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Abstract. Human influence on the climate change is evident, and the current rate of anthropogenic 

emissions of greenhouse gases will have widespread impacts on natural ecosystems. Moreover, as global 

mean temperatures continue to rise; it is pivotal to develop strategies to conserve species and habitats that 

are vulnerable to climate change. Therefore, the current study assessed the effect of changing climate on 

fruiting time and phenological plasticity in Berberis lycium Royle at Manoor Valley of Northern Pakistan. 

Further, these changes in fruiting behavior were correlated with temperature changes over the years. Five 

varying altitudinal sites of Manoor Valley were selected viz. Kot, Baila Manoor, Banrhi, Siri and Shamal 

Pata which range between 1807-2390 m.a.s.l. Observational data on phenological stage of B. lycium were 

recorded in May-October of 2015-17. Ten individuals plant were randomly selected at each altitudinal 

site and the data recorded. Notable traits were; cover, number of mature fruits and number of immature 

fruits. GPS was used to record elevation, aspect and position of the plant species and other environmental 

gradients were measured with the help of weather station. The results were validated using the ordination 

pattern. Significant changes were observed in all parameters of the species. The results indicated highest 

gain for bioclimatic variable (bio-9, mean temperature of the driest quarter). The data also indicates that 

B. lycium is highly sensitive to changes in altitude and temperature; it may be adapting to the gradual 

temperature change over long periods of time by altering the fruiting time or by adjusting to new 

altitudinal ranges. Furthermore, new phenology patterns and variations of fruiting period in B. lycium 

might be the indication of the raise in global temperature. 
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Introduction 

The world temperature is rising, and thus warming of the climate is unequivocal. 

Since 1950s, many of the observed changes are unprecedented over decades to 

millennia and the earth’s temperature has risen up to 0.74oC and is likely to increase 

from 1.8oC to 4oC by 2100 (IPCC, 2007). In recent years, global climate change has 

threatened environments with increasing global temperatures (IPCC, 2013). This change 

in climate is occurring due to increased urbanization, and rising concentrations of 

carbon dioxide stemming from the anthropogenic burning of fossil fuels, which gets 

trapped into the atmosphere and cause global warming (Bashir and Ahmad, 2017). 

These changes have the potential to affect species interactions (Walther, 2010). During 

the postglacial period, species and populations responded to global warming by 

migrating toward higher latitudes or altitudes, resulting in local extinctions and 

modifications in species distributions (Petit et al., 2003). However, populations could 

persist in their current location and withstand environmental stresses if they evolve new 

adaptive capacities (Lindner et al., 2009). Genetic diversity and phenotypic plasticity 

are the two key processes that allow plants survival and development under varied 

environmental regimes (Pigliucci et al., 2006). First, high genetic diversity among and 

within populations would improve opportunities for rapid adaptation to new 

environmental stimuli (Hamrick, 2004). Secondly, short-term phenotypic plasticity is a 

significant means whereby, plants can react and cope with rapid environmental change 

(Ghalambor et al., 2007). Genetic variability and evolution among organisms at the 

DNA level is a much-needed resource but takes millions of years. Therefore, under 

rapid climate change, phenotypic plasticity rather than genetic diversity will likely play 

a crucial role in allowing plants to persist in their environments (Rehfeldt et al., 2001).  

Phenology — the timing of life history stage including the flowering, fruiting, and 

leaf production of plants — is sensitive to abiotic cues such as day length, temperature 

and precipitation (Gilman et al., 2010, Cleland et al., 2007). At the same time, biotic 

factors also influence phenology; plants that are able to respond to seasonal variability 

are better adopting to maximize the success of their offspring (Hamann, 2004).  

It is known that altitude represents a complex gradient along which many 

environmental variables change concomitantly (Givnish, 1999). Altitudinal gradients 

are particularly relevant in order to study plant phenological responses to temperature 

because they provide a wide temperature range over a very short distance. Phenological 

plasticity is of special importance for species located in mountain habitats since it is 

much more likely that their offspring will experience a different climate than their 

parents, if seed dispersal occurs at a relatively short distances up or down the mountain. 

This change has been widely documented in many studies as evidence of the impact of 

global climate change on ecosystems, and a considerable amount of studies have 

focused on temperate as opposed to environments (Sherry et al., 2007). Monitoring 

changes in the phenology of plants can provide insights as to which plant species are 

responding to altered climate patterns and is an important indicator as to whether an 

ecosystem is experiencing a shift. As plant species shift upward in altitude, populations 

decrease and elevation ranges tend to be smaller than those for temperate species 

(Colwell et al., 2008). 

Flowering and leaf-out phenologies and their responses to climate change have 

historically been well-studied. In contrast, fruiting phenology responses to climate 

change have received somewhat less attention, despite the fact that they are critical to 

reproduction and therefore the persistence and adaptation of populations (Bolmgren and 
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Lonnberg, 2005). Further, the phenologies of many economically and ethnobotanically 

important fruits are likely to change with climate change, lending a human dimension to 

the urgency of studying this life-history stage (Chuine et al. 2004). 

Berberis lycium Royle (family: Berberidaceae) is a lesser-known plant, named in 

English as barberry (Anwar et al., 1979), whereas its fruit is called as “Kashmal” 

(Usmanghani et al., 1997) and its roots are known as “Darhald” (Nadkarni, 1980). It is 

native to the Himalayan region of the world and is widely distributed in temperate and 

semi-temperate areas of Pakistan, India, Afghanistan, Nepal and Bangladesh. In 

Pakistan, it has historically been recorded as growing in Baluchistan, Khyber 

Pakhtunkhwa, Punjab and Azad Kashmir at an elevation of 900 to 2900 m (Ali and 

Khan, 1978). According to the International Union for Conservation of Nature (IUCN), 

B. lycium lies in the vulnerable category (Hamayun et al, 2006).B. lycium was reported 

curing leprosy in Unani system of healthcare. In traditional practices, it is extensively 

used as medication for several human diseases i.e. broken bones, jaundice, menorrhagia 

and wounds healing (Singh and Rawat, 2000), acute conjunctivitis, aperient, 

carminative, colic, ophthalmic inflammation, diarrhea, diuretic, dysentery, expectorant, 

febrifuge, stomachic and throat infection (Gupta et al., 2015).  

The current study was planned to assess phenological plasticity in this important 

medicinal shrubby plant species along temporal and elevational gradients. In particular 

we compared contemporary fruiting phenologies to historical norms to elucidate 

changes over time, and examined environmental conditions along an elevational 

gradient to link these changes to climate.   . 

Materials and Methods 

Research was undertaken in Manoor Valley, Mansehra, Pakistan (Fig. 1). The study 

area ranges from high subtropical to alpine scrub forest and cold deserts and 

experiences cloud cover during most of the year. Five varying altitudinal sites were 

selected for this study on the basis of the species abundance and dominance. These were 

Kot (1807 m), Baila Manoor (1895 m), Banrhi (2019 m), Siri (2155 m) and Shamal Pata 

(2390 m). 

At each site, elevation was recorded with GPS and aspect with clinometer. During 

monthly visits throughout the growing season (April–September) 2015—2017, 

environmental factors (wind speed, temperature, humidity, heat index, dew point, wet 

bulb and barometric pressure) were measured by handheld weather station (Kestrel 

weather tracker 4000). For 10 Berberis lycium individuals selected randomly during 

each visit, the cover, the number of immature fruits, and the number of mature fruits 

were measured.  

These data were then compared to phenological patterns of B. lycium as 

characterized in the Flora of Pakistan – a range based on historical specimens collected 

mostly between 1939 and 1975 – to determine the long-term seasonal change in fruiting 

behavior.  

To characterize the similarity among sites in cover and summer-fruiting phenology 

we conducted two-way cluster analysis (Bano et al., 2018) based on presence/absence 

scores in PCORD 5, and a ternary plot (Hammer et al., 2001) based on quantitative 

values in PAST 3.12. To associate environmental conditions with differences in these 

response variables among sites, we used Canonical Correspondence Analysis (CCA), 

based on Bray-Curtis distance measures using CANOCO 5 (Lepš and Šmilauer, 2003). 
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Figure 1. Map of the study area: Berberis lycium was studied at five locations (green dots) in 

Mansehra. The position of Mansehra is given in the inset map at bottom right 

 

 
Table 1. Means across the growing season of environmental variables measured at different 

the six localities where Berberis lycium was recorded (wind speed averages are given as 

integers) 

Gradients 
Localities 

Kot Baila Manoor Banrhi Siri Shamal Pata 

Altitude (m) 1807 1895 2019 2155 2390 

Latitude N 34°69’282 N 34°70’323 N 34°72’364 N 34°70’317 N 34°75’332 

Longitude E 73°58’045 E 73°61’694 E 73°62’488 E 73°61’600 E 73°64’278 

Slope angle 45° 58° 65° 80° 30° 

Temperature (°C) 31.3 29.2 25.6 23.7 21 

Humidity 47.5 60.3 50.8 68.9 71.9 

Heat index 32.5 30.4 24.4 24.4 20.5 

Wind speed 

(m/sec) 
1 0 1 0 1 

Dew point 18.9 20.3 15.1 17.6 15.7 

Wet bulb 22.3 22.2 18.5 19.4 17.3 

Barometric 

pressure 
813.5 804.7 792.6 779.3 756.7 
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Results 

Berberis lycium was prominent at Kot, Baila Manoor, Banrhi, Siri and Shamal Pata 

areas of Manoor Valley, with varying fruiting phenology over geography and season 

(Fig. 2A-D). Cover of B. lycium was directly related to altitude, where higher vegetation 

cover at lower altitudes was observed (~ 1800 m.a.s.l.). 

 

 

Figure 2. Phenological conditions of Berberis lycium captured at different stations. (A) No fruit 

at Baila Manoor, (B) mature fruits at Banrhi, (C) mature fruits at Siri, and (D) immature 

fruiting condition at Shamal Pata 

 

 

Fruiting exhibited a similar pattern in each year, At the lowest elevation and 

relatively higher-temperature sites of Kot and Baila Manoor we observed a peak fruiting 

in spring, with roughly equal quantities of immature and mature spring fruits, while 

higher elevation sites had not yet begun to fruit in spring (Fig. 3). By summer, fruiting 

had completed at Kot, and progressively higher sites still retained greater quantities of 

mature fruits (Fig. 3). Only at the highest site, Shamal Pata, was fruiting still entering its 

peak in summer (Fig. 3). The ternary plot (Fig. 4) further supports the strong elevational 

gradient which differentiates sites on the basis of B. lycium cover and phenology.   
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Figure 3. Elevational progression of fruiting phenology: lower elevation sites show peak 

fruiting in spring while higher sites have not yet begun to fruit; in summer, fruiting is finished at 

the lower elevation site, peaking at mid-elevations, and has yet to reach its peak at the highest 

elevation sites 

 

 

 

Figure 4. Ternary plot indicating the percentage of all the traits of Berberis lycium and its 

stations 
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The CCA ordination (Fig. 5) of Berberis lycium attributes and environmental 

gradients showed that different attributes clustered along diverse environmental 

gradients, which may be summarized as representing the effects of elevation (altitude, 

temperature, heat index, barometric pressure) and of topography (wind speed, slope). 

The maximum Eigenvalue was recorded for axis 1 (0.34) followed by axis 2 (0.20). The 

percentage variance explained for axis 1 and 2 were 62.30% and 100% respectively. 

The total variation is 0.54 and the explanatory variables account for 100%. The pseudo-

canonical correlation for axis 1 and 2 were 1.000 and 1.000. CCA ordination showed 

that higher values of temperature, barometric pressure, dew point, wet bulb, and heat 

index were parallel to lower humidity and elevation. Altitude showed negative and 

significant correlation with temperature, heat index and barometric pressure. 

Temperature showed positive and significant correlation with heat index and barometric 

pressure. The maximum strength of gradient was noticed for temperature, barometric 

pressure, wet bulb, heat index, altitude, density altitude, and slope angle. While 

minimum environmental gradient strength was observed for humidity, dew point and 

wind speed. Cover of Berberis lycium was significantly higher at the lower elevation 

sites (Kot and Baila Manoor at 1807-1895 m.a.s.l.). Among the higher sites, the steeper 

mid-elevation sites of Banrhi and Siri (2019-2155 m.a.s.l.) had the greatest counts of 

summer mature fruit, while summer immature fruit count was greatest at Shamal Pata 

(2390 m.a.s.l.), with a relatively shallow slope and high wind speeds (Fig. 5). 
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Figure 5. CCA ordination of Berberis lycium attributes and stations along different 

environmental variables 
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In the Flora of Pakistan, the phenological period of Berberis lycium in the area 

mostly ends by July-August. However, we observe that this phenological period is now 

only evidenced at the highest altitudes (Shamal pata), while middle and lower elevation 

sites have completed their fruiting phenology much earlier (in spring, i.e. April-June) 

(Fig. 6). These higher sites are currently 5.5-10° degrees cooler than the lower sites in 

average growing season temperature.  

 

 
Figure 6. Phenological ranges in five sites monitored 2015–2017 are mostly earlier than 

phenological ranges recorded in the Flora of Pakistan (1939-1975), with only the highest 

elevation sites fruiting at comparable times 

Discussion 

Our results showed phenological variations along the altitudinal gradient, where 

climatic conditions, especially those related to changes in temperature, had determining 

roles. The disastrous synchronous effects of climate change and land-use change are 

evident in Pakistan due to the decline of forest cover (Siddiqui et al., 1999). The recent 

global data released by NASA and the National Oceanic and Atmospheric 

Administration (NOAA) suggested that the years this study was conducted (2015-2017) 

were the hottest recorded, equal or greater to 2° C compared to an 1881-1910 baseline 

(NASA and NOAA, 2015). Local trends within the far-western Himalaya are more 

uncertain (Tewari et al. 2017), but there is evidence for warming in the area (Bhutiyani 

et al., 2010). Some species are very prone to minute changes in the climate as Beigh et 

al. (2005) pointed out for Aconitum heterophyllum in the complex Himalayan region. 

The current study predicts similar results as the species will be changing its current 

habitat and the population density might be significantly affected. Early fruiting 

behavior was noticed in Kot and Baila Manoor sites, it might be due to the relatively 
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higher temperatures at these sites. At highest elevation range of this study, immature 

fruiting condition was on peak, this variability in fruiting phenological pattern might be 

due to temperature, an important environmental driver, which significantly affects the 

lifespan of each biotic component of the ecosystem. These results highlight that a 

particular environmental variable has a great effect on the distribution and dominance of 

Berberis lycium in Manoor Valley. In mountain ecosystems, decrease in population 

sizes and even extinctions of such species are possible due to the migration of species 

from their habitat towards higher elevations (Gilman et al., 2010). 

Parallel to phenological changes, one of the general trends of species in the Hindu-

Kush-Himalayan region, as elsewhere is a change in altitudinal ranges (Song et al., 

2004), often in complex response to multiple environmental cues (Tewari et al., 2017). 

These changes of plant spatial and temporal ranges can result in reorganization of 

species, leading to the formation of novel communities. Individuals and species as a 

group deal differently with the variation in abiotic conditions, and thus the likelihood of 

novel communities’ formation higher (Lurgi et al., 2012), with unpredictable 

consequences (Gilman et al., 2010), and the potential to affect ecosystem resilience 

(Walther et al., 2010).  

In Berberis lycium, phenological variations were observed along elevational ranges, 

and between past and contemporary phenology. The importance of temperature in 

differentiation the phenology of populations along the elevational gradient suggests that 

this may also be a key factor in the changes seen over time, although precipitation, land 

use changes and sampling effort must also be considered (Daru et al 2018). In future 

work, long-term, cross-taxon monitoring at the level of individual plants could be joined 

to further research into the historical range and phenology of plant species to better 

understand how plant communities are responding to changing climatic conditions. 
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