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Abstract. National parks belong to one of the six categories of Protected Areas identified by the World Conservation Union.
National parks play an important role in the conservation of biodiversity, scenic beauty or landscape and promotion of ecotourism.
The Khyber Pakhtunkhwa (KPK) Province, Pakistan, has six National Parks. Ayubia National Park, District Abbottabad, KPK, holds
a pivotal position in terms of its ecological and tourism value. We aimed to provide a synthesis of research conducted to date on this
National Park, identify major gaps and suggest future research and management options. We searched available published
literature on biodiversity and ecotourism of the National Park using internet search engines and other online sources by spending
4400 minutes. We downloaded a total of 65 articles, reports, and theses and retained 45 for this review. We extracted our required
data from each selected article by thoroughly reading its objectives and results. We created a spreadsheet to make an overview chart
of the extracted data. The available literature shows that mammals and flora have remained main focus of research on biodiversity.
Likewise, work on the food habits and human-wildlife conflict has also been centered on mammals. Studies conducted to date
report 22 species of mammals, 116 birds, 2 amphibians, 101 lepidopterans and 298 plants. The National Park attracted 120,000
visitors per year in early 2000s which rose to > 150,000 visitors per year in 2019. The studies so far on the aspects mentioned show
following gaps: short duration, limited sampling, misidentification, and others.
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Introduction

Protected Areas (PAs) are established to conserve nature and
reduce biodiversity loss. These areas are helpful in the
conservation of endangered species by providing a suitable
habitat (Maxwell et al. 2020). They cover one-sixth of the
world’s terrestrial land (Geldmann et al. 2019). Protected
areas limit the excessive use of land and forests and remove
many threats (Adams et al. 2015, Halstead et al. 2022). The
World Conservation Union (IUCN) has identified six major
types of protected areas (Hirons et al. 2022). National parks
belong to Category II of IUCN Protected Areas (Dudley et al.
2010). National parks are pivotal in conserving biodiversity,
scenic beauty, or landscape and promoting ecotourism
(Burns et al. 2003, Naughton-Treves et al. 2005). Each
national park has a unique species assemblage and
landscape (Vukomanovic & Randall 2021, Halstead et al.
2022).

Establishing a network of Protected Areas in Pakistan
started in the early 1970s under the provincial wildlife Acts
/ Ordinances. The federal cabinet approved the Wildlife
Enquiry Committee on 2 October 1968, which was mandated
to draft model wildlife law, manage wildlife on a scientific
basis, and establish a network of protected areas. Since
wildlife is a provincial subject, the provincial wildlife
departments notified and managed these areas. Initially,
three categories of PAs were established in Pakistan:
National Park (NP), Wildlife Sanctuary (WLS), and Game
Reserve (GR) on public land. However, recently, Khyber
Pakhtunkhwa (KP), Azad Jammu and Kashmir (AJ&K) and
Baluchistan has revised wildlife legislation and included
additional categories such as Private Game Reserve,

Community Conservation / Managed Area, Biodiversity
Reserve, Wildlife Refuge, Wildlife Park, Biosphere Reserve,
Site of Special Scientific Interest, National Natural Heritage
Site, Sacred Protected Site and Marine Conservation Area
(Anwar 2019).

The Khyber Pakhtunkhwa Province, Pakistan, has six
National Parks: Chitral Gol National Park, Sheikh Badin
National Park, Saiful Maluk National Park, Lulosar Dodipat
National Park, Broghil Valley National Park and Ayubia
National Park (Anwar 2019). Ayubia National Park
(34.0642°N, 73.4062°E) is an important National Park of the
province because of its ecological and tourism value. The
park is located in Abbottabad District on the right bank of
Jhelum River. It is situated at an elevation of 2300-3000
meters above sea level and covers an area of about 3,122 ha.
This park was established under the Khyber Pakhtunkhwa
Wildlife Act 1975 in 1984 for the protection and conservation
of fauna and flora of the region (Khan & Naqvi 2000, Shaker
et al. 2020, Shafique & Barkati 2010, Shah et al. 2016). The
area's climate is temperate (Beck et al. 2018), with a mean
maximum temperature of 19.2 °C and annual precipitation
of 1412 mm. The park has three types of forest: Sub-tropical
Chir Pine Forest, Himalayan Moist Temperature Forest, and
Sub-alpine Meadows (Lodhi 2007).

Materials and methods

We followed Ward et al. (2008) to acquire information about studies
conducted on Ayubia National Park (Fig. 1). We searched available
published literature using internet search engines and other online
sources: Google Chrome, Firefox, Google Scholar, ResearchGate,
Elsevier, SpringerLink, Pakistan Journal of Forestry, Pakistan Journal
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of Zoology and Academia.edu. We used key words “Ayubia
National Park”, “National Parks”, “Wetland”, “KPK”, “Pakistan”,
“Fauna”, “Flora”, “Wildlife”, “Wildlife
“Management”, “Tourism”, “Ecotourism”, “ Abbottabad”, “Margalla
Hills National Park”, “Murree Kotli Sattian Kahuta National Park”.

While searching the articles and published literature, we used these
key terms separately and combinations of these terms. The total time

conservation”,

spent searching and collecting the data was about 4400 minutes. For
this review, we downloaded 65 articles, reports, and theses. Of the

93

downloaded literature items, 45 were retained for this review.

We extracted our required data from each selected article by
thoroughly reading its objectives and results. We created a
spreadsheet to make an overview chart of the extracted data. We
recorded the following information after the study: author names,
area of study, year of study, wildlife flora of Ayubia National Park,
wildlife fauna of Ayubia National Park, IUCN status of species,
species distribution, species, major findings, and research gaps or
shortcomings left in the study.
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Figure 1. Map of Ayubia National Park, Abbottabad, Khyber Pakhtunkhwa, Pakistan.

Results

The biodiversity of the Ayubia National Park has been
subjected to many scientific studies on mammals (Oshida et
al. 2004, Shafique et al. 2006, Lodhi 2007, Shafique et al. 2009,
Shafique & Barkati 2010, Farooque 2011, Shafique & Barkati
2011, Shehzad et al. 2012, 2014, Awan et al. 2020, Bashir et al.
2021, Rafaqat et al. 2021, Bashir et al. 2023), birds (Roberts
1992, Shafique & Barkati 2011, Afza 2016, Bashir et al. 2021,
Bashir et al. 2023), amphibians (Saeed et al. 2021, Saeed et al.
2022a,b), invertebrates (Shafique & Barkati 2011, Bajwa &
Waseem 2013) and plants (Aumeeruddy-Thomas et al. 2004,
Khanum & Gilani 2005, Gilani et al. 2006, Ahmad & Javed
2007, Nasim et al. 2008, Saima et al. 2009, Afshan et al. 2010,
Shinwari 2010, Ahmad 2011, Ahmad 2012, Ali et al. 2015a,b,
Afza et al. 2016, Shah et al. 2016, Afza et al. 2018, Nazakat et
al. 2021, Ali et al. 2022, Razzaq et al. 2022).

Studies conducted to date report 22 species of mammals
(Shafique & Barkati 2010), 116 birds (Bashir et al. 2023), two
amphibians (Saeed et al. 2021, Saeed et al. 2022a, b), 101
lepidopterans (Bajwa & Waseem 2013) and 298 plants
(Nazakat et al. 2021). Documentation of mammalian species
was carried out by Bashir et al. (2023) and Shafique &
Barkati (2010), of birds by Bashir et al. (2023) and Roberts
(1992). General work on animal diversity (mammals, birds,
and invertebrates) was conducted by Khan (2013), Khan &
Nagqvi (2000), Shafique & Barkati (2011), and Bashir et al.

(2021). Oshida et al. (2004) studied the two flying squirrel
species - the Red Giant Flying Squirrel (Petaurista petaurista
albiventer) and the Small Kashmir Flying Squirrel
(Eoglaucomys fimbriatus) of the National Park. Saeed (2008)
concluded that Black Bear (Selenarctos thibetanus), Musk Deer
(Moschus moschiferus), Grey Goral (Naemorhedus goral),
Barking Deer (Muntiacus muntjak), and Monal Pheasant
(Lophophorus impejanus) went extinct from the National Park,
for the species had not been sighted in past 40-50 years. Afza
(2016) concluded that Koklass Pheasant preferred Pinus
wallichiana, Abies pindrow, Acer caesium, Prunus padus,
Rhamnus purpurea, Cornus macrophylla, and Aesculus indica
(trees); Vibernum mullah, Vibernum grandiflorum,
chinensis, and Skimmia laureola (shrubs) and Fragaria nubicola,
Dryopteris stewartii, Adiantum venustum, Bromus hordeaceus,
Valeriana jatamonsii, and Thalictrum cultratum (herbs) for
nesting while Kalij Pheasant preferred Acer caesium, Pinus
wallichiana, Parrotiopsis jacquemontiana, Prunus padus, and
Abies pindrow (trees); Viburnum grandiflorum, Viburnum
mullaha, Rubus pedunclosus, and Rosa chinensis (shrubs);
Adiantum venustum, Dryopteris ramosa, Thalictrum cultratum,
Geum elatum, Sinopodophyllum  hexandrum, Polygonatum
multiflorum, and Senecio analogus (herbs). Saeed et al. (2021)
and Saeed et al. (2022a, b) modeled the occupancy of Hazara
Frog and Murree Hills Frog regarding site and survey
covariates. The detection of these two species was influenced
by the study year and temperature, while occupancy was
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influenced by elevation and year (for the visual encounter
survey). The detection of these two species was
uninfluenced by any studied parameter, while occupancy
was influenced by elevation, year, and wetland type (for
environmental DNA detection) (Saeed et al. 2022a).

Common Leopard of the National Park has remained the
focus of many scientific studies and posed management
issues. Shehzad et al. (2014) reported that 95% of the prey
items of Common Leopard were domestic animals. Lodhi
(2007) reported 12 human deaths and 142 depredations of
livestock due to Common Leopard, while 40 leopards were
killed by humans from 1989 to 2007. Awan et al. (2020)
concluded that Human-leopard conflict increased in the
National Park. About 22 human deaths were reported, and
35 leopards were killed from 2005 to 2017. Another data
document includes 805 depredation cases, 67 killings of
Common Leopard, and about 20 injuries/causalities from
1986 to 2011 (Farooque 2011).

Studies on the ecology and food habits of mammalian
species of the National Park are available (Shafique et al.
2006, Shehzad et al. 2012, Shehzad et al. 2014, Rafaqat et al.
2021). Shafique et al. (2006) reported that the diet of flying
squirrels is affected by their body size. The diet of the Red
Giant Flying squirrel comprised items from 27 tree species,
while the Small Kashmir Flying Squirrel comprised items
from 28 tree species. Shehzad et al. (2012) recorded House
Rat, Kashmir Flying Squirrel, Himalayan Wood Mouse,
House Mouse, Koklass Pheasant, Chukar Partridge, Red
Junglefowl, Babblers, Jungle Crow, Murree Vole, Asiatic
White Toothed Shrew, Kalij Pheasant, Woodpecker, Murree
Hill Frog and Catfish from the diet of Leopard Cat
(Prionailurus bengalensis). Rafaqat et al. (2021) documented
Red Himalayan Giant Flying Squirrel, Cape Hare,
Himalayan Palm Civet, House Mouse, Domestic Sheep,
Donkey, House Sparrow, Katchmach, Chirata, Kala Amlok,
and Chonkaath from the diet of Red Fox (Vulpes vulpes
griffithii).

The flora (vegetation) (Khan & Naqvi 2000, Khanum &
Gilani 2005, Saeed 2008, Saima et al. 2009, Ahmad 2011,
Ahmad 2012, Afza et al. 2016, Shah et al. 2016, Afza et al.
2018, Bashir et al. 2021, Ali et al. 2022) and fungal diversity
(Nasim et al. 2008, Afshan et al. 2010, Ali et al. 2015a, b,
Razzaq et al. 2022) of the National Park is also well
documented. Further, the medical significance of the
vegetation of the National Park has been explored
(Aumeeruddy-Thomas et al. 2004, Gilani et al. 2006, Ahmad
& Javed 2007, Shinwari 2010, Nazakat et al. 2021). The local
community use Quercus incana, Quercus dilatata, Dalbergia
sissoo, Robinia pseudoacacia, Abies pindrow, Pinus wallichiana,
Taxus wallichiana for fuelwood; Aesculus indica,
wallichiana, Quercus dilatata, Ulmus wallichiana, Prunus padus,
Poa pratensis, Agrostis nervosa, Bromus spp, Chrysopogon
gryllus, Arthraxon prionoides, and Festuca gigantea for fodder
and Morchella esculenta, Dryopteris stewartii, Nepeta laevigata,
Dryopteris blanfordii, Solanum nigra, and Dipsacus inermis for
human consumption and Malabar Nut (Adhatoda vasica),
Redstem Wormwood (Artemisia scoparia), Cleavers (Galium
aparine), Green Amaranth (Amaranthus viridis), Himalayan
Ivy (Hedera nepalensis), Stinging Nettle (Urtica dioica), Pinus
wallichiana, Abies pindrow, Quercus dilatata, Aesculus indica,
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Ulmus wallichiana, and Prunus padus for various remedies.
This poses issues such as unsustainable harvesting of
resources. Likewise, the use of non-standard methods puts
such vegetation under threat.

The Ayubia National Park is of immense ecotourism
value in the region commonly referred to as Galiat
(Northern Murree, Punjab, and Southern Abbottabad, KPK).
The National Park attracted 120,000 visitors per year
(Waseem et al. 2004), which rose to > 150,000 visitors per
year in 2019 (Rauf et al. 2022). This, however, creates a
serious issue of solid waste, especially from hotels and
restaurants (Waseem et al. 2004). The higher number of
vehicles and automotive transportation is another problem
of tourist activity (Shaker et al. 2020).

Discussion

Many studies on mammalian and avifauna of the park are
However, reptiles, fish,
invertebrates (excluding lepidopterans) are lacking. The
species list of mammals (Shafique & Barkati 2010), 116 birds
(Bashir et al. 2023), two amphibians (Saeed et al. 2021, Saeed
et al. 2022a, b), 101 lepidopteran (Bajwa & Waseem 2013)
and 298 plants (Nazakat et al. 2021) may be expanded. New
records could be found through detailed and systematic
surveys combining modern field and lab methods. The
extinction records provided by Saeed (2008) are valid since
these species were not sighted in any recent studies. The
cases of human-leopard conflict have been increasing (Lodhi
2007, Awan et al. 2020, Farooque 2011), requiring scientific
intervention for effective management. Studies (Oshida et al.
2004, Shafique et al. 2006, Shehzad et al. 2012, Shehzad et al.
2014, Afza 2016, Rafaqat et al. 2021, Saeed et al. 2021, Saeed
et al. 2022a, b) on ecology such as habitat, diet, and
distribution are also scarce and focuses mainly on carnivores
or pheasant with very little information on groups such as
rodents (except flying squirrels), forest birds, passerine
birds, raptors, amphibians and reptiles.

The Ayubia National Park has two other national parks:
Margalla Hills National Park (MHNP) (33.7481°N,
73.0051°E), Islamabad Capital Territory and Murree-Kotli
Sattian-Kahuta National Park (MKSKNP) (33.6986 °N,
73.5195 °E), Punjab, Pakistan, situated to its south. The
former features sub-tropical broad-leaf forest or scrub forest
in most parts (Rais et al. 2021), while the latter features sub-
tropical broad-leaf forest, sub-tropical chir pine forest, and
moist temperate coniferous forest with oak and deciduous
broad-leaved trees (Siddiqui et al. 2010, Khatoon et al. 2022).
These national parks share most of their flora and fauna and,
therefore, are subjected to similar studies, especially on
mammals (carnivores) (Asad et al. 2019, Aslam & Yasmeen
2021, Fatima et al. 2021, Shafique & Barkati 2010, Mahmood
et al. 2013, Khatoon et al. 2019a, b), birds by Hadi et al.
(2022) and herpetofauna by Rais et al. (2021) amphibians by
Akram et al. (2022) and Saeed et al. (2022a).

The studies on the aspects mentioned in the preceding
sections show the following gaps: short duration, limited
sampling, misidentification, and conventional methods
(Table 1).

available. studies on and



Review of research on Ayubia National Park 95

Table 1. Summary of work conducted on biodiversity of Ayubia National Park, Abbottabad, Khyber Pakhtunkhwa, Pakistan (Short
Duration: The study was conducted for a short time period, fewer number of months >12; Limited Sampling: The samples were collected,
observed, measured or recorded from only a part of the National Park not representative of the habitat type of the National Park;
Misidentification: Species might have been misidentified for no photographic evidence or molecular data was provided; Conventional
methods: The study lacked use of modern and advanced methods.)

Biodiversity group Gaps
£ 8
g = = =
“ . & £ 2 % %,
< ™ 9] ] 7] ] < =1 g i
g e = 2 = k] 2 5 < H = 2
Source Scope g =1 2 = 2 & ] 3 @ £ S £
= m [ o B = 5] - g %} -
s I S| F &2 3 EE
< = 5 ki 2 9]
4 =
Roberts 1992 Birds / Avian fauna of Pakistan - 33 - - - - - v v v
IZ%B%“ &Naqvi g giversity of park 0 11 1 - - 3 1|v v v
Aumeeruddy-
Thomas et al. 2004 Ethnobotany - 2 - - - 23 - v v v
Oshida et al. 2004 Genetic leeI‘Sle of Red gla.nt flying squirrel 2 ) ) ) ) 5 ) v
& small Kashmir flying squirrel
Waseem et al. 2004 Ecotourism 31 203 19 3 - 757 - v v v
I;hooagnum & Gilani Conservation status of plant seedlings - - - - - 10 - v v v v
Gilani et al. 2006 ~ Ethnobotany - - - - - 21 - v v v v
Khan 2006 Herpetofauna of Pakistan - - 8 4 - - - v v v
Shafique et al. Diet analysis of Red giant flying squirrel & 5 ) ) B ) 8 B v v v
2006 small Kashmir flying squirrel
Ahmad & Javed
2007 Ethnobotany - - - - - 6 - v v v
Lodhi 2007 Conservation and Human-Leopard Conflict) 31 200 16 3 - - 650 | v v v
Nasim et al. 2008  Diversity of fungi - - - - - 8 - v v v
Saeed 2008 Boundary delineation of Park 7 7 1 - - 3 - v v v
Saima et al. 2009  Floristic composition - - - - - 142 - v v v
Shafique et al. Comparison of nest trees of Red giant flying 5 ) ) ) ) 16 B v v v
2009 squirrel & small Kashmir flying squirrel
Afshan et al. 2010 Diversity of fungi - - - - - 3 - v
igf (f)lque & Barkati Diversity of mammals in the park 22 - - - - - - v v v v
Shinwari 2010 Ethnobotany - - - - - 6 - v v v
Ahmad 2011 Vegetation classification in the park - - - - - 59 - v v v v
Farooque 2011 Human-Leopard Conflict 31 203 16 3 - 757 650 v v v
Shafique & Barkati Nesting habitats of mammals, birds &
2011 invertebrates in the park > » ) ) ) 7 > v v
Ahmad 2012 Plants' response to environmental variables - - - - - 59 - v v v
Shehzad et al. 2012 Diet analysis of Leopard Cat 7 7 - 1 1 - - v v v
Eg i‘ga & Waseem Documentation of Lepidopteran fauna - - - - - - 101 | v v v
Khan 2013 Recreational amenities 8 9 - - - - - v v v v
Khanetal 2013  Land cover changes & Soil properties - - - - - - - v v
Shehzad et al. 2014 Diet analysis of Common Leopard 4 1 - - 1 - - v v v
Ali et al. 2015a Diversity of fungi - - - - 11 - v v v
Ali et al. 2015b Diversity of fungi - - - - - 9 - v v v
Afza 2016 Habitat analysis of birds - 2 - - - 757 - v
Afzaetal. 2016 ~ Phytodiversity in park - - - - - 250 - v
Shahetal. 2016  Conifers in park 8 9 - - - 5 - v v v
Afza etal. 2018 Vascular plants of park 1 1 - - - 250 - v
Awanetal. 2020 Human-Leopard Conflict 1 - - - - - - v v v
Shaker et al. 2020 Impe.ict qf transport network changes on ) ) ) ) ) ) ) v v
tourism in the park
Bashir et al. 2021 Ethnomedicinal uses of mammals and birds in 3 30 3 4 } 9 45 v v v
the park
Nazakat et al. 2021 Ethnobotany - - - - - 298 - v v
Rafaqat et al. 2021 Diet analysis of red fox 4 1 - - - 4 - v
Saeed etal. 2021  Temperature effects on amphibians - - - 2 - - - v
Ali et al. 2022 Conifers in park - - - - - 4 - v
Rauf et al. 2022 Tourism's effect on park - - - - - - - v v v
Razzaq et al. 2022 Diversity of fungi - - - - - 2 - v v v
Saeed et al. 2022a Amphibians (eDNA protocol) - - - 2 - - -
Saeed et al. 2022b  Amphibians (Lab protocol & climate change) - - - 2 - - -
Bashir et al. 2023 Ethnopha'rmacologcal applications of 20 116 ) B ) ) B v
mammalian and bird fauna
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Given the importance of its location, connecting
Provinces Punjab and Khyber Pakhtunkhwa and proximity
to the federal capital city of Islamabad, Ayubia National
Park requires more serious efforts to promote ecotourism
and scientific research. The biodiversity of the National Park
should be studied systematically by dividing each of the
three habitat types into grids, performing sampling for the
presence of a species, and recording its habitat/ landscape
variables for species distribution or occupancy modeling.
Some groups, such as fish, amphibians, and reptiles, require
detailed studies. This would also help document and update
the conservation status of the species. However, modern
scientific tools such as molecular taxonomy or eDNA can be
used, or the species can be photographed for species
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identification. Further, using an automated or hand-held
sound recorder would not only help identify a species but
could also enable the estimation of the population and
establishment of a population monitoring baseline or
estimation. Finally, an atlas and digital maps of distribution
records of all species could be made. Human-wildlife
conflict must be studied and managed beyond merely
reporting deaths, injuries, and cases. Lastly, the National
Park should be studied in connection with adjoining
national parks, Margalla Hills National Park, for instance, to
examine any change in the forest cover or climate,
home ranges of avian and mammalian species,
particularly threatened species (Table 2) and spread of
invasive species.

Table 2. Threatened and Near Threatened biodiversity of Ayubia National Park, Abbottabad, Khyber Pakhtunkhwa, Pakistan

Common Name Scientific Name Family Order IUCN Status Reference

Common Leopard Panthera pardus Felidae Carnivora Vulnerable Shafique & Barkati 2010
Indian Pangolin Manis crassicaudata Manidae Pholidota Endangered Bashir et al. 2023
Himalayan Griffon Gyps himalayensis Accipitridae  Accipitriformes Near Threatened Bashir et al. 2023
Mountain Hawk-eagle Nisaetus nipalensis Accipitridae  Accipitriformes Near Threatened Bashir et al. 2023
Western tragopan Tragopan melanocephalus Phasianidae Galliformes Vulnerable Afza 2016

Cheer pheasant Catreus wallichii Phasianidae  Galliformes Vulnerable Afza 2016

Saker falcon Falco cherrug Falconidae Falconiformes ~ Endangered Bashir et al. 2023
Egyptian vulture Neophron percnopterus ~ Accipitridae  Accipitriformes Endangered Bashir et al. 2023

Red Sand Boa Eryx johnii Boidae Squamata Near Threatened Khan 2006

Central Asian cobra  Naja oxiana Elapidae Squamata Near Threatened Khan 2006

Himalayan elm Ulmus wallichiana Ulmaceae Rosales Vulnerable Afza et al. 2016

East Himalayan Yew  Taxus wallichiana Taxaceae Cupressales Endangered Khanum & Gilani 2005
Atish Aconitum heterophyllum Ranunculaceae Ranunculales — Endangered Khan & Naqvi 2000
Golden thread herb Coptis teeta Ranunculaceae Ranunculales  Endangered Khan & Naqvi 2000
Gentiana Kurroo Gentiana kurroo Gentianaceae  Gentianales Critically Endangered Gilani et al. 2006
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