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Abstract

:

Effective forest conservation and management needs to consider ecological factors and the susceptibility of different tree species to anthropogenic activity. Dry deciduous forests in the tropics have been undervalued because of their low timber production compared to temperate and boreal forests. In order to quantify the current significance of Pakistan’s tropical dry deciduous forests in relation to ecological variables and anthropogenic threats, a broad phytosociological survey was conducted. In the study area, a total of 140 species of woody plants belonging to 52 families were identified. The cluster analysis depicts the distribution of nine plant communities in five clusters, in which Dodonaea viscosa-Acacia modesta-Dulbergia sissoo community was the most dominant community, showing cosmopolitan distribution in the study area. The results are further authenticated by DCA and CCA analyses, which indicate that altitude, precipitation, and temperature are the most important factors influencing the distribution and composition of tropical dry deciduous forests along the Himalayan foothills. In the study area, an annual fuelwood consumption of 270.38 tons was recorded. It was discovered that high-altitude forests were subject to extensive tree harvesting, overgrazing, browsing, and high fuelwood consumption. In addition, these forests have a low regeneration rate from 4.5 to 4.8 seedlings/quadrat, due to extensive human activities. Remarkable differences in the anthropogenic pressure and disturbances were found in the protected and unprotected forests. Based on our findings, we recommend that: (i) Immediate management intervention and an in-situ conservation strategy must be implemented in areas exposed to high levels of anthropogenic threats. (ii) Unsustainable grazing and fuelwood collection must be managed, and high-threat areas must be immediately prohibited. (iii) The local populace must be made aware of the grave consequences of anthropogenic disturbances, and a collaborative management strategy must be implemented.
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1. Introduction


In numerous ways, forest resources, products, and services are indispensable to human welfare [1,2]. Forest ecosystems are, for instance, essential for food, fodder, wood, medicine, wildlife habitat, hydrological cycle and temperature regulation [3,4,5], flood and soil erosion control, CO2 consumption, and O2 production, and they have substantial socioeconomic and cultural associations for humans [6,7,8]. More than one-third of the Earth’s surface is covered by forests, which support roughly 60% of the planet’s biodiversity [9]. The planet’s forests are distributed among the tropical zone (47%), subtropical zone (9%), temperate zone (11%), and boreal forest zone (33%) [10]. Diverse regions of the world are losing their forests at an alarming rate due to a variety of factors [9]. Sub-Himalayan forests are threatened mainly by anthropogenic disturbances, and several authors have documented the degeneration of these forests [11,12,13,14,15,16,17].



The tropical dry deciduous forests of Pakistan have rich floral diversity and are located in a narrow belt along the Himalayan and sub-Himalayan foothills, extending to the Hindukush Mountains. These forests consist of mostly deciduous trees, with a smaller number of evergreen trees [18] that are scattered and area associated close to Himalayan forests [19]. Pakistan’s tropical dry deciduous forests are primarily found in the Margallah Hills and extend eastward and westward [18]. A remarkable and distinctive Buddhist civilization known as the “Gandhara Civilization” existed in the early centuries of the Christian era (from 50 to 250 AD) in the tropical dry deciduous forest zone [20]. Due to their immense importance, tropical dry forests benefit a substantial portion of the human population and are, therefore, subject to intense human pressure [21]. In addition to being used as space for the expanding human population, tropical dry forests are ruthlessly exploited as a source of fuelwood and charcoal. Free-roaming animals are permitted [22], and as a result, tropical dry forest zones are shrinking [23], posing grave threats to the existing flora and fauna [24].



The advancement of phytosociology has produced extremely useful tools for assessing, mapping, managing, and preserving plant diversity [25,26]. By using phytosociological field methods, forest ecologists can learn more about a vegetation community’s composition and species diversity, which is important for making conservation decisions and identifying indicators of habitat type [27,28]. In addition, importance value indexes (IVIs) can be obtained by interpreting such data, which serve to identify the rare and endangered species and habitats that need protection and conservation [29,30]. The development of computer programs and statistical models assists conservationists in determining the severity of threats with greater precision. TWINSPAN [31,32], PC-ORD [33], and CANOCO [34] are capable of interpreting the relationship between vegetation structure and ordination, ecological variables, and anthropogenic disturbances [35]. Using multivariate statistical analyses, the current study evaluated vegetation structure and diversity in relation to ecological variables such as temperature, altitude, and precipitation; anthropogenic threats such as grazing pressure and deforestation; and the resultant regeneration pattern in the study area.




2. Materials and Methods


2.1. Study Area


This study was carried out in the sub-Himalayan foothills of northern Pakistan (Figure 1). This region has unique geographical and altitudinal variations, with thorn vegetation on one side and temperate evergreen forests on the other, resulting in a remarkable and unique floral diversity and a variety of vegetation types in these ecosystems [36].




2.2. Data Collection and Analysis


In 2019–2020, surveys were conducted at 41 distinct tropical dry deciduous forest sites. Data were collected in accordance with specific area methods [37]. The study area was divided into 20 km grids (Figure 1), and the simple quadrate technique was used to record data within each grid. In tropical dry deciduous forests, 20 × 20 m quadrates/plots [4] were used to analyze woody vegetation for indicator species. The regeneration rate in the same quadrates was determined by counting the number of seedlings in each quadrate. Specimens of plants were collected, dried, presumed, and mounted on standard herbarium sheets before being identified using existing literature [38]. Each site’s coordinates, including altitude, longitude, and latitude, were recorded using a global positioning system (GPS). In each quadrate, sprout seedlings were counted. Likewise, the intensity of grazing and browsing per quadrate was estimated visually based on the proportion of grazed foliage in each. Cover, frequency, and density, as well as their relative values, were calculated to determine IVI values [37,39]. Based on phytosociological data, cluster analysis, and indicator species analysis (ISA) were performed using PCORD version 5.10 [33]. PCORD obtained species-area curves for each of the 41 studied sites by combining species abundance data with Sørensen data [33,40]. Analysis of vegetation and ecological gradients was predicted by CCA and DCA using the program CANOCO version 4.55 [34].



A weight overview strategy was utilized to estimate fuelwood consumption [41]. By weighing the wood in three distinct seasons—summer, monsoon, and winter—the total amount of wood used during the year was calculated [42]. Information on annual household wood consumption was provided by 123 families. Communities were asked to only use fuelwood from a designated portion, with weight being the primary metric used to determine 24 h consumption rates. For each selected family, fuelwood consumption was calculated in kilogram/capita/day. Seedlings were counted in each quadrate to determine the regeneration rate. To estimate browsing and grazing pressure, three browsing classes were recorded through visual estimations: (i) class X, unbrowsed or without visible browsing impacts; (ii) class Y, moderately browsed or with noticeable browsing impacts; and (iii) class Z, over-browsed or with intense browsing impacts and vegetation disturbances. Based on the browsing class, each study site was ranked as a single category, i.e., X, Y, or Z.





3. Results


In the present investigation, 140 woody plants belonging to 52 families were collected from 41 distinct sub-Himalayan tropical dry deciduous forest sites.



3.1. Two-Way Indicator Species Analysis (ISA)


Indicator species analysis (ISA) distinguishes indicator species and the key variables that determine the composition of various plant communities (Figure 2). This study revealed that precipitation, temperature, and grazing pressure were the most influential variables among those examined. It also shows how environmental factors and anthropogenic disturbances influence the structure and distribution of tropical dry deciduous forests. Two-way cluster analysis simultaneously ranks tree species along a dominant gradient. Cluster analysis shows the distribution of nine different plant communities in the study area. The species with the highest IVI values (in other words, the most dominant species) include Dodonaea viscosa (715.9), Acacia modesta (473.7), Pinus roxburghii (458.1), Dalburgia sisso (343.4), and Mallotus philippensis (273.9) (Table 1). Each species was collected into a unique sample unit (as depicted in Figure 2) based on shared environmental factors such as altitude, precipitation, and temperature. Cluster analysis also indicates that tropical dry deciduous forests of sub-Himalayan foothills are found within an altitudinal range from 243 to 1524 m above sea level (asl), where annual precipitation ranges from 900 to 1500 mm and mean maximum temperatures range from 30 to 40 °C. Within the altitudinal range from 3000 to 5000 feet (asl), these forests display the greatest species diversity; this diversity decreases with decreasing altitude. Similarly, the lower-altitude regions receive minimal precipitation and high temperatures, resulting in low levels of biodiversity and plant diversity. In contrast to the above-mentioned forest sites, other high-altitude samples exhibit the maximum rainfall and minimum temperature range, as well as a diversity of species and vegetation. Other plant communities were Broussonetia papyrifera - Bauhinia purpurea- Jacaranda mimosifolia community distributed at the center zone of tropical dry deciduous forests of Pakistan. Quercus dilatata -Zanthoxylum armatum- Diospyros lotus, Mallotus philippensis - Solanum erianthum - Buxus wallichiana, Pinus roxburghii- Woodfordia fruticosa- Gymnosporia roylean and Buxus papillosa-Olea europaea- Tecoma stans- communities were present towards west. Lantana camara -Acacia catechu- Cassia fistula, Bombax malabaricum-Acacia nilotica- Bauhinia variegata and Prosopis juliflora- Ficus bengalensis- Phyllanthus emblica communities were found mostly at the central, as well as, eastern parts of the study area.




3.2. Species Area Curve (SAC)


A constant species composition can be determined by integrating statistical information based on the presence/absence and abundance of species. The ascent of curves indicates the stability of indicator vegetation, whereas an increase in distance and a curve that descends to zero indicate instability (Figure 3). The average number of species in the study area ranges from 0 at station 1 to 65 at station 41, covering an average distance of 8.5 km, showing the continuation of the average Sørensen distance.




3.3. Ordination Analysis of Vegetation and Ecological Gradients Using CANOCO


Detrended correspondence analysis (DCA) uses vegetation data and does not include ecological variable data. DCA results show a total inertia of 1.404. The sum of all explained variance (eigenvalues) is 0.438, with gradient strength shown in four axes to indicate species distribution. The first and second axes have a longer gradient than the third and fourth axes. Similarly, the cumulative percentage of species data at the third and fourth axes show higher values of 28.5 and 31.2 (Table 2). Species in the center show strong association, while those far away have rare distribution. DCA also highlights the ecological gradients controlling the spatial variations among the plant species. Species on the x-axis of the diagram are the higher-altitude plants with more precipitation, while those on the y-axis are the lower-altitude species where there is low rainfall. Plant communities at the center show more diversity and less anthropogenic pressure (Figure 4). Different forest sites demonstrate close lower altitude association of vegetation communities and environmental variables by clumping at the center. DCA also indicates that plant communities of indicator species are distributed equally at most of the forest sites. A few forest sites that exhibit a small distance on the y-axis represent study stations in northwestern tropical dry deciduous forests of Pakistan; these forest sites are located at low altitudes, receive low rainfall, and possess the lowest species diversity and vegetation richness (Figure 5). Canonical correspondence analysis (CCA) shows how ecological variables and anthropogenic pressure affect vegetation distribution. CCA results show 1.404 total inertia with eigenvalues of 0.198, 0.071, 0.49, and 0.033 on the first, second, third, and fourth axes, respectively. On the first axis are species in relation to environmental variables, and on the fourth axis is a cumulative maximum of 25% for species data (Table 3 and Table 4). CCA bi-plots (Figure 6 and Figure 7) provide a clear picture of 140 species at 41 forest sites and their distribution in relation to environmental variables, such as altitude, temperature, precipitation, browsing intensity, and occurrence of seedlings. They indicate that tropical dry deciduous forests of the Sub-Himalayan foothills are mainly influenced by the intensity of rainfall, temperature, and browsing pressure. Forests with small numbers of seedlings are found at higher altitudes with low temperatures, more precipitation, and a high rate of browsing intensity. The southeastern forest sites are characterized by low annual precipitation rates, high temperatures, and heavy browsing pressure; these forests have a low number of seedlings and a slow rate of regeneration.



Due to favorable environmental conditions, forest sites in the center exhibit vegetation diversity and species richness, as well as, high number of seedlings and presence of all plant communities due to high rate of annual precipitation, moderate temperature, and low browsing pressure. The overall conclusion of the CCA analysis is that precipitation, temperature, and browsing intensity are the most influential factors in the distribution of vegetation in sub-Himalayan tropical dry deciduous forests.




3.4. Anthropogenic Pressure and Regeneration Rate


In cluster analysis, five major clusters of the sampled area were identified based on the characteristics of species diversity in relation to human activities (Figure 8). These clusters, A, B, C, D, and E, exhibit disparities in annual fuelwood collection, livestock browsing, and grazing pressure. In the study area, an annual fuelwood consumption of 270.38 tons was recorded. In cluster A, the minimum rate of average wood consumption was 2.88 tons per year (Figure 8). Due to the relatively small family size and the use of both fuelwood and LPG as a source of energy, the ratio of fuelwood consumption was significantly lower here than in other tropical deciduous forest sites. Cluster B had the highest fuelwood consumption (Figure 9) at 12,985 metric tons per year due to the locals’ total dependence on forest resources for energy needs, their large family size, and cold winters, which compel them to heat their homes.



Cluster A had relatively low or no browsing pressure, as indicated by its 1.9 flock size per family and 14.6 average seedlings per quadrate (Figure 10). The sample sites in clusters B and D were subject to extensive grazing pressure, large flock sizes, and a low regeneration rate. In both instances, the average flock size was five, and the average number of seeds planted per quadrate was 4.8 and 4.5, respectively. Clusters C and E recorded moderate browsing and grazing pressure on average.





4. Discussion


Ecological variables and human activities profoundly influence vegetation dynamics, such as forest distribution, vegetation structure, composition, and species richness [43]. Because of their impact, vegetation dynamics, such as forest distribution, are highly variable. As a result of these influences, sub-Himalayan tropical dry deciduous forests exhibit variation over time and space [44]. Plant physiognomy, structure, useful species characteristics, species composition, and climatic and soil conditions can be used to classify vegetation [45].



In the present study, a total of 140 woody plants belonging to 52 families were identified in the tropical dry deciduous forests of Pakistan using well-established methods [14,19,46,47,48,49]. Cluster analysis investigations classified 41 distinct sites into five groups. These clusters are based on environmentally variable characteristics and vegetation dynamics. Sub-Himalayan tropical dry deciduous forests occur between 243 and 1524 m, receive from 900 to 1500 mm of annual precipitation, and reach 40 C in June and July and 0 C in December and January [18,19].



Our findings from the cluster analysis on the distribution of plant communities and the highest IVI values of dominant species have been reported by researchers in neighboring areas of Rawalpindi, Islamabad [18], and Swabi [19]. Dominant species community identified included Acacia modesta with (473.7) IVI value, Adhatoda visica (276.4), Ailanthus altissima (184.7), Celtis australis (264.2), Dalbergia sissoo (343.4), Dodonaea viscosa (715.9), Olea ferruginea (327.9) and Ziziphus nummularia has scored (286.5) IVI value.



Vegetation communities undergo shifts over time, which has long been observed by ecologists [50]. Ecological succession is known to occur in plant communities, altering the structure and distribution of plant communities [51]. These shifts can be attributed to both environmental factors and human actions [14,52]. Periodically investigating the structure and composition of a community is essential for implementing conservation and management measures [53]. Using a two-way cluster analysis, indicator species and the key variables that define these groups were distinguished. In addition, the analysis suggested that precipitation, temperature, and grazing pressure are the most substantial variables. Each species was placed in its corresponding sample unit, demonstrating the influence of different ecological variables on the distribution and composition of vegetation communities [54,55,56].



Distribution of vegetation illustrates nine plant communities in their corresponding sampled units: (1) The Dodonia viscosa–Acacia modesta–Dalburgia sissoo community, which is the most prevalent vegetation community in the study area, shown to be widespread and continuous throughout the sub-Himalayan tropical dry deciduous forest zone [18]. (2) The Broussonetia papyrifera–Bauhinia purpurea–Jacaranda mimosifolia community, with a preference for maximum precipitation, moderate temperature, and altitudes confined to the center of the region. The (3) Quercus dilatata–Zanthoxylum armatum–Diospyros lotus, (4) Mallotus philippensis–Solanum erianthum–Buxus wallichiana, (5) Pinus roxburghii–Woodfordia fruticosa–Gymnosporia royleana, and (6) Buxus papillosa–Olea europaea–Tecoma stans communities reflect a higher altitudinal range with maximum precipitation, relatively low temperatures, and a high rate of anthropogenic impacts. These forests are found within a maximum altitudinal range of 1524 m (asl), and above this range are evergreen pine forests. Although altitude is the essential factor in the distribution of plant communities within a given range, microclimatic factors such as temperature and precipitation also play a role in the distribution of plant species [57,58]. (7) The Lantana camara–Acacia catechu–Cassia fistula, (8) Bombax malabaricum–Acacia nilotica–Bauhinia variegata, and (9) Prosopis juliflora–Ficus bengalensis–Phyllanthus emblica communities reflect lower altitudes, less precipitation, and higher temperature. Below these plain regions, at a minimum altitudinal range of 800 feet (asl), are tropical thorn forests [19]. Topography is the most influential factor in determining the distribution of tropical dry deciduous forests in Pakistan, as indicated by their close association with one another in plot results [59,60]. The forests at lower altitudes experience high temperatures, high levels of browsing pressure, and low annual precipitation; as a result, these forests have few seedlings and regenerate slowly [61].



Cluster analysis results strongly support the detailed correspondence analysis (DCA) ordination results, as the revealed assemblies can be quickly applied to the two-dimensional DCA ordination pattern. The two fundamental methods, the grouping of cluster analysis and ordination of DCA analysis, are complementary even though their applications are distinct [28].



CCA multivariate analyses reveal the pattern of species composition and distribution in response to various environmental variables and anthropogenic pressure [62]. In addition to altitude, CCA analyses reveal that precipitation, temperature, browsing intensity, and grazing pressure influence the distribution of sub-Himalayan tropical dry deciduous forests. According to previous research, slope, and altitude are the primary topographic variables that determine species distribution and composition in hilly ranges [63], which determine microclimatic conditions and influence both vegetation composition and spatial distribution [64,65,66,67,68].



Unlike protected forests, which have better species diversity and vegetation richness, the study area’s unprotected stations face unsustainable fuelwood collection pressure [69,70]. The same is true for grazing pressure, and as a result, forest sites under heavy grazing pressure from domestic and nomadic animals have low regeneration rates [71]. Study stations with a small family size and low availability of LPG have an average fuelwood consumption rate of 2.889 metric tons per year, compared to study stations with a large family size and total dependency on forest fuelwood, where the average recorded fuelwood consumption rate is 12.985 metric tons per year [72].




5. Conclusions


The sub-Himalayan tropical dry deciduous woods are a resource severely threatened by anthropogenic pressure. According to our findings, nine plant communities with 52 families of tropical dry deciduous plants are distributed over an 820 km2 along the foothills of the Himalayas. Fuel wood collection and grazing and browsing by domestic animals were found to be the greater threats to forested areas near human settlements. Forests are renewing at a slower rate and are demonstrating more severe impacts in terms of regeneration loss. Long-term management plans should be implemented to safeguard these forests and educate the local community on sustainable grazing practices. Due to the vast disparity between the rates of disturbance in protected versus unprotected forests, unprotected forests must be continually restored to their natural state.
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Figure 1. Map of the study area. 






Figure 1. Map of the study area.



[image: Sustainability 15 02829 g001]







[image: Sustainability 15 02829 g002 550] 





Figure 2. Two-way cluster analysis of the distribution of species. 
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Figure 3. Species area curve for 140 plant species at 41 stations. 
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Figure 4. DCA diagram showing the distribution of species. 
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Figure 5. DCA diagram illustrating the distribution of 41 sampled stations in Pakistan’s tropical dry deciduous forests. 
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Figure 6. DCA diagram illustrating the relationship between the distribution of 141 species and environmental variables. 
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Figure 7. CCA bi-plots depict the phytoclimatic gradient of sampled stations in relation to environmental variables. 
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Figure 8. Canonical correspondence analysis (CCA) bi-plots illustrate the phytoclimatic gradient of 41 study sites in tropical dry deciduous forests of Pakistan, revealing five major clusters: A, B, C, D, and E. 
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Figure 9. Annual fuelwood consumption (average values) in five distinct clusters of tropical dry deciduous forests in Pakistan, where ABCDE along the x-axis represents five cluster classes of sampled stations, and the y-axis represents the average family size and annual fuelwood consumption in metric tons. 
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Figure 10. Anthropogenic pressure and average seedling number in tropical dry deciduous forests of Pakistan, where ABCDE along the x-axis represents five cluster classes of sampled stations, and the y-axis represents flock size per family, browsing pressure class XYZ, and average seedlings per quadrate. 
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Table 1. Dodonaea viscosa—Acacia modesta—Dalburgia sissoo community.
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	Species Name
	F
	D
	C
	R. F.
	R. D.
	R. C.
	IVI





	Acacia modesta Wall
	132.8
	22.9
	14.7
	128.9
	112.5
	232.3
	473.7



	 Adhatoda visica  L.
	114.6
	41.7
	3.6
	111.7
	107.3
	57.5
	276.4



	 Ailanthus altissima  (Mill.) Swingle
	56.6
	3.7
	5.3
	55.1
	52.0
	77.7
	184.7



	 Asparagus adscendens  Roxb.
	80.1
	10.1
	1.7
	77.7
	75.0
	27.6
	180.3



	 Asparagus racemosus  Willd.
	66.8
	6.9
	1.4
	64.5
	59.6
	20.1
	144.2



	 Calotropis procera  (Ait.) Ait.
	53.5
	0.4
	1.6
	52.2
	42.3
	26.3
	120.9



	 Celtis australis  L.
	89.9
	10.1
	6.7
	87.1
	79.2
	98.0
	264.2



	 Colebrookia appositifolia  Smith
	56.8
	6.7
	1.6
	55.0
	45.0
	25.3
	125.3



	 Dalbergia sissoo  Roxb.
	90.8
	0.8
	9.9
	88.4
	90.2
	164.8
	343.4



	 Debregeasia saeneb  F.
	41.2
	3.4
	1.4
	39.7
	31.7
	21.7
	93.2



	 Dodonaea viscosa  Jacq.
	231.4
	137.5
	12.5
	225.3
	306.7
	183.9
	715.9



	 Dombeya natalensis  Sond
	9.8
	0.1
	0.5
	9.6
	6.6
	6.4
	22.6



	 Ficus palmata  Forssk
	64.0
	25.5
	5.2
	61.8
	48.5
	74.4
	184.8



	 Melia azedarach  L
	70.7
	13.0
	5.8
	68.9
	53.4
	85.4
	207.7



	 Morus alba  L.
	53.9
	12.9
	3.7
	52.8
	40.2
	55.0
	148.0



	 Morus nigra  L.
	39.7
	6.6
	3.4
	38.7
	34.1
	53.8
	126.7



	 Nerium oleander  Linn
	61.8
	19.3
	2.2
	60.1
	49.9
	33.0
	143.0



	 Olea ferruginea  Royle
	116.2
	60.4
	7.6
	112.8
	100.7
	114.3
	327.9



	 Phoenix loureirii  Kunth Enum
	23.8
	0.2
	2.5
	23.0
	20.7
	36.6
	80.3



	 Ziziphus nummularia  Wight & Arn
	126.6
	1.0
	3.9
	123.1
	99.5
	63.9
	286.5










[image: Table] 





Table 2. Description of the first four axes of the DCA for vegetation data.
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Axes

	
1

	
2

	
3

	
4

	
Total Inertia






	
Eigenvalues

	
0.237

	
0.108

	
0.055

	
0.038

	
1.404




	
Lengths of gradient

	
2.558

	
2.239

	
1.692

	
1.203




	
Cumulative percentages of variance of species data

	
16.9

	
24.6

	
28.5

	
31.2
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Table 3. The first four axes of the CCA for vegetation data are summarized.
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Axes

	
1

	
2

	
3

	
4

	
Total Inertia






	
Eigenvalues

	
0.198

	
0.071

	
0.049

	
0.033

	
1.404




	
Species–environment correlations

	
0.926

	
0.867

	
0.764

	
0.733




	
Cumulative percentages of variance of species data

	
14.1

	
19.2

	
22.7

	
25




	
Species–environment relationships

	
52.4

	
71.1

	
84

	
92.7
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Table 4. Summary of Monte Carlo test.
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Test of significance of first canonical axis




	
Eigenvalue

	
0.198




	
F-ratio

	
5.759




	
p-value

	
0.002




	
Test of significance of all canonical axes




	
Trace

	
0.379




	
F-ratio

	
2.587




	
p-value

	
0.002
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