tha t all the fallen leaves d u r in g  a low tide 
period  w ere  w ash ed  aw ay by the tidal action. So a fallen leaf can only be attacked by 
ep iben th ic  herbivores during  the low w ater  period  it d ro p p e d  from the tree. In the 
R. mucronata p lo t it was m ain ly  the decapode  Sesarma gutta tum  tha t  w as  feeding 
on  the fallen leaves. In the C. tagal p lo t the leaves w ere  m ain ly  a ttacked  by the 
g a s t ro p o d  Terebralia palustris. In this p lo t the leaves w ere  only w a sh e d  aw ay  by 
tidal w a te r  d u r in g  spring  tides. D ifferent types of feeding w ere  observed  in the R. 
mucronata  plot. Leaves w ere eaten partly , leaving clear bite m arks  on the edge of 
the leaf, or w ere  buried  in the sedim ent. M ost of the buried  leaves w ere  rem oved as 
a w hole , leaving only their stalk on the th in  w ire to retrieve.

F igure  1 show s the leaf litter rem oval in the plots. D uring  sp ring  tide the fauna in 
the C. tagal p lo t is m ore active than d u r in g  neap  tides. This can no t only  been seen 
in the d ig g in g  activity  of the a b u n d a n t ly  p resen t  f idd ler  crabs, Uca inversa, U.
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vocans, U. lactea (pers. comm., J. Schrijvers), bu t is also reflected in our experiment. 
W hereas  d u r in g  neap tides only 44 % of the fallen leaf area is eaten by the snails this 
pe rcen tage  increased to over 90 % at sp ring  tides. In contrast, in the R. mucronata 
p lo t a decrease from 34 % to 25 % in eaten leaf area was observed. Litter removal in 
the last m en tioned  plot thus is qu ite  stable th ro u g h o u t the sp r ing -neap  tide cycle, 
b u t  is a lw ays less conspicuous than in the s trong fluctuating C. tagal plot.

4.4.3.3. Some comments on litterfall removal

D ue to the tidal f looding of the R. mucronata  p lo t less then  50 % of the total 
litterfall reaches the sedim ent surface and  is available for the benthic  com m unity  to 
feed on. From the leaves falling d u r in g  low tide, betw een 25 % (neap tide) and  34 % 
(spring  tide) is rem oved by crabs. Thus, on a daily basis, be tw een 12.5 % and  17 % of 
the  total litter fall is consum ed  by crabs. These values are low  com pared  to other 
s tu d ie s .  R obertson  (1986) f inds  va lues  b e tw een  22 % an d  42 % in R hizophora  
d o m in a te d  forests and in a la ter s tu d y  (Robertson, 1989) values of 28, 84 an d  82 % 
are  re p o r te d  for Avicennia,  Ceriops,  and  Bruguiera,  respectively . A lth o u g h  lunar  
ac tiv ity  p a t te rn s  are well k n o w n  for the in te rtida l fauna , no l i te ra tu re  data  are 
ava ilab le  w hich  sheds light on litter rem oval relative to the lu n a r  cycle. The 
d ecrease  in eaten  leaf area in the  Rhizophora  p lo t can be exp la ined  by a longer 
in u n d a t io n  p e r io d  d u r in g  s p r in g  tides, w h e rea s  the inc rease  in the leaf area 
c o n su m e d  in the Ceriops plot is m o s t  likely due  to a h igher  activity  of the snails 
d u r in g  sp ring  tide.

4.4.3.4. References

R obertson  A.I., 1986. Leaf-burying crabs: their influence on energy  flow and export 
from  m ixed m angrove  forests (R hizophora spp.) in no rth -eas te rn  Australia. 
J. Exp. Mar. Biol. Ecol., 1986 Vol. 102: 237 - 248.

R obertson  A.I., P.A. Daniel, 1989. The influence of crabs on litter processing in high 
in te rtida l m angrove  forests in tropical Australia. Oecologia (1989) 78: 191 - 
198.
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Figure 1 : Leaf litter rem oval in the m angrove  field plots. Percentages 
expressed as part from total leaf area at start of experiment; not = leaf area not 
eaten, whole = leaf area eaten in the form of total eaten leaves, part = leaf area 
eaten as part from a leaf.
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4.5. TRANSFER OF C FROM PRIMARY TO SECONDARY AND TERTIARY 
PRODUCERS : PRELIMINARY RESULTS

A.F. W oitch ik(1), J. K azungu(2) & F. Dehairs1

111 A nalytical C hem istry  D epartm ent, Vrije Universiteit Brussel 
(2) Kenya M arine & Fisheries Research Institute, M ombasa, Kenya

4.5.1. Objective of the research

T he m a jo r  p r im a ry  p ro d u c e rs  in the m a n g ro v e  eco sy s tem  of G azi Bay are 
m a n g ro v e s  an d  seagrasses. As there  is a significant d ifference in 3 13C con ten t 
b e tw e e n  m an g ro v es  an d  seagrasses , stable carbon iso tope  analys is  is likely to 
p ro v id e  a pow erfu l tool to d e te rm ine  the carbon pa th w ay  from  p r im ary  producers  
to consum ers  in this ecosystem; this was investigated in this pa rt  of our research.

4.5.2. Material and Methods

D ifferen t o rgan ism s and  sed im en ts  were collected in the m an g ro v e  ecosystem  of 
G azi Bay. W hole  o rgan ism s or their fleshy parts , such  as leaves of p lan ts  and  
m uscle  tissues of animals w ere  used. They were dried  and  g ro u n d  into fine pow der 
before being analysed by Mass Spectrom etry. One sam ple per species was analysed. 
The m e th o d  of m easurem ents  is described  in section 4.4.2.2.

4.5.3. Results and Discussion

The resu lts  are rep resen ted  in F igure  1 a n d  Table 1. For convenience  ranges of 
v a lu es  for m a n g ro v e  leaves, seag rasses  an d  sed im en ts ,  m e n tio n e d  earlier, are 
sh o w n  again  in Table 1.

The 3 13C values for the leaves of the 8 species of m angroves  of Gazi bay vary  from 
-24.28 % o  to - 29.71 %o. T h e d 13C values for the seagrass  Thalassodendron ciliatum 
v a ry  from  - 9.92 %o to - 20.22 %o a long  a transect going from  the coral reef to the 
m a n g ro v e  sw am p s  respectively. These values are very  d ifferen t from  the values 
o b ta in e d  for the m angrove  leaves. T hus  we have  a clear d is tinc tion  in na tu ra l  
iso topic  com position  betw een  the 2 p r im ary  sources of carbon  in this ecosystem. 
The 3 13C values of sed im ents  from  the C. tagal and  R. mucronata fie ldplots, vary
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from  - 23.62 %o to - 26.48 %o respectively. This indicates tha t the m ajor source of 
carbon  in these sed im ents  comes from  the m angrove  leaves. The ô33C value of 
Terebralia palustris is - 24.23 %o. This gastropod  w as sam pled  in the C. tagal plot and  
is k n o w n  as a m angrove  leaf eater. This is confirm ed by the 313C value  m easu red  
w h ich  sh o w s  the g rea test s im ila rity  w ith  leaves. The 5 13C values of the fishes 
(S iganus  sutor,  A b ude fdu f  x a n thurus ,  Lethrinus harak, Leptoscarus vaigiensis ) 
va ry  from  - 13.06 %o to - 16.11 %o. The major source of carbon for those fishes could 
thus  be the  seagrasses. The 5 13C values of the co p ep o d s  (Pseudodiaptomus sp., 
Tortanus sp., Acartia sp.), vary  from  - 19.29 %o to - 24.10 %o and  the value of the 
p ra w n 's  la rvae  (Caridea) is - 17.69 %o. The source of carbon  for these o rganism s 
a p p e a rs  to come from  a m ix tu re  of POC from m an g ro v e  an d  seagrass  leaves or 
p h y to p la n k to n .  We don 't  have  yet the 3 13C value  of p u re  p h y to p la n k to n ,  bu t 
l i te ra tu re  va lues  indicate  d 13C values for p h y to p lan k to n  a ro u n d  -20 %o (Fry and  
Sherr , 1984). The <313C va lues  of sh r im p , m u d sk ip p e r  (Periophthalmus sp.) and  
oyster (Saccostrea cucullata) vary  from  -19.3 %o to -20.52 %o. That indicates that their 
source  of carbon  is com ing e ither only from seagrasses g ro w in g  in the m angrove 
area  or from a m ixture of seagrass and  m angrove leaves. The 513C values of fiddler 
crabs (Uca vocans, Uca urvillei) collected in the R. mucronata p lo t vary  from -17.06 
%o to -17.53 %o. These crabs are m icro-algae grazers an d  w e don 't  have  the 913C 
va lue  of their food substrate.
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Table 1: d ^ C  values of different organisms in %® ± a for 10 measurements on the same sample

Species 313C %c ± o

m an g ro v es -24.28 to -29.71

seagrass (Thalassodendron ciliatum) -9.92 to -20.22

sed im en ts
Ceriops

Rh izophora
-23.62 ± 0.022 
-26.48 ± 0.027

gastro p o d  (Terebralia palustris) -24.23 ± 0.026

Z ooplankton  
- copepods

Pseudodiaptomus sp. 
Tortanus sp. 

Acartia sp.

-20.09 ± 0.066 
-19.29 ±  0.038 
-24.10 ±0.053

- Caridea -17.69 ±  0.098

oyster (Saccostrea cucullata ) -19.74 to -20.41

m u d sk ip p e r  (Periophthalmus sp.) -19.30 ±0.014

S h r i m p -20.52 ± 0.019

fishes
Siganus sutor 

Abude fdu f  xanthurus  
Lethrinus harak 

Leptoscarus vaigiensis

-16.11 ±0.019  
-14.25 ± 0.010 
-14.02 ± 0.020 
-15.13 ±0.018

fiddler crab
Uca vocans 
Uca urvillei

-17.06 ±0.025  
-17.53 ± 0.040
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4.5.4. Conclusion L, + '/

T w o isotopically  distinct sources of carbon were found in the m angrove  ecosystem 
of Gazi bay : m angroves w ith  an average value of -27.3 % o  ± 1.4 an d  seagrasses with 
an  av erag e  value  of -18.57 %0 ± 4.2. Sedim ents  of the m an g ro v es  have  a similar 
iso top ic  s ig n a tu re  than the m angrove  leaves. Terebralia palustris has an  isotopic 
s ig n a tu re  in the range of m an g ro v e  leaves. The fishes w e analysed , ap paren tly  
d e r iv e d  their carbon source from  the seagrasses. For the o ther o rgan ism s isotopic 
s ig n a tu re s  indicate  an ass im ila tion  of carbon from m ore  than  one source. This 
s tu d y  w as a prelim inary survey  of the stable isotopic ratios at different trophic levels 
in the ecosystem  of Gazi bay and  m ore s tudies will be needed  to assess the respective 
role of m angrove , seagrass an d  p h y top lank ton  carbon in su p p o rt in g  the food webs 
in this ecosystem. The im portance  of 315N as an add itiona l tracer of energy flow 
th ro u g h  the trophic chain will be investigated.

4.5.5. Reference

Fry, B & Sherr, E.B. (1984). m easurem en ts  as indicators of carbon flow in
m arine  and  fresh w ater ecosystems. Contributions in M arine Science 27 : 13- 
47
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5. MATERIAL EXCHANGES BETWEEN MANGROVE A N D  ADJACENT 
WATER

5.1. H Y D RO G RA PH Y  OF GAZI BAY

N.M. K ruy t and  J.H. van den  Berg,

In s t i tu te  for M arine  and  A tm o sp h er ic  Research, State U n ivers ity  U trech t, The 
N e th e r la n d s

5.1.1. In tro d u c tio n

As a first s tep  in the s tudy of the fluxes of particulate  and  dissolved m atte r  betw een 
m a n g ro v e  and  the adjacent bay, the tidal flow p a tte rn  in Gazi bay w as  described. 
The da ta  w ere  obtained in a m easuring  cam paign  executed in the period A ugust 22 - 
S ep tem ber 25 1992. The aim  of the s tu d y  w as to explore the m easu ring  conditions 
req u ired  for a reliable budget s tu d y  on material exchanges.
The s i tu a t io n  of intertidal flats an d  channels and  the m arg in  of the m angrove  area 
is ind ica ted  in Figure 1.

T w o river system s debauch into the bay, one from the sou th  west and  another from 
the n o r th  w est  pass ing  the m an g ro v e  area. D u rin g  the field m easu rem en ts  the 
d ischarge  of the rivers w as very  low. Therefore  the influence of the rivers on the 
flow p a tte rn  is of no importance. At the east side of the m angrove  area a tidal creek 
(K inondo creek) enters from the bay. The tide is of the sem i-d iurnal type. The tidal 
range in the bay  is about 2.5 m  d u rin g  spring  tide, and  abou t 1 m during  neap  tide.

The basal surface of the bay is com posed  of cem ented  coral material. This surface is 
covered  by a th in  layer of e ither loose coral debris, m u d  or a layer of coral debris 
w ith  on  top  a m u d  layer is found . The sed im en t genera lly  is h igh ly  m ixed  by 
b io tu rba tion . In the m angrove  area the u p p e r  layer of sed im en t consists of m ud. 
The in tertida l flats are crosscut by som e channels, w hich  cu t d o w n  to 1 m  deep  into 
the coral basem ent. The sed im en t layer at the bo ttom  of the channel is very thin or 
v ir tu a l ly  absent. At the flats the sed im en t layer is 60 cm thick at m ost. At the 
en trance  of the Kidogweni river, in w hich the river debauches, large sand  bodies are 
p resen t w ith  curren t ripples on top. In o ther parts  of the bay just a few w ave ripples 
ap p ea r ,  how ever generally there is no clear m icro-m orphology. In front of the river
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in the  so u th  w est is a delta  w ith  a s tra igh t front. The delta  is w ave  and  tide 
d o m in a te d .

The s tu d y  area com prised  a tidal channel (Kinondo Creek) and  its su rro u n d in g  tidal 
flats, near the m arg in  of the m angrove  sw am p. To the w est the s tu d y  area was 
b o rd e re d  by a tidal w a te rsh ed  as d isp lay ed  in F igure  2. This w a te rsh e d  is an 
e lev a tio n  of the topography . At the w a te rsh ed  the sed im en t layer is very  thin 
(a ro u n d  20 cm). N ear the m argin  of the tidal flat the thickness of the sed im en t layer 
increases up  to 60 cm.

5.1.2. M ateria ls  and  m ethods 

E q u i p m e n t  and m easurement  m e thods

First of all a m ap  was constructed from aerial pictures. W ith an echo so u n d er  and  a 
levelling  in s tru m en t the to p o g rap h y  of the bay was recorded . W ith these da ta  a 
ro u g h  e levation  m ap  was d raw n . Some bench m arks have  been p laced  at know n 
positions  to determ ine  the position in the field. Reference to the national elevation 
d a tu m  w as im possible for the area of m easurem ents. Therefore a gauge w as placed 
on a stable location (coral bottom; Figure 1). All the e levations were related  to this 
s table location.

To d e te rm in e  the h y d ro g rap h y  a tidal gauge  an d  cu rren t  m eters  w ere  used. The 
t ida l  g a u g e  rec o rd ed  the w a te r  level by a p re s su re  sensor.  This in s tru m e n t  
m easu re s  the w ater  co lum n above the sensor. The values are analogous recorded  
in a g raph . In the p resen t analysis  the g raphs , con tain ing  a period  of 848 hours , 
w ere  d ig itized  by hand  by one read ing  for each hour. The scale of the tidal gauge 
w as  calibrated w ith  readings from a metric gauge w ith  a millimetre scale.

The flow  velocity is recorded  w ith  p rope lle r  cu rren t m eters  (OTT cu rren t  meter). 
The c u rre n t  velocity  w as s im u ltaneous ly  m easu re d  at tw o stations. A p e rm an en t  
s ta tion  w as located at a w ork  p la tform  erected near K inondo channel (w p in Figure 
1), the  o th e r  s ta t ion  w as m obile  (dinghy). The m e asu re m e n ts  w ith  the m obile 
s ta tion  w ere  d is tr ibu ted  over the bay  in such a w ay  that the flow w as m easu red  on 
each m orpholog ica l unit, i.e. tidal flats, channel, flat in creek and  channel in creek 
(Figure 1). U nfortunate ly , it w as not possible to m easure  the ebb as well the flood 
c u rren t  at all locations. Because of the changing  w ater d ep th  5 cu rren t meters were 
p laced  on top of each other. A t the mobile station only 3 curren t m eters were used 
b ecause  of the lim ited  n u m b er  of cu rren t m eters  available. The vertical velocity
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profile  w as expected  to approx im ate  the theoretical logarithm ic  shape. Therefore 
each in s tru m en t w as placed at a certain height above the bottom  in such a w ay that 
eq u a l  d is tances  are ob ta ined  in a logarithm ic  profile. The cu rren t velocity was 
m easu red  each 10 m inutes during  5 minutes. D uring each m easu rem en t period  the 
w ater  d e p th  was also recorded. The curren t direction w as m easu red  by estim ating 
the bearings  of the current meter w ith  a compass. Flow directions were obtained by 
m easu r in g  the travelling direction of floating buoys.

To d e te rm in e  the volum e of su sp e n d e d  load d u r in g  an ebb and  flood cycle w ater 
sam ples  w ere taken with a w ater sampler. The sam pler w as a large plastic tube with 
a d iam e te r  of 11 cm and  a vo lum e of about 2.5 1. This tube w as low ered  to the 
desired  d ep th  w here  it adjusted to the current in a w ay  tha t the w ater flowed freely 
th ro u g h  the tube. After a while the tube w as closed an d  the w ater sam ple  was 
collected in a bucket. The samples were taken at 3 different dep th  above the bottom, 
2 / 3  of the w ater  dep th , 1 /2  of the w ater dep th  and  1 /3  of the w ater dep th . The 3 
sam p les  w ere  m ixed  w ith each o ther in o rder to get an average  estim ation  of the 
concen tra tion  for the whole w ater column. Each half a h o u r  a sam ple w as taken in 

the sam e  way. 2 1 of the mixed sam ple was filtered and  dried  in a stove before it was 
w e igh ted  w ith  a balance.

Calculation o f  the mean current velocity

Each 10 m in u tes  a vertical velocity d is tr ibu tion  w as m easu red . T hus for each 10 
m in u te s  a va lue  of the d ep th -av erag ed  cu rren t  velocity cou ld  be obta ined . This 
m ean  cu rren t  velocity is assum ed  to rem ain constant d u r in g  the m easu ring  period. 
Tw o o th e r  a ssu m p tio n s  are m ade  to reconstruct the vertical velocity d istribution. 
The first a ssu m p tio n  is that at the bottom  the curren t velocity is 0. The influence of 
a b o u n d a ry  layer is neglected. The second assu m p tio n  is that the velocity at the 
w a te r  su rface  is the  sam e as the  velocity at the h ighest  m easu red  p o in t  in the 
vertical (F igure 3). C urren t velocities d u r in g  the flood are considered  as positive 
value. From  the vertical velocity d is tr ibu tion  the m ean  cu rren t velocity over the 
d ep th  is calculated by
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w here  U = m ean current velocity over the dep th  [cm/s]
Uz = curren t velocity at z cm above the bottom  [cm /s]
h = w ater dep th  [cm].

W h e n  c u r re n t  velocities of d iffe ren t  tides are  c o m p ared  w ith  each o th e r  the 
p ro b lem  arise tha t each tide has ano ther h igh  and  low w ater  level. Therefore it is 
necessary  to reduce  the current velocities of each tide to a s ituation  of a m ean tide. 
For this reduc tion  the average of all tidal ranges of the 848 hours  tidal data  set are 
used. Each tidal range is reduced  by this average value (192.7 cm) so that for each 
tide a red u c tio n  coefficient is obta ined . By m ultip ly ing  this reduc tion  coefficient 
w ith  the cu rren t  velocity a red u ced  cu rren t velocity is obtained. These reduced  
cu rren t  velocities are com parable w ith  each other.

Calcula tion o f  discharge

The discharge  Qtide is calculated by

Qtide = Y j bU  [m3/tide]
t=o

w here  T = tidal phase (flood or ebb)

U t = reduced  m ean curren t velocity at time t [m /s]
h t = reduced  w ater dep th  at time t [m]
w  = w id th  [m]

Because m easu rem en ts  of d ifferent tides are com pared  w ith  each other, the curren t 
velocity  as well as the w ater d ep th  has to be reduced  for an average tide. The time 
step  t is 600 seconds. Discharges are calculated for different topographical units. The
su m  of the discharges per each step  t gives the total discharge d u ring  one tidal phase
(flood or ebb) for the whole creek.
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5.1.3. Results

D u ring  the m easurem ents , the m onsoon  w in d  w as south-east. The w in d  force has 
been es tim ated  at about 3 to 4 Beaufort. The w aves in the bay are of local origin as 
the ocean  w aves  dissipate  com pletely  on the coral reef seaw ard  of the bay. The 
h ighest  w aves  w ere  observed in the centre of the bay, the deepest part,  an d  had  a 
m ean  w ave  height of about 60 cm. At the research site w ave height never exceeded 
30 cm.

The record of the tidal gauge contains 848 hours. H ow ever from 4-9-1992 to 5-9-1992 
a gap  of 16 hours  is present. The deflection of the tide curve at low  w ater  seems to 
be cu t (F igure 4). It is possible that the p ressure  sensor m alfunc tioned  at extreme 
low  w aters . The g raph  of the tides show s clearly the sp ring  a n d  n eap  tides. Any 
sequence  of m easu rem en ts  of w ater levels or curren ts  in a tidal area  has a tidal 
c o m p o n en t  an d  a non-tidal com ponent. The non-tidal com ponen t is the residual 
after the regu la r  tides are rem oved. This is possible w ith  a m oving  average  w ith a 
w in d o w  of 35 hours . The non -tid a l  c o m p o n en t is the re su lt  of m eteorological 
even ts ,  e.g. s to rm s. The increase of the re s idua l is p ro b ab ly  the re su lt  of the 
m a lfu n c t io n in g  of the sensor at low  w ater. N o d istinct non-tida l co m p o n en t  is 

p resen t in the sequence. Difference betw een neap and  spring  tide is also expressed 
in the fo rm  of the tidal curve, especially at low  tide as d isp layed  in F igure  5. At 
neap  tide the tidal curve is symmetric. The flood as well as the ebb period  is for 
bo th  6 hours. At sp ring  tide, after a quick fall of the w ater level the curve show s an 
extra tail a t w hich  the fall of the w ater level is m uch slower. Also, the period  of the 
ebb becom es m uch  longer (about 8 hours) than the flood period  (about 4.5 hours).

At m e an  tidal range  (i.e. da ta  red u ced  to average  tide) cu rren t  velocities in the 
ch an n e l  a n d  the K inondo  creek velocities at the ebb are m u ch  sm alle r  than  the 
cu rren t velocities at the flood. The ebb curren t is 2 to 4 times larger than  the flood 
curren t. Especially at spring  tide the ebb cu rren t velocity is very  high, reaching a 
m a x im u m  of u p  to 30 c m /s  at the  m o m en t tha t the flats d ra in  just before they 
em erge  (Figure 6). The highest flood cu rren t velocities occur in the second  half of 
the tide. The h ighest w ater e levation coincides w ith  the tu rn  of the tidal current. 
The ebb flow tu rns  w hen the w ater level is a lready  rising. At the flat the differences 
be tw een  the ebb flow and the flood flow are m uch  smaller. Both flows are abou t the 
sam e velocity. At spring  tide, just before the flat emerges it will be d ra ined  by a thin 
layer of water. At neap  tide the flats are no t emerging. The fluctuations in the time 
series of the cu rren t velocities is du e  to small m alfunctions of the flow m eters, like 
d is tu rbance  of the waves, d is turbance by the d inghy  and  obstruction of the propeller
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by floating material and seagrass. By sm ooth ing  the time series a regu lar coarse of 
the cu rren t  velocities du ring  the tide will be obtained.

In F igure  7 the flow vectors of all m easuring  sites, reduced  to average tide, are given 
in 12 tim e steps of equal length d u r in g  the tidal cycle. At high tide the w ater flows 
from  the creek tow ards  the bay. W ater  in the channel of the creek follows the 
channel until it enters the deeper parts  of the bay. W ater from the flat in the creek 
does no t follow the channel bu t crosses the flat into the bay. In the final part of the 
ebb tide, just before the flats emerge, w ater flows from the flats tow ards  the channel 
w hich  d ra ins  the water off tow ards the deeper part of the bay.

A t the s ta r t  of the flood flow w ater  flows th rough  the channel. As the w ater level 
has risen  high  enough  w ater flows over the flat. The flow direction is s tra ight from 
the bay  tow ards  the m argin of the m angrove  area.

A t the  en tran ce  of the creek the ebb as well as the flood cu rren t  velocity  was 
m e a su re d  in the channel and  on the flat. Because the to p o g rap h y  was recorded by 
echo so u n d in g  a reliable estimate of the discharge could be m ade  for the entrance of 
the creek (Figure 8). According to the discharge calculations du ring  the flood period 
2.4 * 10s m 3 w ater  flows into the creek. At the final phase  of the flood period  (the 
last 2 hou rs )  the d ischarge enlarges. D uring  the ebb period  6.4 * IO5 m 3 w ater is 
d ra in e d  th ro u g h  the creek. At the start of the ebb period the d ischarge is the largest. 
After ab o u t 3.5 hours  the discharge dim inishes (Figure 9).

C on cen tra t io n s  of su spended  m atte r  were  m easured  on Sep tem ber 13, 1992 (spring 
tide) a n d  on Septem ber 16, 1992. The first m easurem ent show s a re lation between 
f lo w  ve lo c i ty  a n d  the co n ce n tra t io n  of s u sp e n d e d  m a tte r :  the  co n cen tra t io n  
inc reases  w ith  increasing  cu rre n t  velocities as show n  in F igure  10. The second 
c o n c e n tra t io n  m e a s u re m e n t  d o es  n o t  sh o w  any  co rre la t io n  w ith  the  cu rren t  
velocity. The concentration sequence  is p robably  only w hite  noise. Therefore it is 
im possib le  to m ake any  com parison  be tw een  the two concentra tion  m easurem ents . 
H o w ev er ,  the concentrations at the bay are very low up  to 11 m g/1. The very large 
values of 30 and  45 m g/1 have to be considered as m easuring  errors because mainly 
bed  load  w as sampled.
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5.1.4. Discussion

The resu lts  of the m easurem en t p rov ide  a good im pression of the w a ter  motions in 
the easte rn  part of Gazi bay. At flood the w ater flows steadily  into the bay. At first 
the w a te r  flows th rough  the channel. As the w ater level overtops  the tidal flats the 
w a te r  flow s s tra igh t into the d irec tion  of the m angrove  sw am p. D u rin g  the ebb 
p e r io d  the  m an g ro v e  sw am p  is d ra in e d  by the creek. This is su s ta in ed  by the 
d ischarge  m easurem ents. At ebb the discharge in the K inondo Creek is 2.6 times as 
m u ch  as the d ischarge at flood. Thus, the channel is an export system. Because this 

p a r t  of the m angrove  is a closed system  (no influx of w ater  by o ther systems, e.g. 
rivers) w a ter  is only im ported  via the tidal flats during  flood. In the m angrove  area 
a circulation from  the borders  to the creek takes place (Figure 11). W ater is dra ined  
by the channel as well as by crossing the tidal flat. Eventually , w a te r  from the 
channel a n d  the tidal flat confluences in the deeper part of the bay. Just before the 
tida l flats em erge  w ater from those flats is d ra ined  off s idew ays  into the channel. 
The channe l transports  the last a m o u n t  w ater at h igh cu rren t velocities. Therefore, 
the ebb cu rren t is still going on a lthough  the w ater level is a lready rising.

5.1.5. R eco m m en d a tio n s  for b u d g e t  s tud ies

B u d g e t  c a lc u la t io n s  are b a se d  on  m e a s u re m e n ts  of b o th  c u r r e n t  ve locity  
m e a su re m e n ts  a n d  concen tra tion  m easu rem en ts ,  executed  s im u ltan eo u s ly  d u ring  
a c o m p le te  tidal cycle. The fo llow ing  m e asu r in g  p ro c e d u re  is p ro p o s e d  for 
c a lc u la t io n  of n u tr ie n t  exchange b e tw een  the m an g ro v e  an d  tidal flats in the 
s tu d ie d  area  at each station: the  cu rren t  velocities are  m e asu re d  w ith  a OTT 
p ro p e l le r  c u r re n t  m eter. The c o n ce n tra t io n  is m e a s u re d  w ith  a pe r is ta l t ic  
(VERDER) p u m p  w hich is connected  by m eans of 6 m m  d iam eter  plastic tubes to 
in take  nozzles. The cu rren t m ete r  an d  the intake nozzle can be m o u n te d  in one 
s t r e a m l in e d  c a r r ie r  so th a t  at d if fe ren t  d e p th s  the  ve locity  as w ell as the 
co n cen tra t io n  m ay  be m easu red . O ne m e asu rem en t cycle takes v a r io u s  curren t 
ve locity  m easu rem en ts ,  at each d e p th  for abou t 2 m inu tes ,  an d  w a te r  intake at 
v a r io u s  depths. Because of the small concentrations at least 10 litre w a ter  has to be 
p u m p e d .  Because it is reasonable  to assum e tha t the n u tr ien ts  are hom ogeneous  
d is t r ib u te d ,  an  average  concen tra tion  over the d e p th  will be ga ined  by  p u m p in g  
w a te r  sam ples  continuously  at the d ifferent depths. The sucked w ater  sam ples are 
filtered an d  collected for fu rther analysis. Each station needs a p u m p  set and  a flow 
m ete r .  In total 6 m easu r in g  s ta t ions  sh o u ld  o p e ra te  s im u lta n e o u s ly  d u r in g  a 
com ple te  tidal cycle, starting at low  w ater  slack w ith  a m easu ring  frequency of 10
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m inutes. At one of the locations the w ater level and  w ave height is to be measured. 
The pos itions  of the stations are ind ica ted  in Figure 11. The sta tions  have to be 
so m eth in g  like floating constructions. It is s tressed that a b u d g e t  calculated from 
resu lts  of a m easuring  cam paign  covering only one tidal cycle p robab ly  will not be 
re p re sen ta t iv e  of any average  condition. Therefore, if in fo rm ation  on long-term  
net exchanges of nutrients  is required , the m easurem ents  have to be repeated  at all 
conditions  that are regarded  of possible im portan t influence on the budget.
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Figure 4 Tidal curve at the work platform from 22-8-1992 
till 25-9-1992. Water level is according to the tidal gauge 
of the platform.
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6. NUMERICAL MODELLING OF THE MANGROVE ECOSYSTEM

H.O. O n g ’a n d a (1> & P.M.J. H erm an«)

H)- K enya M arine & Fisheries Research Institute, M ombasa, Kenya.
(2.) N e th e r la n d s  Institu te  of Ecology, C entre  for E stuarine  a n d  C oasta l research, 
Yerseke, The N etherlands.

Abstract

This num erica l m odel has been designed  to s tu d y  the flow of carbon an d  nitrogen 
in a m an g ro v e  forest at Gazi Bay, Kenya. Several processes and  storages of m atter 
co n s id e red  vital in the functioning of the ecosystem  have been rev iew ed  to help in 
the  a b s trac t io n  of the m odel an d  analysis . A num erica l  m ode l re p re sen ts  the 
fu n c tio n in g  of the ecosystems bu t is a lw ays lim ited du e  to the com plex ity  of the 
sy s te m  a n d  lack of in fo rm ation  on processes . A rev iew  of m o d e l l in g  w ork  
c o n ce rn ed  w ith  coastal ecosystem s reveals tha t m odelling  is no t on ly  a m eans of 
s u m m a r iz in g  d a ta  from  field s tud ies ,  bu t tha t  it can also be in te g ra ted  p a r t  of 
re s e a rc h  e ffo r t  u sefu l in fo rm u la t in g  re sea rch  h y p o th e se s  a n d  d ra w in g  up  
m a n ag e m e n t  options. The objectives of the Gazi m odel are similar in this respect.

The abstrac tion  of the system  is p re sen ted  as a box and  a rro w  d ia g ra m  show ing  
s to rages  a n d  flow of matter. C hanges  in each of the state variables are function of 
som e in p u t  an d  o u tp u t  processes an d  are rep resen ted  in the m ode l equations  as 
o rd in a ry  d iffe ren tia l  equations. The p rocesses  are va rio u s ly  fo rm u la ted  using  
p u b l i s h e d  eco sy s tem  m o d e ls ,  f ie ld  d a ta  a n d  p e rso n a l  effort. Fo r ease of 
c o n cep tu a liz a t io n ,  the m odelling  exercise has  been h an d led  in seem ing ly  re la ted  
un its  called  subm odels. The m ajority  of the rate coefficients were e s tim ated  from 
field a n d  litera ture  values w hereas  a few others were chosen arbitrarily. C om pu te r  
s im u la t io n  of the system  w as done  in an  IBM com patib le  PC using  a s im ula tion  
package. A sensitivity  analysis w as carried  ou t to investigate the sensitiv ity  of the 
m ode l to changes in input and  param ete rs  values.

T he  fa v o u ra b le  co m p ar iso n  b e tw ee n  m o d e l  o u tp u t  a n d  in fo rm a t io n  availab le  
p o in ts  to the  re la tive  accuracy  of the m odel. The re su lts  sh o w  th a t  n u tr ien t  
c o n tr ib u tio n  of the m angrove  ecosystem  to the contiguous zones is negative. The 
sys tem  exports  carbon largely consisting of de tr itu s  poor in n itrogen. The flow of 
n itrogen  th rough  bacteria account for 72 % of the total system  nitrogen throughflow
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(no t in c lu d in g  the im port of n itrogen  into the system). M angrove  trees can be 

h arves ted  by adop ting  a cycle of m anagem ent.

The m a n g ro v e  ecosystem  is critically d e p e n d e n t  on incom ing  n itrogen . Of the 
d y n a m ic s  of the inorgan ic  n i tro g en  ^ - f i x a t i o n  an d  d e n itr if ica t io n  have  little 
im pac t on  the system. Most of the param eters  and  inputs  are not certain but appear 
to be very  im p o r tan t  in the dynam ics  of the system. R esponse of detritivores  to 
c h an g e s  in the system  sugges ts  the need  for m ore  con tro l m ech an ism s  in the 
m o d e l .

T here  are  lim itations to the m ode l prediction  especially w ith  reg a rd  to changes in 
the system . The m angrove ecosystem  strongly consum es n itrogen  an d  com pensates 
for this by using  inorganic n itrogen  in the tidal w ater and  possibly  from sheetflow 
a n d  u n d e rg ro u n d  seepage. The g raz ing  habits of detritivores is uncerta in  and  more 
in fo rm a t io n  is n eed ed . The m a n n e r  in w hich  d if fe ren t  w ay s  of m an g ro v e  
h a rv e s t in g  m ay  affect the reg e n e ra t io n  of forest req u ire s  a m ode l tak in g  into 
considera tion  all factors related to harvesting.

R e m a rk

The de ta i led  research w ork is p resen ted  in a docum ent annexed to this final report, 
called: "Dynam ics of C arbon an d  N itrogen  in the M angrove Forest of Gazi, Kenya: 
A N u m erica l  M odelling A pproach"
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