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Milu in China: Current Status and
Conservation Strategies’

Jiang Zhigang' Li Chunwang' Yang Daode®
Zeng Yan' Fang Hongxia!

(1 Institute of Zoology, Chinese Academy of Sciences, Beijing,
China 100101; 2 Institute of Wildlife Conservation, Central South
University of Forestry & Technology, Changsha China 410004)

Abstract We first introduced the evolutionary history of Milu with stress on its
extinction in wild and extirpation of captive herd in the Beijing Nanyuan Royal
Hunting Garden around at the turn of the 20th century. After decades of ex situ
conservation, Milu breed successfully in captivity. Milu were reintroduced into
China for restoration in mid 1980s. We reviewed the status of Milu in China.
Beijing and Dafeng breeding herds had been established for two decades, and sister
populations in Tian’ezhou, Hubei and Yuanyang, Henan had been established with
relocated Milu from the Beijing Milu Park. Milu had been also allocated to zoos,
wild animal parks and nature reserves. Now, there are 53 large or small herds of
Milu in the country. Nine folds of these herds have deer fewer than 25, 75.5%
have fewer than 10 deer. Such small herd sizes raise question about the small
effective population size and genetic health of those populations, since those herds
are isolated and there are no gene exchange among them. We conduct population
demographic, behavioral and genetic studies on the Milu. We summarize our
findings in the paper. Finally, we discuss conservation strategies for Milu in
relation to demographic and genetic management.

Key words Milu; Wetland; Genetic diversity; Rut; Ex situ conservation; Reintroduction

» EAWH.PER%EENQFRNIE (CXTD2005—4), R B RB 2 H £ T H (No. 30430120)
BEEh.
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Introduction

Fossils of Elaphurus bifurcates, E. chinanensis, E. lantianensis sp. nov. were
excavated from the region east of Xi’an and south of Harbin, Modern species of the Milu
(Elaphurus) which is called Milu in Chinese, was evolved in the Pliocene period of
Tertiary, the fossils was excavated in south Japan. One million years later, it was found in
Machunria in Pleistocene period (Hofmann, 2007). After last glacial period, Milu was
restricted to swamp and wetland in the region east of 110°E and south of 43°N in mainland
China during the Holocene (Cao, 1992; Zhou, 2007). However, the distribution of Milu
shrank while population of Milu declined due to human hunting and land reclamation in the
swamp areas as human population expanded in Holocene (Jiang and Li, 1999). Milu was
finally extinct in the field in the late 19th century(Cao et al, 1988).

Nanyuan Royal Hunting Garden in the Qing Dynasty(1616—1911) hosted a last herd of
Milu in its 200 km® hunting ground, and the landscape in the hunting garden in south suburb
of Beijing was a predominant wetland of swamp, ponds and lakes where the Yongding River
transected. The hunting garden had been sealed off ever since the Yuan Dynasty (1205 —

1368) as a royal garden. Besides Milu, many game species were also kept in the hunting

FTEREBEEREATAIT SR XE



@ Milu in China. Current Status and Conservation Strategies 3

garden for the royal family. The Milu in the Nanyuan Royal Hunting Garden was
“discovered” by French missionary Pére Armand David during one of his field expedition
who was on a religion mission in 1864. Priest Armand David was keen to natural history
than his Christian mission. Perceiving the deer was an unknown species to western, he
bribed the wardens for hinds and skeletons of an adult male, an adult female and a young
male Milu and smuggled them to Paris in 1866, where the deer was named Milu, At the end
of 19th century, the wall of the Nanyuan Hunting Garden was first destroyed by a heavy
flood in the Yongding River, and then by the cannon fire of the allied foreign forces during
the Second Opium War, the Milu escaped and were hunted.

Before the demise of the royal herd of Milu in the Nanyuan Royal Hunting Garden in
1900, the deer had been introduced into the United Kingdom, France and Germany. During
the last decade of the 19th century, the 11th Duke of Bedford in the United Kingdom
gathered all last 18 Milu in the world to form a breeding herd at the Woburn Abbey,
England. Only 11 of these deer were capable of reproducing (Bedford, 1951—1952).
Nevertheless, the heavily inbred Milu safely passed through the genetic bottleneck of
inbreeding and adopted the vast open parkland of mid England estate(Jones and Manton,
1983).

The Woburn population continued to grow despite two world wars. At the end the
WW I, the size of the Woburn Abbey herd reached 250. Since then Milu have been shipped
to other zoological gardens, first to other sites in England, including the Whipsnad Wild
Animal Zoo, then to other parts of the world. In the 1950’s, the number of Milu reached
several hundreds(Beck and Wemmer, 1983). Milu was brought to Beijing Zoo and Canton
Zoo for exhibition (4 @ 4 %) in 1950s by London Zoological Society( Wang et al, » 2007).

Current Status

After decades of ex situ conservation, the species breeds successfully in captivity (Beck
and Wemmer, 1983). Now, Milu has been recovered from the brink of extinction and has
become an example of rescuing an endangered species(Ebenehard, 1995). Since mid 1980s,
Milu was reintroduced into China. Now, the Beijing, Dafeng, Tian'ezhou and Yuanyang
populations have been established., The restoration of Milu in China provides an example of
restoring populations of an endangered species. Studies have been carried out on the
behavior, ecology and reproduction of Milu since the reintroduction in Beijing since 1985 and
in Dafeng since 1986, and in Tian’ezhou since 2001, We recorded the original herd size,
number of calves born in the population, number of death in the population, calculated the
density, birth rate(number of per adult hind), death rate and net population growth rate
and the number of individuals shipped out to other sites from the Beijing and Dafeng Milu
populations. We have been monitoring the population trend of reintroduced Milu in the
Tian'ezhou, Shishou Milu National Nature Reserve, We analyzed the effects of density on
the birth rates (Jiang et al. , 2001). General vegetation surveys were carried out at the
Beijing Milu Park, Dafeng Natural Reserve and the Tian’ezhou, Shishou Milu National
Nature Reserve during the study. Status of the relocated Milu from the Beijing and Dafeng

herds was investigated on site survey and by correspondence.
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The first conservation reintroduction of Milu included two groups, of 20 deer (5 &:
15% )and 18 deer(all ¥ ), in 1985 and 1987 respectively, All 38 deer were donated by the
Marques of Tavistock of Woburn Abbey, England and the transportation was sponsored by
the World Wildlife Fund ( WWF). After a careful search and evaluation by a group of
zoologists, botanists, wildlife managers and officers the relic site of the Nanyuan Royal
Hunting Garden in the south suburb of Beijing was chosen as the site of reintroduction, The
deer were transported to the original site of the Nanyuan Royal Hunting Garden. For the
reintroduction, the Beijing Milu Park(116°03'E,39°07'N) was created at a site located in the
heartland of the original Nanyuan Royal Hunting Garden(Plate T ).

Beijing Milu Park is 60 hm? in area. Annual average temperature is 13. 1°C, with mean
temperature of —3.4°C in January and 26.4°C in July. Average precipitation is about
600 mm. About 86% of the precipitation falls in June—September. Spring drought often
retards the growth of grasses. The land was dominated by reed (Phragmites australis), and
grasses, such as Eleusine indica , Ersagrostis cilianensis, Digitaria sangunalis and Setaria
viridis. Where the grass is overgrazed, Amaranthus roxburghianus dominates the
vegetation. Since the reintroduction of Milu till early 1990s, the deer grazed on natural
vegetation in summer and autumn while they received supplementary feed in the winter in
the Beijing Milu Park. However, since 1990s, climate became drier in the Beijing area.
Furthermore, sand mining around the Beijing Milu Park lowered the underground water
table level further. The original vegetation inside the park was damaged by over grazing and
heavy droughts. The park managers started to plant artificial grasslands in the park. The
deer in the park receive supplemental feeding year round(Jiang et al. , 2000a).

The second reintroduction of Milu were carried out in August of 1986, organized by
former Ministry of Forestry and WWF. A group of 39 Milu was selected from five
Zoological Gardens in the United Kingdom, with the deer mainly from the Whipsnad Wild
Animal Park. An even more extensive search which covers a vast area in eastern China for
potential reintroduction site was conducted before the reintroduction, Finally, the Dafeng
State-Owned Forestry Farm was chosen, where is located on the Yellow Sea coast in eastern
China and was lightly populated. More important, semi-fossils of Milu have been excavated
from the neighboring counties(Cao, 1992). The introduced Milu herd was transported by
air and released into 3 fenced paddocks, each about 100 hm? in area. Formerly a part of the
state-owned forestry farm, the area was being reserved as the Dafeng Milu Natural Reserve
(33°05'N, 120°49'E) to host the reintroduced Milu. The two reintroduction sites, Nanhaizi,
Beijing and Dafeng, Jiangsu are all located in the historical range of Milu(Cao, 1992).

The Dafeng Milu Natural Reserve(Plate I ) is located on the coast and is 2~4 m above
sea level, The area has a sub-tropic mason type climate. Annual average temperature is
14.1°C, with the average temperature of 0.9°C in January and 22.4°C in July. Average
precipitation is 1 068 mm. About 60% of the precipitation occurs in June—September. The
vegetation in the region is dominated by cogongrass ( Imperata cylindrica ), reed
(Phragmites australis), locust false-indigo ( Amopha fruticosa) and locust (Robinia
pseudoacacia)(Yu et al. , 1996). The original size of the Dafeng Milu Natural Reserve was
10 km?, with 3 fenced paddocks of 273 hm?. The reserve purchased another 30 km® land in
1995, more than doubling its original size. In 1997, the Dafeng Milu Natural Reserve was

TEEREEERFERT TR XE



@ Milu in China: Current Status and Conservation Strategies 5

approved by the National Nature Reserve Commission as a National Nature Reserve. The
Dafeng Milu Nature Reserve has the potential to host a large population of Milu; the reserve
kept the reintroduced Milu and their offspring on its land. There were 950 Milu in the
reserve in 2006. Annual average population growth rate of Milu in the reserve was 17. 01%.
This conservation strategy is called on site expanding strategy(Jiang et al. , 2000b).

Ultimate goal of captive breeding of endangered species by zoos and conservation
centers is to eventually introduce those captive-bred animals into wild habitats to restore or
to recruit wild population (Sheldon 1986, Stanley Price 1991). In 1998, the Dafeng Milu
Nature Reserve released the first group of Milu into field(Plate Il ; Hu and Jiang, 2002). In
the field, the released deer modified the daily rhythm to adapt new environment. The coast
offers them space to exhibit more behaviors, especially social behaviors. The released deer
grew better in the field than those in the pen. It meant that the released deer acclimatized
themselves to the surroundings in the field, In 2003, and 2006 another two groups of deer
were released into the field. Now, the released deer gave birth to second generation in field.
The released deer are in conflict with local community near the reserve, they started to
grape vegetables and wheat in the marginal farmlands in winter. For a successful
reintroduction, one should understand the spatial requirements, dietary specialization and
environmental needs, such as temperature, light cycle, humidity ( IUCN/SSC Re-
introduction Specialist Group, 1998). Re-introduction is a multidisciplinary task, which
needs the involvement of governmental natural reserve management agencies, local
communities, research institutes and non-governmental organizations. We should follow the
oryx re-introduction program, in which the socio-economic impacts, costs and benefits of
the release program were assessed(Stanley Price, 1989). A habitat with natural or artificial
boundary must be found. Otherwise, the wildlife-human conflict cannot be solved( Hu and
Jiang, 2002),

The Beijing Milu Park is in the suburb of national capital with limited area and is
engulfed by city development whereas the Dafeng Milu Nature Reserve is located in a remote
costal region with little human settlement, where it is possible to acquire more land for
conservation. Therefore, the Beijing Milu Park while keeping a healthy nuclear breeding
herd of about 100 deer at the park, it shipped Milu to other sites in east China(Yang et al. ,
2007), the translocations thus reduced the grazing pressure on the park vegetation and
expands the distribution range of the Milu in country. The average annual population
growth rate for Milu in Beijing Milu Park from 1987—1997 was 17. 3%. This conservation
strategy is called artificial dispersal strategy(Jiang et al. , 2000b).

Milu of Beijing Milu Park have been relocated to the lower reaches of the Yangtze River
in eastern China and Hainan Island in the South China Sea. In October 1993, a group of 30
Milu (8 3¢ 22 %) arrived and was released in a paddock on a small peninsular in the Yangtze
River, Tian’ezhou(29°49'N, 112°33'E). This site was then established as the Tian'ezhou
Milu Nature Reserve in 1993. The size of the reserve is 11. 67 km? with average altitude of
35m. Another group of 34 Milu (10 & : 24 %) was transferred from the Beijing Milu Park to
the paddock of Tian’ezhou in the following year to enlarge the population. These 30 Milu
(158 : 15%) were released into the paddock of the reserve in 2002.

The Tian’ezhou Milu Nature Reserve is located on a peninsular by the Yangtze River
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(Plate IV). South of the reserve is the dyke of Yangtze River and east of the reserve is a
“U” shaped old riverbed of Yangtze River, which is about 1.5 km wide and 21 km long.
Water table in the old riverbed increases during the summer flood season. The land of the
reserve is flat, the elevation of the highest place is 38. 44 m whereas the lowest point is
32.91 m. The climate is subtropical monson-type in the lower reach of the Yangtze River
drainage, where is much humid and warmer than that in the Beijing region. Average annual
temperature is 16. 5°C, mean temperature is 3. 5°C in January and 28. 5°C in July, annual
precipitation is about 1 200 mm in the reserve. Important vegetation types in the reserve are
wetland woods which is primarily Populus nigra var. italica, Phragmites communis, and
Salix matsudana, Phragmite communis and Miscanthus floridulus, Cynodon dactylon ,
Leonurus artemisia, Scirpus triqueter Community, Scirpus yagarna and Eleocharis
acicularis. The re-relocated Milu have green forages in the reserve all year round. They
graze 129 grasses, sedges, legumes and forbs(Yang et al. , 2002; Yang et al. , 2005). The
relocated deer reproduced in the second year after the relocation( Yang et al. , 2002).

Until the end of calving season of 2006, there were 522 Milu in the Shishou Nature
Reserve. Annual average population growth rate was 22. 2%. The growth of the Milu
population was fit with the equation: N,=84€"?**; the sex ratio was 1 : 1. 22(3': £) before
the calving season of 2006, The birth rate and population growth rate in the Shishou Milu
National Nature Reserve were significantly higher whereas the mortality rate was
significantly lower than those of the Dafeng Milu National Nature Reserve. Even though,
Milu population started to show a density-dependent pattern(Yang et al. , 2007).

In November, 2002, 30 Milu (14 & : 16 %) from Beijing Milu Park and 20 Milu from
the Dafeng Milu Nature Reserve were introduced to Yuanyang Forestry Farm, Henan(Plate
V). Those Milu free range in a enclosure on the Yuanyang Yellow River Nature Reserve
(35°11'N,114°15'E). The reserve is located in the northern temperate zone, climate type is
continental mason type weather, annual sunny hours are 2 354.5 hours, and annual
precipitation is 571. 7 mm. The Yuanyang Yellow River Nature Reserve is located on the
northern bank of Yellow River. Dominant vegetation in the area is artificially planted
Japanese pagoda (Sophora japonica) forest. There are plenty of grasses in the forest for the
deer, but the deer receive supplementary feeds in winter and early spring. In 2006, there
were 53 Milu in the paddock of Yuanyang Yellow River Nature Reserve, however the sex
ratio was predominately male biased (38 & : 15%)(Li et al. , 2007).

Milu is relocated to zoos, wildlife parks and Nature Reserves in the country. Now,
there are 53 large or small herds of Milu in the country. Nine folds of them have fewer than
25 deer, 75.5% have fewer than 10 deer(Yang et al. , 2003). Such a small herd size raises
questions about the effective population size and health of population genetics, since those
herds are isolated and there is no gene exchange. The artificially dispersed Milu herds are
similar to a meta-population. The viability of the meta-population depends on the man-made

gene exchanging process by the managers.
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Plate | A Milu stag with a harem Plate T A Milu herd in the
in the Beijing Milu Park in 1996 Dafeng Milu National Nature Reserve

Plate T Rewild Milu Plate ' Milu in Tian’ezhou
in coast of Yellow Sea, Dafeng Milu Nature Reserve, Shishou

Plate Y Relocated Milu in Yuanyang Fig. 1 Sequential harem mating system in
Yellow River Nature Reserve, Yuanyang Milu(Jiang et al, , 2006)

Behavior and Genetic Diversity

Milu has a harem defending mating system—a type of polygamy (Jiang et al. , 2004).
One to several stags rut at a particular time(Li et al. , 2001). Dominant stag defends the
receptive female herd and monopolizes the opportunity of mating. After one to several
weeks, a second stag will rut and challenge the dominant stag that is exhausted by the
energy-consuming activities in the near fasting status during the rut. The new dominant stag
replaces the former reproductive herd master. Such a process may be repeated three to five
times through the reproductive period. During the reproductive season, normally several
adult stags rut at one time, most of the stags stay the bachelor group(Jiang et al. , 2004),
The phenomenon was also reported by Liang et al. (1994). We term this phenomenon as

“sequential polygamous dominance” or “sequential harem mating system” (Jiang et al.,
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