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Hideaki YANAGISAWA1), Toyohiko MIYAGI2) , Shigeyuki BABA3)

Mitigation effects of mangrove forests on tsunami impacts in Upolu Island, Indepen-
dent State of Samoa - Field surveys and numerical modeling of the 2009 event 

Abstract: We investigated tsunami mitigation effects of mangrove forests in the 2009 Samoa tsunami using field 
surveys and numerical models. According to our field survey in Matafaa, the tsunami height decreased from 3.2 
m to 1.9 m in a 50 m-wide mangrove forest. Although mangroves were partially destroyed by strong tsunami flow 
at the forest front, damage became minor 10 m from the forest edge, and no damage occurred from 40 m into the 
forest. These results show that the strong tsunami flow was reduced by the 40 m-wide mangrove forest. In the 
Lotopu’e area, we found that tsunami flow depth and damage to houses were clearly different between the front 
and back of the mangrove forest. At the front of the forest, many houses were washed away by 2.7 to 3.5 m-deep 
tsunami flow. In contrast, the flow depth became 0.7 to 0.9 m at the back of the mangrove forest and caused 
relatively little damage to houses. Regarding the role of trapping debris, we revealed that some significant debris 
such as cars and house roofs was stopped by the forest. The mangrove forest protected the inland residential area 
from damage by drifting debris. From interviews with local people, we confirmed the role of mangrove trees in 
preventing people from being washed away by strong tsunami flow. Using the numerical simulation of the tsunami, 
including the resistance of mangrove forests, we estimated the reduction ratios with/without mangrove forests. The 
model results show that tsunami flow depth and hydraulic pressure are reduced by approximately 10 % and 30 %, 
respectively, due to the mangrove forest. From this result, we concluded that the conditions of mangrove forests in 
Samoa had the potential to mitigate tsunami damage during the 2009 event.

Keywords: Field surveys, Mangrove, Numerical modeling, Samoa, Tsunami 

1. Introduction

　On 29 September 2009, a large tsunami was 
triggered by a strong earthquake with a magnitude 8.1 
at the Tonga Trench approximately 200 km southwest 
of the Samoa Islands. The tsunami propagated across 
the South Pacific Ocean, caused considerable damage 
around the Samoa Islands and resulted in casualties 
estimated as at least 192 people: 149 in independent 
State of Samoa, 34 in American Samoa and 9 in 
Niuatoputapu, Tonga (USGS). Maximum runup 
heights were 15 m at independent State of Samoa, 18 
m at American Samoa and 22 m at Tonga Island (Fritz 
et al.,2011).

　On the other hand, the Pacific Disaster Net (2009) 
reported that mangrove forests had a protective 
function against the tsunami impact in Samoa and 
encouraged the conservation of mangrove areas as 
coastal protection. Since the 2004 Indian Ocean 
tsunami, which caused a catastrophic disaster with 
0.22 million causalities, several observations of 
mangroves’ roles in protecting human lives and 
properties from the disaster have been reported 
(Danielson et al., 2005; Kathiresan and Rajendran, 
2005). Fur thermore, recent developments from 
laboratory experiments and numerical simulations 
have confirmed the tsunami reduction effect of 
mangrove forests (Harada and Imanumra 2000; 
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Yanagisawa et al. 2009; Husrin et al. 2012; Tanaka et 
al. 2018). Although the tsunami mitigation effects of 
mangrove forests have been highlighted, questions 
remain from preliminary survey reports of tsunami 
reduction in mangrove forests (Kerr et al. 2006; 
Vermaat and Thampanya 2006a; Kerr and Baird 2007; 
Bhalla 2007; Baird and Kerr 2008; Feagin et al. 2008; 
Srinivas et al. 2008). These studies claim that tsunami 
reduction depends on not only the coastal conditions 
with/without mangrove forests but also other coastal 
features such as ground elevation, topographic profile 
and distance from the coast. To validate preliminary 
reports of mangroves’ protective role, detailed field 
surveys and analyses are required.
　The protective roles of coastal trees have been 
studied in several tsunami disasters since the 1896 
Meiji Sanriku tsunami, which killed more than 20,000 
people in Japan. Based on field observations of coastal 
pines, Shuto (1985) reported five roles for coastal trees 
in tsunami mitigation: (1) reducing strong tsunami 
f low, (2) trapping debris, (3)  providing places for 
emergency escapes by grabbing a tree, (4) preventing 
coastal erosion and (5) forming sand dunes to prevent 
tsunami inundation. Mangrove trees habiting wetlands 
could have as protective roles as other coastal trees. 
However, a few examples support the mitigating 
effects of mangrove forests.
　Focusing on roles (1) – (3) above, which are direct 
effects to reduce tsunami damage, we investigate 
the mitigation effects of mangrove forests during the 

2009 Samoa tsunami based on field measurements, 
interviews with local people and numerical simulation. 
Comparing detailed field data of tsunami heights 
and damage to houses around mangrove forests, we 
confirm the mitigation effect of forests against tsunami 
impacts. We then numerically model mangrove forests 
based on field data to estimate the tsunami reduction 
effect, simulating tsunami f lows with and without 
mangrove forests (Yanagisawa et al. 2010). Finally, 
we verify the role of mangrove forests in mitigating 
tsunami damage during the 2009 Samoa tsunami.

2. Methods

2. 1 Study site
　The Samoa Islands comprise American Samoa, 
which includes Turuila, Ofu, Olosega, Ta’u, and Rose 
and Swains atolls, and the Independent State of Samoa 
composed of Upolu, Savai’i and several islets. The 
Tonga Trench, which is located approximately 200 km 
south of the islands, constitutes one of the convergent 
boundaries between the Pacific Plate and the Tonga 
Plate, extends approximately 1000 km northeast of 
the Kermadec Trench and then takes a sharp bend to 
the west near the northern terminus (Fig. 1). The 2009 
Samoa earthquake and the resulting tsunami occurred 
at 17:48:10 GMT in the northern part of the trench 
with an epicenter at 15.51°S and 172.03°W (Okal et al. 
2010).
　To study the protective roles of mangrove forests, 
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we conducted a field survey and numerical simulation 
of the tsunami at Upolu Island, Independent State of 
Samoa. Figure 2a shows the distribution of tsunami 
heights measured by Okal et al. (2010) (National 
Geophysical Data Center (NGDC)/WDS Global 
Historical Tsunami Database; https://www.ngdc.noaa.
gov/hazard/tsu_db.shtml) and tsunami damage in each 
village observed by the Pacific Disaster Net (2009). 
The tsunami was larger around the southeastern side 
of Upolu Island, where the height exceeded 10 m. 
As tsunami height increases, the degree of damage 
to villages increases. On the other hand, the Pacific 
Disaster Net (2009) reported that damage to mangrove 
forests was limited and that forests will recover in a 
short to medium term. According to our observations 
covering all of Upolu Island, we were not able to 
discern severe damage to mangrove forests; however, 
wooden boardwalks for tourists in mangrove forests 

around Sa’anapu village were partially destroyed by 
tsunami flow, and some large debris entered mangrove 
forests in Lotopu’e (Fig. 2b, c).

2.2 Observation
　The field survey took place from 23 December 
2009 to 1 January 2010 on Upolu Island, focusing on 
mangroves in the Matafaa and Lotopu’e areas on the 
southwest and east sides of the island, respectively 
(Fig. 1b). Both forests are mainly composed of 
Bruguiera species. In a field survey, we documented 
the f low depth, current direction of tsunami f low, 
damage to houses/trees and locations of trapped debris 
on mangrove trees. The flow depth was determined 
by the heights of water marks on houses, trapped 
debris, broken branches or interviews with local 
people. The current directions were inferred from 
the directions of uprooted trees or trapped debris. We 
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Fig. 2　Impacts of the 2009 Samoa earthquake and tsunami in Upolu Island. (a) Tsunami heights at and damage to villages on Upolu Island (Okal 
et al., 2010; Pacific Disaster Net, 2009) (b) Wooden boardwalks damaged by the tsunami at Sa’anapu. (c) Debris in mangrove forest at Lotopu’e.
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also measured the condition of mangroves, such as 
diameter at breast height (DBH) and intervals between 
trees as a preliminary assessment. The density of trees 
(trees per unit area) is assumed from averaged tree 
interval considering uniformed staggered pitch. The 
locations of the measured data were recorded using a 
global positioning system (GPS) and mapped using a 
geographical information system (GIS).

3. Results of the field survey

3.1  Tsunami reduction effect in mangrove forests at 
Matafaa

　In the Matafaa area, we focused on the mangroves’ 
protective roles in reducing tsunami energy and 
providing emergency escape places. Figure 3 shows 
tsunami heights (flow depth + ground level above the 
height of wetland), current directions and damage 
to mangrove trees. According to these figures, the 
tsunami mostly flowed toward the west, and the height 
decreased from 3.2 m to 1.9 m in a mangrove forest 
with a width of 50 m. The damage to mangroves could 
decrease with decreasing tsunami height. Although 
mangroves were largely destroyed by strong tsunami 
f low at the front of the forest, the damage became 
minor 10 m inland from the forest edge, and there 

was no damage even to branches or seedlings at 40 m. 
These results show that the strong tsunami flow was 
reduced in a mangrove forest 40 m wide. In contrast, 
local people reported that the tsunami flowed strongly 
in open areas between mangrove forests, which could 
be caused by contracted f low. According to a tree 
survey in the forest, the average diameter at breast 
height (DBH) and tree density (trees per unit area) are 
15 cm and 270 tree/ha, respectively. Based on the field 
data, we determined that these mangrove conditions 
could contribute to reducing tsunami energy. 
　Furthermore, we interviewed local people about 
the protective role in emergency escape during the 
tsunami. A resident said that a child was caught by the 
strong backwash of the tsunami, but he snatched at a 
mangrove tree that saved his life. The mangrove trees 
contributed to preventing people from being washed 
away by the strong tsunami flow.

3.2  Tsunami mitigation effect of mangrove forest in 
Lotopu’e

　Here, we focused on the protect ive roles of 
mangrove forest in reducing tsunami damage and 
trapping debris. Figure 4 shows tsunami flow depths, 
directions of f low, and damage to houses around 
the mangrove forest. In this area, the direction of 

Fig. 3 Tsunami damage on mangrove forest in Matafaa. (a) Tsunami height (m), current direction (the arrows do not include a flow strength) and 
mangrove damage. (b) and (c) show damage to mangrove trees at (b) and (c) in map (a).
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the tsunami f low was not westward, which is the 
perpendicular direction landward from the shoreline, 
but northward or northwestward nearly parallel to the 
shoreline. This effect could have occurred because 
the tsunami propagated from southwest of the Samoa 
Islands and ran up the village. An offshore island 
could also have affected the direction of tsunami flow. 
According to these figures, we found that tsunami flow 
depths and damage to houses were clearly different 
between the front (south side) and back (north side) 
of the mangrove forest. At the front of the mangrove 
forest, many houses were washed away by a tsunami 
flow 2.7 to 3.5 m deep. On the other hand, the flow 
depth became 0.7 to 0.9 m at the back of the mangrove 
forest and caused relatively little damage to the houses. 
Although these results imply that the mangrove 
forest could reduce the tsunami impact, we need to 
be careful with the observational data because other 
coastal features such as distance from the coast could 
affect tsunami reduction behind mangrove forests. 
Thus, we discuss whether the mangrove conditions can 
reduce tsunami impact through numerical analysis in 
the followings. According to a tree survey, the forest 
is dominated by Bruguiera species, which include a 
well-grown tree with a DBH of more than 80 cm. The 
average values of DBH and tree density are 39 cm and 
480 tree/ha, respectively. We consider these mangrove 

conditions in the numerical analysis.
　Figure 4b and c show some significant debris such 
as cars and house roofs, which are trapped by the 
mangrove forest. According to local people, the cars 
were drifted from the village south of the mangrove 
forest. In the village, many houses were damaged by 
the tsunami, and much of its debris drifted into the 
mangrove forest. If the debris had not been trapped 
by the mangrove forest, it would have drifted to the 
residential area behind the mangrove forest, which 
could have caused severe tsunami damage to human 
lives and property. From these results, we clarify that 
the mangrove forest contributed to mitigating tsunami 
damage by stopping drifted debris during the 2009 
Samoa tsunami.

4. Discussion

4.1  Modeling of tsunami reduction effect of the 
mangrove forest

　Our purpose here is to use numerical simulation to 
confirm whether the mangrove conditions at Lotopu’e 
have the potential to reduce tsunami impacts. To 
focus on the mangrove effect, we use a simplified 
model with cross-sectional one-dimensional nonlinear 
shallow-water equations. We compute tsunami 
generation assuming a one-side sine wave with a 

Fig. 4 Tsunami damage around mangrove forest in Lotopu’e. (a) Tsunami flow depth, current direction (the arrows do not include a flow 
strength) and house damage. (b) and (c) show a car and many pieces of debris drifted into the mangrove forest.
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10-minute period. Adjusting the amplitude of the sine 
wave, we produce a 3.5 m tsunami fl ow depth at the 
shoreline, which corresponds to the observed tsunami 
height at the front of the mangrove forest at Lotopu’e. 
The coastal landform for the simulation is simplifi ed 
from the nearshore of the eastern side of Upolu Island 
(fig 5a). For the friction of the mangrove forest, we 
use the variable roughness coefficient estimated by 
the equivalent roughness model, considering the 
occupancy ratio of trees in a control volume/area 
(e.g., Yanagisawa et al. 2010). The occupancy ratio 
is determined from the tree density (trees per unit 
area) and the averaged DBH. Based on fi eld data from 
Lotopu’e, we assume parameters of DBH, tree density 
N and width of the forest Wd for the simulation (DBH 
= 39 cm, N =480 tree/ha, and Wd = 100 m).

4.2  Discussion of tsunami reduction ef fect by 
mangrove forest

　Figure 5b and 5c shows the computed maximum 
height and hydraulic pressure around the mangrove 
forest. The ratios of hydraulic pressures and f low 
depths with/without mangrove forest are 0.72 and 
0.9 behind the mangrove forest, respectively. These 
results mean that the hydraulic pressure is reduced 
by approximately 30 % and the flow depth by 10 % 
because of the mangrove forest. According to previous 
studies (cf. Hatori 1964), hydraulic pressure correlates 
directly with house damage by tsunami fl ow. Thus, the 
conditions of the mangrove forest in the Lotopu’e area 
could have had the potential to mitigate house damage 
during the 2009 event.
　On the other hand, when we estimate the ratio 
of f low depths between the front and back of the 
mangrove forest, the value becomes 0.59. At the front 
of the mangrove forest, the friction of the mangroves 
temporarily causes wave setup, and the tsunami height 
becomes larger than without mangrove forest (Fig. 5b). 
Consequently, mangrove forest unfavorably increases 
the height of the tsunami at the front of the forest, and 
the reduction ratio between front and back becomes 
higher. Although the one-dimensional numerical 
model could overestimate wave set-up, wave set-up 
is likely to be caused at the front of mangroves due 
to stagnation of the f low with damping of current 
velocity. Numerical model includes parameter and 
scenario uncertainty, and it is needed to validate by 
fi eld observations. However, considerable attention is 
also required to estimate the ratio between the front 

and back of mangroves as a tsunami reduction effect, 
which is observable in data from fi eld surveys, because 
the observed reduction ratio might be an apparent 
result estimated by the increased tsunami height due 
to the mangrove forest. Therefore, the integrated 
approach including f ield surveys and numerical 
modeling is effective to estimate the protective roles 
of mangrove forest.

5. Concluding Remarks

　Focusing on the protective roles of mangrove forest, 
we investigated the tsunami mitigation effects of these 
forests during the 2009 Samoa tsunami by using an 
integrated approach with fi eld surveys and numerical 

Fig. 5 (a) Numerical conditions of the cross-sectional simulation. (b) 
Numerical results of the maximum tsunami height and (c) hydraulic 
pressure with/without mangrove forest. Solid and dotted lines show 
numerical results with and without mangrove forest, respectively. The 
shaded area indicates the location of the mangrove forest.
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simulations. Based on a field survey in Matafaa, we 
clarified the effects of reducing strong tsunami flow 
and providing an emergency escape place. Comparing 
damage in the villages in front of and behind the 
mangrove forest in Lotopu’e, we also confi rmed that 
house damage is relatively small in villages behind 
the mangrove forest due to its protective roles in 
reducing tsunami impact and stopping drifted debris. 
To validate the tsunami reduction effect of mangrove 
forests, we further modeled the 2009 Samoa tsunami 
and the reduction effect of a mangrove forest. As 
a result, we estimated that mangrove forests can 
reduce tsunami hydraulic pressure by approximately 
30 %. Therefore, we concluded that the conditions 
of the mangrove forest in Lotopu’e had the potential 
to mitigate tsunami damage during the 2009 event. 
On the other hand, the computed reduction effect of 
mangrove forests related to fl ow depth was limited to 
approximately 10 %, although the observed tsunami 
reduction between the front and back of the forest in 
Lotopu’e seemed to be higher. This contrast could 
be an apparent reduction effect caused by the wave 
setup in front of a mangrove forest. These results 
indicated that estimating the tsunami reduction 
effect of mangrove forests using only field survey 
data is diffi cult. However, the recent development of 
numerical simulation technology can help validate 
the protective function of mangrove forests during 
tsunamis. Therefore, future studies are required to re-
evaluate previous preliminary reports of mangrove 
protective functions using numerical models.
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Tomomi INOUE5), Kohei KANAYAMA1), Tomomi OGAWA6)

Estimation of probable annual fine-root production and 
missing dead roots associated with the ingrowth core method: 

attempt with major mangrove species on Iriomote Island, 
southwestern Japan, located in the subtropics

Abstract: To estimate annul fine-root production, an experiment combining the ingrowth core method for two 
years with the root litter bag method for one year was conducted for two major mangrove species on Iriomote 
Island, southwestern Japan, located in the subtropics. The combination of the two methods enabled us to create 
a new procedure to estimate the probable fine-root productivity and the missing dead roots resulting from 
decomposition processes.  
　The probable annual fine-root production values up to a 50 cm depth were calculated at 1691 g m-2 year-1 for 
a seashore Rhizophora stylosa located 4 cm above mean sea level, 1658 g m-2 year-1 for an interior R. stylosa 
located 30 cm above mean sea level, 1150 g m-2 year-1 for a seashore Bruguiera gymnorrhiza located 22 cm above 
mean sea level and 962 g m-2 year-1 for an interior B. gymnorrhiza located 43 cm above mean sea level, of which 
the missing dead roots were estimated at 182 g m-2 year-1, 239 g m-2 year-1, 189 g m-2 year-1 and 172 g m-2 year-1, 
respectively. The higher productivity of the fine roots of R. stylosa, especially the very fine roots, than those of the 
other species may have partly contributed to the accumulation of mangrove peat, which is generally distributed 
in Rhizophora forests only. Common trends suggesting shorter turnover time in the lower tidal submergence rate 
zone than in the higher tidal submergence rate zone, i.e., greater fine-root biomass accumulation in the lower 
elevation zone and greater mortality in the higher elevation zone, were found for both species.

Introduction

　Fine roots, which are generally defined as less than 
2 mm in diameter, possibly play a significant role in 
carbon sequestration in forest ecosystems. Terrestrial 
forests allocate 4 to 69 % of their total annual 
photosynthate to fine roots, depending on the various 
environmental conditions, such as climatic variations 
(Vogt et al., 1996). However, fine root dynamics are 
one of the least understood aspects of plant function 
because of our inability to visibly monitor the 
dynamics of an entire root system of a plant (Vogt et 

al., 1998).
　Mangrove forests develop in intertidal zones in 
the tropics and subtropics, covering 152,000 km2 in 
over 123 countries (Spalding et al., 2010), and play a 
significant role as sites for carbon sequestration not 
only aboveground but also belowground (Twilley et 
al., 1992; Fujimoto, 2004; Donato et al., 2011; Alongi, 
2014). 
　General ly, forest product ivity and biomass 
vary with differences in climatic conditions. The 
aboveground biomass and stored carbon of mangrove 
forests decrease with increasing latitude (Twilley et 
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al., 1992). On the other hand, belowground stored 
carbon (up to 100 cm depth) differs by species, 
for example 500 to 650 Mg C ha-1 is stored in 
Rhizophora communities, approximately 200 Mg 
C ha-1 in Bruguiera gymnorrhiza communities and 
approximately 120 Mg C ha-1 in Kandelia obovata 
communities (Fujimoto et al., 1999a; Fujimoto, 
2004; Ishihara et al., 2004), although the burial rates 
are possibly different depending on the climatic 
conditions. Only Rhizophora communities, which 
have the highest value of belowground stored carbon, 
can create mangrove peat (Fujimoto et al., 1999b; 
Mochida et al., 1999). Mangrove peat mainly consists 
of dead fine roots (Fujimoto et al., 1999b; Ono et 
al., 2015); thus, Rhizophora communities may have 
relatively higher productivity of fine roots.
　Komiyama et al. (1987) reported that the proportion 
of fine roots to total belowground root biomass in a 
Rhizophora apiculata community reached 46.6 %. 
The fine roots of mangroves possess a refractory 
nature (Middleton and McKee, 2001). In addition, 
anaerobic conditions of the intertidal zone retard the 
decomposition of roots, which increases the relative 
proportion of root matter accumulation (McKee and 
Faulkner, 2000; Krauss et al., 2013). 
　There are two major methods to estimate fine-root 
productivity, i.e., the ingrowth core method (Flower-
Ellis and Persson, 1980; Vogt and Persson, 1991) and 
the sequential soil core method (Persson, 1980). The 
former method can directly obtain the amount of 
accumulated fine roots. However, the value is always 
underestimated for production unless the amount of 
fine roots decomposed during the collection intervals 
is estimated. We refer to the decomposed dead roots 
as ‘missing dead roots (MDR)’. The latter method is 
considered the decomposed fine roots, but there is 
the problem of repeatability because the core samples 
are collected from different sites at each sampling 
under the assumption that the fine roots are equally 
distributed in the forest. However, the fine roots of 
mangroves are distributed heterogeneously depending 
on the distance from the tree base (Komiyama et al., 
2000) and the distribution of stilt roots in the case of 
the Rhizophora forest (Komiyama et al., 1987). The 
decision-matrix method (Fairley and Alexander, 1985) 
is generally used to calculate fine-root production 
using data obtained by the sequential soil core method. 
As the calculation procedure considers fine-root 
production, mortality, or decomposition to be 0 under 

specific conditions, the calculated result is always 
underestimated (Osawa and Aizawa, 2012). 
　Most previous studies have estimated fine-root 
productivity for mangroves by the ingrowth core 
method without considering decomposition processes 
(e.g., Castañeda-Moya et al., 2011; Adame et al., 2014; 
Cormier et al., 2015; Noguchi et al., 2020), except for 
a few studies using the sequential soil core method 
(Xiong et al., 2017) and the mass balance approach 
(Lovelock, 2008). Poungparn et al. (2016) collected 
data by the ingrowth core method and calculated the 
productivity by the decision-matrix method. However, 
the calculated values for annual production were 
smaller than the values accumulated in ingrowth cores 
for a year. 
　Osawa and Aizawa (2012) proposed a method to 
estimate the amount of dead-root decomposition 
between two time points by combining the ingrowth 
core and litterbag methods for an artificial terrestrial 
forest in Japan. However, they were not successful in 
estimating the annual fine-root production because 
the estimated values of decomposition included not 
only the values to the mortality between the two time 
points but also the values to the existing dead roots in 
the ingrowth cores at the first time point.
　We propose a new approach to calculate annual 
fine-root production and the amount of decomposition 
to the mortality for one year by combining the 
ingrowth core method for two years and the litterbag 
method for one year for Rhizophora stylosa and 
Bruguiera gymnorrhiza communities on Iriomote 
Island, southwestern Japan.
　The distribution of mangrove species is primarily 
controlled by microlandforms and tidal environments, 
such as submergence frequency and duration, which 
affect soil water chemical and physical properties 
(Fujimoto and Miyagi, 2016). The productivity of fine 
roots and decomposition rates may differ depending 
on the tidal environment. Therefore, we established 
two experimental sites at different elevations for 
each species to determine the effect of the tidal 
environment. 

Regional setting

　Iriomote Island is located in the subtropics of 
southwestern Japan (24° 15’ N to 24° 25’ N, 123° 39’ E 
to 123° 56’ E) (Fig. 1). The mean annual temperature, 
mean warmest month temperature, mean coldest 
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month temperature and mean annual precipitation 
were calculated as 23.8 ℃ , 28.7 ℃ , 18.4 ℃ and 2254 
mm, respectively, between 1990 and 2019 using public 
data from the Japan Meteorological Agency (http://
www.data.jma.go.jp/obd/stats/etrn/index.php). The 
spring, mean and neap tidal ranges are 129.6 cm, 100.4 
cm and 71.2 cm, respectively, at Shirahama Harbor 
located northwest of the island.
　The area of mangrove forests on the island was 
measured at 503 ha by ISME (2004) using aerial 
photographs taken between 1994 and 1995. Seven 

mangrove species, i.e., R. stylosa, B. gymnorrhiza, 
Sonneratia alba, Kandelia obovata, Avicennia marina, 
Lumnitzera racemose, and Nypa fruticans, have been 
identified on the island. The first two species are the 
primary species and their communities occupy most 
of the mangrove area on the island (Nakasuga, 1979).

Methods

Experimental sites and plots
　The experiments were conducted in Funaura 
Bay, in the northeastern part of the island (Fig. 1). 
A permanent plot, 5 m wide and 50 m long, was 
established in an R. stylosa forest located east of the 
bay (Fig. 2, plot code: IFR1) to determine the forest 
structure and dynamics. The B. gymnorrhiza plots 
were established in a forest facing the bay located west 
of the bay (Fig. 2, IFB1: 5 m wide and 10 m long) and 
along the Yashi River (Fig. 2, IFB2: 5 m wide and 20 
m long).
　The species, tree height, stem diameter and location 
were recorded for all trees over 1.3 m in height in the 
plots. The diameter was measured at 0.3 m above the 
highest prop root for R. stylosa and at breast height (1.3 
m from the ground surface) for B. gymnorrhiza and 
other species. Tree censuses were conducted in March  
2013, March 2016 and August 2018 for IFR1 and in 
March (partly in June) 2014, March 2016 and February 
2018 for IFB1 and IFB2.

Fig. 1 Map showing the location of Iriomote Island and the study 
area.
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Fig. 2 Map showing the locations of the study plots (IFR1 for R. stylosa, IFB1 and IFB2 for B. gymnorrhiza) and 
continuous tide-level observation site (FT1).
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Fig. 3 Topography and species distribution in IFR1 and 
the experimental sites (R1 and R2).
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Fig. 4 Topography and species distribution in IFB1 and the experimental 
site (B1).
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　The ingrowth core experimental sites for R. stylosa 
were established 3.4 m seaward from the 0 m line (site 
code: R1) and 0.7 m landward from the 50 m line (site 
code: R2) of IFR1 (Fig. 3) to investigate the effects 
of tidal environments, such as submergence rate and 
time. The experimental sites for B. gymnorrhiza were 
established outside of the 3 m line from the seaward 
edge of IFB1 (Fig. 4, site code: B1) and at the highest 
elevation zone next to IFB2 (Fig. 5, site code: B2).

Ground elevation and tidal environment
　The elevation of the experimental sites and plots 
and the amount of submergence time by the tide for 
a year were estimated based on the continuous tide-
level records at an observation point (Fig. 2, site 
code: FT1). Continuous tide-level observations were 
conducted at 30-minute intervals from April 8, 2013, 
to June 1, 2014, using a water level data logger (Cera-
Diver DIK-613A-A1, Daiki). The tide level records 
were adjusted using the atmospheric data observed by 
an atmospheric data logger (Baro-Diver DIK-611A-E1, 
Daiki). Tide level at R1 was also observed by a water-
level logger and atmospheric data logger (CO-U20-
001-04TI and CO-U20-001-04, HOBO, respectively) 
at 10-minute intervals from April 14, 2014, to May 
20, 2014. The relative height between FT1 and R1 was 
calculated based on the simultaneous tide levels.  
　The mean tide level in Funaura Bay was identified 
by the level that inundates for 4380 hours in a year, 
which means the amount of time in half a year. 
The amount of submergence time by the tide for a year 
for R1, R2, B1 and B2 was calculated using the tide 
level records for a year starting from April 8, 2013, 
and the relative height among FT1 and the sites. The 
elevation of R2 was determined by leveling from R1 
using a pocket compass with a bubble level (LS-25, 
Ushikata). Elevations of the (0, 0) points of IFB1 and 
IFB2 were determined by the tide-level differences 
from R1. The tide-level observations were conducted 
between March 17, 2020, and March 30, 2020, using 
the water-level logger and atmospheric data logger 
(CO-U20-001-04TI and CO-U20-001-04, HOBO, 
respectively). Elevations in B1 and B2 were also 
identified by leveling from the (0, 0) points of IFB1 
and IFB2, respectively. 
　Ground level in the permanent plots was measured 
at approximately 2.5 m intervals for IFR1 and IFB1 
and 5 m intervals for IFB2 using the pocket compass. 
Elevation at the (0, 0) point of IFR1 was identified by 

leveling from R1. Elevation maps for the plots were 
drawn by spatial interpolation via the IDW method 
with ArcGIS 3D Analyst. 

Ingrowth core and root litterbag methods
　A flexible plastic pipe with a 2 mm mesh structure 
3 cm in diameter was used for the ingrowth core. 
The plastic pipes were inserted in holes 60 to 80 cm 
deep bored by a steel pipe 4 cm in diameter. For B1, 
we bored only to 40 to 50 cm deep because of the 
existence of hard layers with rocks. The inside of the 
plastic pipes was filled with root-free shore sand.
　Ten ingrowth cores were set radially from a sample 
tree between the prop roots for R1 and R2 on March 
15, 2013, and between the knee roots for B1 and 
B2 on March 24, 2014. Five cores were collected 
approximately one year and two years later, i.e., 
on March 22, 2014, and February 27, 2015, for R1, 
respectively; on March 21, 2014, and February 27, 
2015, for R2; on February 28, 2015, and March 15, 
2016, for B1; and on February 27, 2015, and March 
15, 2016, for B2; however, two cores for R1 were not 
collected during the second collection. 
　The cores collected were cut into 10 cm lengths. 
The contents of each cut core were rinsed in water 
using steel sieves with 1 mm mesh. The roots left 
on the sieves were divided into live roots and dead 
roots based on the features of live roots, which are 
relatively white and tough and f loat in fresh water. 
Live roots passing through the sieve were picked up 
with tweezers as much as possible. Dead roots passing 
through the sieve were also collected using a 0.4 mm 
filter. Live roots were classified into three categories, 
i.e., φ<0.5 mm (the class of very fine roots), 0.5 
≦ φ<2 mm and 2 ≦ φ<5 mm (the class of small roots). 
The sorted roots were dried at 95 ℃ for 48 hours and 
weighed. Dead roots for B1 were collected for four 
cores.
　The data up to 50 cm deep without contamination 
by original soils were used to estimate fine-root 
accumulation.  
　One mm-mesh polyethylene bags of 15 cm by 20 
cm were used for root litterbags. Fresh fine roots were 
collected from each species, with 3 to 10 g for R. 
stylosa and 4 to 12 g for B. gymnorrhiza in dry weight, 
and the roots were packed in the litterbags. 
　Three litterbags were set at 10 cm and 30 cm deep 
for R1 and R2 on March 22, 2014, respectively, and 
collected on February 28, 2015. Six and five litterbags 



16 Mangrove Science Vol.12Kiyoshi FUJIMOTO, Kenji ONO, Shin WATANABE, Shingo TANIGUCHI, Tomomi INOUE, Kohei KANAYAMA, Tomomi OGAWA

were set at 10 cm and 30 cm deep for B1 and B2, 
respectively, on March 1, 2015, and collected on 
March 15, 2016. The dry weight of the residual roots 
in each litterbag was measured, and the residual rate 
was calculated.
　Statistical tests for significant differences were 
carried out using Excel for two sites with the same 
species and EZR (Kanda, 2013) among all sites.

Results

Stand structure of permanent plots
　Table 1 shows the average tree diameter, tree height, 
tree density and basal area for the three censuses 
for each plot. In IFR1, R. stylosa dominated, and B. 
gymnorrhiza was sparsely distributed (Fig. 3). The 
tree densities of R. stylosa and B. gymnorrhiza in 
2013, 2016 and 2018 were 11,067 stems ha-1 and 1,911 
stems ha-1; 11,778 stems ha-1 and 1,689 stems ha-1; and 
10,933 stems ha-1 and 1,244 stems ha-1, respectively. 
The average diameter and tree height were 4.6 cm 
and 2.3 m in 2013 and 4.9 cm and 2.4 m in 2018 for 
R. stylosa and 3.7 cm and 2.3 m in 2013 and 3.9 cm 
and 2.4 m in 2018 for B. gymnorrhiza, respectively. 

The basal area of R. stylosa increased from 21.9 m2 

ha-1 in 2013 to 24.5 m2 ha-1 in 2018, while that of B. 
gymnorrhiza decreased from 2.1 m2 ha-1 in 2013 to 1.6 
m2 ha-1 in 2018.
　The average diameter and tree height of the R. 
stylosa sample trees for the ingrowth core experiment 
were 8.2 cm and 3.0 m, which are an average of seven 
stems, for R1, respectively, and 6.1 cm and 2.5 m, 
which are an average of two stems, for R2. 
　In IFB1, B. gymnorrhiza dominated, and two R. 
stylosa existed at the seaward edge (Fig. 4). One 
Excoecaria agallocha was also found. The tree 
density of B. gymnorrhiza was 3400 stems ha-1 in 2014 
and 3200 stems ha-1 in 2018. The average diameter and 
tree height of B. gymnorrhiza were 8.7 cm and 4.7 m 
in 2014 and 8.9 cm and 4.5 m in 2018, respectively. 
The decrease in tree height was possibly caused by the 
effects of typhoons. The basal area of B. gymnorrhiza 
in 2018 was 26.0 m2 ha-1.
　In IFB2, B. gymnorrhiza dominated on the natural 
levee, which is a relatively high-elevation zone between 
the 5 m and 17 m lines, while R. stylosa dominated 
at the relatively low-elevation zone between 0 m and 
5 m along the river (Fig. 5). The tree density of B. 

Table 1 Average tree diameter, tree height, tree density and basal area for three tree censuses in each plot.Table 1 Average tree diameter, tree height, tree density and basal area for the three tree censuses in each plot.
Plot code Species Year Diameter Height Tree density Basal area zone

(cm) (m) (stems ha-1) (m2 ha-1)
mean±SD mean±SD

2013 4.57±2.00 2.30±0.53 11067 21.87
2016 4.63±2.00 2.34±0.59 11778 23.80
2018 4.92±1.99 2.38±0.57 10933 24.54
2013 3.70±1.60 2.26±0.44 1911 2.09
2016 3.77±1.03 2.27±0.38 1689 2.02
2018 3.86±1.25 2.44±0.48 1244 1.61
2014 8.69±4.80 4.66±1.30 3400 25.94
2016 8.81±5.12 4.53±1.42 3200 25.67
2018 8.86±5.16 4.54±1.59 3200 26.00
2014 7.75±4.18 4.86±1.83 3833 23.10
2016 7.68±4.40 4.80±1.68 4000 24.39
2018 7.86±4.42 4.69±1.65 4000 25.27
2014 7.13±3.03 4.39±1.22 10800 50.66
2016 7.33±2.75 4.65±1.24 10400 49.90
2018 7.78±2.86 4.63±1.10 10000 53.77

SD: standerd deviation

5 to 50 m zone

5 to 50 m zone

all

5 to 17 m zone

0 to 5 m zone

B. gymnorrhiza

B. gymnorrhiza

R. stylosa

IFR1

IFB1

IFB2

R. stylosa

B. gymnorrhiza
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gymnorrhiza increased from 3833 stems ha-1 in 2014 
to 4000 stems ha-1 in 2018, while R. stylosa decreased 
from 10,800 stems ha-1 to 10,000 stems ha-1 between 
2014 and 2018. The average diameter and tree height 
were 7.8 cm and 4.9 m in 2014 and 7.9 cm and 4.7 
m in 2018 for B. gymnorrhiza and 7.1 cm and 4.4 m 
in 2014 and 7.8 cm and 4.6 m in 2018 for R. stylosa, 
respectively. The basal area in 2018 was 25.3 m2 ha-1 

for B. gymnorrhiza and 53.8 m2 ha-1 for R. stylosa.

Ground elevation and tidal environment of the 
experimental sites and plots
　The elevation of IFR1 gradually increased seaward 
to landward (Fig. 3). The elevations (above mean sea 
level) of sites R1 and R2 were +4 cm and +30 cm, 
respectively. The elevations of IFB1 and IFB2 were 
between 0 cm and +44 cm and between -12 cm and 
+43 cm, respectively (Figs. 4 and 5). The elevations of 
sites B1 and B2 were +22 cm and +43 cm, respectively.   
　The amount of submergence time by tide for a year 
was calculated as 4032 hours for site R1, 2095 hours 
for site R2, 2651 hours for site B1 and 1268 hours for 
site B2, which means that the submergence rate to the 
total number of hours for a year was 46 %, 24 %, 30 

% and 14 %, respectively.   

Accumulated fine roots
　Table 2 shows the dry weight of accumulated 
live and dead roots, i.e., biomass and necromass, 
respectively, up to 50 cm deep for all ingrowth cores 
collected. The average value of the distribution ratio 
of fine-root biomass up to 50 cm deep at the points 
collected up to 70 cm deep or more was 92 % for R. 
stylosa and 88 % for B. gymnorrhiza. 
　The accumulated mean f ine roots, including 
necromass, for the first collection (Bi + Ni) and the 
second collection (Bj + Nj) were 611 g m-2 (for 372 
days) and 1980 g m-2 (for 714 days) for R1, 830 g m-2 

(for 371 days) and 1990 g m-2 (for 714 days) for R2, 811 
g m-2 (for 341 days) and 1527 g m-2 (for 721 days) for 
B1 and 598 g m-2 (for 340 days) and 1340 g m-2 (for 721 
days) for B2, respectively. These results suggest that 
the accumulated fine roots, including necromass, in 
the second year were possibly larger than those in the 
first year for R. stylosa.
　Fine-root biomass for the first collection (Bi) and 
the second collection (Bj) were 483 and 1371 g m-2 
for R1, 386 and 1008 g m-2 for R2, 259 and 734 g m-2 

Table 2 Dry weight of fine root biomass and necromass up to 50 cm deep for all ingrowth cores collected (unit: g m-2 0.5 m-1 experimental days-1).

 < 0.5 mm 0.5-2.0 mm 2.0 mm ≦ fine roots
B i

< 0.5 mm 0.5-2.0 mm 2.0 mm ≦ fine roots
B j

482 106 40 588 74 663 1435 231 115 1667 929 2596
258 21 0 279 156 435 986 155 196 1141 433 1574
363 129 0 492 80 572 1057 248 60 1305 465 1770
404 30 0 434 184 618 - - - - - -
529 92 96 620 147 767 - - - - - -

mean 407 76 27 483 128 611 1160 211 124 1371 609 1980
SD 106 48 42 136 49 122 242 50 68 269 278 543

374 23 0 397 546 943 676 110 76 785 471 1256
386 63 99 449 257 706 903 34 0 937 1191 2128
305 5 0 310 180 490 692 145 155 836 883 1720
339 44 40 383 569 952 755 162 126 917 1217 2134
382 7 0 389 671 1060 1431 132 218 1563 1148 2711

mean 357 28 28 386 445 830 891 116 115 1008 982 1990
SD 35 25 43 50 214 230 315 50 82 317 315 541

118 13 0 131 524 655 626 112 0 738 821 1559
295 92 91 387 525 912 810 223 663 1033 1576 2609
131 52 7 183 632 815 498 130 0 628 409 1037
210 57 0 267 444 711 416 121 128 536 365 901
245 81 52 326 636 962 - - - - - -

mean 200 59 30 259 552 811 587 147 198 734 793 1527
SD 75 31 40 104 82 130 172 51 316 216 561 775

165 154 57 319 443 762 305 104 0 408 1182 1590
99 51 0 150 642 792 538 218 62 756 273 1029

205 94 0 299 289 588 412 201 190 613 911 1524
156 209 130 365 65 430 247 234 0 481 956 1437
288 129 0 417 - 417 122 22 54 143 975 1118

mean 182 127 37 310 360 598 325 156 61 480 859 1340
SD 70 60 57 100 244 177 159 90 78 230 344 251

SD:standard deviation

R1

R2

B1

B2

Table 2 Dry weight of fine-root biomass and necromass up to 50 cm deep for all ingrowth cores collected (unit: g m-2 0.5 m-1 experimental days-1).

site code
biomass biomass

first collection

experi-
mental
days

experi-
mental
days

second collection

necromass
Ni

necromass
Nj

B i+Ni B j+Nj

341

340

721

721

372

371

714

714
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for B1 and 310 and 480 g m-2 for B2, respectively, of 
which 407 and 1160 g m-2 for R1, 357 and 891 g m-2 

for R2, 200 and 587 g m-2 for B1 and 182 and 325 g 
m-2 for B2 were very fine roots. The ratios of very 
fine roots to total fine-root biomass for the first and 
second collections were 84 and 85 % for R1, 93 and 
88 % for R2, 77 and 80 % for B1 and 59 and 68 % for 
B2, respectively. Namely, the ratio for R. stylosa was 
obviously higher than that for B. gymnorrhiza. 
　The necromass for the first collection (Ni) and the 
second collection (Nj) were 128 and 609 g m-2 for R1, 
445 and 982 g m-2 for R2, 552 and 793 g m-2 for B1 and 
360 and 859 g m-2 for B2, respectively.
　We tested the difference between the sites for the 
fine-root biomass by converting the observed values 
to the daily values by dividing the observed values 
by the experimental days, but this method would not 
work for necromass because decomposition processes 
progress exponentially. Table 3 shows the daily values 
of fine-root biomass up to 50 cm deep for all ingrowth 

cores collected.
　Between the sites for the same species, a significant 
difference was found in the second collection for the 
very fine roots of B. gymnorrhiza (B1>B2: p<0.05, 
Student’s t-test), while there was no signif icant 
difference for R. stylosa.
　Among all four sites, a significant difference was 
found for very fine roots at both the first and second 
collections (p<0.01, one-way ANOVA) and total 
fine roots at the second collection (p<0.01, one-way 
ANOVA). The p value for total fine roots on the first 
collection was 0.055 (one-way ANOVA).
　For the first collection, the very fine roots of R1 
were significantly larger than those of B1 and B2 
(p<0.01, Tukey’s HSD test), and those of R2 were also 
significantly larger than those of B2 (p<0.05, Tukey’s 
HSD test). The very fine roots of R2 showed a larger 
tend than those of B1 (p<0.1, Tukey’s HSD test). For 
the total fine roots, R1 was significantly larger than B1 
(p<0.05, Tukey’s HSD test).

Table 3 Daily fine root biomass accumulation up to 50 cm deep for all ingrowth cores 
collected (unit: g m-2 0.5 m-1 day-1).Table 3 Daily fine-root biomass accumulation up to 50 cm deep for all ingrowth cores collected (unit: g m-2 0.5 m-1 day-1).

 < 0.5 mm 0.5-2.0 mm total < 0.5 mm 0.5-2.0 mm total
1.30 0.29 1.58 2.01 0.32 2.33
0.69 0.06 0.75 1.38 0.22 1.60
0.98 0.35 1.32 1.48 0.35 1.83
1.09 0.08 1.17 - - -
1.42 0.25 1.67 - - -

mean 1.09 0.20 1.30 1.62 0.30 1.92
SD 0.28 0.13 0.37 0.34 0.07 0.38

1.01 0.06 1.07 0.95 0.15 1.10
1.04 0.17 1.21 1.26 0.05 1.31
0.82 0.01 0.84 0.97 0.20 1.17
0.91 0.12 1.03 1.06 0.23 1.28
1.03 0.02 1.05 2.00 0.19 2.19

mean 0.96 0.08 1.04 1.25 0.16 1.41
SD 0.09 0.07 0.13 0.44 0.07 0.44

p-value: R1 vs R2 0.3701) 0.1981) 0.2562) 0.1502)

0.35 0.04 0.39 0.87 0.16 1.02
0.86 0.27 1.14 1.12 0.31 1.43
0.38 0.15 0.54 0.69 0.18 0.87
0.62 0.17 0.78 0.58 0.17 0.74
0.72 0.24 0.96 - - -

mean 0.59 0.17 0.76 0.81 0.20 1.02
SD 0.22 0.09 0.30 0.24 0.07 0.30

0.49 0.45 0.94 0.42 0.14 0.57
0.29 0.15 0.44 0.75 0.30 1.05
0.60 0.28 0.88 0.57 0.28 0.85
0.46 0.62 1.07 0.34 0.32 0.67
0.85 0.38 1.23 0.17 0.03 0.20

mean 0.54 0.37 0.91 0.45 0.22 0.67
SD 0.21 0.18 0.30 0.22 0.13 0.32

p-value: B1 vs B2 0.7222) 0.4472) 0.0492) 0.1362)

p-value: for all sites 0.0013) 0.0553) 0.0013) 0.0023)

SD: standerd deviation, 1): Welch's t-test, 2): Student's t-test, 3): one-way ANOVA

B2

First collection Second collection

R1

R2

B1
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　For the second collection, the very fine roots of R1 
were significantly larger than those of B1 and B2, and 
those of R2 were also significantly larger than those of 
B2 (p<0.05, p<0.01 and p<0.01, respectively, Tukey’s 
HSD test). The total fine roots of R1 were significantly 
larger than those of B1 and B2, and those of R2 were 
also significantly larger than those of B2 (p<0.05, 
p<0.01 and p<0.05, respectively, Tukey’s HSD test).

Residual ratio of root litter
　Table 4 shows the residual ratio of root litter based 
on the litter bag experiment for all four sites and 
at two depths. There was no significant difference 
between 10 cm deep and 30 cm deep for all sites. To 
test the difference between the species, we converted 
the observed results to the residual ratio per day 
because the examination period was different between 
the species. Let r and Rn be the residual ratio of root 
litter per day and the residual ratio of root litter after n 
days, respectively, as rn=Rn, r= n Rn  . As the period of 
litterbag experiment for each site was nearly one year, 
i.e., 343 days for R1 and R2 and 379 days for B1 and 
B2, we approximated the daily residual ratio of root 
litter using the values of Rn indicated in Table 4.
　The mean residual ratio per day for each site was 
calculated at 99.83 % for R1, 99.84 % for R2, 99.82 
% for B1 and 99.86 % for B2. The results of the 
Steel-Dwass test indicated that B1 was significantly 
smaller than B2 (p<0.01), although there was no 
significant difference between the sites for the other 

combinations.

Discussion

Estimation of fine-root productivity
　Live trees continuously produce fine roots, while 
fine roots die after a certain period of time. Assuming 
that the fine-root production and dead-root generation 
rates are constant, fine roots accumulate at a constant 
rate. However, this assumption can be applied when 
we discuss annual production only for the climate 
zones with seasons because these rates seem to vary 
with season. 
　Let p,  b,  and m  be average dai ly f ine-root 
product ion ,  average dai ly f ine -root  biomass 
accumulation, and average daily fine-root mortality, 
respectively, and p = b + m. Therefore, let Pn be fine-
root production for n days, which can be calculated by 
the following equation:

　　　　　　　　Pn=n(b+m) (1)

　Thus, annual f ine-root product ion (P365)  is 
calculated by substituting 365 for n of Eq. 1. That 
is, we need to estimate the average daily fine-root 
biomass accumulation and mortality to calculate the 
annual fine-root production.
　Let Bt be fine-root biomass at a certain point in time 
(t is the number of days after installing the ingrowth 
core), and b is calculated by the following equation 
using the values of fine-root biomass at two time 

Table 4 Observed residual ratio of root litter by the litter bag method and the converted values per day.Table 4 Observed residual ratio of root litter by the litter bag method and the converted values per day.

site

period (days)

depth (cm) 10 30 10 30 10 30 10 30 10 30 10 30 10 30 10 30

74.64 39.50 99.91 99.73 51.16 64.11 99.80 99.87 50.40 48.40 99.82 99.81 57.65 72.68 99.85 99.92

64.48 63.03 99.87 99.87 53.15 58.24 99.82 99.84 48.64 49.57 99.81 99.82 51.16 58.32 99.82 99.86

48.15 54.84 99.79 99.82 67.68 54.97 99.89 99.83 47.80 48.40 99.81 99.81 50.99 52.03 99.82 99.83

- - - - - - - - 50.91 49.34 99.82 99.81 60.43 67.83 99.87 99.90

- - - - - - - - 50.44 45.66 99.82 99.79 50.86 59.63 99.82 99.86

- - - - - - - - 56.58 - 99.85 - 68.08 - 99.90 -

mean 62.42 52.46 99.86 99.81 57.33 59.11 99.84 99.85 50.80 48.28 99.82 99.81 56.53 62.10 99.85 99.87

SD 13.36 11.95 0.06 0.07 9.02 4.63 0.04 0.02 3.08 1.56 0.02 0.01 6.95 8.16 0.03 0.03

mean

SD

SD: standerd deviation

0.03

1 1

Residual ratio for
each litter bag

(wt %)

57.44 58.22

12.58 6.49 2.73 7.700.07

99.84

0.03

99.82

0.01

49.65 59.0699.83

R1 R2 B1 B2

1 1343 343 379 379

99.86
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points, i.e., first collection: t = i and second collection: 
t = j:

　　　　　　b=(Bj-Bi)/( j-i) (2)

　For m, necromass at the second collection (Nj) is 
expressed by the following equation:

　　　　　　Nj=Nir
j-i+m∫0

j-i
 rndn (3)

　where Ni is the necromass at the first collection 
and r is the residual ratio of root litter per day. 
Transforming Eq. 3, m is calculated by the following 
equation: 

　　　　　　m=(Nj-Ni r
j-i)lnr/(r j-i-1) (4)

　As the interval between i and j for each site was 
nearly one year in this study, i.e., 342 days for R1, 343 
days for R2, 380 days for B1 and 381 days for B2, we 
can approximate the average daily fine-root biomass 
accumulation and fine-root mortality by the values 
calculated by Eq. 2 and Eq. 4, respectively. 
　Let MDRn be missing dead roots for n days, i.e., 
amount of decomposition to the mortality for n days, 
which can be calculated by the following Equation.

　　　　　　MDRn=nm-m∫ 0

n
 rndn=m(n- ) (5)

　Thus, annual missing dead roots (MDR365) are 
calculated by substituting 365 for n in Eq. 5.
　Table 5 shows the dai ly f ine-root biomass 
accumulation (b), daily mortality (m), daily fine-root 
production (p), annual fine-root production (P365) and 
annual missing dead roots to the annual production 
(MDR365) for each site. 
　The daily fine-root biomass accumulation and daily 
mortality for each site were calculated at 2.60 g m-2 0.5 
m-1 day-1 and 2.04 g m-2 0.5 m-1 day-1 for R1, 1.81 g m-2 
0.5 m-1 day-1 and 2.73 g m-2 0.5 m-1 day-1 for R2, 1.25 
g m-2 0.5 m-1 day-1 and 1.90 g m-2 0.5 m-1 day-1 for B1 
and 0.45 g m-2 0.5 m-1 day-1 and 2.19 g m-2 0.5 m-1 day-1 
for B2 by Eq. 2 and Eq. 4, respectively. The annual 
fine-root production and annual missing dead roots 
for each site were calculated at 1691 g m-2 0.5 m-1 
year-1 and 182 g m-2 0.5 m-1 year-1 for R1, 1658 g m-2 
0.5 m-1 year-1 and 239 g m-2 0.5 m-1 year-1 for R2, 1150 
g m-2 0.5 m-1 year-1 and 189 g m-2 0.5 m-1 year-1 for B1, 
and 962 g m-2 0.5 m-1 year-1 and 172 g m-2 0.5 m-1 
year-1 for B2 by Eq. 1 and Eq. 5, respectively.
  Osawa and Aizawa (2012) proposed a calculation 
procedure to estimate fine-root production considering 
the decomposition processes of dead f ine roots 

between two time points using the data obtained by 
ingrowth core and litterbag experiments. However, 
as their procedure was based on the assumption that 
the periods of both experiments were equivalent, the 
equation to estimate the dead-root decomposition 
(Eq. 4 of Osawa and Aizawa, 2012) was not directly 
applied to the case of different experimental periods, 
as in this study, without correcting the decomposition 
rate. Moreover, as the equation was for the estimation 
of dead-root decomposition not only for the dead-root 
mortality between the two time points but also for the 
necromass at the first collection of ingrowth core, it is 
impossible to use the equation to calculate the annual 
decomposition to the annual dead-root mortality, 
which is an essential value to estimate the annual fine-
root production. Osawa and Aizawa (2012) calculated 
the daily decomposition by simply dividing the value 
obtained from their Eq. 4 by experimental days, 
which was obviously incorrect because decomposition 
processes progress exponentially. Based on these 
issues, we conclude that their method did not lead to 
an estimate of annual fine-root production.
 
Appropriate period for the f irst collection of 
ingrowth core
　Observed values of the accumulated fine roots, 
including necromass, for the first collection, i.e., 611 
g m-2 0.5 m-1 372 days-1 for R1, 830 g m-2 0.5 m-1 371 
days-1 for R2, 811 g m-2 0.5 m-1 341 days-1 for B1 and 
598 g m-2 0.5 m-1 340 days-1 for B2, were lower than the 
theoretical values calculated by subtracting MDRn 

from Pn, i.e., 1536 g m-2 0.5 m-1 372 days-1 for R1, 
1439 g m-2 0.5 m-1 371 days-1 for R2, 907 g m-2 0.5 
m-1 341 days-1 for B1 and 745 g m-2 0.5 m-1 340 days-1 
for B2, which suggest that the observed values were 
underestimated and that it takes a certain period for 
the fine roots to penetrate into the ingrowth core at a 
constant rate. The difference between the observed 
value and the theoretical value was obviously larger in 
R. stylosa than in B. gymnorrhiza. The reason for this 
result is possibly related to the high proportion of very 
fine roots for R. stylosa (Table 2). Since the very fine 
roots are the most terminal of the root system, their 
breakout may occur after the invasion of the source 
roots. The underestimated value for each site, which 
was estimated by the combination of Eqs. 1 and 5, 
corresponded to the live- and dead-root accumulation 
of 215 days for R1, 114 days for R2, 31 days for B1 and 
58 days for B2. The first collection of ingrowth cores 
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must be conducted after enough time has passed the 
number of days mentioned above.

Differences between the two species and the effect 
of the tidal environment
　The calculated results for fine-root production (Table 
5) show that the fine-root productivity of R. stylosa 
was visibly greater than that of B. gymnorrhiza, while 
there was little difference between the two species in 
terms of missing dead roots, though the differences 
could not be tested statistically because the values 
were calculated using the mean values obtained by 
the ingrowth core and litterbag methods. On the 
other hand, the very fine-root biomass of R. stylosa 
was significantly greater than that of B. gymnorrhiza 
in both the first and second collections except in R2 
vs B1, although a larger trend occurred in R2 than 
B1 for the first collection (Table 3). Mangrove peat 
on Iriomote Island is distributed in the R. stylosa 
forest only (Fujimoto and Ohnuki, 1995). The 
greater productivity of the fine roots of R. stylosa, 
especially very fine roots, possibly contributes to the 
accumulation of mangrove peat.
　Between the sites for the same species, there was 
little difference in the fine-root production for R. 
stylosa, while fine-root production was greater at the 
site located in the lower elevation zone (B1) than at 
the site located in the higher elevation zone (B2) for 
B. gymnorrhiza (Table 4). The very fine-root biomass 
of B1 was significantly greater than that of B2 for the 
second collection (Table 3). These trends suggest that 
the submergence rate by tide possibly affects fine-root 
production for B. gymnorrhiza, especially for very 
fine roots. On the other hand, the common trends, i.e., 
the greater daily fine-root biomass accumulation in 
the lower elevation zone and the higher daily mortality 
in the higher elevation zone, were found for both 
species (Table 5). The trends suggest that the fine-

root turnover time is possibly shorter in the higher 
elevation zone, i.e., the lower submergence rate zone, 
than in the lower elevation zone.
　The significantly larger value of the residual ratio 
of root litter in B2 than in B1 suggests that the root 
decomposition rate of B. gymnorrhiza is possibly 
slower under the low submergence rate condition. 
General ly,  a low submergence rate condit ion 
accelerates the decomposition rate because of the 
aerobic environment. The opposite result between B1 
and B2 suggests that some local conditions, such as 
the particle size composition of sediments and soil 
temperature, possibly affect the decomposition rate.

Evaluat ion of previous studies on f ine-root 
production 
　Castañeda-Moya et al. (2011) compiled existing 
data on the fine-root productivity of mangroves, most 
of which were obtained by the ingrowth core method 
except for one study (Lovelock, 2008) calculated by 
using the indirect mass balance approach. The values 
obtained by the ingrowth core method ranged from 43 
g m-2 year-1 (depth: 30 cm, species: Rhizophora mangle 
scrub, place: Belize, source: Mckee et al., 2007) to 750 
g m-2 year-1 (depth: 30 cm, species: Sonneratia alba, 
place: Kosrae Island, Micronesia, source: Gleason and 
Ewel, 2002).
　In addition, Adam et al (2014) reported values 
of 40 g m-2 year-1 for tall trees (8 to 13 m height) 
of Laguncularia racemosa and R. mangle mixed 
forest, 95 g m-2 year-1 for medium sized trees (5 to 
8 m height) of R. mangle and Avicennia germinans 
mixed forest and 146 g m-2 year-1 for smaller (< 5 m 
height) R. mangle and A. germinans mixed forest 
(depth: 35 cm, place: the northwestern coast of the 
Yucatan Peninsula, Mexico), and Cormier et al. (2015) 
reported values between 46 and 119 g m-2 year-1 

(depth: 45 cm, species: mixed forest consisting of S. 

Table 5 Estimation of probable fine-root productivity and missing dead roots.Table 5 Estimation of probable fine-root productivity and missing dead roots.

R1 R2 B1 B2

Daily fine-root biomass accumulation: b  (g m-2 0.5 m-1 day-1) 2.60 1.81 1.25 0.45

Daily fine-root mortality: m (g m-2 0.5 m-1 day-1) 2.04 2.73 1.90 2.19

Daily fine-root production: p  (g m-2 0.5 m-1 day-1) 4.64 4.54 3.15 2.64

Annual fine-root production: P 365 (g m-2 0.5 m-1 year-1) 1691 1658 1150 962

Missing dead roots to annual production: MSD 365 (g m-2 0.5 m-1 year-1) 182 239 189 172
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alba, B. gymnorrhiza and R. apiculata, place: Kosrae 
and Pohnpei Islands, Micronesia). Poungparn et al. 
(2016) estimated 340 g m-2 year-1 for the Avicennia 
alba zone, 408 g m-2 year-1 for the R. apiculata zone 
and 344 g m-2 year-1 for the Xylocarpus granatum 
zone calculated by the decision-matrix method (depth: 
30 cm, place: Trat, eastern Thailand). Noguchi et al. 
(2020) reported values of 450 g m−2 year−1 for A. alba 
and 740 g m−2 year−1 for R. apiculata (depth: 40 cm, 
place: Ranong, southern Thailand).
　Previous studies have not estimated missing dead 
roots. Namely, these values were underestimated as 
fine-root productivity. Most estimated values in the 
previous studies were obviously lower than the values 
obtained in our study, despite the values obtained in 
the tropics.
　On the other hand, in comparison to our study, 
Xiong et al. (2017) estimated greater f ine-root 
productivity with the decision-matrix method using 
the data obtained by the sequential soil core method 
at 3011 g m-2 year-1 for a riverine Ceriops tagal forest, 
1056 g m-2 year-1 for a seashore C. tagal forest, 2064 
g m-2 year-1 for a Bruguiera sexangula forest, 1873 
g m-2 year-1 for an R. stylosa forest and 576 g m-2 
year-1 for an Avicennia marina forest (depth: 1 
m, place: Hainan Island, China) and found that 
approximately 90 % of f ine-root biomass was 
distributed up to 60 cm in depth. It is notable that they 
obtained a slightly larger value than our estimation 
for R. stylosa from a climatic environment similar to 
Iriomote Island, although the decision-matrix method 
usually produces underestimations. 

Conclusion

　Previous studies using the ingrowth core method 
to estimate fine-root productivity have not considered 
missing dead roots resulting from decomposition 
processes, so the est imated values have been 
underestimated. This study succeeded in estimating 
probable fine-root productivity, including missing 
dead roots resulting from decomposition processes by 
combining ingrowth core experiments for two years 
with a litter bag experiment for one year.   
　The probable f ine-root product ivit ies were 
calculated at 1691 g m-2 0.5 m-1 year-1 for R. stylosa 
located at the seaward forest margin (elevation: +4 
cm, submergence rate in time: 46 %), 1658 g m-2 0.5 
m-1 year-1 for interior R. stylosa (+30 cm, 24 %), 1150 

g m-2 0.5 m-1 year-1 for seashore B. gymnorrhiza (+22 
cm, 30 %) and 962 g m-2 0.5 m-1 year-1 for interior B. 
gymnorrhiza (+43 cm, 14 %), of which missing dead 
roots were estimated at 182 g m-2 0.5 m-1 year-1, 239 
g m-2 0.5 m-1 year-1, 189 g m-2 0.5 m-1 year-1 and 172 g 
m-2 0.5 m-1 year-1, respectively. Namely, the fine-root 
productivity was obviously greater for R. stylosa than 
for B. gymnorrhiza, while there was little difference 
in the missing dead-root values, although the value at 
the site with a lower submergence rate for R. stylosa 
was relatively large. The greater productivity in the 
fine roots for R. stylosa, especially very fine roots, 
potentially explains why mangrove peat is distributed 
in Rhizophora forests only. 
　The common trends for both species, i.e., greater 
fine-root biomass accumulation in the lower elevation 
zone and greater mortality in the higher elevation 
zone, suggest shorter turnover time in the lower 
submergence rate zone than in the higher submergence 
rate zone.
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令和2年度　日本マングローブ学会　総会報告

　本年度は COVID-19 の影響により年次大会をオンラインで開催せざるを得なかったことから，大
会での総会は開催しなかった。しかし，学会誌のオンライン化に関する案件を総会で問う必要があ
ると役員会が判断しため，これに関する議案のみを採決するためのオンライン総会を開催した。下
記文章を会員にメイルにて 2021 年 2 月 18 日に送付した後，同年 2 月 28 日まで会員からの回答を待っ
た。その結果，学会誌のオンライン化を賛成多数で可決した。

日本マングローブ学会会員の皆様

皆様方にはコロナ禍のなかではありますが，ご健勝，ご活躍のことと拝察申し上げます。
このたびは，オンライン総会として 1 件お諮りしたく，ご連絡差し上げました。
下記 1 件の議題をご覧頂き，これに対する可否のご回答ならびにご意見を，今月末の 2 月 28 日（日）
までに頂戴したいと存じます。
なお，返信なき場合は可（賛同）と解させて頂きますので，予めご了解くださいますようお願いい
たします。

議題：本学会の学会誌「Mangrove Science」のオンライン版発行のみへの移行について
背景・事由：従来の冊子版発行は学会の財政的負担が大きく，継続的な学会誌発行にはオンライン
版への移行による経費軽減が避けられないため
時期：次号の発刊よりオンライン版のみとする

日本マングローブ学会会長
馬場繁幸

（メール文）
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2020（令和２）年度
第 26回日本マングローブ学会大会プログラム（オンライン）

令和 2 年 12月12日（土）開催

9：30　Zoom 参加開始 要旨
集頁一般口頭発表（発表 15 分間，質疑応答 4 分間）

10：00 環境 DNA メタバーコーディングを用いたマングローブ生態系の全球的解析
○梶田　忠（　琉大） 1

10：20 Diversity and distribution of fish in east coastal of North Sumatra and Aceh, 
Indonesia
〇 Desrita, Mohammad Basyuni, Ipanna Enggar Susetya, Arida Susilowati（Sumatera 
Utara 大）, Tadashi Kajita（琉大）

2

10：40 Erosion resistance of the established seedlings of Avicennia alba  and Avicennia 
marina
○ Yuntha Bimantara（Sumatera Utara 大・琉大）, Mohammad Basyuni（Sumatera 
Utara 大）, Tadashi Kajita（琉大）

3

11：00 Macrozoobenthos diversity as a marker of am（Sumatera Utara 大）ong key indicators 
for mangrove restoration success in mangroves of North Sumatra and Aceh, Indonesia
○ Mohammad Basyuni, Yuntha Bimantara（Sumatera Utara 大）, Nguyen Thi Kim Cuc

（Thuy Loi 大）, Alejandra G Vovides（Glasgow 大）

4

11：20 Contribution of roots and above ground components of Kandelia obovata  and 
Rhizophora stylosa  communities to net primary productions in Manko Wetland, 
Okinawa, Japan
○ A.T.M. Zinnatul Bassar（Begum Rokeya 大・京大）, Naoki Okada（京大）, Masako 
Dannoura（京大）, MD. Kamruzzaman（Khulna 大・京大）, Holger Schäfer（京大）

5

11：40 ゲノムデータを用いたホウガンヒルギの遺伝的多様性と自然選択の検出
〇 Ryosuke Imai（TBRC Univ. Ryukyus），Yoshiaki Tsuda（MSC Univ. Tsukuba），
Takashi Yamamoto（Tama Univ. Hijirigaoka High & Junior High School）, Yuki 
Tomizawa（Grad. Sch. Sci., Chiba Univ.），Mohd N. Saleh（Faculty of Forestry, Univ. 
Putra Malaysia），Alison K. S. Wee（Col. Forestry, Guangxi Univ.）,　Koji Takayama

（Grad. Sch. Sci., Kyoto Univ.），Orlex B. Yllano（Col. Sci. Tech., Adventist Univ. 
Philippines），Severino G. Salmo Iii（Inst. Biol., Univ. of the Philippines - Diliman），
Sarawood Sungkaew（Faculty of Forestry, Kasetsart Univ），Bayu Adjie（Bali 
Botanical Garden, Indonesian Inst. Sci.），Erwin Ardli（Faculty of Biol, Jenderal 
Soedirman Univ.），Monica Suleiman（ITBC. Univ., Malaysia Sabah），Nguyen 
X. Tung（MERC, Hanoi Nat. Univ. of Edu.），Khin K. Soe（Dept. Botany, Univ. 
of Yangon），Kathiresan Kandasamy（CAS in Marine Biol, Annamalai Univ.），
Takeshi Asakawa（Grad. Sch. Sci., Chiba Univ.），Yasuyuki Watano（Grad. Sch. Sci., 
Chiba Univ.），Shigeyuki Baba（TBRC, Univ. Ryukyus），Tadashi Kajita（TBRC, 
Univ. Ryukyus）

6
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中学生・高校生によるマングローブに関する研究発表となんでも相談
発表 15 分間（コメント，質疑応答含む）
13：00 主旨説明　コンビーナー：馬場繁幸（ISME）
13：05 マングローブ散布体の分布・初期成長特性

〇橋本紗英・〇横山瑛美（山脇学園高等学校 1 年） 7

13：20 家でマングローブの胎生種子を育てる
○井上沙耶・○池渕早紀・○鈴木麻奈（山脇学園中学校 3 年） 8

13：35 マングローブの耐塩性
〇國枝穂萌美（山脇学園中学校 3 年） 9

13：50 身近な野菜の耐塩性
〇福嶋くるみ（山脇学園中学校 3 年） 10

14：05 モーリシャス重油流出事故について考える　　　　　　　　　　　　
〇長田真歩・〇野溝彩乃（山脇学園中学校 3 年） 11

14：20 「何でも相談」に関する回答・質疑等（約 20 分間）
一般口頭発表（発表 15 分間，質疑応答 4 分間）
15：00 2020 年 7 月にモーリシャス沿岸で発生した日本船座礁事故と油流出事故

がもたらすマングローブ林への影響とその対応
○宮城豊彦（東北学院大），阪口法明（JICA）、堀野上貴章（環境省）

12

15：20 ミクロネシア連邦ポンペイ島におけるUAV 画像および高解像度衛星データを用いたマン
グローブ群落区分図の作成と海面上昇に伴う表層侵食評価
○矢口岳樹（南山大・学生）・藤本　潔（南山大）・平田泰雅（森林総研）・渡辺　信（琉
球大・熱研）・羽佐田紘大（法政大）・小野賢二（森林総研・東北）・谷口真吾（琉球大）・
古川恵太（海辺研）・Saimon Lihpai （Pohnpei State Government）

13

15：40 地域住民のための「マングローブ研修センター」―その設立に向けて―
○向後元彦、向後紀代美（マングローブ植林行動計画） 14

16：00　閉会
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日本マングローブ学会会則

第１章　総則
　（名称）
第１条　本会は日本マングローブ学会
　（Japan Society for Mangroves）と称する。
　（事務局）
第２条　本会の事務局は下記におく。
　〒 156-8502  東京都世田谷区桜丘 1-1-1
　東京農業大学地域環境科学部森林総合科学科林産化学
　研究室内

第２章　目的および事業
　（目的）
第３条　本会はマングローブに関する学理について、研究発表、
　 知識の交換、情報の提供を行う場となることにより、マングロー

ブに関する研究の普及を図り、わが国の学術と関連産業の発
展に寄与することを目的とする。

　（事業）
第４条　本会は、前条の目的を達成するために次の事業を行う。
　（1）　年次大会の開催
　（2）　会誌「Mangrove Science」の発行
　（3）　その他本会の目的を達成するために必要な事業

第３章　会員の種別および年会費
　（種別）
第５条　本会の会員種別は次のとおりとする。
　（1）　 正会員（一般会員と称する。）　本会の目的に賛同して入

会した個人
　（2）　 学生会員　本会の目的に賛同して入会した院生、学生の

身分を有する個人
　（3）　 賛助会員　本会の目的に賛同して入会し、規定の賛助

会費を納めた団体または個人
　（入会）
　２． 本会に入会しようとする者は、所定の入会申込書に必要

事項を記入し会長に申し込む。
　３．会員が退会しようとする時は、退会届け会長に提出する。
　（年会費）
第６条　本会の年会費は次のとおりとする。
　（1）　正会員　5,000 円
　（2）　学生会員　3,000 円
　（3）　賛助会員　1 口 10,000 円以上
　（4）　年会費の改定は総会の決議による。
２．納入した年会費はいかなる理由があっても返却しない。

第４章　役員等
　（役員等）
第７条　本会には次の役員をおく。
　（1）　会長　1 名
　（2）　副会長　3 名以内
　（3）　理事　20 名以内
　（4）　監事
　（5）　顧問
２．役員は総会で選出する。
３． 役員は、会長の指示に従い、本会の事業が円滑に行われる

ように審議する。会計、総務、庶務および編集を担当する
責任者を定める。

４．役員の任期は 4 月1 日よりの 2 年間とし再任は妨げない。

第５章　会議
　（会議）
第８条　本会に総会、役員会、編集委員会をおく。
　（総会）
第 ９条　総会は正会員、学生会員によって構成し、年 1 回会長

が招集する。なお、必要に応じて、臨時総会を開催する。
２． 総会の議長は会長とし、総会の議事は出席会員の過半数で

決する。
３．総会は次の事項を決議する。
　（1）　事業計画および収支予算
　（2）　事業報告および収支決算
　（3）　役員の改選
　（4）　会則の変更
　（5）　その他、会長、役員会が必要と認めた事項
　（役員会）
第１０条　役員会は役員によって構成し、会長が招集する。
２．役員会は次の事項を審議する。
　（1）　総会に提案する事項
　（2）　年次大会の実行・運営に関する事項
　（3）　会誌「Mangrove Science」の発行に関する事項
　（4）　その他、会長が必要と認めた事項
３． 役員会の決議は、決議について特別の利害関係を有する役

員と顧問を除く役員の過半数が出席し、その過半数をもっ
て行う。

４． 役員が役員会の審議事項について提案した場合において、
その提案について審議に加わることのできる役員の全員が、
書面又は電磁的方法により同意の意思表示をしたときは、
その提案を可決する旨の委員会の決議があったものとみなす
ものとする。

　　（Mangrove Science 編集委員会）
第１１条　本会に会誌「Mangrove Science」編集委員会をおく。
２．委員は編集委員長の推薦により、会長が委嘱する。
３．編集委員会は投稿原稿の審査、編集、発行を担当する。
４．Mangrove Science の投稿規定、執筆要領は別に定める。

第６章　会計
　（会計）
第 １２条　本会の収支決算は会計年度終了後すみやかに監査を

受け、役員会の審議を経て、総会の承認を受けなければなら
ない。

第 １３条　本会の会計年度は毎年 4 月 1 日に始まり、翌年の 3
月 31 日に終わるものとする。

第７章　その他
第１ ４条　年次大会、総会、編集委員会、会計等に関する細則

は別にそれを定める。

付則
　1）平成元年 12 月、日本マングローブ協会会則として制定。
　2） 平成 6 年から、日本マングローブ協会学術部会は日本マン

グローブ学会と称する。
　3）平成 23 年 11 月 5 日改正。
　4）2019 年 4 月1 日から、一部改正施行。
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ＭＡＮＧＲＯＶＥ　ＳＣＩＥＮＣＥ　投稿規程

執　筆　要　領

　本学会誌に掲載する論文の種類は，原著論文，総説論文，
短報，資料とする．
1． 正会員は本学会誌へ投稿できる . 著者複数の場合は少なくと

もその内の一人が正会員でなければならない . 但し，編集委
員会が依頼した場合はこの限りではない．

2． 原著論文は和文または英文で書かれたオリジナルとし，別に
定める執筆要領に従って作成されたものとする．

3． 総説論文は，編集委員会がテーマや分野を定め，これの執
筆者を選定し依頼したもの，または会員が総説論文として投
稿し，編集委員会が認めたものとする．

4． 短報は原著論文に準じ，内容が編集委員会において短報と
判定されたもので，刷り上がりは 5 ページを超えないものとす
る． 

5． 原稿は pdf ファイルとし，e-mail で添付書類として提出する． 
6． 原稿の採否は編集委員会が決定する．受け付けられた原稿

のうち，原著論文，短報については，編集委員会が選定し
た複数の専門家に校閲を依頼する．その結果，内容，体裁
に問題ありと判断された場合は，その旨を著者に伝えて修正

1．論文原稿は和文または英文とし，次の順序で記述する .
　 和 文の場合 : (1) 表題，(2) 英文表題，(3) 著者名，(4) ローマ

字著者名，(5) 所属，(6) 英文アブストラクト，(7) Key Word（ア
ルファベット順に 5 語以内），(8) 本文，(9) 文献 .

　 英 文の場合：(1) 表題，(2) 著者名，(3) 所属，(4) 英文アブス
トラクト，(5) Key Word ( アルファベット順に 5 語以内 )，(6) 
本文，(7) 文献 .

2． 和文原稿の場合は MS 明朝 10.5 ポイント，英文原稿の場合
は Times New Roman10.5 ポイントを使用する．フォーマッ
トはとくに指定しないが，1 段組み，40 字，36 行を目安に作
成する．

3． 論文中に引用した文献はすべて記載するものとし，文献の書
式は下記の例に習い，配列は著者のアルファベット順とする．
Web サイトの場合も下記の例にならい，そのアドレスと引用
の日付も記載する．

＜例＞
藤 本潔・宮城豊彦 (2016)：マングローブ林の植生配列と微地形

との関係およびその応用可能性．藤本潔・宮城豊彦・西城潔・
竹内裕希子編著『微地形学－人と自然をつなぐ鍵－』80-104，
古今書院．

H ong, P. N. (2004): Effects of mangrove restoration and 
conservation on the biodiversity and environment in Can 
Gio District. In Vannuchi, M. (ed.) Mangrove management 
& conservat ion : present & future . United Nat ions 
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