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Spotted deer killed near Bandipur

Special Correspondent

MYSORE: A spotted deer was killed late on Wednesday when a vehicle proceeding towards

Mysore hit the animal, which was crossing the road at Melkamanahalli, not far from the Bandipur
National ParkHs.
Vehicle seiezed

limit

The hapless animal died on the spot. The accident took place in front of a hotel, and a few
members of the Eco-Development Committee who were witness to the accident reportedly
seized the vehicle and informed the Department of Forests, said Deputy Conservator of Forests
(Bandipur) Hanumnathappa.

As the accident took place outside the national park limits in Gundlupet range, the matter was

brought to the attention of the Kollegal Forest Division, which has taken up the matter and is

investigating.

This is the latest in.a series.of animal deaths reported recently. A rare rusty spotted cat was killed
in Bandipur limits recently.

Restricting speed

While there is ©a ban on movement of vehicles through Bandipur National Park between 9 p.m.
and 6 a.m., wildlife activists point out that little has been done to restrict the speed of vehicles.

© Copyright 2000 - 2009 The Hindu
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Effects of Roads and Human Disturbance on
Amur Tigers
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Abstract: Understanding the effects ofhuman disturbance on endangered wildlifepopulations ts critical to

0n = 2), whereas all died or disappearedprematurelyfrom areas with primary roads (n = 6). Cub survival

We evaluated the effects ofhuman disturbance at kill sites by examining 86 kills made by 15 tigers determin-
ing whetber buman disturbance had occurred at the kill site, and examiningprey carcasses after tigers left, to

gers undisturbed at kills consumed more meat (Z = 3.71, p = 0.0002) each kill than disturbed tigersdid. Undisturbed tigers also spent more time at each kill site than disturbed tigers did (Z = 2.3; p = 0.02).

&ers, construction of new roads should be prohibited wherever possible and access to secondary roads 0e.g.,
logging roads) should be reduced orprevented whereverpossible. Protected areas seem to cease functioningas source populations where road access exists, and unprotected areas-the majority ofAmur tiger range-cannot sustain stablepopulations witb the increasing threat ofhuman access to tiger habitat.

Efectos de Caminos y Perturbaci6n Humana sobre Tigres Amur
Resumen: Entender los efectos de la perturbacién bumana sobrepoblaciones de vida silvestre en peligro es
critico para su conservaci6n. Examinamos los efectos de caminos y perturbacién humana sobre la super-vivencia y eficiencia de forrajeo de tigres Amur (Panthera tigris altaica) en y cerca de Biosfera Estatal
Zapovednik Sikbote-Alin, Primorye Krai (provincia), Rusia. Para evaluar los efectos de los caminos, estima-
mos la supervivencia de tigres con radio-collaresy sus crias en dreas de tres tipos: 1) areas con caminospri-

2) éreas con caminos secundariosy 34 Greas con minimo o sin acceso de caminos. Clasificamos un
tigre en uno de estos tres tratamientos con base en cuales tipos de caminos dividen el 50 % minimo del
poligono convexo de sus rangos de hogar. En un periodo de 9 (1991-2000), la supervivencia de bem-
bras adultasfue mayor Q? = 12.2, g.l. = 2, P = 0.002) en tigres con radio-collar en Greas sin caminos. Todas
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las bembras adultas en dreas sin caminos sobrevivieron su dominio en esas localidades = 2), mientras
=

que todas murieron o desaparecieron prematuramente en las dreas con caminos primarios (a = 6). La su-
pervivencia de criasfue menor en dreas con caminosprimariosy secundarios que en areas sin caminos =

10.9, gb = 1, p < 0.009). Evaluamos los efectos de la perturbacién bumana en sitios de depredacién medi-
ante el examen de 86muertes causadaspor 15 tigres, determinando si babia ocurridoperturbaci6n humana
en el sitio, y mediante el examen de restos de laspresas después de que se alejaron los tigres, para estimar el
porcentaje de carne consumida y si el tigre abandon supresa después de unaperturbacién humana. Los ti-
&res no perturbados consumteron mds carne (Z = 3.71, p = 0.0002) de cada presa que los tigresperturba-
dos. Tigres no perturbadospasaron mds tiempo con su presa que tigresperturbados (Z = 2.3, p = 0.02). El
abandono depresas ocurrié en 63 % de 24 eventos cuando los tigres fueron perturbados por humanos. De-
bido a que los caminos reducen la supervivencia y el éxito reproductivo de los tigres, recomendamos que en
los habitats bajo manejopara tigres, se debeprobibir la construcci6n de caminos donde seaposibley se debe
reducir o prevenir el acceso a caminos secundarios 0e. g. caminos madereros) donde sea posible. Las dreas
protegidas dejan de funcionar como poblaciones fuente donde existe acceso a caminos, y las dreas noprote-
gidas (la mayorparte del rango de tigre Amur) no pueden sostenerpoblaciones estables con la incremento
en la amenaza del acceso bumano al bdabitat de los tigres.

Introduction

Understanding the effects of human disturbance is critical
for effective management and conservation of endangered
species. Roads can have a major effect on large-carnivore
mortality directly via vehicle collisions, overhunting, and
poaching, and indirectly by providing greater hunting
access that can result in reduced prey availability (e.g.,
Brody 1984; Thiel 1985; Mattson et al. 1987; McLellan &
Shackleton 1988; Mech et al. 1988; Noss et al. 1996). Hu-
man presence in wildlands can disturb animals, causing
them to unnecessarily expend energy avoiding people,
thereby potentially reducing reproductive success (e.g.,
Manville 1983;.van Dyke et al. 1986; Goodrich & Berger
1994; Primm 1996) or increasing the likelihood of fatal
encounters with humans (Kasworm & Manley 1990; Sa-
berwal et al. 1994; Khramtsov, 1995; Mattson et al. 1996).
Tigers (Pantbera tigris) are endangered throughout

their range. Three subspecies have become extinct
since the 1950s due to human disturbances, including
habitat loss, population fragmentation, and poaching
(Seidensticker 1986; Mills & Jackson 1994; Nowell &
Jackson 1996; William & Rabinowitz 1996). Although
fewer than 400 adult individuals remain in the wild (Maty-
ushkin et al. 1996), the Amur (or Siberian) tiger (Pan-
therea tigris altaica) may have a greater chance of sur-
vival than other subspecies because it inhabits a large
block of relatively unfragmented and undisturbed habi-
tat in the Russian Far East with low human population
density (Miquelle et al. 1993, 1999; Matyushkin et al.
1996). But with the breakup of the Soviet Union and
subsequent changes in the political and economic struc-
ture of Russia, human disturbances within the Amur ti-
ger's range are increasing (Smirnov & Miquelle 1999;
Miquelle et al. 1999).
Although protected areas should adequately safeguard

tiger habitat within their boundaries, human activities
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that affect tigers still may occur in these areas (Smirnov
& Miquelle 1999). Tourism in protected areas and con-
sumptive activities (e.g., hunting, logging, and collec-
tion of nontimber forest products) and nonconsumptive
activities (e.g., recreation, tourism, filming, and photog-
raphy) in unprotected areas are increasing in Amur tiger
habitat as road densities increase, car ownership in-
creases, and demand for forest products continues dur-
ing a period of economic instability. Although the direct
effects of human activities such as habitat loss and
poaching are readily discernible, the effects of other hu-
man activities, such as those discussed above, are subtle
and more difficult to document.
Successful conservation ofAmur tigers must include a

proactive approach to managing protected areas as
source populations (Matyushkin 1996; Smirnov &
Miquelle 1999; Miquelle et al. 1999) and reducing hu-
man effects in both protected and unprotected areas.
Understanding the effects of human disturbance is es-
sential to this process, but empirical data regarding the
effects of human disturbance on Amur tigers is minimal
or lacking (Kaplanov 1948; Nikolaev & Yudin 1993;
Khramtsov 1995; Matyushkin et al. 1996).
We examined the effect of roads and human distur-

bance on Amur tigers living on and near Sikhote-Alin
State Biosphere Zapovednik (Reserve) in the Russian Far
East. Because of its protected status, the Zapovednik
provided an opportunity to compare tigers in remote ar-
eas with those in areas with human access, including a

mostly paved public (primary) road through the
Zapovednik and adjacent unprotected areas with sec-
ondary road networks. To measure the effect of roads,
we compared survivorship and reproductive success of
adult female tigers in areas near roads to those in remote
areas. To measure one effect of human access, we com-
pared the behavior of tigers of both sexes that were
disturbed and undisturbed by people at kill sites. We hy-
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pothesized that (1) female tiger survivorship and repro-
ductive success 1s lower for tigers living close proxim-
ity to roads and (2) tigers forage less efficiently when
disturbed by humans at kill sites Although we recognize
that human access may have a variety of negative effects
beyond the scope of our research, these two types of
disturbances are prevalent sn both unprotected and pro-
tected areas and have management implications for tiger
conservation

Methods

Study Area

We studied tigers on and near the 390,184-ha Sikhote-
Alin State Biosphere Zapovednik (hereafter, Zapovednik),
Primorye Krai (province) (Fig 1) Russian Zapovedniks
are highly protected lands with minimal human distur-
bance, access 1s restricted to scientists and forest guards

Daee
primary roads

Tiger home range boundaries
95% contour

~? 50% contour

-jp Direction of home
raage shift

Treatment categornesAt f.
pa *.

secondary roads
no roads Skim

Figure 1 Map ofstudy area showing tiger home
ranges (50% and 95% convexpolygons) in relation to
their overlap with roads tn and near the Stkhote-Alin
State Biospbere Zapovednik, Primorye Krai, Russia,
1991-2000 Secondary roads were not mapped be-
cause they are numerous and their locations and
numbers changefrequently

(Miquelle et al 1996, Stepenitsk1 1996) The land surround-
ing the Zapovednik 1s sparsely populated (about 13,000
people live in five villages) and includes a 70,350-ha
buffer zone ranging from 1 to 8 km wide Human active
ties allowed 1n the buffer zone include fishing, hunting,
tourism, and some agricultural practices such as live-
stock grazing and hay cutting The region 1s primanily for-
ested, the most common forest types being secondary
Mongolian oak (Quercus mongolica) and birch (Betula
sp ) upland forests, Korean pine (Pinus koraensts) for-
ests, and spruce (Picea ajanensts)-fir (Abies nepbrole-
pis) and larch (Larix daburicus) forests

Effects of Roads

We defined a road as "primary" if 1t was maintained year-
round and provided access between towns or villages
and "secondary" if 1twas not regularly but al-
lowed public access into forested lands Primary roads
were paved or hard-packed dirt, allowing traffic to move
at high speeds, whereas secondary roads were suitable
only for four-wheel-drive vehicles for part or all of the
year
Most of the Zapovednik 1s roadless, but 1972 a pn-

mary road was constructed through 22 km of the south-
east section (Fig 1) Although it 1s illegal for the public
to leave the road corridor, traffic moves unrestricted
through the Zapovednik and poaching of ungulates
along this corridor 1s common (Zapovednik records, A
Astafiev, personal communication) Primary roads also
border the northeast and southwest boundaries of the
Zapovedmik Secondary roads are common 1n the buffer
zone and on much of the state forestry lands adjacent to
the Zapovednik Traffic on primary roads was light dur-
ing this study the mean number of vehicles traveling the
primary road through the Zapovedmik was 4 2 per hour
(SD = 3 3, n = 42 hours) between 1801 and 0600 hours
and 16 6 per hour (SD = 8 1, n = 18 hours) between
0601 and 1800 hours Traffic on secondary roads was
lighter than that on primary roads and varied greatly
with season
To examine the effects of roads on tiger survivorship

and reproductive success, we used data collected from
15 radiocollared tigers (8 adult females and 7 cubs) 1n
and adjacent to the Zapovednik, from 1992 to 2000 An-
other adult female (F007) was not radiocollared, but we
estimated her home range with location data from her
two radiocollared male cubs before family breakup The
movements and reproductive status of some of these fe-
male tigers were known from snowtracking before their
capture (since 1991), and we include these findings We
monitored and collected locations from radiocollared t1-

gers from the ground on foot and 1n vehicles and from
the air in an AN-2 biplane or a MI-8 helicopter We ob-
tained ground locations by triangulation, by approach-
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ing within 100-400 m and partially circling the tiger, by
visual observation, and by subsequently locating tracks
in an area where we detected a tiger from its signal. Dur-
ing the first 3 years of work, we flew to locate animals
approximately once every 10 days, but Jater in the study
when aircraft availability declined, we flew less fre-
quently (once every 18 days). We collected locations
year-round and most often (95%) during the day.
We estimated 50% (activity centers) and 95% convex

polygon (Hayne 1949) home ranges (Fig. 1) for nine
adult female tigers (eight radiocollared and one from
data collected from her radiocollared cubs) (Fig. 2),
with program CALHOME (Kie et al. 1994). The F25 indi-
vidual was young (estimated 19-26 months) during the
study period, so she could have been considered a sub-
adult. But she dispersed from her natal home range, set-
tled in an adjacent area, and demonstrated signs of es-
trus (vocalizations) and reproductive activity (regularly
consorting with a male) (Schaller 1967; Sunquist 1981),
so we included her as an adult in our analysis.
To avoid serial correlation, we used locations sepa-

rated by at least 36 hours and 2 nights, which normally
includes several shifts in tiger activity (Yudakov & Ni-
koleav 1987) and should result in independent locations
(sensu Lair 1 1987; Minta 1993) for a given animal. For
most tigers, we estimated home ranges based only on
aerial locations to avoid bias associated with locating an-
imals from roads. For FO2, F25, and F03 (following her
home-range shift), however, the number of aerial loca-
tions were too few (4-14 locations) for home-range esti-
mation, so we used locations collected from the ground
as well. This may have biased our home-range estimates,
particularly for 50% contours, and this potential bias is
important because these tigers had activity centers bi-
sected by a primary road. That is, an activity center bi-

sected by a road could be an artifact of our sampling
scheme rather than a reflection of the time a tiger spent
near a road. For F03 and F25, we examined this poten-
tial bias by estimating 50% minimum convex polygon
home ranges from data collected during intensive moni-
toring periods when we attempted to locate both tigers
every day (F25 was located on 54 of 56 consecutive at-
tempts and F03 on 37 of 41). Both tigers had 50% con-
tours bisected by a primary road, which indicates that
the bias was minimal. Similar data were not available for
F02, but considering she had a den site 2 km from a pri-
mary road where she stayed with her cubs for 1.5
months of the 4.8 months that she was tracked, we as-
sumed this bias was also minimal for her.
We compared survivorship of cubs (x*) and adult fe-

male tigers (logistic regression) living in three types of
areas (treatments): (1) areas with primary roads, (2) ar-
eas containing secondary roads, or (3) areas with mini-
mal or no road access. For statistical comparison we
combined treatment areas 1 and 2. We "placed" a tiger
into one of these three treatments based on which types
of roads bisected its 50% minimum convex polygon
home range (Fig. 1). We used data collected from F007
to analyze cub survivorship but not adult female survi-
vorship, because we could notmonitor her after cub dis-
persal. Two tigers F03 and F04) shifted their home
ranges into different treatment areas during our study,
and we counted those tigers in both treatments for the
amount of time they spent in each. Home-range shifts
were characterized by permanent abandonment of
=50% of the former home range and expansion into ad-
jacent areas. Individual F01 also shifted when she aban-
doned the northern half of her home range in the spring
of 1998, butwe ignored this shift in our analysis because
it did not result in a change in treatment category and

Figure 2. Time span that each of
nine adultfemale tigers was mont-
tored within a home range (Fig. 1)

F25 to measure adult survivorship and

cate number of locations usedfor
1992 1993 1994 1995 1996 1997 1998 1999 bome-range estimation.
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because her second home range was almost completely
within the boundaries of her first.
We calculated survival as

t

1

where y, is the number of years tiger 7 was tracked ina
given treatment and m is the number ofmortalities per
treatment at the end of the study period. We con-
structed this calculation to depict survival as a function
of "tiger-years" rather than the annual survival rate used
elsewhere (e.g., Heisey & Fuller 1985) because our sam-
ple sizes were too small to estimate annual survival. We
presumed that F15, who disappeared (Fig. 2), was killed
by poachers and her radiocollar destroyed, because we
were unable to pick up her signal despite extensive
aerial and ground searches and because of tracks in the
snow during the first winter following her death. Aerial
searches included telemetry flights that covered her en-
tire home range and the home ranges of neighboring ti-
gers (roughly 10,000 km? flown every 10 days). Ground
searches included daily searches for tracks along a 35-
km section of road that bisected the center of her home
range and >300 km of foot travel that included at least
part of every major drainage in her home range. Intru-
sions of new tigers (F25 and F03) into her territory pro-
vided additional evidence of her death.
Our estimates of adult survivorship within each treat-

ment depended on the time each tiger was monitored,
(i.e., probability of a tiger dying increased with time ob-
served). Thus, it was important that the average length
of time animals weremonitored was similar among treat-
ments or, if not, that they differed in a way that made
the test more conservative; in other words, time moni-
tored should be greater in roadless areas. To test this, we
compared the mean length of time tigers were moni-
tored in roadless areas to that in areas with roads (pri-
mary- and secondary-road treatments combined).
We measured survival rates for cubs from =2 months

of age, at which time they were able to travel with their
mothers and were detectable by tracks, to the age of
family breakup (Smith 1984; Smirnov & Miquelle 1999).
We considered cubs to have survived if evidence (radio
signals or, for uncollared cubs, tracks) indicated they
were still in association with their mother at 15 months
of age, the minimum age of family break-up (L.L.K. et al.,
unpublished data). Ifwe knew a female tiger was travel-
ing with at least one cub but we were unable to deter-
mine the exact litter size before it perished, we consid-
ered it to be a litter of one because of our statistical
analysis of cub survival. We defined reproductive suc-
cess as the number of cubs a female tiger produced that
survived to family breakup. We used this definition be-
cause most of the cubs were monitored only until family
breakup and, in most cases, we did not know if after

leaving theirmothers they survived to be successfully re-
cruited into the population.

Human Disturbance at Kills

We studied the effects of human disturbance on tiger
foraging efficiency and behavior at kill sites from March
1995 to May 1998. We defined foraging efficiency as the
amount of meat eaten from each kill made. We consid-
ered a tiger disturbed if a person or persons approached
the kill close enough to be detected by the tiger (dis-
turbance distance ranged from 5 to 200 m) and a kill
abandoned if a tiger left and did not return following dis-
turbance. We monitored kills for at least 2 days to deter-
mine whether or not a tiger returned. Radiocollared and
unmarked tigers were disturbed by Zapovednik staff,
hunters, film crews, capture attempts, and accidental in-
trusions by our research staff.
We located tiger kills with a variety ofmethods. Most

commonly, we used radiotelemetry (Miquelle et al.
.1996) to determine if a tiger had remained in one place
formore than 1 day. We investigated the site after the ti-

ger left. We also found kills by following tiger tracks in
snow (Yudakov & Nikoleav 1987), by searching areas
with congregations of scavengers such as ravens (Cor-
vus corax ), crows (C. cornix and C. macrorbynchos),
and eagles (Haliaeetus albicilla and H. pelagicus),
through chance encounters, and from reports of forest
guards, hunters, or other field workers. At kill sites, we
recorded evidence of human disturbance (e.g., foot-
prints), and, because it is not uncommon for people to
take meat from tiger kills, we looked for knife or axe
marks on kill remains. We determined that a tiger was
disturbed while at a kill site by (1) directly observing
people and tigers at kills, (2) monitoring radio signals
while people approached a kill, and G) examining a kill
site after a person or persons had reported finding a ti-
ger at a kill and determining the timing of abandonment
relative to human disturbance from tracks and informa-
tion provided by the observer. Ifwe were unsure as to
whether people approached a kill when the tiger was
present or after it had already left the area, we did not
use that kill in our analysis.
We visually estimated the percentage ofmeat eaten by

tigers from each carcass by considering that 25% of the
meat on a carcass was either (1) a hind leg and half of
the body up to but not including the rib cage or (2) a
front quarter (a leg, half the neck and head, and half the
body including rib cage and internal organs). The per-
centage ofmeat not eaten from a carcass was equal to
the estimated sum of the meat left on each quarter.
We compared two factors at tiger kill sites disturbed

and undisturbed by humans: (1) percentage ofmeat eaten
from each kill and (2) time tigers spent at kills (Wil-
coxon matched-pairs test; Ambrose & Ambrose 1981).
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To determine whether tigers move less when on kills,
we compared average distances between sequential daily
locations of four different tigers when they were on kills
to those when they were not on kills (Wilcoxon
matched-pairs test; Ambrose & Ambrose 1981). Daily lo-
cations were those taken approximately 24 hours apart.

Results

Effects of Roads

There was no difference between the mean time tigers
were monitored in roadless areas (X + SD = 4.0 + 1.8
years, n = 2) before they shifted their home ranges and
the time tigers were monitored in other treatments (X =
2.3 + 2.1 years, n = 9, t = 2.3, df = 9,p = 0.32) before
they died, disappeared, or the study period ended (Fig.
2). Although because of small sample sizes we may have
failed to detect a difference, tigers were monitored
longer in roadless areas, which should make our test for
differences in survivorship more conservative.
Adult female survival per tiger yearwas greatest Clogis-

tical regression, x? = 12.2, df = 2, p < 0.002) for radio-
collared tigers in roadless areas (Table 1; Fig. 2), but pa-
rameter estimates were unstable because our sample
size in roadless areas was small. All adult female tigers in
roadless areas (n = 2) survived their tenure in those lo-
cations, whereas all living in an area with primary roads
(n = 6) were poached (Fig. 2). One tiger (F21) was
poached in an area with secondary roads.
The F25 and F27 individuals were not included in the

analysis of cub survival because they did not survive
long enough in areas with primary roads to reproduce.
Cub survival was lower in areas with primary and sec-
ondary roads than in roadless areas (x* = 10.9, df = 1,
pb
= 0.009; Table 1). Of =9 cubs that died in areas with

primary roads, 1 was hit by a vehicle, 4 were removed
from the wild when their mother (F02) was poached
along the road, we presumed =1 died of starvation at
3.5 months of age when their mother (F15) was
poached, and 3 died of unknown causes (Table 1).
Of the eight cubs that survived to 15 months in areas

with primary roads, 1 was killed by a collision with a

truck at 20 months; she had not left her natal home
range. Another cub (F23), which was captured and radi-
ocollared, survived to adulthood, but her mother (F4)
was killed by poachers shortly after family breakup. We
also radiocollared three additional survivors from two lit-
ters, all of which dispersed from their natal home
ranges.
Of 6 cubs that died or were "lost to the population" in

areas with secondary roads, 2 died ofunknown causes at
<1 year, one 6-month-old was shot when it attacked a
forest guard, and three 7-month-old cubs were provided
with supplemental feeding after their mother was
poached. We considered these three cubs lost to the
population (mortality) because they would have died
without human intervention. Nine of 10 cubs survived
to family breakup in roadless areas (Table 1). Only 1 cub
died, of unknown causes, at approximately 5 months. Of
the 9 survivors, 3 were radiocollared and survived past
20 months, and dispersed from their natal home ranges.

Disturbance at Kills

We monitored 15 tigers (11 with radio collars and 4
without) on 86 kills (Table 2) and examined kill sites af-
ter tigers departed. In the absence of human distur-
bance, tigers consumed more meat from each kill CK +
SD = 97 + 9% meat eaten, m = 62 kills) than tigers dis-
turbed at kills (¥ = 64 + 32% meat eaten, 72 = 24 kills;
Z = 3.71, p = 0.0002). Undisturbed tigers also spent
more time at each kill site (x = 3.3 + 1.5 days; n = 60)
than disturbed tigers (X = 2.4 + 1.6 days, n = 25; Z=
2.3, p = 0.02). Abandonment of kills occurred in 63% of
24 instances when tigers were disturbed by people. Indi-
vidual tigers varied in their response to human distur-
bance, however (Table 2). Eight tigers were more toler-
ant to human disturbance, returning to 9 kills and eating
after people left. Six tigers did not return to 1. 5 kills after
being disturbed, even though =70% of the meat re-
mained on 11 of the 15 kills. One female (F15) with a

1-year-old cub was disturbed at 8 sequential kills and
abandoned all of them. Distance between daily locations
was significantly smaller for 4 tigers when they were on
a kill than when they were not (Table 3).

Table 1. Survival of cubs and radiocollared female tigers in areas with and without roads on and near the Sikhote-Alin State Biosphere
Zapovednik, Primorye Krai, Russia, 1991-1998.

Cubs surviving to ageFemales Female survivorship Litters Cubs
Treatment n Tiger-years* ber tigeryear n produced offamily breakup
Primary roads 6/5" 10.6 0.33 7 17° 84
Secondary roads 2 9.9 4 10 4
Roadless 2 8.0 4 10 9

0.90
1.00

Tiger-years represent the sum of the number ofyears that each tiger was tracked in each different area.
females were used to determine adultmortality rates, and littersfrom fivefemales were used to determine cub survivorship.

"There were 17 or more cubs because one litter bad an unknown number of cubs (21). However, we used n = 17 7for statistical analysts of cub
survival,
4One of these eight was killed by a truck when she was 20 months old and before she dispersedfrom her natal home range.

Conservation Biology
Volume 16, No. 1, February 2002



«4

Kerley et al. Human Disturbance and Tigers 103

Table 2. Disturbance level and response by 15 individual tigers at 86 kill sites on and near the Sikhote-Alin State Biosphere Zapovednik,Primorye Krai, Russia, 1995-1998.

Break down of total kills
Tiger Sex Number ofkills undisturbed disturbed abandoned after disturbance (%)
01 F 16 16 0
03 F 10 9 1 004 F 2 1 1 ¢)
15 F 22 14 8 10016 M 13 10 3 6618 M 1 0 1 10020 M 5 2 3 3321 FE 2 1 1 022 M 3 3 0
23 F 1 0 1 10025 F 6 5 1 0unmarked F 1 1 0
unmarked F 2 0 2 100unmarked M 1 0 1 0unmarked F 1 0 1 0Totals 86 62 24

Discussion alive at the time ofmanuscript preparation) and his sis-

Although our sample size was small for adult female tigers
in roadless areas (n = 2) and both tigers left these areas
during the study, we consider this a valid "control" group
to compare with "treatment" tigers in areas that contain
roads because (1) both tigers lived in both treatment
types (Fig. 2) long enough to have reproduced (both pro-
duced two litters in roadless areas and one litter in areas
with primary roads) and (2) there was no difference be-
tween the time tigers were monitored in roadless areas
before they shifted and the time tigers were monitored in
other treatments before they died or the study ended.
Our data support the hypothesis that the risk of adult

female mortality increases and reproductive success de-
creases for tigers whose territories include primary
roads. An area of particular concern was that portion of
the Zapovednik bisected by a primary road. Over an
8-year period, all four adult female tigers holding territo-
ties in that area were poached or presumed poached,
and no cubs born in that area survived to dispersal age,
except one radiocollared male cub (15 months old and

Table 3. Comparison ofmean distance between daily locations of
radiocollared tigers on kills and those not on kills in and near the
Sikhote-Alin State Biosphere Zapovednik, Primorye Krai, Russia,
1995-1998.

Mean distance moved (km)
Tiger on kill 0n) not on kill 0n) Zz p
F01 0.1 + 0.2 8) 3.6 + 2.4 (8) 2.55 <0.05
F03 0.07+0.2(22) 4.342.119) 38 <0.001
F15 0.2+0.2(25) 5.7 +3.4(@5) 4.4 <0.0001
M16 0.741107) #£. 4.8(20) 3.6 <0.001

ter, whose present status is unknown. Although our
sample sizes were small and our study represents only
one region within Amur tiger range, the data indicate
that tigers living in the vicinity of lightly traveled pri-
mary and secondary roads incurred greatermortality and
lower reproductive success than those with territories
away from roads. Because it is protected, the Zapoved-
nik supports a greater abundance of prey and higher ti-

ger densities than surrounding unprotected areas and
acts as a source population for tigers (Smirnov &
Miquelle 1999; Miquelle et al. 1999). Our data suggest,
however, that construction of the road through the
southeast section of the Zapovednik resulted in an oth-
erwise high-quality habitat becoming a population sink
for tigers and providing no recruitment ofyoung animals
into adjacent areas. It is almost certain that these effects
would be greater in areas where road traffic is heavier.
Amur tigers are territorial (Matyushkin et al. 1980;

Yudakov & Nikoleav 1987; Salkina 1993; Goodrich et al.
1999; Miquelle et al. 1999), and home-range shifts made
by tigers F03 and F04 during our study were likely a re-
sult of (1) daughters inheriting their natal home ranges
as mothers shifted to other areas, as described by Smith
et al. (1987), and (2) territories concurrently becoming
vacant in adjacent areas with primary roads. For exam-
ple, tiger F15 took up residency in an area with a pri-
mary road (Fig. 1) after the former resident, F02, was
poached and that territory became vacant. Likewise, ti-
gers F25 and F03 took up residency in portions of that
area after tiger F15 disappeared and was presumed
poached, F03 residing in a territory in the southern half
of the area and F25 in the northern half.
Tigers may also be attracted to roads, as evidenced by

individuals in our study whose activity centers included
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roads (Fig. 1). Amur tigers and other large carnivores
use roads as travel corridors (Matyushkin 1977; Bragin
1986; LeFranc et al. 1987; Bailey 1993; L.L.K. et al., un-
published data), exposing themselves to poachers and
fast-traveling vehicles. After tiger F03 shifted from a roa-
diess area to an area with a primary road, she was ob-
served several times walking on the road during daylight
hours, showing no apparent fear of traffic. Khramtsov
(1995) reported that over a 10-year period, six Amur ti-
gers were shot and killed by poachers along a road near
Lazovsky Zapovednik.
The detrimental effects of roads have been reported

for a wide variety of large carnivores (Noss et al. 1996;
Table 4). Because large carnivores occur at low densities
and have low reproductive rates, the effects of human
disturbance are often magnified. Small changes in re-
productive success and survivorship can have serious
implications for isolated carnivore populations (Knight
& Eberhardt 1985). Roads are a serious threat to many
large-carnivore populations because they facilitate hu-
maniaccess, thereby increasing disturbance, decreasing

Table 4. Documented deleterious effects of roads on large carnivores."

ao Kerley et al. (88)
available habitat, decreasing reproductive success, and
increasing mortality rates. Increased human-related mor-
tality (Murphy 1983; Maehr et al. 1991), decreased prey
abundance (Caro 1994), habitat degradation (Smith et al.
1998), and avoidance of otherwise suitable habitat (re-
view by Weaver et al. 1996) have all been attributed to
road access or high road densities.
The effect of roads can vary among large-carnivore spe-

cies and among sex and age classes within species (Table
4). For example, female Florida panthers (Puma concolor
cory1) avoid crossing roads, which thereby become barri-
ers that delineate territorial boundaries and affect spacing
patterns. Male panthers readily cross roads, however, re-
sulting in relatively high mortality rates from vehicle colli-
sions (Maehr 1997). Graywolves (Canis lupus) shift terri-
torial boundaries to avoid heavily traveled roads (Thurber
et al. 1994), whereas female grizzly bears (Ursus arctos)
with cubs may be attracted to habitats adjacent to roads
because males avoid those areas (Mattson et al. 1987).
Human-induced mortality can have deleterious effects

on a population beyond the loss of a breeding individual

Increased human access resulting in
Habttat alterations

aggressive
Behavioral encounters vehicle babitat habitat

Species response with bumans overharvest displacement collisions loss fragmentation
Canidae
Graywolf (Canis lupus)" +/- +/- + + + + +
Ursidae
Grizzly bear (Ursus arctos)° +/+ +/--- + + + + + +

-/-/+
American black bear
(U. americanus) 0/- - + + + + + +

Spectacled bear (Tremarctos
ornatusy + + +

Asian black bear
(U. thibetanusy + + +

Felidae

Cheetah (Acinonyxjubatusy +J +
Cougar (Puma concolor + + +
Florida panther (P. c. coryiy! 0- + + +

+ +

++ +Tiger (Panthera tigris)
+Lion leo)

Iberian lynx (Lynxpardina)" ++
"Where bebavioral responses were reported in the literature we scored them asfollows: -, avoidance of roads; +, attraction to roads; or 0, no
response.

et al. C(1995); Thiel (1985), Wisconsin; Fuller et al. (1992), Minnesota; Thurber et al. (1994), Alaska.
"Review by Servbeen (1987), widespread;Mattson et al. 1987), Wyoming;McLellan & Shackleton (1988), RockyMountains;Mace et al. (1996)
Mladeno

and Kasworm &Manley (1990), Montana.
"Singer & Bratton (1980), Tennessee;Manville (1983), Michigan; Brody (1984), North Carolina; Young & Beecbam (1986), Idabo.
"Peyton (1994), Peru.
SHazumt (1994), Japan.
£Smith et al. (1998), Nepal;Matyusbkin (1977), Russia.
Schaller (1972), Serengeti, Africa.
'Caro (1994), Serengeti, Africa.
JOverbarvest ofgame spectes.
*Murpby (1983), Montana; Beter (1995), Southern California.
'Maebr (1997);Maebr et al. (1991), Florida.
™Ferreras et al. (992); Rodriguez & Delibes (1992), Spain.
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and its progeny. The loss of tenured individuals from
populations of solitary carnivores, especially in those
with territorial systems, may result in social instability,
increased aggressive interactions and associated mortal-
ity, increased infanticide, decreased reproduction, and
increased disease (Smith 1984; Hornocker & Bailey 1986;
Smith & McDougal 1991; Goodrich & Buskirk 1995).
Also, high survival and longevity of adult females is criti-
cal to the continued well-being ofmost carnivore popu-
lations (Smith & McDougal 1991; Weaver et al. 1996).
Using a tiger population simulation model, Kenney

et al. (1995) found that when poaching continued over
time, the probability of population extinction increased
sigmoidally. Other forms of persistent human-induced
mortality would presumably have similar effects. Al-
though evidence is biased toward greater detectability
of human-related mortality, Matyushkin et al. (1996) re-
ported that most tigermortality in the Russian Far East is
human-related. Our data support these findings and
demonstrate that roads increase tiger mortality due to
poaching and traffic accidents.
Tiger conservation in Russia must include prevention

of road construction wherever possible, closing unnec-
essary roads, and regulating access to roads through sen-
sitive areas, particularly in areas supporting source pop-
ulations (Smirnov & Miquelle 1999). Examples of how
road closures have protected wildlife habitat and in-
creased wildlife populations could act as models for the
Russian Far East (Mattson 1993; Willcox & Ellenberger
2000). A key to halting further decline in tiger numbers
throughout their range would be the establishment of a
landscape-scale plan that protects existing tiger habitat
and provides:for the needs. of local people (Smith et al.
1998; Miquelle et al. 1999). Regulating road access through
tiger habitat should be an important component of any
management regime on tiger-management areas.
Our data support the hypothesis that tigers forage less

efficiently when they are disturbed by humans at kill
sites. Disturbed tigers ate less from each kill because
they often abandoned kills, whereas undisturbed tigers
rarely left until all meat was consumed. Tigers at kills
moved less and hence probably expended less energy
than those not on kills, while realizing an energy gain by
remaining longer and consuming all available meat on
kills. Frequent disturbance of individual tigers may in-
crease energetic demands because tigers are forced to
eat less from each kill and spend more time hunting and
less time resting. Although we have no direct evidence,
this could result in increased risk of injury and death as-
sociated with predation attempts (Rabinowitz 1986;
Mech & Nelson 1990), reduced reproductive success,
and reduced survival of both adults and cubs whose
mothers are disturbed frequently.
Reduced feeding activity and increased energy expen-

diture in response to human recreational activity have
been documented for a variety of species, including Bald
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Eagles (Haliaeetus leucocepbalus), bighorn sheep (Ovis
canadensis), and mule deer (Odocoileus bemionus) (Mac-
Arthur et al. 1979; Stalmaster & Newman 1978; Freddy
et al. 1986; Stalmaster & Kaiser 1998). Black bears (Ur-
sus americanus) sometimes abandon their dens in re-
sponse to human approach (LeCount 1983; Hellgren &
Vaughan 1989; Goodrich & Berger 1994), resulting in
greater overwinterweight loss (Tietje & Ruff 1980), cub
abandonment, and cub mortality (Goodrich & Berger
1994). Amur tigers are frequently disturbed at kills in
winter because their tracks are easy to follow and crows
and eagles around carcasses make kills conspicuous.
Our data are not suitable for examining the relation-

ship between human disturbance at kills and the vicinity
of kills to roads because our ability to detect and moni-
tor disturbance and tiger behavior at kills was closely re-
lated to distance to roads. Moreover, our data do not re-
flect disturbance rates.
'Because tigers often use roads as travel corridors, ti-

gers displaced from their kills not only lose a valuable
food resource, they are at greater risk of being poached
or killed in traffic collisions because they may be on the
road more often. In addition, tigers may be more at risk
of being displaced or being poached while on their kills
in areas with roads because tigers can be more easily
tracked to kills, as with F21, who was shot 1 km froma
secondary road after a poacher tracked and shot her
while she and her three cubs were at a kill site.
Although some tigers may become habituated to hu-

man disturbance (McDougal 1977), habituation may
lead to increased aggressive encounters with people, as
with grizzly bears (Mattson et al. 1996) and Asiatic lions
(Panthera leo persica) (Saberwal et al. 1994). Bait-site
feeding of tigers for public viewing was halted in Chi-
tawan National Park, Nepal, after two tiger attacks on
humans (McDougal 1977). Public attitudes toward car-
nivores affect conservation efforts (Kellert et al. 1996),
and increased aggressive encounters mayweaken public
support for tiger conservation in the Russian Far East.
News of tigers in close proximity to villages and encoun-
ters between tigers and hunters are nearly always re-
ported in local newspapers and journals (e.g., Smirnov
2000).
Our data suggest that, in the absence of human distur-

bance, Amur tigers usually consume nearly all available
meat at kills. The misconception of frequent surplus kill-
ing among tigers in the Russian Far East has probably
arisen because tigers often abandon kills when disturbed
by people (in such cases the observers of surplus killing)
and people often usurp meat from kills, making it neces-
sary even for those tigers that return to kills to hunt
again. For example, Pikunov (1983) reported snow-
tracking a tiger that killed five ungulates in 15 days and
never ate more than 20% of any of them. This is likely an
artifact of repeated disturbances of sequential kills by
the observer and not typical tiger behavior.
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Abstract Roads are a widespread and increasingfeature ofmost landscapes. We reviewed the scientific liter-
. ature on the ecological effects of roads andfound supportfor the general conclusion that they are associated
with negative effects on biotic integrity in both terrestrial and aquatic ecosystems. Roads of all kinds have
seven general effects: mortality from road construction, mortality from collision with vehicles, modification
ofanimal behavior, alteration of the physical environment, alteration of the chemical environment, spread
ofexotics, and increased use ofareas by humans. Road construction kills sessile and slow-moving organisms,
injures organisms adjacent to a road, and altersphysical conditions beneath a road. Vehicle collisions affect
the demography ofmany species, both vertebrates and invertebrates; mitigation measures to reduce roadkill
have been only partly successful. Roads alter animal bebavior by causing changes in home ranges, move-
ment, reproductive success, escape response, andphysiological state. Roads change soil density, temperature,
soil water content, light levels, dust, surface waters, patterns of runoff, and sedimentation, as well as adding
beavy metals 0especially lead), salts, organic molecules, ozone, and nutrients to roadside environments.
Roads promote the dispersal of exotic species by altering habitats, stressing native species, and providing
movement corridors. Roads also promote increased bunting, fishing, passive harassment of animals, and
landscape modifications. Not all species and ecosystems are equally affected by roads, but overall the pres-
ence of roads ts bighly correlated with changes in species composition, population sizes, and bydrologic and
geomorphicprocesses that shape aquatic and riparian systems. More experimental research is needed to com-
plementpost-hoc correlative studies. Our review underscores the importance to conservation ofavoiding con-
struction ofnew roads in roadless or sparsely roaded areas and ofremoval or restoration ofexisting roads to
benefit both terrestrial and aquatic biota.

Revisi6n de los Efectos de Carreteras en Comunidades Terrestres y Acuaticas
Resumen: Las carreteras son una caracteristicapredominantey en incremento de la mayoria de lospatsajes.
Revisamos la literatura cientifica sobre los efectos ecolégicos de las carreterasy encontramos sustentopara la
conclusion general de que las carreteras estén asociadas con efectos negativos en la integridad biética tanto
de ecosistemas terrestres como acudticos. Las carreteras de cualquier tipo ocasionan siete efectos generales:
mortalidad ocasionada por la construccién de la carretera; mortalidad debida a la colisién con vebtculos;
modificaciones en la conducta animal; alteraci6n del ambiente fisico; alteracién del ambiente quimico; dis-
persion de especies exdticas e incremento en el uso de areas por bumanos. La construcci6n de carreteras
elimina a organismos sésilesy a organismos de lento movimiento, lesiona a organismos adyacentes a la car-
retera y altera las condiciones fisicas debajo ella misma. Las colisiones con vebiculos afectan la demografia
de muchas especies tanto de vertebrados como invertebrados; las medidas de mitigact6n para reducir lapér-
dida de animales por colisiones con vebiculos ban sido exitosas solo de manera parcial. Las carreteras al-
teran la conducta animal al ocasionar cambios en el rango de hogar, movimientos, éxito reproductivo, re-
spuesta de escapey estado fistolégico. Las carreteras cambian la densidad del suelo, temperatura, contenido
de agua en el suelo, niveles de luz, polvo, aguas superficiales, patrones de escurrimiento y sedimentacton,
ademas de agregar metalespesados 0especialmenteplomo), sales, moléculas orgdnicas, ozono y mutrientes a
los ambientes que atraviesan. Las carreteraspromueven la dispersion de especies ex6ticas al alterar los bdbi-
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tats, al estresar a las especies nativas y proveer corredores para movimiento. Las carreteras también pro-
mueven el incremento de la caza y la pesca, el hostigamiento pasivo de animales y moditficaciones del
paisaje No todas las especies ni todos los ecosistemas son afectadospor las carreteras de igualforma, pero en
general lapresencia de carreteras esta altamente correlacianada con cambios en la composicion de especies,
los tamafios poblacionales y losprocesos hidrolégicosy geomorfolégicos que afectan a la estructura de siste-
mas acudticosy reparios. Se necesita mas investigacién experimentalpara complementar estudios correlatt-
vos post-hoc. Nuestra revisién hace énfasis en que en trabajos de conservaci6n es importante evitar la con-
Strucci6n de nuevas carreteras en areas carentes de ellas o en Greas conpocas carreteras, ademds de remover
o restaurar carreteras extstentes con lafinalidad de beneficiar tanto a la biota acudtica como la terrestre.

Introduction

Among the most widespread forms ofmodification of the
natural landscape during the past century has been the con-
struction and maintenance of roads (Diamondback 1990;
Bennett 1991; Noss & Cooperrider 1994). As conservation
biologists seek to understand the forces that influence the
viability of populations and the overall health of ecosys-
tems, it is important that we understand the scope of the
ecological effects of roads of all types, especially important
as conservation biologists are asked to participate in the de-
velopment and implementation of strategies to protect or
restore elements ofbiological diversity and integrity.
Roads of all kinds affect terrestrial and aquatic ecosys-

tems in seven general ways: (1) increased mortality from
road construction, (2) increased mortality from collision
with vehicles, (3) modification of animal behavior, (4) al-
teration of the physical environment, (5) alteration of the
chemical environment, (6) spread of exotic species, and
(7) increased alteration and use of habitats by humans.
These general effects overlap somewhat. In some cases
animals modify their behavior and avoid roads because of
concentrated human activity along roads. Roads may fa-
cilitate the spread of invasive species by disrupting native
communities and changing physical habitats. Roads may
fragment populations through roadkill and road avoid-
ance. Despite the difficulty of categorizing discretely the
causal basis in every example, these seven categories
provide a useful framework for assessing what is known
and unknown about the ecological effects of roads.
Selective road removal, relocation, or remediation may

provide ecological benefits in certain situations. Yet, al-
though roads are commonly identified as important cor-
relates or indicators of loss of ecological health (e.g.,
Noss & Cooperrider 1994), the specific mechanisms by
which biota are affected are often complicated or uncer-
tain. Therefore, mitigation or treatment of specific ef-
fects, whether during road design or in post-construction
remediation, can be costly and fraught with uncertainty.

Mortality from Road Construction

Road construction kills any sessile or slow-moving or-
ganism in the path of the road. The extent to which road

construction contributes to direct mortality has not been
estimated as has direct mortality from other forms of
habitat destruction (e.g., Petranka et al. 1993). The fact
that road construction kills individual organisms is obvi-
ous, however. The magnitude of such construction is
not trivial; the 13,107,812 km of road lanes of all types
in the conterminous United States, with an average
width of 3.65 m per lane, have destroyed at least
4,784,351 ha of land and water bodies that formerly sup-
ported plants, animals, and other organisms (U.S. De-
partment of Transportation 1996). The actual number is
likely much higher because this estimate does not in-
clude shoulder pavement and land peripheral to the
roadbed that is cleared during construction.
Construction may physically injure organisms adjacent

to the path of construction. Roads built for extraction of
white fir result in damage to trees that is visible up to
30 m from the road (Trafela 1987). Such damage con-
tributes to a decline of up to 30% in forest productivity
per rotation, due in part to a decline in growth of dam-
aged trees. Construction also alters the physical condi-
tions of the soil underneath and adjacent to the road. Ri-
ley (1984) showed that road construction increases soil
compaction up to 200 times relative to undisturbed
sites. These changes likely decrease the survival of soil
biota that are not killed directly. Direct transfer of sedi-
ment and othermaterial to streams and otherwater bod-
ies at road crossings is an inevitable consequence of
road construction (Richardson et al. 1975; Seyedbagheri
1996). High concentrations of suspended sediment may
directly kill aquatic organisms and impair aquatic pro-
ductivity (Newcombe & Jensen 1996).

Mortality from Collision with Vehicles

Mortality of animals from collision with vehicles is well
documented. Many reviews of the taxonomic breadth of
the victims of vehicle collision have been published
(e.g., Groot Bruinderink & Hazebroek 1996). Few if any
terrestrial species of animal are immune. Large mammals
ranging in size from moose (Alces alces) to armadillos
(Dasypus novemcinctus) are the best-documented road-
kills, probably due to interest in their demography and
to their size (Bellis & Graves 1971; Puglisi et al. 1974;
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Reilly Green 1974; Holroyd 1979; Wilkins & Schmidly
1980; Bashore et al. 1985; Davies et al. 1987; Bangs et al..

1989; Palomares & Delibes 1992).
Roadkill among many other species includes American

Kestrels (alco sparverius; Varland et al. 1993), Barn
Owls (Tyto alba; Newton et al. 1991), Northern Saw-
whet Owls and Eastern Screech Owls (Aegolius acadi-
cus and Otis asio; Loos & Kerlinger 1993), tropical for-
est birds (Novelli et al. 1988), garter snakes (Dalrymple
& Reichenbach 1984), granivorous birds (Dhindsa et al.
1988), American crocodile (Crocodylus acutus; Kushlan
1988), green iguanas Uguana iguana; Rodda 1990),
desert snakes (Rosen & Lowe 1994), toads (van Gelder
1973), plus a wide range of invertebrates, especially in-
sects CH. C. Seibert & Conover 1991).
This form ofmortality can have substantial effects on a

population's demography. Vehicle collision is the pri-
mary cause of death for moose in the Kenai National
Wildlife Refuge in Alaska (Bangs et al. 1989) and for
Barn Owls in the United Kingdom (Newton et al. 1991),
the second highest form of mortality for Iberian lynx
(Felis pardina) in southwestern Spain (after hunting;
Ferreras et al. 1992), and the third highest form for
white-tailed deer (Odocoileus virginianus) in New York
(Sarbello & Jackson 1985) and wolves (Canis lupus)
in Minnesota (Fuller 1989). Roadkill is a limiting factor
in the recovery of the endangered American crocodile in
southern Florida (Kushlan 1988) and is contributing to
the endangerment of the prairie garter snake (Thamno-

radix radix; Dalrymple & Reichenbach 1984).
Roadkill is often nonspecific with respect to age, sex,
and condition of the individual animal (e.g., Bangs et al.
1989).
Amphibians may be especially vulnerable to roadkill

because their life histories often involve migration be-
tween wetland and upland habitats, and individuals are
inconspicuous and sometimes slow-moving. Roads can
be demographic barriers that cause habitat and popula-
tion fragmentation (Joly &Morand 1997). In the Nether-
lands, for example, roads with high traffic volume nega-
tively affect occupancy of ponds by moor frogs (Rand
arvilis; Vos & Chardon 1998). In Ontario, the local
abundance of toads and frogs is inversely related to traf-
fic density on adjacent roads, but the incidence of road-
kill relative to abundance is higher on highly trafficked
roads (Fahrig et al. 1995). Thus, even though popula-
tions in high-traffic areas have apparently already been
depressed from cumulative road mortality, they con-
tinue to suffer higher proportionate rates of roadkill.
Mitigation measures have been employed in different

locations with varying degrees of success (e.g., Yanes et
al. 1995). For example, underpasses on Interstate 75
have been only partially successful in reducing roadkill
of Florida panthers (Felis concolor coryi; Foster & Hum-
phrey 1991). Despite mitigation efforts, roads are likely
to be a persistent source of mortality for many species.
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In general, mortality increases with traffic volume (e.g.,
Rosen & Lowe 1994; Fahrig et al. 1995). Some species
are less likely to be killed on high-speed roads than on
medium-speed roads because the former usually have
vegetation cleared back further from the road's shoul-
der, creating less attractive habitat and greater visibility
for both animals and drivers. Other species, however,
are attracted to the modified habitat alongside and in the
meridians of high-speed roads (Cowardin et al. 1985),
making them population sinks.

Modification of Animal Behavior

The presence of a road maymodify an animal's behavior
either positively or negatively. This can occur through
five mechanisms: home range shifts, altered movement
patterns, altered reproductive success, altered escape re-
sponse, and altered physiological state.
Black bears (Ursus americanus) in North Carolina

shift their home ranges away from areas with high road
densities (Brody & Pelton 1989), as do grizzly bears in the
Rocky Mountains (Ursus horribilis, McLellan & Shackle-
ton 1988). Elk (Cervus elapbus) in Montana prefer
spring feeding sites away from visible roads (Grover &
Thompson 1986), and both elk and mule deer (Odocoileus
bemionus) in Colorado in winter prefer areas >200 m
from roads (Rost & Bailey 1979). Wolves will not estab-
lish themselves in areas with road densities greater than
a region-specific critical threshold (Jensen et al. 1986;
Thurber et al. 1994), probably as a result of a relation-
ship between road density and hunting pressure. Moun-
tain lion (Felis concolor) home ranges are situated in ar-
eas with lower densities of improved dirt roads and
hard-surface roads (Van Dyke et al. 1986), suggesting
that eithermountain lions avoid these areas or road con-
Struction tends to avoid their prime habitat. Elephants
(Loxodonta africana) in northeastern Gabon preferen-
tially locate in forests away from both roads and villages
(Barnes et al. 1991). Both Black Vultures (Coragyps
atratus) and Turkey Vultures (Catbartes aura), on the
other hand, preferentially establish home ranges in areas
with greater road densities (Coleman & Fraser 1989),
probably because of the increase in carrion.
Roads may also alter patterns of animal movement.

Caribou (Rangifer tarandus) in Alaska preferentially
travel along cleared winter roads that lead in the direc-
tion of their migration (Banfield 1974). Although the
road may enhance caribou movement, it results in in-
creased mortality from vehicle collisions and predation
by wolves. After calving, female caribou with calves
avoid roads (Klein 1991). The land snail Arianta arbus-
torum avoids crossing roads, even those that are un-
paved and as narrow as 3 m (Baur & Baur 1990), and ex-
tend their movements along road verges. Reluctance to
cross roads is also seen in white-footedmice (Peromyscus
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leucopus; Merriam et al. 1989) and many other rodent
species (Oxley et al. 1974), even when the road is nar-
row and covered only with gravel. Cotton rats
(Sigmodon hispidus) and prairie voles (Microtus ochro-
gaster) avoid roads as narrow as 3 m (Swihart & Slade
1984). Black bear almost never cross interstate highways
in North Carolina (Brody & Pelton 1989) but will cross
roads with less traffic volume. Roads act as barriers to
gene flow in the common frog (Rana temporaria) in
Germany, leading to significant genetic differentiation
among populations (Reh & Seitz 1990). Other animals
that show a reluctance to cross roads include pronghorn
antelope (Antilocapra americana; Bruns 1977) andmoun-
tain lions (Van Dyke et al. 1986).
Some animals seem unaffected by the presence of

roads, at least at some spatial scales. Based on a study of
20 wolverines, Hornocker and Hash (1981) concluded
that the sizes and shapes of home ranges of wolverines
where they are still found in northwestern Montana are
independent of the presence of highways. Similarly, the
presence of highways explained none of the allelic dif-
ferentiation among populations of brown hares (lepus
europaeus) in Austria (Hartl et al. 1989).
Roads may affect an animal's reproductive success.

Productivity of Bald Eagles (Haliaeetus leucocepbalus)
in Oregon (Anthony & Isaacs 1989) and Illinois (Paruk
1987) declines with proximity to roads, and they prefer-
entially nest away from roads. Golden Eagles (Aquila
chrysaetos) also prefer to nest away from human distur-
bances, including roads (Fernandez 1993). The reduced
nesting success of eagles in proximity to roads may be
more a function of the presence of humans than of the
road itself; nesting failure by Golden Eagles in Scotland
correlates with how easy it is for people to approach but.
not with proximity to roads themselves (Watson and
Dennis 1992). Relative to habitat availability, Sandhill
Cranes (Grus canadensts) avoid nesting near paved and
gravel public roads (Norling et al. 1992); they do not
avoid private roads with low-traffic volume (Norling et
al. 1992) and can habituate to roads over time (Dwyer &
Tanner 1992). Mallards (Anas platyrbynchos) in North
Dakota, on the other hand, prefer road rights-of-way for
nesting (Cowardin et al. 1985), perhaps because of a
lower level ofpredation there.
Roads can also alter escape responses. Pink-footed

Geese (Anser brachyrbynchus) in Denmark are more
easily disturbed when feeding near roads, flying away
when humans approach within 500 m, a greater dis-
tance than when feeding in areas without roads
(Madsen 1985). Both the Lapwing (Vanellus vanellus)
and Black-tailed Godwit (Limosa limosa) are more eas-
ily disturbed near roads and have disturbance distances
of 480-2000 m depending on traffic volume (Van der
Zande et al. 1980). Less well known is the effect of roads
and vehicles on an animal's physiological state. Mac-
Arthur et al. ¢1979) showed that heart rate and therefore
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metabolic rate and energy expenditure of female big-
horn sheep (Ovis canadensis) increase near a road inde-
pendent of any use of the road. Roads contribute to frag-
mentation of populations through both increased
mortality and modification of behavior that makes ani-
mals less likely to cross roads. Fragmentation may be ac-
celerated by roads when spatially critical habitat patches
(e.g., "stepping stones") become unoccupied as a result
of increased local mortality or reduced recolonization.

Disruption of the Physical Environment

A road transforms the physical conditions on and adja-
cent to it, creating edge effects with consequences that
extend beyond the time of the road's construction. At
least eight physical characteristics of the environment
are altered by roads: soil density, temperature, soil water
content, light, dust, surface-water flow, pattern of run-
off, and sedimentation.
Long-term use of roads leads to soil compaction that

persists even after use is discontinued. Soil density on
closed forest roads continues to increase, particularly
during winter months (Helvey & Kochenderfer 1990).
Increased soil density can persist for decades: logging
skid trails in northeastern California over 40 years old
have soil that is 20% more compacted than soil in nearby
areas that have not been used as trails (Vora 1988).
The reduction ofwater vapor transport on a roadwith

a hard surface increases the surface temperature of a
road compared to bare soil, an effect that increases with
thickness of the road surface (Asaeda & Ca 1993). The
heat stored on the road surface is released into the atmo-
sphere at night, creating heat islands around roads. Ani-
mals respond to these heat islands: small birds (Whitford
1985) and snakes, for example, preferentially aggregate
on or near warm roads, increasing their risk of being hit
by cars and, at their northern range limits, reducing en-
ergetic demands for breeding. ;

During the dry season, the moisture content of soils
under roads declines even if the roads are not in use
(Helvey & Kochenderfer 1990), probably in response to
changes in soil porosity. Roads through forests also in-
crease the amount of light incident on the forest floor.
The amount of increase depends on how much of the
original canopy and lower strata remain, which depends
in turn on the width of the road and roadside verge. The
increase in light increases the density of species that pref-
erentially grow where light levels are high, such as early-
successional, disturbance-adapted species such as the
North American orchid Isotria medeoloides (Mehrhoff
1989).
Road traffic mobilizes and spreads dust, which when

settled on plants can block photosynthesis, respiration,
and transpiration and can cause physical injuries to
plants (Farmer 1993). These effects are sufficient to alter
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plant community structure, especially in communities
dominated by lichens and mosses (Auerbach et al. 1997).
Although most sediment enters water bodies through
overland flow or mass failure, dust from highly trafficked
roads can serve as a source of fine sediments, nutrients,
and contaminants to aquatic ecosystems (Gjessing et al.
1984).
Roads and bridges can alter the development of shore-

lines, stream channels, floodplains, and wetlands. Be-
cause of the energy associated with moving water, phys-
ical effects often propagate long distances from the site
of a direct road incursion (Richardson et al. 1975). Alter-
ation of hydrodynamics and sediment deposition can re-
sult in changes in channels or shorelines many kilome-
ters away, both down- and up-gradient of the road
crossing. The nature of such responses to channel and
shoreline alteration is not always predictable; it may de-
pend on the sequence of flood and sedimentation events
after the alteration is made. Roads on floodplains can re-
direct water, sediment, and nutrients between streams
and wetlands and their riparian ecosystems, to the detri-
ment of water quality and ecosystem health. Roads are
among the many human endeavors that impair natural
habitat development and woody debris dynamics in for-
ested floodplain rivers (Piégay & Landon 1997).
Road crossings commonly act as barriers to the move-

ment of fishes and other aquatic animals (Furniss et al.
1991). Although many headwater populations of salmo-
nid fishes are naturally migratory, they often persist to-
day as fragmented headwater isolates, largely because of
migration barriers created by road crossings and other
human developments that fail to provide for fish passage
(Kershner et al. 1997; Rieman et al. 1997). Salmonids
and other riverine fishes actively move into seasonal
floodplain wetlands and small valley-floor tributaries to
escape the stresses of main-channel flood flows (Copp
1989), but valley-bottom roads can destroy or block ac-
cess to these seasonally important habitats (Brown &
Hartman 1988). Persistent barriers may encourage local
selection for behaviors that do not include natural migra-
tion patterns, potentially reducing both the distribution
and productivity of a population.
Roads directly change the hydrology of slopes and

stream channels, resulting in alteration of surface-water
habitats that are often detrimental to native biota. Roads
intercept shallow groundwater flow paths, diverting the
water along the roadway and routing it efficiently to sur-
face-water systems at stream crossings (Megahan 1972;
Wemple et al. 1996). This can cause or contribute to
changes in the timing and routing of runoff (King & Ten-
nyson 1984; Jones & Grant 1996; Ziemer & Lisle 1998),
the effects of which may be more evident in smaller
streams than in larger rivers (Jones & Grant 1996). Hy-
drologic effects are likely to persist for as long as the
road remains a physical feature altering flow routing-
often long after abandonment and revegetation of the
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road surface. By altering surface or subsurface flow,
roads can destroy and create wetland habitats.
Changes in the routing of shallow groundwater and

surface flowmay cause unusually high concentrations of
runoff on hillslopes that can trigger erosion through
channel downcutting, new gully or channel head initia-
tion, or stumping and debris flows (Megahan 1972; Rich-
ardson et al. 1975; Wemple et al. 1996; Seyedbagheri
1996). Once such processes occur, they can adversely
affect fishes and other biota far downstream for long pe-
riods of time (Hagans et al. 1986; Hicks et al. 1991).
Roads have been responsible for the majority of hill-
slope failures and gully erosion in most steep, forested
landscapes subject to logging activity (Furniss et al.
1991; Hagans et al. 1986). Because most of these more
catastrophic responses are triggered by the response of
roads during infrequent, intense storm events, lag times
of many years or decades pass before the full effects of
road construction are realized.
Chronic effects also occur, however. The surfaces of

unpaved roads can route fine sediments to streams,
lakes, and wetlands, increasing the turbidity of the wa-
ters (Reid & Dunne 1984), reducing productivity and
survival or growth of fishes (Newcombe & Jensen 1996);
and otherwise impairing fishing (Buck 1956). Existing
problem roads can be remediated to reduce future ero-
sion potential (e.g., Weaver et al. 1 1987; Harr & Nichols
1993). The consequences of past sediment delivery are
long-lasting and cumulative, however, and cannot be ef-
fectively mitigated (Hagans et al. 1986).

Alteration of the Chemical Environment

More has been written about the effects of roads on the
chemical environment than on all other effects com-
bined. Maintenance and use of roads contribute at least
five different general classes of chemicals to the environ-
ment: heavy metals, salt, organic molecules, ozone, and
nutrients.
A variety of heavy metals derived from gasoline addi-

tives and road deicing salts are put into the roadside en-
vironment. The most widely documented is lead, but
others include aluminum, iron, cadmium, copper, manga-
hese, titanium, nickel, zinc, and boron (Garcia-Miragaya
et al. 1981; Clift et al. 1983; Gjessing et al. 1984; Oberts
1986; Araratyan & Zakharyan 1988).
Heavymetal contamination exhibits five patterns. First,

the amount of contamination is related to vehicular traf-
fic (Goldsmith et al. 1976; Dale & Freedman 1982; Le-
harne et al. 1992). Second, contamination of soils, plants,
and animals decreases exponentially away from the road
(Quarles et al. 1974; Dale & Freedman 1982). Most stud-
ies indicate that contamination declines within 20 m but
that elevated levels of heavymetals often occur 200 m or
more from the road. The pattern of decline is influenced
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by prevailing wind patterns (Haqus & Hameed 1986).
Once metals reach aquatic environments, transport rates
and distances increase substantially (Gjessing et al.
1984).
Third, heavy metals can be localized in the soil, either

close to the surface if downward transport has not oc-
curred (Indu & Choudhri 1991) or deep below the sur-
face if pollution levels in the past exceeded those in the
present (Byrd et al. 1983). Transportation and localiza-
tion is largely affected by the physical properties of the
soil (Yassoglou et al. 1987). Metals and other persistent
chemicals fixed to soils may become remobilized once
they are inundated or transported to freshwater environ-
ments by wind, water, or gravity.
Fourth, heavy metals accumulate in the tissues of

plants (Datta & Ghosh 1985; Beslaneev & Kuchmazokova
1991) and animals (Collins 1984; Birdsall et al. 1986;
Grue et al. 1986). As with soil, contamination of plant tis-
sue occurs up to at least 200 m from a road and is great-
est for individuals along roads with high traffic volume.
Fifth, heavy metal concentrations in soil decline over

time where use of leaded gasoline has been stopped and
surface-water flow carries the metal ions away (Byrd et
al. 1983; Tong 1990). After they leave the terrestrial en-
vironment, however, the mobilized metals may cause
additional harm to aquatic biota. Also, some of the pro-
cesses of metal demobilization may be reversed rapidly
if environmental conditions, such as acidity of the soils,
sediments, or water, change (Nelson et al. 1991).
Deicing salts, particularly NaCl but also CaCl,, KCl,

and MgCl, contribute ions to the soil, altering pH and
the soil's chemical composition (Bogemans et al. 1989).
As with lead, discontinuation of the use of deicing salts
allows plants damaged by salt stress to recover (Leh
1990). The effects on aquatic biota of temporary surges
of salt that often accompany runoff from roads to sur-
face and groundwaters have received little study. Deic-
ing salts on roadways elevate chloride and sodium con-
centrations in streams (Molles & Gosz 1980; Hoffman et
al. 1981; Peters & Turk 1981; Mattson & Godfrey 1994)
and in bogs, where road salts can alter patterns of suc-
cession in aquatic vegetation (Wilcox 1986). Accumula-
tion of salts from chemicals used for road deicing or dust
control can disrupt natural stratification patterns and
thus potentially upset the ecological dynamics of mero-
mictic lakes (Hoffman et al. 1981; Kjensmo 1997).
Organic pollutants such as dioxins and polychlori-

nated biphenyls are present in higher concentrations
along roads (Benfenati et al. 1992). Hydrocarbons may
accumulate in aquatic ecosystems near roads (Gjessing
et al. 1984). In one stream along a British highway, nu-
merous contaminants were present at elevated levels in
the water column and sediments, including copper,
zinc, and various hydrocarbons, but polycyclic aromatic
hydrocarbons associatedwith stream sediments accounted
for most of the observed toxicity to aquatic amphipods
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(Maltby et al. 1995). Comparatively little research has fo-
cused on the questions of the fate and effects of the or-

ganic chemicals associated with roads.
Vehicles produce ozone, which increases the concen-

tration of this,harmful molecule in the air, especially in
areas where vehicle exhaust accumulates (Flueckiger et
al. 1984). Roads are also especially important vectors of
nutrients and other materials to aquatic ecosystems, be-
cause the buffering role normally played by riparian veg-
etation (Correll et al. 1992) is circumvented through di-
rect runoff of materials in water and sediment where
roads abut or cross water bodies. Water moving on and

alongside roadways can be charged with high levels of
dissolved nitrogen in various forms, and sediment brings
a phosphorus subsidy when it reaches surface waters.
Road deicing salts are an additional source of phospho-
rus (Oberts 1986). The degree to which roads directly
contribute to eutrophication problems in aquatic eco-
systems has been little investigated. Because roads de-

. liver nutrients that originate in the contributing slope
area, the nutrient burden is probably largely controlled
by surrounding vegetation and land use. An increased
density of road crossings of water bodies can be ex-
pected to increase delivery of nutrients.
The alteration of the chemical environment by roads

results in a number of consequences for living organ-
isms. First, in the terrestrial environment the chemical
composition of some woody plants changes in response
to pollution. These changes include increased concen-
trations of chemicals produced by plants, such as terpe-
noids, which help them resist the toxic effects of pollu-
tion (Akimov et al. 1989) and salts (Bogemans et al.

1989), and decreased production of other chemicals,
such as soluble protein and chlorophyll a, which are

necessary for plant function (Banerjee et al. 1983).
Second, organisms may be killed or otherwise dis-

placed as a result of chemical exposure. Virtually all
measures of soil biotic diversity and function decline in
contaminated soil, including abundance, number of spe-
cies, species composition, index of species diversity, in-
dex of equability, and bulk soil respiration (Muskett &
Jones 1981; Guntner &Wilke 1983; Krzysztofiak 1991).
Third, the growth (Petersen et al. 1982) and overall

physical health (Flueckiger et al. 1984; Moritz & Breiten-
stein 1985) of many plants is depressed, even to the
point of death (Fleck et al. 1988). The sensitivity of
plants to pollutants may change during development;
for example, seedlings are more sensitive to salt than are
adults (Liem et al. 1984), which influences juvenile re-
cruitment. Pollutants may affect plant health by damag-
ing fine roots, mycorrhizae (Majdi & Persson 1989), and
leaves (Simini & Leone 1986) and by changing salt con-
centrations in plant tissues (Northover 1987). Secondary
effects on plant health include decreased resistance to

pathogens (Northover 1987), causing further declines.
In aquatic environments, plant (and animal) assemblages

Conservation Biology
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may change due to direct and indirect responses to nu-
trient increases and due to growth suppression or mor-
tality caused by other chemicals introduced by roads.
Fourth, plants (Graham & Kalman 1974; Nasralla & Ali

1985; Dickinson et al. 1987; Guttormsen 1993) and ani-
mals (Robel et al. 1981; Collins 1984; Harrison & Dyer
1984; Krzysztofiak 1991; Marino et al. 1992), including
those cultivated or raised for agriculture, may accumu-
late toxins at levels that pose health hazards, including
those for humans that consume exposed organisms (Jarosz
1994).
Fifth, increased concentrations near roadsides of some

pollutants, particularly salt, attract large mammals, put-
ting them more at risk of being killed by vehicles (Fraser
& Thomas 1982). Spills of edible products from trucks
and trains also attract wildlife to roadsides. Finally, evo-
lutionary processes may be affected through altered se-
lection pressures that result in local differentiation of
populations of both plants (Kiang 1982) and animals
(Minoranskii & Kuzina 1984).

Spread of Exotic Species

Roads provide dispersal of exotic species via three mech-
anisms: providing habitat by altering conditions, making
invasion more likely by stressing or removing native spe-
cies, and allowing easier movement by wild or human
vectors. It is often difficult to distinguish among these
factors. Soils modified during road construction can fa-
cilitate the spread of exotic plants along roadsides
(Greenberg et al. 1997). Some exotic plants establish
themselves preferentially along roadsides and in other
disturbed habitats (Wester & Juvik 1983; Henderson &
Wells 1986; Tyser & Worley 1992; Wein et al. 1992).
The spread of exotic diseases (Dawson & Weste 1985;
Gad et al. 1986) and insects (Pantaleoni 1989; Schedl
1991) is facilitated by increased density of roads and traf-
fic volume. Road construction that alters the canopy
structure of forests promotes invasion by exotic under-
story plants, which affects animal communities (Gaddy
& Kohlsaat 1987). Some roadside verges have been in-
vaded by maritime plants because of their ability to tol-
erate saline soil (Scott & Davison 1982). Feral fruit trees
are found preferentially along roadsides, and some pop-
ulations are maintained solely by seeds in fruit waste
thrown from vehicles (Smith 1986).
Exotic species are sometimes introduced along road-

sides for the purpose of erosion control (Niordson
1989). Native species are now more widely preferred
for this purpose, but Dunlap (1987) argues that in some
cases the need for rapid establishment of plant cover re-
quires the use of exotic species.
In another form of deliberate introduction, roads pro-

vide easy access to streams and lakes for fishery manag-
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ers to stock nonnative hatchery fish (Lee et al. 1997),
which adversely affect native biota and disrupt aquatic
ecosystems in many ways (Allan & Flecker 1993). Un-
sanctioned, illegal, and unintentional introductions of
fishes, mollusks, plants, and other aquatic organisms
also occur frequently (Allan & Flecker 1993), and they
are facilitated by public road access to water bodies.
The dispersal of a biological agent such as a pathogen

along a roadway can affect both terrestrial and aquatic
ecosystems far from the road. In northern California and
southwest Oregon, for example, vehicle traffic and road-
way drainage along logging and mining roads during the
wet season disperse spores of an exotic root disease
(Phythoptera lateralis) that infects the endemic Port
Orford cedar (Chamaecyparis lawsoniana; Zobel et al.
1985). Transfer of the water-borne spores from forest
roads into headwater stream crossings can result in the
infection and nearly complete mortality of Port Orford
cedars along a much larger network of downstream
channel margins and floodplains, even deep inside oth-
erwise roadless areas. The progressive loss of this impor-
tant conifer species from riparian ecosystems may engen-
der substantial long-term consequences for the integrity
of stream biota, including endangered salmon species,
for which the Port Orford cedar provides shade, large
and long-lasting coarse woody debris, and stabilization
of channels and floodplains.

Changes in Human Use of Land andWater

Roads facilitate increased use of an area by humans, who
themselves often cause diverse and persistent ecological
effects. New roads increase ease of access by humans
into formerly remote areas. Perhaps more important,
roads often increase the efficiency with which natural
resources can be exported. At least three different kinds
of human use of the landscape, made increasingly possi-
ble by roads, can have major ecological effects: hunting
and fishing, recreation, and changes in use of land and
water.
Roads open up areas to increased poaching and legal

hunting. Hunting reduces population sizes of many
game species, including brown bear (Ursus arctos, Ca-
marra & Parde 1990), Iberian lynx (Ferreras et al. 1992),
wolves (Fuller 1989), black bear (Manville 1983), and
Egyptian mongooses (Herpestes ichneumon; Palomares
& Delibes 1992). Roads also increase both legal and ille-
gal fishing in streams and lakes. Native fish populations
in previously inaccessible areas are often vulnerable to
even small increases in fishing effort. Increased fishing
then often gives rise to public demand for fish stocking
as an attempt to artificially compensate for the effects of
unsustainable harvest, at the further expense of native
fishes and other species (e.g., Gresswell & Varley 1988).
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Visitors increase when roads make areas more accessi-
ble, leading to increased passive harassment of ani-
mals-such as elk on Mount St. Helens in Washington
State (Czech 1991) and the Oregon Coast Range
(Witmer & DeCalesta 1985), brown bear in Europe (Del
Campo et al. 1990), and mountain goats (Oreamnos
americanus) in Montana (Pedevillano &Wright 1987)-
and damage to plant communities (Matlack 1993).
Roads are often built into areas to promote logging,

agriculture, mining, and development of homes or in-
dustrial or commercial projects. Such changes in land
cover and land and water use result in major and persis-
tent adverse effects on the native flora and fauna of ter-
restrial (Van Dyke et al. 1986; Karnefelt & Mattsson
1989; P. Seibert 1993) and freshwater ecosystems
(Schlosser 1991; Allan & Flecker 1993; Roth et al. 1996).
Numerous studies have demonstrated declines in stream

health associated with roads. Because the nature and ex-
tent of land use within a region tend to be highly corre-
lated with road networks, however, it is often difficult
or impossible to separate the direct ecological effects of
roads from those of the accompanying land-use activi-
ties. For example, Eaglin and Hubert (1993) reported
that trout biomass and streambed habitat quality inWyo-
ming streams declined in relation to the number of road
crossings and to the proportion of area logged in the
contributing catchment. Findlay and Houlahan (1997)
found that herptile species diversity in wetlands declined
in relation to the density of roads within 2 km of the pe-
timeter. Among streams in the Pacific Northwest, the
status or abundance of bull trout populations has been
inversely correlated to road density (Rieman et al. 1997;
Baxter et.al. 1999); these studies used roads as the best
available general proxy of cumulative effects associated
with land use and human access. On the other hand,
some studies (e.g., Roth et al. 1996) have demonstrated
correlations of stream biotic integrity with land-use pat-

terns across large catchments but did not investigate the
specific roles that roads might play in mediating the
causes and effects.
It appears that roads can serve as useful indicators of

the magnitude of land-use changes, but it remains un-
clear to what degree the associated ecological responses
result directly from roads themselves. If roads are largely
responsible, effects could be ameliorated through al-
tered road design, placement, remediation, or road re-
moval. Strong interactions between roads and land use
are likely, however. Forest roads in Idaho, for example,
are less prone to erosion when the surrounding landscape
remains in natural forest cover (Seyedbagheri 1996).

Discussion and Conclusions

Roads have diverse and systemic effects on many as-

pects of terrestrial and aquatic ecosystems. The ecologi-
cal effects of roads can resonate substantial distances
from the road in terrestrial ecosystems, creating habi-
tat fragmentation and facilitating ensuing fragmentation
through support ofhuman exploitative activities (Fig. 1a).
Habitat deterioration is not widely appreciated as an as-

pect of ecological fragmentation in aquatic ecosystems.
At the scale of an extensive landscape or stream net-
work, however, roads produce a pattern of aquatic habi-
tat loss that differs from the terrestrial pattern yet never-
theless results in the ecological fragmentation of aquatic
ecosystems (Fig. 1b). We coin the term byperfragmen-
tation to describe the multidimensional view of ecologi-
cal fragmentation and habitat loss that emerges when
the consequences of roads or any habitat alteration for
terrestrial and aquatic ecosystems are considered simul-
taneously (Fig. 1c). Hyperfragmentation is the result of a
spatial footprint of ecological effect that propagates
across the landscape differently in freshwater and
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and fragmentation alteration and fragmentation

Zone of indirect or off-site impact
Direct habitat impact (roads and cutting units)
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piso

c) Cumulative extent of
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Figure 1. Spatialpattern ofdirect
and indirect habitat alteration
caused by human disturbance in a
forested watershed: 0a) classical
forest edge effects contributing to
terrestrial babitatfragmentation,
(0) downstream-propagating by-
drologic and biotic effects leading
to large-scalefragmentation of
freshwater habitats andpopula-
tions, 0c) combined terrestrial-
aquatic view of landscape alter-
ation that we term hyperfragmen-
tation because it considersmultiple
ecosystem dimensions on the same
landscape. Arrows indicatepre-
dominant spatial vector ofeffects.
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aquatic ecosystems than in terrestrial systems. Even
where only a small percentage of the land's surface is di-
rectly occupied by roads, few corners of the landscape
remain untouched by their off-site ecological effects.
The breadth of these effects cannot be appreciated un
less one takes a broadly transdisciplinary view of ecosys-
tems and biological communities.
Road design, management, and restoration need to be

more carefully tailored to address the full range of eco-
logical processes and terrestrial and aquatic species that
may be affected. Deliberate monitoring is necessary to
ensure that projects have robust ecological benefits and
minimal adverse effects and that they are cost-efficient
relative to their actual benefits (e.g., Weaver et al.
1987). Of course, such assessments require time and
money that are usually unavailable. Most funds used to
remediate problem roads are earmarked for actual field
operations and are not available to support such assess-
ment and monitoring. Few of the experts building roads
or "restoring" them are trained to recognize and address
the full spectrum of ecological issues that we have iden-
tified. Moreover, by their nature roads have systemic
ecological effects that, even if recognized, cannot be
overcome.
If a broad view of the ecological effects of roads re-

veals a multiplicity of effects, it also suggests that it is un-
likely that the consequences of roads will ever be com-
pletely mitigated or remediated. Thus, it is critical to
retain remaining roadless or near-roadless portions of the
landscape in their natural state. Because of the increasing
rarity of roadless areas, especially roadless watersheds,
conservation efforts cannot rely entirely on protection of
existing natural areas. But neither can conservation ef.
forts depend entirely on tenuous and unexamined as-
sumptions about the capability of site- and species-spe-
cific mitigation and remediation measures to reduce the
ecological consequences of existing and proposed roads.
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National planning has
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which is comprised of
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habitats and even
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XIII. INTEGRATION OF NATIONAL WILDLIFE ACTION PLAN
WITH OTHER SECTORAL PROGRAMMES

Overview and objectives
There should be total harmony between the National Conservation Strategy and theNational Wildlife Action Plan. Both, along with other related Action Plans, must be

recognised as vital national developmental priorities. The central rationale is the fact that
biodiversity protection has a bearing on India's water and food security and is the foundation
upon which the Indian economy is based.

National planning has not thus far adequately taken into account the ecological andeconomic consequences of extracting short-term commercial gains from wildlife habitats.It becomes necessary therefore to engage national decision-making bodies, including theParliament, Prime Minister's Office, Planning Commission, National Development Counciland Committee of Secretaries in direct discussions on the néed to protect our natural
treasury, which comprises rivers, aquifers, forests, grasslands, mountains, wetlands, coastlinesmarine habitats and even deserts, and the various species that inhabit them. Decision-makers need to recognise that these natural ecosystems are the best way to reduce the
frequency and intensity of "natural" disasters including floods, droughts, cyclones andlandslides, and are the lifeline for the livelihood requirements of hundreds of millions ofrural people. The emphasis in these discussions should be that protecting the environmentis in the nation's economic, health and human interests, apart from being a moral imperative.The development and planning process has not been able to address the problemspertaining to poverty of dwellers living around national parks and sanctuaries. Whatever
programmes have been implemented are also not sustainable on a long-term basis. Povertyhas increased, water levels have been going down and landless labourers do not have
opportunities for sustaining their life, many communities of local people still dependupon forest usufructs.

It is therefore necessary that the Ministry of Environment and Forests should approachvarious ministries to integrate their activities in such a manner that the poverty in theseareas can be evaluated without affecting the wildlife resources.
Action required
l. Planning Commission to recognise areas within the radius of 5 km. from the boundaryof national parks and sanctuaries as spécial development areas and earmark separate fundsfor this-purpose under the State plans.

Various Union Ministries to work out the following details:
@ Ministry ofAgriculture and Rural Development should be approached to give priorityto soil conservation, partial development, organic farming, evolving appropriate croppingpattern to minimise crop damage from wild animals and adopt crop insurance scheme.@ Ministry of Agriculture should also concentrate on cattle breed improvement, stallfeeding and developing appropriate methoudulugy for marketing milk.
® Ministry of Water Resources to be corivinced not to pursue big projects for irrigationin the area and to opt for minor irrigation relying on check dams, ponds, wells and other
appropriate water harvesting units.
® Transfer of technology and grant of loan for development of sericulture, pisciculture, .apiculture for piggery and poultry.
® Department of Small Scale Industries should develop all industries based on traditionalcrafts and development of information technology.

The National WildhfeActién Plan
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® Ministry of Non Conventional Energy Sources should popularise biogas, solar energyon solar pump sets, biogas Plants, solar cookers and other new technologies as an alternative

©

to fuelwood.
@ Ministry of Surface Transport and Ministry of Railways to plan roads in such a mannerthat allnationa parks and sanctuarjes are by-passed and integrity of the PA is maintained.Wildlife corridors also need to be avoided, or mitigative measures (such as restrictingnight traffic) need to be employed.
* Ministry of Human Resource Development to introduce the subject of conservation aspart of the curriculum at all levels and provide training in vocations that do not involveconsumptive use of wood at ITI and other institutions.
© Ministry of Information and Broadcasting should launch special programmes onconservation and the need for harmony.
@ Ministry ofTourism to adopt a model of tourism that would help low of direct benefitsfrom protected areas to local people.
@ Ministry of Home Affairs to sensitise all the forces to nee Iin protection of wildlife andtheir. habitats.
@ Ministry of Defence to provide help to armed forces in the census and survey ofendangered species in far-flung and remote areas of the country, and to help apprehendcriminals indulging in smuggling.
@

other law enforcing agencies, the field formations of forest.departments are exempt fromall financial and other cuts. Adequate funds should be made available for protection,prevention of poaching and protecting wildlife habitats throtigh eco-development andother activities. Wildlife should be declared as a priority sector'.
® Ministry of.Steel and Mines to exclude wildlife protected areas/corridors fromtheir mining plans. Proper rehabilitation of degraded and abandoned mining areasshould also be done. A programme to phase out all existing operations in wildlife areas-shoyld be prepared.

Priority projects
1.1 Initiate briefing sessions/discussions with Members of Parliament, various Ministries,the Primie Minister and his Office, the Planning Commission, the National DevelopmentCouncil and the Committee ofSecretaries, either individually or collectively, on the economic

Decision-makers need
to recognise that

natural ecosystems
reduce the frequency

and intensity of
"natural'' disasters
including floods,

droughts, cyclones
and landslides, and
are the lifeline for

hundreds of millions
of rural people.
Protecting the

environment is in the
nation's economic,
health and human

interests, apart from
being a moral
imperative.

importance of protectirig and sustainably using, not over-exploiting, our natural treasury. -.Similarly, briefing scssions should be held with Chief Ministers, Finance Ministers, HomeMinisters and Agriculture Ministers of States/UTs.
Timing To start in 2002 and ongoing.
Responsibility MoEF.
1.2 State Wildlife Wings will carry. out similar briefing discussions with Panchayat RajInstitutions and other grassroot level institutions involved in the field of rural development.Timing To, start in 2002 and ongoing.
Responsibility: States and UTs.
1.3 Preparation of a report accessing policies and. action plans of other related Ministriesto provide guidelines -for the Planning Commission, which would help to harmonise. othersectoral activities outside PAs.
Timing: To start in 2002 and ongoing.
Responsibility: MoEE, Planning. Commission, State Governments and Scientific Institutions.

The Nauonal Wildlife Action Plan

AN

Ministry of Finance to issue directions to state governments that like the police and

E

45



w
y

Guidelines for preparation of
Tiger Conservation Plan

National Tiger Conservation Authority
Ministry of Environment & Forests

Government of India

Technical Document : NTCA/01/07
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Rajesh Gopal, Sinha P. R., Mathur V. B., Jhala Y. V. and Q. Qureshi. 2007.
Guidelines forpreparation of Tiger Conservation Plan. A technical document of the
National Tiger Conservation Authority, Ministry of Environment and Forests,
Government of India. NNTCA/01/07



Ss
National Tiger Conservation Authority, Ministry ofEnvironment &Forests, Government ofIndia

5.4.5 Fisheries

e granting permits to ecodevelopment committees(EDCs)

e regulation through the Tiger Conservation Foundation

© MoU with EDGs for nesting sites,safeguardin

breeding areas

e reciprocal commitments for patrolling, fire protection etc

e facilitating marketing through the Tiger Conservation
Foundation

5.4.6 Tea/coffee plantations PRAEPEE A W --

e facilitating marketing through 'Tiger Conservation
~ Foundation

e supplementing its economy ( in case the situation

warrants )

e providing livelihood options, relief to displaced workers

through EDCs

e fostering rural tourism

5.4.7 Road /rail transport
e safeguarding floral / faunal values e7 route

e speed level

e regulation of traffic flow

e maintenance of noise level as per noise abatement

criteria

e adoption of cut and fill technology in construction

e establishment of local vegetation on filled up area and

road side land

15|
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Ayrnexuve J (Ke
SECTIONS XIV (@)

[TEM NOS. 302+.303 COURT NO.1 PIL, arg

SUPREME COUR 1 O LnNnOA
RECORD OF PROCEEDINGS

in WP (C)No.202/1995

T.N. GODAVARMAN TRUMULPAD Potitioner(<}

VERSUS

ONION OF LNDIA & € RS S13090) MDE

(For necessary orcers and direet Ons }

AND
A.NOS.1426 & 1748 in W.P (C)NO 02/1995

(For directions
AND IA Nos.2164 .2161. 2293-2294, 2298, 2331-2332,
2378, 2379 in 1414 in W.P (CNC, 2602/1995
(Report is.¢of t i" 4th, impleadment permission to file objections

permission Cile addl .documents, directions)rer

AND 1 + aA. NO, l2y/, 197L570-15/1, lo24 loz 2395
(C)No.202/1995

(Rapert or CEC regd. Sandal Wond Oil -induskries, permission Lo

file appln.for impleadment, axemption from filing 0.T and direction)

AND 1.A.No 278-2279 with 2275 in W.P (C)No.202/1995
(For .impleadment and directions and recommandation of CEC in
Appl: No 1064)

2248-2249 in 1694,
AND A.Nos.2160-2161 in,1399 2185 in L.A.7/28,
2254 2280, 2284-2286, 2314-2315, 2316-2317, 2323-2324, 2325-2327
2376 237-7, 2383-2385, 2393-2394 in W.P. (C)No.:202/1995
(fox impleadment, directions/stay, exemption from filing
intervention, directions/stay, exemption from filing @.T.

WIDB W. P, (Cy Ne 3/2008
from filing O.T(With appln. {s) xompCion

WitTH W.P (C)No. 24/2008 and office report)
(With appin (s) for exemption from filing O.T

(s) for exemption from filing
W.P. (C)No.33/2008 (With appln
and office report)

W.P (C)No.131/2008
(W ot r. h aN I.. {s) Lor exyemphl ios from ErLinoed And he shay

WELH WLP, WC) Ho."22/2007
a for 1With appin, For

j

\v Un

Q.T.

Lion}



bt216) .L.A Nos 231-32 im

We had requested the Lok Ayukta of Karnataka to submit a
report ina Sealed cover reqarding the mining in forest by Narayan
Mines Pvt, Ltd, in the State of Karnataka The Lok Ayukta has
submitted the report but we are told that the applicants herein were
not heard before finalising the report and the applicants have goa C
various objections to the report. We request the Lok Ayukta co
afford an opportunity fo the applicants and after that a report be
submitted to this Cotirt within a period of six weeks. The records
may be sent back to the Lok Ayukta and the parties be given notice
by the Lok Ayukta.

CEC has filed a report, regarding the working of the-
Sandalwood oil factories in various parts of India. Learned counse
appearing for some of the private owners of the Sandalwood factories
Stated that they were not being heard before giving such a report.ft igs also contended that these factories are being Operated in
different States and there is no allegation that there is illegal

Maharashtra and ramil Nadu. Applicants in I.A,Nos.1570-21, 1624-25,
1D78, 2395 be given an oppor Luniky of being heard by CEC and a
report be filed within a period of Six weeks, All the applicants
may gat in Louch with the CEC in this connection,

The Karnataka State Highway Improvement Project proposes
Lo repair the road which is passing through the Rajiv Gandhi

having a dength of 28,9 kms. CEC has
National Park (Nagarhole)
4,

cubting of Sandalwood t in the States of Kerala, Karnataka,

x1624-1625, 1978, 2395

19 with 2275Nos > No, 20211995



Oxamined the matter and Subjeet Lo has
69

fecommended .the same. These conditions are acceptable to the
Karnataka State Highway Improvement Project and subject to
fulfillment of

_

the conditions as recommended by the CEC, the
applicant may go ahead with the Project.

. The appligations are disposed of accordingly.

L.A.Nos.2160-2161 in 1399, 2185 in I.A.728, 2249-2254, 2280, 2284-2286, 2314-2315, 2310-2317,2376-2377, 2383-2385, 2393-2394 in W.P, (C)Na.202/1995

W.P, (C) No. 33/2008;
W.P Ld (C:)No.131/2008:
NLP, (C)No.522/2007:
N,P + {C)No.D 33560/2006;
4.P,(C)No, D30339/2006;P. (C) No. 116/2007;

"2249 in 1694,
2323-2324, 2325-2327,

W.P.(C)NO.23/2008
W.P. (C)No.24/2008

=

List on 14.11, 2008,

in W.P.(C)No.202/1445
{ssuc notice to. CEC. CHC to file its report within a

Period of six weeks,

1.A.Nos,aa2333-2334 in WP. (C)No,202/1995;

issue notice 'to CEC. CEC to file its report within a
period of six weeks,

I.A.No,2335 in W.P. (C)No.202/1995:

This is ,an application by the siete of Rajasthan Seeking
permission for construction of a Dam in Tehsil Kumbalqarh District
Rajsamand to facilitate drinking water in certain villages in.
Rajasthan. CEC has recommended the-project subject to fulfitiment

-10»



I.A.No.2147-2148 in W.P.(C)No,.202/1995:

C A.No.8133/2003:
C A,No.8134/2003:

S L
I.A,

I.A.Nos.2212, 2237-2238, 2277 & 2272 in W.P (C)NO,202/1995:

63
rrepared to pav the NPV as suggested within four weeas. Subject to

the fulfillment f the above, the I.A, is allowed.

T.A.NO,.2367-236Y W.P » (C}NO.202/1995

This is an. application by GAIL.

There shall be interim stay on NPV sought for by the State
of U.P. (Forest Department) until further orders.

-List after six weeks,

I.A. Nos, 1335, 1356, 1376-1377,
WLP. (C)NO.202/1995:

1388 in 989, 2197-2198 in

As requested, four weeks time is granted for filing
rejoinder. List thereafter.

Shri A.D.N.Rao, Jearned counsel submits that there would

be inspection within a short time and a report may be furnished

List on 28.11.2008, ~

List on 14.11.2008.

Cc.A.No.8135/2003:
P(C)NO.15796/2006:

No,2320 in W.P. (C)No.202/1995:

Adjourned,
ae

(Madhu Sax n(G.V.Ramana)
Court Master Court Mascer

4



dnnexure -JL
CENTRAL EMPOWERED COMMITTEE

RECOMMENDATIONS OF THE CEC IN

APPLICATION NO. 1064 REGARDING REPAIR
WORK OF STATE HIGHWAY 17-D (CORRIDOR 10-

A) PASSING THROUGH THE RAJIV GANDHI
NATIONAL PARK (NAGARHOLE) IN KARNATAKA

This report s 'being filed by the CEC in Application No,

1064 regarding repair work of State Highway 17-D (Corridor 10-

A) passing through the Rally Gandhi National Park (Nagarhole)

in Karnataka.

OBSERVATIONS AND RECOMMENDATIONS.

2. The Karnataka State Highway Improvement Project is

carrying out major repairs on the State Highway 17-D (corridor

10-A) from Mysore to Bavall on. the Kerala border. The total

length of the road is 92.5 km. out-of which 63.6 km. is outside

the National Park and the remaining 28.9 km. falls within the

Rajiv Gandhi National Park (Nagarhole) very close to the

backwaters of Kabini Reservoir (ANNEXURE R-1). The final

11 km. of the highway to the Kerala border constitutes the

major portion of the core zone. It is the prime habitat of

elephants, tigers and the gaur who attain their highest density

in this area. Large number of elephants migrate to the back

waters of the Kabini during the dry period (March to May) and

has one of the largest congregations of elephants in Asia.
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These elephants cross the State Highway 17-D daily as they

move to the backwaters in the afternoon and return to the

forests during the night. The State Highway 17-D on this

stretch of 28.9 km. caters for a population of about 10,000

spread over a number of villages and settlements and about

100 vehicles of all kinds ply daily. It has been in existence

since a long time. The estimated cost of the road through the

National Park is Rs.13.14 crores. Except for a few sections, the

Highway passing through the National Park is damaged and

requires repairs.

3: Sixty two kilometers of the road has already been

repaired/improved at a cost of Rs.28.70 crores. Of the

remaining 30.5 km. of the road, 1.6 km. falls outside the

National Park while 28.9 km. lies. inside the Park area. The

award of the contract for Rs.13.14 crores for this 30.5 km. of

the road has been ratified by the Project Governing Board in its

meeting held on 28.2.2007 under the Chairmanship of the Chief

Secretary, Karnataka. »

4. The repair work of 1.6 km road outside the National Park

has been completed. It is also seen that out of the 28.9 kms of

the road lying inside the National Park, 3 kms of Bituminous

Macadam has been completed while on another 2 kms.

scarification of black top has been done. This Hon'ble Court's

order dated25.11.2005 in No. 1220 (interim report of CEC in
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IA No. 548) and IA No. 994 only allows for improvement and

maintenance of fair weather non-tarred forest roads not

exceeding. three meters in width, small bridges, culverts, fence,

etc. under the National Parks/Sancuaries. In the present case

the repair works should not have been started without first

obtaining permission from this Hon'ble Court. The work has

been stopped since around 24.1.2008.

5. The Standing Committee of the National Board of Wildlife

nits 9" meeting held on 10°" September, 2007 considered the

proposed repair of the road and has recommended the

Lroposal for anproval (ANNEXURE
R-2).

6. After the 28.9 Km. stretch of the highway inside the

National Park is repaired the speed of vehicles is bound to

increase and which in turn would impact significantly on the

movement, behavior and even survival of wildlife. At the same2

time one cannot suddenly stop the movement of vehicles on

this road as the road has been in existence since a long time

and is used by the people living in the area and no viable

alternative road has so far been found. Keeping in view all the

above facts and circumstances and the need for a balance to

be maintained between the ecological and developmental

needs of the area this Hon'ble Court may consider permitting

the repair of 28.9 km. of the State Highway 17-D (Corridor 10-
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A) passing through the Rajiv Gandhi National Park (Nagarhole)

subject to the following conditions :

i) following speed calming measures to significantly

cut down the speed of the vehicles will be taken:

a) 5 Nos. of Chicanes,
b) 16 Nos. of rumble strips;
c) 50Nos. road humps

underpasses.

The exact locations of the speed calming measures

i)

ii)

listed above have been identified during the joint

survey by the Forest Department and

representatives of KSHIP;

no vehicular traffic will be permitted between 6.00

PM to 6.00 AM except forest and police vehicles on

night patrol and ambulances,

the conditions on which the proposal has been

recommended by the NBWL will be strictly complied

with;

iv) the KSHIP will deposit rupees one crore with the

Rajiv Gandhi National Park authorities for

conservation and protection of the Park; and

73

15 Nos. major culverts to be used as
d)
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vi) a Committee headed by the Principal Secretary

(Forests) Karnataka with representatives of

Principal Secretary (PWD), the PCCF and two

reputed NGOs will monitor the repair work till its

completion and also the mitigative measures.

7. There is a proposal to divert the Highway from

Dammanakatte check post to Udbur junction. This will

eliminate traffic intrusion through the National Park over a

distance of about 10 km. The State Government in consultation

with experts may in a time bound manner examine the

feasibility of this proposal.

This Hon'ble Court may please consider the above report

and may please pass appropriate orders in the matter.

(M.K,. Jiwrajka)
Member Secretary

Dated: 5.5.2008
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2342 Karnataka Gazette Notification, Thursday, September-11-2008 Part-6A

Office of the Deputy Commissioner, Mysore District, Mysore

No. MAG (1) MLO 68/2008-09 Dated: 01.09.2008

Subject: Regarding closure of traffic between Ubdur-Bavali in
Nagarahole National Park

Reference: 1. Letter dated: 13.06.2008 by Sri. Sanjay Gubbi,
Member, State Board for Wildlife

2. Proceedings of the meeting held on 11.07.2008 and
even no. order

Preamble:

Nagarahole National Park is one of the distinguished protected areas in Karnataka, which
is reknowned nationally and attracts foreigners as well. This forest is one of the best habitats for
tigers and Asiatic elephants anywhere in the world. The District Administration has received the
letter viz reference 1, explaining the necessity of conservation of these forests and wildlife to
maintain ecological balance. The District Administration has also observed from the pictorial
evidences of death of several valuable and very rare animal species and decline in their number
due to road accidents by speeding vehicles passing through these forests. It is noted that female
tigers are depleting due to road accidents here.

It is also the responsibility of the District Administration to safeguard forest wealth
against theft during night times. Through order viz. ref. 2 dated: 11.7.2008 it is ordered to close
movement of all vehicles during night times from 6.00 pm to 6.00 am on the above said road
from 11.7.2008 onwards. This decision was welcomed by most people, and locals have requested
to permit the movement of emergency vehicles during night time on this road. In this regard the
District Administration has directed the Thahshildar and the Regional Transport Officer to take
suitable action on this issue. Ambulances, vehicles with authorized permission and two
passenger buses are already permitted to pass through this route which will enable the locals to
use this road during emergency periods. Further on 25.8.2008 in a joint operation, Revenue and
Excise department staff seized 13 vehicles, at Bavali checkpost at the taluk border, that were
transporting 288 cattle illegally to Kerala and a case has been booked against them at
Beechanahalli Police Station. Local people of H.D.Kote taluk and animal lovers have
appreciated this action against transportation of livestock to slaughterhouses that was reported in
local newspapers. Hence iffree movement of vehicles during night time is allowed it will



provide an opportunity for mafia groups that carryout smuggling of forests and other products.
Hence it is ordered as below based on ref. 2, to protect forests from smuggling and to save
valuable life ofwild animals.

Order

As explained in the preamble, I, P. Manivannan, Deputy Commissioner and District

Magistrate, Mysore District, Mysore, through powers conferred to me under Motor Vehicles Act
1988, section 115 and Karnataka Motor Vehicle Rules 1989, Rule 221-A (5), hereby order to

prohibit all vehicular traffic from Udbur to Bavali daily from 6.00 pm to 6.00 am with effect
from 01-09-2009 with the following conditions.

The following are exempted from this order.

1. To help local villagers two buses are permitted to travel at 5.00 pm and 7.00 pm.

2. In emergency conditions, vehicles with suitable permission and ambulances are permitted to

ply on this road. Such vehicles can also be checked at the check post.

This order is issued under my signature and seal on 01.09.2008

P.R. 864 B.Pra. (25) Sd/-

(P. Manivannan)
Deputy Commissioner and District Magistrate,

Mysore District.
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Proceedings of meeting_ot the Monitorine Committee o}
Mysore-Mananthawadi road repair/tormation being carned
out by the Karnataka State Highway Improvement Projectheld under the ihairmanship of the Principal Secretary io
Government, Ferest, Hcoloov & Knvironment Denartment.
Bangalofe.on 07-16-2009

a
Pa t *

Members 1

resent
ae

ad +

1 Smt Meera 'Saksena,
Principal Segretary to Government, -in the chanForest; Ecology.and Environment Dept.,Bangalore

2 pr M. H Swamiath,
Seeretary tosGovernment (Forest),

Environment Department,Bangalore
yp in Ra Pa

3 "Sti S.Nagaraj,
Principal Chief Conservator of ForestsRnangalore, 4

a

*
Addiaonal Principal Chief7. Conservator of ForestsCWdhte), Bangalore.

SniBK Singh,
ge

5 B J.Hostjiath 2
'
Chief:Consejvalor of Forests (Project Tiger),Mysore,

6 Sr Krishna Reddy,
Project Director;
Karnataka State Highway Improvement Project 3Bangalore.

2
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7 Supetmtendent Engmeer,
Karnataka Siate Highway Improvement Project,
Bangalore:

% Sm D Yatish Kumar
Deputy Conyervator of Forests,
Wildlife Dix; sion,
Hunsur,

W Sri Sanjay Crubbi,
Cenne for Wi 1dhfe Studies,
Bangalore

ss
1

#

10 Smt Vidya,
Asst. Comnissioner, Hunsur.
A

Welcoming the members, the Principal Secretary (Forests),

Forest, Ecology é&Frvironment Department, Rangalore initiated the

Ciscussion on the anportant issue of diversion of the 10 kms stretch

from Dammanakatic to Udbur Junction presently within the Natronal

Pars to stretch oF ld kms outside the National Park The Chief

Conservator of Fopests (Project Tiger), Mysore was asked to explam

in detasi about the feasibility ot diversion with reference to the report

A

+

v

he has submitted

The Chiet Conservator of Forests (Project 'liger), Mysore

explained the dite need tor diversion of this 10 kms stretch of road

from wi thin the Park to an existing stretch of road outside

the National Park graversing through the adioming villages The road

and the resettled Sillages are in existence for more than last thice

decades" atter the submersion of the villages in the Kabini

Backwaters therearly 70's

Re

3



3

Vhe Project Trector and Supenntendent Engmect ol the

Kamataka State Highway Improvement Project, Bangalore placed
before the conm.itee thar their feasibilrty report consists of two

alternatives In all. there would be three proposals including the one

within the Natione1 Park The thiec proposals have the annualised

vate of return of 12%, 9 25% and 8% respectively As per the norms

i the Karnataka state Highway Improvement Project it would not

be possible for them to execute the two proposals outside the

National Park as the rate of returns was lower than 12% as per their

norms In the ever of the committce deciding to have one of the two

proposals out sideoyNational Park the project of upgradation will have

to be-taken up by the Public Works Department or by the Rural

Development.Departnient-TheProjectDirectoralsoraisedthepoint
that this. diversion to an outside st) 1 of road may require the

clearance from the Hon'ble Supreme _ourt for the two issues of

Fco-Sensitive Arens restrictions and the stretch ot about 17 kms
2

running through the forest area within the National Park

> *

The Chiett Lonservator of Forests (Project Tiger), Mysore

responded to this, by clarifying that these two aie not directly
sae

ielevant to this prgsent case fl view ol the fact that the two roadsie,
the one within the National Park and the one outside the National

Park (including the stretch of 17 kms within the National Park) are

all 1 physical existence since from mid 70's

4
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Prmeipal Chic; Conservator of Forests, Banga ote sought rot
Amull of the Preyect The Chiel Conservator of Vorests (Piarect

Viger) Mysore cxplaned in chronological deta) about the Project
since the time of epproval of the Hon'bie Court to the present

postion of repair and mamlenance of the Mysore Mananthavad:

Road

The Chief Warden expressed a point of view that the

diversion will
ensyre greater and fuller protection and tree

i

movement of wild atimals Therefore the diversion should be taken

up +

wy

+
Sei Sanjay Gubbi of* Centre tor Wildhte Studies, Bangalore

ough! to the kind notice of the committee that this diversion can

*

help n higher deg.ee of conservation of the and hence

advocated that the KSHIP authorities should take up this diversion

of road to the outsicge existing road traversing through the adjommg

villages 7

Smit Vidya, Asst Conmmisioner, Hunsur placed belore the

committee the view, tliat the Heputy Commissioner, Mysore also

iavours the divérsfon Upgradation of this diversion traversing

trough the villageg outside the Natronal Park, will be of immense

help to the over al ;development ot the villages through which this

SIC mad passss and also which has been in existence for theVC? we
y

1as? more than thioa desades

Cr

cd
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The Principal Secretary (Forests), Forest, Ecology &
Environment Department, Bangalore after reviewing the progress of

repair ol the road a considering ihe various points of view

expensed "by diltes ent members concluded that the diversion

proposal of 14 kms between Dammanakatte Gate to Udbur Junction
be taken up so as fo chmpletely avoid the usage of 10 kms stretch of

toad withm the National Park, affordmg a greater degree ol

protection and free mavement of the Wildlife aren
(Meera Saksena)

Principai Secretary to Government,
'Forest, Ecology and Environment Departinent

a

No' 2009
*

Pa
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Typed Copy of,
tanexwre ans

Proceedings of meeting of the Monitoring Committee of Mysore-Mananthawadi road

repair/formation being carried out by the Karnataka State Highway Improvement Project

held under the Chairmanship of the Principal Secretary to Government, Forest, Ecology

and Environment Department, Bangalore on 07-10-2009

Members present:

1. Smt. Meera Saksena,
Principal Secretary to Government, -- soo. fhe chaire.critient..
Forest, Ecology and Environment Department,
Bangalore.

2. Dr. M. H. Swaminath,
Principal Secretary to Government (Forest),
Forest, Ecology and Environment Department.,
Bangalore.

3. Sri. S. Nagaraj,
Principal Chief Conservator of Forests,
Bangalore.

4. Sri. B.K. Singh,
Additional Principal Chief Conservator of Forests
(Wildlife), Bangalore.

5. Sri. B.J. Hosmath,
Chief Conservator of Forests (Project Tiger),
Mysore.

6. Sri. Krishna Reddy,
Project Director,
Karnataka State Highway Improvement Project,
Bangalore.

7. Superintendent Engineer,
Karnataka State Highway Improvement Project,
Bangalore.

8. Sri. D. Yathish Kumar,



Deputy conservator of Forests,
Wildlife Division,
Hunsur.

9. Sri. Sanjay Gubbi,
Centre for Wildlife Studies,
Bangalore.

10. Smt. Vidya,
Asst. Commissioner, Hunsur.

Welcoming the members, the Principal Secretary (Forests), Forest, Ecology &

Environment Department, Bangalore initiated the discussion on the important issue of diversion

of the 10 kms stretch from Dammanakatte to Udbur Junction presently within the National Park

to stretch of 14 kms outside the National Park. The Chief Conservator of Forest (Project Tiger),

Mysore was asked to explain in detail about the feasibility of diversion with reference to the

report he has submitted.

The Chief Conservator of Forests (Project Tiger), Mysore explained the dire need for

diversion of this 10 kms stretch of road outside the National Park traversing through the

adjoining villages. The road and the resettled villages are in existence for more than last three

decades after the submission of the villages in the Kabini Backwaters in the early 70's.

The Project Director and Superintendent Engineer of the Karnataka State Highway

Improvement Project, Bangalore placed before the committee that their feasibility report consists

of two alternatives. In all there would be three proposals including one within the National Park.

The three proposals have the annualised rate of return of 12%, 9.25% and 8% respectively. As

per the norms of the Karnataka State Highway Improvement Project it would not be possible for

them to execute the two proposals outside the National park as the rate of returns was lower than



12% as per their norms. In the event of the committee deciding to have one of the two proposals

outside National Park the project of upgradation will have to be taken up by the Public Works

Department or by the Rural Development Department. The Project Director also raised the point

that this diversion to an outside stretch of road may require the clearance from the Hon'ble

Supreme Court for the two issues of Eco-Sensitive Areas restrictions and the stretch of about 1.7

kms running through the forest area within the National Park.

The Chief Conservator of Forest (Project Tiger), Mysore responded to this, by clarifying

that these two are not directly relevant to this present case in view of the fact that-the two roads) =. ss

i.e., the one within the National Park and the one outside the National park (including the stretch

of 1.7 kms within the National Park) are all physical existence since from mid 70's.

Principal Chief Conservator of Forests, Bangalore sought for full details of the Project.

The chief Conservator of Forests (Project Tiger) Mysore explained in chronological detail about

the project since the time approval of the Hon'ble Court to the present position of repair and

maintenance of the Mysore Mananthavadi Road.

The Chief Wildlife Warden expressed a point of view that the diversion will ensure

greater and fuller protection and free movement ofwild animals. Therefore the diversion should

be taken up.

Sri. Sanjay Gubbi of Centre for Wildlife Studies, Bangalore brought to the kind notice of

the committee that this diversion can help in higher degree of conservation of the wildlife and

hence advocated that the KSHIP authorities should take up this diversion of road to the outside

existing road traversing through the adjoining villages.



Smt. Vidya, Asst. Commissioner, Hunsur placed before the committee the view that the

Deputy Commissioner, Mysore also favours the diversion. Upgradation of this diversion

traversing through the villages outside the National Park, will be of immense help to the overall

development of the villages through which this diversion road passes and also which has been in

existence for the last more than three decades.

The Principal Secretary (Forest), Forest, Ecology & Environment Department, Bangalore

after reviewing the progress of repair of the road and considering the various points of view

expressed by different members concluded that the diversion proposal of 14 kms between

Dammanakatte Gate to Udbur Junction be taken up so as to completely avoid the usage of 10

kms stretch of road within the National Park, affording a greater degree of protection and free

movement of the Wildlife.

Sd/-
(Meera Saksena)

Principal Secretary to Government,
Forest, Ecology and Environment Department.

No: FEE 55 FWL 2009
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GOVERNMENT OF ANDRA PRADESH
FOREST DEPARTMENT

From To
Sri A. K. Naik, IFS, Sri B. J. Hosmath,
ChiefConservator of Forests & Chief Conservator of Forest,
Field Director (Project Tiger)
Project Tiger Circle, Srisailam. Aranya Bhavan, MYSORE.

Re, No. 4873/2009/PT.6, Dt. 20.8.2009

Sir,
Sub: Restriction ofpassing of vehicles through the forest from 9.00PM to 6.00AM -

implemented in Project Tiger Circle, Srisailam - Reg.

Ref: FAX message from the ChiefConservator of Forests, Project Tiger, Aranya Bhavan,
MYSORE.

This is to inform that the restriction for the movement of vehicles through Forest on the State
Highway in Nagarjunsagar-Srisailam Tiger reserve is being implemented for the last 20 years. The
vehicles are not allowed through the Forest Check Posts erected at the following places on the state
Highway.

1. Mannanur Check Post - Domalapenta Check Post 50 kms stretch
2. Dornal Check Post - Sikharam Check Post 45 kms stretch

The Notification issued for the restriction ofmovement of the vehicles through the Forest is not
readily traceable in this office and soon after it is available it will be furnished to the ChiefConservator of
Forests, Project Tiger, Aranya Bhavan, MYSORE.

This is for favour of information.

Yours faithfully
Sd/- A. K. Naik,

ChiefConservator of Forests & Field Director
Project Tiger Circle, Srisailam.

/It.0.b.0//

Sd/-

Superintendent
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L.A. Mos. 2079-2030, 2546, Ln WR (CNGces Pay
T.N. ODAVARMAM THIRUMULRPAD Petitioner (s)

VERSUS

UNION OF INDIA & ORS Respondent {s).
and len from filing 9.T.)

WITH
W.P.(C)NO, 301/2008
(With appln.(s) for ex-parte stay and exemption From filing O.T.)
AND 1.A.No.2068 in W.P. (C)NO.202/1995
(for directions)
AND L.A.NO.2223 in W.e. (C)NO.202/1995
(for impléadment)
AND T.A.Nos.2252~2253 in W.P.(C)NO.202/1995
(For permission and exemption from filing O.T.)
AND [.A.No.2276 in WP. (C)NO.202/1995
(for modification of order dated 14.2.2000)

Date; 04/05/2009 these Applns. were called on for hearing today.

CORAM :

HON' BLE THE CHILE TUSTICE
HON'BLE DR. JUSTICE ARIJIT PASAYAT
HOU'BLE MR. JUSTICE S.H. KAPADIA

Mr. Harish N. Salve, Gr.Adv. (A.C.)
Mr. Uday U. Lalit, me Adv (A.C.j
Mr. Siddhartha Chowdhury, Ady. (A.C.)
ME. D yi Ran, Adv. (A.C. J
Mr. P.R. Manbdhar, Adv. (NP)

Mr.Ohcouv Mehta, Adv.
Mr. Singh Beara, Adv,
Me 7 M t Abraham, Ary.
x o. 3S. .cabarish, Adv.
ror M/S. L.Mehra & aides,

Z,
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permissible unless speciiicaliy permitted by this

The recommendation of the C.E.C. is extended to the

of Shate of Himachal Pradesh except in rene af Khair trees trom

the non-ferest areas.

L.A. is disposed at agdexdingly.

Learned amicus has suages ted the name of Shri

©N.Rammohan, £.P.S. and Director General of B.S.E. (Retd.) as the

one Member S.I.T. The State of Maharashtra has no objection t>

this. Mr. Rammohan, can take the assistance of any person he

desires. S.I.T. is authorised to call for any documents/ records or

seek personal. assistance the concerned state ofLicer/state
funclionary in discharge of the duties. the S.f.7. Will file its

report to this Court at the earliest, preferably within a period of

four mouths.

I. A. Nos. 261415
As these matlers relate to the dispute regarding sume >

servire matters, we are not inclinrad go inte these matters on

merits. Accordingly, the applications are dismissed as withdrawn

with liberty te fhe applicant take any onhec appropriates action.

HA. QT.A

This san hes been Cited by rive Shale

permission far renavalion/conshrurtion of pive roads falling im
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5. during the night no movement of vehicles on the above stretchwill be permitted. The tra€fic will pass threugh the bye-passroad.
The recommendations are acceprable te the slate. F.A. is

(Km. 204/00) will be stopped; and

allowed subject ro fulfillment. of above recommendations by the
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SUPREME COURT OF INDIA
RECORD OF PROCEEDINGS

I A.nos. 2079-2080, 2031-2303, 2546, 2614-1615 IN WP (C) No. 201/1995

T N GODAVARMAN THIRUMULPAD Petitioner (s)

VERSUS

UNION OF INDIA & ORS Respondents (s)
(for impleadment/direction and exemption from filling O. T.)
WITH
W.P.(C) NO. 301/2008

= (With appln. (s) for ex-parte stay and exemption from filling O.T.)
AND I.A.NO. 2068 in W.P. (C) No. 202/1995
(for directions)
AND. I,.A.NO. 2223 in W.P. (C)NOQ....202/1995 Loca, or

(for impleadment)

AND I.A.NOs. 2252-2253 in W.P. (C) NO. 202/1995
(For modification of order dated 14.2.2000)

Date: 08/05/2009 These Applns. were called on for hearing today.

CORAM

HON' BLE THE CHIEF JUSTICE
HON' BLE DR. JUSTICE ARIJIT PASAYAT
HON' BLE MR. JUSTICE S.H. KAPADIA

Mr. Harish N. Salve, Sr.Adv (A.C.)
Mr. Uday U. Lalit, Sr. Adv. (A.C.)
Mr. Siddhartha Chowdhury, Adv. (A.C.)
Mr. A.D.N. Rao, Adv. (A.C.)

For Petitioner (s) Mr. P.K. Manohar, Adv. (NP)

Mr. Dhruv Mehta, Adv.
Mr. Yahraj Singh Deora, Adv.
Mr. Mohit Abraham, Adv.
Mr. T.S. Sabarish, Adv.
For M/s. K. L. Mehta & Co., Advs.



3. felling of trees in non-forest areas should be strictly regulated as

per the provisions of the Land Preservation Act, 1978; and

4. no felling of trees or non-forest use of area falling within the
National Parks and Wildlife Sanctuaries should be permissible unless

specifically permitted by this Hon'ble Court.

The recommendation of the C.E.C. is extended to the whole of
State of Himachal Pradesh except in respect of Khair trees from the

non-forest areas.

I.A. is disposed of accordingly.

I.A.Nos. 2079-80, 2031-2303, 2546 & W.P.(C) NO. 301/2008:
leared amicus has. suggested the name of Shri. E.N.Rammohan,

I.F.S. and Director General of B.S.F. (Retd.) as the one Member S.I.T.
The State of Maharashtra has no objection to this. Mr. Rammohan, can

take the assistance of any person he desires. S.I.T. is authorised to

call for any documents/records or seek personal assistance of the

concerned State officer/state functionary in discharge of the duties.
The S.1.T will file its report to this Court at the earliest,
preferably within a period of four months.

I.A.Nos. 2614-15:
As these matters relate to the dispute regarding some service

matters, we are not inclined go into these matters on merits.
Accordingly, the applications are dismissed as withdrawn with liberty
to the applicant to take any order appropriate action.

I.A.NO. 2068:
This application has been filed by the State seeking permission for

renovation/construction of five roads falling in Sariska Tiger Reserve.
C.E.C. has examined the same and made the following recommendations:

1. four traffic barriers will be erected and maintained by the

Forest Department at Kushalgarh Bharthari junction near 'Thank

you Board' and Ghata Bandrole for restricting the traffic within
the sanctuary;



ae

Ab

diversion boards at Ghato Bandrole, Kushalgarh and Bharthari
junction will be installed by the PWD. In addition two direction
boards indicating commencement of the sanctuary area will be
installed by the PWD at Natni Ka Baran and near 'Thank you Board'
(Km.204/0);

2.

the Tehla-Sariska road (State Highway 29-A) which passes through
the core area of sanctuary will be closed to traffic. The

existing road between Burja Tirya to Thanagazi via Kishori-
Ajabgarh will be repaired/renovated and used as an alternative

3.

road;

movement of the commercial vehicles on the State Highway No.13
between Kushalgarh Tiraya -(Km.196/0) to near 'Thank you Board'
(Km.204/00) will be stopped; and

4.

during the night no movement of vehicles on the above stretch
will be permitted. The traffic will pass through the bye-pass

5.

road.

The recommendations are acceptable to the State. I.A. is allowed
subject to fulfillment of above recommendations by the State.

T.A.No.2223:
The Tamil Nadu Electricity Board seeks permission to cut 738

trees from the reserve forest area for implementation of the Kollimalai
Hydro Electric Project at Kollimalai, District Namakkal. C.E.C. has

suggested the following conditions;

a) the tree felling will be done under the supervision and
direction of the Forest Department;

and
b) the tree felling will be kept to the barest minimum possible;



Implementation of the project and the directions/conditions, if any,

Stipulated by the Chief Wildlife Warden as strictly complied with,
Subject to this, the project is approved. I.A. is allowed accordingly.

Sd/- Sd/ -
(G.V.Raman) (Madhu Sexsena)
Court Master Court Master
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No. 3(1)-4/97-PT

Government of India
Ministry of Environment and Forests

(Project Tiger)
Annexe No. 5, Bikaner House
Shahjahan Road, New Delhi.

Dated the 19th March, 1998

To

The Forest Secretary
Government ofRajasthan
Sachivalya
Jaipur
RAJASTHAN.

Subject: Release of Financial Assistance for providing an alternative route to state Jaipur-Alwar Highway
passing through Sariska Tiger Reserve.

I am directed to inform you that Ministry of Environment and ForestS, Govt. of India having examined
the proposal received from the State Government of Rajasthan on the subject cited above has decided to

extend financial assistance of Rs. 3.50 crores under the centrally sponsored "Project Tiger Scheme"

subject to the condition that:

(i) The state Government would ensure that the throughfare of vehicles on the protion of existing
State Highway No. 13 in core area of Sariska Tiger Reserve shall be stopped all together within a

period of one year. The night traffic would be diverted from this road to the existing Kushalgarh-
Talvraksh-Ghat Toad with immediate effect.

(ii) The State Government would link talvaraksh directly to Thanagazri so that the residents of
Thanagazi are not required to take unnecessary detour via Ghata.

It is therefore, desired that the State Government of Rajasthan may assure the Central Govenrment to

fulfill these conditions, so that first instalment of Rs. 1.50 crores be released during the current financial

year. The balance amount ofRs. 2.00 crores will be released in the next financial year keeping in view the

physical progress of the work and diversion of traffic out side the core area of the reserve.

Thanking you

Yours faithfully

( ANOOP BADHWA )
Joint Director (PT)
Phone No. 3389645

Copy to:

ChiefWildlife Warden, Govt. ofRajasthan, Jaipur for information and immediate necessary action.

Sd/-
Joint Director (PT)
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eetrea wees arererreT oarFarerzor
National Highways Authority Of India

(Ministry Of Road Tranaport & Highways Gavernment Of India)

672
RTI ACT - Road Network _ NHDP _. Programmes Procurement 4 News Center NHAI Bonds_ Internal Mail.

The National Highways pe pe
Authority of India was
constituted by an act of
Parliament, the National
Highways Authority of India
Act,1988. It is responsible for Due in Next One Week

management of National
Highways entrusted to it and
for matters connected or
incidental thereto. The
Authority was operationalised
in Feb, 1995, Operat!

Status of issue of NOC for setting up of

; NHDP phase
Empaneliment of Financial Consultant

NIT, RFP

Road Information System(RIS- Hirir
(http: //www.nhai-ris.org))

Invitation of Bids for round the
District-Udaipur of NH-76 to

Related to Traffic Management / Road

mainline section of NH 33 to a 4 lar

Consultancy Services for Preparati
Sholapur - Latur - Nan

Independent Engineer services for
of NH-14 and -Radhan

Guidelines for Investment in Road Sector

Implementation of Shri B.K.Chaturvedi
Committee Report

Computerized Project Information
System(CPIS)

Map p of ail Completed Project in last five
years

List of PPP Projects Awarded During
2008-09 and 2009-10

Status Bill Payment at Head
Quarters/Details of Chq. Payment above

1.00 Lakh for outside Parties at PIU's/CMU's

List of PPP Projects for which bids are likely
to be recieved by 31.12.2009

LA STATUS(2009-10)

Work Plan I (2009-10)

Work Plan II (2010-11)

"The Project wise Details of
Claimed/ Assessed Technical experience

score of the Applicants who have submitted
RFQ Application for 44 BOT Projects under
NHDP Phase III & 9 Projetcs under NHDP

phase V"

Appointment to the Post of Stenographer in
the National Highways Authority of

India(NHAI) on contract basis in the pay
scale of Rs.5200-20200+Rs.2400 Grade Pay.

Appointment to the Post of "Accountant"
in the National Highways Authority of
India(NHAI) on contract basis with

consolidated emoulments of Rs.12,510/-.

Medica! Form.

About NHAI

Tenders e-Tenders

the development, MUZAFFARPUFmaintenance and

Two/Four Laning of Bakhtiarpur-K
Petrol/Gas outlet

g 4 lane of new Ranchi Bypass bet,
Condition / Safety/ Plaza Mana ement

Consultancy Services for Feasi

National Highways Authority of India (NHAI) is mandated to implement National Highways
Development Project (NHDP) which is

« India 's Largest ever highways project
« World class roads with uninterrupted traffic flow

The National Highways have a total length of 70,548 km to serve as the arterial network of the
country. The development of National Highways is the responsibility of the Government of India. The
Government of India has launched major initiatives to upgrade and strengthen National Highways
through various phases of National Highways Development project (NHDP), which are briefly as
under:

http://www.nhai.org/ 1/2
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NHDP Phase I : NHDP Phase I was approved by Cabinet Committee on Economic Affairs (CCEA) in
December 2000 at an estimated cost of Rs.30,000 crore comprises mostly of GQ (5,846 km) and NS-
EW Corridor (981km), port connectivity (356 km) and others (315 km).
NHDP Phase II : NHDP Phase II was approved by CCEA in December 2003 at an estimated cost of
Rs.34,339 crore (2002 prices) comprises mostly NS-EW Corridor (6,161 km) and other National
Highways of 486 km length, the total length being 6,647 km. The total length of Phase II is 6,647 km.

w NHDP Phase-III: Government approved on 5.3.2005 upgradation and 4 laning of 4,035 km of National
Highways on BOT basis at an estimated cost of Rs. 22,207 crores (2004 prices). Government approved
in April 2007 upgradation and 4 laning at 8074 km at an estimated cost of Rs. 54,339 crore.

NHDP Phase V: CCEA has approved on 5.10.2006 six laning of 6,500 km of existing 4 lane highwaysfo
4 1

4me fh under NHDP Phase V (on DBFO basis). Six laning of 6,500 km includes 5,700 km of GQ and other
stretches.

NHDP Phase VI: CCEA has approved on November 2006 for 1000 km of expressways at an estimated
cost of Rs. 16680 crs.
NHDP Phase VII: CCEA has approved on December 2007 for 700 km of Ring Roads, Bypasses and
flyovers and selected stretches at an estimated cost of Rs. 16680 crs.

This page was last updated on:
06 Jan 2010

Visitors:

Site best viewed in Microsoft Internet Explorer 6.0+ in 1024x768 resolution.

Home |News [Indian Road Network Mandate {Government Policy Incentives [Programmes | Project Maps [Concession Agreement
{Procurement {Organizational Structure [Contact |

Piu |
bea Cl

http://www.nhai.org/ 2/2



30.10.2009

log
SI No State Section NH Issue of Receipt of Award of Completion of Invitation of Receipt of |Finalisation of RFQ Submission of invitation ofLength

RFPNo. km RFP for Proposal work for Feasibility Study RFQ RFQ PPPAC Proposal to
DPR DPR Report/DPR Ministry

Jan-1046 Madhya Pradesh Umamala-Ramkona- SH19 ,250 68 Jul-09 Aug-09 Sep-09 Jun-10 Nov-09 Dec-09 Jan-16 NA
Sausar-Saoner {Project is proposed to

be taken up on EPC
under NH(O)

47
Dec-09Madhya Pradesh SH 26 70 Jul-09 Aug-09 Sep-09 Jun-10 Nov-09 Jan-10 NA Jan-10

Seoni
Chindwara-Chaurai-

(Project is proposed to

be taken up on EPC
under NH(O)48 Madhya Pradesh Multai-Chindwara SH 26 89 Jul-09 Aug-09 Sep-09 Jun-10 Nov-09 Dec-09 Jan-10 NA Jan-10

(Project is proposed to

be taken tip on EPC
under NH(O}

49 Amarwara-Umranala 75 Jul-09 Jun-10 Nov-09 Dec-09 Jan-10 NA Jan-10Madhya Pradesh SH 47 ,19 Aug-09 Sep-09
including bypass for

(Project is proposed to
Chindwara be taken up on EPC

under NH(O)
50 Madhya Pradesh Narsinghpur-Harrai- SH 47 89 Jul-09 Aug-09 Sep-09 Jun-10 Nov-09 Dec-09 Jan-10 NA Jan-10

Amarwara
(Project is proposed to

be taken up on EPC
under NH(O)Sub Total 978

51 6Maharashtra Amravati-Dhule-Gujrat 450 Oct-09 Nov-09 Dec-09 Apr-10 Apr-10 May-10 Tanto May-10Border

52 Maharashtra Khed-Nasik 50 180 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Juk10 Aug-10 Aug-10 Sep-10
53 Maharashtra 69 75 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Sep-10

Nagpur-MP Border
Aug-10

54 Maharashtra Vedishi-Osmanabad- 211 85 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
Solapur

55 Maharashtra 211 140 Oct-09 Nov-09 Dec-09 Jun-10 Sep-10
Dhule-Aurangabad Sep-10 Jul-10 Aug-10 Aug-10

56 Maharashtra/ Andhra 9Solapur-Sangareddy 234 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10Pradesh
Sub Total 1164

57 5Orissa Baleashwar-Baripada- 90 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
Jharpokhria (Jn of NH-5

Oct-19

with NH-6)
58 Orissa 6Chattisgarh Border- 50 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10Sambalpur
59 Orisa 6Bahargora-Sambalpur 370 Oct-09 Nov-09 Dec-09 Jun-10Sep-10 Jul-10 Aug-10 Aug-10 Sep-1060 Orissa Jn. With NH-6 at 42 261 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10Sambalpur-Jn. With NH-

5 in Cuttack
61 Orissa Birmitrapur-Palhara 23 128 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-1062 Orissa Talchar-Chandikhole 200 133 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10

http://www.nhai.org/Work%20Plan%2011%20%282010-11%29%20.pdf
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loz
Section NH Length Issue of Receipt of Award of Completion of Invitation of Receipt of §|Finalisation of RFQ Submission of Invitation ofSINo State

No. RFP for RFQ RFQ RFPkm Proposal work for Feasibility Study PPPAC Proposal to
DPR DPR ReportiDPR Ministry

Sub Total 1032

Jul-1063 Punjab SriGanganagar-Amritsar 15 172 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Aug-10 Aug-10 Sep-10

64 Punjab/ Haryana 71Jullunder-Jind 350 Oct-09 Nov-09 Dec-09 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10Sep-10
Sub Total §22

65 Rajsthan/Gujarat Padhi-Dahod 113 123 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jub10 Aug-10 Aug-10 Sep-10
66 Rajsthan/Madhya Jhalawar-Biaora 12 121 Oct-09 Nov-09 Dec-09 Jun-10 Jul-10 Aug-10 Sep-10Sep-10

Pradesh
Aver 0

Sub Total 244
67

fan-10
Tamil Nadu Thanjavur - Pudukkotai - 226 122 Awarded Jan-10 Nov-09 Dec-09 Jan-10 Mar-10

Sivaganga -

Manamadurai
68 Tamil Nadu Tiruchirapalli-Lalgudi- 45C & 227 135 Awarded Jan-10 Dec-09 Jan-10 Feb-10 Feb-10 Mar-10

Chidambaram &

Meenusuriti-

Jayamkondam-Kootu
Road [km 90.20 to km

93.00 (common stretch
with km 96.80 to km

99.60 of NH 227)1
69 Tamil Nadu Vikravandi- 45C 165 Awarded Mar-10 Jan-10 Feb-10 Mar-10 Mar-10 Apr-10

Kumbakonam-Thanjavur

Sub Total 422
70 7Uttar Pradesh Varanasi-Hanumanha 70 Oct-09 Nov-09 Dec-09 Jun-10 Jul-10Sep-10 Aug-10 Aug-10 Sep-10
71 Uttar Pradesh Lucknow to Raibareilly 24B 82 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
72 Uttar Pradesh Varanasi-Lucknow 56 300 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
73 Uttar Pradesh Chutmalpur-Saharanpur- 73 50 Oct-09 Nov-09 Dec-09 Jun10 Jul-10Sep-10 Aug-10 Aug-10 Sep-10

Yamunanagar-
Haryana/UP Border

74 Uttar Pradesh Moradabad-Aligarh 93 71 Oct-09 Nov-09 Dec-09 Jun-10 Jul-10Sep-10 Aug-10 Aug-10 Sep-10
its) Uttar Pradesh Meerut to Nazibabad 119 139 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
76 Uttar Pradesh Raibareilly to Jounpur 231 169 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-107 Uttar Pradesh Ambedkar Nagar to 231 287 Oct-09 Nov-09 Dec-09 Jun-10 Jul-10Sep-10 Aug-10 Aug-10 Sep-10

Banda
78 Uttar Pradesh Unnao to Lalganj 232A 68 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul10 Aug-10 Aug-10 Sep-10
79 Uttar Pradesh Nepal Border to 233 292 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10

Varanasi
80 Uttar Pradesh Meerut to Bulandshahar 235 66 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Juk10 Aug-10 Aug-10 Sep-10

81 84Uttar Pradesh/ Bharatpur-Mathura- Ju-1090 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10
Rajasthan Hathras

Aug-10 Aug-10 Sep-10
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$I No State Section NH Length Issue of Receipt of Award of Completion of Invitation of Receipt of |Finalisation of RFQ Submission of Invitation ofNo. km RFP for Proposal work for Feasibility Study RFQ RFQ PPPAC Proposal to RFPDPR DPR ReportiDPR Ministry

Sub Total 1684
82 Uttarakhand Dehradun-Chutmalpur- 72A 70 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10Roorkee

83 Uttarakhand Sitarganj to Tanakpur 125 52 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10

84 Uttarakhand/ Uttar

Sep-10
Haridwar-Kashipur 74 167 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10Pradesh

Sub Total 289
85 West Bengal Pundlbari to Baxirhat 31 46 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
86 West Bengal JHR/WB Border - Purliya 32 83 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10- Balarampur-JHR/WB

border-upto junction with
NH-33 at Chandil

(Jharkhand)

Sub Total 129]
Total Phase IV 8959

SARDP-NE
87 64Assam 37Demow-Dibrugarh Dec-09 Dec-09 Jan-10 Feb-10 Feb-10 Mar-1088 Assam Numaligarh-Jorhat 37 56 Dec-09 Dec-09 Jan-10 Feb-10 Feb-10 Mar-1089 Assam Jorhat-Demow 37 81 Dec-09 Dec-09 Jan-10 Feb-10 Feb-10 Mar-10Sub Total 201
90 Nagaland Dimapur-Kohima 39 81 Mar-10 Mar-10 Apr-10 May-10 Apr-10 Jun-10Sub Total 81
91 4Tripura Churaibari-Manu 90 Dec-09 Dec-09 Jan-10 Feb-10 Feb-10 Mar-1091 Tripura Manu-Agartala 110 Dec-09 Dec-09 Jan-10 Feb-10 Feb-10 Mar-1092 4Tripura Agartala-Sabroom 130 Jun-10 May-10 Jun-10 Juk10 Jun-10 Aug-10Sub Total 330

Total SARDP-NE 612
Grand Total 11721

http://www.nhai.org/Work%$20Plan%2011%20%282010-11%29%20.pdf
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Abbreviations

RFQ - Request For Qualification

RFP - Request for Proposals

DPR - Detailed Project Report

PPPAC - Public Private Partnership Appraisal Committee

(It is an inter-ministerial committee that needs to approve NHAI project proposal before NHAI can start the bidding process)
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Work Plan-if (2010-11)
SI No/State Section NH Award of Invitation of Submission of Invitation ofLength Issue of Receipt of Completion of Receipt of |Finalisation of RFQ

No km RFP for Proposal work for Feasibility Study RFQ RFQ PPPAC Proposal to RFP
DPR DPR MinistryReportiDPR

NHDP Phase-ll
1 Dec-09Assam Balachera- 31 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10

Harangajo
Sub-Total 31

Total NHDP Il 31

NHDP Phase-ill

2 Assam 44 116 Dec-09 Feb-10Assam/Meghalaya Dec-09 Jan-10 Jan-10 Mar-10Border-
Assam/Tripura
Border

3 Assam/ Mizoram 54Silchar-Kolasib 92 Dec-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10

4 Assam/ Daboka-Dimapur 36 & 124 Dec-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10Nagaland 39

Sub-Total 332
5 Manipur Maram-Imphal 39 85 Dec-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10Sub-Total 85
6 Meghalaya 4Shilong-Jowai 32 Dec-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-107 Meghalaya 4Jowai- 104 Dec-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10Meghalaya/Assam

Border
Sub-Total 136

8 Mizoram Kolasib-Aizwal 54 98 Dec-09 Dec-09 JaJan-10 Feb-10 Mar-10Sub-Total 98
9 Nagaland & Kohima-Maram 39 55 Dec-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10Manipur

Sub-Total 55
10 Uttarakhand Rampur-Kathgodam 87 88 Dec-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10

Sub-Total 88
11 West Bengal Barasat-Petrapole 35 Dec-09 Dec-09 Jan-10 Feb-10

60
Jan-10 Mar-10Sub-Total 60

Total NHDP Ill 854
j
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SI No State Section NH Issue of Invitation ofLength Receipt of Award of Completion of Receipt of Finalisation of RFQ Submission of Invitation of

No. km RFP for Proposal work for Feasibility Study RFQ RFQ PPPAC Proposal to RFP
DPR DPR Report/DPR Ministry

NHDP Phase-V

12 jAndhra Pradesh 5Vijayawada-Elluru- 198 Nov-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10
Rajamundry
Sub Total 198

13 4Karnataka Dharwad-Haveri 95 Nov-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10

14 4 Nov-09Kamataka Khagal-Belgaum 77 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10

Sub Total 172

15 Orissa Chandikhole-Paradeep 5A 80 Nov-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10

Sub Total 80

16 3Uttar Pradesh Agra-Etawah Bypass 125 Nov-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10
17 2Uttar Pradesh Allahabad Bypass- 160 Nov-09 Dec-09 Jan-10 Feb-10 Jan-10 Mar-10

Varanasi
18 2Uttar Pradesh Aurangabad-Bawra 220 Nov-09 Apr-10 May-10 Jun-10 Jub10 Jun-10 Aug-10
19 2Uttar Pradesh Etawah-Chakeri 157 Nov-09 Apr-10 May-10 Jun-10 Juk10 Jun-10 Aug-10
20 2Uttar Pradesh Chakeri-Allahabad 153 Nov-09 Apr-10 May-10 Jun-10 Jul-10 Jun-10 Aug-10

Sub Total 815

Total Phase V 1265
NHDP Phase-IV

21 Bihar Muzaffarpur-Barauni 28 107 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-19 Sep-10
22 Bihar Chapra - Rewaghat - 102 75 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10

Muzzaffarpur
Sub Total 182

23 6Chattisgarh Arang-Saraipalli-Orissa 150 Oct-09 Nov-09 Dec-09 Jun-10 Jul-10
Border

Sep-10 Aug-10 Aug-10 Sep-10

24 Chattisgarh Chilpi-Simga 12A 128 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
25 Chattisgarh Raipur to Dhamtari 43 72 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
26 Chattisgarh Dhamtari-Jagdalpur 43 222 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10
27 Chattisgarh/Jharkhan Pathalgaon to Gumala 78

Aug-10 Sep-10
130 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10

28 Chattisgarh Ambikapur to Pathigaon 78 85 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10

29 Chattisgarh Bilaspur-Ambikapur 111 190 Oct-09 Ju-t0Nov-09 Dec-09 Sep-10 Jun-10 Aug-10 Aug-10 Sep-10
30 Chattisgarh Raipur-Bilaspur 200 112 Oct-09 Nov-09 Dec-09 Apr-10 Apr-10 May-10 Jun-10 May-10 Juk10

Sub Total 1089
31 Himachal Pradesh Bilaspur to Ner Chowk 21 Oct-09 Nov-09 Dec-09 Jun-10Sep-10 Jul-10 Aug-10 Aug-10 Sep-10

Sub Total
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SI No State Section NH Issue of Award ofLength Receipt of Completion of invitation of Receipt of |Finalisation of RFQ Submission of Invitation of
No km RFP for Proposal work for Feasibility Study RFQ RFQ PPPAC Proposal to RFP

DPR DPR Report/DPR Ministry

32 Jharkhand Junction with Govindpur Jun-1 032 & 33 130 Oct-09 Nov-09 Dec-09 Sep-10 Jul-10 Aug-10 Aug-10 Sep-10
at NH-2-Dhanbad-

Bokaro-Ramgarh

33 Jharkhand Junction with NH-2 at 32 71 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
Govindpur-Chas-Upto
JHR/WB Border

34 Jharkhand/WB 6 & 33 150 Oct-09 Nov-09Jamshedpur-Kharagpur Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
Sub Total 351

35 Karnataka Hospet-Chitradurga 13 119 Oct-09 Nov-09 Dec-09 Sep-10 Jun-1 0 Jul-10 Aug-10 Aug-10 Sep-10

36 Karnataka Bellary-Gooly 63 77 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10

37 Karnataka Hospet-Hubli-Ankola 63 271 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Sep-10Aug-t 0

38 Karnataka Hoskote to Dobespet 207 89 Oct-09 Aug-10Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Sep-10

39 Karnataka Kozhikode(Kerala 212 & 67 63 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 hag 0 Sep-10
Border)-Gundlupet-
Coimbatore (Kerala
Border)

40 Karnataka Gulbarga-Bijapur- 218 200 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10
Homnabad

Sub Total 819
41 Madhya Pradesh Jabalpur to Lakhnadon 74 Oct-09Sep-09 Nov-09 Sep-10 May-10 Jun-t0 Jub-10 Aug-10 Sep-10

(km 471 to km 544)

42 Madhya Pradesh Jabalpur-Mandla-Chilpi 12A 189 Feasibility Study awarded by Ministry Dec-09 Jan-10 Feb-10 Mar-10 Feb-10 Apr-10

43 Madhya Pradesh Biaora to Rajasthan 12 Ext 66 Oct-09 Nov-09 Dec-09 Sep-10 Jun-10 Jul-10 Aug-10 Aug-10 Sep-10Border
44 Madhya Pradesh O'ganj to Betul 69 143 Nov-09 Dec-09 Sep-10 Jun-10 Jub10Core

Aug-10 Aug-10 Sep-10

45 Madhya Pradesh Betul to Maharashtra/ 69 115 Feasibility Study awarded by Ministry e-Dec-09 Jan-10 Feb-10 Mar-10 Feb-10
Madhya Pradesh border Apr-10

(km 143 to km 257)
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