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Abst rPodtent i al breeding habitat of egrets and heron
Mo d e | (MaxEnt) . Mo d e | out put can help guide manage
urban forests of Daejeon Metropolitan City, Kor ea.

breeding sites of egrets and herons at the nati on

Environment al Research between 2011 and 2012. I n a
used to identify the significant variables among a
(topography, natur al environment, distance and cli

bet ween the breeding and randomly selected points
Pearsondéds <correlation analysis. Using MaxEnt, br e
variables in Daejeon. The area under the receiver
which was the average value through 10-fold cross-

potenti al breeding habitat for eg@r(eltds 76 ol e rtdres tw

area) in Daejeon. Within tFe(kX.t4a6ra)t ewe rpeotleengs atl h an
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the residential ?2d{(88r92%) wiwete mOr &85t kan 50m from

Di scriminative management strategies considering t|

applied not only to minimize conflicts with resid
breeding sites in Daejeon, Korea.
KeywoEdgsets and herons, Max Ent , potenti al habitat,

l.lntroducti on

Predicting the distribution of species is central
conservation science [1]. Over the | ast sever al d

(SDMs) of plants and animals has grown dramaticall

for information on the geographical distribution of
and data suitable for addressing this need, such as
geographic information systems, and statistical | e
widely to interpolate sparse biological surveys to
pl anning, reserve design, and i mpact and risk anal"

Species distribution models are tools that combin

with environment al characteristics. They include ¢
[ 5, 6] . Among t hem, correlative model s, such as th
additive model (GAM), genetic algorithm for rule-s

analysis (ENFA) and Maximum Entropy Model (MaxEnt)

can be applied in modeling potenti al habitat for
including water birds [11]. Long-1legged waterbird
components of the breeding bird community found in
the 72 egret and heron species recorded in the wor

t hem, 6 species, Bl Blgkt ccowakdn @a g iBtuebtd® cuest ((bi s
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Great Efgredt) a( aInbhbar m&di atne)eE gleidti thl.(e gBg,zedntda Gr ey
Her dndéa ), neammonly breed in the urban forests of
I'n the past, egrets and herons have symbolized ¢
However, these ideals must be balanced with manageé
conflict with human needs (i , ur ban areas of Ko
egrets, and other associated colonial nesting water
adjacent to residenti al areas because of the noise
Kor ea. Therefore, mo s t ur ban forests containing he
mini mize the negative effects for residents in Kor
However, we | ack information on the management of
status while minimizing adverse impacts to human r e
potenti al habitats for breeding egrets and herons |
i mplications of the results for the management of
Daej eon, Kor ea.

2. Met hods

2.1 Study Area

The study area was DaepPB68OnNRODR&EYPQ! iltoxrmat @idt y n( I e
of South Korea (Figure 1). *Thedtb6wl’(adkarvbékMMarak
area is forested. Most of the forested area is | o
di stri buted randomly in patchy areas in the city.
annual precipitation is 822.7 mm (www. kma. go. kr) .
The breeding of egrets and herons in the forest
Technol ogy were initially recorded in 2001 and mai
the purpose of tree regeneration in Daejeon, Kor e:
institute, the colonies moved to the Gungdong fore:
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Nedong Middle School in 2015, and another forest ¢
Technology in 2016 because al/l heronries were heav
residents.
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Figure 1. Location of the study area and 126 bree
Kor ea
2.2 Species Data Collection

According to the nationwide census conducted by t
bet ween 2011 and 2012, 35,512 breeding pairs of hert
(National I nstitute of Environment al Research 2012
|l ocations, except for the |l ocation points deviatin
2.3 Generation and Selection of Habitat Variabl es
Variables for modeling were selected by considerin
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of egrets and herons in Korea [15, 16]. Variabl es
environment, di stance and <cli mate) and construct e

di fferent resolution was resampled to 30130m cell

Nati onal Geographic I nformation Institute, Republ ic
Altitude variable were used as DEM. Aspect and Sl o]
in the Spatial Analyst extension. Relief wvariable

the highest and | owest pixels in the surrounding ei

of forest were generated using a map of the forest

l and cover map made supplied by the Ministry of En
was classfied into 10 years using the average rece
was classfied into four grades according to chest d
di vided into three stages according to the crown- al
shown in talbe2. Roads, forests (all f orest areas),

farml ands and open terrain were extracted from th
generated using the Euclidean Distance tool in the
(ESRI , Redl andGl,i m@aki ¥ @orrinaibd)es used included Bi o

Quarter) and Biol6 (Precipitation of Wettest Quart

Bef ore using variables as input data for the MaxEn
[17, 18]. We randomly generated 252 points (two ti
the breeding points (n=126). The random (absence)
reference to the previous study [19, 20]. A Mann-W
Inc., Chicago, l'1linois) to clarify the difference
selected points. Variables that varied significant
points were retained for use in the model. To the
variables to eliminate the weaker predictors whict

variable [20]. The categorical variable, Land use,
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The MaxEnt model provides the variable i mportance
percent contribution of each variable to the final
excludes one variable at a time when running the

variables through the two methods provided in this
2.4 Model Application

A Maxi mum Entropy Model 3.3.3k [MaxEnt; 22] was us

egrets and herons. Thei s mofdreele | y v e rdsownnl o ad
(http://www. cs.princeton.edu/ ~schapire/ MaxEnt/). M
was descrived and tested in detail i n past publ i c
effective results with relatively small amounts of
used default parameit.ee.s, fomo MaxdEnm snolmsdmpl i ng, re

1500 maxi mum iterations, 10,000 backgrourkd point s,
fold cross-validation routine to verify the model
holds out 10% of the data as a testing set at each
90% of the data in each iteration. The model relia
operating characteristic (ROC) <curve, known as the
area for egrets and herons as a continuous ratio.
area by applying the maximum training sensitivity p
of MaxEnt. We chose this threshold because it is cc¢

probabilities of species occurrence to binary pres:

To determine management strategies for the breedi
potenti al habitat model was divided into |l ess than

derived from a | and cover map by the Ministry of E

3.Resul ts

3.1 Generation and Selection of Habitat Vari abl es
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Twel ve environmental variables (altitude, age cl as:
|l and cover, di stance from road, forest, water, cit
wettest quarter, and precipitation of t hle Owbettest ¢

bet ween breeding points and randomly selected poin

variables results are showed high correlation betw

forest (Table 3). We chose age class of forest of
therefore were retained for model i nput .
Table 1. Mann- Whitney results comparing breeding c

random points (n=378) as related to habitat variab!

Habitat wvariabl es p-
Factor s Sources
(Acronym of varUnahvsalsy e

Aspect Weht@®e DE M: Digital
Altitude m Elgvebpon Model
Topogriaphy Slope me@ns(églgational
I nformation I nstit
m
Rel i ef 0.071 .
Republic of Korea)

Age class of forest (Ageldrest TYD@ar MapO0.C

Nat urlalDi ameter class of fores ( Kioameat &roy est cm
Environmemtensity of forest |[(Density§rvice) o 0.00
Land cover - 0.000
: Land Cover Map
Di stance from road| (D. road) m 0.00
(Ministry of
Di stance from foresit (D. forest) m 0
Di st anc e Environment,
Di stance from waterl (D., water) m 0.0
Republic of Korea)

Distance from city (D.|] city) m 0. 0
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Di

stance from farmlnand and open terrain
0.0Q0O
(D. farm)
Mean Temperature 06C Wettlest Quarter
0.003 Worl dClim
Cl i mat e (Bl 008)
(www. worl dcl i m.
Precipitation of Wet tlest | Quarter (Bl 0O16)
Table 2. Classification criteria of |l and cover
Class of |l and cover Kind of |l and
0. Uncl assified areas Uncl assified areas
Residenti al ar ea, manufacturing
1. artificial areas
commer ci al ar ea, public establ
2. cultivation [areas Rice paddy, far m,
3. forest areas Broadleaf forest, coni
I nl and wetl and(river, stream
4. hydrological| environment areas
land(mud flat, salt pond)
5. ot her areas Grassl and, bar e
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Table 3. Pearsondés correlations on a paired habitat wvariabl es.

Asperct All oipeudelRel ilef Ayeen s i tDyi aDRt B ® t D.|] wat/8f O0B. BI1 Og§6 D.
As pec|t 1.000
Al titjude 0. 100 1.0/00
Sl ope 0. 212 0. 595 1. 000
Rel i e|f 0. 191 D. 595 D. 908 1./000
Age -0 161 - 0. 346¢6 -0. 584 - 0. 551 1.000
Di ame|t er -0. 177 -0./412 -0./642 -0./608 0.981 1.000p0
Densi|ty -0. 131 -0.350 -0.ph31 -0.5H501 0.92/0 .91 3 1.000
D. r olad 0.029 0.504 0.375 0. 375 -0 232 -0,)283 -pD. 223 1. 0
D. fo|rest -0 257 -0. 317 -0.455 -0.441 0. 3877 0. 407 0.333 -
D. walter 0.083 0.6/|09 0. 383 Q. 384 -0.2214 -0.270 -l0. 222 0. 4
D. ci|ty 0.030 0.687 0.4709 0. 480 - 0. 287 -0 351 -10. 289 0.6
D. f ajrm 0.033 0. 564 0. 3772 0l 376 -01 179 -0.235 -0.194 0. 44
Bl O08 -0.097 -10. 879 - 0. 492 -10. 497 0. 273 0.8328 0./]303 - 0. 414
Bl O16 0L 062 0.]432 0.220 0. 2214 0. 1|06 0.1839 -0.]110 0.207
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3.2 Model Application

The tot al area of South Korea was conferred using t
|l ocations of egrets and herons. Mo d e | reliability,

Test AUC values was ranged from 0.899 to 0.975. The

were described in descending order as: di stance fr
(3. 9%), distance from the water (3.4%), distance f |
open terrain (2.3%), di stance from the forest (2.2

class of the forest (1.4%) and mean temperature of
for habitat variables that contributed the most to

egrets and herons were distance from the city and

response curves, breeding habitat of egrets and her
within the city (Figure 2). Forest areas is suitabl
the Jackknife procedure result, di stance from the
provided the most wuseful and unique information f o
07 T T
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Figure 2. Response curves showing the relationshi p:

of egrets and herons and two top habitat wvariables
replicate model runs (red) and the mean +/ - one st

cover variabl es).
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Figure 3. The results of the jackknife test of wvari
10 replicate runs.
The threshold between potenti al habitat and non-h
sensitivity and specificity was O0.184. The model

esti mated potential habitat for (blr%.e7d6 % gofoft heegrtedtsa
in Daejeon (Figure 4). The estimated potenti al ha

breeding sites on the Korean peninsul a.
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Figure 4. Maps for displaying the probability and
Max Ent in Daejeon, South Korea

For management purposes of breeding egrets and her
the potenti al habitat was divided into two groups
di strict. Results of t?heldi«4d%ioin timaipgatt et itdlath
ki (88.92% of the potenti al habitat) were | ess than

respectively (Figure 5)
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Figure 5. Distribution of the potential habitat for

than 50m from residential areas in Daejeon, South
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4 . Discussion

When wusing SDMs for applications such as conseryv
potenti al noi se that <could confound model resul ts
points deviating from the extent of variables used
relief) that showed statistically no significant d
were removed prior to building the model in this s
habitat variables identified five variables, sl ope
density of forest, with strong correlation among t
very strong correlations with each other (Table 3).
According to suggested guidelines, one could dist
accur atA&dCOOD.5), moder aAleC QO .ax)c,urhit ehAWIC.Grc)c,urarndce (0.
perfect tests (AUC=1) [25, 26] Therefore, our pot
could be considered highly reliable with an AUC of
Variable i mportance of MaxEnt model can be deter mi
contribution, di stance from city and Land cover w
met hod, result of jackknife approach, distance fro
terrain were seen most usef ul variabl es. The suit
increasing al/l di stance of variables (road, forest,
of the | and cover variable, breeding site were res|
the ratio of wurbanization is very high, so forests
estimated that breeding site of egrets and herons
exampl e, as shown in Figure 5, it can be seen that
urban area in Daejeon city.

Approxi mately 20% of the total Daejeon area was e€es
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and herons in this study. Some estimated potenti al
whereas most of them included the outer perimeter ¢
was | ocated within 50 m from a residenti al di stric
with egret and heron breeding sites. I n Japan duri
because they were considered har mful (http:/ /] www. €
ot her hand, heronries in urban forests are managed
typically associated with nuisance heronries in Te
laws [14]. I n addition, they suggested that the be
through public awareness and early detection. | f
become nervous and can be moved on easily wusing a r
fire crackers, propane cannons, and eye-spot ballo

Al birds, including nuisance heronri es, are no
protected under the national | aws in Korea. On t he
heronries in urban forests and residents in many ci
proposes that the nuisance heronries be prevented
residenti al di stricts in their early establishment
achieve this, daily monitoring in the early breedi
detect the establishment of heronries at potenti al
addi tion, habitat all urement efforts, such as deco
constructed alternatives [32] are needed for the s
from residenti al di stricts in Daejeon, Kor ea.
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