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Abstract. Chitral has diverse importance and has designated as a biodiversity hotspot of the country
due to junction of Hindu Kush, Himalayan and Karakorum ranges, thus supporting maximum number
of endemic plants.

The conservation status of those endemic plants was assessed for three years, which have at least few
points’ data as per IUCN Red List Categories and Criteria 2011, 2017and relied more on B criterion
using “GeoCat” for AOO and EOO assessment. Some of the taxa were also compared with their
previous status assessed ten years ago. This guideline will assist in country’s policies for conservation,
threat assessment and sustainable management.

Assessing a total of fifteen endemic taxa (species and subspecies), most are endemic to Chitral except
Anaphalis chitralensis and Impatiens lemannii (both country’s endemic).Twelve species fall in the
criteria for Endangered (EN) where as two species fall under Vulnerable (VU) and one falls in
critically endangered (CE) threat category. The most CE (critically endangered) species is Astragalus
commixtus with only 56 mature individuals while Astragalus erionotus, Delphinium kohatense were
found to as VU (Vulnerable), rest all species like Polygonum cognatum, Plocama asperuliformus etc.
are EN (Endangered).

These species need immediate strategies for in-situ and ex-situ conservation for survival.

Keywords: biodiversity, endemic taxa, flora, IUCN, threat assessment, nature conservation,
Chitral.

1. Introduction
Pakistan has various topographic, altitudinal, climatic and phytogeographical variation
supporting more than 6000 species of plants of which 428 are endemic(Ali-S.1., 1978; Ali-
S.I. & Qaiser, 1986). Chitral is one of the biodiversity hotspots of the country with 173
endemics reported (Ali-S.1., 2008). The taxa distribution is like this: 67 plant species are
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purely restricted to Chitral, 60 endemic to Pakistan but are also found in Chitral and 46 taxa
are restricted to Asian countries but also extend their distribution to Chitral (Ali-S.l. &
Qaiser, 1986; Ali-S.1., 2008).

Chitral’s main valley is 354 km long with a maximum width c. 4800 m. However, at

some places it is barely 180 m wide, while the side valleys are even narrower. Elevation of
the area varies from about 1070 m (about 3500 ft) in the extreme south in Arandu to 7690 m
(25,230 ft) at the summit of Tirich Mir in the Hindu Kush. High mountains and rough
topography of the area have given rise to lot of narrow side valleys. The valley is narrower
at the beginning along with the border of Afghanistan i.e. Arandu on one side and Lowari
pass on the other side, then the valley expands its width and many smaller valleys are formed.
In the middle the rivers coming from upper Chitral and “Gharum Chasman” meet at this
point. Further to right side on the Mastuj-Yarkhun track the valley is bifurcated, and on the
right side the valley leads to Shandur. Above, from the Yarkhun, the valley narrows further
up till “Qaramber An” (Census, 1998; Hussain, 1994; Miller, 1997).
The recent climatic changes as well as anthropogenic factors are continuously contributing
to decline of plants species, especially the narrower medicinal endemic ones (which have
restricted distribution) and thus are more prone to these changes (Damschen et al., 2010;
Damschen et al., 2012; Khanum et al., 2013; Khanum & Ahmed, 2019). At the moment the
rate of extinction is considered to be high, if all of the species are currently supposed to be
“threatened”, they would become extinct by the next century, then the future extinction rates
will be 10 times bigger than the recent rates (Pimm et al., 1995; Anacker & Leidholm, 2012;
Zhang et al., 2014; Gémez et al., 2015).

The current assessment is based on an earlier work (Ali, 2010) adding four more
endemic taxa. As per earlier work, 159 plants reported from Chitral are data deficient. The
main objectives of the current work are i) to record the presence of species in their type
localities, ii) find out new areas suitable for its occurrence and further present conservation

status based on the data collected for three consecutive years.

2. Study area



The major valley of Chitral is 354 km long with 4800 m width. However at some places it is
further narrowed while the side valleys are even more narrower. Elevation of the area also
varies from about 1070-7690 m. Hence high mountain and rough topography of the area have
given rise to lot of narrow side valleys. All the major valleys were included in study site as

in shown in Figure 1.

Figure 1. Study area

3. Material and Methods

Field surveys were conducted during the study period which was for three years from early
spring to late summer 2014 to 2017). spring until early winter for investigating the local
species. The conservation status of fifteen plant taxa, out of whom twelve are local endemics,
except Anaphalis chitralensis and Impatiens lemannii (which are endemic to Pakistan) based
on IUCN criteria and guidelines (IUCN 2001, 2012, 2016). Previously assessed eleven taxa
including Astragalus erionotus, A. mirabilis, A. commixtus, Anaphalis chitralensis,
Delphinium kohatense, D. nordhagenii, Silene longisepala, Plocama asperuliformus, Galium
ghilanicum, Oxytropis gloriosa, Polygonum cognatum by Ali (2010). Species like Silene



pseudoerticellata, Psychrogeton chitralicus, Impatiens lemannii subsp. lehmanii and
Strigosella toppinii are assessed first time in this study. The IUCN criteria, regarding the
threat levels, were continuously employed. The mature individuals were counted in each
locality for population size. Those individuals were considered as mature which contained
fruits or flowers. All of the coordinates of plant species were recorded through GPS
(GARMIN, USA) of each of the individual taxa have been recorded, by using a global
positioning system, to an accuracy of £10 m. Comprehensive field notes like, habit, habitat,
life form, phenological status and altitudinal range were studied in the field. Anthropogenic
threats like grazing, agricultural land extension and deforestation were also studied as a main
factor for degradation and trend in habitat change. Plant specimens collected were deposited
at Pakistan Museum of Natural history (PMNH). EOO and AOO (Based on 2x2 km?
following Bland et al. (2017) were obtained through Geocat (geocat.kew.org). By putting all
of known localities coordinate and AOO was calculated by the presence of the taxon in a grid
of 2 km? areas (Bland et al., 2017).The species that have been included based on IUCN
criteria were used to evaluate the taxa belongings to a certain threat category (Bland et al.,
2017).

The sites/localities were recorded along with GPS of each species (Annexes a & b)
for the estimation of Extent of Occurrence (EOQO) and Area of Occupancy (AOO). This
species was found at an elevation range of 230-550 m

4. Results
Among the fifteen evaluated taxa, Astragalus erionotus, Delphinium kohatense have been
categorized as Vulnerable, twelve as Endangered, and one as Critically Endangered (Table
1). The data analysis of these species shows extent of occurrence (EOO) range from medium
in Plocama asperuliformus (3880), Strigosella toppinii (2773), maximum in Astragalus
erionotus (7152) and with minimum value in Astragalus commixtus (2080) km?. Similarly,
area of occupancy (AOO) range from 84.0 km? (Delphinium ohatense), 40.0-44.0 km?
(Anaphalis chitralensis, Plocama asperuliformus), 24-32.0 km? (Oxytropis gloriosa, Galium
ghilanicum, Polygonum cognatum) and with the minimum value 8.0 km? in Astragalus

commixtus.



Table 1. Proposed threat category of the fifteen endemic plant taxa being studied with quality trends, main factors contributing to
loss/degradation.

S. | Species name EO | A | Total Average Main factors Trend in Trend in IUCN
N 0 O | populati | Populatio | contributing to habitat habitat Category
0 km2z | O |on n loss / degradation | quantity quality
k | (2014- (2014-17)
m2 | 17)
1 | Anaphalis chitralensis Qaiser | 247 | 40 | 543 181 Human activities | moderate moderate Endangere
& Abid 36 | .0 d
2 | Astragalus commixtus Bunge 211 |8. |56 18 Human activities | Decreasing Decreasing | Critically
00 Endangere
d
3 | A. erionotus Bunge 715 | 48 | 767 255 Human activities | Stable Stable Vulnerable
29 | .0
4 | A. mirabilis Lipsky 184 | 20 | 217 75 Narrow dispersal | Decreasing Decreasing | Endangere
2811 .0 d
5 | Delphinium kohatense (Bruhl) | 555 | 84 | 838 279 Human activities | Decreasing Decreasing | Vulnerable
Munz 6.4
6 | Delphinium nordhagenii 228 | 36 | 456 152 Human activities | Decreasing Decreasing | Endangere
Wendelbo 8 d
7 | Plocama asperuliformis 388 | 44 | 878 292 Human activities | Stable Stable Endangere
(Lincz.) M.Backlund & Thulin | 0.4 | .0 d
8 | Galium ghilanicum Stapf 730. | 32 | 143 43 Narrow dispersal | Decreasing Decreasing | Endangere
4 0 d
9 | Oxytropis gloriosa Ali 540. | 24 | 632 210 Human activities | Decreasing Decreasing | Endangere
9 0 d
10 | Polygonum cognatum (Rech.f. | 358. | 12 | 407 135 Climatic changes | Decreasing Decreasing | Endangere
& Schiman-Czeika) Qaiser 7 0 d




11 | Silene longisepala Nasir 403 | 80 | 584 194 Human activities | Decreasing Decreasing | Endangere
9.7 | .0 d

12 | Silene pseudoverticillata Nasir | 491. | 36 | 791 263 Narrow dispersal | stable stable Endangere
6 0 d

13 | Psychrogeton chitralicus 216 | 36 | 260 86 Human activities | Decreasing Decreasing | Endangere
Gierson 71 | .0 d

14 | Impatiens lemannii Hook.f. & | 140 | 40 | 814 271 Human activities | stable stable Endangere
Thomson 98 | .0 d

15 | Strigosella toppinii 277 | 48 | 1044 348 Human activities | Decreasing Decreasing | Endangere
(O.E.Schulz) Botsch 32 | .0 d




According to data observed in three years of population size, total of 543 mature individual
plants were observed in Anaphalis chitralensis with average of 181 mature individual plants
per year with moderate trend of habitat quantity as well as quality. While the species
Delphinium kohatense, D. nordhagenii, Galium ghilanicum, Silene longisepala etc. also
showed decreasing trend of habitat quality with total of mature individual 438, 456, 143, 584
with the average 146, 152, 43, 194 respectively. While the species Astragalus commixtus,
Oxytropis gloriosa, Polygonum cognatum subsp. chitralicum, Psychrogeton chitralicus also
showed decreasing habitat quality trend (Table 1). Delphinium kohatense with stable quality
and quantity of habitat indicated in population trend after decade as well (Fig. 2). While
species Astragalus erionotus, Plocama asperuliformus, Silene pseudo-verticellata and
Impatiens lemannii etc. showed stable trend with total of population of 667, 878, 791, 814
with the average of 222, 292, 263, 271 respectively.

Main contributing factor is human activities/anthropogenic for most of species except
Astragalus mirabilisand Galium ghilanicum. The narrow dispersal is main contributing
factor between them (Table 1). Further the population trend from 2003 to 2017 of eleven taxa
is indicated in Figure 2. Less difference in total number of mature individuals of Anaphalis
chitralensis having total population of 548 in 2014-17 and 564 in 2003-07.While Astragalus
erionotus proved to stable with sharp increase from 441 to 767 mature individuals after
decade, rest eight taxa indicate clear reduction in population size (Fig. 2).
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Figure 2. Population trend of endemic plants after decade

5. Discussion

Among the fifteen evaluated endemic taxa, two are vulnerable, one is critically endangered
and rest twelve is endangered. The changes in habitat pose threats to plant species to become
as vulnerable or threatened (Kingston & Waldren, 2005; Paré, 2008). The main threats to
twelve categorized endangered taxa are human activities, limited dispersal/distribution and
low number of mature individuals. Anthropogenic factor is possibly the most ominous threat
to biodiversity including habitat degradation, over exploitation (Sheikh et al., 2002; Groom,
2006; Nowak et al., 2011; Cancio et al., 2016). Natural disasters especially climate change
and flooding also pose serious threats to biodiversity especially rare plants (Khanum et al.,
2013; Soomers et al., 2013; Kui et al., 2014).

The Astragalus mirabilis is categorized here as an endangered taxon. Ali and Qaiser
(2010) reported populations of this species from Chaghbeni, Gokhshal and Ishpeder. But we
also found this species from GahirtGol as reported from Ali-S.I. (1977). According to Ali
and Qaiser (2010) it was categorized as critically endangered from Chitral while all the
possible data has been gathered for this endemic species indicating good population in west
of Gahirt as well and based on B1 and B2 criterions of the IUCN, the species can only be
Endangered and not Critically endangered. Moreover, based on EOO and AOO (B1 and B2



IUCN criterions respectively), Delphinium nordhagenii, a species that grows on steep rocky
slopes, categorized as Endangered, while same species have been treated as Critically
endangered according to Ali et al. (2012). The Endangered categorized Plocama
asperuliformus has showed stable population as indicated by Ali and Qaiser (2010). Similar
with case of Silene longisepala (Ali & Qaiser, 2011). The taxa like Galium ghilanicum,
Oxytropis gloriosa and Psychrogeton chitralicus also categorized as Endangered. While
Silene pseudoverticellata though categorized as Endangered but proved to be narrow
endemic (EOO 491, AOO 36: Table 1) with stable extensive populations in Chitral Gol
National Park at various areas (Fig. 2).

The Astragalus erionotus, a species that grows on undulating grassy gentle slopes has
beencategorized as Vulnerable based on EOO and AOO (B1 and B2 criterions of the IUCN)
has four stable populations, three of them (in Chitral Gol National Park) has broad
distribution area and a number of mature individuals. Thus, this speceis has also showed
increase in population trend after ten years (Fig. 2). While Ali and Qaiser (2012) reported it
as critically endangered, Astragalus commixtus is that grows mostly near to the easier asses
access areas such as on rocky gentle slopes is the categorized as Critically Endangered (Fig.
3).



Figure 3. Astragalus erionotus, Impatiens lemannii, Astragalus commixtus, Delphinium
kohatense, Oxytropis sp. (from left to right)

Anyway, as major threats are anthropogenic, thus in order to accomplish more sustainable
solutions, a systematic and interdisciplinary approach on biodiversity conservation isrequired
(Zisenis, 2009; Ture & Bocuk, 2010; Delibes-Mateos, 2017). Most of the species categorized
here as endangered including Astragalus commixtus (Critically Endangered) need to be
conserved, through both ex-situ, in-situ (Marriotti & Magrini, 2016; Kashimshetty et al.,
2017) as well as reintroduction (IUCN, 1998; Godefroid et al., 2011; Volis, 2016). Number
of other management measures could also be incorporated, such as, minimizing illegal wood
logging and cutting, educating young people about the importance of nature conservation and
biodiversity, capacity building of Park workers etc. (Young et al., 2014). There should be
setting of lists of priorities and actions for integrated approach towards the conservation of
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the endemic and endangered flora considering the limited resources for the efforts of species
conservation based on IUCN criteria (Cowling et al., 2003; Forzza & Baumgratz, 2012;
Treurnicht et al., 2017). Further detailed study for genetic variation, dispersal attributes, seed
traits and other niche contributing factors could also be incorporated in species management
plan especially for the narrow endemics (Lozano et al., 2005; Rossetto et al., 2008, Kadis et
al., 2010).

The existing study could providea basisfor assessing priorities among species in for
conservation Pakistan and particularly in Chitral which has high diversity among country’s
biodiversity hotspots) (Shaheen & Shinwari, 2012; Shaheen et al., 2019). Among the local
endemic following taxa Astragalus commixtus, A. mirabilis, and Galium ghilanicum has only
18-75 average mature individuals. According to Ali (2010) Astragalus commixtus had 88
average mature individuals, while ten years later the number of species counts only 18
average mature individuals as result of human induced activities. Thus, population extremely
reduced (Fig. 2, Annexe c).

Thus it is concluded that the biodiversity hotspot, Chitral with many endemic taxa
needs to be protected crucially with high priority for conservation sites (for example Sosoom,
Ojhar, Bakamak hill etc.). Among the fifteen taxa studied eight of them are found in Chitral
Gol National Park except Astragalus commixtus, A. mirabilis, Galium ghilanicum,
Polygonum cognatum, Impatiens lemannii and Strigosella toppinii found in hilly areas that
are not protected. Thus, those areas also need protected management by including them under
the National Park.

Acknowledgments
The work was supported by Rufford (www.rufford.org), also to PMNH, wildlife department
Chitral, management and community of Chitral Gol National Park. Management PTDC of
Mastuj and Booni. Thanks to Community of Laspur, Brir. Special thanks to prince of Gahirt
for their kind hospitability and facilitation in collection from Gahirt Gol.

References

11


http://www.rufford.org/

Ali H., 2010, Floristic studies of Chitral: Threatened plants and conservation strategies. PhD
thesis, University of Karachi.

Ali S.1., 1977, Papilionaceae, [in:] E. Nasir & S.I. Ali (eds.), Flora of Pakistan, No. 100.
Karachi, 183 pp.

Ali S.1., 1978, The Flora of Pakistan: Some general and analytical remarks. Notes Roy. Bot.
Gard. Edinb. 36: 427-4309.

Ali S.1., 2008, Significant of flora with special reference to Pakistan. Pak. J. Bot. 40(3): 967—
971.

Ali S.1. & Qaiser M., 1986, A phytogeographic analysis of the phanerogams of Pakistan and
Kashmir. Proc. Roy. Soc. Edinb. 89B: 89-101.

Ali-H. & Qaiser M., 2010, contribution to the red list of Pakistan: a case study of
Astragalus gahiratensis Ali (fabaceae-papilionoideae). Pak. J. Bot., 42(3): 1523-
1528.

Ali-H. & Qaiser M., 2011, Contribution to the Red List of Pakistan: a case study of Silene
longisepala. Oryx-The International Journal of Conservation. Oryx 45(4): 522-527.

Ali-H. & Qaiser M., 2012, Contribution to the red list of the plants of Pakistan: a case study
of a narrow endemic Astragalus chitralensis Ali (fabaceae-papilionoideae). Pak. J.
Bot. 44(5): 1741-1744.

Ali-H., Qaiser M. & Marwat K.B., 2012, Contribution to the Red List of Pakistan: a case
study of Delphinium nordhagenii (Ranunculaceae). Pak. J. Bot.  44(1): 27-31.

Anacker B. & Leidholm K., 2012, Climate Change Vulnerability Assessment of Rare
Plants in California. Final Report Submitted to: California Landscape Conservation
Cooperative, Biogeographic Data Branch.

Bland L.M., Keith D.A., Miller, R.M., Murray, N.J. and Rodriguez, J.P. (eds.), 2017,
Guidelines for the application of IUCN Red List of Ecosystems Categories and
Criteria, Version 1.1. Gland, Switzerland: IUCN. ix + 99 pp.

Cancio I., Gonzalez-Robles A., Bastida J.M., et al., 2016, Habitat loss exacerbates regional
extinction risk of the keystone semiarid shrub Ziziphus lotus through collapsing the
seed dispersal service by foxes (Vulpes vulpes). Biodiversity and Conservation 25,
693. D0i:10.1007/s10531-016-1085-y

Census, 1998, Area, population, density and urban/rural  proportion.
http://lwww.census.gov.pk [Assessed on 10 March 2017].

Cowling R.M., Pressey R.L., Rouget M. & Lombard A.T., 2003, A conservation plan for a
global biodiversity hotspot—the Cape Floristic Region, South Africa. Biological
Conservation,112( 1-2):191-216.

Damschen E.I., Harrison S., Ackerly D.D., Fernandez-Going B.M. & Anacker B.L., 2012,
Endemic plant communities on special soils: early victims or hardy survivors of
climate change? Journal of Ecology 100(5): 1122-1130.

Damschen E.I., Harrison S. & Grace J.B., 2010, Climate change effects on an endemic-rich
edaphic flora: Resurveying Robert H. Whittaker’s Siskiyou sites (Oregon, USA).
Ecology 91(12): 3609-36109.

Delibes-Mateos M., 2017, Risks associated with failed interdisciplinary approaches in
conservation research. Biodiversity and Conservation 26, 247. D0i:10.1007/s10531-
016-1233-4

12


http://www.census.gov.pk/
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2012.01986.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2012.01986.x/full

Forzza R. & Baumgratz J., 2012, New Brazilian floristic list highlights conservation
challenges. Bioscience 62: 39-45. Doi: 10.1525/bi0.2012.62.1.8

Godefroid S., Piazza C., Rossi G., Buord S., Stevens A., et.al., 2011, How successful are
plant reintroductions? Biological Conservation144(2): 662—-682.

Gbémez J.M., Gonzalez-Megias A., Lorite J., et al., 2015, The silent extinction: climate
change and the potential hybridization-mediated extinction of endemic high-
mountain plants Biodiversity and Conservation 24, 1843. Doi: 10.1007/s10531-
015-0909-5

Groom M.J., 2006, Threats to biodiversity, [in:] M.J. Groom, G.K. Meffe and C.R. Carroll
(eds.), Principles of Conservation Biology, 3rd Edition. Sinauer Associates,
Sunderland, Massachusetts, USA, 699 pp.

Hussain S.S, 1994, Pakistan Manual of Plant Ecology. National Book Foundation,
Islamabad, 255 pp.

IUCN, 1998, Guidelines for Re-introductions IUCN/SSC Re-Introduction Specialist Group
IUCN, Gland, Switzerland.

IUCN, 2001, IUCN Red List Categories and Criteria: Version 3.1. IUCN Species Survival
Commission. IUCN, Gland, Switzerland and Cambridge, U.K.

IUCN, 2012, IUCN Red List Categories and Criteria: Version 3.1. Second edition. IUCN,
Gland, Switzerland and Cambridge, UK.

IUCN, 2016, Standards and Petitions Subcommittee, Guidelines for Using the IUCN Red
List Categories and Criteria. Version 12. Prepared by the Standards and Petitions
Subcommittee.

Kadis C.C., Kounnamas C. & Georghiou K., 2010, Seed germination and conservation of
endemic, rare, and threatened aromatic plants of Cyprus. Isr. J. Plant Sci. 58: 251-
261.

Kashimshetty Y., Pelikan S. & Rogstad S.H., 2017, Effective seed harvesting strategies
for the ex situ genetic diversity conservation of rare tropical tree populations,
Biodiversity and Conservation 26, 1311. D0i:10.1007/s10531-017-1302-3

Khanum R., Mumtaz A.S. & Kumar S., 2013, Predicting Impacts of Climate Change on
medicinal Asclepiads of Pakistan using Maxent Modeling. Acta Oecologica 49: 23—
31.

Khanum R. & Ahmed 1., 2019, Educating local people for nature protection especially with
reference to endemic plants in Chitral-Pakistan (a case study). Ecological Questions
30(2): 31-37. http://dx.doi.org/10.12775/EQ.2019.014

Kingston N. & Waldren S.A., 2005, Conservation appraisal of the rare and endemic
vascular plants of Pitcairn Island. Biodiversity and Conservation 14: 781-800.
D0i:10.1007/s10531-004-0658-3

Kui L., Stella J.C., Lightbody A. & Wilcox A.C., 2014, Ecogeomorphic feedbacks and flood
loss of riparian tree seedlings in meandering channel experiments. Water Resour.
Res. 50: 9366-9384. D0i:10.1002/2014WR015719

Lozano F.D., Moreno Saiz J.C. & Ollero H.S., 2005, Biological properties of the endemic
and threatened shrub in Iberia Vellapseu docytisus subsp. paui Gomez Campo
(Cruciferae) and implications for its conservation. J. Nat. Conserv.13: 17-30.

13


http://dx.doi.org/10.12775/EQ.2019.014
http://dx.doi.org/10.1002/2014WR015719

Mariotti M.G. & Magrini S., 2016, Conservation of threatened species: activities and
collaborations within the network, Proceedings of the Workshop of RIBES. Botanic
Garden *Angelo Rambelli’, Tuscia University, Viterbo (Italy).

Miller D.J., 1997, Conserving biological diversity in the HKH-Tibetan Plateau rangelands.
Rangelands and pastoral development in the Hindu-Kush Himalayas, [in:] D.J. Miller
and S.R. Craig (eds.), Proc. Reg. Experts Meet. ICIMOD, Kathmandu, Nepal.

Nowak A., Nowak S. & Nobis M., 2011, Distribution patterns, ecological characteristic and
conservation status of endemic plants of Tadzhikistan — A global hotspot of diversity.
Journal for Nature Conservation 19 (5): 296-305.

Paré S., 2008, Land Use Dynamics, Tree Diversity and Local Perception of Dry Forest
Decline in Southern Burkina Faso, West Africa. Doctoral thesis Swedish University
of Agricultural Sciences, Acta Universitatis Agriculturae Sueciae 2008, 78 pp.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.427.6004&rep=repl&typ
e=pdf

Pimm S.L., Russell G.J. & Gittleman J.L, 1995, Brooks TM. The future of biodiversity.
Science 21; 269(5222): 347-50. Doi: 10.1126/science.269.5222.347. PMID:
17841251.

Rossetto M., Kooyman R., Sherwin W.B. & Jones R., 2008, Dispersal limitations, rather
than bottlenecks or habitat specificity, can restrict the distribution of rare and
endemic rainforest trees. Amer. J. Bot. 95: 321-329.

Shaheen H., Ibrahim M. & Ullah Z., 2019, Spatial Patterns and Diversity of the Alpine Flora
of Deosai Plateau, Western Himalayas. Pak. J. Bot. 51(1), 1(39).

Shaheen H. & Shinwari Z.K., 2012, Phyto diversity and Endemic richness of Karambar Lake
Vegetation from Chitral, Hindukush- Himalayas. Pak. J. Bot. 44(1): 17-21.

Sheikh K., Ahmad T. & Khan M.A., 2002, Use, exploitation and prospects for
conservation: people and plant biodiversity of Naltar Valley, northwestern
Karakorums, Pakistan.  Biodiversity and  Conservation 11,  715.
Do0i:10.1023/A:1015584202121

Soomers H., Karssenberg D., Verhoeven J.T.A., et al., 2013, The effect of habitat
fragmentation and abiotic factors on fen plant occurrence. Biodiversity and
Conservation 22, 405. D0i:10.1007/s10531-012-0420-1

Ture C. & Bocuk H., 2010, Distribution patterns of threatened endemic plants in Turkey: A
quantitative approach for conservation. Journal for Nature Conservation 18(4): 296-
303.

Treurnicht M., Colville J.F., Joppa L.N., Huyser O. & Manning J., 2017, Counting complete?
Finalising the plant inventory of a global biodiversity hotspot. Peer J. 2017 Feb 21;
5: €2984. Doi: 10.7717/peerj.2984. PMID: 28243528; PMCID: PMC5322757.

Volis S., 2016, How to conserve threatened Chinese plant species with extremely small
populations? Plant Diversity 1: 53-62.

Young J.C., Waylen K.A., Sarkki S., et al., 2014, Improving the science-policy dialogue
to meet the challenges of biodiversity conservation: having conversations rather
than talking at one-another. Biodiversity and Conservation 23, 387.
D0i:10.1007/s10531-013-0607-0

14



Zhang Y., Wang Y., Zhang M., et al., 2014, Climate change threats to protected plants of
China: an evaluation based on species distribution modeling. Chin Sci Bull 59:
4652-4659.

Zisenis M., 2009, To which extent is the interdisciplinary evaluation approach of the CBD
reflected in European and international biodiversity-related regulations?
Biodiversity and Conservation 18, 639. D0i:10.1007/s10531-008-9530-1

15



	Conservation Assessment of Endemic Plants from
	Chitral Region, Pakistan
	1Department of Botany, University of Punjab, sub campus F.G College, Sadder Rawalpindi, Pakistan
	2Curator, Pakistan Museum of Natural History, Islamabad, Pakistan, Post code 44000
	3Forest Department Chitral, Pakistan
	Corresponding author’s email: rizvana.khan@gmail.com
	Received: 6 December 2023 / Accepted: 23 May 2024
	Cancio I., González-Robles A., Bastida J.M., et al., 2016, Habitat loss exacerbates regional extinction risk of the keystone semiarid shrub Ziziphus lotus through collapsing the seed dispersal service by foxes (Vulpes vulpes). Biodiversity and Conserv...
	Delibes-Mateos M., 2017, Risks associated with failed interdisciplinary approaches in conservation research. Biodiversity and Conservation 26, 247. Doi:10.1007/s10531-016-1233-4
	Godefroid S., Piazza C., Rossi G., Buord S., Stevens A., et.al., 2011, How successful are plant reintroductions? Biological Conservation144(2): 662–682.
	Gómez J.M., González-Megías A., Lorite J., et al., 2015, The silent extinction: climate change and the potential hybridization-mediated extinction of endemic high-mountain plants Biodiversity and Conservation 24, 1843. Doi: 10.1007/s10531-015-0909-5
	Kashimshetty Y., Pelikan S. & Rogstad S.H., 2017, Effective seed harvesting strategies for the ex situ genetic diversity conservation of rare tropical tree populations, Biodiversity and Conservation 26, 1311. Doi:10.1007/s10531-017-1302-3
	Khanum R., Mumtaz A.S. & Kumar S., 2013, Predicting Impacts of Climate Change on medicinal Asclepiads of Pakistan using Maxent Modeling. Acta Oecologica 49: 23–31.
	Khanum R. & Ahmed I., 2019, Educating local people for nature protection especially with reference to endemic plants in Chitral-Pakistan (a case study). Ecological Questions 30(2): 31–37. http://dx.doi.org/10.12775/EQ.2019.014
	Kingston N. & Waldren S.A., 2005, Conservation appraisal of the rare and endemic vascular plants of Pitcairn Island. Biodiversity and Conservation 14: 781–800. Doi:10.1007/s10531-004-0658-3
	Kui L., Stella J.C., Lightbody A. & Wilcox A.C., 2014, Ecogeomorphic feedbacks and flood loss of riparian tree seedlings in meandering channel experiments. Water Resour. Res. 50: 9366–9384. Doi:10.1002/2014WR015719
	Rossetto M., Kooyman R., Sherwin W.B. & Jones R., 2008, Dispersal limitations, rather than bottlenecks or habitat specificity, can restrict the distribution of rare and endemic rainforest trees. Amer. J. Bot. 95: 321–329.
	Shaheen H., Ibrahim M. & Ullah Z., 2019, Spatial Patterns and Diversity of the Alpine Flora of Deosai Plateau, Western Himalayas. Pak. J. Bot. 51(1), 1(39).
	Shaheen H. & Shinwari Z.K., 2012, Phyto diversity and Endemic richness of Karambar Lake Vegetation from Chitral, Hindukush- Himalayas. Pak. J. Bot. 44(1): 17–21.
	Sheikh K., Ahmad T. & Khan M.A., 2002, Use, exploitation and prospects for conservation: people and plant biodiversity of Naltar Valley, northwestern Karakorums, Pakistan. Biodiversity and Conservation 11, 715. Doi:10.1023/A:1015584202121
	Soomers H., Karssenberg D., Verhoeven J.T.A., et al., 2013, The effect of habitat fragmentation and abiotic factors on fen plant occurrence. Biodiversity and Conservation 22, 405. Doi:10.1007/s10531-012-0420-1
	Ture C. & Bocuk H., 2010, Distribution patterns of threatened endemic plants in Turkey: A quantitative approach for conservation. Journal for Nature Conservation 18(4): 296–303.
	Treurnicht M., Colville J.F., Joppa L.N., Huyser O. & Manning J., 2017, Counting complete? Finalising the plant inventory of a global biodiversity hotspot. Peer J. 2017 Feb 21; 5: e2984. Doi: 10.7717/peerj.2984. PMID: 28243528; PMCID: PMC5322757.
	Volis S., 2016, How to conserve threatened Chinese plant species with extremely small populations? Plant Diversity 1: 53–62.
	Young J.C., Waylen K.A., Sarkki S., et al., 2014, Improving the science-policy dialogue to meet the challenges of biodiversity conservation: having conversations rather than talking at one-another. Biodiversity and Conservation 23, 387. Doi:10.1007/s1...
	Zisenis M., 2009, To which extent is the interdisciplinary evaluation approach of the CBD reflected in European and international biodiversity-related regulations? Biodiversity and Conservation 18, 639. Doi:10.1007/s10531-008-9530-1

