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Abstract: This study of population serves as an important role in terms of management and conservation of
Manipur Brow-antlered deer (Rucervus eldii eldii) in National Zoological Park, Delhi in order to assess its
current population as well as historical population data and the factors affecting them. Evaluation has been done
by taking current (April 2016 to August 2017) and historical (April 1962 to March 2016) population data which
evaluated stock position, births, deaths and disposals trends. Causal factors behind births and deaths as well as
the percentage distribution of various causes of death have also been defined. Month wise distribution of births
and deaths demonstrated their prevalence in different seasons viz. Pre-rut, Rut and Post-rut seasons.
Recommendations have been made regarding future population management practices for sustainable harvest of
Manipur Brow-antlered deer by creating naturalistic and enriched environment in zoo following guidelines of
Central Zoo Authority of India.
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1. Introduction
India, the efforts toward ex-situ conservation have received considerable attention after the enactment of
Indian Wildlife (Protection) Act, 1972. Zoological parks and gardens have been recognized and strengthened for
the ex-situ conservation of endangered flora and fauna. National Zoological Park (NZP), Delhi is one of such
center where the protection of Endangered Manipur Brow- antlered deer is being carried out. Zoos play very
important role in maintaining good animal husbandry that supports healthy populations of animals [1]. Captive
breeding programs in zoos serve as important tools for conservation and preservation of endangered species [2].
For achieving sustainability in zoos, intensive population management practices are necessarily required [3]. The
purpose of population management is to ensure that healthy and viable populations of species of our choice are
available, for the foreseeable future. Reference [4] noted that animals in captivity have the benefits of veterinary
care, lack of predators, and a regular supply of food. But on the other hand, captive animals also suffer injury
from exhibits [5] and poor adaptation to captivity [6]-[7]. Also, the inbreeding depression can decrease survival
and reproduction of small captive populations [8].The population inside an ex-situ environment should be made
to increase as rapidly as possible by improved population management and planning so that they would be able
to serve as security against catastrophe and also for reintroduction programs [9].
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Management of population is also needed to maintain a long-term viable population and to preserve genetic
diversity [8]. Captive breeding programs are an important tool for the conservation of endangered species. These
programs are commonly managed using pedigrees containing information about the history of each and every
individual’s family, such as breeding pairs and parentage.
The Manipur Brow-antlered deer (Rucervus eldii eldii) is recognized as “Endangered” under the IUCN Red
List of Threatened Species [10] which is having the highest list of protection under the Schedule I of the Indian
Wildlife (Protection) Act, 1972. Central Zoo Authority (CZA) of India listed Manipur Brow-antlered deer under
Conservation Breeding Program to restore their population in several zoological gardens including NZP, Delhi.
At present, there are fourteen Indian zoological gardens which are breeding 211 Manipur Brow-antlered deer in
its captivity.
The NZP is a 188.62 acres Zoo situated near the Old Fort in Delhi, India. It started rearing Manipur Browantlered Deer with the stock position of two individual in the year 1962. It is currently breeding the largest stock
in India i.e., 53 individual Manipur Brow-antlered Deer in an enclosure of 8006 square meters showing better
management and reproductive success. Apart from holding a good stock, it is showing fluctuation in the
population trend line of Manipur Brow-antlered Deer due to several reasons and factors. Identification and
assessment of those variables behind population fluctuation would help to draw conclusions regarding existing
gaps in Conservation Breeding Program. This study has made an attempt to recommend better management
strategies regarding perpetuation of a viable population of the Manipur Brow-antlered Deer in NZP, Delhi.

2. Methodology
The methodology adopted for study of population management included primary (April 2016 to August
2017) and secondary data (April 1962 to March 2016) collection for population parameters and factors
governing its growth. The secondary data included Zoo inventory records regarding sex, date of birth, death,
causal factors of death, date of acquisition and disposal. During the primary data collection, observations were
made in the NZP, Delhi for the above mentioned parameters.
The collected data was analyzed using quantitative methods and the results were shown in the form of
graphs, charts and summarized tables indicating population trend analysis, causal factors and seasonal
occurrence of births and deaths. Month wise seasonal distribution has been done during Pre-rut (October to
January), Rut (February to May) and Post-rut (June to September) seasons on the basis of observation during
breeding period from April 2016 to August 2017. The variation in the stock position has been done on the basis
of number of births, deaths, acquisition and disposal over a period of time. These four factors were considered
for the calculation of population trend.

3. Results
3.1. Population Trend Analysis
The population of Manipur brow-antlered deer in NZP reported 307 births, 174 deaths, 81 disposals and zero
acquisition for the period of April 1962 to August 2017.

Fig. 1: showing population trend of Manipur Brow-antlered deer in National Zoological Park, Delhi (1962-2017)
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Fig. 1 explained the recorded stock position for the period of April 1962 to March 2017 which subsequently
increased in general with varying rates up to the peak year 2007. After this period, a trend of declining stock
position can be observed up to the year 2016-17. NZP holding a surplus stock position of 23 in the year 199091showed an increase of 53 individuals in the year 2016-17which is greater than the required/targeted number in
stock i.e., 20as per the recommendations of Central Zoo Authority, India Guidelines. In the period of April August 2017, the stock positionwas52 with the reported death of only one individual.

Fig. 2: showing disposal (animal exchange) trends of Manipur Brow-antlered deer in National Zoological Park, Delhi
(1962-2017)

Fig. 2 shows disposals /transfer of animals done from NZP to the different zoos in India. Rise and fall was
seen in the graph with highest disposals i.e., eight in the year 2004-05. No disposal was recorded in April August 2017.

Fig. 3: showing birth and death trends of Manipur Brow-antlered deer in National Zoological Park, Delhi (1962-2017)

Increasing trend in the population growth was observed as a result of increase in the number of births during
observation period and the maximum number of birth was up to a peak level of 14 births during the year 199495 (Fig. 3). The number of birth shows an increasing trend during the observation period. This increasing trend
followed a sudden decline with zero birth in the year 1997-98. This trend of sharp rise and fall has continued up
to the end of the observed period till 2016-17.
The graph representing the number of death showed a fluctuating trend. A sudden increase in the number of
death (11) was reported in 2007-08. The occurrence of death was maximum (12) in the year 2013-14 which was
then followed by declining trend till 2016-2017. During the period of April – August 2017, only one death was
recorded.

3.2. Causal factors for Births and Deaths
During April 1962 to August 2017, 307 births have been reported which indicates good management
practices for upkeep of Manipur Brow-antlered deer population in NZP. There were various causal factors
responsible for the 174 deaths which affected the stock position.
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Fig. 4: showing percentage distribution of death causes of Manipur Brow-antlered deer in National Zoological Park, Delhi
(1962-2017)

Fig. 5: showing average death causes of Manipur Brow-antlered deer in National Zoological Park, Delhi (1962-2017)

Fig. 6: showing percentage distribution of death causes in different sex classes of Manipur Brow-antlered deer in
National Zoological Park, Delhi (1962-2017)

Among the various causes of deaths (Fig. 4 & 5), Injury has shown the highest percentage of the causes
behind the death of Manipur Brow-antlered deer, followed by the other causal factors. Injury due to infighting
(especially male aggression towards males and females), self-destructive behaviour and internal injury caused
approximately 34% of total deaths i.e., 59 deaths (Fig. 5) showed highest depletion of stock position over time.
Sex wise distribution of death causes has been represented in the Fig. 6. Maximum deaths were recorded in the
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pre-rut and rut due to infighting injury; and more in males than females. Others include self-destructive
behaviour and internal injury. All these types of Injuries were the major causes for population depletion in
captivity. Infant mortality (6.89%) and stillbirths (4.02%) were significantly reported under the category of Undetermined deaths. Diseases & infection showed 19% of total deaths i.e., 33 deaths, followed by other causes.

3.3. Seasonal Occurrence of Births and Deaths

Fig. 7 showing month wise distribution of births of Manipur Brow-antlered deer in National Zoological Park, Delhi
(1962-2017)

Fig. 7 indicates that female deer starts to give birth from the month of September, with its prominence in
Pre-rut seasons (October to December). Maximum number of births (144) occurred in the month of October.
Some births were also reported other than favourable months of pre-rut i.e., in February, March, April and June.
Occurrence of deaths can be seen in all seasons (months) with maximum number of deaths (30) recorded in the
month of November (post-rut season) and the main cause behind these deaths was stress and shock in case of
two male and seven female. Female deaths occurred due to parturition stress or postpartum stress. Also, two
cases of stillbirths were also recorded in the same month. Distribution of causes of death, according to different
seasons (month wise), has been presented in the Fig. 8.

Fig. 8 showing month wise distribution of deaths of Manipur Brow-antlered deer in National Zoological Park, Delhi (19622017)

Fig. 9: showing month wise distribution of death causes of Manipur Brow-antlered deer in National Zoological Park, Delhi
(1962-2017)
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Fig. 9 showed that the different causes of deaths showed their combined effect in all the seasons. Deaths due
to maximum number of cause were reported in the month of April i.e. in the pre-rut season showing injury,
stress & shock, diseases & infection, physical weakness and undetermined/ unknown reasons. Least contribution
of death causes was seen in the month of July due to injury, diseases & infection and undetermined/ unknown
reasons. Injury has been reported in the maximum percentage in all seasons except August with maximum
number of deaths in pre-rut and rut seasons (January- May), followed by diseases & infection and others (for
percentage distribution, Fig. 5).

4. Discussion
Assessment of a population’s historical and current pattern of growth is important in determining its
potential for future growth [8]. The present study depicts important trends of different phases in a population’s
growth. The increasing trend of population denotes increment in the stock position which further indicates that
there were more births, less deaths and fewer disposals. The decreasing trend showed declination of stock
position indicating fewer births, more deaths and more acquisition in that particular year. The variations in the
stock position show its linkages with the number of births and deaths in a given period of time. More number of
births (297) and less number of deaths (170) have been reported showing good care, upkeep and better housing
facilities. The maximum stock position was recorded in the year 2007 with eight births, only one death and no
acquisition throughout the year. So, for a better stock position, successful births with less number of deaths
(especially infant mortality) should be maintained in captivity. The stock position also indicated the surplus
population of Manipur Brow-antlered deer (more than required/targeted number i.e., 5 male: 15 female as per the
guidelines of CZA). Control of excessive breeding and transfer of excessive numbers should be done in order to
maintain more stocks across different zoos (CZA).
Maximum numbers of births (14) which were recorded in months of October, November, December and
January in the year 1995-1996 during pre- rut seasons indicates successful conception and parturition in
favourable conditions under captivity. Maximum numbers of deaths (12) were recorded in the months of April,
September, October and January in the year 2013-14. Causes behind these deaths were infighting injury during
pre-rut and rut season, undermined/ unknown death, Dystocia and post-partum stress during post-rut season.
Thus, Population growth in captivity depends upon the number of fertile male and female on oestrus, adequate
space inside enclosure, successful conception, healthy pregnancy, care and upkeep of pregnant females [9].
This study also revealed that the percentage of births and deaths show their significant relationship with
breeding seasons. Births were reported highest in the Pre-rut season indicating healthy conceived female,
nutritional feed, successful pregnancy and parturition. Prevalent cause of deaths was reported in pre-rut and post
rut seasons due to infighting (male aggression) injury [9]. Injury was witnessed as one of the major death causes
during all the seasons; followed by undetermined deaths, diseases, infections and others. Death cases can be
reduced by marking and removal of aggressive males from one particular enclosure to another one [11]. Active
exchange of animals and artificial insemination is suggested to increase heterozygosity and to decrease infant
mortality in a captive population [9]. Evaluation regarding distribution of death causes in different seasons is
required to frame the preventive measures and to develop weather gear arrangements other than the existing
management practices of NZP.
Disease prevention is considered as an important factor in terms of conservation of rare and endangered
species [12]-[13]-[14]-[15]-[16]. Various types of diseases &infection were found to be major causes behind
population depletion. These can be controlled by disease prevention and eradication of existing disease [17]. A
thorough knowledge of particular type of diseases and infection with high frequencies will help to develop
strategic preventive measures for future population. Deaths of individuals have been recorded in each month
(1962-2015) and each month shows number of deaths due to different causal factors. Season specific death
causes should be evaluated and studied for the development of mitigation measures against each and every death
[9].
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This study also revealed that for more accurate population study and analysis, marking of individual should
be done every year. This can help to recognize each individual for the maintenance of pedigree chart and
scrupulous records of births, transfers, and causes of deaths including infant mortalities; other factors can also be
determined by marking so that correct demographic and genetic information about the herd can be extracted
[8].This information serves as a necessity for maintaining and managing heterozygosity in captive population. It
will also help to determine the root cause of infant mortality under conservation breeding program. Exchange of
animals or genetic materials is required to be done before the next breeding seasons and should immediately be
implemented by the zoo authorities. Hand rearing and artificial insemination for overcoming infant mortalities
and female infertility problems should be done [9]. This would be able to draw more precise strategies for
demographic and genetic management of Manipur Brow-antlered deer population in National Zoological Park,
Delhi.

5. Recommendations
The following recommendations have been made to suggest better conservation management practices for
captive Manipur Brow-antlered deer in NZP, Delhi as per CZA Guidelines [18]:
1. More naturalistic and enriched environment in zoo should be created inside enclosure to provide a feel of
enriched natural environment/habitat. Such enriched habitat should be developed in order to accommodate
the physical, physiological and social requirements of the deer. Specific measures in this concern such as
development of wallowing area are suggested to prevent infighting and physical injury during the breeding
season.
2. Camera surveillance and Tagging or marking of animal should be done on a regular basis to continuously
monitor and record the population and behavior of the animals. These techniques could help to understand the
reasons of undetermined / unknown deaths as well as to identify the individuals showing their important role
in progeny.
3. An immediate step should be taken for the translocation of the stock once the surplus population is achieved.
4. Active exchange of animals along with genetic material (semen or embryos) among the various zoos and
acquisition of animals from wild should be practiced in order to maintain heterozygosity in the population.
These recommendations will help to fill the existing management gaps in conservation breeding program of
Manipur Brow-antlered deer population in captivity. This will eventually help to develop a healthy,
heterozygous and viable stock population in NZP and all similar ex-situ conservation plans.

6. Conclusion
The study of population serves as an important tool in terms of management and conservation of Manipur
Brow-antlered deer in captivity. Knowledge about stock position, births, deaths, acquisition and disposal number
provide valuable information about increasing and decreasing trend of population. Evaluating the reasons behind
fluctuation in births and deaths trend would help to assess the gap in existing zoo management. A prudent
population management is needed as per the available adequate capacity of zoo. The captive animals should be
managed in a more sustainable manner by suitable conservation efforts and planning (Lacy 2013).
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