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Johnson U. Kitheka, George S. Ongwenyi and Kenneth M. Mavuti

Dynamics of Suspended Sediment Exchange
and Transport in a Degraded Mangrove Creek in

Kenya

This study focuses on sediment exchange dynamics in
Mwache Creek, a shallow tidal mangrove wetland in
Kenya. The surface area of the creek is 17 km? at high
water spring. The creek experiences semidiurnal tides with
tidal ranges of 3.2 m and 1.4 m during spring and neap
tides, respectively. The creek is ebb dominant in the
frontwater zone main channel and is flood dominant in the
backwater zone main channel. During rainy season, the
creek receives freshwater and terrigenous sediments from
the seasonal Mwache River. Heavy supply of terrigenous
sediments during the EI Nifio of 1997—1998 led to the huge
deposition of sediments (10° tonnes) in the wetland that
caused massive destruction of the mangrove forest in the
upper region. In this study, sea level, tidal discharges, tidal
current velocities, salinity, total suspended sediment
concentrations (TSSC) and particulate organic sediment
concentrations (POSC) measured in stations established
within the main channel and also within the mangrove
forests, were used to determine the dynamics of sediment
exchange between the frontwater and backwater zones of
the main channel including also the exchange with man-
grove forests. The results showed that during wet seasons,
the high suspended sediment concentration associated
with river discharge and tidal resuspension of fine channel-
bed sediment accounts for the inflow of highly turbid water
into the degraded mangrove forest. Despite the degrada-
tion of the mangrove forest, sediment outflow from the
mangrove forest was considerably less than the inflow.
This caused a net trapping of sediment in the wetland. The
net import of the sediment dominated in spring tide during
both wet and dry season and during neap tide in the wet
season. However, as compared to heavily vegetated man-
grove wetlands, the generally degraded Mwache Creek
mangrove wetland sediment trapping efficiency is low as
the average is about 30% for the highly degraded back-
water zone mangrove forest and 65% in the moderately
degraded frontwater zone mangrove forest.

INTRODUCTION

The direction and magnitude of sediment transport in mangrove
creeks is critical in defining the sediment budget of an individual
mangrove forest and the role it plays in the large coastal sedi-
mentary system. Most mangrove creeks are characterized by the
occurrence of time-velocity asymmetry in which ebb flow is
more dominant than flood flow (1-4). Tidal asymmetry contrib-
utes to the maintenance of a deep self-scouring drainage chan-
nel, even in the presence of a large sediment input from sur-
rounding coastal waters (5—6). Previous studies have shown that
mangrove systems normally trap most of the incoming sediments
during flood tide and there is no significant export of sediments
during ebb tide (5, 7-10). Sediment trapping is believed to be
an essential process by which mangroves build their own envi-
ronment (11). However, little information exists on sediment
fluxes in degraded mangrove wetlands of Africa since most of
the previous studies on water exchange and suspended sediment
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fluxes in mangrove creeks, have mostly been conducted in dense,
pristine mangrove systems (5, 7-9) and salt marshes (12, 13).
The general objective of this study is to determine the patterns
of sediment transport and exchange within the 17 km* Mwache
mangrove wetland in the northern zone of Port-Reitz Ria in
Kenya. The dominant mangrove species in the creek are
Avicennia marina, Rhizophora mucrunata and Ceriops tagal.
The creek is impacted by siltation and extensive clearance of
mangroves for fuel-wood and timber.

MATERIALS AND METHODS

Measurement of Water and Sediment Exchange

This study was implemented in the period between October 2000
and July 2001. Hydrographic stations shown in Figure 1 were
established in the main tidal channel. Stations 5, 6 and 7 were
located in the frontwater zone while stations 1, 2, 3 and 4 were
located in the backwater zone. At stations 1E to 6, in the thal-
weg of the main channel, vertical profiles of water salinity, to-
tal suspended sediment concentrations (TSSC), particulate or-
ganic sediment concentrations (POSC) and currents were ob-
tained from a rubber dinghy at anchor. Salinity was measured
using an Aanderaa Salinity sensor. Point-based water samples
drawn from different levels of the water column at different sta-
tions using a Hydrobios water sampler, were integrated to ob-
tain the depth-integrated TSSC and salinity. Within the main tidal
channel, tidal elevations were measured at stations 1 and 6 us-
ing Divers Pressure gauges, while current velocities (speed and
direction) and TSSC were measured with Aanderaa Recording
Current Meter (RCM 9). Water samples were used to calibrate
the output of the sensor on the Recording Current Meter to
TSSC. These instruments recorded data at S-min intervals after
averaging data measured during 1 min at 1-sec intervals. The
deployment period ranged from 3 to 21 days. At the 2 stations,
the instrument depths were 2 and 4 m for stations 1 and 6 re-
spectively.

TSSC within the main channel and tidal inlets were also de-
termined by gravimetric method. The POSC were determined
by loss on ignition to 0.0001 g (14). The instantaneous total sus-
pended sediment concentrations (kg m ) were multiplied by the
corresponding instantaneous velocities (m s™') to yield instanta-
neous total suspended sediment fluxes (kgm *s'). The instanta-
neous sediment fluxes for ebb and flood periods were summed
to yield the total ebb and flood-tide sediment fluxes.

In the determination of the sediment and water exchange dy-
namics in mangrove forest inlets, measurements of water level,
velocities, salinity, TSSC and POSC were made at 20 min in-
tervals to cover the full tidal cycle. These measurements were
done at the middle sections of the tidal inlets, about 100-150 m
from main tidal channel, in both the backwater and frontwater
mangrove forests (Fig. 1). In the inlets, tidal elevations were
measured using a tide pole and tidal current velocities were
measured using partially submerged drogues. The tidal inlets
were usually of small cross-sectional areas (less than 4-m wide
and less than 3-m deep) with no major vertical and lateral ve-
locity variations. Thus a single point-based velocity measurement
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The frontwater zone of Mwache Creek
showing the main channel and
mangrove forest fringing. The
frontwater zone mangrove was not
impacted by the El Nifio floods, but
excessive cutting of mangroves has
caused some degradation.

Photo: J. Kitheka.

Figure 1.

Map of Mwache Creek with
the locations of sampling
stations. The principal
stations are Stns 1, 4, 6 and
8. For surface area and
volume computations, the
whole mangrove extent and
associated tidal creeks
above Stn 7 were
considered.

at the middle of the channel, at an interval of 20
min was assumed to represent the average ve-
locity within the cross-section. The ebb and
flood tidal discharges in the inlets were deter-
mined using the cross-sectional area-velocity ap-
proach. Instantaneous velocities (m s ') within
the cross-sections, were multiplied by the instan-
taneous cross-sectional areas (m’) in order to
obtain the instantaneous tidal discharges (m’
s™). The instantaneous tidal discharges in both
ebb and flood periods were multiplied by the
corresponding instantaneous depth-integrated
flood-ebb tide organic and inorganic sediment
concentrations (g L™' = kg m™) to determine the
corresponding depth-integrated ebb-flood period
total particulate organic and inorganic sediment
loads in kg s (13). The difference between ebb
and flood particulate organic and inorganic sedi-
ment loads yielded the net organic and inorganic
sediment fluxes (15—17). Information on the sur-
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face area of the mangrove forest basin drained by the respec-
tive inlet as well as the sediment bulk density enabled the de-
termination of the net organic and inorganic sediment fluxes per
unit area (g m°s'). The bulk density of sediment collected in
different stations was determined in the laboratory as the ratio
between dry weight of sediment and the corresponding sediment
volume (18). For both the main channel and the tidal inlets, the
positive sediment fluxes corresponded to sediment import and
the negative ones corresponded to sediment export. Apart from
the measurement of velocities within the main channel and tidal
inlets, velocities were also measured inside the mangrove for-

Figure 2. Tidal current velocity and direction at station 1.
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Figure 3. Tidal current velocity and direction at station 6.

est by timing the movement of partially submerged drogues over
predetermined distances (5, 11).

RESULTS

Dynamics in the Main Channel

In the main channel at stations 1 and 6, the duration of flood
and ebb tides are 6.6 and 6.2 hrs, respectively. Neap and spring
tidal ranges are 1.3 and 3.1 m, respectively. These tidal ranges
are comparable to those reported in other mangrove creeks along
the Kenya coast (1-3). There was also a significant asymmetry
in the current velocity (Figs. 2 and 3). As shown in Figure 3,
the peak current velocities were measurably larger at ebb tide
than at flood tide in the frontwater zone, which means that the
main channel in the frontwater zone of the creek is ebb domi-
nant. In dry seasons, the peak ebb current velocity was 0.85 m
s ' and the peak flood current velocity was 0.68 m s'. In the
backwater zones, the peak currents (0.50 m s') were measur-
ably larger at the flood-tide than at the ebb tide during the dry
season, which means that the main channel in the backwater zone
is flood tide dominant during dry seasons (Fig. 2).

During periods of relatively high river discharge above 4 m’
s (Figs 4a-b), the zone above station 4 experienced low salin-
ity ranging from 0 to 29 PSU, while that in the frontwater zone
experienced salinity ranging from 30 to 35 PSU. Both the mini-
mum and the maximum salinities were recorded in the backwa-
ter zone where peak salinities reached as high as 40 PSU and
lowest reached 0.1 PSU in the zone above station 4.

Dynamics in the Mangrove Forest

Results of measurements of current velocities, tidal discharges
and tidal range within the tidal inlets draining the backwater zone
and frontwater zone mangrove forests are shown in Table 1. As
shown in Figures 6a—b, the water level variation in the mangrove
forests is unimodal. The duration of the flood and ebb tides is
variable as it ranges from 2.0 to 4.3 hrs. There is also tidal el-
evation asymmetry in the mangrove forest with the duration of

0.8 the flood period being slightly longer than that of the ebb pe-
riod by about 30 minutes (Table 1). The ebb-flood tidal dis-
0.7 charges portrayed a bimodal pattern as is shown in Figures 6a-
b, being a function of velocity and tidal elevation variations (5,
~ 06 11). The tidal range was variable as it ranged from 0.9 to 2.6
e m. The peak current velocity within the inlets usually occurred
= 05 during ebb tide. During ebb tide, current velocities ranged from
3 o4l 0.01 to 0.45 m s and during flood tide, current velocities in the
= | mangrove forest inlets ranged from 0.02 to 0.34 m s ' (Table 1).
03 However, within the mangrove forest, the velocities were less
than 0.10 m s,
02 . oy . . .
; Variability of the Suspended Sediment Concentrations in
0.1 the Main Channel
i . + i +k+ ++ﬁ+*f N ] The spatial distribution of TSSC within the main channel showed
50 100 150 200 250 that TSSC decreases exponentially from the backwater zone to
Direction(degr.) the frontwater zone main channel. The magnitude of the TSSC
Table 1. The duration of ebb-flood tide, velocity ranges and tidal discharges in the degraded
mangrove forest inlets upstream of station 4.
Date Flood Ebb Tidal Flood Ebb Flood tidal Ebb tidal
period period Range velocity velocity discharge discharge
(Hrs) (Hrs) (m) range range range (m®s™)
(ms™) (ms™) (m*s™)
25 Oct. 00 3.3 3 143  0.03-022 0.12-0.30  0.0017-3.54  0.0024-3.52
24Nov.00 2.3 2.3 0.90  005-0.12  0.01-0.02  0.0756-1.08  0.004-0.216
28Nov.00 3.6 - 179  002-0.12  0.02-0.05 0.014-1.60  0.43-1.02
14Dec.00 3.7 - 160  008-0.34 - 0.014-3.80  —
9 Jan. 01 4.3 4.0 2.18 0.04-0.11  0.02-0.10  0.009-3.77  0.09-3.79
7 Feb. 01 4.3 4.0 2.45 0.02-0.19  0.06-0.45  0.0006-5.20  0.0003-9.56
582 © Royal Swedish Academy of Sciences 2002 Ambio Vol. 31 No. 7-8, Dec. 2002
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in the backwater zone (stations 1-4) is much larger than in the
frontwater zone (stations 5-7). Sediment grain size analysis re-
vealed that sediment particle sizes increase towards the front-
water zone. The backwater zone main channel is essentially cov-
ered with very fine sediment consisting of clay, while the
frontwater zone is dominated by fine sand and silt particles.
Figures 4a—b and 5a—b shows the vertical distribution of TSSC
and salinity in both dry and rainy seasons. During the rainy sea-
sons, the water column is poorly mixed with a significant verti-
cal sediment stratification in the backwater zone between sta-
tions 1 and 3, and also in the estuarine zone between the sta-
tions 1E and 1A (Figs 4a—b). The water column in the frontwater
zone is well-mixed and more-or-less homogenous. In dry sea-
son, sediment stratification exits in the backwater zone main
channel but is of relatively much lower magnitude. The turbid-
ity maximum zones (TMZ) were present in both the frontwater

Figure 4. The contour plots of (a)

(a)

and backwater zones of the creek, but were better developed in
the latter (Figs 4b and 5b). The backwater zone TMZ occurred
in the zone between stations 1E and 2 and, that in the frontwater
zone occurred in the zone between stations 5 and 6. In the back-
water zone TMZ, TSSC ranged from 0.10 to 0.31 g L' while
that in the frontwater zone ranged from 0.08 to 0.25 g L.

Sediment Exchange in the Tidal Inlets and
Mangrove Forest

Table 2 shows the results on measurements conducted on the
variations of TSSC and POSC in the tidal inlets draining man-
grove forests. In the highly degraded backwater mangrove for-
est, during a period of low tidal range (< 1.5 m) in dry season,
the highest TSSC and POSC occurred at the early stages of flood
tide (i.e., within 1 hr of commencement of flood tide) and at the
last stages of ebb tide, 1 hr before the end of ebb tide (Fig. 6a).

salinity; and (b) TSSC variations in
rainy season.
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The peak TSSC recorded during
the last stages of ebb tide was usu-
ally much higher than the peak
TSSC recorded during the early
stages of flood tide. However, this
occurred when ebb tidal dis-
charges were very low so that the
corresponding ebb-tide sediment
flux tended to be relatively low.
The high TSSC at the beginning
of flood tide was attributed to the
inflow of turbid water from the
main channel, and the peak TSSC
during ebb tide was attributed to
the resuspension of fine bottom
sediment due to strong ebb tide
velocities within the inlets. These
results contrast findings of re-
search conducted in the heavily
vegetated mangrove forests in
Australia where high TSSC was
reported to occur during flood tide
(5, 11). During ebb tide, TSSC in
Australian mangrove forest is usu-
ally extremely low and there is no
increase in TSSC during the last
stages of ebb tide as is clearly evi-
dent at Mwache creek.

In the highly degraded backwa-
ter zone mangrove forest of
Mwache creek, the flood- and
ebb-tide sediment fluxes were of
the same order of magnitude in
dry seasons, but there was a sig-
nificant difference in the rainy
season when river discharge was
higher than 0.15 m’s™' (Figs 6a—
b). In the backwater zone man-
grove forest, the flood tide TSSC
flux reached as high as 2285 kg
tide ' and the ebb period sediment
fluxes reached 1897 kg tide ' (Ta-
bles 3 and 4). During wet seasons,
the net sediment import was of the
order 388 kg tide', which is
equivalent to net sediment depo-
sition rate of about 4 gm’ tide .
In the moderately degraded front-
water mangrove forest, the differ-
ence between flood and ebb tide
sediment fluxes was more pro-
nounced as compared to that in
the degraded backwater zone
mangrove forest fluxes (Figs 6a—
b). However, there was a ten-
dency for the peak TSSC to be
much higher during flood tide and
much lower during ebb tide. The
flood tide sediment fluxes ranged
from 1420 to 8573 kg tide ' and
the ebb ones ranged from 400 to
2926 kg tide . The net sediment
import into the frontwater man-
grove forest ranged between 400
to 5647 kg tide'. The peak sedi-
mentation rate was 62.7 g m “tide
'. In general, the net import of the
total sediment and the net export

584
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Table 2. The flood and ebb total suspended sediments concentrations (TSSC) and particulate
organic sediment concentrations (POSC) ranges and percentages in inlets draining the degraded
mangrove forest upstream of station 4.

Date Flood TSSC Ebb TSSC Flood POSC Ebb POSC Flood Ebb
(gL™ (gL™ (gL™ (gL™) POSC POSC
% %
25 Oct. 00 0.1757-0.0278  1.46-0.040 0.0155-0.0044 0.0861-0.0073 8.8-19.4 9.9-58.97
24 Nov. 00 0.113-0.0372 0.068-0.038 0.104-0.034 0.0637-0.0346 6.6 7.4
28 Nov. 00 0.229-0.048 0.052-0.051 0.064-0.007 0.009- 27.9 17.3
14 Dec. 00 0.220-0.050 — 0.037-0.009 - 14.3-20.0
9 Jan. 01 0.742-0.052 0.294-0.0368 0.27-0.005 0.252—-0.0034 3.6-42.5 8.5-13.0
7 Feb. 01 0.283-0.0411 0.781-0.0424 0.036—-0.0047 0.099-0.0058 9.7-15.9 8.8-14.9
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Figure 6a. The pattern of TSSC variability (5 April 2001) within the backwater zone of the organic sediment occurred in spring tide dur-

mangrove forest inlet B in relation to changes in tidal discharge and elevation. ing both wet and dry season and during neap tide in
B 06 wet season. The export of the total sediment occurred
ackwater mangrove PN . . .
o5 in the dry season during neap tides.
T E2 Considering the flood and ebb sediment flux dif-
L 0.4 § ferences (see Tables 3 and 4), it was found that, the
£ frontwater zone mangrove forest traps, on average,
r03 £ about 65% of the incoming sediments. In the back-
oo @ water zone mangrove forest, the net sediment trap-
) ping is highly variable as it ranges from 3 to 76 %,
L0183 but the average is about 30%. In heavily vegetated
(%] . 0 . .
F Australian mangrove forest, 80% of the incoming

-0 sediments are trapped within the mangrove forest (5,
11), and in these heavily vegetated Australian man-
grove forests, the peak sedimentation rate is 270 g
m“tide ' (5, 11), which is much higher than that at

Time (hrs)

—&—Depth (m)  —e—Discharge m®s™ —a—TSSCgL"'  --x--Sediment flux (kg s™) \ Mwache creek, which is about 63 g m~ tide™”. In

Mexican mangrove forests, the rate of sediment ex-
port is 210 g m *yr ' (19). In salt marshes, net TSS

Figure 6b. The pattern of TSSC variability (8 May 2001) within the frontwater zone import range from 0.034 to 0.44 g m*hr' (18),

mangrove forest inlet D in relation to changes in tidal discharge and elevation. which assuming that the inundation period is 4 hrs,
8 25 is equivalent to net sediment import ranging from
, |Frontwater zone % 2 about 0.1 to 2.0 g m “tide . The relatively low sedi-

£ Lo o ment trapping efficiency at Mwache creek was at-

£ 61 Q tributed to the low mangrove forest vegetation cover.

S s5- 15 2

!,2 4 —g, SEDIMENT DYNAMICS IN THE MAIN

s 3] b1 % CHANNEL

g 5 % Frontwater Zone Main Channel

a ;| 05 % Resuspension of the fine bottom sediment was domi-

@ nant in the frontwater zone main channel where a

0 el -0 significant increase in TSSC occurred as velocity
R AR R SR U S I U SR 09q9 {i\@ rose above 0.25 m s (Fig. 7a). The TSSC in the

frontwater zone also varied at tidal frequency and
there was also a neap-spring variability. The TSSC
was relatively much higher during spring tide (> 0.20
g L") as compared to neap tides. The strong tidal
currents greater than 0.50 m s™' caused resuspension
of fine sediment at tidal frequency. The ebb sediment

Time (hrs)

—m—Depth (m) —e—Discharge m*s™ —a—TSSCgL™" - - & - - Sediment flux (kg s“)‘

Table 3. River discharge, ebb—flood period total suspended sediment (TSS)

fluxes. The negative net sediment fluxes represent export out of the fluxes were high as they reached as high as 0.31 kg
mangrove forest to main tidal channel. m~s”' while the flood ones attained values of the or-
2 1 .
Date Tidal River EbbTSS  Flood Net TSS flux der 0.1 kg m~s . In dry seasons, the resuspension
fonge dlgcga;rge Itlxt,d ) E(SSI_EUZQ) (g m™ tide™) of the fine sediment was relatively larger in ebb tide
m m~s e e . . . .

90 gt than in flood tide. This caused net sediment export
250ct. 00 (b) 1.4 0.8 1267.67 737.45 -8.83 in the frontwater zone main channel. During periods
24Nov. 00 (b) 0.9 6 32,99 139.46 1.77 : . :
9Jan.01(b) 22 3.7 1896.64 228464  4.31 of high resuspension, thffz net sediment export
7Feb.01(b) 24 0.15 1436.64 1596.57 1.78 reached as high as 0.8 kgm s .

8 March 01 (b) 2.4 0.01 3206.35 3304.51 1.09

5 April01 (b) 1.8 0.03 918.67 860.44 -0.65 .

8 May 01 (f) 256 0.0 2926.17 857315  62.74 Backwater Zone Main Channel

(b) Degraded backwater mangrove forest inlets: The results of TSSC monitoring revealed that there
(f) moderately degraded frontwater mangrove forest inlets). is a neap—spring TSSC cycle in the backwater zone

(Fig. 7b). The spring peak TSSC were generally
greater than 0.5 g L™ while the neap concentrations
were less than 0.5 g L. The highest sediment fluxes
also occurred during spring tide when TSSC and cur-

Table 4. River discharge, ebb—flood tide particulate organic sediment
(POS) fluxes and net sediment fluxes. Negative net fluxes represent

export out of the mangrove forest to the tidal channel. rent velocities were greater than 0.1 g L™ and 0.25
i ) ms’, respectively. As in the frontwater zone, the
Date Tidal River Ebb POS Flood POS Net POS C 11 .

range  discharge  flux T i TSSC variability was also at tidal frequency. How-
(m) (m*s™) (kgtide™) (kg tide™) (g m~tide™) ever, as compared to the frontwater zone where
25 Oct. 00 (b) 14 0.8 040 108 —0.00 TSSC increased as current VglpClty 1ncreased3 TSSC
24 Nov. 00 (b) 0.9 6 2.54 8.26 0.095 decreased as current velocities and elevation in-
?JFZ?;_ %11 ((%)) 32 815 ;2;%33 ‘:’%:8471 :8;;83 creased. The peak TSSC occurred at low tide or at
8 March 01 (b) 24 0.01 44579 42951  -0.181 the very last stages of the ebb tide (Fig. 7b). The ebb

5 April 01 (b) 1.8 0.03 76.15 66.19 -0.111 . ; ;
8 May 01 (f) 26 0.01 483.99 968.79 5.387 sediment fluxes were on average basis much higher
as they ranged from 0.025 to 0.31 kg m*s ™' as com-

(b) Degraded backwater mangrove forest inlets; R R .
(f) moderately degraded frontwater mangrove forest inlets. pared to the flood tide sediment fluxes, which ranged

from 0.01 to 0.16 kg m>s™". There is therefore a sus-
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tained net sediment export to the frontwater zone main channel
of the creek. This export was further reinforced during periods
of high river discharge because of the occurrence of frontwater
zone directed residual current.

DISCUSSION

Most of the terrigenous sediments discharged into the creek by
Mwache River are trapped within the backwater zone of the
creek. The mechanisms of trapping within the main channel are
related to tidal pumping as well as to estuarine circulation.
Within the estuarine zone located above station 1, the classical

velocities, tidal elevation and, therefore, tidal discharges were
high, resulting in high mean flood tide sediment fluxes in the
frontwater zone mangrove forest. Relatively high flood tide
TSSC is essentially not due to resuspension of fine sediment
within the mangrove forest inlets, but can be attributed to 7) the
resuspension within the main tidal channel, which occurs adja-
cent to the mangrove forest; and ii) the inflow of highly turbid
water trapped within the main channel in the backwater zone.
The net import of both of inorganic and organic sediments in
both frontwater and backwater zone mangrove forest, occurs in
most periods of the year in spring tides. However, the magni-
tude of import is much lower in the highly degraded backwater

estuarine circulation develops in peri-
ods of relatively high river discharge
(Fig. 4a). Also sediment flocculation is
important in the trapping of different
classes of sediments. Because of their
high settling velocities, the flocculated
clay sediments are deposited rapidly
within the main channel in the back-
water zone while the silty sediments
are transported downstream to the
frontwater zone. The silty sediment
eventually settle in the frontwater zone
main channel during periods of slug-
gish current velocities during neap tide.
However, during spring tide when
strong spring-tide currents in the order
of 0.85 m s are experienced, the fine
channel-bed sediments in the front-
water zone are resuspended and ad-
vected into the surface water column
leading to the formation of the front-
water zone TMZ (Figs 4b and 5b).
The occurrence of high TSSC within
the inlets draining the mangrove forest
at the early stages of flood tide and
subsequent decline as the water vol-
ume in the wetland increases can be at-
tributed to the progressive settling of
flocculated sediment and the influx of
low TSSC water from the main chan-
nel. The lowest TSSC within the man-
grove inlets occurred at high tide when
most of the resuspended sediments
have settled within the main channel or
have entered into the frontwater zone
mangrove forest. During ebb tide, the
patterns of TSSC variations at the de-
graded Mwache mangrove forest were
different from those described in heav-
ily vegetated Australian mangrove for-
ests (5, 11). At Mwache mangrove for-
est, instead of a sustained decrease of
TSSC, there was instead a progressive
increase in TSSC with the peak ebb
tide TSSC occurring at the last stages
of ebb tide. The ebb tide peak TSSC
was much higher than the peak flood
tide TSSC. Field data showed that the
peak velocities and TSSC occurs when
tidal elevation and tidal discharges are
extremely low, particularly during the
late stages of the ebb tide (see Figs 6a
and 6b). In general, the average ebb
sediment fluxes were much lower than
the flood ones. On the other hand, the
peak flood tide TSSC occurred when
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Figure 7a. TSSC variation in relation to tidal current velocities and sediment flux at station 6 in
the period between June 21-July 7, 2001.
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Figure 7b. TSSC variation in relation to tidal current velocities and sediment flux at station 1 in
the period between June 21-July 7, 2001.
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zone mangrove forest and is relatively higher in the moderately
degraded frontwater mangrove forest. In both cases, net import
is greater when tidal range is high and also when TSSC is high
in the main channel. The trapping of sediment in the mangrove
forest was attributed to the presence of mangrove vegetation as
well as to the gentle slope. These induce friction on the flow,
so that the resultant flow velocities within the mangrove forest
are extremely low as they range from 0.005 to 0.20 m s '. The
discharge of river water is also important as it results in rela-
tively high water level within the main channel and therefore
low tidal range in the mangrove forest. This causes the horizontal
pressure gradient between the mangrove forest and the main
channel to be low. In such cases, the ebb tidal flow tends to be
weaker than flood ones, thus favoring net trapping of incoming
sediments in the mangrove forest. It is important to note that,
trapping of particulate inorganic sediments in the degraded man-
grove forest zone, causes net build up of wetland sediment thus
ensuring that the wetland keeps pace with sea-level rise. The
finding of this study thus reinforces the knowledge that man-
grove forests act as sediment traps (7—10). However, it is em-
phasized that although the trapping of incoming sediment is also
important in degraded mangrove forests, the trapping efficiency
is relatively low compared to that in highly vegetated pristine
mangrove forests.

Trapping of sediment by the mangrove forest is important be-
cause it prevents the siltation of the main tidal channel and also
reduces the export of sediment to the critical ecosystems (e.g.
coral reef and seagrass meadows) located within the continen-
tal shelf of the Indian Ocean. Along the East African coast, man-
grove forests are increasingly being degraded as a result of both
natural and anthropogenic driven pressures. Population increase
and poor land-use activities in river basins have in the recent
past increased soil erosion which has consequently led to a large
volume of sediments being discharged into the mangrove creek
systems along the Kenyan coast. Apart from the threats related
to the degradation of the river basins, wanton destruction of man-
grove forests through excessive harvesting is also harming the
long-term sustainability of the mangrove systems. This then calls
for concerted integrated management of both the river basins and
the associated mangrove-fringed creek wetlands.

CONCLUSIONS

This study on sediment exchange in Mwache creek showed that
in the dry season, the occurrence of flood-tide dominance, es-
tuarine circulation and flocculation in the backwater zone pro-
motes the trapping of clay sediment in the backwater zone of
the creek. The peak suspended sediment concentrations in the
backwater zone main channel occur at low tide when current ve-
locities are sluggish, but the peak TSSC in the frontwater zone
occurs during periods of peak current velocities. The resus-
pension of fine sediments in the frontwater zone main channel
is more dominant, compared to the backwater zone, because cur-
rent velocities are of high magnitude (0.85 m s™') in the front-
water zone compared to those in the backwater zone main tidal
channel, which are relatively low (0.50 m s™'). The peak TSSC
and POSC in the backwater zone main channel occur during low
tide and during later stages of ebb tide. In the frontwater, the
peak TSSC and POSC occur when tidal current velocities are at
their peaks particularly at the mid-stages of ebb and flood tide.
The intensity of sediment exchange between the main channel
and the mangrove forest varies with tidal range and sediment
concentrations in the main channel. Both the degraded backwa-
ter and frontwater mangrove forests trap suspended sediment at
a rate of 30% and 60%, respectively. It is thus concluded that
degraded mangrove forest sediment trapping efficiency is low
and there is no complete trapping of the incoming sediment.
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