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ABSTRACT 
 

Background: Grouping behavior in large mammals is influenced by various environmental and biological factors, including habitat 

type and seasonal variations. Understanding these dynamics is critical for the conservation of species like the Kashmir Markhor 

(Capra falconeri cashmeriensis), an endangered ungulate inhabiting rugged terrains. Despite its ecological significance, limited 

information exists on the seasonal and habitat-specific aggregation patterns of this species, particularly in regions like Chitral Gol 

National Park, Pakistan. 

Objective: This study aimed to evaluate the effects of seasonal and habitat variations on the group size of Kashmir Markhor, 

providing insights into their behavioral ecology and informing conservation strategies. 

Methods: Long-term observational data were collected from April 2019 to March 2021 in Chitral Gol National Park. Surveys were 

conducted biweekly using binoculars at randomly selected transects and vantage points. Seasonal variations in group size were 

analyzed using ANOVA, with a significance level of 0.05. Habitat types were categorized based on dominant vegetation, and 

differences in group size across habitats were assessed. Statistical analyses were performed using SPSS (version 22). Grouping 

criteria followed established methodologies, defining groups as individuals within a 75-meter radius. 

Results: Markhor group size varied significantly across seasons (p < 0.0001). The largest groups were observed during winter (mean 

= 13.73) and the rut season (mean = 15.17), while the smallest groups were recorded in autumn (mean = 8.71) and the non-rut season 

(mean = 7.92). Female Markhor consistently formed larger groups than males, with significant seasonal variations (p < 0.00001). 

Habitat type had no significant impact on group size (p = 0.979), with the largest groups found in Chilghoza Forest (mean = 11) and 

the smallest in Mixed Woodland (mean = 9.57). 

Conclusion: Seasonal variations significantly influenced the grouping patterns of Kashmir Markhor, with larger groups forming 

during resource-scarce and reproductive periods. Habitat types had minimal impact, emphasizing the importance of incorporating 

seasonal dynamics into conservation efforts. 

Keywords: Aggregation, behavior, Capra falconeri, Chitral Gol National Park, ecology, group size, season. 
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INTRODUCTION 

The aggregation patterns and grouping behaviors of prey species are a critical focus in ecological research, as grouping often serves as 

an adaptive defense mechanism against predation. The primary advantages of such behavior include a reduced predation risk and 

diminished individual vigilance requirements, allowing group members to allocate resources toward other essential activities (1, 2). 

Additionally, grouping behavior can be influenced by the distribution of resources (3), foraging benefits (4), social interactions (5), and 

thermoregulation (6). These factors often operate in tandem, interconnected in complex ways, and the dynamics of grouping behavior 

may vary depending on the ecological context or temporal framework of assessment (7). In mammals, several studies have indicated 

that group size is influenced by density-dependent factors and predator-prey interactions, as higher densities can increase predator 

contact rates and subsequent kill rates (8). For instance, research on elk (Cervus elaphus) in Yellowstone National Park demonstrated 

that population density significantly influenced group size, which in turn affected predator encounter rates and established a mechanism 

for density-dependent predation (9). Seasonal variations further modulate grouping behaviors, as documented in numerous studies across 

different species. For example, long-term research on red deer in Poland's Białowieża Primeval Forest revealed that group sizes varied 

seasonally, with the largest aggregations observed during fall and winter, correlating with increased vulnerability to wolf predation and 

the severity of winter conditions (Jędrzejewski et al., 1992). Similar patterns have been observed in other species, such as Japanese 

serow (11), white-tailed deer (12), sika deer (13), chital (14), and elk (15), underscoring the universal relevance of seasonality in shaping 

social structures and survival strategies. 

Despite the extensive research on the ecology and behavior of Markhor (Capra falconeri cashmeriensis), including their population 

dynamics and conservation status (16, 17, 18), there remains a paucity of knowledge regarding the specific factors influencing their 

grouping behavior. Understanding these dynamics is critical, as group size and structure are essential behavioral responses to seasonal 

and habitat variations. A comprehensive investigation into these aspects will not only contribute to the broader ecological understanding 

of the species but also inform effective conservation strategies. This study aims to elucidate the aggregation patterns and behavioral 

responses of Markhor populations to environmental and seasonal variations, providing critical insights into their ecology and facilitating 

evidence-based management practices.  

METHODS 

The study was conducted at Chitral Gol National Park (CGNP), covering an area of 7,750 hectares within the Chitral district. Located 

at elevations ranging from 1,500 to 4,950 meters, the park comprises rugged Rocky Mountains and diverse land cover, including snow-

covered zones, subalpine areas, herbaceous vegetation, mixed woodland, broad-leaved forest, desolate land, and barren ground (18, 19). 

It serves as a critical habitat for over 173 bird species, 42 mammalian species, and three amphibian species (19). The accessibility of the 

park was facilitated by a jeep route from Chitral town, allowing for transportation on foot or by vehicle. A map of the study area is 

provided to illustrate the terrain and ecological zones. Primary data collection was undertaken through direct field surveys of Markhor 

populations conducted between December 2019 and January 2022. Observations were systematically made on weekends, employing 

binoculars to monitor the species from randomly selected transects and vantage points. Surveys categorized the data into summer and 

winter seasons, following Beauchamp's (2007) grouping criteria, where any cohesive unit of individuals located within a 75-meter radius 

was considered a group. The study adhered to a detailed habitat classification system based on dominant vegetation types, following the 

guidelines proposed by Arshad et al. (2012). The identified habitats included subalpine coniferous forests, subtropical pine forests, mixed 

woodlands, scrub forests, and grasslands. 

The statistical analysis utilized Analysis of Variance (ANOVA) to assess seasonal and habitat-based variations in group size, with 

significance levels set at 0.05. SPSS (version 22) was employed for all analyses, ensuring robust and reliable interpretations of the data. 

Ethical approval for this research was obtained from the institutional review board. The study complied with ethical research standards, 

and informed consent was not applicable as the study involved no direct interaction with human participants. 



Volume 3 Issue 1: Seasonal Grouping Patterns of Kashmir Markhor   
Khan SFA et al.  

 

 

 

 

 

 

 

 

 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

© 2025 et al. -Health And Research Insights-Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.                12 

 

 

 

 

 

 

 

 

RESULTS 

The study revealed significant seasonal variations in the group size of Markhor in Chitral Gol National Park. The largest average group 

size was observed in winter, with a mean of 13.73, while the smallest group sizes were recorded in autumn and summer, with means of 

8.71 and 8.94, respectively. Statistical analysis using ANOVA confirmed a significant difference in group size across seasons (p < 

0.0001). Further post-hoc Tukey HSD analysis indicated that winter group sizes differed significantly from those in spring (p = 0.00010), 

summer (p = 

0.00001), and 

autumn (p = 

0.00000). 

During the rut 

season, group 

sizes were 

notably higher, 

with a mean of 

15.17 

compared to 

7.92 during the 

non-rut season 

(p < 0.00001). 

 

 

 

  

Figure 1 Map of the study area, Chitral Gol National Park 
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Female Markhor displayed significant seasonal variations in group size, with the largest groups recorded in summer (mean = 9.27) and 

winter (mean = 9.21), while the smallest groups were observed in spring (mean = 5.94) and autumn (mean = 7.33). ANOVA results 

indicated a significant difference 

in female group sizes across 

seasons (p < 0.00001). Post-hoc 

Tukey HSD analysis showed 

significant differences in winter 

compared to spring (p = 0.00000) 

and autumn (p = 0.00778). 

Similarly, summer group sizes 

significantly differed from spring 

(p = 0.00000) and autumn (p = 

0.00563). However, no significant 

differences were observed in 

other pairwise seasonal 

comparisons. 

 

In contrast, no significant seasonal variation was detected in the group sizes of male Markhor (p = 0.1301). The largest male group size 

was observed in summer (mean = 7.71), while the smallest was recorded in winter (mean = 6.20). The f-ratio value for males was 

calculated to be 1.9617. Tukey HSD analysis revealed that group size in summer was significantly larger than in spring (p = 0.04417), 

but no significant differences were found in other seasonal comparisons. 

 

 

  

Group sizes across different habitat 

types exhibited no significant 

variation. The largest groups were 

observed in Chilghoza Forest, with a 

mean size of 11, while the smallest 

were recorded in Mixed Woodland 

Trees, with a mean size of 9.57 (p = 

0.979). Female Markhor 

demonstrated the largest group sizes 

in grasslands (mean = 9) and the 

smallest in Mixed Woodland Trees 

(mean = 7.69), with no significant 

differences among habitat types (p = 

0.6154). Male Markhor exhibited the 

largest group sizes in grasslands (mean = 7) and the smallest in scrub forests (mean = 4.71). While the differences in male group sizes 

across habitats approached significance (p = 0.057), they did not reach the threshold for statistical significance. The findings indicate 

that Markhor exhibit distinct seasonal grouping behaviors, particularly among females, while habitat type appears to have a less 

pronounced impact on group size. 
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Table 1 Seasonal variation in group size of Kashmir Markhor Capra falconeri in Chitral Gol National Park 

 Winter Spring Summer Autumn Total 

N 19 38 17 21 95 

∑X 261 361 152 183 957 

Mean 13.73 9.5 8.94 8.71 10.07 

∑X2 3815 3745 1432 1833 10825 

Std.Dev. 3.57 2.92 2.13 3.45 3.54 

Result Details 

Source SS Df MS  F Ratio P value  

Between-treatments 328.0731 3 109.35 11.62 0.0001 

Within-treatments 856.4111 91 9.4111    

Total 1184.4842 94      

SS= Sum of Squares, Df= Degree of freedom, MS=Mean sum of squares, F value= F statistics, *Significantly different at 0.05 level 

 

Table 2 Seasonal variation in group size of female Kashmir Markhor Capra falconeri cashmerieinsis in Chitral Gol National 

Park 

 Winter Spring Summer Autumn Total 

N 19 17 11 12 59 

∑X 175 101 102 88 466 

Mean 9.21 5.94 9.27 7.33 7.89 

∑X2 1641 619 968 696 3924 

Std.Dev. 1.2727 1.088 1.4894 2.1462 2.0485 

Result Details 

Source SS Df MS  F ratio P value 

Between-treatments 122.4423 3 40.8141 18.5599 < .00001 

Within-treatments 120.9476 55 2.199    

Total 243.3898 58      

SS= Sum of Squares, Df= Degree of freedom, MS=Mean sum of squares, F value= F statistics, *Significantly different at 0.05 level 

 

Table 3 Seasonal variation in group size Male Kashmir Markhor Capra falconeri cashmerieinsis in Chitral Gol National Park 

 Winter Spring Summer Autumn Total 

N 25 13 7 15 60 

∑X 155 71 54 87 367 

Mean 6.2 5.46 7.71 5.8 6.11 

∑X2 1057 441 446 565 2509 

Std.Dev. 2 2.1062 2.2147 2.0771 2.1161 
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Result Details 

Source SS Df MS  F ratio P value 

Between-treatments 25.124 3 8.3747 1.961 0.1301 

Within-treatments 239.0593 56 4.2689    

Total 264.1833 59       

SS= Sum of Squares, Df= Degree of freedom, MS=Mean sum of squares, F value= F statistics, *Significantly different at 0.05 level 

 

Table 4 Variation in group size Kashmir Markhor Capra falconeri cashmerieinsis in different habitats in Chitral Gol National 

Park  
Scrub 

Forest  

Coniferous 

Forest 

 Mixed 

woodland 

  Chilghoza Forest Grasslands  Total 

N 10 40 16 6 23 95 

∑X 105 410 156 66 234 971 

Mean 10.5 10.25 9.75 11 10.174 10.221 

∑X2 1283 4908 1790 820 2794 11595 

Std.Dev 4.4783 4.2532 4.2348 4.3359 4.3343 4.2154 

Result Details 

Source SS Df MS F ratio P value 

Between-treatments 8.05 4 2.0134  0.109  0.9790 

Within-treatments 1662.3 90 18.47    

Total 1670.4 94       

SS= Sum of Squares, Df= Degree of freedom, MS=Mean sum of squares, F value= F statistics, *Significantly different at 0.05 level 

 

Table 5 Variation in group size of female Kashmir Markhor Capra falconeri cashmerieinsis in different habitats in Chitral Gol 

National Park 

 Scrub Forest Subalpine Coniferous Forest  Mixed Woodland Subtropical Pine Forest Grasslands  Total 

N 9 32 13 6 11 71 

∑X 71 262 100 49 99 581 

Mean 7.88 8.18 7.69 8.16 9 8.18 

∑X2 581 2248 850 417 947 5043 

Std.Dev 1.615 1.8217 2.5944 1.8348 2.3664 2.0306 

 Result Details  

Source SS Df MS  F ratio P value 

Between-treatments 11.253 4 2.8133 0.66944  

0.6154 

Within-treatments 277.366 66 4.2025    

Total 288.619 70       
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SS= Sum of Squares, Df= Degree of freedom, MS=Mean sum of squares, F value= F statistics, *Significantly different at 0.05 level 

 

Table 6 Variation in group size of Male Kashmir Markhor Capra falconeri cashmerieinsis in different habitats in Chitral Gol 

National Park 

 Scrub Forest  Subalpine 

Coniferous Forest 

 Mixed 

Woodland 

Subalpine Pine 

Forest 

Meadows/ 

Grasslands 

Total 

N 7 26 11 6 19 69 

∑X 33 143 54 32 133 395 

Mean 4.71 5.5 4.90 5.33 07 5.72 

∑X2 185 957 306 176 999 2623 

Std.Dev. 2.2147 2.6115 2.0226 1.0328 1.9437 2.3065 

Result Details 

Source SS Df MS F value  P value 

Between-treatments 47.5971 4 11.899  2.424 0.0570 

Within-treatments 314.171 64 4.9089    

Total 361.7681 68      

SS= Sum of Squares, Df= Degree of freedom, MS=Mean sum of squares, F value= F statistics, *Significantly different at 0.05 level 

 

DISCUSSION 

The findings of this study indicate that seasonal variations had a more pronounced influence on the mean group sizes of Markhor 

compared to habitat types. This observation aligns with prior research on ungulates, which highlights the significant role of 

environmental changes in shaping group dynamics. Larger group sizes recorded during the winter may reflect a survival strategy driven 

by resource scarcity and heightened vulnerability to predation, as previously documented in similar species (22). The increase in group 

sizes observed during the rut season underscores the influence of reproductive behaviors on social structures, a phenomenon widely 

recognized in ungulate ecology (23). These findings suggest that seasonal shifts in resource availability and mating patterns are pivotal 

drivers of social aggregation among Markhor populations, with implications for conservation strategies that should account for these 

temporal dynamics. Consistent with earlier studies, the tendency of larger groups to form in forested areas near grasslands highlights 

the importance of habitat heterogeneity in supporting social interactions among ungulates. Such environments may provide optimal 

conditions for foraging and predator avoidance, enabling group members to allocate more time to essential activities like feeding (28). 

The observed seasonal differences in male and female group sizes further emphasize the role of sex-specific ecological pressures in 

influencing social organization. Females were consistently found in larger groups than males, a pattern likely attributed to the increased 

predation risk faced by females and their offspring (35). This finding parallels studies on other ungulate species, where larger female 

group sizes were linked to enhanced vigilance and predator detection (34). 

While the study provides valuable insights into the aggregation patterns of Markhor, several limitations warrant consideration. The 

absence of data on juvenile group sizes and mixed-sex group dynamics represents a gap in understanding the full spectrum of Markhor 

social behavior. Future studies could address this limitation by incorporating these variables, thereby providing a more comprehensive 

perspective on group composition and its ecological determinants. Additionally, the reliance on observational methods may introduce 

bias due to variability in detection probability across seasons and habitats. Standardized sampling protocols, including the use of remote 

camera traps, could enhance the accuracy and reliability of future data collection. The lack of significant differences in group sizes 

across habitat types suggests a degree of ecological plasticity in Markhor, which may enable them to adapt to varying environmental 

conditions. However, this finding should be interpreted cautiously, as factors such as habitat quality, food availability, and anthropogenic 
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disturbances were not explicitly quantified. Incorporating these variables into future research could elucidate the nuanced relationships 

between habitat characteristics and group dynamics. 

The study's strengths lie in its robust temporal framework and the use of established statistical methods to analyze seasonal and habitat-

based variations. These strengths provide a solid foundation for understanding the ecological and behavioral drivers of Markhor social 

organization. Nevertheless, the study would benefit from expanding its geographical scope to include other populations of Markhor, as 

this could reveal regional variations in aggregation patterns and inform broader conservation efforts. This study highlights the critical 

influence of seasonal factors on Markhor group sizes, particularly during periods of resource scarcity and reproductive activity. The 

findings underscore the importance of incorporating temporal and ecological variations into conservation planning, while also 

identifying key areas for future research to enhance the understanding of Markhor behavior and ecology. 

CONCLUSION 

This study concludes that seasonal variations play a pivotal role in shaping the grouping patterns of Markhor, with larger group sizes 

observed during winter and rut seasons, driven by resource scarcity and reproductive behaviors. The findings underscore the ecological 

importance of these adaptive responses, highlighting the interplay between environmental conditions, social dynamics, and survival 

strategies. Although habitat types showed less influence on group sizes, the study reinforces the necessity of considering seasonal 

dynamics and habitat preferences in conservation planning. These insights contribute to a deeper understanding of Markhor ecology and 

provide a foundation for designing targeted conservation efforts that address seasonal resource availability and ecological pressures. 
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