ISSN 1349-7154

BARSFTEREBRFEE-_a0—XL 32— No. 90
Tropical Ecology l e t t e r S
BABELERERSESE Japan Society of Tropical Ecology March 5, 2013

BB EHTRIZET I =HEEE -

BREE<ID—TD JASTE23D #5015 E
SREEREE #5 23 [8] A ARG AR IR P RAE RO 2 (1)
[2 R—] AfE: 20134 6H 14 A (&) WEREER, S

6 H15 A (L) —#EE, e
HEEREA G, BES
6 H16 H(H) —HH, A RUT L

HREERE AGEH#EEA
DOReFA L FLT-.

BTN KR v 32
T 812-8581 & [if] 7 BR X FHIFF 6-10-1

REFHR:
T 812-8581 flif] rfi B X 4l 6-10-1
TP RSB R gE o 2 — A
55 23 [B| H ABAE AR B P m M KRR FATR AR
7 A— /L :jaste23.fukuoka@gmail.com
T Ah/FAX :092-642-3704 (B F)
092-642-3086 (FEJ5: TEL) 092-642-2877(#J5 : FAX)

BT RIT b SO S SWEAET) (i)

T FHRAL S —

£2ER
B 2013 £ The Association for Tropical BREIRFT o 2Z VN, okt
R 6 H 23 H~ Biology and Conservation FERE A
1 FEmmE 6 A4 27 H (ATBC)& The Organization http://www.atbc2013.org/
2 AN~ a—T for Tropical Studies (OTS) @
DIEPEAREY: 50 ALt e
A SR 2013 &£ ATBC Asia-Pacific Chapter ~ BEfE3RET: AL N %27 A~hT,
10 FHit 4w & 3 H 24 H~ 2013 Annual Meeting Banda Aceh
12 EFF ot AR 3A27H BEEY A b
15 FRRET TR http://www.tropicalbio.org/




BASTEBFES=2—XL4%— No. 90 (2013)

The Production Ecology of a subtropical mangrove in Manko

Wetland on Okinawa Island

SUWA Rempei (Faculty of Science, University of the Ryukyus)

Current address: Forestry and Forest Products Research Institute

HRERATRICEBTAERFET/TO—TDEELEETF

AETSOT (BRERKFEELER) | BLIe ik & iF5ei

Introduction

Mangrove forests are unique ecosystems in
subtropical and tropical coastal areas. They
provide various goods and services relating to
woody and non-woody products. However,
mangroves are one of the world’s most
threatened tropical and subtropical ecosystems
and are being degraded in most countries
mainly because of anthropogenic activities and
unsustainable exploitation (FAO 2007). The
notable functions of mangroves, such as
supporting coastal food webs and nutrient
cycles in adjacent coastal ecosystems (Alongi et
al. 2000; Machiwa and Hallberg 2002; Mumby
et al. 2004), carbon accumulation (Bouillon et
al. 2008; Okimoto et al. 2008), trapping
sediment (Wolanski 1992) and tsunami
reduction (Dahdouh-Guebas et al. 2005; Tanaka
et al. 2007; Yanagisawa et al. 2009), are
supported by the structure and productivity of
mangroves. The production researches would
provide the basic information evaluating the
functions and realizing the sustainable
management of mangrove ecosystems.

The Laboratory of Forest Ecophysiology in
the Faculty of Science of the University of the
Ryukyus, Japan, has conducted intensive
production research, primarily in a mangrove in
Manko Wetland in Okinawa Island, Japan, since
2001. In this laboratory, I mainly studied, along
with my colleagues, the forest structure,
biomass, canopy photosynthesis and respiration
of the mangroves from 2001 — 2007 as a
doctoral student under the supervision of Prof.
Dr. Akio Hagihara. In the present paper, I would

like to introduce the forest structure, biomass
and productivity of mangroves primarily on the
basis of the research carried out in Manko
Wetland by the Laboratory of Forest
Ecophysiology in the Faculty of Science of the
University of the Ryukyus and provide an
insight to intensify the production ecology of
mangroves.

Study site

The studies introduced in the present paper
were carried out in Manko Wetland mangroves
(26°11'N and 127°40°E) on Okinawa Island
(Fig. 1). Manko Wetland is known as one of the
important stopover points and wintering areas
for migratory birds, and has been registered as a
RAMSAR site since 1999. This wetland has
also been designated as a special wildlife
sanctuary by the Ministry of the Environment
of Japan. Based on 1992-2001 data obtained
from the Okinawa Meteorological Observatory,
the mean annual temperature was 23.2°C and
the mean annual rainfall was 2086 mm year .
The study site is subject to regular tidal
inundation. In addition, the area receives some
fresh water from the Kokuba River and the
Nuha River. The mangrove Kandelia obovata
Sheue, Liu and Yong have formed continuous
mono-specific stands in Manko Wetland.
Kandelia obovata 1is a pioneer species in
mangrove succession in East Asia (Lin 1999).
Along with the monospecific K. obovata, a few
patches of Rhizophora stylosa Griff., Bruguiera
gymnorhiza (L.) Lamk. and Excoecaria
agallocha L. can be observed in the study area.
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Fig. 1. Location map of the mangroves in Manko Wetland in
Okinawa Island, Japan. The hatched areas denote
mangrove areas consisting mainly of monospecific
Kandelia obovata stands. The gray-colored areas
signify the harvested areas where the mangroves were
removed between 2009-2011 to control the rapid
expansion of mangrove areas in this wetland.

The mangrove forests in this wetland consist
almost entirely of young pure K. obovata
monospecific stands that have been established
after 1993. The rapid expansion of mangrove
areas took place after 1993 and would have
been caused by sedimentation owing to
construction of the Toyomi Ohashi bridge
across this wetland. The rapid increase of the
mangrove area has been a concern in the
management of the habitat for migratory birds
in this area, since the drastic expansion of the
mangrove area could affect the activity of the
migratory birds. Therefore, some mangrove
areas were harvested from 2009 to 2011 to
control the mangrove area in this wetland (See
Fig. 1 for details).

Forest structure
The forest structure of K. obovata stands
changes drastically at the forest edge near the

Photo 1. An overview of the mangroves in Manko Wetland
from the Toyomi Ohashi bridge facing a southwesterly
direction. In the front, the dwarf Kandelia obovata trees
whose heights are less than ca. 1.5 m. can be observed.
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Fig. 2. The relationship of tree height H to stem diameter at
10% of H in the Kandelia obovata stand at different tidal
positions in Manko Wetland. This figure was drawn based
on the results of Suwa et al. (2008).

shore in Manko Wetland (Suwa et al. 2008).
The forest structure in the shore area is
characterized by a sparse canopy that is low in
height where the period of tidal inundation is
longer than that in the interior area (Photo 1).
The trees at the shore area show shorter tree
height specific to stem diameter than those at
the interior area (Fig. 2), which is called as
dwarfing phenomenon of mangroves (Lugo and
Snedaker 1974; Ross et al. 2001; Feller et al.
2003; Naidoo 2006; Suwa et al. 2008). Also, it
is known that the canopy heights of mangroves
decrease with increasing latitude in East Asia
(Khan et al. 2009; Li and Lee 1997).

The forest structures of crowded K. obovata
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Leaves 3.7%

Fig. 3. Allocation pattern of biomass to each organ in a
Kandelia obovata stand in Manko Wetland. This figure
was drawn based on the results of Khan et al. (2009).

stands were monitored from 2004 to 2009 using
a 20 m x 125 m belt transect (Analuddin et al.
2009). The belt transect was divided into 25
subplots (5 m x 5 m). The mean tree heights (H)
and mean stem diameters at 10% of H (Do)
ranged from 1.70 to 3.69 m and 2.04 to 4.26 cm,
respectively, as of 2004. Tree density decreased
rapidly as the stands grew within the
monitoring period. The relationship of the mean
individual aboveground weight to tree density is
well formulated by a power function with a
scaling exponent of ca. -1.5 (Analuddin et al.
2009), which means that the crowded K.
obovata stands in Manko wetland follow the
3/2 power law of self-thinning that was
proposed by Yoda et al. (1963). Desha et al.
(2012a, b) also reported that a Bruguiera
gymnorrhiza stand followed the 3/2 power law
of self-thinning.

Biomass

The biomass of K. obovata stands at Manko
Wetland was investigated using the different
approaches of clear cutting (Khan et al. 2007)
and indirect estimation using allometric models
(Khan et al. 2005; Suwa et al. 2008; Khan et al.
2009). It is notable that the root biomass was
almost equivalent to the aboveground biomass
where total biomass was estimated at 152 t dry
matter ha” (Fig. 3). In general, mangroves
exhibit low top/root ratios (Robertson et al.
1992; Komiyama et al. 2000; Fujimoto 2004;

_4-

Photo 2. Litter traps mouth area of 0.19635 m” were set in the
crowded tall Kandelia obovata stands in Manko Wetland.
In each subplot (5 m X 5 m), two litter traps were set (see
Sahadev et al. 2012 for details).

Poungparn et al. 2002; Sanchez 2005; Khan et
al. 2007, 2009; Okimoto et al. 2008). The high
ratio of biomass to root may be required for
mangrove plants to survive under the stresses of
frequent waterlogging, salty soils and anoxic
conditions (Komiyama 2000; Sanchez 2005).

In general, the aboveground biomass of
mangroves varies according to the tidal effects,
such as salinity and tidal inundation period (e.g.,
Sherman et al. 2003; Suwa et al. 2008, 2009).
The decreasing trend of biomass can be partly
ascribed to the decreasing trend of canopy
height along the tidal gradient (Enoki et
al.2008; Suwa et al. 2009). The biomass of the
K. obovata stands at Manko Wetland also
showed a decreasing trend with increasing tidal
inundation period near the shore (Suwa et al.
2008).

Biomass increment and litter production

The allometric models for estimating biomass
(Khan et al. 2005; Suwa et al. 2008; Hoque et al.
2010) were developed for K. obovata trees in
Manko Wetland. Khan et al. (2009) estimated
the aboveground biomass increment at 19 - 22 t
dry matter ha” yr' for a 12-yr crowded K.
obovata stand. The litter fall production was
also monitored at the present study site (Khan et
al. 2009; Sahadev et al. 2012). Sahadev et al.
(2012) collected the litter falls monthly for five
years in the crowded K. obovata stands (Photo
2) and found that the annual total litterfall
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ranged from 8.9 to 11.6 t of dry matter ha™ yr’!
(Fig. 4) with the higher annual total litterfall
due to high production of branch litterfall
caused by typhoons. The annual branch litter
fall showed a large variation from 0.6 to 3.5 t of
dry matter ha™' yr' during the five years of the
study period depending on the wind effect of
typhoons. The biomass increment and dead
production rate for belowground parts were
scarce in the present study site, and the
quantification of root dynamics is expected to
elucidate the entire allocation pattern of gross
primary production to each organ in the K
obovata stands.

Photosynthetic production

The canopy photosynthetic and respiratory
processes were investigated at a K. obovata
stand (Suwa et al. 2006; Suwa 2011) and a R.
stylosa stand (Suwa and Hagihara 2008) in
Manko Wetland. Here, the results for the K.
obovata stand were focused. The relationship
between the canopy structure and the light
attenuation pattern was revealed using a
stratified clipping method, considering the light
interception by leaves and non-photosynthetic
organs (Khan et al. 2004). The relationship
between canopy structure and light attenuation
pattern was modeled considering the vertical
changes in light extinction coefficients of leaves

and non-photosynthetic organs (Suwa 2011). In
the present paper, the light extinction
coefficient of leaves and non-photosynthetic
organs were assumed to be variable and
constant, respectively (see Suwa 2011 for
details). On the other hand, Suwa et al. (2006)
measured the relationship of the photosynthetic
light curves and the relative light conditions
within the K. obovata stand monthly for a
period of two years, and confirmed that the K.
obovata leaves also showed light acclimation of
photosynthesis and respiration, as well as the
other terrestrial species (i.e., the maximum
photosynthesis and dark respiration of leaves
decreased as relative light condition became
darker according to the vertical position within
the canopy. In view of the light attenuation
pattern and photosynthetic acclimation pattern,
the canopy photosynthesis and foliage
respiration were estimated monthly. As shown
in Fig. 5, the annual canopy gross
photosynthetic ~ production and  foliage
respiration increased with the leaf area index
LAI The resultant surplus production (P~ GPP
- Ryp) showed a convex upward curve with a
maximum peak of Ps at LAl = 4.62, namely
optimum LAI. The LAI of K. obovata has been
reported as 4.50 m* m™~ at Manko Wetland, 3.00
— 6.84 m®> m™in Vietnam. Thus, the actual LAI
seems close to optimum LAI estimated by
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Fig. 4. Total and branch litter fall production were measured monthly in a Kandelia ovobata stand in Manko Wetland for five years
by Sahadev et al. (2012). This figure was drawn based on the results of Sahadev et al. (2012).
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Fig. 5. The relationships of annual canopy gross photosynthetic
production GPP, foliage respiration RF and surplus
production Ps to leaf area index LAI were modeled in a
Kandelia ovobata stand in Manko Wetland (Suwa 2011).
The maximum peak of Ps at optimum LAI of 4.62 m* m™is
indicated by an arrow. This figure was drawn based on the
results of Suwa (2011).

canopy photosynthesis model, which implies
that the canopy photosynthetic process 1is
optimized to maximize Ps.

Respiratory consumption

The individual aboveground respiration in K.
obovata trees of different sizes were measured
in the field (Hoque et al. 2009, 2010). The
individual  aboveground respiration  was
measured using a closed chamber method
(Photo 3). The relationship between D3Z;H
(cm® m) and aboveground respiration r, (pmol
CO, d') was formulated as follows (Hoque et al.
2009): r, = 3.4x10°x(DZ,H)°78*. By applying
this equation to a K. obovata stand in Manko
Wetland, the annual aboveground respiration R,
was estimated to be 27.7 t dry matter ha” yr’'
for a 12-yr K. obovata stand whose
aboveground biomass was 112 t ha™ (Hoque et
al. 2009). Although the annual root respiration
R, of the K. obovata stand was not quantified in
Manko Wetland, according to Okimoto et al.
(2008) the ratio of R, to R, can be estimated as
0.42, 0.35 and 0.53 for the 5-yr, 10-yr and 15-yr
K. obovata stands in Vietnam. By assuming the
R: / R, ratio of 0.35 for the 10-yr K. obovata
stand (Okimoto et al. 2008), the total stand
respiration (R; + R,) can be roughly estimated at
37.4 t dry matter ha™' yr' for the K. obovata
stand at Manko Wetland.

Photo 3. Individual aboveground respiration of Kandelia
obovata trees were measured using a closed chamber
method in the field (Hoque et al. 2009, 2010).

For elucidating primary production of
mangroves

In the Kandelia obovata stands at Manko
Wetland, gross primary production was
estimated at 105.4 t CO, ha™ yr' (= 64.7 t dry
matter ha yr'l) for a K. obovata stand (Suwa
2011), and the aboveground net primary
production was estimated at 29.9-32.1 t dry
matter ha’ yr' (Khan et al. 2009). The
belowground net primary production has not
been investigated in the K. obovata stands at
Manko Wetland, and research on the root
production and mortality rate are required to
elucidate the entire allocation pattern of the
gross primary production attributable to each
component.

Conclusion

Mangroves provide valuable functions for
human society, such as carbon accumulation,
nutrient supply to adjacent coastal ecosystems,
and coastal protection from wave energy. Those
functions are supported by the productivity of
mangrove trees. Throughout the production
research in the Manko Wetland mangroves, the
various aspects of the production process (forest
structure, biomass, growth, litter fall,
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photosynthesis,  respiration and  primary
production) were revealed, except for the root
dynamics. Those results would be applicable to
further studies, such as those to evaluate carbon
and nutrient dynamics of mangrove forests and
to simulate the forest dynamics of mangroves.
However, there seem to be many missing pieces
in attempting to determine the important
ecological characteristics of mangroves in the
regions around the Ryukyu Archipelagoes. It
has been known that the structure and function
of mangroves change drastically according to
tidal gradient (e.g. Smith 1992), which makes
mangroves so unique. In addition, the Ryukyu
Archipelagoes are located around the northern
distribution of mangrove ecosystems, and the
forest structure and function change along
latitude around this region (e.g. Li and Lee
1997; Khan et al. 2009). The study of the
structure and functions along thermal gradient
along latitudes would provide important
information with which to predict the future of
mangroves in light of global climate change.
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