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I. EXECUTIVE SUMMARY 
INTRODUCTION 

1. The Chittagong-Cox’s Bazar Railway Project (Project) in southeastern Bangladesh will 
implement a new single line dual gauge railway from Dohazari (46 km south of Chittagong) to 
Cox’s Bazar, traversing a total distance of 101 km.  The Project alignment crosses through 3 of 
Bangladesh’s 24 legally protected areas (PA) including: 1) Chunati Wildlife Sanctuary (CWS), 2) 
Fasiakhali Wildlife Sanctuary (FWS), and 3) Medhkachapia National Park (MNP).  All 3 PA are 
known to support IUCN-endangered Asian elephants (Elephus maximus).   

2. The Project was classified as an Asian Development Bank (ADB) Category A project since 
the rail alignment passes through legally protected areas that harbor one or more endangered 
species.  ADB’s Safeguard Policy Statement (SPS) guides classification of habitats and sets limits 
for habitat degradation associated with projects.  Within critical habitats, projects may have no 
adverse impact that impairs biodiversity value and ecosystem function, are not anticipated to 
reduce populations or habitat for endangered species, and all lesser impacts are fully mitigated.   

3. A study was commissioned in 2014 as part of the Project EIA to conduct a rapid 
assessment of the status of Asian elephants within the Project area, inventory elephant crossings, 
gauge human-elephant conflicts (HEC), and propose management options available to promote 
elephant connectivity and minimize potential elephant-train collisions.  The IUCN Elephant Route 
Identification Study identified 5 “active” and 6 “seasonal” elephant crossings along the Project 
alignment. This study served as the starting point for the assessment of elephant crossing 
patterns and identification of passage structure locations under this biodiversity baseline 
assessment (BBA). 

4. The goals of the BBA and associated field activities included: 1) conduct a full year of 
biodiversity baseline assessment across all seasons within the PA and assess Project impact to 
biodiversity, 2) assess the spatial and temporal distribution of Asian elephants along the railway 
alignment within the PA, 3) develop recommendations for the design of elephant passage 
structures and other mitigation measures, and 4) develop a strategy to enhance Asian elephant 
habitat quality/connectivity and reduce HEC as Project mitigations and conservation offsets. 

STUDY AREA 

5. The BBA was conducted within the 3 PA through which the Project railway alignment will 
cross.  The railway alignment will cross a combined total linear distance of 27.0 km within the PA, 
or 26.7% of the total Project length.   

6. CWS is the largest of the PA at 18,781 ha.  The forested Core Zone consists of 7,760 ha 
(41.3%) of Reserve Forest lands, surrounded by Buffer and Impact zones.  The Project alignment 
crosses the sanctuary along a 15.8-km long corridor on the sanctuary’s eastern side, crossing 
through Buffer (2.0 km), Impact (5.8 km; 53.8%) and Core zones.  The Buffer and Core zone 
habitats provide connectivity beyond the Project alignment and Highway NH1 to forested 
habitats to the east. 
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7. While the rail corridor largely avoids CWS’s contiguous core area, the alignment does 
cross several fingers of forested Core Zone habitat totaling a third (33.5%) of the total alignment 
length through CWS (5.3 km).  While representing degraded subtropical forest habitat, the CWS 
Core Zone nonetheless supports high biodiversity and provides vital landscape connectivity to 
forested habitats outside the sanctuary to the east. 

8. FWS totals 7,037 ha in size, with a Core Zone that encompasses 1,302 ha.  The Core Zone 
is surrounded by a reserve forest Buffer Zone 1,366 ha in size, and a 4,384 Impact Zone with 30 
villages.  FWS’s forested habitats have been severely impacted by human activities.   The railway 
alignment crosses a total of 10.3 km, with 5.8 km (56.3% of the total).  The railway alignment 
does not cross through Core Zone habitat, as the entire core lies to the east of both Highway NH1 
and the railway alignment.  Unsuitable, non-forested elephant habitats predominate to the 
western side of FWS; thus, there is likely little if any elephant movement from FWS to the west.  
FWS exhibits the highest incidence of HEC of the 3 PA.  

9. The Project railway alignment crosses a relatively short 0.9-km section of MNP on the 
western side of this small 396-ha national park.  The rail corridor passes through a short section 
(0.3 km; 33.3% of the total) of forest/shrub forest habitat to the south and a 0.5 km (55.6%) 
stretch of open agricultural lands to the north. 

RESULTS 

10. The foundation of our BBA and Asian elephant distribution assessments were 
reconnaissance survey transects (RST) extending 10−15 m on each side of the entire alignment 
through the PA.  We located and quantified evidence of elephant presence along the railway 
alignment.  All field activities occurred along or adjacent to these transects.  We completed 2 
surveys of the alignments through the 3 PA, the first during spring (8−15 April 2017) and the 
second in the fall (31 October to 7 November 2017).  During these transect surveys we 
documented Asian elephant sign at 21 sites; 13 in CWS, 7 in FWS, and 1 in MNP.   

11. Nine of the 13 (69.2%) sites in CWS exhibited elephant sign during both survey seasons 
while elephant sign in FWS reflected a considerably lower degree of consistency in use across 
both seasons; 1 of 7 sites (14.3%).  The lone site at MNP exhibited sign during both survey 
seasons.  CWS peak zones of elephant activity corresponded closely to the forested Core Zone 
habitat fingers and well-used trails.  At FWS, a peak in elephant sign occurred along the section 
where the railway alignment abuts Core Zone habitats that lie immediately to the East; most sign 
was associated with elephant crop damage along the edge of fields near Highway NH1.  We did 
not document any movements by elephants beyond this narrow band. 

12. We installed cameras at 20 sites across the 3 PA to inventory mammalian species 
diversity; 11 in CWS, 7 in FWS, and 2 in MNP.  Most cameras were installed in July 2017 (18), 
though 4 were installed in November 2017 at the same time 2 were removed.  In CWS, 7 of 11 
cameras were installed in forested Core Zone habitat along trails.  At FWS, all 7 cameras were 
installed in Buffer Zone habitats, most near the edge of croplands to document crop raiding.  One 
FWS camera was installed within forested Buffer Zone habitat along a well-used trail.   Cameras 
were operational an average of 6.8 months. 
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13. Our cameras “trapped” 10 species of mammals comprising 237 groups and 325 individual 
animals, at 13 of 20 cameras sites at the PA; the Asian elephant was the only species recorded at 
all 3 PA.   At CWS, we recorded 6 species of mammals in 168 groups (234 individuals) at 7 of 11 
camera sites, including 42 groups of Asian elephants at 7 sites.  The frequency distribution of 
CWS elephants recorded on cameras mirrored the sign survey results, being greatest within the 
forested Core Zone fingers which constitute travel corridors.   

14. At FWS, we recorded 64 groups of 71 individual animals accounting for 7 species; 4 
occurred only at a single camera site in community forest near the lone elephant trail we 
documented at FWS, and included 2 cat species, one listed as IUCN-vulnerable (VU), the fishing 
cat (Prionailurus viverrinus).  We also recorded a single IUCN-near threatened (NT) large Indian 
civet (Viverra zibetha).  We recorded 47 elephant groups at 5 of 7 camera sites. 

15. Though FWS had the highest number of elephant groups captured by cameras of the PA, 
many of the elephant records were of single, identifiable males that made return visits to the 
same sites for as many as 10 consecutive nights for crop raiding and marauding.  The majority 
(57.8%) of all FWS elephant records occurred in November when rice crops reached peak 
ripeness before harvest.  This reflects the crop-driven use of the area outside the FWS Core Zone 
by elephants compared to CWS where elephant use appeared to reflect residency within the 
forested Core Zone. 

16. We conducted 3 seasons of avian survey, spring (April), fall (November) and winter 
(January).  We recorded 99 different avian species during our survey, accounting for 4,181 
individual birds seen or identified by vocalizations; 20 species accounted for 83.9% of total 
composition across the PA.  We recorded 81 species at CWS, 37 at FWS, and 22 at MNP.  Species 
composition (percentage of total records) at each PA differed greatly among the PA, as the 10 
species accounting for the highest composition across survey seasons showed dramatic 
differences.  The number of species seen at each PA across seasons was consistent, but seasonal 
composition by the most common species differed greatly. 

17. We sampled 7 sites in Core Zone forests of CWS to assess overstory tree species 
composition, density, basal area (BA) and mean diameter.  We recorded 11 species of overstory 
trees among the sites; the mean number of species/site was a relatively low 2.1, and ranged from 
1 to 5 species.  We estimated an average of 799 trees/ha at CWS accounting for 17.4 BA.  We 
sampled 5 sites within FWS’s Buffer Zone community forest and recorded 4 species of overstory 
trees.  Garjan (Dipterocarpus turbinatus) accounted for 58.2% of the overstory composition, 
nearly half the total tree density, and had the highest occupancy as it occurred at all sampled 
sites. We sampled 2 forested sites in MNP, with only a single species of trees recorded, garjan.   

18. We recorded 45 species of understory shrubs and herbaceous plants on plots at CWS, 30 
at FWS, and 19 at MNP.  The forest understory plant information for the PA will prove valuable 
in developing strategies for enhancing habitat for Asian elephants and other species, and will be 
incorporated into a Habitat Enhancement Plan.   
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19. Across all surveyed taxa, we found that biodiversity along the Project railway alignment 
within CWS was higher than the other 2 PA.  For most taxa, the number of species documented 
was considerably higher in CWS; species richness was nearly twice that of FWS and over 3-fold 
higher than that for MNP.   CWS’s average Shannon-Weaver Diversity Index was 11% higher than 
that for FWS and 61% higher than the SDI for MNP. 

20. While habitats within the PA have been impacted by past human activities, all 3 support 
populations of endangered Asian elephant and still provide high biodiversity values.  Our BBA 
data supports concurrence with the Project EIA that all 3 PA constitute critical habitat for the 
Asian elephant, as well as the vital ecosystem services the biodiversity provides to local villagers.  
We do make the clear distinction that the area at FWS around the railway project, entirely outside 
the sanctuary’s Core Zone (which is critical habitat) is not required for the survival and recovery 
of elephants; further, elephant use of the Buffer Zone may actually be counterproductive to 
elephant management and recovery due to high HEC. 

PROJECT IMPACT ASSESSMENT 

21. We documented both direct and indirect impacts associated with Project construction.  
The 15.8 km of planned railway that crosses CWS will directly impact 86.9 ha, 31.7 ha (36.5% of 
the total) within the critical habitat Core Zone requiring full mitigation.  Another 14.1 ha of Buffer 
Zone will be impacted of which 8.6 ha constitutes forested habitat requiring mitigation.  Within 
the forested Core Zone of CWS, an estimated 32,216 trees will be harvested.  This habitat loss 
and clearing will have an impact on forest integrity, imposing an edge affect that could affect 
many species, be a source for invasive plant establishment and spread, and affect soil stability 
and water quality. 

22. Construction within FWS will impact a total of 49.4 ha along the 10.3-km alignment.  Of 
this, approximately 19.0 ha of forested habitat within the Buffer Zone community forest requires 
mitigation, as an estimated 11,787 trees will be harvested during construction.  The railway 
alignment crosses only a short stretch of forested habitat at MNP, 0.3 km, affecting 2.3 ha by 
construction; we estimated that 95 large garjan trees will be lost. 

23. The direct impact of elephant-train collisions after construction is another significant 
concern, especially at those sites were Asian elephant sign, especially at the 9 trails/corridors we 
documented was highest.   Also associated with the high elephant use sites are extensive stretches 
of cut slopes where the railway alignment cuts through terrain at varying depths to formation 
grade.  Cut slopes within documented elephant use areas have the potential to trap elephants 
making them vulnerable to collisions.   We delineated cut slopes of concern in the 3 PA; we 
identified nearly 3 km (2,850 m) of cut slopes, of which 56.1% were deeper than 8 m needing 
priority consideration for treatments to prevent collisions. 

24. The 1-km length of railway alignment through FWS Buffer Zone closet to the Core Zone 
constitutes the peak area where Asian elephants briefly leave the core to venture to the edge of 
croplands to raid crops. Other studies have found higher mortality rate during nighttime and for 
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male elephants associated with crop-raiding activities, and this 1-km stretch could be subject to 
future elephant-train collisions. 

25. The primary indirect impacts of railway construction though the PA, especially where the 
alignment crosses though Core Zone fingers which Asian elephants use as corridors, are habitat 
fragmentation and the barrier effect limiting the free movement of animals, especially elephant 
movement across the landscape.  Much of the 27-km alignment though the 3 PA will constitute 
a physical barrier to animal passage of one sort of another, be it the extensive cut slopes, some 
cuts as deep as 17 m and a wide as 70-75 m, or the built-up/filled railway formation that will be 
prevalent elsewhere and could typically be 2-3 m high, and as high as 12 m within some high 
elephant use areas. 

RAILWAY CONSTRUCTION AND CONSERVATION STRATEGY 

26. We utilized our BBA along with engineering design information (e.g., cut:fill profiles and 
planned drainage structure locations) to develop a data-driven and comprehensive, yet cost-
effective strategy to balance construction of the Project with conservation of biodiversity to 
achieve compliance with the ADB SPS.  This strategy goes beyond mitigating impact of the railway 
to addressing a range of resource-based needs ranging from Asian elephant corridor preservation 
to prevention of train-wildlife mortality to resolution of HEC.  Based on the different biological 
and social characteristics of each PA, each one was assigned a different primary focal goal along 
with secondary goals. 
 

27. We employed a “toolbox” of green infrastructure and the best available science on their 
design to address the indirect and direct impact of the Project on wildlife and biodiversity.  This 
toolbox included wildlife passage structures (overpasses and underpasses), elephant detection 
system technology, and funneling treatments (e.g., fencing and alternatives) which are vital to 
ensure effectiveness of the structural components and prevent elephant-train collisions.   

28. At CWS, the strategy focuses on protecting its vital Asian elephant corridors.  It employs a 
variety of measures including 2 overpasses, one at the highest-use elephant trail in the PA, and 2 
underpasses including an enlarged planned bridge.  Funneling fencing (6.8 km including both 
sides of the railway) is necessary to ensure that these elements are effective. Three at-grade 
crossings will be integrated with elephant sensor technology at the termini of fencing to prevent 
collisions at end runs.   

29. This CWS strategy will not only promote permeability and landscape connectivity; it will 
prevent the vast majority of elephant-train collisions that would otherwise occur at existing 
concentrated elephant crossing sites and where animals could become trapped in extensive cut 
slope sections.  Habitat enhancement activities on 40.3 ha within and outside CWS will mitigate 
the direct impacts of the project and promote elephant recovery.  Establishment of a 0.7-ha Quite 
Zone with no disturbance while construction proceeds will help prevent potential Asian elephant 
abandonment of the sanctuary. 

30. At FWS, the primary strategy goal will be resolution of HEC, which are typically very 
challenging to resolve.  The strategy recognizes that elephant use outside the FWS Core Zone is 



Biodiversity Baseline Assessment Final Report:  Chittagong−Cox’s Bazar Rail Project Page 6 
 

 

largely related to seasonal crop raiding and likely not associated with landscape-scale 
movements.  Thus, rather than accommodating passage across the railway alignment via an 
overpass and 2 underpasses for which suitable sites were identified, and perpetuating HEC, 
limiting elephants to the FWS Core Zone and precluding their passage across the railway 
alignment (and even Highway NH1) would present a long-term means to resolve HEC.  This will 
require approximately 5 km of elephant exclusion treatments of varying types, which would also 
prevent elephant-train collisions.  Habitat enhancement activities on at least 19 ha in and around 
the Core Zone would mitigate largely forested Buffer Zone impact, offset the lost foraging access 
by elephants to croplands, and promote elephant recovery.  A medium sized arch underpass or 
concrete box culvert is recommended at the high biodiversity site within community forest to 
protect biodiversity and allow animal passage, including for IUCN-VU fishing cats and NT large 
Indian civets. 

31. The Project railway alignment lies at the far western edge of MNP; as such, it is not likely 
that elephants have landscape connectivity needs to the west.   As such, a once-proposed 
overpass has been replaced with 2.8 km of funneling treatments and 2 elephant detection 
systems to allow safe at-grade passage at the ends, and to prevent elephant-train collisions along 
the cut slope section.  Habitat enhancement on 2.3 ha will mitigate construction impact and 
benefit elephant recovery. 

32. In addition to the large overpasses and underpasses which primarily target Asian 
elephants, there are a total of 28 planned concrete box culverts with a height of 3 m or greater 
within the 3 PA, averaging 1.0 culvert/km.  Nine (9) large bridges (not including the one that will 
be oversized to serve as an elephant overpass) are planned for for the PA.  Collectively, these 
structures will provide passage opportunities for smaller species such as deer, cats, civets, and 
porcupines, and help maintain connectivity and reduce the potential for wildlife-train collisions. 

33. Once implemented, this project will constitute one of the more environmentally-friendly 
transportation infrastructure projects anywhere the world. 
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II. INTRODUCTION 
 

34. With the densest population of any country in the world >1,000 km2 in size, which in turn 
contributes to severe congestion on its roads and highways, Bangladesh is focusing on expanding 
its railway network.  The Bangladesh Railway (BR) has identified 7 subprojects that will contribute 
to improved local and regional rail connectivity, foster and support economic development, and 
are components of Bangladesh’s portion of the planned long-range Trans-Asian Railway (GoB 
2016).  One of the subprojects, the Chittagong-Cox’s Bazar Railway Project (Project) in 
southeastern Bangladesh will implement a new single line dual gauge railway from Dohazari (46 
km south of Chittagong) to Cox’s Bazar via Ramu, traversing a total distance of 101 km (Figure II-
1).   

Figure II-1.  The Chittagong-Cox’s Bazar Railway Project alignment (red line) in 
southeastern Bangladesh which crosses through the Chunati (blue) and Fasiakhali 
(orange) wildlife sanctuaries and Medhkachapia National Park (green).  Also shown are 
the locations of Chittagong and the Project termini at Dohazari and Cox’s Bazar. 
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35. The Project crosses largely rural southeastern Bangladesh, which supports approximately 
2 million residents.  The Project alignment crosses through 3 of Bangladesh’s 24 legally protected 
areas (PA; Figure II-1); these PA include: 1) Chunati Wildlife Sanctuary (CWS), 2) Fasiakhali Wildlife 
Sanctuary (FWS), and 3) Medhkachapia National Park (MNP).  All 3 PA are known to support 
populations of IUCN-endangered Asian elephants (Elephus maximus) and have supported other 
IUCN-listed species in the past and may continue to do so today.   

II. 1. PROJECT CATEGORIZATION AND ENVIRONMENTAL SENSITIVITY 

36. The Project was classified as a Bangladesh Department of Environment Red Category due 
to its status as a Greenfield rail project (GoB 2016).  It was also classified as an Asian Development 
Bank (ADB; the primary Project lending entity) Category A project since the rail alignment passes 
through legally protected areas that harbor one or more endangered species.  ADB’s Safeguard 
Policy Statement (ADB 2009) and Environmental Safeguards Sourcebook (ADB 2012) together 
provide guidance for development of environmentally-sustainable Category A projects. 

37. The SPS (ADB 2009) and Environmental Safeguards Sourcebook (ADB 2012) guide 
classification of habitats and set respective limits for habitat degradation associated with 
projects.  The primary classifications include natural and modified habitats.  Within natural 
habitats, a project may not degrade habitat value unless no other alternatives are available, its 
benefits exceed costs, and impacts are fully mitigated.   

38. For natural habitat (and even modified habitats in PA), the SPS (ADB 2009) guides the 
determination of critical habitat for endangered and/or limited distribution/endemic species, 
with explicit guidance relative to the potential for projects to be considered within critical habitat 
areas exhibiting high biodiversity value, legal protection, and/or are required for survival of 
endangered species.  Within critical habitats, projects may have no adverse impact that impairs 
biodiversity value and ecosystem function, are not anticipated to reduce populations or habitat 
for endangered species, and all lesser impacts are fully mitigated.   

39. ADB Category A projects necessitate the conduct of Baseline Biodiversity Assessments 
(BBA), with these general objectives: 

(i) identify and quantify potential project impacts compared to a biodiversity baseline;  

(ii) design measures to avoid, minimize, or mitigate adverse impacts, and compensatory 
and offset measures as needed to achieve no net loss or even a net gain of biodiversity 
value; and 

(iii) evaluate the prospects of achieving no net loss of biodiversity value when impacts are 
balanced against achieving measurable conservation outcomes. 

40. The conduct of BBA, with sound experimental design with appropriate geographical and 
temporal scope/duration are essential to addressing ADB guidance for Category A projects such 
as this one.  Sound assessment is the key to thoroughly addressing the potential impact of 
transportation infrastructure projects and to developing strategies to adequately mitigate 
impacts where they cannot be avoided, including the integration of green infrastructure (e.g., 
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wildlife overpasses and underpasses) and other measures.  In fact, the Project Environmental 
Management Plan (EMP; GoB 2016) includes provision for up to 5 overpasses to preserve Asian 
elephant landscape connectivity and movement across the railway alignment within PA.  To 
properly determine the need and priority for and location of any potential green infrastructure 
for elephants or other species, adequate information is necessary to assess elephant distribution 
and use patterns along the railway alignment.  This was a major focus of this BBA. 

II. 2. ELEPHANT ROUTE IDENTIFICATION STUDY 

41. As part of the ongoing Project EIA, a study was commissioned in 2014 to conduct a rapid 
assessment of the status of Asian elephants within the Project area, inventory elephant crossings 
and travel corridors intersecting the proposed railway alignment, interview local villagers to 
gauge human-elephant conflicts (HEC), and propose management options available to promote 
elephant connectivity and minimize potential elephant-train collisions.  The Elephant Route 
Identification Study (IUCN 2014; Appendix 10 to the EIA, GoB 2016) reported the findings of 
elephant sign survey along the rail alignment corridor, as well as interviews with villagers 
documenting high HEC, including encounters resulting in human injury and death. 

Table II-1. Active and Seasonal Asian elephant crossing locations along the Project railway 
alignment within the protected areas, determined by IUCN (2014). 

Protected area 
Alignment chainage  

location (km) 
Crossing type 

 

Chunati Wildlife Sanctuary  
 

 

25+120 Seasonal 

27+220 Active 

28+030 Seasonal 

28+360 Active 

29+040 Active 

32+740 Seasonal 

36+330 Seasonal 

 

Fasiakhali Wildlife Sanctuary 
 

  

55+420 Active 

56+280 Active 

58+380 Seasonal 

Medhkachapia National Park 64+090 Seasonal 

 
42. Given the strong fidelity that Asian elephants display toward their traditional 
movement/migratory routes, the elephant crossing data reported by IUCN (2014) served as the 
surrogate basis (versus visual observation of elephants or telemetry study) for assessing elephant 
connectivity needs.  Though the assessment was limited in its scope and duration, especially with 
regard to the conduct of field assessment along the railway alignment, it nonetheless was the 
basis for the EMP provision for construction of up to 5 elephant overpasses during railway 
construction.  This assessment (IUCN 2014) identified 5 “active” and 6 “seasonal” elephant 



Biodiversity Baseline Assessment Final Report:  Chittagong−Cox’s Bazar Rail Project Page 10 
 

 

crossings along the Project corridor alignment (Table II-1) within CWS (3 active/4 seasonal), FWS 
(2 active/1 seasonal), and near MNP (1 seasonal).  This study served as the starting point for our 
BBA assessment of elephant crossing patterns and identification of passage structure locations.  
Further, the BBA was intended to confirm the IUCN assessment. 

II. 3. BIODIVERSITY BASELINE AND ELEPHANT DISTRIBUTION ASSESSMENT GOALS 

43. This BBA was conducted under the pre-construction Detailed Project Design phase of the 
EMP of the Project EIA (GoB 2016).  The Terms of Reference (TOR) for this BBA proscribed a full 
year (e.g., April 2017−March 2018) of biological study to ensure that seasonal variation is 
captured and considered. The TOR proscribed project accomplishment under a collaborative 
study plan conducted in accordance with Bangladesh’s relevant national environmental policies, 
ADB’s SPS (ADB 2009), and the official authorization for field work within PA granted by the 
Bangladesh Forest Department (FD) on 2-April-2017.   The BBA study plan was developed and 
implemented in consultation and cooperation with the FD, BR, ADB, and other groups and 
organizations including the respective PA Co-Management Committees (CMC) and Community 
Patrol Groups (CPG) and the Climate-Resilient Ecosystems and Livelihoods program (CREL).  It 
reflected substantial input from the extensive 27-March-2017 project inception workshop.   

44. The BBA goals and associated objectives that guided field activities in the 3 PA include: 

Goal 1. Conduct a full year of biodiversity baseline assessment across all seasons within 
the PA and assess Project impact to biodiversity. 

Objective 1. Establish biodiversity baselines for terrestrial taxa including forest tree 
overstory and shrub/herbaceous understory, mammalian, and avian species. 

Objective 2. Assess the potential impact of railway construction to the biodiversity 
baselines established for the above taxa with the PA. 

Objective 3. Assess the presence of critical habitats, as per the ADB SPS (2009) and 
assess potential direct and indirect impacts of railway construction. 

Goal 2. Assess the spatial and temporal distribution of Asian elephants along the railway 
alignment within the PA. 

Objective 1. Conduct year-round data-driven determination of elephant spatial and 
temporal distribution adjacent to the railway alignment, employing intensive 
seasonal sign inventory and camera monitoring, and confirming/refining crossings 
reported in the Elephant Route Identification Study (IUCN 2014). 

Objective 2. Utilize elephant distribution data to develop elephant mitigation strategies 
with locations and priorities for construction of passage structures and other 
measures to preserve connectivity and minimize elephant-train collisions. 

Goal 3. Develop recommendations for the design of elephant passage structures and 
other measures. 
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Objective 1. Develop recommendations for design of elephant passage structures 
within landscape corridors based on spacing, planned drainage structures, terrain, 
sizing, and other factors.  Recognize the importance of creditable and cost-effective 
recommendations with high likelihood of successful use by elephants. 

Objective 2. Determine the extent and design of elephant funneling treatments to 
ensure passage structures are effective and to minimize elephant-train collisions. 

Goal 4. Develop a strategy to enhance Asian elephant habitat quality/connectivity and 
reduce HEC as Project mitigations and conservation offsets. 

Objective 1. Develop a comprehensive plan for elephant habitat enhancement to 
achieve no net loss of biodiversity value associated with the project, and to promote 
elephant recovery.  Consider both enhancements associated with the railway 
alignment and conservation offsets beyond the corridor and even the PA.   This 
objective will be addressed through a separate Habitat Enhancement Plan. 

II. 4. LIMITATIONS OF THE BIODIVERSITY BASELINE ASSESSMENT 

45. While the intended focus of the BBA beyond establishing biodiversity baselines was on 
assessing the distribution of elephants along the railway alignment to determine locations and 
priorities of passage structures, there nonetheless were larger questions relating to elephant 
ecology that beg to be answered.  Among them is the question of where elephants travel beyond 
the railway alignment, outside of the PA, and even beyond the borders of Bangladesh (e.g., into 
Myanmar).  To fully understand the importance of preserving connectivity across the railway 
alignment within the PA, the functional importance of identified corridors within the PA in 
maintaining larger, landscape-scale connectivity remains a critical need.  Even considering the 
smaller railway alignment-scale, Global Positioning System (GPS)-telemetry technology available 
to road ecologists the past 15 years (e.g., Dodd et al. 2007) would provide unparalleled amounts 
of high-quality data to determine wildlife crossing patterns associated with linear transportation 
projects (Dodd et al. 2009) as well as landscape-scale movements. 

46. The original draft study plan presented at the project inception workshop included an 
Asian elephant GPS telemetry component to be funded by the ADB as part of the BBA.  Elephants 
(e.g., 3/PA) fitted with transmitters for a substantial period (e.g., up to 9 years) over which GPS 
fixes could be collected every hour to 2 hours and obtained regularly with satellite uploading 
would yield a wealth of local and landscape-scale movements information.  However, owning to 
the difficulty and potential risks associated with capturing elephants, the FD biologists did not 
feel the risks outweighed the need to pursue a telemetry element, especially given availability of 
other non-invasive methodologies (e.g., sign survey, cameras) to meet the primary goals and 
objectives of identifying elephant crossings of the railway alignment. 

47. Wildlife Institute of India (WII) biologists that reviewed the draft Project BBA final report 
and attended the 19−22-March-2018 ADB mission in Bangladesh to discuss the BBA findings and 
recommendations extolled the benefits and advocated strongly for the application of GPS 
telemetry in establishing elephant population parameters and understanding both localized and 
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regional/landscape-scale movements vital to preserving connectivity.  They advocated for the 
future application of GPS telemetry on elephants in validating BBA findings and 
recommendations, monitoring during-construction impact on elephants, and monitoring post-
construction elephant response to Project mitigation strategies.  The WII, with considerable 
experience and success in Asian elephant capture and telemetry in India pledged their future 
assistance in pursuit of such studies in association with the Project.  Following the mission, FD 
officials indicated a potential receptiveness to exploring elephant GPS telemetry in the future. 

48. The BBA study plan and associated methodologies also yielded limited information on 
baseline Asian elephant population dynamics, including hard estimates of population size and 
demographics.  BBA camera monitoring yielded some insights into age (e.g., calves:100 cows) 
and sex structure.  However, this information provides a less than definitive assessment of 
elephant population structure; thus, we relied on FD biologists and rangers to understand 
elephant population numbers within each PA for which they are intimately familiar. 

II. 5. PROJECT COORDINATION AND CONSULTATION 

49. With a project of this scope and scale, especially involving 3 PA, considerable coordination 
and consultation occurred not only at the onset of the BBA, but also throughout the duration of 
study plan development and ensuing field activities.  Frequent logistical coordination with various 
units of the FD, as well as BR occurred throughout the BBA project.  An initial draft study plan 
was completed on 21-March-2017 to help guide initial coordination efforts.  

50. Much of the upfront project coordination occurred during an ADB project inception 
mission in Chittagong on 26−30-March-2017, with a field trip to the PA on 29-March-2017.  
During a workshop on 27-March-2017, extensive discussion of the study goals, approach and 
methodologies occurred, along with the FD decision to forego Asian elephant telemetry 
application.  These meetings were attended by BR, FD, and ADB staff and consultants, and others. 

51. Between 2−7-April-2017, extensive coordination with various FD staff associated with the 
3 PA occurred, addressing field study logistics and support, and helping to refine the study plan 
which was revised and disseminated on 5-April-2017.  These activities also served to refine the 
study plan methodologies.  The FD Chief Conservator of Forests issued an authorization letter to 
conduct field activities within the PA on 2-April-2017. 

52. Intensive field data collection activities occurred between 8−14-April-2017, during which 
time the BBA team coordinated extensively with the respective PA FD staff, CMC and CPG, all 
which also provided extensive support and assistance with field activities.  Also discussed were 
options for engaging the CPG in providing protection for cameras that would eventually be 
installed in the PA (after clearing Bangladesh Customs). 

53. Preliminary findings and insights from the spring field data collection effort were provided 
to FD and BR leadership on 16−17-April-2017. 

54. A camera protection program involving the formal engagement of 17 CPG members was 
developed and approved by the ADB on 14-June-2017. 
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55. The study plan was again revised and disseminated on 30-June-2017, reflecting the 
insights gained and preliminary results from the spring field efforts, as well as a modified 
approach to camera installation, which occurred on 8−12-July-2017.  FD staff and CPG members 
provided extensive support during camera installation. 

56.  Fall field activities occurred between 31-October and 24-November-2017, including 
adding new camera sites and conducting BBA inventory efforts.  Preliminary results and 
recommendations were compiled for an ADB Mission during which a field tour with BR and ADB 
representatives was conducted on 15-November-2017; a workshop was held on 16-November-
2017 in Chittagong during which much discussion occurred. 

57. A meeting was held with the BR Project Director to discuss field coordination and 
initiation of the passage structure design process on 20-November-2017.  BR indicated its 
preference to wait until the final report was available for review before being involved further in 
the BBA. 

58. Meetings with FD Divisional Forest Officers to discuss preliminary results and 
recommendations, as well as proposed mitigation strategies for the PA occurred on 21-
November-2017 in Chittagong and on 25-November-2017 in Cox’s Bazar. 

59. An ADB Mission attended by BR, FD, and ADB staff and consultants in Derhadun, India 
was held 4−7-December-2017 to coordinate with the WII and discuss their ongoing efforts to 
develop Asian elephant sensor technology applications along railways and its potential for 
application along the Project.   

60. The aforementioned 19−22-March-2018 ADB 
Bangladesh mission to discuss the BBA findings and 
recommendations, including presentations and 
field reviews was focused on achieving consensus 
for the proposed mitigation strategies and 
recommendations for the 3 PA.  ADB, BR, FD, 
railway construction contracting firms, and WII 
representatives attended this productive 
mission at which full consensus was achieved 
on the proposed mitigation strategies.  This 
revised final report reflects input and 
comments received during the ADB mission and 
agency reviews of the draft report. 

  

FWS Core Zone 
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III. STUDY AREA 
 

61. The northern third of the 101-km long railway alignment between Dohazari and Cox’s 
Bazar (Figure II-1) largely crosses flat open terrain, the center third traverses through largely 
agricultural land with scattered forest, and the southern third of the route climbs through hilly 
terrain as high as 400 masl dominated by tropical rainforest/jungle habitats interspersed with 
rural agricultural lands (EIA; GoB 2016).  Several villages are also interspersed along the route. 

62. Along the railway alignment, the main forested habitats occur within the 3 PA, and the 
predominant human land uses adjacent to the railway alignment outside the PA are agriculture 

and settlements.  As such, the BBA was focused within the 3 forested PA through which the 
Project railway alignment will cross (Figure II-1).  Most field activities were confined to the area 
adjacent (e.g., 0.5 km on either side) to the railway.  The railway alignment will cross a combined 
total linear distance of 27.0 km within the PA, or 26.7% of the total Project length.   

63. In addition to each PA harboring Asian elephants, there was potentially a large number of 
other IUCN-Red Listed terrestrial species could occur within the Project area.  Desktop 
biodiversity screening using the Integrated Biodiversity Assessment Tool (IBAT; 
www.ibatforbusiness.org) identified a large number of species within 5 taxa (no amphibians 
listed), especially birds, that could be present in the PA (Table III-1).  Aside from birds, it is unlikely 
that many of the other listed species are present, though the IUCN-EN western hoolock gibbon 
(Hoolock hoolock) was seen recently in CWS (Forest Department 2015a).  The BBA was intended 
to help assess the presence of other IUCN-listed and sensitive species. 

Table III-1.  Number of IUCN-Red Listed species by taxa and IUCN status category that 
potentially were present in the Project area, determined by IBAT desktop screening. 

 

Taxa 
Number of IUCN Red Listed species by category1 potentially present 

CR EN VU NT All 

Reptiles 0 0 5 0 5 

Birds 3 5 19 7 34 

Mammals 0 4 10 2 16 

Plants 1 1 1 3 6 

TOTAL 4 10 35 12 61 
 

  1CR = critically endangered   EN = endangered   VU = vulnerable   NT = near threatened 

III. 1. CHUNATI WILDLIFE SANCTUARY 

64. CWS is the largest of the PA in which the BBA was conducted, at 18,781 ha.  The sanctuary 
is an IUCN Category IV PA and was established in 1986 to foster Asian elephant protection and 
recovery (Islam et al. 2011). The CWS Management Plan (Forest Department 2015a) guides 
management of the sanctuary under a zoned approach (Figure III-1).  This plan prohibits new 
human development within the Core Zone (Figure III-2) where forested habitats are largely intact 
(Figure III-2) and management focuses on conservation and restoration in cooperation with the 

http://www.ibatforbusiness.org/
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CMC.  Much of the Core Zone has already been impacted or degraded by human activities, 
including 1,708 ha (22.0%) of it by human settlement and agriculture interspersed within the core 
(Forest Department 2015a).  The sanctuary’s Buffer (4,615 ha) and Impact (6,329 ha) zones 
(Figure III-1) are highly degraded and support limited remaining natural forest; both of these 
zones lie outside the legally protected limits of the sanctuary.  No new human settlement or 
cultivation is allowed in the Buffer Zone though sustainable resource extraction is permissible.  
Human settlement and cultivation are predominant land uses within the Impact Zone.   

65. The predominately forested Core Zone (Figure III-2) consists of 7,760 ha (41.3%) of 
Reserve Forest lands, surrounded by Buffer and Impact zones, the latter comprised  primarily of 
private lands (Table III-1).  The Project alignment crosses the sanctuary along a 15.8-km long 
corridor (chainage 22.0−38.0 km) on the sanctuary’s eastern side, crossing through Buffer (2.0 
km; 12.7% of the CWS total), Impact (5.8 km; 53.8%) and Core zones.  The Buffer and Core zone 
habitats provide connectivity beyond the Project alignment and Highway NH1 to forested 
habitats to the east (Figure III-1). 

Figure III-1.  Chunati Wildlife Sanctuary Core (green), Buffer (blue), and Impact (red) 
management zones, the juxtaposition of the Project alignment (red line) and parallel 
Highway NH1 (yellow line to right of alignment), and Active (yellow dots) and Seasonal 
(pink dots) elephant crossings determined by the Elephant Route Identification Study 
(IUCN 2014).  Note the Core Zone fingers providing landscape connectivity across the 
Project alignment and NH1 to forested habitats to the east. 
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66. While the railway alignment largely avoids CWS’s contiguous Core Zone habitats, the 
alignment does cross several fingers of forested habitat (Figure II-2) totaling a third (33.5%) of 
the total alignment length through CWS (5.3 km).  It is important to note that all 3 of the Active 
crossings identified in the Elephant Route Identification Study (IUCN 2014) fall within these Core 
Zone fingers (Figure III-1).  Highway NH1 parallels the railway alignment along its entire length 
through CWS (Figure III-1).  While representing degraded subtropical forest habitat (Forest 
Department 2015a), the CWS Core Zone nonetheless supports high biodiversity and provides 
vital landscape connectivity to forested habitats outside the sanctuary to the east. 

67. Aggressive co-management restoration activities with the CMC, involving people from 45 
villages within CWS are underway within the Core and Buffer zones, including planting of native 
tree and plant species and soil and erosion stabilization.  CWS’s Core Zone, and to a lesser extent 
its Buffer zone provide habitat for Asian elephants.  The IUCN (2014) elephant route assessment 
identified 3 active and 4 seasonal elephant crossings within CWS (Table II-1, Figure III-1). 

Figure III-2.  Chunati Wildlife Sanctuary’s intact forested Core Zone, located near the 
center of the sanctuary, looking north.   

 
68. A 2012-2013 Jahangirnaga University-coordinated survey of CWS found 23 reptile, 33 
amphibian, 160 bird, and mammal species (FD 2015a).  The management plan reports that 219 
species of birds are known to occur at CWS, of which 57 are restricted to the forested Core Zone 
(CWS Management Plan; FD 2015a).  The university survey recorded 240 tree, 102 shrub, 211 
herb, 106 climber, 19 fern, and 7 epiphytic (including orchid) species at CWS; 96 of these species 
were considered exotic or invasive. 

69. Of the 6 primary management objectives articulated in the CWS Management Plan (FD 
2015a), 4 relate closely to the Asian elephant population within and around the sanctuary: 1) 
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providing for landscape-scale management of the sanctuary focusing on the elephant, 2) 
protecting elephant corridors, 3) restoring elephant habitats, and 4) expanding ecotourism 
opportunities which involve elephants.  The BBA was intended to help further achievement of all 
4 objectives with additional data and development of implementation strategies. 

III. 2. FASIAKHALI WILDLIFE SANCTUARY 

70. FWS was established in 2007 to promote Asian elephant recovery and protect its remnant 
Garjan (Diptocarpus spp.) forest.  FWS totals 7,037 ha in size, with a Core Zone that encompasses 
1,302 ha (Figure III-3); 483 ha dense forest habitat and 692 ha of degraded forest or scrub habitat.  
The Core Zone is surrounded by a reserved forest Buffer Zone 1,366 ha in size, and a 4,384 Impact 
Zone inhabited by ≈50,000 people in 30 villages (FWS Management Plan; FD 2015b; Figure III-3).  
Even more so than CWS, FWS’s forested habitats have been severely impacted by human 
activities.    

Figure III-3.  Fasiakhali Wildlife Sanctuary Core (green), Buffer (blue), and Impact (red) 
management zones, the Project alignment (red line) and Highway NH1 (yellow line to 
right of alignment), and Active (yellow dots) and Seasonal (pink dot) elephant crossings 
(IUCN 2014).  Note that the entire Core Zone lies east of NH1 and the alignment. 

71. The railway alignment crosses through FWS along a total of 10.3 km (chainage 52.2−62.5 
km), with 5.8 km (56.3% of the total) crossing though Buffer Zone reserve forest habitats, and 4.5 
km (43.7%) crossing through the heavily inhabited Impact Zone (Figure III-3).  The railway 
alignment does not cross through Core Zone habitat, as the entire core lies to the east of both 
Highway NH1 and the railway alignment (Figure III-3).  Also, largely unsuitable, non-forested 
areas predominate to the west of FWS; there is likely little elephant movement west from FWS.  
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72. FWS exhibits the highest incidence of HEC of the 3 PA (IUCN 2014) due to the number of 
people living in the sanctuary coupled with the immediate proximity of Core Zone habitats to 
extensive croplands in which elephants seasonally raid crops (Figure III-4).  One of the FWS 
management plan (FD 2015b) goals is to improve food security and resilience for villagers 
impacted by HEC. 

Figure III-4.  Typical Fasiakhali Wildlife Sanctuary crop raiding in a rice field by Asian 
elephants in proximity to the Core Zone and human settlement within the Impact Zone. 

 
73. FWS supports 63 recorded tree, 12 shrub, 9 climber, and 27 species of herbs.  Surveys 
since 2005 have logged 162 species of birds, along with 25 mammal, 15 amphibian, and 25 reptile 
species (FWS Management Plan 2015b). 

74. FWS is used heavily by Asian elephants, and the IUCN (2014) elephant route assessment 
identified 2 active and 1 seasonal elephant crossings/travel corridors (Figure III-3). 

III. 3. MEDHKACHAPIA NATIONAL PARK 

75. The Project railway alignment crosses a relatively short 0.9-km (chainage 64.4−65.3 km) 
section of MNP on the western side of this small 396-ha national park (Figure III-5) which was 
designated in 2004 to protect its remnant Garjan forest (Figure III-6).  The rail corridor passes 
through a short section (0.3 km; 33.3% of the total) of forest/shrub forest habitat to the south 
and a 0.5 km (55.6%) stretch of open agricultural lands to the north; the corridor also passes 
through a short 0.1 km (11.1%) area of human settlement. 
 
76. Asian elephants exhibit substantial use of MNP including the forested area along the 
railway alignment; the Elephant Route Identification study (IUCN 2014) reported a single nearby 
Seasonal crossing at chainage 64+090 km.  However, not only does the railway alignment lie along 
the far western extent of the forest/forest shrub habitats at MNP, the area outside the PA to the 
west is largely open, unsuitable elephant habitat which likely limits their movement to the west.   
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Figure III-5.  Medhkachapia National Park and its forested (green), forest/shrub (red), 
agricultural (blue) and human settlement (orange) habitats, the railway alignment (red 
line) and Highway NH1 well east of the railway (yellow line), and a nearby Seasonal (pink 
dot) elephant crossing (IUCN 2014).  Note that the area west of the railway alignment is 

open, largely unsuitable elephant habitat. 
Figure III-6.  Ecotone between Medhkachapia National Park’s remnant Garjan forest and 
agriculture along the Project railway alignment, looking west.   
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III. 4. ASIAN ELEPHANT ECOLOGY AND POPULATIONS 

77. Asian elephants are an iconic Asian species, one ingrained deeply in the diverse local 
cultures and history of the continent dating back thousands of years.  Blake and Hedges (2004) 
characterized them as a charismatic flagship species, and indeed they are regarded as a true 
“keystone” species due to the large impact they have on the ecosystems in which they reside and 
ecosystem function (IUCN-Bangladesh 2004, Campos-Arceiz and  Blake 2011).  Asian elephants 
are considered habitat generalists since they live in and utilize a wide variety of habitats including 
grasslands, scrublands, tropical and evergreen forests, deciduous forests, and in areas intermixed 
with agriculture (Choudhury et al. 2008); elephants live in habitats up to 3,000 masl. 

78.    Elephants constitute the last extant large “mega-herbivore” species (Owen-Smith 1988, 
Choudhury et al. 2008; Ripple et al. 2016), and as such they rely on productive habitats to meet 
their high dietary needs.  They are foraging generalists and browse and graze on many plants, 
feeding up to 20 hours/day, and consume up to 150 kg of plants/day (Campos-Arceiz and  Blake 
2011).  They also defecate frequently producing 100 kg/day of dung which helps disperse 
germinating seeds, a major role they play in ecosystems (Campos-Arceiz and Blake 2011) along 
with modifying and transforming vegetation communities, and serving as ecosystem engineers 
and soil movers (Haynes 2011). 

79. The historic range of Asian elephants once covered ≈9 million km² (Sukumar 2003, Blake 
and Hedges 2004, Choudhury et al. 2008) including West Asia, the Indian subcontinent, Southeast 
Asia and China as far north as the Yangtze river (Sukumar 2003, Choudhury et al. 2008).  Today, 
elephants reside largely in isolated population within 13 countries or “states” with an extant 
range area of 486,800−500,000 km² (Sukumar 2003), or just around 5% of their historic range. 

80. The most current Asian elephant population estimate is roughly 30−50,000 within the 13 
range states (IUCN/SSC/Asian Elephant Specialist Group 2017).  Sukumar (2003) and Choudhury 
et al. (2008) list the population at 41,410–52,345 animals, and Esa (2017) reports estimates of 
45,826-53,306 Asian elephants, of which 55% reside on the Indian Sub-Continent.  Overall the 
Asian elephant population is considered to be in decline due to continued threats 
(IUCN/SSC/Asian Elephant Specialist Group 2017, Choudhury et al. 2008) though some 
populations in India are increasing in response to aggressive management. 

81. Major threats to Asian elephants are several and significant, and include: 1) habitat loss, 
degradation, and fragmentation, 2) poaching, and 3) HEC.  Habitat loss and fragmentation are 
considered the most significant of the threats which is related to the dramatic growth of Asia’s 
human population, settlement, and extractive resource use (Choudhury et al. 2008, Hedges 
2006).  Even the significant HEC issues in Asia are rooted in habitat loss, degradation and 
fragmentation (Hedges et al., 2005).  There is growing understanding of the importance of 
maintaining protected areas and to pursue large elephant conservation landscapes; PA are 
estimated at <8% of the current elephant range in Asia (IUCN/SSC/Asian Elephant Specialist 
Group 2017), and the ever growing need to manage for connected landscapes and corridors 
(Venkataraman et al. 2017, Tiwari 2017, WII 2016). 
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82. In Bangladesh, the Asian elephant is considered critically endangered (IUCN-Bangladesh 
2004).  Elephants were once widespread, but today are restricted to less-densely and relatively 
undeveloped areas, predominantly in the Chittagong, Chittagong Hill Tracts, and the Cox’s Bazar 
areas of southeastern Bangladesh (IUCN-Bangladesh 2004, Islam et al. 2011; Figure III-7). Trans-
boundary movements of elephants occur in southeastern Bangladesh, with some of elephants in 
the Cox’s Bazar area moving to and from Myanmar; non-resident elephant movement the area 
often coincides with peak rice harvesting seasons (Islam et al. 2011).  
 

 

Figure III-7.  Current Asian elephant population distriibution and relative abundance in 
Bangladesh.  Elephants associated with the Chittagong-Cox’s Bazar railway project include 
those in the Chittagong South and Cox’s Bazar North forest divisions indicated in the map.  
Figure from Islam et al. (2011). 

83. The current elephant population is Bangladesh is estimated at 300−350 wild elephants of 
which 200 are considered resident and 100−150 have trans-boundary ranges (Islam et al. 2011: 
Figure III-7).  The IUCN (2017) estimated the wild elephant population at 268 resident (range = 
210−330) individuals and 93 nonresident elephants.  Gittins and Akonda (1982) estimated the 
population at 281−348 elephants while WWF (2000 Species Status Report) estimated 195−235 
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elephants in Bangladesh.  Bangladesh is regarded as one of 5 of 13 range states where the 
population is estimated at less than 200 animals (Fernando and Pastorini 2011). 

84. No written reports were found for Asian elephant population estimates within the PA.  
Estimates were, however, obtained from FD rangers and biologists for the PA.  The CWS elephant 
population was estimated at ≈100 animals by the FD, with more elephants occasionally seen 
seasonally when animals congregate in the Core Area.  However, the estimate of resident 
elephants within CWS has been as low as 20 animals (Kabir 2013).   At FWS, the resident 
population is estimated by the FD at 40−45 elephants, while the MNP population is estimated at 
≈30 animals.  Given the relative proximity of the PA, there likely is some interchange of animals 
among areas.  On their own and with limited interchange, the populations within the PA are of 
questionable effective population size and viability to withstand long-term threats and 
vulnerabilities associated with environmental stochasticity and genetic isolation (Oliver 1978). 
However, the clustering of the 3 PA linked to relatively undeveloped habitats in the Chittagong 
Hill Tracts and into Myanmar via corridors offers hope for maintaining long-term viability and 
resilience for the region’s elephant metapopulation. 

III. 4. 1.  Importance of Elephant Corridors 

85. With the tremendous impact that habitat loss and fragmentation have had and continue 
to have on Asian elephants, a growing emphasis is being placed on preserving and establishing 
elephant corridors (Joshi and Singh 2009, Venkataraman et al. 2017, Tiwari 2017).  Corridors can 
increase landscape connectivity by promoting the free movement of elephants between core 
habitats and patches, even isolated patches that otherwise may not be effectively used (Saunders 
and Hobbs 1991).  With only 8% of Asian elephant range in legally protected PA, effective 
corridors link PA and other suitable habitat patches across the larger landscape matrix.  Corridors 
increase landscape connectivity and help minimize the impact from fragmentation and patch 
isolation (Noss and Cooperrider 1994, Beier et al. 2008) that limit juvenile dispersal (Beier 1995) 
and genetic interchange (Epps et al. 2005, Riley et al. 2006, Proctor et al. 2012), and ultimately 
can threaten population viability from population susceptibility to stochastic events (Forman and 
Alexander 1998, Trombulak and Frissell 2000).  Soule and Gilpin (1991) referred to corridors as 
“conduit for animals” 

86. Venkataraman et al. (2017), Tiwari 2017, and WII (2016) provide extensive guidance on 
the form, spatial context, habitat structure and function of corridors under the innumerable 
conditions under which they exist.  For the purposes of this report and implications to the Project, 
it is first vital to stress that the best way to manage for connectivity is to preserve existing 
corridors (Figure III-8) and to fully mitigate the impacts of linear infrastructure construction to 
maintain corridor function.  It is also important to recognize that while not being ideal, linking 
small patches via “stepping stone corridors” (Venkataraman et al. 2017) is important in already-
fragmented landscapes (Figure III-8).  And lastly, we need to recognize the circumstances where 
functional corridors do not exist, including where elephants leave core areas largely to raid crops 
and return (Figure III-8).  
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Figure III-8.  Examples of different elephant 
corridor forms from Venkataraman et al. 
(2017), with the top figure being a typical 
corridor situation where the linear corridor 
links 2 habitat core areas or patches.  The 
middle figure illustrates a “stepping stone 
corridor” where small patches facilitate 
movement between the larger core areas.  In 
either form, if the top corridor is bisected by 
linear infrastructure, or one or more of the 
stepping stone patches (middle) is lost, 
connectivity will be reduced or lost.  In the 
case of the large patch in the bottom figure 
where elephants come and go only to raid 
crops in fields, this form is not considered a 
corridor and it does not contribute to 
connectivity (Venkataraman et al. 2017). 

 

87. In the case of the 3 Project PA, not 
only will the new railway impact wildlife 
connectivity, these areas have already been 
bisected and landscape connectivity 
affected by the existing Highway NH1; the 
highway may be upgraded in the near 
future, further cumulatively impacting 
connectivity and barrier effects.  Jaeger et 
al. (2006:159) modeled the effects of 
roads/linear transportation “bundling” and 
suggested that “it is better to bundle (linear 
transportation) close together than to 
distribute them evenly across the 
landscape.”   However, it is critical that effective integration of mitigations for multiple linear 
transportation projects be accomplished to promote connectivity, especially when NH1 is 
upgraded.  

Corridor 
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IV. METHODS 
 

IV. 1. GENERAL ASSESSMENT APPROACH 

88. While our project entailed separate focal elements of establishing a biodiversity baseline 
and assessing Asian elephant distribution and relative abundance along the railway alignment 
within the PA to develop a Project mitigation strategy, our approach was highly integrated.  
Nearly all field activities occurred along and/or adjacent to the railway alignment in an 
approximately 0.5-km wide band.  Planned intensive seasonal elephant sign surveys along the 
entire railway alignment served as the basis for most field activities. 

89. The BBA TOR proscribed the conduct of a full year of assessment to encompass seasonal 
variation, extending from April 2017 to March 2018.  Where appropriate, the procurement of 
competent local experts, especially those from the FD was crucial to the BBA’s success.  Further, 
the assistance and involvement of local residents, including members of the CPG with valuable 
local knowledge of the flora and was instrumental to accomplishment of the BBA. 

IV. 2.  NAVIGATING THE RAILWAY ALIGNMENT FOR SURVEY TRANSECTS 

90. We employed a modified methodology used by surveyors during the Elephant Route 
Identification Survey (IUCN 2014) to conduct reconnaissance, or “recee” survey transects (RST; 
Walsh and White 1999) extending 10−15 m on each side of the alignment to locate and quantify 
evidence of elephant presence along the railway alignment.  While the IUCN (2014) effort used 
RST surveys perpendicular to the rail alignment, our surveys were confined to the alignment.  All 
elements of the BBA were conducted/located along these alignment transects.   

91. We navigated the railway alignment during our surveys in two ways.  First, where they 
were not totally obscured by dense jungle vegetation or rice crops, the BBA team located and 
travelled between concrete monuments erected every 0.1 km along the alignment by BR; the 
alignment chainage was often painted on these monuments (Figure IV-1).  Occasionally, corridor 
alignment chainage locations were also painted on trees.   We were assisted in searching for 
monuments by villagers, CPG, and FD rangers.   

Figure IV-1.  Concrete monuments and a tree upon which railway alignment chainages 
were painted, allowing the BBA team to locate and navigate along the Project alignment 
to conduct its BBA activities.   



Biodiversity Baseline Assessment Final Report:  Chittagong−Cox’s Bazar Rail Project Page 25 
 

 

92. When the BBA team was unable to locate alignment monuments or markings on trees, 
we relied on personal electronic devices with GoogleEarth® and GoogleMaps® applications and 
the downloaded .kmz file of the railway alignment with chainages to navigate the alignment.  The 
accuracy of the chainage locations provided by such navigation varied, but this means of 
navigating nonetheless proved essential when monuments could not be found; the alignment 
location itself was generally found to be sufficiently accurate for navigation.   

IV. 3 ASIAN ELEPHANT (AND OTHER WILDLIFE) SIGN SURVEYS 

93. As part of our transect surveys, we searched for all evidence of Asian elephant presence, 
as well as that of other wildlife species such as Indian wild boar (Sus scrofa) and barking deer 
(Muntiacus muntjak).  We searched both sides of the entire alignment, actively searching 
outward 15−20 m, meandering as we walked.  Dense jungle and understory vegetation, as well 
as rice crops occasionally limited full transect visibility.  We documented all observed animals. 

94. We conducted foot RST surveys across the 3 PA during the peak elephant activity periods 
of Boro (April−May) and Amon (November−December; IUCN 2014).  Surveys during this time 
were intended to avoid peak musth period, minimizing potential elephant interactions.     

95. Where elephant and other wildlife sign was encountered along transects, locations were 
obtained with a handheld GPS unit.  We searched a 0.25 ha circular plot (r = 28 m) centered on 
the alignment and counted all tracks, dung, trails, and vegetation/crop damage (Figure VI-2).  Due 
to difficulty in accurately discerning individual elephant tracks (especially those associated with 
crop damage) when they travelled in groups, we categorized the estimated number of animals 
associated with tracks on the plots in categories: 1, 2−5. 6−10, and >10 animals.   

96. We counted the number of elephant dung pile groups and classified them by stages of 
decay (e.g., S1−S5; Hedges 2012) on sampling forms.  This classification was intended to assist 
determination of how recently elephants had been in the area and to provide an indicator to 
resident versus seasonal elephant occupation as reflected in the IUCN (2014) study, recognizing 
that dung is a coarse indicator and may not capture the fine scale details of habitat use patterns 

97. We hoped to pursue rigorous and statistically meaningful dung count survey to estimate 
elephant population numbers, as reported by Hedges (2012) and Hedges et al. (2012).  Such 
rigorous survey was beyond the scope of the BBA especially in obtaining necessary prescriptive 
determination of dung decay and elephant defecation rates to employ this estimator. As 
evidenced by our surveys and the IUCN (2014) assessment, elephant dung presence was quite 
low, reflecting relatively low elephant population densities.  Dung presence apparently was also 
affected by rainfall-accelerated decay during the monsoon; comparatively little dung evidence 
was documented during fall versus spring surveys, and known fresh dung piles (S1) were 
subsequently reclassified in the S4 decay class (boli disintegrated/indiscernible) in < 7 days. 

98. Our RST surveys were intended to quantify the presence and distribution of elephant sign 
along the rail alignment in an effort to determine relative sign abundance at points where sign 
was detected.  Intensive and repeatable track (and other sign) count transects can provide 
excellent comparative information on animal distribution and relative abundance (Rai 2006). 
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Figure IV-2.  Various types of Asian elephant and other wildlife sign detected and 
quantified on 0.25-ha plots centered at sites along seasonal RST survey though the 3 PA; 
sign includes elephant dung, tracks, crop and vegetation damage, and trails/travel 
corridors. 

Elephant tracks in rice field Elephant crop damage 

Elephant bark-stripped tree 

Elephant jungle trail 

 

Elephant trail up stream bank 
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99. We recorded GPS coordinates and chainage locations, and the type and frequency of sign 
encountered along the alignment.   We aggregated and summarized the elephant track and dung 
sign count data by 0.1-km alignment chainage segments to analyze and display the distribution 
and relative abundance of elephant sign. 

IV. 4. MAMMALIAN SPECIES SURVEY 

100. Mammalian species data can be some of the 
most powerful collected during a BBA (ADB 2018).  It 
can also directly support the application of green 
infrastructure in projects to promote wildlife passage 
and connectivity.  Data from mammalian species 
survey can be vital to developing sound 
transportation and conservation strategies, including 
species distribution and relative abundance 
(including Asian elephant), essential to determining 
the number, size and spacing of wildlife passage 
structures (ADB 2018). 

101. The application of relatively inexpensive and reliable, high-quality infrared remote-
triggered cameras has revolutionized the effective and efficient sampling of mammal species and 
populations across the world (Trolliet et al. 2014); this now constitutes the preferred method by 
which a rapidly growing number of studies are being conducted, especially in roadless or core 
biodiversity areas (Meek et al. 2012, Si et al. 2014).   

102. We relied on camera trapping to obtain mammalian species composition, distribution, 
and relative abundance information along the railway alignment with the PA.  Camera “trapping” 
can also be used to determine species occupancy, animal behavior, temporal activity patterns, 
and even identification of individual animals important for management/recovery of some 
species (e.g., tiger; Panthera tigris).   

103. We installed cameras along the railway alignment soon after they were released by 
Bangladesh Customs (July 2017) following shipment from the USA.  They were installed after our 
spring 2017 elephant sign RST transect surveys were conducted, allowing us to refine our study 
plan installation strategy.  A significant challenge to the successful deployment of cameras in the 
Project area was securing/protecting cameras against human theft and vandalism (as well as 
damage from elephants) which could result in both loss of equipment and the valuable data they 
potentially hold.  As such, before cameras were deployed, we implemented a formal camera 
protection program involving 17 CPG members and FD rangers to provide constant protection to 
cameras from the time they were installed as well as engagement of local villagers in the outcome 
of the BBA (Figure IV-3).  

104. Due to resource limitations associated with providing camera protection and other 
logistics, we installed 2 cameras at each camera trapping location; cameras were oriented to face 
in different  directions to  increase camera coverage and detection of mammals  and other 



Biodiversity Baseline Assessment Final Report:  Chittagong−Cox’s Bazar Rail Project Page 28 
 

 

 

 

Figure IV-3.  Chunati Wildlife 
Sanctuary camera protection 
guards comprised of both CPG 
members and FD rangers, along 
with the BBA Team. 

 

 

 

 

species.  Cameras were installed 3−4 m high on trunks of trees, limiting access and preventing 
elephant damage, though this could have limited the reliability of detecting smaller wildlife 
species (e.g., meso-carnivores).  To deter theft, cameras were installed in separate metal security 
boxes attached to the trunks of trees, through which cable locks were attached (Figure IV-4). 

105. Camera trapping site selection was based on a variety of factors, including: 

• locations where we found elephant sign during the RST transect surveys, 

• potential sites of planned drainage structures (bridges, culverts) that might serve as 
effective underpasses with modification,  

• coverage at most Active crossings determined during the IUCN (2014) study, 

• maximizing the likelihood of documenting biodiversity associated with more diverse 
forested habitats, and 

• ensuring wide coverage along the railway alignment throughout the PA. 

106. Cameras were programmed differently for daytime versus nighttime operation to limit 
the anticipated impact from the high incidence of humans passing by the camera sites during 
daytime; we programed longer delay time between bursts of images (1 min. versus 15 sec.), as 
well as no video recording during daytime (10-sec. at night).  Cameras recorded a 5-image series 
or “burst” to capture passing animals.  Cameras were tested prior to arming.   

107. Cameras were checked periodically every 4-6 weeks by the BBA Team to switch out secure 
digital (SD) memory cards for data recovery and archiving to multiple storage devices to reduce 
the potential for data loss with theft of cameras, as well as to replace depleted batteries as 
necessary.  The final data recovery for this report was 5-March-2018. 

108.   Camera image analysis was done by a single observer to maintain consistency.  Individual 
animals and associated groups were counted a single time even when their images spanned 
multiple camera images.  Typically, a group was considered “different” for analysis if no images 
of animals were recorded for at least 30 minutes.  It is important to stress that some of the same 
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animals were invariably recounted on different days or even the same day.  We classified animals 
to species, as well as sex and age (adult, sub-adult, young) when evident.  We also compiled 
records involving humans passing the cameras.  Representative photos and videos were 
cataloged for future reference. 

109. We assessed mammal activity and temporal relationships, determining the number of 
hourly images for all species combined and individually for Asian elephants.  We also calculated 
the proportion of records that occurred during nighttime (nocturnal) versus daytime hours 
(diurnal).     

 

Figure IV-4.   Installation of cameras in a tree to limit theft and vandalism by humans and 
damage by elephants (left), and typical configuration of dual cameras at each site installed 
in metal security boxes and secured to trees with cable locks (right). 

IV. 5. AVIAN SPECIES SURVEY 

110. Previous surveys at CWS and FWS reported 219 and 162 different avian species, 
respectively (Forest Department 2015a,b), and CREL (2016) found that 10 of 16 monitored key 
forest indicator species across 15 Bangladesh PA were present at CWS, and 11 of 16 at both FWS 
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and MNP.   We employed a combination of point counts to 
inventory birds within the Project area, one of the most commonly 
used survey techniques for determining avian species composition 
and abundance (Bibby and Burgess 1992, 2000), along with a strip 
transect methods employed by CREL (2016) in its monitoring; we 
conducted surveys in conjunction with our RST transect surveys and 
other activities.  Point counts are especially useful in difficult terrain 
where it is not possible to establish transects or other techniques 
(Bibby and Burgess 1992), and typically last 1.5 to 2 hours 
depending on bird activity (Bibby and Burgess 1992) where the 
surveyor wanders slowly around a site encompassing an area in search of or following up on bird 
vocalizations.   

111. Our study protocol necessitated that we conduct our avian inventory more as a “moving” 
point count where birds were surveyed (visually and by vocalizations) as the BBA team navigated 
the railway alignment. While conducting elephant sign surveys, checking or installing cameras, or 
during vegetation sampling our surveyor meandered about surveying birds for 20-30 minutes at 
a time, taking on the character of a point count before we moved to the next elephant sign, 
camera, or sampling site along the RST transect. 

112. Our avian surveys were conducted during the 
morning hours when birds were active and calling was 
most consistent, typically over a 2−3 hour period (Ralph et 
al. 1995).  Surveys were also done in the late 
afternoon/evening when birds were again active, for 2−3 
hours.  Surveys were only conducted under suitable 
conditions (e.g., no high winds).   An experienced bird 
surveyor conducted all surveys to maintain consistency.   

113. We compiled and compared bird abundance per 
survey period/season and calculated species composition 
based on a percentage of corrected total records.  Due to 
differential sampling effort among the PA, we calculated 
corrected total records/PA for each survey by dividing total 
records by the number of survey days. 

114. We conducted surveys during 3 seasons: 1) Spring 
(April 2017) just before breeding season, 2) Fall (November 2017), and 3) Winter (January 2018) 
when migrants were present in the PA.   

IV. 6. VEGETATION SAMPLING 

A critical element of this BBA is measuring and quantifying the forested component of the 
sanctuaries, including overstory tree and understory herbaceous vegetation components; these 
ecosystem components can potentially explain much of the variability in wildlife species diversity 
and abundance.  We conducted vegetation sampling during November 2017. 

Common 

hoopoe 

BBA avian expert sharing a  
rare bird sighting with a villager 
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IV. 6. 1.   Forest Overstory Tree Inventory 

115. The intent of our inventory was to yield comparable baseline estimates of tree species 
diversity and overstory composition (tree density and basal area) among PA.  Overstory tree 
species baseline data was gathered to yield information similar to assessments done in other 
forests in the region (Hossain et al. 2015).  A FD forester with forestry and plant identification 
expertise assisted with our inventory across all 3 PA.    

116. Forest overstory species composition can be 
measured by 2 broad methods: 1) fixed plot sampling or 2) 
variable plot or “plotless” sampling.  Fixed-plot sampling 
entails identifying, counting, and measuring the diameter at 
breast height (dbh) of all trees within a fixed-area plot (e.g., 
0.5 ha); from this information, species composition, stem 
density, and basal area (BA) can then be computed.  Such 
counts can be time consuming and difficult to accomplish on 
steep, rugged terrain.   

117. We employed a “plotless” (or point) overstory tree 
sampling approach employing the use of wedge prisms (Basal 
Area [BA] Factor 10; top right) to estimate tree density and BA contributed by different species 
present in the PA (Avery 1975).  Such an approach is considered plotless as the sampling of trees 
is dependent of tree distribution and size; larger trees were “tallied” further away from the 
sampling point than smaller trees (Figure IV-5).  The number of trees “tallied” using the wedge 
prism for each site was multiplied by the BA factor and converted to metric units to yield the 
number of trees/ha and BA/ha contributed by each species.  We conducted sampling at a single 
point for each site. 

118. We measured the diameter at 
breast height (dbh) for each tree tallied 
and calculated (quadratic) mean diameter 
(qmd) for each species by PA, as well as 
average tree density (trees/ha) using the 
dbh of each tally tree per plot, using 
calculations provided by Zobrist et al. 
(2012).  

IV. 6. 1.   Forest Understory Sampling 

119. We estimated the number of 
understory shrub and herbaceous plants by species which occurred on 5 m × 5 m plots 
corresponding to the sites at which we sampled overstory trees; plots were centered around the 
points at which the wedge prism was used to tally trees.   

120. On each plot, we assigned the estimated the number of plants or stems for each species 
into one of 7 categories: 1) <5 stems, 2) 6-20 stems, 3) 21-50 stems, 4) 51-100 stems, 5) 101-250 

Using a wedge prism to  
sample forest overstory 

FD forester measuring tree  
with dbh tape 
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stems, 6) 251-500 stems, and 7) > 500 stems (essentially “carpet” species such as grasses).  In 
calculating mean numbers of species/plot and relative species composition for each PA, we used 
the midpoints for each category (and 500 stems for our highest 
category).  

IV. 6. 3.  Snag Inventory 

121. We inventoried snags (dead standing trees), important to 
several species of birds for nesting and feeding at the sample sites 
using a 50-m radius plot centered upon the point where overstory 
tree prism sampling was conducted.   We counted all snags within 
the plots (0.8 ha in size) and assigned them to size classes: 1) small 
(<20 cm in diameter), 2) medium (21-50 cm), and 3) large (>50 cm).  
Snag densities were converted to the number/ha by size class. 

IV. 6. 4.  Landscape Land Use Composition Assessment 

122. We assessed landscape composition along the Project alignment through CWS and FWS  
by estimating the percentage of 4-ha circular areas (r = 113 m) surrounding chainage stations 
every 0.5 km apart that were comprised of 4 land use classes: 1) forest, 2) scrub/shrub, 3) 
cropland, and 4) homes/settlement.  We also conducted the same assessment at all Asian 
elephant sign sites determined during RST surveys in both Spring and Fall, and compared trail 
and crop raiding sites to the overall PA averages for land use composition.   

IV. 7. BIODIVERSITY METRICS  

123. To facilitate the meaningful comparison of survey data among PA forested and non-
forested habitats,  mean values associated with BBA survey/sampling sites were compared 
(where appropriate) using the following metrics:  

• Number of plant or animal species/unit effort (species richness) and evenness in the 
abundance of the difference species (species evenness) 

• Number of total animals or plants recorded/unit effort (relative abundance)  

• Proportion of all plants or animals recorded/unit effort (composition) 

124. In addition to the above sampling metrics, the occurrence (occupancy) of the different 
species within each taxa across sampling/survey sites provides insight into how widespread or 
restricted each species’ distribution are across the Project area.  This information is valuable in 
assessing potential Project impacts but also in developing conservation strategies to minimize 
impact of the railway, including how many, what size, and what spacing of wildlife passage 
structures are needed to promote permeability and connectivity.  Occupancy information can be 
displayed both quantitatively (e.g., percent of sites species are recorded) and graphically.   

125. One of the most frequently reported and used biodiversity metrics is the Shannon-
Weaver Diversity Index (SDI), a widely accepted measure of species biodiversity (Shannon and 
Weaver 1949; Jost 2006).  SDI reflects biodiversity as a function of: 1) the number of different 

Snag-dependent 
greater flameback 
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species in a community (species richness), and 2) the proportion of individuals of each species 
compared to the number of individuals of other species in the community, or a relative reflection 
of how rare or common each species is (species evenness).  SDI was computed for each surveyed 
taxa at each survey site (where appropriate).  

126. We compared the average biodiversity metrics for the forested sampling sites to non-
forested sampling sites, as well as among PA to assess differences in biodiversity. 

  

MNP garjan  
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V. RESULTS 

V. 1. ASIAN ELEPHANT (AND OTHER WILDLIFE) SIGN SURVEYS 

127. We completed 2 foot RST surveys of the entire railway alignments through the 3 PA, the 
first during Spring (8-15 April 2017) and the second in the Fall (31-October to 7 November 2017).  
During these transect surveys we documented Asian elephant sign at 21 sites; 13 in CWS, 7 in 
FWS, and 1 in MNP (Table V-1).   

128. As an indicator of consistency in elephant use among sanctuaries, 9 of the 13 (69.2%) sites 
in CWS exhibited elephant sign during both survey seasons (Table V-1).  Conversely, elephant sign 
in FWS reflected a considerably lower degree of consistency in use across both seasons; 1 of 7 
sites (14.3%).  The lone site at MNP exhibited sign during both survey seasons. 

Table V-1.  Sites along the Project corridor within the 3 PA where Asian elephant sign was 
documented during seasonal transect surveys, including the numbers of dung piles and tracks 
counted on 0.25-ha circular plots, and the presence of crop damage and trails at the sites. 

Railway 
alignment 
chainage 

(km) PA 

Spring (April) Survey  Fall (October-November) Survey 

Dung 
Piles 

No. 
Tracks1 

Crop 
damage Trail 

Dung 
Piles 

No. 
tracks 

Crop 
damage Trail 

25+230 CWS  1 X       

25+700 CWS  1 X X  2-5 X X 

27+100 CWS      2-5 X X 

27+200 CWS 2 2-5  X 4 >10  X 

27+300 CWS  2-5 X   2-5 X  

28+300 CWS  2-5  X 3 2-5  X 

28+400 CWS      2-5  X 

28+650 CWS 11 6-10  X     

28+800 CWS 6 2-5       

28+900 CWS  2-5  X 1 2-5  X 

29+000 CWS 6 2-5  X  6-10  X 

29+100 CWS 6 2-5  X  2-5  X 

29+200 CWS  2-5 X  2 2-5 X  

55+100 FWS     5 2-5  X 

55+520 FWS      6-10 X  

55+550 FWS      6-10 X  

55+900 FWS      2-5 X  

56+400 FWS 3 2-5 X   2-5 X  

56+500 FWS      2-5 X  

59+200 FWS      1   

64+800 MNP 3 2.5  X 3 2-5  X 

1Track numbers were estimated in classes on 0.25-ha plots: 1, 2-5, 6-10 and >10 tracks
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129. We inventoried a total of 37 elephant dung piles during our Spring RST surveys on 0.25-
ha plots at 8 sites (mean = 4.6 dung piles/site); 29 (78.4%) were in the relatively fresh decay 
classes S1 and S2, while 8 (21.6%) were in advanced decay classes S3 and S4 (Table V-1).  The vast 
majority of the Spring survey dung piles (83.8%) occurred at CWS sites, while 8.1% each occurred 
at FWS and MNP.   

130. During our Fall surveys, we documented less than half (17 dung piles at 6 sites; 2.8 dung 
piles/site) the number of elephant dung piles recorded during the Spring surveys.  This difference 
is especially dramatic considering that we documented tracks for 55−106 elephants at 18 sites 
(mean = 3.0−5.9 tracks/site) during the Fall survey compared to tracks for just 26-62 elephants 
at 13 sites (mean = 2.0−4.8 tracks/site) during the Spring survey, or 71.0−111.5% more tracks 
during Fall (Table V-1).  We believe that the disproportionately lower incidence of dung recorded 
on 0.25-ha plots during the Fall survey was related to accelerated boli decay associated with 
monsoon rains and lingering humidity/fog which persisted well into November; even dung known 
to be <1 week old showed advanced decay 
(Figure V-1).  Only 38.9% (7 of 18) of the Fall 
dung piles we classified were fresh S1 and S2, 
while 61.1% (11) were in the advanced S3 and S4 
decay classes. 
 

Figure V-1.  CWS Asian elephant dung pile 
which was known to be <1 week old yet 
exhibited advanced decay and breakdown of 
the boli due to monsoon rains and humidity. 
 

131. When we aggregated elephant sign from 
the 13 CWS sites (Table V-1) into 0.1-km segments along the railway alignment (Figure V-2), peak 
zones of elephant activity were apparent, especially for tracks (using the midpoints of the class 
ranges).   These peaks correspond closely to the sanctuary’s forested Core Zone habitat fingers 
of habitat at CWS (Figure V-4).  At FWS, a peak in elephant track incidence by 0.1-km segment 
(Figure V-3) was apparent along the section of where the railway alignment abuts the sanctuary’s 
Core Zone that lies immediately to the east (Figure V-5); however, a similar peak in elephant dung 
pile incidence was not apparent (Figure V-3). 

132. Further, the majority of CWS sites, 8 of 13 (61.5%), where elephant sign was found were 
associated with well-used trails within the forested Core Zone habitat fingers that serve as 
corridors for elephant movement (Figure V-3) and likely reflect more consistent, resident use of 
the sanctuary compared to FWS.  In FWS, just a single site within community forest was 
associated with an elephant trail (14.3%) while 5 sites (71.4%) were associated with crop damage 
in immediate proximity to the western edge of the sanctuary’s Core Zone (Figure V-5); elephant 
stripping of an Acacia tree was observed at a single FWS site.  Comparatively, just 3 of the 13 
(23.1%) CWS sites were associated solely with crop-raiding damage; these sites were still more 
consistently used during both seasons compared to FWS. 
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Figure V-2.  Number of Asian elephant dung piles (top) and tracks (bottom) recorded on 
0.25-ha plots at CWS sites during RST surveys in Spring (green) and Fall (brown). 

133. At FWS, the predominant use exhibited by elephants was crop feeding of rice 
fields abutting community forest or Highway NH1 just west of the Core Area; crop damage 
did not extend >100 m distance into fields.  We did not document any movements by 
elephants beyond this narrow band of crop raiding.  Also, we noted minimal elephant 
dung in these areas as elephants appear to make hurried ventures into rice fields where 
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they typically encounter villagers protecting crops and then turn and hastily retreat to the 
Core Zone. 
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Figure V-3.  Number of Asian elephant dung piles (top) and tracks (bottom) recorded on 
0.25-ha plots at FWS sites during RST surveys in Spring (green) and Fall (brown). 

 

134. At MNP, both Asian elephant dung and track sign were recorded on the 0.25-ha plot at a 
single site along the Project alignment within forest/shrub habitat (Figure V-6), with equal 
amounts of sign recorded for Spring and Fall surveys (Table V-1).  It appeared that elephant 
movement at this site was largely parallel to the railway alignment; this site lies at the far western 
side of the park and it is unlikely that substantial movement further to the west occurs due to 
the prevalence of open, unsuitable habitats (Figure III-6). 
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Figure V-4.  Mapped (inset area of upper left map of CWS) GPS locations of 
combined Asian elephant sign (dung piles and tracks) recorded on 0.25-ha plots 
along the project alignment through CWS during Spring and Fall surveys and 
numbered peaks of activity that correspond to peaks of combined sign aggregated 
by 0.1-km segments during Spring (green) and Fall (brown).  
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Figure V-5.  Mapped (inset area of upper left map of FWS) GPS locations of 
combined Asian elephant sign (dung piles and tracks) recorded on 0.25-ha plots 
along the project alignment through FWS during Spring and Fall surveys and 
numbered peaks of activity that correspond to peaks of combined sign aggregated 
by 0.1-km segments during Spring (green) and Fall (brown). 
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Figure V-6.  Mapped (inset area of upper left map of MNP) GPS location of combined 
Asian elephant sign (dung piles and tracks) recorded on a single 0.25-ha plot along the 
project alignment through MNP during Spring and Fall surveys, and the peak of activity 
that correspond to the peak of combined sign aggregated by 0.1-km segments during 
Spring (green) and Fall (brown). 
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V. 1. 1   Other Wildlife Sign and Observations 

135. In addition to elephant sign, we documented extensive Indian wild boar (Sus scrofa) 
rooting and tracks within nearly all forested areas of CWS and FWS, as well as moderate levels of 
crop damage (overall, equal to elephant crop damage incidence and severity).  The heaviest wild 
boar sign was noted at CWS between chainage KM 28+100 to 29+150 and KM 33+000 to 33+900.  
We also observed occasional tracks and pellet groups from barking deer (Muntiacus muntjak) in 
these same areas.  We observed several Irrawaddy squirrels (Callosciurus pygerythrus) in forested 
patches at CWS and FWS. 

136. While we did not have a specific protocol for surveying/inventorying reptiles and 
amphibians, we did document the presence of several species in CWS and FWS (Table V-2).  We 
observed a single Indian monitor lizard (≈1.5 m in length) in community forest at FWS, as well as 
several common vine snakes and spectacled cobras in both Core and Buffer zones.  Emma Gray’s 
forest lizards were common in CWS and FWS in Buffer Zones as were geckos. 

 

Table V-2.  Reptiles recorded during RST surveys at the 3 PA, including numbers seen and 
management zone(s) in which they were recorded. 

Common name Scientific name PA 
No. 

recorded 
Survey 
period 

Management zone 

Common vine 
snake 

Ahaetulla nasuta CWS 3 Fall Core (1), Buffer (2) 

Bronze grass 
skink 

Eutropis carinate CWS 1 Fall Impact 

Spectacled/black 
cobra 

Naja naja CWS 3 Fall Core (1), Buffer (2) 

Bengal monitor 
lizard 

Veranas bengalensis FWS 1 Fall Buffer 

Emma Gray’s 
forest lizard 

Calotes emma 
CWS 
FWS 

>10 Fall Buffer 

Gecko Family Gekkonidae 
CWS 
FWS 

>30 Fall 
Core, Buffer, 
Impact 

 

Common vine snake Bronze grass skink 

Common vine snake 
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V. 2 MAMMALIAN SPECIES INVENTORY 

137. In addition to the RST foot surveys conducted in Spring and Fall, we installed cameras at a total of 
20 sites across the 3 PA (Table V-3) to inventory mammalian species diversity; 11 in CWS, 7 in FWS, and 2 
in MNP (Table V-3: Figure V-7).  Most cameras were installed in July 2017 (18), though 4 were installed in 
November 2017 at the same time cameras were removed from 2 unproductive sites that yielded little 
useful information in assessing biodiversity (Table V-3).  Most of the cameras were installed close to the 
railway alignment (Figure V-7).  Fourteen (14) of the 20 cameras (70%) were located ≤50 m from the 
railway alignment centerline, as determined by GIS analysis of GPS coordinates; the overall average 
distance from the alignment was 42.7 m (Table V-3).  At 4 sites, cameras were installed >100 m from the 
alignment, most to document elephant movements from forested habitats toward the alignment where 
it crossed extensive croplands. 

138. In CWS, 7 of 11 cameras (63.6%) were installed in forested Core Zone habitat and another in 
forested Buffer Zone habitat (Table V-3), most tied to elephant sign documented during our April RST foot 
surveys or associated with potential passage structure locations (e.g., planned bridges or drainage 
culverts).  Cameras within forested habitats also had the highest likelihood of yielding useful data to 
establish biodiversity baselines, which was further enhanced by the location of all 7 of these cameras 
along trails.  Impact Zone habitats were sampled at 3 sites in CWS, though cameras were removed from 
one site in November 2017 (Table V-3). 

139. At FWS, all 7 cameras were installed in Buffer Zone habitats (Table V-3), 6 in or near the edge of 
croplands to document crop raiding occurring west of Highway NH1; this proved challenging as there was 
no clear predictor as to where elephants or wild boar would enter fields to raid crops.  In attempting to 
address this, 2 cameras were installed in November near croplands along trails elephants were using to 
travel from Core Zone habitats to raid crops.   One FWS camera was installed within forested Buffer Zone 
habitat along a well-used trail.  At MNP, one camera was installed along an elephant trail within Garjan 
tree-dominated forest/shrub habitat, while the other was located within a forest patch next to croplands 
140 m from the alignment. 
 

 
 
T 
 
 
 
 

Asian elephant using trail – 
Camera CA-6 

 

Indian wild boars CA-2 

 

Asian elephant along trail 
– Camera CA-4 
 

Barking deer – Camera CA-4 

Fasiakhali Wildlife 

Sanctuary 
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Table V-3.  Sites where cameras were installed to assess mammalian species diversity within the 
3 PA through which the Project railway alignment crosses, including chainage location, distance 
from the alignment, months operational (through 5-March-2018), management zone, and 
predominant use by Asian elephants (trail or crop-raiding sites). 

 

1Months operational as of 5-March-2018  2Cameras removed in November 2017 

140. Our cameras were operational an average of 6.8 months, including those removed and 
installed in November (Table V-3); most were operational 8.0 months.  No cameras were stolen 
or vandalized, reflecting the success of our camera protection program and CPG efforts.  

141. Our cameras “trapped” 10 species of mammals comprising 237 groups and 325 
individuals, at 13 of 20 cameras sites at the PA (Table V-4); the Asian elephant was the only 
species recorded at all 3 PA.  Six species were recorded at CWS, with 4 species not recorded at 
the other 2 PA; the sanctuary’s SDI was 1.05 (Table V-4).  At FWS, 7 species were recorded, with 
4 found nowhere else, and its SDI was the highest of the PA (1.06); one site alone had all 7 all 
species.  Only 2 species were recorded at MNP, and it had the lowest SDI of the PA, 0.68 (Table 
V-4).  We recorded 90 groups of Asian elephants accounting for 113 total individuals. 

PA Site 
ID 

Chainage 
location 

Corridor 
distance  

Date 
installed 

Months1 
Management 
Zone/Habitat 

Elephant use 

Trail Crops 

CWS CA-1 25+520 150 m 10-Jul-17 8.0 Impact  X 

CWS CA-2 25+870 170 m 10-Jul-17 8.0 Core X X 

CWS CA-3 27.150 0 m 10-Jul-17 8.0 Core X  

CWS CA-4 28+210 20 m 11-Jul-17 8.0 Core X  

CWS CA-5 28+690 50 m 11-Jul-17 8.0 Core X  

CWS CA-6 28+830 15 m 11-Jul-17 8.0 Core X  

CWS CA-7 29+000 20 m 11-Jul-17 8.0 Core X  

CWS CA-8 29+120 30 m 7-Nov-17 4.1 Buffer X  

CWS CA-9 29+380 15 m 11-Jul-17 8.0 Buffer  X 

CWS CA-10 31+650 130 m 12-Jul-17 8.0 Impact  X 

CWS CA-11 36.590 20 m 12-Jul-17 3.62 Impact  X 

FWS FA-1 55+520 2 m 9-Jul-17 8.0 Buffer  X 

FWS FA-2 55+820 12 m 8-Jul-17 8.0 Buffer  X 

FWS FA-3 56+180 0 m 8-Jul-17 8.0 Buffer X  

FWS FA-4 56+330 10 m 8-Jul-17 3.62 Buffer  X 

FWS FA-5 56+270 0 m 1-Nov-17 4.2 Buffer  X 

FWS FA-6 55+880 65 m 1-Nov-17 4.2 Buffer  X 

FWS FA-7 55+090 5 m 18-Nov-17 4.0 Buffer X  

MNP MA-1 63+740 140 m 9-Jul-17 8.0 Agriculture  X 

MNP MA-2 64+820 0 m 9-Jul-17 8.0 Forest/shrub X  

Mean/ 
No. 

 
Mean = 
42.7 m 

 
Mean = 

6.8 
 

  n = 
10 

 n = 
11 
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Figure V-7.  Location of camera trapping sites and ID numbers (Table V-3) where cameras were installed along the Project railway 
alignment within Chunati (left; 11 cameras, 2 sites to the south not shown) and Fasiakhali (center; 7 cameras) wildlife sanctuaries, and 
Medhkachapia National Park (right; 2 cameras).  Also shown are the km chainage points along the alignment. 

Chunati Wildlife 
Sanctuary 

Fasiakhali Wildlife 
Sanctuary 

Medhkachapia  
National Park 
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Table V-4.  Number of groups and individuals by species (IUCN Red List status) camera trapped 
at the 3 PA between 8-July 2017 to 5-March-2018, including SDI and evenness indices. 
 

1IUCN Red List Status:   EN = Endangered     VU = Vulnerable    LC = Least Concern 

142.  At CWS, we recorded mammals at 7 of 11 camera sites.   Our 4 cameras south of chainage 
location KM 29+000 (camera sites CA-8, CA-9, CA-10, and CA-11) captured no animals during 
camera trapping; these sites were located in Buffer and Impact zone habitats and helped in 
confirming nonuse at 2 Seasonal crossings (IUCN 2014).  The 6 species we recorded at CWS 
occurred in 168 groups (234 individuals), of which Indian wild boar (105 groups at 7 sites) were 
most frequently recorded, followed by Asian elephants (42 groups at 7 sits) and barking deer (18 
groups at 3 sites).  We recorded single Indian palm civet (Viverricula indica), golden jackal (Canis 
aureus), and crested porcupine (Hystrix indica) photographs. 

143. We graphed the 40 groups of recorded Asian elephants (average group size = 1.29 
elephants/group) accounting for 54 individuals at CWS by 0.1-km segment (Figure V-8), reflecting 
the relative abundance of elephants within Core Zone habitats, except the northernmost site, 
CA-1 in the Buffer Zone (with a single record).  This graphed pattern of elephant camera records 
was similar to elephant sign abundance distribution. (Figure V-2).   

144. Of the 7 species documented at FWS, 4 occurred only at a single camera site among the 
PA, FA-7, at which cameras were installed in November within community forest; 9 Rhesus 
macaque (Macaca mulatta), 3 jungle cat (Felis chaus; Figure V-9), and single fishing cat 

Wildlife species camera trapped 
Groups and individual animals (no.) by PA 

CWS FWS MNP 

Common name Scientific name (IUCN1) Groups No. Groups No. Groups No. 

Asian elephant Elaphus maximus  EN 42 54 46 47 2 12 

Indian wild boar Sus scrofa   LC 105 159 - - 3 8 

Barking deer  Muntiacus muntjak  LC 18 18 -  - - 

Indian palm civet Viverricula indica  LC 1 1 - - - - 

Golden jackal Canis aureus  LC 1 1 3 3 - - 

Crested porcupine Hystrix indica  LC 1 1 1 1 - - 

Rhesus macaque  Macaca mulatta  LC - - 9 15 - - 

Jungle cat Felis chaus  LC - - 3 3 - - 

Fishing cat Prionailurus viverrinus  VU - - 1 1 - - 

Large Indian civet Viverra zibetha  NT - - 1 1 - - 

Total records 168 234 64 71 5 20 

SDI 1.05 1.06 0.68 

Evenness index 0.59 0.54 0.98 
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(Prionailurus viverrinus; UCN-Red List VU) and large Indian civet (Viverra zibetha; IUCN NT) groups 
were recorded (Table V-4). 

 

Figure V-8.  Relative Asian elephant abundance (number of different group photographs) by 
the 0.1-km chainage intervals in which cameras were located along the Project alignment 
within CWS. 
 

   

Figure V-9.  Jungle cat female and kitten recorded at FWS camera site FA-7. 
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145. Elephants at FWS (average group size = 1.02 elephants/group) were documented at 5 of 
our 7 camera sites (Figure V-10).  Though FWS had the highest number of elephant groups 
captured by cameras of the PA (Table V-4), many of the elephant records were of single, 
identifiable males that made return visits to the same sites for as many as 10 consecutive nights 
(e.g., FA-1 site) for crop raiding and marauding.  The majority (57.8%) of all FWS elephant records 
occurred in November though 5 cameras were operational there since July; this contrasted the 
other 2 PA where only 4.8% of group records occurred in November when rice crops reached 
peak ripeness before harvest (Figure V-11).  This reflects the crop-driven use of the area outside 
the FWS Core Zone by elephants compared to CWS where elephant use appeared to reflect 
residency within the forested Core Zone. 

 

 

Figure V-10 Relative Asian elephant abundance (number of different photographs) by the 
0.1-km chainage intervals in which cameras were located along the Project alignment 
within FWS. 

 

146. Asian elephants were overall strongly nocturnal (nighttime) in their activity patterns in 
proximity to our camera sites (Figure V-12).  Combined across PA, 92.9% of the records occurred 
during nighttime hours, though this too, reflected some disparity among the PA.  A total of 8 
elephant records occurred during the day, all at CWS; 82.1% of combined CWS and MNP 
recordings occurred at night, versus 100% for FWS.  This again likely reflects the predominant 
crop-raiding behavior by elephants exhibited where they avoided aggressive protective actions 
by farmers and villagers to deter elephant access to crops. 
 
147. Nearly all (112 of 113) Asian elephant camera records were classified by sex and/or age 
(Table V-5).    Ninety-one  (91) of  the individuals were classified  as adults  (81.2%), though only  
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Figure V-11.  Comparative number of Asian elephant groups recorded at camera sites in 
CWS and MNP versus FWS, by month.  Note the disparity in November recorded groups. 

 

Figure V-12.  Frequency of Asian elephant groups recorded at the PA by 2-hour time 
intervals, with the midpoints of the intervals shown.  The shading corresponds to yearlong 
nighttime hours though this varies seasonally with changing length of the day.  
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(64.8%) of these were classified definitively as to sex; 32 were unclassified.  Based on classified 
adults, the male:female ratio was 228:100 (2.28:1), though this likely is biased by the 
preponderance of unclassified adults and relative ease in definitively classifying “tuskers.”  The 
number of unclassified adults also makes it difficult to accurately assess the recruitment rate 
relative to known female adults.  We recorded 14 sub-adult elephants and 7 calves (Table V-5, 
Figure V-13); based on classified adult females, this equates to 39 calves: 100 females. 
 
 

Table V-5.  Classification of Asian elephants recorded on cameras at the 3 PA. 
 

 

 
Figure V-13.  Group of Asian elephants recorded at CWS camera site CA-7 in which an 
adult female (front), calf (middle) and subadult (back) elephant were classified. 

  

Classification of camera trapped Asian elephants 

Total Adults Sub-adults Calves 

112 

91 

14 7 Males Females Unclassified 

41 18 32 
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V. 3.  AVIAN SPECIES INVENTORY 

148. We conducted avian species surveys during 3 seasons at all 3 PA (Table V-6).  The survey 
effort (days/season) at CWS was consistently higher due to the longer alignment through the 
sanctuary and greater time spent negotiating the hilly, forested Core Zone habitats (Table V-6), 
as well as greater avian diversity encountered.  The 3-fold greater CWS survey effort likely 
contributed to differences in species recorded though we feel that habitat conditions were the 
primary influence; even our first day of survey each season at CWS typically yielded double or 
more the species recorded at the other 2 PA. 

Table V-6.  Avian survey seasons and dates conducted, as well as the number of days of survey 
conducted in each of the 3 Project PA.   

Survey 
season Dates 

Days of avian survey 

CWS FWS MNP 

Spring 10−16 April 2017 3 2 1 

Fall 5−24 November 2017 3.5 1 1 

Winter 14−20 January 2018 3 1 1 

Average 3.2 1.3 1.0 

 
149. We surveyed 99 different avian species during 3 seasons of 
survey, accounting for 4,181 individual birds seen or identified by 
calling (Appendix A, Table V-7); 20 species accounted for 83.9% of 
total composition across the PA (Table V-8).  We recorded 81 species 
at CWS, 37 at FWS, and 22 at MNP; SDI also varied considerably 
among the PA (Table V-7).  Species composition (percentage of total 
records) at each PA differed greatly among the PA, as the 10 species 
accounting for the highest composition across survey seasons 
showed dramatic differences (Table V-6, Figure V-14).  The 10 species 
accounted for a range of 45.2% (CWS) to 77.9% (FWS) of total composition, reflecting the higher 
diversity at CWS.  Conversely, at MNP just 3 species accounted for nearly 3/4 of the total 
composition reflecting the park’s relatively low species diversity (Figure V-14).  
 
Table V-7.  Number of avian species recorded during each inventory season by PA, as well as SDI 
and species richness index. 

Protected 
area 

No. species recorded by survey season 

SDI 
Species 
richness All Spring Fall Winter 

CWS 81 44 48 46 3.35 0.94 

FWS 37 19 19 15 2.53 0.81 

MNP 22 9 8 12 2.24 0.76 

All 99 55 62 67  

Red-breasted parakeet 
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Table V-8.  The 20 bird species accounting for the highest percentage of total composition for all 
3 survey seasons and all 3 PA combined. 

Common name Scientific name 

Percent total composition 

All Spring Fall Winter 

Red-breasted parakeet Psittacula alexandri 19.4% 4.0% 26.6% 33.7% 

Jungle myna Acridotheres fuscus 12.6% 22.9% 1.4% 8.3% 

Asian pied starling Sturnus contra 11.7% 18.6% 10.1% 4.0% 

Purple sunbird Nectarinia asiatica 5.9% 13.4% 0.8% 0.1% 

Small minivet Pericrocotus cinnamomeus 4.5% 0.3% 10.7% 4.8% 

Common myna Acridotheres tristis 4.1% 8.5% 1.9% 0.0% 

Purple-rumped sunbird Nectarinia zeylonica 3.7% 2.1% 1.6% 7.5% 

Western spotted dove Spilopelia suratensis 2.9% 2.5% 6.1% 0.6% 

Black-hooded oriole Oriolus xanthornus 2.6% 2.8% 5.4% 0.0% 

Common lora Aegithina tiphia 2.2% 1.8% 4.6% 0.6% 

Chestnut-headed bee-eater Merops leschenaulti 2.0% 1.5% 3.6% 1.4% 

Oriental magpie-robin Copsychus saularis 1.7% 3.0% 1.1% 0.2% 

Black kite  Milvus migrans 1.5% 0.4% 0.2% 4.2% 

Common tailorbird Orthotomus sutorius 1.5% 1.5% 0.0% 2.9% 

Red-vented bulbul Pycnonotus cafer 1.5% 1.7% 2.1% 0.9% 

Scaly-breasted munia Lonchura punctulata 1.4% 1.0% 0.0% 3.2% 

Black drongo Dicrurus macrocercus 1.3% 1.7% 0.8% 1.2% 

Black-headed ibis Threskiornis melanocephalus 1.2% 0.0% 4.6% 0.0% 

Red-whiskered bulbul Pycnonotus jocosus 1.2% 0.7% 0.2% 2.7% 

Hair-crested drongo Dicrurus hottentotus 1.1% 0.1% 0.0% 3.2% 

Total 83.9% 88.6% 81.9% 79.3% 

 
150. The number of species seen at each PA across seasons was consistent (Table V-7), though 
the composition by the species contributing the most to total composition differed greatly (Table 
V-8, Figure V-15). 

151. We recorded 10 “new” species not previously reported for the PA (e.g., FD 2015a,b) 
including 5 seen during the Spring, 5 during the Fall, and 4 during the Winter surveys (Annex A).  
Six (6) of the species were only recorded at CWS, 2 at FWS only, and 1 at MNP only, with 1 found 
at all 3. 

152. Of the 13 forest monitoring indicator species reported by CREL (2016) to be found at one 
or more of the PA, we recorded 9 of the species, and recorded one not previously seen during 
monitoring at the PA (orange-headed thrush; Zoothera citrina). 
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Figure V-14.  Avian species composition by PA for the 10 species accounting for the 
highest percentage of total composition across all PA combined. 

 

Figure V-15.  Avian species composition by survey season for the 10 species accounting for the 
highest percentage of total composition across all PA combined.  
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V. 4. VEGETATION SAMPLING 

V. 4. 1   Overstory Tree Species Inventory   

153. We sampled 7 sites in Core Zone forests of CWS to 
assess overstory tree species composition, density, BA and 
mean diameter.  We recorded 11 species of overstory 
trees among the sites (Table V-9); the mean number of 
species/site was a relatively low 2.1, and ranged from 1 to 
5 species.  Based on a percentage of BA, introduced 
akashmoni (Acacia auriculiformis) had the highest 
composition (30.2% of total BA), followed by kali batna 
(Lithucarpus elegans; 24.5%), and garjan (13.2%).  Garjan 
exhibited a relatively low tree density (9.4 trees/ha) 
compared to the other 2 species at 145.8 and 381.0 
trees/ha, respectively, though its average diameter (9.0 
cm) was considerably higher than the other 2 species, 
exceeded only by kadam (Neolamarckia cadamba) at 15.0 
cm (Table V-9).  Acacia also exhibited the highest 
occupancy of the 11 species, dominating the overstory at 
42.9% of the sites; sal and garjan trees occurred on 28.6% of the sites. 

Table V-9.   CWS overstory tree species mean BA, density, composition, diameter, and site 
occupancy, and sanctuary means for BA, density, and SDI, and species evenness index. 

Tree species Species means 

Local name Scientific name 
BA 

(m2/ha) 
Trees/

ha 
Composition 

(% of BA) 
dbh 
(cm) 

Occupancy 
(of  plots) 

Akashmoni  Acacia auriculiformis 5.2 145.8 30.2% 3.9 42.9% 

Gajan Dipterocarpus turbinatus  2.3 9.4 13.2% 9.0 28.6% 

Sal Shorea robusta 2.3 172.1 11.0% 2.5 28.6% 

Kali batna  Lithucarpus elegans 4.3 381.0 24.5% 2.1 14.3% 

Koroi Albiza spp. 1.0 9.8 5.6% 5.6 14.3% 

Bata Dumor  Ficus conloblata 0.7 16.5 3.8% 3.9 14.3% 

Kadam Neolamarckia cadamba 0.3 0.5 1.9% 15.0 14.3% 

Bhadi Garuga pinnata 0.3 18.1 1.9% 2.4 14.3% 

Borta  Artocarpus lacucha 0.3 10.1 1.9% 3.2 14.3% 

Pitraj Aphanamixis polystachya 0.3 10.1 1.9% 3.2 14.3% 

Shegun Tectona grandis 0.3 25.8 1.9% 2.0 14.3% 

Species means: 1.6 72.6 8.0% 4.8 19.4% 
 

Sanctuary means: 17.4 799.4 
SDI = 0.43 

Species evenness index = 0.46 

CWS overstory tree canopy 
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154. The relatively low number of species on our sampling sites may partly reflect our limited 
sampling effort; Rahman et al. (2000) reported 92 tree species from CWS.  However, the forests 
along the Project alignment where it crosses the Core Zone fingers surrounded by areas of high 
human presence (versus deeper into the sanctuary’s true core area) clearly reflect considerable 
degradation from human-induced impact.  The widespread presence of introduced Acacia is most 
reflective of this impact, as is the relatively low species diversity.   SDI averaged 0.46 (range = 
0.08−1.34) and the species evenness index was 0.46, both relatively low.  Even still, most sites 
we sampled were structurally diverse and the overall BA averaged 17.4 m2/ha, with 799.4 
overstory trees/ha.   

155. While the average CWS BA was lower than that reported by Hossain et al. (2015) for 
eastern Chittagong District forests where they sampled 104 species of trees accounting for 21 
m2/ha BA, their tree density was half that of CWS (418 trees/ha); Acacia was not reported in their 
sampling.  The forest at the nearby Dulhazara Safari Park that reflects a relatively pristine 
benchmark was sampled by Uddin and Misbahuzzaman (2007); they found that 82 species 
occurred within a small, 2-ha area in which BA averaged 56 m2/ha and tree density was 560 
trees/ha.  The SDI there was 3.57, over 8-fold higher than our CWS sampling, and the evenness 
index (0.81) was nearly double. 

156. We sampled 5 sites within FWS’s Buffer Zone 
community forest (Table V-10), and recorded only 4 
species of overstory trees.  Garjan accounted for 
58.2% of the overstory composition as a function of 
total BA, nearly half the total tree density, and had 
the highest occupancy as it occurred at all sampled 
sites.  Acacia accounted for 20% of the composition, 
and 2 species of Syzygium accounted for the 
remaining 21.9% (Table V-10). 

Table V-10.   FWS overstory tree species mean BA, density, composition, diameter, and site 
occupancy, and sanctuary means for BA, density, and SDI, and species evenness index. 

Tree species Species mean 

Local name Scientific name 
BA 

(m2/ha) 
Trees/ 

ha 
Composition 

(% of BA) 
dbh 
(cm) 

Occupancy 
(of plots) 

Gajan Dipterocarpus turbinatus  14.7 280.9 58.2% 7.5 100.0% 

Akashmoni Acacia auriculiformis 5.1 181.3 20.0% 3.2 40.0% 

Dhaki Jamun Syzygium firmum 1.4 12.7 5.5% 6.4 20.0% 

Jamun/Kalojam Syzygium cumini 4.1 145.4 16.4% 4.9 40.0% 

Species means:  6.3 155.1 25.0% 6.2 50.0% 
 

Sanctuary means: 25.3 620.4 
SDI = 0.39 
Species evenness = 0.48 

 

FWS overstory and understory 
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157. Average FWS BA was higher than CWS, 25.3 m2/ha, but the sanctuary exhibited lower tree 
density, 620.4 trees/ha (Table V-10).  The FWS SDI was lower than CWS, 0.39 (range = 0.06−0.77) 
and the species evenness index was 0.48; both biodiversity 
metrics were relatively low compared to other area forests (e.g., 
Uddin and Misbahuzzaman 2007). 

158. We sampled 2 forested sites in MNP within the area near 
where elephant sign and use was documented during the RST 
surveys.  In the vicinity of this site and the surrounding area, only 
a single species of trees occurred on both plots, garjan.  We 
documented an average of 41.3 large garjan trees/ha (mean 
diameter = 11.9 cm) that accounted for 18.4 m2/ha of BA.  Since 
there was only a single species of tree sampled, SDI could not be 
calculated. 

V. 4. 2.  Forest Understory Sampling 

159. We recorded 45 species of understory shrubs and herbaceous plants on the 7 sampling 
plots at CWS (Table V-11), of which 9 species accounted for 90.6% of the mean composition based 
on the percentage of estimated stems.  Eleven (11) species with the highest composition 
averaged 54.5% occupancy among sampling plots across CWS’s Core Zone forests.  The mean 
understory SDI was 1.83, and the species evenness index was a low 0.63 accounting for its 
relatively low SDI in spite of the high number of species documented (Table V-11). 

160. On 5 FWS forest understory sampling plots within community forest, we recorded 30 
species (Table V-11).  Like CWS, just 9 species accounted for 87.2% of the total plant composition 
based on total stems.  The mean SDI was higher than CWS, 1.93 and species evenness averaged 
0.79 (Table V-11). 

161. Even though only 19 species of understory plants were recorded on 2 MNP sampling plots 
and accounted for a mean total of 355.5 stems/ha, the lowest of the 3 PA, the average SDI and 
species evenness at MNP were the highest of the 3 PA, 2.06 and 0.82, respectively.  Here, 10 
species accounted for 92.1% of the total composition (Table V-11). 

 

Table V-11.  Forest understory species richness, mean stems/ha, mean SDI, and mean species 
evenness among the 3 Project PA determined on 5 m × 5 m sampling plots. 

Protected 
Area (no. plots) 

Species richness 
(no. species) 

Mean stems/ha Mean SDI 
Mean species 

evenness 

CWS  (7) 45 402.5 1.83 0.63 

FWS  (5) 30 618.1 1.93 0.79 

MNP  (2) 19 355.5 2.06 0.82 

 

MNP garjan forest 
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162. The detailed forest understory plant information for the 3 PA will be incorporated into 
the Habitat Enhancement Plan, as this information will prove valuable in developing strategies 
for enhancing habitat for Asian elephants and other species.   

V. 4. 3.  Snag Inventory 

163. Even with the substantial human impact exerted on the forests of CWS and FWS in the 
past, it was nonetheless unexpected to document only a single snag between the 2 PA, a small 
(<20 cm) snag at FWS.  Between all plots on the 2 sanctuaries, this amounts to an average of 0.2 
snags/ha (Table V-12).   

164. At MNP, we recorded 2 large (>50 cm) snags on one 
plot (average of 1.2 snags/ha; Table V-12).  One snag 
harbored cavity-nesting greater flameback woodpeckers 
(Chrysocolaptes guttacristatus) while the other had a pair of 
black kites (Milvus migrans) perched in its top (right) with a 
possible cavity nest; this points to the importance of snags 
in supporting avian biodiversity. 

Table V-12.  Snag inventory for the 3 PA, including the 
number of snags recorded by diameter category. 

 

V. 4. 4.  Landscape Land Use 
Composition Assessment 

165. We estimated landscape land use composition at 42 sites along our CWS and FWS 
alignment RST transects, one every 0.5 km (Table V-13).  Whereas forests comprised an average 
of 37.7% of the landscape along transects, trail sites had a 2.5-fold higher percentage of forest, 
95.6% (Table V-13).  Movements by elephants along trails thus appears strongly tied to forested 
habitats.   

166. For both sanctuaries combined, the average transect percentage associated with crops 
(31.0 %) was not substantially different from elephant crop raiding sites (35.0%; Figure V-7).  
However, though CWS’s and FWS’s transect averages for croplands were similar, 29.6% and 
32.9%, respectively,  FWS’s crop raiding sites exhibited a 2.3-fold higher percentage (52.0%) of 
croplands than did CWS’s sites (22.9%).  This suggests that elephants at FWS are indeed seeking 
out sites with higher percentages of croplands for crop raiding (Table V-13). 

 

Protected 
area 

No. 0.8- 
ha plots 

Number of snags by diameter  

<20 cm 21-50 cm >50 cm 

CWS 7 0 0 0 

FWS 5 1 0 0 

MNP 2 0 0 2 

All 14 1 0 2 

Black kites in snag at MNP 
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V. 5. BIODIVERSITY ASSESSMENT SUMMARY 

167. Across all surveyed taxa, we found that biodiversity along the Project railway alignment 
within CWS was higher than the other 2 PA.  For most taxa, the number of species documented 
was considerably higher in CWS; species richness was nearly twice that for FWS and over 3-fold 
higher than that for MNP (Table V-14).   CWS’s average SDI was 11% higher than that for FWS 
and 61% higher than the SDI for MNP (Table V-14).   

V. 6. DETERMINATION OF CRITICAL HABITATS 

168. One of the objectives of the BBA was conduct an informed assessment of the presence of 
critical habitats within the PA affected by the Project.  ADB’s SPS (2009) and its Environmental 
Safeguards Good Practice Sourcebook (2012) provide the framework for consideration of the 
potential for projects to be considered within critical habitat, defined as:  “an area that has high 
biodiversity value and may include sites that are legally protected or officially proposed for 
protection.”  Critical habitat includes areas that meet one or more of the criteria listed in Table 
V-15. 

Table V-13.  Land use composition estimated at points (surrounded by 4-ha circular plots) along 
CWS and FWS alignment RST transects, one  every 0.5 km, compared to land use composition at 
Asian elephant crop-raiding  and trail sites. 

Land Use 
Transect 

Composition (%) 
Crop Raiding                       

Sites (%) 
Trail                       

Crossings (%) 

CWS and FWS Combined             n = 42                                 n = 12                               n = 9  

Forest 37.7 43.7 95.6 

Shrub 13.0 11.7 3.3 

Crops 31.0 35.0 0.0 

Homes/Settlement 18.9 9.6 1.1 

CWS Only                                        n = 25                                 n = 7                                   n = 8 

Forest 34.6 52.9 95.0 

Shrub 21.4 17.5 3.8 

Crops 29.6 22.9 0 

Homes/Settlement 14.8 5.7 1.2 

FWS Only                                        n = 17                                  n = 5                                  n = 1 

Forest 41.5 31.0 100.0 

Shrub 0.6 2.0 0 

Crops 32.9 52.0 0 

Homes/Settlement 25.0 15.0 0 
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Table V-14.  Summary comparison of the biodiversity metrics for taxa inventoried at the 3 PA, 
including the number of species documented and SDI. 

 

169. All habitats within the PA have been impacted by human activities to some degree, yet all 
3 support populations of endangered Asian elephant and still provide high biodiversity values.  
CWS meets 3 criteria for critical habitat (Table V-15), especially where the Project alignment 
crosses Core Zone habitats so important to Asian elephant movements and connectivity.  CWS is 
critical to the survival and recovery of migratory Asian elephants that seasonally travel to and 
from the sanctuary, and the critically important Core Zone fingers that serve as corridors for such 
movements.  CWS’s biodiversity provides important ecosystem services and economic 
livelihoods that are of importance to local villagers. 

170. MNP supports Asian elephants even along the railway alignment on the far western side 
of the park, though not to the degree of CWS.  We did not determine any well-defined movement 
corridors, especially within the open, unsuitable habitats to the west of the railway alignment.  
MNP also seasonally supports migratory elephants, and contributes important ecosystem 
services and forest products that benefit the local villagers.  Thus, it too, constitutes critical 
habitat. 

171. The FWS Project alignment does not cross through Core Zone habitats, and elephants 
primarily use the Buffer Zone area outside the core largely for supplementing their diet via crop 
raiding, contributing to HEC associated with crop damage and causing human injuries and deaths 
(10 deaths were recorded 2011-2014; Forest Department 2015b).  As such, use of the Project 
corridor area does not necessarily affect the survival or recovery of elephants since they could 
exist even if excluded from the Buffer Zone, particularly if habitat enhancement is done in and 
around the Core Zone to offset lost access to crops outside this zone.  The Buffer Zone area of 
FWS, however, does indisputably provide important and valuable ecosystem services and forest 
products from its community forests which will be directly impacted by the Project; this criteria 
alone triggers critical habitat consideration for FWS.   

172. The Project EIA (GoB 2016) determined that all 3 PA constituted critical habitat for the 
Asian elephant based on the 2 criteria related to habitat being present to support survival of the 
elephant as an endangered and migratory species; the EIA did not trigger critical habitat tied to 
the PA’s importance economically and socially to the people residing in local villages as we did.  

Taxa inventoried 

No. species recorded SDI 

CWS FWS MNP CWS FWS MNP 

Mammalian species 6 7 2 1.05 1.06 0.68 

Avian species 81 37 22 3.25 2.53 2.24 

Overstory tree species 11 4 1 0.43 0.39 - 

Understory shrub/herbaceous species 45 30 19 1.83 1.93 2.06 

Total species/mean SDI 143 78 44 1.64 1.48 1.00 
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We also make the clear distinction that the area at FWS around the railway project, entirely 
outside the sanctuary’s Core Zone (which is indeed critical habitat) is not required for the survival 
and recovery of elephants; further, elephant use of the Buffer Zone may actually be 
counterproductive to elephant management and recovery due to the high HEC (and potentially 
higher level with implementation of the Project). 
 
Table V-15.  ADB SPS (2012) criteria for the determination of Critical Habitat, and whether the 
area around the Project alignment (not necessarily the PA) that crosses the PA meets one or more 
of the criteria to be considered critical habitat. 

ADB SPS Criteria for Critical Habitat in protected areas 

Project alignment affects  
to Critical Habitat 

CWS FWS MNP 

Habitat required for the survival of critically endangered or 
endangered species 

Yes No Yes 

Areas with special significance for endemic or restricted-range 
species 

No No No 

Sites that are critical for the survival of migratory species Yes No Yes 

Areas supporting globally significant concentrations or numbers 
of individuals of congregatory species 

No No No 

Areas with unique assemblages of species that are associated 
with key evolutionary processes or provide key ecosystem 
services 

No No No 

Areas with biodiversity that have significant social, cultural or 
economic importance to local communities 

Yes Yes Yes 

Critical Habitat present in the PA associated with the Project 
alignment 

Yes Yes Yes 
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VI. IMPACTS ASSOCIATED WITH TRANSPORTATION INFRASTRUCTURE 

173. Linear transportation infrastructure, including both highways and railways constitute one 
of the most significant forces altering natural ecosystems and impacting biodiversity in the world 
(Forman and Alexander 1998, Trombulak and Frissell 2000, Forman et al. 2003). Such 
infrastructure is associated with many other landscape-scale impacts to global biodiversity such 
as forest fragmentation.  The impacts associated with transportation proejcts are complex yet 
are generally characterized as either direct or indirect in nature.  The influence of roads and 
railways may extend well beyond the actual physical footprint of the roadway due to traffic-
associated noise and other impacts.  Forman and Alexander (1998) estimated that such “road-
effect zones” affect over 20% of the land area within the United States (USA).  Raman (2011) 
reported that for each km of road within India’s Bandipur National Park, direct road-related 
habitat loss and degradation affects at least 10 ha of habitat.  The severity of transportation 
infrastructure impacts may vary during different stages of construction, with some being short-
term in nature and others being longer-term or even permanent in nature. 

VI. 1. DIRECT IMPACTS 

174. Direct impacts associated with transportation infrastructure relate primarily to: 1) the loss 
or degradation of habitats from construction activities, and 2) the mortality associated with 
wildlife collisions with vehicles and trains.  Construction results in a direct and immediate loss of 
wildlife habitat and impact to ecosystem integrity associated with clearing the railway or roadway 
footprint and formation.  Clearing forest vegetation impacts forest canopy integrity for canopy-
dependent species such as birds and arboreal mammals (Rajvanshi et al. 2001); such disruption 
to forest canopy integrity and induced edge effect (Laurance et al. 2009) may result in increased 
predation on vulnerable tree-dwelling species relegated to spending increased time on the 
ground.   

VI. 1. 1. Loss or Degradation of Habitats 

175. Transportation infrastructure construction both temporarily and permanently affects 
soils and hydrology adjacent to the road or railway, potentially altering stream sedimentation 
and flow levels (Trombulak and Frissell 2000), and even causing flooding that kills vegetation 
(Laurance et al 2009).  Construction disrupts 
vegetative community processes and 
composition with removal of forest and other 
habitats (Kalwij et al. 2008).  Transportation 
corridors constitute important vectors for the 
establishment and spread of invasive plant 
species (Forman and Deblinger 2000, Trombulak 
and Frissell 2000, Gellbard and Belnap 2003, 
Raman 2011).  The impact to water quality, 
hydrology, and vegetative community processes 
vary in proportion to the length, width and area 
associated with project alignments.  
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Construction traffic and activities contribute to noise, contaminated surface runoff and pollution, 
and exhaust emissions, all which can degrade aquatic habitat and sensitive vegetative 
communities.  

176. The width of cleared transportation corridors is 
largely a function of the terrain and slope upon which or 
through they are built.  Generally, the steeper the slope, 
the wider the formation needed to clear vegetation and 
stabilize slopes to prevent future slope failure (FAO 
Conservation Guide 13/5, United Nations 1998). 
Formation width is also influenced by the type and 
stability of the soils and geology.  With railway 
construction focused on maintaining relatively 
consistent formation grades, excavation though ridges 
and hills is necessary.  The higher the terrain, the wider 
the zone of vegetation clearing and excavation, and 
greater the greater the direct impacts (Figure VI-1). 

Figure VI-1.  CWS construction right-of-way (ROW) 
assocaited with the railway Project;  differenct colors 
refer to the alighment crossing Core (green), Buffer 
(blue), and Impact (red) zones.  The narrower ROW 
(e.g., red) areas correspond to formation  fill/buidlup 
areas and the wider ROW (e.g., green and blue) 
around chainage KM 29 correspond to 
cut/excavation areas with considerably greater 
direct (and indirect) impact. 

177. Temporary construction/labor camps necessary to house workers potentially can be a 
source of significant temporary and even permanent impact to wildlife and other resources 
within high-biodiversity areas, including the potential for poaching of wildlife and illegal fishing, 
harvest of trees for fuelwood, and other impacts.  This aspect of the transportation infrastructure 
construction must be proactively addressed so as to minimize temporary and avoid permanent 
impacts.  Labor camps should be precluded from protected and high-biodiversity areas (Rajvanshi 
et al. 2001), or in the case of the railway Project, Core and Buffer zones. Temporary construction 
material rock quarries, borrow pits, and storage areas can also contribute to habitat loss and 
degradation and should be properly rehabilitated as appropriate. 

VI. 1. 2.   Wildlife Mortality Associated with Transportation Infrastructure 

178. Direct mortaity fom transportation infrastructure has been recognized as a serious and 
growing threat to wildlife populations across the globe, as well as contributing to human injuries, 
deaths, and property loss (Schwabe and Schuhmann 2002, Huijser et al. 2007, Bissonette and 
Cramer 2008; Popp and Boyle 2017).    Annually in the USA, wildlife-vehicle collisions on highways 
cause 200 human deaths and 30,000 injuries, and economic impact exceeds $8 billion USD/year 
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(Huijser et al. 2007).  In Europe, an estimated 300 people are killed and 30,000 injured in 
>500,000 wildlife-vehicle collisions each year (Groot-Bruinderink and Hazebroek 1996).  

179. On highways, it is estimated that 1 million vertebrates are killed each day in the USA 
(Foreman and Deblinger 2000), and as many as 340 million birds die in wildlife-vehicle collisions 
each year (Loss et al. 2014). Direct railway impacts on wildlife have not been documented to the 
same degree as highway impact, partly since animals killed by trains are typically out of the public 
eye.  And while there is a considerably better understanding of the direct impact of highway 
infrastructure on wildlife, there is a growing body of knowledge regarding the similar (Cserkész 
and Farkas 2015), if not greater impact (Waller and Serhveen 2005) attributable to railway 
mortality on wildlife populations.  Sieler and Olsson (2017) reported that the per-km impact of 
railways on wildlife in Sweden exceeds that of highways, with significant associated economic 
impact. Santos et al. (2017) report that the Sociedad Conservación Vertebrados found that 36.5 
vertebrates/km/year are killed on Spanish railways.  And like highways, all wildlife taxa are 
subject to mortality from trains (Santos et al. 2017; WII 2016).   

180. Much of the knowledge related to railway impacts to wildlife from collisions has been 
focused on ungulates (e.g., moose [Alces alces]) and bears ([Ursus arctos]) in northern climes 
(Waller and Serhveen 2005, Seiler and Helldin 2006; van der Grift 1999, Santos et al. 2017, Seiler 
and Olsson 2017).  Dorsey et al. (2015, 2017) found that the incidence of railway collisions with 
wildlife was tied to several factors including animal abundance, train speed, and larger ROW 
widths and/or additional ROW barriers.  Roy and Sukumar (2017) found increased Asian elephant 
mortality along an Indian railway after upgrading/widening attributable to a combination of the 
widened infrastructure, higher train speeds, and increased train traffic.   

181. Asia’s large predators, of which many are imperiled, are quite susceptible to mortality 
from transportation infrastructure.  Along a highway through India’s Pench Tiger Reserve, 
Areendran and Pasha (2000) reported two tigers killed in four years.  Traffic using a road though 
the Corbett Tiger Reserve in India killed five tigers and four leopards (Panthera pardus) annually 
(Rajvanshi et al. 2001).  As many as 12 endangered Asiatic lions (Panthera leo persica) were killed 
crossing a railway alignment through 
Gir National Park, which harbors the 
last remaining endangered lions in 
India (Singh and Kamboj 1996).  
Leopards are reported as being 
regularly killed along Indian railways 
(Joshi and Agarwal 2012). 

182. The highest mortality areas 
along railways often coincide with 
important habitats such as salt licks or 
water holes (WII 2016) or migration 
routes/corridors (van der Grift 1999).  
Embankments associated with railway 
cuts through terrain may present a 
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barrier that traps animals and causes collisions.  The WII (personal communication; 2017) reports 
that embankment/cut slope areas (and curves) were associated with zones of highest Asian 
elephant mortality from trains in northern India.  These findings have considerable relevance to 
the Project, especially where cut slopes will occur in high-use elephant areas of the PA. 

183. Recently, considerable research and monitoring has been conducted on the direct impact 
of railways on Asian elephants.  Roy and Sukumar (2017) reported on factors contributing to 89 
elephants killed along a railway in northern West Bengal, India; they found a disproportionately 
higher mortality rate during nighttime and for male elephants associated with crop-raiding 
activities and HEC; this has implications to FWS where crop raiding occurs almost exclusively at 
night, and predominately by males.  Singh et al. (2001) reported on 18 elephants killed in just 23 
km of railway within Rajaji National Park, accounting for 45% of the mortality to the population.   
Rangarajan et al. (2010) recognized the significant impacts from and importance of addressing 
railway-elephant mortality to achieving a sustainable future for elephants throughout India. 

184. The loss of older and experienced Asian elephant individuals to collisions with trains, 
especially the matriarchs that are often the repository of spatial knowledge, could lead to 
disorientation of groups/clans with potential ramifications.  When the larger bulls are killed in 
elephant-train collisions, the rank hierarchies associated with the social structure of clans may 
be disrupted.  Older bulls are known to control the inexperienced younger bulls mediated by 
musth cycles (WII personal communication; 2018). 
 
VI. 2. INDIRECT IMPACTS 

185. Indirect transportation infrastructure impacts have the potential to be even more 
pervasive than direct impacts.  Barrier and fragmentation effects contribute to diminished 
habitat/landscape connectivity and permeability, or the ability of animals to cross linear 
infrastructure, for many species (Noss and Cooperrider 1994, Forman and Alexander 1998, 
Forman 2000, Forman et al. 2003, Bissonette and Adair 2008; WII 2016).  Railways, like highways 
constitute barriers to wildlife movement that fragment populations and habitats, and limit 
juvenile dispersal (Beier 1995) and genetic interchange (Epps et al. 2005, Riley et al. 2006, Proctor 
et al. 2012), and ultimately threaten population viability (especially in combination with direct 
mortality impact).  This barrier effect also limits wildlife use of seasonal and breeding habitats, 
as well as special habitats such as salt licks and waterholes (WII 2016).   Long-term fragmentation 
and isolation increases population susceptibility to stochastic events (Swihart and Slade 1984, 
Forman and Alexander 1998, Trombulak and Frissell 2000). 

186. The degree of barrier effect caused by transportation infrastructure varies by wildlife 
species, infrastructure type and standard (e.g., ROW width), and traffic volume (Jaeger et al. 
2005, WII 2016).   Increasing traffic volume magnifies the impact on wildlife, resulting in altered 
habitat use (Rost and Bailey, 1979), restricted movements and fragmented populations (Epps et 
al. 2005), and increased mortality (Groot-Bruinderink and Hazebroek 1996, Gunson and 
Clevenger 2003).   
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187. In Asia, Singh and Sharma (2001) described barrier impacts to Asian elephants in northern 
India, a particular concern with an expanding road and railway network there.  Wang et al. (2014) 
modeled landscape corridors for giant pandas in eastern China where highways have contributed 
to habitat fragmentation.  Clements et al. (2014) assessed the impact of three roads in Malaysia 
on Asian tapirs and found that forest conversion intensified after road construction cut through 
highly suitable habitats with resultant forest mosaics and fragmentation.   

188. An example of how linear infrastructure construction can lead to near-immediate barrier 
effects is illustrated by the construction of a new road through a nature preserve in north-central 
China (Pan et al. 2009).  Following construction, the number of corridors crossing the new road 
that continued to be used by Asian elephants diminished by 82% (Pan et al. 2009).  Ito et al. 
(2013) reported strong barrier effects from the combined influence of the fenced Ulaanbaatar–
Beijing railroad corridor and the fenced international border between Mongolia and China for 
far-ranging Mongolian gazelles (Procapra gutturosa) and wild asses (Equus hemionus); though 
captured on both sides of the railroad, no gazelles crossed and neither species crossed the 
international border during the duration of their long-term study. 

189. On the Gobi-Steppe Ecosystem of Mongolia, Takehito et al. (2017) reported that the 
railway that bisects the area, even with relatively low train traffic, still presented a near-total 
barrier to the passage of Mongollian gazelle and the Asiatic wild ass; animals fitted with GPS 
collars never crossed the railway tracks as the raised formation proved to be unpassable.  
Takehito et al. (2017) also documented 240 Mongolian gazelle carcasses immediately adjacent 
to the railway. 

190. Heavily travelled transportation infrastructure can lead to wildlife avoidance zones 
(Forman and Alexander 1998, WII 2016), where traffic, especially that along highways may 
become a “moving fence” that creates an impermeable barrier to wildlife passage and reduces 
habitat quality (Bellis and Graves 1978).  Traffic has been documented as causing shifts in habitat 
use adjacent to highways, typically temporary in nature, for numerous species (Northrup et al. 
2012, Gagnon et al. 2007a), and increasing railway traffic can affect wildlife (WII 2016), including 
Asian elephants (Roy and Sukumar 2017).   African forest elephants (Barnes et al. 1991) and 
impala (Mtui 2014) were found to exhibit avoidance of areas near roads.   

191. Studies have alluded to noise being harmful to wildlife populations (Bowles 1997, Forman 
et al. 2003).  Most information documenting impacts of traffic-related noise is for songbirds; 
densities next to highways were lower for 60% of species, and species richness was a third lower 
(Reijnen and Foppen 1995, Reijnen et al. 1996).  Arevalo and Newhard (2011) found that Costa 
Rican tropical forest bird species richness and abundance decreased with increasing traffic noise. 
The noise effect zone adjacent to highways varies greatly by vegetative type (Reijnen et al. 1995), 
and traffic volume (Reijnen and Foppen 1995).   

192. New railways and highways have the potential to allow and even promote increased 
human development (induced impact), access and disturbance into adjacent areas and habitats 
(Forman et al. 2003).  This increased lateral access may result in increased disturbance to wildlife, 
as well as legal and illegal harvest of wildlife and other resources (e.g., timber).  Modeling of 
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factors contributing to sharp declines (62%) in African forest elephant populations included 
proximity to roads that facilitated legal hunting and poaching (Maisels et al. 2013).   

193. Asian elephants have very large home ranges which can exceed 600 km² in size 
(Choudhury et al. 2008).  Apart from the impact of habitat degradation and loss within home 
ranges, linear transportation projects may have a significant impact to the integrity of elephant 
home ranges.  It remains unknown as to how home ranges are aligned and situated within the 
Project PA (which can best be determined by GPS telemetry), and to what extent the home range 
of particular clans/herds occurring in the PA may be specifically affected by the barrier effect and 
fragmentation caused by the railway.  However, where the rail alignment does create a barrier 
that affects even a portion of well-established home ranges, full or partial displacement from the 
home range(s) could occur.  Displacement is a serious long-term threat to both elephants and 
villagers, as displaced herds are subjected to decreased resource availability which forces 
elephants to shift home ranges and venture into less suitable habitats.  Such habitats include 
those with greater human habitation and land use (e.g., croplands); displacement forces 
elephants to use these degraded habitats in an attempt to meet their habitat needs, exacerbating 
HEC (WII 2016; Desai and Riddle 2015).  Further, it is not only the extent of habitats lost or the 
degree to which access to high-quality habitats is affected by the barrier effect (or denial), but 
the quality of such habitats that dictates the relative degree of the impact.  Even if only a small 
portion of their range is lost to development but when such areas include vital habitats 
contributing survival value (e.g., Project Core Zone habitats), such impact could nonetheless be 
significant.  And because elephants are long lived and highly mobile, the impacts of displacement 
and denial may not be readily apparent before they manifest themselves over many years, 
ultimately affecting population viability. 
 

VI. 3. PROJECT IMPACT ASSESSMENT 

194. The EIA (GoB 2016) documented the extensive environmental impacts associated with 
the Project and its construction. This assessment attempts to quantify the direct and indirect 
impacts to wildlife/biodiversity associated with railway construction through the PA for use in 
developing a comprehensive mitigation strategy and Habitat Enhancement Plan that focuses on 
mitigating these largely unavoidable impacts. 

VI. 3. 1.  Direct Impact with Project Construction 

VI. 3 .1. 1.  Habitat Loss 

195. We used the Project ROW GIS shapefiles to measure the length and area of direct habitat 
loss associated with Project construction through the 3 PA, by Management Zone for CWS and 
FWS, and by Land Use for MNP.  We used our overstory tree inventory data (average trees/ha) 
to estimate the number of trees to be harvested within the forested area of the PA. 

196. The 15.8 km of planned railway that crosses CWS will impact 86.9 ha, 31.7 ha (36.5% of 
the total) within the critical habitat Core Zone requiring full mitigation.  Another 14.1 ha of Buffer 
Zone will be impacted (Table VI-1), of which 1.2 km (8.6 ha) crosses and impacts forested habitats 
requiring mitigation, for a total of 40.3 ha.   
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197. Within the forested Core and Buffer zone habitats of CWS, an estimated 32,216 trees will 
be harvested, assuming the ROW it is entirely cleared (Table VI-2).  This habitat loss and clearing 
will have an impact on forest integrity, imposing an edge affect that could affect many taxa (birds, 
mammals), be a source for invasive plant establishment and spread, and affect soil stability and 
water quality, all described in the previous section. 

Table VI-1.  Direct impact from habitat loss associated with railway construction through 
CWS, by Management Zone. 

CWS 
Management Zone 

Railway alignment ROW construction impact 

Length (%) Area (%)  

Core zone 5.3 km    (33.5%) 31.7 ha    (36.5%) 

Buffer zone   2.0 km   (12.7%)*   14.1 ha   (16.2%)* 

Impact zone 8.5 km   (53.8%) 41.1 ha   (47.3%) 

All 15.8 km  (100.0%)   86.9 ha  (100.0%) 
         

         *1.2 km crosses forested habitat accounting for 8.6 ha of direct impact 

 Table VI-2.  Direct impact from tree harvest associated with clearing of the Project construction 
ROW within PA forested habitats.  The number of trees/ha to be harvested were derived from 
our tree sampling and tree density estimates (Table V-9 for CWS, Table V-10 for FWS, and 
paragraph 110 for MNP).  

 

198. Within FWS, the planned railway will cross 10.3 km of Buffer and Impact zones, impacting 
a total of 49.4 ha.  Of this, approximately 19.0 ha of forested habitat within the Buffer Zone 
community forest must be mitigated with programmed tree plantings detailed in the EMP, as well 
as elephant forage plantings and other enhancements extending beyond the alignment.  Within 
this 19.0 ha, we estimated that 11,787 trees will be harvested during construction. 

199. The railway alignment crosses only a short stretch of forested habitat at MNP, 0.3 km, 
affecting 2.3 ha by construction impact, and another 2.3 ha will be impacted in agriculture and 
settlement areas along 0.6 km of railway (Table VI-4).  We estimated that 95 large garjan trees will 
be lost during railway construction (Table VI-2), needing to be fully mitigated. 

 

Protected 
area 

Management 
Zone/Land Use 

Impact area 
No. trees/ha 
inventoried 

Total trees 
harvested 

CWS 
Core Zone 31.7 ha 

799.4 trees/ha 
25,341 trees 

Buffer Zone 8.6 ha 6,875 trees 

FWS Buffer Zone ≈19.0 ha1 620.4 trees/ha 11,787 trees 

MNP Forest/shrub 2.3 ha 41.3 trees/ha 95 trees 

All  61.6 ha  40,098 trees 
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Table VI-3.  Direct impact from habitat loss associated with railway construction through 
FWS, by Management Zone. 

FWS 
Management Zone 

Railway alignment ROW construction impact 

Length (%) Area (%)  

Core zone 0 km    (0%) 0 ha    (0%) 

Buffer zone 5.8 km   (56.3%) 27.3 ha   (55.3%) 

Impact zone 4.5 km   (43.7%) 22.1 ha   (44.7%) 

All 10.3 km  (100.0%) 49.4 ha  (100.0%) 

 

Table VI-4.  Direct impact from habitat loss associated with railway construction through 
MNP, by land use classification. 

MNP 
Land Use categories 

Railway alignment ROW construction impact 

Length (%) Area (%)  

Forest 0 km    (0%) 0 ha    (0%) 

Forest/shrub 0.3 km   (33.3%) 2.3 ha   (50.0%) 

Agriculture 0.5 km   (55.6%) 1.7 ha   (37.0%) 

Settlement 0.1 km   (11.1%) 0.6 ha   (13.0%) 

All   0.9 km  (100.0%) 4.6 ha  (100.0%) 

 

VI. 3. 1. 2.  Potential Wildlife-Train Collisions 

200. The potential exists for direct impact associated with future wildlife-train collisions to 
occur following Project construction unless appropriate measures to prevent/limit such are 
implemented.  The risk for collisions is greatest where these situations occur within the PA: 

• High-use wildlife habitats such as those identified by our RTS sign transect surveys and 
camera trapping, 

• Migration routes/corridors, especially for elephant trail sites/corridors identified in all 3 PA 
(van der Grift 1999), 

• Embankment/cut slope areas within all 3 PA where elephants and other animals can be 
trapped and particularly susceptible to collisions with trains, as stressed by WII, and  

• Areas subject to high incidence of elephant crop raiding adjacent to the railway alignment 
as described by Roy and Sukumar (2017), an especially significant issue at FWS. 

201. Those sites were Asian elephant sign, especially the 9 trails/corridors we documented 
during our surveys (Table V-1) will be a focus of our comprehensive strategy to address railway 
construction impact to elephants and other species, including being evaluated for potential 
passage structure suitability.  Passage structures at priority sites in concert with other measures 
including funneling treatments and elephant detection systems can proactively address relatively 
concentrated wildlife crossings and potential wildlife-train collisions at these sites.  
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202. Associated with the high elephant use sites, however, are extensive stretches of cut 
slopes where the railway alignment cuts through ridges and hilly terrain at varying depths to 
formation grade.  Cut slopes within documented elephant use areas have the potential to trap 
elephants either walking down into the cuts along embankments, or walking into the cut areas 
from the ends.   We used the Project plan sheets with cut:fill profiles to delineate cut slopes of 
concern in the 3 PA; we identified nearly 3 km (2,850 m) of cut slopes, of which 56.1% were 
deeper than 8 m needing consideration for treatments in our comprehensive strategy.   

203. CWS harbors the vast majority (69,1%) of the total PA cut slopes of concern, most within 
the Core Zone finger habitats; nearly 2 km (Table VI-5).  Of the CWS cut slopes, spread among 7 
different cut zones between chainage KM 25+000 to 29+400 km, 71.1% are cuts deeper than 2 
m, and nearly half (45.7%) are very deep cuts in excess of 8 m deep (Table VI-5), which pose the 
greatest concern for trapping elephants and contributing to potential collisions with trains.   

204. At FWS there were 2 different but closely-located cut slope zones between chainage 
location KM 55+100 and 55+550 km, totaling 400 m, with 60.0% being 2−8 m deep, and 40.0% 
being < 2 m deep (Table VI-5).  This area coincides with the single elephant trail we documented 
at FWS and the biodiversity hotspot associated with camera site FA-7. 

205. The was a single cut slope zone at MNP, between chainage KM 64+440 and 65+000 km, 
totaling 480 m (Table VI-5); a third of this cut slope will be greater than 8 m deep; this zone 
coincides with the lone elephant trail crossing determined at MNP. 

Table VI-5.  Linear depth of cut slope zones by depth to formation grade along the Project 
alignment through the 3 PA, and which are of concern for train-wildlife collision risk. 

Protected area 
Linear distance of cut slopes by depth to railway formation 

<2 m deep cuts 
2−8 m deep 

cuts 
>8 m deep cuts 

PA total (%) 

CWS 570 m 500 m 900 m 1,970 m (69.1%) 

FWS 160 m 240 m 0    400 m (14.0%) 

MNP 60 m 260 m 160 m    480 m (16.8%) 

All 790 m 1,000 m 1,600 m 2,850 m 

 
206. In addition to cut slope zones of concern, the 1-km length of railway alignment through 
FWS Buffer Zone between chainage KM 55+600 to 57+600 constitutes the peak area where Asian 
elephants briefly leave the Core Zone, cross Highway NH1, and venture to the edge of croplands 
to raid crops (Figure V-5); elephants occasionally cross at other points along the alignment as 
well.  Roy and Sukumar (2017) found a disproportionately higher mortality rate during nighttime 
and for male elephants associated with crop-raiding activities.  Our FWS camera monitoring 
confirmed a similar pattern of exclusively nighttime use predominantly by male elephants for 
crop raiding of fields near the alignment.  This suggests that train-elephant collisions associated 
with crop raiding could pose a substantial risk here even though elephants are not venturing 
beyond the edges of croplands for landscape-scale movements.   
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207. While focusing on the IUCN EN Asian elephant, several smaller mammal species such as 
cats, barking deer, Indian wild boar, jackal, civets, and porcupine are all at risk of being involved 
in wildlife-train collisions, as well as being subject to barrier effects.  Barking deer occurred at 
only 4 CWS sites, and Indian wild boar occurred at 9 CWS sites and 1 MNP site.  We recorded 7 
species alone at one FWS site, 4 found nowhere else along the alignment, including the IUCN VU 
fishing cat and NT large Indian civet; this area represents a biodiversity “hotspot.”  

V. 3. 2.  Indirect Impact Associated with the Project 

208.  The primary indirect impacts of railway construction though the PA, especially where the 
alignment crosses though Core Zone fingers which Asian elephants use as corridors, are habitat 
fragmentation and the barrier effect limiting the free movement of animals, especially elephant 
movement across the landscape.  Much the 27-km alignment though the 3 PA will constitute a 
physical barrier to animal passage of one sort of another, be it the extensive cut slopes detailed 
in Table VI-5, some cuts as deep as 17 m and a wide as 70-75 m (assuming excavation is done 
with 2:1 side slopes), or the built-up/filled railway formation that will be prevalent elsewhere.  
Built-up formations will typically be 2-3 m high but as high as 12 m within some high elephant 
use areas. 

209. The indirect barrier impacts from the railway construction can be addressed with a range 
of measures.  These measures include structures designed for above- (e.g., overpasses) or below-
grade passage at corridor sites integrated with funneling treatments, or providing for effective 
at-grade crossings of the railway tracks by elephants and other animals at flat, level crossings 
with embedded tracks (WII 2016), integrated with funneling treatments and sensor technology 
to alert approaching trains when animals are crossing, as described in the following section.  The 
final section of this report focuses on development of a comprehensive strategy to address both 
the direct and indirect impacts of the railway and promoting landscape connectivity. 

V. 3. 3.  Cumulative Effects 

210. Impacts associated with the planned railway will cumulatively add to past, long-term 
impacts within the PA.  First, the forested habitats have been degraded by past human 
degradation and fragmentation associated with agriculture and human settlement and 
extraction of natural resources for human use.  Also, the planned railway which runs parallel to 
Highway NH1 will further add to the barrier effect created by the highway, the past loss of forest 
habitat, and fragmentation.  There are plans to widen NH1 which would further exacerbate the 
past impacts and those associated with the Project.  Conservation strategies to protect PA 
biodiversity for the Project must consider these cumulative impacts and integration with the 
eventual widening of NH1.   
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VII. GREEN INFRASTRUCTURE TO MINIMIZE TRANSPORTATION 
INFRASTRUCTURE IMPACT TO BIODIVERSITY 

 
211. Compared to the significant and onerous challenges posed in addressing other large-scale 
global threats to biodiversity (e.g., climate change, forest health/deforestation), experience and 
research across the world over the past three decades have demonstrated the technical and 
economic feasibility of measures and management activities to effectively reduce the impact of 
highways on the environment, including wildlife (Forman et al. 2003).   

212. Strategies designed to promote wildlife passage and landscape connectivity, as well as 
minimizing infrastructure-related mortality to wildlife have increased internationally in the past 
decade (Bissonette and Cramer 2008), including in Asia (Wang et al. 2015; Rajvanshi and Mathur 
2015, WII 2016).  Such strategies were once pursued as single-species “mitigations” to reduce 
highway construction impacts (Reed et al. 1975), often as afterthoughts to road design.  
Increasingly, comprehensive strategies are being proactively implemented to address multiple 
species and entire ecosystem function, and are being planned at landscape versus project-level 
scales (Clevenger and Waltho 2000; Clevenger and Barrueto 2014).  The ability to implement 
transportation infrastructure projects in high-biodiversity areas hinges on the commitment to 
pursuing comprehensive transportation and conservation strategies that employ a range of 
environmentally-sensitive measures integrated into railway design.  Below, we present an 
overview of green infrastructure and measures potentially applicable to the Project.   

VII. 1. WILDLIFE PASSAGE STRUCTURES 

213. Wildlife passage (or crossing) structures are typically the most visible and engineering-
intensive green infrastructure employed to address wildlife needs along roads and highways, and 
often are the cornerstone of successful strategies to minimize the impact of roads on wildlife.  
Passage structures have proven highly effective in promoting passage for a variety of wildlife 
species (Farrell et al. 2002; Clevenger and Waltho 2003; Bissonette and Cramer 2008).  In 
conjunction with wildlife fencing/funneling, they have dramatically reduced the incidence of 
wildlife mortality by as much as 98% (Clevenger et al. 2001; Dodd et al. 2007a; Olsson et al. 2008; 
Gagnon et al. 2015), thus enhancing motorist safety on highways, and reducing direct impact to 
wildlife populations.   

214. Numerous studies have yielded quantitative data pointing to the benefit of well-spaced 
wildlife passage structures (Bissonette and Adair 2008, Clevenger and Barrueto 2014) in 
promoting highway permeability and connectivity.  The ever-growing body of knowledge 
regarding the benefit of passage structures at the population level (van der Ree et al. 2015), 
especially recent studies of genetic interchange benefits (Sawaya et al. 2013) help serve to justify 
their relatively high cost (Corlatti et al. 2009). 

215. Integration of wildlife passage structures into transportation infrastructure projects 
across the world is increasing dramatically.  Whereas construction of passage structures over the 
past 30 years has occurred primarily in North America and Europe (Forman et al. 2003), wildlife 
passage structure application the past decade has been accelerating in developing regions of the 
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world (van der Ree et al. 2015), including Asia (Rajvanshi and Mathur 2015, Wang et al. 2015) 
which is now accruing a mounting track record of successful applications. 

216. Passage structures are classified as either underpasses or overpasses (Clevenger and 
Huijser 2011, Smith et al. 2015), each with their own range of applications, variations in design, 
and preference in use by various taxa of wildlife (Clevenger et al. 2009, Clevenger and Barrueto 
2014).  While an overview of the considerations for siting and designing passage structures and 
other green infrastructure follows, there are several sets of detailed and comprehensive 
guidelines for planning, designing, and implementing (and even monitoring the effectiveness of) 
passages for a wide range of species and applications available for review, including: 

• WII (2016) 

• Clevenger and Huijser (2011)  

• Van der Ree et al. (2015) 

• Rajvanish et al. (2001) 

• Andrews et al. (2015); focuses on smaller animals including reptiles and amphibians. 

VII. 1. 1. Wildlife Underpasses 

217. Underpass structures constructed specifically for wildlife passage have proliferated across 
the world during the past 20 years.  Underpasses facilitate below-grade animal passage across 
highways or railway formations (Figure VII-1).  Underpass design (and cost) can range from large 
bridges and viaducts (not applicable to the Project), to prefabricated arches, to dual use drainage 
structures.  

218. Bridges and Prefabricated Arches:  Most underpasses designed and constructed 
specifically to promote wildlife passage are either single-span girder bridges (<30 m width) or 
arches constructed of concrete or metal plates (Figure VII-1).  Arch structures are typically 
prefabricated and transported to construction sites; thus they present cost-effective and rapid 
construction options and are especially well-suited to retrofit applications.  Metal-plate arches 
are highly transportable to remote locations.  Bridges designed for drainage purposes can be 
effective underpasses if adequate below-grade areas for wildlife passage are provided.   

219. Culverts and Dual-Use Drainage Structures:  Larger (>3 m) concrete box culverts have the 
potential to accommodate wildlife passage for small-medium sized terrestrial mammals (Ng et 
al. 2004, Clevenger and Barrueto 2014), and even large mammals in some instances (Figure VII-
2; Weeks 2015).   Successful use by larger mammals is often associated with shorter culverts 
which present limited “tunnel effect” and acceptable openness to approaching animals.  If 
designed and installed properly, they can represent a cost-effective means to provide for smaller 
animal passage.   Aside from size, the floor substrate may also influence use, with natural, earthen 
substrates more conducive to passage than concrete floors. 

220. One of the most cost-effective means to provide for wildlife passage, particularly for 
reptiles, amphibians, and small- to medium-sized mammals (and even some larger felids and 
bears) is to integrate both passage and drainage function into structures.  Effective wildlife 
passages can be achieved with proper design of drainage culverts, providing for dry passage on 
terraces adjacent to stream/drainage channels, eliminating obstructions to passage, and 
enhancing openness by increasing the size of structures above normal hydraulic sizing.  
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Figure VII-1.  Wildlife underpass structure 
designs: single-span girder bridge (top right, 
USA), pre-cast concrete arch (bottom right, 
USA), and prefabricated metal plate arch 
(bottom left; Bhutan). 

 

 
 

 
Figure VII-2.  Concrete box culvert 
underpass with funnel fencing to serve 
as Kenya’s first wildlife underpass 
(Weeks 2015); African elephants began 
using this 6 m wide × 4.5 m high × 12 m 
long culvert soon after construction 
(Weeks 2015; amusingplanet.com 
photo). 

 
221. Associated with the railway Project, there are 41 planned concrete box culverts along the 
27 km alignment within the 3 PA; with sound approaches to accommodate smaller animal use, 
many of these culverts can accommodate barking deer, Indian wild boar, civet, porcupine and 
other animal passage.  ADB (2018) reports that concrete box culverts ≥3 m in height can 
accommodate passage for small ungulates (e.g., barking deer) and felids (cats); along the project 
alignment in the PA, 4 culverts are > 5 m, 15 are 4-5 m, and 11 are 3-4 m in height (73% of the 
total), with a potentially suitable culvert for wildlife passage every 0.9 km on average. 

222.  Increasingly frequent and destructive extreme weather events, including heavy 
precipitation, are occurring around the world (Intergovernmental Panel on Climate Change; IPCC 
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2014).  Such extreme precipitation events impact transportation infrastructure, damaging and 
even washing out bridges and culverts which are unable to accommodate infrequent extreme 
flows.  In addition to impacting both road and environmental integrity, damaged infrastructure 
disrupts commerce and results in repair and maintenance costs (National Cooperative Highway 
Research Program; NCHRP 2015).  To address increasing climate unpredictability and 
infrastructure resilience to extreme precipitation events, as well as reduce long-term 
maintenance costs, consideration should be given to increasing culvert sizes, at relatively low to 
moderate cost (NCHRP 2015).  Upgrading culverts to small arch structures, if adequate openness 
is achieved, can also benefit a wide range of wildlife species.  

VII. 1. 2.  Wildlife Overpasses 

223. Overpasses provide for above-grade wildlife passage over highways (Clevenger and 
Huijser 2011).  They historically have been more costly than underpasses often due to the amount 
of fill required to create gentle approach slopes where the terrain is flat.  However, structures 
can be positioned between large cut slopes or tied into terrain features (Figure VII-3), cutting cost 
and providing continuity with preferred animal travel routes (e.g., ridgelines).  Some wildlife 
species exhibit strong preference for overpasses as opposed to underpasses when both are 
present (Clevenger et al. 2009).  

224. Overpass types include girder bridge and concrete arch designs, and their size may range 
from relatively small to very large land bridges or “eco-bridges” that have long been integrated 
into the landscape over highways and railways in Europe (Figure VII-3).  Overpasses may also be 
constructed of backfilled prefabricated arches creating a “tunnel” through which transportation 
infrastructure passes.   

 VII. 1. 3.  Wildlife Passage Structure Effectiveness 

225. Wildlife passage structures have proven universally successful, whether in North America, 
Europe, or Asia.  Recent studies have yielded quantitative data pointing to the benefit of well-
spaced wildlife passage structures (Bissonette and Adair 2008) in promoting permeability and 
provide insights into the mechanism by which underpasses are effective in reducing the impact 
of traffic and associated noise on crossing wildlife (Gagnon et al. 2007b, Dodd and Gagnon 2011).  
In conjunction with fencing, passages have dramatically reduced the incidence of wildlife-vehicle 
collisions by as much as 98% (Clevenger et al. 2001, Dodd et al. 2009, Gagnon et al. 2015).  Such 
assessments, along with studies of genetic interchange (Sawaya et al. 2013) help justify the cost 
of passage structures and other measures to maintain habitat connectivity (Corlatti et al. 2009). 

226. In Asia, the most compelling example of the benefit of wildlife passage structures is 
provided by the new road (Sixiao Highway) project through the Xishuangbanna Nature Reserve 
in north-central China, where 82% of the pre-construction corridors used by Asian elephants 
were not used following construction (Pan et al. 2009).  Associated with this project, 18 passage 
structures were constructed, including 16 open-span bridges and 2 tunnels (Wang et al. 2015).  
In the first year after construction, 44% (8) of the passage structures were used by elephants for 
crossing  under the highway, in addition to 2 bridges.  These results are  remarkable for two  
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Figure VII-3.  Wildlife overpasses of varying design, including a girder bridge integrated 
into cut slopes (upper left, USA), a large land bridge (upper right, Europe), a small precast 
concrete arch overpass (bottom right, USA), and an overpass of backfilled prefabricated 
arches (USA, bottom left). 

reasons; first, there was no funnel fencing or other treatment to guide elephants to the passages 
and yet 10 were used regularly for crossing.  Second, most animal species typically require a 
learning curve of 2 to 4 years to habituate to new passage structures (Clevenger et al. 2009, 
Gagnon et al. 2011).  Pan et al. (2009) also found that there was a strong correlation (r = 0.84) 
between the passages that were used by elephants and proximity to established pre-construction 
corridors; hence, determining natural animal corridor locations in which to construct passage 
structures maximizes their potential for successful use.   

227. Another dramatic example of the success of Asian wildlife passage structures are those 
associated with the Quinghai-Tibet railway and highway, 1,142 km in length (Wang et al. 2015).  
In order to maintain migratory routes for Tibetan antelope and other species, 25 bridged 
crossings were constructed along with 7 at-grade crossings and a tunnel (Wang et al. 2015), at an 
additional 7% cost to the railway project.  (Figure VII-4). 

228. In 2006, nearly 3,000 antelope were counted on their annual migration, of which 98% 
passed under the passage structures (Qisen and Lin 2008).  Xia et al. (2005) found that use of the 
passages increased from 2003 to 2004, illustrating a learning curve; use of passage structures 
was affected by structural design, presence of wolves, and vegetation recovery following 
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construction.  Wang et al. (2015) reported that 
the percentage of Tibetan antelope crossing 
through the bridges increased from 60% in 2004 
during construction to 100% by 2007; the length 
of time required for animals to pass has dropped 
dramatically as part of this learning curve, from 
weeks in 2004 to just minutes by 2007 (Wang et 
al. 2015; Li et al. 2008). 

Figure VII-4.  Underpass used by Tibetan 
antelope along the Quinghai-Tibet Railway.   

 

229. Chogyel et al. (2017) reported on the camera monitoring of the first 4 wildlife underpasses 
constructed in southern Bhutan;  these underpasses were effective in promoting below-grade 
Asian elephant passage at all 4 underpasses (Figure VII-5); another 6 species of wildlife including 
5 IUCN Red List EN and NT species have been documented using the underpasses. 

Figure VII-5.  A new wildlife underpass on a southern Bhutan highway (left) with an infrared 
monitoring camera (insert) that recorded a group of Asian elephants using the underpass 
(right; from Chogyel et al. 2017). 

VII. 2. WILDLIFE FENCING AND FUNNELING TREATMENTS 

230. The important role of wildlife fencing when used in conjunction with passage structures 
to reduce wildlife-vehicle collisions has been stressed by Romin and Bissonette (1996), Forman 
et al. (2003), van der Ree et al. (2015) and others.  Fencing’s role in reducing WVC is well 
established, with reductions in WVC of anywhere from 80 percent (Clevenger et al. 2001) to over 
95% (Gagnon et al. 2010, Gagnon et al. 2015).   
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231. The combination of effective passage structures and fencing that funnels animals to and 
through passage structures where traffic has minimal impact (Gagnon et al. 2007b) increased 
permeability (passage rate) compared to when no fence was present, by 52% for elk (Dodd et al. 
2009) and 433% for white-tailed deer (Dodd and Gagnon 2011).  This funneling role that guides 
animals to passage structures that otherwise may be minimally effective, along with limiting 
access to transportation infrastructure and reducing animal mortality justifies their use in spite 
of cost and maintenance issues.    

232. Conversely, fencing and funneling treatments can present concerns especially where 
animals cross at the ends of fencing, resulting in potential zones of increased incidence of 
collisions (Clevenger et al. 2001; Huijser et al. 2016) or allow animals to breech the fenced 
corridor.  Fencing is costly and requires substantial and continuous maintenance to ensure its 
effectiveness as an effective component of an integrated strategy to prevent animal mortality 
and reduce infrastructure impact to biodiversity (van der Ree et al. 2015); this contributes to 
reluctance by transportation managers to fence extensive stretches of projects.   Yet failure to 
erect adequate fencing in association with passage structures, even when structures are 
adequately spaced was found to substantially compromise their effectiveness in reducing wildlife 
collisions and promoting permeability (Dodd et al. 2009, 2012).  Huijser et al. (2016) found that 
stretches of wildlife fencing <5 km, erected in conjunction with passage structures were largely 
ineffective in reducing wildlife collisions and promoting use of structures. 

233. A multitude of design options exist for wildlife funnel fencing (van der Ree et al. 2015, 
Huijser et al. 2015b).  Most widely used has been highway wildlife exclusion fencing 2−2.4 m in 
height to deter crossings by ungulates (deer, elk, moose).  Fence is constructed of woven wire 
attached to metal pipe or wooden support posts with intermediate metal T-posts or wooden 
posts.  High voltage-low amperage 2.2-m high electrified fence has been used with success; solar-
powered options are available for remote locations (LaBlond et al 2007, Gagnon et al. 2010).  
Some mammal species are capable of climbing over fence, including bears (Gagnon et al. 2010) 
and felids (Grilo et al. 2015), and may be deterred with flares at the top of the fence. 

234. One of the biggest challenges to funneling animals to passage structures in much of Asia 
is presented by Asian elephants for which fencing can have limited deterrent effect and/or 
requires substantial maintenance, including electrified fence used extensively to protect 
agricultural areas.  Singh and Sharma (2001) did report that fence has been used along highways 
in India with success.  And as stressed by Pan et al. (2009) and Clevenger and Huijser (2011), 
locating passage structures in established, natural wildlife travel corridors will both reduce the 
amount of fencing needed to funnel animals to passages while improving structure effectiveness.  

235. WII (2016) has had success in using discarded rail track material for fence construction to 
deter Asian elephant passage, using track material as the fence posts and welding lengths of track 
to the posts.  Such a design presents a reinforced barrier to elephant passage that can serve as 
an effective funneling option.  Where discarded track material is available, this presents a 
particularly cost-effective and durable option. 
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236. Singh and Chalisgaonkar (2006) proposed an alternative to fencing associated with 
funneling Asian elephants to passage structures using 75 mm (or larger) vertical steel posts sunk 
soundly into the ground, with 2 m remaining above ground and spaced 1 m apart to create an 
impermeable barrier to adult elephant passage (Figure VII-6).  Such a treatment (or a similar one 
using treated wooden posts) could be effective in funneling elephants to passage structures and 
preventing encroachment onto roadways or other linear transportation infrastructure (e.g., train 
corridors) while substantially reducing maintenance compared to fencing.  This alternative would 
also allow humans to pass through the barrier. 

 

Figure VII-6.  Fencing alternative proposed by Singh and Chalisgaonkar (2006) to funnel 
Asian elephants to passage structures, with 75 mm vertical steel posts spaced 1 m apart 
and sunk with 2 m remaining above ground to create a barrier to elephant passage.  

 

VII. 3. AT-GRADE CROSSINGS AND WILDLIFE “CROSSWALKS” 

237.  Where passage structures are not readily 
feasible to address wildlife mortality “hotspots” due to 
cost, unsuitable (e.g., flat) terrain, or other factors, a 
potential alternative may be to create at-grade crossings 
with wildlife fencing to funnel animals to designated 
location-specific crossings, or wildlife “crosswalks” as 
done by Lehnert and Bissonette (1997), and described by 
WII (2016). In conjunction with fencing, signage (right) is 
critical to alerting motorists or train engineers to the 
potential of encountering crossing animals.  However, 
continuously operating signage typically results in habitation (Lehnert and Bissonette 1997) that 
ultimately limits effectiveness of the crosswalk in preventing collisions (Huijser et al. 2015a).   

238. Yet, at-grade crossings integrated with animal-activated detection systems (Huijser et al. 
2015) intended to elicit human behavioral response using time-specific flashing signs to warn 
when animals are adjacent to a roadway have the potential to avoid motorist habituation (Huijser 
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et al. 2015), as documented by Gagnon et al. (2018 In review).  Animal-activated detection 
systems rely on detection of wildlife by various technologies such as infrared cameras (Gagnon 
et al. 2018 In review), break-the-beam, area coverage, or buried seismic cable (Druta and Alden 
2015) sensor systems that relay signals to activate warning signs (above bottom photo).  These 
technologies do require regular monitoring and maintenance to ensure effectiveness and 
reliability of operation, critical to their success. 
 
239.   The WII (2016) describes the application of at-
grade railway crossings for Asian elephants and other 
animals, and are working with partners to develop 
integrated sensor technology relying on seismic (top 
right) and infrared camera (bottom right) detection for 
application at designated crossing points.  Such at-
grade crossings integrate animal sensor/detection 
technology with radio-triggered alert signage as well as 
funneling treatments and measures to prevent animal 
breeching via the fence ends where level at-grade 
crossing pads are located (WII 2016).   

240. Once successfully prototyped by WII, such an 
approach presents a cost-effective alternative to 
expensive passage structures.  Both BR and ADB are 
continuing to collaborate with WII in these ventures for 
eventual application of sensor technology on the 
Project.  Due to promising progress made to date, this 
technology has been considered in our Project 
mitigation strategies.   

VII. 4.  PASSAGE STRUCTURE DESIGN CRITERIA 

241. There are several key criteria and considerations for designing effective underpasses and 
overpasses, including: 1) openness, 2) size, 3) spacing, and 4) approaches. 

VII. 4. 1.  Underpass Openness 
 
242. The openness of underpasses influences the amount of light that penetrates the interior 
and the corresponding view of the opposite side of the structure perceived by wildlife.  It is 
related to the cross sectional area of the opening and is greatly influenced by distance (length) 
through the structure (Clevenger and Huijser 2011). Openness is particularly important to 
ungulates (e.g., deer) and other “prey” species in being able to overcome their hesitancy to pass 
through unnatural, confined spaces that are perceived as a predation risk.  Reed et al. (1975) 
were the first to put forth the concept of wildlife underpass openness, using an index to evaluate 
deer use of underpasses with the formula (using metric units only): 
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𝑂𝑝𝑒𝑛𝑛𝑒𝑠𝑠 𝐼𝑛𝑑𝑒𝑥 =
𝐻𝑒𝑖𝑔ℎ𝑡 ×  𝑊𝑖𝑑𝑡ℎ

𝐿𝑒𝑛𝑔𝑡ℎ
 

243. While acknowledging its limitations and influence of other important underpass factors 
such as acoustics (Jacobson 2007, Clevenger and Huijser 2011), this metric nonetheless provides 
a useful comparative design tool to evaluate crossing dimensions (Figure VII-7).  Gordon and 
Anderson (2003) conducted rigorous experimental evaluation of varying openness indices on 
mule deer use of an underpass in Wyoming, USA.  They found that deer use was influenced more 
by underpass width than height, given constant length.  They recommended a minimum index of 
0.8 for deer/small ungulates, though Clevenger and Huijser (2011) cautioned against overreliance 
on such recommendations.  Even still, Clevenger 
and Barrueto (2014), after 17 years of passage 
structure monitoring, found that openness 
strongly influenced deer, elk, and wolf use of the 
structures along the Trans-Canada Highway in 
Alberta, Canada. 

Figure VII-7.  Partially constructed 
replacement concrete arch underpass before 
existing box culvert was fully removed, and 
their comparative openness indices; USA. 

244. Sawyer et al. (2012) documented >49,000 mule deer passing through seven concrete box 
culvert underpasses in 3 years; all underpasses had openness indices of 1.10.  An underpass 
constructed in Keyna (Figure VII-2) which was readily used by African elephants and has received 
sustained elephant use since (Weeks 2015) has an openness index of 2.25.  Likewise, four large 
(average openness index = 5.5) metal plate arch underpasses in southern Bhutan were readily 
used by Asian elephants and 4 other IUCN-listed species soon after construction (Figure VII-5; 
Chogyel et al. 2017).  In India, however, long underpass tunnels measuring 5 m wide × 5 m high 
× 111 m long (openness index = 0.22) were not successfully used by Asian elephants (Singh et al. 
2011).    The objective of any underpass application is to maximize openness consistent with 
terrain, budget, and other factors. 

VII. 4. 2.  Passage Structure Size 

245. Every species of wildlife has a unique preference for passage structure design and 
dimensions/size.  Yet, some species groups/taxa exhibit general similarities in preference for 
passage structure size.  The general size recommendations for underpass width and height 
assume relatively short underpass lengths; actual dimensions are dependent on the width of the 
formation and thus structure length.  Longer underpasses may require wider and higher 
dimensions to maintain openness.  For example, a medium-sized underpass (6 m wide × 3 m high) 
with a 15 m length would have an openness index of 1.2; for an underpass with a 35 m length 
under a wider formation, width would need to be increased to 8 m to maintain the same degree 
of openness.  

0.17 

1.30 
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246. Underpass dimensions:  Large underpasses, either large arch or bridge structures, must 
exhibit a high degree of openness for the target species for which this is an important criterion, 
including large ungulates, large felids, canids (wolves, dhole), and bovids (water buffalo, gaur); 
Clevenger and Barrueto (2014) found that mountain lions and wolves preferred passages 
exhibiting high openness.  The large size of Asian elephants (shoulder heights = 2.4 m for females, 
and 2.7 m for males) coupled with concerns that they are often hesitant to enter and pass 
through confined passages (Singh and Sharma 2001) warrants large, open underpasses.  ADB 
(2018) recommends 12-m minimum passage floor widths and 5-m minimum height for 
underpasses intended for Asian elephant passage, based partly on use of a 4.5-m high underpass 
in Kenya by African elephants (Figure VII-2).  WII (2016) recommends 10-12 m floor width and a 
height of 6-8 m for Asian elephants.   

247. Overpass widths:  Even though some successful North American overpasses are 30 m wide 
or less, Clevenger and Huijser (2011) recommend that overpasses should be 50−70 m wide to 
accommodate large, high-mobility mammal species; like underpasses, the longer the overpass 
span, the wider it should be.  While no large overpasses have been constructed to date in Asia, 
they are expected to be as effective as those in Europe and North America.  This includes 
overpasses to accommodate Asian elephant passage, especially when they are located within 
documented travel corridors (Pan et al. 2009) and integrated with funneling treatments. 

248.   Singh and Sharma (2001) and Rajvanshi et al. (2001) recommend 50-m overpass widths, 
and Singh and Chalisgaonkar (2006) recommended 60-m widths to accommodate Asian 
elephants; these widths should accommodate passage for many other species.  WII recommends 
a minimum 10-12 m width for overpasses between cut slopes.  Singh and Chalisgaonkar (2006) 
also recommended side walls 2.5 to 2.75 m in height to guide crossing elephants and buffer them 
from disturbance and noise below.  Putman (1997) recommended 30-m wide overpasses for deer 
at the widest point with funnel-shaped approaches as an option; such a shape may also be 
appropriate for elephant overpasses. 

VII. 4. 3.  Underpass or Overpass – Which is Better? 
 
249. With the increased application of precast concrete and metal plate arch designs, the 
application of wildlife overpasses has become increasingly cost effective and widespread 
(McGuire et al. 2015).  And whereas traditional girder bridge overpasses were often designed to 
accommodate both static and dynamic loading, increasing their size and cost, they now are being 
designed to primarily address loading associated with only the fill material atop the structure 
deck, further making them more cost effective (McGuire et al. 2015).  There are two primary 
considerations as to when an overpass may be better suited for providing wildlife passage than 
an underpass: 1) terrain, and 2) target wildlife species preference. 

250. The terrain found at a wildlife crossing or linkage site where a passage structure is 
warranted is a vital consideration as to the best suited structure type.  Canyon and drainage 
situations are ideally suited to underpasses promoting below-grade passage by animals.  
Conversely, situations where linear transportation infrastructure traverse deep cut slopes or lie 
between continuous ridgelines upon which animals regularly travel are ideally suited for 
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overpasses.  In such situations, the need for fill material to create suitable approaches is 
minimized.  And yet, where terrain does not exist to support an underpass, or based on target 
species’ preference for more open unconfined passages, overpasses may nonetheless be 
warranted in situations that necessitate construction of approach slopes with fill material. 

251. The other key factor in determining whether overpasses or underpasses are more 
appropriate relates to the target wildlife species for which passage is being addressed; some 
species exhibit strong preference for one over the other.  Along the Trans-Canada Highway within 
Banff National Park, Alberta some species exhibited strong preferences for type of crossing 
structure.  Grizzly bears, moose, wolves, elk and deer almost always used overpasses instead of 
using the closest underpass (Clevenger and Barrueto 2014, Clevenger et al. 2010).  

252. The fact that Asian elephants will readily use well-designed and appropriately located 
(e.g., along established trails; Pan et al. 2009) underpasses is now well established (e.g., Chogyel 
et al. 2017).  However, since no overpasses have been constructed to date for elephants, whether 
the Asian or African species, there is no empirical data to evaluate relative structure preference 
for underpasses versus overpasses.  However, many Asian elephant conservation authorities 
have recommended and supported application of both underpasses and overpasses for 
elephants (e.g., Singh and Chalisgaonkar 2006, WII 2016, Rajvansh and Mathur 2015). 

VII. 4. 4.  Passage Structure Spacing and Placement 

253. Among the many considerations in developing road and conservation strategies that 
integrate effective passage structures for projects that bisect high-biodiversity areas, one of the 
first questions often asked by project engineers due to associated cost considerations is “how 
many passage structures are needed?”  While several factors influence how many passages (or 
spacing) are needed along a road, some of the more important determinants for passage 
placement include:  

• mix, distribution, and abundance of “target” wildlife species present and needs for 
structures to promote permeability tied to the relative mobility of the target species,  

• proximity to special habitats like wetlands, salt licks, springs, rivers, etc., and 

• location of travel corridors, trails, and/or seasonal migration routes. 

254. Asian elephants have very large home ranges and far-ranging movement patterns.  Tools 
to help guide the objective determination of the passage structure spacing along transportation 
infrastructure, such as that described by Bissonette and Adair (2008) based on allometric scaling 
of home ranges have some limitations.  Their spacing recommendations assume homogeneous 
distributions of animals across landscapes and employ the square root of home range sizes to 
estimate structure spacing; for Asian elephants, such spacing based on their assumption of 
homogeneous distribution exceeds 10 km (ADB 2018).  Rather, the spacing of passages in the 
Project PA also needs to consider elephant distribution, habitat conditions and travel corridors.   

255. Passage structure placement should accommodate multiple species where possible, 
ranging from small to large, thus necessitating the application of a commensurate range of 
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structure sizes and designs.  Such a mix also helps address potential interaction between predator 
and prey species, allowing each to use different structures of their preference, as documented 
by Clevenger and Barrueto (2014).  Little et al. (2002) suggested that passage structures might be 
used by predators to ambush prey concentrated at structures.  However, there is minimal 
empirical evidence of such interaction occurring with larger species, even during long-term 
comprehensive studies of passage structure use (Clevenger and Barrueto 2014, Dodd et al. 2012, 
Gagnon et al. 2011).  Passage structure design can maximize openness to benefit prey and avoid 
use of features that favor predators (e.g., ledges atop soil retaining walls; Dodd et al. 2007), 
especially where rare prey species are present.  

VII. 4. 5.  Passage Structure Approaches 

256. The approaches used by animals to travel to and through the entrances of underpasses 
and across overpasses are an often overlooked critical factor in achieving successful use of 
structures; use of even the best-designed structure may be limited or even precluded if 
approaches are not well implemented.  The single most important consideration is ensuing that 
there is clear line-of-sight visibility entirely through the structure, free of obstructions.  The view 
through underpasses should be as unimpeded as possible, and animals should be able to see 
daylight through underpasses from the opposite side when approaching.  

257. Where possible without further 
removal of native vegetation or 
destabilizing slopes, soil embankments 
which emanate outward from underpass 
openings should be excavated to flare 
away from the underpass openings as 
wide as possible, preferably 45 degrees 
or greater (right).  Creating such wide, 
open approaches will enhance visibility 
and avoid creating approaches within 
drainages that are perceived as confining 
to animals.  Excavated slopes may need 
to be treated with retaining walls or other soil stabilizing treatment.   

258. Just as visibility through an underpass is critical to successful use by wildlife, so is the 
substrate of the approaches and within the underpass itself.  Continuous and extensive 
application of rock rip-rap or larger boulders to address drainage and erosion issues may negate 
passage benefits associated with otherwise suitable structures.  Natural or sandy soil or earthen 
floor substrates are preferred over concrete associated with passage structures, especially 
concrete box culverts.  Rock rip-rap should be avoided, especially for smaller animal passage.  
Strategically placed rocks, logs, vegetation and other cover can promote passage by smaller 
animals, including reptiles and amphibians (which benefit from created microenvironments) 
without hindering large animal passage (Jackson et al. 2015, Clevenger and Huijser 2011).   

≈45o 
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259. For overpasses, the ideal situation is 
to bridge existing ridgelines or span cut 
slopes, which appears appropriate for 
overpass application on this Project.  Once fill 
material is laid down on the overpass, it is 
important to fully compact and level the soil 
substrate so as to create a conducive passage 
area for elephants and other animals.  Rolled 
plastic geo-cell materials (right) are available 
to help stabilize soil and prevent erosion, yet 
still allow vegetation to grow.  Natural revegetation and reestablishment of elephant “trails” is 
also desirable. 

  

Asian elephant cow and  
calf – FWS Core Zone 
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VIII. RAILWAY CONSTRUCTION AND CONSERVATION STRATEGY 

260. This section assimilates information and insights from previous sections into a data-driven 
and comprehensive, yet cost-effective strategy to balance construction of the Project with 
conservation of biodiversity in the PA and to achieve compliance with the ADB SPS (2012).  This 
strategy goes beyond mitigating impact of the railway to addressing a range of resource-based 
needs from Asian elephant corridor preservation to prevention of train-wildlife mortality to 
resolution of HEC.  Based on the different biological and social characteristics of each PA, each 
one has been assigned a different primary focus along with secondary goals (Table VIII-1); these 
goals shape the PA-specific strategies presented in this section. 

VIII. 1. RAILWAY CONSTRUCTION MITIGATION AND CONSERVATION STRATEGY GOALS 

261. We focused on attaining the following Asian elephant and biodiversity mitigation goals 
under a comprehensive strategy, though not all goals are appropriate for every PA (Table VIII-1): 

• Preserve Asian elephant landscape connectivity and minimize habitat fragmentation 
associated with railway alignment construction, employing elephant corridor design 
guidance provided by Venkataraman et al. (2017), Tiwari (2017), and WII (2016).  

• Prevent Asian elephant and other wildlife mortality and impact to population viability 
from elephant-train collisions, including preventing elephant entrapment within cut slope 
areas where elephants are most susceptible to train mortality (WII 2016). 

• Resolve, where appropriate, human-elephant conflicts (HEC) within the 3 PA including 
elephant-caused human deaths and injuries and damage to crops and other property. 

• Integrate habitat enhancements and offsets within PA (and even outside the PA as 
appropriate) to mitigate the impact of railway construction on elephant habitats including 
loss of natural and cropland food resources, and to facilitate elephant recovery. 

Table VIII-1.  Primary and secondary goals for each PA associated with a railway construction and 
conservation strategy. 

Railway Construction Mitigation and  
Conservation Strategy Goals 

Primary and secondary goals by PA 

CWS FWS MNP 

Preserve Asian elephant landscape connectivity and 
minimize habitat fragmentation 

Primary N/A N/A 

Prevent Asian elephant and other wildlife mortality 
from train-wildlife collisions 

Secondary Secondary Primary 

Provide passage for other wildlife species and 
protect high biodiversity areas 

Secondary Secondary Secondary 

Resolve human elephant conflicts Secondary Primary Secondary 

Implement habitat enhancements to mitigate 
construction impact and promote elephant recovery 

Secondary Secondary Secondary 
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VIII. 2.   CRITERIA FOR LOCATING PASSAGE STRUCTURES AND OTHER MEASURES 

262. We employed several criteria to evaluate and determine locations of potential and 
recommended wildlife passage structures and other strategy elements like funneling treatments 
(e.g., fencing and alternatives) and applications of elephant detection system technology.   

VIII. 2. 1.  Biological Criteria 

263. First and foremost in the development of our conservation strategy was determining 
elephant railway alignment crossing locations, their relative importance (e.g., amount and 
consistency of elephant use), concurrence with the Elephant Route Identification Study (IUCN 
2014) findings, and whether the crossing falls within a true landscape corridor important to large-
scale elephant movements and dispersal of young.  We also considered the presence of 
biodiversity pockets, or “hotspots” along the railway alignment in strategy development.  The 
ADB SPS (2012) and its requirements for critical habitat and achieving no net loss of biodiversity 
value within the PA was an overarching consideration as we developed our strategy. 

VIII. 2. 2.  Engineering and Design Criteria 

264. In determining the location of potential passage structures and other measures, we relied 
on engineering information and design criteria.  We evaluated the suitability of sites to technically 
support passage structures; we employed Project plan sheet cut:fill profiles displaying where fill 
material is used to bring the railway up to formation grade (conducive for underpasses) or where 
excavation though terrain will be done to maintain grade with cut slopes suitable for overpasses 
(Figure VIII-1).  This information was also useful in identifying sites where train-elephant collision 
risk was highest (Table VI-4).  Underpass sites were deemed suitable if fill slopes could 
accommodate passage openings of at least 4.5 m in height, assuming that excavation at the 
structure opening could bring the opening height to at least 5 m. 
 
 

Figure VIII-1.  Cut:fill profile for a section of the Project railway alignment through FWS 
displaying where filling will be used to bring the existing terrain to grade (where 
underpasses might be suitable at planned concrete box culvert sites), or stretches of 
cutting through terrain conducive to overpasses. 
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265. We also used the locations of planned drainage structures within the PA (8 bridges and 41 
box culverts) along the railway alignment that could accommodate wildlife passage; again, such 
structures were deemed potentially suitable for elephants if structures could accommodate 
openings of at least 4.5 m in height.  Most structures would require some modification or 
“oversizing” to accommodate elephant 
passage since culverts were typically multi-cell 
structures (right) with individual cell widths 
inadequate to accommodate passage, as 
animals perception of openness is based on 
the confining aspect of each cell’s walls.  For 
Asian elephants, the minimum floor/passage 
width is 12 m.  In these situations, culverts 
need to be replaced with arch underpass 
structures or bridges.  Regardless, such 
oversizing presents a cost-effective approach 
to accommodating wildlife passage.  

VIII. 3.   CONSERVATION STRATEGIES AND RECOMMENDATIONS BY PROTECTED AREA 

266. The development of our conservation strategies for each PA considered their respective 
goals (Table VIII-1) and biological and engineering criteria for structural mitigation measures to 
comprehensively address the various direct, indirect and cumulative impacts of the Project within 
each PA (Table VIII-2). 

VIII. 3.1.  Chunati Wildlife Sanctuary 

267. CWS exhibited the most elephant use along and adjacent to the railway alignment among 
the 3 PA surveyed; we documented 15 elephant crossing points along the corridor, of which 10 
constituted consistently (e.g., both spring and fall use, confirmed with camera recordings) and 
well-traveled trails.  Most of the elephant crossings were located within 3 fingers of forested core 
zone habitat in the northern half the sanctuary through which the railway alignment will cross 
(Figure VIII-2).  Two of the core habitat fingers (identified as No. 2 and 3; Figure VIII-2) constitute 
true landscape corridors essential to elephant daily and seasonal movements and linking suitable 
habitat blocks within CWS to similar habitats outside CWS, as described by Venkataraman et al. 
(2017) and Tiwari (2017).  The third core habitat finger (No. 1; Figure VIII-1) does not appear to 
receive the same degree of use as the others and does not provide connectivity outside CWS, 
terminating at an extensive block of Impact Zone habitat constituting a barrier to elephant 
passage 

VIII. 3. 1. 1.  CWS Elephant Mitigation Goals 

268. Due to consistent use of the Core Zone habitat fingers, 2 which provide true landscape 
connectivity not only across the railway alignment but outside CWS, preserving connectivity is the 
focal or primary conservation/mitigation goal for this sanctuary (Table VIII-1).  The other 3 goals 
(elephant-train collision and HEC minimization, and elephant habitat enhancement) are also fully 
integrated into the proposed comprehensive CWS mitigation strategy.   
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Table VIII-2.  Summary of Project impacts and recommended mitigation measures for various wildlife species present in the 3 PA. 

Species Impact 
Specific impact from railway construction 

(Section VII) 
Mitigation measures 

(Section VIII and Habitat Enhancement Plan) 
Quantity 

Asian elephant 
(IUCN EN) 
 

Direct 

Loss of forested habitats in railway right-of-way  

Tree/Forage plantings TBD1 

Travel corridor plantings TBD 

Other habitat enhancements (e.g., waters, salt) TBD 

Total mitigation enhancements  61.6 ha 

Elephant-train collisions at cut-slopes and 
corridors (areas most susceptible to collisions) 

Fencing of cut slopes (both sides railway) 3.1 km 

Fencing of travel corridors (both sides railway) 1.5 km 

Animal detection systems and at-grade crossings 5 

Abandonment due to construction disturbance  Temporary construction-free Quiet Zone (CWS) 0.7 km 

Indirect Loss of landscape connectivity/permeability 
Overpasses (integrated with funnel fencing; CWS) 2 

Underpasses (integrated with funnel fencing; CWS) 2 

Cumulative 
Combined  past and new impact of Highway 
NH1, railway, human settlement, and agriculture 

Prevention of HEC by fencing of Core Zone (FWS) 5.0 km 

Offset forage plantings to offset loss of crop use 19.0 ha 

Fishing cat 
(IUCN VU) 
       and 
Large Indian 
civet (IUCN NT) 

Direct  Wildlife-train collisions 

Mid-size underpass (FWS) 1 

Indirect Loss of landscape connectivity/permeability 

Barking deer, 
wild boar, and 
other species 

Direct Wildlife-train collisions 
Planned drainage structures (bridges and concrete 
box culverts) 

8 bridges 

Indirect Loss of landscape connectivity/permeability 41 culverts 

1TBD: To be determined as part of Habitat Enhancement Plan development and refinement.



Biodiversity Baseline Assessment Final Report:  Chittagong−Cox’s Bazar Rail Project      Page 89 
 

 

269. Habitat enhancement via forage/fodder plantings, already ongoing by the IUCN in CWS 
should be expanded to further improve forage quality for elephants, to help resolve HEC, and to 
compensate for the direct loss of 31.7 ha of forested Core Zone habitat within the railway right-
of-way and another 8.6 ha of forested Buffer Zone habitat associated with railway construction.   

VIII. 3. 1. 2.  CWS Corridor Zone Mitigation Strategies 

270. We present separate strategies for each of the 3 Core Zone habitat finger corridors 
identified in Figure VIII-2, which collectively meet the railway construction mitigation and 
conservation goals for CWS (Table VIII-1).  Table VIII-3 summarizes the elements associated with 
the strategies for each corridor.  Under this strategy, 1,750 m of the 1,970 m (88.9%) of cut slopes 
of concern for elephant-train collisions (Table VI-4) would be fenced to elephant entry. 
 
Table VIII-3.  Railway construction mitigation structural components for CWS elephant corridors, 
including passage structures, elephant detection systems, and funneling treatment and the 
length of cut slopes fenced to prevent elephant-train collisions (Figure VIII-2). 

 1Funneling treatment for both sides of the railway alignment 

Core Zone Corridor No. 1       (KM 25+450 to KM 26+200; Figure 1)      

271. The relative elephant use of this corridor is 
considerably lower than the other 2 corridors but 
nonetheless was consistent across seasons.  It also 
does not provide the same degree of landscape 
connectivity as the other corridors (versus being an 
apparent intra-sanctuary travel corridor; Figure VIII-
2).  Most documented use appeared to be associated 
with seasonal crop raiding (note proximity of trail near 
camera site and rice paddy; right).  As such, we are not 
recommending any mitigation measures at this site 
with the concurrence of WII biologists. 

CWS 
corridor 

No. 

Relative 
elephant 

use 
rank 

IUCN 
crossings 

Structural mitigation components 

Overpass 

Underpass 
Elephant 
detection 
systems 

Funneling 
treatment1 

(length of cut 
slopes fenced)  

Planned 
structure 

New 
structure 

1 3 None 0 0 0 0 0 

2 2 1 Active 0 0 1 2 
1.3 km 
(270 m) 

3 1 2 Active 2 1 0 1 
2.9 km 
(900 m) 

All  3 Active 2 1 1 6 6.8 km 

Elephant (and human) trail near camera site 

at KM 25.860, with adjacent rice fields. 
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Core Zone Corridor No. 2    (KM 26+900 to KM 27+350; Figure VIII-2; Annex B Sheets #1 and 2)  

272. This relatively narrow landscape 
corridor crossing a low area between 2 ridges 
at KM 27+120 received consistent and heavy 
use by Asian elephants (Figure VIII-2; top 
photos at right).  This site lies just to the west 
(<75 m) of an existing pond which serves as an 
important watering source for elephants and 
other wildlife (bottom photo at right). 
Elephants moving to the west from the 
alignment crossing point travel up and along 
either of the ridges.  Traveling east, elephants 
follow the Core Zone finger to and beyond 
NH1, and then appear to cross a narrow band 
of Impact Zone to reach a “stepping-stone” 
block of Core Zone (Figure VIII-3).  This 
constitutes a functional landscape corridor 
(Venkataraman et al. 2017).  This location was 
also identified as an Active Crossing (KM 
27+220) in the IUCN elephant route study 
(IUCN 2014). 

273. Passage Structure: While there is a 
suitable planned bridge at KM 27+300 that 
could be modified to serve as an underpass, 
this is not at the specific location where 
elephants cross the railway alignment.  More 
importantly, it is situated in an open paddy 
where elephants may be hesitant to approach 
and cross.  Thus, we recommend an 
underpass, preferably a minimum 12-m wide 
arch structure (Figure VII-5) at the KM 27+120 
location (Figure VIII-2, Annex B Sheet #2).  
Since the planned fill slope at this location is 
only 4.3 m high, the underpass site will 
require excavation to provide additional 
crossing height of at least 5 m.    

274. Funnel Fencing and Detection Systems:  Along with the underpass, we recommend a total 
of 1.3 km of funneling treatment to funnel elephants to the underpass and to prevent entrapment 
within cut slope areas spanning 270 m; 2 elephant detection systems integrated with at-grade 
crossings (WII 2016) are recommended for the fence termini to prevent end-run collisions (Figure 
VIII-2; Table VIII-3; Annex B Sheets #2 and #3).   

Looking east at KM 27+120 
crossing and underpass site,  
with well-used elephant trail.  

Looking west at KM 27+120 crossing 
and proposed underpass site, with 
well-used elephant trail.  

Cow and calf elephant in the pond just east 
of the KM 27+120 crossing. 
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Figure VIII-2.  Management Zones and locations of Asian elephant travel/corridors within Chunati Wildlife Sanctuary, as well as the locations of 

recommended passage structures, funneling treatments, potential habitat enhancement area, and temporary construction Quiet Zone.  

 

Proposed Overpass KM 28+500 
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Core Zone Corridor No. 3    (KM 28+000 to KM 29+200; Figure VIII-2, Annex B Sheets #4 and #5)    
 

275. This 1.2 km-wide finger of core zone habitat constitutes the primary landscape corridor 
crossing the railway alignment in CWS and providing connectivity to areas east of CWS; 7 well-
defined elephant trails were located along this finger, including 2 Active Crossings identified in 
the Elephant Route Identification Study (IUCN 2014).   

276. Underpass:  Due to the extensive use of this entire corridor and the proliferation of 
elephant trails throughout, we recommend that funneling treatment be applied across its entirety 
(Table VIII-3).  The funneling treatment would link 2 passage structures at opposing ends of the 
corridor (Figure VIII-3).  We recommend that the planned bridge (No. 43) at KM 28+036 be 
“oversized” from 30-m wide (assuming that it is planned to have 2:1 side slopes that will result in 
a limit passage way “floor” for elephants) to at least 40 m to provide for a wider floor to 
accommodate passage (Figure VIII-3). 

277. Overpasses:  We recommend an 
overpass at KM 29+000, atop one of several 
forested ridges which exhibit well-used 
elephant trails.  The trail at this site is the 
most heavily travelled of any crossing the 
entire railway alignment.  This overpass site 
sits atop a planned 12.2-m deep cut slope; 
while substantial, this trail is on the lowest 
of the ridges (Annex B Sheet #5), with the 
highest requiring a 17.8-m deep cut to reach 
the railway formation. 

278. Due to the presence of several 
elephant trails crossing the railway 
alignment between the underpass at KM 
28+036 and the overpass at KM 29+000, 
coupled with the continuous lengthy barrier 
that fencing between these structures 
would impose, we evaluated and WII 
biologists strongly concurred with the 
construction of a second overpass at KM 
28+500.  This overpass site sits atop an 8.2 
m deep cut at a notch in a hill (right).   

279. Recommendations call for 50-m (Singh and Sharma 2001) to 60-m (Singh and 
Chalisgaonkar 2006) wide overpasses for Asian elephants.  Like underpasses, the likelihood of 
successful use increases with shorter distance across the overpass for elephants to traverse; the 
longer the structure, the wider it needs to be to ensure successful use.  Recommendations for 
elephant overpasses also include side walls 2.5−2.75 m in height (Singh and Chalisgaonkar 2006) 
to guide crossing elephants and buffer them from disturbance below.  

Most heavily used elephant  
trail at the KM 29+000   
overpass site 

Overpass site at KM 28+500  
in a notch atop a hill; looking northeast 
from a point west of the railway alignment 
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Figure VIII-3.  Comparison of the planned 30-m bridge (No. 43) at KM 28.036 (left) lacking 
a pathway for Asian elephants under the bridge, and recommended oversized bridge to 
at least 40 m to provide for an passage pathway for Asian elephants (right). 

 
280. At least 2 general approaches for designing and constructing this overpass can be 
evaluated for engineering feasibility and cost.  The first approach entails constructing a bridge 
that spans the excavated cut slopes (Figure VIII-4).  The overpass design (length) is highly 
dependent on the steepness of the cut slopes; 2:1 slopes would necessitate approximately 42-m 
and 59-m spans for the KM 28+500 and 29+000 overpasses, respectively, while steeper stabilized 
1:1 slopes would entail approximately 26-m and 35-m spans, respectively.   

281. Another design approach entails the construction of an arched tunnel, using either pre-
cast concrete or cost effective metal plates, at railway formation grade through which trains 
would pass (Figure VIII-5).  The tunnel would be backfilled to create an earthen overpass bridge 
between the cut slopes.  The higher the tunnel arch is, the less backfilling that would be required 
to span the excavated chasm and provide passage for elephants. 

282. The overpasses and the approaches to the underpasses should be revegetated with native 
species to approximate natural conditions. 

 

Figure VIII-4.  Design of an elephant overpass that bridges cut slopes to maintain ridgeline 
connectivity; example on right shows dimensions for the recommended KM 29+000 overpass 
spanning 2:1 slopes.  

Planned 30-m bridge Oversized 40-m bridge with 
elephant passage “pathway” 
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Figure VIII-5.  Design of an elephant overpass with an arched tunnel at railway formation level 
through which trains pass, backfilled to the ridgeline level across which elephants may pass.  
 
283. Funnel Fencing: We recommend that the underpass and overpasses be linked with 
funneling treatment, to be extended southward to KM 29+500 to the toe of the ridgeline slope, 
for a total distance of 1,465 m (2,930 m of funneling treatment for both sides of the railway 
alignment).  Fencing should be integrated with an elephant detection system and at-grade level 
crossing at the end to alert approaching trains of crossing elephants (Table VIII-3; Figure VIII-2).  
Funnel fencing needs to be located along the railway alignment in such a manner so as to 
minimize the potential that animals may become trapped; along cut slopes, it may be best to 
locate fencing at the crest of the slopes to prevent elephant entry into the cut slope areas. 

284. Construction Quiet Zone:  Due to the protracted period for which various phases 
(vegetation clearing, cut slope excavation and spoil removal, formation preparation, etc.) of 
railway construction will be ongoing through CWS, potentially lasting up to 3 years, we harbor 
considerable concern for the impact of long-term disturbance to the sanctuary’s elephant 
population.  Such disturbance could result in elephant displacement from CWS entirely, a concern 
shared by the FD and WII, and documented in the project EIA.  To address this concern, we 
recommend a temporary 0.7-km wide construction Quiet Zone along the southern half of 
Corridor 2, between KM 28+650 and 29+350 (Figure VIII-2).  Within this zone, no construction 
activities shall occur while construction is ongoing outside this zone within Corridors 2 and 3 
(Figure VIII-2).  This will hopefully allow elephants and other animals to maintain their use of the 
quiet zone as a travel corridor including those displaced from adjacent areas where construction 
is ongoing, including the area encompassing the KM 28+500 overpass and 2 underpasses to the 
north.  It is further recommended that all construction activities within Corridors 2 and 3 be 
expedited where possible, particularly construction of the passage structures; use of 
prefabricated structure designs (Figure VII-1 and VII-5) could facilitate timely construction. 

285. Once construction is completed outside the Quiet Zone within Corridors 2 and 3 (including 
erection of funnel fencing), elephant use of the KM 28+500 overpass and underpasses should be 
monitored (including with cameras); once elephant use of the passages is established, 
construction activities within the Quiet Zone can commence.  Again, construction activities 
should be expedited where possible, including construction of the KM 29+000 overpass.  Should 
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elephant use of passage structures outside the Quiet Zone not be readily established following 
construction (e.g., within 3 months), active intervention may be necessary, including baiting, use 
of captive elephants to create trails/deposit sign, and erection of temporary (e.g., electric) fence 
through the Quiet Zone to funnel elephants to the constructed overpass.  Even the limited 
application of GPS telemetry during the construction phase at CWS would be an invaluable tool 
to monitor and track real-time elephant response to construction activities as well as evaluating 
the efficacy of the Quiet Zone in maintaining connectivity while construction is ongoing. 

VIII. 3. 1. 3.  Addressing Smaller Wildlife Species along the Railway Alignment 

286. The corridor zone strategies described above focus heavily on Asian elephants, though all 
other wildlife species should readily use the recommended underpasses and overpasses.  
However, these strategies address only a portion of the alignment through CWS and thus will not 
fully address railway impact to smaller species such as barking deer, Indian wild boar, civets, and 
others.  With well-implemented passage approaches, many of the planned concrete box culverts 
and bridges to address drainage needs can accommodate passage for such species; ADB (2018) 
reports that concrete box culverts ≥3 m in height can accommodate passage for small ungulates 
(e.g., barking deer) and felids (cats), especially with the relatively short length needed to  span 
the railway formation (< 8 m).  Culverts between 2-3 m in height can likewise accommodate 
passage for reptiles and amphibians, as well as smaller mammals such as porcupines and civets 
(ADB 2018). 

287. Along the CWS railway alignment, there are a total of 15 planned concrete box culverts 
with a height of 3 m or greater, averaging 0.95 culverts/km (Table VIII-4).  There are another 5 
planned culverts between 2−3 m height bringing the total to 20, or 1.3 culverts/km (Table VIII-4).  
In addition, 3 large bridges (not including the one at KM 28+036 that will be oversized to serve 
as an elephant overpass) are planned for CWS.  Collectively, these structures should provide 
passage opportunities for smaller species and help maintain connectivity and reduce the 
potential for wildlife-train collisions. 

 

Table VIII-4.  Number of planned concrete box culverts by size along the CWS railway alignment 
that may be suitable to accommodate small animal passage. 

Alignment 
length in CWS 

No. of concrete box culverts by cell 
height Total 

culverts 
No. culverts/ 

km 
2−3 m 3−4 m 4−5 m >5 m 

15.8 km 5 6 6 3 20 1.3 
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VIII. 3. 2 Fasaikhali Wildlife Sanctuary 

288. Most elephant use we documented at Fasaikhali Wildlife Sanctuary (FWS) was associated 
with crop raiding (7 sites).  This HEC occurred were the sanctuary’s Core Zone habitats are in close 
proximity to the railway alignment, especially between KM 55+500 to 56+500 (where the IUCN 
Active Crossing at KM 56+280 was confirmed).  All 
Core Zone habitat lies to the east of Highway NHI 
and the railway alignment (Figure VIII-6), and 
most elephant activity/sign associated with crop 
raiding occurred <100 m into adjacent croplands 
from the Core Zone and/or Buffer Zone habitats 
(right).  Elephant movements/excursions into 
FWS were typically short-term in nature and were 
often met with organized efforts by farmers and 
villages to protect crops which further hastened 
elephant movements back to the core zone.  

289.  Even where we found an elephant travel 
corridor passing though community forest in the 
vicinity of KM 55+000 to 55+500 (Figure VIII-6), 
and corresponding to the IUCN Active Crossing at 
KM 55+420, it appeared elephants were largely 
using this corridor to access crops to the west of 
villages abutting the community forest before 
returning to the core zone.  Thus, this area may 
not be functioning as a true landscape corridor, 
and Impact Zone habitat further to the west 
appears to present a barrier to further movement 
by elephants (Figure VIII-6).  Nonetheless, this site 
harbors considerable biodiversity including 4 mammal species documented nowhere else along 
the railway alignment within the PA.    

VIII. 3. 2. 1.   FWS Elephant Mitigation Goals   

290. With the preponderance of documented elephant use outside the FWS core zone located 
exclusively on the east side of Highway NH1, coupled with the absence of corridors providing 
landscape connectivity to the west, providing for elephant passage across the railway via 2 
suitable underpass and 1 overpass sites does not appear to be warranted.  Rather, the railway 
construction project affords the opportunity for a focal goal of resolving HEC by attempting to 
limit elephants to the Core Zone habitats east of Highway NHI, while at the same time pursuing 
habitat enhancement activities in and around the Core Zone to compensate for the loss of 
elephant foraging west of Highway NH1.  This is viewed as a very ambitious goal compared to 
typical attempts to minimize HEC (Desari and Riddle 2015).   

291. Mammalian species inventory by camera trapping identified a biodiversity “hotspot” in 
the community forest near KM 55+100, including 2 species of cats and 4 species not found 

Typical FWS elephant crop damage 
immediately adjacent to core zone 
habitat 

Well-used elephant trail through 
community forest at KM 55+200 
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anywhere else along the PA railway alignment; November elephant sign survey documented a 
monitor lizard at the same location, which coincides with a small stream for which no drainage 
structure is currently planned in the Project design. 

VIII. 3. 2. 2.  FWS Mitigation Strategy 

292. The proposed Asian elephant mitigation strategy for FWS entails 2 components.  First is 
the integration of approximately 5 km of exclusion/barrier treatment to preclude elephants from 
crossing out from the Core Zone and crossing the railway alignment (and possible Highway NH1; 
Figure VIII-6).  Such exclusion/barrier treatments may include and mix of “hard” barriers similar 
to elephant funneling treatments (welded rail fencing as used by WII, sunken metal posts, etc.), 
electrified fence, and “green” fences involving closely planted trees.  By excluding elephants from 
reaching and crossing the railway (and potentially Highway NH1 as well) to raid crops, the 
potential high risk of elephant-train collisions will be avoided, as will the potential for elephant 
entrapment within the 480-m stretch of cut slopes along the FWS alignment.   

293. One significant question is where the exclusion fence will be constructed.  Ideally, this 
fence should be erected on the east side of Highway NH1 on FD land (Figure VIII-6), though this 
is off the BR railway ROW.  Siting a fence on FD land east of NH1 will require an easement and 
cooperative arrangement between BR and FD, and could be challenging to use railway 
construction contractors to build the fence off the ROW.  This location would also be the best in 
“sealing off” the Core Zone to crop raiding elephants.  Fencing along the railway alignment ROW’s 
eastern side would be feasible, though elephants would continue to cross NH1 putting motorists 
at risk, especially if the highway is upgraded in the future.  Regardless, this question will be 
answered during the development of the Habitat Enhancement Plan during summer 2018.  

294. Because there will be only a single fence 
(versus double-fenced corridor as in CWS), elephants 
that have managed to cross the railway or are 
traveling from the west could encounter the fence 
from the wrong direction and become trapped behind 
the fence unable to reach the Core Zone.  For this 
reason, 1-way elephant escape ramps (right) designed 
to allow animals to exit from the wrong side of the 
fence and reach to Core Zone (but not climb up into 
the wrong side) are warranted (minimum of 1 escape 
ramp/km). 

295. The second component of the strategy to resolve HEC entails comprehensive habitat 
enhancement via forage/fodder plantings and other measures (e.g., water development, creation 
of salt licks) within the core zone (Figure VIII-6).  These enhancements are intended to improve 
forage quality for elephants, to compensate for lost access to crops (which supplement their diet), 
and compensate for the loss of 19 ha of forested Buffer Zone habitats along the railway ROW 

Escape ramp  (“jump out) 
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associated with construction.  These forage enhancements will be planned and delineated as part 
of the Habitat Enhancement Plan. 

296. To address the high biodiversity documented within the 
community forest near KM 55+100 where there is a 3.5 m fill 
slope, we recommend a medium-sized arch underpass or 
single-cell concrete box culvert to promote permeability for the 
species using this area, including both IUCN VU fishing cats and 
IUCN NT large Indian civet (Annex B Sheet #5).  The underpass 
dimensions should be approximately 3 m high × 5 m wide and 
situated to span the live stream at this location (right).  A 
structure at this site is further warranted due to the presence 
of the small stream (right) that should be accommodated with 
a drainage structure to prevent blockage; thus, this will be a 
dual-use structure. 

3. 2. 3.  Addressing Smaller Wildlife Species along the Railway 
Alignment 

297. For smaller mammal species located elsewhere along the 10.3 km railway alignment 
through FWS, including Indian wild boar, jungle cats, porcupine, and others, planned concrete 
box culverts and bridges present a viable option to provide for below-grade passage.  Along the 
FWS railway alignment, there are a total of 11 planned concrete box culverts with a height of 3 
m or greater, averaging 1.1 culverts/km (there are no planned culverts between 2−3 m height; 
Table VIII-5).  In addition, 5 large bridges are planned for FWS.  Collectively, these structures will 
provide passage opportunities for smaller species and help maintain connectivity and reduce the 
potential for wildlife-train collisions. 

 

Table VIII-5.  Number of planned concrete box culverts by size along the FWS railway alignment 
that may be suitable to accommodate small animal passage. 

Alignment 
length in FWS 

No. of concrete box culverts by cell 
height Total 

culverts 
No. culverts/ 

km 
2−3 m 3−4 m 4−5 m >5 m 

10.3 km 0 3 8 0 11 1.1 

 

 

 

  

Drainage near KM 55+100 
where underpass is 
recommended 
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Figure VIII-6.  Management Zones and locations of Asian elephant travel corridors within Fasaikhali Wildlife Sanctuary, as well as the locations of 

recommended elephant exclusion treatments (east of NH1), a small arch underpass to preserve biodiversity, and potential habitat enhancement area.  
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VIII. 3. 3. Medhkachapia National Park 

298. We documented consistent elephant use near the railway alignment at a single MNP site, 
KM 64+800, located along the far western side of the PA (Figure VIII-7).   Elephants traveled along 
a well-used trail largely running parallel to the railway alignment.  Though there appeared to be 
elephant use along a trail to the west, it is unlikely that these movements reflected existence of 
a true landscape corridor (Figure VIII-7).  Similar to Corridor No. 1 at CWS and the travel corridor 
at FWS, and westward movement by elephants across the railway alignment at this location 
would appear to be limited by extensive settlement and cropland posing a barrier.  This distinction 
is important, as the site is an excellent candidate for an overpass, and lacking a landscape corridor 
makes such a structure’s justification questionable, at best. 

VIII. 3. 3. 1.  MNP Elephant Mitigation Goals   

299. With the railway alignment located to the far western extent of the PA and without the 
compelling need to provide for landscape connectivity further to the west, providing for elephant 
passage across the railway via passage structures does not appear to be warranted.  Rather, the 
primary goal for MNP elephant mitigation should be on providing for safe passage by elephants 
across the railway alignment while preventing elephant-train collisions, as well as pursuing 
habitat enhancement to offset construction impacts and minimize HEC. 

VIII. 3. 3. 2.  MNP Mitigation Strategy 

300. Our proposed elephant mitigation strategy for MNP focuses on erecting funneling 
treatments (1.0 km) along the cut-slope section of railway (KM 64+450 to 64+950) encompassing 
the site with consistent elephant use.  This funneling will be used in concert with elephant 
detection systems and level at-grade crossings (WII 2016) at the treatment termini (Figure VIII-7; 
Annex B Sheet #6).  These measures will prevent elephant-train collisions associated with the 
stretch of cut slopes and potential end-run collisions at the fence termini.  They are being 
recommended in lieu of the originally proposed wildlife overpass at this site.  This site roughly 
corresponds to the Seasonal Crossing identified in the elephant route study (IUCN 2014) at KM 
64+090. 

301. Concurrent with elephant funneling treatment and detection system installation, habitat 
enhancements should be conducted within the core block of forested habitats at MNP.  These 
enhancements will help compensate for the impact of railway construction and direct loss of 5 
ha of habitats along the railway right-of-way associated with construction, as well has help draw 
elephants away from cropland and village areas, thus reducing HEC. 

3. 3. 3.  Addressing Smaller Wildlife Species along the Railway Alignment 

302. For smaller mammal species along the short 0.9 km railway alignment through MNP, 
including Indian wild boar, planned concrete box culverts and bridges present a viable option to 
provide for below-grade passage.  Along the MNP railway alignment, there are 2 planned 
concrete box culverts with a height of 2 m or greater (one each 2−3 m and 3−4 m in height), 
averaging 2.2 culverts/km.  Also, there is one large bridge.  Collectively, these structures will 
provide passage opportunities for smaller species and reduce the risk of collisions with trains. 
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Figure VIII-7.  Management Zones and locations of Asian elephant travel corridors within Medhkachapia National Park, as well as the locations of 
recommended elephant funneling treatments. 
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VIII. 4.  CONCLUSIONS 

303. Our proposed Project railway construction and conservation strategy represents a 
proactive and progressive approach to balancing southeastern Bangladesh’s infrastructure and 
economic development with conservation of its protected area biodiversity and the ecosystem 
services they yield to local residents.  Implementation of the comprehensive strategy including 
its structural elements (Table VIII-6) will ensure compliance with ADB’s SPS (2012) and critical 
habitat requirements.  Development of the detailed Habitat Enhancement Plan as part of the 
strategies is the next step and will be completed during summer 2018.  Altogether, this project 
could well stand as one of the more environmentally-friendly transportation infrastructure 
projects anywhere the world. 

304. Churnati Wildlife Sanctuary Strategy:  This strategy protects CWS’s vital Asian elephant 
corridors as advocated by Venkataraman et al. (2017), Tiwari (2017), WII (2016), and Joshi and 
Singh (2009).  It employs a variety of measures including an 2 overpasses, 2 underpasses (one an 
enlarged planned bridge), 3 at-grade crossings integrated with elephant sensor technology (WII 
2016), and the minimum of funneling treatment necessary to ensure that these elements are 
effective (6.6 km; Table VIII-6).  This strategy will not only promote permeability across the railway 
alignment and landscape connectivity, but it will prevent the vast majority of elephant-train 
collisions that would otherwise occur at existing concentrated elephant crossing sites and where 
animals could become trapped in extensive cut slope sections where they are vulnerable to 
collisions.  Habitat enhancement activities within and outside CWS will mitigate the direct impacts 
of the project and promote elephant recovery.  Utilizing a 0.7-km Quite Zone where no 
construction can occur until all construction elsewhere in CWS is completed will help prevent 
potential Asian elephant abandonment of the sanctuary to due construction disturbance.  This 
strategy can accommodate future anticipated expansion of Highway NH1. 

305. Fasiakhali Wildlife Sanctuary Strategy:  HEC issues across Asia are typically complex and 
challenging to resolve (Desari and Riddle 2015).  Seldom is an opportunity presented to make a 
substantial contribution toward fully resolving HEC in an area with a single project or action.  
However, such an opportunity exists at FWS to do just this, recognizing that elephant use outside 
the FWS Core Zone is largely related to seasonal crop raiding and likely not associated with 
landscape-scale movements.  Once the railway is constructed, crop raiding will only be pushed 
further into the Buffer Zone, with elephants making quick forays to feed west of NH1 before 
returning to the core area.  Thus, rather than accommodating passage across the railway 
alignment (via a costly overpass and 2 underpasses for which suitable sites were identified) so 
elephants can further pursue HEC activities which threaten villagers, limiting elephants to the 
FWS Core Zone and precluding their passage across the railway (and possibly NH1 depending on 
location) would resolve HEC.  This will require a substantial amount (≈ 5 km) of elephant exclusion 
treatments of varying types. This exclusion would also prevent elephant-train collisions as well as 
the potential for collisions along NH1.  Habitat enhancement activities on at least 19.0 ha in and 
around the Core Zone would mitigate for forested Buffer Zone impact, offset the loss of nutritional 
benefit associated with cropland foraging, and promote elephant recovery.  A medium sized arch 
underpass or concrete box culvert is recommended at the high biodiversity site within community 
forest to allow animal passage. 
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306. Medhkachapia National Park Strategy:  The Project railway alignment lies at the far 
western edge of MNP; as such, it is not likely that elephants have landscape connectivity needs 
to the west.   As such, a once-proposed overpass has been replaced with funneling treatments 
and elephant detection systems to allow safe at-grade passage at the ends, and to prevent 
elephant-train collisions along the cut slope section.  Habitat enhancement on 2.3 ha will mitigate 
construction impact and benefit elephant recovery. 

307. With construction already begun on the Project, we are hopeful that these 
recommendations and guidelines will support expedited design of the various structures and 
measures.  ADB Team involvement throughout the construction process is likewise critical 
successful implementation and monitoring of the recommendations.  

 
Table VIII-6.  Railway construction mitigation components for the 3 PA, including passage 
structures, elephant detection systems, funneling treatment and the area of habitat 
enhancement to be delineated in the Habitat Enhancement Plan. 

   1Funneling treatment for both sides of the railway alignment 
   2Mid-sized underpass or unplanned concrete box culvert for smaller mammals 
   3To be determined during development of the Habitat Enhancement Plan 

 

  

Protected 
Area 

Structural mitigation components 

Required 
habitat 

enhancement Overpass 

Underpass Elephant 
detection 
systems 

Funnel or 
exclusion 

fence1 

Planned 
structure 

New 
structure 

CWS 2 1 1 3 6.8 km 40.3 ha 

FWS 0 0 12 0 ≈5.0 km3   19.0 ha 

MNP 0 0 0 2 1.0 km 2.3 ha 

All 2 1 2 5 12.8 km 61.6 ha 
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Annex A.  Avian species composition (percent of total) for Spring, Fall and Winter surveys and all surveys combined, by protected area 
and all 3 protected areas combined; surveys conducted in association with the Chittagon-Cox’s Bazar Railway Project.  Species listed 

Genus Species CWS FWS MNP All PA CWS FWS MNP All PA CWS FWS MNP All PA CWS FWS MNP All PA

Red-breasted parakeet Psittacula alexandri uc 1.22% 0.00% 37.35% 4.04% 7.45% 0.00% 53.94% 26.59% 0.00% 0.00% 66.88% 33.68% 2.62% 0.00% 58.15% 19.37%

Jungle myna Acridotheres fuscus uc 7.31% 32.41% 0.00% 22.94% 6.13% 0.00% 0.00% 1.42% 5.73% 22.96% 0.00% 8.26% 6.57% 24.53% 0.00% 12.61%

Asian pied starling Sturnus contra c 7.06% 25.83% 0.00% 18.59% 12.25% 23.60% 0.00% 10.10% 4.41% 10.20% 0.00% 4.01% 7.80% 22.02% 0.00% 11.74%

Purple sunbird Nectarinia asiatica c 0.00% 20.56% 0.00% 13.40% 3.64% 0.00% 0.00% 0.84% 0.29% 0.00% 0.00% 0.05% 1.08% 12.37% 0.00% 5.86%

Small minivet Pericrocotus cinnamomeus c 1.22% 0.00% 0.00% 0.30% 0.83% 0.00% 22.82% 10.71% 0.00% 0.00% 9.55% 4.81% 0.80% 0.00% 13.32% 4.48%

Common myna Acridotheres tristis c 7.19% 10.37% 0.00% 8.54% 0.00% 6.21% 0.00% 1.91% 0.00% 0.00% 0.00% 0.00% 3.36% 7.36% 0.00% 4.09%

Purple-rumped sunbird Nectarinia zeylonica uc 8.40% 0.00% 0.00% 2.08% 7.12% 0.00% 0.00% 1.64% 0.00% 23.98% 0.00% 7.54% 5.88% 5.24% 0.00% 3.69%

Western spotted dove Spilopelia suratensis c 10.23% 0.00% 0.00% 2.54% 11.59% 0.00% 7.47% 6.12% 3.08% 0.00% 0.00% 0.56% 8.76% 0.00% 2.82% 2.86%

Black-hooded oriole Oriolus xanthornus uc 4.14% 2.69% 0.00% 2.78% 5.79% 13.04% 0.00% 5.36% 0.00% 0.00% 0.00% 0.00% 3.53% 3.96% 0.00% 2.58%

Common lora Aegithina tiphia uc 5.60% 0.65% 0.00% 1.81% 4.80% 11.18% 0.00% 4.55% 3.23% 0.00% 0.00% 0.59% 4.77% 2.40% 0.00% 2.15%

Chestnut-headed bee-eater Merops leschenaulti uc 6.09% 0.00% 0.00% 1.51% 0.00% 11.80% 0.00% 3.63% 7.49% 0.00% 0.00% 1.36% 4.78% 2.12% 0.00% 2.03%

Oriental magpie-robin Copsychus saularis c 3.29% 3.43% 0.00% 3.05% 0.00% 3.73% 0.00% 1.15% 1.32% 0.00% 0.00% 0.24% 1.88% 2.73% 0.00% 1.66%

Black kite Milvus migrans c 0.97% 0.19% 0.00% 0.36% 0.99% 0.00% 0.00% 0.23% 1.76% 6.12% 3.82% 4.17% 1.18% 1.45% 1.88% 1.53%

Common tailorbird Orthotomus sutorius c 5.24% 0.28% 0.00% 1.48% 0.00% 0.00% 0.00% 0.00% 3.38% 7.14% 0.00% 2.86% 3.32% 1.73% 0.00% 1.52%

Red-vented bulbul Pycnonotus cafer c 6.70% 0.00% 0.00% 1.66% 8.94% 0.00% 0.00% 2.07% 4.85% 0.00% 0.00% 0.88% 6.84% 0.00% 0.00% 1.52%

Scaly-breasted munia Lonchura punctulata c 0.00% 0.00% 9.64% 0.97% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 6.37% 3.21% 0.00% 0.00% 4.39% 1.42%

Black drongo Dicrurus macrocercus uc 2.80% 0.00% 9.64% 1.66% 3.64% 0.00% 0.00% 0.84% 6.61% 0.00% 0.00% 1.20% 4.02% 0.00% 1.25% 1.30%

Black-headed ibis Threskiornis melanocephalu r 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 9.96% 4.59% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 3.76% 1.22%

Red-whiskered bulbul Pycnonotus jocosus c 2.92% 0.00% 0.00% 0.72% 0.66% 0.00% 0.00% 0.15% 7.78% 4.08% 0.00% 2.70% 3.56% 0.89% 0.00% 1.20%

Hair-crested drongo Dicrurus hottentotus r 0.49% 0.00% 0.00% 0.12% 0.00% 0.00% 0.00% 0.00% 0.00% 10.20% 0.00% 3.21% 0.23% 2.23% 0.00% 1.06%

Rufous-necked laughingthrush Garrulax ruficollis uc 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 18.50% 0.00% 0.00% 3.37% 4.78% 0.00% 0.00% 1.06%

Red turtle-dove Streptopelia tranquebarica uc 0.61% 0.74% 13.25% 1.96% 0.33% 0.00% 0.00% 0.08% 0.00% 0.00% 0.64% 0.32% 0.38% 0.45% 2.04% 0.94%

Jungle (large-billed) crow Corvus macrorhynchos r 1.34% 0.00% 0.00% 0.33% 2.48% 1.24% 0.00% 0.96% 0.73% 5.10% 0.00% 1.74% 1.50% 1.34% 0.00% 0.94%

Indian pond heron Ardeola grayii uc 0.24% 0.19% 0.00% 0.18% 2.65% 4.97% 0.00% 2.14% 4.41% 0.00% 0.00% 0.80% 1.98% 1.00% 0.00% 0.90%

Baya weaver Ploceus philippinus c 0.00% 0.00% 20.48% 2.05% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 2.66% 0.86%

Rock pigeon (dove) Columba livia c 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 5.41% 2.73% 0.00% 0.00% 2.66% 0.86%

Rose-ringed parakeet Psittacula krameri c 4.38% 0.09% 0.00% 1.15% 0.00% 0.00% 0.00% 0.00% 4.70% 0.00% 0.00% 0.86% 3.26% 0.06% 0.00% 0.75%

Little egret Egretta garzetta uc 0.00% 0.00% 0.00% 0.00% 0.50% 0.00% 0.00% 0.11% 0.00% 0.00% 4.14% 2.09% 0.14% 0.00% 2.04% 0.69%

Yellow wagtail Motacilla flava c(WV) 0.00% 0.00% 0.00% 0.00% 0.00% 6.21% 0.00% 1.91% 0.00% 0.00% 0.00% 0.00% 0.00% 1.11% 0.00% 0.51%

Ashy woodswallow Artamus fuscus uc 0.00% 0.00% 0.00% 0.00% 0.17% 5.59% 0.00% 1.76% 0.00% 0.00% 0.00% 0.00% 0.05% 1.00% 0.00% 0.47%

Western koel Eudynamys scolopacea uc 1.46% 1.11% 0.00% 1.09% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.68% 0.67% 0.00% 0.46%

Coppersmith barbet Psilopogon haemacephalus c 0.00% 0.28% 0.00% 0.18% 0.66% 3.11% 0.00% 1.11% 1.47% 0.00% 0.00% 0.27% 0.56% 0.72% 0.00% 0.45%

White wagtail Motacilla alba c 0.00% 0.00% 0.00% 0.00% 4.80% 0.00% 0.00% 1.11% 2.20% 0.00% 0.00% 0.40% 1.89% 0.00% 0.00% 0.42%

Chestnut-tailed starling Sturnus malabaricus uc 0.00% 0.00% 0.00% 0.00% 0.83% 0.00% 0.00% 0.19% 0.00% 3.57% 0.00% 1.12% 0.23% 0.78% 0.00% 0.41%

Bronzed drongo Dicrurus aeneus c 1.34% 0.56% 0.00% 0.69% 0.17% 0.00% 0.00% 0.04% 1.17% 0.00% 0.00% 0.21% 0.97% 0.33% 0.00% 0.37%

Eurasian collared dove Streptopelia decaocto uc 0.00% 0.19% 0.00% 0.12% 0.00% 0.00% 2.49% 1.15% 0.00% 0.00% 0.00% 0.00% 0.00% 0.11% 0.94% 0.35%

Little cormorant Microcarbo niger c 0.00% 0.00% 0.00% 0.00% 2.48% 0.00% 0.00% 0.57% 3.52% 0.00% 0.00% 0.64% 1.59% 0.00% 0.00% 0.35%

Intermediate (yellow-billed) egret Ardea intermedia uc 0.00% 0.00% 0.00% 0.00% 0.00% 3.73% 0.00% 1.15% 0.88% 0.00% 0.00% 0.16% 0.23% 0.67% 0.00% 0.35%

Black-shouldered kite Elanus axillaris uc 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 1.24% 0.57% 0.00% 0.00% 1.27% 0.64% 0.00% 0.00% 1.10% 0.35%
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in order of their percentage of overall composition across all seasons and protected areas. 
Annex A.  Avian species survey results - continued (page 2 of 3)  

Genus Species CWS FWS MNP All PA CWS FWS MNP All PA CWS FWS MNP All PA CWS FWS MNP All PA

Blue-throated Barbet Psilopogon asiaticus c 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 3.57% 0.00% 1.12% 0.00% 0.78% 0.00% 0.35%

Black-rumped (lesser) flameback Dinopium benghalense r 0.12% 0.00% 0.00% 0.03% 0.33% 0.00% 1.24% 0.65% 0.00% 0.00% 0.64% 0.32% 0.15% 0.00% 0.78% 0.29%

Red junglefowl Gallus gallus r 0.00% 0.00% 0.00% 0.00% 0.33% 0.00% 0.00% 0.08% 2.20% 0.00% 0.64% 0.72% 0.66% 0.00% 0.31% 0.25%

Jungle babbler Turdoides striata 0.85% 0.00% 0.00% 0.21% 1.99% 0.00% 0.00% 0.46% 0.59% 0.00% 0.00% 0.11% 1.10% 0.00% 0.00% 0.24%

White-rumped shama Copsychus malabaricus r 0.00% 0.28% 0.00% 0.18% 0.00% 0.62% 0.00% 0.19% 0.00% 1.02% 0.00% 0.32% 0.00% 0.50% 0.00% 0.23%

Indian roller Coracias benghalensis uc 0.00% 0.00% 1.20% 0.12% 0.17% 0.00% 0.83% 0.42% 0.00% 0.00% 0.32% 0.16% 0.05% 0.00% 0.63% 0.21%

Pied kingfisher Ceryle rudis r 0.00% 0.00% 3.61% 0.36% 0.50% 0.00% 0.00% 0.11% 0.44% 0.00% 0.00% 0.08% 0.25% 0.00% 0.47% 0.21%

Asian palm-swift Cypsiurus balasiensis uc 0.00% 0.00% 0.00% 0.00% 3.31% 0.00% 0.00% 0.77% 0.00% 0.00% 0.00% 0.00% 0.91% 0.00% 0.00% 0.20%

Streaked weaver Ploceus manyar 1 1.46% 0.00% 0.00% 0.36% 0.66% 0.00% 0.00% 0.15% 0.00% 0.00% 0.00% 0.00% 0.86% 0.00% 0.00% 0.19%

Peregrine falcon Falco peregrinus 0.00% 0.00% 0.00% 0.00% 0.17% 0.00% 0.00% 0.04% 1.76% 0.51% 0.00% 0.48% 0.50% 0.11% 0.00% 0.16%

Black breasted weaver Ploceus benghalensis 0.00% 0.00% 3.61% 0.36% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.47% 0.15%

White-breasted kingfisher Halcyon smyrnensis uc 0.00% 0.09% 0.00% 0.06% 0.33% 1.24% 0.00% 0.46% 0.00% 0.00% 0.00% 0.00% 0.09% 0.28% 0.00% 0.15%

Asian Green bee-eater Merops orientalis uc 1.22% 0.00% 0.00% 0.30% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.57% 0.00% 0.00% 0.13%

Black-crowned night Heron Nycticorax nycticorax r 0.00% 0.00% 0.00% 0.00% 0.33% 0.00% 0.00% 0.08% 1.76% 0.00% 0.00% 0.32% 0.55% 0.00% 0.00% 0.12%

White-throated fantail Rhipidura albicoliis c 0.24% 0.09% 0.00% 0.12% 0.00% 0.62% 0.00% 0.19% 0.29% 0.00% 0.00% 0.05% 0.19% 0.17% 0.00% 0.12%

Zitting cisticola Cisticola juncidis c 1.10% 0.00% 0.00% 0.27% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.51% 0.00% 0.00% 0.11%

Black-naped oriole Oriolus chinensis 1 0.49% 0.00% 0.00% 0.12% 0.33% 0.00% 0.00% 0.08% 0.73% 0.00% 0.00% 0.13% 0.51% 0.00% 0.00% 0.11%

Rufous treepie Dendrocitta vagabunda uc 0.24% 0.00% 0.00% 0.06% 0.17% 0.00% 0.00% 0.04% 0.44% 0.00% 0.32% 0.24% 0.27% 0.00% 0.16% 0.11%

Grey-breasted prinia Prinia hodgsonii c 0.97% 0.00% 0.00% 0.24% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.46% 0.00% 0.00% 0.10%

Greater flameback Chrysocolaptes guttacristatus r 0.00% 0.00% 1.20% 0.12% 0.00% 0.00% 0.00% 0.00% 0.00% 0.51% 0.00% 0.16% 0.00% 0.11% 0.16% 0.10%

Osprey Pandion haliaetus r 0.00% 0.00% 0.00% 0.00% 0.00% 1.24% 0.00% 0.38% 0.00% 0.00% 0.00% 0.00% 0.00% 0.22% 0.00% 0.10%

Oriental white-eye Zosterops palpebrosus c 0.00% 0.00% 0.00% 0.00% 0.33% 0.00% 0.00% 0.08% 1.03% 0.00% 0.00% 0.19% 0.36% 0.00% 0.00% 0.08%

Blue-tailed bee-eater Merops philippinus (WV) 0.73% 0.00% 0.00% 0.18% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.34% 0.00% 0.00% 0.08%

Brown fish owl Ketupa zeylonensis r 0.24% 0.00% 0.00% 0.06% 0.00% 0.62% 0.00% 0.19% 0.00% 0.00% 0.00% 0.00% 0.11% 0.11% 0.00% 0.08%

Striated grassbird Megalurus palustris uc 0.12% 0.00% 0.00% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.51% 0.00% 0.16% 0.06% 0.11% 0.00% 0.06%

Crested serpent eagle Spilornis cheela c 0.37% 0.00% 0.00% 0.09% 0.00% 0.00% 0.00% 0.00% 0.29% 0.00% 0.00% 0.05% 0.25% 0.00% 0.00% 0.05%

Jacobin (pied) cuckoo Clamator jacobinus r 0.49% 0.00% 0.00% 0.12% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.23% 0.00% 0.00% 0.05%

Black-backed Forktail Enicurus immacuiatus r 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.51% 0.00% 0.16% 0.00% 0.11% 0.00% 0.05%

Collared  owlet Glaucidium brodiei r 0.00% 0.00% 0.00% 0.00% 0.00% 0.62% 0.00% 0.19% 0.00% 0.00% 0.00% 0.00% 0.00% 0.11% 0.00% 0.05%

Large woodshrike Tephrodornis gularis r 0.00% 0.00% 0.00% 0.00% 0.00% 0.62% 0.00% 0.19% 0.00% 0.00% 0.00% 0.00% 0.00% 0.11% 0.00% 0.05%

Brown shrike Lanius cristatus c 0.12% 0.00% 0.00% 0.03% 0.17% 0.00% 0.00% 0.04% 0.15% 0.00% 0.00% 0.03% 0.14% 0.00% 0.00% 0.03%

Large-tailed nightjar Caprimulgus macrurus uc 0.00% 0.00% 0.00% 0.00% 0.33% 0.00% 0.00% 0.08% 0.15% 0.00% 0.00% 0.03% 0.13% 0.00% 0.00% 0.03%

Common kingfisher Alcedo atthis c 0.00% 0.00% 0.00% 0.00% 0.17% 0.00% 0.00% 0.04% 0.29% 0.00% 0.00% 0.05% 0.00% 0.00% 0.00% 0.03%

Greater coucal Centropus sinensis uc 0.00% 0.00% 0.00% 0.00% 0.17% 0.00% 0.00% 0.04% 0.29% 0.00% 0.00% 0.05% 0.12% 0.00% 0.00% 0.03%

Ashy drongo Dicrurus leucophaeus r 0.24% 0.00% 0.00% 0.06% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.11% 0.00% 0.00% 0.03%

Tricoloured munia Lonchura malacca r 0.24% 0.00% 0.00% 0.06% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.11% 0.00% 0.00% 0.03%

Common hoopoe Upupa epops uc 0.12% 0.00% 0.00% 0.03% 0.17% 0.00% 0.00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.10% 0.00% 0.00% 0.02%
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Annex A.  Avian species survey results - continued (page 3 of 3) 

  

Genus Species CWS FWS MNP All PA CWS FWS MNP All PA CWS FWS MNP All PA CWS FWS MNP All PA

Common woodshrike Tephrodornis pondicerianus c 0.00% 0.00% 0.00% 0.00% 0.33% 0.00% 0.00% 0.08% 0.00% 0.00% 0.00% 0.00% 0.09% 0.00% 0.00% 0.02%

Black-naped monarch Hypothymis azurea r 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.29% 0.00% 0.00% 0.05% 0.08% 0.00% 0.00% 0.02%

Greater racket-tailed drongo Dicrurus paradiseus c 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.29% 0.00% 0.00% 0.05% 0.08% 0.00% 0.00% 0.02%

White-breasted waterhen Amaurornis phoenicurus uc 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.29% 0.00% 0.00% 0.05% 0.08% 0.00% 0.00% 0.02%

Brown winged kingfisher Pelargopsis amauroptera c 0.12% 0.00% 0.00% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.06% 0.00% 0.00% 0.01%

Fulvous-breasted woodpecker Dendrocopos macei c 0.12% 0.00% 0.00% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.06% 0.00% 0.00% 0.01%

White-browed Piculet Sasia ochracea 1 0.12% 0.00% 0.00% 0.03% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.06% 0.00% 0.00% 0.01%

Grey wagtail Motacilla cinerea uc 0.00% 0.00% 0.00% 0.00% 0.17% 0.00% 0.00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.05% 0.00% 0.00% 0.01%

Indian golden oriole Oriolus kundu uc 0.00% 0.00% 0.00% 0.00% 0.17% 0.00% 0.00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.05% 0.00% 0.00% 0.01%

Large cuckooshrike Coracina macei c 0.00% 0.00% 0.00% 0.00% 0.17% 0.00% 0.00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.05% 0.00% 0.00% 0.01%

Little spiderhunter Arachnothera longirostra c 0.00% 0.00% 0.00% 0.00% 0.17% 0.00% 0.00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.05% 0.00% 0.00% 0.01%

Orange-headed thrush Zoothera citrina r 0.00% 0.00% 0.00% 0.00% 0.17% 0.00% 0.00% 0.04% 0.00% 0.00% 0.00% 0.00% 0.05% 0.00% 0.00% 0.01%

Blue rock thrush Monticola solitarius uc 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.15% 0.00% 0.00% 0.03% 0.04% 0.00% 0.00% 0.01%

Eurasian wryneck Jynx torquilla uc 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.15% 0.00% 0.00% 0.03% 0.04% 0.00% 0.00% 0.01%

Great tit Parus major uc 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.15% 0.00% 0.00% 0.03% 0.04% 0.00% 0.00% 0.01%

Green-billed malkoha Phaenicophaeu tristis r 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.15% 0.00% 0.00% 0.03% 0.04% 0.00% 0.00% 0.01%

Grey-headed canary- Flycatcher Culicicapa ceylonensis c 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.15% 0.00% 0.00% 0.03% 0.04% 0.00% 0.00% 0.01%

Himalayan griffon Gyps himalayensis r 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.15% 0.00% 0.00% 0.03% 0.04% 0.00% 0.00% 0.01%

Red-wattled lapwing Vanellus indicus uc 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.15% 0.00% 0.00% 0.03% 0.04% 0.00% 0.00% 0.01%

Stork-billed kingfisher Pelargopsis capensis uc 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.15% 0.00% 0.00% 0.03% 0.04% 0.00% 0.00% 0.01%
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Annex B. 

 
Chittagong to Cox’s Bazar Railway Project plan sheets with elephant and other wildlife mitigation 
strategy elements, locations, and descriptions within Chunati and Fasiakhali wildlife sanctuaries 
and Medhkachapia National Park. 

 
       

 

 

KEY TO 

PLAN SHEET ELEMENTS 

              

Elephant crossings 

Overpasses 

Underpasses 

Funneling treatment 

Elephant detection system 
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Annex C: Drawings for Elephant Mitigation Structures 
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