(

Population Dynamics and Ecology of Mikado Pheasants in

Two Contrasting Habitats inside Y ushan National Park,

Taiwan

Cara Lin Bridgman, Liang-kong Lin, Paul S. Alexander

Y ushan National Park Administration Report
Department of Construction, Ministry of Interior
Taiwan

)



June 30, 1999

TABLE OF CONTENTS
............................... 1 LIST OF TABLES .................... 1
............................... 4 LIST OF FIGURES ............... ...4
.................................. 12 ABSTRACT ..o AT
.................................. 14 ACKNOWLEDGEMENTS ........49
................................ 15 INTRODUCTION ....................50
......................... 17 STUDY SITE DESCRIPTION .....52
............................ 19 METHODS .............cocevvevve.n. 54
............................ 19 Mapping .........ccevvvvevnnnn...54
............... 19 Study Site Maintenance ........54
............................ 20 Trapping ...........cvvvevvnn....55
...................... 20 Daily
............................ 21 (o]0 IR s 1+
...................... 21 Observations .................. ...
......................... 21 ..D6
............................ 22 Nest Survey .................. ...56
............................ 22 Productivity ......................57
...................... 22 Longevity .............ecenv D7
.22 Mortality .............cooee .ol 57
............................ 23 Hunting Index ............. ......58
...................... 24 Radio-telemetry System Error .58
...................... 25 Telemetry ........................58
...................... 26 Habitat Analysis .................60
......................... 27 Population Estimation ..........61
............................ 27 Relative Abundance ............63
...................... 27 RESULTS and DISCUSSION ......64
............................ 28 Trapping ........ccevvvvevnnn .64
......................... 28 Sex Ratio .............oeeet.n.....64
............................ 29 Reproduction ....................65
............................ 29 Productivity ......................65
.................... 31 Longevity ..........ecevevnee.....66

Mortality ......covvin ... 67



Telemetry

Ranges .............. 69
Habitat Use ................... 76
Population Estimate .........77
Relative Abundance ........ 81
RECOMMENDATIONS ........ 85
LITERATURE CITED ........... 38
DATA SHEETS ... .........oels 92
1. Trapping Record .......... 92
2.DallyLog .....ccovvviinnnn 93
3. Encounter Record &
Daily Activities ........... 94
4. Observation Record ...... 95

5. Telemetry Record ........ 96



LIST OF TABLES

. Page
Table 1. Types of evidence used to determine the Hunting 97
Index

2. Syrmaticus mikado

98
Table 2. Elevation and Habitat Requirements of Syrmaticus mikado
as described in available field guides.

31990 1 ~199 5 9

Table 3. Mikado Pheasants trapped in the Chun Ta study site from
January 1990 through May 1999.
41996 9 ~1999 4 101
Table 4. Mikado Pheasants trapped in the Dwei Kwan study site
from September 1996 through April 1999.
51990 1 ~199 5
102

Table 5. Body measurements of Mikado Pheasants trapped from the
Dwe Kwan and Chun Ta study sites from Jaunary 1990
through May 1999.

15



Page

6. 1991 199 1997 1998 7
9

Table 6. Productivity of Mikado Pheasants as determined from 103
encounters with juvenile pheasants during July and September
1991, 1996, 1997, and 1998.

7. 1989 7 ~1992 7 1996 7 ~199
5
Table 7. Hunting Index: the rate at which signs of hunting were
encountered within the Dwei Kwan and Chun Ta study sites

for each year from July 1989 through July 1992 and from July
1996 through May 19909.

104

8. 1986 1991 7
~1992 7 199 7 ~1997 6 1997 7
~1998 6 1998 7 ~199 5 1986

Severinghaus & Severinghaus 1987

Table 8. The relative abundance of Mikado Pheasants as determined
from the Incounter Index for the following years: 1986, 105
7/1991-7/1992, 7/1996-6/1997, 7/1997-6/1998, and 7/1998-
5/1999. Datafor the year 1986 is taken from Severinghaus &
Severinghaus (1987).

91996 9 ~199 5
95% MCP

Table 9. The seasona 95% minimum convex polygon range of 106
radio-tagged Mikado Pheasants in the Dwei Kwan study site
from September 1996 through May 1999.

10, 1996 9 ~1999 5
95% MCP

Table 10. The seasonal 95% minimum convex polygon ranges of
radio-tagged Mikado Pheasants in the Chun Ta study site from
September 1996 through May 1999.

107

16



Page
11.

Table 11. Estimate of Mikado Pheasants population size 109
inside Yushan National Park.

17



LIST OF FIGURES

Page
1. A B C
D
Figure 1. Research activities: A) Cutting the Chun Ta Logging
110 Road; B) Setting afoot-snares; C) Measuring atrapped female
pheasant; D) Homing in on a transmitter.

2. A B
C D

Figure 2. Mikado Pheasant breeding behavior and development: A)
11 Brood patch on afemale; B) A female defending her chicks;
C) A mae at one month; D) A mae at five months

3. : A
C D

Figure 3. Human hunting: snares and trapped animals. A) Neck
snare for trapping pheasants. B) Neck snares. 5 pheasant
snares and 1 snare for trapping large mammals. C) Swinhoe's

112 Pheasant foot found at a fire-ring. D) Muntjac found dead in
snare.

4,

11@gure 4. Map of Yushan National Park showing the location of the
Dwel Kwan and Chun Ta study sites, the Patungkwan Trail,
and the Chun Ta Logging Road.

18



14.3 km

Figure 5. Map of the two study sites: Dwei Kwan and Chun Ta.
Kwan Kao Gap is on the Patungkwan Trail at 14.3 km from
the town of Tungpu. Forest types found within each study
dite are indicated.

95% MCP
100% MCP

Figure 6. The boundaries of each study site. Boundaries were
determined by cal culating the 100% Minimum Convex
Polygon Range (solid line) from accumulated seasona 95%
Minimum Convex Polygon Ranges (dashed and dotted lines)
of radio-tagged pheasants. The Patungkwan Trail and the
Chun TaLogging Road are shown as dotted lines.

7. 1996 7 ~1999 5
66.0-68.1 km
Figure 7. Mikado Pheasant daily activity patterns on the Chun Ta
Logging Road (66.0-68.1 km) as determined from the hourly
Encounter Index: July 1996 through May 1999.

19

114

115

116



8. 1996 7 ~199 5
10.16-14.3 km

Figure 8. Mikado Pheasant daily activity patterns on the
Patungkwan Trail (10.16-14.3 km) as determined from the

hourly Encounter Index: July 1996 through May 1999. 117
9. 1996 7 ~1999 5
(66.0-68.1 km)

Figure 9. Mikado Pheasant yearly activity patterns on the Chun Ta
Logging Road (66.0-68.1 km) as determined from the monthly

Encounter Index: July 1996 through May 1999. 118
10. 1996 7 ~199 5
10.16-14.3 km

Figure 10. Mikado Pheasant yearly activity patterns on the
Patungkwan Trail (10.16-14.3 km) as determined from the 119
monthly Encounter Index: July 1996 through May 1999.

11.199% 9-~11 95% MCP

Figure 11. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants from September through November 1996.
Pheasants are identified by the frequency of their radio-
transmitter. Female pheasants are in bold-face; ranges are
outlined using dot-dashed lines. Ranges of malesare outlined 120
using dashed lines.



e
12.199% 12 ~1997 2 95% MCP Pag

Figure 12. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants from December 1996 through February 1997.
Pheasants are identified by the frequency of their radio-
transmitter. Female pheasants are in bold-face; ranges are
outlined using dot-dashed lines. Ranges of males are outlined
using dashed lines. 121

13.1997 3-~5 95% MCP

Figure 13. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants from March through May 1997. Pheasants
are identified by the frequency of their radio-transmitter.
Female pheasants are in bold-face; ranges are outlined using

dot-dashed lines. Ranges of males are outlined using dashed
lines. 122

14.1997 6-~8 95% MCP

Figure 14. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants from June through August 1997. Pheasants
are identified by the frequency of their radio-transmitter.
Female pheasants are in bold-face; ranges are outlined using

dot-dashed lines. Ranges of maes are outlined using dashed 123
lines.

21



e
15.1997 9-~11 95% MCP Peg

Figure 15. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants from September through November 1997.
Pheasants are identified by the frequency of their radio-
transmitter. Female pheasants are in bold-face; ranges are
outlined using dot-dashed lines. Ranges of males are outlined
using dashed lines. 124

16.1998 3~5 95% MCP

Figure 16. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants from March through May 1998. Pheasants
are identified by the frequency of their radio-transmitter.
Female pheasants are in bold-face; ranges are outlined using

dot-dashed lines. Ranges of males are outlined using dashed
lines. 125

17.1998 6-~8 95% MCP

Figure 17. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants in the Dwel Kwan study site from June
through August 1998. Pheasants are identified by the
frequency of their radiotransmitter. Female pheasants arein
bold-face; ranges are outlined using dot-dashed lines. Ranges 126
of males are outlined using dashed lines.



Page

18.1998 6-~8 95% MCP

Figure 18. The 95% Minimum Convex Polygon Ranges of radio-
tagged male pheasants in the Chun Ta study site from June
through August 1998. Pheasants are identified by the
frequency of their radiotransmitter. Ranges are outlined
using dashed lines. 127

19.1998 6-~8 95% MCP

Figure 19. The 95% Minimum Convex Polygon Ranges of radio-
tagged female pheasants in the Chun Ta study site from June
through August 1998. Pheasants are identified by the
frequency of their radio-transmitter. Ranges are outlined
using dot-dashed lines. 128

20.1998 9-~-11 95% MCP

Figure 20. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants from September through November 1998.
Pheasants are identified by the frequency of their radio-
transmitter. Female pheasants are in bold-face, ranges are
outlined using dot-dashed lines. Ranges of males are outlined
using dashed lines. 129

23



e
21.1998 12 ~1999 2 95% MCP Pag

Figure 21. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants from December 1998 through February 1999.
Pheasants are identified by the frequency of their radio-
transmitter. Female pheasants are in bold-face; ranges are
outlined using dot-dashed lines. Ranges of males are outlined
using dashed lines. 130

22.1999 3-~5 95% MCP

Figure 22. The 95% Minimum Convex Polygon Ranges of radio-
tagged pheasants from March through May 1999. Pheasants
are identified by the frequency of their radio-transmitter.
Female pheasants are in bold-face; ranges are outlined using
dot-dashed lines. Ranges of males are outlined using dashed

lines. 131
23. 11.3 ~14.3km 66.0
~68.1km 95%
1991 7 ~1992 7
1996 9 ~1999 5 1996
9 ~1999 5

Figure 23. Estimated number of pheasants using the Patungkwan
Trail (11.3-14.3 km) and the Chun Ta Logging Road (66.0-
68.1 km). Error bars indicate the 95% confidence intervals.
For the Chun Ta study Site, estimates are made for two time
periods. 7/1991-7/1992 and 9/1996-5/1999. For the Dwei 132
Kwan study site, the estimate is for 9/1996-5/1999, only.

24



24,
95% 1991
7 ~1992 7 1996 9 ~1999 5
1996 9 ~1999 5
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ABSTRACT

While the distribution and some notes on behavior have been recorded, very
little is known of the biology of the Mikado Pheasant (Syrmaticus mikado). It
was the objectives of this study to use trapping, observation, and radio-
telemetry techniques to improve our understanding of Mikado Pheasants. Of
particular interest were: 1) the reproductive potential and pattern, 2) sources of
mortality, 3) longevity, 4) habitat use, 5) distribution and interaction of radio-
tagged pheasants, and 6) population size of pheasants within the two study sites
and within the Y ushan Nationa Park.

Research was concentrated in two study areas inside Y ushan Nationa Park.
The Chun Ta study site was near Kwan Kao on the Chun Ta Logging Road.
The Dwel Kwan study site was on the Patungkwan Trail between Kwan Kao
Gap and Dwei Kwan. All the data presented here are from these two study
Sites.

While Mikado Pheasants have high reproductive potential (one to five chicks
per female; Severinghaus 1977, Bridgman 1994), productivity from 1996-1999
was very low (productivity index: <0.09 chicks per hour). Avian predators and
small carnivores are now known to be predators of Mikado Pheasants. There
Is aso an ongoing human threat. Hunting was found to double from 1992 to
1999. In spite of the mortaity, Mikado Pheasants are now known to live as

long as 10 years, possibly longer.

The habitat used by radio-tagged pheasants was predominantly mixed forest
habitat; either logged or pristine. Radio-tagged pheasants had overlapping
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ranges, suggesting lack of territorial behavior. Generally, ranges were very
small, or eliptical following the topography. This indicates that there is no
elevationa migration in this species. It aso suggests that individual Mikado
Pheasants have their preferred range and do not wander very much.

For the Chun Ta study site, 53 pheasants were estimated to use the logging road.
Population density was estimated to be 59 pheasants per km?. The number of
pheasants estimated to use the Patungkwan Trail within the Dwei Kwan study
stewas 101. Thisstudy site had an estimated population density of 69
pheasants per km?.  Inside Y ushan National Park, there is about 320 knmy? of
habitat similar to that found in the two study sites.  Assuming that the density
of Mikado Pheasants is constant in these habitats, that they do not occur in other
habitats, and that they are found only between 1,600-3,300 m in elevation, there
are at least 11,000 Mikado Pheasants insde Y ushan National Park. Based on
comparisons of relative abundance (Encounter Index) this large population is
either stable or declining. Yushan Nationa Park has a large population of
Mikado Pheasants. Even so, Mikado Pheasants should still be monitored to
examine the patterns of productivity and the effects of hunting.
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INTRODUCTION

The Mikado Pheasant, Syrmaticus mikado (Hume), is endemic to the high
elevations of Taiwan (Delacour 1951). Until recently, it has been classified as
an endangered species (International Union for Conservation of Nature and
Natural Resources 1966), primarily because of poaching and habitat destruction
(Severinghaus 1977).  Since 1993, however, it has been considered safe from
the threats of extinction (McGowan & Garson 1995). Regardless, thereis
much yet to be learned about the bird's life cycle in its natura habitat.

Systematic study of the Mikado Pheasant began in 1975 (Severinghaus 1977).
This survey of the island concluded that the pheasant lives a high elevationsin
primary and secondary growth forests. Shortly after its creation, Y ushan
National Park was surveyed for Mikado Pheasants in afollow up study by
Severinghaus and Severinghaus (1986). Research resumed again in 1989
(Alexander et a. 1990). In this study, research effort was concentrated in the
secondary growth habitat of the Chun Ta Logging Road at Kwan Kao. It was
in this study, that individual pheasants were trapped and banded. Radio-
telemetry study did not begin until 1991 (Bridgman 1994). These studies,
especially the last one, thoroughly documented that Mikado Pheasants can and
do use secondary growth habitats. Beginning in 1992, Yao Cheng-te of the
Tawan Endemic Species Research Institute began observation and telemetry
research of Mikado Pheasants in the broadleaf and mixed forest habitats of the
Zueyenshi Nature Reserve. Thiswas the first time research of Mikado

Pheasants was concentrated in primary growth habitats.

In 1996, Y ushan National Park agreed to support their fourth research project on
64



Mikado Pheasants. This study is the basis for comparisons of the Mikado
Pheasants in two habitat types. the secondary growth habitats of the Chun Ta
Logging Road near Kwan Kao; and the primary habitats of the Patungkwan
Trail between Dwel Kwan and Kwan Kao. Our objectives were to use
trapping, observation, and radio-telemetry techniques to improve our
understanding of Mikado Pheasants. Of particular interest was: 1) reproductive
potential and pattern, 2) sources of mortality, 3) longevity, 4) habitat use, 5)
distribution and interaction of radio-tagged pheasants, and 6) Pheasants
population number within the two study sites and within the Y ushan National
Park.



STUDY SITE DESCRIPTION

The two study sites (Figure 4: 23° 30" N, 121° 00' E) were selected for ease of
access and because Mikado Pheasants had been frequently observed therein
past studies (Severinghaus 1977, Severinghaus and Severinghaus 1987,
Alexander et d. 1990). Both study sites are between 2,000 and 2,700 m in
elevation. The Chun Tastudy site (Figure 5) aptly fits Severinghaus (1977)
description of mixed disturbed forests. This site is located near the northern
edge of Yushan National Park between 65.7 km and 68.1 km along the Chun Ta
Logging Road. The Dwei Kwan study site (Figure 4) is on the Patungkwan
Trail between Dwel Kwan (10.16 km from the town of Tungpu) and Kwan Kao
Gap (14.3 km from the town of Tungpu). The Dwel Kwan study site aptly fits
Severinghaus (1977) description of a primary forest (Figure 5).

The Chun Ta study site (Figure 5) has essentially an eastern exposure. It is

extremely steep with slopes measuring from 30° to 80°. The area surrounding
the road had been logged of itsoriginal Chamaecyparis formosana (Tawan red
cypress) forest and has, in the past 20 years, undergone a reforestation program

in which red cypress and Alnus japonica were planted.

The Dweal Kwan study site is quite different from the Chun Ta study site. It
has a western exposure, but probably receives less direct sunlight than the Chun
Tastudy site because of afternoon cloud and fog cover. This study Siteis a
climax community forest within 1 km of the Chun Ta site (Figure 5). Here,
too, the hillsides are very stegp with slopes ranging from 30° to 80°. Forest
types are the mixed communities of Chamaecyparis, Tsuga, and Pinus that mark
the transition zone between the temperate humid forest (1,500 — 2,500 min
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elevation) and the subalpine zone (2,500 — 3,000 m in elevation). These
forests vary in age class due to naturally occurring landdides and fires. Many
trees, especially the Chamaecyparis, may be 1,000 — 3,000 years old (Wang
1968). Because of the steegpness of the terrain, there are many naturally
occurring landslides. There are also many pockets of secondary growth
similar to that of the Chun Ta site.
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METHODS

Mapping

Chun TaLogging Road, between 65.5km and 67.5 km from the town of Sini,
was surveyed using a plane table and alidade to produce a detailed map of the
study area. Kwan Kao, a former logging settlement is located at 67.5 km.

The Patungkwan Trail from Kwan Kao Gap (14.3 km) to Dwei Kwan (10.16 km)
was mapped using alogging tape and Brunton compass. The trail from Kwan
Kao Gap to the Chun Ta Logging Road at Kwan Kao was aso mapped. Both
the logging road and the Patungkwan Trail were marked every 20 meters. The
locations of these markers were also mapped. The coordinates of road and

trail markers were determined for Taiwan Grid (Smilar to UTM) and integrated
into GIS (Figure 5).

Study Site Maintenance

The Chun Ta Logging Road was trimmed by the project once or threetimes a
year (Figure 1A). This trimming was necessary to allow movement along the
road, and to alow for observations of pheasants. The road was usualy
trimmed to create a corridor 2-3 meterswide. Thisincreased visibility by

about 30 meters, greatly increasing the chance of observing pheasants.

The Patungkwan Trail from Kwan Kao Gap to Dwei Kwan was trimmed by
park employees twice from July 1996 through May 1999. After trimming, a



corridor was created that was about one meter wide.  Visihility was limited by
the convolutions of the trail, usually between 5 and 20 meters.

Trapping

Between 10 and 30 foot snares (described by Severinghaus, 1977; Figure 1B)
were placed most months in each study site. Snares were placed on or
adjacent to theroad or trail. They were completely destroyed at the end of
eachtrip. Snares were checked hourly during the day (05:30 to 19:00).

Captured pheasants were sexed and classed as adult or juvenile based on
coloration and size. Any pheasant 600 g or greater that was also in adult
plumage was considered to be an adult. Body mass was determined using a
spring scale.  Measurements of bill (gape), forewing, tail (longest tail feather),
body, and spur were recorded, as were tibiotarsus length, width and diameter
(Figure 1C). The dates, time, and trap location were aso recorded (Data sheet
4). Birds were photographed and banded with two to four plastic colored leg
rings and one numbered duminum ring.  The mean and range of the physical
measurements of all pheasants captured from 1990 -1999 were cal cul ated.

Daily Log

Tripsto the study site were made monthly from from July 1996 through May
1999. Eachtrip lasted about 15 days. About half the time was spent at each
study site: the Chun Ta Logging Road and the Patungkwan Trail.
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A written log of activities, weather, distance traveled and miscellaneous items
were kept for each day inthefield (Datasheet 1). Wesather data, including
temperature, degree of cloud cover, precipitation, and wind, were recorded three
to six times daily (generaly: morning, noon and night). A rain gauge was used
for the 1996 -1999 study period, and rainfall was measured twice a day.

Survey route information, i.e. distance covered, time expended and number of
pheasants (if any) observed, was recorded (Data sheet 2). Miscellaneous items
included sightings of hikers, large mammals, other galliform species, locations
of nests of small birds, discoveries of traps or snares, and anything else that was
of interest.

Observations

The study sites were monitored for Mikado Pheasant activity. For each direct
observation of a pheasant, the time, date, location, identification marks such as
sex, age, and leg rings, and a description of observed behavior were recorded
(Datasheet 2 & 3). All observations were made from the logging road or the
trail. Pheasants were followed for as long as they remained on the road or
trail.

Nest Survey

During the breeding season, time was spent searching for nests of radio-tagged
females thought to be nesting (Figures 1D& 2A).  Attempts were made to
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follow radio-tagged females to their nests.

Productivity

Productivity was determined from the number of chicks or subadults seen
during the months of July and September 1991, 1996, 1997, and 1998. The
productivity index was calculated as the number of chicks or sub-adults
encountered for each hour spent looking for pheasants.  The months of July
and September were selected because sub-adults were large enough to be easily
seen, and because the study sites were visited during these months for each of

these years.

L ongevity

L ongevity was determined by the recaptures of pheasants first trapped in the
1991-1992 study period. Age of recaptured pheasants was estimated based on
their estimated age when first captured in 1991-1992.

Mortality

Mortality causes and identification of predators were determined by homing in
on pheasants whose radio-transmitter had a mortality signal. In those cases
where it was possible to conclude the pheasant was dead, photographs were
made, and the cause of mortality determined.
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Hunting Index

Hunting intensity was determined by counting the number of snares, gunshots,
remains, etc, found or heard during each year from 1989 to 1992, and from
1996 through 1999 (Table 1, Figure 3). This number was divided by the
number of days spent in the field during each year (thereby adjusting for
differences in observer effort) to create a Hunting Index. Stashes of snares or

traps were counted as one unit.

Radio-telemetry System Error

Telemetry system error was estimated by placing transmitters 20 to 150 meters
below or abovetheroad and trail.  Ten test transmitters were placed in the
Chun Ta study site, and eight test transmitters were placed in the Dwei Kwan
study site.  Bearings were recorded for each test transmitter from the stations
most frequently used to radio-locate pheasants in the region of the test
transmitter. Thisdatawill later be analysed (White & Garrott 1990, Lee et al.
1985) to test the accuracy of the radio-telemetry locations.

Telemetry

Seasona and yearly ranges for July 1996 though May 1999 were made by
following radio-tagged pheasants trapped during this period. Transmitters
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used were Model WL 300 backpack transmitters with a mortality switch (Hi-
Tech Services). The mortaity signal switched on if the transmitter remained
motionless for 11 hours. Transmitters weighed 20 grams, including harness
materia (about 3% body weight of a 600g pheasant). During thistime, all
pheasants which weighed more than 600g were radiotagged. Birds were
located using LA 12-Q portable telemetry receivers (AVM), and 3-element
collapsible hand-held Y agi antennas (AVM) or Model RA-14 antennas
(Telonics). Transmitter frequencies ranged between 150 and 151 MHz.
Three methods of attaching transmitters to the pheasants were used: necklace,
duck harness (Dwyer 1972), and backpack.

Radio-tagged Mikado Pheasants were located via triangulation (Kenward 1987,
White & Garrott 1990, Data sheet 5) from road and trail markers established at
20 mintervals. Radio locations were made at four hour intervals for a
maximum of 4 locations per day. Usually, two or three locations were made
per day. In generd, ten locations were determined for each bird each month.

Triangulation was made by taking at least three bearings from three different
stations (road or trail markers) within a 30-minute period. Bearing angles had
to be at least 30 degrees different to be acceptable. Within the study sites,
however, differences of 30 degrees were often not adequate to determine the
genera location of the pheasant. Hence, the need for at least three bearings.
Because of problems with bounce, telemetry stations were often several
hundred meters apart, and three to 10 bearings were made for each location.
While most triangulations could be made within 500 meters, to have telemetry
stations 1000 meters apart was not unusual.

To recover transmitters, the radio-telemetry technique of homing was used: the
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signal was followed as the signa volume increased until the transmitter was
found. Homing took as long as eight hours depending on the location of the
transmitter and the difficulty of the terrain (Figure 1D). Attempts were made
to homein on al transmitters emitting a mortality signal.  This mortality signa
indicated that either the transmitter had fallen off the pheasant, or the pheasant
was dead.

The 95% minimum convex polygon (MCP) range of each pheasant was
estimated using triangulation telemetry data.  The computer program, TELEM
(Coleman 1987), was used to determine the coordinates of telemetry locations.
Coordinate data were plotted using ArcView (1994). The program

CALHOME (Kie 1994) was used to calculate 95% MCP ranges. The 95%
M CP was used because most studies have used this method, alowing for
comparisons between studies and between species. A 95% MCP range was
calculated for every pheasant having at least 6 locations in a three-month period
(season). Each year was divided into four seasons. Winter (December 1 of the
previous year through February 28), Spring (March 1 through May 31),
Summer (June 1 through August 31), and Fall (September 1 through November
30). These seasons correspond roughly with seasonal changes in the weather
and with the yearly cycles in pheasant activity and behavior.

Habitat Analysis

Habitat analysis was done using Geographic Information Systems (GIS). The
GIS data of land use type and elevation was collected by the Taiwan Forest
Bureau (1995). Maps of the road and trail made during this project were
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overlad onto the GIS data (Figure 5).  Study site outlines (100% MCP) were
determined using the seasonal radio-telemetry ranges of any pheasant with more
than six locations (Figure 6). The elevation distribution of Mikado Pheasants
was determined from areview of four field guides to Taiwan birds
(Severinghaus & Blackshaw 1976, Wang et al. 1991, Chang 1995, and Jan et 4dl.
1996) and the Handbook of the Birds of the World (del Hoyo et a. 1994).

These sources generally agreed that the Mikado Pheasant occurs between the
elevations of 1,600-3,300 m (Table 2).

A map of Mikado Pheasant habitat inside Y ushan National Park was made by
highlighting the habitat types found in the two study sites that were between
1,600 and 3,300 metersin elevation. From this GIS model, the area Mikado
Pheasant habitat was determined. This data was used to estimate the
population of Mikado Pheasants inside Y ushan National Park. This model
assumes that pheasants only occur between the elevations of 1,600 to 3,300 m,
and that pheasants were only found in those land use categories occurring
within the two study sites.

Population Estimation

A population estimate was made for the Chun Ta study site for July 1991
through June 1992, and for July 1996 through May 1999. It was also made for
the Dwel Kwan study site for July 1996 through May 1999. The population
estimate was cal culated using mark-resighting data and the Bowden's Model
Estimation in the program NOREMARK (White 1996). This estimator was
selected because it estimates the population using the study area. It does not
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estimate population density. In this case, the study areais 2 km of the Chun Ta
Logging Road (66.0-68.1 km) or 3 km of the Patungkwan Trail (11.3-14.3 km);
al sightings and trapped pheasants were on the road or thetrail.  Only those
encounters on the road & trail within the ared s outlinesin Figure 6 were used.
Bowden's Model estimates population number using the following data: number
of pheasants captured, number of resightings for each tagged pheasant, and
number of untagged pheasants sighted. Pheasants that were recaptured were
considered to beresightings. Bowden's model produces an estimate and a 95%
confidence interva (suggested maximum and minimum population number).

To calculate population density, the Bowden's population estimate for a study
site was divided by radio-telemetry 100% MCP study site area.

The population estimate for the entire Y ushan National Park was calculated
using the maximum & minimum 1996-1999 estimates of population density
(Figure 24) and the land use types within the study sites (Figure 5).  Four
assumptions were made: 1) that the density of pheasants was constant for al
land-use types found in each study area; 2) that pheasants were found in al
areas insgde the park with the same land-use categories found in the study sites,
3) that no pheasants occurred in any land-use type not found in the study sites,
and 4) Mikado only occur between 1,600 and 3,300 in elevation (Table 2).
Separate population estimates were calculated for land-use types similar to the
Chun Ta study site and for land-use types similar to the Dwel Kwan study Site.
These two estimates were added together to generate a total estimate for the
park. The population estimate for the park is presented as a range: minimum
estimate and maximum estimate. The GIS data from the Taiwan Forest Bureau
(1995) was used to identify land-use categories and to calculate the area of each
land-use category.

76



Relative Abundance

Relative abundance was determined from the encounter index. This index was
calculated to eliminate observer bias. The encounter index was the number of
pheasants observed per hour spent looking for pheasants. This index was
calculated for each study site for each year from July 1996 through May 1999,
and for the year July 1991-July 1992. Estimates from the 1996-1999 study
were compared to estimates from the 1991-1992 study to examine the
population trends of the Mikado Pheasant.



RESULTS and DISCUSSION

Trapping

Traps were set aimost every month.  Twenty-one pheasants were captured in
the Chun Tastudy site.  Thisincludes the four pheasants first caught in 1991
or 1992 (Table 3). Seventeen pheasants were captured in the Dwei Kwan
study site (Table 4).

Average size and weight of pheasants trapped inside Y ushan National Park
since 1990 are listed in Table 5.  Pheasants in these two study sites weighed
less than those trapped in the Zueyenshi Nature Reserve (Yao et a. 1998).
Comparisons of the other measurements suggest that Mikado Pheasants inside
Y ushan Nationa Park are, in general, smaller than those in the Zueyenshi
Nature reserve. Some of the differences, however, are due to differencesin

technique.

Sex Ratio

The sex ratio of pheasants trapped on the Chun Ta Logging Road was 1:1 (Table
3). Most of these pheasants were adult.  Of the trapped males, three were
juveniles. Inthe Dwei Kwan study site, the sex ratio was 0.89 males for each
femae (Table4). Only onejuvenile mae was trapped in that study site. It
was hot possible to determine with any confidence the age of any of the trapped
females. Thisisbecause by late summer, chicks can be as large and as heavy
as adult females (Bridgman 1994), and because juvenile females have the same
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plumage coloration as adult females. Aging the malesis easier, because
juvenile males, until they are about a year old, will retain some feathers of

female coloration.

Reproduction

A total of 19 female pheasants were radio-tagged during this study (Tables 3&4).
No nestswere found. Nesting behaviour was deduced from radio-telemetry.

A nesting female should have most of her radio-locations in the same place
(Bridgman 1994). Only one female exhibited nesting behaviour. Two
attempts were made to locate her and her nest. Both failed because she began
moving around during the search.  While no nests were found, this does not
mean that the radio-tagged females were not nesting. Three radio-tagged
females were seen with chicks, and five radio-tagged females had brood patches

on their abdomens (Figure 2A).

Productivity

The encounter rate of juvenile pheasants is shown in Table 6 as a Productivity
Index. For both study sites, the productivity index for the years 1996-1998 are
negligible compared to 1991. At thistime, it is not possible to say what
productivity in the average year is like. Productivity in 1991 was very good.
Two of those juveniles (Table 3) survived to be radio-tagged in 1997 and 1998.
Productivity for the duration of this study was very poor. Vey few juveniles

were observed (Table 6), and only four to six (if the trapped females were, in
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fact, juveniles) were trapped.

A possible hypothesis for the poor productivity of 1996-1998 is the weather.
For these three years, there were frequent, very heavy, rainsin the study areas
during the breeding season (personal observation). In the summer of 1996,
two major typhoons visited Nantou County. The study areas are within Nantou
County. Inthe spring of 1997 and 1998, rain appeared in the form of
thunderstorms and cloudbursts. It is possible that these heavy rains caused
mortality in Mikado chicks due to exposure and hypothermia.  The spring and
summer of 1991 was very dry. When it did rain, the rains were light (personal
observation). Further study is needed to determine the pattern of productivity
in Mikado Pheasants. Study is aso needed to see if productivity is correlated
with yearly weather patterns.

Longevity

Of the 24 pheasants trapped 1991-1992 (Bridgman 1994), four (17%) were
recaptured during this study (Table 3). Two of the males were juveniles when
captured in 1991 or 1992. They probably hatched in spring or summer of 1991.
One of these maleswas lost in 1997 due to predation by a small carnivore
(Table3). Hewasprobably six yearsold. The rest of these pheasants were
still alive at the end of the study, making one male eight years old and the other
male and the female at least 9 years old. These last two individuals cannot be
aged, because they were full adults when first captured in 1992 or 1991. They
were born no later than 1990.



Mortality

During the first ix months of the project, mortality was high. The deaths of at
least two of the pheasants that died during this time can be directly attributed to
the transmitters (Bridgman et a. 1997). Transmitters probably had an effect
on some of the other deaths. The main result of the first six-month's
experience was an evaluation of transmitter attachment methods (Bridgman &
Lin 1997). After this, transmitters were attached to the pheasant using either
the Dwyer method (Dwyer 1972) or the backpack method. During the last 2.5
years of the project, four radio-tagged pheasants died. Causes of mortality
were poaching, small carnivores, and avian predators (Tables 3&4). While the
method of attaching the transmitter to the pheasant is important, none of the
mortalities after December 1996 can be attributed to the transmitter. Eight
pheasants carried transmitters for ayear or longer. One male was followed for

almost two years.

Discovery of dead non-tagged pheasants was entirely serendipitous.
Regardless, the remains of three pheasants were found on the Chun Ta Logging
Road (1989-1999, personal observation). Between 1996 and 1999, the
remains of two pheasants (one a Swinhoe's Pheasant, Figure 3C) were found
near fire-rings within the Dwel Kwan study site. Cause of death for these two

pheasants was assumed to be poaching.

Clearing the Chun Ta Logging Road may have had a negative effect by making
that region accessible to hunters.  Trimming the road was necessary for
research activities. observing pheasants and doing radio-telemetry. A well-
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cleared road or trail also attracts Mikado Pheasants (Bridgman 1994). The
aspects that make the road and trail attractive to pheasants (ease of movement)
also make them attractive to humans. Almost all the hunting activities
recorded during this study were on, or immediately adjacent to, the road or trail.

Hunting does till occur within Yushan National Park boundaries. Infact,
since 1989, the incidence of hunting inside the Chun Ta and Dwei Kwan study
sites has doubled (Table 7). It is agreat pity that there is no Hunting Index
from the study sites before the existence of the park. Asitis, al that can be
concluded is that in the past ten years, hunting inside the study area has doubl ed.
For the three-year period (1989-1992) the Hunting Index was 10% or less
(Table 7). For the three years of this study (1996-1999), the Hunting Index is
19% or greater. The data used to determine the Hunting Index islisted in
Table 1.

The main methods of hunting were snares or guns. Of these two methods, use
of snares should cause the greatest concern. Snares continue hunting long

after the hunter has left the areas.  Snares were found throughout both study
sites. Most were on or adjacent to theroad or trail. A few, however, were
found more than 500 meters distant from the Chun Ta Logging Road in places
where there was no trail or other signs of human activity. It appears that snares
are placed wherever people may go, regardless of accessibility.

Activity patterns

For the 1991-1992 study period, 1,499 hours were spent looking for pheasants
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in the Chun Ta study site (Table 8; Bridgman 1994). These hours were spread
over 12 months and 152 days (Bridgman 1994). Because the Chun Ta study
site was reached only by hiking the Patungkwan Trail, the Dwei Kwan study
site of 1996-1999 was a so visited, and observations of pheasants were made.
During 1991-1992, atotal of 36 hours were spent looking for pheasants in this
study site (Table F, Bridgman 1994). From 1996-1999, research effort was
split between the two study sites, with dightly more time spent in the Chun Ta
study site.  For each year during this period, between 216 and 423 hours were
gpend in the Dwei Kwan study site (Table 8). Between 343 and 396 hours
were spent looking for pheasants in the Chun Ta study site (Table 8). None of
these estimates of hours expended include time spent off the road or trail doing
habitat analysis or searching for transmitters emitting a mortality signal. For
the three years from July 1996 through May 1999, 100, 69, and 113 days,
respectively, were spent in the two study sites (Table 7).

The high number of hours expended in the 1991-1992 study period is due to the
fact there were four people patrolling the Chun Ta Logging Road. All four
people recorded the data needed to create an Encounter Index: time spent on the
road or trail and number of pheasants observed. During the 1996-1999 period,
only one person (the primary author) kept track of hours spent as well as
pheasants observed. Other people helping with the study only recorded
encounters with pheasants. Their observations were not used in the
calculations of the Encounter Index or Productivity Index for this period.

Not al hours of the day, or months of the year, were equally surveyed by the
people doing the research. Time was taken for meals or for other aspects of
the project. Some months were not surveyed (i.e. August 1996) because of

weather or other reasons. Therefore, al the observation data has been
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presented as an Encounter Index: the number of pheasants encountered for each
hour expended by the researchers.

Summary of daily activity patterns of Mikado Pheasants, as determined by the
Encounter Index, can be seenin Figures 7&8. These activity patterns are
different from those observed in Bridgman (1994): a peak in the early morning,
with alow rate of activity for the rest of theday. For the Chun Ta Logging
Road (Figure 7), pheasant activity showed an early morning peak, a mid-
morning lull, and three peaks in the afternoon. Activity patterns on the
Patungkwan Trail were different than on the Chun Ta Logging Road. Pheasant
activity was much more evenly distributed throughout the day (Figure 8).
There were three peaks. a gradual increase until about 09:00, a short peak
around noon, and an afternoon peak from 15:00 to 17:00 (Figure 8). Overdl,
the Encounter Index was low: less than 0.3.

The monthly Encounter Index on the Chun Ta Logging Road shows a pattern
similar to that of the 1991-1992 study (Bridgman 1994). In Figure 9, one can
see that pheasants are active on the road throughout the year, except in the
winter months. Pheasant activity on the Patungkwan Trail inside the Dwel
Kwan study site does not show the same pattern.  Except for a pesk in June,
the Encounter Index was similar for most months (Figure 10). This June peak is
entirely based on encountersin June 1998. This suggests that surveys during
the month of June are important. Neither study site was visited June 1997 or
1999, because of the logistics of writing and presenting final reports to Y ushan
National Park Headquarters. Neither study site was visited in August 1996 or
1997 because of the weather and logistical reasons.  The typhoons that
devastated Nantou County in 1996, prevented access to the study Site that year,

especialy. Spending time in the field during the summer months of May, June,
A



July, and August is very important for understanding the breeding behaviour
and productivity of most birds.

Two other studies have recorded Mikado Pheasant daily and yearly patterns of
activity on roads and trails. These studies did not present their data as an
Encounter Index. Data was presented as number of pheasants observed
(Alexander et d. 1990, Yao 1996). These two studies show two peaks of daily
activity: early morning and late afternoon. Bridgman (1994) presents patterns
of activity using both pheasant number and the Encounter Index. Datausing
pheasant number indicated an early morning and late afternoon peaks of activity
( Bridgman 1994). When this data was adjusted for survey effort, the
afternoon peak disappeared, suggesting that pheasants were mainly active in
open aress like roads and trails in the early morning (Bridgman 1994).

All studies, including this study from 1996-1999, indicate that most pheasant
activity on roads and trails is in the warmer months (May through September).
This pattern emerges regardless of whether the encounter data is adjusted for
survey effort. It isonly the Dwei Kwan study site that show a different
pattern — one that suggests pheasants use the trail throughout the year. This
pattern may also suggest that the existence of the trail does not affect Mikado
Pheasant activity.

Adjusting encounter data for survey effort isimportant. In our study, we

presented all pheasant activity relative to our own activity. Doing this should
help us to determine the true pattern of activity in the Mikado Pheasant. This
adjustment is necessary, because not all hours of the day or months of the year
were surveyed equally. This must certainly be the case for other studies.  In

fact, the mid-day low in daily activity shown in Alexander et a. (1990) is most
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likely due to the fact that survey effort during mid-day was reduced (Bridgman,
persona observation). For this same study, survey effort during the winter
months was also reduced (Bridgman, personal observation). Alexander et d.
(1990) used the Encounter Index in addition to pheasant number to describe
Mikado Pheasant yearly activity patterns. Because they did so, they were able
to conclude that pheasant activity on roads and trailsis greatly reduced during
winter months. For the Chun ta Logging Road, this conclusion is supported by
later studies (Bridgman 1994, present study).

Telemetry ranges

The 95% MCP telemetry ranges were calculated for each radiotagged pheasant
for each season. Range size and seasons for each pheasant are presented in
Tables9&10. Range maps and locations are displayed for each season in
Figures 11-22.

For the fall 1996 season (Figure 11), five pheasants were radiotracked in the
Dwea Kwan site and one was followed in the Chun Tasite.  Except for the one
male (#272), dl the rangeswere small. The distribution of the female ranges
on the Dwel Kwan dite isinteresting: non-overlapping. By no means were all
the females in this area trapped or radio-tagged.

For winter 1997 (Figure 12), the range of male #272 decreased dightly. Al
three pheasants radio-tracked on the Dwei Kwan study site were male, and their
ranges all overlapped. For the Chun Ta study site, the female followed in this
season had alarger range than the female followed fall 1996.
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In the spring of 1997 (Figure 13), six pheasants were followed. Male #272
greatly expanded hisrange. During this time, his range also overlapped
another male's (#369). In the Chun Ta study site, neither the range of the
males nor the females overlapped. This does not indicate defended territories,
however, as there were non-tagged pheasants of both sexes observed throughout
thestudy area.  Ranges were al much smaller than in the Dwei Kwan study

Ste.

Ranges during the summer 1997 (Figure 14) were all very small (lessthan 1 ha).
One reason for these small sizes may be an artifact of radio-telemetry sampling.
Basicaly, the more locations the larger the range. In general, the number of
radio-locations per pheasant during this season were much smaller than for any
other season (Tables 9&10). Female #1189 managed to lose her transmitter
during thisseason. A year after this, she was sighted on the logging road.

She was finally recaptured in spring 1999 (Table 3).

During fal 1997 (Figure 15) there was only one pheasant carrying a functional
transmitter (male #949). His range increased from its summer time size, but
the location remained about the same. There is no telemetry data for winter
1998. By thistime, even the transmitter on male #949 had fallen off.

During spring 1998, more than seven pheasants were trapped, or recaptured, and
radio-tagged. These pheasants included male #949, who was given a new
transmitter. Because al these pheasants were trapped during this season, the
number of radio-locations per pheasant islow (Table 9&10), affecting range
size. Thetwo pheasantsin the Dwel Kwan study site had digunct ranges

(Figure 16). Inthe Chun Ta study site, however, three of the pheasants had
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overlapping ranges. Mae#949 shared parts of his range with two females
(Figure 16). Asfor the other two pheasants, male #1209 and female #3609,

their ranges were not exclusive, as non-tagged birds were observed.

Twelve pheasants were followed during the summer of 1998. Four of these
pheasants were in the Dwel Kwan study site (Figure 17). The three males all
shared parts of their range. In the Chun Ta study site, three males also had
ranges with considerable overlap (Figure 18). These ranges also overlapped

with four females (Figure 19).

Range size increased in fall 1998 (Figure 20). Inthe Chun Tastudy Site,
especialy, al the pheasants appeared to be using the same area. Female #3869
shifted, and greatly expanded, her range. There was close overlap in range
size and location for male #949 and female #707, and for male #3833 and
females #869 and #288. In the Dwei Kwan study site, female #187 expanded
her range, which happened to overlap male #487. Female #228 was trapped
during this time, and her range also overlapped with male #487. Femae #187
died during this season, predated by a small carnivore. A few dayslater, we
were fortunate enough to capture female #228, keeping the number of radio-
tagged pheasants in this study Site stable.

For winter 1999, the same seven pheasants were radio-located. Range size
was similar to that in the fall, and in similar locations (Figure 21).  In the Chun
Tastudy site, all the pheasants had some areain common.  In the Dwel Kwan
study site, male #487 reduced his area of activity somewhat. One effect of this
was a reduction in overlap with female #228.

During spring 1999, we continued following the pheasants of the previous fall
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and winter. It wasin this spring, that we lost track of male #949, after
following him for aimost two years. He had also been frequently observed on
the logging road. During spring 1999, we did not see him on the road, and we
could not pick up asigna from his transmitter. During this spring, we did find
snares on the road in the region where we had often observed this male. Itis
possible that the transmitter battery expired. It is aso possible that he was
trapped by hunters visiting the study site.  Female #707 managed to lose her
transmitter.  This transmitter was recovered, and the female, herself, was
resighted. Female #1169 was recaptured during this season. Radio-telemetry
data for the remaining five pheasants are in Figure 22. Range size in the Chun
Tastudy site decreased. Ranges also shifted away from the logging road. In
the Dwel Kwan study site, range sizes were similar, but their location also
shifted somewhat.

Bridgman (1994) found that Mikado Pheasants avoided the Chun Ta Logging
Road during winter months.  For the current study, this pattern continues. In
the Dwel Kwan study Site, ranges seem to include the Patungkwan Trail,
regardless of the season.

While Bridgman (1994) found that winter 95% MCP ranges were considerably
smaller than during other seasons, this pattern was not observed for either study
site from 1996-1999. Redtriction of activity in the winter has been observed in
Cabot's Tragopan, Tragopan caboti (Young et a. 1991), and in the Ring-necked
Pheasant (Hill & Robertson 1988).

Examination of these ranges shows that there is a high degree of overlap.
Those pheasants showing ranges that appear exclusive ill share the area with

non-radio-tagged pheasants (persona observation). There is no indication that



Mikado Pheasants are territorial.  Also, examination of the spring and summer
ranges (the breeding season), do not help clarify the breeding system of Mikado
Pheasants. Bridgman (1994) demonstrated that one female could share the
range of two radio-tagged males. Here, too, males share ranges with multiple
females and females share ranges with multiple males.

Several of the pheasants captured in the Chun Ta study Site were never seen
again. Ther ranges show ther activity to be below the road. Some radio-
locations were quite close to the road, but there is no indication of these birds
using the forest on both sides of theroad. Thisis particularly true for the last
year of the study. For the Dwel Kwan study site, radio-tagged pheasants
appeared to be active on both sides of the Patungkwan Trail.

In general, Mikado Pheasant 95% MCP ranges were either small and round, or
eliptical, paralleling the topography. This suggests that the Mikado make only
limited altitudina movements. These observations are consistent with the
findings of Young et al. (1991) in their study of the pheasant Cabot's Tragopan,
Tragopan caboti, of southeastern China.

Habitat Use

According to the inventory data of the Taiwan Forest Bureau (1995), the Chun
Tastudy site is predominantly Mixed Plantation Forest, with patches of
Chamaecyparis formosensis Plantation and Tsuga Forest (Figure 5). The
Dwe Kwan study site is predominantly Mixed Forest with patches of Broadleaf
Forest and Chamaecyparis Forest ( 5). Almogt al of the 95% MCP ranges
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of radio-tagged pheasants are in Mixed Plantation (the Chun Ta study site) or
Mixed Forest (the Dwel Kwan study site).

Bridgman (1994) clearly documented that Mikado Pheasants can use disturbed
habitats. During the study period 1996-1999, research effort was divided
between the Chun Ta study site (disturbed habitat) and the Dwel Kwan study
site (pristine habitat) to examine differences and similarities in use, population
number, and activity patterns of the pheasant. While it is not yet possible to
say that one habitat type is better or more suitable than another, one can say that
Mikado Pheasants use a variety of habitats and are capable in surviving in
habitats that are pristine or disturbed.

Population Estimate

A separate population estimate was made for each study site.  Data of captures
and resightings were compiled for the entire three-year period: 1996-1999. A
third population estimate was made for the Chun Ta study site for the year
1991-1992. Estimates and 95% confidence intervals are presented in Figure
23.

Fifty pheasants were estimated to frequent the Chun Ta Logging Road from July
1991 through June 1992. Seven years later, the estimate is about the same: 53

pheasants using the logging road from September 1996 through May 1999.

For both time periods, the same 2 km section of road was surveyed. For the

Dwea Kwan study site, about 101 pheasants were estimated to frequent the trail.

Three kilometers of trail were surveyed for this estimate (14.3 km to 11.3 km).

91



From 1991-1992, in the Chun Ta study Site, 26 pheasants were trapped, and
there were 887 encounters. The resighting rate was 50% (Bridgman 1994).
Because of this sample size and resighting rate, the 95% confidence interval is
fairly narrow (Figure 23). This suggests that the population estimate of 50
pheasants frequenting the logging road is reasonably accurate. The confidence
intervals for the years 1996-1999 are nowhere near as narrow (Figure 23).
Sample sizes were small, and the resighting rate was low. For the Chun Ta
study site, 179 pheasants were encountered on the logging road. The
resighting rate of tagged pheasants was 15%.  On the Patungkwan Trail, the
resighting rate was 17%, and 101 pheasants were encountered.  The number of
pheasants trapped was similar for al three estimates: 17 to 26 pheasants.

Regardless, thisis the first time a population estimate has been made for
Mikado pheasants using tagged animals.  In previous studies, al analyses were
of unmarked pheasants. For this study, recapture rates were too low for
standard capture-recapture techniques.  With banded pheasants, however, it
was possible to estimate population using the Bowden's Model Estimator. This
estimator was appropriate to this study because it considers differencesin
resighting rates for different individuals. While most of the trapped pheasants
were never resighted, some were seen multiple times. In particular, male #949
was resighted 27 times.  This pattern holds for the study from 1991-1992, as
well. During that year, one female, #16, was resighted 122 times (Bridgman
1994).

These population estimates are limited. According to these estimates, the
population of Mikado Pheasants using the Chun Ta Logging Road in the past

three years may be as few as 26 individuals or as many as 107. The population
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using the Patungkwan Trall may be as few as 55 or as many as 183. These
95% confidence intervals are used in the following efforts to determine
population density for the study areas and for the Y ushan National Park as a

whole.

As outlined in the Method's section, the 95% MCP ranges of all radio-located
pheasants within each study site were combined to determine the area of the
study site (Figure 6).  All of these radio-located pheasants were trapped on the
Chun Ta Logging Road or the Patungkwan Trail. These pheasants were used
in the calculation of the population estimate. They were considered to be
representative of the pheasants in each study site. A review of their 95% MCP
ranges reveals that many of the pheasants had ranges that did not include the
road or trail (Figures 11-22).

The Chun Tastudy site had an area of 0.674 km? (Figure 6). It was haf the
size of the Dwei Kwan study site, which had an area of 1.482 km? (Figure 6).
It is possible that these estimates of area are conservative and that pheasants
observed on the road and trail wandered further than is indicated in Figure 6.
If these estimates of area are conservative, then the estimates of population
density will be artificially high. While estimates of population density are
presented as a range (Figure 24), the lowest estimate should be used for
determining the health and conservation status of Mikado Pheasants.

Because of differencesin area, the population densities in the two study sites are
smilar. The density for the Chun Ta study site is dightly lower (29-119
pheasants/ km?) than for the Dwei Kwan study site (38-125 pheasants/ k).
The minimum estimate for the Dwel Kwan study site is similar to that for the

Chun Ta study site for 1991-1992 (37-86 pheasants km?). In generd, the
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densities are quite high.  When one considers that these study areas were
selected because of their reputation for having pheasants, these estimates may

not be unreasonable.

The estimates of population density for this study period (1996-1999) were used
to generate an estimate of population number for the entire Y ushan National
Park (Table 11). The locations of habitat types similar to those found within
the study sites (Figure 5) are shown in Figure 25. There are probably between
11,000 and 39,000 Mikado Pheasants within Y ushan Nationa Park.

This model assumes that Mikado Pheasants are found only in those habitats
described for the study areas and that they are found at the densities estimated
for the study areas. It also assumes that Mikado Pheasants occur only between
1,600 m and 3,300 m in elevation. It is afact that Mikado have been observed
in areas outside that described in this model. It is aso highly probable that
densities of Mikado Pheasantsvary. Some of the places shown in Figure 25
may not have any Mikado Pheasants at all. Some of the places left blank
certainly do have populations of Mikado.

Once an estimate of population density has been determined, the tendency to
extrapolate isirresistible.  The first population estimate of Mikado Pheasants
was made by Severinghaus in 1977 for the whole idand. He said "'l would not
be surprised if [Mikado Pheasants] numbered between 5,000 and 10,000
individuals' (p. 198). Previous to this study, the general impression was that
the Mikado was rare with a population size in the hundreds (Severinghaus 1977).
Severinghauss estimate is derived from the number of pheasants (21)
encountered along 5 km of logging road. As the logging road switched back

and forth, the road was used to estimate area. The second population estimate
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was made for Y ushan National Park (Severinghaus & Severinghaus 1987), only.
This estimate, 5,800-10,000, was determined using the rate at which pheasants
were encountered (pheasants/km) at different elevations. The estimate of the
current study used the densities of two thoroughly researched areas (Figure 24),
the habitats of these areas (Figures 5& 25) and the traditionally accepted
elevation distribution of the pheasant (1,600-3,300 m; Table 2).

These three population estimates are based on a continually increasing
understanding of the Mikado. Each estimate is also based on an increasing
amount of effort on the part of the investigators, and on an increasing number of
encounters with the pheasant. Each of these estimates is also based on
increasingly limited assumptions. Regardless, the estimates of population
have also increased in number.  This trend in population estimation suggests
that the Mikado Pheasant population has been reasonably large and reasonably
stable ever since its discovery in 1906. The difference appears to be due to our
increased understanding.

Relative Abundance

While there is a reasonably large population of Mikado Pheasants inside Y ushan
National Park, there is some evidence that the population has declined. At the
very least, it has not increase in the past seven years. The population estimate
for the Chun Ta Logging Road for 1991-1992 was 50 pheasants. Seven years
later, the estimate for 1996-1999 is 53 pheasants. When one considers that
female Mikado are capable of having one to five chicks each year
(Severinghaus 1977, Bridgman 1994), the population should be increasing.
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We know, however, that productivity has been very low these past three years.
Encounters with chicks and juveniles have been rare at both study sites (Table
6).

Another indication of population decline is found by looking at the Encounter
Index for the Chun Ta Logging Road from past studies (Bridgman 1994) and the
current study (Table 8). This Encounter Index is an index of relative
abundance. There are many instances where an estimate of population number
cannot be calculated. In these cases, indices of relative abundance have great
value. For this study, we have estimated the population of the two study sites.
But, it is worthwhile comparing this estimate to the index of relative abundance.

Examination of Mikado relative abundance indicates a population decrease over
the past seven years.  For the Chun Ta Logging Road from 1996 to 1999, one
or two pheasants were seen for every ten hours of survey (Table8). Thisisa
sharp decline from the 1991-1992 study, when nine pheasants were seen for 10
hours of investigation (Table 8; Bridgman 1994). What is interesting, however,
Is a comparison of these Encounter Indices with Severinghaus and Severinghaus
(1987). Intheir study, they had an encounter index of almost three pheasants
for every ten hours survey (Table 8). If one considers the relative abundance
of Mikado Pheasants inside Y ushan National Park since its creation in 1985, the
population at the Chun Ta study site has basically remained stable or shown a
dight decline. The year 1991-1992 appears as an extraordinarily good year for
pheasants. It may be that the patterns observed in 1986 (Severinghaus &
Severinghaus 1987) and over the past three years (1996-1999) are more typical.

The patterns of relative abundance described above for the Chun Ta study site

aso hold for the Dwel Kwan study site.  Here, too, the 1991-1992 study period
96



appears as an exceptionally good year for observing pheasants.  The encounter
Index was nine pheasants for every ten hours of survey effort (Table 8;
Bridgman, unpublished data). When one considers the quality of the survey
effort, this encounter rate is even more surprising.  Only 36 hours were spent
In this study sSite during that year, and the focus of these 36 hours was not to
look pheasants but to reach the Chun Ta study site.  During this year, one to
two hours were spent at a time between Dwel Kwan and Kwan Kao, during the
hike from Tungpu to Kwan Kao. For the 1996-1999 study period, most of the
hours spent in the Dwel Kwan study site were devoted to collecting radio-
telemetry data and to looking for pheasants. Regardless of the differencesin
amount and quality of effort, Mikado were encountered much more frequently
in 1991-1992, than from 1996-1999 (Table 8). For the three years of this study,
the rate of encounter has never been over two pheasants per 10 hours of effort.
Once again, it appears that 1991-1992 was an incredibly good year for
pheasants. Severinghaus and Severinghaus (1987) report an encounter index
for this study site of one pheasant per 10 hours effort.

The relative abundance of Mikado Pheasants has declined since 1991. In
1991-1992, pheasants were so abundant that encounters in both study sites were
frequent and high. Many of the encounters in the Fall 1991 and Spring 1992
were of females with juveniles. This indicates high productivity as well (Table
6). During this year, pheasants were abundant and productive. Since 1996,
however, the story has been quite different.  There are whole months when not
a single pheasant was encountered. The yearly and total encounter index for
this period (1996-1999) islow. Encounters with pheasants were rare,
Furthermore, productivity was also low. Encounters of females with juveniles

were amost non-existent (Table 6).
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It is possible that Mikado Pheasants show some cycling in their productivity:
high productivity and high relative abundance in some years, low or no
productivity and low relative abundance in most years. At current, just the
observation of the differences in relative abundance and productivity is
important.  Further study should be made to determine the pattern, if any. It
Is interesting that the productivity and relative abundance of 1991-1992 did not
result in an overall increase in population, which would have been observed for
1996-1999. It is possible that Mikado Pheasant population size is fairly stable.
It may well be that the survival of Mikado Pheasants depends on the survival of
its adult population. These adult pheasants may be needed to wait for a year
like 1991-1992 to produce the next generation of pheasants.



RECOMMENDATIONS

Project Scheduling

To understand the breeding behaviour and productivity of most birds, it is very
important that time be spent in the field during the months of May, June, July,
and August. During this project, collecting data during these months was
sacrificed to fulfill funding requirements of the Y ushan Nationa Park
Headquarters. writing and presenting proposals, progress reports, and final
reports.  Organizations such as Y ushan Nationa Park might wish to consider
flexible scheduling for projects or the presentation of reports to encourage data
collection during the important spring and summer breeding season.

Hunting

It is disturbing that the incidence of hunting has doubled since 1989. The man
effect of hunting is the removal of adult pheasants from the population. All the
techniques used by humans are non-discriminatory: removing pheasants in good
health as well as pheasantsin poor condition. The use of snaresis especially
dangerous, because snares continue to trap animals long after the hunter has left

the area.

Therefore, it is recommended that Y ushan Nationa Park investigate the
incidence of hunting within its borders. The types of hunters (economic and
educational status, place of employment and residence) should be examined.
The motivation, targets, and methods of hunting should be determined. This
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sort of sociological study may reveal information much more useful to control
hunting within the park than merely increasing the presence of police.

Productivity Monitoring

Productivity is very important for maintaining or increasing Mikado Pheasant
populations. This study has documented that the population number of
Mikado Pheasants inside Y ushan National Perk is quite large. The population
size (Severinghaus & Severinghaus 1987, Garson (personal communication),
current study) and the extent of protected habitat in Taiwan (Bridgman et al.
1998) is enough to declare this species safe from the immediate threats of

extinction.

This study has aso determined that the Mikado Pheasant population is not
growing and may actually be declining. Thisis primarily due to lack of
recruitment.  For three years, amost no juveniles have been added to the
population. For an animal that lives 6 to 10 years (as have some of the
pheasants in this study), a period of three years without recruitment could
damage the hedlth of the population. It is important that productivity in
Mikado Pheasants be monitored on along-term, yearly, basis.

Therefore, it is recommended that Y ushan National Park implement a long-term
productivity survey. The methodology of this study is smple, and the amount
of research effort is small.

1) TheDwea Kwan study site and the Chun Ta study site should be visited
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by one or two people every year during July and September.  Vigts
need only last one week, but both study areas should be surveyed

equally.

2) The Chun TaLogging Road (67.5 km to 66.0 km) and the Patungkwan
Trail (14.3 km to 10.2 km) should be dowly walked each day from
about 06:00 - 10:00 and from 14:00 - 18:00. Careful record should be
kept of the time and distance surveyed (Data Sheset 1).

3) Thetimeand location of all observed pheasants should be recorded.
Special note should be made of groups of females with chicks,
especialy the number of chicks with each female. It isthisdatathat is
needed to calculate a yearly productivity index: number of juveniles
encountered for the number of hours spent surveying.

4) Records of trail and road condition (e.g. herb height, visibility) and of
the weather during the survey should also berecorded. These
conditions may have an effect on pheasant encounter rate.

This smple survey should be made each year for 10 to 20 years (or even longer).

The data gained from such a survey is necessary to make evaluations about the
population health and population stability of Taiwan's Mikado Pheasants.
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