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INTRODUCTION

More than 700 years ago, one of the world’s renowned explorers wrote of
a particular species of wild sheep that inhabited mountains on the “Roof of the
World” Marco Polo first noted great quantities of the big size wild sheep on his
way to China while crossing the so called Pamirs in 1273. The world has been
intrigued by Ovis ammon polii, the Marco Polo grandest of all the Argali (Schaller
2004, unpublished report). Central Asia’s famous mountain ranges, which are
called Pamirs with high peaks up to 7000 meter, lie between the spectacular
Hindu Kush, Kunlan, and Karakorm ranges, are the home for the spectacular
Marco Polo sheep. These sheep inhabit the high rolling uplands up to the
altitude of 5000 meters and they use broad alpine valleys in Pamirs (Petocz ef al.
1978; Schaller 2004 unpublished report), where they face competition for the
habitat use and forage from their con-generics, domestic sheep, and the
sympatric species domestic yak that use the same ranges. Marco polo sheep is
a very important wild ungulate of the area, which can serve as a flagship species;
a symbol of this range whose protection can have a positive impact on the other
species conservation as well as the livelihood of the local communities (Schaller
2004 unpublished report).

Argali and domestic livestock especially domestic yak utilize the same

habitat in Afghan Pamirs. The degree to which the wild ungulate like Marco Polo



argali and domestic yak compete for food and forage in the spring and summer
seasons is poorly understood due to lack of any research in the past regarding
their food habit. Except for a week-long visit to the big Pamir done by Fitzherbert
et al. (2003) in 2002, no biological work had been done in Afghan Pamirs since
1971-1975 when Petocz (1978) and Petocz ef al. (1978) made a wide survey of
Marco Polo sheep and other wildlife. Very little is known of the Marco Polo’s
biology and world status (Petocz ef al. 1978). Effective conservation programs
for Argali and other wildlife are recently made by the NGOs with the support of
Afghan Government but still there is much to be investigated in order to carry out

an effective conservation of Argali and other wild ungulates in Pamirs.

In Afghan Pamirs, Marco Polo argali and domestic Yak use the same
area, mostly during the summer months for grazing; almost all argali use steep,
high elevation slopes (x = 4,692 m) far from domestic sheep and goat herds,
although spatial displacement from untended yaks and cows appeared to be
considerably weaker( Harris, 2007). Though finding the herds of these two
different species (Argali and Yak) together in the same area at the same time for
grazing, is very rare but still we can say that they use the same habitat for most
of the time during the summer months due to food gathering; in the summer

months the yaks are left as a free ranging so they can go farther to the habitats



of the argali whereas in the winter the herders bring together all the free ranging
yaks in order to protect them form the perdition. The other problem for wild
ungulates from domestic yak is over use of the lower areas by the heavy grazing
during the late summer. The wild ungulates like Marco Polo argali have to come
down for grazing due to heavy snowfall in the higher areas during the winter
season (Schaller ,2004 unpublished report), but in the fall, domestic sheep
heavily graze areas that argali will be using for winter range. Since this sheep
grazing occurs in the fall, there is no re-growth, so the argali descend onto range
that has been heavily depleted. Should the current situation persist low lamb
production and low survivorship of adult male and female argali can be predicted
(Petocz et al, 1978); there has been a decline both in the number and
distribution of the Marco Polo argali since Petocz’s counts in the late 1970s
(Petocz et al,1978; Khan M.l. et al., 2003; Schaller, 2004,; Schaller et al.,
2008;).

People pasture their livestock predominantly in the lower half of the Big
Pamir valleys in the same areas used year-round by female argali. Though here
the male argali is slightly safe from food competition because of small livestock
numbers (Petocz ef al.,1978), they may food competition from free ranging male
domestic yaks that also use sedge meadows in the upper elevation valleys in the

spring and summer. Based on previous surveys (Petocz 1973, Petocz et al.



1978; G.B, Schaller, unpublished report, 2004, Wildlife Conservation Society)
and anecdotal information, there are suspicions that argali in the Big Pamir range
had declined considerably from their abundance during the 1970s, and that they
were largely isolated (Harris ef al, unpublished). A definite decline in
population has occurred in the eastern big Pamir since the 1970s. In 1978,
Petocz et al., estimated about 1260 to 2500 Argali for the Afghan Pamirs while
George B. Schaller censuses about 1000 individuals for both the Afghan Pamirs

(Schaller 2004 unpublished report).



OBJECTIVES

Excessive grazing by livestock is widely believed to pose a threat to the
native ungulates in Asia (Schaller 1977; Fox 1996; Shackleton 1997; Mishra ef
al. 2001). However the extent and effects of interspecific competition are poorly
understood. An indirect approach for detecting probable competition is the
observation of the negative effects on populations or individuals resulting from
overlapping use of resources (Putman 1996), as overstocking can reduce animal
body growth, and adversely effect life-history traits such as fecundity, sexual
maturation and survivorship (Saether 1985; Skogland 1986). However many
factors may play a role in the decreasing trend of the Marco Polo argali and food
competition in the spring and summer due to diet overlap between Marco polo

argali and domestic yak may be one of the factors contributing to this decline.

Food habits and diet comparisons between male and female Marco Polo,
and male domestic Yak are the main issues to be studied here. In this research
the concentration is on both sexes of Argali and the male domestic yak,. Female
yak is neglected here due to their habit of grazing close to the local Wakhi and
Kirghiz herders summer camps (Moheb 2006, 2007 and 2008, pers.), which
decrease their chance for competition with Argali to almost zero. In the spring
and summer, matured male argali inhabit the valley heads, using higher elevation

through the summer, until autumn. The nursery groups remain farther down



valleys. The female groups of argali remain largely separate from rams (Schaller
at al. 2008) and locate on the more xeric slopes in the lower valleys where the
availability of sedge meadows is less, whereas the male argali or the rams favor
sedge meadows in higher elevations close to the glaciers in the summer months
(Petocz et al. 1978). There are spatial distribution in wild sheep social habit, and
it is well established fact that in wild sheep society, the sexes remain separate
throughout most of the year excepting during the later part of the pre-rut and
rutting season, at which time both sexes come together and mix freely
(Cherniavaski, 1962; Egorov, 1965; Geist, 1971; Petocz,1971 and 1973;
Shackleton, 1973).  So, there may be a clear segregation of forage between
male and female argali as well to be investigated here in this research.

In order to achieve this objective, one seasonal study was conducted by
WCS Afghanistan. On June 2008 a trip was arranged to Big Pamir, and all the
required data and samples for studying of food habit, diet overlap, and the
degree of competition between male and female Marco Polo argali, and domestic
Yak were collected there. Data collected from the field consisted of forty fecal
pellet samples from each sex of the Argali and forty fecal samples from Domestic

yak; along with vegetation sampling and collection of the available plant species.



Within a three week field survey in Big Pamir Reserve area, fecal samples
of male and female Marco Polo sheep, and yak as well as available plant species
in the studied area were collected for micro-histological studies. 120 fecal
samples were collected from 12 different sites; every sample was kept separately

and was from perhaps different individual animals of the same herd.



LITERATURE REVIEW

1. Microhistological Analysis Review

Holechek and Gross (1982b) provided a comprehensive review of the
microhistological technique. Sparks and Malechek (1968), and Vavra and
Holechek (1980), demonstrated the accuracy of the microhistological technique.
Microhistological analysis of fecal samples has been utilized to determine food
habits of many cervids (O’Bryan 1983, Kirchhoff and Larsen 1998), mule deer
(Gill et al. 1983, Kucera 1997), and elk (Gogan and Barrett 1995, Kingery ef al.
1996, Kirchhoff and Larsen 1998). There is considerable variation in accuracy
between technicians even when properly trained when conducting
microhistological analysis. This was discussed by Holechek and Gross (1982a) in
detail. Vavra ef al. (1978) and Mclnnis ef al/ (1983) also indicated that some
differences in diet estimates between fecal and rumen samples resulted from
differential digestion of epidermal material found in deer diets. Differential
digestibility and fragmentation have been implicated as two major factors that
may serve to bias potential estimates of herbivore diets when using fecal
samples to study plant materials (Smith and Shandruk 1979). While identification
variation is considerable between technicians, preparation of material for

microscopic identification has also varied. Holechek (1982) determined the



influence of sample preparation procedures on the ratio of identifiable to non-
identifiable fragments and concluded that sample preparation for
microhistological analysis can improve the number of identifiable fragments by
soaking in 0.05 m sodium hydroxide (bleach) in conjunction with the use of
Hertwig’s clearing solution.

Sparks and Malechek (1968) adapted the frequency sampling method
reported by Fracker and Brischle (1944) to quantify botanical compositions using
microscopic techniques. The basic assumption of this method outlined by Sparks
and Malechek (1968) is that a 1:1 relationship exists between relative particle
density (i.e., the number of fragments per microscope field) and relative dry
weight of identifiable fragments ground to a uniform size through a 1 mm screen.
After evaluating limitations of other techniques, Holechek ef a/. (1982c) reported
that fecal analysis is the preferred method of choice for analyzing wild ruminant
diets. However, fecal analysis methodology incorporates four assumptions:

1. Fragments of nearly every ingested plant species and all plant parts within
species are recoverable and identifiable in fecal samples (Storr 1961).

2. Recovery or identification rates of plant fragments are consistently
proportional to ingestion rates of plant species and plant parts or that
digestion correction factors can be developed to account for differential

digestion biases (Dearden ef al. 1975).



3. Results are repeatable among technicians with similar training (Sparks and
Malechek 1968).

4. There is a predictable relationship between frequency of occurrence of
dietary items in the sample and the weight of or density of those fragments
(Sparks and Malehek 1968, Havstad and Donart 1978, Marshall and

Squires 1979, Gill ef al. 1983).

2. Advantages of the fecal analyzing technique
Fecal analysis provides several advantages over other food habit analysis
methods when used to estimate the diets of free-ranging herbivores. (Smith and
Shandruk, 1979) discussed the major advantages of fecal sampling which
included:
a) Unlimited numbers of fecal samples can be obtained without intensive
animal observation.
b) Animals need not be harvested or their feeding habits altered
c) 15 fecal samples gives the same level of dietary precision as 50 deer
rumen samples (Anthony and Smith 1974) and,
d) Topography or dense vegetations does not hinder collection of fecal

samples, and animal movements are unaffected.
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3. Disadvantages of fecal analyzing technique

Furthermore, fecal analysis has several disadvantages that include large labor

inputs and the need for an extensive reference slide collection to properly identify

plant fragments. There have been several reasons postulated for the disparity in
results of fecal analysis, including:

a) Different rates of digestion among plant taxa and parts (Slater and Jones
1971; Dearden et al., 1975; Vavra and Holechek 1980; Johnson and Wofford
1983).

b) Differential detection and recognition of plant taxa during microscopic
evaluation (Hoover 1971; Westboy ef al., 1976; Havstad and Donart 1978;
Sanders ef al,, 1980; Kie et al., 1980).

c) Differential particle size reduction and recognition induced during sample
preparation (Westboy ef al. 1976, and Holechek 1982).

d) Differences in experience and training among analysts (Holechek and Gross
1982b).

e) Analytical biases (Anthony and Smith 1974; Holechek and Vavra 1981;

Holechek and Gross 1982a; Johnson 1982; Gill ef a/. 1983).
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4. Plant Fragment Identification

Drawings, photomicrography, and reference slides made from native forages
occurring on study sites are used to identify plant fragments found in fecal
samples. These drawings can be constructed by hand or with the aid of a
microscopic drawing tube, which allows the novice to draw by outlining the
microanatomy of a representative plant fragment accurately (Johnson ef al.
1983), nowadays, using camera attached microscopes have made this job
easier. Microscopic features or Micro-anatomy of dicots and monocots provide
the basis for histological comparison through the identification of structures
such as: veination, stomatal arrangement, silica cells, crystals, and epidermal
cells, cell wall contour, trichomes, and glands, (Johnson ef a/. 1983). Within
these individual plant features, there also consist large amounts of variation
among species. For example, trichomes can be either stellate (segmented) or
ligulate (Figure 1). Even the density of the trichomes, stomata and size of the
cells defer for the different parts of the same plant. The complexity of the
breakdown between primary plant structures allows for accurate identification of
plant fragments when conducting analysis of fecal matter. Cell wall structure
(Figure 2) can be used to distinguish pronounced differences between
monocots and dicots. According to (Johnson ef al, 1983), the ability to

distinguish between various dicots requires consistent recognition of cell

12



patterns and anatomical features. Other diagnostic structures such as the
presence of distinctive trichomes provide key evidence for identifying plant
fragments. But trichomes also may separate from the plant fragment, in which
case other structures must be documented for accurate identification. (Johnson
et al. 1983) found that in most cases, 1 to 3 micro-anatomical features are

needed for the accurate determination of plant species.

5. Differential Digestion and Fragment Discernability

According to (Johnson ef al, 1983), some plant fragments are unidentifiable.
There have been attempts to account for differences among species as to
proportions of fragments that can be identified and to account for effects of
differential digestion of fragments. Such adjustments have been widely
discussed as one of the primary causes for error when using fecal samples to
estimate herbivore diets. Some researchers have gone to great lengths to
account for the effects of differential digestion (Voth and Black 1973) even
without significant documentation that digestion introduces sampling bias.
Moreover, (Holechek ef al, 1982c) concluded that fecal analysis tends to
underestimate forbs in the diets in a variety of ruminants, although some
studies have reported this not to be the case (Todd and Hansen 1973; Anthony

and Smith 1974; Kie ef al., 1980).
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According to Fre-Wyssling and Muhlentahler (1959), there are no known
organisms with enzymes that degrade cutin. Subsequently, histological analysis
is based solely on the micro-anatomical features of the indigestible cutin and
cells underlying the cutin that avoid the digestion process (Johnson ef a/. 1983).
This allows for identification made from only the cutin, because it retains the
impression of epidermal tissues. Johnson ef al. (1983) recorded the number of
fragments and proportions identified for a variety of undigested and digested
plants, and found that for 47 plant species tested, digestion increased
discernability for 3 while decreasing it for 9, with 3 plant species showing little
effect and 32 remaining unchanged. Regardless of the plant species, digestion
had little or no influence on the ability to estimate botanical compositions of
herbivore diets. Obviously, the degree of bias depends on the specific mix of

plant species involved.
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Figure1.

Drawing photos that shows distinction between (A) segmented, and
(B) branched plant trichomes. Drawings from (Johnson ef a/. 1983) and photos

from Zalmai Moheb

a0 ' : e2))
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Figure2.

Photos that show pronounced difference in cell wall structure between (A) Dicots and,
(B) Monocots from (Zalmai Moheb).

B1 B2
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STUDY AREA

1. Wakhan Corridor

If you look at a map of Afghanistan, you will see an awkward tongue in the far
north-eastern part of the country. That is the Wakhan Corridor where the Pamirs
are located. Historically the Wakhan has been an important region for thousands
of years as it is where the Western and Eastern portions of Central Asia meet
(Schaller 2004 unpublished report). Before the advent of Islam the region was
disputed between Tibet and China. The Wakhan Corridor extends for about
300km between Tajikistan in the north side and Pakistan in the south up to the
China border. The formation of the boundary of the Wakhan Corridor was very
artificial. In the late 1800s Russia and Britain, who were fighting in the 'Great
Game' in Central Asia, used the Wakhan Corridor of present day Afghanistan as
the buffer of their empires, only 15- 40km wide and about 300km long area was
carved and in 1895 was given to Afghanistan (Schaller 2004 unpublished report;

Petocz, G., 1978).

The Northern Silk Road passing though Wakhijir valley of Hindu Kush,
entering the Pamirs and passing from Wakhan corridor to central Afghanitan, is a
prehistoric trackway connecting northern China originating in the early capital of

Xi'an and extending north of the Taklimakan Desert to reach the ancient
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kingdoms of Parthia, Bactria (Afghanistan), and eventually Persia and Rome. |t
is the northern-most branch of several Silk Roads providing trade, military

movements and cultural exchange between China and the west.

The Big Pamir is the western part of the Pamirs Range. It is surrounded
by the Pamir River from the north side, Wakhan River from the south, Tajikistan
border with a few links with the Little Pamir from the eastern side and is closed
from the western side by the junction of The Pamir and Wakhan River which

further make the river (Amu Darya). Total area of the Big Pamir is about 5500
km?2 out of which 672 km? is the Big Pamir Wildlife Reserve area (Schaller, 2004;

Schaller, 2008; Petocz et al. 1978). The western part of the big Pamir is used by
non residential Wakhi people, who use this area only as their summer pasture
area. The eastern part of the Big Pamir, occupied by the Kirghiz people, appears
to be devoid of Marco Polo sheep now, according to the local informant, except

for occasional stragglers from Tajikistan (Schaller, 2004 unpublished report).

2. Local communities
Two tribes inhabit the remote and road less Wakhan corridor, both of which also
have populations outside of Afghan borders in neighboring countries. The

majority is the Wakhi people occupying the lower Wakhan and a part of big
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Pamir, which is the study area in this research. The Wakhis have a population of
about 10,574 people’s containing 1331 households (Felmy and Kreutzmann
2004). The other tribe, which is called Kirghiz, occupies the upper portion of
Wakhan, partly Big Pamir and totally the small Pamir. According to the Agha
Khan Foundation census the population of the Kirghiz people is about 1130
persons containing around 206 household (Fitzherbret ef. A/,2003). The Kirghiz
people stay all the seasons in the Pamirs. However, the Wakhi people, some of
them with their family and all of their herders, stay in big Pamir during the
summer and in come down with their family in the lower part of Wakhan for
spending the cold and snowy winter. The exception is some Wakhi herders,

some of whom stay with their livestock in the Pamirs.

3. Topography and elevation

The word Pamir is taken from the farmer word “POMIR” some people claim that it
means “feet of the sun” but most people say “roof of the world” (Petocz ef at,
1978). Flanked by the Hindu Kush, Karakoram, and Kunlun ranges all with
peaks over 7000m high, the Pamirs are one of the most spectacular mountain
regions on earth (Schaller 2004 unpublished report). The borders of four
countries — Afghanistan, Pakistan, China, and Tajikistan — meet at this knot of

soaring peaks and high plateaus. There are higher mountains in the world like
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Himalayas and the other high ranges which have more elevation then Pamirs,
but if you look at the topography of Pamirs, unlike the other high ranges in this
spectacular range you can find a high altitude plateau which have around 4000m
elevation with the high peaks reaching up to 6900m, so the Pamir range is called
“roof of the world” (Petocz ef al., 1978). The Afghan Pamir which is one part of
the Pamirs in four neighboring countries is farther divided in to two parts: the
eastern part Small Pamir (Pamir-e-Khurd) and the western part the Big Pamir
(Pamir-e-Buzurg). Big Pamir was once declared a royal hunting reserve and was
designated a wildlife reserve in 1978 (Figure 3). The name Big Pamir refers to
the mountain range rising to some 6900m in the middle section of the Wakhan.
The Pamir Mountains are, without a doubt, the least visited mountain range in the
world, yet one which offers some of the most magnificent landscapes and

picturesque rural scenes.
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Figure 3. Big Pamir Wildlife Reserve

The three different color spots show the sampling points for three different

studied animals.
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4. Precipitation and temperature

Metrological data are absent for the Afghan Pamir. The nearest government
weather station is located in the provincial capital in Faizabad. In the Pamir,
however, snow accumulation begins towards the end of the October, probably
peaks in the late January to early February, and then falls off towards the end of
March (Petocz, 1978).

Snow is by and large the most important form of moisture for Pamir
rangeland. For six or seven months the most of the areas remains covered with
snow, although there is considerable variability in the snow depth from year to
year and place to place (Petocz, 1978). Snow fall starts by late September and
the high passes are closed till late April or early May. Snow depth reaches

several meters in some parts of the Big Pamir (Petocz 1978).

5. Mammals of Pamirs:

According to a six year observation by Ronald G. Petocz wildlife biologist FAO
(1971-1976), five mammalian orders containing 11 families and 18 species are
reported from Pamirs (Appendix1), containing a few modifications from George
B. Schaller). | had a direct sighting of Brown Bears in 2008 in the Big Pamir.

UNEP collected direct or verbal evidence of wolf, brown bear, Asian Ibex and
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Urial, Red Fox, Cape Hare (Lepus capensis), Stone Marten and Long-tailed
Marmots (Marmota caudata). UNEP was unable to locate any fresh signs of Lynx
during the survey. Also UNEP confirmed that Snow Leopards apparently occur
throughout the Wakhan region, including the Pamir-e-Kalan (Big Pamir) reserve
area, and between Ishkeshem and Qala-e-Panja as well (UNEP field Document,

2004).

5. Pamir’s Flora

Pamirs are located above 4000m elevation (Petocz, 1978), perhaps the main
reason that Pamirs are treeless mountains. There is no forest in the Afghan
Pamir ranges, only a few juniper trees can be found along the Wakhan River on
the way towards Little Pamir in Baharak area. Though it seems like a very recent
and young forest but they are not young, that is a very thin patch of forest in
which you can hardly find a tree more than three meters height. In Big Pamir in
the mouth of some valleys which have low elevation,shrub species like Salix,
Rosa, Ribes and Lonicera (figure 4) can be found along the water streams or the
small rivers which drain the valleys (Bedunah 2006, filed report). A good example
of these shrubs can be the mouth of the Shikargah valley which is the core area

for Marco Polo sheep in the Big Pamir and our study area as well.
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Figure4.

In the upper areas of Little Pamir, people harvest the grasses from the
grasslands and keep it for the winter of their livestock. In the lower part of the
Big Pamir below 3000m elevation, the Wakhi people have agricultural field, they
mostly grow wheat and some legumes. These fields have low fertility perhaps
because of the cold weather in the area. People harvest a very little amount of

wheat and grains which can’t provide even 50% of their need.
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Though there is not much information about vegetation of Pamirs, recently
WCS has started working on vegetation and rangelands. In August 1976
specimens were collected from Tulibai valley of the Big Pamir, 44 different Plant
species have been recorded within five Alpine Habitat types (FAO 1978, Field
document, No. 5; Petocz et al., 1978).

The Alpine habitat types are as follow:

1. Sedge meadows.
2. Alpine steppes
3. Rubble slopes
4. Alpine heaths

5. Gulleys
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7. Conservation measures

There was a wildlife reserve in the Big Pamir area, which at one time, in the
period of our farmer King M. Zahir Shah was the royal family hunting area
(Petocz et al. 1987; Schaller, 2004 unpublished report). The Big Pamir Wildlife
Reserve was officially gazetted in 1978. However, the current status of
protection afforded to the reserve is unclear given recent institutional changes.
The wildlife reserve is situated in an isolated area with low human population

densities, thus offering good conditions for wildlife protection. The Big Pamir
wildlife reserve total area is about 679km? it contains about 6 to 8 valleys in the

spectral part of the Big Pamir region out of which the valley Itamish now adays
Shikargah is the core area of that reserve and it is a very suitable habitat for
Marco Polo sheep. This valley was named as Shikargah Valley in the period of
King M. Zahir Shah, he often visited that area for hunting of the Marco Polo
sheep, his old building structures and the fallen Marco Polo sheep horns tell you
all the history of the Royal hunting reserve. (Moheb, 2008, pers). Apart from the
Shikargah valley, there are other valleys laying under the wildlife reserve, the
north-eastern boundary of the reserve the Ali Su (Bakhal in Wakhi) valley, Aba
Khan valley, Manjulak valley, Kund-a-Thur valley, Asan Katich valley, the
southern boundary Kisk valley and the western boundary the Qazideh valley, are

the valleys close to each other lay inside the boundaries of this wildlife reserve.
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This wildlife reserve has not been legally protected since the Russian attack on

Afghanistan, on December 1979.

In 1970s the hunting program was going on by the government. A trophy
hunting system with a well management program was allowing the foreigner to
pay $USD 13,000 per hunted animal (Petocz 1978). According to the wildlife
management program, about 12 adult males were allowed to be hunted by the
trophy hunters every year. Similar programs are still going on in our neighboring
countries like China and Tajikistan, but in Afghanistan that has changed to a
dream. But still an opportunity exists to link management activities with other
protected areas in the region. Over time, the Wakhan Corridor could become an
important component of a transboundary protected area, linked to other existing

or proposed sites in China, Pakistan and Tajikistan (UNEP 2004).

Dr. George Schaller initially surveyed the rare Marco Polo sheep in
Pakistan in the mid-1970s and in China in the mid-1980s (Schaller ef al. 2008).
The 2003 survey of Marco Polo sheep in Tajikistan revealed that the total
population may number as few as 10,000 animals; It seemed useful to include
Afghanistan in the survey effort, especially after it became clear that the animals

move back and forth across the borders of all four countries (Schaller 2004
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unpublished report; Schaller ef al., 2008). Thus Dr. Schaller spent 52 days in the
autumn of 2004 in the Afghan Pamirs, in what is known as the Wakhan Corridor,
and a month in the Tajik Pamirs in March of 2005 estimating the Marco Polo

argali.

Dr. Schaller proposed creating a four-country International Peace Park
(Schaller 2004; Schaller et al. 2008). This far-reaching initiative focuses on
managing joint resources on a solid scientific foundation in cooperation with local
communities, facilitating cooperation for mutual benefit, and encouraging good
neighborly relations — an International Peace Park that, in the words of IUCN, is
“formally dedicated to the protection and maintenance of biological diversity and
of natural and associated cultural resources, and to the promotion of peace and

cooperation.

8. Marco Polo sheep:

The spectacular spiraled horn Marco Polo sheep (figure 5) is a sub-species
restricted to the Pamirs, which cannot be found elsewhere in the world (Schaller
et al., 2008;. Khan, M.l., and Khan, N.U.h., 2003) Marco Polo argali served as a
so-called flagship species, a symbol of the mountain world, whose protection will

benefit all other species in the region (Schaller 2004 unpublished report; Schaller
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et al, 2008). This sub-species is categorized as vulnerable in IUCN Red List
(IUCN, 2007). The world has been intrigued by this magnificent animal ever since
Marco Polo crossed the Pamirs on his way to China in 1273. The status of this

great wild sheep has remained little known.

Figure 5

Marco Polo sheep inhabit the high rolling uplands and broad alpine valleys
at elevation up to 5000m (Khan et al. 2003). This animal favors undulating areas
with sedge meadow pastures where at its 150-200m vicinity there should be a
high pass for their escaping (Winnie pers. comm.). Marco polo is very alert and
shy animal (Schaller, 2004 unpublished report) , they can sense the presence of

human even from 2km far, if the direction of wind is favorable. Watching by
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naked eyes is either impossible or very rare; otherwise you should use binoculars
or spotting scope.

In my three years field work in Pamirs, just once | got the opportunity to watch
the Marco Polo sheep very close by naked eyes in Majilug valley of the Big Pamir

in July 2007.

The population of Marco Polo sheep in entire Afghan Pamirs, censused by
Petocz ef al, (1978) shows a number of 2500 animals whereas George B.
Schaller estimated around 1000 animal for the entire Afghan Pamirs in 2004
(Schaller 2004). According to our (Dr. Harris and me) survey of the status of the
argali in the Big Pamir in 2007 which was farther processed by Harris ef a/., that
provided an opportunity to compare these indices of abundance with modeled
estimates. The model developed by Harris ef al., says that the average estimate

for female argali in the Big Pamir was 172 (95% confidence interval 117-232),
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METHODOLOGY

Sample Collection from the Field
Mostly in the spring and summer seasons the nutrition value of the forage is
more in the sedges meadows than the other drier areas or step slopes therefore
the congregation of the two sympatric ungulate species ( Argali and yak) in the
sedge meadows are more than the other areas. For the other seasons the
foraging strategy can differ according to the time and the forage availability.
Mostly the free ranging yaks go down and congregate around the herders’ camp,
whereas the Argali search for the food in the south facing slopes slightly in the
lower elevations where the forage is not covered by snow.

| collected fecal samples from male and female Marco Polo argali, and
domestic male yak, as well as the available plant species samples from sedge
meadows in the study area. | decided the sampling strategy in such a manner
that the pellet groups should be collected from the sedge meadows where the
herd of Marco Polo sheep or yak was seen there fairly a month before or in some
cases one week or less than a week, one day or few hours after the herd being

observed visually.
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| collected 40 separate fecal samples for each study animal (male and

female argali, and male domestic yak). The female yak, due to its habit of being
close to the herder's summer camp, doesn’t address any type of competition to
Marco Polo sheep during the summer season, have not been studied here. For
each site | assumed that a herd of more than ten animals together had grazed
there less than a month before. However finding ten pellet groups was not an
easy task from a single site, | collected ten fecal samples haphazardly, not in any
systematic manner, but | made sure that the pellet groups (or dung piles in case
of yak), were independent of each other.

1. | collected ten independent fecal samples from each sampling site; this
procedure was equally applied for all the three groups of the studied
animals.

1.1. | collected 20 to 25 pellets from each pellet group, and marked the pellet
group to avoid collecting from that group a second time.

1.2. | then put the collected pellets or yak dung in paper polythene; the date of
collection as well as the GPS location of the area was recorded on the
polythene bags containing the fecal samples.

1.3. The polythene bags, containing fecal samples, were then put in the sun light

for about 72 hours for drying.
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1.4. When the fecal samples were completely dried, the samples were

41.

transferred to plastic polythene in order to keep them dried and avoid any
microbial destruction, because the intended analysis was scheduled for

eight months after the collection date.

Sex of the animals according to my records and/or those of Dr. John Winnie,
both of whom had direct observation of the argali groups, date of collection
of the samples, GPS location of the site, slope and aspect of the area were
recorded along with the sample collection.

It was necessary to collect samples of the available plant species present in
the area in order to make herbarium, which could help me in the plants
identification and also it provided me plant material for preparing reference
slides after the plants had been identified properly.

After collecting pellets groups (or dung piles in case of yaks), vegetation
sampling was done in the same area where the animals had been seen
grazing or the animal grazing was assumed there.

Three line transects were established in the sedge meadows to record the
plant species available for the animal with the assumption that the area
contained more pellet groups are grazed by the animals more than the
areas where there was no pellets or very less pellets were found there. This

assumption is not true in the cases of the animal resting sites where more
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pellets are found there but plants may or may not be found there. So, |
placed the line transects in the sedge meadows where the pellets were
found and the presence of the pellets ensured that the animals had grazed
here. Three points were measured by one meter length across from the
length of the line transect, 50 Cm on each side of the transect (figure 6).
Each point was established at an interval of four meters on the line
transects. Two lines of transects contained three points for measuring and
the third transect, or the last one, contained four measuring points in order
to complete ten sampling points for each fecal sample collecting site. Mostly
the vegetation and meadows have a patchy distribution in Pamirs, therefore
| decided to do the vegetation sampling in several small transects rather
then a single long line transect. There were few areas where the small
vegetation patch was surrounded by either screes, talus or water therefore
taking one and very long line transects for vegetation sampling would have
crossed from one side and couldn’t cover every vegetation type of this small
sampling patch. | tried to cover the dense vegetation, low distribution
vegetation and wet areas of a sampling site as well, by laying one small line
transect for each, so | decide to take three small transects rather then one

long line transect in one sampling site (Figure 6).
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Figure6. Sampling plot from which pellet groups and the plant samples were

collected.

4.2. Plant samples were pasted on the cards (which we termed “master cards”);
each plant on the master card was named: plant-A, plant-B, C,..... and so
on. One meter measuring scale was put on the line transect and the plants
were recognized and recorded by the help of master cards. If any new plant

was encountered then two samples were collected from that, one for
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herbarium and the other for pasting on a new master card, named from the
remaining alphabet letters. For instance, if existing master cards were until
plant R, then the new one would have been named plant-S. | continued in
this manner, with the increase in sampling sites, the number of plant
species were also increasing.

4.3. Every plant species was observed under the “one meter measuring scale”
and the length that was occupied by a single plant longitudinally in one
dimension, was recorded in the data sheet. These procedures were
repeated ten times on three lines of transects for a single sampling site
(figure 6).

5. The collected plants were then put in the news paper and were pressed with
wooden plates and were put out to dry. After a day, those plant samples
were checked again to make sure that all the parts are properly flattened in
a right way to insure an easy identification of the plant, and then they were
again put outside to dry up all their moisture, until remaining a constant
weight without moisture.

6. While the air drying procedure was ongoing, the dried plants were transferred
to their herbarium sheets. After eight months the herbarium was shown to
two taxonomists in Kabul for the plant identification; all the plants were

identified to the species level with very few plants to the genus level.
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Microhistological work inside Lab

1. Preparation of Reference Slides from collected Plants

| made reference slide from all dried plant samples which were collected from the
Marco Polo Argali and free ranging yak habitat from 120 vegetation sampling
plots during July 2008 in Big Pamir Reserve area. The collected plant herbarium
from the study area was then identified, and after identification of the plants, the
herbarium was used for the preparation oh the reference slides. The plant
samples were processed in the following manner:

1.1. A few bits of leaves and twigs were taken from each sample and were
shredded coarsely and placed in a test tube following methods of llyas
and Khan (2004) and Satakopan (1972).

1.2. Distilled water was added with the plant sample in the test tube; it was
put at least for five hours prior to chemical treatments. This allowed the
plant particles to get enough water, and the shrinkage cells, stomata and
trichomes to open up again.

1.3. About 12 to 15 ml solution of Absolute Nitric acid and Distilled water in
the ratio of 2 : 3 respectively were added in the test tube.

1.4. The test tube containing the plant material was heated and agitated on a
low flame for about five to nine minutes till the plant particles become

completely transparent (the duration of the boiling depends on the
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hardness of the plant material, hard plants need more time to be boiled

while the soft and young plants and tissues need less time for boiling).

1.5. The plant material, after getting transparent by boiling with the acid, was

washed and diluted with distilled water, and poured in a petri dish.

1.6. Here | followed two different methods for the reference slides preparation

in choosing the material for mounting on the slide, out of which, one of

them was more reliable and that is the second method, mentioned in

paragraph 1.6.B.

1.6. A. A transparent piece of the plant particle was taken and then treated

1.6.A1.

1.6.A2.

with three different ratios of water and alcohol, 3:1, 1:1, 1:3,
respectively each for five minutes and then it was put in absolute
alcohol for at least five minutes, this procedure let the specimen to be
dehydrated totally and made it ready for mounting on the slide.

When the dehydration procedure was completed, then one fine plant
particle was put on the slide for mounting.

A few particles from the same plant material were treated with
Safarine Stain as well. After completing the procedure of dehydration
the selected plant particle was put in Safarine stain solution for three

to four minutes, and then again had to be treated with the absolute
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alcohol for a light washing of the excessive concentration of the color
in the particle.
1.6.A3. After dehydration of the specimen, it was put on the slide and left for
a few minutes under low light to ensure that all the alcohol droplets
were evaporated properly.
1.6.A4. When the particle on the slide was dried up properly, then with the
help of Canada balsam the (22mm x 22mm) slip cover was mounted.
1.6.A5. The slide was put under the microscope and all the diagnostic
features (as described in paragraph 8) were recorded by
photomicrography.

Note: The problem in this method is primarily caused by the fact that different
parts of the same plant have different histological features, for instance the
density of the stomata or the occurrence of the trichomes are more prominent in
the ventral side of the leafs in some plants while in the other plants it can be
opposite. Cell structure might be the same, but the cell size differ in young to
the old plant tissues, the cell structures are longer in stems of the same plant
while in the leaves the length and the width of the cell doesn’t differ much.

So, in this method only one and very fine particle is chosen for the reference

slide, but in the fecal sample slides any part from the same plant can appear,
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which won’t match our reference and here the analyst can be misguided and this

plant can be underestimated.

1.6. B.

1.6.B1.

1.6.B2.

1.6.B3.

1.6.B4.

The material after boiling, and then diluting with the distilled water was put
in the petri dish. Four stage of dehydration which are described above in
paragraph (1.6.A) were applied on the whole material (there is no step for
choosing any well transparent particle) present in the Petri Dish.

The dehydrated material along with the absolute alcohol was taken from
the petri dish by a pipette and put on the slide. Here the chance for all the
parts taken from the plant was almost equal for appearance on the
reference slide.

After dehydration, the prepared slide was put for few minutes under the
low light to make sure that all the alcohol droplets were evaporated
properly.

When the particles on the slide were dried up properly, then with the help
of Canada balsam (preservative) the (22mm x 50mm) slip cover was
mounted on that.

The slide was put under the microscope and all the diagnostic features (as

described in paragraph 8) were recorded by photomicrography.
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Note: in the method described above, in paragraph (1.6.B), the plant particles
after dehydration are taken randomly with pipette and there is no chance of
choosing very fine particles. Hundreds of plant debris perhaps from different
parts of that particular plant will come in the pipette and go to the reference slide.
Here, the entire slide is scanned properly with the low magnification (40x and
100x), then all the clear and recognizable particles that can function as a
reference, are scanned and photographed under the higher magnifications like
100x, 400x and1000x. | don’t think for the micro-histology and appearance of the
cell structures, magnification of more than 1000x will be required, even 1000x
was hardly used in my lab work. This method provides us references from the
several parts of the same plant, and the missing or misguiding chance of the

analyst will be very low during the analyzing of the fecal samples of the animal.

2. Preparation of the photomicrographs through reference slide

Reference slides after preparation were observed under the microscope in
different magnifications. | have used a camera attached microscope (Motic
BA300 digital Microscope), which was able to capture and send microscopic

photos of different magnification to the computer.
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2.1.

2.2.

2.3.

2.4.

First of all, the entire slide was scanned with the 40x magnification,
which gives a broader field of view that helps to not miss any well

identifiable particle under the microscope.

Any fine plant particle found with the help of 40x was then observed
under the 100x, 400x and 1000x magnifications, and photos were

caught from them and saved in the system.

in the case of the reference slide preparation method described in the
above, paragraph (1.6A), there was no choice of selecting any clear
particle for photographing, there was just one piece and however it was,
should be photographed as a reference representing that particular
plant. In the case of the second method of the reference slide
preparation described in the above paragraph (1.6B), there were choices
of choosing fine and well identifiable plant debris for the
photomicrography. Good particles were photographed in three different

magnifications (100x, 400x and 1000x) and stored in the computer.

Reference sheets, which contained the actual plant photograph caught
from the field as well as microscopic photos of different microhistological
features of the plant were prepared, and it served as a valuable

reference source in this project (Figure7).
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3. Sampling Procedure adopted for fecal samples:

After completing the preparation of the reference slides from the plants,
the slides from the fecal samples had to be prepared. Prior to preparing
slides from the fecal samples, randomizations of the samples were done
according to the sampling strategy followed by llyas and Khan (2004), and
Satakopan (1972). The sampling procedure was as follows: | collected
ten fecal samples of each target species from one grazing site at a time, in
a separate sub - package (Male Argali, female Argali and domestic yak).
A total of four sub packages were there for each target species containing
forty fecal samples. These four sub packages were kept within one main
package for all the species. A total of 12 different grazing sites were
explored for the collection of fecal matter of the target animals.

Every individual pellet or dung sample should have one slide to be
analyzed was the strategy to analyze the fecal samples. As it is
mentioned above, there were four different sampling sites for each of the
studied animals, every sampling site has its own vegetation sampling
records, so | have analyzed the fecal samples for every site separately.
This will let us know if there will be any variation in diet of the same
studied animal group due to variation in their habitat. = Therefore, there

were forty slides to be analyzed for every group of the animal; ten fields of
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views were taken and analyzed within a slide under the microscope, so for

every group of the studied animal, there were 400 fields of views within

forty slides to be analyzed. Overall 1200 field of views within 120 slides

were taken in to account for the mentioned three groups of the studied

animals, and were analyzed in this project.

3.1.

3.2.

3.3.

Though the habitats in Big Pamir where the fecal samples were
collected were internally uniform from a vegetation point of view, but
every sub-package of samples (contain ten individual fecal sample)
were mixed up and treated separately from the other sub-package of
the same target animal, if we could find any change in these sampling
sites.

4 gm of the fecal pellets were taken from each individual sample of one
sub-package, and put in a tray for further randomization.

The ten individual samples after mixing (in case of the pellets), were
put in a tray, mixed thoroughly, and tossed about several times before
spreading them on the tray. The mixture was first halved and then
quartered. Two opposite quarters were combined; one such
combined portion was rejected. The remaining part was shook and

tossed again, in the same manner it was spread, halved, quartered
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3.3.1.

and two opposite portion was again taken, following Satakopan’s
methods (1972). | continued this procedure until the time when
appropriate quantity of the pellets was left for ten slides. This was the
starting sample for further processing. The same procedure was
applied for all the fecal samples of the three different groups of
animals.

Pellets from each sample were equally added in the tray for tossing
and farther randomization. As mentioned above, 4 gm of the pellets
were taken and put in the tray for tossing, which would help us in
taking fecal samples from other groups of animal for further

randomization.

3.3.2. Fecal samples of the Yak and some samples from Marco Polo sheep

which are in a solid shape couldn't be tossed like pellets for
randomization. Using the weight of the pellets which were added in
the tray for tossing in the other group of samples, | added the same
weight of the solid fecal samples as | had done in the previous sample
groups. It was decided to take 4 gram of the fecal samples and put
together in the tray for randomization. This quantity was the same for

all the fecal samples of the three groups of the studied animals.
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3.3.3. As we know tossing of the solid type of samples is impossible because
it is not like the pellets. For instance, if more than 100 pieces of pellets
will be tossed and pellets are randomly picked, still some part will be
left randomly for farther processing. But in case of the solid type of the
fecal sample, it will be only ten pieces of fecal matter, choosing of
some piece and rejecting of the others after tossing will be biased, so
they all should go for grinding as described in (paragraph 3.4.), after
grinding the randomizations could be done on that.

3.3.4. After grinding of solid type of fecal samples, the powder sample was
poured in the ASTM sieves of No. 30 and 60. The sieves were placed
one on the other, No. 30 on the sieve No. 60 (Satakopan, 1972). The
powder was poured in the top sieve and slowly shaken to allow the
powder particles to pass through the sieves; the top coarsest particles
were rejected and so were done with the bottom powder that could
cross both the ASTM 30 and 60 sieves. The particles which were left

on the second sieve were taken for farther processing.

3.3.5. The powder sample after sieving was spread thoroughly, halved, then

quartered, two opposite portions were combined (figure 8); one such

combination was rejected and the same procedure was again applied
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on the left part of the sample (Satakopan, 1972), this procedure was
repeated until appropriate (about 4 to 5 gram) sample powder was left
for ten slides. This procedure will recover the randomization process

instead of tossing the sample before grinding.

Figure 8

3.4. For the starting sample in the form of pellets, the randomization process
was applied on it before grinding. After randomization, it was put in the

grinder machine to make a powder. The sample was grinded loosely so
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that the pellets were broken up as discrete particles in a coarse powder
form; the grinding should not fractionate the particles but merely
separate the agglomerates into single particles, large or small, as it may
be (llyas and Khan 2004), and then the grinded powder was sieved as

explained in paragraph 3.3.4.

3.5. The final sample was boiled and processed in five parts, two slides per

4.

each. Boiling in five different parts was useful in decreasing the
processing errors and gave the chance to have different quality of the

slides due to differences in slide preparation.

Chemical Treatment of the Final Sample

The final sample was divided into five parts as mentioned above; each
part was treated firstly with acid and water, boiling, dehydration, and finally
mounted on the slide, separately. It was decided to prepare two slides
from each of the five parts. Finally ten slides from the final samples, which
mean forty slides, were prepared in four separate parts, for every group of
studied animals. A total of 120 slides were prepared from the fecal

samples of all the three groups of the studied animals.
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4.1. The final sample is transferred in a test tube with a ratio of 2 : 3 of

4.2.

4.3.

concentrated nitric acid and distilled water respectively. This was heated
in a water bath (water at boiling point) for three minutes (Satakopan
1972). Then the test tube was allowed to become cool for 3 to 4
minutes, which let the particles settle. After the second boiling if
necessary, the colored HNO3 and water solution was drained and fresh
HNO3 and distilled water of the same ratio was added again. The tube
was boiled again for five minutes with a three minutes gap in between,
until obtaining fairly clear and colorless particles following llyas and Khan
(2004). Overall 9 to 11 minutes boiling with 10 minutes gap and putting
in the cold water was applied on each boiling tube contained the fecal
maters.

The material boiled with acid, was then washed several times with
distilled water till the HNO3z was completely washed off, this was done
with the help of the filter paper (whatman 125mm dia.).

After boiling, the material was ready for dehydration and was treated
with four steps of alcohol (1:3, 1:1, 3:1 & 1:0) alcohol and water
respectively, following llyas and Khan (2004). At least five minutes was
required for the material to be in the alcohol to get completely

dehydrated.
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4.5. After dehydration the material was taken with the pipette and put on the
slide. Excessive alcohol was soaked from the slide with the help of filter
paper and then the slide was put under low light in order to evaporate
the remaining alcohol droplets.

4.6. After dehydration and drying, the material was mounted on the slide with
Canada balsam or glycerin, 22 x 50mm cover slip and the slide was kept
on a warm place for a few minutes for uniform distribution of balsam with

the cover slip on the slide.

5. Observation of the Fecal Matter Slide under the Microscope
Microscope: The microscope used in this project was a digital camera
attached trinocular microscope. The microscope was armed with eye
piece lenses of 10x with four objective lenses of 4x, 10x, 40x and 100x,
and a 2 mega pixels body attached camera, which caught photos and sent

them to the computer.

The prepared slides from the fecal sample were observed under the
microscope by the 100X, 400X & 1000X magnification; the plant particles

were identified by the help of reference slides made from the available
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plants species collected from the studied animal’s habitat. The procedure

for analyzing the fecal matter slides are as follows:

a). 10 field of views were decided to be taken in the entire slide of fecal
matters (figure 9).

Fecal matter slide
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Figure 9

b) These field of views were chosen on two line transects (five field of
views each), within a slide (Figure 9).

c) Every field of view was covered 2mm diameter circular plot only in
100x magnification, which was taken as a standard for this lab work
(Holechek & Vavra 1981).

d) There was 10mm gap between the two lines of transects and 9mm
gap between two vantage points (field of views) on every small line
transect. These gaps between two line transects and the gaps
between two field of views within a line transect were maintained with

the help of grids present in the stage of the microscope (figure 10).
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5.1. Prepared slides from the fecal matter were put under the microscope and the
entire slide was scanned by 100X magnification. Ten fields of view were
checked in a single slide (figure 9). Fields of view were chosen in a
systematic manner; every field of view was independent of the other which

avoids overlapping of the two or more fields of view in a slide.

Figure10.

Grids on the microscope stage that help in maintaining different distances

between the microscopic line transect and the field of views
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5.2. | observed every field of view using 100X magnification; for more clear vision

5.3.

of the tiny particles 400X or 1000X magnification was used, but the particles
were only counted in 100x magnification (Holechek & Vavra 1981) that
covered 2mm diameter. In the cases of 400x and 1000x magnifications the
covered area in each field of view was quite small. Very little area of a
single particle can be seen under 400x and 1000x magnification whereas in
100x magnification several particles of maybe the same or different plants
can be seen.

Since the fields of views were chosen in a systematic way, there was
chance of encountering either a blank area or something else like air
babbles rather than the plant particles, so such kind of field of views were
not avoided. This kind of situation occurred very rarely and it depended on

the quality of the prepared slides from the fecal matters.
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6. Data Recording

The data sheet was made before the slides were analyzed under the
microscope. As mentioned above, ten field of views were chosen in a
slide; every field of view was taking an average of 10 minutes for its
proper checking, identification of the plant particles, matching the plant
particles with the reference photos, scanning in different magnifications in
case of any unclear plant debris, and photographing.

Non overlapping particles which lay inside the field of view were identified
with the help of reference slides if possible. Number of plant species as
well as the proportion of the particles or relative cover (Korfhage 1974) of
every species (identifiable) within a single field of view was recorded in the
data sheet (Appendix2). This method followed the same for all the ten
fields of view in a single slide. The plant particles that did not match the
reference collections were termed as “unidentified-1, unidentified-2, and
unidentified-3” and so on. These unidentified particles were
photographed and pasted in the reference file enabling us to record further
encounters of the same plant species if it occurred. Finally 19
unidentified plants, which couldn’t match the reference file, were detected

in all the three groups of the studied animals.
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Proportion of the plant particles were recorded in percentage intervals. It
was an ocular estimation of the particles’ size within the field of views, so
for estimation of particles’ size intervals of 20 small intervals (1 — 5%, 6 -
10%, 11 — 15% .....65 — 70%) were taken rather than a fixed value which
would have increased statistical errors. | ranked every interval with a code
from 1 to 20, these codes were recorded in the data sheet rather than the

actual percentage intervals (Figure 11).

Diagnostic features of the particles used in identification

The most difficult part of the work is the identification of the plant particles
in the slide prepared from feces of the herbivore species. Identification of
the plant debris present in the feces is based on the characteristic features
of every plant species that come out fairly undigested in the form of feces.
Such characteristics should not only be constant but also fairly specific for
a plant. Microscopic characters are normally present in the plant and
differ species to species; they serve for diagnosis and help in the plant
identifications. These are the epidermal cell characteristics, trichomes,
crystalline or amorphous inclusions, and fibers, quantitative indices like
the number of the ray cell tiers, epidermal cells per unit area, stomata

numbers, and many other peculiarities (Satakopan,1972).
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A) Epidermal cells: epidermal cells are a single layer of cells which cover the
whole outer surface of the plant; the epidermal cells is somewhat irregular
in outline, usually varying in shape and size and arranged very close to
each other (Pandey, 2005). Epidermal cells are of different shape: in
dicots they are typically blocky, irregular, angular, or jig-sawed, whereas in
monocots they are typically regular and linear in shape (Figure 2). These
features can help in identification.

B) Hairs or trichomes: Some of the epidermal cells of most plants grow out
in the form of hairs or trichomes. They may be found singly or less
frequently in a group. They occur in various forms such as unicellular,
multi-cellular, long and cylindrical, bended form, or brunched trichome
(Figure 1). The trichome types have been successfully used in the
classification of genera and even species level in certain families, Pandey
(2005).

C) Stomata: Stomata are minute pores which occur in the epidermis of the
plants. Each stoma remains surrounded by two or more kidney- or bean-
shaped guard cells that give different shapes to the stomata and help in
the plant identification. Usually in the leaves of dicotyledons, stomata

remain scattered whereas in the leaves of monocotyledons they are
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arranged in parallel rows Pandey (2005). Number of stomata per unit
area is another good feature for identification of the plant.

D) Silica cells: Silica cells differ in their shape and size; mostly in monocots
the silica cells have square and rectangular shape whereas in dicots they

appear like comb or teeth in their shape.

Data Analysis

1. Data summarization

As mentioned above, the data from the field of views have been recorded in

percentage intervals of 1- 5%, 6 — 10% ............. 50 — 55% and so on. As

mentioned above, every interval was ranked with a code from 1 to 20; these
codes were recorded in the data sheet rather than the actual percentage

intervals (Figure 11).

1.1. For the calculation of every plant species contribution in the slide, the
median of the intervals have been taken and a total was calculated from
these medians for every plant species within a slide.

1.2. Since there were many identified and unidentified plant particles present in a

slide, the total of all those species were totaled as grand total.
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1.3. The total of every individual species were than divided by the grand total of

all the species and multiplied by 100.
% Plant sp. contribution in the slide = (Total of every sp. / grand total) X 100

1.4. The result of this calculation was given as the percentage proportion or the
percentage contribution of every individual plant species in a single slide.

1.5. Since there were 40 slides for every studied animal, mean of all these 40
slides percentage proportions were taken (Table1 & 2).

1.6. This mean showed us the percentage contribution of every food item in the
target animal’s diet.

1.7. So, there were three different values for every individual of identified and
unidentified plants for the three groups of the animals as a final summary

(Figure 12 &13).
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Tablel. Percentage contribution of plants in the diet of male and female Argali and

domestic Yak.

Plant Scientific name Vegetation Percentage contribution of plants
Field category in the diet
name Male Female | Domestic
Argali Argali Yak
A Carex melanantha Sedge 5.89 9.05 16.03
B Nepta pamirensis Forb 0.18 0.00 0.36
C Potentilla multifida Forb 8.40 5.41 4.34
D Poa attenuate Grass 14.42 14.03 28.82
d Festuca ovina Grass 22.27 120.33 1.71
E Oxytropis panjshirica ? Forb 4.83 3.01 4.03
F Rhodiolla gelida Forb 0.00 0.00 0.19
G Chorispora macropoda Forb 0.71 0.59 1.89
H Delphinium Forb 0.06 0.49 0.00
brunonianum
| Aster flaccidus Forb 0.00 0.13 0.17
J Cerastrium sp. Forb 9.56 8.56 0.33
K Draba sp. Shrub 0.64 0.97 0.08
L Oxytropis sp. Forb 0.00 0.09 1.33
M Carex stenophylla Sedge 15.34 11.27 33.95
N Pedicularis Forb 1.04 0.97 0.55
chinanthoidies
(0] Primula macrophylla Forb 0.10 0.48 0.36
P Draba smelouskia Forb 13.45 13.91 3.78
Q Saxifraga hiracaulus Forb 0.52 0.22 0.79
R Poylgonum sp. Forb 0.33 1.04 0.58
S Papaver nudicaule Forb 0.14 3.19 0.20
T Oxytropis griffithii Forb 2.13 6.26 0.50
U Forb 0.00 0.00 0.00

Ligularia alpigena
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Table2. Percentage contribution of unidentified plants in the diet of male and female
Argali and yak.

Unidentified Plants Plant contribution in the diet in percentage
:f;fgﬁg In the fecal Male Argali | Female Argali Domestic Yak
1 0.00 0.00 0.00
2 0.00 0.00 0.50
3 0.37 0.65 0.23
4 1.56 0.87 0.74
5 1.45 0.35 0.37
6 0.72 0.38 0.28
7 0.19 0.00 0.25
8 0.14 0.00 0.21
9 0.26 0.46 0.74
10 0.00 0.15 0.35
1 0.29 0.04 0.20
12 0.00 0.00 0.20
13 3.25 4.92 0.00
14 0.76 0.12 0.00
15 4.87 9.24 0.00
16 0.95 1.50 0.00
17 0.00 0.42 0.00
18 4.87 9.24 0.00
19 0.00 0.61 0.00
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2. Forage availability

For the forage availability | calculated the percentage ground cover from the data

that | had collected from the field.

2.1. The data from the field were in the form of the ground covered by the plant in
centimeter. | took the sum of all the centimeters of all the sampling plots for
every plant species and made a total for every plant species.

2.2. Then the total of all the species were again totaled as a grand total.

2.3. The proportion ground cover by every species was then calculated as

follows:

% Ground cover by the sp. A = (sp. A total / grand total) X 100

By this way the percentage ground cover was calculated for every plant species.

3. Food preference

Food preference of the target species were calculated for only sedge meadows
by applying the Prefer Software Analysis of Availability and Utilization Data (Neu
et al., 1974; Byers et al., 1984), programmed by S. Narendra Prasad (Wildlife

Institute of India).
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4. Diet overlap

4.1. | used Morisita’s (1959) index as modified by Horn (1966) to quantify dietary
overlap between the target species, and used by RH: Wingard ef al.
unpublished paper (2009). The formula for the Morisita’s Index is as

follows:

Ch= (22 Pi* Pik)/(i P+ i Pikz)
i=1 i=1 i-1
C, = the overlap between ungulate species jand k

P;jand P;« = the proportion of species /in the diet of ungulates jand &

s = the number of plant species in the diet.

4.2. In order to support the above overlap index | applied the statistical test of the
Spearman Rank Correlation Coefficient to get whether the correlation in the
food (overlap in the food) is significant among these three groups of the

animals or not?
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RESULT

1. Forage availability

In summer 2008 | collected about 22 species of different plants from 18 genera
and 14 different families from the sedge meadows. | collected these plants from
120 vegetation sampling plots from the habitat of the Argali sheep and domestic
yak. Out of these plant species just five of them contribute (80%) of the ground
cover. These five species are Carex melanantha with (51%), Carex stenophylla
with (12%), Potentilla multifida with (10%), Oxytropis panjshirica with (9%) and
Poa attenuata with almost (3%) ground cover (Table3). The most available and
dominant plants were those two species from the genus Carex. They were the
most abundant and present in every sampling plot. The other 20% of the ground
cover is comprised of 17 plant species which occur very rarely, some (2%) of
ground cover, (1%), (0.1%) and so on (Figure17).

Since | did the vegetation sampling in the sedge meadows, 51% of the
ground cover was contributed by the sedge species Carex melanantha, followed
by the other sedge Carex stenophylla with (12%), and then the forbs’ contribution
was high (above 30%). Contribution by two species of grasses was about 6%,
whereas shrubs were almost absent in the sedge meadows. | only encountered
a single species “Draba sp.” which had less than 1% participation in the ground

cover.
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2. Food Preference

One of the primary concerns of most animals is to acquire sufficient food for
survival and reproduction. Naturally animals should prefer foods that contribute
the most to their growth and reproductive potential and occupy habitats that
could supply adequate resources. Herbivores choose their food according to
many aspects such as the forage nutritional value, their body need, availability of
different plants in different seasons, and the type and morphology of the plant

species.
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In this project, the food preference of the male/female Argali as well as
yak was studied. Since the study was for the summer season, the food
preference of the mentioned animals from the available forage in the sedge
meadows of the Big Pamir Reserve area were taken in to account. Hence the

vegetation sampling was done only in sedge meadows.

Over the course of the study, forty plant taxa were detected among the three
groups of the studied animals. Among these forty plant taxa, twenty-one of them were
present in my reference slides prepared form the collected plants from the field. The
other nineteen detected plant species were not identified due to luck of more reference
plants. They were representing low quantity of the target animals’ diet, perhaps they

were found in the surrounding areas but not present in the meadows.

2.1. Male Argali:

Analysis of fecal matter showed that there were 30 plant species participating in the
summer diet of the male argali. Out of the 30 plant species 18 plants were properly
identified which were present in the sedge meadows whereas the remaining 12 plant
species could not be identified. Here the identified plants represent the sedge meadows
while the other 12 unidentified plants might have been eaten in the sub-habitats other

than the meadows.
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The contribution of the identified plants was about 84%, and that is very
high as compared to the contribution of the unidentified plants, which was about
14% of the entire male argali diet in the summer season (Figure14). The ratio of
the plant contribution shows a high preference of the sedge meadows in the
summer season by the male argali rather then the other sub-habitats present in
the target animal range. The result shows that the male argali slightly avoid
other vegetation types and colonies; they just feed on the sedges during the
summer season.

Since there are many species present in the meadows, the argali have
choices even within the sedge meadows to choose their favorite plant for eating.
The comparison between the availability of the forage and the consumption
showed that: the male argali highly prefer the grass Festuca ovina followed by
the forbes Cerastrium sp., Oxytropis griffithii, and Draba smelouskia, and again
the grass sp. “Poa attenuata’ respectively. There were plant species like the
sedge “Carex stenophylld’, and the forb “Potentilla multifida’ that participated
about 12.76% and 7% respectively in the diet of male argali. Though they were
consumed more but due to their high availability in the area (13% and 10% of the
ground cover respectively) as shown in Figure17, and less consumption than the

availability, male argali doesn’t show any preference to these plants. The more
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contribution of these plants in the male argali diet was perhaps because they are

highly available in the area.

2.2. Female Argali
Food preference did not differ much between male and female argali. | found
that female argali are slightly more generalist in their food habit as compared to
males. The diet of the female argali shows a bit evenly distribution than the male
argali (Figure 15). The total diet of the female argali consists of 33 plant species,
out of which 19 sp. were identified and 14 species could not be identified
properly. The contribution of the identified plants were 75% in the diet whereas
unlike the male argali, the contribution of the unidentified plants were more in the
diet and was about 24% of the entire diet of the female. According to the result
that showed slightly variation in the forage of male and female argali (though the
variation is only 4%), the females may explore more areas, or may enjoy other
species of grasses and sedges in the lower elevations, but | haven’'t done any
plant sampling there.

The comparison between the availability of the forage and the
consumption showed the same result as for male argali with a slightly lower
strength: the female argali prefer the grass Fesfuca ovina followed by the forbes

Cerastrium sp., Oxytropis griffithii, and Draba smelouskia, and again the grass
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sp. Poa attenuata respectively. There were plant species like the sedges Carex
stenophylla and Carex melanantha that participate about 8.19% and 6.5%
respectively in the diet of female argali. However, due to their high availability in
the area which shows about 13% and 51% of the ground cover respectively as
shown in (Figure17), and the consumption was not proceeding the availability so,
female argali doesn't show any preference to these plants. The more
contribution of these plants in the female argali diet was perhaps because they
are highly available in the area. Females’ diet composition showed few
unidentified sedges, grasses and forbs which were either not present or present

in very few quantities in the male argali diet.
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2.3. Free ranging Yak

Thirty-one plant species were detected in the yak fecal matter, out of which 20
different species were from the sedge meadows that | had collected from the field
and were identified properly, and 11 species were unidentified which were not
present in my reference plants. Perhaps the unidentified part were those plants
which might have been eaten in areas other than the meadows.

The contribution of the identified plants, which represent the sedge
meadows, was about 95.8%, and that is very high as compare to the contribution
of the unidentified plants, which was about 4.1% of the entire yak’s diet in the
summer season (Figure16). The ratio of the plant contribution shows a high
preference of the sedge meadows in the summer season by the yak rather then
the other sub-habitats present in the target animal range. The result shows that
yak avoid other vegetation types and colonies; they just feed on the sedges
during the summer season.

Within the sedge meadows yak have choices of choosing specific plant
species to feed upon. Based on my analysis, domestic yak highly prefer the
grass Poa attenuate, followed by the sedge Carex stenophylla, the forbes Draba
smelouskia, Chorispora macropoda, and the grass Fesfuca ovina (Table1). The
sedge Carex melanantha made up about 15% of the yak diet but due to it's

abundant availability in the area which shows 51% of the ground cover as shown
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in (Figure17), and the consumption is not proceeding the availability so, yak

doesn’t show any preference to this plant. The more contribution of this plant in

the yak’s diet is perhaps because it is highly available in the area (Table3).

Table3. Ground layer composition of sedge meadows in the study area

Family Scientific names Field | Vegetation Percentage
codes | category ground cover

CYPERACEAE Carex melanantha A | Sedge 51.2
LAMINACEAE Nepeta pamirensis B Forb 273
ROSACEAE Potentilla multifida C Forb 10.0
POACEAE Poa attenuate D | Grass 3.7
POACEAE Festuca ovina d Grass 21
FABACEAE Oxytropis panjshirica ? E | Forb 8.9
CRASSULACEAE Rhodiola F Forb

gelida/heterodonta 0.4
BRASSICACEAE Chorispora macropoda G Forb 0.8
RANUNCULACEAE Delphinium brunonianum Forb 0.1
ASTERACEAE Aster flaccidus I Forb 0.5
CAROPHYLLACEA Cerastium sp. J Forb 0.2
BRASSICACEAE Draba sp. K | Shrubs 0.1
FABACEAE Oxytropis sp. L Forb 0.1
CYPERACEAE Carex stenophylla M | Sedges 12.9
SCROPHULARIACEAE | Pedicularis chinanthoidies N Forb 17
PRIMULACEAE Primula macrophylla O |Forb 18
BRASSICACEAE Draba smelouskia P Forb 1.0
SAXIFRAGACEAE Saxifraga hiracaulus Q |Forb 1.2
POLYGONACEAE Polygonum sp. R Forb 1.2
PAPAVERACEAE Papaver nudicaule S Forb 0.1
FABACEAE Oxytropis griffithii ? T | Forb 0.1
ASTERACEAE Ligularia alpigena U | Forb 0.2
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3. Diet overlap

The diets overlap between the male/female argali and yak in the summer
season, as per the result of the Morisita’s Index and spearman Rank Correlation
Coefficient:

3.1. Morisita’s Index

The highest diet overlap was between male and female argali (Ci = 94%)
followed by the diet overlap between yak and male argali (Cy = 61%) and the
least overlap was among the yak and female argali which was (Cj = 52%).

3.2. Spearman Rank C. Coefficient

A) For the male Marco Polo and female Marco Polo sheep the Spearman
Rank Correlation (0 =0.811) showed that Correlation was highly significant
at the 0.01 level (2-tailed) (N=42).

B) For the male Marco Polo and yak the Spearman Rank Correlation (o
=0.462) showed that correlation was significant at the 0.01 level (2-tailed)
(N=42).

C) For the female Marco Polo and yak the Spearman Rank Correlation (o
=0.352) showed that the correlation was also significant at the 0.05

level (2-tailed) (N=42).
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DISCUSSION

Because Afghanistan has had many social and political problems over the
last thirty years so there has been little attention to the wildlife and conservation.
No studies have been done on the food habits of the wild ungulates, including
Marco Polo argali in Afghanistan. This is the first micro-histological study of the
food habits of the argali in the Afghanistan.

This study shows more than 50% diet overlap between argali and free
ranging yak. Yak diets overlap about 61% with male argali and overlap about
52% with female argali. Free ranging yaks ingest about 50% sedges and 30%
grasses, and the remaining portion of their diet is mainly forbs. Yaks eat less
forbs, perhaps due to less availability of the forbs in the sedge meadows since
the yaks are predominantly grazing in the sedge meadows. Mostly yaks feed on
less number of plant species at a time. The mean plant taxa detected (£SD) in
the lab from the fecal samples (8.7+2.2 plant taxa per sample) of the yak, support
this idea. Yaks are mouthful grazers and the availability of the sedge species
“Carex stenophylla’ in a high proportion in the area help them in consuming

higher quantity of their food in less time.

Argali are more general in their diet selection: their foraging habits are

closer to nibbler grazing, rather than the mouthful grazers. The argali highly
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prefer grasses (37%), followed by sedges (21%). Unlike the yak they also
consume forbs in a big quantity. The forbs contribute 41% and 44% in the diet of
male and female argali respectively which shows a higher contribution than either
of the grasses and sedges. One thing to add here is, the 37% grass, and 21%
sedges were obtained from only two species of grasses and sedges, whereas
the 41% and 44% of the forbs are driven from the 13 and 14 species of the forbs
respectively. It means that the argali consume the various forbs species but in

lower quantities and they highly prefer grass species and then sedges species.

The contribution of the forbs in the diet of yak and male/female argali was
found to be high in number of plant species whereas the contribution of every
forb species were in very less quantities, perhaps because of their well
digestibility in the gut of the animal (Vavra ef a/.,1978; Bartolome ef al., 1995).
Digestibility depends to a large extent on the lignifications of epidermal tissue.
Many perennial species like shrubs have highly lignified epidermal tissue, and
proportionally more of such plants will therefore survive (Storr 1961). This
supports the report that the fecal analysis is less accurate when the diet consists
more of shrubs and forbs than of monocots (Slater and Jones 1971). Fecal
analysis method always overestimates monocots due to high resistance of their

epidermal cells against the digestion in the animal’s gut, whereas the forbs are
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always under estimated due to their high digestibility. So forbs are obtained less
in the fecal samples than monocots.

The results show 94% overlap in the diets of male and female argali with
little variation in their diet. 86% of overall male argali diet had come from the
sedge meadows and only 14% of the food might have been from out of the
sedge meadows. In the case of female argali, 74% of the food appeared to be
from sedge meadows and 26% was from the outer areas perhaps other than the
meadows. So, this difference of 12% in male and female’s diet shows a variation
in the diet of male and female argali; females tend to be more generalist in their
forage habit, exploring confined areas (Petocz, 1978) but consuming more
species of grasses, sedges and forbs.

Petocz (1978) has reported that the females explore and utilize sedge
meadows and alpine steeps about equally whereas the males prefer and utilize
the sedge meadows more. Males explore the head of the valleys and have
more access to the sedge meadows while females explore the lower areas with
xeric conditions (Petocz, 1978) and less forage availability, this may be one of
the reasons that females have to explore more habitats and feed on more plant
species than the males. The mean plant species detected in every fecal sample
of female argali was 11.9+1.5 (SD) but for the male argali this figure was slightly

lower and that was 10.2+1.8 (SD).
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The 50 — 60% food overlap between the free ranging yaks and the argali
for the sedge meadows is a high amount of overlap which can cause a strong
competition between them in the sedge meadows which is not abundant in the
area as compare to the other sub-habitats. Always the livestock have more
advantages than the wild stocks; they get supports from the human side during
the critical conditions. Mostly during the winters when the snow cover the area
the livestock are fed by the people with the preserved hays, but it is just wild
ungulate who have to search their food in the lower areas, sun facing slopes, and
beside these they have to take care of predations as well. So, in the next
summer season when the time of competition for food again arrives, the livestock
like yak appears more in number and in good physical conditions whereas the
argali appears with a low number and very poor body or physical conditions due
to passing from a very hard winter.

The food competition by the yak wouldn’t have had serious impact on wild
ungulates if the yaks would have been present in low numbers. As per the field
document of Ostrowski (2006), the number of the yak present in Big Pamir
reaches up to 557, which is higher than the overall number of the argali present
in the Big Pamir area. The other important issue is that sedge meadows are very
special habitats which need water and they are in small proportion as compared

to the surrounding xeric habitat. The result shows that both species highly prefer
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the sedge meadows; if the availability and the condition of the sedge meadows
are compared with the preference by both species then the degree of competition
between argali and the yak is significant. Other domestic ungulates are also
present in the Big Pamir and have their own contribution in the forage
competition wit the wild ungulates. According to the interview with the local
people, beside the yak there are around 4749 sheep, 1070 goats, 288 heads of
cattle and 57 Bactrian camels were present in the western Big Pamir in summer
2006 (Ostrowski, 2006). These livestock may be direct or indirect threats to the
Marco Polo argali through competition for food. .

From a conservation point of view, this study major can play a role in the
conservation and management of the argali in the Big Pamir Wildlife Reserve.
Decreasing the numbers of the free ranging yaks, instead providing eco-
development projects, protection and management of the pastures, and
recognition of the preferred forages may aid in argali conservation. This study
can further help in habitat evaluation and utilization by the wild as well as the
domestic stocks, all of which will contribute in the wildlife conservation in Big

Pamir.
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Appendix1. Mammalian species present in Pamirs

Orders Species Direct sighting by: Indirect evidences by:
Family Schaller | Petocz | Habibi | Schaller | Petocz | Habibi
Cornivora
Felidae Snow Leopard N Y Y N Y Y
Lynx N Y Y N ? Y
Canidae Wolf N Y Y Y Y Y
Red Fox N N Y Y Y Y
Mustelidae | Stone Marten N N Y N Y ?
Ermine N Y N N ? Y
Common Otter N Y N N Y N
Ursdae Brown Bear N Y Y Y Y Y
Boidae Marco Polo Y Y Y Y Y Y
sheep
Siberian Ibex Y Y Y Y Y Y
Sorioidae Common N N N N ? N
European
white-toothed
Shrew
Laporidae Cape Hare Y Y Y Y Y Y
Ochotonida Pika N Y N N Y N
e
Soivridia Long-tail Y Y Y Y Y Y
Marmot
Muridia Field mouse N Y N N Y Y
Cricetidai Gray Hamster N N N N ? N
Mountain Vole Y N N Y ? N
Pamir Vole ? Y Y ? ? ?
N =No
Y =Yes
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Appendix2. Data sheet used in the lab for data recording from the microscope.
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Slide No. Target Animal: Sex: Package #: Type of Sample: Preparation Date:  / /2009
Field Number of Identified Plant Particles in the Field of Views Number of Grass | Forbs | Shrub | Total | Over-
of Unidentified Plant lap
Views Particles
A CIDIE|F|G JIK|L OPIQ|/R|S|T|U

1
2
3
4
5
6
7
8
9
10
Total
Frq

1=1-5% 5=21-25% 9=41-45% 13 =61-65%

2=6-10% 6 =26 -30% 10 =46 - 50% 14 =66 — 70%

3=11-15% 7=31-35% 11 =51 -55% 15=71-75%

4=16-20% 8 =36 -40% 12 =56 — 60% 16 =76 — 80%
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of Unidentified Plant lap
Views Particles
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Appendix3. Plant species present in the sedge meadows with their field codes, their
scientific names, their family, vegetation categories, and ground layer composition in the

study area
Family Scientific names Field | Vegetation | Percentage
codes | category | ground cover

CYPERACEAE Carex melanantha A | Sedge 51.2
LAMINACEAE Nepeta pamirensis B Forb 23
ROSACEAE Potentilla multifida C | Forb 10.0
POACEAE Poa attenuata D | Grass 3.7
POACEAE Festuca ovina d Grass 21
FABACEAE Oxytropis panjshirica ? E | Forb 8.9
CRASSULACEAE Rhodiola F | Forb

gelida/heterodonta 0.4
BRASSICACEAE Chorispora macropoda G | Forb 0.8
RANUNCULACEAE Delphinium H | Forb

brunonianum 0.1
ASTERACEAE Aster flaccidus Forb 0.5
CAROPHYLLACEA Cerastium sp. J Forb 0.2
BRASSICACEAE Draba sp. K | Shrubs 0.1
FABACEAE Oxytropis sp. L | Forb 0.1
CYPERACEAE Carex stenophylla M | Sedges 12.9
SCROPHULARIACEAE | Pedicularis N | Forb

chinanthoidies 1.7
PRIMULACEAE Primula macrophylla O | Forb 1.8
BRASSICACEAE Draba smelouskia P Forb 1.0
SAXIFRAGACEAE Saxifraga hiracaulus Q |Forb 1.2
POLYGONACEAE Polygonum sp. R | Forb 1.2
PAPAVERACEAE Papaver nudicaule S Forb 0.1
FABACEAE Oxytropis griffithii ? T | Forb 0.1
ASTERACEAE Ligularia alpigena U | Forb 0.2

Reference sheets from the above plants are listed below:
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