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The Influence of Opening on the Gradient and
Air Temperature Edge Effects in Mangrove
Forests

Christophil S. Medellu, Soemarno, Marsoedi, andr&id Berhimpon

Abstract—This research aimed to analyze the influence of éh
opening or open space to daily changes and spatiadriation of air
temperature in mangrove forests. The research wanducted on
two transect; one of them is in an area where therevas an open
space that is inundated when sea tide is low. Themaient
temperatures at both locations were compared basedn
guantitative parameters: maximum value, the differece of the
maximum air temperature of the periphery with the interior of
the forest, the edge gradient and the depth of thedge effects. The
results showed that the widely open gap caused tliecrease in
the difference of the forest interior-edge temperatre, the
reduction of the depth of the edge effects, and deasing of
gradient edge.

Index Terms— mangroves, temperature, edge gradient, edge
effects.

I. INTRODUCTION

Anumber of policies in the form of laws and regulas for
the management of mangrove forests has been asiadli
in many countries. In Indonesia, the standard raitef
mangrove forests destruction is published in thé 3& year
2009, article 21 verse 3d, paragraph 4. The Acttimes that
the standard criteria of environmental damage heedirect

environmental. An overhaul of the mangrove forestsses a
change in physical conditions that are detectety ¢arough

microsite climate change [1, 2]. Micro-climate cbes
potentially cause interference on the growth of gname

forest and its ecological function as a habitabimita [2-4].

Micro-climate is an early indicator of changes tie structure
of forest and bordering environment.

Researches on micro-climate mangrove forest arng rage
[5], whereas micro-climate research is needed imegsing
data for assessment reference or monitoring theitons of
mangrove forests [6]. Krauss al. [7] suggested that in the
future, researches to identify the threshold tempee and its
effects on the structure and ecological functionmaingrove
ecosystems are vitally important associated witlobagl
warming. Physically, daily micro-climate changetle forest
is the same to that of mangrove forests. Thereftine,
mangrove forest micro-climate research can be deeel
referring to micro-climate research in the forest.

Air temperature is one of the micro-climate varésbividely
studied [8-10]. The gradient and depth of edgecesfen the
air temperature are quantitative parameters thatwvédely
used by researchers to characterize the forestoroitnate
[11, 12]. Many micro climate forest researches dbed the
temperature gradient as the spatial variation ofemnperature

and/or indirect changes on the physical and chdmicdroughout the transect from the periphery into fheest

properties of the environment. Ideally, the staddariteria
should be quantitative, so it can be used as agdest for the
assessment and monitoring of changes in mangronestfo
conditions and the surrounding environment.

Micro-climate is an ecosystem characteristic wiieftects
the interior condition of the forest and its resp®ragainst
lighting and thermal energy change
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interior with steep-medium-slope category [13]. Oexive
information cannot be used as a reference to mamito
changes in the ecosystems conditions of the fofastl
mangroves forests). Many experts use the peripinésyior
gradient as a comparison between the differencesiofo-
climate periphery -interior forest with the distanfrom the

in the borderingdge to the measurement position in the forest(¢814, 15].

The periphery-interior gradient data illustrates thlationship
between the changes of micro-climate on the edde thie
depth of the influence of the environment into thierior of
the forest. The depth of the air temperature edfpete(and
other micro-climates) is a parameter that expl#iesdistance
from the edge into interior of the forest, whichstdl affected
by adjoining environment micro climate. A number roicro
climate researches in the forest set the deptheoétige effect
based on the measurements inside the forest, wherair
temperature becomes constant or equal between vibe t
adjoining positions. The determination of the tiept edge
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effects in this way requires a lot of measurementg inside

the forest. If the distance of the measurementtpdérfar apart
then data accuracy of edge effect depth will degratthile

mobile measurement from point to point will leadadarge

bias. The ambient temperature (and other microatkm
variables) changes fast throughout the day, sad#tia from

two different points can be the same or differehte to the
changes that occur during the interval time of nmoanet.

This study aimed to evaluate the influence of opgro
temporal and spatial changes of the temperatureaingrove
forest.

This research was carried out in two transects)marea of
a mangrove forest, ecotype fringe. The condition tiodé
ecosystem such as canopy blocking and height ofvtiwals is
identical in both transects, except for the gap phmasented in
one of the transects. The air temperature paramssed to
characterize and distinguish the two mangrove estesys was
the maximum and minimum temperatures,
temperature difference at the edge with that in fivest
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measurements were carried out by moving from oriat fto
the next points along the transects. The measutetines in
each point was one hour. The air temperature wassuned
using a four-in-one digital instrument that measufeur
variables simultaneously: air temperature, humjdisplar
lighting, and wind speed. The measurements were danng
the smallest tidal fluctuations (during the quantewon) and
bright atmosphere conditions, without rain and lewind
speed.

Stages of analysis and modeling were started fraabetimg
the temporal functionT{(t)) for each measurement point. Later
on data synchronization was done to eliminate tie a
temperature change biases during time intervaldasurement
relocation. The spatial modeling(k)) was done for every one
hour time interval. Temporal function modeling eoydd
Fourier series, according to the air temperaturaissiidal
changes. Modeling of spatial variation of air tenapere along

maximurthe transect (horizontal direction) employed an omemtial

function model according to the nature of thermiflusion

interior, edge gradient, and the depth of edgectffeThe and spatial thermal energy changes from the botdlehe
determination of these parameters was carried othe basis forest interior). The spatial function was constedc from
of mathematical procedures, starting from tempana spatial three measurement data at positions 0, 1, and then, was
modeling of air temperature. We developed a metbbd controlled (computer iterations) using measurendaté from
determining the edge temperature gradient of mamgropositions 4, 8, and 16 m. Data from position 32ront the

forests. The edge temperature gradient is a gradin
temperature at the edge of the mangrove, whictcates the
difference in the thermal quantity and the direttad thermal
diffusion throughout the day between the environnaeml the
mangrove ecosystem. The determination the edgetefépth
was based on the gradient function value approgchero.
The depth of edge effect is the distance from thelér to the
position where the gradient value is approaching zghe
spatial temperature became constant).

Il. METHODS

To study the influence of the opening, two sitethmregion
of the mangrove forest in the Village of Taleng&angihe
Regency, North Sulawesi Province were selected. firge
location was a 68 m wide mangrove area with a 3Wide
open space inside the forest. During the measurtetines (24
hours), this open area was inundated by sea wittersecond
location was approximately 124 m westwards from first
location. The width of the mangrove forest at thecond
location was 140 m.

The transects (Transect-1 and Transect-2) were made

crossing the mangrove forest from the sea sidéeadrterior
of the forest 36 meters in length. For each trartsece were 9
points of measurement. The measurement points weated
at 4 and 2 meters outside the boundary; and Q,4,,& 16, 32
m from the boundary into the mangrove. To modeldpatial
functions from the field data, it needed more dataund the
boundary, so the measurement point distance was
logarithmically. The determination of logarithmidstance
referred to the nature of thermal diffusion and thermal
energy spatial changes in the form of an exponenifiae
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edge as used to test the validity prediction otiapéunction
in determining the value of air temperature at fmss$ far into
the forest.

The data for maximum and minimum temperatures were
determined from extreme temporal functionality ‘el @T/dt
= 0), while the difference in maximum temperatusesre
determined from the biggest difference in the vabiethe
temporal function of the edge positions and theeriat
positions for the same tim& {ge(t1) — Tinteriodt1)Inay. The edge
gradient and the depth of edge effects air temperatvere
determined from the air temperature gradient famcts the
first derivative of the spatial functiorG(x) = dT(x)/dx). The
edge gradient is the value G{x) for x = O (the edge/boundary
of mangroves), while the depth of the edge effed¢hée value
of x (the distance from the edge), wh&) is equal or close
to zero. Function modeling processes to the detetioin of
air temperature parameter were done by using a woteEmp
program created specifically for modeling and asialyof
micro-climate forests and mangrove forests.

lll.  RESULTS ANDDISCUSSION

Figs. 1 and 2 show the graphs of the air tempegatur
temporal function from the modeling measured frofrD0 on
30 May 2011 (hour 1) up to 07:00 on May 31, 201duf5).
The graphs show that the air temperature in thesfowas
more stable than at the edge of the forest. Thhekigdaily
temperature on Transect -1 (there was an open spa&6.4
8€t was reached at 13:00 and Transect -2 (36.7 &) also
reached at 13:00. The maximum air temperature rdiffiee
between the edge and forest interior in Transeat floon was
2.3 °C (the temperature at the edge was higher)bgright
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was 0.5 °C (the temperature in the forest was hititan at the
edge). In Transect -2, during the day the tempezadth the
edge was 3.8 °C higher than inside the forest, @dseat night
the temperature inside the forest was 0.8 °C higemn at the
edge. The maximum temperature difference in Traraees
higher than in Transect -1, day and night.
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Fig. 1 Air temperature temporal variation in Traecsl showing peaks at
data nos. 5 — 7 associated to day time of 12:00:601m (red squares) is at
the edges and (black dots) are locations 32 m from the edge.
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Fig. 2. Air temperature temporal variation in Tracts2 showing peaks at
data nos. 5 — 8 associated to day time of 12:08:601m (red squares) is at
the edges and (black dots) are locations 32 m from the edge.

Spatial variation of air temperature was preseirdegs. 3
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temperature at the edge with the forest interiot 200 was
higher than at 07:00. The graph of the spatialatim of air
temperature at 22:00 reveals that the temperatutteei forests
was higher than at the edge.
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Fig.3. Air temperature spatial variation in Trartseeneasured at 07:.00 ),

12:00 @), and 20:00 €). The x-axis represents the distance of the

measurement points measured form the seaside bguofilthe mangrove
forest.
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Fig.4. Air temperature spatial variation in Trarts2eneasured at 07:.00 (),

12:00 @), and 20:00 €).The x-axis represents the distance of the

measurement points measured form the seaside bguoflthe mangrove
forest.

The depth of the edge effect in both transects gddn
throughout the day. The air temperature maximuntrdepthe
edge effect in Transect-1 at noon was 38,13 m,e&ehi at

and 4. The air temperature spatial functions chdngq1.00, while at nigh it was 22.7 m, achieved aDR4The air

throughout the day because of thermal diffusion toetmal
guantity changes along the measurement transedts.
accuracy of spatial function in the results of modewas
proven by averaged deviation of modeling data tdeehe

measured data at the position 32 m from the edde T

temperature maximum depth of the edge effect imJaet-2,
Tin the afternoon was 44.6 m, achieved at 13:00, ianthe
morning it was 24.36 m, achieved at 02:00. The fratien
effect of air temperature in Transect-2 was furtho the
forest than it was on Transect-1, day and night.

averaged deviation of modeling data towards theadat gjmilar to the edge effects, the air temperatugeegtadient

measurements in Transect-1 was 0.004 and in TreBseas
0.092. This averaged deviation data is small coethén the
variations in air temperature between 24.5 °C 7 3&. The
spatial changes indicated that during the day, &atpre in
the edge was higher and decreased exponentially thi
increasing of distance from the edge to the intedb the
mangrove. The graph shows that the difference of
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also changed throughout the day. The maximum ecdziemt
in Transect-1 was 1,051 °C/m, occurred at 12:18riadton,
and at night it was 0,491 °C/m, at 20:42. The maxmedge
gradient in the Transect-2 was 1,400 °C/m, occuatetil:12
afternoon, and at night it was 0.570 °C /m, ocalae 24:36.
The maximum edge gradient of the air temperature

& ransect-2 was higher than that in Transect-1 ahaynight.
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The results showed that the difference in air teaipee of
edge-interior forest in Transect-1 was significardifferent
from that in Transect-2. Although the maximum terapare at
the edge was almost the same for both transect4 (86and
34.7 °C), but the difference in the temperaturehef edge-
interior differed significantly (2.3 °C and 3.8 °Clhis means
that decrease of air temperature from the edgetimdorest
was larger in Transect-2. Associating with the ¢tou of the
ecosystem, it can be concluded that the small testyre
difference in the edge-interior was caused by tifleénce of
open space. The mangrove border with the gap beaamasv
border, and the thermal diffusion in the afternamcurred
from two edges, e.g. the mangrove edge that féxsesda, and
the mangrove forest boundaries with the gap or gpawe is
in the inside part. Two way thermal diffusion inahsect-1
created a double edge effect and influenced tHerdifce of
thermal energy between the edge and forest intgr&d.8]. In
Transect-2, the horizontal thermal diffusion onbme from
the the sea, because the edge of the mangroverbdrdéth
the beach vegetated and the distance was far fiertransect
border. The influence of the gap on the decreasingdge-
interior temperature difference also happened dutie night.
When the thermal energy of the air was above tiface of
the sea/open surface dropped and became lower thwan
thermal energy of the air under the mangrove cantbyan the
thermal diffused from the forest to the environment
Transect-1, the thermal flux flowed through the teages so
the temperature difference of edge-interior in Beat-1 was
lower than that in Transect-2.

The influence of open space on the thermal diffusi@s
also indicated from the higher temperature gradiemt
Transect-2 rather than in Transect-1. The canopgrcand the
wood height were identical in both transects. Bote there
were wide open spaces, the increase of thermaggmdrthe
air above the open surface causes thermal fluxthecdforest
and contributes to the increasing temperature urttier
mangrove canopy in Ttransect-1. The
temperature under the mangrove canopy was larger
Transect-1 and caused
becoming lower than in Transect-2. The influenceopén
space which increased the temperature under thepgamas
also identified through the depth of the edge ¢fféhe depth
of the edge effect in Transect-1 was less comptratat in
Transect-2. The effect of double edges (two-wayrntiad
diffusion) in Transect-1 caused the temperatureoimary
more prevalent in distance closer to the edge.iffhgence of
the space on the thermal diffusion from insiderttangrove to
the environment was also shown by the edge gradiemght,
which was lower in Transect-1 than in Transect-2.

IV. CONCLUSION

The results of this research shows that the wigeigahe
mangrove forests significantly affected the mangrawicro-
climate, which was detected through the parametdrs:
maximum edge-interior temperature difference, teptl of
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the edge effect, and the edge gradient. These itjganof
microclimates parameters are the characteristianafgrove
ecosystem, that can be used for monitoring the ystes
change as well as thermal condition changes thairaa the
bordering environment.

The next work to be carried out is to monitor the
microclimate change in the mangrove forest thatl Wi

converted into fish ponds.

[1]

(2]

(3]

[6]

[7]

increasing of

L

the gradient edge temperature

[9]

[10]

[11]

[12]

REFERENCES

Y. Mazda and K. Kamiyama, "Tidal deformationdan
inundation characteristics within mangrove swamps,"
Mangrove Science, vol. 4, pp. 21-29, 2007.

E. Granek and B. |. Ruttenber@hanges in biotic
and abiotic processes following mangrove clearing.
Bonn: Elsevier, 2008.

K. F. Drinkwater, A. Belgrano, A. Borja, A.
Conversi, M. Edwards, C. H. Greene, G. Ottersen,
A.J.Persing, and H. Walker, "The respons of marine
ecosystem to climate variability associated with th
North Atlantic Oscillation," American Geophysical
Union, 2003.

D. A. S. Luther and R. Greenberg, "Mangroves: A
global perspective on the evolution and consermatio
of their terrestrial vertebratesBioScience, vol. 59,

pp. 602-612, 2009.

E. Wolanski,Outline of the physical processes within
mangrove systems, and its implications for
biodiversity. London: CRC Press, 2008.

P. V. Ridd and T. Stieglitz, "Dry season sajni
changes in tropical mangrove and salt flat fringed
estuaries,'Estuarine, Coastal and Shelf Science, vol.

54, pp. 1039-1049, 2002.

K. W. Krauss, C. E. Lovelock, K. L. McKee, L.
Lo’pez-Hoffman, S. M. L. Ewe, and W. P. Sousa,
"Environmental drivers in mangrove establishment
and early development: A reviewAquatic Botany,

vol. 89, pp. 105-127, 2008.

S. Godefroid, S. Rucquoij, and N. Koedam, "$yat
variability of summer microclimates and plant spsci
response along transects within clearcuts in atbeec
forest,"Plant Ecology, vol. 185, pp. 107 -121, 2006.

K. J. Hennenberg, D. Goetze, J. Szarzynski, B.
Orthmann, B. Reineking, |. Steinke, and S.
Porembski, "Detection of seasonal variability in
microclimatic borders and ecotones between forest
and savanna,Basic and Applied Ecology, vol. 9, pp.
275 - 285, 2008.

W. D. Newmark, "Tanzanian
microclimatic ~ gradients:  dynamic
Biotropica vol. 33, pp. 2 -11, 2001.

T. D. Heithecker and C. B. Halpern, "Edge-teth
gradients in microclimate in forest aggregates
following structural retention harvests in western
Washington,"Forest Ecology and Management, vol.
248, pp. 163-173, 2007.

T. E. Redding, G. D. Hope, M. J. Fortin, M. G.
Schmidt, and W. G. Bailey, "Spatial patterns ofl soi

forest edge
patterns,”



[13]

[14]

[15]

[16]

[17]

[18]

International Journal of Basic & Applied SciencéBAS-IJENS Vol: 12 No: 02

temperature and moisture across subalpine forest-
clearcut edges in the southern interior of British
Columbia," Canadian Journal Soil Science, vol. 83,
pp. 121-133, 2003.

J. Q. Chen, J. F. Franklin, and T. A. Spi&€3rdwing-
season microclimatic gradients from clear-cut edges
into old-growth Douglas-fir forests," Applied
Ecology, vol. 5, pp. 74 -86, 1995.

E. Cienciala, P. E. Mellander, J. Kucera, M.
Oplustilova, M. Ottosson-Lofvenius, and K. Bishop,
"The effect of a north-facing forest edge on treder
use in a boreal Scots pine stan@anadian Journal

of Forestry Research, vol. 32, pp. 693 -702, 2002.

S. M. Gehlhausen, M. W. Schwartz, and C. K.
Augspurger, "Vegetation and microclimatic edge
effects in two mixed-mesophytic forest fragments,”
Plant Ecology, vol. 147, pp. 21-35, 2000.

H. Asbjornsen, M. S. Ashton, D. J. Vogt, and S
Palacios, "Effects of habitat fragmentation on the
buffering capacity of edge environments in a
seasonally dry tropical oak forest ecosystem in
Oaxaca, Mexico," Agriculture, Ecosystems and
Environment, vol. 103, pp. 481-495, 2004.

D. D. Breshears, O. B. Myers, and F. J. Barnes
"Horizontal heterogeneity in the frequency of plant
available water with woodland intercanopy-canopy
vegetation patch type rivals that occuring vertjcal
by soil depth,"Ecohydrology, vol. 2, pp. 503-509,
20009.

M. C. Duniway, K. A. Snyder, and J. E. Herrick
"Spatial and temporal patterns of water availapilit

a grass-shrub ecotone and implications for gradslan
recovery in arid environmentsZtohydrology, vol. 3,

pp. 55-67, 2010.

125502-4949 IJBAS-IJENS © April 2012 IJENS

57



