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2. ABSTRACT 

 
Across the southern slope of the Nepal Himalaya lie large areas of upper-

elevation broadleaf evergreen forest. Resources extracted by subsistence villagers include 

hand-cut tree-leaf fodder for livestock, fuelwood, and poles for construction of herders’ 

shelters. Indigenous use of forest products may be altering forest structure and resource 

availability in Nepal. 

 This research examined forest structure and its relationships with human use of 

forest products near the upper-elevation village of Chimkhola in west-central Nepal. In 

the 150-ha forest study area, mean density and standard error (SE) of trees >10 cm dbh 

was 817 (30) stems ha-1 and mean (SE) total basal area was 44 (3.2) m2 ha-1. Cluster 

analysis of density data for 32 tree species suggested three forest communities: a 

Symplocos-Quercus community, a Symplocos-mixed evergreen community, and a 

Rhododendron-Symplocos community. Ordination by principal components analysis of 

tree species densities indicated a relationship between community structure and a cutting 

index that increases with harvest intensity. Size-class distributions of important fodder-

resource oak species suggested Quercus lamellosa is in decline, but Q. oxyodon and Q. 

semecarpifolia may be reproducing successfully. 

 Age-diameter regression equations of three evergreen tree species showed growth 

rate of Symplocos ramosissima to be approximately twice that of Machilus duthei or that 

of Lindera pulcherrima. The fast growth rate and shade tolerance of S. ramosissima 

appear to confer a successional advantage. 
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I assessed sustainability of harvest of pole-size (5-10 cm dbh) S. ramosissima 

used in herders’ shelters, by comparison of harvest and replenishment rates. Mean (SE) 

density of pole-size S. ramosissima was 375 (32) stems ha-1 in the study area. If the total 

harvest was distributed evenly across the forest area, it would be 34 stems ha-1 yr-1 and 

would not exceed the replenishment rate. However, harvest was concentrated in the 

Symplocos-Quercus community, closest to the village and agricultural fields. Using 

stump counts as a proxy of relative harvest intensity, harvest rates were sustainable in the 

Symplocos-mixed evergreen and Rhododendron-Symplocos communities, but not 

sustainable in the Symplocos-Quercus community. 
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3. INTRODUCTION 

 

Understanding forest structure often requires an understanding of the impacts of 

indigenous human activities, which in some regions may have influenced forest structure 

for centuries (Turner et al. 1990). While it is possible for indigenous extraction of forest 

products to be in equilibrium with the natural replenishment of these resources, in many 

regions the human population growth of recent decades, sometimes coupled with 

integration into a market economy, has increased the rate of forest product extraction. 

These changes can have detrimental impacts on forest structure and species diversity as 

well as on sustainability of the forest resources critical to the indigenous population. 

 While it is possible for an open-access common resource to be exploited to 

depletion through unregulated, self-centered individual actions (Hardin 1968), the access 

to common forest resources of local indigenous populations are often controlled under a 

traditional system of management by a village council or group of village elders 

(Messerschmidt 1987; Ostrom et al. 1999; Ostrom et al. 2002). In some cases, 

intervention by outside bodies such as national governments may overrule traditional 

forest management, often resulting in a breakdown of traditional rules regarding forest 

product harvest and a resistance to observing the new, externally-imposed rules (Soussan 

et al. 1995). In other cases, intensification of resource extraction required by a growing 

local population may exceed the capacity of traditional management systems to maintain 

resource sustainability (Dietz et al. 2003). 
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 Systems of traditional community forest management have developed over time 

in response to perceived needs. Although these systems may be long-standing and may 

appear to be quite rigid, they are generally capable of change, if traditional forest 

managers become convinced of a benefit to be gained from a change in resource 

utilization practices (Messerschmidt 1987; Gilmour and Fisher 1991; Metz 1998). Thus, 

understanding gained through forest ecology research can make a contribution toward 

local policy and management that strives to improve the prospects for sustainability of 

both forest structure and resource supply.  

 

Forests of Nepal 

Nepal is a mountainous, landlocked country, stretching 800 km east to west along 

the central Himalaya, and averaging only 150 km from south to north. Divided into three 

long strips, Nepal includes a southern lowland plain (Terai), the high Himalaya, and in 

between, the “Middle Hills,” a rugged region of ridges and valleys between 500 m and 

3000 m in elevation, and home to over 50% of Nepal’s population (Ives and Messerli 

1989). Nepal has long straddled a political fence between the larger powers of India and 

China. Home to over 30 ethnic groups, many of Tibeto-Burmese or Indo-Aryan origin, 

Nepal has a rich cultural mosaic of ethnic villages, often stratified by elevation (Metz 

1989c). 

While vegetation of the Indian Himalaya both west and east of Nepal was 

described by British botanists during the 19th and early 20th centuries, Nepal remained 

almost entirely closed to western travelers until 1950. Based upon his extensive travels on 
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foot through Nepal between 1954 and 1969, J.D.A. Stainton (1972) described 35 forest 

types in Nepal. These ranged from tropical and subtropical forest types of the lowland 

plains to many broadleaf forest types and conifer forest types of temperate and subalpine 

elevations. With the pronounced wet to dry gradient from east to west across Nepal, these 

forest types are characterized by their east to west geographical extents as well as by their 

north to south elevational distributions. 

The area of forest in Nepal is difficult to estimate, due to steep, rugged terrain, 

spatial heterogeneity of the landscape, and small-scale patchiness of forest cover in many 

areas. Wide variation in published forest cover estimates results from differences in 

percent crown cover criteria, means of survey (aerial photography, satellite imagery, field 

reconnaissance), and decisions regarding the inclusion of shrublands. Using a 10% 

minimum crown cover, the 1998 Government of Nepal Master Plan for the Forest Sector 

reported a forest area of 5.5 million hectares, or 37% of the land area of Nepal (Hill 

1999). Recent data (Hill 1999) indicate a combined forest and shrub area of 7.5 million 

hectares, or 51% of Nepal’s land area. Current forest area of the Hills is estimated to be 

approximately half its original extent (Hill 1999). Conversion of forests has been more 

extensive at lower elevations, while large tracts of upper-elevation forests still remain. 

 

The theory of Himalayan environmental degradation 

 During the 1970s, several reports created a perception widely held in the Western 

world that the Himalayan region was headed toward an environmental supercrisis and 

collapse (Eckholm 1975, 1976). Western news media, as well as scientific literature and 
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aid agency reports, painted an image of imminent catastrophe. An influential 1980 World 

Bank report indicated that Nepal had lost half of its remaining forest cover between 1950 

and 1980, and predicted that by 2000 no forests would be left (Ives and Messerli 1989). 

Much international aid and development policy became based on this paradigm (Soussan 

et al. 1995).  

Much of this impression of rapid, widespread deforestation in Nepal likely 

resulted from two forest-area studies in the 1970s (Soussan et al. 1995). Both studies 

made comparisons to the results of the first detailed forest inventory for Nepal, which 

used aerial photographs to estimate the 1964 forest area to be 6.5 million hectares (45% 

of Nepal’s area), using a 10% minimum crown cover criterion. A 1972 World Bank study 

using early satellite imagery estimated forest cover to be 5.2 million hectares, but was 

poor at assessing smaller blocks of forest, which are common in the hills. A 1975 satellite 

imagery joint project of the United Nations Development Programme (UNDP) and the 

Food and Agricultural Organization of the United Nations (FAO) estimated 4.1 million 

hectares of forest, but used a 50% minimum crown cover criterion. These two satellite-

based studies created an impression of rapid deforestation, but both had serious 

methodological problems: the 1972 study poorly assessed small blocks of forest, and the 

1975 study compared results using a 50% minimum crown cover criterion with the 1964 

results using a 10% criterion.  Finally, a 1979 study more comparable in methods to the 

original 1964 study indicated that during this 15-year period the Middle Hills had lost 

only 3.4% of their forest cover. The southern lowland region of the Terai, however, had 

lost 25% of its forest cover, primarily due to conversion to agriculture, resulting from 
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massive migration from the Hills and illegal immigration from India (Soussan et al., 

1995). 

 The 1979 forest-area study resulted in skepticism regarding degradation. During 

the 1980s, many researchers began to question and refute this widely accepted paradigm, 

referred to by some as the “theory of Himalayan environmental degradation” (Ives 1987; 

Metz 1989b). Ives and Messerli (1989) characterized the main points of this paradigm as 

it pertains to Nepal: 1) Introduction of modern medicine and suppression of malaria in the 

lowland Terai after 1950 resulted in a dramatic period of population growth, 2) With 

more than 90% of the population living a subsistence lifestyle, population growth led to 

increased demands for fuelwood, fodder, timber, and agricultural land, 3) This resource 

demand led to a dramatic reduction in forest cover, 4) Deforestation and the cutting of 

new agricultural terraces on steep land led to a dramatic increase in soil erosion and 

landslides and a disruption of the hydrologic cycle, 5) The resulting increased summer 

monsoonal runoff caused serious flooding and siltation in the plains downstream, 6) This 

increased sediment load from the Himalaya extended the delta of the Ganges and 

Brahmaputra, creating islands in the Bay of Bengal, 7) Loss of agricultural land to 

landslides resulted in more deforestation to provide new terraced cropland. Reduction in 

fuelwood supply resulted in more livestock dung being used for fuel, and 8) The burning 

of animal dung deprived agricultural terraces of fertilizer, reducing crop yields, 

weakening soil structure, and increasing the occurrence of landslides; this resulted in 

more conversion of forest land to agriculture. 
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 Reviewing research reported during the 1980s and discussed below, Ives and 

Messerli (1989) concluded that much of the theory of Himalayan environmental 

degradation was simplistic, over generalized, unsupported, or clearly inaccurate. This was 

not to say that environmental problems did not exist in Nepal; most authors agreed that 

serious problems indeed existed. But while human population growth has placed 

increased demand on forest and soil resources, many authors have found that recent rates 

of deforestation in the hills had been low (Mahat et al. 1986a, 1986b; Soussan et al. 

1995). Also, the occurrence of landslides and soil erosion has been attributed more to the 

geologically young, steep, mountainous landscape than to the terrace agriculture of 

Nepal’s peasant farmers (Carson 1985; Metz 1991). Environmental problems in Nepal 

are generally characterized by extreme local heterogeneity, an overall shortage of data, 

and what Thompson and Warburton (1985a, 1985b) have referred to as “uncertainty on a 

Himalayan scale.” 

 

Subsistence production systems of Nepal 

 A regional perspective on Nepal’s forest conditions requires an appreciation of 

the extreme spatial heterogeneity of the landscape and the great diversity of subsistence 

production systems that indigenous populations have developed. Numerous local case 

studies of subsistence resource use in Nepal have given a picture of great variation and 

complexity (see Metz, 1989c).   

 In the Hills region extending southward from the high Himalaya of western and 

central Nepal, a very long elevational gradient supports a vertical stratification of ethnic 
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groups that practice different systems of subsistence production. Higher elevation 

villages have primarily rainfed fields with low soil fertility, requiring high nutrient inputs 

from livestock manure. These villages generally have access to large areas of upper-

elevation broadleaf forests, from which they cut tree-leaf fodder to support their large 

livestock herds. Lower elevation villages generally have more irrigated fields and soils of 

greater fertility, which require less nutrient inputs from livestock manure. These villagers 

typically have small forest holdings and support their small numbers of livestock mainly 

with privately-cultivated fodder trees and crop residues (Metz 1989c; personal 

observation). 

 

History of forest use and management in Nepal 

 Conversion of forest to farmland in Nepal has been a long process in which the 

state has played an important role. In the pre-Gorkhali period before 1769, the state 

encouraged forest clearance in the Hills to increase its land revenue base (Mahat 1986a). 

After conquest and consolidation of much of present-day Nepal by the Gorkhali rulers, 

this policy was intensified by increased revenues and by a three-year tax exemption for 

crop land newly converted from forest. Cultivation previously confined to valley bottoms 

began expanding by extension of terraced fields up adjacent slopes. Introduction of 

maize, potatoes, and other crops in the 18th century allowed profitable cultivation of 

newly-terraced fields too high and cool for the wet-rice cultivation of the valley bottoms. 

By the early 20th century, most land in the Hills suitable for agriculture had already been 
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converted, and subsequent rates of deforestation for agriculture have been low (Mahat et 

al. 1986b; Soussan et al. 1995). 

 The southern lowland plains of the Terai present a contrasting story. While forests 

in the Hills were converted to agriculture during the 18th and 19th centuries, vast areas of 

sal (Shorea robusta) forest in the Terai remained as a malaria-ridden buffer between 

Nepal and British India. Some forest clearance in the Terai began in the early 20th 

century, to increase land revenues to the Rana rulers. With the overthrow of the Rana 

rulers in 1950 and increased contact with the outside world, malaria eradication was 

pursued in many areas of the Terai. Increased migration from Nepal’s Hills and illegal 

immigration from adjacent areas of India accelerated forest clearance in the Terai 

(Soussan et al. 1995).  

 Throughout most of Nepal’s history, governance by the state was a feudal system, 

with land revenues levied as a portion of agricultural crops. Local forest resources were 

utilized traditionally by local villagers and, in cases where a need was perceived, 

managed by village councils. With the end of the Rana period in 1950, a national 

Department of Forests developed policies with the advice of foresters from the Indian 

Forest Service (Bajracharya 1983). Forest Department activity was focused first on 

development of the hardwood forests of the Terai. Many Nepalese foresters were trained 

in Dhera Dun, India, developing a policy perspective common in the developing world, 

oriented toward commercial exploitation first and conservation of specific areas second, 

with little consideration of the traditional use of forests for local needs (Soussan et al. 

1995). Nepalese foresters developed the ideology that only they had the technical 
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knowledge needed to manage forests, which led to passage of the Private Forest 

Nationalization Act of 1957. The Act intended to bring all of Nepal’s forests under 

government ownership and control exercised by the Forest Department. The Act was 

introduced with the good intensions of preserving forest resources and controlling use by 

the people (Mahat et al. 1986a). 

 Two significant flaws of the 1957 Nationalization Act were not recognizing 

traditional systems of forest management and assuming that the Forest Department could 

and would effectively control the forests (Gilmour and Fisher 1991). The Forest 

Department has consistently lacked the staff to administer more than a small fraction of 

the lands under its jurisdiction. Subsistence farmers in patrolled areas, wholly dependent 

upon local forests for fuelwood, livestock fodder and other products, were forced by need 

to enter forests at night and “steal” resources, such as fuelwood and fodder, which had 

traditionally been considered to be rightfully theirs. It is also widely believed that local 

people of some areas became alienated from the forests formerly under their stewardship 

and used them in more destructive, less sustainable ways (Soussan et al. 1995). 

 The Forest Act of 1961 provided for demarcation of forests and defined offences 

and penalties. This was followed by the Forest Preservation Act of 1967, which 

reinforced the policing role of the Forest Department, with the effect of further alienating 

local people and increasing hostility toward the Forest Department. Enforcement was 

often focused on the poor, further marginalizing them relative to powerful local 

individuals who could influence and manipulate forest guards (Mahat et al. 1986a).  
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 In the 1970s it became clear that this forestry structure was failing to preserve 

Nepal’s forests. The 1976 National Forestry Plan recognized that the central government 

could not protect and maintain the widely scattered forests of the Hills and that 

community participation was needed (Bajracharya 1983). The 1977 First Amendment of 

the Forest Act placed forests into one of six categories: Panchayat Forests, Panchayat 

Protected Forests, Religious Forests, Leased Forests, Private Forests, and Government 

Forests. While this act provided for the hand over of some forest areas to local control, its 

effectiveness was limited by the Panchayat political system, a highly bureaucratic system 

of patronage in which village Panchayats (councils) were dominated by wealthy male 

elites. Forest management interests of these elites often focused on commercial timber 

potential rather than the subsistence fuel and fodder needs of the disadvantaged poor. 

Degraded lands acquired as Panchayat Forests were often put into plantations of non-

native pines, rather than replanted with native fodder tree species. Despite these 

problems, by the late 1970s the political tide was turning toward recognizing the need for 

community management of forests in Nepal (Soussan et al. 1995). 

 

Community forestry in Nepal 

 Although community forestry can take on the appearance of a new social 

paradigm, community management of local forests characterized many European 

countries in the Middle Ages and has centuries of precedence in Nepal (Gilmour and 

Fisher 1991). By the late 1970s, a renewed interest in local community control of forest 

resources was becoming widespread in the developing world. In response to poor 
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management and deforestation following nationalization of forest resources, national 

governments in many developing countries have moved toward decentralization of policy 

formation and decision making regarding forest resource management (Agrawal and 

Ostrom 2003). 

 By 1987 an estimated 68 different agencies were implementing forestry projects 

in Nepal; 35 of these contained some component of community forestry (Soussan et al. 

1995). Initial efforts by the Nepalese government to hand over some forest lands to local 

control were stymied by bureaucratic procedures and diverted by the commercial 

interests of village Panchayat elites, but new legislative and policy developments in the 

mid-1980s began to improve the situation. The 1987 Decentralization Act introduced the 

idea of “User Groups” for more equitable local control. In November 1987, a national 

workshop on community forestry promoted the genuine empowerment of local forest 

users. Then the Master Plan for Forestry declared in 1988 that all accessible forests in the 

Hills should be placed in community control. The remaining forests of the Terai, 

however, were to remain under government control (Soussan et al. 1995).  

 Although the concept of community forestry became widely supported by the late 

1980s, implementation of the new policies was slow. Many professionals within the 

Forest Department were reluctant to accept the participatory approach. The bureaucratic 

procedures for transferring control were complex. Logistic problems of remote areas 

made communications difficult. And the structure of the Panchayat system of government 

blocked the full participation of many forest users (Soussan et al. 1995). 
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 In 1990, political upheaval in Nepal resulted in abolishment of the Panchayat 

system of government and the introduction of democratic reforms. This removed a major 

obstacle to the participation of many forest users in the community forestry process. The 

Forest Act of 1993 authorized community forest user groups (CFUGs) to manage and use 

local forests, as established in agreements between the CFUG and the local district forest 

office (Acharya 2002). This Act, along with its First Amendment of 1999 and the Forest 

Regulations of 1995, form the current body of formal community forestry legislation. 

Under this legislation, management and use of all accessible forests in the Hills can be 

handed over to CFUGs, while ownership of the land remains with the state. Each 

household of a community is recognized as a CFUG member, and each member has 

equal rights over the resources. While the process provides for equitable access to power, 

the social structure of Hindu caste system and gender bias within many communities 

constrain the opportunities of dalit (untouchable caste) and women for genuine 

empowerment in management decision-making processes (Lachapelle et al. 2004) 

 Legislation and policy are in place for the transfer of forest management to local 

communities, but the process has remained slow. After 24 years of community forestry 

legislation in Nepal, by the end of 2001 only 23% of forest lands available for community 

forestry had been transferred to CFUGs (Acharya 2002). Transfer of management to 

CFUGs has also occurred less in upper-elevation forests than in lower elevation forests, 

indicating that the single model for community forest handover may be less successful in 

the biophysical, socioeconomic, and demographic conditions of the higher elevations of 

the Hills (Gautam et al. 2004a).  
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In addition to providing access to resources for local forest users, community 

forestry can be beneficial to forests themselves. Using satellite imagery and field 

reconnaissance to assess forest cover changes in a central-Nepal watershed between 1976 

and 2000, Gautam et al. (2004a) found that lands under community forestry governance 

showed higher net improvement in forest quality and gain in forest area than government 

forests with unregulated access. 

 

Forest ecology research in Nepal and the Himalaya 

 Since the opening of Nepal to outside scholars in 1950, researchers have made 

detailed studies of species composition and forest structure in a few local areas. French 

ecologists led by J.F. Dobremez have studied forest composition and structure and 

farming systems near Salme village, 50 km northwest of Kathmandu (Dobremez 1986, in 

Metz 1994; Umans 1993). Japanese scholars have described forests in eastern Nepal and 

Bhutan (Numata 1983; Ohsawa et al. 1986). Researchers working in the Makalu-Barun 

Conservation Area southeast of Mt. Everest have described upper-elevation forests and 

resource use (Oliver and Sherpa 1990; Byers 1996; Carpenter and Zomer 1996). Metz 

(1997) described structure and dynamics of little-disturbed upper-elevation broadleaf and 

coniferous forests 50 km north of Kathmandu. Much of the research that has focused on 

forest dynamic processes has occurred in subalpine fir-rhododendron forests, in the 

Salme area (Umans 1993), east-central Nepal (Schmidt-Vogt 1990), and Everest region 

(Oliver and Sherpa 1990; Brower and Dennis 1998). 
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 Many of the early studies in Nepal were based on a static view of forests, 

describing forest types as “climax” (sensu Clements 1916, 1937) without having 

examined species dynamics or disturbance regimes. During the last few decades, 

however, there has been a growing consensus among ecologists that frequent disturbance 

events maintain most vegetation in a state of dynamic nonequilibrium (Pickett and White 

1985; Denslow 1987; Glenn-Lewin et al. 1992).  

Just west of Nepal in the Indian Himalaya, researchers from Kumaun University 

have studied Himalayan forest structure and ecosystem properties across a broad 

elevational gradient (Singh and Singh 1987, 1992; Singh et al. 1994). They have found 

that Himalayan forests differ from both tropical and temperate forests in tree phenology, 

chemistry, and form. Central Himalayan forests of most elevations are dominated by 

evergreen tree species with leaf life-spans of approximately one year, a trait uncommon 

among dominants elsewhere in the world (Zobel and Singh 1997). New leaves expand 

during the pre-monsoon dry season, whereas leaf expansion occurs during the wet season 

in forests of both eastern North America and the American dry tropics (Reich 1995). 

Central Himalayan conifers and deciduous broadleaf species have low specific leaf area 

(leaf area/leaf mass) and high leaf nitrogen concentrations (Zobel and Singh 1997). Some 

Himalayan species are less efficient at translocating nitrogen from senescing leaves, 

resulting in higher nitrogen concentration in fresh leaf litter than occurs elsewhere 

(Killingbeck 1996). Total biomass and net primary productivity are high compared to 

other broadleaf evergreen forests outside the tropics (Singh et al. 1994). Zobel and Singh 

(1997) attribute the unusual characteristics of Himalayan broadleaf evergreen forests to 
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the monsoon climate, with concentrated summer rainfall and relatively mild, dry winters, 

the high sun angle of low latitude, and the low annual variability in day length. 

 

Study Area 

 The site of my research was a forest area within the resource-use area of 

Chimkhola, a village at 1770 m elevation in Myagdi District, west-central Nepal (Figure 

3.1). This 150-hectare forest area lies between 2300 m and 2800 m elevation, upslope 

from and southeast of the village of Chimkhola. Vegetation within the forest study area is 

comprised mainly of broadleaf evergreen tree species, with some broadleaf deciduous 

species. This tract of forest is delimited by steep ridges on its southeast and southwest, 

beyond which lie forests in the resource-use areas of other villages in the adjacent major 

drainages. Down slope to the north and northwest, this forest area transitions to a mosaic 

of low-statured shrubland and agricultural fields. Approximately one-third of the 

agricultural fields of Chimkhola lie on the northwest-facing slope downhill from my 

forest study area and directly between this forest and the village. 

 Two years of data collected in Chimkhola during 1986-1987 indicated an annual 

precipitation of 2700 mm, 85% of which fell during the summer monsoon between June 

1 and October 15 (Metz 1989a). Mean annual precipitation for 1986-1987 at Pokhara 

airport (850 m elevation, 55 km east-southeast of Chimkhola) was only 2% above the 

1970-1994 mean (Paul Krusic, personal communication 2005). I therefore consider the 

1986-1987 data for Chimkhola to be representative of local mean annual precipitation. 

Mean monthly temperatures ranged from a maximum of 29ºC in June to a minimum of 
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6ºC in January (Metz 1989a). While no freezing temperatures were recorded in 

Chimkhola, occasional snowfall and freezing conditions can occur in the forest above 

(personal observation). 

 Chimkhola lies south of the Main Central Thrust Fault and is underlain by low-

grade metamorphic rocks of the Lesser Himalayan strata. Rock structure dips to the 

northwest, resulting in topography characterized by northwest-facing slopes alternating 

with steeper southeast-facing escarpments. Because of this geologic structural control of 

topography, most slopes suitable for agriculture face northwest. A soil survey of the 

Chimkhola area (Greenberg 1986, in Metz 1989a) classified all soils as Entisols and 

Inceptisols. All soils of the area are weakly developed, rocky, and low in nutrients. 

The 1957 nationalization of forest resources by the Nepalese government resulted 

in Forest Department personnel attempting to restrict access to forest products in many 

areas of Nepal. More recently, the central government has devolved local forest policy 

formation and forest management in many areas to Community Forest User Groups 

(CFUGs), set up to work in collaboration with the Forest Department. However, neither 

government restriction of forest access nor formation of a CFUG has occurred in the 

Chimkhola area, possibly due to its remote location and apparent abundance of forest 

resources. 

Forest resources in the Chimkhola area remain under a tradition system of village 

management. Local rules concerning forest product harvest are established by village 

leaders at open meetings. Other than on the steep slope directly above the village, there 
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are no rules governing the harvest of fuelwood, fodder, and construction poles (Metz 

1989a). 

As in many upper-elevation villages of central Nepal, residents of Chimkhola 

practice the goTh (pronounced “goat” with a hard “t”) system of subsistence production, 

in which nutrients from forest tree-leaf fodder are processed through large herds of 

livestock and applied as dung to increase fertility of poor agricultural soils (Metz 1989a, 

1990a, 1994). Villagers of Chimkhola hold large herds of water buffalo, cattle, sheep, and 

goats on fields for one to several weeks prior to planting crops. Each household’s 

livestock are moved from one group of family-owned crop fields to another. After all 

fields have been fertilized, livestock are moved up into forests to browse and graze. 

While kept on crop fields, livestock are fed tree-leaf fodder cut from nearby forests. Each 

family’s herd is tended on crop fields by a family member, who resides in a temporary 

structure called a goTh, constructed of poles and woven bamboo roof mats.  Each 

family’s herd moves on a rotation from crop field to crop field throughout the year, 

requiring a goTh shelter to be constructed at each crop field, during its annual period of 

occupation. Thus, the goTh system of production requires extraction of large quantities of 

tree-leaf fodder and goTh construction poles from nearby forests. 

 Reaching the nearest road requires a two-day walk, thus the forest products and 

subsistence agricultural production of the Chimkhola area have not been integrated into 

the modern market economy of Nepal. However, outside wage earning has influenced the 

household economy of many families in the village, particularly wage earning in foreign 

countries (Metz 1994). Historically, the famous Gurkha soldiers from Nepal employed in 
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the Indian and British armies were recruited from four ethnic groups: Gurung, Magar, 

Rai, and Limbu. The predominantly Magar village of Chimkhola has long received a 

modest benefit from the wages and pensions of Gurkha soldiers. Currently, some young 

men from Chimkhola continue to find foreign employment, particularly as security 

guards and laborers in Persian Gulf countries. This outside income reduces some 

families’ reliance on subsistence agriculture to fulfill all their needs, and may somewhat 

lessen the rate of extraction of local forest products. 

 

Rationale for research 

Changes in land-use and land cover have become recognized as important global 

environmental changes, with potential consequences for ecosystems and for human 

welfare (Turner 2002). Significant among changes in vegetation cover are forest 

conversion and forest degradation (Hansen et al. 2001). Understanding global land-cover 

change requires both remote sensing data and widespread inventory data (Lepers et al. 

2005). Because forests of each global region have unique attributes, quantitative studies 

of forest structure are needed from all regions. The forests of Nepal are of interest 

because they provide critical resources for local indigenous villagers, and serve as 

watershed for millions of people downstream in much of South Asia (Ives and Messerli 

1987). I chose to study forest structure in the Chimkhola area because it is representative 

of upper-elevation broadleaf Nepalese forests, and because it was the location of a 

previous study of forest-product use (Metz 1989a, 1990, 1994). 
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 Across the southern slope of the Nepal Himalaya lie large tracts of upper-

elevation broadleaf forests. Upper-elevation forests in Nepal have been described 

qualitatively, but few studies have quantified forest species composition and species size-

class structure, and few studies have made quantitative assessment of forest product 

harvest sustainability. Further research quantifying Nepalese forests is prerequisite for 

understanding vegetation dynamics and for creating a baseline for monitoring subsequent 

change resulting from human impacts. 

During a one-year residence in Chimkhola in 1986, John Metz documented the 

goTh system of resource use through observation, sample measurements of household 

forest product use by weight, and repeated interviews with a representative sample of 

households (Metz 1989a, 1990, 1994). Based on interview data and forest observation, 

Metz suggested that the high rate of forest product extraction was likely degrading forest 

structure and threatening future availability of forest products (Metz 1994). 

Results of this village-centered study of rates of resource-use suggested 

undertaking a forest-based study of forest structure, investigating possible human 

impacts. Forest structure can be sampled through a census of tree species by size class in 

an array of 0.1-ha study plots (Mueller-Dombois and Ellenberg 1974; Husch et al. 1982). 

To characterize variations within a forest area, plant communities can be distinguished 

using cluster analysis (McCune and Grace 2002). 

To assess whether tree species composition and their relative abundances in the 

forest were stable or changing, I considered three approaches to distinguishing a state of 

compositional equilibrium from successional change: 1) repeated censuses over long 
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periods, 2) inferences of demographic trends from forest structure, and 3) transition 

probabilities using spatial association between canopy trees and their potential 

replacements (Veblen 1992). While none of these approaches can predict future change 

with certainty, each of them can suggest possible future conditions. Lacking the data of 

repeat censuses or the data from which transition probabilities could be calculated, I 

proposed predictions regarding the persistence of individual species based upon their 

population size-class structures. Because oaks are important canopy species in many 

upper-elevation Nepalese forests and provide critical livestock fodder resources, I chose 

to assess demographic trends in these species. 

To assess possible human impacts on forest structure, I reasoned that two 

potential proxy measures of impact could be distance form village and visible evidence of 

recent cutting of forest products on each plot. Forest structure variables that could 

potentially vary with degree of human impact include density (stems ha-1) and basal area 

(m2 ha-1) of individual species by size class, and of all species summed by size class. 

Further insight into forest structure could be gained through multivariate analysis of 

many-species, many-plot data to produce composite variables expressed as ordination 

axes. The positions of study plots along these axes can then be correlated with 

environmental and human-impact variables, to suggest the degree to which these 

variables may be related to vegetation structure. 

The relationship of age to diameter has been studied in many temperate tree 

species, but in few subtropical evergreen species. For species in which tree rings provide 
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a reliable indication of age, age-diameter studies provide insight into species’ natural 

history, as well as the ecological relationships among species in a community.  

Sustainability of forest product harvest is a growing concern worldwide (Oliver 

2003). An approach to the assessment of sustainability of a forest product is measurement 

and comparison of harvest rate and replenishment rate. One product harvested in large 

quantities from the forest resource area of Chimkhola is the poles used in construction of 

temporary herders’ shelters called goTh. Assessment of resource sustainability for this 

forest product could provide insight regarding the future of the goTh production system 

in this area. 

 

Structure of this research 

 The objectives of this dissertation are grouped into three topics. In chapter 4, I 

examine forest plant community structure and composition. First, I quantitatively 

describe tree species composition and species size-class structures in a mixed evergreen-

deciduous broadleaf montane forest in Nepal. I then investigate relationships between 

patterns of forest composition and size structure and metrics describing the intensity of 

indigenous human use of forest products. 

 In chapter 5, I use tree rings to examine age – diameter relationships of three 

evergreen tree species. I compare the age-diameter relationships of the abundant species 

Symplocos ramosissima among three forest communities in which it occurs. I then 

compare the strength and characteristics of age-diameter relationships among these three 

species.  
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In chapter 6, I assess harvest sustainability for S. ramosissima pole-size trees used 

in goTh shelter construction by comparing harvest rate and replenishment rate. I use 

published data for the rate of goTh shelter construction (Metz 1994) and my 

measurements of the number of poles used in each shelter to estimate the forest-wide rate 

of harvest of pole-size trees. I use pole-size stump density to estimate the relative harvest 

intensity in the three forest communities. I use stem analysis to estimate the average time 

trees spend in the 5-10 cm dbh pole size class. I divide pole size class densities by the 

years spent in that size class to estimate average annual recruitment in each forest 

community. I assess the prospect for harvest sustainability under the following spatial-

distribution scenarios: harvest evenly distributed throughout the forest area; harvest 

restricted to the forest community closest to fields; harvest confined to the closest two 

communities; and harvest distributed among the three communities in proportion to 

stump densities.
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4. PATTERNS OF FOREST STRUCTURE AND COMPOSITION AND 

RELATIONSHIPS WITH HUMAN IMPACTS 

 

Abstract 

Indigenous human use of forest products may be altering upper-elevation forest 

structure and resource availability in Nepal. Subsistence villagers extract hand-cut tree-

leaf fodder for livestock, fuelwood, and poles for construction of herders’ shelters. In a 

broadleaf evergreen montane forest in west-central Nepal, I described tree species 

composition and species size-class structures, and investigated relationships among 

patterns of forest structure and metrics of human use. Mean (SE) density of trees > 10 cm 

dbh was 817 (30) stems ha-1 and mean (SE) total basal area was 44 (3.2) m2 ha-1. Cluster 

analysis of density data for 32 tree species suggested the presence of three forest 

communities: a Symplocos-Quercus community, a Symplocos-mixed evergreen 

community, and a Rhododendron-Symplocos community. Tree size-class frequency 

distributions for the most abundant species, S. ramosissima, differed significantly among 

communities. Size-class distributions of important fodder resource oak species suggest 

Quercus lamellosa is in decline, but Q. oxyodon and Q. semecarpifolia may be 

reproducing successfully. Mean tree diameters of both S. ramosissima and Lindera 

pulcherrima were inversely related to a cutting index of forest product harvest intensity. 

Cutting index was inversely correlated with distance to village and with elevation. 

Ordination by principal components analysis of pole, tree, and total species densities and 
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tree basal area indicated a relationship between community structure and harvest 

intensity, suggesting that extraction of forest products may be an important factor shaping 

forest composition and structure.  

 

Introduction 

Vegetation research begins with descriptive studies of species composition and 

vegetation structure. While vegetation in some regions of the world has been described in 

detail, much of the vegetation in the Himalaya has only been characterized in broad 

qualitative terms. Further research quantifying Himalayan vegetation types is prerequisite 

for understanding vegetation dynamics relative to past and current uses, and for creating a 

baseline for monitoring subsequent vegetation change resulting from climate change and 

human impacts. 

Early research in vegetation ecology focused on “pristine” vegetation 

communities to study composition, structure, and vegetation dynamics free from human 

influence. Throughout much of the 20th century, plant succession was viewed by many as 

a predictable pathway leading to a stable climax community (Clements 1916, 1937). In 

recent decades, however, researchers have increasingly recognized the fundamental role 

of disturbance in maintaining dynamic nonequilibrium conditions that shape plant 

communities (e.g., Pickett and White 1985; Denslow 1987; Glenn-Lewin et al. 1992). 

Increasingly, researchers have also recognized that much vegetation formerly regarded as 

pristine has been under the influence of indigenous human disturbance for centuries to 

millennia (Turner et al. 1990).  
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Several authors suggest that indigenous extraction of forest products in the Nepal 

Himalaya may have had widespread influence on forest composition and structure for 

more than a century (Mahat et al. 1986a, 1986b; Soussan et al. 1995). In this research, I 

quantitatively describe tree species composition and community structure of a mixed 

evergreen-deciduous broadleaf montane forest in west-central Nepal. I then investigate 

relationships between patterns of forest composition and structure and metrics of 

indigenous human use of forest products. 

 

Forests of Nepal 

 Nepal is a mountainous, landlocked country, stretching 800 kilometers east to 

west along the central Himalaya, with an average width of 150 kilometers from south to 

north. Divided into three long strips, Nepal includes a southern lowland plain (Terai), the 

high Himalaya, and in between, the “Middle Hills,” a rugged region of ridges and valleys 

between 500 m and 3000 m in elevation. More than half of Nepal’s human population 

resides in the Middle Hills. 

Nepal’s climate is controlled largely by the South Asian Monsoon, which brings 

heavy precipitation to much of the country between June and September. The monsoon 

approaches Nepal from the Bay of Bengal to the southeast, creating a gradient of 

decreasing monsoon intensity from east to west. Vegetation in Nepal is controlled by a 

dramatic gradient of increasing elevation (and consequently decreasing temperature) 

from south to north, as well as the strong gradient of decreasing precipitation from east to 

west (Ives and Messerli 1989). 
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Qualitative descriptions of forest vegetation of the Nepal Himalaya were made by 

J.D.A. Stainton (1972), based upon extensive travels on foot between 1954 and 1969. 

Singh and Singh (1987, 1992) later classified the forest vegetation of the Himalayas into 

eleven formation types, based upon the UNESCO (1973) classification of vegetation and 

the physiological-ecological classification system of Mueller-Dombois and Ellenberg 

(1974). 

 My forest research area is located between 2300 m and 2800 m elevation, above 

the village of Chimkhola, in Myagdi District, west-central Nepal (Figure 4.1). The 

watershed lies one valley to the west of the Kali Ghandaki gorge and 35 km south of the 

mountain Dhaulagiri. Vegetation in this ~1-km x 2-km forested area resembles three 

forest types described by Stainton (1972): Quercus lamellosa forest, Castanopsis 

tribuloides forest, and Quercus semecarpifolia forest. Stainton (1972) describes these as 

30-m tall closed canopy forests with an understory of species of Symplocos and the 

family Lauraceae. In the system proposed by Singh and Singh (1987), this forest area 

would be classified as mid-montane hemi-sclerophyllous broadleaf forest. 

 

Human use of forest products 

 The human population of Nepal has grown from 5.6 million in 1911 to 23 million 

in 2001 (Government of Nepal 2004). More than 85% of Nepal’s people are subsistence 

farmers, many of whom rely heavily on local forests for fuelwood, livestock fodder, and 

construction materials (Ives and Messerli 1989). Numerous local case studies document a 

wide range of subsistence resource use systems in Nepal (see Metz 1989c, 1990b). 
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Diverse physical, ecological, and cultural landscapes result from a dramatic elevational 

gradient from south to north, a pronounced wet to dry gradient from east to west, and a 

rich mosaic of cultural groups with different resource-use practices. Case studies describe 

a wide range of subsistence production systems, and give differing impressions regarding 

local rates of deforestation. Many local case studies find that most forest conversion to 

agriculture in the Hills occurred in the eighteenth and nineteenth centuries, with little 

reduction in forest area during the twentieth century (Mahat et al. 1986a, 1986b, 1987a, 

1987b; Griffin et al. 1988; Schickhoff 1995). Although local forest area appears to have 

changed little, some studies suggest high rates of recent forest degradation (Metz, 1994). 

 

The goTh system of agriculture 

Metz (1989a, 1990a, 1994) described forest product use at the upper-elevation 

village of Chimkhola in west-central Nepal, where he documented the goTh (pronounced 

“goat” with a hard “t”) system of subsistence production. This system transfers nutrients 

from forest tree-leaf fodder to large herds of livestock that provide manure to increase 

fertility of poor agricultural soils. Metz found that villagers kept large herds of water 

buffalo, cattle, sheep, and goats for the purpose of fertilizing agricultural fields. Livestock 

were held on fields for one to several weeks before planting. Livestock were then moved 

from one group of fields to another and finally up into forests to browse and graze when 

all fields had been planted.  

While kept on fields, livestock were fed tree-leaf fodder cut from nearby forests. 

Metz measured a per capita usage of hand-harvested forest biomass of 4800 kg fresh-
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weight (2800 kg dry-weight) per year. Metz found that livestock maintenance consumed 

74% of this: 26.4% for green fodder, 32.3% for fuelwood used at the herder’s huts, and 

13.8% for construction of the herders’ huts. Fuelwood burned at village homes consumed 

17.6%, and smaller amounts of forest materials were used for house construction, 

charcoal, agricultural implements, as well as bamboo used for baskets and mats (Metz 

1994). The large amounts of forest products consumed by herders and livestock at 

Chimkhola resulted in use far exceeding that measured by previous studies at other types 

of communities in Nepal (Fox 1984; Wiart and Dobremez 1986 cited by Metz 1994). 

From forest observation and interview data regarding change in forest structure, Metz 

concluded that these high rates of resource use, especially fodder collection, were 

degrading local forests and gradually reducing them to shrublands (Metz 1990a, 1994). 

 

Forest dynamics 

Understanding the resource implications of forest structure in Nepal requires 

placing it in the context of forest history and indigenous human forest-product harvest 

practices. While it is desirable to have a documented disturbance history of a forest, such 

records did not exist for the Chimkhola area, apart from the anecdotal record in the 

memory of village elders. The dendrochronological record contained in stumps, logs, and 

standing deadwood in a forest landscape can provide insight into past demographics of 

tree species and forest disturbance history (Henry and Swan 1974; Oliver and Stephens 

1977; Veblen 1986; Oliver and Larsen 1996). However, this material decays rapidly 

during the warm, monsoonal summers of this subtropical montane cloud forest. Field 
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observations yielded no evidence of recent stand-replacing natural disturbance events 

such as fire, windstorm, or earthquake. This wet and mossy broadleaf forest appeared 

unlikely to support large-scale fire. Multi-aged stands indicated replacement usually 

occurs at a patch-dynamics scale of individual treefall gaps, common in wet tropical 

forests (Brokaw 1985). In contrast, Abies spectabilis forest occurring at higher elevations 

to the north of my study area had recently experienced stand-replacing fires, as is typical 

of many types of temperate coniferous forests (e.g., Romme and Knight 1981). 

Are tree species composition and relative abundances in this forest area currently 

stable, or are they undergoing a process of directional change? Three approaches to 

distinguishing a state of compositional equilibrium from successional change are: 1) 

repeated censuses over long periods, 2) inferences of demographic trends from forest 

structure, and 3) transition probabilities using spatial association between canopy trees 

and their potential replacements (Veblen 1992). While none of these approaches can 

predict future change with certainty, each of them can suggest possible future conditions. 

Lacking the data of repeat censuses or the data from which transition probabilities could 

be calculated, I make predictions regarding the persistence of individual species based 

upon their population size-class structures. 

Dynamic life tables track the survival and mortality of individual cohorts through 

multiple observations over a species’ maximum lifespan and provide the best perspective 

on population dynamics (Harcombe 1987), but this approach is impractical with long-

lived tree species. Static stand structure is commonly used to infer forest stand dynamics, 

but this approach is based on the often-unsupported assumption that either recruitment or 
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mortality schedules are the same for all cohorts. An empty age class in a static age 

structure can result from either low seedling recruitment or high subsequent mortality 

(Johnson et al. 1994). Static structures can also confuse the effects of climatic variations 

and disturbance events (Villalba and Veblen 1997). Thus it is inappropriate and 

potentially misleading to infer specific population dynamic events and their causes from 

static population structures. However, static age or size structures have been widely 

interpreted to suggest general trends toward tree species persistence or decline in a forest 

community (see Veblen 1992). 

Stand structure analysis has been applied to many forest systems (e.g., 

Heinselman 1973; Lorimer 1980; Savage 1991; Veblen 1986; Veblen and Lorenz 1986; 

Veblen et al. 1994, Metz 1997). Using principles of demography (Harcombe 1987) and 

size as a proxy of age, the relative abundances of trees in different size classes allow 

tentative inferences regarding likelihood of species persistence versus decline. A size-

class frequency distribution showing abundant individuals in the smallest size class and 

progressively fewer individuals in successively larger size classes has been generally 

interpreted to indicate a persistent tree species population (Meyer 1952; Leak 1964; 

Veblen 1992). With constant reproductive rates, the surviving proportion of individuals 

in each size class provides recruitment to the next larger size class, such that this 

“reverse-J” shape distribution curve can remain constant. This distribution curve has been 

described with a negative exponential model, implying a constant mortality rate, or with a 

power function model, implying decreasing mortality rates with increasing age or size. 
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Veblen (1992) suggests that a qualitative inspection of a reverse-J age or size distribution 

can suffice to imply continuous recruitment and the likelihood of species persistence. 

 

Oak reproduction 

Recognizing the ecological and fodder-resource importance of oaks in mid to 

upper-elevation Himalayan forests, several investigators have studied the germination 

and recruitment represented by size-class distributions of oak species. In little-disturbed 

forests above 2400 m in east-central Nepal, Metz (1997) found size-class distributions of 

Quercus lamellosa, Q. oxyodon, and Q. semecarpifolia with few seedlings, saplings, and 

small trees. Metz discussed several alternative hypotheses concerning the poor 

recruitment of Himalayan oak species: browsing of seedlings and saplings by livestock; 

competition in the reproduction layer with small species of bamboo (Arundinaria spp.); 

reproduction strategies involving periodic heavy seed crops or requiring large-scale 

disturbance; and the possibility that these oaks are long-lived early successional species 

with inadequate shade tolerance to reproduce under their own canopy. For those forests in 

east-central Nepal, Metz suggested that these oak species are likely long-lived early 

successional species that are unable to reproduce in individual treefall gaps, requiring 

larger-scale disturbance by infrequent intense ground fires or mass wasting to reproduce. 

In the absence of these disturbances, succession toward dominance by the highly shade 

tolerant mid-sized tree Symplocos ramosissima appeared to be occurring.  

 Vetaas (2000) compared reproduction of Quercus semecarpifolia in central Nepal 

at a nearly undisturbed site and a site with varying degrees of canopy disturbance by 
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fodder lopping. In the undisturbed forest, size-class distribution of established trees had 

good fit to both negative exponential and power function models, suggesting reliable 

recruitment to canopy-sized individuals. However, there were few seedlings in the 

undisturbed forest, suggesting poor recent germination. Vetaas (2000) found more 

seedlings and saplings in the forest with spatially varying levels of disturbance. However, 

within this forest, seedlings were more abundant in the less-disturbed areas than where 

canopy removal was greater. Increased canopy disturbance appeared to facilitate growth 

of a dense herbaceous field layer, with shrub thickets in more open areas. Competition 

with herbaceous and shrub-layer vegetation appeared to limit germination and 

establishment of oak seedlings, as suggested by Lorimer et al. (1994) for oak species at 

sites in eastern North America. 

 Sparse to absent reproduction has also been reported in banj oak (Quercus 

leucotrichophora) in the Indian Himalaya west of Nepal (Saxena and Singh 1982; Singh 

and Singh 1992). Banj oak was the major dominant in these forests, with 30 to 39 m2 ha-1 

basal area. In stands located between 1800 m and 2200 m in the state of Uttar Pradesh, 

India, Thadani and Ashton (1995) compared banj oak reproduction under four different 

tenurial and disturbance regimes. In sanctuary forests protected from browsing and 

lopping, seedling density was lowest (510 ha-1), presumably due to high tree basal area 

and dense canopy. Higher seedling abundances (2000 ha-1) were found under moderate 

browsing and lopping disturbance regimes in private and state reserve forests. 

Unregulated village common forests were the most heavily used and disturbed, and had 

an intermediate number of seedlings (1240 ha-1). Thadani and Ashton (1995) interpreted 
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these seedling and sapling abundances to indicate that Q. leucotrichophora reproduces 

successfully under a range of disturbance regimes. Based upon these previous studies in 

similar Himalayan forests, I expected size-class distributions of oak species in my forest 

study area to indicate low rates of reproduction. 

 

Analysis of ecological community data 

 Methods of multivariate analysis can reveal patterns in multi-species, multi-

sample ecological community data. Cluster analysis can group sample plots, allowing 

classification of plant communities. Minimum-variance clustering (Ward 1963) is a 

hierarchical, polythetic, agglomerative method of cluster analysis, and is a reliable, 

effective method of clustering ecological data (McCune and Grace 2002). 

Ordination reduces the multi-species information of sample-plot species 

abundances into a small number of synthetic variables expressed as axes. Plot scores on 

these axes can be correlated with environmental variables, to generate hypotheses 

regarding the factors controlling community structure. The several methods of ordination 

each have advantages and disadvantages. Principal components analysis (PCA) (Pearson 

1901; Hotelling 1933; Goodall 1954) has the advantage of not constraining the ordination 

to the environmental variables measured. PCA is based upon a model requiring linear 

relationships among variables, an assumption generally violated by ecological data sets 

(Beals 1984). However, PCA can be effective at ordinating community data sets that are 

relatively homogeneous (McCune and Grace 2002). Canonical correspondence analysis 

(CCA) (ter Braak 1986, 1994; Palmer 1993) constrains the ordination to a direct gradient 
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analysis based upon the environmental data set used (Okland 1996). Detrended 

correspondence analysis (DCA) (Hill and Gaugh 1980) sacrifices information contained 

in higher order ordination axes to better scale the first ordination axis (McCune and 

Grace 2002). In little-disturbed, upper-elevation forest stands in east-central Nepal, Metz 

(1997) ordinated stand data using detrended correspondence analysis and found that the 

first and second ordination axes correlated with elevation and aspect, respectively. 

 

Harvest practice influences 

I proposed village distance as a proxy metric of human impact based upon the 

reasoning that villagers would likely walk the shortest distance required to procure a 

given resource. Moench (1989) found evidence for this near a village in the Indian 

Himalaya, observing that fodder and fuelwood harvest caused an expanding ring of 

highly-degraded forest around the village. However, when a forest resource area extends 

upslope from a village, distance from village can be highly correlated with elevation, 

confounding the effects of distance from village and the ecological effects of elevation on 

forest structure. 

I derived my other metric of human impact, cutting index, from evidence of forest 

product harvest directly observed in the study plots. I reasoned that intensity of forest 

product harvest, predominantly lopping of live trees for fodder, would directly impact 

species composition and abundances and would decrease with distance from the village. 

Removal of tree canopy in Himalayan broadleaf forests results from harvest of livestock 

fodder and construction materials. While many researchers present qualitative description 



 46

of canopy disturbance (e.g., Stainton 1972), some authors provide more detailed 

classification of disturbance levels. In Quercus semecarpifolia forests of central Nepal, 

Vetaas (2000) applied three classes of canopy disturbance to whole study plots: 

undisturbed, intermediate disturbed, and very disturbed. In several little-disturbed upper-

elevation forest stands in east-central Nepal, Metz (1997) assessed individual trees for 

their degree of cutting, lopping and browsing damage on a 0-5 scale (0 = no impact, 5 = 

dead). 

Within the Chimkhola forest study area, Symplocos ramosissima is harvested 

primarily for goTh shelter construction poles, Machilus duthei is primarily lopped for 

livestock fodder, and Lindera pulcherrima is little-utilized. Differences among these 

species’ size-class structures may be influenced by differences in their patterns of 

harvest. A species harvested for construction poles might have lower density of the pole 

size class, while a species heavily lopped for fodder might have poor reproduction and 

low densities in seedling, sapling, and pole size classes. However, these possible harvest 

influences are confounded by, and may be secondary to, inherent life-history differences 

among these species. In contrast, changes in an individual species’ characteristics along a 

gradient of harvest intensity are more likely to be related to harvest practices. 

 

Objectives 

My objectives were to examine species composition, species size-class structures, 

and their relationship with harvest practice intensity in a broadleaf evergreen forest area 

above Chimkhola village in west-central Nepal. I sought to identify dominant species and 
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their abundances. I sought to identify forest communities and to examine differences in 

common tree species’ size-class structures among communities. And I sought to 

determine how community density (stems ha-1) and basal area (m2 ha-1) and multivariate 

measures of community structure varied with elevation, distance from village, and 

intensity of resource extraction. 

 

Methods 

Study area 

The forest resource area of Chimkhola remains under traditional village control, 

without Nepalese government restrictions to forest product access or formation of a 

government-sponsored Community Forest User Group. Villagers are free to harvest 

forest products where they choose, and do so largely based on proximity to the site of 

use. 

 Residents of Chimkhola Village procure much of their forest products from a 1-

km x 2-km tract of forest that lies upslope to the southeast (Figure 4.1). This tract of 

forest is delimited by steep ridges on the southeast and southwest, beyond which lies 

forest in the resource-use areas of other villages in the adjacent major drainages. Down 

slope to the north and northwest, this forest transitions to a mosaic of low-statured 

shrubland and agricultural fields. The forest study area has a northwest slope ranging 

between 20° and 40°, and has a complex topography of ridges, gullies and cliffs. 

Visibility within the forest was limited by the multi-layered, closed canopy of broadleaf 

trees and a dense ground story of tree seedlings and saplings. Existing topographic maps 
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were of small scale and poor quality. These factors combined to make navigation within 

the forest difficult and mapping of study plots challenging. 

I characterized patterns of forest structure and composition using a census of tree 

species conducted in thirty 0.1 hectare (20-m x 50-m) plots. Plots were established at 

200-m intervals along six transects across the forest. Plots were located systematically to 

avoid subjective selection and to achieve maximum dispersion, thereby capturing a 

maximum range of variation in forest structure and composition (Mueller-Dombois and 

Ellenberg 1974; Husch et al. 1982). Establishing a systematic grid of plots was also far 

more tractable than locating random coordinates in the very severe terrain and dense 

forest. 

Systematic sampling of plots located at equidistant intervals in a grid introduces 

the possibility of spatial autocorrelation that may preclude parametric statistical analyses. 

Geostatistical analysis can examine the change in variance between sample points with 

increasing distance between point pairs, and thereby test for the presence of 

autocorrelation at the spatial scale of distance between adjacent sample locations (Cressie 

1993). Absence of autocorrelation at this spatial scale allows the sample locations in a 

systematic grid to be treated as independent samples. I tested for spatial autocorrelation in 

my total tree density and basal area data sets using the variogram procedure in SAS (SAS 

Institute, Inc. 2001), based on Cartesian coordinates calculated for each of the three 

hundred 10-m x 10-m subplots. Variograms indicated that my 30 systematically located 

study plots could be treated as independent samples (Appendix A). 
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Sampling methods 

In March, 1997, I hiked the perimeter of the forest area accompanied by a local 

villager, Bo Bahadur Thapa, recording GPS points using a Garmin 12XL Global 

Positioning System receiver. I mapped the forest perimeter on my field camp laptop 

computer using Garmin PCX 5 Version 2.08 software. I created a map on millimeter-

scale graph paper to aid in the location and mapping of study plots. Plots were located at 

200-m intervals by tape and compass along each of six parallel transects extending 

northwest-southeast. For plot locations containing cliffs or including > 50% of its area 

with slopes > 40°, I moved the plot to the opposite side of the transect tape.  

To establish each 20-m by 50-m study plot, I first oriented the long axis of the 

plot across the slope using a clinometer to sight a level line, recording the compass 

bearing of that line. I then laid a 50-m tape across the slope along my compass bearing; 

this served as the center line of the plot. From the zero end of that line, I placed a second 

tape at 90° laid 10 m up and 10 m down the slope. I used cosecant tables to extend these 

lines such that the plot would be 20 m wide in plan view; this was done to produce 

vegetation measurements that would be meaningful on a map-area basis. I placed a 

second short tape up and down slope from the 10-m mark on my center line, delimiting 

two 10-m by 10-m subplots. Following collecting data in subplots 1 and 2, the first short 

field tape was removed and re-deployed at the 20-m point along the plot centerline, 

delimiting subplots 3 and 4.  This procedure was repeated such that data were collected 

separately for each of ten subplots within each 20-m x 50-m plot. 
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Within each 10-m x 10-m subplot, I measured diameter at breast height (dbh) at 

1.3 m for all trees >10 cm dbh and censused all tree species by size class for saplings 

(2.5-5.0 cm dbh), poles (5-10 cm dbh) and trees (>10 cm dbh). I subsampled seedling 

density in three 1-m x 10-m belts, randomly selected from the 10 possible belts within 

each subplot. Short seedlings (<50 cm tall) and tall seedlings (>50 cm tall and <2.5 cm 

dbh) were counted by species. These size classes follow those used by Metz (1997) at 

similar elevations in east-central Nepal, except I divided his sapling size class (2.5 – 10 

cm dbh into saplings and poles, to better understand abundances in the pole size class 

which is harvested for goTh shelter construction. 

Each tree >10 cm dbh was assessed for human impact on a cutting class scale 

ranging from 0 to 5, following Metz (1997) (0 = no cutting; 1 = slight evidence of 

cutting; 2 = one-fourth of tree canopy removed; 3 = half of tree canopy removed; 4 = 

three-fourths of tree canopy removed; 5 = tree dead from cutting). I derived a cutting 

index for each plot by averaging the cutting scores for all trees of all species. I measured 

the direct distance of each study plot from the village of Chimkhola on the study area 

map. Environmental variables measured for each plot included elevation, slope, and 

aspect. I determined elevations using an altimeter. 

Tree species identifications were made with the aid of a regional flora by Polunin 

and Stainton (1984) and the results of the earlier studies in this locality by John Metz 

(1989a, personal communication). Species determinations for my unknown specimens 

were made by Dr. David Boufford of the Harvard Herbarium and by Dr. Hideaki Ohba of 

the University Museum, University of Tokyo.  
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Data analysis 

I created a total density variable by summing densities for saplings, poles, and 

trees, by plot and species. I calculated a total basal area variable by summing basal area 

for saplings, poles, and trees, by plot and species. Basal areas of sapling and pole size 

classes were derived by multiplying the tally for each size class and species by the mean 

basal area for the diameters included in the respective size class. I characterized 

variations in tree species composition and stand structure within the forest study area, 

using minimum-variance clustering (Ward 1963) to identify groups of plots representing 

different forest communities. To cluster plots based upon mature vegetation, I used 

cluster analysis on density data of the tree size class.  

Within each of three groups of plots identified by cluster analysis, I averaged 

density and basal area and examined species size-class distributions. I tested for 

differences among plot groups in tree size-class density, tree size-class basal area, total 

basal area, and tree density for five common species using analysis of variance 

(ANOVA). To compare the size-class distributions of Symplocos ramosissima trees in the 

three communities, I combined the diameter data from all plots for each community into 

5-cm interval size-class distributions and used a chi-square test to compare each of the 

three pairs of communities. 

I explored the strength of relationship among combined densities of all species by 

size class, tree-size-class basal area, total basal area, cutting index, village distance and 

elevation using Pearson correlation. To examine the relationship of total harvest intensity 
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and tree size for each of the three study species, I regressed plot mean diameter of trees > 

10 cm dbh versus plot total cutting index. 

I used principal components analysis (PCA) as my ordination method to reduce 

the multi-species information of plot data sets of species abundances into a small number 

of synthetic variables expressed as axes. I performed ordination on eight species-by-

samples matrices: density for each of the five size classes, total density, tree basal area, 

and total basal area. I used the variance – covariance cross product matrices, and 

interpreted two axes for each ordination. I correlated plot scores on ordination axes with 

cutting index, village distance, and elevation to generate hypotheses regarding the factors 

controlling community structure. To further explore the relationship of harvest intensity 

with community structure, I formed three groups of 10 plots each, sorted by increasing 

cutting index (low, medium, and high). I drew outlines on the ordination diagrams 

enclosing the 10 plots with lowest cutting index (range 0.09 – 0.37) and the 10 plots with 

highest cutting index (range 0.93 – 2.03, on the 0 -5 cutting index scale). 

 

Results 

Thirty-two tree species with members >10 cm dbh were recorded in the 30 study 

plots, and average density and basal area for all species were 817 stems ha-1 and 44.1 m2 

ha-1 (Table 4.1, Appendix B). Symplocos ramosissima was the most abundant species by 

density (380 stems ha-1) and basal area (13.1 m2 ha-1). 

Minimum-variance clustering of density data for the tree size class showed three 

groups of plots clustering at the 62.5% information level (Figure 4.2). Plot Groups A, B, 
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and C were located sequentially across the forest study area from northwest to southeast, 

with Group A occurring at lowest elevation and closest to the village and Group C 

occurring at highest elevation and farthest from the village (Figure 4.3). I characterized 

three forest communities based upon species’ mean densities and basal areas in the three 

groups of plots (Appendix C). Group A is a Symplocos-Quercus Community, dominated 

by the small tree Symplocos ramosissima and the large oak Quercus lamellosa. 

Associated species with much smaller abundances include Vibernum erubescens, 

Aesculus indica, Machilus duthei, and Neolitsea lanuginosa. Group B is a Symplocos-

Mixed Evergreen Community, dominated by S. ramosissima, with high abundances of 

Lindera pulcherrima, Dodecadenia grandiflora, Rhododendron arboreum, and M. duthei. 

Group C is a Rhododendron-Symplocos Community, dominated by R. arboreum and S. 

ramosissima, with moderately high abundances of D. grandiflora and Lyonia ovalifolia. 

As the Symplocos-Quercus, Symplocos-Mixed Evergreen, and Rhododendron-

Symplocos Communities extend across the forest study area from northwest to southeast, 

group mean values combining all species exhibited trends of increasing density of trees > 

10 cm dbh, increasing tree basal area, and increasing total basal area (Table 4.2). The 

Symplocos-Quercus Community was significantly lower in tree size class density than the 

other groups. The Symplocos-Quercus and Rhododendron-Symplocos Communities 

differed in tree size class basal area and total basal area. Communities also differed 

significantly in tree size-class densities of five common species (Table 4.2). Symplocos 

ramosissima tree density was lower in the Rhododendron-Symplocos Community. 

Lindera pulcherrima tree density differed significantly among all groups, with tree 
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density lowest in the Symplocos-Quercus Community and highest in the Symplocos-

Mixed Evergreen Community. Machilus duthei tree density was higher in the Symplocos-

Mixed Evergreen Community. Quercus lamellosa tree density was higher in the 

Symplocos-Quercus Community. Rhododendron arboreum tree density was higher in the 

Rhododendron-Symplocos Community.  

Size-class distributions for six common species differed among communities 

(Table 4.3). Symplocos ramosissima had fewer seedlings in the Symplocos-Quercus 

Community, and fewer trees in the Rhododendron-Symplocos Community, relative to the 

other communities. Lindera pulcherrima had lowest abundances in all size classes in the 

Symplocos-Quercus Community and highest tree abundance in the Symplocos-Mixed 

Evergreen Community. Quercus lamellosa was absent in the Rhododendron-Symplocos 

Community, had highest tree abundance in the Symplocos-Quercus Community, and had 

few seedlings and saplings. Quercus oxyodon was absent in the Symplocos-Quercus 

Community and had higher numbers of seedlings and saplings in the Symplocos-Mixed 

Evergreen Community. Quercus semecarpifolia was present only in the Rhododendron-

Symplocos Community. Rhododendron arboreum was absent in the Symplocos-Quercus 

Community and had greatest abundances in all size classes in the Rhododendron-

Symplocos Community. 

Size-class distributions for Symplocos ramosissima trees > 10 cm dbh differed 

among the three communities (Figure 4.4). X2 tests comparing these frequency 

distributions found those for the Symplocos-Quercus and Symplocos-Mixed Evergreen 

Communities not to be significantly different (p = 0.277). However, the Rhododendron-
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Symplocos Community distribution was significantly different from the Symplocos-

Quercus Community (p < 0.001) and showed weak significance in its difference from the 

Symplocos-Mixed Evergreen Community (p = 0.071). While size-class distribution of 

Symplocos ramosissima trees in the Symplocos-Quercus and Symplocos-Mixed Evergreen 

Communities showed the generally expected decline in abundance with increasing size 

class, the distribution in the Rhododendron-Symplocos Community was notably flat 

between 10 and 30 cm dbh. 

 

Cutting index and distance from village 

The mean cutting index (scale 0 – 5) of all trees in each plot ranged between 0.09 

and 2.03 (Table 4.4). The direct distance from the village of Chimkhola ranged between 

2.05 km and 3.63 km. Plots ranged in elevation between 2345 m and 2805 m. The aspects 

of plots ranged from west-facing to north-facing, and the slopes of plots ranged between 

9º and 30º. 

As Plot Groups A, B, and C extend across the forest study area from northwest to 

southeast, group mean values exhibited trends of increasing elevation, increasing distance 

from the village of Chimkhola, and decreasing cutting index (Table 4.5). Cutting index 

was significantly higher in Group A. Both village distance and elevation differed 

significantly among all groups. 

Densities and basal areas summing all species showed several relationships with 

cutting index, village distance and elevation (Table 4.6). Cutting index was negatively 

correlated with short seedling density, tree density, tree basal area, and total basal area. 
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Village distance was correlated with short seedling density, tree basal area, and total 

basal area, and negatively correlated with sapling density. Cutting index was also 

negatively correlated with village distance and elevation. Finally, the strong correlation 

of village distance with elevation (r = 0.95) confounds the possibility of separating the 

effects of these variables. 

Regression of species mean tree dbh to total plot cutting index showed weak but 

significant relationships for both Symplocos ramosissima and Lindera pulcherrima 

(Figure 4.5). Using standard error coefficients to provide confidence bounds for the 

slopes of these relationships, the rate of decrease in mean dbh with increasing cutting 

index was significantly greater for L. pulcherrima than for S. ramosissima. Machilus 

duthei did not show a significant relationship between mean dbh and plot cutting index 

(see Figure 4.5 for regression equation). 

PCA ordination results for pole size class density, tree size class density, total 

density, and tree basal area show the percent variance represented by each of the first two 

PCA axes, as well as the major species contributing to each axis and their eigenvector 

coefficients as a measure of their influence (Table 4.7).  Variance represented by the first 

two axes combined ranged from 64% to 82%. Outlines drawn on the ordination diagram 

enclosing the ten plots with highest cutting index and the ten plots with lowest cutting 

index show distinct ordination patterns for these groups (Figures 4.6-4.9). 

  PCA axis plot scores for density and basal area were correlated with cutting 

index, village distance, and elevation (Table 4.8). The magnitude of each correlation 

indicates strength of relationship between species structure and an environmental 
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variable. The signs of the correlations (+/-) may be compared within each ordination axis. 

However, only the absolute value of the correlations should be compared between 

ordinations, because PCA assigns direction to the axes arbitrarily. Results consistently 

show correlations with village distance and with elevation to bear the same sign, while 

correlations with cutting index are of opposite sign to correlations with village distance 

and with elevation. 

 

Discussion 

Size structure and forest dynamics 

 The Symplocos-Quercus community, which occurred at lowest elevation and 

closest proximity to the village of Chimkhola, showed a striking difference in the size-

class distributions of the two dominant species (Table 4.3). Symplocos ramosissima 

showed strong germination and recruitment, indicating that its persistence was likely. 

Quercus lamellosa, however, had high basal area due to a small number of large trees, 

but very little germination and recruitment evidenced by seedlings and saplings. Large 

trees also were observed to have been heavily lopped for fodder to the point of 

pollarding. This raises doubt as to the persistence of Q. lamellosa in that community. 

Subdominant species in this community, Vibernum erubescens, Machilus duthei, and 

Neolitsea lanuginosa showed reverse-J size distributions suggesting their future 

persistence, but Aesculus indica was represented only by mature trees, with no seedlings, 

saplings or poles (Appendix C). 
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 In the Symplocos-mixed evergreen community, which occurred at intermediate 

elevation and intermediate distance from Chimkhola, Symplocos ramosissima again 

showed strong germination and recruitment, suggesting species persistence (Table 4.3). 

Four codominant species each had approximately one-fourth the tree-size basal area of S. 

ramosissima (Appendix C). Lindera pulcherrima, Dodecadenia grandiflora, and 

Machilus duthei each exhibited a reverse-J size-class distribution. Rhododendron 

arboreum, however, was well-represented by mature trees but had few seedlings, 

saplings, or pole-size individuals. For most tree species, this size-class distribution might 

be interpreted as representing poor germination and recruitment and indicating a likely 

decline and possible disappearance from the community. Personal observations of R. 

arboreum in this forest and elsewhere in Nepal suggest this species may have some 

unusual life history characteristics. R. arboreum often grows in nearly pure stands of 

mature trees, with extremely few plants of any species in the ground layer and sapling 

layer. The large leaves of R. arboreum are unusually thick and leathery, such that less 

light penetrates through the canopy to the forest floor than under canopies of most tree 

species; this was the only canopy type under which my GPS receiver could never receive 

signals. Perhaps this species creates a local environment so unfavorable to the 

recruitment of saplings of all other species that it does not need an abundance of its own 

saplings to compete for and reclaim the space that opens when a tree-fall gap does occur. 

The germination and recruitment dynamics of R. arboreum would be interesting to 

investigate experimentally. 
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 The Rhododendron-Symplocos community occurred at the highest elevation and 

the greatest distance from the village of Chimkhola (Appendix C Table 3). R. arboreum 

had approximately 50% more basal area of tree-sized individuals than S. ramosissima, 

while tree-sized S. ramosissima had approximately three times the density of R. 

arboreum. The reverse-J size-class distribution of S. ramosissima indicated strong 

germination and recruitment. While seedling, sapling, and pole-size density of R. 

arboreum were low relative to the reverse-J distribution typical of a successfully 

reproducing species, sapling and pole-size densities were higher than in the Symplocos-

mixed evergreen community down slope. This distribution may reflect R. arboreum life-

history characteristics and not indicate an imminent decline in species abundance. 

Dodecadenia grandiflora was the third most abundant species in this community, and 

showed a reverse-J size-class distribution.  

While size-class distribution of Symplocos ramosissima trees in the Symplocos-

Quercus and Symplocos-Mixed Evergreen Communities showed the expected decline in 

abundance with increasing size class, the distribution in the Rhododendron-Symplocos 

Community was flat between 10 and 30 cm dbh (Figure 4.4). Explaining why this 

distribution was different in the Symplocos-Rhododendron community would require 

further investigation. One possibility is that the size distribution of S. ramosissima in this 

community is influenced by the life-history characteristics of Rhododendron arboreum 

that may cause the unusual size distribution of R. arboreum itself. Because no other 

species have high rates of recruitment, small numbers of young S. ramosissima, as well 

as R. arboreum, may be sufficient to successfully replace canopy individuals. 
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Oak reproduction 

 Because oaks provide critical tree-leaf fodder resources for livestock, the 

reproductive success of the three oak species in this forest area, Quercus lamellosa, Q. 

oxyodon, and Q. semecarpifolia, is of particular concern. In the lower elevation 

Symplocos-Quercus community, Q. lamellosa was a dominant species by basal area, but 

its small numbers of seedlings and saplings suggest poor germination and recruitment 

(Table 4.3; Appendix C). The other two oak species did not occur in this community. In 

the Symplocos-mixed evergreen community, Q. lamellosa and Q. oxyodon were each 

represented by 1.1 m2 ha-1 basal area, and Q. semecarpifolia was absent. Q. oxyodon had 

sufficient seedlings and saplings to suggest a possibility of persistence, however, the low 

abundance of Q. lamellosa in all size classes makes interpretation of its size-class 

distribution equivocal.  

In the Rhododendron-Symplocos Community Q. lamellosa was absent, and Q. 

semecarpifolia and Q. oxyodon were represented by 2.5 and 2.0 m2 ha-1, respectively, out 

of a total 56 m2 ha-1 basal area. In contrast, Thadani and Ashton’s (1995) found 30 to 39 

m2 ha-1 basal area for banj oak in their Indian Himalayan study area. My small seedling 

size class included individuals up to 50 cm in height, while Thadani and Ashton (1995) 

included individuals up to 100 cm, making their data not directly comparable. 

Nonetheless, the ratio of my small seedling abundances to basal area by species for Q. 

oxyodon and Q. semecarpifolia fall within the range of those reported by Thadani and 
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Ashton (1995) for Q. leucotrichophora, which they interpreted as indicating successful 

recruitment.  

 Based upon comparison of the size-class distributions of oak species in the three 

communities of my study area with the results and interpretations of other authors, I 

interpret the successional status of the Chimkhola oak species as follows. In the 

Symplocos-Quercus community, Quercus lamellosa is not successfully recruiting and 

will likely continue to decline in abundance. In the Symplocos-mixed evergreen 

community, Q. oxyodon appears to be recruiting successfully, while the data for sparsely-

occurring Q. lamellosa are equivocal. In the Rhododendron-Symplocos community, both 

Q. oxyodon and Q. semecarpifolia appear to be recruiting successfully, with Q. 

semecarpifolia recruitment more robust. Of the three species, only Q. lamellosa appears 

to be in decline and at risk of possible elimination form this forest area. My field 

observations as well as the observations and interview data of Metz (1994) suggest that 

factors involved in Q. lamellosa decline may include intensive fodder lopping of trees 

and livestock browsing of seedlings and saplings. 

 

Human Impact 

The high inverse correlation of distance to village and cutting index supports the 

prediction that villagers generally choose to walk the shortest distance necessary when 

harvesting a forest resource. In my study area, village distance is also highly correlated 

with elevation, because the forest is located on a slope extending upward and away from 

the village. Thus village distance is directly confounded with elevation due to spatial 
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arrangement, and cutting index is indirectly confounded with elevation, most likely due 

to the relationship between cutting index and village distance. 

Natural distributions and abundances of forest tree species are strongly controlled 

by a suite of environmental factors that vary with elevation, including temperature, 

precipitation, and soil moisture. Species composition in turn influences total density, total 

basal area, and physiognomy of forest stands. Superimposed upon this elevational 

gradient in species composition and community structure near Chimkhola is a gradient of 

intensity of forest product harvest. Therefore, because cutting index co-varies with 

elevation in my forest study area, interpretation of possible harvest intensity effects must 

be qualified by this co-variance. Further studies in systems where harvest intensity varies 

at a constant elevation could improve understanding of harvest influences. 

For the goTh pole species Symplocos ramosissima, the fodder species Machilus 

duthei, and the little-used species Lindera pulcherrima, I investigated the possible 

influence of harvest intensity by examining each species’ changes in mean tree dbh along 

a gradient of increasing total plot cutting index (Figure 4.5). While the fodder species M. 

duthei showed no trend in mean dbh along a gradient of increasing harvest intensity, the 

construction pole species S. ramosissima showed a slight decreasing trend, and the little 

utilized species L. pulcherrima showed a stronger decreasing trend (Figure 4.5). 

Although villagers reported that L. pulcherrima is little utilized, their responses may have 

been based more on the low abundance and availability of L. pulcherrima, rather than its 

usefulness. Indeed, one villager reported that goTh poles of this species, if protected from 

monsoon rains, can be reused seasonally for decades, while S. ramosissima poles decay 
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in a few years. Availability of L. pulcherrima for goTh poles is further reduced by the 

growth form of this species. Many stems are curved, making them unsuitable for goTh 

poles, and some individuals branch below 1.3 m into two or more erect but curving 

leaders. 

For the fodder species M. duthei, I had expected a decreasing trend in mean dbh 

with increasing cutting index. There are several possibilities for why this trend was not 

observed. Harvest levels for this species might seldom exceed its ability to regenerate 

canopy, with the result that trees are not being removed from the population by fodder 

harvesting. Another possible reason for not detecting a declining trend might be the low 

abundance of this species. A total of 52 M. duthei trees > 10 cm dbh occurred within the 

30 study plots; most plots where it occurred had only one or a very few individuals. 

Random variation in tree sizes may have resulted in plot mean dbh that did not 

meaningfully reflect the possible influence of harvesting. 

The goTh construction pole species S. ramosissima showed a significant decrease 

in mean dbh with increasing total cutting index. While a decline in mean tree size of a 

harvested species is generally expected with increasing harvest intensity, there may be 

some unique aspects to the trend observed in S. ramosissima. This species is not palatable 

as livestock fodder and its wood is not strong or durable enough to be selected for house 

construction timber. It is, however, harvested in abundance for goTh shelter poles, and 

the individuals harvested are between 5 and 10 cm dbh. Thus the trees > 10 cm dbh used 

in calculation of plot mean tree dbh are not themselves subject to harvesting. An 

observed decrease in mean tree dbh could result either from removal of larger individuals 
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or from addition of smaller individuals in this size range. One possible cause of this trend 

could be higher recruitment of 10 - 20 cm dbh S. ramosissima trees in locations where 

higher total cutting has removed some of the canopy of taller fodder species. 

My forest study area occupies the northwest-facing slope southeast and upslope 

from the village. Thus, elevation and village distance were very strongly correlated, 

confounding these variables and the possibility of exploring possible effects of village 

distance independent of the effects of elevation (Table 4.6). While short seedling density, 

tree density, and tree basal area increased with increasing village distance and elevation, 

sapling density decreased. Lower sapling density might result from higher tree density 

and canopy density, causing lower light availability for recruitment from seedlings to 

saplings. 

Correlations of plots scores on ordination axes with environmental variables 

indicate the importance of elevation in forest structure. My total basal area PCA axis 1 

correlation with elevation (|r| = 0.731; Table 4.8) was almost as great as that reported by 

Metz (1997) for total basal area DCA axis 1 correlation with elevation (|r| = 0.884) for 

little disturbed forest stands in east-central Nepal. 

The forest stands in east-central Nepal described by Metz (1997) were in a 

religious preserve; all but one stand had negligible impact recorded by cutting index, and 

the impacted stand’s cutting index (1.07) was mainly due to fodder harvest of Ilex 

dipyrena. Thus cutting was not interpreted to be an important variable influencing forest 

structure in that study, and Metz did not report correlations of cutting index with 

ordination plot scores. 
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 Ordinations of my species matrices of density and basal area suggest that harvest 

practices may have a strong influence on variations in the Chimkhola forest. The distinct 

ordination patterns of plots with high cutting index and plots with low cutting index 

(Figs. 4.6 – 4.9) suggest that forest product extraction may be an important factor shaping 

forest composition and structure. Correlation of cutting index with PCA axis 1 and 2 plot 

scores (Table 4.8) suggests that cutting has strong influence on community structure of 

tall seedlings and saplings, but less influence on community structure of mature trees. 

This suggests the possibility that human impacts may be greater on patterns of 

reproduction than on the current distribution of mature trees. It is possible that these 

effects on reproduction will carry upward through recruitment to influence the 

distribution of mature trees in coming decades.  

My finding of fewer oak seedlings in the more highly disturbed Symplocos-

Quercus community agrees with results of Vetaas (2000) in central Nepal. Vetaas 

compared undisturbed, intermediate-disturbed, and very disturbed sites in Quercus 

semecarpifolia forest, and found that high canopy disturbance corresponded with low 

number of seedlings.  

One prominent result of my tree species plot census was the dominance of 

Symplocos ramosissima, a small to medium-sized tree with lanceolate, evergreen leaves. 

Stainton (1972) observed this species as an understory tree beneath tall canopies of 

Quercus lamellosa and other dominant oak species elsewhere in Nepal. However, 

throughout much of the area of my study, and especially in the lowest one-third of my 

sampled elevation range, S. ramosissima forms a forest canopy, above which some 
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individuals of larger tree species emerge. This was likely not the physiognomy of the 

forest vegetation as recently as 50 years ago. Based on interviews with older members of 

the Chimkhola community, Metz (1994) acquired anecdotal evidence in 1986 indicating 

that the lower part of my study area and an adjacent downslope area of currently 

degraded shrubland were once occupied by tall-canopied Quercus lamellosa forest. 

The confounding correlations of village distance and cutting index with elevation 

require interpretation of their effects to be qualified. However, cutting is clearly highest 

in the lower forest area closest to the village. My species size-class data and Metz’s 

(1994) interview data support the conclusion that high rates of harvest in the lower forest 

area have caused greater degradation than has occurred higher and farther in the forest. 

Poor recruitment of Quercus lamellosa in the lower forest Symplocos-Quercus 

community, compared to other oak species in the other communities, suggest this once-

dominant species is in decline (Table 4.3). The pattern of high harvest rates and low 

recruitment in the forest margin area closest to habitation is similar to that described by 

Moench (1989) in the Indian Himalaya. It appears likely that under current harvest rates, 

the process of lower forest degradation will continue. 
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Figure 4.1.  Map of study area, showing major contours in feet and locations of 
Chimkhola Village and the 30 study plots. 
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Figure 4.2  Minimum-variance cluster analysis (Ward’s method) of tree size class density 
data.  
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Figure 4.3.  Map of forest study area, showing locations of plots in groups A, B, and C, 
representing the Symplocos-Quercus, Symplocos-Mixed Evergreen, and Rhododendron-
Symplocos Communities, respectively.
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Figure 4.4. Size-class distribution histograms for aged Symplocos ramosissima trees > 10 
cm dbh on study plots in three communities. Total number of trees aged from cores were 
294 for the Symplocos-Quercus Community, 343 for the Symplocos-Mixed Evergreen 
Community, 212 for the Rhododendron-Symplocos Community  
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Figure 4.5.  Relationship of mean dbh to total plot cutting index for (A) Symplocos 
ramosissima and (B) Lindera pulcherrima. Data are for trees > 10 cm dbh. Regression 
equations are: 
S. ramosissima mean dbh =  21.0 – 1.75 cutting index      (r2 = 0.156;  p = 0.031) 
L. pulcherrima mean dbh =  19.3 – 4.43 cutting index      (r2 = 0.215;  p = 0.017) 
M. duthei(not shown) mean dbh =  43.5 – 6.08 cutting index      (r2 = 0.045;  p = 0.466) 
 
Standard error coefficients for intercept and slope constants: 
   Interept  Slope (cutting index) 
S. ramosissima 0.641  (p < 0.001) 0.770  (p = 0.031) 
L. pulcherrima 1.188  (p < 0.001) 1.728  (p = 0.017) 
M. duthei(not shown) 7.387  (p < 0.001) 8.078  (p = 0.466)
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Figure 4.6.  Ordination of plots in species space based upon pole-size density.  Low, 
medium, and high groups show plots sorted into three groups by cutting index (CI). 
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Figure 4.7.  Ordination of plots in species space based upon tree-size density.  Low, 
medium, and high groups show plots sorted into three groups by cutting index (CI). 
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Figure 4.8.  Ordination of plots in species space based upon total density.  Low, medium, 
and high groups show plots sorted into three groups by cutting index (CI). 
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Figure 4.9.  Ordination of plots in species space based upon tree basal area. Low, 
medium, and high groups show plots sorted into three groups by cutting index (CI). 
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Table 4.1.  Density and basal area for trees > 10 cm dbh for each species recorded, 
reported as mean (SE). 
     
Species Family Nepali name Density Basal area
   (stems ha-1) (m2 ha-1) 
     
Acer campbellii Aceraceae patkari 5.0 (1.9) 0.32 (0.17)
Acer sterculiaceum Aceraceae lekh paangro 3.3 (1.3) 0.28 (0.11)
Aesculus indica Hippocastanaceae paangro 3.0 (1.3) 0.42 (1.13)
Castanopsis tribuloides Fagaceae kaushe 1.0 (0.7) 0.06 (0.05)
Dodecadenia grandiflora Lauraceae ghue 46 (7.7) 3.56 (0.74)
Euonymus sp Celastraceae nibja 0.3 (0.3) 0.02 (0.02)
Eurya acuminata Theaceae jhiuni 8.3 (2.1) 0.33 (0.10)
Fraxinus sp. Oleaceae jhaama 1.7 (0.8) 0.05 (0.03)
Ilex diphyrena Aquifoliaceae lise 26 (3.5) 1.41 (0.26)
Ilex fragilis Aquifoliaceae seto kath 24 (13.1) 0.60 (0.31)
Leycesteria formosa  Caprifoliaceae paile 2.7 (1.1) 0.04 (0.02)
Ligustrum confusum Oleaceae silinge 24 (5.4) 0.87 (0.36)
Lindera pulcherrima Lauraceae nete 73 (12) 2.05 (0.38)
Lyonia ovalifolia Ericaceae angeri 8.0 (2.6) 0.94 (0.39)
Machilus duthei Lauraceae koble 17 (6.3) 1.77 (0.47)
Neolitsea lanuginosa  Lauraceae rakkal 6.3 (1.6) 0.57 (0.21)
Pieris formosa Ericaceae pore 0.7 (0.7) 0.02 (0.02)
Prunus napaulensis Rosaceae rithailo 27 (14) 0.77 (0.33)
Prunus venosa Rosaceae arupate 5.7 (1.5) 0.47 (0.14)
Quercus lamellosa Fagaceae arpha 5.7 (1.8) 3.21 (1.31)
Quercus oxyodon Fagaceae phalant 6.0 (2.0) 0.93 (0.48)
Quercus semecarpifolia Fagaceae karsung 10.7 (5.9) 1.78 (0.94)
Rhododendron arboreum Ericaceae guras 42 (12) 8.48 (2.40)
Rhus wallichii Anacardiaceae bhalai 4.7 (2.5) 0.14 (0.09)
Schefflera impressa Araliaceae nakare <0.1 <0.01 
Skimmia arborescens  Rutaceae seto kath gaas <0.1 <0.01 
Sorbus cuspidata Rosaceae miel 1.0 (1.0) 0.55 (0.55)
Symplocos ramosissima Symplocaceae dabdabe 381 (26) 13.1 (0.90)
Symplocos theifolia Symplocaceae baba dabdabe <0.1 <0.01 
Taxus bacata Taxaceae ruis 10.0 (0.3) <0.01 
Tusga dumosa Pinaceae gobre salla <0.1 <0.01 
Vibernum erubescens Caprifoliaceae guldung 83 (17) 1.33 (0.31)
     
Total density and basal area  817 (30) 44.1 (3.2) 
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Table 4.2. Density (stems ha-1) and basal area (m2 ha-1) by community, reported as 
Mean (SE). Differences among groups are indicated by lower case superscript 
letters for each measured variable (ANOVA, p < 0.05) (* p = 0.0625). 
 
    

    

Symplocos- 
Quercus 

Community  

Symplocos- 
Mixed 

Evergreen 
Community  

Rhododendron-
Symplocos 
Community  

    
Tree size class density 667 (47)a 855 (38)b 843 (38)b 

    
Tree size class basal area 34.4 (5.0)a 39.3 (4.8)ab 56.1 (8.0)b 

    
Total basal area 41.3 (4.9)a 45.7 (4.7)ab 62.0 (8.0)b 

    
Symplocos ramosissima tree density 419 (19)a 428 (20)a 303 (31)b 

    
Machilus duthei tree density 10 (3.8)ab 43.7 (20)b* 0a 
    
Lindera pulcherrima tree density 11.4 (5.9)a 140 (14)b 66 (21)c 

    
Quercus lamellosa tree density 18.6 (5.1)a 1.30 (1.3)b 0b 

    
Rhododendron arboreum tree density 0a 23 (17)a 110 (33)b 
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Table 4.3.  Density by size class and community for six important species, reported as 
mean (SE) stems ha-1. 

     
 short tall saplings poles trees 
 seedlings seedlings    
      

Symplocos ramosissima     
In Symplocos-Quercus 2038 (544) 2048 (317) 501 (69) 431 (35) 419 (19) 
In Symplocos-mixed evergreen 4475 (1024) 5829 (842) 719 (96) 454 (64) 428 (20) 
In Rhododendron-Symplocos 5367 (1319) 5910 (1263) 576 (157) 327 (61) 303 (31) 
      
Lindera pulcherrima      
In Symplocos-Quercus 414 (98) 495 (176) 113 (41) 50 (20) 11 (5.9) 
In Symplocos-mixed evergreen 1246 (226) 1163 (163) 426 (56) 248 (31) 140 (14) 
In Rhododendron-Symplocos 2990 (154) 1833 (197) 236 (58) 170 (50) 66 (21) 
      
Quercus lamellosa      
In Symplocos-Quercus 10 (6.1) 10 (6.1) 8.6 (4.6) 8.6 (4.6) 19 (5.1) 
In Symplocos-mixed evergreen 8.3 (8.3) 17 (17) 0 2.5 (2.5) 1.3 (1.3) 
In Rhododendron-Symplocos 0 0 0 0 0 
      
Quercus oxyodon      
In Symplocos-Quercus 0 0 0 0 0 
In Symplocos-mixed evergreen 46 (13) 79 (25) 30 (18) 11 (4.8) 8.8 (4.0) 
In Rhododendron-Symplocos 24 (10) 57 (33) 8.6 (4.6) 7.1 (3.6) 13 (6.4) 
      
Quercus semecarpifolia      
In Symplocos-Quercus 0 0 0 0 0 
In Symplocos-mixed evergreen 0 0 0 0 0 
In Rhododendron-Symplocos 195 (120) 143 (76) 20 (13) 40 (35) 33 (23) 
      
Rhododendron arboreum     
In Symplocos-Quercus 0 0 0 0 0 
In Symplocos-mixed evergreen 67 (34) 17 (13) 0 1.3 (1.3) 23 (17) 
In Rhododendron-Symplocos 95 (48) 100 (47) 16 (13) 11 (8.6) 110 (33) 
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Table 4.4.  Environmental and human impact variables recorded in 30 study 
plots. 
   
   
 Mean (SE) Range 
   
Cutting Index  0.68 (0.09)  0.09 - 2.03 
(scale 0 - 5)   
   
Village Distance  2.88 (0.08)  2.05 - 3.63 
(km)   
   
Elevation  2584 (25)  2345 - 2805 
(m)   
   
Aspect 330°NW (4.5°) 280°WNW - 20°NE 
(bearing)   
   
Slope  18.7 (0.8)  9 - 30 
(degrees)   
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Table 4.5. Cutting index, village distance, and elevation by plot group, reported as 
Mean (SE). Differences among groups are indicated by lower case superscript 
letters for each measured variable (ANOVA, p < 0.01). 
    

 

Group A 
Symplocos- 

Quercus 
Community 

 

Group B 
Symplocos- 

Mixed 
Evergreen 

Community 

Group C 
Rhododendron-

Symplocos 
Community 

 
    
Cutting Index (0 - 5) 1.30 (0.14)a 0.53 (0.12)b 0.36 (0.05)b 
    
Village Distance (km) 2.33 (0.07)a 2.86 (0.06)b 3.20 (0.08)c 
    
Elevation (m) 2407 (20)a 2579 (19)b 2709 (22)c 
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Table 4.6.  Correlations among densities and basal areas combining all species, 
cutting index, village distance, and elevation. Correlations with |r| > 0.5 are shown in 
bold. 
.          
          
  Cutting index   Village distance  Elevation 
  r p r p  r p 
          

Short seedling density -0.573 0.001  0.512 0.004  0.438 0.015

Tall seedling density -0.305 0.101  0.117 0.536  0.126 0.505

Sapling density  0.388 0.034  -0.634 <0.001  -0.580 0.001

Pole density  0.146 0.441  -0.178 0.346  -0.033 0.861

Tree density  -0.592 0.001  0.431 0.017  0.514 0.004

Total density  0.199 0.292  -0.416 0.022  -0.281 0.132

Tree basal area  -0.599 <0.001  0.651 <0.001  0.698 <0.001

Total basal area  -0.578 0.001  0.620 <0.001  0.684 <0.001

Cutting index     -0.783 <0.001  -0.811 <0.001

Village distance        0.949 <0.001
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Table 4.7.  PCA ordination results. Major species influencing each axis are given with 
eigenvector coefficients as a measure of influence. 
   
Species Matrix PCA % Variance Major Eigenvector 
 Axis Represented Species Coefficient 
     
Pole size class density 1 49 Vibernum erubescens 0.98 
   Lindera pulcherrima -0.12 
   Quercus semecarpifolia 0.09 
     
 2 30 Symplocos ramosissima 0.90 
   Lindera pulcherrima 0.33 
   Dodecadenia grandiflora -0.14 
     
Tree size class density 1 45 Symplocos ramosissima -0.89 
   Ilex fragilis 0.25 
   Vibernum erubescens 0.20 
     
 2 19 Vibernum erubescens -0.8 
   Lindera pulcherrima 0.32 
   Ilex fragilis 0.30 
     
Total density 1 48 Vibernum erubescens 0.79 
   Symplocos ramosissima -0.53 
   Lindera pulcherrima -0.27 
     
 2 34 Symplocos ramosissima -0.81 
   Vibernum erubescens -0.47 
   Lindera pulcherrima 0.20 
     
Tree basal area 1 57 Rhododendron arboreum -0.93 
   Quercus lamellosa 0.20 
   Dodecadenia grandiflora -0.18 
     
 2 15 Quercus lamellosa -0.90 
   Symplocos ramosissima 0.31 
   Rhododendron arboreum -0.17 
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Table 4.8.  Correlations of plot scores on PCA axes with cutting index, village distance, 
and elevation, based upon separate ordinations of eight species matrices for density, and 
basal area. Correlations with |r| > 0.5 appear in bold. 
 
Species  PCA          Cutting Index     Village Distance  Elevation 
Matrix Axis r p r p r p
    
Short seedling density 1 0.446 0.013 -0.374 0.042 -0.343 0.064

Short seedling density 2 0.253 0.178 -0.216 0.252 -0.419 0.021

Tall seedling density 1 0.439 0.015 -0.328 0.077 -0.339 0.067

Tall seedling density 2 -0.582 0.001 0.748 <0.001 0.803 <0.001

Sapling density 1 0.607 <0.001 -0.510 0.004 -0.489 0.006

Sapling density 2 -0.394 0.031 0.599 <0.001 0.576 0.001

Pole-size density 1 0.493 0.006 -0.413 0.023 -0.366 0.047

Pole-size density 2 0.343 0.064 -0.591 0.001 -0.561 0.001

Tree-size density 1 -0.245 0.192 0.535 0.002 0.557 0.001

Tree-size density 2 -0.325 0.080 0.276 0.139 0.303 0.103

Total density 1 0.477 0.008 -0.293 0.116 -0.281 0.133

Total density 2 -0.558 0.001 0.786 <0.001 0.753 <0.001

Tree basal area 1 0.599 <0.001 -0.758 <0.001 -0.721 <0.001

Tree basal area 2 -0.360 0.051 0.251 0.180 0.213 0.260

Total basal area 1 0.599 <0.001 -0.766 <0.001 -0.731 <0.001

Total basal area 2 0.384 0.036 -0.240 0.202 -0.204 0.279
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5. AGE – DIAMETER RELATIONSHIPS OF THREE SUBTROPICAL, 

BROADLEAF EVERGREEN TREE SPECIES  

 

Abstract 

Tree species’ age-diameter relationships provide ecological insights, because they 

indicate how species’ growth rates may influence or be influenced by competitive 

relationships among species in a community. This relationship has been studied in many 

temperate tree species, but in few subtropical evergreen species. I examined the age-

diameter relationships of three evergreen tree species across an upper-elevation forest 

area in west-central Nepal. Within this forest, I identified three communities by cluster 

analysis: a Symplocos-Quercus community, a Symplocos-mixed evergreen community, 

and a Rhododendron-Symplocos community. Age-diameter regression equations for 

Symplocos ramosissima differed significantly among the three communities: attainment 

of 10 cm dbh was slowest in the Rhododendron-Symplocos community, and total radial 

growth rate of trees was slowest in the Symplocos-mixed evergreen community. Lindera 

pulcherrima showed a trend of fastest growth rate in the Symplocos-Quercus community 

and slowest growth rate in the Rhododendron-Symplocos community. Of the three 

species, Machilus duthei grew to greatest size and age (60 cm dbh and 250 years), while 

L. pulcherrima reached 25 cm dbh and 120 years, and S. ramosissima reached 40 cm dbh 

and 90 years. Strength of the age-diameter relationship was greatest in M. duthei (r2 = 

0.70). The fast growth rate and shade tolerance of S. ramosissima appear to confer a 

successional advantage in the absence of major disturbance. 
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Introduction 

Age-diameter relationships 

The relationship between age and diameter in a tree species population is 

determined by life history traits such as mean growth rates, by the spacing of individuals, 

and by interactions with other species (Oliver and Larson 1996). For species in which 

tree rings provide a reliable indication of age, age-diameter studies provide insight into 

species’ natural history, as well as the ecological relationships among species in a 

community. 

In studies of forest tree populations, diameter has been used often as a proxy for 

age. Although Harper (1977) stated that the relationship between age and diameter in a 

multi-aged tree population “usually turns out to be very weak”, correlation coefficients 

>0.8 or >0.9 have been reported for many temperate zone tree species (Spring et al. 1974; 

Leak 1975; Hett and Loucks 1976; Lorimer 1980; Veblen 1985). Veblen (1992), 

however, cautioned that the strength of this relationship can vary with species and stage 

of stand development, and advised that it must be investigated in each application. While 

the strength of the age-diameter relationship has been most studied in temperate conifers, 

the data from the present study may be among the first reported for broadleaf evergreen 

species growing at subtropical latitudes. 

Veblen (1992) advised testing the relationship of age and diameter using only 

samples taken from relatively uniform habitats, because differing edaphic and climatic 

characteristics can cause variations in a tree species’ growth rate: “Samples taken over 
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steep physical gradients usually result in weak age-diameter relationships.” To test this 

idea with regard to my forest study area, I examined age-size relationships for Symplocos 

ramosissima in three forest communities that differ in tree species composition and 

elevation (see Chapter 4).  

 

Age determination from tree rings 

At temperate latitudes, pronounced variations in the annual cycle of photoperiod 

and temperature cause a single annual cycle in the phenology of cambial activity in the 

boles of most tree species. Secondary xylem tracheid cells with large lumens and thin 

walls are produced during the early part of the growing season, followed by a transition 

to small cells with thick walls produced late in the growing season. The juxtaposition of a 

dark band of small, thick-walled cells in the late wood of one growing season followed 

by a light band of large, thin-walled cells in the early wood of the next growing season 

produces the characteristic pattern of an annual ring (Fritts 1976). 

In much of the tropics, however, nearly constant year-round temperature and 

photoperiod provide conditions suitable for year-round growth, without the formation of 

distinct annual rings. Some evergreen tree species in this region can produce several 

small lenses of radial growth in one year, because the rate of cambial activity responds to 

changes in environmental factors such as soil moisture availability. 

Although my forest study area lies within subtropical latitudes, it lies at 

sufficiently high elevation (2300 m – 2800 m) to have seasonality similar to a temperate 

climate. Some snow falls during the relatively dry winter, contrasting the warm summer 
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with its monsoonal precipitation. Flowering and fruiting of most tree species occurs 

during a single summer growing season. Thus the seasonality of climate and phenology 

of most tree species favor the development of annual rings.  I examined the secondary 

xylem anatomy of many tree species and found the characteristic cellular pattern of 

annual rings. 

In addition to the pattern of cellular anatomy, it is desirable to have independent 

evidence verifying that the rings observed in the wood of a tree species are annual. One 

form of evidence is historical record, in which a tree of known planting or establishment 

date exhibits a number of rings corresponding to its known age. Another line of evidence 

is cross-dating, the matching of distinctive patterns of inter-annual variability in ring 

widths. These patterns generally result from the similarity of response among trees to 

inter-annual variability in climatic growing conditions (Fritts 1976). Cross-dating among 

trees in a stand is generally strongest in open stands growing near the limits of the species 

tolerance for low soil moisture or low temperature. Cross-dating is often weaker in closed 

stands growing under mesic conditions, where trees exhibit individualistic variation in 

growth resulting from competition with their neighbors for light and soil nutrients. In 

addition to providing evidence supporting the annual nature of tree rings, cross-dating 

provides evidence that the dating among trees is uniform.  

For my forest study area, there were no historical records of forest tree 

establishment dates to serve as evidence of the annual nature of tree rings. The species in 

this study, however, did exhibit the weak cross-dating typical of species growing in 

mesic, closed canopy forests for which the annual nature of tree rings has been well 
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established. Based upon cellular anatomy and cross-dating, I interpreted the tree rings in 

my three study species to be annual. 

For tree species that produce reliable annual growth rings, ring-counts of 

increment cores taken to pith can provide age of stem at coring height. Comparison of 

stem cross-sections taken from several saplings at ground level and at coring height can 

provide an estimate of the average age in years at which a stem reaches coring height. 

Adding this number to a ring count produces an estimate of the total age in years of an 

individual tree (Henry and Swan 1974; Fastie 1995). 

 

Objectives 

 This research examined the age-diameter relationships of three broadleaf 

evergreen tree species in an upper-elevation forest in west-central Nepal: Symplocos 

ramosissima, Machilus duthei, and Lindera pulcherrima. Research questions included: 

How do the strength and the form of the relationship between tree age and diameter at 

breast height (dbh) vary among the species? Do the strength and form of this relationship 

for each species vary among the three communities identified (see Chapter 4)?  

 

Methods 

Study area 

The forest area of this study lies between 2300 m and 2800 m elevation, above the 

village of Chimkhola, in Myagdi District, west-central Nepal (Figure 4.1). The watershed 

lies one valley to the west of the Kali Ghandaki gorge and 35 kilometers south of the 
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mountain Dhaulagiri. This tract of forest is delimited by steep ridges on the southeast and 

southwest, beyond which lies forest in the resource-use areas of other villages in the 

adjacent major drainages. Down slope to the north and northwest, this forest area 

transitions to a mosaic of low-statured shrubland and agricultural fields. Residents of 

Chimkhola procure much of their forest products from this ~1-km by 2-km forest area. 

Vegetation in this forest area resembles three forest types described by Stainton 

(1972) and transitions among them: Quercus lamellosa forest, Castanopsis tribuloides 

forest, and Quercus semicarpifolia forest. Stainton described these forest types as having 

a 30-m tall closed canopy and an understory of species of Symplocos and the family 

Lauraceae. In the system proposed by Singh and Singh (1987), this forest area would be 

classified as mid-montane hemi-sclerophyllous broadleaf forest. 

 

Field methods 

 On a reconnaissance visit to the study area, I took radial increment cores of ten 

tree species. I mounted and sanded cores at the Laboratory of Tree-Ring Research in 

Tucson, Arizona, and examined them for the presence and clarity of ring structure. I 

selected three species for sampling and investigation of age – size relationships. These 

three species represented different patterns of resource utilization by the villagers of 

Chimkhola: Symplocos ramosissima (“dabdabe”) is a species harvested primarily for 

poles used in goTh construction; Machilus duthei (“koble”) is a species utilized primarily 

for lopping of livestock fodder; Lindera pulcherrima (“nete”) is a little-utilized species. 

To further support the interpretation of their tree rings being annual, I cross-dated cores 
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within each species using standard “skeleton plot” methods on graph paper (Stokes and 

Smiley 1968). 

 For a related study of forest structure in this tract of forest, I censused all tree 

species in thirty 0.1 hectare plots (chapter 4). I established plots in a systematic regular 

pattern, at 200-m intervals along each of six parallel transects across the forest, to avoid 

subjective selection and to achieve maximum dispersion, thereby capturing a maximum 

range of variation in forest structure and composition (Mueller-Dombois and Ellenberg 

1974; Husch et al. 1982). I divided each 20-m x 50-m plot into ten 10-m x 10-m subplots 

for data collection.  

These 30 plots also served as the framework for a stratified random sampling of 

trees from which I collected increment cores. I cored 20 trees per plot, with two trees 

randomly selected from each subplot. I selected these trees by twice locating a random 

point in the subplot, then coring the nearest tree greater than 10 cm dbh. I located random 

points using single digit random numbers as x and y coordinates in meters from one 

corner of each 10-m x 10-m subplot. I cored trees at a height of 30 cm above the ground. 

Because the medium-sized tree species Symplocos ramosissima was by far the 

most abundant species in most areas of this forest, it comprised the great majority of trees 

sampled. Both Machilus duthei and Lindera pulcherrima were of such low abundance 

that the sampling method produced relatively small numbers of trees cored for each of 

these species. To improve the data set for exploring age – size relationships in M. duthei 

and L. pulcherrima, I revisited each study plot and cored all trees of these species, both 

on and immediately adjacent to the plot. 
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Laboratory and data analysis methods 

 I glued increment cores to standard core mounts and belt sanded with 

progressively finer grain to 400-grit belts. I then determined the age of tree stems at 

coring height by ring count. In some trees, a lack of radial symmetry resulted in the pith 

not being located at the geometric center of the tree, and thus the collected increment core 

missed the pith by a few millimeters. I estimated the number of missed rings between pith 

and core using pith locators, transparencies each with a series of concentric circles with 

uniform spacing, representing annual rings (Applequist 1958; Duncan 1989). I used the 

transparency with concentric circle spacing most closely matching the annual ring width 

near the pith to estimate the number of rings missed by the increment core. This method 

assumes uniform ring width near the tree center, which in application is often not true. 

Thus the method introduces a source of possible error in estimating tree age. If an 

increment core missed the pith by more than an estimated 10 mm, I excluded it from the 

sample of aged trees. However, in most cases in which the pith was missed, the increment 

core missed the pith by only a few millimeters, and the error would likely be only plus or 

minus one or two years. Tree age estimates produced were therefore still suitable for 

constructing age-size relationships of a species population. 

 For a stem analysis study of growth rates in Symplocos ramosissima (Chapter 6), I 

harvested 30 individuals between 5 and 10 cm dbh. Comparison of slabs taken at ground 

level and at a height of 30 cm indicated that the typical age at which stems reached 30 cm 

was two years. I added two years to the ring counts of cores taken at a height of 30 cm, to 
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estimate the age of each tree since germination. Lacking similar stem analysis data for 

Machilus duthei and Lindera pulcherrima, I assumed that their early rates of growth were 

similar to that of S. ramosissima, and added the same correction factor of two years to 

ring counts of their cores to estimate their tree ages. 

 While most cores of each species displayed well-defined tree rings, a few cores 

from each species displayed a period of suppressed growth with poorly defined rings. 

Also, a small number of cores from each species hit the remains of an early branch within 

the bole, preventing an accurate ring count. I excluded these cores from the sample of 

aged trees. Thus while the sample of aged trees for each species is suitable for 

establishing age – size relationships, it is not representative of the frequency distribution 

of ages in the population. 

 For each of my three study species, I plotted age against dbh and computed age-

diameter regression using Minitab version 14 (Minitab Inc. 2004), to determine the 

strength and form of the relationship between age and size. To evaluate whether age-dbh 

data for each species met the assumptions of regression, I first inspected plots of residuals 

for presence of unequal spread of y-values (age) throughout the range of x-values (dbh), 

which would indicated unequal variance. If unequal variance was visually apparent, I 

tried transformations of the data to reduce or remove it. I then used the Kolmogorov-

Smirnov test to examine the age data for normality. 

 For Symplocos ramosissima and for Machilus duthei, inspection of residuals 

indicated relatively equal variance, and Kolomogorov-Smirnov tests of age data indicated 

no significant departures from normality. However, for Lindera pulcherrima, residuals 
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indicated increasing variance in age with increasing values of dbh. This condition was 

improved with log transformation of the age data [log(age) = 1.25 + 0.031 dbh; r2 = 

0.525; p < 0.001]. Before transformation there were significant departures from normality 

(Kolmogorov-Smirnov test; p < 0.5), however, after transformation there were not 

significant departures from normality (p > 0.15). Although the untransformed L. 

pulcherrima data failed to satisfy the assumptions of homoscedasticity and normality, I 

present them for comparison of growth characteristics with Symplocos ramosissima and 

Machilus duthei. 

In an age versus dbh regression equation, the intercept constant represents the 

predicted average age at which the stem reaches a height of 1.3 m, and the slope constant 

is representative of growth rate. I used t-tests to determine significant differences 

between slopes and between intercepts of pairs of regression equations. 

I first regressed age versus dbh using data for aged trees from all 30 plots. I then 

did separate regressions for the three forest communities identified through cluster 

analysis (see Chapter 4). The Symplocos-Quercus, Symplocos-mixed evergreen, and 

Rhododendron-Symplocos communities included 7, 8, and 7 plots, respectively. Because 

some cored trees of each species lay in the 8 plots that did not cluster with any of the 

three communities, the sample size of aged trees used in whole-forest analysis is larger 

than the sum of sample sizes from the three communities. 

For Symplocos ramosissima and Lindera pulcherrima I did multiple regression of 

age versus dbh, using dbh, community type, and dbh – community interactions as 

predictors. I compared regression coefficient of determination (r2), slope, and intercept 
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values among species and among communities within species. The number of cored 

Machilus duthei was too small in the Symplocos-Quercus and Rhododendron-Symplocos 

communities to perform this inter-community analysis. 

 

Results 

Multiple regression of Symplocos ramosissima age versus dbh in three 

communities, using dbh, community type, and dbh-community interactions as predictors, 

did not find the interactions to be significant. Multiple regression using dbh and 

community type as predictors produced an equation (age = 21.3 + 1.68 dbh - 10.3 C1 - 

11.4 C2) with r2 = 0.677 (p < 0.001). A value of one for predictor C1 indicated the 

Symplocos-Quercus community; a value of one for predictor C2 indicated the Symplocos-

mixed evergreen community; a value of zero for both predictors indicated the 

Rhododendron-Symplocos community. Standard error values were: intercept, 3.74; dbh, 

0.17; C1, 5.34; C2, 4.97. 

Linear regression of Symplocos ramosissima data combining all communities and 

using only dbh as a predictor of age produced an equation (age = 11.7 + 1.90 dbh) with r2 

= 0.592 (p < 0.001). Separate regressions of S. ramosissima age versus dbh by 

community produced regression equations that did not differ significantly (Figure 5.1).  

Multiple regression of Lindera pulcherrima age versus dbh, using dbh and 

community types as predictors, produced an r2 = 0.589 (p < 0.001). Separate age-dbh 

regressions by community for L. pulcherrima (Figure 5.2) were not significantly different 

in their intercepts and slopes (t-test; p = 0.5). However, there was a possible trend of 
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fastest growth rate in the Symplocos-Quercus community and slowest growth rate in the 

Rhododendron-Symplocos community. Linear regression of L. pulcherrima data using 

dated trees from all 30 plots (N =94) and using only dbh as a predictor of age resulted in 

r2 = 0.524 (p < 0.001) (Figure 5.3). Using only dbh as a predictor of age, Machilus duthei 

had a regression r2 = 0.696 (Figure 5.3).  

Both M. duthei and L. pulcherrima had slope coefficients significantly larger than 

that of Symplocos ramosissima, indicating slower growth rates (t-test; p = 0.5). M. duthei 

grows to both greater age and larger size than either of the other species, with some dated 

individuals approaching 250 years in age and exceeding 60 cm dbh. In contrast, L. 

pulcherrima is a small tree seldom reaching 25 cm dbh, with some dated individuals 

approximately 120 years in age. S. ramosissima is a medium-sized tree, with some dated 

individuals approaching 40 cm dbh and 90 years in age. 

 

Discussion 

Age – diameter relationships 

 The regression coefficients of determination (r2) of age versus dbh for Symplocos 

ramosissima (0.677) and Machilus duthei (0.696) were within the range of values 

reported for species in other forest ecosystems, while the value for Lindera pulcherrima 

(0.589) was lower. Among temperate forest species in New Hampshire, Leak (1975) 

reported age versus diameter regression r2 of 0.67 for Abies balsamea, 0.88 for Picea 

rubens, 0.75 for Betula papyrifera, and 0.92 for Sorbus americana. Veblen (1985) found 

r2 values ranging between 0.75 and 0.93 for broadleaf tree species in forests of southern 
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Chile. The strength of the relationships between age and diameter for S. ramosissima and 

M. duthei were within the range considered suitable for the use of dbh as a proxy of age 

(Veblen 1992). 

 Pooling data from the three communities did not result in a significant decrease in 

the strength of the age-diameter relationship for this species. Thus Veblen’s (1992) 

prediction of weaker age-diameter relationships with samples including a greater 

diversity of habitat was not observed in S. ramosissima across the diversity of plant 

communities sampled. 

 Machilus duthei showed a stronger relationship between age and dbh than did 

Symplocos ramosissima, while Lindera pulcherrima showed a weaker age – dbh 

relationship (Figure 5.2). Differences among these species in age – dbh regressions, 

maximum age, and maximum size likely reflect life history differences. The steeper slope 

of the age/dbh regressions for M. duthei and L. pulcherrima indicate that both species are 

slower growing than S. ramosissima. Perhaps the combination of shade tolerance and 

faster radial growth rate of S. ramosissima saplings and subcanopy trees confers a 

competitive advantage over many other species in the gap-phase replacement of 

individual canopy trees. This faster growth rate is also consistent with the observations by 

villagers that S. ramosissima wood has low density, low strength, and low resistance to 

decay, making it less suitable than many other species for village house construction. 
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Figure 5.1. Relationship of age to diameter at breast height (dbh) for Symplocos 
ramosissima trees > 10 cm dbh in three communities: a Symplocos-Quercus community 
(A), a Symplocos-mixed evergreen community (B), and a Rhododendron-Symplocos 
community (C). Regression equations are: 
Community A: age = 11.0 + 1.59 dbh  (r2 = 0.602;  p < 0.001;  N = 69) 
Community B:  age = 9.91 + 2.08 dbh  (r2 = 0.632;  p < 0.001;  N = 85) 
Community C:  age = 21.3 + 1.68 dbh  (r2 = 0.627;  p < 0.001;  N = 60) 
 
Standard error coefficients for intercept and slope constants: 
   Intercept  Slope (dbh) 
Community A  3.12  (p = 0.001) 0.16  (p < 0.001) 
Community B  3.65  (p = 0.008) 0.17  (p < 0.001) 
Community C  3.81  (p < 0.001) 0.17  (p < 0.001) 
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Figure 5.2. Relationship of age to diameter at breast height (dbh) for Lindera pulcherrima 
trees > 10 cm dbh in three communities: a Symplocos-Quercus community (A), a 
Symplocos-mixed evergreen community (B), and a Rhododendron-Symplocos community 
(C). Regression equations are: 
Community A: age = -0.88 + 2.97 dbh  (r2 = 0.758;  p = 0.001;  N = 10) 
Community B:  age = -7.56 + 3.98 dbh (r2 = 0.485;  p < 0.001;  N = 45) 
Community C:  age = -11.2 + 4.72 dbh (r2 = 0.601;  p < 0.001;  N = 16) 
 
Standard error coefficients for intercept and slope constants: 
   Intercept  Slope (dbh) 
Community A  8.63  (p = 0.921) 0.59  (p = 0.001) 
Community B  9.41  (p = 0.426) 0.63  (p < 0.001) 
Community C  17.3  (p < 0.528) 1.03  (p < 0.001) 
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Figure 5.3. Relationship of age to dbh for (A) Machilus duthei and (B) Lindera 
pulcherrima, pooling data from forest study area. Regression equations are: 
M. duthei  age = 9.2 + 3.49 dbh  (r2 = 0.696;  p < 0.001;  N = 45) 
L. pulcherrima age = -10.1 + 4.28 dbh (r2 = 0.524;  p < 0.001;  N = 94) 
 
Standard error coefficients for intercept and slope constants: 
   Intercept  Slope (dbh) 
M. duthei  10.05  (p = 0.364) 0.35  (p < 0.001) 
L. pulcherrima 6.47  (p = 0.123) 0.426  (p < 0.001) 
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6. GROWTH RATE AND REPLENISHMENT OF SYMPLOCOS RAMOSISSIMA 

IN RELATION TO HARVEST RATE OF GOTH CONSTRUCTION POLES 

 

Abstract 

Upper-elevation villagers in Nepal harvest large numbers of pole-size trees to 

construct itinerant herders’ shelters. The harvest of these poles, as well as fuelwood and 

tree-leaf livestock fodder, may be altering upper-elevation forest structure and resource 

availability in Nepal. Near a village in west-central Nepal, I assessed the sustainability of 

local harvest rates of Symplocos ramosissima poles for herders’ shelter construction, by 

comparing estimates of harvest rate and the rate of replenishment of pole-size S. 

ramosissima trees, under four scenarios of spatial distribution of harvest: 1) harvest 

evenly distributed, 2) harvest only in forest community closest to village, 3) harvest in 

two closest communities, 4) harvest in each forest community proportional to stump 

density. The average herders’ structure required ~107 poles: 67 small poles as wall 

verticals, 21 poles as wall horizontals, and 19 large poles as posts and beams supporting 

bamboo roof mats. Annual rotation of herd sites and shelter construction required a 

household average of 3.2 new sets of poles yr-1 and an average annual harvest of 33.7 

pole-size trees ha-1 from the 150-ha forest area. Mean density (SE) of pole-size S. 

ramosissima was 375 (32) stems ha-1. Stem analysis of 24 pole-size S. ramosissima 

indicated a mean age of 35 years and a mean of 11 years to grow from 5 cm to 10 cm 

dbh. Comparisons of harvest and replenishment rates indicate that only harvest scenario 1 

(even distribution) was sustainable. Harvest scenario 2 (closest community) and scenario 
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3 (two closest communities) were unsustainable. The currently occurring harvest scenario 

4 (proportional to stump density) was sustainable in the two farther forest communities, 

but unsustainable in the community closest to village and agricultural fields. 

   

Introduction 

Resource sustainability 

Resource sustainability is a growing concern in many aspects of the human – 

environment relationship, including human use of forests (Oliver 2003). There have been 

many efforts to define sustainability, with respect to various resources, system properties, 

and other values to be sustained. Some definitions are based on the human needs – 

centered viewpoint of sustainable development, defined as “development that meets the 

needs of the present without compromising the ability of future generations to meet their 

own needs” (Bruntland 1987). Other definitions focus on sustaining biodiversity and 

ecosystem properties, such as in the Sustainable Biosphere Initiative of the Ecological 

Society of America (Lubchenco et al. 1991). Callicott and Mumford (1997) proposed an 

ecological definition of sustainability as “meeting human needs without compromising 

the health of ecosystems.” Forest sustainability has been described by Aplet et al. (1993) 

and Maser (1994), and defined by Oliver (2003) as ensuring “each ecosystem provides its 

fair share of values, neither overly depriving itself or other times and places of the ability 

to provide values.”  For the purposes of this research, I consider resource sustainability to 

be maintained if harvest rate does not exceed the rate of regrowth or replenishment. 
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 Even more challenging than defining sustainability are devising methods for its 

assessment and management strategies for its achievement. Some assessments of forest 

resource sustainability use measurements or perceived differences in the volume of the 

resource base over time, attempting to assess whether resource depletion is occurring. 

Pandit and Thapa (2004) assessed sustainability of harvest practices for several non-

timber forest products in a central Nepal watershed using structured interviews of forest 

users regarding changes in resource-type abundances over the previous 5, 10 and 20 year 

periods.  

Another approach to assessing sustainability of a specific forest resource is to 

compare harvest rate with the rate of regrowth or replenishment of that resource. 

Schwartz et al. (2002) studied harvest rate and tree growth rate of Pterocarpus angolensis 

in Tanzania, to assess sustainability of harvest practices for construction and medicinal 

purposes. They measured densities of 5-cm interval size classes and used tree-ring 

increment cores to estimate the time required for trees to pass from one 5-cm size class to 

the next. Their results indicated that recruitment lagged behind that needed to restock the 

harvested population. 

 Forest users’ perceptions of changes in resource abundance over time is a useful 

approach for assessing sustainability of resources for which measurements of standing 

crop are difficult and records of harvest rate are lacking. Both conditions occur for many 

medicinal herbs harvested from forests in Nepal (Pandit and Thapa 2004). Comparison of 

harvest rate with replenishment rate can provide a more quantitative assessment of 

sustainability of resources for which harvest rate, standing crop, and rate of 
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replenishment can be measured. I took the latter approach to assess the sustainability of 

pole-size S. ramosissima trees by comparing the harvest rate with replenishment rate. My 

expectation was that harvest rate would not exceed replenishment rate when the level of 

resource use was sustainable. 

 

The goTh system of agriculture 

Across the southern slope of the Nepal Himalaya, upper-elevation villagers 

practice the goTh (pronounced “goat” with a hard “t”) system of subsistence agriculture. 

Due to low fertility of agricultural soils, nutrients are added by keeping large herds of 

livestock on the fields for one to several weeks prior to planting. Most upper-elevation 

villages have access to areas of broadleaf forest, from which tree-leaf fodder is hand cut 

to feed the livestock while kept on the fields. While tending the livestock away from the 

village, herders reside in temporary shelters called goThs, constructed from poles and 

woven bamboo roof mats. Most households use several goTh locations in an annual 

rotation. Because construction poles are not carried between goTh locations, villagers 

harvest large numbers of construction poles from nearby forests. 

John Metz lived in the village of Chimkhola in west-central Nepal for one year in 

1986, documenting the goTh system of resource use through observation, sample 

measurements of household forest product use by weight, and repeated interviews with a 

representative sample of households (Metz 1989a, 1990, 1994). Forest resources of the 

Chimkhola area remain under traditional village control, without the existence of a 

government-sponsored Community Forest User Group and without restrictions on the 
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location of forest product harvest. Metz found that 84% of the 285 families in Chimkhola 

used the goTh system of movement of livestock herds. The average goTh was a 3.5 m x 

7.0-m structure built of poles, with roof mats woven from split bamboo, and with an 

additional narrow fenced area attached to the front side. GoThs were built this large to 

provide nighttime shelter and protection for young livestock as well as for the herder. 

Each goTh structure was used seasonally for one to several weeks while livestock were 

kept at that site, after which the goTh was dismantled and the poles stored until the next 

season. Although bamboo roof mats were carried between locations, a separate set of 

poles was needed at each location.  

The agricultural fields owned by each family were organized into seven groups. 

In addition to the goTh structure erected seasonally at each group of fields, each family 

had a goTh location at their potato garden at the lower forest boundary and a goTh 

location in the higher forest, used during times when herds were kept in the forest to 

browse and graze. Each family, therefore, needed nine sets of goTh poles. Poles stored 

protected from monsoon rains lasted on average six years, while poles stored unprotected 

would rot in two years or less. While the average family could store four sets of poles in 

protected locations, one at their village home and three at stone huts on their lower fields, 

five sets of poles were stored unprotected. Needing, on average, to replace four sets of 

poles every six years and five sets every two years, families needed to cut 3.17 sets of 

goTh poles per year (Metz 1994). 

Although other species were harvested for goTh poles, the majority of poles 

harvested were Symplocos ramosissima, due to its characteristic straight stem and low 
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taper. Many individuals of Vibernum erubescens and Lindera pulcherrima, second and 

third in pole-size abundance, were less suitable for goTh poles, due to curvature or 

greater taper. In addition, my Nepalese assistants indicated that villagers would not select 

fodder tree species such as oaks and Machilus duthei for goTh poles, due to their greater 

value as producers of livestock fodder.  

 

Assessing goTh pole harvest rate and its spatial distribution  

My data for annual goTh pole demand were derived from community-wide 

household census data and Metz’s (1994) interview data regarding numbers of families 

using the goTh system, number of goTh per family, and number of years poles can be 

reused. This annual harvest rate pertained to my 150-ha forest area as a whole; I lacked 

harvest rate data specific to individual study plots. 

Near a village in the Indian Himalaya, Moench (1989) found that villagers 

generally walked the shortest distance necessary to harvest tree-leaf fodder, fuelwood and 

construction materials. Although the village had access to a large forest area, harvest 

impacts were concentrated in the forest margin closest to the village, such that intensive 

harvest interfered with resource replenishment in the margin area, causing degradation of 

forest structure. 

Because of goTh poles’ weight and length, I reasoned that in my study area they 

would be harvested as close to their site of use as possible. This would result in a gradient 

of decreasing harvest intensity with increasing distance from goTh construction sites. The 

majority of goTh structures provisioned from my forest study area were built on a large 
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area of agricultural fields that lie downslope of the forest and extend to the margin of the 

village (Figure 4.1). Although I lacked specific data on the locations of goTh constructed 

seasonally in this large area, the majority of these goTh sites lay in the direction of the 

village from the forest. Thus, I used distance from each plot to the village as a proxy 

variable for distance from plot to goTh sites. I predicted that intensity of pole harvest 

would be inversely correlated with village distance. 

The three forest communities identified by cluster analysis of tree density data 

(see Chapter 4) were spatially arranged with the Symplocos-Quercus community closest 

to the village and agricultural fields, the Symplocos-mixed evergreen community at 

intermediate distance, and the Rhododendron-Symplocos community at greatest distance 

from village and fields. While the total goTh pole harvest from this forest area might be 

sustainable if evenly distributed, it might not be sustainable if concentrated in the closest 

community or the closest two communities. 

 

Assessing replenishment rate 

Annual replenishment rate of pole-size S. ramosissima might be estimated by 

dividing the forest area standing crop by the average age of pole-size individuals. This 

approach, however, is likely inappropriate for two reasons. First, the standing crop does 

not represent undisturbed natural abundance, but instead a population under continual 

harvest. Second, rate of recruitment into this size class is likely influenced by sapling 

abundance and ecological factors affecting sapling survival and growth rate, including 

reduction of competition resulting from harvest of pole-size trees.  
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A more accurate assessment of annual rate of recruitment into the pole size class 

may result from dividing pole-size density by the average time spent in transition through 

the pole size class. This transition time could be derived using a stem analysis of tree 

rings and using age versus diameter regression. 

Methods of stem analysis use radial increments of growth at multiple heights on 

the bole of a tree to characterize three-dimensional patterns of radial growth and growth 

in length through time (Duff and Nolan 1953; Myers 1963; Shea and Armson 1972; 

Husch 1982, Fastie 1995). Graphical depictions of results can show height-by-diameter 

profile curves for different ages during the development of an individual tree. These 

methods have been applied to temperate conifers to investigate the effects of different 

growing conditions on production of timber volume and development of bole shape (e.g., 

Myers 1963; Shea and Armson 1972). 

 

Objective 

The objective of this research was to assess the sustainability of current harvest 

rates of S. ramosissima poles for goTh shelter construction by comparing an estimate of 

harvest rate with the rate of replenishment of pole-size S. ramosissima trees in the forest. 

I wished to assess sustainability for four scenarios of spatial distribution of harvest: 1) 

assuming harvest was distributed evenly throughout the forest area, 2) assuming harvest 

was restricted to the Symplocos-Quercus Community, 3) assuming harvest was restricted 

to the Symplocos-Quercus and Symplocos-Mixed Evergreen Communities combined, and 
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4) assuming harvest occurred in all three forest communities in proportion to their 

densities of pole-size S. ramosissima stumps. 

 

Methods 

Study area 

The village of Chimkhola lies at 1770 m elevation on a tributary of the Rahughat 

Khola (river), 35 kilometers south of the 8172-m summit of Dhauligiri, in Myagdi 

District, west-central Nepal. My forest study area lay between 2300 m and 2800 m 

elevation, southeast and upslope from the village (Figure 4.1). This 150-ha tract of forest 

is delimited by steep ridges on the southeast and southwest, beyond which lies forest in 

the resource-use areas of other villages in the adjacent major drainages. Down slope to 

the north and northwest, this forest area transitions to a mosaic of low-statured shrubland 

and agricultural fields.  

Vegetation in this forest area resembles three forest types described by Stainton 

(1972) and transitions among them: Quercus lamellosa forest, Castanopsis tribuloides 

forest, and Quercus semecarpifolia forest. Stainton described these forest types as having 

a 30-m tall dense canopy and an understory of species of Symplocos and the family 

Lauraceae. In the system proposed by Singh and Singh (1987), this forest area would be 

classified as mid-montane hemi-sclerophyllous broadleaf forest. Cluster analysis of tree 

density data (see Chapter 4) suggested three communities in my forest study area: a 

Symplocos-Quercus Community, a Symplocos-Mixed Evergreen ommunity, and a 

Rhododendron-Symplocos Community, with mean (SE) distance to village in kilometers 
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2.33 (0.07), 2.86 (0.06), and 3.20 (0.08), respectively. From the spatial dispersion of plots 

comprising the three forest communities (Figure 4.3), I assumed that each community 

occupied approximately one-third of the 150-ha forest area. 

Metz’s (1989a) map and description of the distribution of Chimkhola’s 

agricultural fields indicates that approximately one-third were located on the northwest-

facing slope southeast from the village, lying between my forest study area and the 

village. These fields had goTh poles harvested from my forest area. The remaining two 

thirds of Chimkhola’s agricultural fields were located northeast and northwest from the 

village. GoTh poles used on those fields were harvested from other areas of upper-

elevation forest lying closer to those fields. Each family practicing the goTh system 

owned fields in each of these three major agricultural areas. Thus I estimated that one 

third of the total goTh poles used by Chimkhola residents were harvested from my forest 

study area. 

 My discussions with villagers indicated there had been little change in the number 

of family households in Chimkhola between Metz’s resource-use study in 1986 and my 

forest structure research in 1997. Assuming that 84% of 285 households each required an 

average of 3.17 new sets of goTh poles per year, I estimated a community-wide harvest 

rate of 760 sets of goTh poles per year. Based upon the distribution of agricultural fields, 

I estimated that my forest area supplied one third of the total goTh poles harvested, or 

253 sets of goTh poles per year. 
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Field methods 

For a related study of forest structure and composition in my forest study area, I 

conducted a census of all tree species in thirty 0.1-hectare plots (see Chapter 4; Figure 

4.1). I established plots in a systematic regular pattern, at 200-m intervals along each of 

six parallel transects across the forest, to avoid subjective selection and to achieve 

maximum dispersion, thereby capturing a maximum range of variation in forest structure 

(Mueller-Dombois and Ellenberg 1974; Husch et al. 1982). Each 20-m x 50-m plot was 

divided into ten 10-m x 10-m subplots for data collection. Among the tree census data 

collected within these plots, I tallied the 5 – 10 cm pole-size individuals by species. I 

estimated mean density of pole-size S. ramosissima in the 150-ha forest area as the mean 

of density in the 30 plots. 

As a measure of intensity of human harvesting of forest products, I assessed each 

tree >10 cm dbh for human impact on a cutting class scale ranging from 0 to 5, following 

Metz (1997) (0 = no cutting; 1 = slight evidence of cutting; 2 = one-fourth of tree canopy 

removed; 3 = half of tree canopy removed; 4 = three-fourths of tree canopy removed; 5 = 

tree dead from cutting). I derived a cutting index for each plot by averaging the cutting 

scores for all trees of all species. For pole-size S. ramosissima, I made a stump count of 

trees harvested for goTh poles. I calculated cutting index and stump density for each 

forest community as the mean of values for the plots comprising each community. 
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Harvest rate 

To estimate the average construction pole requirements of a goTh shelter, I took 

measurements and enumerated pole numbers and sizes used in seven goTh structures. 

Selected goTh structures represented the range of goTh sizes and were distributed across 

the agricultural fields between the forest study area and the village. GoTh shelter walls 

are constructed of vertical poles (gotcha) ~5-6 cm diameter and 1.5-1.7 m long, placed at 

25-cm spacing, and horizontal poles (gaaraalo) ~6-8 cm diameter and 2-3 m long, placed 

at three heights across the wall. After tying crossed poles with strips of split bamboo, 

herders fill in the wall framework with leafy tree branchlets or the leafy tops of bamboo 

stems. Posts (kaamo) and beams (bolo) support the roof of woven bamboo mats; these are 

~8-10 cm diameter and 2-3 m long. To generalize the pole needs of goTh construction, I 

enumerated poles by three size classes: small poles used as wall uprights, mid-sized poles 

used as wall horizontals, and large poles used as post and beam roof supports. 

Converting estimates of goTh pole requirements into a harvest rate of trees 

involved several assumptions and uncertainties. Nearly two-thirds of the poles used in the 

construction of a goTh were the small wall and fence vertical members. While these 1.5 

to 1.7-m long poles were 5-6 cm diameter at their larger ends, many were ~4 cm diameter 

at their small end. Many of these small goTh poles may be harvested from the sapling 

size class (2.5-5 cm dbh) rather than the pole size class (5-10 cm dbh) of my tree census 

data. Others may be cut from the upper ends of trees harvested for larger structural poles. 

Finally, many are likely cut from coppice stump regrowth in the degraded shrub lands on 

steeper slopes surrounding the margins of upper agricultural fields. 
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I therefore based my estimate of pole-size tree harvest for goTh construction on 

the average goTh needs of 21 medium and 19 large poles, each 2-3 m in length. I 

assumed that an average of two medium-to-large goTh poles can be cut from an average 

5.0 m pole-size tree, based on information provided by my Nepalese assistants during the 

harvest of trees for stem analysis.  

My local Nepalese field assistants confirmed that all harvested pole-size S. 

ramosissima stems were used as goTh poles. In my census of tree species in 30 plots, I 

counted the stumps of harvested pole-size S. ramosissima. This measure of harvest 

intensity is distinct from cutting index, because cutting index was based upon impacts 

which reduced the canopy of trees > 10 cm dbh. Although cutting index largely reflects 

the intensity of fodder lopping from mature trees, I predicted that it would be correlated 

with goTh pole harvest intensity, because both forest products need to be carried from 

their point of harvest to their site of use. 

 

Replenishment rate 

I harvested 30 Symplocos ramosissima trees between 5 cm and 10 cm dbh for 

stem analysis. I instructed my Nepalese field assistants, men from the village of 

Chimkhola, to select trees that they would find suitable as poles for goTh construction, 

and to indicate the usable length of each harvested tree. We selected these trees from a 

broad, northwest-facing, 15-20º slope near plots 18 and 19, near the center of the forest 

study area. We cut each tree with a hand saw at soil level, and took cross-section slabs at 

heights of 0 cm, 30 cm, 130 cm, and 300 cm. I chose these heights to represent, 
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respectively, tree age, coring height (Chapter 5), the breast height of diameter 

measurements, and the typical length of the longer poles used in goTh construction. 

I prepared the four slabs from each of 30 S. ramosissima trees by belt sanding 

with progressively finer grain to 400-grit belts. I then determined the age of each slab by 

ring count. Evidence supporting the annual nature of tree rings in S. ramosissima is 

presented in Chapter 5. Of the 30 trees harvested, 24 proved useable for stem analysis. 

The 24 trees used for stem analysis were distributed throughout the 5-10 cm dbh size 

range. 

For each tree, I used the difference in ring count between each pair of slabs to 

represent the difference in stem age between the heights of those slabs. For each pair of 

slab heights, I used data from all trees to calculate mean and standard error for the 

difference in age between those two heights. 

For my application to the growth of young Symplocos ramosissima, I was not 

concerned with volume production, but rather with the age at which a young tree reaches 

sufficient length and diameter to be usable as a pole in goTh construction. Thus, the 

relevant data for my comparisons of stem heights were diameter at each height and stem 

age in years at each height. Having included a range of sizes in my sample, I did not need 

the length-diameter size relationships that had occurred earlier in the development of an 

individual tree, which can be derived from measurement of ring widths from each height. 

The radial growth of S. ramosissima produces tree rings less suitable than that of typical 

conifers for ring-width measurements. While tree rings had circuit continuity around the 

stem, many trees lacked circuit uniformity of ring widths. Eccentric growth placed the 
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pith far from the geometric center in many S. ramosissima trees, such that measurements 

along any single radius would not be representative of volume growth.  

I conducted my census of the 5 - 10 cm dbh pole size class by tally, thus I do not 

have data on the distribution of abundances by 1-cm size classes within the pole size 

class. I observed, however, that abundance of 5-cm individuals was somewhat greater 

than abundance of 10-cm individuals, and I assume a modest and linear decrease in 

abundance of individuals of intermediate diameters between 5 cm and 10 cm dbh. 

 The pole-size trees indicated by my Nepalese field assistants as suitable for goTh 

poles were also distributed throughout the 5-10 cm dbh size class, with greater abundance 

toward the smaller end of that size range. I assumed that the distribution of harvest rate 

by size roughly parallels the distribution of abundance by size within the 5-10 cm dbh 

size class. 

I regressed age versus dbh for the 24 dated pole-size trees. To evaluate whether 

the data met the assumptions of regression, I first inspected plots of residuals for presence 

of unequal spread of y-values (age) throughout the range of x-values (dbh), which would 

indicated unequal variance. I then used the Kolmogorov-Smirnov test to examine the age 

data for normality. Residuals indicated homoscedasticity and a Kolmogorov-Smirnov test 

showed no significant departure from normality. 

I used the regression equation to estimate the average age of 5 cm and 10 cm dbh 

trees, then used the difference between these ages to represent the average number of 

years during which an individual transitions through the pole size class. To estimate the 
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average annual recruitment rate of pole-size S. ramosissima, I divided pole density by the 

average number of years to transition through the size class. 

 

Assessing spatial variation in harvest and sustainability 

 I estimated the spatial variation in harvest by comparing the cutting index and 

stump density among the three forest communities that are arranged at increasing 

distance from the village. I used an ANOVA to describe the strength of these 

relationships. To evaluate equality of variances of community samples, I compared ratios 

of variances of pairs of community samples with critical values of the F-distribution. To 

evaluate normality, I used Kolmogorov-Smirnov tests on cutting index and stump density 

data. Cutting index data did not satisfy the assumptions of equality of variances and 

normality. However, stump density data did satisfy the assumptions of equality of 

variances and normality. 

To assess sustainability of S. ramosissima goTh pole harvest, I compared harvest 

rate with replenishment rate. Harvest rates were calculated based upon the total forest 

annual harvest in trees yr-1 divided by the area harvested. Replenishment rates were 

calculated as mean density divided by the average number of years spent in the pole size 

class. I interpreted sustainability to occur when replenishment rate was greater than 

harvest rate. I made this assessment for four scenarios of spatial variation in the harvest 

of trees.  The first scenario assumes that harvest occurs equally throughout the entire 

forest. The second assumes that the harvest is limited to the forest community closest to 

the village and at the lowest elevation. The third scenario assumes that the harvest was 
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limited to the two lowest forest communities. The fourth scenario assumes that harvest 

rate was proportional to stump density in each of the three forest communities. 

 

Results 

Village Harvest Rate 

Counts of poles in seven goTh structures indicated a mean of ~107 poles per 

structure (Table 6.1). Of these, 67 were small poles used as wall verticals, 21 were 

medium-size poles used as wall horizontals, and 19 were large poles used as posts and 

beams supporting roof mats. The mean (SE) of medium and large poles combined was 40 

(2). 

Calculations based on Metz’s (1989a, 1994) interview data indicated Chimkhola 

residents harvested 253 sets of goTh poles per year from my forest study area. If a mean 

(SE) of 40 (2) medium-to-large goTh poles are needed per shelter and two of these are 

procured per tree, then 5060 pole-size trees would be harvested per year. The poles-per-

goTh component of this calculation contributes a standard error of 253 trees. However, 

the household census data for Chimkhola and Metz’s (1994) interview data estimating the 

percentage of households practicing the goTh system both lack any means of calculating 

an error term. If the harvest was distributed evenly throughout the 150-ha forest area, 

then the annual harvest of 5060 pole-size trees would indicate a harvest rate of 33.7 trees 

ha-1 yr-1. 
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Spatial variation in use intensity 

Both cutting index and pole-size S. ramosissima stump density were significantly 

higher in the Symplocos-Quercus community than in the Symplocos-mixed evergreen or 

Rhododendron-Symplocos communities (ANOVA; Table 6.2). Stump densities indicated 

pole cutting throughout the forest area, with higher intensity of harvest closer to the 

village and agricultural fields. Assuming the three communities occupied equal areas, the 

percentages of total harvest occurring in each community were 53% in the Symplocos-

Quercus community, 25% in the Symplocos-mixed evergreen community, and 22% in the 

Rhododendron-Symplocos community. 

 

Time in pole size-class 

Stem analysis of 24 S. ramosissima, representing the size distribution of trees 

harvested for goTh poles, indicated a mean dbh of 6.64 cm, a mean tree age of 35 years, 

and mean usable length of 5.0 m (Table 6.3). Six of the 30 trees sampled for stem 

analysis could not be dated because growth suppressions made a portion of their annual 

rings indistinct. Regression of age versus dbh for the 24 trees showed a weak (r2 = .30) 

but significant (p = 0.006) relationship (Figure 6.1). 

Based on the regression equation of age versus dbh for pole-size S. ramosissima 

(Figure 6.1), average ages of 5-cm and 10-cm trees were 30.8 and 42 years, respectively, 

suggesting an average 11 years spent in the pole size class.  
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Spatial variation in replenishment 

Mean density (SE) for pole-size S. ramosissima in the 150-ha forest area was 375 

(32) stems ha-1. S. ramosissima comprised 39% of the 968 (71) stems ha-1 mean total pole 

density of all species. Dividing the mean (SE) pole-size density of 375 (32) stems ha-1 by 

the average 11 years spent in the pole size class suggests mean (SE) annual recruitment 

between the one-year age classes within the pole size class to be 34 (2.9) stems ha-1, or 

5113 (436) trees yr-1 in the study area. 

Mean density (SE) for S. ramosissima pole-size trees in the Symplocos-Quercus, 

Symplocos-Mixed Evergreen, and Rhododendron-Symplocos Communities were 431 

(35), 454 (64), and 327 (61) trees ha-1, respectively. Assuming that each forest 

community characterizes one third (50 ha) of the forest area and that an average tree 

spends 11 years in the pole size class, total recruitment rates of pole-size trees in the 

Symplocos-Quercus, Symplocos-Mixed Evergreen, and Rhododendron-Symplocos 

Communities were 1959 (159), 2064 (291), and 1500 (272) trees yr-1, respectively. 

 

Spatial variation in sustainability 

 Results for sustainability (replenishment rate minus harvest rate) of four harvest 

scenarios (Table 6.4) were as follows: Scenario 1, assuming uniform harvest throughout 

the forest area, showed a small margin for sustainability. Scenario 2, assuming harvest 

occurred only in the Symplocos-Quercus community, showed a harvest rate greatly 

exceeding replenishment rate. Scenario 3, assuming harvest occurred only in the 

Symplocos-Quercus and Symplocos-mixed evergreen communities, also showed harvest 
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to exceed replenishment. Scenario 4, assuming harvest to occur in proportion to stump 

densities in the three communities, showed harvest not exceeding replenishment in the 

Symplocos-mixed evergreen and Rhododendron-Symplocos communities, but showed 

harvest exceeding replenishment in the Symplocos-Quercus community. 

 

Discussion 

My estimate of the total harvest of pole-size trees from the forest area (5060 trees 

yr-1) does not exceed my estimate of total forest area replenish (5113 trees yr-1), 

suggesting that if harvest was evenly distributed (Scenario 1), harvest rate would be 

sustainable. However, the significantly higher stump density in the forest community 

closest to village and agricultural fields suggests that this harvest scenario is unlikely.  

Scenario 2, assuming harvest to occur only in the Symplocos-Quercus community, 

and Scenario 3, assuming harvest only in the Symplocos-Quercus and Symplocos-mixed 

evergreen communities combined, were both unsustainable (Table 6.4). The harvest rate 

in Scenario 2 was 2.5-fold higher than replenishment rate and would likely lead to rapid 

depletion. Both of these scenarios, however, are unlikely because stump density indicates 

that some harvest occurs in the Rhododendron-Symplocos community. 

 The proportion of total stumps in each community (Table 6.2) logically reveals 

the proportion of harvest occurring in each of the three communities, making the 

“proportional harvest” Scenario 4 the most likely. Applying the proportions of total 

harvest indicated by stump densities suggests different prospects for sustainability among 

the three communities: harvest is sustainable in the Symplocos-mixed evergreen and 
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Rhododendron-Symplocos communities, but not sustainable in the Symplocos-Quercus 

community (Table 6.4). 

 Therefore, sustainable harvest only occurs under an assumption of uniform spatial 

distribution of harvest.  The stump distribution and increasing cutting index closer to the 

village suggest that harvest rates or probabilities are not uniformly distributed in the 

forest.  Instead, harvest intensity increases with as one moves closer to the village. Under 

this selected harvest regime, sustainability of harvest is occurring at intermediate and far 

distances from the village, but the rates of harvest nearest the village are not sustainable. 

 These results agree with the patterns observed by Moench (1989) near a village in 

the Indian Himalaya, where concentration of harvest near the closer forest margin 

resulted in resource depletion and impaired recruitment and replenishment. These results 

are also in accord with reports of Chimkhola village elders (Metz 1994) that the degraded 

shrubland below the present forest margin was a tall forest of Quercus lamellosa several 

decades ago. It appears that a process of forest degradation at the forest margin, begun 

with intensive fodder lopping of Q. lamellosa decades ago, is now continuing through 

intensive pole harvest of S. ramosissima. 

 

Qualifications and caveats 

This study may overestimate harvest rate for pole-size S. ramosissima, because 

some goTh poles are harvested from other species. This study may also underestimate 

recruitment rates, because they are based on a standing crop that has been under the 

continual influence of harvest. Recruitment from saplings to poles may occur at a higher 
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rate than the pole standing crop would suggest. My census presents a static age structure, 

lacking data on natural mortality rates by size or age, and lacking data on annual harvest 

rate within each study plot. There is also some uncertainty in the proportion of the forest 

area that each forest community contributes. 

 Several additional types of data could serve to improve estimates of both harvest 

rate and replenishment rate of pole-size trees in the forest resource area of Chimkhola. 

Data for the numbers and geographic locations of goTh structures for which poles are 

harvested from the forest study area could allow a finer-scale spatial analysis of patterns 

of harvest intensity associated with distance from goTh structures. Census data for 

saplings and poles by one-centimeter size classes and mortality rate data could improve 

the estimate of resource replenishment. Another uncertainty is the estimate of the 

proportion of Chimkhola’s goTh locations that have poles supplied from my study area. 

Detailed data on the distribution of goTh locations in relation to the distribution of other 

forest areas would improve estimates of harvest rate. 

 Reliability of harvest estimates could be improved with data that provide error 

terms for the number of Chimkhola families using the goTh system, the mean number of 

goTh per family, the percentage of total pole harvest coming from the forest study area, 

and the decay rate for poles stored protected and those stored unprotected from monsoon 

rains. Reliability of replenishment estimates could be improved with data that provide 

error terms for the area of each forest community, the average number of years spent in 

the pole size class, and the number of goTh poles procured per tree. 

 



 122

 

dbh (cm)

A
ge

 (y
ea

rs
)

1110987654

50

45

40

35

30

25

Age vs dbh for 24 Symplocos ramosissima

 
 
Figure 6.1.  Relationship of age to dbh for 24 pole-size Symplocos ramosissima, used for 
calculation of transition time through pole size class. Regression equation is: 
 
Age = 19.7 + 2.23 dbh (r2 = 0.30;  p = 0.006) 
 
Standard error coefficient for intercept = 5.2  (p = 0.001) 
Standard error coefficient for slope = 0.73  (p = 0.006) 
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Table 6.1. GoTh measurements and pole requirements. Width includes narrow  
Fenced area in front of goTh. Poles/goTh are enumerated by three sizes.  
      

 Small Medium Large 
GoTh Length (m) Width (m) (verticals) (horizontals) (post&beam)

1 7.7 4.5 75 28 20 
2 7.1 5.1 61 18 18 
3 7.1 4.3 59 20 18 
4 8.1 4.2 79 23 20 
5 4.5 4.2 53 16 15 
6 6.2 4 71 21 18 
7 8.8 4.3 71 19 21 

      
Mean (SE) 7.1 (0.53) 4.4 (0.13) 67 (3.6) 20.7 (1.5) 18.6 (0.75) 
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Table 6.2.  Cutting index and pole-size Symplocos ramosissima stump density by 
community, reported as Mean (SE). Differences among communities are indicated 
by lower case superscript letters (ANOVA, p < 0.1). 
    

 

Symplocos- 
Quercus 

Community 

Symplocos-
Mixed 

Evergreen 
Community  

Rhododendron-
Symplocos 
Community  

    
Cutting Index (0-5 scale) 1.30 (0.14)a 0.53 (0.12)b 0.36 (0.05)b 
    
Stump Density (stems ha-1) 97 (21)a 46 (10.5)b 41 (13)b 
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Table 6.3.  Stem analysis results for Symplocos ramosissima trees 5 -10 cm dbh. 
Values are Mean (SE) for 24 trees.   
    

   Years since 
Height (cm) Diameter (cm) Age (years)  0 cm height 

0  8.7 (0.37)  35.2 (1.3) 0 

30  7.5 (0.36)  33.9 (1.3)  1.33 (0.10) 

130  6.6 (0.32)  28.5 (1.1)  6.67 (0.47) 

300  5.5 (0.30)  22.2 (1.1)  13.0 (0.70) 
 



 126

 
Table 6.4. Sustainability of four harvest scenarios for pole-size Symplocos ramosissima 
(stems ha-1 yr-1). Positive values in the Sustainability column indicate a sustainable harvest 
rate. 
    

 
Harvest 

Rate 
Replenishment 

Rate 
Sustainability  

(R-H) 
    
Scenario 1    
Uniform Harvest 33.7 34.1 0.4 
    
Scenario 2    
Harvest Only in Symplocos-
Quercus Community  101 39.2 -61.8 
    
Scenario 3    
Harvest in Symplocos-Quercus 
and Symplocos-Mixed 
Evergreen Communities 50.6 40.2 -10.4 
    
Scenario 4    
Proportional Harvest 
    
Symplocos-Quercus 
Community (53%) 53.6 39.2 -14.4 
 
Symplocos-Mixed Evergreen 
Community (25%) 25.3 41.3 16 
 
Rhododendron-Symplocos 
Community C (22%) 22.2 29.7 7.5 
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7. GENERAL DISCUSSION 
 
 

Extreme heterogeneity of landscape characterizes forest vegetation and resource-

use practices in Nepal and complicates generalization regarding regional patterns and 

processes. A dramatic gradient of increasing elevation from south to north, a pronounced 

gradient of decreasing monsoon precipitation from east to west, and a complex mosaic of 

diverse ethnic villages and resource-use practices contribute to landscape heterogeneity. 

While Metz’s (1989c) system for classifying subsistence production systems 

provides a useful regional framework, local case studies of forest structure and resource 

use will provide detailed understanding of pattern and process to refine that framework. 

Challenges remain in scaling up from local case studies to their applicable areal extents 

and integrating these areas into a regional context. This research is a contribution toward 

these goals, providing a local case study of forest structure patterns and relationships to 

resource harvest practices. 

The goTh system of subsistence production is well-adapted for transferring forest 

nutrients through livestock herds to infertile upper-elevation agricultural soils in Nepal. 

While effective at making these soils productive for subsistence agriculture, the goTh 

system places high demands on upper-elevation broadleaf evergreen forests. There are 

indications that in some areas these forests are in decline. At Chimkhola, suitable 

evidence is lacking for reconstruction of forest history and disturbance regimes. 

However, a qualitative perspective can be gained from the village elders’ memories of 

tall Quercus lamellosa forest in the area that is now the lower forest border and the 

degraded shrublands down slope (Metz 1994). 
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My forest structure data and Metz’s (1994) interviews of village elders are in 

accord with national trends reported in the 1979 forest area survey (Soussan et al. 1995) 

and in more recent assessments (Hill 1999). The 1979 study reported a small national 

decline in forest area of 3.4% in the Middle Hills in the previous 15 years. Other reports 

(Metz 1998; Hill 1999) suggest that while there has been little recent decline in forest 

area, degradation of forest structure has occurred in many areas. Metz’s (1994) interviews 

of Chimkhola elders suggest this has occurred in the Chimkhola area, especially in the 

lower forest margin. My data indicate higher harvest intensity in the lower forest for both 

tree-leaf fodder (cutting index) and goTh construction poles (stump count). Forest 

resources of the Chimkhola area remain under traditional village control, without the 

existence of a government-sponsored Community Forest User Group and without 

restrictions on the location of forest product harvest. 

I identified three forest communities by cluster analysis: a Symplocos-Quercus 

community, a Symplocos-mixed evergreen community, and a Rhododendron-Symplocos 

community. Ordinations of tree species densities and basal areas indicated a relationship 

between forest structure and a cutting index of harvest intensity, suggesting that lopping 

of trees for livestock fodder may be an important factor shaping forest composition and 

structure. Symplocos ramosissima, harvested for herder’s goTh shelter poles, decreased in 

mean tree diameter with increasing cutting index. Size-class distributions of important 

fodder resource oak species suggest Quercus lamellosa is in decline, but Q. oxyodon and 

Q. semecarpifolia may be reproducing successfully. 
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The correlations of forest structure parameters with cutting index and distance to 

village are confounded with the natural ecological effects of elevation. The forest area 

occurs on a slope extending upward and away from the village; therefore distance to 

village co-varies with elevation. Harvest intensity is likely strongly influenced by the 

distance forest products need to be carried by foot, resulting in a strong inverse 

correlation of cutting index with village distance and therefore an inverse correlation of 

cutting index with elevation. Therefore, the relationships between forest composition and 

distance to village or cutting intensity need to be qualified by the confounding 

relationship with changes in elevation.  However, it is not necessary to qualify the spatial 

pattern of harvest intensity with distance from village: harvest rates are greater near the 

village. 

Tree species’ age-diameter relationships provide insights regarding ecological 

relationships among species within a community. My data may be among the first using 

tree rings to study age-diameter relationships in subtropical broadleaf evergreen species. I 

found the strength of age-diameter relationship in Machilus duthei comparable to that 

found in many temperate conifers, within the range considered suitable for using 

diameter as a proxy for age in population studies (Veblen 1992). Comparing age-

diameter relationships among species revealed a faster radial growth rate in Symplocos 

ramosissima than in Machilus duthei or Lindera pulcherrima. The fast growth rate and 

shade tolerance of the mid-size tree S. ramosissima appeared to confer a successional 

advantage in the absence of major disturbance, in agreement with the observations of 

previous researchers (Stainton 1972; Metz 1998). This suggests a need for further 
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research, as discussed below, on the germination and recruitment requirements of larger 

canopy tree species. 

I assessed harvest and replenishment rates of pole-size S. ramosissima used for 

goTh shelter construction. Total harvest rate did not exceed the forest-wide rate of 

recruitment, suggesting sustainability of resource-use practices, if harvest was uniformly 

distributed. However, correlation of stump count with village distance revealed spatial 

variation in harvest rate, with greater harvest closer to the village and agricultural fields. I 

assessed the potential for sustainability under different scenarios of the spatial 

distribution of harvest. If goTh pole harvest was restricted to the forest community closest 

to the village, or the two closest forest communities, harvest rates would not be 

sustainable because they exceed the replenishment rate. Using stump count of pole-size S. 

ramosissima as a proxy of harvest intensity, the distribution of harvest in the Symplocos-

Quercus, Symplocos-Mixed Evergreen, and Rhododendron-Symplocos Communities was 

53%, 25% and 22%, respectively. Assessing this likely scenario for the spatial 

distribution of harvest suggested that actual harvest practices were likely sustainable in 

the Symplocos-Quercus and Symplocos-Mixed Evergreen Communities, but not in the 

Symplocos-Quercus Community Similar forest-margin degradation was observed by 

Moench (1989) near a village in the Indian Himalaya. 

This assessment of harvest sustainability is a first approximation, however, and 

involves several sources of uncertainly. Largest among the uncertainties surrounding 

harvest rate are the proportion of Chimkhola’s goTh sites using poles harvested from my 

forest study area, the percentage of goTh poles harvested from other species, and the rates 
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of decay of poles stored protected and those stored unprotected from monsoon rains. 

Uncertainties regarding replenishment rate include the rates of recruitment among 1-cm 

size classes, and differences in these recruitment rates among different forest 

communities. There is also uncertainty in the proportion of the forest area that each forest 

community contributes. 

I consider the methods employed in forest census to be appropriate and the results 

obtained to be reliable. These results include the distribution and abundances of forest 

tree species, as well as the reproductive patterns of oak species based on size-class 

distributions. I also consider the decrease in cutting index with increasing distance from 

village to reliably indicate a spatial distribution of harvest rates, which influence the 

spatial distribution of harvest sustainability. More tentative is the influence of cutting 

index on forest composition. Because cutting index co-varies with elevation, the effects 

of harvest intensity on forest composition are confounded with the natural ecological 

effects of elevation. 

My research documents forest structure in the Chimkhola area, providing 

opportunity for comparisons with possible later studies in the same or other areas. While 

my research characterizes local patterns of forest structure and their relationships to 

resource harvest practices, further work is needed to elucidate mechanisms responsible 

for these patterns and to develop management prescriptions that could be implemented in 

a community forestry program to reduce impacts.  

One of the most critical resource needs of upper-elevation villagers is tree-leaf 

livestock fodder. Research is needed on the germination and establishment requirements 
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of oaks and other fodder species. Analyzing spatial dispersions and ages of individuals of 

desired species in relatively undisturbed stands could reveal natural reproductive 

processes (Stewart 1986; Taylor et al. 1996). Natural reproduction in forest gaps could be 

studied (Brokaw 1985; Runkle 1985). Germination field trials could be conducted under 

different forest canopy types and in artificial canopy openings of different sizes, shapes, 

and orientations. Livestock browsing exclosures could demonstrate the effects of 

browsing on recruitment. These experimental approaches would require the 

understanding and cooperation of villagers who harvest forest products in that area. 

Research is also needed on how to engage local forest-user participation in 

community forest management (Metz 1998). For silvicultural research and management 

trials to be effective in forests under village control, the support, cooperation, and active 

involvement of local forest users is required. Forest users will understand their needs and 

will likely have knowledge useful to the development of management prescriptions 

(Gilmour and Fisher 1991). Understanding and addressing the needs and interests of the 

many forest-user groups within a community requires intimate knowledge of the 

community and is essential to effective community forestry (Lachapelle et al. 2004). 

 Equally challenging is motivating Forest Department personnel toward effective 

participation and implementation of community forestry. Professional foresters in Nepal, 

as elsewhere, have traditionally been trained for production of commercial timber and 

protection of selected preserves. Most come from an urban and advantaged background, 

conferring authority by status, and have limited understanding of rural forest use. There is 
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need for a system of financial and career rewards for foresters that recognizes working 

successfully with community forest user groups (Metz 1998).  

Most of the efforts by both the Nepalese government and foreign donor agencies 

to develop community forestry user groups (CFUGs) have focused on the middle and 

lower elevations of the Hills, where the subsistence resources of fodder and fuelwood are 

in shortest supply (Acharya 2002; Timsina 2003; Gautam et al. 2004a, 2004b). Upper 

elevation villages have received less outside attention, possibly because they are more 

remote, comprise a smaller human population, and may appear to still have abundant 

forest resources available. While upper-elevation villages generally do have more access 

to forest resources than lower-elevation villages, resource extraction appears to be 

affecting upper-elevation forest structure in many areas (Metz 1998; Gautam et al. 

2004b).  

National policy changes of the past 25 years favoring community forestry have 

been encouraging, but implementation has been slow (Acharya 2002). At the time of my 

field research, a CFUG system of community forestry management had not been 

implemented in the Chimkhola area. Forest resources of the Chimkhola area remained 

under traditional village control, without restrictions on the location of forest product 

harvest. Meanwhile, large challenges remain for research in forest ecology and the 

development and implementation of upper-elevation forest management strategies in 

Nepal. While the outcomes are uncertain, there is hope that systems of community 

forestry management can be developed that will maintain forest structure and species 
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diversity, as well as maintain availability of resources on which the mountain farmers 

depend. 
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APPENDIX A: GEOSPATIAL STATISTICAL TEST FOR 

AUTOCORRELATION  

 
Variograms typically portray increasing variance with distance between sample 

pairs, up to a distance (“range”) beyond which the value of the variance (“sill”) is 

asymptotic (Franklin, et al. 2002).  Variograms of sub-plot pair variance for total basal 

area (Appendix A, Figure 1) and total tree density of all species (Appendix A, Figure 2) 

show sills with no decrease in variance at distances below 200 m, the distance between 

adjacent study plots. This indicates my 30 systematically-located study plots can be 

treated as independent samples for mensurative purposes. 
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Appendix A, Figure 1.  Variogram modeling spatial autocorrelation in tree size-class 
basal area data for all species. 
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Appendix A, Figure 2. Variogram modeling spatial autocorrelation in tree size-class 
density data for all species. 
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APPENDIX B: SUMMARY DATA FOR DENSITY AND BASAL AREA 
Table 1a. Short seedling density (stems/ha)

Plot Number 1 2 3 4 5 6 7 8 9 10
Species

Acer campbellii
Acer sterculiaceum 33 33 33 100
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 33 33 600 67 200 233
Euonymus sp.
Eurya acuminata 67 33 367 33 33
Fraxinus sp.
Ilex diphyrena 100 33 67 33 133 300 133 133 133
Ilex fragilis
Leycesteria formosa 67 33 67
Ligustrum confusum 133 300 133 367 967 300 1267 2100
Lindera pulcherrima 100 833 433 867 500 600 433 167 267 467
Lyonia ovalifolia 100
Machilus duthei 33 567 800 33 633 267 33 467 700
Neolitsea lanuginosa 33 767 467 533 733 567 367 167 633 1267
Pieris formosa
Prunus napaulensis 67 733 233 367 67 133 133
Prunus venosa 33 133 100 33 167
Quercus lamellosa 67 33 33
Quercus oxyodon 100
Quercus semecarpifolia
Rhododendron arboreum 167
Rhus wallichii
Schefflera impressa
Skimmia arborescens 67 133 33 33 33
Sorbus cuspidata
Symplocos ramosissima 400 2333 867 2067 1300 1233 1133 3433 4433 1200
Symplocos theifolia 33
Taxus bacata
Tusga dumosa
Vibernum erubescens 667 867 2467 667 1633 1800 1600 2100 2200 1433

# species 6 11 13 12 11 11 10 11 11 12
Total density 1400 5133 5900 6600 4933 5867 5367 6500 9633 7967  
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Appendix B, Table 1a. Short seedling density (stems/ha) (continued)

Plot Number 11 12 13 14 15 16 17 18 19 20
Species

Acer campbellii 33
Acer sterculiaceum 367
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 700 700 433 567 600 467 633 200 300 400
Euonymus sp.
Eurya acuminata 200 300 1333 300 33 367 233 200 1000 67
Fraxinus sp.
Ilex diphyrena 400 1200 600 633 367 133 933 433 1167 167
Ilex fragilis
Leycesteria formosa 100 100 33 200 33
Ligustrum confusum 1467 1533 1567 1200 967 1833 3133 4833 2700 2133
Lindera pulcherrima 2533 2167 3100 2933 2667 2967 4667 1367 2367 1033
Lyonia ovalifolia
Machilus duthei 100 133 2567 1967
Neolitsea lanuginosa 233 233 67 33 67 233 233
Pieris formosa 100
Prunus napaulensis 33 167 2000 733
Prunus venosa 33 33
Quercus lamellosa
Quercus oxyodon 33 67 33 67 33
Quercus semecarpifolia 133 833 400 4533 1833
Rhododendron arboreum 233 133 233 300 333 233 133
Rhus wallichii
Schefflera impressa 33 33
Skimmia arborescens 33 133 200 133 267 33
Sorbus cuspidata
Symplocos ramosissima 3567 2367 1767 5200 800 233 6667 5100 6233 10333
Symplocos theifolia 33
Taxus bacata 33 33
Tusga dumosa 67
Vibernum erubescens 467 667 200 233 767 867 400 467 900 267

# species 11 15 15 10 9 9 13 13 13 1
Total density 9733 9733 10067 12167 6900 11733 19133 13167 20000 17533

6
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Appendix B, Table 1a. Short seedling density (stems/ha) (continued)

Plot Number 21 22 23 24 25 26 27 28 29 30
Species

Acer campbellii
Acer sterculiaceum 167 33 267 33
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 1567 1033 400 967 167 400 267 500 900
Euonymus sp.
Eurya acuminata 67 200 367 33 33 800 33 67
Fraxinus sp.
Ilex diphyrena 167 367 900 300 333 233 700 867 433 2800
Ilex fragilis 33 200 333 67
Leycesteria formosa 33 33 100 33 33 167
Ligustrum confusum 3933 6467 3133 3167 3767 1200 5000 5267 2300 2700
Lindera pulcherrima 667 3800 2867 867 367 700 2233 967 1733 3033
Lyonia ovalifolia
Machilus duthei 67 100 3000 3733 4067 1933 2967
Neolitsea lanuginosa 133 733 433 733 167 467 800 67 100
Pieris formosa 167
Prunus napaulensis 100 367 4133
Prunus venosa 33 33
Quercus lamellosa
Quercus oxyodon 67 67 33 33 67 33
Quercus semecarpifolia
Rhododendron arboreum
Rhus wallichii
Schefflera impressa 67
Skimmia arborescens 467 167 33
Sorbus cuspidata
Symplocos ramosissima 1300 8000 9800 4833 2700 3533 6067 3833 667 8433
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 233 1300 733 1233 467 867 700 1700 67 1267

# species 7 11 13 15 11 11 13 12 8 12
Total density 8033 21367 19467 16100 16467 10900 18700 17133 5800 19733  
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Appendix B, Table 1b. Tall seedling density (stems/ha)

Plot Number 1 2 3 4 5 6 7 8 9 10
Species

Acer campbellii
Acer sterculiaceum 33
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 33 267 67 133
Euonymus sp.
Eurya acuminata 67 300 33 33 33
Fraxinus sp. 67 33 67 33
Ilex diphyrena 33 100 167 67 33 33
Ilex fragilis
Leycesteria formosa 33
Ligustrum confusum 33 33 33 33 100 233 33 233
Lindera pulcherrima 100 567 600 1267 233 1300 933 100 233 533
Lyonia ovalifolia 67
Machilus duthei 133 267 533 200 167 33 33 800
Neolitsea lanuginosa 900 733 367 867 667 567 233 1133 1767
Pieris formosa
Prunus napaulensis 33 67 100 133 67 33
Prunus venosa 33 33
Quercus lamellosa 133 33 33
Quercus oxyodon 167 33
Quercus semecarpifolia
Rhododendron arboreum 100
Rhus wallichii
Schefflera impressa
Skimmia arborescens 100 33
Sorbus cuspidata
Symplocos ramosissima 867 1133 1533 5067 2167 3000 3067 2167 1933 1900
Symplocos theifolia 33
Taxus bacata
Tusga dumosa
Vibernum erubescens 3933 2400 3067 1367 3600 2967 3433 2933 2533 3300

# species 3 7 10 13 8 10 9 12 10 1
Total density 4900 5233 6433 9767 7100 8467 8533 5967 6033 8833

2
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Appendix B, Table 1b. Tall seedling density (stems/ha) (continued)

Plot Number 11 12 13 14 15 16 17 18 19 20
Species

Acer campbellii
Acer sterculiaceum 33
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 433 233 167 400 167 200 433 267 267 100
Euonymus sp.
Eurya acuminata 433 300 433 267 367 367 433 33 767 33
Fraxinus sp.
Ilex diphyrena 200 633 167 600 500 433 567 167 467 33
Ilex fragilis 67
Leycesteria formosa 33 33
Ligustrum confusum 233 233 233 200 200 233 500 1133 867 300
Lindera pulcherrima 2800 1367 1733 1833 1200 1433 1467 967 1300 1000
Lyonia ovalifolia 33 67
Machilus duthei 67 33 100 1633 633
Neolitsea lanuginosa 767 200 33 67 33 67 267 200
Pieris formosa 567
Prunus napaulensis 33 100
Prunus venosa
Quercus lamellosa 33
Quercus oxyodon 33 200 67 33 33
Quercus semecarpifolia 33 267 533 167 200 800
Rhododendron arboreum 33 33 133 233 300 633 200
Rhus wallichii
Schefflera impressa
Skimmia arborescens 33 333 333 200 133
Sorbus cuspidata
Symplocos ramosissima 4800 4233 4167 4367 2133 700 5067 6167 6400 8267
Symplocos theifolia 100
Taxus bacata 33
Tusga dumosa 33 33
Vibernum erubescens 1667 767 300 167 1367 1067 233 700 567 733

# species 14 13 12 11 9 9 16 9 15 1
Total density 11567 8600 8000 8700 6400 5267 10733 9600 12833 11533

2
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Appendix B, Table 1b. Tall seedling density (stems/ha) (continued)

Plot Number 21 22 23 24 25 26 27 28 29 30
Species

Acer campbellii 33
Acer sterculiaceum 67
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 100 167 100 200 67 133 100 733
Euonymus sp.
Eurya acuminata 133 33 267 33 33 500 167 33
Fraxinus sp.
Ilex diphyrena 67 133 300 100 33 100 233 200 67 600
Ilex fragilis 33 133 133 33
Leycesteria formosa 67
Ligustrum confusum 100 167 1000 500 100 167 933 200 133 200
Lindera pulcherrima 200 1400 2133 1200 800 1467 2100 867 1300 1733
Lyonia ovalifolia
Machilus duthei 33 1800 900 1000 1333 2267
Neolitsea lanuginosa 67 300 1200 133 467 300 933 500 100 233
Pieris formosa 33
Prunus napaulensis 100
Prunus venosa
Quercus lamellosa
Quercus oxyodon 167 67 33 33 33 100 200
Quercus semecarpifolia
Rhododendron arboreum
Rhus wallichii
Schefflera impressa
Skimmia arborescens 100 100
Sorbus cuspidata
Symplocos ramosissima 1067 6967 12600 6800 1633 3500 9433 4767 1333 6333
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 133 800 933 1067 1167 2000 1033 1633 267 1200

# species 7 9 11 12 10 11 13 10 7 1
Total density 1733 10100 18600 12300 5267 8800 16900 10733 3300 11300

0
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Appendix B, Table 1c. Sapling density (stems/ha)

Plot Number 1 2 3 4 5 6 7 8 9 10
Species

Acer campbellii
Acer sterculiaceum
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 20 80 10 10 20
Euonymus sp.
Eurya acuminata 10 10 20 10
Fraxinus sp. 50 10 40
Ilex diphyrena 10 30 10
Ilex fragilis
Leycesteria formosa 10 10
Ligustrum confusum 10 10 10 10
Lindera pulcherrima 180 50 270 30 220 270 20 70 320
Lyonia ovalifolia 20 10 10
Machilus duthei 30 40 10 20 30 20 60
Neolitsea lanuginosa 360 110 30 70 50 200 90 190 200
Pieris formosa
Prunus napaulensis
Prunus venosa 10 30 10
Quercus lamellosa 20 20 110 30 10
Quercus oxyodon 80
Quercus semecarpifolia
Rhododendron arboreum 10
Rhus wallichii
Schefflera impressa
Skimmia arborescens 10 10 60
Sorbus cuspidata
Symplocos ramosissima 250 540 500 610 360 510 680 770 400 630
Symplocos theifolia 20 10
Taxus bacata
Tusga dumosa
Vibernum erubescens 1570 470 470 240 900 350 390 1040 330 920

# species 5 6 10 15 6 8 8 13 6
Total density 1900 1600 1250 1520 1400 1180 1620 2110 1060 2110

7
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Appendix B, Table 1c. Sapling density (stems/ha) (continued)

Plot Number 11 12 13 14 15 16 17 18 19 20
Species

Acer campbellii 10
Acer sterculiaceum
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 40 40 10 30 120 40 120 70 80 20
Euonymus sp.
Eurya acuminata 10 20 30 20 30 40 40 70
Fraxinus sp.
Ilex diphyrena 20 20 30 30 70 20 70 10 10
Ilex fragilis 30 10
Leycesteria formosa 10
Ligustrum confusum 50 50 30 30 10 10
Lindera pulcherrima 530 210 310 150 110 360 210 400 310 490
Lyonia ovalifolia 10
Machilus duthei 40 50
Neolitsea lanuginosa 40 10 10 20
Pieris formosa 90
Prunus napaulensis
Prunus venosa 30 10 10
Quercus lamellosa
Quercus oxyodon 10 140 30 20 30
Quercus semecarpifolia 10 40 90 60 50
Rhododendron arboreum 10 90 10 120 30
Rhus wallichii
Schefflera impressa 20
Skimmia arborescens 20
Sorbus cuspidata
Symplocos ramosissima 620 400 410 460 30 30 340 970 760 1250
Symplocos theifolia 30
Taxus bacata 10
Tusga dumosa 10
Vibernum erubescens 180 180 280 170 440 280 70 70 210 220

# species 9 12 10 10 8 11 10 7 11 10
Total density 1490 1130 1130 1040 890 1010 1030 1540 1510 2180  
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Appendix B, Table 1c. Sapling density (stems/ha) (continued)

Plot Number 21 22 23 24 25 26 27 28 29 30
Species

Acer campbellii 10
Acer sterculiaceum
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 20 30 40 90 10 80 30 40 60
Euonymus sp.
Eurya acuminata 10 10 20
Fraxinus sp. 10
Ilex diphyrena 10 10
Ilex fragilis 10 10
Leycesteria formosa 20
Ligustrum confusum 10 10 30
Lindera pulcherrima 10 80 220 380 240 240 720 460 150 250
Lyonia ovalifolia
Machilus duthei 170 60 50 20 110
Neolitsea lanuginosa 10 10 20 10 10
Pieris formosa 10
Prunus napaulensis 10
Prunus venosa 10
Quercus lamellosa
Quercus oxyodon 20 20 20 110 20
Quercus semecarpifolia
Rhododendron arboreum
Rhus wallichii
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata
Symplocos ramosissima 100 590 1410 530 280 600 640 610 130 510
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 100 10 230 240 230 180 160 50 50

# species 6 7 4 8 8 6 8 8 6 8
Total density 250 740 1690 1440 880 1240 1690 1410 390 930  
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Appendix B, Table 1d. Pole density (stems/ha)

Plot Number 1 2 3 4 5 6 7 8 9 10
Species

Acer campbellii
Acer sterculiaceum
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 10 70 10 10 10 20
Euonymus sp.
Eurya acuminata 10 10 10
Fraxinus sp. 10 40 10 10 60
Ilex diphyrena 10 10 10 10
Ilex fragilis
Leycesteria formosa 10 10
Ligustrum confusum 10 10
Lindera pulcherrima 70 30 270 20 130 110 20 170
Lyonia ovalifolia 20 30 10
Machilus duthei 10 30 20 10 20 10
Neolitsea lanuginosa 110 30 30 30 130 20 60 120
Pieris formosa
Prunus napaulensis 10 20
Prunus venosa 10 20 10
Quercus lamellosa 20 20 10 30
Quercus oxyodon 40 10
Quercus semecarpifolia
Rhododendron arboreum
Rhus wallichii 10 10 10
Schefflera impressa
Skimmia arborescens 20 60
Sorbus cuspidata
Symplocos ramosissima 340 430 510 420 520 460 530 460 280 470
Symplocos theifolia 10 10
Taxus bacata
Tusga dumosa
Vibernum erubescens 510 390 280 160 810 330 390 680 200 540

# species 4 10 5 13 8 10 10 11 8 6
Total density 880 1060 860 1100 1460 1030 1230 1350 620 1330  
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Appendix B, Table 1d. Pole density (stems/ha) (continued)

Plot Number 11 12 13 14 15 16 17 18 19 20
Species

Acer campbellii 10
Acer sterculiaceum
Aesculus indica
Castanopsis tribuloides 10 20
Dodecadenia grandiflora 110 50 30 160 210 160 130 100 40
Euonymus sp.
Eurya acuminata 30 10 30 20 20 40
Fraxinus sp.
Ilex diphyrena 20 10 10 10 110 20 20 10
Ilex fragilis 30 30 200 10 30
Leycesteria formosa 10 10 20
Ligustrum confusum 80 20 70 40 10 70 10
Lindera pulcherrima 190 160 300 150 380 460 400 160 260 420
Lyonia ovalifolia 20 20 30 10
Machilus duthei
Neolitsea lanuginosa 10 10 10 10
Pieris formosa 80
Prunus napaulensis
Prunus venosa 30 10 10
Quercus lamellosa
Quercus oxyodon 20 20 10 10 20
Quercus semecarpifolia 30 250 40 40
Rhododendron arboreum 10 60 20 190 10
Rhus wallichii
Schefflera impressa 20
Skimmia arborescens 
Sorbus cuspidata
Symplocos ramosissima 420 510 230 580 90 40 390 810 450 560
Symplocos theifolia 30
Taxus bacata 10
Tusga dumosa
Vibernum erubescens 180 20 240 270 920 200 50 120 150 190

# species 11 10 10 10 13 13 12 6 10
total density 1100 820 960 1330 2080 1460 1180 1230 1000 1210

5
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Appendix B, Table 1d. Pole density (stems/ha) (continued)

Plot Number 21 22 23 24 25 26 27 28 29 30
Species

Acer campbellii
Acer sterculiaceum
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 50 10 40 80 20 60 30
Euonymus sp.
Eurya acuminata 10 10 10
Fraxinus sp.
Ilex diphyrena 10 10 10 10 20 10
Ilex fragilis 10 10 10
Leycesteria formosa 10
Ligustrum confusum 10 30
Lindera pulcherrima 10 20 40 280 110 120 240 280 120 110
Lyonia ovalifolia 10
Machilus duthei 10 10
Neolitsea lanuginosa 10
Pieris formosa 10
Prunus napaulensis 10 10
Prunus venosa 10
Quercus lamellosa
Quercus oxyodon 20 10 10
Quercus semecarpifolia
Rhododendron arboreum
Rhus wallichii
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata
Symplocos ramosissima 20 290 430 270 480 370 270 320 60 250
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 270 10 40 230 150 60 70 210 30

# species 5 5 6 11 4 3 7 7 4 10
Total density 360 340 520 700 830 640 680 730 450 500  
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Appendix B, Table 1e. Tree density (stems/ha)

Plot Number 1 2 3 4 5 6 7 8 9 10
Species

Acer campbellii
Acer sterculiaceum 20 10 10 30
Aesculus indica 10 20 10 10 10
Castanopsis tribuloides
Dodecadenia grandiflora 70 30 10 10 10
Euonymus sp. 10
Eurya acuminata 10 10 20
Fraxinus sp. 20 10 10 10
Ilex diphyrena 20 20 20 10 30 10 20 20
Ilex fragilis 10
Leycesteria formosa 10
Ligustrum confusum 10 10 10
Lindera pulcherrima 10 220 20 40 20 150
Lyonia ovalifolia 30
Machilus duthei 180 20 10 20 20 40
Neolitsea lanuginosa 20 30 20 20 10 10 20
Pieris formosa
Prunus napaulensis 20 10 20 30 20
Prunus venosa 10 10 20 10 30 20
Quercus lamellosa 10 40 10 10 20 30 10 20
Quercus oxyodon 30
Quercus semecarpifolia
Rhododendron arboreum
Rhus wallichii 70 10 10 10 10 30
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata
Symplocos ramosissima 370 410 610 340 370 370 490 450 470 400
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 40 210 130 20 100 150 190 50 50 50

# species 6 8 11 13 8 11 11 12 11 10
Total density 470 790 880 970 560 690 820 640 700 740  
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Appendix B, Table 1e. Tree density (stems/ha) (continued)

Plot Number 11 12 13 14 15 16 17 18 19 20
Species

Acer campbellii 10 30 20
Acer sterculiaceum 10 10
Aesculus indica
Castanopsis tribuloides 10 20
Dodecadenia grandiflora 120 30 80 110 70 50 70 80 10
Euonymus sp.
Eurya acuminata 40 10 10 10 10 10 40 30
Fraxinus sp.
Ilex diphyrena 50 30 20 80 30 20 60 40 40 20
Ilex fragilis 10 60 80 390 20 40 10
Leycesteria formosa 20 10
Ligustrum confusum 70 70 80 80 20 80 20 10
Lindera pulcherrima 80 110 170 40 100 150 170 150 70 110
Lyonia ovalifolia 30 10 40 40 40 20
Machilus duthei 30 30 40
Neolitsea lanuginosa 10 10 10 10
Pieris formosa 20
Prunus napaulensis 10 10 130 10
Prunus venosa 20 10 10 10 10
Quercus lamellosa 10
Quercus oxyodon 30 10 20 10 10
Quercus semecarpifolia 80 150 30 60
Rhododendron arboreum 130 40 20 160 80 60 50
Rhus wallichii
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata 30
Symplocos ramosissima 300 460 250 340 150 20 650 450 530 370
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 50 30 190 140 10 30 10 40 50

# species 11 13 11 12 14 12 12 11 13 1
Total density 800 920 910 1010 870 920 1180 880 940 680

2
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Appendix B, Table 1e. Tree density (stems/ha) (continued)

Plot Number 21 22 23 24 25 26 27 28 29 30
Species

Acer campbellii 10 20 20 40
Acer sterculiaceum 10
Aesculus indica 30
Castanopsis tribuloides
Dodecadenia grandiflora 60 120 70 100 10 120 50 20 80
Euonymus sp.
Eurya acuminata 10 20 10 10
Fraxinus sp.
Ilex diphyrena 40 40 10 10 10 10 50 50 20
Ilex fragilis 20 20 10 30 10
Leycesteria formosa 10 20 10
Ligustrum confusum 60 10 10 20 20 50 30 70
Lindera pulcherrima 10 20 10 160 10 10 120 100 90 40
Lyonia ovalifolia 30
Machilus duthei 40 30 40 10 10
Neolitsea lanuginosa 20
Pieris formosa
Prunus napaulensis 10 420 30 30 40 20
Prunus venosa 10
Quercus lamellosa 10
Quercus oxyodon 40 20 10
Quercus semecarpifolia
Rhododendron arboreum 130 160 230 50 160
Rhus wallichii
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata
Symplocos ramosissima 50 330 400 490 540 380 500 410 170 350
Symplocos theifolia
Taxus bacata 10
Tusga dumosa
Vibernum erubescens 240 10 20 100 30 50 30 430 30

# species 9 7 8 13 8 10 11 11 9 11
Total density 620 690 800 930 1130 550 940 780 880 820  



 152

 
Appendix B, Table 1f. Total density (stems/ha)

Plot Number 1 2 3 4 5 6 7 8 9 10
Species

Acer campbellii
Acer sterculiaceum 20 10 10 30
Aesculus indica 10 20 10 10 10
Castanopsis tribuloides
Dodecadenia grandiflora 10 20 220 10 50 20 20 50
Euonymus sp. 10
Eurya acuminata 10 10 40 20 20 10 10
Fraxinus sp. 70 10 10 50 10 10 110 10
Ilex diphyrena 30 30 40 30 20 30 10 30 20
Ilex fragilis 10
Leycesteria formosa 10 10 10 20
Ligustrum confusum 10 20 10 30 20
Lindera pulcherrima 250 90 760 50 370 420 20 110 640
Lyonia ovalifolia 40 70 20
Machilus duthei 40 40 220 60 50 60 90 40
Neolitsea lanuginosa 490 170 50 100 100 340 120 270 320
Pieris formosa
Prunus napaulensis 10 20 30 20 30 20
Prunus venosa 10 20 50 30 20 40 20
Quercus lamellosa 10 60 30 140 20 50 40 20 50
Quercus oxyodon 150 10
Quercus semecarpifolia
Rhododendron arboreum 10
Rhus wallichii 70 10 20 10 10 20 30
Schefflera impressa
Skimmia arborescens 10 30 120
Sorbus cuspidata
Symplocos ramosissima 960 1380 1620 1370 1250 1340 1700 1680 1150 1500
Symplocos theifolia 20 10 10 10
Taxus bacata
Tusga dumosa
Vibernum erubescens 2120 1070 880 420 1810 830 970 1770 580 1510

# species 8 14 15 18 12 15 15 17 13 13
Total density 3250 3450 2990 3590 3420 2900 3670 4100 2380 4180  
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Appendix B, Table 1f. Total density (stems/ha) (continued)

Plot Number 11 12 13 14 15 16 17 18 19 20
Species

Acer campbellii 10 40 10 20
Acer sterculiaceum 10 10
Aesculus indica
Castanopsis tribuloides 20 40
Dodecadenia grandiflora 270 120 120 300 400 250 320 250 120 30
Euonymus sp.
Eurya acuminata 70 30 50 40 40 60 50 10 120 100
Fraxinus sp.
Ilex diphyrena 90 60 60 120 210 60 150 40 60 30
Ilex fragilis 10 90 110 620 30 80 10
Leycesteria formosa 10 10 10 40 10
Ligustrum confusum 200 140 150 150 30 180 30 10 10 10
Lindera pulcherrima 800 480 780 340 590 970 780 710 640 1020
Lyonia ovalifolia 30 10 40 60 60 50 20
Machilus duthei 30 70 90
Neolitsea lanuginosa 10 60 30 10 10 30 10
Pieris formosa 190
Prunus napaulensis 10 10 130 10
Prunus venosa 80 10 10 10 20 30
Quercus lamellosa 10
Quercus oxyodon 60 170 50 10 10 50 40
Quercus semecarpifolia 40 120 490 130 150
Rhododendron arboreum 10 140 40 170 190 390 90 50 10
Rhus wallichii
Schefflera impressa 20 20
Skimmia arborescens 20
Sorbus cuspidata 30
Symplocos ramosissima 1340 1370 890 1380 270 90 1380 2230 1740 2180
Symplocos theifolia 60
Taxus bacata 10 10
Tusga dumosa 10
Vibernum erubescens 410 230 710 580 1370 510 120 200 400 460

# species 14 16 15 14 15 14 16 14 17 1
Total density 3390 2870 3000 3380 3840 3390 3390 3650 3450 4070

3
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Appendix B, Table 1f. Total density (stems/ha) (continued)

Plot Number 21 22 23 24 25 26 27 28 29 30
Species

Acer campbellii 10 20 10 20 40
Acer sterculiaceum 10
Aesculus indica 30
Castanopsis tribuloides
Dodecadenia grandiflora 130 150 120 230 20 280 100 120 170
Euonymus sp.
Eurya acuminata 10 40 10 10 20 30
Fraxinus sp. 10
Ilex diphyrena 50 60 20 20 10 10 10 70 50 30
Ilex fragilis 20 20 30 10 30 30
Leycesteria formosa 20 20 20 10
Ligustrum confusum 70 10 10 20 20 60 40 130
Lindera pulcherrima 30 120 270 820 360 370 1080 840 360 400
Lyonia ovalifolia 40
Machilus duthei 220 90 90 40 120
Neolitsea lanuginosa 10 10 20 20 10 20
Pieris formosa 20
Prunus napaulensis 20 420 30 30 50 30
Prunus venosa 10 20
Quercus lamellosa 10
Quercus oxyodon 80 50 30 110 20 10
Quercus semecarpifolia
Rhododendron arboreum 130 160 230 50 160
Rhus wallichii
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata
Symplocos ramosissima 170 1210 2240 1290 1300 1350 1410 1340 360 1110
Symplocos theifolia
Taxus bacata 10
Tusga dumosa
Vibernum erubescens 610 30 290 570 410 290 260 690 110

# species 10 9 8 14 11 12 15 12 9 14
Total density 1230 1770 3010 3070 2840 2430 3310 2920 1720 2250  
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Appendix B, Table 2a. Tree basal area (m2/ha)

Plot 1 2 3 4 5 6 7 8 9 10
Species
 
Acer campbellii
Acer sterculiaceum 1.3 0.9 0.9 2.6
Aesculus indica 2.6 4.3 0.2 1.6 3.7
Castanopsis tribuloides
Dodecadenia grandiflora 4.4 4.1 0.1 0.1 0.2
Euonymus sp. 0.5
Eurya acuminata 1.0 0.1 0.9
Fraxinus sp. 0.2 0.9 0.1 0.2
Ilex diphyrena 0.6 1.5 0.4 0.2 1.6 1.6 0.8 0.3
Ilex fragilis 0.2
Leycesteria formosa 0.2
Ligustrum confusum 1.6 0.9 1.0
Lindera pulcherrima 0.1 5.1 0.4 0.5 0.1 0.2 3.4
Lyonia ovalifolia 0.7
Machilus duthei 9.3 2.8 2.0 5.2 1.0 3.5
Neolitsea lanuginosa 0.2 1.0 2.7 4.4 0.4 0.8 4.1
Pieris formosa
Prunus napaulensis 1.2 0.4 0.8 1.1 3.0
Prunus venosa 1.1 0.4 1.4 0.6 2.0 2.1
Quercus lamellosa 7.1 31.7 2.4 8.7 4.6 23.7 6.5 3.1
Quercus oxyodon 3.5
Quercus semecarpifolia
Rhododendron arboreum
Rhus wallichii 2.8 0.1 0.1 0.3 0.2 0.7
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata
Symplocos ramosissima 9.2 11.6 17.7 9.0 13.8 9.9 15.4 12.4 18.8 16.3
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 0.4 2.6 2.3 0.3 1.3 1.8 3.4 0.5 0.9 0.6

Total tree basal area / plot 18.5 54.1 30.6 45.2 23.1 48.1 36.9 24.2 35.8 31.0  
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Appendix B, Table 2a. Tree basal area (m2/ha) (continued)

Plot 11 12 13 14 15 16 17 18 19 20
Species
 
Acer campbellii 0.7 4.2 2.6
Acer sterculiaceum 0.5 0.5
Aesculus indica
Castanopsis tribuloides 0.1 1.6
Dodecadenia grandiflora 4.8 2.8 6.2 5.4 6.9 4.7 7.6 7.9 0.9
Euonymus sp.
Eurya acuminata 0.8 0.5 0.3 0.1 0.3 0.3 2.2 1.7
Fraxinus sp.
Ilex diphyrena 1.2 3.6 0.6 3.0 1.7 2.1 1.4 4.6 3.3 0.3
Ilex fragilis 0.5 1.0 2.7 8.6 0.5 2.8 0.3
Leycesteria formosa 0.6 0.2
Ligustrum confusum 2.6 1.3 2.7 0.3 2.8 0.2 0.8
Lindera pulcherrima 2.3 4.1 5.7 0.9 1.9 3.6 6.3 6.4 3.3 3.3
Lyonia ovalifolia 7.2 2.6 4.5 3.9 1.1 0.2
Machilus duthei 4.4 6.3 0.7
Neolitsea lanuginosa 0.5 1.3 0.1 0.7
Pieris formosa 0.7
Prunus napaulensis 0.5 7.4 1.9
Prunus venosa 1.5 0.5 2.3 0.1 2.0
Quercus lamellosa 5.0
Quercus oxyodon 5.0 1.1 4.4 0.3
Quercus semecarpifolia 6.4 11.3 23.3 12.4
Rhododendron arboreum 16.7 2.5 6.3 19.6 22.6 7.0 12.8
Rhus wallichii
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata 16.4
Symplocos ramosissima 10.1 19.4 13.6 15.6 5.5 0.5 19.6 14.1 14.2 10.2
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 0.6 0.5 2.8 1.8 0.1 0.8 0.1 0.5 1.4

Total tree basal area / plot 28.4 59.1 40.1 47.9 71.9 72.0 58.9 56.2 47.3 24.0  
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Appendix B, Table 2a. Tree basal area (m2/ha) (continued)

Plot 21 22 23 24 25 26 27 28 29 30
Species
 
Acer campbellii 2.2
Acer sterculiaceum 1.6
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 4.8 11.6 15.3 2.3 0.2 11.1 2.4 1.5 1.7
Euonymus sp.
Eurya acuminata 0.2 1.2 0.2 0.6
Fraxinus sp.
Ilex diphyrena 4.5 1.6 0.1 0.2 0.3 0.3 2.0 4.1 0.6
Ilex fragilis 1.0 0.3
Leycesteria formosa 0.3
Ligustrum confusum 10.2 0.5 1.3
Lindera pulcherrima 0.5 1.0 0.5 4.8 0.2 0.1 2.9 1.7 1.4 0.7
Lyonia ovalifolia 8.0
Machilus duthei 6.2 6.1 2.6 1.9 1.1
Neolitsea lanuginosa 0.8
Pieris formosa
Prunus napaulensis 0.3 6.4
Prunus venosa 0.2
Quercus lamellosa 3.3
Quercus oxyodon 12.9 0.3 0.2
Quercus semecarpifolia
Rhododendron arboreum 30.9 40.2 39.4 30.3 26.0
Rhus wallichii
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata
Symplocos ramosissima 1.9 14.0 12.6 20.1 16.2 14.8 17.7 15.5 7.1 16.8
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 4.9 0.3 0.1 1.9 0.4 0.7 0.4 8.0 0.4

Total tree basal area / plot 60.2 69.3 89.1 40.2 31.2 21.8 34.5 23.9 52.4 46.1  
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Appendix B, Table 2b. Total basal area (m2/ha)

Plot 1 2 3 4 5 6 7 8 9 10
Species

Acer campbellii
Acer sterculiaceum 1.3 0.9 0.9 2.6
Aesculus indica 2.6 4.3 0.2 1.6 3.7
Castanopsis tribuloides
Dodecadenia grandiflora 0.0 0.0 4.8 0.0 4.2 0.2 0.1 0.3
Euonymus sp. 0.5
Eurya acuminata 1.0 0.1 0.9 0.1 0.0 0.0 0.0
Fraxinus sp. 0.2 0.0 0.9 0.2 0.0 0.0 0.5 0.2
Ilex diphyrena 0.6 1.5 0.5 0.0 0.2 1.6 1.6 0.9 0.3
Ilex fragilis 0.2
Leycesteria formosa 0.0 0.0 0.0 0.2
Ligustrum confusum 0.0 0.1 1.6 1.0 1.0
Lindera pulcherrima 0.5 0.3 6.7 0.1 1.3 1.3 0.1 0.4 4.5
Lyonia ovalifolia 0.1 0.8 0.1
Machilus duthei 0.1 0.0 9.4 3.0 2.0 5.3 1.1 3.5
Neolitsea lanuginosa 1.2 1.3 2.7 0.2 4.6 1.2 1.0 4.6 0.8
Pieris formosa
Prunus napaulensis 0.0 1.2 0.5 0.8 1.1 3.0
Prunus venosa 1.1 0.4 1.4 0.7 0.1 2.0 2.1
Quercus lamellosa 7.1 31.8 2.4 8.9 4.6 23.8 6.5 0.1 3.3
Quercus oxyodon 3.8 0.0
Quercus semecarpifolia
Rhododendron arboreum 0.0
Rhus wallichii 2.8 0.1 0.2 0.0 0.3 0.2 0.7
Schefflera impressa
Skimmia arborescens 0.0 0.1 0.3
Sorbus cuspidata
Symplocos ramosissima 11.1 14.2 20.6 11.6 16.6 12.6 18.6 15.5 20.6 19.2
Symplocos theifolia 0.0 0.0 0.0 0.0
Taxus bacata
Tusga dumosa
Vibernum erubescens 4.6 5.0 4.2 1.3 6.1 3.8 5.7 4.8 2.2 4.1

Total basal area / plot 24.8 60.9 36.0 52.1 31.5 54.3 44.5 32.9 40.0 39.6  
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Appendix B, Table 2b. Total basal area (m2/ha) (continued)

Plot 11 12 13 14 15 16 17 18 19 20
Species

Acer campbellii 0.7 4.2 0.0 2.6
Acer sterculiaceum 0.5 0.5
Aesculus indica
Castanopsis tribuloides 0.2 1.7
Dodecadenia grandiflora 5.3 3.0 6.4 6.2 8.0 5.5 8.3 8.5 0.3 0.9
Euonymus sp.
Eurya acuminata 0.9 0.5 0.2 0.3 0.1 0.2 0.3 0.3 2.4 1.8
Fraxinus sp.
Ilex diphyrena 1.4 3.7 0.6 3.1 2.3 2.2 1.6 4.6 3.4 0.3
Ilex fragilis 0.5 1.2 2.9 9.6 0.6 3.0 0.3
Leycesteria formosa 0.0 0.0 0.0 0.7 0.2
Ligustrum confusum 0.4 2.7 1.6 2.9 0.4 3.1 0.3 0.0 0.0 0.8
Lindera pulcherrima 3.8 5.1 7.5 1.8 3.8 6.2 8.4 7.6 4.9 5.8
Lyonia ovalifolia 7.2 2.6 4.5 4.0 1.2 0.3 0.1
Machilus duthei 4.4 6.4 0.7
Neolitsea lanuginosa 0.0 0.6 1.3 0.0 0.0 0.1 0.7
Pieris formosa 1.2
Prunus napaulensis 0.5 7.4 1.9
Prunus venosa 1.7 0.0 0.5 2.3 0.1 2.0
Quercus lamellosa 5.0
Quercus oxyodon 0.1 5.3 1.2 0.0 0.0 4.5 0.3
Quercus semecarpifolia 0.2 6.4 12.6 23.6 12.7
Rhododendron arboreum 0.0 16.7 2.5 6.7 19.8 23.6 7.0 12.8 0.0
Rhus wallichii
Schefflera impressa 0.0 0.1
Skimmia arborescens 0.0
Sorbus cuspidata 16.4
Symplocos ramosissima 12.8 22.2 15.1 18.8 5.9 0.8 21.9 19.0 17.1 14.3
Symplocos theifolia 0.2
Taxus bacata 0.0 0.0
Tusga dumosa 0.0
Vibernum erubescens 1.7 0.8 4.2 3.3 4.9 2.1 0.3 0.7 1.4 2.5

Total basal area / plot 35.2 64.2 45.9 55.3 82.5 80.0 65.6 63.7 53.7 32.2  
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Appendix B, Table 2b. Total basal area (m2/ha) (continued)

Plot 21 22 23 24 25 26 27 28 29 30
Species

Acer campbellii 2.2 0.0
Acer sterculiaceum 1.6
Aesculus indica
Castanopsis tribuloides
Dodecadenia grandiflora 5.0 11.7 15.4 2.6 0.2 11.5 2.5 1.8 2.0
Euonymus sp.
Eurya acuminata 0.2 1.2 0.0 0.2 0.1 0.6
Fraxinus sp. 0.0
Ilex diphyrena 4.5 1.7 0.1 0.1 0.2 0.3 0.3 2.1 4.1 0.6
Ilex fragilis 1.0 0.1 0.4 0.1
Leycesteria formosa 0.4 0.0
Ligustrum confusum 10.2 0.5 1.3 0.0 0.0 0.2
Lindera pulcherrima 0.5 1.1 1.0 6.6 0.9 0.9 4.8 3.6 2.2 1.5
Lyonia ovalifolia 8.1
Machilus duthei 6.4 6.2 2.7 2.0 1.2
Neolitsea lanuginosa 0.0 0.0 0.8 0.0 0.0 0.1
Pieris formosa 0.1
Prunus napaulensis 0.4 6.4 0.0 0.0
Prunus venosa 0.0 0.2
Quercus lamellosa 3.3
Quercus oxyodon 13.1 0.4 0.2 0.1 0.0 0.0
Quercus semecarpifolia
Rhododendron arboreum 30.9 40.2 39.4 30.3 26.0
Rhus wallichii
Schefflera impressa
Skimmia arborescens 
Sorbus cuspidata
Symplocos ramosissima 2.1 16.1 16.3 22.0 18.7 17.2 19.7 17.7 7.6 18.5
Symplocos theifolia
Taxus bacata
Tusga dumosa
Vibernum erubescens 6.3 0.4 0.5 3.2 1.4 1.2 1.0 9.0 0.6

Total basal area / plot 62.2 71.7 93.5 45.2 36.1 26.2 39.6 28.9 55.0 49.5  
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APPENDIX C: DENSITY AND BASAL AREA BY PLOT GROUP 
Appendix C, Table 1. Plot Group A: Mean density by size class (stems ha-1), tree 
basal area, and total basal area (m2 ha-1) Includes plots 1, 2, 5, 6, 7, 8, 9. 
        

 short tall saplings poles trees tree-ba total-ba
Species seedlings seedlings   
        
Acer campbellii 0 0 0 0 0 0.0 0.0
Acer sterculiaceum 10 0 0 0 6 0.4 0.4
Aesculus indica 0 0 0 0 6 1.2 1.2
Castanopsis tribuloides 0 0 0 0 0 0.0 0.0
Dodecadenia grandiflora 43 10 3 6 7 0.6 0.7
Euonymus sp 0 0 0 0 1 0.1 0.1
Eurya acuminata 19 14 4 3 1 0.1 0.2
Fraxinus sp. 0 24 14 19 4 0.0 0.1
Ilex diphyrena 124 57 1 4 16 0.9 0.9
Ilex fragilis 0 0 0 0 0 0.0 0.0
Leycesteria formosa  19 5 3 1 1 0.0 0.0
Ligustrum confusum 433 62 1 1 3 0.4 0.4
Lindera pulcherrima 414 495 113 50 11 0.2 0.5
Lyonia ovalifolia 14 0 4 4 0 0.0 0.0
Machilus duthei 210 81 23 10 10 1.6 1.6
Neolitsea lanuginosa  467 624 137 54 11 1.4 1.8
Pieris formosa 0 0 0 0 0 0.0 0.0
Prunus napaulensis 124 48 0 4 9 0.3 0.4
Prunus venosa 38 5 6 6 13 1.0 1.0
Quercus lamellosa 10 10 9 9 19 11.0 11.0
Quercus oxyodon 0 0 0 0 0 0.0 0.0
Quercus semecarpifolia 0 0 0 0 0 0.0 0.0
Rhododendron arboreum 0 0 0 0 0 0.0 0.0
Rhus wallichii 0 0 0 3 17 0.6 0.6
Schefflera impressa 0 0 0 0 0 0.0 0.0
Skimmia arborescens  29 5 10 9 0 0.0 0.1
Sorbus cuspidata 0 0 0 0 0 0.0 0.0
Symplocos ramosissima 2038 2048 501 431 419 13.0 15.6
Symplocos theifolia 5 5 1 3 0 0.0 0.0
Taxus bacata 0 0 0 0 0 0.0 0.0
Tusga dumosa 0 0 0 0 0 0.0 0.0
Vibernum erubescens 1552 3114 721 473 113 1.6 4.6
        
Totals 5548 6605 1553 1090 667 34.4 41.3
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Appendix C, Table 2. Plot Group B: Mean density by size class (stems ha-1), tree basal 
area, and total basal area (m2 ha-1) Includes plots 4, 10, 12, 18, 20, 24, 27, 28. 
        

 short tall saplings poles trees tree-ba total-ba
Species seedlings seedlings   
        
Acer campbellii 4 4 1 0 4 0.3 0.3
Acer sterculiaceum 46 13 0 0 5 0.4 0.4
Aesculus indica 0 0 0 0 4 0.0 0.0
Castanopsis tribuloides 0 0 0 0 0 0.0 0.0
Dodecadenia grandiflora 471 167 50 48 59 4.0 4.3
Euonymus sp 0 0 0 0 0 0.0 0.0
Eurya acuminata 267 200 19 5 13 0.6 0.7
Fraxinus sp. 0 0 0 0 1 0.0 0.0
Ilex diphyrena 475 175 6 5 21 1.4 1.4
Ilex fragilis 67 21 1 5 14 0.5 0.5
Leycesteria formosa  29 13 4 3 4 0.0 0.1
Ligustrum confusum 3042 446 10 5 21 0.7 0.7
Lindera pulcherrima 1246 1163 426 248 140 4.0 5.6
Lyonia ovalifolia 0 8 0 4 5 0.4 0.4
Machilus duthei 1438 938 50 6 44 3.4 3.5
Neolitsea lanuginosa  504 521 36 16 8 0.6 0.7
Pieris formosa 0 0 0 0 0 0.0 0.0
Prunus napaulensis 179 17 0 3 15 0.7 0.7
Prunus venosa 33 4 4 3 5 0.6 0.6
Quercus lamellosa 8 17 0 3 1 1.1 1.1
Quercus oxyodon 46 79 30 11 9 1.1 1.2
Quercus semecarpifolia 0 0 0 0 0 0.0 0.0
Rhododendron arboreum 67 17 0 1 23 3.7 3.7
Rhus wallichii 0 0 0 1 1 0.0 0.0
Schefflera impressa 13 0 3 0 0 0.0 0.0
Skimmia arborescens  54 67 0 3 0 0.0 0.0
Sorbus cuspidata 0 0 0 0 0 0.0 0.0
Symplocos ramosissima 4475 5829 719 454 428 15.3 18.2
Symplocos theifolia 4 13 4 4 0 0.0 0.0
Taxus bacata 8 0 0 0 0 0.0 0.0
Tusga dumosa 0 0 0 0 0 0.0 0.0
Vibernum erubescens 892 1325 280 150 33 0.5 1.5
        
Totals 13367 11033 1643 975 855 39.3 45.7
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Appendix C, Table 3. Plot Group C: Mean density by size class (stems ha-1), tree basal 
area, and total basal area (m2 ha-1) Includes plots 11, 13, 14, 15, 22, 23, 30. 
        

 short tall saplings poles trees tree-ba total-ba
Species seedlings seedlings   
        
Acer campbellii 0 0 0 1 11 0.69 0.70
Acer sterculiaceum 57 0 0 0 1 0.07 0.07
Aesculus indica 0 0 0 0 0 0.00 0.00
Castanopsis tribuloides 0 0 0 1 1 0.02 0.03
Dodecadenia grandiflora 662 310 47 79 93 7.42 7.84
Euonymus sp 0 0 0 0 0 0.00 0.00
Eurya acuminata 314 243 10 11 9 0.18 0.24
Fraxinus sp. 0 0 0 0 0 0.00 0.00
Ilex diphyrena 867 357 23 26 36 1.25 1.40
Ilex fragilis 10 5 3 11 21 0.54 0.59
Leycesteria formosa  43 5 0 6 4 0.08 0.11
Ligustrum confusum 2500 319 16 33 47 0.68 0.85
Lindera pulcherrima 2990 1833 236 170 66 1.85 2.91
Lyonia ovalifolia 0 5 0 4 20 3.37 3.39
Machilus duthei 38 14 0 0 0 0.00 0.00
Neolitsea lanuginosa  186 371 4 6 1 0.18 0.21
Pieris formosa 24 5 1 1 0 0.00 0.01
Prunus napaulensis 14 0 0 0 1 0.00 0.00
Prunus venosa 5 0 4 4 4 0.29 0.31
Quercus lamellosa 0 0 0 0 0 0.00 0.00
Quercus oxyodon 24 57 9 7 13 2.01 2.05
Quercus semecarpifolia 195 143 20 40 33 2.52 2.73
Rhododendron arboreum 95 100 16 11 110 19.15 19.22
Rhus wallichii 0 0 0 0 0 0.00 0.00
Schefflera impressa 5 0 0 0 0 0.00 0.00
Skimmia arborescens  100 67 3 0 0 0.00 0.00
Sorbus cuspidata 0 0 0 0 4 2.34 2.34
Symplocos ramosissima 5367 5910 576 327 303 12.59 14.78
Symplocos theifolia 0 0 0 0 0 0.00 0.00
Taxus bacata 0 5 1 0 1 0.00 0.00
Tusga dumosa 0 0 0 0 0 0.00 0.00
Vibernum erubescens 710 919 161 236 61 0.87 2.15
        
Totals 14205 10667 1130 976 843 56.10 61.95
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