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Important Note

Though all efforts have been made in this book to provide guidance
for all types of exhibits; while executing them in the zoos, they may vary
depending on topography, area available, climate and other on site
considerations. These designs should be treated as basic reference.
Further endeavour should be made to make all designs immersion type.
The designs of enclosures for conservation breeding and rescue centre
are different from these exhibits. Hence, the designs of all enclosures of
endangered species for the entire country and for all exhibits of North
East India (except for the exotic species) should be got approved by the
Central Zoo Authority before taking up their construction. The drawings
given in this book are conceptual designs and the structural details will
vary depending on site conditions and materials used, in order to achieve

structural stability.
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Preface

i There exist about two hundred facilities keeping wild animals in captivity at
present in the country. These were established at different times, beginning
from the middle of last century to the present, hence their objectives reflect the
philosophy prevalent at the time of their establishment. In the absence of any accepted
norms or standards for the zoos in the country, the quality and performance of
management of captive animals differ widely from institute to institute. This has been felt
by the members of the CZA's Expert Group on Zoo Designing while scrutinizing designs of
zoo enclosures. The designs of enclosures vary drastically for animals even of same species
from zoo to zoo. In order to remove this anomaly, the Central Zoo Authority decided to
have a comprehensive publication which can present the basic standard of designs where
the animals can exhibit their natural behaviour while ensuring their and visitors safety
besides providing pleasant visitors experience. This task was assigned to Civil Construction
Unit M/o Environment, Forests & Climate Change for bringing out this publication.

A group of experts was formed by Civil Construction Unit that included zoo professionals,
engineers, architects and artist for this purpose.

The expert group held a number of meetings to finalize the contents and the plans of
designs.

The publication includes principles of enclosures designing and to make the layman
understand about the components of an enclosure, a labelled diagram has been
presented. It will help the readers to understand different terminology used in the text.

The book has laid emphasis to develop immersion exhibits instead of stereo typed ones.
The enclosures here are so designed that it may resemble its natural habitat and the
visitors are placed in a similar landscape where he or she feels like being part of animal's
habitat.

Besides the above chapter, barriers for zoo animals, environment enrichment, signage,
waste management, drainage and power supply systems have also been described in
details for readers.

As regards designs of enclosures, the animals have been divided into twenty five groups.
These groups include all types of animals which are being exhibited in zoos in India. The
parameters on paddock, cell, kraal, moat, keepers' gallery, chain link fence specifications
and standoff barrier have also been provided.

Therefore, it is felt this publication will provide much needed guidance in designing of zoo
enclosures for the zoo operators, who can adopt them to suit their own conditions.

B. S. Bonal

Member Secretary
Central Zoo Authority
New Delhi
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Foreword

The increasing urbanization and development have created enormous
pressure on our natural resources. The government of India took initiative to conserve
wildlife by establishing a net work of 515 wild life sanctuaries, 105 national parks and
192 zoological parks in the country, but still a number of species are disappearing from
their wild habitat. It is felt that zoos may have to serve as the last bastion for some of the
threatened and endangered species.

In a span of two centuries of modern zoo history, the zoos in India evolved from
early menageries to the present day biological parks. After the establishment of Central
Zoo Authority in 1992, efforts were made to improve the conditions of zoos in India. The
Central Zoo Authority has been bringing out publications and conducting seminars and
workshop to improve the standard of existing zoos.

Central Zoo Authority felt that designing of enclosures on modern lines is a
nagging problem. There is acute shortage of professionals in the country to design
enclosures.

The Expert Group on Zoo Designing of Central Zoo Authority which reviews the
design proposals found it difficult to scrutinize them because they did not follow any
particular design elements, though minimum standards had been prescribed. The
comprehensive publication titled - 'Designing of Enclosures for Indian Zoos' brought out
by Central Zoo Authority through Civil Construction Unit of this ministry for enclosures of
different species will be useful to the zoo directors, engineers, architects and
consultants engaged in preparing enclosure designs.

It is hoped that this book will be the basic reference material required for
designing display of wild animals in captivity which will ensure their well being, excellent
visitors' experience and nature education.

| congratulate Central Zoo Authority, Civil Construction Unit and all the experts
involved for their hard work in bringing out this publication. . i
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Indira Paryavaran Bhawan, Jor Bagh Road, New Delhi-110 003
Tel. : 011-24695136, 24695132, Fax : 011-24695329
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1. Introduction

Though private zoos of Maharajas and Rajas in India operated since long as private
collections for their own entertainment and entertainment of their guests; modern zoos in India
started with Barrackpore Zoo in the outskirts of Kolkata
in around 1800 AD even before the establishment of
London Zoo. The honor of initiator of modern zoo
movement in India goes to Lord Arthur Wellesley, the
then Governor General of India, on whose instance this '
small zoo was set up to study the natural history of [
India and South East Asia. In a span of almost two §
hundred years of zoo movement in India, zoos have §
evolved from early 'menageries’ with dingy small
barred cages with heavy structural elements, iron bars |
and stone or cemented floors where the animals did
not have any freedom or to exhibit any of their natural
behaviour, to the present day 'biological parks'. This
metamorphosis has been brought about by the
historical, social, scientific and cultural environment
prevalent during successive epochs. Animals have 1900°
always been an integral part of the Indian ethos, hence, at any period of time; zoos reflected the
perceptions of the people towards these institutions.

The early zoos reflect our limited knowledge about the biology of animals during that
period. There was no concept of any theme or system for arrangement of cages.

Most of such zoos were established during later half of the nineteenth century. The animal
collections remained similar to that of a menagerie. The objective was to present exotic animalsin
somewhat spacious cages. The =
construction of cages, though, remained
similar but there was an attempt to
better understand the biological needs
of animals. Bear pits were replaced by
square or rectangular cages with thick
iron bars on three sides while on the
fourth side had the feeding chambers or
night quarters. Cages for large
carnivore, rectangular or square were in
two parts. The outer area, where lions or
tigers were kept during daytime
provided space for some semblance of
exercise and in most cases the floor was .
not paved and heavy iron-bars about five (Marble Palace Zoo, Kolkata)
to six meters in height with horizontal
elements of iron flats at one third and two third heights of the bars enclosed the outer area. At the
top, the iron bars, with their ends shaped like spear, were bent inwards in a loop so as to prevent

@
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the animals from jumping out. On the backside were
retiring chambers enclosed by solid walls with slits at the
top of the back wall to provide ventilation.

Carl Hagenbeck of Hamburg, Germany was the
progenitor to use reinforced concrete to design artificial
rocks, mounds and moatsin his zoo in 1907.

The innovations of Hagenbeck style of zoo
architecture and enclosure design can be enumerated as
follows: -

1. Use of dry moats or water channels as
barriers.

Use of artificial rockwork.
Overlapping vistas and panoramas.
Large open-air exhibits.

Display of groups of animals in their social formation.
Mixed herbivore exhibits.

Large monkey islands.

Large space and diverse terrain to accommodate social hierarchy.

DO O R CO S

Zoogeographic organizational concept of exhibits instead of taxonomic
arrangement.

10. 'Mega Zoo' concept for planned development

Zoos have been making extensive use of these designs since then. Galvanized steel,
stainless steel, or plastic coated chain link wire mess have been extensively used as barriers. Uses
of glass, fiberglass and polycarbonate sheets as barriers in aviaries, reptile exhibits and dioramas
have added new dimensions to the display methods for smaller animals and reptiles.

The modern zoos in India started in fifties of the last century after Indian independence.
Modern zoo like National Zoological Park, New Delhi was designed by Carl Hegenbeck. Nehru
Zoological Park, Hyderabad, Nandankanan Biological Park, Bhubaneshwar, Kanpur Zoo, Arignar
Anna Zoological Park, Chennai, M.C. Zoological Park, Chhatbir, Punjab and Indira Gandhi
Zoological Park, Vishakhapatnam etc followed design of Delhi zoo. They incorporated moatsasa
barrier in some of their enclosures which give them a natural look and much larger spaces for
animals housed there in. Today, India has 192 large, medium, small and mini zoos including
mobile circuses. Many enclosures still lack the basic amenities required for the animals housed
therein to exhibit their natural behaviour and ensure their safety and safety of the visitors and
keepers.

Another noteworthy exhibitory to be mentioned is the 'Safari Parks' developed in Europe
during late 1960's. In India, the first 'Lion Safari' was constructed at the Nehru Zoological Park,
Hyderabad by its first curator Mr. Pushp Kumar in 1975. This was followed by a 'Tiger Safari' and a
'Bear Safari' at the same zoo. Several other zoos in the country viz., Nandankanan Biological Park,
Bhubaneswar; M.C. Zoological Park, Chhatbir (Chandigarh), Renuka zoo, Renuka, Himachal



Pradesh; Bannerghatta National Park, Karnataka have established safari parks for different
species as appendages to the zoos. There are about 15 safari parks in various zoos and national
parks. The visitors are taken around in vehicles inside the safari parks where they can observe
animals roaming freely from very close quarters. In most of the carnivore safari parks, the animals
are taken inside the cells during night. During the initial period, the safari parks were very popular
but with passage of time their popularity has declined in some parks due to stereotype docile
behavior of the animals on display.

After the establishment of Central Zoo Authority in 1992, efforts were made to improve the
conditions of all the zoos and many zoos, which have no scope of improvement and were reluctant
to improve, have been shut down. Itis endeavour of the Central Zoo Authority to see that all the
zoos are brought to the international standard and have enclosures for different species or
animals where they can exhibit their natural behaviour, though in a zoo situation, space as much
as they enjoy in their wild habitat cannot normally be provided. All the zoos have been asked to
prepare long term Master Plan for their planned development in a phased manner. Many of them
have already complied with this and others are in the process of completing their master plans.
Once completed, they shall comply with the latest guidelines of the CZA.

But a nagging problem remains in designing of the enclosures on the modern lines. There
is acute dearth of professionals in the country to prepare enclosure designs for different species
for so many zoos in the country. Hence, the zoos opt to prepare enclosure designs by forest
subordinates or civil engineers who have hardly any experience in managing zoological parks on
the scientificlines. The Zoo Expert Committee of Zoo Designing of the Central Zoo Authority which
reviews these proposals pertaining to designs from different zoos finds it very difficult to scrutinize
them because they do not follow any particular standard, though some minimum standards have
been prescribed by the Central Zoo Authority, which the zoos have to follow while preparing the
designs. Hence, it was felt that a comprehensive publication should be brought out for designing
of enclosures of different species housed in the Indian zoos so that the zoo directors, engineers,
architects and consultants who are engaged for preparing the enclosure designs in future, will
make use of them and adopt them to suit to their zoo area, topography, climatic situation and
other local features including vegetation and aspect in case of hills, so that the animals in the zoos
can be exhibited in enclosures which allows them to exhibit the natural trait while ensuring their
safety, safety of visitors, safety of keepers and zoo staff and ensure facility for ease of treatment of
ailing animals in future. Civil Construction Unit, Ministry of Environment, Forests and Climate
Change was assigned the job of finalizing the publication by Central Zoo Authority.

The Civil Construction Unit approached Shri S K Patnaik, Member, Central Zoo Authority
and Dr. A K Malhotra, Ex-Curator (Ed), National Zoological Park, New Delhi, the expert, in the field
for active participation in finalizing the document. Accordingly, a committee was formed which
consulted the existing designs of different enclosures of prominent zoos of the country, referred to
latest literature available on zoos in India and abroad and consulted different zoo personnel to
bring out this publication which has attempted to provide principles of designing, characteristic
features of enclosures, its different elements, designs for enclosures of different class of species
normally housed in Indian zoos, their barrier requirement, enrichment, signage, standoff barriers
and the write up on immersion exhibits; which are likely to become characteristic of the modern
zoos of twenty first century. Some references have also been included for referring to them by the

zoo designers. \
X\ .
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Principles of
Enclosure Designing

While conceptual designing of enclosures for most animals kept in Indian Zoos have been
provided in this book, the situations like topography, availability of space, climate, aspect of hilly
terrain, financial outlay, visitation and vegetation etc play their role in exact designing of any
animal enclosure. Hence there will be variation in shape, size, barrier, placement in master layout
plan, and other elements of designing shall also vary depending on site conditions. Hence some
basic principles should be borne in mind while designing an enclosure at a particular site. They
are:

1) Topography: If the enclosure is to be located on flat ground and there is no other
constraint of space and funds, one standard design can be adopted. But in sloping
landscape, the following aspects have to be taken into consideration.

a) Natural waterway: Any natural water way should be completely avoided while
placing an animal enclosure.

b) Advantage of the slope should be taken and for the purpose the detailed contour
map has to be made use of and while designing the enclosure the contours should
be clearly shown in the plan for proper appreciation.

C) Care should be taken to see that the animal in the enclosure is placed higher than
the visitor or at least at the same level, so that the viewer does not see the animal
placed down below.

d) Advantage of the topography should be taken while designing an enclosure to
avoid unnecessary concrete/masonry work.

e) In a hilly topography, particularly in the Himalayan zoos, the aspect should be of
prime consideration and the enclosures should be planned in such a way that, it
gets maximum possible sun light and preferably gets advantage of the morning
sun. The predominant wind direction should also be keptin mind.

2) Shape, size and orientation: The shape, size and orientation of the enclosure shall be
largely dependent on the species to be housed, its habit, habitat and size. The enclosure
should be so designed that, while the animal can exhibit its natural behavior in it, the
visitor can see it without much effort.

3) Designing: While designing the enclosure care should be taken to see that geometrical
shapes like rectangles, squares and other shapes with sharp corners are avoided and
natural curvilinear shapes are adopted and concrete and masonry structures are suitably
camouflaged with boulders, vegetation or ferocement structures.

4) Enrichments: Environmental enrichment is a very important for any animal enclosure
and provides much needed activity for the captive animals who can exhibit their natural
behaviour through them. These artefacts should be of natural material like logs, vines,
poles, boulders, hollow trees and vegetation etc and not artificial steel, concrete or plastic
structures.



5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

Vegetation: As far as feasible, no natural vegetation should be destroyed or damaged for
constructing an enclosure. If unavoidable, effort should be made to minimize such losses
by suitable realignment. Trees should be maintained in a paddock, which will serve as
enrichment. Natural vegetation can also serve as screening between the enclosures and
between the main visitor circulation and the viewing area.

Viewing area: Efforts should be made to see that the enclosure is not directly viewed
from the main visitor path. Hence the viewing area should be screened through
appropriate vegetation, natural or planted or any other topographical features like
mounds, boulders etc.

Placement of enclosures: Enclosures should not be placed opposite to one another on
either side of main visitor path, which will involve unnecessary movement to both sides
and create confusion, due to which the viewers shall loose focus on any particular species.

Use of natural or artificial features: Advantage of existing natural features like
boulders, precipices, old walls, depression, and trenches should be taken of while planning
any exhibit and they can be used as barrier, water pool, enrichment etc in order to reduce
unnecessary earth work or artificial structures.

Minimum disturbance of the site: If feasible, there should be minimum possible
disturbance to the site involving removal or import of earth/boulders and use of cement,
cement concrete, steel or other artificial constructions. Wherever artificial constructions
are unavoidable, they should be suitably camouflaged through appropriate vegetation,
topographical features and their suitable placement away from direct viewing. Suitable
painting or use of boulders etc can also help in this effort.

Disposal of solid or liquid wastes: All enclosures should have arrangement for smooth
removal of solid and liquid wastes and their appropriate disposal including recycling.

Use of energy saving or renewable energy: Arrangement should be in place for
minimize use of power by switching to low energy consuming equipments like LED and use
of non-conventional energy like solar and wind energy etc.

Rain water harvesting: While water use should be minimized in all enclosures by using
suitable devices. Rain water harvesting may be adopted to supplement or to minimize total
water requirement.

Viewing: The viewing area, barriers and hedges should be so planned that the visitors
including small children get unhindered view of the animals and their paddock with all its
features. In case the viewing through chain link fence, the colour of chain link fence should
be dull black. Itwillaidin clear viewing the animal.

The viewing area should be planned depending on the daily visitation to the zoo, so that
unmanageable populationis avoided at any point of time.

Where there is rampart vandalism, glass barrier should be avoided.

Signage: Well designed signage with adequate biological and ecological information in
appropriate colour scheme with durable material should be placed at prominent locations
near the visitor area of all enclosures.

Screening: All adjacent enclosures should be screened from each other by suitable
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vegetation or other measures, so that neither of animals get distracted by the others in
adjacent enclosures and the visitors. The visitors are also not distracted by the animalsin
other enclosures.

16) Placement of enclosures: Enclosures of predator animals or birds should be placed
away from those of prey animals and suitably screened to prevent getting smell, view and
hear calls/roars of each other.

Many of the above aspects have been elaborated elsewhere in appropriate chapter of the
book, which should be referred to.

While submitting enclosure designs for any species to CZA for approval, an approved
layout plan indicating position of the proposed enclosure should be submitted for
appreciating its location with respect to other adjacent or neighboring exhibits, roads,
paths and other structures. Drawings explaining this are given in pages to follow :
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3. Characteristics of Animal

Enclosures

The general principle of enclosure design is to provide as much possible freedom to animal

as in its own habitat. Design should address the safety of animals, animal handlers as well as
visitors. The enclosure should have the following characteristics:-

1)

2)

3)

4)

5)

6)

Adequate display area (Paddock): Each enclosure should have adequate space to
meet the animal's biological requirements, movement, walking, climbing, jumping,
digging and running. There are animals which show aggression in behavior and fight for
territory, mate and food. The large area with topographical variations and screening etc
are some of the solutions which provide scope for the weaker animal to escape and save
itself from aggression of other animals. This also provides chance for the secretive animals
to escape from direct interaction with visitors.

Adequate number of cells: Itis always better to have 1-2 cells more than the number of
animals. It helps in cleaning and management operation. The animal gets adequate space
for its movement when sliding door is opened between two cells. While quite often the cells
will be surrounded by pucca wall and steel bars, in case of ungulates wherever feasible
wooden partition along with wooden doors and windows will be quite good. This will be
good for extreme climatic conditions and preventing injuries due to infighting.

Safety of animals: All holding areas should be designed without any sharp projections or
corners that may hurt an animal. Masonry edges should be rounded off and steel and wood
joinery embedded and hidden. In other words, there should not be any protrusions which
may injure the animal.

Safety of zoo keepers: All holding areas for aggressive/dangerous animals must have
vestibules with double doors, safe zones, feeding and watering slots to allow remote
operation. Old enclosures that do not have these features should be modified.

Visitor safety: Zoning off service areas from the public automatically adds to visitor
safety. Guard rail of appropriate strength (safety barrier/stand off barrier) should be such
that only vertical bars are used or at least horizontal bars are not used so that people
cannot climb over the barrier. Chain link mesh is an economical option. The distance of
guard rail from moat wall for ferocious animal should be 1.5 metre. The area between the
moat wall and guard rail should be planted with thorny hedge in all carnivores. This is
especially required at areas with dangerous animals. Of course the main barrier should be
so designed that the animals housed therein cannot escape in to the visitors' area. The top
of barrier wall should be sloped inwards to prevent visitors from sitting on it.

Signage: Afew zoos in India have good signages of any kind with good warning signs. Itis
time for all zoos to take human life and nature education seriously and invest in signage
systems that include comprehensive warning signages. Long-lasting materials that can be
used include aluminum and aluminum-composites, powder-coated steel/aluminum and
acrylic.
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7)

8)

9)

10)

11)

12)

13)

14)

15)

Escape proofing: It must be ensured that the enclosure is safe and secure. The
vulnerable points for escape of animals are moats, chain link fence and vertical bars etc.
The size of moat or barrier should be such that animal can not jump over. The height and
specification of chain link fence be such that it prevents animal escape. The broken and
loose fence should be repaired immediately. The masonry work should be checked and
repaired regularly. The gap between vertical bars of cells should not be such that it
provides space for escape.

Provision of kraal: The kraal is an important component of an ideal exhibit. Itis used for
isolation, treatment and rearing of young ones. It also provides shade and sun to the
isolated animal. It can be with top open or closed depending on the animal housed

Ease of treatment: Each night house should have a squeeze cage particularly for
carnivores that aids in proper handling of animal while administering medicine or in minor
surgery etc.

Enrichment of enclosures: Each enclosure should be provided with habitat and
behavioral enrichment as per requirement of the species housed. They should merge with
the landscape, look natural and natural materials like logs, boulders, bamboos vines etc
should be preferred.

Water supply and drainage system: Each enclosure should have a haudi (surface
storage tank) for adequate storage of water. There should be regular supply of drinking
water. A provision of drain for the draining of washing and urine must be made. The drain
should be regularly cleaned.

Power supply: Each enclosure should have adequate power points so that electrical
gadgets could be used as per requirement. But, the fixtures should be adequately
protected to prevent any accident due to their tampering by animals.

Ventilation and sun: The night house should have adequate ventilation for fresh air to
pass. Some provision should be made for the direct sun light to fall in the night house
exceptin case of nocturnal animal house.

Keepers' room: A small room with built in shelves or racks should be provided so as to
store implements and equipments etc besides a wash basin/sink for cleaning.

Preventive maintenance: To avoid any accident in zoos, preventive maintenance
should be planned at a fixed frequency which should include monitoring and maintenance
/ repair of deteriorated elements of zoos.

CHE



4. Elements of Enclosures

Front barrier: This is a barrier which separates the exhibition area of the enclosure or paddock
from the visitors' viewing area. While this barrier separates the viewers from the animals housed
in the enclosure, it also ensures safety of both and at the same time does not obstruct or hinder
the clear viewing of the animal and the landscape.

Rear or side barrier: This barrier is meant to keep the animal safe from any intruder, human
and non-human (including feral animals). This may or may not visually obstruct and the material
used shall depend on the habit of the animal housed there. It is meant to keep the animals safe
and to prevent escape.

Standoff barrier (SoB): This is a type of low height barrier that is meant to keep the viewers
away from approaching the front barrier and to prevent any proximity to the animal, when it
approaches the front barrier. This also prevents unauthorized feeding, teasing, molesting of
animals and prevent intrusion into the enclosure by children. The distance between the moat
wall and stand off barrier should be 1.5 metre in case of all carnivores. The area between these
two should be planted with thorny hedge.

Hedge: A low green hedge is normally placed between SoB and the front barrier to prevent
people from venturing beyond the SoB to approach the front barrier and provides aesthetic
appeal to the enclosure and is an essential requirement.

Keepers' gallery: It is a space provided for the 'Animal Keepers' in the night shelter of the
animals for their movement while providing service to the animals who come for feeding and
resting in to the night shelter. This gallery provides them protection from sun, rain and wind etc.

Feeding cubicle: Feeding cubicles are small rooms provided to individual (non-herd) animals,
outside the 'paddock’ where the animal is provided food, water etc. It is also used for resting at
night.

Paddock/display area: This is the main area, often reasonably large in size, where the animal
spends most of its display time where visitors can view them with ease.

Kraal: Thisis a large enough area, often open from the top or covered with wire mesh etc. in case
of climbing animals, where an animal can be kept isolated from the animals on display. This area
provides space for injured animals, mothers with cubs or aggressive ones, which cannot be
released to the paddock with other animals.

Feeding kraal: This type of kraal is covered with wire mesh/nylon net. Here the
herbivores/flightless birds can be fed with ease away from visitors, while keeping the feed safe
from intrusion by feral animals and birds. These feral animals and birds often take away feed or
contaminate them and may also injure the animals concerned.

Environment enrichment: In zoo conditions the animals/birds are removed from their natural
habitat and brought to a limited space. In order to allow them as much freedom of displaying their
natural behaviour as possible, different artefacts like vegetation, logs, dead branches, caves,
pools, wallow ponds, sand, vines, nest boxes, rock/wood crevices, tunnels, appropriate
substrates, undulations and rocks are provided inside the paddock and feeding cubicles for

@
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removing monotony and boredom, providing exercise and activities. This is called environmental
enrichment.

Squeeze cage: This is an adjustable cage, which is used for restraining animals, particularly
carnivores and bears, for ease of treatment of animals. This is usually kept fixed in the night
shelter, often attached to one of the feeding cubicles, where one of the sides of the cage remains
fixed while the other is moved through mechanical means, to restrain the animal into a small
space, where it cannot move, whileitis physically examined and treated.

Rodent proofing: Rats often borrow into the animal enclosures and take away the feed
supplied to animals and sometime injure birds and small animals. They may also spread disease.
It is essential to make them rodent proof. To do this, usually R.C.C. bottom is provided below a
earthen substrate of sufficient depth. Besides arrangements are made so that the rodents cannot
getinfrom outside through the wire mesh barrier or doors etc.

Snake proofing: Snakes are also a menace and have to be kept away from the enclosures,
particularly of birds. This is achieved by suitable arrangement in the plinth and use of appropriate
opening of wire mesh.

Water supply: Potable water is essential for all animals housed in enclosures, besides cleaning
water is required for cleaning the floors, feeding platforms, water troughs etc. This is required in
the feeding cubicles, paddocks, kraals and keepers' gallery. Arrangement for inflow and outflow
should be made for regular refilling and removal of waste water.

Waste disposal arrangement:

Solid wastes disposal: Arrangement should exist for taking away and suitably disposing the
solid wastes like feed wastes, bones, faeces etc. away from the enclosure on daily basis.

Liquid waste disposal: Arrangement should be available to drain out liquid wastes like waste
water after cleaning of enclosures, urine etc. so that it can be drained away and suitably treated
before disposal or reuse.

Power supply: While the paddocks are usually not illuminated, arrangement of power supply
should exist in the night shelters, so that it can be used in case of an emergency. Flood light
arrangement may be required, which of course shall be very sparingly used. While doing so, care
should be taken to see that the power lines and fixtures etc cannot be touched or tampered with
by the animals. Other electrical gadgets will be essential for meeting situations like extreme
climatic conditions. Provisions for the same should also be made in order to save energy.

The following labelled enclosure plan gives an illustration of various enclosure elements for
proper appreciation while referring to the text.
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Immersion Exhibits (Nature
Immersing Exhibits/ Enclosures)

Public zoos in different parts of the world started more than two centuries back in the
beginning of the 19" century or sometimes later. Zoos were almost like circuses which were
providing entertainment to the visiting public, who were getting entertained by often interacting
with animals by poking, shouting or gesticulating. For this purpose, they were being kept
confined to very small spaces secured by strong steel bars or kept in small well like structures. As
the time passed, people started becoming more and more concerned about their welfare and
started providing more and more spaces to them to facilitate their free movement and to exhibit
their natural behaviour, though still being kept behind bars. Subsequent to this, more and more
natural surroundings and spaces were provided and thus recreation rather than entertainment
which was earlier the motto of the zoological parks cameinto vogue.

From the early 20th century, some large zoological parks in the world and in India also
started exhibiting some charismatic animals like tigers, lions, chimpanzees and gorillas etc., in
large moated enclosures where animals and their surroundings were clearly visible without any
artificial barrier and provided large spaces for their movement.

Second half of last century started with creation of quite a few public zoos where the state
governments and the union government started setting up new zoos with greater emphasis on
conservation education. The zoos like Nehru Zoological Park, Hyderabad, National Zoological
Park, New Delhi, Nandan Kanan Zoo, Kanpur Zoo, Arignar Anna Zoological Park, Chennai, MC
Zoological Park, Chhatbir, Punjab and Indira Gandhi Zoological Park, Vishakhapatnam came up
with Bhubaneshwar very large moated enclosures in next three decades.

After creation of the Central Zoo Authority in 1992, a workshop was held in Hyderabad in
December, 1999 where a vision statement “Strategic Vision 2010” was adopted with the following
statement.

'‘Our zoos will have healthy animals in eco-system based naturalistic enclosures
supportive to in-situ conservation with competent and contented staff, good educational
interpretative facilities, and the support of people and be self sufficient.’

Of course, the term of “Immersion Exhibit” has been used in different parts of the world in
zoo designing in last two decades; which means, while the animal exhibited in enclosures which
are so designed that it resembles its natural habitat and visitor is placed in such a similar
landscape, where he or she feels like being part of the animal's habitat and is not distracted by
other artefacts and does not feel that he/she is viewing animal in a closed and artificial
environment of the zoo.

It is admitted fact that so far very little efforts have been made in India to create
immersion exhibits. Of course, by default the few safaris and walk through aviaries are forms of
“immersion exhibits”.

Attempts should be made in zoos where the visitor is placed in such a situation where he or
she does not hear or see other activities in the zoo and is fully focused on the animal in its habitat



being viewed. While observing its natural behaviour in a properly designed exhibit, aided by well
conceived educational tools, the visitor tends to appreciate the ecology of the animal much
better than he or she would do in a conventional enclosure. In other words; such an exhibit is
intended to show the animals in context of nature, rather than enclosure architecture. Hence,
while the architecture is subdued, due prominence is given to the habitat in which the visitor
immerses. Even this experience can be further enhanced with sound effects of flowing water,
drizzling, sounds of small animals and appropriate lighting etc.

In a design of such exhibit, it is essential that each enclosure including its entire visitor
area, whose approach and its surrounding has to be dealt with as an independent entity and
should be sealed out notonly from other exhibits but also from the main visitors circulation. This
can be done through appropriate slopes, boulders and other suitable visual barriers like
vegetation for transporting the visitors to the complete world of the animal which is being
viewed. The barriers separating visitors from the animal have got to be camouflaged in a way that
it does not create any visual obstruction, while both the animals being viewed and the viewing
public can remain safe from each other through appropriate design elements.

Just by making a design of immersion exhibit, whole purpose for which such an enclosure
is being made will not be fully served; unless the enclosure is provided with proper behavioural
enrichment that allows the animal to exhibit its natural behaviour as it would exhibit in its own
wild habitat.

Several forms of enrichment can be provided, which can include live trees, logs or
branches, natural or artificial vines, vegetative groves or bushes, properly designed natural
looking water pools, water-falls, flowing water steams, wallow ponds, dust baths, rubbing posts,
caves, boulders, cliffs, earth substratum, nesting materials or grass etc. This will depend on the
needs of the species housed. Care must be taken that artefacts which are totally artificial like
steel play equipments taken from the children parks, automobile tyres, hume pipes, discarded
jeeptrolleys, concrete structures are avoided.
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Picture of an exhibit showing immersion effect
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Of course, it is also very much necessary that the barriers should be so designed that they
do not create any visual obstruction and merge with the surrounding of the enclosure. Such
barriers can be in the form of moats or depressed walls suitably finished to give natural look with
water channel, hedges, rocks or boulders, low fence, power fence, glass or piano strings etc. It
should be dependent on the habit, size or strength of the animal which is being housed in the
enclosure and all efforts should be made to see that the barrier does not visually stand out.

Section of moat of immersion exhibit

Care should also be taken to see that two adjacent enclosures are hidden from each other
by using appropriate vegetation or landscape features that enables the animals in them not to be
disturbed by each other's behaviour. This also allows the visitors to focus on a particular exhibit
not being disturbed by view of the animals in the other exhibits, thereby loosing focus on the
animal and its surrounding being viewed.

Care also must be taken to see that the animal houses, the barriers and other artefacts
which are placed away from the visitors are also designed in such a way that they do not stand
out from the surrounding, due to massive concrete structure, bright colours or prominent
placement, thereby distracting the visitors. This can be done through appropriate landscaping,
manipulation of vegetation, stone cladding, suitably painting the structures and giving them
right texture that merges with the surrounding landscape.

In other words, such an enclosure should be able to create aniillusion of a 'protected area’
when viewed without any visual or auditory interference by activities in the surrounding
landscape occupied by other animals, visitors and their activities or other zoo structures.

gl



6. Barriers for Zoo Animals

In recent times the Indian Zoo Policy has termed barrier as “Enclosure Barrier - means a
physical barrier to contain animals within an enclosure”, This policy further goes to state
“Whenever itis technically feasible, only moats shall be provided as enclosure barrier”.

Why this stipulation? Because till very early 20th century almost all zoos kept their large
animals behind bars in small cells like in the jails.

It was Carl Hegenbeck, who first attempted to revolutionize enclosure designing by
constructing first bar less enclosure in the new zoo at Hamburg Stellinger in Germany in 1907.
London zoo followed suit constructing its first moated enclosure in 1913. In 1919 St. Louis zoo
also erected its moated enclosure. But it was the Paris zoo, which for the first time incorporated
moatsin many of its enclosures in the year 1934.
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Bar barrier

The concept of moated enclosure came to India with the designing of National Zoo, New
Delhi which was opened on November 1, 1959. Incidentally Carl Hegenbeck was also one of the
advisor for designing of this zoo. Of course very few Indian zoos did construct isolated moated
exhibits for some of their charismatic large animals even earlier. In subsequent years Hyderabad,
Nandankanan, Kanpur, Vandallur (Chennai), Chhatbir (Punjab) and Visakhapatnam (AP) zoos etc
incorporated moats in their exhibit designs. Now many Indian zoos new or old have many moated
enclosures as many of them have large spaces available in their zoo premises.

In order to provide near natural habitat to the zoo animals, safaris were thought of, where
animals moved freely over several hectares of open land, fenced all around and visitors moved
within the safaris in closed vehicles. The first such safari was established in Longleat as late as
1966. Barely a decade after in later part of seventies, Hyderabad zoo constructed its first Lion
Safari. This was followed by Nandankanan, Borvilli, Chhatbir, Vandallur and Banerghata
(Karnataka) etc.

Whatever may be the type of enclosure or safari all such exhibits need some sort of barrier

@
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to keep the animals safe and the people safe from the animals. Barriers in the animal enclosures
inthe zoo need to serve many purposes in order to be really good and effective.

The followings are the qualities of a good barrier:

Safety & security of animal on display

Safety & security of the visitors

Safety & security of keepers and other management staff

Prevent escape of zoo animals

Ensure proper visibility of animals

Facility for day-to-day working like cleaning, feeding, observing and treating
Merging with the enclosure design and surrounding

Aesthetically appealing

Reduce stress to the animals

Though moats are generally preferred due to their bar-less appearance, offering full and
unobstructed view of the animals to the visitors, they cannot be constructed everywhere due to
shortage of space, topography, location, soil conditions and other considerations. There are
many types of barriers in use in different parts of the world depending on convenience,
topography, animal exhibited, space available and budget. Some of them are listed below:-

Types of Barriers:

Steel vertical bars

Horizontal pipes

Chain link/Welded mesh

Glass

Concrete or Stone wall (vertical)
Natural Cliffs

Dry/Wet moat

Hot wires (from mains or solar powered)
Piano wire

Shrubbery

Psychological barrier

Rubble wall

Wooden stockade

Fully covered enclosures



All the above type of barriers use different materials for erecting the barrier, which is also
dependent on climate, topography, aesthetic appeal, cost, availability of the material, animal
being housed and other factors. The materials generally used are:

The materials which may include in barrier construction may include:

Cement concrete
Acrylic/Fiberglass
Brick & mortar
Rubble and mortar

Laterite blocks and mortar

Chain link mesh and angleiron / rails / welded mesh

Pipes /angleiron/channels etc

Mild steel

Stainless steel

Wroughtiron

Aluminum

Nylon nets

Laminated toughened glass/ordinary glass
Steel wire

Wood

Bamboo

Cement concrete
Reinforced cement concrete
Ferro - cement

Rubble masonry

Loose boulders

Laterite blocks

Vegetation

Combination of one or more materials and other suitable materials depending on
its availability, cost, site conditions, purpose of use, longevity, animal to be
restrained and other considerations. Many more materials may come to the market
in years to come. Their use may also be considered depending on their respective

suitability.
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1. Moats as barriers:

While moats are being advised as good barriers for enclosures in most cases, they have
limitations. They can be completely dry or can be filled with water. Dry moats are often
preferred as the water requirement for the zoo is drastically reduced and stagnation of
water is prevented, thereby reducing water pollution and contamination. But in certain

cases water acts as a barrier for animals which are afraid of going into the water even if the
depthis very small. The types of moats commonly used are given below:
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One sided slope dry moat
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Two sided slope dry moat
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One sided slope wet moat

Used to cover a complete enclosure, where it is difficult to hold an animal through
perimeter fence as they can climb. They are also used in inclined fence, where a portion of
the fence is erect while upper portion is inclined towards the inner side to prevent a
climbing animal to escape.

Stand-off barrier

One sided slope dry moat barrier with stand-off barrier >3
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Besides moats there are many other types of barriers which can be effectively and
aesthetically used for different purposes. They are described briefly with sketches.

2. Chainlink wire mesh / Welded wire mesh barrier

Chain link wire mesh is being increasingly used as barrier in place of bars. They are either
used from the viewer side or around safaris.

RN

Vertical Mesh Barrier with Inclination

Itis also used to cover a complete enclosure, where it is difficult to hold an animal through
perimeter fence as they can climb or fly away. They are also used in inclined fence, where
a portion of the fence is erect while upper portion is inclined towards the inner side to
prevent a climbing animal to escape. To prevent leopards and jaguars from escaping a
steel plate at an angle of 120 degrees to the vertical is also welded to prevent jumping
animals to escape. Some monkeys can also be restrained if trees, branches etc can be
kept sufficiently away.

e A g

Covered chain link wire mesh barrier
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Sometimes smooth steel sheets or other materials are used on the upper portion to prevent
escape.

4--5TEE|. PLATE
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Vertical wire mesh barrier with steel plate at gooseneck portion

Vertical wire mesh barrier

Welded steel wire mesh is also sometimes used but the chain link mesh is more effective,
durable and stronger.

3. Reinforced post barrier

Sometimes reinforced post barriers are used to hold strong animals like elephant, rhino or
gaur which do not jump. Here the erected posts are held by RCC foundation while they are
further supported by struts placed at an angle from outside. The horizontal posts, usually
three or more are fixed to the vertical posts on the inner side. The specification of the
posts shall depend on the strength and size of the animal.
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RCC post barrier

4, Depressed vertical barrier

In order to conceal the barrier from the visitor, a depression is created and the vertical
barrier of any material is placed within this moat, so thatitis not visible to the viewers.

P M

*u 1'-1

Depressed vertical barrier

Sometimes this effect is obtained by creating a depression immediately inside the parapet
onviewers'side.

5. Cattle-proof fencebarrier

This is used around enclosures of hoofed animals. A shallow moat is created
withhorizontal pipes which prevent escape of housed animals and the barrier cannot be

seen by visitors,

Cattle proof barrier



@

Horizontal fence barrier

In this type of barrier also a shallow moat is made and a mesh is horizontally placed, held by
a frame, so that animals cannot walk away over this without their feet getting trapped.
They avoid walking over this fence. This has a good concealed effect also.

+d For, "y

Horizontal fence barrier

Hot-wire barrier

Power fences powered by electricity or solar power are also used to hold the animals quite
effectively in many cases. This is quite inexpensive, but the power supply should be
uninterrupted and tampering should be prevented. Sometimes warning signals are
incorporated in the design, so that an alarm is sounded when the conductor is snapped.
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Hot wire barrier

Glass barrier

Glass barriers are used with good effect. Now with development of very strong glass, they
are even used to hold deep water and also can provide good barrier for even quite strong
animals. This is quite effective in indoor exhibits in cold regions. Where there is rampart
vandalism, glass barrier should be avoided.
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Glass barrier
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9.

10.

11.

Piano-string barrier

Tensioned vertical wires are also used for holding flying birds, as it does not obstruct the
view of the viewers. This is exclusively used for the birds and bats etc.

IR N4

Piano string barrier

Wall barrier

Walls of different materials can also hold animals.

==
br- =

. Wall barrier

Even climbing reptiles can be held with smooth inner wall. This can be used as perimeter
fence of enclosure also from the viewer's side.

Behavioural barrier

In this case virtually no barrier is provided, but the animals are provided their food and
behavioural needs inside the exhibit, which is surrounded by a dwarf wall or a shallow
moat. As the complete need of the species is satisfied inside the exhibit, the animals do
not venture out of such exhibits. Very careful planning is needed for such exhibits. Usually
small primates are kept in such exhibits with proper conditioning.



Behavioural barrier
12. Ha-habarrier

Here the advantage of the habit (non climbing or jumping) of the animal to be housed is
taken. And alow sunken wallis provided. This is quite well concealed from the viewer.

~rire,

Ha-ha barrier

13. Natural/artificial precipice or depression as abarrier

Sometimes advantage of natural precipice or depression is taken to confine the animals
depending on their habit. Artificial ones can also be created for simulating habitat of the
species housed.

14. Curtainbarrier

Sometimes hanging chains are also used as barrier to confine the birds and bats etc. Their
use is limited mostly to entrance of such confined enclosures when the visitors or keepers
enter through two parallel curtain barriers. This is used generally in nocturnal animal
houses or walk through aviaries. Double gates or revolving gates also meet this
requirement.

PAS
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Curtain barrier

15. Vegetationasbarrier

Some animals (small ones) can be confined quite effectively with shrubs properly used as
fencing. However, their use is limited.

Yegetation as barrier

16. Stand-offbarrier (SoB)

Standoff barrier is provided to keep the visitors away from the main front barrier. This is
necessary in order to prevent approach of children and others who often interact with the
animals and feed them. Sometimes they harass them also and in retaliation ferocious
animals attack them. Varieties of materials and specifications can be used as a standoff
barrier. Materials like stainless steel bars, steel pipes, horizontal RCC concrete railing, and
chain link mesh/welded mesh, bamboo, timber, thick wire, synthetic or natural fibre
ropes, metal chains etc are used. They should be spaced apart from the main barrier with
intervening space. They should be made with stout material to prevent breakage and
there should be no scope of people standing on lower members on the standoff barrier.

Stand-off barrier
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According to CZA guide lines the SoB should be 90 cm away from the main barrier to
prevent reach of the visitors and it should be 90cms in height to facilitate viewing.
However, the distance of standoff barrier from moat wall is recommended as 1.5 metre, in
case of carnivores, with thorny hedge in between in view of some incidences which
happened earlier where visitors entered inside the paddock. Some zoos place chain link/
welded mesh on the moat wall as a SoB. This defeats the very purpose of a moated exhibit
and a SoB.

Jaguar exhibit Showing stand off barrier at National Zoological Park ,New Delhi

Types of barriers recommended for different types of animals:

Animal/ Examples Front barrier Rear barrier
bird type
Terrestrial species | Tiger, Lion U/Trapezoidal shape dry or wet U/Trapezoidal shape dry moats or

with some jumping
& climbing ability

moats with or without glass
viewing, structures at special
viewing areas.

high chain link fences or high/
concrete rock walls

Terrestrial climbing,
jumping

Leopard/ snow
leopard

U/ Trapezoidal shape dry or wet
moats with incline/hot wire, with
or without glass viewing structures
at special viewing areas.

High smooth wall/ chain-link wire
mesh fence with inclined steel
plate at gooseneck portion.

Terrestrial species /
jumping

Jackal, Wolf, Hyena

U/Trapezoidal shape dry moats
with or without chain-link wire
fences.

U/Trapezoidal shape -dry moats or
chain-link wire fences or walls.

Arboreal species /
climbing

Himalayan Black
Bear, Sloth Bear,
other bears.

U-shaped / Trapezoidal shape dry/
wet moats

U-shaped/ Trapezoidal shape dry
moats or high smooth walls or
overhanging rock walls or high wall
or chain-link wire mesh with steel
plate at gooseneck portion.
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Animal/
bird type

Examples

Front barrier

Rear barrier

Arboreal species/
jumping & climbing

Monkeys, Langoors
and apes

U-shaped/Trapezoidal shape dry
moats, shallow wet moats, netted
aviaries with glass viewing

U-shaped/ Trapezoidal shape dry
moats or shallow wet moats,
netted aviaries or high wall with
overhang or chain-link wire mesh
with steel plate at gooseneck
portion.

Terrestrial species/
jumping

Blackbuck, Spotted
Deer, Barking Deer,
Sambar, Nilgai,
Flightless bird

Trapezoidal shape dry moats /
sunken walls chain-link wire fences
or concealed cattle grid in
depression

Trapezoidal shape dry moats or
chain-link wire fences or rock/
concrete walls

Terrestrial /
non-jumping

Gaur, Wild Boar
Rhinoceros,
Elephant

Trapezoidal shape dry moats/
horizontal bar/concealed depressed
barrier. Cattle grid for gaur

Trapezoidal shape dry moats or
low walls (clay banks), cattle grids
(gaur) / horizontal bar

Aquatic & semi-
aquatic species/

Hippopotamus,
Crocodiles, Otter,

Wet moats (exhibit pools)

Low walls with clay banks.

non-jumping Tortoise, Turtle,

Terrapins
Flying terrestrial Flying bird Chain-link wire mesh with top cover| Chain-link wire mesh with top cover
aquatic
Crawling and Snakes and Glass. Chain link mesh for large Walls with top partly covered
climbing Amphibians snakes like python

/X
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7. Environment Enrichment in

Animal Enclosures

However much we intend to give a large space to any animal exhibit in a zoo condition, it
will certainly not be possible to do so. Even if there is possibility to provide large spaces to some
smaller animals and birds, it will not be possible to provide them their own natural habitat in
captive conditions partly due to want of space, topography, prey base, besides necessity of
proper viewing conditions for the visiting public. Sometimes they are brought from far off places
to totally alien environments removed from their own habitat conditions including climate. As a
result, they cannot exhibit their natural behaviour and tend to behave in peculiar manner often
exhibiting stereotyped behaviour, bore dome, swaying, sleeping for long hours, lack of appetite,
picking of feathers of mates, rubbing parts of the body and many other behaviour not natural to
the species. This affects their well being and health conditions. The visitors also do not like to see
animals and birds in such pathetic state.

In order to obviate this, enrichment of enclosures with the right types of artefacts,
topography, lighting, vegetation is absolutely essential. Many studies in zoos in different parts of
the world have indicated that most such conditions can be remedied through appropriate
environmental enrichment of the animal enclosures. These enrichments stimulates natural
behaviour like climbing, jumping, scratching, running, rubbing, hiding, sun bathing, wallowing,
digging, mating, nesting, acrobatics, playing, swimming and flying etc. and depend on area and
topography of the enclosure. This can be best achieved by knowing the behaviour of the animal in
the wild and simulating it fully or partially depending on the local conditions.

Lion - tailed Macaque island at National Zoological Park, New Delhi

@
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Good enrichment materials or artefacts are water pools (shallow or deeper), wallow ponds, logs,
dead or live trees/branches, vines, both natural and artificial. Live vegetation like shrubs or
grasses, hollow logs, nest boxes, caves, ledges, rock crevices, steep slopes, boulders, streams,
artificial waterfalls, tunnels or earthen substrates etc. are often used in different zoos. The
general topography is also altered to suit the animals' behaviour. Staggering of food
presentation, hiding favorite food material, placement of food etc also stimulates activity in
animals concerned. Lot of work on this has been done by the Wildlife Institute of India, Dehradun
through a project sponsored by the Central Zoo Authority. This can be referred to provide
effective enrichment for different species in the zoos.

But care should be taken to see that the material used is safe for the animal concerned,
keepers and visitors. They should preferably be natural materials rather than artificial ones made
of plastic, concrete or steel. They should not have pointed ends or sharp edges and should not be
brittle. Otherwise the animals can be injured or some of them can use them as weapons to attack
keepers. They should be permanent or semi permanent in nature obviating the need for frequent
replacement.

Activities can also be stimulated by periodically changing the position of different
artefacts within the enclosure and placement of food.

(Three drawings can show some types of good enrichment materials indicated above and
those like swings, slides, vehicle, bi-cycle tyre, hume pipes, steel cages which should not be used
as enrichment)

(i) Picture of a good enrichment



(ii) Picture of a good enrichment

s

(iii) Picture of a bad enrichment

gl
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8. Design of Enclosures

Vegetation buffer wish hedge

\firwing nren

E
&
:

Water hncy

Crresin

Fening Cell

TIGER /LION ENCLOSURE
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SMALL CATS RATEL & HOG BADSER ENCLOSURE

LAVDLIT PLAM OF SMALL CATS, RATEH,,
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LAYOUT PLAN OF PORCUFIME EMCLOSURE
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NS O HRTR
MHIEILVAZITE TR0 TLES

o Bumopss > g

=

JapLDg fpa pUALE mEpaH ——

DI | AL YLy

JIE=TTEEu T TR N a T e FT
apsmu proopd ag) 4w srappon aucys unpou “slo| wepooy, G

WQGT # FROYE
aoumy sy Jo yybyey “paruoa)eh ag pinoys 1) paen abook
O @ WEGA LGy §0 a5 0 3] 0L B 30WRE |5FN sy B
‘g wUOGOE Puo Spim B (Ogg 3G Pineys soow Aig 4
PAuawnd 29 pineys Bupsoo)uspngg ks puo ew
[HI02 =Y4PIN. J2 XI5 WAL U L0 3] pneys gl aday g
W Q= P URSOONE
= yubua| ag ppnoys 2015 S1p pun e Loy Bupee) Jan ey
g1 0 |[n 50 R0 WIOppod o) apmaad ag peys Wieed w G
WS D08 29 pinoE ErE ek

oy ure g3
T dpeie g0 30 pnoys dusa)0f 5 Jadsay o sa0p autding E
FRLLUEE 3
Pineys (o Buspasy gy po Bupang ay ) wepgz= syl puo
WUOOOE M, SO0 <] 3G pnoys s (jas Gugeey ayy, ‘2
wbs ppg
WML B PNOLE SUNMEO[3US | Be $0f o o sopped By ]

—“S310N

FHNSOUINE HITHLSD
FIETANG MOUFES  T137 IHIELLIW JO MV

e Ok
reo
el R
02 OE
- o il (s
0% gk i
e
w2 O i
-
i g
W N OE
=g
“ o5
—” e ——
R s -0 dujuy
L | p e T
DM 2
D E |
e T 1) gLy
Battan,

= HITYLSO




Designing of Enclosures for Indian Zoos 2014

EHARIAL, MUBEER AND EXOTIC (RO -

78




wE Jag4ng

sbipay
sR1IDg }10 puols

Apog umOM, -

FUSfsT

wod Buyprey

A W) DEEE Fra 0 PG e A 1) M
EREHE [P U0 e Bq pRRals b1 g G pinogs sy Boeg

£ puD 3qurbey] 9 pineys wod Buipjoy 4o vaso oyy

1§ w0 D
TP o LA 3 pneys wonpped @y op aeh Aagug p

Tl ApDyE e papAaed B0 J5nil Haeepad
T M N PATES WA R AT 35 PPRYS SRR [

D). ) [y 3 g Wi DD
LhUnpG] B ySng WAOp | G PR Lt ¢ L8 pUBLS g

abnob g o sy x UGy 338 Jo pun oty welnonE
§0 U U UTDND g m pRUARDD G PInys I Baman o)

LT R 53 g i
YL PUS FROLE I3 471 S SR0W B0 PIOYS 5 |fEM 908
FapiH 3 RN
ywhs g nogn jo Apogsom wyy e uns peysbep
00 WHDOOZ A PRoys Apog saiow sy pegichp jubs
00 2-051 PUD B0 RN S pnayy fpe Ring 3

11 0 - 05 59 PIDSYR HIPAZ0L o) DRI YD5pRey ]

“=3L0N

SIH0HD JLLCKT ANV SHISNW
SWIHVHS 40 MOILI3S

‘SI0ET ITLOKT OV SHISSTM TEIEYHS 40
HITedwa LNOE4 40 TI¥L13a

SI0HD JLLOXI ONV ¥399NW “TWIdvHT




Designing of Enclosures for Indian Zoos 2014

MOLLYAZTE TWHOLL23S

L
[ [ Sk
AT
Lﬂu.h._.. i ke
g sewph penemga
® ot TR QAT e FRLaR33 (T -
L LR o o
iy

WRUQCOE Jo UmLste
3 PPOYR FRNG| S B3 Jo [ a0 syBey sy g
4N 0 agn
40 wnisiaad 42 it SER0 |fD U§ YO 3 LS Sas0)g |
PERINEUE T L SRR JSTENT L
Saad T i S0 B Ry (@ gl e Apee Jaing @
SR NN PRIIAN 3G FINCWS 4ind 5 JOLEA T

BT wwT 04 pue sy peegine
B S ABvan W [ BE RIRSYE SBLLDS )0 RS

P A FYL AR WS B YL
PAOAD 2. DA B iy s Lo 08 WoLL0S Byl s psegns
= pynoys weysiod dog 3y 4oys o5 35 w0 40 pas)
s5B pauayney. o 3q pneys ansopouR 3y 4o 30 Bupmay, |
RS BRLIED Y3 PRIBADT 3G RO
(125 gL |0 pag P pUD EEmEE 00 i WMET M RSP TR
| WA ke ErRBAR B OGS 18 8 BEID RIEST E

wie gy - ayous  pun wbs g - veypld ams g |
-53LON

TETR TR Ll PR

Ty




SHIgveual dnv Ienl 35101400
40 NOTLYAFTE TWHOTLIFS

i) |

ey
i g3 e
SOE AN,
.
Ba.m Epmag
WEIRY ) W DD PR 303 § o
By Wy oD Wik DOOT B9 PIMOYS Sanlite 110 puByg 'S it
By
G 40 BTURS MUK IDY2 PADY PINOYE 3PS Bumaiy 9 sonaane 1y puosg
I“M-H_._.E ¥ BIFRH
| o ybmy “Ju | g pinays y2oppod sy of 2406 Aug g S
1 4o pyBiay o ojdn puneun oo aagase

(0 [[B4 2145 AQ PADUNGG 33 PINGYS 3JNS0UE 8L ‘b
FICEY I un DR
T 40 yidap
D U 4am pajLeas pup T be p 2 pnoys Apeg Jauom ¢

aEnplE 1%
WANG X Uidigey Jo 355 J0 8oumyj sl wi)| wioyd yjes
SAPIE P UD PAJBADY AW 27 3G pinoys subray s 2

yuwrbs gof-gg =widoasas pubs
08 =203’ 40 bs OG-0 =26104.404, ~:0u0 yIoppod Yy |

=5310M

SMIdvEHaL ONY S3TLENL
'FETI0OLE0L 40 NV LNDAYT

SNIYRIAL QMY T1LaNL 35101801




Designing of Enclosures for Indian Zoos 2014

( SQYOL QMY 59084 )
NOLLYAZ1E T¥NOLLI3AS

L o RS

{Frieuree) reop® uyEne L
SI0LGIN U} YIS

- papiam,

= bl

i aO0E 0 Pl friedBASD B i gl RICRIRIA 2} SRR B

“mEaznd B pREyE Ap oo SEjSm g pUB ByRRY BT PERGEE SN |y g
BT L wpes BUUEEA BUd WKEY ADMD ST

G PEYS § pUT (B WREnG T FINEYE RITLLDS |0 ey

B SR WAL LTS
Y4 GuEEd B P Y PN e | 62 By YT PlsELme B
praoys usygaod dog auy g0y a5 AqBun uo 4o paceyd BG pRAYE 48 FUD

weryf prumyine 40 2 FINGYE FOEOPUE 3 5 A e g
w04 Yapom

PR WO dafEry [0 20 FNGNSE [[aF age Je 2k Aeeg g

W QOOE 3 PR 1[0 g o sybEe g
e g ) 3T jo

S RPN L4434 PAIBADY B9 BIROLE PUS U0 3L 00 P
QG Jo Yadep oy

PR 3] FiEYS 4 puR ‘whs p e preys Spsgasan, 7

“wiles (] 20 pynoys asnsopoe Boeag @y 10 oaun yooppod ayy ]

—~S3I0N

( $QvoL NV 59044 )
d LNOAY 1

- SQAVOL QY S50ud







Designing of Enclosures for Indian Zoos 2014

Buipifs din 0% ot 2
o581 FapE -05 11

O DM LN L0 iy e )

Tand 30 PREE PR WTES 5

wunmcym by, o] g enacusp sgnoy jyBey g
2unb Luabana Joop 3pgrap v aq pRoys By L

U D L PRI R RS LR Ao
Daj S0 g S0 gL LRl 0 Sagol Sy UDOMU3G DU DY)

SN |EJOS O §0 SIS WL
el §0 305 sop Hqnep B9 pRow uoges o aebdgug g
HEONE B X WLEDHG X LAMOE <D PINCNE W R
§5 SETS R S D S Sk T e B pnOUS T
e ) B peecLy o S Bune sy | o jeaan
!FED.EEUE_“ Luﬂml.ﬂr!—.dﬂu.i—u-ln_uun_u__ Hr_._.
godag sw g gepySey Jo B PRy $0us |y e ey e
YE0@ Wwbs Q- 30 PINDYS 3T R0y Cf
(LML B DAL RS ENE PR AmE Y

RUnLIRY GF 39 PPOYE TAID YOopRoy |

=5310ON

FONYELNT 900J 378N0J

EBHIAD WY

—— "N

g i D GEES

3L¥9 JONWHELNG 40 NOLLVAI T3

u..._.!_u.h-.
BN EHE TR SR S S MY

Ievdws NOTT ¥ 33511 40
THEHZ INIUFES S NI 40 NYTd
i - o
L |
(P Buapeeay
snLig oy
b
[-r=a
wbs oot - 08
£ = [Py
YIS MO § E33L

l
0



Tav4dvsS dv3a 40 NV Td LN0AYT

(m4nE 5 1

premgrissc 208

(%06 3yqmep )

Jny yme y ol aoumsgug

L IGRGG- #G PINSYE R Y Oy s e SE
oeppod spuoway aaufop g oy uo u poupu) oyd page
Ay g T e g o aylimey o g p ey s o) ) Emy
ooy |ayog
Apoq i,
8 B /2 {2an> Bupday
L CER L E




Designing of Enclosures for Indian Zoos 2014

1dvd¥s dv3d 40
1132 9NIQ33S 7/ SNIHILIE 40 Ny AoMYELNT H00d 378N04d

LHINANMA

Al B ———

L”_

[IT-2% |

|12 Guspraay

‘BINS0IUD
drag Jad s 2q pinoys 2snoy by 2o wesuawNg 1]

A
4D

4
Aun e Jadaay
&
o e - e e e e

4

o

o]

I
0

™1

4

[

RECETRVEIT- T
JBPUN 3P0W 34 PINOYS Wwood Jadasy o uoisimedd v o0l

! . 1 m.u_.um_H_ ]

LR BH L B
LHIM paIBA0D 30 pINCYSaL0h omy uaamieg oD 2y 5
‘mrand 3G pinays 4 pum Yidap u wsgog
pun whs o[ -9 29 pineys Apog Jasowm ayy Lo DauT
Ayl papwadsd ag pinoys Apog Jajom Jo sou ¢ al £ g

Taond 2g pNOYS POOJ (D405 S JL¥9 IONVYELNG 4O NOILYAIN3

ed Jann qoyg

[ - jooay

2408 AxuabBiaun s0ap 2QROD © 3G pRoYS 4ay) 9

“ENG 1GT4ES T 40 3TIS 2L
Jad 50 206 3)gnop 2 pINoYS LoJes Jo aob Aug g

6D g Jo WAIgGEEMWDG §0
ag PROYE YEAU juuioyd ja alig yreppod spaoma)
raubap 09 #bun uo 40 pau Ul 24Dyd [2ELE I0IM WG

it Gl pa By pa g pROYS BIUE4 U WogD

=

. ) 24o)d pauiul
yava whbs BOT-0B 29 PINOYs 3TIS [DO0JY E Ya1m FTUS YSIUW JUIUIEYS

.E
(HIE * (AMMWOR'T * (UG, 7 29 pinoys a8 |23 7
JBLT3Y [ 3G PINGUS TR0 HIOPPOY ]

~5310N
[HY4YS Hv38




Id¥V4VYS JH0AIEEAH 40 NY1d LNOAYT

[ wi=E- s |
ayeis dauafiseuy JEMOE WTROM R 2488 ssunAug

Sy

W fr 42 5 Ly - S FNOHE §ETW HUimys - 22D
W 'F 0 by g0 3 Bifioigs 5uay Wy W
e e

e RIVAYS FHONEHIH




Designing of Enclosures for Indian Zoos 2014

D0 e U s ceds gorou
a4l wod- FURTEE | [ 25708 |-._m_.. ,S5OWE SR MEa JGTTU DAL TR
s i A D e G e e e e
b e o i
Y. - R T Rl o TR T T = -] [T == I T T
RN R - R Bl S b P 1L I - T P
nzand 99 B s pom poeg G

pEh AR W Mg da] ©

SN mli®pWt F pEECOLY
e oAl S0 wh B SR 2 T0GE OGS b bl S

T Iy L T S = R [T SR T T R R TH]
WG T PN 0 ) NS S0 Y | Ui

e s b o
TR E D BT B e IR L A T R N I

R AR T Rl LR RE |

~E3L0H

TAV WS FElnI843H 40
T3 INTHILIE S0 M 1d

B 1
-

_

W

L 1
L w
(e
i F L.
s
BT
ay n
—
F -
A
dare 1]
PY I
g
w i
s
- Bl
ey
"

LOCART AL S oM ELMT
L= A ]

N T

1]

=
o

Y|
RS

FLvS NI LM 40 MOTLEATT

L L
EH =L B e

- [ dw'S IHON BHIH

i
0



9. Signage in Animal Enclosures

The 'National Zoo Policy, 1998' states that “Attractive and effective signage methods and
interactive displays to explain activities of various species to visitors, published education
material and audio-visual devices are proven methods for driving home the conservation
message. Besides signage, the zoo shall also use guided tours, talks by knowledgeable persons
and audio-visual shows for effectively communicating the message for conservation to the
visitors.”

Normally a lay person or a child, who visits any zoo, just looks at a collection of wild
animals which he or she does not normally see in his or her surrounding and goes back without
knowing anything about the animals, their habit, habitats, physiology or ecology.

In most zoos signage contains a picture of the animal displayed, its common name and
scientific name. Some others go on to provide their distribution, reproductive biology and their
status in the wild. Of course, some zoos have attempted to provide very elaborate information on
their habit, habitat, and classification, distribution worldwide including their various sub-species
and food requirement and ecology. Hence their content varies from barest minimum to too
elaborate, printed in very small fonts. The former types virtually does not provide any nature
education while the elaborate ones are not usually read as the visitors do not have time for the
same and the fontis too small and often difficult to read.

The sizes, colour and colour schemes, material used and contents all vary widely from zoo
to zoo. Even, the signage in the same zoo often differs in shape, size, material used and
text.Some zoos use only one language like their local language, Hindi or English.

The signage location in respect to the enclosure is also different. Some place them inside
the enclosures which are rather unreadable by the visitors; some others place themin a cluster. In
other cases a single signage provides information on all the species displayed in a cluster of
enclosures. Except for some zoos, the signages are not attractive to the visitors and are not
placed at a right place and height to make an impact on the visitors. It at times seems to be quite
confusing. This happens due to non-availability of funds, want of expertise or lack of proper
guideline for a proper signage.

Hence the enclosures should be so designed and contents so provided that the zoo visit
becomes more effective as the visitors take back some information while having a pleasant
recreational experience.

While making and placing a signage the following aspects may be keptin mind.
1. Design and layout

The overall appearance of signages can have a significantimpact on their appearance and
readability. The more legible the signage becomes, the greater chances of its being read.

Some design features to be keptin mind for effective signages include:

. The signages should be of sufficient size to be read from a comfortable viewing
distance.
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. Cramming too much into a signage should be avoided. Space between the various
design elements (titles, text, and illustration) will make it easier to read and have
greater visual impact.

. There should be approximately 10 words on each line, and between 40-65
characters (including spaces).

. The text should be broken into paragraphs using headings and subheadings.

. Information should be presented in layers.

. Use of capital letters except for short titles should be avoided as it is difficult to
read long texts in capitals.

. A uniform style (font size, typeface) should be used throughout the text.
Underlining words and use bold or italics may be done only for special emphasis.

. Simple and clear font such as Helvetica, Arial, Optima or Times may be used. More
than two or three different fonts should not be used per sign.

. Letters spaced too closely together or too far apart are difficult to read.

. Font size should be big enough to read at a distance of one or two metres. The

smallest readable font size is 18 points. A font size of 22 points is easier on the eye
even from a 2 metres distance.

J The type should contrast clearly with the background e.g. dark type on light
background or white text on dark backgrounds.

Note: Red ongreen and green on red should be avoided as colour blind people will not be able to
distinguish.

An example of possible layering with text

Level Content Text type Font size
1 Title Very big and bold 48 points
2 Subheadings Big and bold 36 points
3 Body text Medium 22 points
4 Picture captions Small 18 points

The most effective signs communicate to their audience through clear, concise and legible
messages.

2. Pictures

Use of symbol is effective to communicate basic facilities as well as warning or danger.
These are especially useful where the audience may either be illiterate, or do not know a
particular language.

Signs are more attractive if they include visual elements (diagrams, maps, icons etc.) that
relate to the content of the messages.




3. Positioning the signhages

The first rule of attracting visitor attention is to ensure that signages are placed where
they will be seen. To do this, one needs to have some idea about the visitor movement in the zoo.
Visitors are most likely to stop at signages displayed that are close to the centre of their line of
vision.

Signages should be placed within easy viewing distance not across the moat, or at one
end of a very large enclosure, so that the information can be related to the exhibit being viewed.

It is important also to consider whether the space around the signage is open or large
enough to accommodate the volume of visitors at a given time, or will it lead to crowding?

The height of the signages is also an aspect to be considered. Several researchers have
suggested that the best option is to have the centre of the signage at adult eye height. But others
feel that this does not consider the large numbers of children that visit zoos. About 80 cm above
the ground is a good height. One attractive option that considers both is to place signages at a
lower height but to angle them upwards.

As ageneral rule, signages should be mounted at right angles to one's line of visitation.
Some other issues that may be considered:

. Available lighting (sunlight and artificial lighting)

. Glare and reflection on the signage
. Position of sunlight it is difficult to read signages with bright sunlight behind them.
J Appropriate colours to be used for the available light conditions.

4. Types of signage

The important consideration in choosing the type of signage is to go for the purpose of the
signage, and the resources available (budget, technology, materials and expertise). Interpretive
signs can be made of a range of different materials and designs. Simple inexpensive signs can be
made of paper or cardboard which has been laminated with plastic to make it waterproof. Signs
made of more durable materials such as wood, metal or enamel is generally more costly and
complex to fabricate.

Temporary signage is useful for announcements such as a new arrival in the zoo, an
animal’s birthday, an event (a painting competition or film show). It can also be used for seasonal
displays (flowering of a tree, butterflies around certain plants, arrival of some migratory birds
etc.) For this a laminated paper/cardboard sign is useful. One option is to have a set of frame
stands with aremovable sign face made and kept ready for use as and when required.

Alternately the laminated signs can be pasted/hung up or pinned at the required placed as
well as near the entrance to inform visitors about the events.

Permanent signs are made to last several years and can be used for directional and facility
signs, as well as animal enclosures.
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5 Child-friendly display

Many displays are too high or too complex for children. Some design elements that help:

. Displaying some items or texts at 'child-friendly' heights or on the lower half of a
large board with more visuals and simple text.

. Providing a viewing platform for children to stand on, with suitable safety

precautions.

. Cutting 'peep holes' in front of some exhibits at various levels to allow viewing by

children of different heights.

. Incorporating display boxes on the floor (especially to display simple maps,
models of ground dwelling creatures etc.)

Temporary Signages

Used for: seasonal displays, new developments
(work in progress), visitor management,
testing new signages ideas.

Materials
A signage frame made of metal or wood.

A signage face made of paper or cardboard
which has been laminated with plastic.

The text and images may be done by hand or
on a computer.

Installation

Easy to move the signages frame with one or
two painted legs which can simply be pushed
into the ground (if it is not too hard or rocky).

Advantages
¢ Flexible (easy to change)
e Inexpensive to produce

e Allows you to be responsive (e.g. to events,
current environmental issues or commonly
asked questions)

Disadvantages

e Need regular replacement (high
maintenance)

Permanent Signages

Used for: features of general/historic interest,
year-round displays, permanent collections.

Materials

A signage frame may be made of metal or wood
and plinth constructed of cement concrete or
stone masonry.

A signage face made of baked enamel, vinyl,
plastic or aluminum. The text and images may
be hand-painted, silk-screened or computer-
generated, depending on the technique used.

Installation

Depends on the design. Signage posts are
typically concreted into the ground.

Advantages
Long-lasting (low maintenance)

Disadvantages

e Plant displays may die or change (so the
signages become obsolete)

¢ Inflexible (not easy to change)
e More costly to produce



6. Materials and Techniques

The range of materials and techniques for fabricating signages is constantly expanding.
Choice of material is often based on the kind of 'look’ that needs to be achieved. There are several
other factors which need also to be considered also. Some of these are:

The content: How detailed, how much text, graphics and type of graphic, colours
Thelocation: Outdoor (blending with surroundings and weather considerations).
Indoor: Lighting conditions

Susceptibility to vandalism and amount of handling (e.g. an interactive sign)

Maintenance: Is regular upkeep and maintenance possible? (Are there financial and
human resources available for this cleaning & repairing?)

Project lifespan: How long are the signs expected to last? (Sometimes the displays may
change, or the visitors may like to see something new).

Availability of resources: The budget available (both for fabrication as well as
maintenance), the designing facilities, the technology available.

It is worthwhile to explore local resources in terms of painters, illustrators etc who can
contribute in this respect.

Along with the signage, it is equally important to plan the base of the signage, material to
be used, the cost, and setting them up. Regardless of the material chosen, on-going maintenance
and upkeep (cleaning etc.) is vital if signages are to remain effective.

7. Maintenance
Signage can be affected by time and weathering, accidental damage, or vandalism.

Poorly maintained signages are not only difficult to read, but also send a negative
message to visitors. Regular preventive maintenance is essential to ensure the quality of the zoo
communication.

The zoo management needs to have a system in place for regular inspection of signs,
upkeep and repair. This is cheaper than replacement of badly damaged signages. Funding for this
purpose needs to be builtinto the budget for signage development and fabrication.

8. Some materials and techniques
Type Characteristics
Anodized aluminum Hard anodized aluminum plate. Only black and white printing

possible. Long-lasting, weather-proof and excellent for
outdoor use. Minimum life span 10 years.

Vitreous enamel with Screen printing on vitreous enamel plate. Only two or three

screen print flat colour printing possible. Resistant to extreme temperature
changes, high humidity, oil and most chemicals. Minimum life
span 5 years

@
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Type Characteristics
Vitreous enamel hand Hand painted illustrations on vitreous enamel plate. Multi-
printed colour painting possible. Resistant to extreme temperature

changes, high humidity, oil and most chemicals. Minimum life
span 5 years.

Ceramic tile screen print | Screen printing on ceramic tile. Only two or three flat colour
printing possible. Resistant to extreme temperature changes,
high humidity, oil and most chemicals. Minimum life span

5 years.
Aluminum composite Retro-reflective graphic pasted on aluminum composite sheet.
with graphic Corrosion-resistant, light weight and durable. Minimum life
5 years.

Vinyl sheet on aluminum | Vinyl sheet pasted on aluminum composite plate. Suitable for

composite shaded areas. Multi-colour printing possible. Minimum life
1 year.

Sizes Extra large: 36"x48" Large: 18"x24"
Medium: 9"x12" Small: 4"x6"

Wood, wood composite, concrete with fibre glass coating, laminated paper, laminated
card board or hand painted steel sheet can also be used depending on different considerations
mentioned earlier.

(The Zoo Education Master Plan may be referred to for further details on designing of
signage of zoos.)

Every enclosure should have any one sighage on the animal displayed while warning signs
and zoo ethics can be provided at appropriate places. Based on the above text some appropriate
signage should be adopted for the zoo, as it plays a very important role in nature education in any
200, as without this a visit to a zoo remains incomplete.

@ Dr. Devender Kumar

94 Signage at National Zoological Park, New Delhi




10. Waste Management

Solid waste of enclosures includes left over food, fecal matter and bones etc. This waste
should be collected in a trough / trolley and be disposed off in a dustbin away from the visitors and
secured from the entry of any predators and birds. The solid waste so collected must be removed
from the dustbin through municipal corporation or outsourced agency preferably daily to prevent
smell and spread of disease. The dustbin must be cleaned and sprayed with disinfectants
regularly. This waste can be used for preparation of manure.

The solid waste should be disposed in appropriate manner considering bio-security risk of
the product to prevent contamination to species and individual such as :-

(a) Composting
(b) Autoclaving
(c) Chemical sterilization
(d) Radiation sterilization
(e) Incineration

The liquid waste primarily constitutes the urine and washing of animal enclosures in the
z00. This waste should be washed and drained off to the septic tank through the drains so
constructed in the zoo. The liquid waste can also be put into the municipal sewers through the
drains and / or sewers. Where it is found necessary and economical, the liquid waste can be re-
used by purifying it through the sewage treatment plants (STP).

Non bio-degradable wastes like polythene should not be allowed in the vicinity of an
enclosure. But, when they accidently come to an enclosure, there should be arrangement in place
foritsimmediate pick up and sending for recycling.
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11. Drainage System

The drainage planning is essential for channelizing the rain/storm/snow water to desired
uses of disposal. The rain and snow melting requiring channelizing of water known as drainage.
The design of drainage system depends upon topography of the area, volume of rain fall and
snow fall of the particular region. The drainage may be in the form of open channel or covered
drains or pipes. In zoos, open drain system can be adopted. Periodic cleaning is required before
rainy season to maintain effective drainage. The drainage system should be so designed that
entry of water in moat is controlled to prevent flooding and ingress of contamination of the
catchment. The drainage plan can be integrated with the rain harvesting system also. In case of
natural steep slope the channel should be constructed using cascade or water cushion or energy
dissipation basin. The low lying zoo area may need channelized collection of run-off and pumping
from the detention basins. The drains can be open kucha drain, brick lined open drain, pucca or
stone pitched lining depending on economy and to prevent erosion. The kucha and stone / brick
lined without mortar drains helps in ground recharge. The drains should be engineered and
designed for efficiency of conveying the runoff effectively without causing flooding of the area.

2. Rain water harvesting

The rain water harvesting and conservation is the activity of direct collection of rain water.
The rain water can be stored for direct use or can be re-charged into ground water. The main goal
is to minimize flow of rain water through drains/nallah to river and to make use of the same. It is
known that ground water level is depleting and going down and down in the last decade.

(1) Rain water harvesting system at Mysore Zoo




The rain harvesting in the form of ponds has been done by human civilisation for ages.
The ground water in natural form is also a rain harvesting in which the water percolate through
soil and stores in aquifers and used in some lakes, ponds, wells and springs. In the areas with less
rainfall, the rain water can be used to recharge ground water which improves ground water table.
In case of zoo, the rain water collected in shape of pond can be very useful to fulfill demand of
water supply after treatment. The ponds, check dams and lakes can be created which help in
ground recharge. The roof top rain harvesting can be done by channelizing the water into soak pit
or through tube wells. In case of soak pit type recharge the surface run off from pavement can be
used for ground recharge after passing through settlement tank.

(2) Rain water harvesting system at Mysore Zoo
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12. Power Supply

Adequate power supply should be maintained in each enclosure. Necessary points to run
fans, coolers and heaters should be provided at appropriate locations. These are necessary to
counter the climatic effects particularly in case of carnivores and young ones. It should be
ensured that no animal should come in contact with any electric gadget / wire. Provision for tube
light / LED should also be made at appropriate locations. There are option available for optical
day light system requiring no electricity and such light can be used in the areas where activity is
during day time such as toilets, display area etc. Wherever feasible solar power should be used
for lighting and heating etc. and earth tubes for cooling in order to save energy.
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