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Interaction thWCCI‘l mangrove root system and ﬂOW

Keita Furukawa

Abstract: Research publications on interactions between mangrove root systems and flow are reviewed. Firstly,
based on Mazda (2010), a review of physical processes such as tidal flow, waves, and ground water flow in
mangrove forests is updated. In addition to that, interactions between mangrove root systems and flow are
classified and reviewed; namely 1) the wake behind a single stem and root of a mangrove tree, 2) the wake behind
stems and roots, 3) flow in a simple swamp with mangroves, 4) flow in a swamp with a secondary creek network,
5) flow in R-type mangal, 6) flow in F-type mangal, 7) holistic circulation in watersheds and bay systems, and
8) an integrated view of ecosystem networks. These interactions can be a clue to understanding future changes
of environment in mangrove forests and surrounding coastal areas. Mangrove forests will play an important role
in adaptation to and mitigation of global warming, implementation of Eco- DRR (Disaster Risk Reduction by
Ecosystem), and achieving SDGs (Sustainable Development Goals). By this review, the importance of physical-
based monitoring and adaptive management to sustain mangrove forests is highlighted.
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Fig.1 : Water level, velocity and discharge at a mangrove swamp. Stn.1 (a point at the creek — swamp boundary) shows higher velocity at drain-

ing tide and lower velocity at filling tide. Stn.2 — Stn.4 (inside of swamp) shows higher velocity at filling tide and lower velocity at draining tide

(after Mazda et al., 1995).
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Fig.2 : Time series of a) current and b) pressure (height of tsunami) with green belt (forest model) and without green belt. a) shows current sup-

pressed about half by existence of the green belt. b) shows wave height of tsunami which is higher in the case with the green belt, but is almost

the same in the lee of the green belt (after Hiraishi and Harada, 2003).
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Fig. 3 : Erosion of root system at Nakama River in Iriomote Is., Japan (from top left — clockwise: a tour boat used for experiments, wake of a

boat in operation, eroded root system of Bruguiera gymnorhiza due to boat traffic, healthy root system of Bruguiera g. without boat wake in the

same river but on the other side of a small island in the river).
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Fig. 4: Schematic diagram of crab burrows that are intermingled
with, but separate from each other. (a) shows the case when a quanti-
ty of water is pumped from burrow B. (b) shows the normal relative
water levels in the burrows, i.e., where the closer the burrow is to the
creek, the lower the water level in the burrow. Note the burrow’s size
is greatly exaggerated compared with the size of the creek. (c) shows
the plan view of three burrow systems that intermingle with each
other (after Susilo and Ridd, 2005).

1979; w11, 2004; Fig. 5).
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Fig. 5: Schematic image of vortex formation behind a single
cylinder. The formation pattern change with Raynolds Number

(&1, 2004).
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Fig. 6: Observed 1-min mean water velocities around mangroves for (a) Ceriops sp. and (b) Rhyzophora sp. (Furukawa and Wolanski, 1996).

Fig. 7: Simulated velocity field around a Rhizophora sp. root matrix. (a) shows approach velocity of 0.05 m/s. (b) shows approach velocity of
0.2 m/s. Right figures show mean velocity U and root mean squared velocity Urms at a cross-sectional line a-o” shown in the left figure. Note the

stagnation zones and the jets interacting with one another in (b) (Furukawa and Wolanski, 1996).
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Fig. 8: Top figure shows laboratory experiments conducted for a 6-m stretch of an artificial prop root model array fitted into a 12-m long glass
recirculating tilting flume. Bottom figure shows an example of averaged mean stream-wise velocity U and Reynolds stress/density — u’w’ pro-
files (after Zhang, 2015).
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Fig. 9: Sediment transport between creek and mangrove swamp. Imported sediment has been trapped by sediment traps, and interpreted as sedi-
mentation rate. The integrated sedimentation (10 kg/m/tide) observed by sediment traps on the forest floor matched with the difference between
imported sediment (12 kg/m/tide) and exported sediment (2 kg/m/tide) observed at the boundary of creek and mangrove swamp (Furukawa et al.
1997).
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Fig. 10: Eroded forests at Ponpei Is., Federal States of Micronesia. Left photo shows exposed knee root system of Bruguiera sp. at lowtide.

Almost all roots of 50 cm height are exposed. Right photo shows submerged knee root system at high tide. Turbid water shows high sediment

transport.

Fig. 11: Simulated distribution of flow in the North Inlet estuary - marsh system in South Carolina, USA. Left figure shows a flow pattern at high

tide. Right figure shows a flow pattern at 3 lunar hours after high tide (after Kjerfve et al., 1991).
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Fig. 12: Simulated sub-creek effects on material transport. Injected passive tracer has been tracked for 2 tidal cycles and plotted. Top and bottom

left figures show calculation domain. (a) shows sediment transport in a case with sub-creeks perpendicular to a main creek. (b) shows that with

sub-creeks oblique to the main creek (after Furukawa, 2009).
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Michot et al. (2011), KRE7 0V FED T N—=7 L
A N~rru—7HEREEREY (Everglades Mangrove
Ecotone Region: EMER) O —#% %3 74—z
B ¢, MIKE-FLOOD (DHI, http://dhigroup.com/)
T, MK, i, creek, swamp ®ETNLEAT
W, A B L COKMEEREYFIE LA, W BITS
TEESBIFICHE SN TWDA, BokEHZ —h7a—Ik
WCHREZ RN DHEAET VI ADTHBRNRED
bR SNz, HHZHIEEGORESTES X
N5 TETWE—TT, TNERIETZBHMT— 5 A

AELTWAZENEE R >T V5.

3.5. REVYHITORN

RE~ e, @RS 5 creek &
swamp DFHAEDHE 572 TH 5. Swamp I2BIT5
TN OR L 2.1 B RO THIA L7z, AHITH,
creek OFAUIDOWTE BAIZHEHT 5.

Creek lI2BWTIE, P SDWKE EFHSDHRAKD
Eh &Y, EEMOKIE (turbidity maximum zone) %
WA ORI EZLER 5L DI, swamp NDERIK,
swamp 75 DL AKX ) R$Z & T creek DULEEH 1D
SR E L % BN A % (Wolanski, 1986; Wolanski
and Ridd, 1986; Wolanski, 1992; Wolanski and Spagnol
2003) .
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Fig. 13: Velocity at the mouth of a model creek. uH is a tidal current velocity component due to the creek, and uA is a component due to the
swamp. (after Mazda et al ., 1985). See Eq.(3) in the text
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Fig. 14: Observed sediment transport at F-type mangal at Nadara River, Iriomote Is., Japan. Velocity is calculated by water level change (see

Eq.(4) in the text). Plus flux represents sediment transport from sea to land (sedimentation), and minus flux represents sediment transport from
land to sea (erosion) (after Furukawa et al., 2002).
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Fig. 15: Can Gio Mangrove Reserve. Observation of sediment transport between a tidal flat and a F-type mangrove forest. Top Left figure shows
location (by Google map), Right figure shows anomaly of bottom topography and direction of sediment transport. Arrow length is qualitatively
described. Bottom Left figure shows location of observation (Furukawa unpublished data).
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Fig. 16: Schematic images of (a) watershed in Babeldaob Island, Palau and (b) sediment transport from three rivers to the sea in Ngeremeduu

Bay. Sedimentation rates were estimated by observation and simulation. (after Victor, 2007).
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Fig. 17: Schematic image of linked ecosystems (mangrove forests, lagoons and coral reefs). Dominant wave direction effects on forming differ-

ent habitat types around reef-type, reef and lagoon-type and lagoon-type islands (after Masaki, 1995).
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Fig. 18: Community Based Mangrove Rehabilitation Project (CMRP). Top figures (from left to right) show material preparation by local fisher-
men, constructed break waters, monitoring of topography by local community, and restored mangroves, Bottom: shows governance of CMRP.
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