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요약: 본 연구는 백두대간 등 주요 생태축에 위치한 생태통로 49개소를 대상으로 야생동물 일평균 이용빈

도 지표와 주변 서식지와 출현종의 수를 비교한 종다양도 지표를 활용하여 생태통로 효율성을 평가하였다.

분석 결과, 전체 생태통로 일평균 이용빈도는 1.4회였으며, 평균을 상회하는 생태통로는 17개로 전체의

34.7%로 확인되었다. 주변 서식종의 수와 출현종의 수가 동일한 종다양도 1.0 이상인 생태통로는 18개로

전체의 36.7%으로 나타났다. 일평균 이용빈도와 종다양도 모두 양호한 생태통로는 10개로 전체의 20.4%

로 분석되었다. 효율성이 양호한 생태통로 중 4개소의 생태통로 지침 준수율 등에 대한 현장조사 결과를

검토한 결과, 위치선정·규격·식재 및 토양·유도울타리 등에서 덕산재 육교형 생태통로의 지침 준수율이 가

장 양호했다. 본 연구결과는 신규 생태통로 및 기설치된 생태통로의 기능개선 등 생태통로 효율성 연구의

기초자료로 활용될 수 있을것으로 판단된다.

주요어: 생태통로, 효율성 평가, 이용빈도 지수, 종다양도

Abstract : In this study, 49 major WCS(Wildlife Crossing Structure), including Baekdu-daegan,

were evaluated for the effectiveness of WCS on using the daily average frequency index and

diversity Index comparing the number of species that appear with the surrounding habitats.

According to the analysis, the average use frequency of the entire WCS was 1.4 times, and the

average number of WCS exceeded the average was 17 and 34.7 percent of the total. There were 18

WCS with the same number of habitats and species that appeared in the same area, or 36.7 percent

of the total. The daily average use frequency and variety were all analyzed at 10 efficient WCS,

accounting for 20.4 percent of the total. According to the results of an site survey on the compliance
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I. 서 론

오늘날의 도시는 인구 및 물자 흐름의 양과 속도가

가장 빠르게 증가하는 곳으로 도시화가 진행될수록

도로의 신설과 확장, 폐도의 증가 등이 필연적인 결

과로 나타난다. 우리나라 전체 도로의 연장은 2018년

개통기준 110,091km이며, 1980년 46,950km 보다

약 2.3배 증가하였고, 해마다 도로의 설치는 지속적

으로 증가되고 있는 실정이다(MOLIT 2018). 많은 연

구에서 도로는 서식지의 파편화 혹은 서식지의 단절

및 격리를 초래하는 가장 주요한 원인으로 지적되어

왔고, 실제로 도로 위에서 차량에 의한 야생동물 찻

길사고인 로드킬이 빈번하게 확인되고 있다.

이러한 가운데 생태통로는 로드킬 저감과 단절된

생태계의 연결을 위한 대표적인 복원 수단으로서 많

이 활용되고 있다(Park et al. 2012; Clevenger &

Barrueto 2014; Wang 2014; Wang et al. 2017). 자

연환경보전법에서 생태통로는 어도, 식생의 연결, 야

생동물의 이동통로 등을 포괄하는 개념으로서 ‘도로,

댐, 수중보, 하구언 등으로 인하여 야생동식물의 서식

지가 단절되거나 훼손 또는 파괴되는 것을 방지하고

야생동식물의 이동을 돕기 위하여 설치되는 인공구조

물이나 식생 등의 생태적 공간’으로 정의하고 있다. 우

리나라에서는 1998년 지리산 시암재에 최초의 생태

통로가 설치된 이후, 지난 20년 동안 다양한 설치 주

체들에 의해 약 500여개 이상의 생태통로가 조성되

었다(NIE 2018). 그러나 많은 생태통로가 도로의 신

설을 위한 환경영향평가 과정에서 설치된 경우여서

야생동물 이용에 대한 실효성 문제가 지속적으로 제

기되고 있다. 이에 2013년 국무회의 보고를 기점으로

한반도 생태축 연결 복원사업이 추진되었고, 추진 대

상지 50개소에 생태통로 조성 사업 등이 실시되고 있

는 상황이다(NIE 2015). 이러한 복원지점에 설치되

는 생태통로의 효율성을 높이기 위해서는 주요 생태

축에 위치한 생태통로의 야생동물 이용특성을 분석하

여 문제점을 파악하는 것이 그 어느때 보다 필요한 상

황이다.

야생동물 이동 통로로서의 생태통로에 대한 선행연

구는 다양한 측면에서 수행되었다. 야생동물 이동의

저항값과 연결성을 고려한 설치의 우선순위 도출

(Jonsson 2017), 특정 종의 활동권이나 이동특성을

고려한 생태통로 설치 검토(Lee & Lee 2006; Soanes

et al. 2018), 국내 포유류에 적합한 생태통로의 유형

과 규격 제시(Choi et al. 2012), 생태통로 이용에 영

향을 미치는 다양한 요인 도출(Bellis 2008; Wang

2014), 고속도로의 생태통로 적지 선정 연구(Shin &

Ahn 2008) 등이 있다. 그러나 대체로 특정 지역이나

도로에 국한된 사례 연구 중심으로 수행되어 생태통

로 효율성과 관련된 공통된 특성을 도출하기 어려운

한계를 가진다. 따라서 생태통로 효율성 평가는 다양

한 지역 및 도로 유형에 설치된 생태통로를 대상으로

공통적으로 적용할 수 있는 정량화된 평가 기준을 선

정하는 것이 필요하다(Clevenger 2011).

한편, 생태통로 효율성 평가 연구는 생태통로 설치

의 목적이 앞서 언급한 로드킬 저감과 단절 생태계 연

결성 향상이라는 측면에서 크게 두 가지 유형으로 구

분할 수 있다. 첫째는 생태통로 설치 전·후 로드킬 빈

도의 변화에 집중하여 저감 시설로서의 생태통로 효율

성을 확인하는 연구이며(Clevenger & Barrueto

2014), 둘째는 야생동물 이용 효율성을 증대시킬 수 있

도록 내부적 및 외부적 요인을 검토하고 개선하는 연

구이다(Clevenger & Waltho 2000; Korea National

Park Service 2009). 야생동물 이용 효율성은 생태

통로를 이용하는 횟수(Barrueto et al. 2014; Van

der Grift & Van der Ree 2015; Bergen 2018)와 생

526 환경영향평가 제28권 제6호

rate of 4 efficient WCS, the compliance rate of the Deoksanjae overpass was the best in location

selection, specifications, vegetation cover and soil, fence. The results of this research will be used as

basic data for the study of WCS effectiveness, including the improvement of functions of new and

installed WCS.

Keywords :  Wildlife Crossing Structure, Effectiveness Assessment, Frequency Index, Diversity Index
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태통로에 출현하는 종의 특성을 활용하여 평가할 수

있다(Clevenger & Waltho 2000). 특히, 생태통로

가 지속적으로 증가하는 상황에서 기존 생태통로의

문제점을 파악하고 보다 개선된 제도를 마련하기 위

해서는 전국을 대상으로 생태통로 유형에 따른 이용

빈도와 출현종 특성을 바탕으로 정량화된 지표가 필

요하다.

따라서 본 연구는 기존의 생태통로 효율성 연구에

서 가장 기초적인 자료인 야생동물 일평균 이용빈도

지표와 주변 서식지와 생태통로 출현종 비율을 계산

한 종다양도 지표를 활용하여 효율성 평가를 시도해

보고자 한다. 연구지역은 백두대간 등 주요 생태축이

도로에 의해 단절된 지점에 조성된 생태통로 49개소

를 대상으로 하였으며, 2016년부터 지속적으로 모니

터링한 결과를 바탕으로 생태통로 유형별 빈도 및 멸

종위기종 이용현황 등 다양한 측면에서 이용특성을

분석하였다. 이를 바탕으로 일평균 이용빈도 및 종다

양도를 도출하였으며, 효율성이 양호하다고 판단된

일부 생태통로에 대해서 추가적으로 현장조사 결과를

검토하여 생태통로 설치 및 관리와 관련된 지침 준수

율 등을 확인하였다.

II. 연구대상지 및 연구방법

1. 생태통로 현황

2018년 기준 생태통로 네트워크(http://wildlife

crossing.nie.re.kr)1)에 등록된 생태통로는 총 487개

소이며, 자연환경보전법에 의해 국립공원, DMZ, 백

두대간 보호구역, 생태자연도 1등급 권역 등과 같은

보호지역(Figure 1)에 설치되는 생태통로인 법정생태

통로 45개소 중 아직 시스템에 등록되지 않은 15개소

를 포함하면 전국 생태통로는 총 502개소이다.

유형별로는 육교형 293개소(58%), 터널형 176개

소(35%), 양서파충류통로 18개소(3%), 기타시설 20

개소(4%)로 구분된다(Figure 2). 여기에서 기타시설

은 도시 내에서 산책로 등으로 이용될 가능성이 높아

야생동물의 이동에 부적합하므로 분석대상에서 제외

하였다.
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1) 2015년에 구축된 생태통로 통합 DB이다. 생태통로 설치 및
관리 주체들이 개별적으로 DB에 접속하여 신규 생태통로
및 기존에 설치된 생태통로 모니터링 결과 등 관리 내용을
정기적으로 업데이트 하도록 하는 시스템이다(NIE 2017).

Figure 1.  Status of protected areas where WCS are installed. Figure 2.  Types of WCS.
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2. 효율성 평가 방법

(1) 이용빈도

생태통로가 야생동물의 이동을 돕기 위해 설치되

는 시설이라는 측면에서 이용빈도는 생태통로 효율성

을 평가하는데 가장 기본적인 정량적 지표로 활용되

고 있다(Barrueto et al. 2014; Van der Grift & Van

der Ree 2015; Bergen 2018). 본 연구에서는 이러한

내용을 바탕으로 하루 동안 생태통로를 이용하는 야

생동물의 평균 이용빈도를 효율성 평가 지표로 선정

하였으며, 49개소 생태통로별로 모니터링 일수 대비

출현횟수에 대한 비율을 계산하였다(Eq. 1). 전체 생

태통로 일평균 이용빈도는 앞서 계산된 개별 생태통

로 이용빈도를 바탕으로 도출하여 종다양도와 함께

생태통로 효율성 평가 기준으로 활용하였다.

FI =                   (1)

생태통로의 야생동물 이용실태를 파악하기 위한

대표적인 모니터링 시설로는 동물 발자국을 확인하는

족적판, 무인센서카메라(스틸), CCTV(동영상) 등이

있다. 무인센서카메라는 초기 설치비용이 적고, 모니

터링 주기가 길며 야생동물의 체온과 움직임을 감지

하여 자동으로 스틸컷 촬영이 이루어지므로 모니터링

결과를 정리하기 쉽다는 장점이 있다.

이에 본 연구에서는 국립생태원에서 ‘16년부터 지

속적으로 모니터링 중인 49개소를 대상으로 무인센

서카메라(HC600, Reconyx, USA)를 2~4대 설치하

여 야생동물의 출현 빈도를 유형별, 출현종별, 멸종위

기종별로 등으로 파악하였다. 무인센서카메라의 설치

의 경우, 육교형 생태통로는 카메라 센서의 범위가 미

치는 거리를 고려하여 7~8m 간격으로 나란히 설치

하여 생태통로를 이용하는 야생동물을 촬영하였다.

터널형 생태통로는 벽면이나 천장에 카메라를 설치

하였으며, 센서의 범위가 통로 전체를 포함하지 못하

는 경우에는 양쪽 벽면에 각각 1대씩을 설치하여 생

태통로를 통과하는 야생동물을 촬영하는 방법을 적

용하였다(NIE 2016). 조사 대상 생태통로의 지역별

현황을 보면, 강원도 15개소, 전라북도 14개소, 경상

북도 12개소, 전라남도 4개소, 충청남도 3개소, 충청

북도 1개소로 분포한다(Table 1).

∑ The number of crossing time
∑ Total monitoring days

528 환경영향평가 제28권 제6호

Table 1.  List of WCS for monitoring wildlife usage

ID Address Type Road Completion
year

GW01 Bogwang-ri, Seongsan-myeon, Gangneung-si, Gangwon-do Underpass Yeongdong Expressway 2001
GW02 Bogwang-ri, Seongsan-myeon, Gangneung-si, Gangwon-do Underpass Yeongdong Expressway 2001
GW03 Songhyeon-ri, Wangsan-myeon, Gangneung-si, Gangwon-do Overpass National highway 35 2003
GW04 Wangsan-ri, Wangsan-myeon, Gangneung-si, Gangwon-do Overpass Local highway 415 2005
GW05 Jinbu-ri, Ganseong-eup, Goseong-gun, Gangwon-do Overpass National highway 46 2003
GW06 Jejin-ri, Hyeonnae-myeon, Goseong-gun, Gangwon-do Overpass National highway 7 2012
GW07 Musa-ri, Miro-myeon, Samcheok-si, Gangwon-do Overpass National highway 38 2008
GW08 Beoncheon-ri, Hajang-myeon, Samcheok-si, Gangwon-do Underpass National highway 28 2004
GW09 Naedeok-ri, Sangdong-eup, Yeongwol-gun, Gangwon-do Overpass National highway 31 2003
GW10 Hutan-ri, Hanbando-myeon, Yeongwol-gun, Gangwon-do Overpass National highway 38 2004
GW11 Yongdae-ri, Buk-myeon, Inje-gun, Gangwon-do Underpass National highway 44 2009
GW12 Yongdae-ri, Buk-myeon, Inje-gun, Gangwon-do Underpass National highway 44 2009
GW13 Jigwon-ri, Imgye-myeon, Jeongseon-gun, Gangwon-do Overpass National highway 42 2003
GW14 Jinae-ri, Dong-myeon, Chuncheon-si, Gangwon-do Overpass National highway 5 2005
GW15 Seongdong-ri, Bukbang-myeon, Hongcheon-gun, Gangwon-do Underpass Seoul Yangyang Expressway 2009
GB01 Saenggok-ri, Seonsan-eup, Gumi-si, Gyeongsangbuk-do Overpass National highway 33 2009
GB02 Unsan-ri, Sanseong-myeon, Gunwi-gun, Gyeongsangbuk-do Overpass Gun road 10 2010
GB03 Masan-ri, Guseong-myeon, Gimcheon-si, Gyeongsangbuk-do Overpass Local highway 901 2005
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2) 종다양도

생태통로를 이용하는 야생동물 유형을 확인하고,

각 분류군(Taxon) 혹은 종(Species)에 따라 상이하게

나타나는 이용특성을 분석한 자료는 생태통로 효율성

평가 연구에서 매우 중요한 지표로 활용될 수 있다

(Clevenger & Barrueto 2014). 특히, 생태통로의 위치

및 규격 등을 결정하기 위해 목표종(Target Species)

을 설정하고 활동권을 확인할 수 있는 이동(Movement)

자료, 활동 시간과 생태통로 이용빈도 간의 상관성

등을 효율성 평가에 활용하는 것은 이미 많은 사례연

구에서 그 유용성이 입증되었다(Clevenger & Waltho

2000; Clevenger & Barrueto 2014).

본 연구에서는 이러한 내용을 바탕으로 생태통로

모니터링 결과에서 확인된 출현종의 유형과 생태통로
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Table 1.  Continued

ID Address Type Road Completion
year

GB04 Jakcheon-ri, Gaeun-eup, Mungyeong_si, Gyeongsangbuk-do Overpass Gun road 11 2001
GB05 Sinhyeon-ri, Maseong-myeon, Mungyeong_si, Gyeongsangbuk-do Overpass National highway 3 1999
GB06 Uguchi-ri, Chunyang-myeon, Bonghwa-gun, Gyeongsangbuk-do Overpass Local highway 534 2005
GB07 Gogok-ri, Naeseo-myeon, Sangju-si, Gyeongsangbuk-do Underpass Cheongju Sangju Expressway 2007
GB08 Seowon-ri, Naeseo-myeon, Sangju-si, Gyeongsangbuk-do Underpass Cheongju Sangju Expressway 2007
GB09 Ongcheon-ri, Bukhu-myeon, Andong-si, Gyeongsangbuk-do Overpass National highway 5 2010
GB10 Icheon-dong, Andong-si, Gyeongsangbuk-do Overpass National highway 5 2014
GB11 Jidong-ri, Isan-myeon, Yeongju-si, Gyeongsangbuk-do Overpass National highway 36 2005
GB12 Jidong-ri, Isan-myeon, Yeongju-si, Gyeongsangbuk-do Overpass National highway 36 2005
JN01 Sado-ri, Masan-myeon, Gurye-gun, Jeollanam-do Underpass National highway 19 2009
JN02 Pado-ri, Toji-myeon, Gurye-gun, Jeollanam-do Underpass National highway 19 2011
JN03 Sinhak-ri, Gunoe-myeon, Wando-gun, Jeollanam-do Overpass National highway 13 2012
JN04 Wolsong-ri, Hyeonsan-myeon, Haenam-gun, Jeollanam-do Overpass National highway 13 2012
JB01 Jujin-ri, Asan-myeon, Gochang-gun, Jeollabuk-do Underpass Gun road 15 2013
JB02 Hakjeon-ri, Asan-myeon, Gochang-gun, Jeollabuk-do Underpass Gun road 15 2013
JB03 Chuksan-ri, Impi-myeon, Gunsan-si, Jeollabuk-do Underpass National highway 27 2006
JB04 Yangga-ri, Ibaek-myeon, Namwon-si, Jeollabuk-do Overpass National highway 24 2003
JB05 Geumpyeong-ri, Mupung-myeon, Muju-gun, Jeollabuk-do Overpass National highway 30 2003
JB06 Samgeo-ri, Mupung-myeon, Muju-gun, Jeollabuk-do Overpass National highway 37 2007
JB07 Jang-an-ri, Bunam-myeon, Muju-gun, Jeollabuk-do Overpass Local highway 635 2000

JB08 Guryong-ri, Paldeok-myeon, Sunchang-gun, Jeollabuk-do Overpass Road in agricultural and fishing
villages 202 2006

JB09 Wolgok-ri, Paldeok-myeon, Sunchang-gun, Jeollabuk-do Overpass Road in agricultural and fishing
villages 202 2006

JB10 Jangam-ri, Deokchi-myeon, Imsil-gun, Jeollabuk-do Overpass National highway 27 2012
JB11 Jiji-ri, Beonam-myeon, Jangsu-gun, Jeollabuk-do Overpass Local highway 743 2008
JB12 Myeongdeok-ri, Janggye-myeon, Jangsu-gun, Jeollabuk-do Overpass National highway 26 2002
JB13 Myeongdeok-ri, Janggye-myeon, Jangsu-gun, Jeollabuk-do Overpass Local highway 743 2006
JB14 Sinjeong-ri, Bugwi-myeon, Jinan-gun, Jeollabuk-do Overpass National highway 26 2013
CN01 Dugok-ri, Geumseong-myeon, Geumsan-gun, Chungcheongnam-do Overpass Gun road 103 2007
CN02 Madae-ri, Pangyo-myeon, Seocheon-gun, Chungcheongnam-do Overpass National highway 4 2014
CN03 Jeosan-ri, Pangyo-myeon, Seocheon-gun, Chungcheongnam-do Overpass National highway 4 2014
CB01 Banggok-ri, Daegang-myeon, Danyang-gun, Chungcheongbuk-do Overpass Local highway 543 2009
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주변에 서식하는 종의 유형 간 비례값을 산출하여 생

태통로 주변 서식종들이 생태통로를 충분히 잘 이용

하고 있는지 정량적으로 평가하였다.

생태통로 주변 서식종은 연구자가 실제 모니터링

을 통해 파악하는 방법이 보편적으로 활용되고 있으

나(Clevenger 2011), 본 연구에서는 전국을 대상으로

서식종의 수를 정량화된 방법으로 확인하기 위하여

전국자연환경조사 포유류 조사 자료를 활용하였다.

전국자연환경조사 자료는 제2차(’97~’05) 및 제3차

(’06~’13) 전국자연환경조사(Investgation of Natural

Environment, INE)의 전체 포유류 조사결과 자료를

종합하여 사용하였다. INE 포유류 조사단위 격자는

1:25,000 도엽을 9개의 구역으로 분할한 것으로서 총

6,748개의 격자로 세분된다. 각 격자에 49개 생태통

로 위치를 중첩한 결과, 6개의 생태통로가 동일 격자

에 포함되어 최종적으로 분석대상이 되는 격자는 43

개로 확인되었다(Figure 3).

DI =         (2)

3) 효율성 평가

생태통로 효율성 평가와 관련된 선행연구(Clevenger

& Waltho 2000; Clevenger & Barrueto 2014; Wang

2014; Simpson et al. 2016) 및 탐색적 분석을 바탕

으로 연구지역의 생태통로 효율성 양호 및 미흡에 대

한 기준을 산정하였다. 효율성이 양호한 생태통로는

평균 이상의 이용빈도를 보이고, 주변 서식종의 수와

비교하여 생태통로 출현종의 수가 같거나 많은 곳으

로 판단하였다. 따라서 생태통로 효율성은 전체 생태

통로 일평균 이용빈도 평균값을 상회하는 동시에 개

별 생태통로 서식종 대비 출현종 비율인 종다양도가

1.0 이상인 곳을 양호한 곳으로 평가하였다(Eq. 3).

F(E) = {FI ≥ the average of total frequency        (3)DI ≥ 1.0

III. 연구결과

2016년부터 생태통로 49개소(육교형 36개소, 터널

형 13개소)에 무인센서카메라를 설치하여 모니터링

을 실시한 결과 총 누적 일수 13,623일 동안 20,958

회의 이용이 확인되었다. 생태통로 전체 일평균 이용

빈도는 1.4회로 분석되었으며, Simpson et al.(2016)

의 연구에서 2010년~2014년까지 미국 네바다주 북

동부 지역의 고속도로(US93)에 설치된 육교형 및 터

널형 생태통로를 대상으로 노새사슴(mule deer)의 이

용빈도를 조사한 결과에서 확인된 이용빈도(육교형:

∑ The number of species in WCS
∑ The number of species in INE gird
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Figure 3.  Monitoring WCS within the INE grid.

Table 2.  List of FI evaluation
FI ratio WCS ID

≥1.4 17(34.7%) GB04(13.3), GB12(4.4), JB12(3.2), JB11(3.0), JB05(2.7), GW08(2.4), GB09(2.3), CN02(2.2), CN03(2.2),
GW05(2.0), GW09(1.7), GW06(1.6), GB10(1.6), JB08(1.6), CN01(1.6), GW03(1.5), JN03(1.4)

<1.4 32(65.3%)

GB08(1.3), JB09(1.3), CB01(1.2), GB11(1.2), GB03(1.1), JB01(1.1), GW14(1.1), GB02(1.1), JB14(1.0),
JB04(1.0), JB07(0.8), GW04(0.8), JN02(0.8), JB13(0.7), GB05(0.7), JB06(0.7), GW12(0.7)
GW10(0.6), JN04(0.6), JB10(0.5), GB01(0.4), JB02(0.4), GW13(0.4), GW07(0.3), GW11(0.3),
GW01(0.3), GW15(0.3), JB03(0.3), JN01(0.2), GB06(0.1), GB07(0.1), GW02(0.1)
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0.89~0.98; 터널형: 0.27~0.79)와 비교해봤을 때,

본 연구에서 조사된 생태통로가 약 2배 가까이 높은

이용률을 보이는 것을 알 수 있다. 또한 연구대상 중

평균을 상회하는 생태통로는 전체의 34.7%(17개소),

일평균 1.4회 미만인 생태통로는 65.3%(32개소)로

나타났다(Table 2).

야생동물 이용빈도가 평균 1.4회 이상으로 분석된

생태통로 17개소 가운데 터널형 GW08을 제외한 나

머지 16개소는 모두 육교형으로 확인되었다. 특히,

빈도수가 가장 높은 생태통로는 GB04로 하루 평균

13.3회 야생동물의 이동이 확인되었다. 이 외에 생태

통로 전체 일평균 빈도 1.4회를 상회하는 생태통로는

GB12(4.4회), JB12(3.2회), JB11(3.0회), JB05(2.7회),

GW08(2.4회), GB09(2.3회), CN02(2.2회), CN03

(2.2회), GW05(2.0)회, GW09(1.7회), GW06(1.6회),

GB10(1.6회 ),  JB08(1.6회 ),  CN01(1.6회 ), GW03

(1.5회), JN03(1.4회)순으로 높게 나타났다(Figure 4).

이를 생태통로 유형별로 분석한 결과, 육교형의 경

우 일평균 이용빈도가 1.9회로 나타났고, 육교형 전

체의 36%에 해당하는 13곳이 평균 이용빈도 1.9회 보

다 높은 빈도수를 보였다. 터널형 일평균 이용빈도는

0.7회로 분석되었고, 전체의 46%에 해당하는 6곳이

평균 이용빈도 0.7회 보다 높은 빈도수를 보였다. 육

교형은 터널형 평균 이용빈도 보다 0.8회 높아 상대

적으로 육교형의 이용빈도 수가 더 많은 것으로 분석

되었다. 이러한 결과는 선행 연구결과와 유사한 패턴

으로서(Clevenger & Barrueto 2014; Simpson et

al. 2016), 향후 생태통로 유형에 따른 효율성 평가

기준을 다르게 적용할 필요성이 있음을 시사한다.

생태통로 종다양도를 평가하기 위해 생태통로 전

체 출현종을 확인한 결과, 육교형은 유제류 일평균

0.9회, 식육목 일평균 0.3회 이용하였고, 터널형은

유제류 일평균 0.8회, 식육목 0.3회로 확인되었다.

출현종의 수는 총 18종(개, 고라니, 고슴도치, 고양이,

너구리, 노루, 다람쥐, 담비, 멧돼지, 멧토끼, 박쥐,

산양, 삵, 설치류, 수달, 오소리, 조류, 족제비, 청설

모 등)으로 그 비율은 육교형의 경우 고라니, 너구리,

노루 순으로 나타났으며, 터널형의 경우 너구리, 고

라니, 삵, 오소리 순으로 확인되었다. 이러한 결과는

Clevenger & Barrueto(2014)의 연구에서 1996년~

2014년까지 캐나다 밴프국립공원에 설치된 생태통로

에 출현한 12개의 종의 수보다 높은 것을 알 수 있다.
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Figure 4.  Map of total daily average FI. Figure 5.  The number of species on INE grid.
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전국자연환경조사 포유류 조사 자료를 바탕으로

6,748개의 INE 격자 내 서식종의 수를 계산한 결과,

서식 흔적이 발견되지 않은 격자에서부터 최대 23종의

흔적이 나타난 격자까지 확인할 수 있었다(Figure 5).

이 가운데 생태통로가 포함된 43개의 격자(Figure 3)

를 대상으로 출현종의 수와 비교한 종다양도 분석

결과, 출현종의 수가 더 많은 생태통로는 18개소로 전

체의 36.7%, 서식종의 수가 더 많은 경우 31개소로

전체의 63.3%로 나타났다(Table 3). 다양도 지수값

이 1.0이 넘는 18개소의 생태통로 중에서도 GW13이

다양도 지수값 4.0으로 INE 조사 결과보다 생태통로

를 이용하는 종의 수가 약 4배가 높은 것으로 분석되

었다. 또한, 생태통로 유형별로 보면, 터널형 생태통

로인 GW15, GW08, JB03을 제외한 나머지는 15개

소는 모두 육교형 생태통로로 확인되었다(Figure 6).

앞서 분석된 내용을 바탕으로 전체 생태통로 일평균

이용빈도 평균값 1.4회를 상회하는 동시에 개별 생태

통로 서식종 대비 출현종 비율이 동일한 종다양도값

1.0 이상인 곳을 효율성이 양호한 생태통로로 평가하

였다. 분석 결과, 전체 49개소 중 10개소가 효율성이

양호한 것으로 확인되었으며 이는 전체의 20.4%에 해

당된다(Table 4). 여기에 포함되는 생태통로는 GB04,

JB12, JB05, GW08, CN02, CN03, GW09, CN01,

GW03, JN03이며, 터널형인 GW08을 제외한 나머지

는 모두 육교형 생태통로로 나타났다(Figure 7).

한편, 생태통로 이용이 확인된 멸종위기종은 49개

소 중 37개소(육교형 11개소, 터널형 26개소)로 일평

균 0.04회의 이용빈도를 보였으며, 출현종은 산양,
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Table 3.  List of DI evaluation
DI ratio WCS ID

≥1.0 18(36.7%) GW13(4.0), GW15(3.5), CN03(3.5), CN02(3.0), GB03(2.5), JB06(2.0), GB02(1.8), GB04(1.8), GW03(1.8),
GW08(1.6), JN03(1.3), CN01(1.3), JB05(1.3), GW07(1.3), JB12(1.1), JB03(1.0), GW09(1.0), GW10(1.0)

<1.0 31(63.3%)

GW01(0.9), GW05(0.9), JB02(0.8), JB01(0.8), JB09(0.8), GW04(0.8), GB12(0.8), JB10(0.8), JB11(0.7),
GB05(0.7), GW06(0.7), JB08(0.6), JB07(0.6), GB06(0.6), JB13(0.6), GB07(0.6), GW02(0.6), GB09(0.6),
JN02(0.6), CB01(0.5), GB10(0.5), GB08(0.5), JN01(0.4), JN04(0.3), JB04(0.3), JB14(0.3), GB11(0.3),
GB01(0.3)

Figure 6.  Map of DI evaluation. Figure 7.  Map of effectiveness evaluation WCS
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수달, 삵, 담비, 청설모 5종으로 나타났다. 평균 이용

빈도 이상의 생태통로는 19곳(51%)으로 GB04(1.0회),

JB14(0.19회), GB12(0.18회), GW05(0.14회), GB07

(0.08회), GW12(0.08회), GB05(0.08회), GB08(0.07

회), GW09((0.07회), GW10(0.07회), GW01(0.06회),

GW14(0.05회), JB06(0.05회), GW15(0.05회), GW11

(0.05회), JB01(0.05회), JN03(0.05회), GW08(0.05

회), GB02(0.04회) 순으로 높게 나타났고, 특히

GB04는 전체 이용빈도 및 멸종위기종 이용빈도가 가

장 높은 생태통로로 확인되었다.

효율성이 양호한 것으로 평가된 생태통로 현장조

사 결과를 파악하기 위하여 NIE(2018)에서 수행된

생태통로 45개소의 지침준수율 조사 내용을 검토하

였다. 검토 결과, 지방도나 시·군도를 관리하는 지자

체의 지침준수율이 육교형 63.3% 터널형 79.9%로 고

속도로(육교형 84.5%, 터널형 76.9%)나 국도(육교형

83.9%, 터널형 100%)에 비해 낮은 것으로 나타났다.

특히. 생태통로의 지형연결성 조사 결과에서 절토사

면과 맞닿아 설치되어 구조적으로 야생동물의 이용이

어려운 곳이 많았고, 일부 생태통로는 진출입부가 급

경사 절개지와 맞닿아 있어 물리적으로 야생동물 진·

출입 자체가 어려운 경우가 있었다. 현장조사가 완료

된 45개소 가운데 본 연구에서 효율성이 양호한 생태

통로로 평가된 생태통로는 백두대간 생태축에 위치한

육십령(JB12), 덕산재(JB05), 삽당령(GW03), 댓재

(GW08)로 총 4개소로 확인되었다.

육교형 생태통로인 육십령, 덕산재, 삽당령 생태통

로의 통로규격 지침으로는 주요 생태축에 위치하여

중앙 최소폭이 최소 30m 이상 확보되어야 하고, 보

행자와 차량의 접근을 최대한 배제한 설계 여부, 차

량의 불빛 및 소음을 줄이기 위한 차단벽 설치 여부,

곤충·조류·양서류 등을 위한 설계적용 여부, 통로내

부에 물이 흐르는 것을 예방하기 위한 입구부 배수로

설치 여부 등이 있다. 조사 결과, 주변지형과의 연결

성과 설치위치, 차단벽 등의 설계가 모두 양호하고,

통로 중앙폭은 육십령 24m, 덕산재 30m, 삽당령

32m로 나타났다. 덕산재와 삽당령은 입구부 배수로

가 설치되어 있지 않았으며, 육십령과 삽당령의 유도

울타리는 높이(1.2~1.5m이상)와 구조물 및 지표면과

의 연결성 등이 부족하였다.

터널형 생태통로인 댓재 생태통로의 통로규격 지

침으로는 통로 높이 2m 이상(4차선 이상은 3m 이상)

이 확보되어 있어야 하고, 입구면적/길이로 계산되

는 개방도가 0.7 이상 확보 여부, 통로내부 배수처리

여부, 양서·파충류 이동을 위한 소규모 도랑 설치 여

부 등이 있다. 조사 결과 통로 높이, 개방도, 내부 배

수처리가 양호하였으나, 양서·파충류의 소규모 도랑

이 설치되어 있지 않았고, 유도울타리의 규격과 관리

상태가 좋지 않아 보완이 필요한 것으로 나타났다.

이러한 내용을 종합하면, 효율성이 높은 육십령,

덕산재, 삽당령, 댓재 중에서도 위치선정, 통로규격,

식재 및 토양, 유도울타리 등에서 덕산재 육교형 생

태통로가 지침의 기준에 가장 가깝게 설치된 것으로

조사되었다.

IV. 결 론

생태통로의 수는 지속적으로 증가하는 추세이며,

생태통로의 문제점을 파악하고 보다 실효성 있는 제

도를 마련하기 위해서는 기존 생태통로 효율성에 대

한 실태파악이 필요하다. 이에 본 연구는 백두대간 등

주요 생태축에 위치한 생태통로 49개소를 대상으로 야

생동물 일평균 이용빈도 지표와 생태통로 출현종의 수

와 주변 서식종의 수를 비교한 종다양도 지표를 활용

하여 생태통로 효율성을 정량적으로 평가하였다. 최종

적으로 전체 생태통로의 20.4%인 10개소가 양호한 효

율성을 보였으며, 터널형 보다 육교형의 효율성이 상

대적으로 높았다. 효율성이 양호한 10개소 중 4개소의

현장조사 결과를 검토하였으며, 유도울타리 등의 시설

관리가 다소 미흡한 곳이 확인되었으나 주변 지역과의
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Table 4.  Results of Effectiveness evalustion WCS
ratio WCS ID

Efficient WCS 10(20.4%) GB04, JB12, JB05, GW08, CN02, CN03, GW09, CN01, GW03, JN03
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연결성 등이 대체로 양호하고, 덕산재 생태통로의 지

침준수율이 가장 높은 것으로 확인되었다.

생태통로 이용빈도 및 출현종 유형을 활용하여 효

율성을 평가한 선행연구 결과와 비교하면(Clevenger

& Barrueto; Simpson et al. 2016), 일평균 이용빈

도는 약 2배 가까이 높았으며, 출현종의 수도 더 많은

것을 알 수 있었다. 특히, 본 연구에서는 생태통로에

출현한 종 뿐만 아니라 전국자연환경조사 자료를 바

탕으로 한 생태통로 주변에 서식종의 수를 계산하여

실제 생태통로를 어느 정도 이용하는지 평가하였다는

점에서 의의가 있다. 또한, 국내에서 보호지역 등 특

정 지역에 국한된 생태통로 모니터링 범위를 확장하

여 전국을 대상으로 다양한 지역 및 도로유형에 설치

된 생태통로를 대상으로 모니터링을 실시하였다는 점

에서도 의의가 있다.

향후 연구에서는 생태통로 효율성에 영향을 미치는

주요 변수로 확인된 생태통로 주변 시설, 경관특성,

도로밀도, 교통량 등에 대한 특성을 포함하여 포괄적

으로 생태통로 이용에 영향을 주는 요인 분석이 함께

고려되어야 할 것으로 사료된다. 특히, 생태통로 조

성 초기의 주변 토지피복과 현재의 토지피복이 상이

한 지역에서 인간활동에 의해 훼손된 지역의 현황을

파악하고, 대책수립이 필요하다. 본 연구 결과는 신

규 생태통로 및 기설치된 생태통로의 기능개선 등 효

율성을 향상하는데 기초자료로 활용될 수 있을 것으

로 판단된다.
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