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ABSTRACT

The differences in mangrove forest structure, dénand the linear relationship between
climate and mangrove forest structure on the nomtleeast of Vietnam were analyzed using
mangrove forest data measured in 28 sample plasgRui-8, Xuan Thuy National Park-12
and Lach Sung-8) and climate data collected atmtb&orological stations near the study sites
(Dong Rui-Tien Yen station, Xuan Thuy National R&f&n Ly station and Lach Sung-Thanh
Hoa station) in the period of 1994 - 2012. Resshitswed that the differences in mangrove forest
structure (stem diameter, biomass and basal anebglemate (temperature and rainfall) among
study sites were significant (p < 0.05). Stem diemeree height, basal area and biomass had
positive linear relationship with annual averageferature and January average temperature,
and negative linear relationship with annual rdinfa consistently low regression coefficient of
less than 0.66 was found among the variables. Heweall the regression models were
statistically significant (p < 0.05). The resultsutd be used to develop multiple linear regression
models to predict the change of mangrove ecosystems

Keywords: climate, mangroves, northern coast of Vietnam.

1. INTRODUCTION

Northern coast of Vietham stretches across theipres of Quang Ninh, Hai Phong, Thai
Binh, Nam Dinh, Ninh Binh and Thanh Hoa, and isidid, according to the distribution and
characteristics of mangrove ecosystems, into tweegol) North-east coast from Ngoc cape to
Do Son cape; Il) Northern delta from Do Son capeL&awh Truong estuary. Due to the
differences in topography, climate and hydrologgplegical characteristics of mangrove
ecosystem in these zones are also different [1, 2].

Mangrove ecosystem on the northern coast of Vietplys important roles in economic
development and environmental protection. Mangex@system supports a veriety of economic
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activities, such as firewood, charcoal, shrimpbsra&tc. collection. Mangrove ecosystem stabilizes
coastlines, promote coastal accretion and providataral barrier against storms and tidal bores.
In addition, mangrove forest is a carbon sink aadating atmospheric CO contributing to
reduction of greenhouse gas emission [1, 2, 3,8, 5

According to Ministry of Natural Resources and Eamiment (2012) [7], Vietham will be
one of the countries most affected by climate ckafdne change in temperature, rainfall will
impact directly to the structure, growth and depeient of coastal ecosystems, including
mangrove forests [2, 5]. Therefore, studying andiefiag the relationship between mangrove
structure, growth of mangrove forest and climate egsential and could be used to predict the
variation of mangrove ecosystems in the contextiofate change.

In this paper, we present the initial results ofigton the relationship between climate and
mangrove forest structure (tree height, stem diamegt 0.3 m height, basal area and biomass)
conditions (temperature and rainfall) on northesast of Vietnam.

2. MATERIALSAND METHODS
2.1. Study site

Three study sites, which have specific mangroveystems, high biodiversity and the least
affected by human, were selected to establish sampits for measuring the structural
characteristics of the vegetation and climate. §éiected sites are: 1) Dong Rui (Tien Yen, Quang
Ninh), 2) Xuan Thuy national park (Giao Thuy, Narmi) and 3) Lach Sung esturary (Thanh
Hoa) (Figure 1).

% Ha Noi
@ Study sites

Figure 1. Location of study sites.
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2.2. Data collection
2.2.1. Mangrove forest structure

Mangrove forest structure (tree height, diamet€.&im height, basal area, and biomass) were
measured in the 10 x 10 m sample plots establisitbe study sites. In 3 study sites, we estaldishe
28 sample plots (8 in Dong Rui, 12 in Xuan Thuyaret park and 8 in Lach Sung estuary). In each
sample plot, species name, tree height, diametér3ain height of all trees were measured and
recorded. We measured the data on mangrove fdrestuse in Dong Rui on 5-8 April 2014, in
Xuan Thuy on 1-4 May 2014 and in Hau Loc on 5-7 N@¢4. The sample plots were established
by the method of Nguyen Nghia Thin (2008) [8].

Tree height was measured directly by a pole (0.4cale). Stem circumference at 0.3 m
height was measured by measuring tape and therededvinto stem diameter. Tree height and
stem diameter for each sample plot were calculbtetbtal tree height, stem diameter of all
trees dividing the total number of trees in the ganplot. The tree height and stem diameter for
a study site were average tree height and stemetisnof all sample plots measured in that
study site.

Basal area (ffha) for each sample plot was calculated by thal tbss section area of all
trees in the sample plot dividing the area of tiee plot. Basal area for a study site was average
basal area of all sample plots measured in thdy tite.

The common biomass equatiBre 0.25pD**°[9] was used to calculate the biomass of each
tree in the sample plots, in whighis biomass (kg)D is stem diameter (cm) apd= 0.752 (g/cr)
is the wood density [3]. Biomass (tons/ha) of esample plot was calculated by the total biomass
of all trees in the sample plot dividing sampletgoea. Biomass of a study site was average
biomass of all sample plots measured in that s$itdy

2.2.2. Climate condition

Phan Nguyen Hong (1991), Nguyen Hoang Tri (1999 &hasco (1996) [1, 5, 10]
documented that the changes in temperature anthlfagme factors limiting the growth and
development of mangroves. Therefore this study we@sducted to specify the relationship
between those climate conditions and mangrove tfetescture. Climate data, including annual
average temperature, annual average rainfall aedage temperature of the coldest month
(January), of each study site were calculated fnoomthly temperature, rainfall collected from
Hydrometeorological Data Center (Ministry of Nafuf@esources and Environment). The
climate data was recorded at the meteorologictibstaear the study site in the period of 1994 -
2012 (Dong Rui - Tien Yen station; Xuan Thuy nasibpark - Van Ly station and Lach Sung -
Thanh Hoa). The average temperature of the coldesth was also considered because low
temperature is a limiting factor affecting growthidadevelopment of mangroves thus affecting
their structure, species composition and distrdsufR, 5, 10].

2.3. Statistical analysis

Climate data and mangrove forest data were desicopesing statistical software SPSS 11.5
and Microsoft Excel 2007. The description of theibdeatures of the data is presented in Table 1.
One-way analysis of variance (one-way ANOVA) wasduso assess differences in mangrove
forest structure and climate at different studgssiiThe ordinary least square method was used to
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construct the regression models, i.e. to deterthiegparametersg, b for the equatiory = ax + b,
when x is independent variable (annual average temperaflanuary average temperature or
annual average rainfall) apds dependent variable (tree height, biomass, laaealor diameter at

0.3 m height). The corellation coefficient’jRand Fisher test (F-test) were used to evaluate th
goodness of fit on data [11, 12].

Table 1. Descriptive statistics: variables measured déediht study sites.

95% confidence
intervals
Variables Study sites N Mean Std. | Std.
Dev. | Ermr. | Lower Upper
limit limit
Dong Rui 19| 229 0.5 0.1 22.7 23.1
Annual average ™ o[ 10| 237 | 06| 04 234 24.0
temperature”C)
LachSung | 120 244 0.5 0.1 24.0 24.7
Dong Rui 19 15.3 1.3 0.3 14.7 15.9
January average [ o iThoy | 19| 164 | 14| 03 158 17.1
temperature’C)
LachSung | 121 16.8 1.3 0.4 16.0 17.7
Dong Rui 19| 2351 404 93 2156 2546
Annual average Xuan Thuy | 18| 1612| 249 59 1489 1736
rainfall (mm)
Lach Sung | 12 1751 259 75 1586 1915
_ Dong Rui 8 2.9 1.0 0.4 2.1 3.8
Diameter at0.3m s, o Thay | 12| 31 | 09| 03 26 3.7
height (cm)
Lach Sung 8 4.3 1.2 0.4 3.4 5.3
Dong Rui 8 2.5 0.7 0.2 1.9 3.1
Tree height (m) Xuan Thuy | 12 3.6 1.7 0.5 2.5 4.7
Lach Sung 8 3.0 0.4 0.1 2.7 3.3
Dong Rui 8 31.4 10§ 3.7 22.6 40.2
Biomass (ton/ha) Xuan Thuy | 12 44.9 12.4 3.6 36.9 52.9
Lach Sung 8 107.2| 547 193 61.5 152.9
Dong Rui 8 7.0 1.8 0.6 5.4 8.5
Basal area (ftha) Xuan Thuy | 12 13.0 7.8 2.3 8.0 17.9
Lach Sung 8 21.3 10.1 3.6 12.9 29.8

3. RESULTS AND DISCUSSIONS

3.1. Climatical differences among study sites

Climatical differences among study sitesre assessed by using one-way ANOVA. The
results showed a significant difference in the ahraverage temperature, January average
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temperature and annual average rainfall among tindy sites (p < 0.01). However, the pair
comparisons (Table 2) showed that January aveemperatures and annual average rainfall in
Xuan Thuy national park were not significantly di#nt from January average temperatures and
annual average rainfall in Lach Sung estuary (p.050 That may be due to the distance
between Xuan Thuy national park and Lach Sung gs{a®out 50 km in north-south direction)

is much shorter than distance between Dong Ruiarzh Thuy national park (about 100 km in
north-south direction) (Figure 1), and Dong Ruidsated in Tien Yen Gulf and surrounded by
several small islands.

Table 2. Climatical differences among study sites.

Variables Study sites Differences Significant lefg!

bong Rui- Xuan Thuy -0.9 <0.01

Annual average

temperature’C) Xuan Thuy-Lach Sung -0.6 <0.01
Lach Sungbong Rui 15 <0.01
bong Rui- Xuan Thuy -1.1 <0.05

January average i )

temperature’C) Xuan Thuy-Lach Sung 0.4 0.404
Lach Sungbong Rui 15 <0.01
bong Rui- Xuan Thuy 738 <0.01

Annual average Xuan Thuy-Lach Sung -138 0.396

rainfall (mm)
Lach Sungbong Rui -600 <0.01

3.2. Forest structural differences among study sites

Table 3. Forest structural differences among study sites.

Variables Study sites Differences Significant lefg!
bong Rui- Xuan Thuy -0.2 0.660
Diameter at 0.3
m height (cm) Xuan Thuy-Lach Sung -1.2 <0.05
Lach Sungbong Rui 14 <0.05
bong Rui- Xuan Thuy -1.1 0.171
Tree height (m) Xuan Thuy-Lach Sung 0.6 0.588
Lach Sungpong Rui 0.5 0.232
Biomass bong Rui- Xuan Thuy -13.5 <0.05
(ton/ha) Xuan Thuy-Lach Sung -62.4 <0.05
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Variables Study sites Differences Significant lefg!
Lach Sungbong Rui 75.8 <0.05

bong Rui- Xuan Thuy -6.0 0.092

(Brﬁzs/ﬁ!)';\rea Xuan Thuy-Lach Sung -8.4 <0.05
Lach Sungbong Rui 14.4 <0.01

Statistical analysis (one-way ANOVA) showed thae ttlifferences in stem diameter,
biomass and basal area among study sites werdicagni(p < 0.05). Only the difference in tree
height was not significant (p > 0.05). The diffezes in mangrove forest structure may be due to
differences in climate, topography and geomorphglegc. among study sites [1, 2, 5]. In this
paper we studied the relationship between the diameter, tree height, biomass and basal area
and the climate.

The pair comparisons indicated that the differemcetem diameter, biomass and basal
area between Dong Rui and Lach Sung estuary, andée Xuan Thuy national park anddh
Sung estuary were also significant (p < 0.05) (&)l The differences in the mangrove forest
structure could be caused by the differences matic condition. However, other environmental
conditions such as soil, substrate and tidal,ceteld be other factors affecting the mangrove
forest structure [1, 2, 5].

3.3. Relationship betweem climate condition and mangrove forest structure
3.3.1. Relationship betweem mangrove forest structure and temperature

The relationships between the structural charatiesiof mangrove forest and temperature
are shown in Figure 2. Stem diameter, tree helgggal area and biomass had positive linear
relationship with annual average temperature andalg average temperature. Stem diameter,
tree height, basal area and biomass increase iflahanerage temperature and January average
temperature increase. Our result in this study ass consistent with the findings of Mendez-
Alonzo (2008), Pool (1977) and Novitzky (2010) [13, 15].

The goodness of fit of all the regression equatitmsneasured data was assessed by
considering regression coefficient JjRand F-test. A consistently low positive regressio
coefficient of less than 0.66 was found among thdables stem diameter, tree height, basal
area, biomass, annual average temperature andryaaverage temperature). The highest
regression coefficient was found between biomagssammual average temperaturé @R0.66)
and the lowest was found between tree high andadgraverage temperature?(R 0.35). The
rather low correlation coefficients found in thtady could be explained by the fact that we only
consider the temperature condition, while otherirerwnental factors such as soil, substrate,
tidal, etc. could also affect mangrove forest [15R Although the correlation coefficients of the
regression equations were low, the F-test resudived that all models were statistically
significant at the p-value of 0.05. It means tihat tnodels fit measured data well.
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Figure 2. Relationship betweem mangrove forest structudetamperature on northern coast of Vietnam.
3.3.2. Relationship betweem mangrove forest structure and rainfall

The relationships between the structural charatitesiof mangrove forest and annual average
rainfall are shown in Figure 3. Unlike relationshijth temperature, stem diameter, tree height,|basa
area and biomass had negative linear relationstipamnual average rainfall. Stem diameter, tree
height, basal area and biomass decrease if anvarabge rainfall increases.

A consistently low regression coefficient was adisand among variables stem diameter,
tree height, basal area and biomass, and annuahgeveainfall. The highest regression
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coefficient was found between basal area and araweahge rainfall (R= 0.59) and the lowest

was found between biomass and annual average ItgiRfa= 0.29). These low correlation

coefficients could be also explained by the faeit tiwe only consider the rainfall condition,
while other environmental factors such as soil,stalbe, tidal ... could also affect mangrove
forest [1, 2, 5]. Moreover, the F-test result aledicated that all models were statistically
significant at the p-value of 0.05.
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Figure 3. Relationship betweem mangrove forest structuderaimfall on northern coast of Vietnam.

The results of both relationship between mangrarest structure and temperature, and
relationship betweem mangrove forest structurerairdall could countribute to construction of
multiple linear regression models of temperatuainfall and other factors for predicting the
change of mangrove ecosystems.

4. CONCLUSION

The differences in mangrove forest structure (stBameter. biomass and basal area),
climate condition (temperature and rainfall) amstgdy sites were significant (p < 0.05). Stem
diameter, tree height, basal area and biomassdmtive linear relationship with annual average
temperature and January average temperature, agativee linear relationship with annual
rainfall.

The study results also indicated that there weveak but significant relationship between stem
diameter and annual average temperatufe=(®46, p < 0.05); stem diameter and January geera
temperature (R= 0.39, p < 0.05); stem diameter and annual aeeragfall (R = 0.37, p < 0.05);
tree height and annual average temperatufes (®37, p < 0.05); tree height and January average
temperature (R= 0.35, p < 0.05); tree height and annual averaigéall (RZ = 0.55, p < 0.05); basal
area and annual average temperature F0.61, p < 0.01); basal area and January average
temperature (R= 0.56, p < 0.01); basal area and annual avewigéalt (R = 0.59, p < 0.05);
biomass and annual average temperatufe=(R.66, p < 0.01); biomass and January average
temperature (R= 0.56, p < 0.01); biomass and annual averag&algiR? = 0.29, p < 0.05).
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