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ABSTRACT 

In Canadian cedar hemlock forest, flonstic habitat sampling (FHS) methodology 

recorded more than twice as many bryophyte species as traditional plot sampling (PS). 

FHS samples a mosaic o f  mesohabitats (i.e.? forest, streams, seeps, and cliffs) that are 

often not sampled in traditional plot studies, resulting in under estimates of species 

richness, including many rare species, and a fùll understanding of the patteming of 

diversity. 

At the regiond scale (Le., provincial), climate and large-scale catastrophic 

disturbance (Le., fire and Iogging) are the most important environmental variables 

influencing bryophyte vegetation patterns in the cedar hernlock landscape of British 

Columbia (B.C.). Species composition in coastal western hemlock (CWH) stands differ 

fiom those in the interior cedar hemlock zone (ICH). In general, the CWH has a higher 

abundance of bryophytes, particularIy hepatics than the ICH. Floristic affinities are 

associated with bryophyte vegetation in the CWH and ICH. Temperate species, 

especially western North American endemics, are almost exclusive to the CWH. Boreal 

species are more cornrnon in the ICH. 

At the stand scale, t h e  since the last large-scale disturbance and habitat 

heterogeneity strongly influence the patterning of bryophyte diversity in the ICH and 

CWH. Old-growth cedar-hemlock forests have between 33% (ICH) and 66% (CWH) 

more species than young forests disturbed by either wildfire or Iogging. Stands with high 

mesohabitat quantity (Le, number of different kinds) had high bryophyte diversity. 

At the local scale, bryophyte diversity is largely dependent upon mesohabitat 

quality and quantity. Within an age class, mesohabitat quality is a fùnction of the number 



and types of rnicrohabitats. Ecosystem management plans must be aimed towards 

maintainhg the diversification of mesohabitats/microhabitats for the preservation of high 

bryophyte diversity. Mesohabitat and microhabitat bio-indicators associated with high 

bryophyte diversity are listed for old growth forests in each biogeoclimatic zone. These 

bio-indicators can be used to preserve the crucial habitats for rare species, and identify 

"hot spots" for conservation. Large-scde disturbance such as forestry heavily ùireatens 

the sustainability of these highly diverse communities. Bryophyte diversity in the cedar- 

hemlock forests of British Columbia will be sustained through ecosystem management of 

old growth legacies (i.e., landscapes, stands and components of these) and the 

preservation of areas of high diversity. 

Key words: biodiversity, bryophytes, species richness, rare species, old-growth, 

disturbance, floristic habitat sampling, patterning of diversity, cedar-herniock, ICH, 

C WH, forest conservation, ecosystem management. 
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INTRODUCTION 

In northern forests, bryophytes are as important as anthophytes, both 

quantitatively and qualitatively; they hold a key position in understanding forest 

ecosystem diversity and fùnction (Smith 1982: 0kland 1994b; Newmaster et al. 1999). 

S ince bryophytes are closely associated with their surrounding substrate, habitat 

availability is more important to them than most phanerogarns (Vitt & Belland 1997; 

Newmaster & Bell 2000). Consequently, patteming of rare bryophyte diversity. is in part, 

a function of the types and numbers of habitats (Viti & Belland 1997, Newmaster et- al. 

1997, 1998). In northern forest ecosysterns, the diversity of rneso/microhabitats is high, 

and therefore partially explains why bryophyte diversity, particuiarly species richness, is 

higher than anthophyte diversity (Johnston & Elliot 1996; Newmaster et al. 1997; Bell & 

Newrnaster 1998; Newrnaster & Bell 2000). Bryophytes are ofien the first plants to 

colonize habitats, especially harsh habitats such as rock. Their importance in nutrient 

cycling (Pocs 1980; Nadkarni 1981; Oechel & Van Cteve 1986; Chapin et al. 1987), 

moisture retention (Pocs 1976; Nadkarni 198 1, 1983; Weber and Van Cleve 1983; Coxon 

1991) and seedling establishment (Black & Bliss 1980; Cross 198 1; Keizer et al. 1985; 

Nadkamura 1986; Nakamura & Obata 1984; Okada & Ohsawa 1 984; Zasada 1986; 

Newmaster & Parker 1999) has been docurnented. Other important ecosystem functions 

include animal food chains. plant and animal interactions, colonization and primary 

succession, and soi1 stabilization (Slack 1988; During & Van Tooren 1990; Longton 

1 992). Nevertheless, the extinction of bryophyte species and loss of their diversity has not 

received the sarne attention as anthophyte extinction and loss of diversity. 

Relatively few studies have examined the ecology of bryophytes. Traditionally, 

little importance has been given to this group, and herbs and woody plants have been the 

focus of ecological research (Spiess et al. 1982; Thompson 1982). A foundation for 

bryophyte ecology was set by some of the oldest studies in bryophyte population and 

community dynamics (Schuster 1949; Hale 1952; Tarnm 1953; Girningham & Birse 

1957; Barkman 1958). The early population ecology work of Tamm (1 953) set a 

framework for other ecological studies explonng the factors controlling establishment 

and growth (Busby et al. 1978; During et aI. 1987; Li & Vitt 1994; 0kiand 1996). Since 



then many other researchers have expanded Tamm's ideas, increasing the knowledge of 

population dynamics of bryophytes (Hoddington & Bain 1979; Longton & Greene 1979; 

Wyatt 1982; Hobbs & Pritchard 1987; Jonsson & Soderstrtim 1988; Soderstrom & 

Jonsson 1989: Hedenas et al. 1989; Herben et al, 199 1 ; Vitt 1991 b; 0kland 1995, 1996). 

EarIy bryologists recognized the importance of habitats in cornmunity dynamics. Schuster 

(1 949) recognized that species growing on wood could be arranged along a successional 

gradient reflecting the various decay stages of wood. This chronosequence has dso been 

descrïbed by other researchers in North America, Europe and Scandinavia (Muhle & 

LeBlanc 1975; Soderstrom 1988% 1989, 1993; Arsenault 1995). A handfùl of other 

research studies have investigated the close association of bryophyte comunities and 

specific habitats (McCullough 1948; Hale 2 952; Slack 1976, 1990; Hofban  & Boa 

1977; Watson 1980; McCune & Antos 1982; Horton 1988; Oksanen 1988). The results of 

such studies show that there are specific cornmunities of bryophytes for many different 

types of habitats (Yarranton 1972; Rasmussen 1975; Palmer 1986; Herben & Soderstrom 

1992; McAlister 1 995). However, few studies have attempted to Iink conservation of 

bryophyte diversity with preservation of crucial habitats within forested ecosystems 

(Newmaster 1997; Rambo and Muir 1998a; Fredricks 1999). 

The cornrnunity dynamics of bryophytes, and the effects of disturbance, are now 

considered in many integrated forest ecosystem studies (Carleton 1988, 1989; Brumelis & 

Carleton 1990; Gustafsson et al. 1992; Nieppola & Carlton 199 1 ; Herben & Soderstr6rn 

1992; Vitt & Belland 1995; Frego & Carleton 1995a; Bell & Newrnaster 1998). Many 

researchers have recognized that bryophytes form a distinct coenocline and have 

investigated this gradient in community composition along environmental gradients 

(Watson 1980; Vitt & Slack 1984; Gignac & Beckett 1986; During & ter Horst 1987; 

0kland 1986, 1993, 1994a; Robinson et ai. 1989; Gignac et al. 199 1 a, 199 1 b, 199 1c; 

McCune 1993: Frego & Carleton 1995b). The close association of these communities to 

environmental gradients c m  be used to understand ecoclines ( H o f i a n  & Karmierski 

1969; Gignac 1986; Oksanen 1986; Taylor et al. 1987; Gustafsson & Hallingback 1988; 

Gignac & Vitt 1990; Longton 1993; Herben 1994). 



Large (e-g., fire, logging) and small scale (e-g., isolated wind throw) disturbance is 

an important event in the forest, and more specifically. the comrnunity dynamics of 

bryophytes (Zackrisson 1977; Leonard et al. 1 985; Lindholrn & Vasander 1987; Jonsson 

& Esseen 1 990; Jonsson 1993; Kimrnerer 1993; 0kland 1994a; Sillet 1995; Newmaster et 

al. 1998). A forest that escapes large-scale disturbance for long perïods of time (ola 

growrh forest) can offer a unique environment for bryophytes and other organisms. 

Although there are only a few studies, the ecological patterns in these old forests are quite 

similar throughout North America and Scandinavia (Soderstr6m 1988; Anderson & 

Hytteborn 199 1 ; Lesica et al. 199 1 ; Arsenault i 992; Laaka 1992; Rarnbo and Muir 

1998b). The diversity of tree sizes, log sizes and decay classes is much higher in old 

forest (Anderson & Hytteborn 199 1 ; Lesica et ai. 199 1 ; Hyvarinen 1992). Several 

researchers have suggested that an increase in habitats in old forest may result in an 

increase in bryophyte diversity, but M e r  research is needed to substantiate this claim 

(Hytteborn et al. 1987; Lesica et al. 199 1 ; Anderson & Hytteborn 199 1 ; Laaka 1992; 

Herban & Soderstrom 1992; Timoney & Robinson 1996). Time since the last large-scde 

disturbance rnay be a crucial variable in forests with high bryophyte diversity (Soderstrom 

1988; Newmaster 1997; Rambo & Muir 1998a). Further research is needed to investigate 

bryophyte diversity in young and oId forests (Gradstein f 992; Laaka 1992; Soderstflrn 

1 995). 

Perhaps the least studied area of bryophyte ecology concerns diversity and the 

scale in which it is investigated. The regularïty in the patterns of diversity suggests they 

have been produced in conforrnity with a basic set of principles rather than accidents of 

history (Fisher et al. 1943). Research has only recently focused on factors that influence 

patterns of bryophyte diversity (Slack 1977; Benzing 198 1 ; Oksanen 1983; 0kland et al. 

1990: Vitt et al. 1995; Vitt & Belland 1996). Habitats such as streams, fens and bogs 

exhibit unique patterns of diversity (Slack & Glime 1985; Muotka & Virtanen 1995; Vitt 

et. al 1995). Vitt and Belland (1997) have shown that patterns of rare bryophyte diversis- 

are strongly correlated to habitat type and the scale of the investigation. Furthemore, Siey 

described how the landscape is made up of a mosaic of meso-habitats (e-g. ,  stcearns, cliffs 

etc.) which are in turn made up of microhabitats (e.g., logs, rocks etc.), aII of which affect 



diversity patterns of bryophytes. There are no published studies that compare bryophyte 

diversity in a forest ecosystem at different scales on the landscape- 

Ecological studies that consider patterns of diversity at different scales on the 

landscape can offer practical applications for conservation strategies (Whittaker 

1960,1972)- Whittaker's defrnition of 'point diversity' (Le., epsilon, gamma and point), 

and 'differentiation diversity' (Le., delta, beta and pattern) can be applied to field research 

at al1 scales of diversity, including Vitt and Belland's (1997) mosaic of habitats on the 

landscape (see appendix DI). Biogeography studies investigate patterns of diversity at the 

largest landscape scales (epsilon & gamma inventory diversity; deka differentiation 

diversity). Although uncornmon, bryogeographical studies offer elegant, intuitive 

conciusions about species diversity, basic floristic concepts and conservation (Steere 

1978; Brassard 1983: Schofield 1988; Belland & Brassard 1988; Vitt 199 1 a; Belland & 

Schofield 1994; Belland 1995). MacArthur (1 965) suggested that species diversity should 

be investigated at both the 'regional' or between stands scale (alpha inventory diversity & 

beta differentiation diversity), and the 'locai7 or within stands scde (point inventory 

diversisr & pattern differentiation diversity). Different environmental or historical factors 

may be correlated to patterns of diversity at different scales on the landscape (Pielou 

1975; Krebs 1985; Ma,wan 1988). Conservation strategies consistently rank diversity as 

the most important criteria for site assessrnent (Magurran 1988). Consequently, there is a 

demand to investigate patteming of di ver si^ at different scales on the landscape (Goward 

1993; Rose 19%; SIack 1992: Soderstrom et al. 1992; Soderstrom 1995; Fanta 1995). 

Traditionally, randomly placed bounded plots or quadrats have been used to 

sample communities for ecological fieldwork. Clements (1905) described the methods for 

collecting data using plots and quadrats. These methods have been used successfirlly in 

many population and cornmunity dynarnic studies (Bonham 1989; Krebs 1997). 

Unfortunately, the stochastic bounded nature of these methods encourages the exclusion 

of uncornmon- distinctive habitats that offer considerable diversity. Several researchers 

have found it difficult to separate which environmental factors are most influential in 

describing patterns of diversity (During 1979, 1992; Pacs 1980; Kimmerer & Allen 1982; 

Leonard et al, 1985; Soderstrom 1989; Cariton 1990; Herben et al, 199 1 ; Gradstein 1992; 



Herben 1994; 0kland 1995a). Ultimatelyy it would be desirable to quantify these factors 

in a statistical mode1 to predict diversity and sensitivity of ecosystems. Although attempts 

have been made to quanti@ diversity, they have often produced unsatisfactory results 

perhaps because of the sampling techniques employed. 

The appropriate sarnpling method for bryophyte diversity studies should include 

al1 the potential habitats in the ecosystem studied (Newmaster 1997 et al.). Belland (1 98 1, 

1987, 1988, 1989, 1994' 1995) has been using floristic sampling to investigate the 

diversity of bryophytes along the East Coast of Canada. His sarnpling method records 

species by meso-habitat in a qualitative manner. Vitt et al. (1992, 1995) used a similar 

method to successfully study patteming of bryophyte diversity in peatlands. Recently, Vitt 

and Belland (1996) have suggested that rare species richness c m  be appropriately 

quantified if species are recorded by meso-habitats (e-g., streams, cliffs etc.) and 

microhabitats (e-g., logs, stumps etc.) withh an ecosystem. Furthemore, they insisted 

that sarnpling within the sampling unit by micro/meso habitat must continue until al1 the 

species are found. This sampling method produces a complete List of species by 

microhabitat and meso-habitat with environmental parameters for each sarnpling unit. 

Sarnpling in several areas in this manner allows a quantitative comparison of species 

richness using biometric and multivariate statistical techniques. Such a cornplete data set 

may elucidate complex cornrnunity patterns using known environmenta1 gradients. It may 

be possible to modie Vitt and Belland's sarnpling technique to address management and 

conservation questions in sensitive forest ecosystems. 

In the North Temperate Zones there are cool, wet, conifer-dominated ecosystems 

typically called Temperate Rain Forest (Whittaker 1977; Alaback & Pojar 1997; 

Schoonrnaker et al. 1997). Temperate rain forests are characterized by cool, wet climates. 

acidic soils, copious networks of flowing water. abundant bryophytes, large amounts of 

organic debris on the ground and dominant coniferous trees that include the largest and 

oldest living species (Kirk & Franklin 1992). Today there are only a few locations 

reported in the world where these forests exist. These are in North America, New 

Zealand, Chile, Norway, China and Japan. The largest temperate rainforest in the world 

are the oceunic/coastal rainforests (warmer, influenced by coastal weather patterns) along 



the Pacific coast of North Arnerica, which are dominated by the Coastal Western 

Hernlock Zone (CWH)  in British Columbia (Meidinger & Pojar 199 1). The living 

biomass in the coastal North Arnerican temperate rain forest (500 tons/acre) is greater 

than in the tropical forest (300 tondacre) (Colinvaux 1986; Kirk & Franklin 1992). Idand 

fkorn the west coast of North America are the inland oroboreal rainforests (cooler, 

influenced by interior continental weather patterns), which are dominated by the Interior 

Cedar Hemlock Zone (ICH) in British Columbia (Tuhkanen 1984 Barbour et. al 1 987; 

Meidinger & Pojar 199 1 ; Goward 1994, 1995; Arsenault 1995). In the ICH only the 

wettest subzones (ICHwkI and ICHvkl) are properly described as rainforest. Ln the 

northern hernisphere, interior rain forests have only been reported in China and western 

North Amerka. In British Columbia these rare, sensitive rainforests deserve special 

consideration as candidates for protected status (Goward & MacKmon 1996). 

The importance of bryophytes in British Columbia is considerable, With more 

than 850 species of mosses and hepatics, the province's bryoflora is the richest in North 

America and contains the largest percentage of endemic species and genera an the 

continent (Ireland et. al 1987; Schofield 1988). The Coastal Western Hemlock Zone 

(C WH) is characterized by extraordinary bryophyte nchness (Schofield 1988) and 

contains the majority of western North Arnerican endemic species and genera. Mmy 

species that occur in this zone are unknown elsewhere in Canada, Some areas in the 

lnterior Cedar Hemlock Zone (ICH) may be the only interior oroboreal rainforests in 

North Amerka. Schofield (1 968% l968b, l968c, l968d, l98O), has collected bryophytes 

extensively in the C M .  Furthermore, Godfkey (1 977a, 1977b, 1979), has made 

considerable contributions to the hepatic flora of the CWH. Schofield (1 984, 1988) noted 

that the CWH contains luxuriant carpets of bryophytes, which are supported by an 

abundant source of moisture in the form of min and fog. Furthemore, the CWH shows 

considerable habitat diversity with frequent cliffs, canyons, outcrops, boulders, streams, 

nvers, waterfalls, fjords and bodies of water. It is not surprising that this area is 

characterized by extraordinary bryophyte richness and contains the majority of western 

North American endemic species and genera (Schofield 1984, 1988). Collections by Tan 

(1980) have conîributed to a relatively complete list of rnosses for the ICH. However, 



lirnited collections of  hepatics have been made in the ICH (Wong unpub1ished)- The 

Coastal and Interior zones show sirnilarities in structure and composition, yet some 

evidence suggests differences in ecosystem diversity and community stnicture/dynamics 

(Arsenault 1995). There has been no quantitative research that investigates the patterning 

of bryophyte diversity in the ICH or CWH. Furthermore, it is unclear whether or not 

diversity really differs between the ICH and CWH or between young and old stands 

within either biogeoclimatic zones A cornparison of bryophyte diversity in these two 

areas will provide 1seful uiformation on their makeup and insight into how they should 

be managed. 

This thesis investigates îhe patternhg of bryophyte diversity in British Columbia's 

cedar hemlock forest- The two key areas of interest are the C WH and the ICH 

biogeoclimatic zones of British Columbia. In both, the history of either fue or logging 

disturbance influences the ecology of the forest ecosystem (Arsenault 1996). The resuIt is 

a pattern of young (70-90 yrs.) and old (250t yrs.) forests on the landscape. This research 

project sarnpled young and old stands within the CWH and ICH. The thesis questions 

were grouped into five research papers that focus at different scales on the landscape. The 

first paper investigates the appropriate sarnpling methodology for answering questions 

regarding bryophyte diversity. The second paper investigates community differences at a 

regional scale (Le., ICH vs C W ) .  The thîrd paper investigates the patterning of diversity 

at the stand scale within either the ICH or CWH. The last two papers investigate 

bryophyte diversity at a local scale and the indicator value of mesohabitats and 

microhabi tats respectively. 



DEFINITIONS 

Microhabitat At the local scale, diversity or species richness is related to 

microhabitat heterogeneity and these microhabitats are arranged in 

patterns associated with Iocalized physiographic or physiognomic 

forms (Vitt et al. 1995; Vitt & Belland 1996). Logs, stumps and 

rocks are exarnples of microhabitats and they are habitat for both 

individual populations and communities. 

Meso-habitat Mesohabitats (e-g., streams, cliffs etc.) are found within the forest 

landscape- They contain sets of microhabitats, the diversity of 

which controls the quality of the mesohabitat (Vitt & Belland 

1996)- At the regionai scale, patterns of diversity are arranged 

through the occurrence, quantity and quality of meso-habitats. A 

dominant mesohabitat c m  comprise a large portion of the 

landscape (e-g., a forest). Restricted meso habitats are smaller and 

are fully contained within the dominant mesohabitats (e-g., a cliff 

within a forest). 

A mosaic of dominant and restricted meso-habitats on the 

landscape. Defined by the dominant tree species, age, structure, 

elevation, slope position and aspect. In each stand there mil1 be one 

meso-habitat that represents the dominant meso-habitat, and 

various restricted meso-habitats for cliffs, streams etc. 

Stand 

Floristic Habitat Based on the sarnpling methodology used by Belland (1981, 1987, 

Sampling (FHS) 1988, 1989, 1994, 1995), Vitt (1 99 1) and Vitt & Belland (1 995, 

1997). Their methodology has been expanded in FHS to 

incorporate forest stands and al1 the mesohabitats and 

microhabitats found within, It is similar to a floristic survey 

because it attempts to provide a method in which to record d l  

species within a study area. In FHS the stand is the plot and 

rneso/microhabitats are the sarnpling units. This method differs 



fiom a relevé in several respects 1) relevés are bounded; FHS is 

not, 2) relevés are based on the investigatoros preconceived 

concepts about the existence of certain types of communities; FHS 

is based on meso/microhabitats that are present in the stand, 3) 

relevés record sociability; FHS does not 4) relevés are used for 

vegetation classification; FHS is ideally suited for biodiversity 

studies. Although Iabor intensive, FHS provides an extensive list 

of species with habitat characteristics, fiom which many ecological 

and environmental questions can be answered. 

Regional Scale In western Canada, the cedar hemlock forests c m  be divided into 

either the ICH or CWH biogeoclimatic zones. Biogeoclimatic 

zones are areas of broadly homogeneous climates that influence 

patterns of vegetation across 

the landscape (Meidinger and Pojar 199 1).  At the largest scale, 

patterns of bryophyte diversity (gamma & delta) will be compared 

in biogeoclimatic zones- 

Local Scale Meso-habitats (e.g., streams, cIiffs etc.) contain sets of 

microhabitats (e-g., logs, rocks etc.) arranged on the landscape 

(Vitt and Belland 1997)- The finest scaie of anaiysis will 

investigate local patterns of bryophyte diversity (alpha beta point 

& pattern) in mesohabitats and microhabitats. 
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Chapter 1. 

The Ones We Left Behind: Cornparing Plot Sampling And 

Floristic Habitat Sampling For Estimating Bryophyte 

Diversity. 



INTRODUCTION 

Appropriate sarnpling methodology is crucial to understanding patterns of 

community and taxon diversity on the landscape- Traditionally, randornly placed, 

bounded plots have been used to sarnple cornmunities for species diversity (e-g., Shafii & 

Yarranton 1972; Pike et al. 1975; Gustafsson & Hallingback 1988: 0kland et al. 1990; 

0kland 1994% t994b; Johnston & Elliot 1996; Rambo & Muir 1 998a; Bell & Newmaster 

1998). As early as 1905, Clements described methods for collecting data using plots. 

Since that time many variations of quantitative measurements using plots have been used 

(e-g., Gleason 1925. Cain & Castro 1959, Bonham 1988, Krebs 1989)- These methods 

have been used successfully in numerous population and community dynamics studies on 

bryophytes (e-g., Slack Z 977; Soderstr6m 1988% l988b: Bonham 1989; Lesica et al. 

1991; Selva 1994: Rarnbo & Muir f 998b; Gignac et al. 1998; McCune 1993. 1997a; 

Frego & Carlton 1995; Momault et al. 1998). However, plot sarnpling is not ided for 

biodiversity studies. Slack (1 984) recognized that a completely random plot sarnpling 

method is Iikely to miss important types of variation within the sampling area unless the 

intensity of the sampling (Le. number of quadrats) is very great, Intensive plot sampling 

in mature forest and areas disturbed by silvicultural operations did not record uncornmon 

or distinctive habitats that offered considerable bryophyte diversity (Newrnaster & Bell 

2000). 

Wallace (1 878) proposed that regularity in the patterns of variation in diversity 

suggest they have been produced in conformity with a set of basic ecological variables. 

Several researchers have shown that bryophyte diversity is probably influenced by a 

multitude of ecological variables including microhabitat, stand age, disturbance, and 

available rnoisture (Vitt et al. 1975; Pscs 1980; Soderstrom 1989; Herben et al. 199 1 ; 

Gradstein 1992; Belland & Schofield 1994). It is difficult to separate how each of these 

factors influence or contribute to patterns of diversity (During & ter Horst 1987, During 

et al, 1987; Kirnmerer & Allen 1982; Leonard er al. 1985; Carleton 1990; Herben & 

Soderstrom 1992; Bkland 1994). Ultimately, it is desirable to quanti* environmental 

variables in a statistical mode1 to predict species richness in undisturbed and disturbed 

ecosystems. This requires a sampling methodology that includes ail the habitats in the 

study area. 
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Recently Vitt and Belland (1997) presented a framework for understanding the 

patternhg of bryophyte habitats on the landscape. Habitats c m  be defmed as either 

mesohabitats or microhabitats. Microhabitats (e-g., logs and rocks) are the smallest 

Iandscape units and may be unique to one type of mesohabitat (Le., submerged rock in a 

strearn). Mesohabitats are localized physiographic (Le., streams, seeps, cliffs) or 

physiognomic (i.e., forests) features. In a forested landscape they are arranged into a 

mosaic of dominant mesohabitats (e-g., forests) in which restricted mesohabitats (e-g., 

streams, seeps, cliffs) exist (Vitt & Belland 1997). Mesohabitat envuonmental quality (in 

the context of bryophyte diversity), is determined by the nurnber of microhabitats Witt & 

Belland 1997). 

Since bryophytes are closely linked to their habitats (Schuster 1949, Slack 1977, 

Soderstrom 1988), it is essential to consider the patterning of these habitats on the 

landscape. The importance of habitats in the patteming of bryophyte diversity has been 

docurnented in several studies (Slack 1976, 1984; Soderstrtjm 1988; Gignac & Vitt 1994; 

Vitt et al. 1995; Belland & Vitt 1995). Vitt et al. (1 995) demonstrated that bryophyte 

diversity in wetlands is most strongly correlated with habitat heterogeneity. Vitt & 

Belland (1997) have shown that rare species diversity is in part a function of the types 

and distributions of d l  mesohabitats and the number of particular mesohabitats. The 

quality of the individual mesohabitats is expressed by the number and type of their 

microhabitats (Vitt & Belland 1997). Sarnpling by mesobabitats and microhabitats 

ensures a complete inventory of species richness, but to date has not been employed in 

forest diversity studies. Furthermore, there are no published reports that compare this 

sampling method with traditional sampling techniques such as plot sarnplïng. 

Sampling methods used for bryophyte diversity studies should include all of the 

potential habitats in an ecosystem, and incorporate the elements of a tloristic inventory 

(Newrnaster & Bell 2000). Belland's (Belland & Brassard 1988; Belland & Schofield 

1994) method of sampling and analysis is derived from Bouchard et al. (1 978) and used 

habitats as the smpling units. It attempts to sample al! bryophytes from the diversity of 

habitat types within the study area. The method has been used successhlly to document 

bryophyte diversity in National Parks of eastem Canada (Belland & Brassard 1988; 

Belland 1989, 1995; Belland & Schofield 1994; Belland & Vitt 1995). Vitt (1 99 1) used a 



similar methodology in a study of south Pacific mosses. In this study, we refer to this 

method as floristic habitat sampling (FHS), a term reflecting its roots in the floristic 

tradition. 

This paper contrasts patterns of diversity, using flonstic habitat sarnpting (FHS) 

and plot sarnpling (PS) techniques in the same study area. More specifically this paper 

addresses the questions: 1) What is the more efficient sampling method for bryophyte 

diversity in stands, PS or FHS? 2 )  Are larger plots as efficient as FHS for sampling 

bryophyte diversity? 3) Are the patterns of bryophyte diversity in stands simiiar using PS 

or FHS? 

STUDY AREA 

Sampling was conducted in British CoIumbia Canada, within two distinct 

biogeoclimatic zones; the Coastal Western Hernlock zone (CWH) and Interior Cedar 

Hemlock zone (ICH - Meidinger and Pojar 1991). The CWH is located on the westerly 

edge of the Coast Mountains and is also known as Canada's coastal temperate rainforest 

(Fig. 1-1). The ICH is located in the Caribou Mountains in B.C.'s interior and on the 

interior side of the Coast Mountains in Northern B.C. (Fig. 1-1)- The wetter portions of 

the ICH (wkl & vkl variants) are known as inland oroboreal rainforests (Goward & Ahti 

1993). Detailed descriptions of glacial history, climate and floristics can be found in 

Schofieid (1988), Arsenault (1 999,  Hebda (1 995), Schoonrnaker et al- (1 997) and 

Newmaster (thesis - chapter 2). 

The ICH is divided into two geographically distinct areas. The smalIer, most 

northerly area is located between 55" N and 57' N on the leeward slopes and adjacent 

lowlands of the Coast Mountains. The larger, more southerly area occupies a 200 km 

wide band fiom the Canada-U.S.A. border (at 49' N) to northern Caribou Mountains 

(approximately 54 O N) (Goward 1995). The study area was located at 50-53O N and 199- 

120" W, within the Wells Gray (including Azure Lake and Mad River), upper Adams and 

upper Seymour watersheds of the ICH biogeoclimatic Zone. This sarnpling area 

represents the ICHmw3, ICHwk 1 and ICHvkl biogeoclimatic variants (Meidinger & 

Pojar 199 1). Precipitation ranges fiom 900-1400 mm per year, with the highest 

precipitation in early winter. Snow pack over 1.5 meters deep is typical for much of the 



area. Mean temperatures during the wannest month averages between 16 OC and 2 1 OC, 

and during the coldest month fiom -3 OC to - 1 0 OC. The ICH is the most productive zone 

in the interior and has the widest varïety of coniferous tree species of any zone in B.C. 

Western hemlock (Tsuga heterophyZZa) and western red cedar (Thuja plicata) are the 

dominant trees. The wettest sites are dominated by an under story of skunk cabbage 

(Lysichiton arnericanum) and devils club (Oplopanax horridzrs). 

Withîn the CWH, research was focused on two geographically distinct areas: the 

mainland coast and the west coast of Vancouver Island. On the mainland coast sampling 

k v a s  conducted in the Capilano and Seymour watersheds of the greater Vancouver 

watershed, On the west coast of Vancouver Island, sampling was conducted in the 

Tofmo, Clayoquot, Sidney and Wdbran watersheds. Al1 of the sampling occurred within 

the CWHvrnl biogeoclimatic variant. These coastal rainforests typiQ the most humid and 

highly oceanic region of North Amerka. Mean annual precipitation ranges fiom 1000 to 

4,400 mm, three-quarters of which occurs in the winter months as min. Mean 

temperatures average between 1yC and 18S°C in the warmest months and -6.5 O C  and 

4.5 O C  during the coldest months. Predominant species are western hemlock (Tsuga 

hererophylla), western red cedar (ïkuja plicala), amabilis fir (Abies arnabiZis) and coastal 

douglas-fir (Pseudoisuga rnenziesii var. menziesii) (Alaback & Pojar 1997). 

METHODS 

De_finiiions - A stand is defined as a standing growth of trees with similar 

physiognomy (Kimmins 1987; Barbour et al. 1987)- In this study, a stand is similarly 

defmed by the dominant tree species, its age, structure, elevation, slope position, and 

aspect. Stands Vary in size, but most consist of a dominant mesohabitat (the forest) which 

encloses nurnerous restricted mesohabitats (e.g., cliffs, streams, seeps). Within each 

mesohabitat there are a number of microhabitats (Le., tree base, sturnps, acidic rocks) that 

may be specific to one type of mesohabitat (i.e., wet cliff crevices, submerged rocks in 

streams). 

Plor Locations - Flot-istic habitat sampling (FHS) and plot method sarnpIing (PS) 

were used to assess patterns of diversity in cedar-hemlock forests over two field seasons. 

In 1996, 102 stands were sampled in the interior cedar-hemlock (ICH) biogeoclimatic 
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zone. Stands were chosen from the Wells Gray, upper Adams River, and Seymour 

watersheds. Within these watersheds, sampling was evenly distributed between stands 

that were burned approximately 80 years ago, and old growth stands of Z O +  years in 

age. in 1997, 185 stands were sampled in the coastal western h e d o c k  biogeoclimatic 

zone (CWHvm1). Stands were chosen from the Capilano and Seymour watersheds along 

the mainland coast and in the Sidney, Clayoquot, Tofino, and Walbran watersheds along 

the western coast of Vancouver Island- Extensive logging activities in the Capilano and 

Seymour watersheds allowed balanced sampling among stands that were bumed 

approximately 80 years ago, stands that were Iogged 80 years ago, and old growth stands 

(>250 years). Sampling on Vancouver Island was limited to older stands due to the 

relatively recent Iogging activity and lack of fire disturbance. 

Floristic Habitat Surnpling - This study expands on the sampling methodology 

used by Belland & Brassard (1988), Belland (1989, 1995), Vitt (1 99 1), Belland & 

Schofield (1994) and Belland & Vitt (1995). it incorporates forest stands and their 

mesohabitats to present a complete biodiversity-sampling regirne. For discussion this 

method is termedfloristic habitat sampling (FHS). FHS is similar to a floristic survey 

since it provides a method that records d l  species within a study area, but it differs 

because FHS is hierarchic* stands are M e r  divided into dominant and restricted 

mesohabitats sarnpling units, and these are sampled fùrther by microhabitat sample units. 

This method differs from plot sampling in several respects 1) PS usually restricts 

sarnpling to dominant mesohabitats, FHS samples the full diversity of mesohabitats and 

microhabitats, 2) PS is bounded by a relatively small sampling area; FHS is bounded by 

the actual limits of the stand, 3) PS provides a scaled, quantified list of cornrnon species 

and is useful for vegetation classification or population and c o m u n i t y  dynamics; FHS is 

floristic and emphasizes species presence/absence. It provides a complete or nearly so 

listing of species and habitat characteristics, from which many ecological and 

environmental questions can be answered. 

Al1 the potential mesohabitats and microhabitats (Table 1-2) were sampled in 

each stand. This was accomplished by systematically walking a grid of transects through 

each stand. Two steps were followed: 



1) List al1 the species for each microhabitat that occurs within the dominant forest 

mesohabitat. An example of this would be recording al1 the bryophyte species that 

occur on rocks (one microhabitat), or on the forest floor. New rnicrohabitats (e-g., 

logs) were surveyed until al1 the microhabitats within the dominant mesohabitat were 

recorded and no new species were found. Species abundance was recorded for each 

microhabitat within the dominant forest mesohabitat. Abundance was measured 

(ocular estimate) on a scale of one to three following Vitt et al. (1995): 1 = one to 

few occurrences, < 20% cover; 2 = several occurrences to fiequent in one or some 

areas of the microlmesohabitat, 30-50% cover; 3 = fiequent throughout the 

microlmesohabitat, > 70% cover. 

2) Sample al1 restricted mesohabitats and list al1 the species and rnicrohabitats for each 

type of restricted mesohabitat (Le., stream, cl=, seep). 

Sarnpling within a stand was influenced by tirne, space, and by naturaI stand or 

habitat boundaries. Fourteen hours (maximum) were spent at each stand; within each 

stand, the circular plot (used by PS, discussed later) was used as the starting point for 

collecting species data fiom microhabitats using FHS. Restricted mesohabitats within a 

one km radius of the plot were sampled. Sampling continued in the stand until al1 

mesohabitats and microhabitats had been thoroughly sampled. 

Three types of restricted mesohabitats were sampled: 

1) Strearns - Streams are the most complex mesohabitat and contain microhabitats that 

are also common to seeps, cliffs and the dominant forest mesohabitat (Table 1-1). Their 

physiography and physiognomy is unique within the cedar hemlock forest. We define the 

strearn mesohabitat as a stream gully containing the strearn itself and 5 m of bank (2.5 m 

on either side) habitat. Sampling started within the actual stream width (Le., 1-5 m) and 

continued to include 5 m of bank. The stream banks were incIuded because they offer a 

cornplex mix of microhabitats that contain considerable diversity not found elsewhere in 

cedar hemlock forests. Sampling continued along the stream (including the 5 rn of bank) 

for 1000 rn for a maximum sampling area of 5000 m2. 

2) Cliffs - Cliff mesohabitats offer a unique physiognomy and physiography. They are 

defined as large (> 100 m2) rock faces or outcrops that may have trees, logs and stumps, 



and which also may contain many microhabitats found in the dominant forest 

mesohabitat (Table 1-1). Sampling was limited to a maximum area of 5000 m2. 

3) Seeps - Seeps are swampy areas of cedar hemlock forest with poor drainage. Only 

seeps larger than 100 m2 were considered for sampling. Seeps have many of the sarn-e 

microhabitats as the dominant forest mesohabitat. Sampling was limited to a maximum 

area of 5000 m2, 

Plot sampling - PS was conducted within a 20 m diarneter circular sampling @lot 

within the stand. Al1 species were recorded with their abundance (ocular estimate of 

percent cover within the 20 m diarneter circular plot). 

Sample plor size- Sampling was conducted in successively larger areas to compare 

the efficiency of variously sized bounded plots to FHS. Plot size was quantitatively 

related to species richness and a proportional frequency index (Brillouin). Sample areas 

started at one square metre, and increased in size for nine areas (Le., 1 m2, 5 m2, 25 m2, 

100 m2, 250 m2, 500 m2, 1000 m2, 2500 m2, 5000 m2). Species were recorded on each  

microhabitat within the specified area. Sarnple areas increased until no new microhabitats 

were sarnpled. The maximum area sampled was 5000 m2. 

Species nomenclature follows Anderson et al. (1 990) for mosses and Stotler & 

Crandall-Stotler (1 977) for hepatics. Collections were made at each stand of cornrnom and 

rare species (occurring in less than 15% of stands). Voucher specimens are deposited in 

the Universiv of Alberta Cryptogamic Herbarium (ALTA), Kamloops Forest Regiorio 

Herbarium, and University of British Columbia Herbarium (UBC), 

Diversiîy andyses - Bryophyte diversity was analyzed at several scaies following 

the structure and terminology proposed by Whittaker (1 972, 1977) (Fig. 1-2). Epsilon 

diversity is the total species richness for cedar hernlock forest sarnpled in British 

Columbia. Gamma diversity is a measure of species richness in watersheds, 

biogeoclimatic zones and variants. Alpha diversity is the number of species occurring in 

our sampling units (Le., stands, mesohabitats or microhabitats). Diversity (inventory) was 

calculated for British Columbia's cedar hemlock forest (epsilon diversity), biogeoclimatic 

zones, variants, watersheds and mesohabitats (gamma diversity), and stands (alpha 

diversity). Species richness in stands (alpha diversity) was compared using ANOVA 

(SPSS 1999). An Index based on species and proportional fiequencies (Brillouin index 



[eqn 11, Pielou 1966; Peet 1974; Clifford & Stephenson. 1975) were calculated for 

biogeoclimatic zones, variants, and watersheds for stands stratif~ed by disturbance 

(logging, fire, old growth). Indices were calculated using Krebs/WIN (Krebs 1997). 

Abundance was recorded for each species on each type of rnicrohabitat or mesohabitat 

(see FHS methods above) and averaged for each species within stands- 

NB = 
In N ! - x  Ln n i !  

where, NB = Brillouin index 

N = Number of individuals in entire collection 

Patterns of mesohabitat species composition using FHS and PS were compared 

using CanonicaI Correspondence Analysis (CCA; ter Braak 1998), which ordinated al1 

287 stands, using 29 environmental variabtes to constrain the ordination. Four ordinations 

were constructed using al1 the species from PS or FHS and only the rare species or 

common species fiom FHS. Details of the environmental variable measurernents can be 

found in (Newmâster thesis chapter 2). 

RESULTS 

What is the Most Efficient Sampling Method, FHS or PS? 

The most effrcient sampling method that captures greatest diversity in stands 

should consider al1 the different types of mesohabitats within a stand, and yield the 

highest species richness values. PS and FHS were compared in their ability to capture 

bryophyte diversity in stands. Tevpically, PS stratifies only the dominant forest 

mesohabitat and other mesohabitats such as streams, seeps, and cliffs are excluded 

resulting in decreased diversity esthnates (Table 1-2, Fig. 1-3). FHS included sampling in 

the dominant forest mesohabitat and restricted mesohabitats (i-e.? streams, cliffs and 

seeps must be included), dl of these offer considerable diversity (Fig. 1-4). Streams and 

ciiffs contain unique microhabitats that support cornrnunities of species that are only 
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found on that specific microhabitat. Strearns (70 species) and cliffs (26 species) have 

more unique species than the dominant forest mesohabitat (13 species - Fig. 1-4). 

Floristic habitat sarnpling captures the species diversity associated with the variability of 

mesohabitat types in the cedar-hemiock forests. 

Epsilon und gamma diversify - Epsilon and gamma diversity estimates from plot 

sarnpling units (20m diarneter circular plots) were compared with those from the 

dominant forest mesohabitat (FHS) to alIow comparisons of bryophyte diversity within 

only the forest rnesohabitat (one type of mesohabitat). There was a significant difference 

@ < 0.05) in these diversity estimates when using the two different types of sarnpling 

units. Epsilon was 196 species using the PS unit and 296 species using the FHS unit (Le., 

the entire dominant forest mesohabitat as a sampling unit). Gamma diversity estimated 

using FHS was between 33% and 44% higher than gamma diversity estimated fiom ùie 

PS data (Fig. 1-3). 

The estimates for epsilon and gamma diversity are more accurate when al1 the 

mesohabitats are considered in FHS. Epsilon diversity for cedar hemiock forests using al1 

mesohabitats increases diversity drarnatically fiom t 96 species to 4 17 species. Floristic 

habitat sampling gamma diversity in biogeocIimatic zones and variants is higher (40- 

65%) than estimates from PS for either young or old forest (Table 1-2). Old forests are 

richer than younger forest using either sarnpling method. Using FHS, the CWH is slightly 

richer than the ICH and wetter variants (wkl and vkl ) are richer than dryer variants 

(mw3). Conversely, PS reveals that the ICH is slightIy richer than the C W ,  and variants 

have similar richness. Watersheds show a range of diversity using FHS. The highest 

diversity is in the Seymour (ICH), WaIbran (CWH) or Sidney watersheds (0. 
Richness estimates fiom PS are very similar for al1 the watersheds (Table 1-2). 

Alpha diverse - Alpha diversity (mean species ~chness  of our sarnple units) 

using only the dominant forest mesohabitats in FHS is significantly (p < 0.05) higher 

when compared to PS. In the ICH, mean alpha diversity is 32 species using PS data and 

65 species using FHS data. In the C W ,  mean alpha diversity is 41 species using PS data 

and 98 species using FHS data. 

Alpha diversity using al1 the mesohabitats in FHS is sigificantly higher @ < 

0.05) than diversity estimates from PS (Fig. 1-5). If stands are arranged in order from 



lowest to highest diversity, it becomes apparent that alpha diversity is extremely variable. 

FHS alpha diversity ranges fiom 50 species per stand to 230 species per stand (Fig. 1-6), 

although the majority of stands have rïchness values greater than 100 species. Alpha 

diversity using PS data ranges fiom 25 species per stand to 125 species per stand, with 

the majority ranging between 25 and 100 species (Fig. 1-6). The ranking (order) of stand 

species richness fiom the FHS data differed fiom the ranking of stand richness obtained 

using PS data (Fig. 1-6). Ln stands with low alpha diversity, species richness fiom FHS is 

twice that of PS and in stands with hi& alpha diversity, species nchness is more than 

three times higher using FHS (Fig. 2 -6). 

Diver se  indices and abzrndance - Differences in diversity indices and species 

abundance support the differences in gamma and alpha diversity for the different 

sampling methods (Table 1-2). High indices are associated with high species richness and 

frequency. Brillouin indices using FHS data are greater than those calculated fkom PS 

data (Table 1-2). Species abundance estimates are also substantially higher for FHS data 

than PS data (Table 1-2). 

Increasing Plot Size of Bounded Plots 

An understanding of the relationship between increasing bryophyte diversity and 

increasing sample area serves to compare the efficiency of variously sized bounded plots 

to FHS. This included bounded plots in al1 ty-pes of rnesohabitats. Nine sampling areas of 

increasing size were related to increasing bryophyte diversity (Fig. 1-7). In the forest 

mesohabitat? mean species richness for each sampling unit and diversity indices increased 

with sample area (Fig. 1-7). The 20m diameter plot used in the PS method, sarnpled 3 14 

m2 of forest mesohabitat and a mean species nchness of 35 species. However, a plot of 

3 14 m' is not large enough because an increase in area to 1 000m2 increases mean species 

richness by 18 species. Furthemore, species richness steadily increases even afier 5000 

m' has been sarnpled, increasing mean species richness in the dominant forest 

mesohabitat to just over 80 species (Fig. 1-7)- The mean species richness within the 

dominant forest mesohabitat was 106 species using FHS. Even large plots do not sampie 

for diversity as efficiently as FHS. 

The size of a plot must be large enough to capture the heterogeneity of each type 

of mesohabitat. Bryophyte diversity in al1 mesohabitats types nses steadily with 



increasing sample area (Fig. 1-7). In streams, the frrst two areas (1-5 m2) contained low 

diversity (< 20 species). Streams contain the most dramatic increase of richness and 

diversity indices with increasing sampling area because of the complex composition of 

microhabitats on the stream banks. The inclusion of the strearn bank in the sampling area 

(> 5 m2) increases mean species richness from 20 to 50 species alter 100 m2 of the stream 

and bank have been sampled (i.e., 20 rn of strearn including 5 m of shore with each linear 

meBe of the stream). Another large jump in mean species richness (> 20 species) occurs 

as the sarnpling area increases to 250 m2. Species richness increased steadily until5000 

m' of habitat was sampled (1 000 m of stream gully - Fig. 1-7). Plot sampling usually 

does not include sample areas of this magnitude within one type of mesohabitat. Seeps 

and forest mesohabitats appear to have a continuous increase in richness with increasing 

sampling area. In cliffs, mean species richness and diversity indices rîse quickly until250 

m' has been sampled; diversity tends to level off with increasing area greater than 250 

Patterns in Diversity 

Patterns of alpha diversity following disturbance - Patterns of bryophyte diversity 

in stands are different when FHS and PS data are stratified by stand disturbance. Old 

growth stands (>250 years) sampled using PS have mean species richness values that are 

significantly @ < 0.05) higher than mean species richness in younger stands (80 yrs.) in 

the CWH (Fig. 1-5). However, with PS old growth species nchness in the ICH is not 

significantly (p > 0.05) different fiom richness in young ICH stands. Floristic habitat 

sampling data indicate that species nchness in old growth stands is significantly higher (p 

< 0.05) than in young stands in both ICH and CWH forest (Fig. 1-5). 

Patterns of rarity and commonality - FHS and PS result in different patterns of 

bryophyte cornmonality and rarity (defined as species occurring in less than 15% of 

stands). Ln PS, 70 (34%) of the species are rare as compared with 270 (65%) rare species 

sampled using FSH. Consequently, the percentage of common species sampled using PS 

(66% - 2 26 species) is higher as compared FHS (35% - 147 spscies) (Fig. 1-8). This 

implies that PS does a moderate job of sampling common species but a poor job of 

sampling rare species (Fig. 1-8). 



Patternsfiorn gradient unalysis - Canonical Correspondence Analysis (CCA) of 

the PS data (287 stands, 22 environmental variables) resulted in an ordhation with 

overlapping stand groups representing old growth, and stands disturbed by f ie (ICH) or 

logging (CWH - Fig. 1-9). Interset correlations and t-values were not significant (p0.05) 

for any of the environmental variables (Table 1-4). It was not possible to defme any 

groups (Le., young, old, ICH or CWH) fkom the ordination of stands although the fwst 

three axis account for 52.6% of the variation in the species data, but interpretation of the 

ordination was not possible (Table 1-3). The low species-environment correlations 

indicate that the environmental variables are inadequate to explain variation in vegetation 

dong an axis and result in distortion of the ordination. The low eigenvalues indicate that 

species scores are poorly dispersed along the axes (Table 1-3). 

Relationships between species, stands, and environmental variables were 

interpretable in the ordination (CCA) when FHS data were analyzed (Fig. 1 - 10; Table 1 - 
3). High species/envkonment correlations indicate a close association between the 

species (CA) and the environmentai variables (CCA) for the first two axes (Table 1-3). 

Furthermore, the cumulative percentage of variance explained in the FHS ordination is 

much higher thm in the PS ordination (Le., 41 -6 vs. 24.5 for the first axis) (Table 1-3). 

Using FHS, the first two axes of the ordination explained 60.6% of the variation in the 

species data set (Table 1-3). The relative values of the eigenvaiues indicate that the 

dispersion of the species scores (a measure of species variation - ter Braak 1998) along 

axis one is greater than axes two which is greater than axis three (Table 1-3). Significant 

(pc0.05) interset correlations and t-values were used to identiw important environmental 

variables for axis one (climatic variables) and axis two (tirne since disturbance -Table 1- 

5). The two distinct groups on the ordination indicate large differences in the composition 

of species between the ICH (right side of axis 1) and C WH (left side - Fig. 1- 10). 

Furthermore, young stands (top of ordination) and old stands (bottom) are separated by 

the second axis (Fig. 1 - 10, Table 1-4). A Monte Car10 permutation test confirmed that the 

first axis is statisticalIy significant (p < 0.001). A substantial portion (19%) of the species 

variation is explained by the second axis (Fig. 1 - 10). 

Ordinations of cornmon and rare FHS species indicate that rare species are crucial 

for the interpretation of environmental gradients (Figs. 1 1 & 12). Species/environrnent 



correlations were hi& using the rare species ordination (Le., 0.99 rare vs. 0.70 common 

for the first axis) as compared to the common species ordination (Table 1-3). E i g e d u e s  

fiom the rare species ordination were high (i.e., 0.7 1 vs. 0.05 for first a i s )  when 

compared to the coxnmon species ordination (Table 2-3). Using the rare species, the first 

three axes of the ordination explained 62.6% of the variation in the species data set 

(Table 1-3). The two distinct groups on the ordination indicate large differences in the 

composition of species between the ICH (right side of axis 1) and CWH (lefi side - Fig. 

1 - 12). Furthemore. young and old stands are separated by the second axis (Fig. 1 - 12, 

Table 1-4). 

The common species ordination disthguished the ICK and CWH with 

considerable overlap (Fig. 1 - 1 1). However, the second axis did not separate stands into 

different age classes. The low eigenvalues indicate that the axes explain a very small 

proportion of the variation in the species data even though the species-environment 

correlations may be rnisleadingly hi&, which is a common problem in CCA ( Jonpan  et 

al. 1987; McCune 1997b). 



DISCUSSION 

The species we leave behind or exclude due to sampling technique may be crucial 

to understanding ecological patterns. The type of sampling used for estimating diversity 

depends on the organism being studied, and how closely that organism is associated with 

its substrate, and the nature of the ecological question (Krebs 1985). Bryophytes occur in 

close association with their substrate or habitat (Vitt & Belland 1997) and their 

usefulness as indicators of habitat and environmental change or sensitivity is well 

documented (Gignac 1986; Soderstrom 1988a; Gignac & Vitt 1994; Bell & Newmaster 

1998; Newrnaster & Bell 2000). In terrestrial ecosystems, moss habitat limitations are 

ofien associated with substrate availability and type (Horton 1988; Shaw 198 1 ; 

Soderstrom 1988a). In peatlands, bryophyte species nchness is closeIy related to 

microhabitat diversity Witt et al. 1995; Vitt & Belland 1995)- Vitt and Belland (1 997) 

proposed that rare species occurrence and diversity depends on the quality and quantity 

of mesohabitats found on the landscape. To understand patterning of bryophyte diversity 

we must incorporate sampling techniques that focus on habitats as the sampling units- 

The patterning of bryophyte diversity is intimately linked with habitat heterogeneity. 

This study shows that FHS is much more efficient at capturing bryophyte nchness 

than PS. Bryophyte diversity estirnates compared within the dominant forest mesohabitat 

are much greater (Le., species richness is 50% hïgher) when using FHS as compared to 

PS. We have also shown that PS within a mesohabitat will exclude microhabitats and 

their respective bryophyte comrnunities even after sampling unconventionally large 

sarnple areas. Species richness may increase with increasing sarnple area, but a 

comprehensive hierarchical sampling technique (such as FHS) will sample greater 

species richness. Sampling large areas will not necessarily include the natural variety in 

microhabitats. Plots as large as 5000 m2 are not as efficient sampling units as FHS. Plot 

sarnpling was designed to give a quantitative ' h a p  shot" of a plant community in t h e  

and space, not a comprehensive sarnple of the species within the cornrnunity. PS focuses 

on bounded plots as sampling units and these plots are too small and restrictive to 

consider the total variety of microhabitats in a mesohabitat. 

FHS is ideal for biodiversity research because it focuses on the entire mesohabitat 

as the basic sarnpling unit and is flexible enough to include the diversity of microhabitats 
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in a mesohabitat. Stream mesohabitats provide a particularly good example. The concept 

of a stream mesohabitat must include the strearn gully, which includes the Stream itself 

and its banks. The banks include microhabitats common to other mesohabitats, but they 

also contain microhabitats unique to the stream. Rich communities of bryophytes can be 

found on these unique bank niicrohabitats (Le., logs and rocks) because of the moist 

humid strearn environment, particularly in splash zones. It is cornmon practice to sample 

only within the stream itself and not the strearn gully. A study of the bryophyte flora of 

Bridal Veil Falls in the CWH recorded stream species richness (35 species) from within 

the stream itself (Djan-Chekar 1993). In our study of the CWH, mean species richness 

within the strearn itself ($0 species) was comparable to Djan-Chekar7s study, but much 

higher (103 species) when we considered the entire strearn guily. Intensive sampling can 

focus on the stream itself, not the strearn gully and miss the unique microhabitats that 

exist on the irnrnediate stream bank underestimating biodiversity in stream mesohabitats. 

Excluding these microhabitats fkom diversity studies could result in a misinterpretation of 

the value of streams in an ecosystem management plan. 

The forest landscape consists of  a hierarchy of mesohabitats and microhabitats, 

and efficient sampling of species diversity must reflect the natural variation and hierarchy 

of these habitat types. in cedar herdock forests, bryophyte diversity c m  be partitioned 

within a hierarchy of stands, which contain mesohabitats, and these latter consists of 

microhabitats. PS is usually confined to the dominant forest mesohabitat in studies 

concerning biodiversity and the impacts of silvicultural disturbance (Bell & Newmaster 

1998). Our study has shown that species diversity will be underestimated if the sampling 

method does not include the diversity of  mesohabitats on the landscape. Comparisons of 

diversity estimates using PS and FHS (including al1 mesohabitats) show significant 

differences. Total species richness is 1 IO% higher when using FHS methodology, a 

difference that results because FHS focuses on the entire mesohabitat as a sampling unit, 

includhg the variety of microhabitats within each type of mesohabitat, and includes also a 

complete rloristic survey of the species within each mesohabitat. 

The species we leave behind are predominately the rare ones. FHS is an efficient 

method for biodiversity studies because it samples both the rare and common species; 

these are equally important in biodiversity studies. While a community analysis that 



needs species abundance within fixed areas o d y  considers the common species, diversity 

studies should always include rare species since these always comprise a large proportion 

of the flora being considered. Recent bryophyte studies have underscored this point (Vitt 

199 1, Vitt & Belland 1997, Newmaster et al. 1998). In FHS, measures of species 

abundance are less important because most bryophytes are found in low abundance. 

Ln the rnultivariate analyses, the rare species contributed significantly to the 

patterning of diversity in cedar hedock  forests. Young and old cedar hemlock forests 

stands were not distinguished in PS ordinations because the sampling method records 

only the species that are cornmon and present to both young and old stands. In the FHS 

ordinations, young and old cedar hemlock stands are separated in ordination space 

because the presence of rare species in old stands is recorded by FHS. Thus, rare species 

are crucial in distinguishing differences between young and old stands, and to 

understanding the patterning of diversity within them. 

Al1 sampling techniques have their disadvantages and advantages (Tilman 1996). 

The sampling methodology must be appropriate for the question being asked. The use of 

plot sampling to address diversity questions is inappropriate for the reasons previously 

discussed. Plot sampling method is appropriate for answering questions that require a 

fixed reference to the area being sarnpled (i-e., for biomass or abundance rneasures). 

These questions are at smaller landscape scales and include aspects of community 

dynarnics, plant sociology, physiological ecology, and population ecology. 

Floristic habitat sampling may be limited to questions concerning biodiversity at 

large scales on the landscape. It would be inappropriate to use this methodology to 

answer questions regarding treatment impacts on diversity within small research areas. 

The unbounded nature of this methodology limits its use to research blocks that are large 

enough to capture the natural variation in habitats. Vitt et al. (1 995) successfully used a 

similar habitat sarnpling method on bounded research blocks in peatlands where the 

microhabitat diversity is relatively homogeneous. Floristic habitat sampiing rnethodology 

c m  be modified to measure species diversity for different silvicultural treatrnents within 

large bounded treatment blocks (experimental disturbances in forests) with moderate 

habitat heterogeneity (Newrnaster and Bell 1999), although a disadvantage of this 

approach is that many large treatment areas are needed for a balanced biometric analysis, 



and often this is not feasible or economical. Floristic habitat sarnpling is a superior 

methodology for answering questions about bryophyte diversity within and between 

stands, especialiy those with different disturbance histories. Further research is needed to 

investigate whether FHS methodology is useful in seed-bearing plant diversity studies. 

Flonstic habitat sampling may provide results that could be directly implemented 

into ecosystem management plans that attempt to preserve "rare species" and identifi 

"hot spots" for conservation. It would be of tremendous value if it aids in the 

interpretation of the patterning of plant diversity using environmental variables in 

association with spatial landscape units such as mesohabitats and microhabitats. These 

landscape units can be identified in aerial or satellite photography and Iinked to GIS 

applications. A classification of mesohabitats and microhabitats as it relates to bryophyte 

diversiSr could be developed and incorporated into large-scale, multi-factored (i.e., soils, 

stand structurel climate, wildlife values, land use etc.) environmental plans. 

Furthemore, FHS also records both rare and cornrnon species and their frequency 

in microhabitats and mesohabitats. This provides a method in which to identie the 

crucial habitats that need to be protected to preserve rare species. FHS can also be used to 

identi& larger areas such watersheds that have significantly high diversity. One 

complicating factor that is perhaps more important than habitat availability is time since 

the last large-scale disturbance. The influence of time since disturbance on patterning of 

bryophyte diversity in cedar hemlock forests needs further investigation. 



Table 1-1 : A list of  microhabitats for each type of meso-habitat within cedar hemlock 
stands (DMH = dominant mesohabitats; RMH = restricted mesohabitat). 

Micro habitat 
DMH RMH 

- - -  
Forest Cliff Stream Seep 

Coniterous tree species 
Deciduous tree species 
Size of tree ( 10-25 cm dbh, 30-60 cm dbh, > 70 cm DBH) 
Position on tree (trunk or base - 50 cm above tapered bowl) 
Snag (dead coniferous or deciduous trees) 
Twig (CWD < IO cm diam.) 
Log size (1 0-30 cm, 30-60 cm dbh, > 70 cm DBH) 
Log decay class (D I,DS or D5 - CWD codes) 
Organic soils (LFH) 
Minera1 soil (sand, silt, loam, clay) 
Moist depression (smaI1 isolated pools of watedmud) 
Intermittent strearn (narrow and ephemeral) 
Rock (sample type, pH) 
Tree sturnp 
Upturned tree roots ("tip-up") 
Adjacent bank (sand, silt, cIay, loarn, pveI, cobble, rock) 
Submerged habitat (rocks or logs) 
Shallow bars (sand, siIt, clay, loam, ,gave1 or cobble; dry/wet) 
Waterfall(< 1 m, 1-3 m. 2-5 m. 5-10 m. >lO m) 
Depth (< 10 cm, 10-30 cm, > 30 cm) 
Rapid (flow rate (mlsecond)) 
Crevice (horizontaVvertical; < 5 cm, -5-1 m, > 1 m; wet/dry; 
seepage, soil cover, sand, silt, clay, loam) 
Ledges (size, wet/dry, seepage, soil covered) 
Caves (size, wetldry, seepage) 
Vertical rock face (size, wetldry, seepage) 
Talus 
Rock surface (rouoh/smooth) x x 



Table 1-2. Landscape gamma diversity for stands with different disturbance histones 
using both FHS and PS sarnpling [abundance values are relative, Le.. total 
abundance/nurnber of plots; Plan. = Plantation/logging disturbance]. 

- 

Landscape Elements Hist. Spp.richness Abundance Brillouin index 
FHS PS FHS PS FHS PS 

Biogeo- XCH F ire 188 123 369 203 6.4 5.8 
clhatic Old 
zones CWH Plan. 

O Id 

Biogeo- ICHmw3 Fire 
climatic ICHmw3 Old 
variants ICHw kl Fire 

lCHwkl oid 
ICHvkl Fire 
ICHvkl oid 266 94 342 167 6.8 5.5 

[CH WG Fire 125 53 171 85 5.8 4-6 
watersheds Old 218 77 291 111 6.5 5.1 

h u r e  Fire 138 75 184 124 5 -9 5.2 
O Id 242 80 314 141 6.6 5.3 

Adams Fire 151 89 200 139 5.9 5.3 
O ld 265 81 318 137 6.7 5.3 

Seymour Fire 165 94 225 155 6.1 5.5 
O Id 276 116 335 204 6.6 5.8 

c'WH Capilan0 Plan. 108 89 118 97 5.4 5.1 
watersheds O Id 230 108 151 130 6.5 5.5 

Seymour Plan- 87 42 I l 3  91 5.4 5.1 
O ld 1 1 1  87 219 117 6 -3 5.3 

Tofino Old 213 IO4 265 146 6 -3 5.5 
Claquot old 231 107 281 148 6.5 s -5 

Sidney old 286 106 338 147 6.8 5.5 
Walbran old 288 113 340 155 6.8 5 -6 



Table 1-3. Surnrnary of canonical correspondence analysis (CCA) of 287 stands in 
British Columbia's cedar hernlock forests and 22 environmental variables, using plot 
sampling (PS) or flonstic habitat sampling (FHS). CCA analyses of rare or common 
species are presented for FHS. 

Axis 
1 2 3 4 

Eigenvalue PS 0.29 0.04 0.02 0.02 
FHS 0.48 0.23 0.07 0.04 
Rare 0.7 1 0.46 0.23 0.19 
Cornmon 0.05 0.0 1 0.0 1 0.0 1 

Species/environrnent correlation PS 0.86 0.58 0.52 OS0 
FHS 0.99 0.89 0.85 0-8 1 
Rare 0.99 0.92 0.88 0.84 
Cornrnon 0.70 0.3 5 0.46 0.43 

Cumulative % variance of PS 24.5 40.6 52.6 61.8 
species data explained FHS 41 -6 60.6 71.2 77.8 

Rare 33.8 53.1 62.6 69.7 
Comrnon 71.5 77.0 81.2 84.3 --- 



Table 1-4. Plot sarnpling statistics for variables used in canonicai correspondence 
andysis (CCA) of 287 stands in B.C.'s cedar hemlock forest. Value were not significant 
p > 0.05. Absolute t-values < 2.1 indicate unimportant canonical coefficients (ter Braak, 
1998). 

- - 
Interset Canonical coefficient t-val u e  
Correlation 

Variable Axis 1 Axis 2 Axis I Axis 2 Axis 1 Axis 2 
Site Series (SS) -0.67 
Elevation (Elv) 0.72 
Slope Position (SP) 0.22 
Aspect (As) 0.19 
Moisture Regime (Hyg) -0.13 
Rock cover (RC) 0-4 I 
Rock acidity (RA) 0 3 9  
Soil Texture (ST) 0.26 
Canopy height (CH) -0.52 
Tree density P T )  0.37 
Tree basal area (BT) -0.38 
Snag density (DS) 0.09 
Snag basal area (BS) -0.48 
Log density (DL) -0.74 
Log basai area (BL) -0.65 
Shmb cover (SC) -0.56 
Herb cover (HC) O.& 
Disturbance (Ds) -0.58 
Mean annual temperature (AT) 0.67 
Rainfall (Rn) 0.59 
Degree days > 0" C (Dd) 0.64 
6 month mean tem erature (6T) p, 0-58 



Table 1-5. Floristic habitat sarnpling statistics for variables used in canonical 
correspondence analysis (CCA) of 287 stands in B.C.3 cedar hemlock forest. Astensks 
indicate significance at p < 0.05. Absolute t-value > 2.1 are used to indicate important 
canonical coefficients (ter Braak, 1998). Bold values indicate variables with significant 
correlation and canonical coefficients. 

Interset Correlation Canonical coefficient t-value 

Variable A-uis 1 Axis 2 Avis 1 Axis 2 Axis 1 Axis 2 
Site Series (SS) -0.83 -0 .O7 0.0 1 -0.08 0.62 
EIevation ( E h )  0.65 
Slope Position (SP) -0.0 1 
Aspect (As) 0-28 
Moisture Regime (Hyg) -0 -46 
Rock cover (RC) 0.03 
Rock acidity (RA) 0.32 
Soi1 Texture (ST) -0 .O2 
Canopy height (CH) -0.35 
Tree density (DT) 0.37 
Tree basal area (BT) -0.09 
Snag density (DS) 0 2 2  
Snag basal area (BS) -0 -44 
Log density (DL) -0.46 
Log basal area (BL) -0-49 
Shmb cover (SC) -0.45 
Herb cover (HC) 0-08 
Disturbance (Ds) -0.2 1 
Mean annual temperature (AT) -0-98 
RainfaIl (Rn) -0.96 
Degree days > 0' C (Dd) -0-97 
6 month rnean ternoerature (6T) -0-94 



Figure 1-1. Map of the coastal western hemlock (CWH) and interior cedar-hemlock 
(ICH) biogeoclimatic zones in British Columbia. 
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Figure 1-2. Hierarchy of diversity terminology for cedar-hemlock rainforest in Br i t i sh  Co lumb ia  ( te iminology for invei i tory and differentiation 
diversi ty fo l lows Whit taker ( 1  965, 1972, 1977) 
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Figure 1-3. Gamma diversity assessed using floristic habitat sampling (FHS) and plot 
sarnpling (PS) in dominant mesohabitats and restricted mesohabitats (FHS ody) 
within the interior cedar hedock (ICH) or coastal western hernlock ( C W .  

forest stream seep cliff forest forest stream seep cliff 
lnterior Cedar Hernlock (ICH) Coastal Western Hemlock (CWH) 



Figure 1-4. Species richness in mesohabitats for al1 cedar hemlock forests sampled 
(bold numbers refer to total species richness for each type of mesohabitat; number 
in parenthesis represent the number of species unique to each type of 
mes0 habitat). 



Figure 1-5. Alpha diversity of stands assessed using flonstic habitat sarnpling (FHS 
including al1 mesohabitats) and plot sarnpling (PS) sarnpling. Cedar hemlock 
forests are divided into inland (ICH), coastal mainland (cm-ML), coastal 
oceanic (CWH-ISL), and by age classes (class 4, young = 80 years and class 9, 
old >250 years). Error bars represent two standard errors on either side of the 
mean. 
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Figure 1-6. Alpha diversity curves for al1 287 rainforests stands developed using florktic 
habitat sarnpling (FHS including al1 mesohabitats) or plot sampling (PS) data. 
Stands are ranked by species richness. 
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Figure 1-8. Species occurrence curves for dl 4 17 rainforest species (C WH and ICH) in 
287 stands using either floristic habitat sampling (FHS, including al1 mesohabitats) or 
plot sampling (PS) (dotted line represents division of species that occur in < 15 % of total 
stands). 
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Figure 1-9. CCA ordination developed using plot sampling (PS) data to explore the 
relationships between 287 stands, 196 species and 22 environmentai variables. 
Abbreviations are listed in Table 1 - 1. 
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Figure 1-20. CCA ordination developed using floristic habitat sarnpling (FHS, including 
al1 mesohabitats) data to explore the relationships between 287 stands, 417 species and 22 
environmental variables- Abbreviations are listed in Table 1-1. 
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Figure 1-1 1. CCA ordination of common species using floristic habitat sampling (FHS, 
including al1 mesohabitats) comrnon species data to explore the relationships between 
287 stands, 147 species and 22 environmental variables. Abbreviations are listed in Table 
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Figure 12. CCA ordination of rare species using floristic habitat sampling (FHS, 
hcluding dl mesohabitats) data to explore the relationships between 287 stands, 270 
species and 22 environmental variables- Abbreviations are listed in Table 1 .  
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Chapter 2. 

Bryophyte Community Composition in 

Oceanic and Continental Cedar-Hemlock Biogeoclimatic 

Zones of British Columbia, Canada. 



INTRODUCTION 

The cedar-hemlock forests of western Canada are known for their rich 

communities of bryophytes (Colinvaux 1 986; Sc ho field 1 98 8; Goward 1 994; Alaback 

and Pojar 1997; Schoonmaker et al. 1997) The landscape on which they occur is diverse, 

and ranges fiorn flat vdley bottorns to steep mountain slopes dissected by cliffs, canyons 

and fjords. The cedar-herniock forests we see today have developed on mountain 

watersheds for 5000-7000 years (Hebda 1995). These forests contain a reticulate network 

of streams, rivers and waterfaIIs that are replenished by heavy precipitation (up to 5000 

mm/yr.). Consequently, the incidence of wiIdfire in this wet ecosystem is low (Agee 

1993, Arsenault 1995), resulting in the development of old-growth cedar-hemlock forest. 

Individual trees within this forest can be over ZOO0 years old, and grow to over 6 m in 

diameter and greater than 60 m in height. The biomass of these forests is unparalleled in 

any other terrestrial ecosystem (Waring and Franklin 1979). The combinations of the 

above factors encourage luxuriant carpets of mosses and livenvorts. 

Cedar-hemlock forests dominate two biogeocIimatic zones in B.C. (Meidinger 

and Pojar 199 1): the coastal western hemlock (CWH) and intenor cedar hemlock (ICH). 

The CWH comprises the largest temperate rainforest in the world (Colinvaux 1986). 

Other countries that contain temperate rainforests include New Zealand, Chile, Nonvay, 

China Japan and the U.S.A. Cedar-hernlock rainforests occur in Washington, Oregon and 

Alaska. The ICH stretches along the moist, mild valley bottoms and mid-slopes of the 

interior Columbia and Rocky Mountains (Meidinger and Pojar 1991). The wettest portion 

of the ICH (Le., the ICHwk and ICHvk variants) are considered inland rainforests; these 

inland rainforests are found in no other continental region of the world (Arsenault & 

Goward 1999). 

The importance of bryophytes in British Columbia is considerable. With more 

than 850 species of mosses and hepatics, the province's bryoflora is the richest in North 

Arnerica and contains the largest percentage (1 5 %) of western North American endemic 

species and genera on the continent (Schofield 1 988; Ireland et. al 1987). Schofield 

(1968% 1968b, 1968c, 19686, Z980), has collected bryophytes extensively in the CWH. 

Furthexmore, Godfiey (1977a, 1977b, 1979, 1980, 1984), has made considerable 



contributions to the hepatic flora of the CWH. Schofield (1 984? 1988) noted that the 

C WH contains luxuriant carpets of bryophytes, which are supported by an abundant 

source of moisture in the fonn of rain and fog. Furthemore, the C WH shows 

considerable habitat diversity with frequent cliffs, canyons, outcrops, boulders, streams, 

rivers. waterfàils, fjords and bodies of water. It is not surprishg that this area is 

characterized by extraordinary bryophyte richness and contains the majority of western 

North American endemic species and genera (Scho field 1 984, 1 988)- 

Collections by Tan (1980) have resulted in a relatively complete list of mosses for 

the ICH. However, limited collections of hepatics have been made in this biogeoclimatic 

zone (Wong unpublished). The kryoflora characteristic of CWH is also prevalent, in part, 

in the ICH (Schofield 1988). The CWH and ICH have sunilar forest structure and 

composition, yet there appear to be differences in ecosystem diversity and community 

stmcture/dynarnics (Arsenault 1995). We are aware of no studies that have attempted to 

quantitatively compare and contrast the bryophyte comrnunities of the C WH and ICH; a 

cornparison of their composition will provide useful information on their rnakeup, and 

insight into how these diverse forests might be managed. 

Bryophytes play an important role in the forest ecosystem. Their importance in 

nutrient cycling (Nadkarni 198 1; Pocs 1980; Oechel& Van Cleve 1986; Chapin et al. 

l987), moisture retention (Nadkami 198 1 ; Pocs 1976; Weber and Van Cleve 1983; 

Coxson 199 1) and seedling establishment (Black & BIiss 1980; Cross 198 1 ; Keizer et al. 

1985; Nadkamura 1986; Nakamura & Obata 1984; Okada & Ohsawa 1 984; Zasada 1986) 

is well documented. Other important ecosystem hc t ions  include animal food chahs, 

plant and animal interactions, colonization and primary succession, and soi1 stabilization 

(Slack 1988; During & Van Tooren 1988; Longton 2992; Newrnaster et al. 1999). The 

detailed analysis of bryophyte cornrnunities in diffèrent biogeoclirnatic zones is 

undoubtedly important, but considerable sarnpling and analysis of data are necessary 

before forest management applications c m  be made (Schofield 1984, 1988). Sckofield 

(1988) cIaimed that further cornparisons should be made between bryophyte comrnunities 

in disturbed forests and old-growth forests, with the information from the old-growth 

forests serving as a benchmark for the proper forest utilization and management. 



Conservation of our future forest will best be served by understanding and maintainhg 

the natural forest comrnunities of today (Hebda 1997, Lertzman et al. 1997). 

Landscapes can ody  be defined relative to a given organism and the spatial and 

temporal scales that impact that organism (Perera 1996). Only at large scales can natural 

forest disturbance be examined in a way to elucidate the effects of disturbance and their 

many implications for forest resource management (Perera 1999). Intensive bryophyte 

studies should begin at a regional landscape scale and then focus d o m  to stand and local 

scales. This will allow research questions concerning bryophytes to be focused relative to 

the correct landscape scale and to the appropriate ecosystem management protocol. 

This paper compares bryophyte community composition in cedar-hedock forests 

at a regional landscape scale within British Columbia. More specifically, the objectives of 

this study are to compare cornrnunities of bryophytes in the cedar-hemlock ICH and 

CWH biogeoclimatic zones and determine: 1) the relationships between stands, species 

and environmental variables (including disturbance) in the cedar-hernlock forest 

landscape, 2) which environmental factors are associated with bryophyte vegetation 

patterns in the cedar-hemlock forest landscape, 3 )  the indicator species for the ICH and 

CWH, and whether these biogeoclimatic zones have the sarne indicator species for young 

and old-growth forests, 4) the floristic affmities associated with bryophyte vegetation 

patterns in the I C W C W  biogeoclimatic zones and in young and old forest, and 5) the 

taxonornic and morphological patterns associated with the ICH, CWH and young and old 

forests. 

STUDY AREA 

Sampling was conducted in British Columbia, Canada, within two distinct 

biogeoclimatic zones; the Coastal Western Hemlock zone (CWH) and hterior Cedar 

Hemlock zone (ICH - Meidinger and Pojar 1991). The CWH is located on the westerly 

edge of the Coast Mountains and is also known as Canada's coastal temperate raidorest 

(Fig. 2-1). The ICH is located in the Caribou Mountains in B C ' s  interior and on the 

interior side of the Coast Mountains in Northem B.C. (Fig. 2-1). The wetter portions of 

the ICH (wkl & vkl variants) are known as inland oroboreal rainforests (Goward & Ahti 

1992). Detailed descriptions of glacial history, climate and floristics c m  be fomd in 



Schofield (1988), Arsenadt (1995), Hebda (1995), Schoonmaker et al. (1997) and 

Newmaster et al, (3000). 

The ICH is divided into two geographically distinct areas. The smaller, most 

northerly area is located between 55' N and 57' N on the leeward slopes and adjacent 

Iowlands of the Coast Mountains. The larger, more southerly area occupies a 200 km 

wide band fiom the Canada-U.S.A. border (at 49' N) to northem Caribou Mountains 

(approximately 54 N) (Goward 1995). The study area was located at 50-53O N and 199- 

120" W, within the Wells Gray (including Azure Lake and Mad River), upper Adams and 

upper Seymour watersheds of the ICH biogeoclirnatic Zone. This sampling area 

represents the ICHmw3, ICHwk 1 and ICHvkl biogeoclimatic variants (Meidinger & 

Pojar 1991). Precipitation ranges fkorn 900-1400 mm per year, with the highest 

precipitation in early winter (Fig. 2-2). Snow pack over 1.5 meters deep is ty-pical for 

much of the area. Mean temperatures during the warmest month averages between 16 OC 

and 21 OC, and during the coldest month Tom -3 OC to -10 OC. The ICH is the most 

productive zone in the interior and has the widest variety of coniferous tree species of any 

zone in B.C. Western hernlock (Tsuga heterophylla) and western red cedar (Thuja 

plkata) are the dominant trees. The wettest sites are dorninated by an under story of 

skunk cabbage (Lysichiton americanttm) and devils club (Oplopanax horridus). 

Within the CWH? research was focused on two geographically distinct areas: the 

mainland coast and the west coast of Vancouver Island. On the mainland coast sampling 

was conducted in the Capilano and Seymour watersheds of the greater Vancouver 

watershed. On the west coast of Vancouver Island, sarnpling was conducted in the 

Tofino, Clayoquot, Sidney and Walbran watersheds. All of the sampling occurred within 

the CWHvm 1 biogeoclimatic variant. These coastal rainforests typify the most hurnid and 

highly oceanic region of North Arnerica. Mean annual precipitation ranges fiom 1 O00 to 

4,400 mm, three-quarters of which occurs in the whter months as rain. Mean 

temperatures average between 13OC and 18S°C in the warmest months and -6.5 OC and 

4.5 OC during the coldest months (Fig. 2-2). Predorninant species are western hemlock 

(Tsuga heierophylla), western red cedar (Thuja plicata), arnabilis fu (Abies amabilis) and 

coastal douglas-fu (Pseudotsuga menziesii var. rnenziesii) (Alaback & Pojar 1997). 



METHODS 

Field sarnpling - Flor-istic habitat sampling (FHS - Newrnaster et al. 2000) was used 

to sample bryophyte commURities over the penod of two field seasons. During the fu-st 

season (May-Oct. 1996) 102 stands were sampled in the interior cedar-hemlock 

biogeoclimatic zone (ICH). Stands were chosen fiom the Wells Gray, upper Adams 

River, and Upper Seymour River valleys. Within these watersheds, sarnpling was evenly 

distributed between stands that were burned approximately 80 years ago, and old-growth 

stands of 25O+ years in age. In the ICH oniy the wettest subzones (ICHwkl and ICHvkl) 

are properly descnbed as minforest. In 1997 (May-Oct.), 185 stands were sarnpled in the 

coastal western hemlock biogeoclimatic zone (CWHvml). Stands were chosen fi-om the 

Capilano and Seymour river watersheds along the mainland coast and in the Sidney, 

Clayoquot, Tofmo and Walbran river watersheds along the western coast of Vancouver 

Island. Extensive logging activities in the Capilano and Seymour watersheds allowed a 

balanced sampling between stands that were burned approximately 80 years ago, stands 

logged 80 years ago, and old-growth stands of X O +  years in age. Sampling on 

Vancouver Island was limited to old stands due to the relatively recent logging activity 

and lack of fire history. 

Environmental variables - Twenty-five environmental variables were used for 

multivariate analyses. Stand dynarnics, soi1 variables and general site variables were 

cotlected within a 20 m diameter plot that was located in the stand at least 500 m fiom 

any transition zone- Coarse woody debns data was obtained using two 50 m transects, 

with diameter measurements of logs for each decay class (Arsenault & Bradfield 1995) at 

each transect intersection. 

Macrociimate data were obtained flom the Canadian Climatic Norrnals and 

meterological stations within the local watersheds (Anonyrnous, 1982) and were used in 

clirnate diagrams (Walter & Lieth 1967) and as environmental variables in multivariate 

analyses. Microclimate data were collected only within in a subset of 20 stands (divided 

evedy between young and old forest) within each watershed- Within each stand, five 

replicate sites were randody chosen to measure temperature and total precipitation. Al1 

microclimate stations were set out in May and measured/removed in October of 1997. 

Growing season temperature within stands (subset) was calculated using sucrose 



inversion (provides integrated temperature data for the length of the growing season) 

technique as described in (Damman 1975). Total precipitation over the growing season 

was measured using a 1.5 m graduated cylinders (2 inch plastic poly pipe) driven 30-50 

cm into the soil, in a vertical position. Each cylinder contained 100 ml of canola oil to 

prevent evaporation of the accumulating precipitation. 

Analyses of cornrnunity composition - Patterns of bryophyte community 

composition were analysed using CCA and TWINSPAN. Canonical Correspondence 

Analysis (CCA) was used to ordinate al1 species data for al1 287 stands using 24 

environmental variables to constrain the ordination (ter Braak, 1998). Abundance was 

recorded for each species on each type of microhabitat or mesohabitat (see FHS methods 

chapter 1) and averaged for each species within stands. These abundance values were 

used in the CCA analysis. The ordination generated axis scores for each stand, with the 

axes correlated to the most important environmental variables in the analysis. 

TWINSPAN (Hill 1994) was used to group al1 287 cedar-hemlock stands according to 

species compositions and identified the indicator species that are associated with specific 

stand groups. Climatic, temporal and silvicultural variables were related to each 

TWINSPAN group to identi@ environmental patterns in the classification by 

superimposing ont0 the CCA stand and species ordination. 

The relative importance of an indicator species within the TWINSPAN 

classification was estimated using the method of Dufrêne and Legendre (1997) in PC- 

ORD software (McCune & Mefford 1997). indicator values were calculated for species 

within each of the T W S P A N  groups. The "indicator value" combines, by 

multiplication, the abundance of a species in each TWINSPAN group relative to its 

abundance in al1 groups, with that species' fi-equency in the sample units of the 

designated group (Rarnbo 1998% 1 998b). The "indicator value" describes a species' 

reliability for indicating a TWINSPAN group, and is expressed as a percentage of perfect 

indication. A Monte Carlo analysis was used to assess statistical significance based on the 

proportion of 1 iOOO randomized trials that equaled or exceeded the maximum indicator 

value for a species. 

Phytogeographic categories follow those of Belland (1998) for mosses and 

Godfrey (1977a) and Schofield (1988) for hepatics. Taxonomie category of the lineages 



of Bryidae and Sphagnidae follow Vitt (1984) with suborders raised to order rank; within 

the lineages, Jungermanniales, Metzgeriales and Marchantiales follow Stotler and 

CrandaIl-Stotler (1 977)- Species nomenclature follows Anderson et al. (1 990) for 

bryophytes and Stotler & Crandall-Stotler (1977) for hepatics. Richness and species 

occurrence were calculated for each phytogeographic category and taxonomie lineage 

within the TWINSPAN groups. Occurrence was calculated as the nurnber of sarnple units 

a species occurs in; sample units are microhabitats such as Iogs and rocks (see 

Newrnaster et al, (2000) for a full list of microhabitats). Collections were made at each 

stand for cornmon and rare species. Voucher specimens were prepared and deposited at 

the University of Alberta Cryptogarnic Herbariurn (ALTA), Kamloops Forest Region 

Herbarium, and University of British Columbia Herbarium (UBC). 

RESULTS 

Stand Ordination on the Cedar-Hemlock Landscape 

Relationships between bryophyte species, stands and environmental variables are 

apparent when al1 cedar-hemlock stands (ICH/CWH) were analyzed using CCA 24 

environmental variables (Table 2- 1, Fig. 2-3). The species/environrnent correlation 

measures the relation between the stand scores resulting £rom a CA and those fiom a 

CCA (Belland and Vitt 1995). High speciedenvironment correlations (B0.85) indicate 

that environmental variables for the first two axes will be usefül in identi@ing gradients 

and account for 60.6% of the variation in the species data set (Table 2-2). The sharp drop 

between the Yirst two eigenvalues (-477, -227, .O71 and -044 respectively) indicate that 

stand vegetation is strongly dominated by climatic variables that forms a single gradient 

dong the first axis. A Monte Car10 permutation test conf'ïrmed that the first axis is 

statistically significant ( p  < 0.001) in explaining 41 -6 % of the variation in the species 

data. A substantial portion (19 %) of the species variation was explained by the second 

axis (Table 2-2). 

Based on significant @ < 0.05) interset correlations and canonical coefficients 

(B2.1) climatic variables are the most important variables defïning the first axis (Table 2- 

3).  Mean annual temperature, rainfall, degree days > O°C, and 6 month mean temperature 

are the most important variables correlated to axis 1. Warm wet stands (CWH) on the Ieft 



side of the ordination are separaîed from cool dryer stands (ICH) on the right (Fig. 2-3). 

These two broad clusters based on bryophyte vegetation compliment the biogeoclimatic 

system of British Columbia Ministry of Forests, which is based on vascular plant data 

(Meidinger and Pojar 199 1). Site series, latitude and longitude were also significant 

variables correlating to the fust a i s .  

Large-scale catastrophic disturbance (i-e., f i e  and logging) explains considerable 

variation dong the second axis. Stand age is defmed as the time since Iast major 

disturbance and is significantIy @<O.OS) and the most strongly correlated variable to the 

second axis (Table 2-3). Old-growth stands are on the bottom and young stands are at the 

top of the second axis (Fig. 2-3). Log basal area and canopy height were simcantly 

correlated to the second axis, but they are also directly influenced by stand age (Table 2- 

3). 

Stand Classification on the Cedar-Hemlock Landscape 

TWTNSPAN classified the stands into five groups (Fig. 2-4), which are evident on 

the CCA species ordination (Fig. 2-5). The prirnary division of groups in TWINSPAN 

separates the ICH from the CWH, supporting the grouping of stands on the first CCA 

a i s .  Groups 1-3 are on the lefi side of the ordination and groups 4-5 are on the right side 

of the ordination (Fig. 2-5). Climatic variables, such as temperature and rainfall separate 

the wann, wetter groups 1-3 fiom the cool, dryer groups 4-5 (Fig. 2-6). ExarnpIes of 

species fiom CWH (groups 1-3) are, Apometzgeria pubescens, Dicrarrodontium 

denztdaturn, Douinia ovata. Eurhynchiurn oreganum, Fon finalis neomexicana, Hookeria 

aczttifolia, Herbertzcs aduncus, Leucolepis acanthoneuron, Plagiomnium venustum and 

Riccmdiapalrnata. The ICH (groups 4-5) is characterized by species such as, Andreaea 

rupestris, Atrichzcm undztlatum, Barbilophozia atienuata, Buxbamia viridis, Gymnocolea 

inflara, Homalothecium aeneum, Hypnum pallescens, Hylocornium pyrenaicurn, 

Leskeella newosa, Pohlia wahlenbergii and Schistidium apocarpum. 

Group 1, is associated with the oldest least disturbed stands in oceanic CWH 

forests, and is clustered at the bonorn of the second CCA axis (Fig. 2-5). The stands on 

Vancouver Island are wetter and warrner than those on the mainland Coast (Fig. 2-6). 

Stand group one contains species that are restricted to island (oceanic) CWH stands or 



have higher abundance in these areas (e-g., Bunania pearsonii, Dendrobazzania 

grzsthiana, Dicranodontizm denudatum, Geheebin gigantea, Nookeria aattzfolia, 

Riccardia palmata and Uota drumrnondii). 

In the CWH (left side of the ordination), TWINSPAN groups 1-3 are fûrther 

divided along the second ordination axis (Fig. 2-5). A gradient of increasing stand age is 

associated with a movement fiom the top to the bottom of the second CCA axis. 

Environmental variables associated with stand age are represented by vectors pointing in 

the same direction in the bi-plot of the environmental variables (Fig. 2-5). This gradient is 

supported by the separation (3rd TWINSPAN division) of groups two and three by 

temporal variables, such as time since the last major disturbance, stand age, tree basal 

are% canopy height and the number of microhabitats (Fig. 2-7). Group two is associated 

with old-growth CWH on the mainland coast, and forms a distinct cluster near the center 

of the second axis on the CCA ordination (Fig. 2-5). Group two contains species that are 

restricted to, or at l e s t  much more abundant in old-growth (250+ years) stands (cg., 

CephaZozia bicuspidata, Diplophyllum plicatum, Dicranum paZZidisetum, Homalothecium 

nuttallii, hiausupella emarginata and MjZia taylorii,). The third group is associated with 

young CWH stands on the mainland coast; stands in this group are clustered at the top of 

the second CCA axis. Group three contains species that are cornmon in young (80 years) 

forest (e-g.? EurhyPlchium oreganurn, Homalotheciurn aenezim, I.sot?tecium myosuroides, 

Plagiomnium venustum and Plagfothecium undulaturn). 

In the ICH (right side of the ordination), TWFNSPAN groups 4-5 are separated 

along the second ordination axis (Fig. 2-5). This TWINSPAN division separates ICH 

stands based on tirne since the last catastrophic disturbance. CCA environmental 

variables associated with a gradient in stand age are significantly OJ < 0.05) correlated 

with the second axis. Environmental variables such as stand age, tree basal area, canopy 

height and the number of microhabitats separates groups four and five (Fig. 2-4 & 2-7). 

Group four is associated with young ICH stands; these stands are clustered at the top of 

the second axis in the CCA ordination. Stand group four contains several species that are 

more comrnon in young forest (e-g., Dicranzrm flageZZare, Dicranum polyset um, Po hlia 

wahlenbergii and Schisridium apocurpum), and species that are comrnon to group five 

but less abundant (e.g., Barbilophozia Zycopodioides, Hypnurn pallescens, Hypnum 



revolut um, hmesoniella autumnalis and Ptilidium pulcherrimum) . Grou p five is 

associated with old-growth stands, and is clustered at the bottom of the second CCA axis 

(Fig. 2-5). This group contains species that are restricted to, or at least more conimonly 

abundant in stands that are age class 9 (250+ years), have Iarger trees and more 

microhabitats (Fig. 2-7). Species that are found abundantly in group five include, 

Antitrichia czu-tipendula, Blepharostoma îrichophyllum, Claopodium bolanderi, 

Heterocladium maco unii, Hypn um circinale, Po rella cordaeanu, Ptilidium calz~ornicum, 

Rhizomnium glabrescens and Scapania bolanderi). 

Indicator Species 

The distribution of species within the five TWINSPAN groups is shown in Table 

2-4. The CCA species ordination indicates that there are some species that are associated 

with specific TWINSPAN groups, and other species that are ubiquitous throughout the 

groups (Fig. 2-8). Species that are unique to a specific TWINSPAN group could be 

considered indicator species. However, the relative importance of an indicator species 

within a group is best defined by a separate indicator analysis. Using the Dufrêne and 

Legendre analysis (1997), species with significant @ < 0.05) indicator values clearly 

identified clusters of the five TWINSPAN groups on the CCA species ordination (Fig. 2- 

8). Indicator species are listed for the ICH, CWH, old growth and young growth forests. 

Some species are indicators of biogeoclimatic zone but are cornmon to either 

young or old stands, Several indicator species comrnon to the CWH include, 

Eurhynchiurn oreganum, Hornulothecium aeneum, Isoihecium myosuroides, Mnium 

marginat um, Plagiomnium venustum, and Riccardia m ultz3da. These s pecies are rare or 

have never been located in the ICH (Table 2-4). There are only a k w  species that are 

found in both young and old forest within the ICH that are not in the CWH. These 

include, Cratoneuron filicinum, Dicranum polysetum, Hylocorniurn pyrenaicum and 

PohIia wahlenbergii. 

Several species are cornmonly found in old-growth forest but are rare or do not 

occur in young forest regardless of biogeoclimatic zone (Table 2-4). Exarnples of these 

general old-growth indicators are, Antitrichia curtipendula, Bazzania tricrenata, 

Calypogeia trichornanis, CephalozieZZa divaricata, CIuopodium bolanderi, 

Heterocladium macounii, Kindbergia praelonga, Metansckera memiesii, Ptilidium 



califrnicum, Porella navicularis, Radula complanata and Thamnobryurn neckeroides. 

There are many old-growth indicators that are unique to either the ICH or CWH. 

The CWH has many old-growth indicator species- Two-thirds of these indicator 

species are hepatics. Ail of the old-growth indicator species are more cornmon in oceanic 

CWH forests (group 1). Exarnples of old-growth indicators specific to the CWH are, 

Apometzgeria pubescens, Barbilophozia hatcheri, Dicranodonrizrrn denudatum, Douinia 

ovata, Herbertzrs aduncus, Homalothecium nutallii, Hookeria lucens, Jungermannia 

pumila, Lophozia incisa, ~Mavsupella emarginata, Metzgeria temperata and PZagrgrochila 

asplenoides, 

The ICH also has many old-growth indicator species. Many of which are 

restricted to the ICH (Table 2-4). More than half of the indicator species are hepatics. 

Examples of old-growth indicators specific to the ICH are, AnastrophylZum helZerianum. 

Earbilop hozia a ttenuata, Barbilophozia quadrilo ba, Btccbaumia viridis, Calypoge ia 

suecica, Gymnocolea inflata, Hygrohypnum smithii, Hylocornium pyrenaicum, Leskeella 

nenosa, Lophocolea rninor, Lophozia ascendens and Porella platyphylla. 

There are few indicator species for young forest. Most of the species found in 

young forest are found with greater occurrence in old-growth forest. In the CWH, ody  

one species (Funaria hygrometrica) is more abundant in young forests. The ICH has only 

a few species that are found more frequently or exclusively in young forest (Table 2-4). 

Examples of young growth indicator species in the ICH are DicranumJTagelZare, 

Dicranum polysetum. Fzrnaria hygromeirica, Grimmia afinis, Pohlia wahlenbergii and 

Schistidiurn apocarpum. 

Floristic Affinities 

Differences in species composition between the ICH and CWH can be attributed 

to the geographic distributions of species defined as floristic finities. There are 41 7 

species in B.C.'s cedar-hemlock forest of which 205 (49%) species are cornrnon to both 

the CWH and ICH. 114 (27%) species are found exclusively in the CWH, and 98 (24%) 

of the species are exclusively to the ICH. The differences in species composition between 

the CWH (groups 1-3) and the ICH (groups 4-5) can be related to differences in floristic 

&inities. 



Mossfloristic aflnizies - The ICH has substantially more moss species with 

boreal distributions than the CWH (60% ICH; 45% CWH - Fig. 2-9). Thhy-six species 

of rnosses with boreal distributions are found in the ICH and not the CWH- (e.g., 

Brachythecium reflexum, Campylium chrysophyllurn, Dicranella grevilleana, Dicranurn 

polysetum, Fissidens osmundoides, Gymnostomurn aeruginosurn, Hylocomizim 

pyuenaicurn, Meesia @iquetra, Plagiomnium drurnrnondii and Rhizomnium 

pseudopunctatum). Sixty percent of these species have circurnboreal distributions and 

forty percent have interrupted distributions between North Amerka, Europe and Asia. 

The CWH has more temperate species and higher temperate species occurrence 

than the ICH (40% CWH; 30% ICH - Fig. 2-9). Forty-three species of mosses with 

temperate distributions were found in the CWH, but were absent in the ICH. Forty 

percent of the temperate mosses are Western North Arnerican endemics such as 

A mphidium calzj-ornicum, A nacolia mer~iesii, Dendroalsia ab ietina, Eurhynchium 

oreganum, Homalothecium nutallii, Leucolepis acanthoneuron, Plagiomnium venustum, 

Uota megalospora and UIota obtusiuscula. Ten percent of these mosses are widely 

disû-ibuted circurn-temperate species such as, Anoectangium aestivum, Dicranodonrium 

denudat um, Fissidens grandz$-ons, Pseudotaxiphyllum elegans and Schistosrega pennata. 

Fi* percent of the temperate mosses have varied disjunctions between western North 

Arnericq eastem Asia, and Europe (e-g., Andreaeu rothii, Campylopus~exuosus, 

Dicranodontium uncirratum, Geheebia gigantea, Hookeria acutzyolia, Plagiothecium 

cav$olium and Tortula princeps). The CWH has an even distribution of bryophytes with 

arctic, cosmopolitan and montane affinities (Fig. 2-9). 

Hepaticfloristic afinities - There are more bored hepatics (richness and 

occurrence) in the ICH than the CWH (65% ICH; 40% CWH - Fig. 2-9). Seventeen 

species of livenvorts with b o r d  distributions are found in the ICH, but not in the C WH 

(e.g ., Anasrrophyllum helleranum, Barb ilop hozia kunzeana, Cephalosia pleniceps, 

Gymnocolea inflata, Lophocolea minor, Scapan ia curta and Tritomaria sci t da).  Eighty 

percent of the boreal liverworts had circurnboreal distributions and twenty percent had 

interrupted distributions with North Arnerica, Europe and Asia. Hepatics species with 

montane affmities are more cornmon in the interior (20% ICH; (5% CWH - Fig. 2-9). 



There are more temperate hepatics (richness and occurrence) in the CWH than the 

ICH (55% CWH; 5% ICH - Fig. 2-9). Fi@-four species of hepatics with temperate 

distributions are found in the C WH but not in the ICH. Ten percent of these hepatics 

consisted of widely distributed circum-temperate species such as BarbiZophoziafloerkei, 

Douinia ovata, Jungerrnannia obovata, Lophozia O btusa, Odontoschisma denudatum, 

Porella cordneana, Riccardia multz@dn and Scapania umbrosa. Twenîy percent of the 

temperate hepatics have varied disjunctions between western North America, eastem 

Asia, and Europe (e.g., Anastrophyllum assimile, Bazzania pearsonii, Gymnomitrion 

ob tusum, Herbert us aduncus, Jungermannia exsert filia, Kurzia se tacea, Lophozia 

opacz#olia, Nardia scalaris and Riccardia mztltzfida) . S ixty percent of the temperate 

hepatics are Western North American endemics, such as Culolejeunea macozrnii, 

Dendrobazania grzBthiana, Diplophyllurn imbricatzrm, Frullania californica, Frztllania 

tamarisci ssp. nisquallensis, Gyrothyra underwoodiana, Jungermannia rubra, Kurzia 

makinoana, Lepidozia filamentosa, MarsupeZla boeckii, Plagiochila schofieldiana, 

Pleurozia purpurea, Porella navicularis, Ptilidium calz~ornicum, Radula bolanderi and 

Scapania americana. 

Taxonomic and Morphological Patterns 

Moss taxonomic patterns - Taxonomic moss affinities are apparent between CWH 

(groups 1 -3) and ICH (groups 4-5). There are 197 species of rnosses in the ICH and 20 1 

species of mosses in the C M .  Using the lineages of rnosses proposed by Vitt (1 984), the 

Sphagnales, Polytrichales and Dicranales are equally represented in the ICH and C WH 

(Fig. 2-10). Species in the Orthotrichales, Isobryales and Pottiales are however better 

represented in the CWK, and the Hypnales are better represented in the ICH. Species in 

the Isobryales, Orrhotrichales and Bryales are less represented in the TCH (Fig. 2- 10). 

Within the CWH, the Dicranales and Pottiales are well represented in the oceanic stands 

(group 1) than on the coastal mainland (group 2). 

Hepatic taxonornic patterns - Patterns in hepatic taxonomic affinities are 

associated with the ICH and C WH. There are 120 species of hepatics in the CWH and 99 

species in the ICH. Following the lineages proposed by Stotler and Cranddl-Stotler 

(1977), the ICWCWH are equally represented in the folIowing proportions for each 

order: 85 % Jungermanniales, 10% Metzgeriales and 5% Marchantiales. Differences 



between the interior and Coast are apparent a t  the suborder rank. The Lepido-" L zr neae, 

Geocalycineae and PoreZZineae have more species in and higher species occurrence in the 

CWH, particularly oceanic CWH (Fig, 2-10). Species occurrence in the 

Jungermanniineae, Metzgeriianeae and Herbertineae is higher in the C WH. Only the 

C WH has representative species in the RIccÏineae (Fig. 2- 1 0). Oceanic C WH stands 

(group l), have higher hepatic occurrence than any other taxonomie lineage. 

Morphologicaipat~erns - Morphological patterns are sirnilar between the ICH and 

CWH. Pleurocarpous mosses represent 30% of the flora, while 70% of the flora is either 

acrocarpous or cladocarpous. Among the mosses, 65% (ICH) or 69% (CWH) of the 

species are dioicous, and 35 % (ICH) or 3 1 % (CWH) are monoicous. 92% of the mosses 

had spore sizes < 25 Fm for either the TCH or  CWH. 

DISCUSSION 

Climate and Communiîy Patterns 

Clirnate is a well-known prirnary factor controlling vegetation at large scales on 

the Iandscape (Gignac and Vitt 1990; Hebda 1997), and more specifically bryophyte 

floras (Schofield 1988). Gignac and Vin (1990) showed that species and stand groups are 

largely determined by climate in the mires o f  western Canada- Our CCA ordination 

indicates that clirnate is the most influential variable affecting bryophyte comunity 

composition in the cedar hemlock landscape- TWINSPAN groups for stands and species 

complirnented the CCA ordination. The grouping of cedar hemlock stands using 

bryophyte cornmunities at the regional scale (i.e., cedar-hemlock forests in BC) supports 

the existing biogeoclimatic classification (i.e., ICH & CWH) for cedar hemlock forest in 

BC (Meidinger & Pojar 199 1). The distinct differences in the comrnunity composition of 

the CWH and ICH can be partially explained by modem day climatic patterns. The CWH 

is wetter and warmer and has a heavy influence fiom oceanic weather patterns (Redmond 

and Taylor 1997). The ICH is controlled by continental weather patterns. 

Historical clirnatic patterns are also of  primary importance in the development of 

cedar hemlock communities in these two biogeoclimatic zones and help in the 

interpretation of the origin of the ICH and C M  bryoflora. Cedar-hedock forests 

developed during interglacial intervals recorded in the Pleistocene deposits 100 000 years 



ago (Heusser 1977). The last glaciation (Cordilleran) ended with a warming trend 15000 

year ago. Tundra-like vegetation dominated the area between 12000- 15000 years ago 

(Hebda 1997). Cedar-hemlock forest began to disperse and establish fkom 12000-6000 

BP (before present). Hemlock forests (including Thuja plicafa expanded in the CWH 

6000-7000 BP, and the modern CWH flora became established between 6000 and 4000 

BP (Hebda 1994, 1997)- la the ICH, cedar-hemlock did not begin to disperse until5000- 

6000 BP, leaving less time for the development of the ZCH flora. The arriva1 of Thuja 

plicata in the ICH was slightly later than 4000 BP, with the development of the modem 

day flora between 4000 and 2000 BP (Hebda 1995). Therefore, modem cedar-hemlock 

bryophyte cornmunities in the interior developed later than on the coast. In the CWH, 

several western North Arnerican endemics (Le., Leucolepis acanthoneuron, Dendroalsia, 

Diplophyllum imbricaturn and Porella navicularis) may exist partly due to the position of  

refugia during the Pleistocene glaciations (Schofield 1988; Godfiey 1977a). Areas dong 

the coast escaped glaciation and served as refbgia for today's endernic bryophytes. 

The floristic eiements of the interior and coastal cedar hemlock forests should be 

both compared and contrasted. Schofield (1 988) has indicated that the ICH and C WH are 

similar both climaticaliy and floristically. He realized that the bryoflora characteristic of 

the CWH is also partially present in the ICH. Furthermore, Schofield (1988) comrnented 

that some of the abundant bryophytes in the C M  are only found in local cornmunities in 

the ICH; other bryophytes are equally fiequent in both the CWH and ICH. My 

cornparisons of the ICH and CWH quantitatively supports Schofield's qualitative 

observations. Several disjunct (western Europe or Asia) species are cornrnon in the CWH. 

but only locally abundant in the ICH (Le., Herbertus aduncus, Porella cordaerrna, 

Anritrichia curtipendula, Cloapodium bolanderi and others). However, my contrasts of 

the CWH and ICH indicate that there are many differences between the bryoflora of the 

CWH and ICH even though species richness (gamma diversity) is similar (i-e., ICH 300 

spp, CWH 3 17 spp.). Some species are found exclusively in either the CWH (1 14 species 

- 36%) or ICH (98 species - 33%). Species with Circumbored distributions are more 

common in the ZCH. Conversely, species with temperate distributions are more comrnon 

in the CWH. Finally there are more western North Arnerica endemics in the CWH than 

the ICH, some of which are exclusive to the CWH. 



Climate greatly influences the microhabitat availability in either biogeoclimatic 

zone. Environmental conditions and habitat limitations restrict the development of the 

bryoflora. Some microhabitats will be more cornmon to either the ICH or CWH. For 

example, the cornmunities that are unique to big leaf maple (Acer rncrcrophyllum) are 

unlikely to develop in the ICH because big leaf maple is not present in the ICH. 

However, some habitats are not related to climate but also Iimit community development 

within a biogeoclimatic zone. Specific species of bryophytes are often associated with 

either acidic or basic rocks: which offer specific environments for unique cornrnunities of 

bryophytes (Belland & Brassard 1988; Belland & Schofield 1984). Rock microhabitats 

are chiefly acidic in the CWH, while there are many basic rock microhabitats in the ICH 

(Montgomery 1997). Although rock microhabitats are present in forest, they were not a 

prirnary environmentai variable expiaining the community composition of bryophytes in 

the cedar hemlock landscape. 

Vitt (1991) found that highly evolved groups such as the Isobryales are better 

represented in tropical floras and the least derived in continental temperate forest. It is 

interesting that even within a temperate flora there are some taxonomie differences, such 

as when comparing the ICH and CWH. The Isobryales, Orthotrichales, Metzgeriianeae 

and Herbertineae have a much greater diversity in the CWH. The Hypnales is the only 

Iineage to be most diverse in the [CH. Schofield (1988) postulated that the unique flora of 

the CWH has many endernic species that can be interpreted as long-term survivors of a 

very ancient flora fiom which most of the previously associated seed plants have been 

extinguished fiom North Arnerica. Historically the CWH bryoflora retained some of 

these rernnant species in areas of floristic refugia durùig the Pleistocene glaciation. 

Disturbance and Community Patterns 

Time since the last catastrophic disturbance (Le., fire and logging) is the second 

most influentid variable affecting bryophyte comn~unity composition in the cedar 

hemlock landscape. The CCA ordinations and T W S P A N  classification clearly 

displayed that within a specific biogeoclimatic zone, bryophyte communities in old- 

growth forests are different than those in young forests. These conclusions support 

several studies that have determined that old-growth forest have unique comrnunities of 

bryophytes when compared to younger forests (Soderstrom 1988, Anderson and 



Hyterbom 1 99 1, Lesica et al. 199 1, McCune 1993, Rambo & Muir 1998a). 1 present the 

fust quantitative evidence to show the differences between the bryophyte community 

composition of old-growth stands and those disturbed by fire or logging in BC. My study 

demonstrates that old-growth stands contain more western North Arnerican endemics and 

rare species than yomg forests (Newmaster et al. 2000). This supports research in 

Ontario boreai rnixed-wood forest that has shown that stands disturbed by logging have 

fewer rare species than mature forest (Bell & Newrnaster 1998). 

Many of the species restricted to old growth ICH and CWH are hepatics. 

Researchers in Scandinavia, (Soderstr6m 1988), and the United States (Rambo & Muir 

1998a) have also s h o w  that many hepatics are more commonly f o n d  in old-growth 

forests. Furthemore, our study identified old growth indicator species for the ICH and 

CWH. and many of these are endemic hepatics andlor hepatics that are restricted to old- 

growth forests. Many bryophytes may serve as bio-indicators because the ICH or CWH 

unique old growth indicator species. 

In British Columbia forest managers are dealing with many old growth and 

biodiversity issues, including the challenge of managing biodiversity in forests with few 

large natural catastrophic disturbances (Jull 1997). Disturbances through human activities 

such as logging operations could pose serious threats to the long term fiuictioning of 

forest ecosystems (Bradfield et al. 1997). Understanding the patterning of bryophyte 

communities in the ICH and CWH biogeoclirnatic zones will help minimize the impact 

fiom forestry operations on biodiversity (Arsenault and Goward 1997). AIthough the 

present research identifies the differences between bryophyte communities in the C WH 

and ICH and the impacts of clear-cutting and forest fire, there is a need to fùrther 

compare the patterning of bryophyte diversity and of species-habitat relationships. This 

will be usefui information in the development of strategies for the conservation of 

bryophytes in managed forest landscapes of British Columbia. Old growth indicator 

species for each biogeoclimatic zone could be used to identifL areas with unique 

bryophyte communities or bryophyte hot spots. Preservation of such areas are of 

paramount importance in the successhl management for biodiversity in cedar-hemlock 

forests. Table 2-5 presents indicator species and the substrates on which they are 

cornmonly found for young and old forest in each biogeoclimatic zone. 



Table 2-1 : Summary of the twenty-four environmental variables used in the CCA 
analysis. 

Variable Abbrev. Ex~lanation 
Site Series SS eco-site ~Iassification 
Latitude Lt northerly bearing 
Longitude Ln westerly beaing 
EIevation Elv height above sea level (m) 
Slope Position SP upper- mid, lower slope & toe 
Aspect As local azimuth of dope direction 

=lme Moisture Re,' MR hygric to xeric scate 
Rock cover RC 5% cover rocks 
Rock acidity RA acidichasic rocks present 
Soi1 Texture ST sand, silt, clay. loam & mixtures 
Canopy height CH avg. tree height (m) 
Tree density DT (m2iha) 
Tree basal area BT mean dbh (cm2' 
Snag density DS snag density (m'/ha) 
Snag basal area BS snag basal area (cm2' 
Log density DL log density (ni'iha) 
Log basal area BL log basal area (cm" 
Shmb SC % cover 
Herb HC % cover 
Disturbance (stand age) Ds wildfire, logging or old growth 
Temperature AT Mean annual temperature (OC) 
Rainfall Rn total yearly rainfall (mm) 
Degree days > 0°C OD total thema1 input 
6 month mean temperature 



Table 2-2. Summary of Canonical correspondance analysis (CCA) of 287 raidorest 
stands in British Columbia. 

Eigenvalue 0,477 0.227 0.071 -0440 

Species/environrnent correlation 0.991 0.894 0.851 0.809 

Cumulative % variance of species data explained 41 -66 60.62 71 -27 77.8 1 



Table 2-3. Statistics for variables used in canonical correspondence anaiysis (CCA) of 
287 stands in B.C.3 temperate minforest. Astenslrs indicate significance at p < 0.05. 
Absolute t-value > 2.1 are used to indicate important canonical coefficients (ter Braak, 
1998). Bold values indicate variables with significant correlation and canonical 
coefficients- 

lnterset Correlation Canonical coefficient t-value 

Variable Axis i Axis 2 Axis 1 kuis 2 Axis 1 Axis 2 
Site Series -0.83 12* -0.0707 0.0 140 -0.0877 0.61 18 -1.01 12 
Latitude 
Longitude 
Elevation 
S lope Position 
Aspect 
Moisture Regime 
Rock cover 
Rock acidity 
Soil Texture 
Canopy height 
Tree density 
Tree basal area 
Snag density 
Snag basal area 
Log density 
Log basal area 
Shmb cover 
Werb cover 
Disturbance (stand age) 
Mean annual temperature 
Rainfall 
Degree days > 0" C 

0.9394* 
-0-9394* 
0.6450* 
-0.0 139 
0,2765* 
-0.4620* 
0.026 1 
0.3 l48* 
-0.0 196 
-0.35 IO* 
0.3730" 
-0.0959 
0.2181* 
-0.44 1 2* 
-0.4575* 
-0.4897* 
-0.45 12* 
0.0885 
-0.2087* 
-0.9758* 
-0.9644* 
-0.9672* 

6 month mean temperature -0.9423" 0.1062 0.3255* 



Table 2-4. Bryophyte indicator values within six stand groups as delimited by 
TWINSPAN ( t Western North Amerka endemics; General Species = non-indicator 
s~ecies). 

Stand groups 
t ndicators Species 

1 2 3 4 5 
OLD Herbertus aduncus 56 
CWH Leucolepis acanthoneuron t 5 5 
ocean ic Pseudoleskea radicosa 54 

Hookena lucens 5 1 
Metzgeia conjugata 50 
Apometzgena pubescens 50 
Dicrano weisia cira ta 42 
Fissidens adian thoides 42 
Porella vordaeana 42 
Claopodium crispifolium 41 
Homalia trichornanoides 41 
Douinia ova fa 39 
Cephaloziella integewma 38 
Fmllania tamansci ssp nisquallensis t 3 8 
Lophozia wenzelii 33 
Barbilophozia hatcheri 3 3 
Claopodium pellucinerve 3 8 
Porella roellii f 24 
Plagiochila semidecutrens f 22 
Fmllania californica f- -- 77 

Dicranodontium denudatum f 2 1 
Radula bolanden f 20 
Lepidozia filamentosa t 19 
Pseudoleskea julacea 17 
Lophozia opacifolia 17 
Hookena acutifolia f 16 
Diplophyllum imbncatum f- 16 
Bazzania pearsonii 15 
Radula obtusifolia 15 
Pleurozia purpurpea t 14 
Plagiochila satoi 14 
Jungermania rubra f 13 
A nacolia menziesii 12 
Chiloscyphus pallescens 12 
Pleuroclada albescens 12 

OLD Lophozia ventrkosa var longifolia 55 53 1 
CWH Marsupellaemarginafa 

Scapania bolanderi 
Cep halozia bicuspida ta 
Lophozia incisa 45 48 5 
Dicrano weisia crispula 44 L8 1 1 



Indicatorç Species Stand groups 
1 2 3 4 5 

OLD Mylia taylofi 49 39 - 7 4 
CWH Homalothecium nutal/ii 3 1 19 

Fissidens osmundoides 26 26 
Diplophylium plica tum f 26 25 
Dicranurn pallidisetum 2 8 26 1 
Radula bolanderi 23 11 1 
Fontinalis hypnoides -- 33  26 
Jungemannia pumila 24 17 - 3 

Mehgeria temperata 14 22 
Plagiochi!a asplenioides 19 2 1 

CWH Isothecium myosuroides 5 1 45 4 3 

Plagiomnium venustum f 48 28 5 
Eurhynchium oreganurn t 48 47 5 
Homalothecium aeneum f 43 28 13 
Riccardia multifrda 42 40 34 
Mnium margina tum 4 1 39 37 

OLD Neckera douglasii 54 23 
Lepidozia reptans 
Bazzania tricrenata 
Cephalozia bicuspidata 
Heterocladiurn macounii f 
Claopodium bolanden f 
Ptilidium californicum 
An fitrichia curtipendula 
Kindbe rgia p raelonga 
Bazzania denudata f 
Metaneckera menziesii 
Hypnum revolutum 
Ra dula complana ta 
Cephalozia lunulifolia 
Plagiofhecium undulatum 
Cep haloziella divarica ta 
Rhizomnium glabrescens 
Calypogeia frichomanis 
Thamnobryum neckeroides f 
Porella na vicula ris 

General Blep harostoma trichophyllum 50 43 18 43 45 
S pecies Brachyihecium frigidum f 47 37 15 4l 36 

Jamesoniella autumnalk 47 44 19 42 44 
Eurhynchiurn pulchellurn 47 48 15 49 43 
Rhytidia delph us triguettus 42 33 22 48 42 
Plagiomnium medium 42 42 13 4I 38 
Mnium spinulosum 41 38 18 53 46 
Atrichum selwynii 39 38 22 40 31 
Rh ytidiopsis robusta 34 34 33 32 42 



Indicators 
Stand groups 

S pecies 
1 2 3 4 5 

General Hylocomium splendens 47 33 20 48 46 
Species Dicranum fuscescens 45 42 12 48 52 

Dicranum scoparium 
Pohlia nufans 
Plagiothecium laetum 
Sanionia uncinata 38 35 27 53 47 
Hypnum revolutum 37 33 33 42 48 
Polytrichum juniperinum 35 33 31 49 38 
Pleurozium schreberi 34 35 29 54 46 
Dicranurn tauncum 3 3 33 33 49 51 
Jamesoniella autumnalis 33 30 16 14 24 
Plagiomnium insigne 3 1 30 33 40 37 

ICH- Dicranum polysetum 25 12 
you ng Schistidium apocarpum 1 9 -- 33 3 

Pohlia wa hlenbergii 
Funaria hygrometrica 
Gn-mmia a finis 
Dicranum gagellare 8 2 

ICH-old Buxbaumiaviridis 1 
Oligot~ïchum aligerum 
Brachythecium albicans 
Cephalozia pleniceps 
Myurella julacea 
Rhytidium rugosum 
Barbilophozia quadriloba 
Gymnocolea inflata 
Ricciocarpos na tans 
Oncophorus wahlenbergii 
Porella platyphylla 
Dicranella grevilleana 
Hygrohypnum smithii 
Th uidium recogn itum 
Blindia acuta 
Barbilophozia attenuata 
Anastrop h yllum hellerianurn 
Leskeella nervosa 
Lophozia ascendens 
Calypogeia suecica 
Heterocladium dimorp hum 
Hylocomium pyrenaicum 
Cra tone uron filicinum 
Lophocolea minor 
Tetrap h is genicula ta 1 - 7 

89 



I 

Bn-ania rricrenata 1 -Epi.rylic, also on trees, clifEs & rocks. 

Table 2-5. Bio-Indicators of Old Growth Cedar Hemlock Forests In British Columbia 

I 
Hererocladizrm rnacounii T 1 -Saxicolic, also on trees & logs. 

Indicator 

Cedar- 

hemlock 

Old growth 
I 

Claopodizrrn bolanderi f 1 Sa~icolic,  rarely on tree trunks. 

Species (7 western North 

Arnerican Endernies) 

Neckera dozrglasii 

I 

Prilidiztm cal$orniczm 1 -Epiphytic. also on log. 

Feahire 

-Epiphytic, also on cliffs & rocks. 

l 

Antifrichia mrtipendrrfa 1 -Epiphytic, occasionally on cliffs & rocks. 

1 Bazaniu dernidara ? 1 -Epixylic, also on tree bases & cliffs. I 
1 Mefaneckera menziesii 1 -Epiphytic. occasionally on cliffs & rocks. I 

1 

CWH 1 Claopodizrm crisp~;foIium 1 -Epiphytic, also on cliffs & rocks. 

Thamnobryzlm neckeroides f 

Cephalozia ftrnztl~;folia 

-Saxicolous, also on tree bases. 

-Epixylic, also on ctiffs & humus. 

1 

Dozrinia ovata 1 -Epiphytic. also on humus & rocks. 

Old growth 

1 

Herbertus adzrncrts 1 -Epixylic, also on nees & humus. 

1 

Dicranodonrkm denuhrm  f 1 -Saxicolous. also on humus & logs. 

1 

Homalia rrichomanoides 1 -Epiphytic, also on humus, cliffs & rocks. 

1 Merzgeria conjugata 1 -Saxicolous, also on trees, logs & humus. 1 

Hookeria lzrcens 

Marsztpella em arginat a 

-Epixylic. aIso on moist soi1 or rock. 

-Saxicolous, occasionalIy on soil. 

1 Hererocladium dimorphum 1 -Saxicolous, also on humus & soil. I 

[CH 

Old growth 

1 Cafypogeia suecica 1 -Epixylic, rarely on trees. l 
1 

Lophozia ascendens 1 -Epixylic, also on humus, rarely rock & trees. 

h[vlia rqlori 

Porella cordaeana 

Lophocolea minor 

Cratonezrron filicinlrm 

1 

Leskeella nervosa 1 -Saxicolous (streams), also on trees. 1 

-Epixylic, also on mes, humus & wet soil. 

-Epiphytic, also on rocks, cliffs, humus & soil. 

-Epixylic, also on humus or soil, 

-Saxicolous (strearns), also on wet cliffs. 

l 

Barbilophozia attenuata 1 -Saxicolous. also on logs. 
1 

Blindia acuta 1 -Saxicolous (streams), also wet soil. 



Figure 2-1. Map of British Columbia, Canada showing the Biogeoclirnatic zones 
(Arsenault and Goward 1 999). 
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Figure 2-3. CCA ordination of 287 stands, 417 species, 24 environmental variables. The 
abbreviations for each variable are listed in Table 2-1. 
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Figure 2-4. TWINSPAN derived bryophyte stand groups for 287 stands and 41 7 species. 
Indicator species are abbreviated using the first four letters of the genus and species and 
their pseudospecies cut level in parentheses; full names are given in Table 2-2. Nurnbers 
in brackets indicate the TWlNSPAN division nurnber. Eigenvalues are indicated for each 
successive division. 
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Figure 2-5. CCA ordination of stands showing the relationship of TWINSPAN groups 
with 24 environmental variables. The abbreviations for each variable are Iisted in Table 
2-1 and those for stand groups are in Fig. 2-3, 
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Figure 2-6. Climatic variables as relaied to the five TWINSPAN stand groups. 
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Figure 2-7- Environmenta variables as reiated to five T W S P A N  stand groups. 
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Figure 2-8. CCA species ordination. The species groups are those delimited by 
TWINSPAN in Fimaure 2 3 .  Species are abbreviated using the first four letters of the 
genus and species fiom Table 2-2. 
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Figure 2-9. Cornparison of the number of species and species fiequency for each 
T WINSPAN group within five p hytogeographic categories. 
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Figure 2-1 0. Cornparison of the number of species and species kequency for each TWNSPAN group 
within the lineages of Bryidae and Sphagnidae (following Vitt 1984 with suborders raised to order rank; 
SPH = Sphagnidae, POL = Poiytrichales, BRY = Btyales, ORT = Orthorrichaies, HYP = Hypnales, ISO = 
Isob~ales, POT = Pottiales. and DIC = Dicranales), and within the lineages Jungermanniales, 
Mezzgeriaies and Marchantiales (following Stotler and Crandel-Stotler 1977; HER = Herbertineae, PT1 = 
Ptilidiineae. LEP = Lepidoziineae, CEP = Cephaloziiineae, G E 0  = Geocalycïneae, JUN = 
Mzcngermanniineae, RAD = Radzdineae, POR = Porelfineae, MET = Metzgeriiiaeae, MAR = 
hfarchantiineae, and RIC = Ricciineae). 
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Chapter 3. 

Patterns of Bryophyte Diversity 

in Cedar-Hemlock forest. 



INTRODUCTION 

Perhaps the least studied area of bryophyte ecology concems patternhg of  

diversity on the Iandscape and the effects of large-scale disturbance. Wallace (1 878) 

recognized that regularity in the patterns of diversiv suggest they have been produced in 

conforrnity with a basic set of principles rather than accidents of history. Ecologicd 

research has investigated some of  the factors that influence patterns of bryophyte 

diversity (Benzing 198 1 : 0kland 1990; Gignac & Vitt 1994; Oksanen 1983; Slack 1977: 

Vitt et al. 1995; Belland & Vitt 1995: Vitt & Belland 1995; Newmaster thesis chapter 2). 

The results of such research indicate the importance of substrates and habitats. Habitats 

such as strearns, fens and bogs exhibit unique patterns of bryophyte diversity (Muotka & 

Virtanen 1995; Slack & Glime 1985; Vitt et, al 1995). Vitt & Belland (1 997) have shown 

that pattems of bryophyte diversity are strongly correlated to habitat type and the scale of 

the investigation. Furthermore- they described how the landscape is a hierarchical mosiac 

of meso-habitats (e-g.. strearns, cliffs, etc.) and microhabitats (e-g., logs, rocks etc.). the 

patterns of which affect patterning of bryophyte diversity. In furest ecosystems these 

patterns of diversity may also be affected by large-scale disturbance (Le.. fire, logging). 

The impacts of catastrophic disturbance on the patterning of  bryophyte diversity in forest 

ecosystems have not been adequately researched, 

Fire is the most prevalent large-scale natural disturbance and its effects on 

patterning of bryophyte diversity have not been studied in detail. Fire can change forest 

structure, stand age, stand composition, and in some cases, simplie the forest mosaic into 

an early sera1 one (Arsenault 1995, 1997). The result is a patchy mosaic of highly 

disturbed and undisturbed forests; the latter are refugia for regenerating future forests 

(Kershaw 1978, 1985; Larson 1980). Indirectly, fire maintains forest ecosystem diversity 

(at the landscape level) because of the randomness, varying intensities. and fiequencies of 

the tires (Arseneault & Payette 1992; Conneil & Slayter 1977, De-Las-Heras 1995; 

Lindholm & Vasander 1987; Zackrisson 1977). It is well known that for the eastern 

Canadian boreal forest the typical fire cycle is approximately 100-1 30 years. The 

frequency of fire disturbance in the coastal western hemlock (CWH) forest is greater than 

250 years, but has been recorded as high as 750 years (Agee 1993; Arsenault 1995, 

1997). However, there are a large number of small areas that are either Iightly bumed or 



that escape fire for longer than 750 years (Arsenault 1995; Ritchie 1976). Small, 

contained fïres (lightning strikes on individual trees) create habitats that are Uivaded by 

species fiorn the undisturbed forest. Large fires create a situation where a new forest rnust 

establish. The environmental conditions after a large fire are almost serni-arid. with dry 

surface soils and high surface temperatures (Auclair 1983: CLèrnent 1990; Garty & 

Binyamini 1 990). Fugitives and early colonizing species such as Ceratodon pzrrpureus, 

Po~yrrichurnjzrniperinum, and Marchanlia polymorpha are some of the first species that 

dominate burnt areas, probably originating from soi1 diaspore banks (During 1983, 1987; 

Heras-Ibinez et al. 199 1 ; Neumaster et al. 1998. 1999). Forest fires initiated the vast 

majority of young stands in the interior cedar-hemlock (ICH) biogeoclirnatic zone of 

British Columbia. The patterning of bryophyte diversity in these young stands in 

cornparison to neighbouring old-growth stands is Iargely unknown. 

Ecological studies that consider patterns of diversity at different scales on the 

Iandscape c m  offer practical applications for conservation strategies (Whittaker 1960. 

1972: Lertzman et al. 1997). Whittaker's (1 960, 1977) definition of 'point diversity' 

(Le., epsilon, gamma, alpha and point), and 'diEerentiation diversity' (Le., delta. beta and 

pattern) can be applied to field research at al1 scales of diversity. including Vitt & 

Belland's (1997) mosaic of habitats on the landscape. Biogeographical studies can be 

modified to investigate patterns of diversity in a quantitative maner at the largest 

landscape scale (epsilon & gamma inventory diversity; delta differentiation diversity). 

Although uncornmon, bryogeographical studies offer elegant, intuitive conclusions about 

species diversity, basic floristic concepts, and conservation (Steere 1978; Brassard 1983; 

Belland and Brassard 1988; Schofield 1 988; Vitt 199 1 ; Belland & Schofield 1994: 

Belland 1995). At the smaller scales' diversity can be investigated at 1) 'regional' or 

MacArthur's (1 965) between stands scale (alpha inventory diversity & beta 

differentiation diversity, 2 )  'local' or MacArthur's (1 965) within stands scale (point 

inventory diversity & pattern differentiation diversity) (Krebs 1985, 1997; Magurran 

1988; Pielou 1966). Different environmental or historical factors may be conelated to 

patterns of diversity at different scales on the landscape. These correlations could be used 

to build diversity models and answer questions that are essential for conservation of 

bryophyte diversity. Conservation strategies ofien rank diversity as one of the most 



important criteria for site assessrnent (Magurran 1988; Sôderstfim et al. 1992, 1995; 

Rose 1993; Slack L 992; Fanta 1995: Tilman 1996). Understanding the patteming of 

diversity in old ecosystems is o u  best mode1 for future ecosystem conservation and 

management (Lertzman et al. 1997). 

In British Columbia more than 250.000 hectares of  forestlands are Iogged each 

year. In coastal temperate forests, over 60 percent of the original old-growth has been 

replaced by clear cuts and second-growth plantations (Goward 1994a; MacKinnon & Eng 

1995). The effects of logging on bryophyte communities are poorly known and need 

further scientific investigation (Jonsson & Esseen 1990; Soderstem 1992. 1995; Herben 

1994: Newmaster et al. 1999). Bryophyte cornrnunity dynarnics has been linked to 

substrate and stand age in the northem forest of Ontario (Carleton 1990; Frego & 

Carleton 1995a, 1995b). Alberta (Crites and Dale 1995; Johnston & Elliot 1996). Europe 

(Edwards 1986) and Scandinavia (Soderstrom 1988b. 1993). Furthemore, bryophyte 

diversity is strongly correlated with habitat heterogeneity in Alberta (Vitt et ai. 1995; Vitt 

& Belland 1997). Clear-cutting techniques reduce stand age, the number of habitats. and 

ultimately cryptogam diversity (Anderson & Hytterbom 1 99 1 ; Brumelis & Carleton 

1988, 1989; Gustafsson & Hallingback 1988; Lesica et al- 2 991 ; Soderstrom 1988b; 

Newmaster thesis chapter 2). Furtherrnore. this disturbance creates environmental 

conditions that are unfavorable for many bryophytes and lichens (Laaka 1980; Goward 

1992, 1993; Gustafssson et al. 1993; Johnston and Elliot 1996). Changes to microclimate 

after logging include humidity, moisture, temperature and light quality (Bell & 

Newmaster 1998; Newmaster & Bell 2000). In a study of biodiversity in the Ontario 

boreal mixedwood forest (Nemaster  & Bell 2000). bryophyte diversity was 

drarnatically reduced after clear-cut logging. Sensitive epixylic hepatics and forest 

mesophytes disappeared with the less hurnid microclimate and the reduction of 

micro habitats and stand age. A small number of fugitives and colonists dominated the site 

for eight years after the clear-cut. Eventually, forest mesophytes began to recolonize the 

area from habitat rehgia surrounding and within the clear-cut. Re-establishment after 

clear-cutting may be difFicuIt if the gap size created is larger than the dispersal 

capabilities of the species involved (Soderstrom 1988b). The patterning of diversity in 

these young stands initiated fiom logging disturbance in comparison to neighbouring old- 



growth stands is largely unknown (Newmaster thesis chapter 2). Clear-cut logging 

ïnitiated the vast majority of young stands in the coastal western-hernlock (CWH) 

biogeoclimatic zone of British Columbia. The patteming of bryophyte diversity in these 

young stands in cornparison to neighbouring old-growth stands is largely unknown. 

The old-growth forest of the Pacific Northwest of North Arnerica have been the 

focus of considerable public debate in recent years (Harris 1984; Cadrin et al. 199 1). 

Forest policy rnakers and managers are faced with difficuit decisions: how rnuch to 

preserve, and how much to dedicate to forestry interest (Goward 1994b; Schoonmaker 

1997). Bryophytes are recognized as one of the most abundant vegetation types in the 

cedar-hemlock forest ecosystem (Alaback & Pojar 1997: Schofield 1988). This study 

compares the patteming of bryophyte diversity (at the regional scale) in old-growth 

forests with that of young forests afXected by large-scale disturbances. Specifically, the 

objectives of this study are to determine, 1) if stand diversity changes after large-scale 

disturbance (fire and logging) within either the coastal western hemlock (C WH) or 

interior cedar hemlock (ICH) biogeoclimatic zones, 2j  if a stand classification built on 

species composition will adequately partition species richness. and if species frequency 

curves can help interpret the classification7 3) the patterns of bryophyte diversity at a 

regional scale using relationships between stands, species, and environmental variables 

within either the ICH or CWH, 4) beta diversity within young and old stands, and species 

turnover as related to sample scores using Hill's scaling in a CCA analysis, 5) whether a 

discriminant mode1 of  regional diversity can predict species richness given a set of 

environmental variables for the [CH or CWH, and if regional diversity models for each 

biogeoclimatic zone are based on similar ecological variables or processes. 

STUDY AREA 

Sarnpling was conducted in British CoIumbia, Canada, within two distinct 

biogeoclimatic zones (Krajina 1965; Meidinger & Pojar 2 99 1); the Coastal Western 

Hemlock zone (CWH) and Interior Cedar Hemlock zone ([CH). The CWH is Iocated on 

the westerly edge of the Coast Mountains and is known as Canada's coastal temperate 

raidorest (Fig. 3-1). Sarnpling in the CWH was confined to the VM1 biogeoclimatic 

variant. The ICH is located on the westerly, windward slopes of the Columbia Mountains 



(Fig. 3-1). Sampling in the ICH was confined to the ICHmw3, ICHwkl and ICHvkl 

biogeoclimatic variants. The wetter portions of the ICH (wkl & vk 1 variants) are known 

as iniand oroboreal rainforests (Goward & Ahti 1992). Detailed descriptions of glacial 

history, climate and floristics cm be found in Schofield (1988): Arsenault (1995), Hebda 

(1 995). Schoonmaker et al. (1 997) and Newmaster et al. (2000). 

METHODS 

Sampling method - Floristic habitat sarnpling (FHS - Newrnaster thesis chapter 1) 

was used to assess patterns in bryophyte cornmURity composition over the period of two 

field seasons. In 1996, 102 stands were sampled in the interior cedar-hemlock (ICH). 

Stands were chosen fiorn the Wells Gray, upper Adams River, and Seymour watersheds, 

Within these watersheds sarnpling was evenly distributed between stands that were 

burned approximately 80 years ago (age class 4), and old-growth stands of 250+ years in 

age (age class 9). In 1997. 185 stands were sampled in the coastal western hemlock 

(CWH). Stands were chosen kom the Capilano and Seymour watersheds along the 

mainland coast and in the Sidney, Clayoquot, Tofino and Walbran watersheds along the 

western coast of Vancouver Island. Extensive logging activities in the Capilano and 

Seymour watersheds allowed a balanced sampling between stands that were logged 80 

years ago, and old-gowth stands of 25O+ years in age. Sampling on Vancouver Island 

was limited to old stands due to the relatively recent logging activity and lack of fire 

history in the CWH. 

Each species and its abundance was recorded for ai1 mesohabitats (Vitt & Belland 

1997) and microhabitats in each stand. Abundance was measured (ocular estimate) on a 

scale of one to three following Vitt et al. (1995): 1 = one to few occurrences, < 20% 

cover; 2 = several occurrences to frequent in one or some areas of the micro/mesohabitat, 

30-50% cover; 3 = fiequent throughout the micro/mesohabitat, > 70% cover. 

Species nomenclature foIlows Anderson et al. (1 990) for mosses and Stotler & 

Crandall-Stotler (1 977) for hepatics, Voucher specimens collected fiom each watershed 

were prepared and deposited at the University of Alberta Cryptogarnic Herbarium 

(ALTA), Kamloops Forest Region Herbarium and University of British Columbia 

Herbarium (UBC). 



Environmentcd variables - Twenty-two environmental variables were used for 

multivariate analyses. Stand dynamics, soil variables and general site variables were 

collected within a 20 rn diameter plot that was located in the stand at least 500 m fiom 

any transition zone. Coarse woody debris data was obtained using two 50 m transects, 

with diameter measurements of logs for each decay class (Arsenault & Bradfield (1 995) 

at each transect intersection. Meso-habitat heterogeneity was measured by the nurnber of 

different mesohabitats in each stand. 

Macroclimate data were obtained from the Canadian Climatic Nomals and 

meterological stations within the local watersheds (Anonymous, 1982) and were used in 

climate diagrams (Walter & Lieth 1967) and as environmental variables in multivariate 

analyses. Microclimate data were collected only within in a subset of 20 stands (divided 

evenly between young and old forest) within each watershed. Within each stand, five 

replicate sites were randomly chosen to rneasure temperature and total precipitation. AI1 

rnicroclimate stations were set out in May and measured/removed in October of 2997. 

Growing season temperature within stands (subset) was calculated using sucrose 

inversion (provides an integrated temperature data for the length of the growing season) 

technique as described in (Damrnan 1975). 

Diversis, anaZyses - Species richness (gamma and alpha diversity) was used to 

compare changes in stand diversity after large-scale disturbance in the ICH and CWH. 

Whittaker's (1 960) terminology and concepts are used to describe diversity at different 

scates (Fig. 3-2). Inventory diversity is simply species richness, and is defined as either 

total nchness (y-gamma diversity) or mean stand nchness (mean alpha diversity - a). 

Therefore. gamma diversity (y) is the total nurnber of species in the following landscape 

elernents; biogeoclimatic zones, biogeoclimatic variants (a finer classification of zones) 

or watersheds (Table 3- 1 ). Mean stand species richness is the mean number of species 

within stands for the ICH, C m  or the partition of stands into old-growth forest and 

young growth forest disturbed by either fire or Iogging (Krebs 1985). Species richness 

within and between stands was compared using ANOVA in SPSS (1999). Abundance 

was recorded for each species on each type of microhabitat or mesohabitat (see FHS 

methods above) and averaged for each species within stands. 



Multivariate analyses - Patterns of bryophyte diversity were explored usïng 

canonical correspondence analysis (CCA) which ordinated the stands (ICH or C WH 

exclusively) using environmental variables to constrain the ordination (ter Braak, 1986). 

The mu1 tivariate structure of the data was explored using C ANOCO 4 (ter Braak 1 998). 

The ordination resulted in axis scores for each stand, with the axes corretated to the most 

important environmental variables in the analysis. 

Chssificafion of stands - Cluster anaIysis (e-g.? average linkage Sequential 

Agglomerative Hierarchical Non-overlapping method-SAHN - euclidean distance 

measure) was used to classif?y stands (ICH or CWH) based on the weighted average of 

the species scores (using the CCA stands scores). A K-means cluster analysis provided an 

independent check for stand membership to the clusters defmed in SAHN. The resultant 

classification was used to partition species richness using ANOVA, and identify groups 

of stands in the CCA ordination. Stands were labeled according to their cluster groups 

(SAHN) in the ordination diagrams using CANODRAW for both the CWH and ICH- 

Species richness for each cluster group will be related to the ordination. Species 

frequency curves were prepared for each of the groups defined in the cluster analyses 

within either the ICH or CWE-I. 

Beta diversiiy/species turnover - Species turnover was evaluated after large-scale 

disturbance within the ICH or CWH. Whittaker (1960) used the term "differentiation 

diversity" as a broad terrn for species turnover. He further defined differentiation 

diversity at smaller scales; delta diversity (Le., watersheds), beta diversity (i-e., stands), 

pattern diversity (i.e., microhabitats-Whittaker 1965). In our study delta diversity was 

defined as the change in species composition between biogeoclimatic zones (differences 

within ICH or CWH gamma diversity) or watersheds (differences in watershed gamma 

diversity). Beta diversity was the change in species composition between stands (alpha 

diversity - Fig 2). Differentiation diversity within an age class was cdculated directly 

using Whittaker's (1965, 1972. 1977) beta diversity measure (p-eqn 1). Species turnover 

between stand clusters ( S M )  is also considered in Our rnultivariate analysis. Cmonical 

correspondence analysis (CCA) employing Hill's scaling was used to analyze species 

turnover between stands. Sample scores (SD) fiom CCA were used to represent the 

relative position of the stand on a complex gradient. Beta diversity is the separation of 



sample scores dong the gradient axis. The scores of the sarnples are standardized such 

that the within-site variance equals 1 (ter Braak 1986). Hill & Gauch (1 980) defuiing the 

length of the ordination axis to be a range of the site scores, expressed in multiples of the 

standard deviation. Therefore, sarnples or stands that are 2 SD apart can be interpreted as 

sharing less than one third of the species or have a species turnover of over 60% 

(Jongman et al 1987). Sarnples that are 4 SD would be expected to have no species in 

comrnon. Beta diversity (changes in species composition) can be caIculated between 

individual groups classified in the cluster analyses, enabling an evaluation of the effects 

of environmental variables on species richness turnover within a biogeoclimatic zone. 

where, y = gamma diversity (total species richness per age class) 

a = alpha diversity (mean species richness per stand) 

Regional diversity model - The Object of discriminant fknction andysis (DFA) is 

to predict multivariate responses that best discriminates the subjects in different groups 

(Ramsey & Schafer 1997). Discriminant anaIyses were used to model species richness 

using environmental variables for both the CWH and ICH. The cluster groups (Le.. 

S A H N  and K-means) and the environmental parameters for each stand were used as input 

for a discriminant analysis which 1) detemined if the classification was accurate, 2) 

provided discriminant fùnctions that are used to predict stand membership in the 

classification, and, 3) indicates the most important environmental variables that define 

the clusters. The discriminant function was used to predict not only cluster membership 

of stands, but also richness. This allowed the modeling of bryophyte species richness 

using the environmental variables measured, complirnenting the CCA analysis. 



RESULTS 

Stand Diversity 

Interior Cedar Hemlock Zone - Diversity was greater in old-growth forests (age 

class 9; 250 yrs+) than young forests (age class 4: 80 yrs; disturbed by forest fire). 

Gamma diversity (Y) is 30% higher in old-growth forests than young forests (Table 3-1). 

Mean stand richness (a) is significantly @ c 0.0 1) higher in old-gowth forest than young 

forests (Fig. 3-3). Furthemore, mean stand abundance is twice as high in old-growth 

forest, than in yowig forest (Fig. 3-4). 

Differences in species richness are apparent between the different ICH 

biogeoclimatic variants. The wetter biogeoclimatic variants have the highest bryophyte 

diversity (Table 3-2). Old stands in thc ICHwkl and ICHvkl have significantly @ < 

0.05) higher species richness (15% higher) than in the ICHmw3 (Table 3-2). Bryophyte 

abundance follows the sarne pattern. Species richness within young stands is higher in the 

ICHwkl than in the ICHmw3 (Table 3-2). 

Coastal western Hemlock Zone - Diversity is greater in old-growth forests than 

young forests. Gamma diversity (y) is over 50% higher in old-growth forests than young 

forests (Table 3-1). Alpha diversity (a)  is significantly @ < 0.01) higher in old-growth 

forest than young forests (Fig. 3-3). Mean stand abundance is three times higher in old- 

growth forest than young forest (Fig. 3-4). 

Old-growth forests along the west coast of Vancouver Island had higher diversity 

than mainland coastal, old-growth forests fiom the Vancouver watershed. Gamma 

diversity and relative abundance was more than 25% higher in oceanic old-growth forests 

than mainland coastal forests (Table 3-1). Mean species richness (a) was not 

significantly (p > 0.05) higher in oceanic forests (Fig. 3-3). 

Canonical Correspondence Analysis 

Interior Cedar Hemlock Zone - Distinct groups of stands on the ordination are 

defined by stand age and meso-habitat heterogeneity. High species/environment 

correlations (>0.902) indicate that environmental variables for the fxst tfiree axes are 

useful in identiQing gradients (Table 3-3). Interset correlations and significant canonical 

coeficients were used to idenrie the environmental variables that best explain the 



gradients for each axis. The age of the stand (time since last large-scale disturbance) is 

the most important variable defïning the first axis (Table 34) .  Old stands form a distinct 

group on the left side of the first ordination axis (Fig. 3-5). Other variables that correlate 

to the first mis include forest structure related variables such as log density, and basal 

area of trees or logs (Fig. 3-5, Table 3-4). Meso-habitat heterogeneity as measured by the 

number of different mesohabitats in each stand is most strongly correlated to the second 

CCA axis (Table 3-4). Groups of stands with low meso-habitat heterogeneity are found 

near the bottom of axis two while stands with the highest meso-habitat heterogeneity are 

at the top (Fig. 3-5). Other variables correlated to the second axis include the abundance 

and pH of rock habitat (Table 3-4). Stand hygrotope (third mis) and local land slope 

(fourth axis) explain an additional 10 % and 7 %, respectively (sig. t-value, p > 0.05). 

Coastal wesrern Hemlock Zone - Distinct groups of stands on the ordination are 

defined by temporal and habitat gradients. High species/environment correlations 

(>0.862) indicate that environmental variables for the first two axes are useful in 

identifying gradients (Table 3-3).  Based on interset correlations and significant canonical 

coefficients, age (time since last large-scale disturbance) of the stands the most important 

variable defining the first axis (Table 3-5). This is reflected in ordinations where old 

stands forrn a distinct group on the lefi side of the first axis (Fig. 3-6).  Other variables 

that correlate to the first axis include stand structure related variables such as log density, 

and basal area of trees or logs (Fig. 3-6). Meso-habitat heterogeneity is most strongly 

correlated to the second CCA axis (Table 3-4). Groups of old stands with low meso- 

habitat heterogeneity are found near the bottom nght side of the ordination and increase 

with habitat heterogeneity to the top left side of the ordination (Fig. 3-6). Logging and 

fire disturbance result in similar species associations. SIope position (i-e., toe, Iow, mid 

etc.) explains an additional 7 % of the species data on axis three (sig. t-value. p > 0.05). 

Stand Classification 

Inlerior Cedw ffernlock Zone - Cluster analysis (SAHN) classified ail stands into 

five groups based only on the species optimum in stands. K-means cluster analysis 

provided an independent check for stand membership to the five clusters defined in 

SAHN. Differences in species richness between the five groups was significant (P < 



O.OS), but the surns of squares within the groups was low (Tables 6,7 and 8). Species 

frequency is not oniy higher in the f m t  two groups, but the tail of the curve (i-e., the rarer 

species) is more developed (Fig.7). There is a drop in the number of hepatics and 

endemics fiorn group 1 (old stands) through to group 5 (young stands) (Table 3-7). 

Furthermore, there are fewer rzre species, as identified by the shortening of the fiequency 

curves from group 1 through to group 5 (Fig. 3-7). 

Overlaying the clusters (SAHN) o ~ t o  the CCA ordination of stands SI-owed five 

distinct groups of stands that are clearly definable based on age and meso-habitat 

heterogeneity (Fig. 3-8; Table 3-4). Old forests with hi& meso-habitat heterogeneity 

(group 1) are on the top left side of the ordination (Fig. 3-8). Young forests with low 

meso-habitat heterogeneity (group 5 )  are on the bottom right side of the ordination. 

Coastal western Hernlock Zone - Cluster analysis (SAHN) classified al1 stands 

into four groups based only o n  species optimum in stands. A K-means cluster analysis 

provided an independent check for stand membership to the four clusters defined in 

SAHN. Species richness is significantly different (P < 0.05) between ths groups (Tables 

3-6,3-7 and 3-8). The sums of  squares variance for species richness within groups is high 

when compared to the between groups sums of squares (Table 3-6). Species frequency in 

groups one and two is high, and the tail of these curves is more developed (Le.. more rare 

species) (Fig. 3-7). In the CWH, the within groups partition of variance c m  be attributed 

to the high species diversity within stands of oid coastal forests (Table 3-1). Several 

corresponding patterns are evident tiom group 1 (old stands) through to 4 (young stands). 

The number of hepatics and endemics drop from group 1 through to group 4 (Table 3-7). 

There are twice as rnany hepatics and enderriics in old growth forest than young forests 

(Le., comparing groups 3 and 4) (Table 3-7). The shorting of the fiequency curve from 

group one through to group five signifies a loss of many rare species (Fig. 3-7). 

Four distinct groups o f  stands are apparent when the K-means/SAHN clusters are 

overlaid on the CCA ordination of  stands (Fig. 3-9). The groups are clearly definable 

based on age and meso-habitat heterogeneity (Table 3-5). Old forests with high meso- 

habitat heterogeneity (group 1) are on the top left side of the ordination (Fig. 3-9). Old 

forest forests with low meso-habitat heterogeneity (group 3)  are on the bottom right side 



of the ordination. Young forests, regardless of disturbance (group 4) are chmped on the 

right side of the ordination. 

Beta Diversity (Species Turnover) 

Interior Cedur Hemlock Zone - Beta diversity caIculated for old stands is almost 

identical to beta diversity when caiculated for young stands (Table 3-1). SampIe scores 

fiom Hill's scaling of the CCA scores indicate that there is considerable species turnover 

(beta diversity) between cluster group 1 through to group 5. Groups 1 through to 5 are 

spread over 3 SD of the environmental gradient suggesting that species turnover between 

young and old stands is hi& (Fig. 3-1 0). Species turnover between young and old stands 

is apparent on the ordination when considering the relative sample scores (Fig. 3-10). 

Some old stands are 2 SD away from young stands. This suggests that they share only I/3 

of the same species. Furthemore, meso-habitat heterogeneity can account for the 30% (1 

SD difference) of species turnover within an age class. 

Coastal western Hernlock Zone - Beta diversity calculated for old-gowth stands 

is only slightly higher than the beta diversity calculated for young forests (Table 3-1). 

The results fiom the CCA (using Hill's scaling) indicate that there is considerable species 

turnover between young and old stands. Groups 1 through to 4 are spread over 2 SD of 

the environmental gradient (Fig. 3-1 0). Species turnover from young stands to old stands 

is approximately 30% (1 SD). However, species turnover within old-growth stands 

themselves is approximately 30%. Species turnover within old-growth stands increases 

with meso-habitat heterogeneity (Fig. 3-10). The increase in sample scores (SD) from 

groups 1-3 corresponds to an increase fiom 1-4 rneso-habitats per sarnple (Fig. 3-8: Table 

3-7). 

Regional Diversity Mode1 

The proposed conceptual model (Fig. 3-1 1) of stand or regional diversity States 

that bryophyte diversity is essentially a fùnction of two variables. 2 )  Stand age (time 

since last Iarge scale disturbance), and 2) Mesohabitat heterogeneity. Data From the 

interior cedar hernlock forests and coastal western hernlock forests were used in separate 

discriminant analyses to buiId this model of diversity. 



Inrerior Cedar Hernlock Zone - A discriminant analysis successfidly used five 

cluster groups representing age and meso-habitat heterogeneity to predict bryophyte 

species richness with high accuracy. The discriminant analysis tested stand membership 

to 97.2% of the stands classified by the K-means/SAHN classification. The canonical 

correlation kom the discriminant fûnctions is the ratio of the between groups sums of 

squares to the total sums of squares. Thus, the first discriminant function is responsible 

for 93.6 % of the between group differences (variability in the discriminant scores). The 

second and third fùnctions are only responsible for 6.1 % and 0.3 % of the between group 

variance (Table 3-9). Wilk's Lambda was used to test the hypothesis that in the 

population there are no differences between the groups (SPSS 1999). Seventy percent of 

the observed variability (between the groups) is explained by group differences using 

only the age of the stand. The unexplained variability drops fiom 30% to 4.8 % when 

meso-habitat heterogeneity is added, and down to 3.6 % when hygrotope is added to the 

discriminant model (TabIe 3- 2 0). The final discriminant mode1 uses two discriminant 

fünctions (eqn. 4 and eqn.5) to explain 94 % of the variation between the groups (Fig. 3- 

12). The territorial map clearly defines the retationship between groups 1-5 and the first 

two discriminant fùnctions (Fig. 3- 12). 

Coastal western Hemlock Zone -The discriminant analysis tested stand 

membership to 94.6% of the stands classified using K-means/SAHN. The first 

discriminant function accounts for 97.0 % of the between group differences. The second 

and third functions are accountable for 2.5 % and 0.4 % of the between group variance 

(Table 3-9). Wilk's Lambda is the ratio of within groups sum of squares to total surn of 

squares (variance not explained by groups). and therefore can be used to identifL 

influential environmental variables. Age of the stand was accountable for 75 % of the 

observed variability between the groups. The addition of meso-habitat heterogeneity and 

basal area of logs to the mode1 reduces the unexplained variability fkorn 25% to 2.1 % 

and 1.0 % respectively (Table 3-10). Two fünctions (eqn. 6 and eqn.7) are used in the 

final discriminant model to explain 97 % of the variation between the groups (Fig. 3-13). 

The relationship between groups 1-4 and the first two discriminant functions are arrayed 

in the tenitonal map (Fig. 3-13). 



DISCUSSION 

Why are OId Growth Forest Rich with Bryophytes? 

Several studies have shown that bryophyte diversity is higher in old growth stands 

than younger stands (Pike et al. 1975; Edwards 1986; Soderstr6m 1988a; Lesica et al. 

199 1 ; Crites & Dale 1995, 1998 Rambo & Muir l998a, l998b). AI1 of these studies have 

concluded that old stands promote habitat and environrnental conditions (Le., high 

humidity. low wind and moderate light) that are favorable for rich bryophyte 

cornrnunities. These old forests have many unique habitats for epiphytic (Pike et al. 1975; 

Sillet 1995) and epixylic bryophytes. Old forests have a greater diversity of logs in a 

variety of decay classes and sizes than young forests (Andersson & Hytteborn 199 1). 

Logs provide habitat for many species of bryophytes, and different decay ciasses and 

sizes of Iogs support different communities of bryophytes (Gustafsson, L. & T. 

Hallingback. 1988; Soderstrom 1988a). Disturbing these habitats can reduce bryophyte 

diversity dramatically (Muotka & Virtanen 1995). 

Old growth cedar-hemlock stands in British Columbia are known to support rich 

carpets of bryophytes, but surprisingly, there has been no published quantitative data that 

compares bryophyte diversity in young and old growth cedar hemlock forests. Our 

research clearly shows that old-growth cedar-hemlock forests have many more species 

and higher abundance of bryophytes than young forests regardless of biogeoclimatic 

zone. Gamma and alpha diversity were approximately &ce as high in old-growth cedar- 

hemlock forests than in young forests. Bryophyte abundance is &ce as high in old forest 

compared to young forest within the ICH, and three times higher in the CWH. 

Stand continuQ and rnoislure - High diversity bryofloras may also occur in old 

growth forest because of the moist Iocal micro climate (Hallingback 1977) and stand 

continuity (Edwards 1 986). Stand continuity is defined as large stands having the Ieast 

arnount of fragmentation from large-scale disturbance such as fire or Iogging activities 

(Harris 1984). Stand continuity is directly affected by the size and number of catastrophic 

disturbances. Long forest continuity is associated with high bryophyte diversity (Rambo 

& Muir 1998a), and the support of rare and endemic species (Nemaster et al thesis 

chapter 2). Edwards (1 986) has stated that long stand continuity favors rare Atlantic 



bryophyte distributions in Europe. Similarly, Aune (1 994) recorded that the fionstic 

composition of the continuous boreal forest in Norway is rich and abundant with rare 

oceanic and suboceanic bryophytes. 

The high diversity in old growth cedar hemlock forests may be partially explained 

by the fact that these old growth forests are usually associated with very moist micro 

clirnates (Krajina 1965; Meidinger & Pojar 199 1). in cedar hemlock forests stand 

continuity is intimately linked with moist climates, and both of these variables (i-e., stand 

age and moist climates) are associated with higher bryophyte diversity. Although forest 

fire is still a dominant force, in the wettest cedar-hemlock forest both fire history maps 

and the relative proportion of these forests older than 250 years suggest much lower fire 

frequencies (Arsenault 1997). The largest or most continuous stands are in watersheds 

that receive heavy annual rainfall. The unique forest structure in these moist, continuous 

old growth stands contributes to the diversity of microhabitats for bryophyte colonization. 

Ln the CWH, the oldest and most continuous stands (Sidney fjord, Clayoquot and 

Walbran Watersheds on the west Coast of Vancouver Island) had the highest bryophyte 

diversity These old-growth cedar-hemlock forests have a rich flora of oceanic and 

suboceanic western North American endemics. 15% of the bryoflora of British Columbia 

is confined to western North America (Schofield 1988). These are also the wettest cedar- 

hemIock forests studied. Preservation of large, old growth forests will ensure a refugiurn 

for many Western North Amencan endemics (Schofield 1987). In the ICH, the wetter 

biogeoclimatic variants (i.e., ICHwk 1 and ICHvk 1 ) had higher species richness than 

dryer variants. Similar patterning of lichen diversity has been recorded in the ICH 

(Arsenault and Goward 1997 Goward and Arsenault 1 999). These areas are also more 

continuous because they do not have the extensive disturbance history of the drier 

ICHmw3. Differences in species richness between the wet and dry biogeoclimatic 

variants are not clear and require fûrther investigation. 

Distzrrbance - Although our research does not d low a direct cornparison of 

logging and forest fire disturbance. In the CWH, the main disturbance is clear-cuîting and 

the extensive history of clear-cutting over the last one hundred years allow stands 80 

years of age to be compared with the residual old-growth. Ln the ICH, the main 

disturbance was forest fire and the extensive logging history is relatively recent. 



Following either clear-cutting or wild fire: microhabitats are disturbed or removed (Le., 

logs, stumps and rocks), temperature extremes and the drying affect of the wind increase, 

drainage lowers the surface waters, and strearns, cliffs, moist logs and stumps dry out 

(Hiimet-Ahti 1983, Crites & Dale 1995; Nemaster  et al. 1999, Laaka 1992). The 

number of suitable habitats decreases, ultimately decreasing cryptogam diversity 

(Gustafsson and Hallingback 1988, Soderstrom 1988, Laaka 1992, McCune 1993, 

Newmaster et al. 1999, Rarnbo and Muir 1998). These disturbances have severe 

consequences to the ecosystem because of the loss of many mesophytic forest species and 

the invasion of colonizers and fugitives (Nemaster  et- al. 1999; Bell and Newmaster et 

al. 1998). The long-term differences in bryophyte diversity in logged and bumt old- 

growth forests needs to be monitored. 

Cornmuniry divers@ - Patterning of diversity is closely linked with patterning of 

comrnunities. Stands were classified based on differences in species optimums and these 

groups were M e r  distinguished by differences in species richness and frequency 

patterns. Old forests not only have more species, but many of these are rare species that 

are unique to old forest There are more than twice as many hepatics, endemics and rare 

species in old growth forests than young forests. These findings support earlier work 

(Newmaster thesis chapter 2 )  in the comrnunity dynarnics of cedar hemlock forests. 

We used beta diversity to consider species turnover both within and between 

stands of diffèrent age classes. Beta diversity is high when moving on a gradient of young 

to old stands as expressed in o w  CCA ordinations and site scores. In either 

biogeoclirnatic zone, stands of the same age had similar beta diversity. This is well 

known in northem forest in Ontario (Newrnaster et al. 1998, 1999). and Scandinavia 

(Soderstrom, L. l988b). and the Pacific Northwest of U.S.A. (Rarnbo and Muir 1988). 

However, species nchness and turnover between old growth stands c m  be quite variable. 

Species turnover is higher among old stands with high rnesohabitat heterogeneity than old 

stands with low mesohabitat heterogeneity. These results support previous research 

showing variability in bryophyte communities among old growth cedar-hemlock forest 

(Newrnaster thesis chapter 2). It appears that given enough time, bryophytes can occupy a 

large variety of habitats within a forest. 



Old-growth forests have different communities of bryophytes than younger 

forests. Our comrnunity study (Newrnaster thesis chapter 2) shows that oid-growth stands 

had different species than younger forests, and more specifically, there is a rich flora of 

hepatics in old-growth ICH and CWH forest (Newrnaster thesis chapter 2). Furthemore. 

there are many more western North Arnerican endemics and rare species associated with 

old-growth CWH and ICH, Soderstrom (1988b) demonstrated that hepatics are richer and 

more abundant in older forest and unique cornrnunities of hepatics and mosses in old- 

growth forests have been doc~unented in many other research projects (Pike et al. 1978; 

Lesica et al. 199 1 ; Sillet 1995; Laaka 1992; Rarnbo and Muir 1998). Rare epixylic 

hepatics are often associated with the abundance of Iogs in different decay classes and 

sizes in old-growth forest (Gustafsson & HaIIinback 1988; Soderstem 1988a; Rarnbo & 

Muir l998a, 1998b). These epixylic specidists have habitat demands that are unique to 

older forest (Semander 1936; Schuster 1949; Andersson & Hyterborn 199 1). Succession 

of epixylic communities is continuous because the logs offer only temporary habitat for 

these rare hepatics; old growth forest ecosystems provide a continuous supply of logs that 

maintains rich cornmurtities of hepatics. These comrnunity differences support the 

differences in species richness between young and old growth cedar hemlock forests. 

What are the Critical Environmental Variables? 

The gradient analyses - Our multivariate analyses offered insights into the 

patteming of bryophyte diversity and the influence of environmental variables. The 

classification of stands using only bryophyte species optimums within stands, arranged 

oId stands, and young stands in separate groups. Further divisions separated these groups 

based on habitat heterogeneity. Stands with the greatest mesohabitat heterogeneity had 

the highest bryophyte diversity. This follows patterning of bryophytes in wetlands (Vitt 

& Belland 1995% 1995b) and rare bryophytes on the regional Iandscape of Alberta (Vitt 

& Belland 1997). Distinct patterns in bryophyte diversity at a regional scale were 

apparent üsing relationships between stands, species and environmental variables within 

either the ICH or CWH. The groups on the ordination were complementary to the SAHN 

stand classification, which used only species abundance. The two most influentid 

correlating environmental variables were time since the last major disturbance and 



mesohabitat heterogeneity. Other environmental variables of secondary importance 

included stand structure variables that are related to stand age such as the size of trees and 

logs. 

These results have several implications for forest managers concemed with 

sustainability of bryophyte diversity. Modeling natural disturbance in today's silvicultural 

prescriptions may not necessarily sustain bryophyte diversity. Old growth cedar hemlock 

forests have been developing for thousands of years and the age of any one stand may 

exceed 1000 years. Forest rotation cycles do not consider time spans of that length. We 

must consider preserving oId growth forests that, in tum, will sustain bryophyte diversity. 

Bryophyte diversity mode[ - Our theoretical mode1 of bryophyte diversity for 

forest stands suggests that both the arnount of time since the last large scaIe disturbance 

and mesohabitat heterogeneity are very important variables in maintaining high 

bryophyte diversity. Time since disturbance and habitat heterogeneity are closely 

associated with one another. The large nurnber of habitats associated within CWH forests 

has resulted fiom both geomorphologicaL processes (Montgomery 1997), forests 

successionaI processes (Whittaker 1960) and climatic processes (Hebda 1998). Hebda 

and Whitlock (1 997): describe C WH forest as a biogeochron, which embodies the 

changes in the living and physicd (substrate and climate) components of the landscape. 

These living and physical components are the basic elements for habitat diversity. It is 

over Iong periods of time (1 000's of years) that habitat heterogeneity develops. Cedar- 

hemlock forest began to disperse and establish starting about 12000 BP. Hemlock 

expanded in the CWH 6000-7000 BP (before present), and in the ICH 4000-6000 BP 

(Hebda 1994, 1995, 1997). Infrequent forest fire disturbance (250-750 year fire cycles). 

and successionaI patterns sustained the cedar-hemlock forests for the last 4000-7000 

years (Hebda & Whitlock 1997). In this time bryophyte species could colonize an 

undisturbed, moist ecosystem with a highly diverse nurnber of rneso/microhabitats. 

Bryophytes are dependant on their ability to disperse and establish fiom local sources of 

bryophyte diversity. Some areas along the coast escaped glaciation and served as refugia 

for many of today's western north Amencan endemic bryophytes (Schofield 1988). 

Dispersal and establishment of bryophytes on available habitats can only occur when 

there is a locd source of propagules and sufficient time to develop rich communities. 



CONCLUSION 

A better understanding of the patterning of bryophyte diversity in forested 

ecosystems will provide an opportunity to minimize the impact of forest operations on 

biodiversity (Arsenault and Goward 1997). Management plans must consider stand age 

and mesohabitat heterogeneity as the two most influential environmental variables that 

influence the patterning of bryophyte diversity in cedar hemlock forest- The increase in 

species richness with older. more meso-habitat rich stands corresponds with an increase 

in rare species, endernics and hepatics (Newmaster thesis chapter 2). The loss of 

bryophyte species after logging and forest fire disturbance is well documented and of 

growing concern (Peet et al. 1983; Laaka 1992; Ehrlich 1990; Andersson 1987; Bell & 

Newmaster 1998, Newmaster et al. 1999). Recornrnendations kom rnany analyses of 

bryophyte diversity suggest the protection of old-growth forests and consequently the 

rare species within (Gustafsson & Hallinback 1988; Soderstrom 1988b; Rambo & Muir 

1 W8a; Schofield 1 988). Researchers fiom Nonvay and other countries have stated the 

importance of presewing old-forest for the conservation of rare bryophytes (Presta 1996; 

Weibull and Soderstrorn 1995). Efforts in preservation of rare species and areas of high 

bryophyte diversity have been established throughout Europe (Soderstrom et al 1992; 

Soderstrom 1995) and North America (Slack 1993: Belland 1998; OIdham 1999; Rambo 

and Muir 1998; Newmaster et al. 1998). We suggest that bryophyte diversity in the cedar- 

hemlock forests of British Columbia will be sustained through ecosystem management of 

old growth legacies (Le., Iandscapes, stands and components of these) and the 

preservation of areas of high diversity. Our research has identified the importance of old- 

growth forests and habitat heterogeneity. We suggest that the oldest, most continuous 

forests should be considered for protected areas. Several watersheds with very high 

diversity have been identified in our research. Furthemore, mesohabitat quality and 

quantity should have special consideration in old-growth management plans. Further 

research is needed to identiQ the mesohabitats and microhabitats that offer the greatest 

bryophyte diversity. Management plans that consider these habitats will be better 

equipped to manage cedar-hemlock forests for maximum biodiversity. 



Table 3-1. Stand diversity in old growth (250-t- yrs.) and young forests (80-90 yrs.) 
disturbed by frre or logging (n = number of stands sarnpled; Abundance = mean stand 
abundance; y y  = total nchness or gamma diversity; cc = mean richness or mean alpha 
diversity; p = beta diversity within age classes). 

Biogeoclimatic Zone and Beta 
Geopphic  Area Disturbance n Abundance Species Richness 

Diversity 

CWH Y a B 
Oceanic rainforest old growth 60 1127 317 162 -96 
Mainland coastal old growth 59 932 23 1 118 -96 
min forest Log_ging 44 350 I l4  62 -84 
ICH 
inland raintbrest oId growth 56 417 3 O0 8 8 2.4 1 

wildfire 47 224 188 54 - 2 -48 



Table 3-2. Bryophyte diversity within ICH biogeoclimatic variants 
(n = number of stands sarnpled; gamma diversity = species richness within 
the biogeoclimatic variant-abundance = total ac~um&ted abundance per 
stand). 

Variants n *disturbance Gamma diversity Abundance 
ICHmw3 20 wildfire 17 1 229 

25 old-growth 235 309 
ICHwkI 17 wildfire 162 2 18 

ICHvk1 10 wildfire 120 162 
342 - 



Table 3-3. Summary of Canonical correspondence analyses (CCA) for 103 ICH stands, 
and 1 85 C WH stands with 22 environmental variables. 

Biog- Axis 1 2 3 4 
ICH Eigenvalue -132 .O92 .O60 .O52 

Species/environment correlation -960 -906 -902 -847 
Cumulative % variance of species data explained 18-7 3 1 -6 4 1.4 48.4 

C WH EigenvaIue -1 50 .O61 .O2 1 .O12 
Species/enviroment correlation ,973 -862 .690 .588 
Cumulative % variance of species data explained 48-8 68-5 75.3 79.3 



Table 3-4. Statistics for variables used in canonical correspondence analysis (CCA) of 
103 stands in the ICH and 22 environmental variables. Asterisks indicate significance at p 
< 0.05. Absolute t-value 2.1 are used to indicate important canonical coefficients (ter 
Braak, 1998). Bold values are indicated for variables with significant correlation and 
canonical coefficients (Hyg. is the o d y  sig. var for axis 3 - Int. Cor. = -528 1 and t-value = 

6.8 2 ;  no sig. variables for axis 4). 

Interset Correlation Canonical t-value 
coefficient 

Environemtnal Variable Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2 
Site Senes (SS) -0.15 -0.07 0.0 1 -0.03 0.06 -0.39 
Elevation (Eh) -0.38 
Slope (SL) -0.09 
Slope Position (SP) -0.1 1 
Aspect (As) 0.25 

Hygrotope (Hyg) -0.22 
Rock cover (RC) -0.44 
Rock acidity (RA) 0.49 
Soi1 Texture (ST) -0.0 I 
Canopy height (CH) 0.39 
Tree density (DT) -0.37 
Tree basai area (BT) -0.25 
Snag density (DS) 0.35 
Snag basal area (BS) -0.0 I 

Log density (DL) 0.03 
Log basal area (BL) 0.19 
Shmb cover (SC) -0.12 
Herb cover (HC) 0.04 

Age since dist. (Ds) -0.78 
Rainfall (Rn) 0.0 1 
6 month rnean temp. (6T) -0.28 



Table 3-5. Statistics for variables used in canonical correspondence analysis (CCA) of 
185 stands in the CWH, 22 environmental variables and 4 covariables. Asterisks indicate 
sigoificance at p < 0.05. Absolute t-value > 2.1 are used to indicate important canonical 
coefficients (ter Braak, 1998). Bold values are indicated for variables with significant 
correlation and canonical coefficients. 

Interset Corretation CanonicaI coefficient t-value 

Environemtnal Variable kuis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2 
Site Series (SS) -0.05 0.32 
Elevation (EIv) 0.05 
Siope (SL) -0-00 
Slope Position (SP) 0.05 
Aspect (As) -0.10 
Hygrotope (Hyg) 0.00 
Rock cover (RC) -0.0 I 
Rock acidity (RA) -0.0 1 
Soi1 Texture (ST) 0.08 
Canopy height (CH) -0.49 
Tree density (DT) 0.55 
Tree basal area (BT) -0.39 
Snag density OS)  0.3 1 

Snag basal area (BS) -0.09 
Log density (DL) -0.23 
Log basal area (BL) -0.28 
Shrub cover (SC) -0 -3 8 

Herb cover (HC) -0 2 4  
Age since dist. (Ds) -0.73 
Rainfall (Rn) 0.0 1 
6 month mean temp, (6T) 0.01 



Table 3-6. Species richness analysis of variance for K-means cluster groups in the ICH 
and CWH (Levene Statistic not sig.? p > -05). 

Biog. ANOVA SurnofSquares df Meansquare F Sig. 
ICH Between Groups 76559.008 4 19139.752 162.542 < ,001 

Within ~ r o u &  1 1422.02 1 97 117.753 
Total 8798 1.020 101 

CWH Bebveen Groups 400446.773 3 133482.258 296.645 < .O01 
Within Groups 8 1445,044 181 449.973 
To ta1 481891,816 184 



Table 3-7. Diversity and floristic affmties for k-means species cluster groups within the 
ICH and CWH (MH = meso-habitat nurnber, S = total species or gamma diversity, S = 
mean species richness or mean alpha diversity, HEP. = hepatics, E = Western North 
Arnerican endemics, A = arctic, M = montane, B = boreal, C = cosmopolitan, T = 
temperate). 

Dist. Number of species with affinities 
B I 0  Cluster 

age MH S 9 
m- (Y=-) Y a Hep. Moss E A M B C T 

ickI 1 250+ 4 298 126 99 197 20 11 1 1  190 30 56 
2 250+ 2-3 262 91 79 183 1 1  5 9 179 27 42 

3 ** ** 188 78 54 141 9 4 7 131 23 23 

4 90 2-3 164 54 47 110 7 3 7 1 1 1  23 20 
5 90 1 104 33 23 6 8 5 2 4 71 15 12 

** Includes old growth stands 250+ yrs. old with one meso-habitat and young stands 90 
yrs. old with four meso-habitats. 



Table 3-8. Mean species richness with standard deviations and 95% confidence limits for 
K-means duster groups within the ICH and CWH biogeoclimatic zone. 

Lower 95 % Upper 95 % 
Biog. Zone Cluster (a) mem Std dev. 

Group Richness Confidence Confidence 
Limits Lirnits 

ICH 1 126.1538 2.6767 120.3218 13 1 -9859 
3 - 9 1.2308 2.402 1 86,2835 96.1780 
3 78.1429 5 -2799 65.2234 9 1 -0623 
4 54.1 489 1,493 1 51,1434 57.1544 
5 33.111 1 2.796 1 26.6634 39.5588 

CWH 1 230.0833 2.7838 2 13 .9563 226.2 1 04 



Table 3-9. Discriminant eigenvalues and canonical correlations for bryophyte 
diversity hnctions in the CWH and ICH. 

Biog. Function Eigenvalue % of Variance Canonical Correlation 
ICH 1 13 -266 93.6 0.964 

7 - 0.859 6.1 0.680 
3 0.048 0.3 0.2 15 

-- 

CWH 1 39.574 97.0 0.988 
2 1 -033 3.5 0.713 
3 0.181 O -4 0.39 1 



Table 3- IO. Wilk's Lambda for environmental 
variables and functions used in discriminate 

analyses for the ICH and CWH (Age = tirne 
since large scale disturbance, MsH = number 
of meso-habitats, Hyg, = hygrotope - xeric, 
mesic, hygrïc). 

Biog. Env- Var. Lambda 
ICH Age 0.297" 

MsH 0.048 * 
Hyg 0.036" 

CWH Age 0.025 * 
MsH 0.0 12" 

BCWD 0.0 1 O* - 



Figure 3-1. Map of the coastal western hernlock (CWH) and interior cedar-hemlock 
(ICH) biogeoclimatic zones in British Columbia. 



Figure 3-2. Hierarchy of diversity terniiiiology for cedar-heinlock rainforest iii British Coluinbia (teriiiinology for inventory and diflèrentiatioti 
diversity follows Whittaker ( 1065, 1972, 1977). 
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Figure 3-3. Mean species richness for young (90 yrs logging or wildfire) and old growth 
rainforests within the ICH or CWH (VWS i d  VISL). Error bars are shown for one 
standard deviation on either side of the mean. UCH = Interior cedar hedock, VWS = 

Vancouver watershed, VIS L = Vancouver Island]. 

young I_O</ 

ICH VWS VlSL 



Figure 3-4. Mean stand abundance for yomg (90 yrs Iogging or wildfire) and old growth 
rainforests within the ICH or CWH (VWS and VISL). Error bars are shown for one 
standard deviation on either side of the mean. DCH = Intenor cedar hernlock, VWS = 

Vancouver watershed, VISL = Vancouver Island]. 
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Figure 3-5. CCA ordination of IO3 stands in the ICH using 22 environmental variables. 
The abbreviations for each variable are listed in Table 4. (#MH = no. of different 
mesohabitats) 

Asis 1 

Axis 2 



Figure 3-6. CCA ordination of 185 stands in the CWH using 22 environmental variables. 
The abbreviations for each variable are listed in Table 5. (#MH = no. of different 
mesohabitats) 
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Figure 3-7. Species frequency curves for stand cluster groups detied by K-means and 
SAHN within the ICH or CWH. 
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Fi-oure 3-8. Overlay of stand clusters fiom K-means/SAHN on the CCA ordination of 102 
stands in the ICH using 22 environmental variables. The abbreviations for each variable 
are listed in Table 4. 



Figure 3-9. OverIay of stand clusters from K-means/SAHN on the CCA ordination of 185 
stands in the CWH using 22 environmental variables. The abbreviations for each variable 
are listed in Table 5.  



Figure 3-10. Species turnover across stand cluster groups defined by K-means and S A H N  
within the ICH or CWH (sample scores represent relative position of group along the 
environmental gradient). 

1 CWH / 

2 3 

Cluster group 



Figure 3-1 1. Conceptual mode1 of  Bryophyte diversity at the regional (stand) scale (AGE 
= number of years since last large scale disturbmce; HABITAT HETEROGENEITY = 
diversity and abundance of meso/microhabitats). 
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Figure 3-12. Temtonal map displaying the relationship between [CH stand groups 1-5 
and the first two discriminant functions. Functions can be used to predict group 
membership on map and therefore bryophyte diversity in table 3-6 (* indicates a group 
cenîroid). 

Canonical Discrimninant Function 1 

Discriminant function 1 = 0.965 Age + 2.512 MsH + 0.559 Hyg - 14.290 (eqn. 1) 

Discriminant function 2 = - 0.398 Age + 0.896 MsH + 0.071 Hyg + 0.153 (eqn. 2) 



Figure 3 - 13. Temtorial map displaying the relationship between C WH stand groups 1-4 
and the first hvo discriminant functions. Functions can be used to predict group 
membership on map and therefore bryophyte diversity in table 3-6 (* indicates a goup  
centroid). 

-1 2.0 -8.0 -4.0 0.0 +4.0 +8.0 +12.0 

Canonical Discrimninant Function 1 

Discriminant function 1 = 2.655 Age + 205 MsH + -000 BCWD - 19.765 (eqn. 4) 

Discriminant function 2 = -0.094 Age + 1.795 MsH + .O02 BCWD - 3.080 (eqn. 5 )  
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Chapter 4. 

Mesohabitat Quality and Quantity: 

Basic Ingredients for Bryophyte Diversity . 



INTRODUCTION 

The understanding of ecmsystem dynamics and patterns that maintained biological 

diversity in the past are our bes t  mode1 for doing so in the future (Lertzman et al. 1996). 

"Ecosystem-based management" is becorning part of the mandate of forest managers in 

both the US. and Canada (FEMIAT 1993, USDA & USDI 1994). Currently the focus is 

on using naturai disturbance patterns as models for management in temperate forests. 

However, understanding the proocesses shaping forests and maintaining their biodiversity 

is fundamental to successful ecmsystem management (Franklin & Spies 1991). It is well 

known that old growth forests m e  richer and more abundant with bryophytes than young 

forests (Pike et aI. 1975; Soderstb.orn 1988; Lesica et al. 1991; Rambo 1998a; Newmaster 

thesis chapter 3). Understanding the patterns of diversity in old-growth forests will allow 

better management decisions that  conserve old-growth dynamics in young forests. 

Adopting a conservation- strategy that preserves habitats to maintain biological 

diversity is preferable to "speciers-focused conservation" (Franklin 1993). There are four 

key problems with the species btased approach: 1) species cannot be maintained in situ 

without their habitat or the ecosystem that provides it, 2) species-specific plans are too 

expensive, time-consuming, a n d  labor intensive to implement for more than a very smail 

£?action of the species known to inhabit forests, 3) the vast majority of species have not 

had their ecological relationships investigated in detail, 4) because many species have 

conflicting needs, a rnanagernenrt regirne designed for one species is likely to have 

negative impacts on others (Lertunan et al. 1997). The "biodiversity guide book of 

British Columbia Forest Practices Code" (BC Ministry of Forests 1995) clearly States that 

the only feasible approach to comserve biological diversity is to place more emphasis on 

species habitats. To achieve this goal, we must irnprove our knowledge of which habitats 

are associated with high diversity. Those habitats that are important to maintaining high 

diversity can then be preserved o r  fostered in ecosystem management plans. 

Bryophytes are closely associated with their habitats and these habitats can be 

defmed as landscape units. They- are excellent indicators of their environment and have 

long been used as indicators of physiochemical (Gignac et al. 199 1; Newmaster et al. 

1999) and environmental conditiions (Crum 1983; Slack 1988; Marino & Salazar 199 1; 

McAlister 1995; Nicholson & GÏïgnac 1995; Virtanen 1995). On the landscape, the 



presence of microhabitats (e.g., logs and rocks) is largely related to the presence of larger 

localized physiographic features (i-e., streams, seeps, cliffs) or physiognomic (Le., 

forests) features called mesohabitats (Vitt & Belland 1997)- Mesohabitats are distributed 

on the landscape as either restricted (e-g., streams, cIiffs) or dominant (e-g., forests) 

mesohabitats. Therefore, the regional landscape is a mosaic of dominant mesohabitats in 

which restricted mesohabitats exist. 

Patterns of  bryophyte diversity at the regional landscape scale is largely 

dependent on mesohabitat quantity and quality (Vitt et al. 1995; Belland & Vitt 1995; 

Vitt and Belland 1997). Mesohabitat quantiîy is the type and distribution of al1 

mesohabitats and the number of particular mesohabitats. The quality of an indivual 

mesohabitat is expressed by the number and type of microhabitats they contain. Vitt and 

Belland (1 997) showed that for regional landscapes rare bryophyte species occurrence 

and diversity is a function of both mesohabitat quaIity and quantity, and that restricted 

mesohabitats are most influential for the maintenance of rare species diversity. Patterning 

of bryophyte diversity in cedar-hemlock forests within British Columbia is largely 

dependent on the number of different types of mesohabitats (Newmaster thesis chapter 

3). Cedar-hemlock stands with a greater variety of mesohabitats have higher bryophyte 

diversity. Vitt and Belland (1997) suggested that the environmental quality of each 

mesohabitat to bryophyte diversity is determined largely by the number of microhabitats. 

At the local scale it would be advantageous to understand the influence of microhabitats 

on mesohabitat bryophyte diversity. This would allow an understanding of the patterning 

of bryophyte diversity within a hierarchy of habitats on the landscape. 

The ancient cedar-hemlock forests of British Columbia serve as exarnples of Iate- 

successional forests, an ecological "benchmark" for understanding species-habitat 

relationships and the processes and partems that maintain high bryophyte diversity 

(Goward 1993, 1994% 1994b). Bryophyte "indicator species" for different age cIasses 

and biogeoclimatic zones in B.C.3 cedar-hemlock forest have been recently identified 

(Newmaster thesis chapter 2). Understanding the habitat requirements of these species is 

a key element of ecosystem management. Furthemore, understanding the habitat 

requirements that support rich bryophyte diversity in old-growdi forest will support the 

management of ecological integrity. The purpose of this study is to investigate the 



patterns of bryophyte diversity in cedar-hemlock forest mesohabitats. Specincally, the 

objectives of this study are to determine 1) what are the dominant environmental 

gradients &ect the pattemhg of bryophyte diversity at the local landscape scale 

(mesobabitat scale), 2) how bryophyte diversity is distributed across the different 

mesohabitat types within sirnilar large scale disturbances, and biogeoclirnatic zones, 3) 

how communities of species are associated with one another in a given mesohabitat, 4) 

the mesohabitat requirernents of old-growth indicator species within the interior cedar- 

hemlock (ICH) or coastal western hemlock (CWH), 5) what environmental factors 

influence bryophyte diversity within specific types of mesohabitats. 

STUDY AREA 

Samphg  was conducted in British Columbia, Canada, within two distinct 

biogeoclimatic zones; the Coastal Western Hemlock zone ( 0  and Interior Cedar 

Hernlock zone (ICH - Meidinger and Pojar 1991). The CWH is located on the westeriy 

edge of the Coast Mountains and is also known as Canada's coastd temperate raidorest 

(Fig. 4-1). The ICH is located in the Caribou Mountains in B.C.'s interior and on the 

interior side of the Coast Mountains in Northem B.C. (Fig. 4-1). The wetter portions of 

the ICH (wkl & vkl variants) are known as idand oroboreal rainforests (Goward & Ahti 

1992). Detailed descriptions of glacial history, climate and floristics can be found in 

Schofield (1 988), Arsenault (1995), Hebda (1995) and Schoonmaker et al. (1 997). 

The ICH is divided into two geographically distinct areas. The smaller, most 

northerly area is located between 55" N and 57' N on the leeward dopes and adjacent 

lowlands of the Coast Mountains. The larger, more southerly area occupies a 200 km 

wide band £iom the Canada4J.S.A. border (at 49" N) to northem Caribou Mountains 

(approximately 54 O N) (Goward 1995). The study area was located at 50-53O N and 199- 

120° W, within the Wells Gray (including Anire Lake and Mad River), upper Adams and 

upper Seymour watersheds of the ICH biogeoclimatic Zone. This sampling area 

represents the ICHmw3, ICHwkl and ICHvkl biogeoclimatic variants (Meidinger & 

Pojar 1991). Precipitation ranges fiom 900-1400 mm per year, with the highest 

precipitation in early winter. Snow pack over 1.5 meters deep is typical for much of the 

area. Mean temperatures during the warmest month averages between 16 OC and 2 1 OC, 



and during the coldest month fiom -3 O C  to -10 OC. The ICH is the most productive zone 

in the interior and has the widest variety of coniferous tree species of any zone in B.C. 

Western hemlock (Tsuga heterophylla) and western red cedar (Thuja plicata) are the 

dominant trees. n ie  wettest sites are dominated by an under story of skunk cabbage 

(Lysichiton americanum) and devils club (Oplopanax horridus). 

Within the CWH, research was focused on two geographically distinct areas: the 

maidand coast and the West woast of Vancouver Island. On the mainland coast sarnplïng 

was conducted in the CapiIano and Seymour watersheds of the greater Vancouver 

watershed. On the West coast of Vancouver Island, sampling was conducted in the 

Tofino, Clayoquot, Sidney and Walbran watersheds. Al1 of the sampling occuned within 

the CWHvml biogeoclimatic variant. These coastai rainforests typi@ the most humid and 

hîghly oceanic region of North America. Mean annual precipitation ranges Born 1 O00 to 

4,400 mm, three-quarters of which occurs in the winter months as r d .  Mean 

temperatures average between 13OC and 1 8S°C in the warmest months and -6.5 OC and 

4.5 OC during the coldest months. Predominant species are westem hemlock (Tsuga 

heterophylla), westem red cedar (Thuja plicata), amabilis fir (Abies amabilis) and coastal 

douglas-fi (Pseudotsuga menziesii var. menziesii) (Alaback & Pojar 1 997). 

METHODS 

Sampling rnethod - Floristic habitat sarnpling (FHS - Newmaster thesis chapter 1 )  

was used to assess patterns in bryophyte community composition over the penod of two 

field seasons. Ln 1996, 102 stands were sampled in the interior cedar-hernlock (ICH). 

Stands were chosen fiom the Wells Gray, upper Adams River, and Seymour watersheds. 

W i t h  these watersheds sarnpling was evenly distributed between stands that were 

burned approximately 80 years ago (age class 4), and old-growth stands of 2SO+ years in 

age (age class 9). In 1997, 185 stands were sampled in the coastai western hemlock 

(CWH). Stands were chosen Born the Capilano and Seymour watersheds along the 

mainland coast and in the Sidney, Clayoquot, Tofiio and Walbran watersheds dong the 

western coast of Vancouver Island. Extensive logging activities in the Capilano and 

Seymour watersheds allowed a balanced sarnpling between stands that were logged 80 

years ago, and old-growth stands of 2SO+ years in age. Sampling on Vancouver Island 



was limited to old stands due to the relatively recent logging activity and lack of fire 

history in the C WH. 

Definitions - A stand is defined as a standing growth of trees with similar 

physiognomy (Kimrnins 1987; Barbour et al. 1987). In this study, a stand is similarly 

defined by the dominant tree species, its age, structure, elevation, dope position, and 

aspect. Stands vary in size, but most consist of a dominant mesohabitat (the forest) which 

encloses numerous restricted mesohabitats (e-g., cliffs, streams, seeps). Within each 

mesohabitat there is a number of microhabitats (i-e., tree base, stumps, acidic rocks) that 

may be specific to one type of mesohabitat (i.e., wet cliff crevices, submerged rocks in 

streams) . 
Mesohabitats (e.g., strearns, cliffs etc.) are found within the forest landscape. 

They contain sets of mîcrohabitats, the diversity of which controls the quality of the 

mesohabitat (Vitt & Belland 1996). At the regionai scale, patterns of diversity are 

arranged through the occurrence, quantity and quality of meso-habitats- A dominant 

mesohabitat can comprise a large portion of the landscape (e-g., a forest). Restricted 

mesohabitats are smaller and are fûlly contained within the dominant mesohabitats (e-g., 

a cIiff within a forest). 

The dominant forest mesohabitat is the forest stand (see definition above) 

excluding any strearns, cliffs or seeps. The boundaries of the dominant mesohabitat are 

defined by the stand and include: the dominant tree species, its age, structure, elevation, 

slope position, and aspect. Forest microhabitats such as logs, stumps, tip-ups, trees and 

forest floor (humus, mineral soil) are extensively sampled in this mesohabitat. Sampling 

was influenced by t h e ,  space, and by nahird stand boundaries. Fourteen hours 

(maximum) were spent at each stand; withui each stand, 20 m diameter circular plot 

(used in plot sampling - Newmaster thesis chapter 1) was used as the starting point for 

collecting species data in the dominant forest rnesohabitat. 

Three types of restricted mesohabitats were sampled: 

1) Streams - Streams are the most complex mesohabitat and contain microhabitats that 

are also cornmon to seeps, cliffs and the dominant forest mesohabitat (Table 4-1). Their 

physiography and physiognomy is unique within the cedar hemlock forest. We defme the 

Stream mesohabitat as a stream gully containing the strearn itself and 5 rn of bank (2.5 rn 



on either side) habitat. Sampling started within the actual Stream width (Le., 1-5 m) and 

continued to hclude 5 m of bank. The Stream banks were included because they offer a 

complex mix of microhabitats that contain considerable diversity not found elsewhere in 

cedar hemlock forests. Sampling contuiued up the Stream (including the 5 m of bauk) for 

1000 m for a maximum sampling area of 5000 m2. 

2) Cliffs - CIiff mesohabitats offer a unique physiognomy and physiography. They are 

defrned as large (> 1 00 m2) rock faces or outcrops that may have trees, logs and stumps, 

and which also may contain many microhabitats found in the dominant forest 

mesohabitat (Table 4-1). Sampling was limited by a maximum area of 5000 m2. 

3) Seeps - Seeps are swarnpy areas of cedar hemlock forest with poor drainage. Only 

seeps Iarger than 100 m2 were considered for sampling. Seeps have many of the same 

microhabitats as the dominant forest mesohabitat. Sampling was limited by a maximum 

area of 5000 mZ. 

Each species and its abundance was recorded for al1 mesohabitats (Vitt & Belland 

1997) and microhabitats in each stand. Abundance was measured (ocular estirnate) on a 

scale of one to three following Vitt et ai. (1995): A) one to few occurrences, < 20% 

cover; B) several occurrences to fiequent in one or some areas of the micro/mesohabitat, 

30-50% cover; C) fiequent throughout the micro/mesohabitat, > 70% cover. 

Species nomenclature follows Anderson et al. (1990) for mosses and Stotler & 

CrandalLStotler (1 977) for hepatics. Voucher specimens collected fiom each watershed 

were prepared and deposited at the University of Alberta Cryptogarnic Herbarium 

(ALTA), Kamloops Forest Region Herbarium and University of British Columbia 

Herbarium W C ) .  

Mesohabitat Ordination - The relationship of community structure in 

mesohabitats to the major environmental gradients was analyzed with non-rnetric 

multidirnensional scaling (NMS; Kruskal 1964; McCune & Mefford 1997). The Bray 

Curtis distance measure was used because of its robustness for both large and small 

ecoIogical gradients (Minchin 1987). Data was standardized by species maxima. Two- 

dimensional solutions were appropriately chosen based on plotting a measure of fit 

("stress") to the nurnber of dimensions. One hundred iterations were used for each NMS 

nui, using random start coordinates. The first two ordination axes were rotated to enhance 



interpretability with the apparent temporal (tirne since last major disturbance) and habitat 

heterogeneity (number of microhabitats) gradients. Multiple regression of environmental 

variabies on al1 axes gives a p-value correlation, siope and coesines (-/+ vector direction) 

are used for reproduction of vector on the ordination centroid. 

Mesohabitut Diversity analyses - We applied Whittaker's (1972) three kinds of diversity. 

Gamma (y) diversity is the landscape-level diversity estimated as the total number of 

species across mesohabitats in either the ICH or CWH. Aipha (a) diversity is calculated 

here as mean species nchness within the ICH or CWH for either old-growth forest stands 

or young forest stands disturbed by fire or logging. Beta diversity is a rneasure of 

heterogeneity in the mesohabitat data, and is expressed as a 50% change in species 

composition (half change) on the NMS ordinations. Abundance was recorded for each 

species on each type mesohabitat (see FHS methods above) and averaged for each 

species within stands. 

A diversity index based on proportional Çequencies @riIlouin eqn 2, Pielou 1966; 

Clifford and Stephenson 1975; Magurran 1988) were calculated for al1 rnesohabitat types 

within each biogeoclimatic zone, and stratified by disturbance (logging, £ire, old-growth). 

Indices were calculated using Krebs/WIN (1 997). 

Ni = Total number of individuals. 

Mesohabitat Indicator Species - The relative importance of an indicator species 

within a mesohabitat was estimated using the method of Dufrêne and Legendre (1997) as 

implemented in PC-ORD software (McCune & Mefford 1997). The "indicator value" 

describes a species' reIiability for indicating a mesohabitat, and is expressed as a 

percentage of perfect indication. The indicator value combines, by multiplication, the 

abundance of a species in each mesohabitat relative to its abundance in ail groups, with 

that species' fiequency of occurrence in the sample units of the designated group (Rambo 

& Muir 1 998a, l998b). A Monte Car10 analysis (Krebs 1997) assessed statistical 

significance of indicator values based on the proportion of 1,000 randomized trials that 



equaied or exceeded the maximum indicator value for a species. Correspondence 

Analysis (CA) was used to ordinate species ftom 1 8 8 mesohabitats in the ICH and 3 63 

mesohabitats in the C m  (ter Braak, 1986; ter Braak 1998)- Indicator species for each 

rnesohabitat type were identined on the ordination for the ICH and CWH. 

Mesohabitat diversity rnodels - Species nchness was modeled using regression 

analyses in order to identify the important environmental variables that largely determine 

bryophyte diversity in specific types of mesohabitats. Stepwise multiple regression of 

mesohabitat species richness against environmental variabIes was used for each 

individual rnesohabitat type (e-g., forest, cliff, Stream & seep - Table 4-1). The regression 

analyses was nin in SPSS (1998) statistical software. 

IiESULTS 

Mesohabitat Ordination 

Interior Cedar Hernlock Zone - Specific mesohabitats are distinguished on the 

NMS ordination and are strongly correlated with two environmental gradients. 

Mesohabitats are not sirnilar in their cornmunity composition as exemplified using beta 

diversity to measure the distances between different mesohabitat clusters in the 

ordination. The strongest gradient (2 = 0.846) is temporal (Le., time since last large-scale 

disturbance) and separates old growth on the right side of the ordination fiom young 

growth mesohabitats on the left side (Fig. 4-2). Differences in beta diversity (P) dong the 

temporal gradient (first mis) can be observed for specific types of mesohabitats on the 

ordination; streams have highest beta diversity and seeps have the lowest. The second 

environmental gradient is microhabitat heterogeneity (Le., nurnber of different 

microhabitats). Differences in P dong this gradient suggest that old growth mesohabitats 

(excluding cliffs) have great er micro habitat heterogeneity and a stronger influence on 

diversity than young mesohabitats (Fig. 4-2). Furthemore, specific types of mesohabitats 

are influenced more (Le., beta diversity) by microhabitat heterogeneity than others; on the 

microhabitat heterogeneity gradient, streams have the highest P and clifXs have the 

lowest. The variability in beta diversity between mesohabitats suggests differences in 

species richness and cornmunity composition. 



CoasraI western Hernlock Zone - Clusters of mesohabitats well separated on the 

ordination axes (Fig. 4-3). The strongest gradient (2 = 0.882) is temporal (Le., time since 

last large-scale disturbance) and separates old growth on the upper right side of the 

ordination f?om young growth mesohabitats on the lower lefi side (Fig. 4-3). Dzerences 

in beta diversity dong the temporal gradient (first axis) can be observed for specific types 

of mesohabitats on the ordination; old and young streams are M e r  apart than old and 

young forest mesohabitats. The second environmental gradient (2 = 0.791) is 

microhabitat heterogeneity (Le., number of different microhabitats). Differences in /3 

dong this gradient suggest that old growth mesohabitats (excluding cliffs) have greater 

microhabitat heterogeneity and a saonger influence on diversity than young mesohabitats 

(Fig. 4-3). Furthemore, specific types of mesohabitats are influenced more (Le., beta 

diversity) by microhabitat heterogeneity than others; on the microhabitat heterogeneity 

gradient, streams have the highest P and seeps have the lowest. The variability in beta 

diversity between specific types of mesohabitats suggests differences in species richness 

and cornmunity composition. 

Mesohabitat Bryophyte Diversity 

Interior Cedar Hernlock Zone - Bryophyte diversity is not distributed eveniy 

among the four types of mesohabitats. In old growth forests, streams have higher total 

species richness, mean species nchness and diversity indices than any other mesohabitat 

type (Fig. 4-4; Table 4-2 and 4-3). Total species richness, and diversity indices are 

highest in forest, cliff and seep mesohabitats respectively (Table 4-2 and 4-3). The forest 

mesohabitat has a higher abundance of bryophytes than any other mesohabitat (Fig. 4-5). 

Mean species richness and abundance is not significantly different (p > 0.05) among 

forest, cliff and seep mesohabitats. 

Ln young stands, diversity is highest in the forest mesohabitat. Forest mesohabitats 

had the highest total species nchness, abundance and diversity indices, followed by 

stream, cliff and seep mesohabitats respectively (Fig. 4-4 and 4-5; Table 4-2 and 4-3). 

Mean species richness was not significantly different (p > 0.05) among al1 types of 

meso habitats. 



Bryophyte diversity in mesohabitats is distinctively partitioned by age since the 

last large-scale disturbance. Total species nchness (y) and mean species nchness (a) are 

significantly @ < 0.05) higher in old-growth mesohabitats (Table 4-2; Fig. 4-4). In 

streams, a in old-growth is more than twice as great as the cx in young stands (Fig. 4-4). 

Species abundance in mesohabitats is also greater in old-growth stands than young stands 

(Fig. 4-5). Brillouin diversity indices had higher values for al1 mesohabitats in old-growth 

forests (Table 4-3)- 

Comial Western Hemlock Zone - As with the ICE& bryophyte diversity is not 

equally distributed among the four types of mesohabitats. In old-growth forests, species 

richness and diversity indices are higher in streams than any other mesohabitat (p < 0.05) 

(Fig. 4-4). Cliffs have higher total species richness and diversity indices than either seep 

or forest mesohabitats. Abundance is highest in the forest mesohabitats. 

Within young stands, the forest mesohabitat has the highest species nchness, 

abundance and diversity indices (Fig. 4 4  and 4-5; Table 4-2 and 4-3). Total species 

richness and diversity indices are highest in streams, seeps and cliffs respectively (Table 

4-2). Mean species nchness and abundance are sirnilar for streams, cliffs and seeps (Fig. 

4-4 and 4-5). 

Time since last large-scale disturbance and oceanity (Le., mainland vs. island) 

greatly influence bryophyte diversity in mesohabitats. Old-growth mesohabitats have 

higher gamma diversity, alpha diversity, abundance, and diversity indices than 

mesohabitats in young forests (Fig- 4-4 and 4-5; Table 4-2 and 4-3). Species richness is 

significantly @ < 0.05) higher in al1 mesohabitats on Vancouver Island when compared 

to mesohabitats dong the mainland Coast (Fig. 4-4). 

Meso ha bitat Indicator Species 

Differences in species fiequency and abundance among the different mesohabitats 

imply that sorne species are associated with specific types of mesohabitats. Bryophyte 

associations are based upon mesohabitat indicator analyses for each biogeochnatic zone 

(Table 4-4 and 4-5). Species with significant (p < 0.05) indicator values were identified in 

the four clusters (representing the four types of mesohabitats) in a CA species ordination 

for each respective biogeoclirnatic zone (Fig. 4-6 and 4-7). These indicator species are 



representatives of the four distinct mesohabitat commmities and are further defined for 

each biogeoclimatic zone: 

hterior Cedar Hedock Zone Forest mesohabitats - The dominant forest 

mesohabitat is made up of a cornrnunity of species associated with either the forest floor 

(tenicolous) or woody substrates (epixylics or epiphytes). Many of the species associated 

with the forest floor are cornrnon mosses: Atrichurn selwynii, Hylocomium splendens, 

Pleuroùum schreberi, Plagiothecium laeturn, Ptilium crista-castrensis, Rhizomniurn 

magnifolium, Rhytidiopsis robusta and Sanionia uncinata (Table 4-4). Liverworts are less 

common but may be found on the forest floor (e-g., Blepharostorna trichophyllurn and 

Ptilidium ciliare). Some mosses are closely associated with woody substrates in the forest 

mesohabitat community: Amblystegium serpens, Brachythecium fiigidum, 

Brachythecium salebrosum, Brachythecium velutinum, Buxbaumia piperi, Bwbaurnia 

vindis, Dicranum tauricum, Dicranella grevilleana, Hypnum revolutum, Mniurn 

spiaulosurn, Tetraphis pellucida, and Tetraphis geniculata. Hepatic species richness and 

abundance is highest on woody substrates in the forest mesohabitat community: Bazzania 

tricrenata, Cephalozia pleniceps, Cephalozia lunulifolia, Jamesoniella autumnalis, 

Jungermannia leiantha, Lophozia ventricosa, Lophozia incisa, Lophozia guttulata, 

Ptilidium puIcherrimum, and Ptilidium californicum. 

Interior Cedar Hemlock Zone Streams & Seeps - Riparian or wetland bryophytes 

make up the majority of the community composition of stream mesohabitats (Table 4-4). 

Mosses such as Blindia acuta, Brachythecium rivularem, Calliergon stramineum, 

Campylium stellatum, Climaciurn dendroides, Cratoneuron filicinurn, Drepanocladus 

aduncus, Drepanocladus brevifolius, Fissidens adianthoides, Fissidens osmundioides, 

Hygrohypnurn luridum, Oncophorus wahlenbergii, PoMia wahlenbergii, Preissia 

quadrata, Porotrichum bigelovii, Rhytidiadeiphus squarrosus, Scapania undulata, 

Schistidium rivulare, Sphagnum angustifolium, Sphagnum capillifolium, Sphagnurn 

squarrosum, and Warnstorfia fluitans are prominent species in the stream comrnunity. 

Hepatic species such as Aneura pinguis, Conocephalum conicum, Gymnocolea inflata, 

Gyrothyra underwoodiana, Marchantia polymorpha, Nardia scalaris, Pellia neesiana, and 

Riccardia multifida are dominant livenvorts in the strearn community. 



lnterior Cedar Hernlock Zone Seeps - Many of the wetland species found in 

streams are also found in seep rnesohabitats (Table 4-4)- Several species are more 

prominent in seep communities: Aulacomnium palustre, Caljpogeja mu elle ri an^^ 

Curnpylium chrysophyllum, Cephalozia lunulifolia, Hypnurn revolutum, and Rhizornniurn 

pseudopunctatum. 

Interior Cedar Kemlock Zone Clzfs - The cliff mesohabitat community comprises 

many species of saxicolous bryophytes. Some of these species are exclusively associated 

with d i  ffs, suc h as AnasîrophylZurn rninuturn, &y-urn argenteum, Chandonanthus 

setiformis, Encal'ta procera, Funaria hygromeirica, Grimrnia aflnis, Gr immia 

[orquata, Hypnum czrpressiforme, Lophozia excisa, Orthotrichum pellucidum, 

Orthotrichum laevigutum, Paraleucobryurn longij6oliurn, Platygyriurn repens, 

Polytrichum pilz~erurn, Ptilidium ciliare, Racomiîrium canescens, Timmia austriaca, and 

Tortula ruralis. Several species are associated with cliffs, but can be found on rock 

microhabitats in other types of mesohabitats: Amphiditun lapponicum, 

Barbilophozia. barbatu, Barbilophozia Zycopodioides, Bariramia porniforrnis, Bartramia 

ithyphylla, Ceratodon purpureus, Dicranurn scoparium, Dicranoweisia crispula, 

Hedwigia ciliata, Polytrichum juniperinum, Lophozia gillmanii, Racornitrium 

heterostichum, and Schistidium apocarpum. 

Coastal Western HernZock Zone Forest rnesohabitats - The dominant forest 

mesohabitat is made up of a community of species that are associated with the forest 

floor or woody rnicrohabitats. The forest floor is ofeen covered in a continuous carpet of 

bryophytes: Aulacomnium palustre, A ztlacomnium androgynum, Blepharostoma 

trichophyllum, Dicranurn fuscescens, Leucolepis acanthoneuron, Leptobryum pyrzforrne, 

PoZytr ich um piliferum, Plagiomniztm venustum, Poiytrichurn formosurn, Plagiomn ium 

cuspidaturn, Pleuroziurn schre beri, Rhizoomnium magnz~olim Rhytidiopsis ro busra, 

Sphagnum girgensohnii, and Sphagnum squarrosurn. Many of the species in the forest 

rnesohabitat are epiphytic or epixylic mosses: Arnblystegitim serpens, Brachytheci~rrn 

fi-igidztm, Buxbaumia piperi, Claopodium crispifolium, Dicranum tauricurn, 

Dicranoweisia cirrata, Diîrichum heterornallurn, Fissidens adianthoides, Funaria 

hygrornetrica, Homalotheciurn aeneum, Homalia trichornanoides, Homalotheciurn 

fttlgescens, Nypnum subimponens, Isotheciurn myosuroides, Oncophorus virens, 



Orrhotrïchurn consimile, Orthotrichum Zyellii, Pohlia cruda, Pohlia annotina, Pogonatum 

urnigerum, Plagiopus oederiana, Pseudoleskea radicosa, and Timrnia ausîriaca. Trees, 

snags, stwnps and Iogs offer habitat for a nch commU1Yty of forest mesohabitat hepatics: 

Barbilophoziafloerkei, Barbilophozia hatcheri, Bazzania denudata, Bmzania tricrenata, 

Calypogeia trichomanis, Cephalozia lunulz~olia, Diplophyllurn obtusatzm, Fmllania 

tamarisci ssp. n isquallensis, Lepidoziu reptans, Lophozia incisa, Lophozia wenzelii, 

Lophozia excisa, Metzgeria coniugata, PtiZidiurn pulchewimurn, Porella cordaeana, and 

Radula cornplanata. 

Coastai Western Hernlock Zone Streams & Seeps - Stream rnesohabitats are 

made up of a cornmunity of riparian or wetland bryophyte species. Streams often have 

shallow sections with large green mats dominated by mosses: Brachythecizrm rivulare, 

Dicranodontium cienudat um, Dicranum pallidisetum, Fissidens grand@-ons, Fontinalis 

antipyretica, Font indis hypno ides, Fontinalis neornexicana, Hygro hypnum lzrridum, 

Hypnurn Zirzdbergii, Leskea polycarpa, Palustriella cornmutatum, Plagiothecizrm 

piliferum, Racorniirium aciculare, Racornitrium aqzraticum, Scferopodiurn obtusifoliurn, 

and Schistidium rivulare. Hepatics are often found in abundance on the logs and rocks 

that are continually imgated by the stream: Aneura pinguis, Buzzania pearsonii, 

Concephalztm conicum, Gymnomitrion obtusum, Jungermannia pumila, MarsupeZla 

sparsz@olia, Odontoschisrna denudaturn, Radula bolanderi, R iccardia Zat zpons, Scapania 

americana, and Tritomaria quinquedentata (Table 4-4). 

Coastd Western Hemlock Zone Seeps - Seep mesohabitats have many of the 

same species as stream mesohabitats : Rhytidiadelphus squarrosus, Scapania bolanderi, 

Rhytidiadelphus rriquetrus, Hjpnurn pratense, Scapania undulata, Claopodium 

pellucinewe, Diplophyllurn taxifalium, and Metzgeria temperata. Species that are more 

cornmoniy found in seep mesohabitats are typically found growing on the wet forest 

floor : Climacium dendro ides, Diplophyllum plicatum, Eurhynchium pulchellum, 

Lophozia heterocolpos, Mnium spinuloszrm, Plas-omnium medium, Pogonatum 

cûnfortum, Polytrichastrunt ulpinurn, and Rhizomniurn nudurn. 

Coastal Western Hemlock Zone Clzffs - Communities on cliff mesohabitats are 

dominated by saxicoIous bryophytes. Some of these species only occur on cliffs: 

Andreaea rothii, Anoectangium aestivum, Bryum capillare, Ditrichurn jlexicaule, 



Encalypta procera, Geheebia gigantea, Grimrnia incurva, Lophana obtusa, Marsupella 

boeckir; Pterigynandrum$Iiforme, Racornitrium canescens, Racomitrium heterostichum, 

Racomitrium lanuginosum, Racornitium occidentale, Racomitr ium muticum, Racornitrium 

lawtonae, Racomitrium elongatum, and Ulota p&llantha. Many of the species in this 

community are also found on rock microhabitats in other types of mesohabitats: 

Amblysregium serpens, Atrichum selwynii, Blepharostoma trichophyllum, Brachytheciurn 

fi-igidurn, Dicranum fiscescens, Dicranum scoparium, Ditrichum heteromallum, 

Eurhynchium pulchellurn, Heterocladiurn macounii, Hookeria lucens, Hypnurn circinale, 

HqiDnum revolutum. Hypnum subimponens, Isothecium myosuroides, Mnium spinzdosurn, 

Polytrichum juniperinum, Pogonatma, contortum, Plagiothecium lueturn, Pleuroziurn 

schre beri, Pseudotaxip hylhm elegans, Polytrichastrum alpinum, Polytrichum commune, 

Plagiomnium cwspidatum, Pogonatum urnigerum, Ptilidium ciliare Rhytidiadelp hus 

triquetrus, Rhytidiadelphus squarrosus, Rhytidiopsis robusta, and Sanionia uncinatu- 

Old-Growth Indicator Species 

There are different rnesohabitat requirements for old-growth indicator species 

within either the CWH or ICH. Old growth indicator species have been identified for the 

ICH and C m ,  but have not been associated with specific mesohabitats (Newmaster et 

al. 1999b). In general, old-growth indicator species are found in al1 types of mesohabitats. 

However, several species are associated with particular mesohabitats. 

In the ICH, streams have almost 50% more oId-growth indicator species than any 

other mesohabitat (Fig. 4-6; Table 4-4). Some of the more common old-growth indicators 

in streams include; Apometzger ia pubescens, Blindia acuta, Cratone uron filicinum, 

Calliergon sîramineum, Fissidens osmundioides, Gymnocolea Mata,  Oncophorus 

tvahlen bergii, MarsupeZla emarginara, and Myurella julacea (Table 4-4). C liff seep and 

forest mesohabitats have a comparable number of old-growth indicator species. Old 

growth indicator species common on cliffs include; Brachytheciurn albicans, 

Dicranoweisia cirrata, Gymnmin-ion obtusum, and Lophozia excisa. In the forest 

mesohabitat, common old-growth indicators include; Antitrichia curtipendula, Bazzania 

tricrenata, and Cephalozia pleniceps (Table 4-4). 



In the C M ,  strearns and seeps have almost 50% more old-growth indicator 

species thau any other type of mesohabitat (Fig- 4-7; Table 4-5)- Some of the common 

old-growth indicators in streams include; Dicranodontiztm denudaturn, Fontinalis 

hypnoides, Jmgermannia pumila, Plagiochila usplenoiides. and Radulo bolanderi (Table 

4-5). Several of the common old-growth species on cliffs include; Dih.ichurnflecicaule, 

Homalothecium_fùlgescens, Hookeria lucens, and Psedoleskea radicosa. In the forest 

mesohabiw some comrnon old-growth indicators ïnclude; Hornalothecium fulgescens, 

Metzgeria conjugata, PZagrgropus oderiana, PoreZZa cordaeana, and Scapania umbrosa 

(Table 4-5). 

Mesohabitat Species Richness Models 

Within specific types of mesohabitats, several environmental variables c m  be 

used to explain patterns in species richness. Multiple regression analyses explained the 

variation in species richness using environmental variables fiom each type of mesohabitat 

(Table 4-6). Partitionhg the mesohabitats by stand age increased the amount of 

expIained variation using environmental variables unique to each type of mesohabitat 

within a specific age class. The result is a regression mode1 of species richness, for each 

type of mesohabitat within young stands or old-growth stands. Atternpts to generate 

species richness models without stratification by mesohabitat type or age-class resulted in 

non-significant regressions (p > 0.05) or very low correlation coefficients (R' c 0.20). 

Interior Cedar Hernlock Zone - Ln the dominant forest mesohabitat, variation in 

species richness within old-growth or young forest can be adequately explained with 

severai environmental variables. High species nchness in old-growth forest is strongly 

correlated (@ = 0.702, p < 0.05) to the presence of large (> 70 cm) decay class L3 and 

L4 logs, high rock cover, intermittent streams and moist-wet hygrotope (Table 4-6). High 

species rkhness in young forests is strongly correlated (R2 = 0.666, p c 0.05) to the 

presence of large (>70 cm) decay class L3 logs, high rock cover and the presence of 

"vets" or isolated large trees (dbh > 70 cm). 

Species richness in restricted mesohabitats (i-e., streams, seeps and cliffs) is 

highly correlated (R' = 0.78-0.84, p < 0.05) to number of microhabitats and the presence 

of specific types of microhabitats. Streams that occur in old-growth forest have higher 



species richness with high numbers of rnicrohabitats, the presence of waterfalls greater 

than two meters in height and a higher frequency of logs crossing the stream (Table 4-6). 

There is a strong correlation between the number of microhabitats and the variation in 

species richness within cliff and seep mesohabitats (Table 4-6). 

CoastaZ Western Hemlock Zone - Variation in species nchness within the 

dominant forest mesohabitat was stratified by stand age (Le., 80 vs. 250+ years) and 

oceanity (Le., mainland vs. ishnd) and then modeled using several environmental 

variables. High species richness in old-grocvth forests on the mainland coast is strongly 

correlated (R2 = 0.88 1, p < 0.05) with the number of microhabitats, the presence of 

deciduous trees and snags, and the basal area of logs on the forest floor (Table 4-6). 

Species nchness in old-growth forests on Vancouver Island is positively correlated (R~ = 

0.571, p < 0.05) with the presence of deciduous trees and the position of the mesohabitat 

on a slope. Mesohabitats on rnid or low dope positions had higher diversity than those 

did on the toe of the slope. The number of microhabitats was the oniy significant variable 

(R2 = 0.753, p < 0.05) that is correlated to species richness in stands disturbed by logging 

(Table 4-6). 

Regression models of stream mesohabitats were highly correlated (R' = 0.8 1 - 
0.88) to several environmental variables. In old-growth forest, high Stream species 

nchness is strongly correlated to the number of rnicrohabitats and the presence of 

waterfalls over 2 rn in height (Table 4-6). High species richness in streams disturbed by 

logging are correlated with high numbers of microhabitats, wider strearns and increasing 

canopy height (Table 4-6). Stream in CWH forests on Vancouver Island have higher 

diversiv than streams in the mainland CWH forests (Fig. 4-4). 

In cliff mesohabitats, the number of microhabitats is the only significant variable 

correlated (R' = 0.74-0.8 1, p -= -001) to species richness, regardless of disnirbance (Table 

4-6). However, old cliffs have higher species richness than young cliffs (Table 4-2). 

Species richness increases with the number of rnicrohabitats in either young or old 

forests. 

Variation in species richness within seeps can-be adequately explained without 

stratiSing by age-class. Stratification by age-class is not possible because of the low 

number of seep mesohabitats found in cedar herniock forests (under sampling). Species 



richness in seeps is strongly correlated (I? = 0.867, p < 0.05) with age-class, number of 

microhabitats, density of logs and basai area of logs. High species richness is fostered by 

old stands with many rnicrohabitats and lots of large, old, remnant logs (Table 4-6). 

DISCUSSION 

Mesohabitat quality and quantity are the basic ingredients for bryophyte diversity 

at the local landscape scale. This supports Vitt and Belland's (1997) mode1 of rare 

species richness. Mesohabitat quantity cm be defined as the types and distributions of al1 

mesohabitats and the number of particular mesohabitats on a landscape (Vitt & Belland 

1997). In our study of bryophyte diversity in cedar-hedock forest, species ricimess was 

largely dependent on the number of particular types of mesohabitats (Newrnaster thesis 

chapter 3). The dominant forest mesohabitat maintains high abundance and fiequency of 

bryophytes. Restricted mesohabitats are most influentid in the maintenance of species 

diversity. Specifically, the presence of strearns and cliffs offer the highest bryophyte 

diversity. As predicted in Vitt and Belland's mode1 (1997), mesohabitat quality is 

expressed as the number and type of rnicrohabitats, In cedar hemlock forest, high 

diversity in rnicrohabitats within a particular mesohabitat was strongly correlated with 

high species richness. 

My research shows that each type of rnesohabitat has a list of variables that 

promotes high species richness. Mesohabitat quality is defined as the number of different 

types of rnicrohabitats in a mesohabitat (Vitt & Belland 1997). We found that high 

mesohabitat quaiity is the most important variable correlated with high bryophyte 

diversity within mesohabitats. High variation in rnicrohabitats is strongly correlated with 

hi& bryophyte species richness in cedar hemlock forests. The presence of specific types 

of rnicrohabitats and the influence of some environmental variables are also correlated 

with high species richness within specific types of mesohabitats. Some of these 

coneiations are well defined and others are more generd and apply to both the ICH and 

c m .  
Patternhg of species richness within the dominant forest mesohabitats is related 

to several factors when stratified by stands age and biogeoclimatic zone. In old growth 

forests, the presence of large, moderately decayed (i.e., L3 or L4) logs promotes rich 



communities of bryophytes and hepatics. Within young forest rnesohabitats, the presence 

of 'te&" or remnant old growth trees is correlated to hi& species richness. Rambo and 

Muir (1 998a) found similar correlations within hemlock forests in westem Oregon. We 

also found that old growth forest mesohabitats on West Coast of Vancouver Island have 

reduced species richness in low slope and toe position mesohabitats. These lower slope 

mesohabitats are often flooded because of the extremely high annual rainfall in these 

oceanic rainforests. Flooding disturbance prevents communities f?om establishing, and 

therefore lowers diversity. In ICH forests, mesohabitat species richness increases with the 

presence of calcareous rock. This is an uncomrnon habitat in the CWH, a product of 

historical geological processes (Schofield 1988). In CWH forests, mesohabitat species 

richness increases with the presence of deciduous eees, an uncomrnon habitat in the ICH 

due to flonstic Limitations of deciduous species. Other features that may influence 

bryophyte diversity are macroscale landforms that determine the floristic composition of 

the region (Belland 1989) and the ability of a species to disperse (Soderstrom 1990). 

We found that streams are areas of high diversity and that species richness can be 

associated with several factors when stratified by age and biogeoclimatic zone. Species 

richness is highest in streams that are associated with many different kinds of 

microhabitats. Waterfalls in old-growth streams provide humid microhabitats that support 

the richest diversity of bryophytes Qarticularly hepatics) in either biogeoclimatic zone. 

Schofield (1988) and Djan-Chekar (1993) have also noted that bryophyte diversity is 

highest around waterfalls in the CWH. Ln the ICH, high species richness in old growth 

streams is associated with large well-decayed logs traversing the stream. These logs are 

sometimes piled up on one another and offer hurnid microhabitats that are protected f?om 

desiccation from the sun and wind. Bryophyte diversity in streams withîn young forests is 

more influenced by the width of the stream (CWH) or presence of calcareous substrates 

(EH), both of which increase the number of unique microhabitats. In streams, species 

nchness increases with oceanity. Streams on Vancouver Island had higher diversity than 

streams on the mainland coast. This may be do to the warmer wetter climate andior the 

glacial history of these areas. Some oceanic areas served as refugia for westem North 

Amencan endemics during the Pleistocene glaciation (Schofield 1988). Old growth forest 

streams are ideal areas of refuge and serve as a reservoir of bryophyte diversity. 



The value of old growth forest to biodiversity must not be underestimated. Clear- 

cutting techniques reduces stand age, the nurnber of habitats, and ultimately cryptogam 

diversity in analysis of forest stands (Anderson & Hytterbom 199 1 ; Gustafsson & 

Hallingback 1988; Lesica et al. 1991 ; Soderstrom 1988; Rambo and Muir 1998b; 

Newmaster et al. 1999). Patterning of bryophyte diversity in forests at the regional 

landscape scaie is most strongly influenced by biogeoclirnatic variables (Newmaster et. 

al. 2000c), and age since the Iast major disturbance (Pike et al. 1975; Newmaster et al. 

2000~). We have shown that at the local "rnesohabitat?' landscape scale, bryophyte 

diversity is substantialIy higher in old growth forest mesohabitats (Le., al1 types) when 

compared to those that have been disturbed by large-scale wildfire or clear-cut logging. 

Mesohabitats with hi& species nchness are strongly correlated to the presence of specific 

microhabitats that are found abundantly in oId growth forests. Species richness is 

promoted by an abundance of large logs in various decay classes that are commun in old 

forest but scarce in young forest (Andersson & Hytteborn 199 1). Logging and wildiïre 

disturbance reduce water levels and humidity in strearns (Naiman and Anderson 1997). In 

several instances, we recorded a rich diversity of  bryophytes in an old growth portion of a 

Stream and then moved downstream into a clearcut or burn to find very low bryophyte 

diversity. Mesohabitats in old growth forest are rich with microhabitats and a humid 

environment that fosters a rich bryoflora (Schofield 1988). We should consider 

mesohabitats in old growîh forests as reservoirs of bryophyte diversity. 

Unique communities of bryophytes exist for different types of mesohabitats. This 

association between bryophytes and habitat has long been known, and used for indicators 

of environmental change (Gignac & Vitt 1994) and quality (Gignac 1986; Newmaster et 

al. 1999). In peatlands, bryophytes have been used to indicate chernical and wetness 

gradients (Vitt et al. 1975; Vin & Chee 1990) and patterning of species richness Witt et 

al. 1995; Belland & Vitt 1995). It would be expected that these trends would be tme for 

upland habitats, where rnoss habitat limitations have been closely tied to substrate 

(Schuster 1949; Rose 1992; Soderstrom 1993; Vitt & Belland 1997; Horton 1988; Shaw 

198 1). Bryophyte communities are distinct and unique to each type of rnesohabitat within 

the CWH and ICH forests. Old-growth indicators (Newmaster et al. 2000b) and rare 

species are cornmonly found in each type of mesohabitat. The consequence of this to 



preserving bryophyte diversity is signîficant. A specific type of mesohabitat shodd not 

have a greater value than any other mesohabitat; dl types of mesohabitats need to be 

preserved to maintain high bryophyte diversity. A variety of mesohabitat types with the 

highest possible diversity of microhabitats should be preserved in every watershed 

management plan if sustainability of diversity is a priority. Each mesohabitat preserved 

should contain the highest bryophyte richness in order to sustain biodiversity on the 

landscape. Table 4-7 presents a list environmental bio-indicators that promote hi& 

bryophyte diversity in oId growth forest. 



Table 4- 1 : A list of microhabitats for each type of meso-habitat within cedar hedock stands 
(DMH = dominant mesohabitats; RMH = restricted mesokabitat). 

Micro habitat 
DMH RMH 
Forest Cliff Stream Seea 

L 

Coniferous tree species 
Deciduous tree sbecies 
Size of tree (10-25 cm dbh, 30-60 cm dbh, > 70 cm DBH) 
Position on tree (tnrnk or base - 50 cm above tapered bowl) 
Snag (dead coniferous or deciduous trees) 
Twig (CWD < 10 cm diam,) 
Log size (1 0-30 cm, 30-60 cm dbh, > 70 cm DBH) 
Log decay class @ 1 ,D3 or D5 - C WD codes) 
Organic soils (LFH) 
Minera1 soi1 (sand, silt, loam, clay) 
Moist depression (small isolated pools of waterhud) 
Intermittent stream (narrow and ephemeral) 
Rock (sample type, pH) 
Tree stump 
Upturned tree roots ("tip-up") 
Adjacent bank (sand, silt, clay, loam, gravel cobble, rock) 
Submerged habitat (rocks or log)  
Shallow bars (sand, siIt, cIay, loam, grave1 or cobble; dxy/wet) 
Waterfall (< 1 m, 1-2 m, 2-5 m, 5- 10 m, > 10 m) 
Depth (< 10 cm, 10-30 cm, > 30 cm) 
Rapid (flow rate (dsecond)) 
Crevice (hon'zontaVvertical; < 5 cm, -5- 1 m, > 1 rn; wetldry; 
seepage, soi1 cover, sand, silt, clay, loarn) 
Ledges (size, wetldry, seepage, soi1 covered) 
Caves (size, wet/dry, seepage) 
Vertical rock face (size, wetldry, seepage) 
Talus 



Table 4-2. Gamma (y) & mean aIpha (a) stand diversity in old growth (250+ yrs.) 
rainforests and young rainforests (80-90 yrs.) disturbed by fxe or Iogging. 

Zone and 
Disturbance 

Geographic Meso-habitat total (y)  and mean alpha (a) 

Area 
Total Forest Stream Cliff Seep 

CWH Y ~ Y  a y a y  a Y a  
Oceanicrainforest oldgrowth 317 162 151 113 293 137 166 83 151 101 
Mainland coastal old growth 23 1 118 128 90 204 103 130 67 91 72 
min forest logging 114 62 If2 57 76 40 44 30 57 45 

ICH 
Inlaridrainforest old growth 300 88 204 66 222 77 163 58 I l  1 41 

wildfire 188 54 106 38 122 32 94 33 84 34 
TOTAL (Unique 262 (13) 359 (70) 237 (26) 207 (2) 



Table 4-3. Diversity indices for meso-habitats in old growth (250+ yrs.) 
and young cedar hemiock forests (80-90 yrs.) disturbed by fire or 
Iogging within the ICH or CWH. 

Biogeoclimatic Zone Disturbance Diversity Indices 
and Geoma~hic  Area 

Bnllouin index (Hl3) 

CWH Forest Stream Cliff Seep 

Oceanic rainforest oId growth 6.883 6-921 5,923 5.734 
Maintand coastal rainforest old growth 5.672 6.3 13 5.764 5.225 

Iogging 5.174 4-476 4.299 4.187 

ICH 
Inland rainforest old grotvth 6.522 6.591 6.049 5.445 

wildfire 6.095 5.682 5.207 5.076 



Table 4-4. Bryophyte indicator values from 188 meso-habitats in the ICH. hdicator 
values are percentage of  perfect indication (multiplication of a species abundance in a 
designated meso-habitat relative to iîs abundance in al1 meso-habitats, with that species' 
fiequency of occurrence in the designated meso-habitat). Showri are species with p 
values < 0.05 from a Monte Car10 test of signincance. (Asterisk represents old-growth 
iridicator species from Newrnaster et al. 1 999b). 

Soecies 
CLlFF FOREST SEEP STREAM 

n=25 n=102 n=18 n=50 

Drepanociadus aduncus O O 0.00 1 O 
Pellia neesiana 
Scapania undula ta 
Fissidens osmundioides * 
Sphagnurn capillifoliwrn 
Aneura pinguis 
Marchantia polyrnorp ha 
Wamstorfra nuitans 
Cam pylium stella tum 
Amphidium lapponicum 
Pohlia wa hlen bergii 
Blindia acuta * 
Climacium dendroides 
Cratoneuron filicinum 
Sphagnum squarrosum 
Calliergon stramineum * 
Oncophorus wahlenbergii* 
Conoce phalum conicum 
Pleurozium schreberi 
Atrichum tenellum 
Rhizornnium gracile 
Sphagnum angustifolÏum 
Dicrano weisia crispula 
Drepan ocladus brevifolius 
Sanionia uncina fa 
Rhytidiadelphus squarrosus 
Schistidium rivulare 
Ptilidium pulch emnium 
Brachythecium fivulare 
Fissidens adianfhoides* 
Gymnocolea inflata* 
Hygrohypnum luridum 
Nardia scalaris 
Rhizomnium magnifolium 
Andreaea nivalis 
Gyrothyra underwoodiana 
Preissia quadrata 
Dicranella crispa 
Meesia ttiquetra 
Porotnchum bigelovii 
Ricca rdia m ultifida 



Dichelyma falcatum' 
Dicranella heteromalla 
Cep haloziella divafica ta 
Hylocomiastrum pyrenaicum * 
Isothecium myosuroides 
Dicran ella gre villeana ' 
Pohlia cruda 
Dicranella schreberiana 
Pohlia annotina 
Sphagnurn grigensohnii 
Plagiothecium laetum 
Blep harostoma frichoph yllurn 
Calypogeja fssa 
Philono fis fontana 
Riccardia la tikons 
Riccardia palmata 
Marsupella emargina ta* 
Pla tydictya jungermannioides 
Hygrohypnurn smifhii* 
Leskeella nervosa * 
Pogonatum umigerum 
Plagiopus oederiana * 
Pfilium crista-castrensis 
Heterocladium dimorp hum* 
lsopterygiopsis pulchella 
Hylocomium splendens 
Dicranum tauricum 
Apometzgena pubescens' 
Lophozia ventricosa* 
Mnium spinulosum 
Dicranum spadiceum 
Plagiochila satoi* 
Sphagnum magellanicum 
Blasia pusilla' 
Fontinalis an tipyretica ' 
Marsupella sphacelata 
Scleropodium obtusifolium 
Campylium chrysop hyllum 
Hygrobiella laxifolia 
Tetraphis pellucida 
Hygrohypnum ochraceum 
Jungennannia obovata 
Pellia endiviifoiia 
Scapania subalpina 
Zygodon viridissimus 
Marsupella spacifolia 
Odontoschisma denudatum 
Encalypta rhaptocarpa 
Ptilidium califomicum 
Campylium polygamum 
Myurella julacea 
Gymnostornum aeruginosum 
A ulacomnium palustre - - - -  - 
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Neckera pennata 
Hypnum revolutum 
Pellia epiphylla 
Jungermannia leiantha 
Cephalozia pleniceps* 
Polytrichum juniperinum 
Calypogeja muelleriana 
Bra chythe cium ffigidum 
Schwtidium apocarpum 
Barbilophozia lycopodioides 
Geocalyx graveolens 
Ceratodon purpureus 
Pterigynandnim filiforme 
Brachythecium salebrosum 
Barbilophozia barbata 
Racornittium heterostichum 
Dicranum scoparïum 
Bryum caespiticium 
Andreaea rupesïris 
Hedwigia ciliata 
Brachythecium veluïinum 
Rhjzomnium pseudopunctaturn 
Rhytidiopsis robusta 
Cephalozia lunulifolia 
Atrichum selwynii 
Scapania paludosa 
Amblystegiurn serpens 
Bazzania fricrenata 
Buxbaumia viridis ' 
Lop hozia incisa * 
Buxbaurnia p@en 
Dicranella palustris* 
Radula complanata 
Lophozia guttulata 
Barbula convoluta 
Kiaeria starkei 
Lophozia opacifolia * 
Scapania mucronata 
Racornitrium sudeticum 
Dit~chum heterornallum 
Homalothecium aeneum 
Pseudoleskea atricha 
Brachythecium erythrorrhizon 
Dicrano weisia cirrata * 
Leptobryum pyriforme 
Conostomum tetragonum 
Cynodontium strumiferum 
Didymodon vinealis 
Grirnmia donniana 
Racornitrium encoides 
Brachythecium albicans* 
Bryoerythrophyllum recutvirostre 
Gymnmitrion obtusum* 14 - - - 0.0470 
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Bartramia ithyphylla 15 O O O 0.0490 
Grimmia trichophylla 15 O O O 0.0490 
Encalypta ciliata 16 O O O 0.0430 
Bryum capillare 18 1 O O 0.0200 
Lophozia gillmanii 19 5 O O 0.0490 
Tortula mralis 19 O O O 0.01 40 
Anastrophyllum minutum 22 O O O 0.0050 
OrthotnChum pellucidum 22 O O O 0.0050 
Lophozia excisa * 23 O O O 0.0 1 20 
Ptilidium ciliare 27 1 O O 0.0 1 50 
Bryum argenteurn 28 O O O 0.0050 
Paraleucobryurn longifolium 28 1 O O 0.0080 
lïmmia austriaca 28 1 1 O 0.0090 
Funaria hygrometrica 31 O O O 0.0050 
Hypnum cupressiforme 32 O O O 0.0080 
Chandonan thus setiformis 33 O O O 0.0090 
Orthotn'churn laevigaturn 33 O O O 0.0090 
Pla tygyrium repens 33 O O O 0.0040 
Encalpta procera Bruch 39 O O O 0.00 1 0 
Grimmia torquata 39 O O O 0.0000 
Grimmia a mnis 48 O O O 0.0000 
Polytrichum pilifenrm 51 O O O 0.0000 
Racomitrium canescens 61 2 O O 0-0000 



Table 4-5- Bryophyte indicator values fiom 363 meso-habitats in the CWH. 
hdicator values are percentage of perfect indication (multiplication of a species 
abundance in a designated meso-habitat relative to its abundance in al1 meso-habitats, 
with that species' fiequency of occurrence in the designated meso-habitat). Shown are 
species withp-values < 0.05 fkom a Monte Carlo test of signincance (Asterisk represent 
old-growth indicator species fiom Newmaster et al. (1 999c). 

SPECIES 
CLIFF FOREST SEEP STREAM 
n=25 n=102 n=18 n=50 

P 

Fontinalis hypnoides* O O O 50 0.000 
Hypnum Iindbergii* 
Racomitnbm aciculare 
Brachythecium nvulare 
Racomitnum aquaticum 
Fontinalis antipyretica* 
Scapania americana 
Hygrohypnum luridum 
Aneura pinguis 
Scleropodium obtusifolium 
Palustriella commuta tum 
Sch istidium rivulare 
Fissidens grandifrons 
Riccardia la tïfi-ons 
Dicranum pallidisetum 
Odontoschisma denudatum 
Ptilium crista-castrensis 
Leskea polycarpa 
Plagiothecium pilifenrm 
Brachythecium velutinum 
Marsupella sparsifolia 
Plagiochila asplenioides* 
Rhytidiadelp h us squarrosus 
Thamnobryum neckeroides 
Pogonatum contortum 
Drepanocladus aduncus 
Heterocladium procurens 
Rhizomnium nudum 
Scapania bolanden' 
Rhytidiadelp hus triquetrus 
Plagiothecium laetum 
Fontinalis neomexicana 
Jungermannia purnila* 
Radula bolanden* 
Tritomaria quinquedentata 
Tetraphis pellucida 
PolyfnChum commune 
Dicranella heteromalla 
Bazzania pearson ii* 
Dicranodontium denudatum' 
Diplop hyllum plicatum ' 
Gymnomitrion obtusum * 
Marchantia polymorpha 
Sanionia uncinata 
Polyfnchum juniperinum 



Climacium dendroides 
Hypnum pratense' 
Lophozia heterocolpos' 
Scapania undclata 
Hypnum circinale 
Polytn'chastnrm alpinum 
A trichum selwynii 
Dicranum fuscescens 
Mnium spinulosum 
Blasia pusilla * 
Calliergonella cuspidata * 
Jungermannia atrovirens* 
Pseudoleskea julacea * 
Scapania paludosa 
Sp hagn um ca pillifolium 
Bazzania denudata 
Brachythecium fngidurn 
Pseudotaxiphyllum elegans 
Wamstorfia flüïtans 
Dicranurn scoparium 
Plagiomnium medium 
lsothecium myosuroides 
Eurhynchium pulchellum 
Brachythecium nelsonii 
Heterocladiurn macounii 
Plagiochila satoi* 
Plagiochila scho fieldiana * 
Pleurozium schreben 
Hypnum subimponens 
Rh ytidio psis robusta 
Blepharostoma trichophyllum 
Claopodium pellucinerve* 
Dl;oloph yllurn taxifolium 
Hookeria acutifolia' 
Porella roellii* 
Ptilidium californicum 
Dicranurn majus* 
Metzgena temperata 
Pellia ep@hylla 
Polytrichum longise tum * 
Scouleria aquatica 
Lepidozia reptans 
Lophocolea heterophylla 
Dichelyma uncinatum * 
Douinia ovata * 
Frullania califomica * 
Plagiomnium cuspidatum 
Bryum pallens 
Cimp hyllum cirrosum 
Isopterygiopsis pulchella 
Lepidozia filamentosa* 
Lophozia opacifolia ' 
Paraleptodon tium recurvifolium 
Plagiochila semidecu~ens* 
Amblystegium serpens 
Arnp hidium lapponicum 



Anacolia menziesii* 
Campylop us fragilis * 
Chiloscyp hus pallescens* 
Cololejeunea macounii* 
Dicranella palusfns* 
Encalypta ciliata 
Heterocladium dimorphum 
Jungennannia exsertifolia 
Orthotrkh um pulchellum 
Pellia endiviifolia 
Pleuroclada albescens* 
Pleurozia purpurea' 
Preissia quadra ta 
Riccardia multifida 
Hypnum revolufum 
Arctoa fulvella 
Brachythecium plurnosurn 
Dichodontium pellucidum 
Haplomitrium mniodes 
Jungemannia rubra * 
Loeskypnum badiurn * 
Pohlia longicolla 
Radula ob tusiloba * 
Riccardia palmata 
Tortula princeps* 
Andreaea rupestris 
Campylopus f7exuosus" 
Cra toneuron filicinum * 
Jungermannia obovata 
Philonotis fontana 
Sphagnum palustre' 
Tortula ruralis 
Lop hozia incisa * 
Bazzania tricrenata * 
Anastrophyllum minutum 
Barbilophozia barba ta 
Ch iloscyphus polyan thos 
Dittichum montanum* 
Gyrothyra underwoodiana 
Nardia scalans 
Ol igot~hum aligerurn 
Plagio th ecium ca vifolium 
Riccia fluitans 
Metaneckera menziesii 
Anthelia julacea 
Dicranodontium subporodictyon' 
Diplophyllum imbnca tum * 
Lop hozia gillmanii 
Philono fis capilla ris 
Ta rgionia h ypop h ylla 
Thuidium philibertii* 
Tortula mura lis 
Anastrophyllum assimile* 
Bazzania trilobata 
0 icranodontium uncinatum 
Lophocolea cuspidata 



Bryhnia hultenii O 
Cephaloziella phyllacanthanthoides* O 
Fmllania tamarisci ssp. nisquailensis* 7 
Hookena lucens* 11 
Pogonatum urnigenrm 9 
Ptilidium pulch enimum 10 
A ntitrichia californica O 
Lophozia wenzelii* O 
Timmia austriaca 5 
Dicranum tauricum 7 
Leucolepis acanthoneuron 7 
Ditncburn heteromallurn 9 
Homalothecium fulgescens* 9 
Scapania umbrosa* 9 
Rhizomnium rnagnifolium 11 
Diplop hyllum ob fusa tum O 
Lophozia excisa' O 
A ulacomnium palustre 6 
Orthotrichurn lyellii 7 
Aulacomnium androgynum 8 
Pseudoleskea radicosâ * 8 
Pfilidium ciliare 10 
Barbilophozia hatcheri* O 
Cephalozia lun ulifolia O 
Funana hygrometka 3 
Metzgeria conjugata' O 
Barbilophozia ffoerkei" 1 
Bartramia pornifonnis 1 
Buxbaumia pipe r f  1 
Calypogeia trichomanis 1 
Claopodium cffspifolium * 1 
Dicrano weisia cirrata 1 
Fissidens a dian th oides* 1 
Oncophorus virens 1 
Porelia cordaeana * 1 
Radula cornplanata 1 
Schistostega pennata* 1 
Sp hagn um girgensohnii 1 
Sphagnum squarrosum' 1 
Orfhotnch um consimile 2 
Homalothecium aeneurn 5 
Ceratodon purpureus O 
Conocep halurn conicum O 
Bryum pseudofrïquetrum 1 
Leptobqmm pyrifonne 1 
Plagiomnium venusfum 1 
Plagiopus oederiana 1 
Pohlia annotina 1 
Pohlia cruda 1 
Polytrichum formosum 1 
Polytrichum pilifenrm 1 
Campylopus a t o  virens O 
Hymenosiylium insigne O 
Ulota drummondii O 
Homalia trichomanoides* 1 
Marsupella boeckii 5 



Racomitrium elongatum 8 O O O 0.008 
Geheebia gigantea 10 O O O 0.000 
UIota phyllantha 10 O O O 0.000 
Racomitrium la wtonae 15 O O O 0.000 
Andreaea rothii 18 O O O 0.001 
Anoectangium aestivum 18 O O O 0.001 
Grirnmia incurva 18 O O O 0.000 
Encalypta procera 20 O O O 0.000 
Racomitium occidentale 20 O O O 0.000 
Racomifrium muticum 20 O O O 0.000 
Racomitrium lanuginosum 22 O O O 0.000 
Pterigynandrum filifonne 23 O O O 0.000 
Bryum capillare 30 O O O 0.000 
Dithhum flexicaule* 30 O O O 0.000 
Racomitriutn heterostich urn 30 O O O 0.000 
Racornitrium canescens 33 O O O 0.000 
Lo hozia obtusa a O O 0.000 



Table 4-6. Species richness niultiple regression models for different types of meso-habitats and disturbance in the ICH or 
CWH (old gowth '  = mainland rainforests and old growth2 = Island rainforests; environmental variables and measurements 
defined in table 4-1; slope position codes, mid slope = 1, low slope = 2 and toe position = 3). 

Meso-habitat Disturbance Regression Equation P 
1CH dominant 
(Forest) old growth y = 35.975 + 3 1.194 (large L3 logs) + 13.992 (rocks) + 10.023 (large L4 logs) + 13.2 18 0.702 < .O0 1 

ititermitteiit streamslt 3.172~IiygrolopeJ 
" ... .C .,-...---...--...-.,m.-.- "" - " .- --.....-.. .-.-. "- -" 

fire y = 25,20 + 11  .O13 (large L3 logs) + 12,3 16 (rocks) + 3.943 (base of large trecs Le., vets) 0,666 < ,001 

ICH restricted 
Stream old growth y = -32.969 t 7.33 1 (No. of microhabitats) + 10.091 (waterfalls > 2m) + 8.406 (logs 0.838 < ,001 

above stream) ---- - - . I - I..II~..I.I.~I.II.~I~.~I..III~..IIIII...III..III.I.III-III .. ---.---..---- 
fi re y = 19,278 4- 1.148 (No. of microhabitats) + 2.692 (caves) + 2.472 (calcareous rock) 0,816 <.O01 

Cliff old growtli y = -47.857 t 8.978 (No. of microhabitats) 0.736 < ,O1 
fire y = -5.5 + 3.625 (No. of microhabitats) 0.629 < .O1 

y_ = 1,4 + 4,O (No, of microhabitats) 0,775 < .O1 S ee p -- oldgrowili .-", u---.-.--.--.- -.A.-- -. -. 
fire y = 20,935 + 1.226 (No. of microhabitats) 0.776 < .O1 

C WH dominant ~'-l O\ 
(Forest) old gowtli' y = 12.648 - 6.940 (deciduous trees) -t 3.537 (No. of microhabitats) + 6.021 (deciduous 0,8 1 1 < .O5 4 

snags) - 0.0586 @asal area of Iogs) 
' -..--.---. -"-------r...-............. - -"'-A----- .- "------.-...--.-.--A*--.--.---... ....--.A.---...---*-...v..-, " "." --------- 

old growth y_*= ..-..-----..---- 1 15.690 + 9.906 (deciduous treesl- 1.232 (slope .-- position) -..-------.--- 0.571 <.O1 
firelplantation y = -35.577 + 5.183 (No. of microhabitats) 0.753 < .O5 

C WH restricted 
Stream old growth' y-=_24.068 + 3.246 (No. of microhabitats) + 6.657 (height of falls over 2 3  0.835 < .O5 "-" .--- -'-".-"2+' -.----- "'---"-"-"--'--'-'----.-.-.-" -.--- -1- ..-..-.--- ---.----.- .-^ ---_...._.._----.-..-.-..-------.--- 

old growth y, = -72,147 + 6,932 (No. of microhabitats) + 9.52 1 (Iieight of falls over 2 m) 0.806 < .O5 - ---.-.-.- .- .- .,.--.---.---.------..-. *-"-.- -.- + ".. --- -....---.- --..-. -. -------.-.------ 
firelplantation y = -9,297 + (No. of microhabitats) + 5.537 (width of stream) + 0.32 1 (canopy height) 0.877 < .O5 

Cliff old growth y,= -3.937 + 2,190 (No. of microhabitat$ 0.808 < .O01 . -. .,--..,---., .---- ." .--- .--+. .-.---.-. ----- *.-.- .... " -.-..--..-., .a----.. ...- -- -------.---.--. 
fire y = 13,196 + 0.623 (No. of microhabitats) 0.740 < ,001 

Seep no split y = -22.716 t- 5.540 (stand açe) t. 2.434 (No. of microhabitats) - 0.0578 (deiisity of logs) 0.867 < .O5 
+ 0.07 1 (basal area of logs) 



Table 4-7. Environmental bio-indicators that promote high bryophyte diversity in old 

growth forest. 

Biogeoclimatic 1 Zao. 

CWH (Island) 

c'WH 
(Mainland Coast) 

Mesohabitat 

1 -  

Seeo 1 High microhabitat diversity. 

Environmental variables associated with high 
bryophyte diversity in old growth cedar-hemlock 

Forest 
Stream 

Cliff 1 Hi& microhabitat diversity. 

fores t 
Presence of deciduous trees and mid-upper dope positions. 
High microhabitat diversity* and presence of waterfalls > 2m. 

Forest ] Presence of deciduous trees, high microhabitat diversity, 

I 

S e e ~  1 High microhabitat diversity. 
Stream 

Cli ff 1 High microhabitat divenity. 

deciduous snags, Iarge moderately (L3-L4) decayed logs. 
High microhabitat diversity and presence of waterfalls > 2m. 

Forest ( Larse rnoderately (L3-L4) decayed logs, abundant rocks, 

Stream 
frequent intermittent streams and moist hygrotc'pe. 
High microhabitat diversity, presence of waterfalls > 2m and 

Seep 
cliff 

logs traversing stream- 
High microhabitat diversity. 
High microhabitat diversity. 

* High microhabitat diversity includes the maximum number of microhabitats from Table 4-1. 



Figure 4-1. Map of the coastal western hemlock (CWH) and interior cedar-hemlock 
(ICH) biogeochatic zones in British Columbia. 



Figure 4-2. NMS ordination diagram of ICH mesohabitats with radiating environmental 
vectors Fom the centroid of points. 
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Figure 4-3. NMS ordination diagram of C WH mesohabitats with radiating envîronrnental 
vectors fiom the centroid of points. 
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Figure 4-4. Species nchness for different meso-habitats within the ICH and C WH. 
Stands are sûatified by disturbance- Error bars are shown for one standard deviation on 
either side of the mean. (old growth = 250+ yrs, fire = 90 yrs. and Iogging = 90 yrs.)- 



Figure 4-5. Species abundance for different meso-habitats within the ICH and C M .  
Stands are stratified by disturbance. Error bars are shown for one standard deviation on 
either side of the mean- (old growth = 250+ yrs, f i e  = 90 yrs- and logging = 90 yrs.). 



Figure 4-6. CA species ordination of 300 species fiom 188 meso-habitats in the ICH. 
Species groups are those delimited by significant (Monte Car10 p < 0.05) species 
indicator values fiom the PC-ORD Indicator Analysis. Non-indicator species are 
common to one or more types of mesohabitats. 
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Figure 4-7. CA species ordination of 3 17 species from 363 meso-habitats. Species 
groups are those delimited by significant (Monte Cario p c 0.05) species indicator values 
kom the PC-ORD Indicator Analysis. Non-indicator species are common to one or more 
types of mesohabitats. 
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Chapter 5. 

Forest Microhabitat Heterogeneity: 

The Primary Roots of Bryophyte Diversity 



INTRODUCTION 

Bryophyte cornrnunities are closely associated with their substrate or 

microhabitat. It has long been known that some species occur on specific microhabitats 

(Watson 1980; Crum 1983; Horton 1988). Relationships between peatland microhabitats 

and bryophyte vegetation patterns have been well studied (Belland & Viît 1995; Vitt et 

al. 1995; SIack et al. 1980). In terrestrial ecosystems, detailed studies of microhabitats 

have been completed on trees (Barkman 1958; McCune 1993; Sillet 1995; Slack 1976; 

Pike et al. 1979, logs (Soderstrom 1988% 93; McAlister 1995; McCullough 1948; Muhle 

and LeBlanc 1979, rocks (Jonsgard & Brooks 1993 ; Jonsson 1993 ; Clerc and Herrera- 

Campos 1997; Garty & Binyamini 1990; Vitt 1991) and forest floor microhabitats 

(Carlton 1990; Frego & Carleton 1995% 95b; Rambo & Muir 1 998a; Nemaster et al. 

1999). These studies clearly show that bryophytes are found in very specific habitats such 

as the vertical distribution of bryophytes on trees or among different log sizes and decay 

classes. Habitat heterogeneity is therefore one of the main processes that can account for 

patterns in comrnunity composition. 

Diverse substrate types or microhabitats have been positively correlated with 

bryophyte species richness (Edwards 1986; Lee & La Roi 1979; Rambo & Muir 1998b). 

Bryophyte diversity increases with the number of suitable habitats (Slack 1977). 

Patteming of  bryophyte diversity is largely dependent on the quantity and quality of 

mesohabitats (Le., strearns, cliffs), and the quality of a mesohabitat is determined by the 

number of microhabitats (Le., rocks, logs) found within them Witt & Belland 1997; 

Belland & Schofield 1994; Newmaster thesis chapter 3). Habitat heterogeneity is 

therefore one of the main processes that can account for patterns in bryophyte diversity. 

The Biodiversity Guidebook of the British Columbia Forest Practices Code (BC 

Ministry of Forests 1995) is predicated on the idea of consenring biological diversity by 

developing a conservation strategy with the emphasis on habitats, ecosystems and 

landscapes. Forest managers are now faced with the challenge of fostering old growth- 

associated biodiversity in younger managed stands (USDA & USDI 1994; Rambo & 

Muir 1998a). Patteming of bryophyte diversity in cedar-hemlock forests is largely 

determined by the quantity and quality of mesohabitats (Newmaster thesis chapter 3). 

The quantity of a mesohabitat refers to the number and types of mesohabitats in a forest 



stand. The quality of a mesohabitat refers to the number and types of microhabitats in a 

specific mesohabitat. An understanding of p a t t e d g  of bryophyte diversity on different 

forest rnicrohabitats at both temporal and spatial scales will assist in management 

decisions conceming bryophyte conservation. 

My objectives are to relate patterning of diversity with habitat heterogeneity at 

both temporal and spatial scales. More specifically we attempt to answer the following 

questions: 1) At the local scale (between stands), do microhabitats have variable species 

ricimess, species communities and indicator values? If so, are there temporal differences 

(diflerent age classes) in the patterning of bryophyte diversity on microhabitats, and 

which microhabitats are most important in fostering high bryophyte diversity, 2) At the 

regional scale (between biogeoclimatic zones), are there differences in the patteming of 

bryophyte diversity on microhabitats? 

STUDY AREA 

Sampling was conducted in British Columbia, Canada, within two distinct 

biogeoclimatic zones; the Coastal Western Hemlock zone (CWH) and Interior Cedar 

Hernlock zone (ICH - Meidinger and Pojar 1991). The CWH is located on the westerly 

edge of the Coast Mountains and is also known as Canada's coastal temperate rainforest 

(Fig. 5-1). The ICH is located in the Caribou Mountains in B.C.3 interior and on the 

interior side of the Coast Mountains in Northern B.C. (Fig. 5-1). The wetter portions of 

the ICH (wkl & vkl variants) are known as inland oroboreal rainforests (Goward & Ahti 

1992). Detailed descriptions of glacial history, climate and flonstics c m  be found in 

Schofield (1 988), Arsenault (1 993, Hebda (1 993, Schoonmaker et al. (1 997) and 

Newmaster (thesis chapter 2). 

The ICH is divided into two geographically distinct areas. The smaller, most 

northerly area is located between 55' N and 57' N on the leeward slopes and adjacent 

lowlands of the Coast Mountains. The larger, more southerly area occupies a 200 km 

wide band from the Canada-U.S.A. border (at 49' N) to northern Caribou Mountains 

(approxirnately 54 O N) (Goward 1995). The study area was located at 50-53' N and 199- 

120" W, within the Wells Gray (including Anire Lake and Mad River), upper Adams and 

upper Seymour watersheds of the ICH biogeoclimatic Zone. This sampling area 



represents the ICHmw3, ICHwkl and ICHvkl biogeoclimatic variants (Meidinger & 

Pojar 199 1). Precipitation ranges Çom 900- 1400 mm per year, with the highest 

precipitation in early winter. Snow pack over 1.5 meters deep is typical for much of the 

area. Mean temperatures during the warmest month averages between 16 OC and 2 1 OC, 

and during the coldest month from -3 OC to -1 0 OC. The ICH is the rnost productive zone 

in the interior and has the widest variety of coniferous tree species of any zone in B.C. 

Western hemlock (Tsuga heferophyZZu) and western red cedar (Thujaplicata) are the 

dominant trees. The wettest sites are dominated by an under s t o y  of skunk cabbage 

(Lysichiron americanum) and devils club (Oplopanax horridus). 

Within the CWH, research was focused on two geographically distinct areas: the 

mainland coast and the west woast of Vancouver Island. On the mainland coast sampling 

was conducted in the Capilano and Seymour watersheds of the greater Vancouver 

watershed. On the west coast of Vancouver Island, sarnpling was conducted in the 

Tofino, Clayoquot, Sidney and Walbran watersheds. Al1 of the sarnpling occurred within 

the CWHvml biogeoclimatic variant. These coastal rainforests typif4r the most humid and 

highiy oceanic region of North America Mean annual precipitation ranges from 1000 to 

4,400 mm, three-quarters of which occurs in the winter months as rain. Mean 

temperatures average between lj°C and 18S°C in the warmest months and -6.5 O C  and 

4.5 OC during the coldest months. Predominant species are westem hernlock (Tsuga 

heterophylla), westem red cedar (Thuja plkata), arnabiIis fir (Abies amabiZis) and coastal 

douglas-fir (Pseudotsuga rnenziesii var. rnenziesii) (Alaback & Pojar 1997). 

METHODS 

Sampling rnethod - Floristic habitat sampling (FHS - Newmaster thesis chapter 1) 

was used to assess patterns in bryophyte comrnunity composition over the period of two 

field seasons. Ln 1996, 102 stands were sampled in the intenor cedar-hemlock (ICH). 

Stands were chosen fkom the Wells Gray, upper Adams River, and Seymour watersheds. 

Within these watersheds sampling was evenly distributed between stands that were 

burned approxirnately 80 years ago (age class 4), and old-growth stands of 25O+ years in 

age (age class 9). In 1997, 185 stands were sarnpled in the coastal western hemlock 

(CWH). Stands were chosen fkom the Capilano and Seymour watersheds dong the 



mainland coast and in the Sidney, Clayoquot, Tofmo and Waibran watersheds dong the 

western coast of Vancouver Island. Extensive logging activities in the Capilano and 

Seymour watersheds alIowed a balanced sampling between stands that were logged 80 

years ago, and old-growth stands of 2SO+ years in age. Sampling on Vancouver Island 

was lirnited to old stands due to the relatively recent logging activity and Iack of fire 

history in the CWH. 

Species nomenclature follows Anderson et al. (1990) for rnosses and Stotier & 

Crandail-S totler ( 1 977) for hepatics. Collections were made at each stand of common and 

rare species (occurring in less than 15% of stands). Voucher specimens are deposited in 

the University of Alberta Cryptogamic Herbarium (ALTA), Kamloops Forest Region 

Herbarium, and University of British Columbia Herbarium (UBC). 

Analyses - Bryophyte diversity (Whittaker 1965) was assessed using total species 

riclmess (S) and mean species richness (s) for each forest microhabitat (Table 5-1). 

Species fiequency was tabdated for each microhabitat. Soth species ricimess and 

frequency were stratified by age class (young = 80 years; old 250 years) and 

biogeoclimatic zones (ICWCWH). The CWH biogeoclimatic zones were divided into 

mainland temperate min forests and island temperate rain forest. Stand dynarnics, and 

general site variables (Le., percent cover of rocks) were assessed within the 20 m 

diameter quadrat. Coarse woody debris data were obtained using two 50 m transects, with 

measurements of logs at each transect intersection. 

Comrnunity structure in microhabitats (ICH or CWH exclusively) using the 

species data was analyzed with non-metric multidimensional scding (NMS; Kruskal 

1964; McCune & Mefford 1997). Grouping of rnicrohabitats indicates sirnilarity in beta 

diversity (rneasured as half changes), therefore distances between groups of rnicrohabitats 

indicates differences in comrnunity structure. Microhabitats were stratified by age class 

(young = 80 years; old 250f years) and in the CWH oceanity. The Bray Curtis distance 

rneasure was used because of its robustness for both large and small ecological gradients 

(Minchin 1987). Data were standardized by species maxima. Two-dimensional solutions 

were appropriately chosen based on plotting a rneasure of fit ("stress") to the number of 

dimensions. One hundred iterations were used for each NMS nui, using randorn start 

coordinates, The first two ordination axes were rotated to enhance interpretability with 



the apparent temporal (time since last major disturbance) and habitat heterogeneity 

(nurnber of microhabitats) gradients. 

The relative importance of a microhabitat was estimated using the method of 

Dufrêne and Legendre (1 997) in PC-ORD software (McCune & Mefford 1997) to 

analyze indicator values for species within a priori microhabitats. The "indicator value" 

combines, by multiplication, the abundance of a species in each microhabitat relative to 

its abundance in al1 microhabitats, with that species's frequency of occurrence in the 

sample units of the designated microhabitat (Rambo & Muir 1998% 1998b). The 

"indicator value" describes the relative importance of a microhabitat with respect to the 

indicator species that occur on that microhabitat. A Monte Carlo (Krebs 1997) analysis 

was used to assess statistical significance based on the proportion of 1,000 randomized 

trials that equaled or exceeded the maximum indicator value for a species. Only 

significant indicator values @ <O.OS) are presented. 

RIESULTS 

Local Patterns of Diversity on Microhabitats 

At the local scale, patterning of bryophyte diversity on rnicrohabitats is cornpared 

within stands in either the ICH or CWH biogeoclimatic zones. There are rnany types of 

rnicrohabitats, each with its unique species richness, species composition, indicator value 

(species fiequency) and density. Species richness is not the sarne for the 28 different 

rnicrohabitats (Fig. 5-2, 5-3 & 5-4). Consideration of both the total and mean species 

richness is important for differentiating between cornmon and isolated species 

occurrence. Pattern diversity (i.e., changes in comrnmity composition between different 

microhabitats (Whittaker 1965) is evident when there is a separation of site clusters dong 

the NMS ordination axes (Fig. 5-5). Each group on the ordination axis is associated with 

a specific microhabitat and separation of groups of microhabitats indicates that beta 

diversity is variable between various types of microhabitats or at least groups of 

microhabitats (e.g., coniferous and deciduous tree microhabitats - Fig. 5-5; Table 5-2, 5- 

3,s-4 & 5-5). Indicator value of microhabitats is not equal for different types of 

microhabitats (Figs. 5-3, 5-4 & 5-5). Differences in species rïchness, community 

composition and indicators for each type of microhabitat within a biogeoclimatic zone 



can be explored within the following broad groups of rnicrohabitats; tree (epiphytic), log 

(epixylic) and ground (temcolous & saxicolous). 

Tree Microhabitats 

Interior Cedar Hernlock - Species nchness, microhabitat community composition 

and indicator value can be used to identie important epiphytic microhabitats within 

either young (80 years) or old (250' years) forests. Tree having bases of medium size 

(30-60 cm diameter) conifers had the highest species richness in either young or oid 

forests (Fig. 5 -2). NMS ordinations of al1 epiphytic rnicrohabitats using species data 

resulted in distinct clusters of conifer epiphytes and deciduous epiphytes regardless of 

stand age (Fig. 5-5). The species composition on deciduous microhabitats is relativeiy 

similar to conifer microhabitats (Table 5-4). In old forest, the conifer epiphytes on tree 

bases are in a separate NMS group from the epiphytes found on the tree trunk. Many 

hepatics and other terricolous species were associated with the tree base and not the tree 

trunk in old growth forest (Table 5-3). Indicator values were highest for tree bases among 

the epiphytic microhabitats (Fig. 5-2). 

Coastal Wesfern Hernlock - Epiphytic richness and cornmunity composition is 

dependent on microhabitat type and stand age. In young stands, species nchness is 

highest on medium-large (>30 cm diameter) tree bases or tninks (Fig. 5-2). Tree bases 

offer the highest mean species richness and indicator value. The number of epiphytes 

found on tree tninks in young forests is relatively low even though there is almost twice 

the density of trees than that found in old growth forests (Table 5-2). Deciduous trees in 

young forests offer habitats for a smdl but unique assemblage of epiphytes (Table 5-5). 

In old growth forest both medium-large tree bases and tnuiks have the highest species 

richness (Fig. 5-2). NMS ordinations clearly distinguish groups of tree microhabitats by 

size (> 30 cm diam.) and position (tree base or trunk). Furthermore, deciduous tree 

microhabitats seperated fiom coniferous tree microhabitats dong the first NMS axis (Fig. 

5-5). Several unique epiphytes are found specifically or more frequently on deciduous 

trees (Table 6). Indicator values for epiphytes are high for al1 microhabitats on trees 

greater than 30 cm in diameter. 



Log Microhabitats 

Interior Cedar Hernlock - Species richness, microhabitat cornrnunity composition 

and indicator value can be used to identie important epixlyic microhabitats withui either 

young (80 years) or old ( 2 5 0 ~  years) forests. In both yomg and old forest, species 

richness was highest on medium (30-60 cm diarn.) or large (>70 cm diam.) logs of decay 

class D3. In old forest, log microhabitats are grouped using NMS into four broad groups 

(Fig. 5-9, 1) Deciduous snags, 2) conifer snags, twigs and decay class one logs, 3) decay 

class three logs, 4) decay class five logs. Hepatics are very fiequent on medium and Iarge 

well-decayed logs (decay class 3 & 5) -  Microhabitat indicator values are highest for 

medium to large Iogs of decay classes D3 and D5 Fig. 5-3). Log density is higher in 

young forests and snag density is approximately equal in both age classes. 

Coastal Western Hernlock - Important epixylic microhabitats can be identified 

using species richness, microhabitat cornrnunity composition and indicator values. The 

patterns of species richness on microhabitats are sirnilar for either young or old forests 

(Fig. 5-3). Logs greater than 30 cm in diameter of decay class three or five have the 

highest species richness. Species richness is higher in old forest, particularly on Large logs 

that are infiequent in the young forest. Log density is twice as high in old growth forests 

than young forests (Table 5-2). In young forest, the NMS ordination of log microhabitats 

separated clusters based on size and decay class (Fig. 5-5). Epiphytic species associated 

with snags, twigs, and lowest decay class are on the right side of the ordination. Epixylic 

species associated with logs in decay classes three and five are on the left side of the 

ordination. In old forest, NMS ciusters were well separated based on the size and decay 

class of the log microhabitat (Fig. 5-5)- Deciduous snags were grouped on the far right 

side of the ordination. These habitats contain epiphytic species associated with deciduous 

trees (Table 5-6). Twigs, conifer snags and logs of iow decay class are found in clusters 

near the center of the fnst ordination axis. Epiphytic species occur fiequently on these 

microhabitats. Logs of decay class three and five are found on the iefi side of the 

ordination (Fig. 5-5). Epixylic species (mainly hepatics) are fiequently found on these 

microhabitats (Table 5-6). Microhabitat indicator values are highest for logs larger than 

30 cm in diameter in a decay class greater than three (Fig. 5-3). 



Ground Microhabitats 

Interior Cedar Hernlock - Ground microhabitats are distinguished by species 

richness, indicator values and to a Iesser extent comrnunity composition. Rock habitats 

harbor the highest species richness of al1 the ground microhabitats in both young and old 

forest (Fig. 5-4). Species richness is higher in the older forest, but the percent cover of 

rock is not significantly different @ > 0.05). Tree roots and organic soil are also 

microhabitats with high species richness. In old forests, stumps offer habitat for relatively 

high species richness. The comrnunity composition of forest microhabitats is not as well 

deked  as either epiphytic or epixylic microhabitats (Fig. 5-5). NMS ordination grouped 

stump and organic soil microhabitats in close proxirnity. Terricolous species cornmonly 

found on organic soils were found also on stumps, but with less fiequency (Table 5-3,5- 

4). NMS Ordination also grouped tree root and mineral soil microhabitats in close 

proximity. Colonizing species are associated with both types of rnicrohabitats. Some 

saxicolous species are restricted to only rock rnicrohabitats in old growth forests (Table 

5-3). Some epixylic hepatics are associated with stumps in old growth forests. 

Microhabitat indicator values were high for rocks in young forests and rocks, mineral 

soil, and stumps in only the old growth forests (Fig.4). 

CoastaZ Western HernZock - Ground rnicrohabitats are less distinct in terms of 

species richness, species composition and indicator value than either tree or log 

microhabitats. Tree roots, sturnps, organic soil and rocks offer the highest species 

richness in both young and old forests (Fig. 5-4)- In young stands, shunps offer refugia 

for both remnant epiphytic and epkylic species (mostly hepatics) (Table 5-6). The 

species composition of the remaining forest floor microbabitats are largely overlapping 

(Fig. 5-5; Tables). In old growth forests, saxicolous species are shared between 

intermittent Stream and rock microhabitats (Fig. 5-5; Table 5-6). Mean species richness is 

higher in old growth forests (especially in oceanic forests), but the percent cover of rock 

is not significantly different (< 0.001 - Table 5-2). Terricolous and epixylic species are 

shared between tree root, organic soil, stump, and intermittent Stream microhabitats. The 

species composition on mineral soi1 microhabitats is very different fiom the other forest 



microhabitats. Exposed minerai soil is an uncornmon rnicrohabitat in undisturbed forest 

and is usually quickly popuiated with colonizing species (Fig. 5-5). 

Regional Patterns of Diversity on Microhabitats 

At the regional scale, patternhg of bryophyte diversity on rnicrohabitats is 

compared between the ICH and CWH biogeoclimatic zones. There are many similarities 

and di fferences in species richness, community composition, and indicator value between 

ICH and CWH forests of similar age. Similarities include: high diversity of epiphytes on 

large (> 30 cm diameter) trees; high diversity of epixylics on large (> 30 cm diameter), 

well decayed (> D3) logs; high diversity of forest floor bryophytes on organic soil, tree 

stumps, upturned tree roots, and rocks. Dif5erences in species nchness and microhabitat 

community composition between the ICH and CWH biogeoclimatic zone can be explored 

more coherently within the following broad groups of microhabitats; tree (epiphytic), log 

(epixylic) and ground (terricolous & saxicolous). 

Tree rnicrohabitats - There are small differences in the patternhg of epiphyte 

species richness, and cornrnunity composition between the K H  and CWH biogeoclimatic 

zones. Ln young forests, species richness in young trees and deciduous microhabitats is 

higher in the ICH when compared to the CWH (Fig. 5-2). NMS ordinations group the 

deciduous microhabitats within young forests in the top right corner and the coniferous 

rnicrohabitats near the center in both biogeoclimatic zones (Fig. 5-5). Only in the CWH 

do tree size and position (base and tnink) separate coniferous microhabitats. In old forest, 

species richness in al1 tree microhabitats is higher in the ICH when compared to the 

CWH (Fig. 5-2). Both tree size and position (trunk and base) defme community 

composition of old growth epiphytes in the CWH; only position defines epiphyte 

cornmunities in the ICH (Fig. 5-5). Epiphyte rnicrohabitat indicator values are higher in 

the C WH for either young or old forest. Tree density is slightly higher in the ICH for 

either young or old forest (Table 5-2). 

Log nzicrahabitats - Differences in epixylic species richness and habitat 

community composition exist between the ICH and CWH. Snags and twigs have higher 

total species richness in the ICH, but lower mean species nchness in the CWH regardless 

of stand age. Snag density in old forests is higher in the ICH, but not significantly 



different @ = 0.382) in young forests (Table 5-2). The ICH has higher total species 

richness for logs greater than 30  cm in diarneter in decay classes greater than three, but 

the CWH has higher mean species richness on these same microhabitats (Fig-3). Log 

density in young forest is higher in the ICH, but for older forests it is higher in the CWH 

(Table 5-2). Indicator values for snags, twigs and logs are higher in CWH than the ICH in 

either young or oId forests (Fig. 5-5-3,5-4). Communïty composition in the ICH is less 

defmed. Many of the NMS ordination groups overIap in the ICH in both young and old 

stands (Fig. 5-5). Within the CWH, the NMS ordination groups are well separated, 

particularly in the old growth forests. 

Ground microhabitats - Patteniùig of species nchness and community 

composition of bryophytes on ground microhabitats is not the same for different 

biogeoclimatic zones. Total species richness on rocks, upturned tree roots, stumps and 

organic soi1 is higher in the ICH than the C W  regardiess of stand age (Fig. 5-4). Mean 

species richness and indicator value on upturned tree roots, stumps and organic soil is 

higher in the CWH in either young or old forest. In young forests, rock microhabitats 

have higher indicator values in the ICH. The percent cover of rocks is significantly higher 

(p < 0.00 1) in the ICH than the C WH for both young and old stands (Table 5-2). 

Upturned tree roots, stumps and organic soil rnicrohabitats have the highest indicator 

values in the CWH. NMS clusters of ground microhabitats are not well separated and 

tend to be clustered in the center of the ordination for both biogeoclimatic zones (Fig. 5- 

5). However, in the CWW the sturnp microhabitats are clustered in the top left corner. 



DISCUSSION 

Forest microhabitat heterogeneity is the primary root of bryophyte diversity. 

Patterning of bryophyte diversity in cedar hemlock forests has been explained in the 

context of a hierarchy of stands (Newmaster et al. 1 999c), rnesohabitats (Newmaster 

thesis chapter 4.), and microhabitats. Microhabitat heterogeneity is most infiuential at 

local landscape scales (Le., within specific types of mesohabitats). Variability in 

bryophyte species richness and cornmunity composition in cedar hemlock forests is 

clearly evident for different types of microhabitats. 

Bryophytes c m  be grouped into communities of epiphylous, epixylous, 

saxicolous, and terricolous species. In both the ZCH or CWH forests epiphytic 

cornmunïties can be further defïned using tree type (Le., deciduous or coniferous), size 

and vertical position on the tree. Species richness is highest on large trces (> 30 cm 

diam.), of which stand age is an important factor. These findings are supported by other 

epiphytic studies (Rambo & Muir 1998b; Pike et al- 1975; SIack i976; Sillett 1995). 

Epixylic communities in the ICH or CWH can be M e r  dehed  using log size and 

decay class. The large logs (> 70 cm diarn.) of decay class three offered the highest 

diversity of bryophytes, many of which are hepatics. These patterns are supported by 

research in other types of forests in Europe and the United States (Soderstrom 1988% 

1 988b, 1993; Rambo & Muir 1 W8b; Anderson & Hyterborn 199 1). Forest floor 

bryophyte cornmunity composition is related to habitat heterogeneity. The most species 

rich cornrnunities were found on rocks, uptumed tree roots, and stumps in both the ICH 

and CWH. Rambo and Muir (1 998a) aiso found that rock microhabitats increased 

bryophyte diversity in old growth temperate rain forest in Oregon. Habitat availability is 

crucial precursor to high bryophyte diversity (Slack 1977). 

Patterning of bryophyte diversity on microhabitats cm be dehed  on a temporal 

scale. In a forest ecosystem, bryophyte diversity increases with t h e .  Higher diversity of 

bryophytes (particularly hepatics) in old growth forests is consistent with other published 

accounts that have found richer diversity of mosses and hepatics associated with old 

growth than with young stands in Europe and North Amerka (Gustafsson & Hdlinback 

1988; Lesica 199 1 ; Rambo & Muir 1 998a; Soderstrom 1988). Old growth cedar hemlock 

stands foster an environment that is rich with bryophytes. Moist microclimate and high 



habitat heterogeneity are associated with nch bryofloras and old growth cedar hedock 

forests. Patterning of bryophyte diversity is positively correlated with mesohabitat 

quantity and quality (Newmaster thesis chapter 3) .  The quality of a mesohabitat is 

defmed by habitat heterogenei~. As microhabitat heterogeneity increases so does 

bryophyte diversity in both the ICH and CWH. However, stand age is dso  intimately 

linked to habitat heterogeneity. As stands become older there is a greater abundance and 

diversity of microhabitats. Other factors that idluence bryophyte diversity and are related 

to stand age include: bryophyte dispersal capabiiity and, abiiity to establish in various 

microclimate conditions (Soderstrom 1987, 1988% l988b). 

Dispersal ability is a limiting factor in flonstic diversity. As stand age increases, 

so does the diversity of dispersal limited organisms by aliowing more time for their 

colonization and establishment (Edwards 1986; Rarnbo & Muir 1998a). Many 

bryophytes, particdarly hepatics are dispersai Iimited and are restricted to habitats with 

hi& hurnidity. Soderstrom & Jonsson (1989) found that neariy half of the spores fiom a 

cornrnon forest hepatic were deposited within 2.5 meters, and concluded that dispersal is 

limited by a distance /deficit of spores. Dispersal ability between stands and perhaps even 

within stands may limit the distribution of bryophytes (Soderstrom 1987; Herben & 

Soderstrom 1992; Herben et al. 199 1; Hansen et al. 1992). 

The t h e  a community or species needs to establish itself is as important as 

microhabitat availability. Tree density in young stands is higher than old stands, but 

epiphyte diversity is lower. Habitat availability rnay be greater in the young stands but 

the time to establish rich communities of epiphytes on the tree bases and trunks is 

essential. in oider stands, a distinct epiphytic cornrnunity developed on the tree tninks 

above the base and in the CWH, this community became quite extensive and extended to 

the branches. As a stand matures? there is a greater vertical profile of favorable 

microclimate conditions; lower light, wind and less extreme temperature and moisture 

conditions (Rarnbo & Muir 1998a). The availability of coarse woody debris accumulates 

with stand age (Bingham & Sawyer 1 99 1 ; Franklin et al. 1 98 1 ), and is an important 

factor contributing to biologicai diversity (Esseen et al. 1992; Franklin et al. 198 1 ; 

Rarnbo & Muir 1998a). Young stands in the ICH have a greater density of logs and lower 

species richness than old stands in the ICH. It is the greater diversity of log sizes and 



decay classes associated with old growth forests that foster high bryophyte diversity 

(Soderstrom 1988b; Anderson & Hyterborn 199 1; Laaka, S. 1992; Gustafsson & 

Hallingback 1988). Tirne is intimately Iinked to habitat availability and establishment of 

communities. Consequently, preservation of old growth legacies will preserve the highest 

diversity of habitats and bryophytes. 

Patterning of bryophyte diversity is evident at different scales on the landscape. 

At the local scale patterning of diversity in stands is dependent on mesohabitat quantity 

and quality (Newmaster thesis chapter 2) and microhabitat heterogeneity. At the regional 

scaie, patteming of diversity in biogeoclimatic zones (ICH & CWH) can be identified for 

both mesohabitats (Newmaster thesis chapter 4) and microhabitats. Similar patterns 

suggest that the same ecological processes are present in both biogeoclimatic zones. In 

both biogeoclimatic zones, high bryophyte diversity is associated with microhabitats such 

as large trees, large well-decayed logs, tree stumps and rocks. Differences in diversity 

between the ICH and CWH can be based on the floristics (Newrnaster thesis chapter 2), 

or patterning of species richness and community- composition in forest mesohabitats 

(Newmaster thesis chapter 3) and microhabitats. Total species nchness on microhabitats 

was often higher in the ICH. However, in the CWH, mean species nchness was higher in 

the coastal forest and highest in island forests. It appears that the abundance or frequency 

of bryophytes on microhabitats increases with oceanity. The oceanic rainforests studied 

were also the largest in area, and contained the largest pool of species. 

Conservation of bryophyte diversity should be included in ail ecosystem 

management plans. The value of bryophytes both biologically, and esthetically should be 

taken into consideration (SIack 1988; Soderstrom 1995; Soderstr6m et al. 1992). Factors 

that foster rich bryophyte diversity includes meso/microhabitat heterogeneity, increased 

stand age and perhaps stand continuity. The latter variable needs to be investigated in the 

context of forest fiagrnentation. Preserving a diversity of mesohabitats and microhabitats 

is essential for sustainability of bryophyte diversity. More specifically some 

rnicrohabitats are essentiai for preserving bryophyte diversity and these microhabitats 

should be enriched through forest management practices. An example would be 

preserving a variety of logs of different sizes and decay classes during harvesting. It is 

not known if bryophyte cornrnunities can survive after logging disturbance. Perhaps areas 



of forest with hi& microhabitat heterogeneiw codd serve as refugia for a pool species 

that could repopulate an adjacent clear-cut. Table 5-7 lists microhabitats that foster high 

bryophyte diversity in oId growth forest within the CWH or ICH biogeoclimatic zones. 



Table 5-1 - List of forest microhabitats and abbreviations. 

Microhabitat Abbrev. 
conifer base (10-25 cm diam.) 
conifer tnink (10-25 cm diam.) 
conifer base (30-60 cm dian) 
conifer tnink (30-60 cm diam.) 
conifer base (> 70 cm diarn.) 
conifer trunk (> 70 cm diarn.) 
deciduous base ( 2  0-25 cm diarn.) 
deciduous û-unk (10-25 cm diarn.) 
deciduous base (30-60 cm diam.) 
deciduous trunk (30-60 cm diam.) 
small log (1 0-30 cm diam.), decay class 1 
small log (1 0-30 cm diam.), decay class 2 
small log (1 0-30 cm diarn.), decay class 3 
medium log (30-60 cm diam.), decay class 1 
medium log (30-60 cm diam.), decay class 2 
medium log (30-60 cm diam.), decay class 3 
large log (> 70 cm diarn.), decay class 1 
large log (> 70 cm diam.), decay class 2 
large log (> 70 cm diarn.), decay class 3 
conifer snag 
deciduous snag 
twigs 
organic soils 
rnineral soi1 
acidic rock 
tree mots (tip-up), 
s-P 
intermittent Stream 

Csb 
C st 
Cmb 
Cmt 
Clb 
Clt 
Dsb 
Dst 
Dmb 
Dmt 
Sdl 
Sd2 
Sd3 
Md 1 
Md2 
Md3 
Ldl 
Ld2 
Ld3 
Cs 
Ds 
Tw 
0% 
Ms 
Ra 
Tr 
s tp 



TABLE 5-2. Cornparisons (ANOVA) of density and abundance of tree, log, snag and 
rock microhabitats between and within biogeoclimatic zones stratified by age class 
(young = 90 years; old = 250' years; K H  = interior cedar-hemlock; CWH = coastal 
western hemlock). 

Level of Cornparison n Mean Std. en. n Mean Std, en. p 
BETWEEN SITES - 
young stands CWH 

Tree density (m' ha-') 50 812.94 47.58 66 703.64 30.70 0,047 
Log density (m' ha-') 50 268.01 21.87 66 157.22 14.40 < 0.00 1 
Snag density (m2 ha-') 50 104.40 1 1.25 66 124.43 17.94 0.3 82 
Rock percent cover 50 6.94 1 .O4 66 2.98 -3 8 < 0,001 
BETWEEN SITES - ICH 
old stands CWH 

Tree density (m' ha-') 52 446.23 22.55 87 367.99 10.73 -= 0.001 
Log density (m' ha-') 52 21 1.79 18.85 87 321.24 18.40 < 0.00 1 
Snag density (m2 ha-') 52 99.16 10.03 87 59.1 1 3 -63 < 0.001 
Rock percent cover 52 7.29 1.28 87 3.55 -3 2 < 0.001 
WTHIN SITES - ICH YOUNG OLD 
Tree density (m' ha-') 50 812.94 47.58 52 446.23 22.55 < 0.00 1 
Log density (m' ha-') 50 268.01 21.87 52 211.79 18.85 0.054 
Snag density (m2 ha-') 50 104.40 1 1-25 52 99-16 10.03 0.728 
Rock percent cover 50 6.94 1 .O4 52 7.29 1.28 0.833 
WITHIN SITES - 
c w  YOUNG OLD 

Tree density (m' ha-') 66 703.64 30.70 87 367.99 10.73 < 0.001 
Log density (ml ha-') 66 157.22 14.40 87 321.24 18.40 < 0.00 1 
Snag density (m' ha-') 66 124.43 17.94 87 59.1 1 3.63 < 0-00 1 
Rock percent cover 66 2.98 -3 8 87 3.55 -3 2 0.512 



TABLE 5-3. Species frequencies on selected microhabitats withiii old forests (250' yeass) in the ICCI. Microliabitat acronynis 
are defined in table 5- I . 

Species -- 
Plilldltrtti ptrlci~erri~~turrt 
Dicrarturtt latrricttrtt 
Saniottiu trtrci~~alu 
I'laglolltecitrttt Iaeltur~ 
Dicrunirrtt firscescett.~ 
1fjy)rturrt wvoln~rrtri 
Ibprtum circi~tale 
I'lili~lltrnt cal~or~ticirnt 
ArtthIys/egirr~tt serpetrs 
Mrtiirni spir~trlosut~t 
Dlcrantrm ntotttutttrttt 
Ilyloconh~rr~ splenclens 
Lopitozia vertlricosa 

cab cnib cnit clb ch clsb dinh dnii tiidl -------------..-- -- 

93 95 91 Y I  84 14 13 9 54 
82 95 88 84 80 2 9 7 50 
95 91 59 73 39 14 1 1  7 45 
68 88 9 84 7 13 13 2 34 
36 86 18 79 30 4 2 41 
36 73 27 77 39 7 4 2 39 
25 71 70 77 71 2 2 29 
50 63 43 73 38 18 
5 50 18 45 2 2 
13 57 5 50 2 7 4 1 6  
2 46 32 63 52 2 2 
14 34 7 29 7 
5 34 7 38 7 5 

d l  tw org IR Ir ----------- - 
7 96 9 7 29 
2 48 7 I I  
7 91 29 1 1  29 
4 73 89 29 45 
2 63 27 25 32 
4 52 4 27 14 

1 1  2 3 13 
6 3 5 9 9  

7 30 I I 
2 36 55 38 30 

4 2 7  
27 91 34 29 

2 16 2 14 16 





TABLE 5-4. Species frequencies on selected microhabitats within young (90 years) ICM stands. Microhabitat acronyms are 
defined in Table 5-1, 
Species csh ciiib cnii clb clt dsb diiib ditil i i idi nid3 nid5 Idl Idf Id5 CS ds trv or# ta  ir  11 

I_.------------------ --.-. --.-___--.-_-- -. 

I'iilidium pulclicrriinum 86 82 70 20 14 22 30 28 52 68 48 2 10 2 72 16 78 4 16 20 76 
Dicrununi lnuricuni 40 78 62 20 14 22 18 50 46 8 2 6 58 8 22 2 16 36 
I'lagiothcciuni Inciuni 68 74 8 18 24 24 38 64 54 10 2 58 12 60 74 38 24 58 
Ilicrnnum fusccscc~is 20 70 6 18 4 2 18 4 44 76 66 2 10 2 60 6 44 22 36 26 74 
Sanionin uncinatn 80 60 32 t6  6 26 28 18 48 66 38 2 8 2 60 16 70 36 20 24 54 
1 lypnuiii rcvolutuiii 38 54 28 t4 2 8 8 8 20 50 22 2 8 2 40 6 28 2 24 12 28 
Miiiuni spinulosum 12 54 2 12 4 16 18 50 60 8 2 30 4 14 46 42 24 46 
I lypnuni citcinnle 16 42 32 12 10 8 6 1 0 1 4 4 2 4  20 2 4 2 12 
I'lcuroziuni schrcbcri 26 38 2 4 2 18 2 24 70 86 8 32 6 32 82 40 22 50 
1.lylocotiiiuni splcndciis 8 30 4 2 6 52 68 6 2 6 2 t4 70 28 8 32 
Ihrbilophoziri lycopodioides G 24 4 G 8 28 28 4 4 6 56 36 6 8 
I'tilidium culiibrnicum 24 24 10 6 6 10 16 4 t 8 20 6 4 18 
Khyîidiadclplius triquclrus I O  22 2 2 2 14 56 60 8 2 6 4 12 02 10 20 18 
liliyîidiopsis robusta 2 22 2 2 4 2 32 30 2 8 2 10 44 30 4 8 
I'tiliuni crisla-cuslrciisis I O  22 6 8 2 16 74 74 10 8 20 80 20 10 26 
Lophozia vcniricosa 12 14 4 2 6 2 48 38 4 2 I O  I O  2 I O  2 40 
I)lngiotiicciuni dcnticulntuni 6 12 2 2 2 f i  2 6 4 1 2 2 4 6  
I3racliythcciun\ sulcbrosuni 4 10 4 4 4 12 10 4 4 6 0 1 0 8 4  
1:'urliyticliiuni pulchclluni 8 1 0 2 4  4 8 6 12 14 8 4 6 32 32 12 16 
13rachytliccium frigidiini 8 10 14 6 4 6  8 2 12 6 18 4 10 
Jnnicsonicllii auluninalis 8 10 2 2 4  34 28 2 I O  2 20 2 10 6 14 
1)icrmum scopnrium 4 8 4 4 4 40 10 6 6 2 32 2 16 \O 
Plagicininiuni niediuni 2 8 2 4 2 2 40 10 2 6 1 0 6 2 8 3  
Jungcrniannia lcioiilliii 4 6 2 4 22 12 4 2 8 
I'lagiocliilo porclioidcs 2 6 2 2 2 2  X 2 2 O 12 2 2 
I,opliocolca lictcrophyllri 4 4 2 2 16 12 2 2 6 6 12 
lllcphnrostoitin lricliopliylluni 6 4 2 4 50 24 4 2 6  8 12 14 4 24 
I'ctrapliis pcllucida 2 2 2 56 52 8 2 2 20 78 
Ceplinlozia luiiulifolin 2 2 2 36 20 2 4 6 2 2  12 
Pohlin nutais 2 2 6 6 2 4 X 8 28 18 
Ccruiodon purpiircus 2 12 4 38 10 
i>olytricliastruiii alpiniiin 2 4 2 18 22 2 
I~hytidiodclplius lorcus 2 2 2 4 12 12 2 2 14 12 2 2 
I~lrigioniiiiuiii iiisigiic 2 2 2 14 18 4 6 3 8 4 8 6  
Dicrnnuin polyseluni 2 G 8 2 16 12 2 8 
Ceplililoziclln divaricatn 18 10 
Ortlioirichuni obiusifolium 2 10 2 
I>olytricliuni junipcrinuni 8 2 I O  16 44 12 
1 lylocoiiiiiitii uiiibrniuni 2 4 6 36 4 
Polilia cruda 2 2 2 I O  
I'olytrichum coiilmune 2 4 4 12 10 6 
Airicliuin selwynii 2 46 4 
I ledwigia çitiain 24 



TABLE 5-5. Species frequencies on selected microhabitats within young (90 years) CWH stands. Microhabitat acronyms are 
defined in Table 5- 1. 

Isollteci~r~ti trt)osirroides 59 6 4 5  5 5 2 2 6 5 7 0  6 3 
Ilyytrtrnr clrci~~ule 53 55 58 5 5 59 56 6 6 1 2 4 
IJluglocliili porelloi(les 21 21 21 6 5 21 23 23 8 X 21 23 23 18 58 21 
I)iplop/tyllttrti albicatts 21 21 2 0  6 6 21 24 8 20 21 23 15 
Scapan la ho bnderi 17 18 21 6 21 24 23 8 8 18 20 20 1 1  23 
I'lllitlitrtti cul~orniciot~ 9 1 1 9 6 6  I l  I l  11 9 1 1  9 3 I I 
llerber~rrs udu~icirs 6 9 9 3 5  6 6 6 6 
I'lugloli~eclirni I<ielirrti 95 1 1  6 95 95 11 8 95 95 02 88 83 92 
Dlcplrnroslon~a lriclroplryllion 92 97 6 6 97 92 62 85 
Dicru!tir~~~Jrrscescerts 94 92 6 92 05 6 8 05 95 2 2 
I'laglotl~eciirtn tot~lirla~tot~ 05 92 95 8 8 92 62 88 95 
t'irrhyrtclriirrn ptrlcltell~rrtt 02 95 8 8 9 5 7 1 9 1 
I~luglollteciirm dttiricirlarrrttr 5 8  59 6 61 61 6 5 2 86 50 
Iiruc~rvll~eciirnt Jrigid~r~n 5 0 8 5 6  59 5 5  6 5 2 53 50 74 39 
Lepldoria r q a n s  9 9 O O I I  I I  I I  8 8 1 1  I l  I I  71 1 1  
Lopl~ocolea Ireleroplrylla 6 I I  I I  X I I I I I I 
( 'eplia1o:ia bic~rspida~a 5 I I  I I  8 9 I I I I 
h farsi~pello entt~rginu~u 3 9 8 6 8 9 8 
Ortlrotriclttr~rr lpllii 12 12 12 6 6 6 
Or~lto~ricltrrrn slrluiirn~ 12 II  12 6 5 5 
11oaralo1l~ecirr1t1Jtrlge~~e11.r 1 1 8 8 6  6 6 
Orl/~olric/trrrtr sp~ciosrrnt I I  I I  I I  6 6 6 
I;rrrllarriu tatriarisci 9 12 12 6 6 6 
Orl/totric/tirm obtrrs~lirrni 6 6 6 
Orl/rolricl~iar cottsiniile 2 3 2 6 5 5 
tllolu t~iegulouporu 2 3 2 5  5 5 
R/r)~lidiudelpl~rrs loreirs 92 1 1  95 Y5 8 8 95 05 05 92 83 95 
lfyloco~trirr~~t splmle~rs 94 9 6 9 7 02 8 92 79 92 
I'seudo~u.~ipli),lrrtr~ elegurrs 91 91 6 G 9 2 8 76 
Ilicrcrnirm tuirricirm 88 1 1  5 82 74 
Ua::artia deriitdafa 8 3 8 6 6  85 8 83 79 80 
Dicranella Irelerotrtallu 62 1 1  6 62 8 89 56 
Ahriron spi~~irlosrrnt 61 9 6 62 61 8 8 8 2 
Llicrartirtt~ scoparitrm 23 5 23 8 21 6 79 
l ~ l ~ ~ ~ i d i a c l e l ~ ~ l ~ ~ ~ s  triq rrc~rtr.~ 23 1 1  23 23 8 8 23 23 12 73 23 
Gcoca~x  grur~eolcr~s 21 Y 6 23 23 8 23 23 2 
Ileterocla~litrnr r~iucoi~~rli 18 20 5 9 
lidzza~iiu tricre~tatu 1 1  9 6 9 I I  X I I 8 1 1  I l 
Lt~rlyt~c/ri~rttr oregutrrrrtt 9 1 1 5 3  73 6 70 47 59 
Kindbcrglo praelorrga 9 9 6 5  I I 8 I I 8 5 9 
Alelurieckeru ttre~~desll 8 9 3 6  5 
Pluglo~rrtiiirt~~ \mr.slin,i 65 





TABLE 5-6. Species freqiiencies on selected microhabitats in young (90 years) CWI-1 stands. Microhabitat acronyms are defined in 
table 5- 1.  
S P ~ C ~ S  c3b cnib cnit clb cli dsb dnib dnit nidl nid3 nid5 Idl Id3 I d  c5 ds iw org ta ~r SI -- -- .--- _- - -----.-- ---- - -* - - - - _ _ - _ - _ . - _ - . _ . - - . - - - _ - - I I _ _ ~ - ~ -  

Isotltecittrti ttiyosirroidcs 98 98 98 99 93 99 88 88 88 
Sutriotrlrl irricbiatu 96 96 99 96 93 97 97 89 88 87 93 93 92 7 I 
Ilypttutti circhule 94 98 93 98 Y9 95 98 88 89 89 95 80 
Scuj~tt ia bolartderi 94 93 95 93 96 89 99 88 88 87 98 95 98 67 78 60 
lliplop~~ylltrtrr alhlcur~s 91 98 98 97 99 97 98 80 86 88 98 98 98 87 58 
I'tili~liir~ti cal!fontictrni 88 95 98 99 07 06 98 88 86 88 92 98 98 72 60 72 
Plagiochila porelloides 83 90 97 98 96 97 96 95 87 87 89 91 96 97 61 63 82 
flerheriirs uchctrs 50 45 64 64 65 5 7 83 65 59 53 
Dicru~~ir~nfttscescc.rrs 97 97 98 96 98 88 88 98 97 
Cepl ra l~z i~  hicirspidriru 9X 98 98 89 89 83 97 93 62 60 
BIq)harosio~tia rrlc/iu,vlryllirrn 96 98 87 88 91 98 73 63 
I'lagiolltecii~tn laelrr~n 97 94 98 98 98 89 90 98 98 97 93 62 88 
Lep idoziu repturis 98 98 98 Y7 97 96 98 83 89 88 98 08 98 62 86 
Lophuco~ea ~~elerophyllu 9s 98 89 88 89 88 93 59 84 
l~lagiorheciuri i r~ th i la~ut i  98 97 98 88 88 90 99 59 98 87 
1~irrli)~rchiirrn pitkl~ellrini 91 99 88 89 95 83 8 5 
Plugiotlrccftrtt~ detttictrla~rn~ 93 96 94 96 04 79 86 88 93 53 73 
f i i r l l~ i t i io k~nrurlscl 10 1 1  1 1  63 89 61 61 
tlott~r~loilieci~i~rtfit Igesceris 11 10 10 60 7 2 63 55 
A~arsrrpellu eniurgitio~a 69 70 58 87 89 86 69 70 5 1 
Bruclrylitecitrnr Jrigid~rrtt 88 95 67 59 68 68 62 60 59 66 63 69 60 46 
Ortl~otricltrrrti b,ellii 8 8 8 9  3 7 10 9 
Ortlrolriclrirtn ,~pcciosrnr 8 8 8 9 37 9 9 

s 
0 1  

C)rlltotricl~inrt slria~irnt 7 8 X 9 37 10 8 
Oriho~ricl~trrn obtirsiJoli~rtrt 7 9 8 
Orlholriclttrttt co~rsimile 5 6 6 8  3 6 8 8 
Illotu nwgulosporo 4 5 6 9  9 9 8 
IIyloco»~lrrm sp1ettdefr)ns 80 98 96 98 98 84 98 54 83 
Piilidiion pirlcl~erri»irrn 51 55 62 63 5 8 89 87 82 39 
Bu~zuttit trlcrettulu 98 97 97 98 87 88 86 88 97 98 97 61 83 
HI~)~ldiudel,vlri/s loreus 97 98 98 90 88 89 98 98 98 95 69 86 
Dicratrella I~eterotttolla 96 97 99 98 88 80 63 85 
I'seiidotu.ri~~li~~II~~tt~ elegatts 95 98 97 98 98 90 88 94 
Llicrutri~ttr tui/rlc~~tti 93 93 92 94 86 5 7 
hltrirrnr spi~titlostr~n 93 96 94 96 93 86 84 6 
&u:.zurria dettir(/utu 91 96 97 94 98 88 87 94 61 85 
Gcocaiy.r grawoleris 91 96 9X 98 96 88 83 80 95 97 62 
Kitidberglu praelotrga 89 93 94 96 94 86 88 96 95 53 57 77 
I ~ l y t i d / d e I t ~ r s  lrigtulrrrs 87 94 95 93 86 86 Y5 92 64 57 58 
Et~rl~wcltlrrtn orcga~~trttt 86 98 Y9 YG 96 88 88 98 78 62 81 
Dlcrmtrtn scopariiirt~ 66 67 63 86 88 67 46 58 
Metutteckeru ttrer~~iesil 51 62 64 54 42 
Ilererocladiuai rtrucounii 47 89 96 60 



4 C C - P  
\C S i W ?  

C * d  v, 
C O N  a 



(TABLE 5-6 continueci) 
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Ccphnlozin lunulifolin 13 8 28 5 
~c~haloz ic l ln  divariciiiu 
Iliplopliylliiiii oblusntuiii 
1.ophodn guttulntn 
Loptiozin loiigidciis 
Juiigcrniannin Iciatitliii 
Loptiozin vciilricosa 
C'cplinlotiella integcrrinie 
I)iplopliylluiii t i~uifoliun~ 
Douiiiin ovutn 
Cliiloscyplius polyiintlios 
Loplioziii cxcisn 
Lopliotio wctizclii 
'I'rilotnnria cxscctiforniis 
I3uxbuuniia pipcri 
'I'iiiiriiin niistrincn 
Ilhytidindclpliiis squurrosus 
Ilel lin iiccsianii 
1)olylricliuni juiiipcrinuit~ 
Alrichuni sctwynii 
Mniuni tiiarginatuni 
I)legion~niiim insignc 
1-lonialotlicciuni ncncuiii 
tlhizoiiiniuiii iiiagiiifoliuni 
Splingnuni giigc~isohiiii 
Sphagnum squarrosuni 
iWytriclinstruni olpinuni 
Ditricliuiii Iictcroniollurn 
I)ogoiintuni uniigcruin 
Ccralodon purpurcus 
I3ryuin pscudotriqiiclruiii 
Plagiopus ocdcriniia 
I,cptohryuin pyrifomic 
I)olytricliutii piliiicruiii 
I)olilia cruda 
Polilin nnnotina 
Oncopl~orus virctis 
I:uiinria Iiygraniclricu 
Scliislostcgu pciinnln 
Ilicrnnowcisio crispulu 
I3aflruniia potnii'ortiiis 
I)olytricliuni forniosuni 



Table 5-7. Microhabitats that foster high bryophyte diversity in old growth forest within 
the CWH or ICH biogeoclimatic zones. 

Biogeoclimatic 1 Microhabitats associated with high 

1 medium or larger logs of decay class D3-D5; stumps, rocks and 

Zone 
ICH 

1 organic soils. 

Bryophyte diversity in old growtia cedar-hemlock forest 
Medium (30-60 cm dbh) or larger (> 70cm dbh) c o d e r  tree bases; 

1 1 roots, stumps, rocks and organic soils. 
* High microhabitat diversity includes the maximum number of microhabitats fiom Table 5-1. 

I Medium conifer tree trunks or larger conifer tree bases and tninks; 
medium D3 logs or Iarger logs of decay class D3-D5; up-turned tree 



Figure 5-1. Map of the coastai western hedock (CWH) and intenor cedar-hemlock 
@CH) biogeoclimatic zones in British Columbia. 

a ICH 

CWH 



Figure 5-2. Species richness and indicator values for each tree microhabitat (see Table 5-1). 

Total Species Richness (S) 

l m  m 
Mean Species Richness (s) lndicator Value 

1 2 3 4 5 6 7 8 9 1 0  1 2 3 4 5 6 7 8 9 1 0  

Tree Microhabitat 



Figure 5-3. Species richness and indicator values for each log microhabitat (see table 5-1). 

I Total Species Richness (S) Mean Species Richness (s) Indicator Value 

1 1  12 13 14 15 16 17 18 19 11 12 13 14 15 16 17 18 19 11 12 13 14 15 16 17 18 19 

Log Microhabitat 



Figure 5-4. Species richness and indicator values for each microhabitat (see Table 5-1). 

Total Species Richness (S) 
100 1 

Mean S~ecies Richness (SI lndicator Value 

20 21 22 23 24 25 26 27 28 20 21 22 23 24 25 26 27 28 

Microhabitat 



Figure 5-5. NMS ordinations of microhabitats (tree, log and ground) in the ICH and CWH 
(A= ICH young, B=KH old, C=CWH young, D= CWH mainland old, E=CWH Island old). 

TREE LOG GROUND 
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CONCLUSION 

Sampling MethodoIogy for Biodiversity Studies 

The species we leave behind or exclude due to sampling technique are crucial to 

understandimg ecological patterns. The type of sampling used for estimating diversiw 

depends on the organism being studied, how closely that organism is associated with its 

substrate, and on the nature of the ecologicd question (Krebs 1978). Bryophytes occur in 

close association with their substrate or habitat Witt & Belland 1997) and their use as 

indicators of habitat and environmental change or sensitivity is well documented (Gignac 

1986; Soderstrom 1988a; Gignac & Vitt 1994; Bell & Newmaster 1998; Newmaster & 

Bell 2000). In terrestrial ecosystems, moss habitat limitations are ofien associated with 

substrate availability and type (Horton 1988; Shaw 198 1 ; Soderstrorn 1988b). In 

peatlands, bryophyte species richness is closeiy related to microhabitat diversity (Vin et 

al. 1995; Vitt & Belland 1995). Vitt and Belland (1 997) proposed that rare species 

occurrence and diversity depends on the quality and quantity of mesohabitats found on 

the landscape. To understand patterning of bryophyie diversity we must incorporate 

sampling techniques that focus on habitats as the sampling units. The patterning of 

bryophyte diversity is intimately linked with habitat heterogeneity. 

Floristic habitat sampling (FHS) is a hierarchical sampling rnethod that focuses on 

the entire mesohabitat as a sampling unit, including the variety of microhabitats within 

each type of mesohabitat, resulting in a complete floristic survey (Newmaster thesis 

chapter 1). When compared directly to plot sampling (PS), FHS records over twice as 

many species, including both the rare and common species; these are equally important in 

biodiversity studies. While a community analysis that needs species abundance within 

fixed areas only considers the cornmon species, diversity studies should always include 

rare species, since these always comprise a large proportion of the flora being considered. 

Numerous recent bryophyte studies have underscored this point (Vitt 199 1, Vitt & 

Belland 1997, Newmaster et al, 1998, 1999). In multivariate analyses, the rare species 

contribute significantiy to the patternhg of diversity in cedar hernlock forests. Young and 

old cedar hedock forests stands were not distinguished in PS ordinations because the 

sampling method records only the species that are present and common to both young 

and old stands. In the FHS ordinations however. young and old cedar hemlock stands are 



separated in ordination space because the presence of rare species in old stands is 

recorded by FHS, Rare species are crucial in distinguishing differences between young 

and old stands, and to understanding the patternhg of diversity within them. 

Community differences in the ICH and CWH 

Climate is well known as a primary factor influencing vegetation at large scales 

on the landscape (Hebda & Whitlockl997), and more specifically bryophyte floristics 

(Schofield 1988). Our classification of cedar hemlock stands using bryophyte 

communïties at the regional scale (Le., cedar-hemlock forests in BC) supports the 

biogeoclirnatic classification (i-e., ICH & CWW) for cedar hemlock forest in BC 

(Meidinger & Pojar 1991). The CWH is wetter and warmer and has a heavy influence 

fiom oceanic weather patterns (Redrnond and Taylor 1997). The ICH is controlled by 

continental weather patterns. The distinct differences in the cornmunity composition of 

the CWH and ICH can be partially explained by modern day climatic patterns. 

The floristic elements of the interior and coastai cedar hemlock forests should be 

both compared and contrasted. Schofield (2988) has indicated that the ICH and CWH are 

sùnilar both climatically and floristically. He realized that the bryoflora characteristic of 

the CWK is also partially present in the ICH. Furthemore, SchofieId (1988) commented 

that some of the abundant bryophytes in the CWH are only found in Iocal comrnunities in 

the ICH; other bryophytes are equally ftequent in both the CWH and ICH. Our 

comparisons of the ICH and CWH quantitatively support Schofield's qualitative 

observations. Several disjunct (Western Europe or Asia) species are comrnon in the 

C WH, but only locally abundant in the ICH (for example Herbertus aduncus, PoreZZa 

cordaeana, Antiîrichia curtipendula, CZaopodium bolanderi, and others). However, Our 

contrasts of the CWH and ICH indicate ùiat there are many differences between the 

bryoflora of the CWH and ICH even though species richness (gamma diversity) is very 

similar (i.e., ICH 300 spp, CWH 3 17 spp.). Some species are found exclusively in either 

the CWH (1 14 species - 36%) or ECH (98 species - 33%). Species with Circumboreal 

distributions are more common in the ICH. Conversely, species with temperate 

distributions are more cornrnon in the CWH. There are more western North Amerka 

endemics in the CWH than the ICH, some of whîch are exclusive to the C M .  



Environmental conditions and habitat limitations limit development of the bryoflora. 

Some microhabitats will be more common to either the ICH or CWH- Clirnate greatly 

infiuences the microhabitats that are available in either biogeoclimatic zone. For 

example, the communities that are unique to big leaf maple (Acer rnacrophyllum) are 

unlikely to develop in the ZCH since the species is restricted to the Coast. However, some 

habitats are not related to climate but also limit community development within a 

biogeoclimatic zone. Specific species of bryophytes are ofien associated on either acidic 

or basic rock, which provides microhabitat for unique communities (Belland & Brassard; 

Belland & Schofield 1984). Rock microhabitats are chiefly acidic in the CWH and 

predorninantly basic in the ICH (Montgomery 1997). Although rock microhabitats are 

present in forest, they were not a primary environrnental variable explaining the 

comrnunity composition of bryophytes in the cedar hemlock landscape. 

Patterning of Diversity 

Old growth cedar-hemlock stands in British Columbia are known to support rich 

carpets of bryophytes, but surprisingly, there has been no published quantitative data that 

compares bryophyte diversity in young and old growth cedar hemlock forests. Our 

research clearly shows that old-growth cedar-hemlock forests have many more species 

and higher abundance of bryophytes than young forests regardiess of biogeoclimatic 

zone. Gamma and alpha diversity were approximately &vice as high in old-growth cedar- 

hemlock forests ùian in young forests. Studies fkom other forest ecosystems have shown 

that bryophyte diversity is higher in old growth stands when compared to younger stands 

(Pike et al. 1975; Sodersnorn 1988a; Lesica et al. i 991 ; Crites & Dale 1995; Rarnbo & 

Muir 1998a, 1998b). These studies have concluded that old stands promote habitat and 

environmental conditions that are favorable for rich bryophyte comrnunities. These old 

forests have many unique habitats for epiphytic (Pike et al. 1975; Sillet 1995) and 

epixyIic bryophytes. Old forests have a greater diversity of logs in a variety of decay 

classes and sizes than young forests (Andersson & Hyttebom 199 1). Logs provide habitat 

for many species of bryophytes, and different decay classes and sizes of logs support 

di fferent communities of bryophytes (Gustafsson, & Hallingback 1 98 8; S oderstrom 



1988a). Furthermore, disturbing these habitats can reduce bryophyte diversity 

dramaticaily (Muotka & Virtanen 1995). 

High diversity old growth forest may be due to moist local microclimate 

(Hailingback 1977) and stand continuity (Edwards 1986). Long forest continuity is 

associated with high bryophyte diversity (Rarnbo & Muir 1998a), and the support of rare 

endemic species (Edwards 1986; Aune 1994). Although forest fire is still a dominant 

force, in the wettest cedar-hemlock forest both fire history maps and the relative 

proportion of these forests older than 250 years suggest much Iower fie fiequencies 

(Arsenault 1995). The largest or most continuous stands are in watersheds that receive 

heavy annual rainfall. The unique forest structure in these moist, continuous old growth 

stands contributes to the diversity of microhabitats for bryophyte colonization. in the 

CWH, the oldest and most continuous stands (Sidney Fjord, Clayoquot and Walbran 

Watersheds on the west Coast of Vancouver Island) had the highest bryophyte diversity. 

These old-growth cedar-hemlock forests have a rich flora of oceanic and suboceanic 

western North American endemics. 15% of the bryoflora of British Columbia is confïned 

to western North America (Schofield 1988). These are also the wettest cedar-hemlock 

forests studied. Preservation of large, old-growth forests will ensure a refbgiurn for many 

Western North Arnerican endemics (Schofield 1 988). in the ICH, the wetter 

biogeoclimatic variants (i-e., ICHwkl and ICHvkl) had higher species nchness. These 

areas also appear to be more continuous because bey  do not have the extensive 

disturbance history of the drier ICHmw3. Sirnilar patterning of lichen diversity has been 

recorded in the ICH (Arsenault and Goward 1997; Goward and Arsenault 2000). 

The lack of large-scale disturbance in a forest promotes favorable environmental 

conditions (Le., high humidity, low wind and moderate light) for the development of rich 

communities of bryophytes (Edwards 1986; Soderstrom 1988 b; Gustafssson et al. 1992, 

Newmaster thesis chapter 3). Both logging and forest fire disturbance create 

environmental conditions that are unfavorable for many bryophytes and lichens (Laaka 

1980; Goward 1992, 1993; Johnston and Elliot 1996). Changes to microclimate include 

humidity, moisture, temperature and light quality (Bell & Newmaster 1998; Newmaster 

et al. 1999). Following clear-cutting or wild fire, microhabitats are disturbed or removed 

(i.e., logs, stumps and rocks), temperature extremes and the drying effect of the wind 



increase, drainage lowers the surface water, and streams, cliffs, moist logs and shimps 

dry out (Hiïmet-Ahti 1983, Crites & Dale 1995; Newmaster et al. 1999, Laaka 1992). The 

number of suitable habitats decreases, ultimately decreasing cryptogarn diversity 

(Gustafsson and Hallingback 1988, Soderstrom 1988a, Laaka 1992, McCune 1993, 

Newmaster et al. 1999, Rambo and Muir 1998a). These disturbances have severe 

consequences to the ecosystem because of the loss of many mesophytic forest species and 

the invasion of colonizers and fbgitives (Bell and Newrnaster 1998; Newmaster and Bell 

2000)- 

Patterning of diversity is closely linked with patterning of communities. Old cedar 

hernlock forests not only have more species, but many of these are rare species that are 

unique to old forests. There are more than twice as many hepatics, endemics, and rare 

species in old growth forests than young forests. Species turnover is high when moving 

on a gradient of young to old stands or low to high mesohabitat heterogeneity. It appears 

that given enough tirne, bryophytes can occupy a large variety of habitats within a forest. 

Soderstrom (1988b) demonstrated that hepatics are ncher and more abundant in older 

forests and unique communities of hepatics and mosses in old-growth forests have been 

docurnented in many other research projects (Pike et al. 1978; Lesica et al. 199 1 ; Sillet 

1995; Laaka 1992; Rambo and Muir 1998a). Rare epixylic hepatics are often associated 

with the abundance of logs in different decay classes md sizes in old-growth forest 

(Gustafsson & Hallinback 1 988; Soderstr6m 1 988a; Rambo & Muir 1 998% 1998b). 

These epixylic specialists have habitat requirements that are unique to older forest 

(Sermander 1936; Schuster 1949; Andersson & Hyterborn 199 1 ). Succession of epixyilic 

communities is continuous because the logs offer only temporary habitat for these rare 

hepatics; old growth forest ecosystems provide a continuous supply of logs that maintains 

rich communities of hepatics. These community differences help to interpret the 

differences in species richness between young and old growih cedar hernlock forests. 

Mesoha bitats 

Mesohabitat quality and quantity are the basic ingredients for bryophyte diversity 

at the local landscape scale. This advocates Vitt and Belland's (1 997) mode1 of rare 

species richness. Mesohabitat quantity can be defrned as the types and distributions of ail 



mesohabitats and the number of particular mesohabitats on a Iandscape (Vitt & Belland 

1997). In our study of bryophyte diversity in cedar-hemiock forest, species richness was 

largely dependent on the number of particular types of mesohabitats (Newmaster thesis 

chapter 3). The dominant forest mesohabitat largely determines high abundance and 

fiequency of bryophytes. Restricted mesohabitats are most influentid in the maintenance 

of species diversity. Specifically, the presence of streams and cIiffs offers the highest 

bryophyte diversity. As predicted in Vitt and Belland's mode1 (1997), mesohabitat 

quality is expressed as the number and type of microhabitats. In cedar hemlock forest, 

high diversity in microhabitats within a particular mesohabitat was strongly correlated 

with high species richness- 

This research shows that each type of mesohabitat has a list of variables that 

promote high species richness. 1 found that hi& mesohabitat quality is the most 

important variable correlated with high bryophyte diversity within mesohabitats. High 

variation in microhabitats is strongly correlated with hi& bryophyte species nchness in 

cedar hemlock forests. The presence of specific types of microhabitats and the influence 

of some environmental variables are d s o  correlated with hi& species t-ichness within 

specific types of mesohabitats. Some of these correlations are specific and others are 

more general and apply to both the ICH and C m .  

Microhabitats 

Forest microhabitat heterogeneity is the primary root of bryophyte diversity. 

Patterning of bryophyte diversity in cedar hemlock forests has been explained in the 

context of a hierarchy of stands (Newmaster thesis chapter 1 & 3), mesohabitats 

(Newmaster thesis chaptsr 4) and microhabitats (Newmaster thesis chapter 5). 

Microhabitat heterogeneity is most influentid at local landscape scales (i-e., within 

specific types of mesohabitats). Variability in bryophyte species richness and community 

composition in cedar hemlock forests is clearly evident among different types of 

microhabitats. 

Bryophytes c m  be grouped into communities of epiphylous, epixylous, 

saxicolous and temcolous species. In both the ICH or CWH forests epiphytic 

cornrnunities can be further defmed using tree type (Le., deciduous or coniferous), size 



and vertical position on the tree. Species nchness is highest on large trees (> 30 cm 

diam.), and stand age is an important integrated factor. These fÏndUigs are supported in 

other epiphytic studies (Rambo & Muir 1998b; Pike et al. 1975; Slack 1976; Sillett 

1995). Epixylic communities in the ICH or CWH can be M e r  defined using log size 

and decay class. The large logs (> 70 cm diam.) of decay class three offered the highest 

diversity of bryophytes with a large proportion of hepatics. These patterns are supported 

by research in other types of forests in Europe and the United States (Soderstrorn 1988a, 

1988b, 1993; Rarnbo & Muir 1998b; Anderson & Hyterborn 1991). Forest floor 

bryophyte community composition is reIated to habitat heterogeneity. The most species 

rich communities were found on rocks. upturned tree roots and sturnps in both the E H  

and CWH. Rambo and Muir (1998a) also found that availability of rock microhabitats 

increased bryophyte diversity in old growth temperate rain forest in Oregon. Habitat 

availability is a crucial precursor to high bryophyte diversity (Slack 1977). 

Patterning of bryophyte diversity on rnicrohabitats cm be defrned on a temporal 

scale. In a forest ecosystem, bryophyte diversity increases with time. Higher diversity of 

bryophytes (particularly hepatics) in old p w t h  forests, is consistent with other published 

accounts that have fomd richer diversity of mosses and hepatics associated with old 

growth than with young stands in Europe and North America (Gustafsson & Hallinback 

1988; Lesica 199 1; Rambo & Muir 1998a; Soderstrorn 1988a). Old growth cedar 

hemlock stands foster an environment that is rich with bryophytes. Moist rnicroclimate 

and high habitat heterogeneity are associated with rich bryofloras and old growth cedar 

hemlock forests. Patternhg of bryophyte diversity is positively correlated with 

mesohabitat quantity and quality (Newrnaster thesis chapter 3). The quality of a 

mesohabitat is defined by habitat heterogeneity. As microhabitat heterogeneity increases 

so does bryophyte diversity in both the ICH and CWH. However, stand age is also 

intïmately linked to with habitat heterogeneity. As stands become older there is a greater 

abundance and diversity of rnicrohabitats. Other factors that influence bryophyte 

diversity and are related to stand age hclude: bryophyte dispersa1 capability and, ability 

to establish in various rnicroclimate conditions (Soderstr6r-n 1988% l988b, 1987). 



Management 

Floristic habitat sampling provides results that cm be directly uriplemented into 

ecosystem management plans for the presenration of "rare species" and identification of 

"hot spots" for conservation. It would be of tremendous value if it aids in the 

interpretation of the patteming of plant diversity using environrnental variables in 

association with spatial landscape units such as mesohabitats and microhabitats. These 

landscape units can be identified in aenal or satellite photography and linked to GIS 

applications. A classification of mesohabitats and microhabitats as it relates to bryophyte 

diversity codd be developed and incorporated into large-scale, multi-factored (Le., soils, 

stand structure, clirnate, wildlife values, land use etc.) environmental plans. Furthemore, 

FHS also records both rare and common species and their frequency in microhabitats and 

mesohabitats. This provides a rnethod by which to identifi the crucial habitats that need 

to be protected to preserve rare species. FHS can also be used to identifi larger areas 

such watersheds that have significantiy high diversity. 

In British Columbia, forest managers are dealing with many old growth and 

biodiversity issues, including the challenge of managing biodiversity in forests with few 

large natural catastrophic disturbances (Jull 1997). Disturbances through human activities 

such as logging operations could pose serious threats to the long term functioning of 

forest ecosystems (Bradfield et al. 1997). Understanding the patterning of bryophyte 

cornmunities in the ICH and CWH biogeoclimatic zones will help minimize the impact 

fiom forestry operation on biodiversity (Arsenault and Goward 1999). Old growth 

indicator species for each biogeoclimatic zone could be used to identi* areas with unique 

bryophyte cornmunities or bryophyte hot spots. Preservation of such areas is of 

paramount importance in the successfidly management for biodiversity in cedar-hemlock 

forests and will be usefiil information in the development of strategies for the 

conservation of bryophytes in managed forest landscapes of British Columbia. 

A better understanding of the patteming of bryophyte diversity in forested 

ecosystems will provide an opportunity to rninimize the impact of forest operations on 

biodiversity (Arsenault and Goward 1997). Management plans must consider stand age 

and mesohabitat heterogeneity as the two most infiuential environrnental variables that 



influence the patterning of bryophyte diversity in cedar hemlock forest. The increase in 

species nchness with older more meso-habitat rich stands corresponds with an increase in 

rare species, endemics and hepatics (Newrnaster thesis chapter 2). The loss of bryophyte 

species after logging and forest f i e  disturbance is weII docurnented and of growing 

concern (Peet et al. 1983; Laaka 1992; Ehrlich 1990; Andersson 1987; Bell & Newmaster 

1998, Newmaster et al. 1999). Recommendations fiom many analyses of bryophyte 

diversity suggest the protection of old-growth forests and subsequently the rare species 

within (Gustafsson & Hallinbiick 1988; Soderstrom 1988b; Rambo & Muir 1998a; 

Schofield 1988). Norway and other coumies have stated the importance of preserving 

old-forest for the conservation of rare bryophytes (Prest~ 1996; Weibull and Soderstrom 

1995). Efforts in preservation of rare species and areas of high bryophyte diversity have 

been established throughout Europe (Soderstrom et al. 1992, Soderstam 1995) and North 

America Witt & Slack 1984; Slack 1988, 1992; Newrnaster et al. 1997; Belland 1998; 

Rambo and Muir 1998a;). We suggest that bryophyte diversity, in the cedar-hemlock 

forests of British Columbia will be sustained through ecosystem management of old 

growth legacies (Le., landscapes, stands and components of these) and the preservation of 

areas of high diversity. Our research has identified the importance of old-gowth forests 

and habitat heterogeneity, We suggest that the oldest, most continuous forests should be 

considered as protected areas. Furtherrnore, mesohabitat quality and quantity should have 

special consideration in old-growth management plans. 

Unique comrnunities of bryophytes exist for different types of mesohabitats. This 

association between bryophytes and habitat has long been known, and used for indicators 

of environmental change (Gignac & Vitt 1994) and quality (Gignac 1986; Newmaster et 

al. 1999). In peatlands, bryophytes have been used to indicate chemical and wetness 

gradients (Vitt et al. 1975; Slack 1980; Vitt & Chee 1990) and patterning of species 

richness (Viti et al. 1995; Belland & Vitt 1995). It would be expected that these patterns 

would be tnie for upland habitats, where moss habitat limitations have been closely tied 

to substrate (Schuster 1949; Rose 1992; Soderstr6m 1993; Vitt & Belland 1997; Horton 

1988; Shaw 198 1). Bryophyte comrnunities are distinct and unique to each type of 

mesohabitat within the C WH and ICH forests- Old-growth indicators (Newmaster thesis 

chapter 2) and rare species are cornrnonly found in each type of mesohabitat. The 



consequence of this to preserving bryophyte diversity is significant. A specific type of 

mesohabitat should not have a greater value than any other mesohabitat; al1 types of 

mesohabitats need to be preserved to maintain hi& bryophyte diversity. A variety of 

mesohabitat types with the highest possible diversity of microhabitats should be 

preserved in every watershed management plan if sustainability of diversity is a priority. 

Each mesohabitat preserved should contain the highest bryophyte richness in order to 

sustain biodiversity on the landscape. Environmentai variables that are associated with 

high bryophyte richness within and between specific mesohabitats have been listed for 

the ICH and CWH biogeoclimatic zones. The value of old growùi forest to biodiversity 

must not be underestirnated. Clear-cutting techniques reduces stand age, the number of 

habitats, and ultimately cryptogarn diversity in analysis of forest stands (Anderson & 

Hytterborn 199 1 ; Gustafsson & Hallingback 1988; Lesica et al. 199 1 ; Soderstrom 1988; 

Rarnbo and Muir 1998b; Newmaster et al. 1999). We should consider mesohabitats in old 

growth forests as reservoirs of bryophyte diversity. 

Conservation of bryophyte diversity should Uriclude the sustainability of hi& 

mesohabitat quality in al1 ecosystem management plans. Mesohabitat quality is largely 

determined by microhabitat heterogeneity. Microhabitats are essential for sustaining 

bryophyte diversity and these microhabitats should be enriched through forest 

management practices. Microhabitats that are associated with high bryophyte diversity 

have been listed for each mesohabitat and biogeoclimatic zone. An example would be 

preserving a variety of logs of different sizes and decay classes during harvesting. It is 

not known if bryophyte cornmunities c m  survive after logging disturbance. Perhaps areas 

of forest with high microhabitat heterogeneity should preserved as refugia for a pool of 

species that could repopulate an adjacent clear-cut. 

A truly ecosystern-based management regime requires an understanding of the 

patierning of diversity at several different landscape scales. If our objective is to conserve 

biologicai diversity, adopting a conservation strategy that places more emphasis on 

landscapes, ecosystems and habitats is the only feasible approach (Franklin 1993). 

Traditiond approaches to conservation have focused on species as bio-indicators and 

have many problems (Lertzman et al. 1997). We have investigated the patteming of 

bryophyte diversity at the regional, stand and local scales. At the regional scale, 



patterning of diversity is associated with climatic variables and at the stand scale it is 

associated with tirne since the 1 s t  major disturbance (stand age). These large-scde 

variables (climate & disturbance history) should be used to straiifL management plans 

(Le., micro-management). At the local scale, mesohabitat quantity and quaIity largely 

determine bryophyte diversity. The local scde provides habitat variables that are 

associated with high bryophyte diversity and these shauld be used as bio-indicators. Bio- 

indicators based on habitats are easy to Iearn and incorporate in management plans. By 

preserving habitats we make no assumptions about the needs of an indicator species. The 

natural ecosystem witb. its diversity of habitats senres as our best mode1 for preserving 

diversity for the future. 
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APPENDIX 1: Surnrnary of the twenty-four environmental variables used in the 
numerical analyses. 

Site Series (SS): Eco-site classification following the site classification guide 

lines for each biogeoclimatic zone (B.C. Forest Service). The numerical site series 

value combines soil moisture regime, soil nutrient regime and comrnon vascular 

plant species as bioindicators (Lloyd et al. 1990). 

Latitude Wt): Northerly bearing using a hand held "Silva Ranger7' compass. 

Longitude (Ln): Westerly bearing using a hand held "Silva Ranger'' compass. 

Elevation (Elv): Height above sea level (m) taken fiorn 150000 topographical 

maps. 

SIope Position (SP): Description of slope position into upper. mid, lower slope 

or toe (bottom) position. 

Aspect (As): local azimuth of slope direction using a hand held "Silva Ranger" 

compass. 

Moisture Regime (MR): Ecological moisme regime based on soi1 and site 

conditions. The scale includes, O = very xeric, 1 = xeric, 2 = subxeric, 3 = 

submesic, 4 = mesic, 5 = subhygric, 6 = hygric, 7 = subhygric and 8 = hydric. 

Rock cover (RC): Visual estimate of % cover rocks within the stand. 

Rock acidity (RA): Acidic/basic fitrnus text of powdered rock saniples for each 

rock microhabitat sampled. 



10. Soil Texture (ST): Field texture classification of mineral soi1 layer. 

Classification includes sand, silt, clay, Ioam and proportional mixtures of these 

basic soi1 textures. 

Tree measurements 

11-13. Canopy height (CH) m; Tree density (DT) m2/ha; Tree basal area (BT) mean 

dbh ( c d ) :  A circular plot 20 m in diameter was established to record tree 

measurements. Al1 standing trees greater than I cm dbh were recorded using the 

methodology given in Arsenault & Bradfield (1995). 

Snag measurements 

14-15. Snag density (DS) m2/ha; Snag basal area (BS) c m 2  A circular plot 20 m in 

diameter was established to record snag measurements. Al1 snags (standing dead 

trees) greater than 10 cm dbh were recorded using the methodology given in 

Arsenault & Bradfield (1 995). 

Log measurements 

16-17. Log density (DL) m2ha; Log basal area (BL) cm2: Coarse woody debris was 

assessed dong two 50 m transects. Measurements included size and structural 

class and evaluated of decay class (Arsenault & Bradfield 1995). 

Vegetation cover 

18-19. Shrub (SC); Herb (HC) %: A circular plot 20 m in diarneter was established to 

record shrub abd herb vegetaion layers for percent cover. 

20. Stand age (Ils): A circular plot 20 m in diarneter was established to record tree 

age. Al1 standing trees greater than 1 cm dbh were recorded using the 

methodology given in Arsenault & Bradfield (1995). For trees between lcm and 

i O cm dbh, two cross-sections were collected for representative trees of each tree 

species; these were stored for later dendrochronological analysis. Trees greater 

than 10 cm dbh were cored at 30 cm height. Stand age was M e r  classified into 



age class 4 (80 yrs) disturbed by £ire or logging or age class 9 old-growth stands 

of X O +  years in age. 

Climate variables 

21-23. Mean annual temperahire (AT) OC; Total yearly rainfall (Rn) mm; Degree 

d ays (OD) : Taken fkom Environment Canada' s weather stations and satellite 

temperatures for each water shed (Anonymous-Canadian Clirnate Normals 1998). 

24. Six month mean temperature (6T) O C :  Microclimate data were collected only 

within in a subset of 20 stands (divided evedy between young and old forest) 

within each watershed. Within each stand, five replicate sites were randomly 

chosen to rneasure temperature and total precipitation. Ail microclimate stations 

were set out in May and measured/removed in October of 1997. Growing season 

temperature within stands (subset) was calculated using sucrose inversion 

(provides an integrated temperature data for the length of the growing season) 

technique as described in (Damrnan 1 975). 
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APPENDIX II, ICH environmental data 

EnvironmentaUPlots 1 2' 3. 4 5 6 -. 8 9 10 lJ 

Elevation 750 685 650 700 700 700 705 720 825 855 835 

Latitude -- 51 57 51 57' 51 57 5209' 52 09 52 09: 51 564 51 56 51 56 51 58' 51 58 

Longitude 12008 12008 12008 12012 12012 12012 12004 12004 12004 12008 12008 

l BCG zone 1 1 1 1 1 1 1 1 1 1 1 
----- 

Site Senes 1 1 6 7 1 7 7 t 5 7 1 

Slope 1 1 O 1 20 15 12 10 3 2 4 12 
-- ----- 

258 10 297 230 240 252 252 40 224 57 130 

Slope Position 1 1 3 2 3 3 2 1 3 3 3 
- - 

Moisture Regime 3 3 3 4 3 4 2 3 2 5 3 
Rock cover - 1 1 5 2 5 10 5 5 5 5 1 -- 
Soil Texture 6 7 2 2 2 6 2 2 2 7 2 

Canopy height 27 40 27 42 33 25 42 28 23. 38 30 - 
Shrub cover 27 30 60 15 14 12 8 40 20 45 20 

Herb cover 3 10 50 35 12 30 40 20 10 10 20 

Tree density 1273 477 446 541 1019 573 732 605 1464 637 

Snag density 127 95 64 223 191 64 32 64 95 32 lzzl 
Log density 477 159 64 223 286 382 223 255 223 350 414 

Tree basal area 39 90. 82 180 61 31 130 93 36 99 

Snag basal area 19 6 1 50 5 1 O 20 15 1 

Log basal area 28 3 8 44 41 33 18 17 19 34 22 

Disturbance (stand age) 4 4 9 9 4 4 9 4 4 
- 

9 

Watershed 1 1 1 4 4 4 4 1 1 1 

Mesohabitat number 1 1 2 2 2 2 2 3 2 2 

Rock acidity -- 1 1 2 2 2 2 2 2 2 2 1 ------------- 
Temperature 4 4 4 4 4 4 4 4 4 4 4 

Rainfall 1200 1200 1200, 1200, 1200 1200 1200+ 1200 1 2 0 0  1200 1200 ----- -- 
6 month temperature 8 8 8 8 8 8 8 8 8 8 8 -- 
~ e g r e e  days 170 170 1701 170 170 170 170 170 170 170 170 



APPENDIX Il. ICH environmental data 

I~levation 740 845 845 735 730 840 670' 680 900 630 650 

Latitude - 51 58 51 58 51 581 51 58 51 57 51 58 52 04 5204 51 58 51 58 51 58 
a-- - 

Longitude 12008 12008. 12008 12008 12007 12008. 12011 1 2 0 1 ~ ~ 2 0 0 8  12005 12004 

BCG zone 1 1 1 1 1 1 1 1 1 1 1 

Slope 3 16 1 5 10 5 10 8 1 

220 282 O 350 360 69 210 191 80 80 347 
lslope position 1 3.  3 1 2 3 2 i 3 

I Rock cover 5 1 1 15 15 5 10 15 5 20 

Soil Texture 1 7 2 2 7 5 7 2 6 2 201 7 
Canopy height 40 31 30 36 33 38 34 33 21 

17 60 85 18 7 10 35 1 O 5 30 22 

Herb cover 50 55 20, 20 15 - 5 30 55 5 70 

Tree density 700 668 891 IO50 605 477 605 764 1019 637 10z:l 
Snas density 95 32 32 32 191 95 127 95 191 255 127 

Log density 223. 350 191 318 605 446 223 255 477 605 

Tree basal area 171 491 52 63 50 108 59 88 81 72 60 

I Snag basal area 2 2 2 4 15 2 8 3 3 14 

Loa basal area 7 12 7 33, 33 29 14 17 88 115 23 

I Disturbance (stand age) 9. 4 4 4 9 9 9 4 4 

Watershed 1 1 1 1 1 1 1 1 1 1 

Mesohabitat number 2 1 1 3 2 2 3 3 2 3 41 
Rock aciditv 2 1 1 2 2 2 2 2 2 2 2 

Temperature 4 4 4 4 4 4 4 4 4 

Rainfali 1200 1200 1200 1200 1200 1200 1200 1200 1200 

6 month temperature 8 8 8 8 8 8 8 8 8 8 8 
Degree days 170 170 170 270 170 170 170 170 170 170 170 



APPENDIX II. ICH environmental data 
r 

EnvironmentallPlots 23' 24 253 26 27 28 29 30 31 32 33 

Elevation 695 700 685 625 700 635 690 740 690 780 830 
Latitude 51 53, 51 59, 51 59 51 51 51 53 51 59 52 22 52 22 52 22 5222 52 24 -- 
Longitude 11907 11904'11904 11907 11907 11905 11959 1.1959 11958 11958 11958 
BCG zone 2 3, 3 2 2 3 2 2 3 2 2 - 
Site Series 5 4 4 1 1 1 6 1 1 4 3 

Slope 1 5 451 4 19 50 1 38 1 12 76 

Aspect O 240 260 44 1ô4 315 O 302 O 318 202 

I Slope Position 3 5 4 2 2 3 2 3 2 

Moisture Regime 4 2 2 3 3 2 4 3 4 2 
- -- 

Rock cover -- 5 1 1 20 1 15 5 5 5 5 la 

Soil Texture 5 7 7 2 7 2 8 7 5 6 7 
Canopy height 38 38 35 37 42 37 35 37 27 25 26 

-- 

Shmb cover 23 25 14 15 10 15 30 10 20 10 17 

Herb cover 80 60 11  40 38 25 40 25 30 18 4 

Tree density 414 286 700 509 477 573 573 350 255 700 1019 

Snag density 
P 

64 32 127 95 64 223 95 32 95 64 127 

Log density 255 286 318 191 95 159 286 95 159 95 64 
Tree basal area 353 81 62 133 228 204 99 145 30 51 25 

Snag basal area 26 16 20 42 7 46 4 O 5 2 3 

Log basal area -- 60 85 32' 34 60 46 27 14 16 12 1 

Disturbance (stand age) 9 9 9 9 9 9 9 9 9 4 4 

Watershed 2 2 2 2 2 2 4 4 4 4 4 

Mesohabitat nurnber 2 1 1 4 1 2 2 2 1 2 1 - 
Rock acidity 2 1 1 2 1 3 2 2 2 - - 2 - - - 2 - - 
Temperature 4 4 4 4 4 4 4 4 4 4 4 

Rainfall 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 -- 1100 
6 month temperature 7 7 7 7 7 7 7 7 7 7 7 - 
Degree days 150 150 150' 150 150 150 150 150 150 150 150 



APPENDIX II. ICH environmental data 

EnvironmentallPlots 34' 35: 36, 38 39, 40 41 42' 43 44 45 

Elevation 980 690 780 835 820 680 670 1170 980 930 10201 
Latitude 52 24 5222' 52 22 52 22 52 22 52 22 5204 51 51 51 51 51 51 51 51 

Longitude 11958 11958 11958: 11959, 11959 11959 12011 11909 11909 11909 11909 

BCG zone 2 2 2 1 1 1 1 2 2 2 2 I - - 

Site Series 2 5 1 1 8 6 8 1 1 1 1 
Slope 45 25 22 1 1 1 7 57 27 45 50 

Aspect 202 274 294 350 O O 210 70 84 80 63 
Slope Position 5 4 4. 3 2 1 2 4 4 4 4 

Moisture Regime 1 4 3 3 5 4 4 3 3 3 3 
Rock cover 10 5 60 1 5 5 1 1 1 2 5 -- 
Soi1 Texture 7 8 2 2 4 2 2 2 2 5 2 
Canopy height 22' 31 33 25 31 41 35 40 40 32 30 

Shnib cover 25 9 3 3 30 12 35 12 10 2 

Herb caver 9 40 20 5 52 20 53 20 2 15 81 
Tree density 764 541 382 1019 668 891 859 382 414 828 828 

I Snag density 95 32 350t 127 382 382 64 32 64 
Loq densitv 64 159 223 255 414 127 223 64 286 350 796 

I Tree basal area 23 109 54 37 3 1 70 246 100 140 55 

Snag basal area 28 1 15 5 15 19 25 8 7 46 13 

1 ~ o g  basal area 

I Disturbance (stand age) 4 9 9 4 4 4 9 9 9 4 -41 
Watershed 4 4 4; 1 1 1 1 2 2 2 2 

Mesohabitat number 1 3 2 1 3 1 1 2 1 2 
Rock acidity 2 2 2 1 2 2 1 1 1 2 

Temperature 4 4 4 4 4 4 4 4 4 4 

Rainfall 1100 1100 1100 1200 1200. 1200 1200 1100 1100 ----- 1100 

6 month tem~erature 1 - 7 7 7 8 8 8 8 7 7 7 llooI 7 

IDegree days 150 150 150 170: 170 170 170 150 150 150 1501 



APPENDIX I I .  ICH environmental data 

Elevation 700 730, 730 820  800 760 685 685 730 730 

Latitude 51 51 51 51 51 51 51 51 51 49. 51 49 51 49 51 49. 51 51 51 56 51 7501 55 
Longitude 11909 11909~11909 11909 11907 11907 11907 11907 11905 11905 11904 

BCG zone 1 '  1 1 2 2 2 2 2 2 3 3 I 
Slope 4 1 1 45 12 18 12 15 20 

IASDeCt 55 O O 256 270 8 170 15 350 270 280 

I Rock cover 1 1 1 30 10 5 1 1 O 5 8 

Soi1 Texture 1 1 2 7 5 6 5 2 7 7 

Shmb cover 60 15 50 8 9 38 15 7 7 66 

Herb cover 65 30 42 10 15 25 45 25 25 56 421 75 

Tree density 891 796 477 1528 764 1623 541 637 637 223 

Snaa densitv 64 64 95. 159 64 32 32 32 64 64 64 

l Tree basal area 41 53 581 37 99 38 187 125 225 109 

Snaq basal area 44 16 20 13 7 2 12 6 6 52 34 

I Log basal area 7 25 9 35 89 98 45 27 
Disturbance (stand aae) 4 4 9 4 9 4 9 4 9 9 

Watershed 1- 1 1 1 2 2 2 2 2 ---- 2 21 

I Mesohabitat number 1 2 2 1 2 2 2 2 2 

Rock aciditv 1 1 1 .  2' 2 2 1 2 2 3 

Temperature 4 4 4 4 4 4 4 4 4 -41 4 
Rainfall 1200 1200 1200 1100 1100 1100 1100 1100 1100 1100 1100 

6 rnonth temperature 8 8 8 7 7 7 7 7 7 - 
Dearee davs 170 170 170 150 150 150 150 150 150 150 150 



APPENDIX II. ICH environmental data 

Latitude 51 55 51 55'  51 54' 51 54 51 54, 52 12 5212 52 12 5210 5210 5210 

119 04 119 04 119 03 119 03 119 03. 120 13 120 13 120 13 120 13 120 13 120 13 1 
BCG zone 3 3 3 3 3 1 2 2 2 1 1 

Site Series 1 1 1 1 4 5 1 8 5 .  1 1 

Slope 49 55 65 38 55 1 1 30 40 30 30 

Aspect 272 280 340 360 2 O O 62 72 90 80 
Slooe PosÏtion 3 4 4 3' 3 2 2 3 3 3 4 

Moisture Regime 3 2 3 4 3 4 4 5 3 

Rock cover 10 15. 10 5 1 5 1 1 2 20 

Canopy height 17 18 36 36 36 38 35 18 40 36 

Shnib cover 20 13 1 1  37 4 1 5 25 13 4 40 171 

Herb cover 9 34 55 58 14 40 40 25 60 28 20 

Tree density 605 955 255 191 446 446 637 255 509 477 32 

Snag density 95 127 191 95 127 95 95 64 64 95 159 

Log density 159 318 127 191 127 95 318 477 32 127 605 

Tree basal area 13 39 186 178 75 189 86 58 175 159 1 

Snag basal area 83 26 31 85 85 6 19 1 15 

Loo basal area 9 1 56' 69 39 72 33 15 90, 16 80 64 

[~isturbance (stand age) 4 4 9 9 9 9 4 4 9 9 41 
Watershed 2 2 2 2 2 4 4 4 4 - 
Mesohabitat number 2 1 2 1 1 2 1 2 1 1 

I Rock acidity 2 2 2' 2 2' 2 1 2 1 

Temoerature 4 4 .  4 4 4 4 4 4 4 4 

Rainfall I- 1100 1100. 1100 1100 1100 1200 1100 1100 1100 1200 12001 

16 month temperature 7 7 7 7 7 8 7 7 7 a BI 
- - -- -- - 1 Degree days 150 150. 150 150 150 170 150 150 150 170 1701 



APPENDIX I l .  ICH environmental data 

Elevation 1100 11501 700 690; 700 750 670, 850 810 650, 640 

Latitude 5210 5210' 5210 5210 52091 5209 5129, 51 29 5128 51 26, 5126 

Longitude 12013 12013 12013 12013 12012 12012 11854 11854. 11854 11853 11853 

BCG zone 1 2 1 7 1 1 2 2 2 2 2 

Site Series 1 1 6 7 8 8 1 4 1 1 4 
Slope 33 12 13, 10' 4 1 40 60 47 35 15 

Aspect 60 50 90. 110 253 O 100 100 111 124 148 

Slope Position 4 3 2 2 2 2 4 4 4 3 4 

Moisture Regime 3 3 4 3 4 4 2 1 3 3 2 
Rock cover 1 1 1 1 1 1 15 15 10 15 30 - 
Soil Texture 2 5 5 7 2 2 2 7 2 5 2 

Canopy height 35 18 28 32 36 38 38 24 36 46 36 
- 

Shmb cover 7 5 25 15 22 3 23 1 14 10 21 

Herb cover 40 6 55 15 75 25 30 2 25 16 
Tree density 414 1560 796 414 382 1019 223 796 477 318 
Snag density 127 32 32 127 64 127 32 95 32 95 32 
Log density 255 414 286 382 318 255 191 32 127 255 255 
Tree basal area 158. 41 307 35 74 73, 63 25 54 150 120 

Snag basal area 2 13 41 7 1 O 5 17 14 8 7 1 

Log basal area 29 47 19 54 59 IO 46 1 24 51 21 -- 
Disturbance (stand age) 9 4 4 4 9. 4 9 4 9 9 4 
iwatershed 4 4 4 4 4 4 3 3 3 3 3 
'Mesohabitat number 1 1 2 1 1 1 3 3 3 3 3 

Rock acidity 1 1 1 1 1 1 2 2 2 2 2 
-- -- 

Temperature 4 4 4 4 4 4 4 4 4 4 4 

Rainfall 1200 1100 1200 1200 1200 1200 Il00 -- 1100 1100 1100 1100 

6 month temperature 8 7 8 8 8 8 7 7 7 7 7 
Degree days 170 150 1701 170 170 170 150 150 150 150 150 



APPENDIX II. ICH environmental data 

EnvironmentallPlots 8 1 82 83 84 85 -86 87 88 89 90 91 

Elevation 660 730 760 730 1100 1100 1180 800 800 790 gO5l 
Latitude 51 25 51 25 51 25 51 26 51 35 51 35 51 35 51 35 51 35 51 35 51 35 

Longitude 11853 11853 11853 11852 11855 1'1855 11855 11855 11855 11855 
BCG zone 2 2 2- 2 3 3 3 2 3 3 

Site Series 4 4 4 1 4 3 3 4 1 1 
Slope 65 55. 55 39 20 45 32 30 20 10 10 

Aspect 290 310 280, 286 290 270 2?2 226 270 250 235 

Slope Position 3 4 4 4 2 5 4 2 2 2 2 

[~oisture Regime 2 1 1 3 3 1 1 3 4 21 

l Rock cover 5 20 I O  10 5 8 10 1 5 

Soi1 Texture 2 7 2 2 8 6 7 7 4 2 
l~anopy height 34 30 35 37 38 27 36 32 36 38 341 

Shmb cover 15 3 3 5 14 10 12 15 52 20 
Herb mver 25 3 8 30 33 15 20 25 75 65 40 - - - - 

h e e  density 318 732 700 446 414 509 414 191 191 350 3181 

Snag density 64 95 95 318 64 32 32 127 127 32 159 
p- 

Log density 318 191 255 159 223 382 95 127 95 32 1271 
Tree basal area 121 51 120 216 83 83 50 145 53 252 118 

Watershed 3 3 3 3 3 3 3 3 3 3 3 

Mesohabitat number 2 3 2 2 2 3 3 2 2 2 1 

Rock acidity 2 2 3 3 2 3 2 1 2 2 2 

Temperature 4 4 4 4 4 4 4 4 4 4 4 

Rainfall 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 - -. -- 
6 rnonth temperature 7 7 7 7 7 7 7 7 7 7 7 

1 ~egree  days 150 150 150 150 150 150 150 150 150 150 1501 



APPENDIX II. ICH environmental data 

I EnvironmentallPlots 92' 93 95 96. 97 98 99 100 101 

Elevation 970 1125 800 850 1190 1235 1190 1160 1220 1220 021 

I Latitude 51 3 6  51 36 51 12 51 12' 51 12 51 12 51 12 51 12 51 12 51 12 

Lonaitude 11855 11855 11751 11751 11751 11751 11751 11751 11751 11751 1 

Asped 245 240 O 180, 308 329 128 

Slooe Position 3 5 2 6 3 4 3 2 4 

l~oisture Regime 2 2 4 3 3 3 3 4 31 
(~octc cover 15 1 2 1 1 20 5 1 1 51 

1 soi1 Texture 2 2 6 5 2 2 4 4 1 1 1 
Canopy height 39 35 201 19 33 30 28. 30 

Shmb cover 15 31 75 45 35 20 20 65 26 5 -1 4 

Herb cover 55 60 30 60 55 55 70 65 15 20 

Tree density 118 286 573 573 796 637 541 382 732 6371 

Snaa densitv 32 64 32 95 32 32 159 127 191 127 

I Log density 32 64 446 64 64 95 127 159 255 

Tree basal area 301 133 42 16 82 84 89 40 84 2861 40 

Isnag basal area 1 1 8 89 3 1 18 21 44 81 

Log basal area 9 8 21 5 4 10 11 18 

Disturbance (stand aae) 9 9 4 4 4 4 9 4 4 

I Watershed 3 3 1 1 1 1 1 1 

Mesohabitat number 3 1 2 1 1 1 2 1 1 

Rock acidity t 2 1 2 1 1 2 2 1 

Temoerature 4 4 4 4 4 4 4 4 4 

I 6 rnonth ternperature 7 7 8 8 8 8 8 8 

Dearee davs 150 150 170 170 170 170 170 170 170 170 



APPENDIX III. ICH species data. 

Anashell 1 
Anasrninu 

And miva ------ _ -- ---pu- ---- ---- 
Andnupe 1 2  
Aneuping 2  1 1 
Anticurt 3  
Apompube 1 
Atriselw 3 1 3  3 3 . 1 2 2 2 2 2 2 2 2 2 :  
Atritene 
Atriundu 
Aulaandr 1 1 2 
Aulapalu 1 1 1 1 1  1 1 
Barbatte 1 2 1 --------- 
Barbbah 3  1 1 1 2  
Barbwnv 1 1 1  
Barbfi oe 1 ---- 1 -- - 
Barbhatc 1 1 
Barbkunz 1 
Barblyco 2 3 1  1 1 2 1  2 1 1 1 1 2  1 
Barbquad - -- --------- - -- -  --- 
Barbtriq 2 
Bartithv 

Bandenu 1 1 1 1 1 
Bantric 
. -- 

1 - - - -- --- - - - - - - - -- --- -- - - - - - - -- -- - --- - - - - 

Blaspusi 1 - 1 
p- 

Bleotric 1 2 1 2 1 2 2 1  1 1  1 1 2 2 1  
Blinacut 

Bracnels - - -  - -  
Bracoedi --- -- --- ---- 
Bracplum 2  1 1 1 1  
Bracreff 1 - -- - 
Bracrivu 1 1 2  1 

--- - 
B racsa le 1 2  l 2  - 2  1 2 1 2  1 
Bracstar 1 1 - 1 
Bracvelu 2  1 2  1 2 2 2 2 2 3  
B racvelv 2 2 -- -.- - . -- - -  - - -- -- - - - -- - ----- - - - -- - - -- -- - - 
Bryorecu 1 1 1  
Bryuarge 1 
Bryucass 1 - 1 1  2  1 - 

Brvuca~i 1 2 1 * ,  

Bryupseu 1 1 1 - -- - -- -- - - - - - - - -- - - - . - - - - - - - - . . - -- - 
Buxbaphy 
Buxbpipe 1 1 1 1 1  2 - ---- 
Buxbviri - 
Callstra 2  2  1 1 
Ualyfiss 1 1 1 1  _____- - ______ __-___--____ __ -_ _ _  -- -- 
Calyinte 1 1 1 1 1  1 1  
Calymuel 1 1 1 1  2 1 1 1 1  1 1 
Valysuec 1 
sivtric I l l  1 1  1 1 1 1 2 

--- 
s e ~  hdiva 2, 1 1 1  2  . - 

Sephlunu 11 2' 1 1 2 2 1  1 1 1 . 2 1  1 1  
Yephplen 



APPENDIX I I I .  ICH species data- 

1  1  2. 
Anashell 1 1  1  1 
Anasrninu 2 1  1  

Aneuping 1  1  
Anticurt 2 2 2 1 1 2 2 2 2 1  7-41 
A D O ~ D U ~ ~  1 1  . . 
AtrÏsehnr 2  2 2 . 2 2 2 2 2 2 3 2  2 
AtrÏtene 1  1  
Atnundu 
Aulaandr 2  1  
Aulapalu 1 1  1  1 2  
Barbatte 2 1  1  2 1 2  3 2 -- 
Barbbarb 1  2 1 1  2  1 2  2 - 2 3 -  
Barbconv 1  1  1  

Barbhatc 1 2  2 
Barbkunz 1  
Barblvco 1 1 1 1 1 2 1 1 1 2 2 2 1 2 2 1 2 2  
Barbquad 1  ____ ____- - - -___- -_____- -  i _ - - _ - A - - - - . - - -  

Barbtrïq 
1 2  

Bartoomi 1  2  1 1  2 2 

Calysuec 1  1 1  1  
Calytric 1  1 1 1 2 1 1 1 2 3  1 1  
Campchry 1  1 1  ----- --- 1  2  1  ------------ --- 1  -- 
Camppoly 3 1 1  
Campstel - 1 1  2  1  
Cephbicu 1  1  1 2 1 1  - - 1 2  
Cephdiva 1 1 1 1 1 1 1 1 2 2  2  1  2  
Cephlunu 1 1  1  1  2'  - 1  1, 1 1 2 3 ,  2  2  
CeDh~Ien 1  1  1  



APPENDIX I l l .  ICH species data. 

SpeciesPlot 37' 38, 40 41 42 43: 44, 4 5  461 47 48 49. 50, 51 52 53 54 55 
Arnblserp 1 2  2 2 2  1 1 2 2 2  1 2  
Amphlapp 1  

Anasminu 
Andmiva 
Andrrupe 
Aneuping 1 1  
Anticurt 1 2  2  1  2 1 
Apornpube 
Atriseiw 2  2  2 2 2  1  2 2 
Atritene 

Aulaandr 1 2  2  2  2  
Aulapalu 1  1  1  1  1 1 
Barbatte 1 1  2 1- Barbbarb 1  2 2 1  I - - 

Barbconv 
Barbfloe 1  1  1 

Bartpomi 2 -- 1  
Bazzdenu 1  1 1 1  1  1  2 1 1  1  

t~leptric 1 2 1 2 1 2 1 1 2 1 2 2 2 1 2  
1 Blinacut 1  1  

Braceryt 
B r  
- -  - - - - A  

1 2  
Bracnels 

I Bracoedi - 
Brawlum 

Bracvelu 1  1  2 2 2  2 
Bracvelv -- - -- .- -- -- .- - -- -- .- - - - - 
Bryo recu 

I Bryuarge 
Brvucaes 1  

- - - - - -- -- -- - - - ---- -- - - - -- -. - -- -- - - - --- - -- . - - - - 
8uxbaphy 
Buxbpipe 1  1 1 1 2  1 1 1 1 1 1 1 1 1 2  
Buxbviri 2 2  
Callstra 

[~ebhlunu 1 2 2 1 1 2 2 1 2  1 2 2 1 2  
Ceoholen 



APPENDIX III. ICH species data. 

Amphlapp 
Anashell 1  1 1  
Anasminu 

Andmpe 
Aneuping 
Anticurt 1  3 1 2  
Apompube 
Attisehu 2 2 2 1  1 1  2 2 1 2 1 2 2 2 :  
Atritene 
Atriundu . . -. . - . . - - 
Aulaandr 1  -- 
Aula~alu 2 1 2  
~arb i t te  2 1  2- 2  - 
Barbbarb 1  2  - 
Barbconv 
Barbflae 3 1 1  1 -- - - -  -- ---- - 
Barbhatc 2  2  2  
Barbkunz 
Barblvm 1 1 2 1 2 1 1 1 2 2 1  2 1 1 1 1 4  

Bleptric 1 2 2 3 1 1 2 2 2 1 2 2 2 1 2  1 ;  
Blinacut 1  

- - --- - - --p.- ---- - - - 

Bracalbi 2  - 

Braceryt 1  
Bracfna 1 2 2 3 1 2  2 2 1 2  2  2  2 - 2 - - - i  
Bracnels 
Bracoedi 

-- -- - - - - -- . -- -. - - -- - -- -- 
Bracrivu 1  2 

l Bracstar 1  

Bryuarge 1  
Brvucaes 

- .- -- - - - - p- - 
Calyinte 1 2  3  1  
Calymuel 1 2 1 1  1 1  1  2 
Calysuec 1  1  
Calvtric 1  2  1  2  2  2  1 2  

Campstel 
Cephbicu 1 1  2  1  -- 
Cep hdiva 1 1 2 2  2' 1  2 1 1  1  
Ce~hlunu 2 1 2 1 2 2 2 2 2 2 ' 2 2 2 2 1 2 2 2 1  



APPENDIX I I I .  ICH species data. 

Species/Plot 75i 76, 77 78 I 79, 80 81 82 83, 84 85, 86, 87 881 89 90, 91 92 
2 1 -  

- 
1  2- 

--- 
Amblserp 1 1  1 2 2 2 2 2  
~ P ~ I ~ P P  1  1  1 
Anashell 1  1  1  1  
Anasminu 

Aneuping 1  1  
Anticurt 2  2 2 2  2 1 2 2 2 1 2 2 2 2  
Apompube 2  1 2  1  2 1 2  1  1  

Atritene 
Atriundu 1  
Aulaandr 1  1  1 1  
Aula~alu 1  2 1  1 
Barbatte 2 1 2  

2- 
-- 

Barbbarb 
Barbconv 1  1  
Barbfloe 1  2 1 2  1  1  1 1 1 1 1  
Barbhatc 2 1  2  1 

-a-- 

B-denu 2 2 2 1 1  1  1 1  1  
Bazztnc 2  1  1  1  1 2 1  1 1  

1  
-..--.---------- -- - -- 

Blaspusi 1  
Bleptric 1 1 2 2  1 1 1 2 1 2 1 1 2 1 1 2 1  
Blinacut 1 1  1  
-L--p--- -- .+--- -+-  --- -- - - - - -- --- --.-- - - - -  - --  1  - - .- - . - 
Bracalbi 1  

B r a = f y t _ _ _ .  -- __ - - - - - - -- - _ - . - . -2 . - . --2 
B?acfn& 2  2  1  1 1  

I 
----- - 

Bracsale 2 1 1  1 3 2 2 2  
Bracstar 1  1  

I3uxbpipé 1  1  1 1 1  1 1  
Buxbvin 1  1  1 1 1 1 1  

~a&tric 1 1 1  1  3 2  1  2  2 
Campchry -- 1  1 . 1 1 1 1 1  1 1  ----- -- --------*- ----- 
Camppoly 
Campstel 1 1  1  2 
Ce~hbicu 1  1 1  
~eghdiva 1  1 '  2 1 1 1  2 1 1  1 1 1 2 1  
Cephlunu 2 ' 2 2 2 2  2  1 . 1  1  1  2 1 2 3 2  
Canhnlan 1 1 1 1 



APPENDIX I I I .  C H  species data. 

Anasminu 1 
Andmiva -- 1 --- 
Andmoe 1 

. . 
Atriseiw 1 2  2. 2 1 
Atritene 
Atriundu 

Aulapalu- 1 
Barbatte 
Barbbarh 2 

- 
Barbfloe 2 1 
Barbhatc 2- 1 

Calymuel 
Calysuec 1 ----- 
Calytric 2 1 2  
Campchry 2 1 

-- .--- - -- - - -- - --- ---. - ---- 
Cam ppoly 
Carnostel 
cephbicu --- -- 
Cep hdiva 2 2 
Cephlunu - 1 2 
Cephplen 



APPENDIX Ill. ICH species data. 

SpeciesfPlot 1 2 3 41 5 6 7 8 9' 10 11 121 13 14, 15, 16 17 18 -- -- 
Cerapurp 2 1 1 1 2  1 1 1 1 1  1 
Chanseti 1 
Chilpoly 2 1 1  1 1 1 1 1 1 2  
Claobola 

Conotetr 
Craffili 
-- 

3 1 2 1  2 1 1 1 1 3  1 2 3 -- 
Cynostru 2 
Dichfalc 1 1 1 1  
I~ichpell 2 2 1 1 2  1 

- - 
Dicrfusc 3 2 1 2 2 3 2 1 1 2 1 2 1 2 1 2 1  -- 
Dicrgrev 1 
Dicrhete 1 1 3 1  1 1 1 1 '  
Dicrmont 2 1 1 1 1 1 1 1  1 1 1 1 1  
O l ü Ü a  

--a -- -- 
.- 

Dicrpalu 1 1 2 1  2 .  
Dicrpoly 2 2 1 1 1  1 1 2 2 2  1 '  
Dicrschr - - -- - - - -- - - . - -- - - - -- - - - - -. - - --2 - - -.- - - -- - - - - - - A . - 
~icrscop 2 2 I I  1 1 1 1  1 -- 
Dicrsoad 
Dicrtaur 3 3 1 2 1 3 2 1 1 1 1 1 1 2 1 3 2 '  --- 
Dicwcris 1 -- 2 
Didyvine - - , --  ----- - - - -  - - - -  - - - --- - 
Diplalbi 1 1  1 1 1  1 2 -  - 1 - 

~Globtu 1 1 2 
Dipltaxi 1 1 1 1 1  1 - . -- --- ----- - ---- - - - - - - - - -- - - - - - - - - - - 
Distcapi 1 
Ditrhete 
- -- - - - --- -- --- --- ---- - ----- ---- -- A --,-- 

Douiovat 
Drepadun 1 1 1 1 1  
Dreo brev ---- - ----- -- 
~n&ci l i  1 
Encaproc 1 - - - -- - - - - - - - - - - -- -- - -. - - - - 1 -- -- --- - - - - - - - - - -- -- - - - - -- - -- - - 
Encarhap 
Eurhprae 1 1  2 1 1 1 1  
Eurhpulc 2 1 1 2 1 3 2 1 2 2  2 2 2 2 2  .- --- 
Eurhnpa 
F i s s a d i a  -- -- _ _  - - - .- --- - - - - - - - - - - - - - - - - - - - - - - - - -A - - - -- - - - -  - - - -  - 1 
Fissosrnu 
Fontanti 1 - 
Fontneom 
Fnilbola ------ 
Fm Rama _ - _- - _ _ - - - - - -- - - - -- - - - - -- -- - -- - - - - - - - - - - 
~unahygr 1 1  1 2----- --- 
Geocgrav 2 1 1 1  1 1 1 1 3  
Grimam 1 2  
Gnmdonn 
Gnmelat --.----------- -- -- - -- - - -  - - -- 
Grimtorq 1 1 
Srimtric - - . . . - - . . - 
Symnaeru I 
Svmninfl 1 1 
Symnobtu 
-----A---- 

1 - - ---- -- --. --- - 
Syrounde 
Hebeadun 
Hedwcili 2 2 r~ - ----- --- 1 2  
Hetedimo 2 3 1 1 1 
Hetemaco 2 



APPENDIX III, ICH species data. 

SpecieslPlot 19 20 21 22: 23, 241 25 26)  27 28'  29 30. 31 32 33, 34 35 36 ---- .- 
Cerapurp 2 2 1 1 1 1 1 2 2  1 1 2  
Chanseti 2 1 1 
Chilpoly 1. 2 1 1 2 2  1 
Claobola 1 1  1 2 1 1  2 2 1 

2 1 1  Clirndend 2 1 1 1 2  
Conoconi 1 1 2  1 1 3 2  1 1 2  
Conotetr 1 
Craffili 1 1 1 1 3  1 1 2 2  1 1 1 
Cynostru 1 
Dichfalc 1 2 
Dichpell 1 1  2 1 1 2 1  1 / 

I D icrcirr l -- --- 
Dicrtiag 
Dicrfusc 1 2 1 2 1 1 3 2 2 1 1 2 2 3 1 2 2 2  

~repbrev - 1 1 A -- - ---- 
Encacili 1 1 
Encaproc 2 1 1 
---------------A----- 

en car ha^ 1 1 ;  

Fontanti 1 
- 

Fontneom - - 
Fmlbola 2 
Fniltama - - - ~ ----.- - . - - - .  - -  - 
Funahvar 2 1 

a - - 
Geocgrav 2 2 1 1 1  1 1 2 2  1 
Gn'maffi 1 2  1 

------ -- - -- ----- - - 
GTim tora 1 1 1 
Grimtric 1 
Gymnaeru - 1 
Gymninfl 1 1 1  
Gyrnnobtu - --- -- ----- -- 
Gvrounde I l  1 
Hebeadun 
Hedwcili 1 2 1 1 2  1 
Hetedimo 1 1 1 .  1 2 1 1 1  1 1 1  
Ketemaco 1 I 1 1 1 1 2 1  1 1 1  
Heteoroc 1 1  1 1 1  2 1 1 1  



APPENDIX III. ICH species data. 

SpecieslPlot 3 7  38 40, 41 42. 431 44 45 46' 47 481 49 50 51 52: 53 54 55 -- 
Cerapurp 1 2  1 1 2  1 2 2  1 
C hanseti 
Chilpoly 2 2 2  1 1 1 2  
Claobola 2  2  2  1 2  1 2  
Climdend 2 1 1  -------- ---- -- 1 1  2 1 - -- 
Conowni 1 1 2 1  2  1 2 1 1 1 1 2  
Conotetr 
Cratfili 1 2 1 1 1  1 1  .- 1 1 1 
Cynostru 
Dichfalc - 1 
Dichpell 2 1 1 
Dicrcerv 
Dicrcirr - 
Dicrfiag 1 2  1 
Dicrfusc 2 1 1 2 1 2 1 1 2 1 1 2 2 < 3 2 1 2  
D icrgrev 1 1 
Dicrhete 2  2 2 
Dicrmont 1 

-- 
1 1 2 1 1  -- - -- -- 1 1 2 1 2 1 1 i  --- 

DicmalI 

Dicrspad 
Dicrtaur 1 1 2 1 1 2 1 1 1 1 1 2 2 1 1 1 1 1  ----- -- 

Dicwcris 
Didyvine t)ip-lalbi - - - - -  - - -- - . - -- - - - - - 

1 2  2 2 2 1 1  1 - --2--- - -  - 1 2  - - 
Diplobtu 1 1 
Di~ltaxi 1 1 1 1 1 1  

Eurhprae 1 2  2  2  1 1 1 - 7  
Eurhpulc 1 1 1 1 1 1 1 2 1 1 2 1 2 1 1 1 2  
Eurhripa 2  2 

Fontanti 
Fontneom 1 -- --- - 
Frulbola 
Fmltarna __ -- _ __ - - __ - - __ -- - - -  -_-- - - - 
Funahygr 
Geocgrav 2 1 1 1  1 1 1  
Grirnaffi 
Grirndonn - 
Grimelat - . . . . . - . - - 

_--PI _ ..-.. . .L___-___. _ _  ____-___---A - __--___- - - -  - - 

Grimtorq 1 

Gyrounde 
Hebeadun 2 
Hedwcili 1 1 1  1 1 - -  - 

Hetedimo 2  1 2 2 
Hetemaco 1 1  1 1 1 2  
Heteproc 1 1  1 1 2  



APPENDIX III. ICH species data. 

~ h a n s e i  1 
Chilpoly 1 1 2 2 2  2 2  2 
Claobola 2 1 2 2  2  2  2 -- 
Clirndend 1 1 2 2 --. 2  1 

p- --- 
Conoconi 1 2 2 2  2 2  2 1  2 
Conotetr 
Craffili 1 1  2  2 2  1 2  
Cynostw 
Dichfalc 
Dich~ell 2  
D icrce rv 
Dicrcirr - - -  - 
Dicrfiag 1 
DicrfÙsc 1 1 2 3 3 2 ' 2 2 2 2 2 1 1 2 2 2 2  
Dicmrev 
~icrhete 2 2  2 2  2  2  2 2 2  
Dicrmont 1 1 1 2 1  1 2  1 1  1 2 - 1 - 
Dicmall 
Dicrpalu 
Dicrpoly 2  1 2  1 2  1 2  
Dicrschr - - - -2 ---- .- ----- - 
Dicrscop 2 2 1 2 2 1 1 1 2 2 2  2 1 -1- 
Dicrçpad 
Dicrtaur 1 1 1 2 1 1 2 2 2 2 1 1 1 2 2 1  2 1  

- 
~repbrev 

---- - --- ------- 
Encacili 
Encaproc - -- - -- --- -- -- - - - 
Encarhap 
m e  1 2 2 2  2  2  

Fontanti 
Fontneom 1 
Frulbola 1 
Frultarna 1 1 

~ - --. -- -- - - - - - - - -  ~ - - - - - -  - ~ -  
Funahvar 4 - - 
Geocgrav 1 1 2  1 1 2 1  2 1 2  2 1 
Grima% 1 - - - 
Gnmdonn 
Grimelat 

Gymnaeru 
Gymninfl 

- 

Hebeadun 
P 

Hedwcili 4 1 -- --.- ---- 
Heteciimo 1 1 1- 1 
Hetemaco 1 1 1  1 



APPENDIX I I I .  ICH species data. 

1 1  
Dichpell 1  1  1  2 '  
Dicrcerv 1  1 
Dicrcirr 1  1 1 1  1 1 '  
Dicrtlag 1  
Dicrfusc - 1 1 2 1 1 2 1 1 2 2 2 2 1 1 2 2 2 '  
Dicrg rev 1  1  1  
Dicrhete 2 2  2 2  3 2  2 1 ;  
Dicrmont 1  2 2 1 1 1 1  --- 1 1 1 1 1 1 1 1 '  ---- 
Dicrpall 2  1  2  
Dicrpalu 1  1 1  1  
Dicrpoly 1  1 1 1  
Dicrschr ------ p.- :i--2 - -- - -- -- -- - 

1  1 
2 2 2 2 2 1 1  2  2  2 1  

2---2--2- 
1 

1 1 2 2 1 1 1 1 1 2 1 1 1 1 1 1 1 1  
Dicwcris 1 

-- ---- - ---------- -------------A-. --- - 
Douiovat 1  1  1 1  1  1  
Drepadun 1  1 1  1 1  1 1 2  1  

-- -- ------p. .- 

~n&cil i  
Encaproc 

. - -- - --- - -- - -- - - - -- --- 1 - --- --- 
Encarhap 

- 
1  

Eurhprae 1 1 2 2 1 1 2 1 2 1 1 1 1 1 1 2 2 1  
Eurtipulc 1 1 1 2 2 2 1 2 2 1 2 1 1 1 2 1 2 1  
Eurhripa 
Fissadia 1  1 

I 
----PL - ~ ---- - ----- - -- 
Fissosmu 
Fontanti 

I Fontneorn 1  
Fmlbola 1  1  

Grirndonn 1  

Grirnelat -- - *_.- - - -- - ---- - - - -- 
Grirntora 1 
Grimtric 1  
Gvmnaem 

1  -- -- - ---- 1 --- 1 
1 1  

1  1  1  1  
Hedwcili 1  1  1  2 1 1 1 2  
--------- -- 1 2 2  
Hetedirno 1  1 1  1  2  
Heternaco 1  2  1  1  1  1  1 1  1  
Heteproc 1 2 2 2  1 2  1  1  



APPENDIX III. ICH species data. 

SpeciesfPlot 931 941 951 961 971 981 591 100. 1011 11 
-- 

Cerapurp I I  1 2 2-- 
Chanseti 
Chilpoly 2 2 1 
Claobola 2 1 

r t  

Conowni 
Conotetr 
Craffili -- 
Cynostru 
Dichfalc 
Dichpell 1 

Dicrfiag 
Dicrfusc 1 1 2 2 2 2 1 2 1  
Dicrarev 

Dicrpalu 
Dicmolv 1 2  . . 
Dicrschr - - - ------ 
Dicrswp 2 1 2 1 2 2 1 2 1 :  
Dicrspad 
Dicrtaur 1 1 2 1 1 1 1 1 2 ~ ~  - 

Dicwcris 
Didyvine - - 1 

2- 7-------- 
-- - - -L 

Diplalbi 2 1 -2-- 
~iplobtu 1 
Dioltaxi 1 1 1 ;  

- - ---- - . .- ---- -. -- -.-- 

Douiovat 1 1  

Eurhprae 
Eurhpulc 2 2 2 2 2 2 2 1 1 1  
Eumnpa 
~issadia ---- - --- -- -- - -  ---- - A-. 
Fissosmu 2 
Fontanti 
Fontneom 
Frulbola 

Srirndonn 

Hedwcili 2 2 1 2 2 1 1  1 
Hetedirno 1 1 
Hetemaco 1 .  
Heteproc 2 1 1 



APPENDIX III. ICH species data. 

SpecieslPlot -- 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 -- ---a - ----- 
Homaaene 
Homafulg 
H o ~ ~ ~ R c  
Hookluce 
Hygrlaxi - ----A -- ----- - - --------- 
Hygriuri 1 1 1 
Hygrochr - 3 
Hygrsmit 
Hylopyre 3 1 1 2 2 1 
Hvlosam~ O O 
~ i l o s ~ l e '  3 2 1 2 1 2 2 1 1 2 1 2 2 1 1 2 1 ~  
Hyloum br 1 1 1 1 1  1 1  1 1 1 1 1 1 '  
Hvpncirc 2 1 1 1  2 2 :  
Hypncupr 1 1 
Hypnpall 
- 3 1 1 2 2 1 1 1 - 
Hypnrevo 2 1 3 1 1 1 1 2 2 1 2 1 1 1 1 2 '  

. . 
p- l lsotmyos 

I Jarneautu I 1 1 1 1 2 1 1 1 1 2 1 1 1 1 1 '  
Junqexçe 

- - 

Jungrubr 
Junas~ha . a .  

Kiaestar - - -  -- - - 1 ---- ------- -- ---- --- - LA----- 

Lepirept 1 1 1 1 

- 

Neckdoug 1 
Neckpenn 1 2 '  
Newscho 



APPENDIX I I I .  ICH species data. 

SpecieslPlot 19: 20: 21,  22: 231 24, 25; 26: 27i 28: 29i 30: 31. 32; 3 3  341 35: 36 
Homaaene 2 1 1 2 1 
Homafulg 2 1 1  2 
Homatric 
Hookluce 
Hygrlaxi --- 1 ------------ 

2 - -  
- -- 

Hygrlun 1 2 
Hygrochr 1 1 
Hygrçmit 1 1 1 
Hylopyre i 2 2 2 2 2  2 1 2  
Hylosarnp 3 2 2 2 1 2  
Hylosple 1 1 1 1 2 3 2 3 3 3 2 2 2 1  2 1 2  
Hyloumbr 1 1 1 1 1 1 1 1 1 1 2 1 2 1  1 1 2  
Hypncirc 2 1 1 1 2 2 1 1 1 2 2 2  1 2  
Hypncupr 1 
Hypnpall 1 1 2  1 2 3 2 
Hypnrevo 1 2 1 2 2 3 1 2 1 1 2 1 1 1 2 1 1 2  
Hypnsubi 
lsoppulc 1 ----- 
lsotmyos 1 2 
Jarneautu 1 1 1 1 1 1 1 1 1 2 2 3 1 2 2 1 1  
Jungexse 2 
Jungleia 
- - 1 1 1 1  --- ---- - -- 1 1 1  --- - -- 3 3 1 

-- .- -- - - -  1 2  - - - --- 
Jungobov 1 
Jungpumi 
Jungrubr - 
Jungspha 
Kiaestar 
- __- P ---- ------ - L - _ - _ _ - --- - -*-  - - ---_ _ - _- 

Lepirept 1 1 2 1 3 2  3 2 
Leptpyri 1 
Leptripa 1 1  2 1 1 1 1 1 1  1 1 1  ---- -- .- - - - - - - - - -- - -- - 
Gsknerv 1 1- - -  A A - 1 1 1  
Leskpoly 1 1 1 1 1 2 1 1 1  - - - - -- - - - - - - - - - -- - - -- 1 2  -- - ---- - - -  - 
Lophasce 1 1 1 1  
Lophcusp 
Lop hexci 1 1  1 1 -- -- - - - -- - -- - --- 
Lophgill 1 1 1 
Lophgutt 1 1 1  1 1 1 1 1  - - - -. - ----- --- --- - - . - - - - - - - . - . - - 
Lophhete 1 1  1 1  1 2 1 1  2 2 
Lophinci 1 1 1 1  1 1  - 1 
Lophlong 1 1 1  2 2 1 1 2  -- 
Lo~hrnino 1 1 1  1 1 1  1 1  1 

. . - 
Lop hvent 1 1 1 1 1 1 1 1 1 1 2 ~ ~ ~ 1 1  
Lop hvenv --- 1 1  1 1 1 1  I l  1 
Lophwenz 
~phchete 1 
- - - . - -. - . - - - - - -- - - -- - - - -- - - - 1 1  - - -  "- - - - -- 
Marcpoly 1 1 1 1  1 - 2 
Marsemar 2 1 1 1 
Marsspar 2 
Marsspha 1 
Meestrici 1 2  1 1  --------- - -- --- -- ----- A- Pu----- -*- - - - 

~etamenz  1 2  1 1  1 2 2 1 
Metzconj 1 
Mniurnara 1 

d 

Mniuspin 1 1 1 1 1 1 1 2 1 1 1 2 1 1  1 1 2  
Mniuthorn --- -------A-- ----pu- - --- - .- - -- 
Mylitayl 1 1  1 1 
Myu jula 1 1 1 -- 
Nardscal 1 2 
Neckdoug 1 1 1 1  1 
Neckpenn 1 1 1 2 1 
Newscho 



APPENDIX Ill. ICH species data. 

Hornafulg 1 1 
Hornatnc 
Hookluœ 
H ygriaxi 

a --- - - - -- - -- --- --- --- - 
Hygrluri 
Hygrochr 1 
Hygrsmit 1 1 1 1 
Hylopyre 2 1 1 2 2  1 4 

Hylosamp O O 1 O O O 
Hylosple 1 2 2 1 1 3 1 1 2 1 1 2 3 1 1 2 1 '  
Hyloumbr 1 1 1  1 1 1 2 1 1 1 1 :  
Hypncirc 1 2  1 2 1 1  1 1 1 1 1 ;  
Hypncupr 1 
Hypnpall - 2 2 -- 
H ypnrevo 1 1 2 2 1 3 1 1  1 1 2 2 1 1 1 1 ;  
Hypnsubi 1 
I s o ~ ~ u l c  1 ---- 
~ s o t m ~ o s  
Jarneautu 1 2 1 1 1 3 2 1 2 1 1 1 1 1 1 1  L 

Jungexse 1 1 
Jungleia 1 1 2 1 2 2 1  

~ ----- 1 1  - - -- 1 1 1 1 2  -- - - ---- - 

Jungobov 1 1  
Jungpumi 1 
Jungrubr 
Jungspha 
Kiaestar 

- - - - - -  _-_-- - - - - - - -L ---- 
Lepirept 1 1 1 2 1 1 1 2 1 1 3  1 1  2 
Leptpyri 
Leptripa -- 1 1  1 1 1 1  - - 1 1  1 1 1 1 1 1 1  
Lesknerv 1 1 1 1 
Leskpoly - - 1 1 1 1 1 

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

Lophasce 
Lophcusp 1 
Lop hexci --- 1 2 

1 
p- 

Lophgill l l l 
Lophgutt 1 1 1 1 _ -  _ -  - -_ - __  _ --I_ _ ___-_-- _ - _ - - 1 1  

2 
-- 

Lophhete 2 1 2 2 1 1 2 1  2 1 1 2 - 
Lophinci 2 1 1 
Lophlong 1 2 2 2 1 1 2 1 1  1 1  
Lophmino - 1 1 1 1  
Lophobtu 
-- - --- - ----- - - - -  - - - * - - -  
Lophopac 
t ~ o ~ h v e n t  

- 
1 2 1 2 2 2 1 1 2 1 2 1 2  1 1 2  

1 Lophvenv 1 1 1  1 1  1 - 
Lo~hwenz 

- _-- --A--- - - --_____-P. _ _ - - - -- - -  __-- 
Metamenz 2 1 2 2 
Metzconj 1 
Mniurnarg 1 2 
Mniuspin 1 1 2 1 1 2 1 1 1 1 1 2 1 1 1 1 1 2  
Mniuthom - - -. - -- - 1 

---pp-p.p-.- --- 
Mylitayl 1 1 1 
Myu jula 1 1 1  
Nardscal 1 1 ------ - 
Neckdoug 1 
Neckpenn 
Newscho 2 



APPENDIX I I I -  ICH species data. 

SpecieslPlot 56, 57 581 601 61 62' 63, 64 651 661 67 681 691 70 71 72' 7 3  74 -------- 
Homaaene 

Hygrlaxi - - -- - - - -- - 
Hygrluri 
Hygrochr 
Hvarsmit 
I-l;Gpyre 2 2  2  2 2  2  2 2  2  
Hylosarnp O .  O 
Hylosple 1 1 1 2 1 2 2 1 2 2 2 1 2 1 2 2 2 -  
Hyloumbr - 1 1  2 1 1 1 1 1 1 1  1 1  1 1  
Hypncirc 2 1 1 3 2 3 1 2  1 2 1 2 2 2 2 2  
H Y P ~ W P ~  
Hwnpall -- 
Hibnrevo 2 3 2 2 1 2 2 1 2 2 2 1 1 1 2 2 2 ;  
Hypnsubi 1  
lsoppulc 
lsotmyos 1  1  
Jarneautu 1 1 2 2 3 2 2 2  2 2 2 1 2  A 

Jungexse 
Jungleia 1 3 2 2 3 2 2 2 ' 2 2 2  2  2  2 2  : __ ---_- _-_ ---_- --- ________----- --_ - _ - 
Junsobov 1  
Jungpumi 
Junarubr 

~ophcusp 1  1  
Lophexci 1 

~ o ~ h l o n ~  1 1 1  1 2 2 1 2  2  - 2 
Lophrnino 1 1  
Lophobtu - 
-- - - - - - -- - -- -- - - -  ----  ---- -- - - - - - - -- - - - - - A -- - - - - - - - -  - -  

tophopac 
Lophvent -- 2 1 2 2 1 2 1 2 2 2 2 2 2 1 2 2 2 2  
LOD hvenv 1 1 1  1 1 
L O ~  hwenz 
Lphchete 1  

- - - - - - - -A - --- - --- - - - -- - - - - - - - - - - 
Marcpoly 1  2  2 3 1  1  1  2- 
Warsernar 
Warsspar i 
Warçspha 
Meestriq - 1 - -- 
Wetamenz 1  1 3  1  1  
Wetzconj 1  1  
Wniumara - 
Wniuspin 1 2 2 2 2 2 2 2 2 1 2 1 1 2 1 2 1 3  
Mniuthom -- -- ---- *- .. --- - ------- 
Mylitayl 1  
Myu jula 
Nardscal 1  1  -- A 

Neckdoug 1  
Neckpenn 
Newscho 



APPENDIX III. ICH species data. 

Homaaene 
Homafulg 1 1 1 1  
HomatBc 1 

Hygrlaxi 1 1 
----- 

~ygrluri 1 1 
Hygrochr 1 1 
Hygrsmit 1 1 1 1 1 
H ylo pyre 2 1 2  1 1 1 2 2 2  
Hylosam p O O 
Hy losple 1 1 2 1 1 3 1 1 2 2 1 2 1 1 1 1 1 i  
Hyloumbr 1 1 1 1 1 1 1 1 1 1  2 1 1 1 1 1 1  
H ypncirc 1 1 1 2 1 1 1 1 1 2 1 2 2 1 1 1 1 1  
Hypncupr 1 1 
Hypnpall 2 2  
Hvunrevo 1 1 2 2 2 2 1 2 2 2 3 2 1 1 ~ 1 1 1 1  
Hypnsubi 1 1 1 1 1 1  1 1  
lsoppulc 1 2 1 1 1 1  1 1 1 2 1  --- - 
lsotmyos 1 1 1 I l l  1 1 1  
Jameautu 1 1 1 1 2 1 1 2 2 1  1 1 1 1 1 2 1  
Junaexse 1 1  

- 
Jungspha 1 1 1 1  
Kiaestar 

Leptpyn 
Leptripa - - . - - - - 1 1 1 1 1 1 1 1 2 1 1 1  2 1 1  
Lesknerv 1 1 1 1  1 

-OD hvenv 1 1 1 1 1  1 1 1 1  1 1  

. - 
darsemar 1 1 1  1 

inarsspha -- 1 
uïeestriq 1 1 1 1  -- -----.-- ----- -.- ----.---- --- -- -- --LA- 

Jletamenz 1 2 1 1  1 3 2 2  

inniumara 2 1 1 - - 
inniuspin 1 1 1 1 1 2 1 1 2 2 1 2 1 2 1 1 2 1  
Jlniuthom 1 

inyu jula 1 1 1 
Jardscal 1 1 1 - 
Jeckdoug 1 1 1 1 1  1 1 
Jeckoenn 1 1 1 l 
lewscho 



APPENDIX III. ICH species data. 

SpeciedPlat 93i 94' 951 961 97i 98: 99 1 0 0 , 1 0 1 ~ 1 0 ~  
Homaaene 
Homafulg 1 
Homatric 
Hookluœ 
Hygriaxi -------- - 
Hygriuri 
H ygrochr - 
Hygrsrnit 
H ylopyre 1 1 2  
Hylosamp 
Hylospfe 2 1 2 2 1 2  
Hyloumbr 1 
Hypncirc 1 1  - 1 1  
Hypncu pr 1 
Hypnpall - 
Hypnrevo 2 2 1 1 1  
Hypnsubi 1 
lsoppulc 1 
lsotmyos 1 
Jarneautu 2 2 2  1 2  - 

Jungexse 
Jungleia 1 1 

Jungpumi - 
Jungrubr 
Jungspha 1 
Kiaestar 

Leptpyri 
Leptripa - 1 1 1  - - - - 
Lesknerv 
Leskpoly 1 -- - - - - -- --- - -  ------A - -- -- 
Loohasce 1 
Lophcusp 1 - 
Lop hexci - ---- ---- ---- -- - -- - - a 
Lophgill 1 
Lophgutt 1 - -- - - -  --- 
Lophhete 1 
Lophinci - 

Lophlong 1 - 2 2 1 2 1  
Lophrnino - 
Lophobtu 1 -- - -- - . -- - - - - - . - ---------- -- - 
Lophopac 
Lophvent 2 2 1 2 2 1 1 1  
Loohvenv . - 

Lophwenz 
Lphchete 1 1 

Marsemar 
Marsspar 1 
Marsspha 
Meestria 

Metzconj 
Mniumara 
Mniuspin 1 1 1 1 2 2 2 2 2 2  

-- --- 

Myu jula 
Nardscal 



APPENDIX III. ICH species data. 

SpecieslPlot 1 2 3 4 5 62 7 8 '  9 10 11 12 13 14 15 16 17 18 --- - .- 
Odondenup 1 
Oliaalia 1 " " 
Oncovire 1 1  1 1 1  
Oncowahl 1 2 1 1 
lpgchry 2. - - -- - -- -- ------- 1 

---------Y---- 

Orthlaev 1 
Orth Ive1 
~r thobtu 2 1 1 - 2 - 
Orthpell 1 
Orthspec 1 2 2 1 1  1 1 2  
Palucomm 1 1 1 1  1 1  
Paralong 1 1 
Pellendi 2 
Pellepip 
Pellnees 1 -l 1 1 1 1 1  ---- - 2 3 -- 
Philcapi 1 1 1  
Phitfont 1 2 - 
Plagcusp 3 3 2 3  2 2 2 2 2 

- - -- - - - 
Plaqdent 2 2 1 2 1 1 1 1 1 1 1 1  1 1 1 1  

2 2 2 2 1 2  3 1 3  1 2 3 2  
Plaglaet ~ 2 2 2 1 2 2 1 1 2 1 3 2 1 2 1 7 1  -- 
Pl-ag~e-di - 

------- ---- -.-p.- --. -- -- - -A - .-.- --.- 
1 2 2 1 1  1 2  1 1 1 1 2  --. 

' Plagoede 1 1 
~ l a g ~ i l i  1 1 1 
Plagpore 1 1  2 1 2 1 1  3 1 1 3  
Plaarost 1 

~leuschr 3 3 2 2 1 3 2 1 1 2 3 2 3 3 1 1 2 2  - - - -- - . - --- - ---A---------- - - - -- - - - -- 
Pogocont 1 1 1  
Pogoumi 1 
Pohlanno 1 1 2 -- --- - - 
Pohlcmd 1 1 1  1 2 2 1 - - 

Pohlnuta 1 2 1 1  1 2 2 2  1 2 2 
-- - -- -- - - -  -- - - --- -- - -- - -- - - - -- -- -- - 1 

Pohlwahl 1 1  1 2 1 - 
Polyalpi 2 1 1 1 2  
Polycornm 1 1 3 1 
Polvform 1 2 1 2 1  1 - 
Polyjuni 3 2 2 1 2 2 2 1 1 1 3 2 1 1 1 3  - -- -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - . - - - - - - - - - - 
Polypili - 1 1 - 
Porecord 1 1 -- 
Porenavi -- 
Poreplat 1 
Porobige - - - . - -- - - - - - - - - - - - - - - - - y - - - - - - - - -  - 
Preiquad 1 1 1 1 ' 
Pseuatn 1 
Pseuelag 
Pseuradi 
Pterfili 

- - . - -  - -  --- - - 
Ptilcali 

P 

1 1 1  1 1 1 
Ptilcili 1 1 
Ptilcris 3 3 1 1 2 2 2 1 1 2 1 2 2 2 2 2 1 2  - 
Ptilpulc 2 2 2 2 2 2 2 1 1 2 1 3 2 2 2 3 3 2  
- . -  - - -- 

Racoacic 1 
'~acocane 2 1 
Racoeric ---- ---- 
Racofasc 1 1 
Raco hete 1 2 1 
Racosude 1 



APPENDIX HI. ICH species data. 

Species/Plot , 19: 2 0  21 22 23; 24; 25: 26; 27' 28; 29: 30: 31. 32: 33! 34 35: 36 ---------- . -- 
Odondenu 1 1 2  
Oiigalig -- 1 1 
Oncovire 1 1  1 1 
Oncowatil 1 1 1  1 2 1 1 2  l 
Orthpell 1 
Orthspec 1 1 1 1 1 
Palucornm 1 1 1 1  1 1 1 1 1 2  
Paralong 2 2 2 1 
Pellendi 1 2 
Pellepip 
Pellnees 1 1 1 2  2 2 2 2  1 1 2  

Plagcusp --- 1 -- 
Plagdent 1 1 1 1 1 1 1  1 1 1  1 1 
Plagdnim 2 
Plaainsi 3 1 1 1 1 2 1 1 2 2 2 1  1 1  
plailaet - --- ---- 1 1 1 1 1 1 1 1 1 2 2 1 1 1 2 1 1 1  - - - ---- --- -- -- --- -- --A --- - - 
Plagmedi 1 1 1 1 1 1 1 1 1 2 1 1  1 1 1  
Plaaoede 1 1 2 1 2  
plaipili 2 1 1  1 1 2 1  1 2 3 2 
Plagpore 1 1 1 1 2  1 1 2  
Plagrost 1 , - - - ___-- _ - _ 
Plagsato 1 
Plagundu 1 1 1 
Platjung 1 1 1 - -- - -- - -- - - - -- - - - -. - - -- - - --- - - - - --- - - - 
Platre~e 1 1 - 
~leus=hr 3 1  1 1 2 1  1 3 1  1 2 2 2 1  2 - - 2 - _ 2 - - _ 1  
- -- -- --- ----- ---- -- -----a- ----- ----- 
Pogocont - 1 1 2 1 
Pogoumi 1 1 1 
Pohlanno 

A--- 

1 1 1 1 
Pohlcmd 2 1 1  2 1 2 1 1 2  1 
Pohlnuta 2 1 1 1 1 1 2  2 1 2 1 2  - - -  -- - 
Pohlwahl 2 2 1 1 1 - 1 
Polyalpi 1 2 2 1 1 
Polycomm 1 2 1 2 1 1 1 1 1 2 2 1 2  1 1  
Polyform 1 1 1 1 2 1 1 1 1 2 2 2 1 2  1 1  
Polyjuni - ----- 1 1 1 2 1 2 3 1 3 2 2 2  - -- 1 1  2 2 - 2 -  - -  - - -- - ---- - - ---- -- --- - - - -  - - ' - -  - - - 
Polypili 1 2 1 1  
Porecord 
A 

1 1  1 2 1 1  
Porenavi 1 
Poreplat 1 2 1 1  1 1  
Porobige 

-. --- 1 1 -------- ------Ad- --- ---- - ----- 1 
Preiquad 1 1 1  2 1 1  2 
Pseuatri 1 1 

I Pseuelaa 
- - 

Pseuradi 
Pterftli 1 

Ptilcili 1 2 2 1 2  
Ptilcris 3 2 1 1 1 2 1 3 1 3 2 2 2 2 2 2 1 2  
Ptilpulc 1 3 1 2 2 3 3 3 2 2 2 2 2 1 2 1 1 2  
Pytapoly 1 3  1 1  
Racoacic 1 2 
Racocane 2 2 2 1 2 2 2 

I Racoeric - - 

Racofasc 1 
Racohete 2 2 2  2 1 1 
Racasude 1 



APPENDIX III. ICH species data- 

Odondenu 1 1 1 
Oligalig 1 1 
Oncovire 1 1 1  1 
Onwwahl 1 1 1 1 
Orthchry I- -- 1 -- 
Orthlaev - . 

Orthlyel 2  
Orthobtu 2 1 2  
Orth~ell 

PaJucomm 1 1 1  1 
Paralong 
Pellendi 1 
Pellepip 
Pellnees 1 2  2 1 1 1  2 1 1  1 -- 
Philcapi 1 1 
Philfont 1 1 
Plagcusp 2  2 2 1  2  ---- -- - 

Plagdent 1 1 1 1 1 1 2 1  1 :  
Plagdrum 1 1 
Plaginsi 3 1 1 1 1  1 2 1  2 2 1 2 2 :  
Plaglaet - 1 1 1 2 2 2 1 1 1 2 1 2 1 1 1 2 1 :  - ---- --- ---. -l--i - ,  -------- --- 
Plagmedi 1 2 1 1 1  1 1 2 2 1 1 1 ;  -- 
Plagoede 1 
Plagpili 2  2  2 1 2  1 1 '  -- 

PIagpore 1 2  2 2 2  1 2 1 1 :  
Plagrost - - 1 1 2  -- - ---- - --- P- - - - - -- - - - - -- - + 

1 - - - - - - - -- - - 
Plagsato 1 1 
Plagundu 
Platjung 
-- ---.--- ------ 2 - ---- 
Platrepe 
Pleuschr -- 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 2 :  v _ _ _ _ ~  _--_ --- - h - A - - - - -  - - - - 
Poaocont 1 1 1 

Polyalpi 2  1 1 2 1 1 1  . 
Polycomm 1 1 2 1 1 1  1 2 2 1 1  1 '  
Polyform 1 1 2 1  1 1 I l l  
Polyjuni . 1 - - -  -- 2 2 1 1 1 2 1 1  -- -- - .- -- -- - -- - - 2 1 2 2  
Polypili 1 
Porecord 1 1 1 1  
Porenavi 1 
Poreplat 1 1  ---- 1 
Porobige 1 _ _ _ - -  -_ - _ - - _  - - -  - - - -  - L - -  

Preiauad 1 
Pseuatn 1 
Pseuelag 1 
Pseuradi 
Pterfili ______- __________L____LI____C-l_i_l_ ---. _ - -  -- ---- 
Ptilcali 1 1 2 1 2 1  1 2  1 1 : 

- 

Ptilcili 
Ptilcns 2 2 2 2 2 1 1 1 1 2 2 1 3 2 2 2 2 ;  
Ptilpulc 1 2 2 1  - 2 2 1 1 2 2 1 2 1 2 1 2 3 :  

3 Q!!?Pa! 1 - 
Rawacic 1 
Racocane 1 
Racoenc -- 
Racofasc 1 1 
Racohete 1 

p- 



APPENDIX III. ICH species data. 

'~peciesl~lot  56 57 58 --- 60! 61 62. 63 64 66 67 68.  691 7 0 i z  72 73 74 
Odondenu 1 
Oliaalia 

l On covire I 
Oncowahl 1 
Orthchry 
Orthlaev- 1 
Orthlyel 1 1 
Orthobtu 1 
Orthpell 
Orthspec 1 1 
Palucornm 1 1 
Paralong 
Pellendi 
Pellepip 2 
Pellnees 1 1  1 2 2  2 - - 1 - 2 
Philcapi 
Philfont 1 
Plagcusp 2 2 2 2 2 
Plagdent 1 1  2 1 1  1 1 1  1 2 
Plagdrum 
Plaginsi 1 1 2 2 3  2 1 2 2 2 2 1 2 2 2 2  
Plaglaet 1 1 1 2 2 2 2 2 2 2 2 1 1 2 2 1 1 1  
- -p-pp---- - - - - - - -- - - -- - -- -- -- 

Plagmedi 1 1 1 2 1 1 1 1  1 1  1 1 
Plagoede 
Plagpili 2 1 1 2 
Plagpore 2 2 2 2 2 2 2  2 2 2 1 
Plagrost 
- -- ----- ------ - -- - -- - - - P -- - - -- . - -- - - - - - -- - - -- -- - 

Plagsato 1 
Plagundu 1 1 1  
Platjung -- - - -- - - - - . - -. 
Platrepe 
Pleuschr 1 1 1 1 2 2 2 1 2 3 2 2  1 2 2 2 2  - - - _ _  - -  - -  - - - -  2-_ - - - -  - - -  
Pogocont 1 2 
Pogoumi 
Pohlanno --- -- -- 
Pohlcnid 2 1 2 2 
Pohlnuta 1 1 1 2  1 1  2 1 2 1  - ---- --A - -- - - - --- 2 - - -  - 

2 - -- 
Pohlwahl 1 2 --- 
Polyalpi - 1 1 1 2 2 2 1 2 2 1 2  1 1 1 2 2 1  
Polycomm 1 1 1 2  1 1 1  1 1  1 1 1  
Polyfarm 1 1 1 1  1 1 2 1 1  1 2 
Polyjuni 2 1 1 1 1 1 1  2 2 2 2 2  
-- - - - - - -- - - - - - --- - -- - - - - - - - - - - A - - - - - - - - - - - - 1 2 2 2  - -- .- - - - - - 
Polypili 1 1  
Porecord 1 2 1 1  2 
Porenavi 2 1 
Poreplat 1 
Porobige 1 -___ _ _ _ -__ _I ____- _-- ____--- ---._____--- --  -- 

Preiquad 2 
Pseuatri 
Pseuelag 1 1 
Pseuradi 
Pterfili __-__ _- _ - - ---- _ ------ -_____+--- --- 
Ptilcali 1 1  2 1 1 1  1 1  1 1  
Ptilcili 1 
Ptilcrk 1 2 1 2 1 1 1 3 2 3 2 1 1 2 2 2 2 2  
Ptilpulc 1 1 2 2 2 3 2 3 3 3 2 2 2 2 2 2 2 2  
Pylawly -- -- 

Racoacic 
Rawcone 2 1 1  
Raweric -- 
Racofasc 2 
Racohete 2 1 1  1 
Racosude 2 



APPENDIX III. ICH species data. 

SpeciWPlot 75 76 77 78 79 80' 81 82' 83 84, 851 86 87 881 89 90 91 9: --- -- 
Odondenu 1 1 1  
Oligalig 1 1 
Oncovire 1 1 1  1 
Oncowahl 1 2 
Orthchry 1 1 1 
Orthlaev I 

Orthlyel 1 1 1 1 
Orthobtu 
Orthpell 1 
Orthsoec I 

Pellepip 1 1  2  1 1 1 
Pellnees 1 2 1 1  1 1 1 1 1 2 1 1 1 1  1 -- 
Philca~i 
philfont 1 1 1 1 1  
Plagcusp ---- .- --------- 
Plagdent 1 1 1  1 1 1  1 1 1 1 1  2  1 
Plaodnrrn - 
Plaginsi 1 1 2 1 2 1  2 1 2  1 1 1 1 1  
Plaglaet - - -- - -- - - 1 1 2 1 2 2 1 1 2 1 1 2 1 1 1 1 2 ~  - - - -. - -. - -1- - - l  - -- - - - - -- - - - - - - 
Plagmedi 1 2  1 1 1 1 1  1 1 1 1  
Plaaoede 1 1 1 1 " 
Plagpili 1 2 1 1 1 2 3 
Plagpore 2 1 2 2 2 1 2 1 1 2 2 2  2 2 1  

Piagrost - - -- -- --- --------__ - ---- - -P.-- - - - - - 
lplagsato 1 1 1 1  
Plagundu 1 2 2 1  1 1 1  1 1 2 1  
Platjung 1 1 

Pleuschr 1 1 2 1 1 2 2 1 2 2 1 1 1 1 1 1 1 1  - -- -- - - - - - + - - - -- - -.- - - -- -- -- -- -- -- - 
Pogocont 1 2  2  2- - - 
Pogourni 1 1 1 
Pohlanno 1 1 i -- - 
Pohlcmd 1 2  2-1 2  
Pohlnuta 1- 1 1  1 1 1 1 1 1 2 2 1 1 1 2 2 1  , - - . -  -- - . - - . - - - - - - - - -- - - - - - . - -- . - -- - - --- - -- .. - -. -- - - - - - - - - - - - - . . . - - . . 

Pohlwahl 1 1 1 1  

I Polyalpi 2  2 1 2 1 2 1 1 1 1 2 1 1 2 1 2 2  
Polycomm 2 1 2 1 1  1 1  2 1 1 1 1  1 1  
Polyform 1 1 1 1 1  1 1  1 2 1 1 1 1 1  

,- 

Poreplat 1 1 1 1  
Porobige _ 1 

-_ -L-____ _ _ _ _ _ - _ _ _ _ - _ - _ _ _ C _ _ l _ _  _ _ 
Preiquad 1 1  1 1 
Pseuatri 
Pseuelag 1 1 1 
Pseuradi 1 1 1 
Pterfili 
- - - -- - -- - - -- - -- 1 1 i 
Ptilcati 1 1  
Ptilcili 1 1 2 

l Racoacic 1 2 1 I - 

Racocane 1 1 1  2  1 1 1  1 
Racoenc 1 1 

Racohete 1 1 2 
Racosude 



APPENDIX III. ICH species data. 

SpecieslPlot . 93 94 95 96, 97' 98 9 9 ~ 1 0 0 ~ 1 0 1 ~ 1 0 2  -- 
Odondenu 
Oligalig 
Oncovire 
Oncowahl 1 
Orthchry 
Orthlaev 
Orthlyel 
Orthobtu 2 
Orthpell 1 
Orthspec 
Palucomm 
Paralong ? 
Pellendi 
Pellepip 
Pellnees 1 
~hi lcapi  1 
Philfont 
Plagcusp 
Plagdent 1 1 
Plagdmm 
Plaginsi 1 2 3  1 2 2  
Plaglaet 1 1 2 2 1 2 2 1 1 2  - - - - - - -- 
Plagrnedi 1 1 2  2 1 -- 
Plagoede 
Plagpili 1 1 
Plagpore 2 2 
Plagrost ---- 
Plagsato 
Plagundu 
Platjung 1 - 

-- -- 
Platrepe 
Pleuschr 1 1 1 3 2 2 2 1 2 2  

-- -* - - - ----- - -- - --- -- 
Pogocont 1 1 i 
Pogoumi 
Pohlanno - 
Pohlcmd 
Pohlnuta 2 2 1 1 1 2 1 1  

*-- -- ----- ---- - 
Pohlwahl 
Polyalpi 1 2 1  
Polycomm 1 1 1 1  
Polyfom 
Polyjuni 1 2 1 2 1  2 2 2  ---_ _ _  --__ -- - _ - -- - 
Polypili 
Porecord 1 1 
Porenavi 
Poreplat 1 
Porobige - _ _  1 - - -- . - - ---- - - - - - - - -  - --  - - - 

P~S@Z~ 
Pseuatri 1 
Pseuelag 1 
Pseuradi - 
Pterfili --__---- -__ - - ----- 
Ptilcali 2 2 1 1 2 1 1 1  
Ptiicili 
Ptilcris 1 1 1 2 1 2 1 2  
Ptilpulc 2 2 2 2 2 2 2 1 2 2  - 
P Y ~ ~ P ~ I Y  
Racoacic 
Racocane 1 2 
Racoeric 
Racofasc 
Racohete 2 
Racosude 



APPENDIX I I I .  ICH species data. 

Rhizglab 3 2  
Rhizarac 

3 2 1  2  1 2  1 
Rhiznudu 3 1 1 
Rhizpseu 1 1 1  
~hy-iore 2 2 2 1 2  2 1 1 2 2 1  
Rhytrobu 2  2  1 1 -- 
Rhytmgo 
Rhytsqua 2 1 2  1 
Rhyttriq 3 2 2 2 1 2 2 1 1 2 1 2 2 1 2 2 1 2  
Ricclati 

Riccnata 1 1 i l  
Riaxalm 1 1 ' 1 

~anhnc i  2 2 1 2 1 2 2 1 2 1 2 2 1 2 1 2 2 2  
Scaparner 1 

Scapundu 2 1 1 1 1 1  
Schiapoc 1 2 1 21 
Schirivu 1 
- - - - - - - - -. - 1 --- -----A----.---- -- - -- 
Scleobtu 1 1 

--- 
1 

rritscit --- 1 
Namflui 1 1 1 1 
!vqoviri 



APPENDIX III. ICH species data. 

SpecieslPlot 190 20 21 22' 23 24' 25 26 27 28 29 30' 31 32 33. 34, 35 36 - -- 
~aducomp 1  1 2  
Rhizglab 2 2 3 2 2  
Rhizgrac 1  2  
Rhiunagn 1  3 1  1 2 2 1  1 1  
Rhiznudu 1  1  t 1  1 1  
Rhupseu 1  
Rhytlore 1  2 2 2 1 1 1 2 2 2  1 2  
Rhvtrobu 1  1  1 1 2 1 7 2  1  2 1 
~ h ; t n i ~ o  3  
Rhytsqua 1  1 1 1 1  1 1 2  1 1 2  
Rhyttriq 1 1 1 2 3 3 3 3 3 3 2 2 2 1  1 2 2  
Ricclati 1  1 2 1  
Riccrnult 1  3 1  
Riccnata 1  
Riccpalm 1  - 1 1 3 2  2 
Saniunci 1 2 1 2 2 1 1 2 1 2 1 2 2 1 1 2 1 2  
Scaparner 
Scapbola - 1  -- 
Scapcurt 
Scaprnucr 
Sca~new 1  

schfapoc 1  1 2  1  2 2 2 2  
Schinvu 
l- 

1  1  1  1  -- - - - -- - - - -- - A - - --- -- - --- - - -. - - - 
1 Scleobtu 

p- 

2  
Scouaaua 1  
Sphaangu - ---- 1 1  
Sphacapi 2 2  2  1  1  

1 1 1 1  2 1 2 2 1 2  1 1  Sphagirg -- 

Sphamagi 3  1  
S~hasaua 1  1  3 3 2 1  1  

- --- 

~ e t i e l l  2 1 3 3 1 2 2 2 3 2 2 2 1 2  1 1 2  
Thamneck - 1 1  - --- - -* - -  -.- --- - --. . - - -  -- - - - - 
Thuireco 1  2 1  - 2 
Timmaust 2  1 1  

.- . --- 
Wamflui 1 1  1  

- 

zygoviri 1  



APPENDIX III. ICH species data, 

~hiznudu 1 1 3  . 
Rhizpseu 1 1 1 
Rhytlore 1 2 2 1 2 2 1  1 1 2 1 1  1 2 
Rhvtrobu 1 1 1  2 2 2 1  2 1 1 1 2 2  A 

- 7  

Ricclati 1 1 L 

Riccmult 1 
Riccnata 1 
Riccpalm 1 1 1 
saniunci 1 2 2 1 2 2 1 1 2 2 1 2 2 1 2 2 1 ;  
Scaparner 
Scâobola 1 1 1 

Scapnew 2 
scappatu 2 

- A--- --- ---- A - 
~capsuba 2 
Scapumbr 1 
Scapundu 1 1 1 1 

I schiapoc 
Schirïvu 1 1 1 1 
- - - --- - -- ---- -- - -- - - - -- - - - - - - 
Scleobtu 1 1 
Scouaqua 1 1  
Sphaangu . - --- --- P 

Sphacapi 
Sp hag irg 1 1 1 1 1 1 1  - ------ --------- -- -- - 
Spharnagi 
Sphasqua 1 1 
Tetrgeni -- 1 2  2 2 1 2 

-- 
rnrpell 2 2 2 3 2 2 2 1 2 1 2 2 2 3 2 2 2 2  
Thamneck 
- ---- A---- -- 1 

-- ----- 2 
2--- 

- - 
Thuireco 1 1 2 1 2 
Timmaust 2 

I Tritquin 1 1 
Tritscit 
Wamflui 1 1 1 



APPENDIX Ill. ICH species data. 

I Rhizoseu 
~ h ~ i o r e  1 2 2 1 1  1 2 '  . 
Rhytrobu 2 1 1 2 2 3 2 2 2 2 3 2 3 1 2 1 1 ;  
Rhytniqo 

I ~ h & & a  
R h ~ w q  1 2 1 1 2 1 1 3 1 1 2 1 2 1 1 1 1 ~  
Ricclati 1 2 
Riccrnult 

'saniunci 2 1 2 2 2 2 - 2 2 2 2 2 2 2 7 2 3 2 4  
Scaparner 2 
Scapbola 1 1 
Scapcurt 
Scapmucr 
Scapnew 

Scappa'u__ -- - _ - -- - - - -- - - -- - - - - - - - - -- - - -- - -A- - -- - -- - - A -  

Scapsuba -- 

1 

' ~ ~ e c i e s l ~ l o t  561 57 581 60 61 62 63, M 651 66 67 68 69 70 71 72. 73 74 - - -- ------ 
Raduwmp 1 1 1  1 1 
Rhizglab 
Rhizarac 

z - 
1 - 
- 
1 
- 
2 
- 

- 

- 
2 - 
- 
- 

- 

I 
- 

- 

- 

1 

- 

Schiapoc 1 
Schirivu -p---*pA---p..-- --- -- - -- --- - -  --.* --a- - 
Scleobtu 
Scouaaua 

---- 
Tetrpell 1 2 2 2 2 2 2 2 2 2 1 1 2 2 3 2 2 2  

2 1 
- -- - - -- -. - - - - - - - - - - - - - -- -- - - - - 1 - - 

Thuireco 1 2 1 1  

Tritscit 
Warnflui 1 1  1 2 2 
Zygovin 



APPENDIX I I I .  ICH species data. 

Rhkgrac - 
Rhizrnagn 1 1 2 2  2 1 1 2 2  2 2 2 1 2  
Rhiznudu 2  2 2  2  1 2 1 2  1 2 1 1  
Rhizpseu 2  1  1  
Rhytlore - 1 1 2 2 1 2 1  2 1 1 2 1 2 2 1 1  
Rhytrobu - 1 2 2 2 2 2 2 1 2 2 2 2 3 2 1 2 3  
Rhytrugo 2 3 3 3 2  2- 
Rhytsqua 1  1 1  1  1 1  2 
Rhyt'riq 1 1 1 2 1 1 1 1 1 2 1 1 1  1  
Ricclati 1  1 1 1  1 1 3  
Riccmult 1  1  1  1  1  
Riccnata 1  
Riccpalm 1 1  1  1  1  

---- 
Saniunci 1 1 2 1 2 1 1 1 2 1 1 2 1 1 1 1 1  
Scapamer 1  1  
Scapbola 1  
Scapcurt 1  
Scapmucr 1  
Scapnew 
Scappalu 1  1 1  - - -- - . - -- -. - - . - - - - -- - --- -- ---- -. - - - - - - - - - 
Scapsuba- - 1  

1  Scapumbr 1  1  1  1 '  
Swpundu 1 2 1  1 2 1  1  3 '  
Schiapoc 1  1 1  1  
Schirivu -- 1  1  1  1  

- ------ - - --- --------------- - . - -. - .  - 
Scleobtu 1  
Scouaqua 1  1  1  
Sphaanqu 
' ~phaëii-;y 

--- --- -- - - - - - 
Sphagirg 1 1  1 2 1  1  ---- ----- ---  - -  - -- 
Spharniig i 
Sphasqua 1  
Tetrgeni 1  2 2  2 1 2 2 2 2  1 7 2 2 ;  
Tetrpell 2 2 2 1 2 1 2 2 2 1 2 2 2 1 2 2 2 ;  
Thamneck 2  1  1 1  1  

- - - - - - - - - - - - - - - - - - - - 1 2  
Thuireco 2- --- --- 1  1  2-7!-- 
Timrnaust 1  1  1  
To rtru ra 7 
Torttort 1  1  
Tritexse 1 1 1 ~ 1 1 1 1  1 1  1 1 1  
---- - -  - ---- - -- - -- A -. - -  

Tritpoli 1  1 1  -- 1  
Tritquin 1  1 1  
TritscÏt 1 

Warnflui 1  1 1 1 1 1  1  1 1  1  
zyg ovin 1  



APPENDIX Ill. ICH species data. 

'~peciesl~lot -- 93 1 94. 95 96 97 98 i 99 100 1 101 ' 10: 
----A -- 

Raducornp 1 1  
Rhizglab 
Rhizgrac 
Rhiunagn 2 
Rhiznudu 1 2 1 2 '  
Rhizpseu 1 
Rhytlore 2 1 1  
Rhytrobu 2 2 - 2 2 2 1 1 :  
Rh~mgo 2 2 
Rhytsqua 
Rhyttfiq 1 2 1  1 
Ricclati 1 
Riccmuit 
Riccnata 
Riccpalm --- 
Saniunci 1 1 2 1 1 2 1 1 1 '  
Scaparner 1 
Scaobola 
Scapcurt 
Scapmucr 
Scapnew 
Scappalu 

.- - - -------..-----.- - ------ - - 
Scapsuba 1 1  
Scapumbr 1 
Scapundu 1 
Schiapoc 2 
Schirivu -- -- - - - - -- -- - - -- - - -- - --- - - . - - 
Scleobtu 



APPENDIX IV. CWH environmental data. 

1 Elevation 762 762 762 762: 610' 610, 610: 762 762 762 7621 
Latitude 4930 49301 4930 49301 49301 4930 49301 4930 4930 4930 4930 
Longitude 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 
BCG zone 4 4 4 4 4 4 .  4. 4 
Site Series 14 14 14 14 13 14 13 9 

Slope Position 4 4 3 3 2 4 3 4 4 
Moisture Reairne 4 4 4 4 4. 4 4 3 3 3 

I Rock cover O O O 1 2 5 1 1 1 1 
Soi1 Texture 7 7 6 7 7 7 7 7 7 3 
Canopy heig ht 45 50 30 23 21 40 35 22 32 
Shmb cover 2 55 19 7 '  24 20 6 20 20 30 18 
l ~ e r b  cover 
(Tree densitv 891 509 509 637 318 135 446 390 637 430 3341 
lSnag density 191 32 32 286 64 O 64 64 32 127 O1 - 
Log density 477 95 223 223 64 64 286 95 O 191 159 
Tree basal area 64 234 122 61 38 143 39 117 46 99 1821 
Snaa basal area 4 1 1 5 3 O 17 3 O 20 O 
ILOQ basal area 38 17 36 53 11 5, 184 5 O 23 541 
Disturbance (stand age) 4 9 9 4 4 9 4 9 4 9 

I e h e d  5 5 5 5 - 5 5 5 5 5 5 
Mesohabitat number O O 1 1 3 4 1 1 1 4 -- 1 R O C ~  aciditv 1 1 1 1 1 1 1 1 1 1 II 
Temperature 9 9 9 - 9 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 
6rnonthmeantemperature 12 12 12 12 12 12 12 12 12 12 12 
Deciree davs 340 340 340 340 340 340 340 340 340 340 340 



APPENDIX IV, CWH environmental data. 

Latitude 4930, 4930 4930' 4930 4930' 4930t 4930 4930 4930' 4930 4930 
Longitude 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 
BCG zone 4 4 5 5 5 4 4 4 4 4 4 

I Site Series 9 9 9 9 14 11 14 14 13 
- - - ------- 

Slope 50 40 25 25 10 65 55 65 60 7 
As~ect  84 60.  194 210 194 180 190 110 80 165 352 
ISIOD~ Position 4 4 . 4 4 3 4 4 4 4 4 2 1 
Moisture Regime -- -- - -- - 3 3 3 3 4 4 4 3 3 3 4 - - ------ 
Rock cover 1 3 O O O 1 2 3 4 5 O 
Soi1 Texture 2 7 6 2 2 8 7 7 7 7 6 
Canopy height 33 24 40 40 42 30 36 36 32 23 47 
Shmb cover 3 2 35 48 74 4 18 20 4 2 50 
Herb cover 5 4 5 10 IO 4 5 30 4 O 15 
Tree density 796 732 629 732 923 637 310 382 891 891 454 
Snag densw 64 32 95 64 64 O 96 127 255 541 O 
Log density 255 95 95 32 O 95 64 159 95 382 382 
Tree basal area 78 57 122 117 95 51 67 146 61 61 82 
Snag basal area 4 O 8 6 6 5 8 O O 76 32 
Log basal area 18 2 7 2 O 23 36 26 10 5 32 
Disturbance (stand aael 4 4 9 9 9 4 9 9 4 - 4 9 

Mesohabitat number 4 4 0. O 3 '  O O 1 1 
Rock aciditv 1 1 1 1 1 1 1 1 1 1 
Temperature 9 9. 8 8 8 9 9 9 9 9 9 
Rainfall 2600 2600 2000 2000 2000 2600 2600 2600 2600 26002600 
6rnonthmean temperature 12 12 10 10' 10 12 12 12 12 12 12 
De~ree davs 340 340 280 280 280 340 340 340 340 340 340 



APPENDIX IV. CWH environmental data. 

1 Elevation 762 762 762 762 762 762, 762, 762 762 762 6101 
Latitude 4930 4930 49301 4930 49301 4930, 4930 4930' 4930, 4930' 4925 
Longitude 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 
BCG zone 4 4 4. 4 4 4 4 4 4 4 4 

- -- - 
Slope 10 25 65 40 4 30 15 25 60 7 
Aspect 160 160 160 200 220 160 270 225 10 O 170 
S l o ~ e  Position 3 3 3 3 2 3 3 4 4 4 2 
Moisture Regime 4 4 4 4 5 5 5 5 4 3 -- -- -- -- -- --- 
Rock mver O 2 O O O 1 O O O O 
soi1 Texture 6 7 7 7 1 6 7 7 

4 - -  5 -GI 7 

l ~ a n o ~ v  heiaht 40 32 45 40 38 36 13 38 15 401 
(Shnib cover 30 27 40 14 35 16 11 4 33 25 241 

I Herb cover 30 16 50 14 25 30 25 8 15 30 
Tree density 406 263 231 382 470 342 477 509 350 700 g1 
Snacr densitv 8 40 O O 32 40 32 O 32 O 48 
ILoci densitv 191 32 191 95 318 159 286 191 95 95 2231 

[Disturbance (stand ase) 9 9 9 9 9 9 9 4 9 4 9 1 
Watershed 5 5 5 5 5 5 5 5 5 
MesohabÏtat num ber 2 2 O O 4 O 1 O O 1 5~ .t 

1 Rock aciditv 1 1 1 1 1 1 1 1 1 1 11 
Temperature 9 9 9 9 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600-2600 2600 2600 2600 2600 2600 2600 2600 
6rnonth mean temperature 12 12 12 12 12 12 12 12 12 12 12 
Dearee davs 340 340 340 340 340 340 340 340 340 340 340 



APPENDIX IV. CWH environmental data. 

- 

Environrnental/plotr 136 137' 138: 1391 1401 141 142 1431 1441 145, 146 
Elevation 610 610 610 610 610 610 610 610 610 610 610 
Latitude 4925, 4925, 4925, 49251 4930 4925 4925 4925' 4925 4925 4925 
Lonaitude 123 10 123 10 12310 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 

lBCG zone 4 4 4 4 4 ,  5 5 5. 4 5 51 
Site Series -- - 

14 13 - 9 14 4 14 13 13 9 13 9 
Slope 2 4 35 20 10 10 30 50 50 
Aspect O O O O 200 58 65 50 150 90 190 
S lo~e  Position 3 3 4 4 4 3 3 4 4 4 4 

Rock cover O O 1 O 10 3 O O 1 O 1 
Soi! Texture 6 7 2 7 7 7 6 6 6 3 7 
Canopy height 22 21 35 40 40 46 13 15 43 43 
Shrub cover 8 17 2 1 43 70 45 30 28 30 

IHerb cover 15 15 4 3 33 22 50 55 29 51 
Tree density 605 891 302 318 382 239 430 637 764 517 7ï2 
Snag density 1 27 O 215 191 O O 64 O O 16 O 
Log density 191 95 255 191 95 32 64 32 32 95 95 
Tree basal area 72 43 86 7 3  28 93 82 14 22 187 1521 
ISnaci basal area 38 O 45 83 O O 2 O O 82 01 
Log basal area 35 18 57 21 1 1 7 4 11 3 14 
Disturbance (stand age) 4 4 9 4 4 9 9 4 4 9 9 
Watershed 5 5 5 5 5 5 5 5 5 5 5 
Mesohabitat nurnber 2 3 3 1 1 1 O O 1 1 4 

Ternperature 9 9 9 9 9 8 8 8 9 8 8 
Rainfall 2600 2600 2600 2600 2600 2000 2000 2000 2600 2000 2000 
'6monthmeanternperature 12 12 12 12 12 10 10 10 12 10 10 
Dearee davs 340 340 340 340 340 280 280 280 340 280 280 



APPENDIX IV. CWH environmental data. 

Elevation 762 762 762 762 762' 762 762 762 610 610 
Latitude 4925. 4925 4925, 49251 4925. 49251 49251 4925: 49251 4925, 4925 
Lonaitude 12255 12255 12255 12255 12255 12255 12255 12255'12255 12255 12255 762~ 

1 BCG zone 4,  4. 4. 4 )  4,  4' 4 4. 4 ,  4 41 
Site Series 14 13' 9 9 11 11 13 11 9 14 
Slope 65 60 55 55 708 57 7 40 8 55 ::I - 
Aspect 245 280' 245' 260 184 220 01 2201 220- 230 190 
Slope Position 4 4 4 4 5 4 3 4 3 4 4 
Moisture Regime 4 3 3 3 '  4 4 4 3 3 4 
Rock cover 3 1 2 o o 5 o 3 o o 20 JI 

Isoi~ Texture 6 7 7 7 7 7 3'  7 7 7 71 

I Canopy height 41 40 17 45 38 47 38 26 25 
Shrub cover 5 30 11 1 15 5 20 3 O 1 
Herb cover 12 30 13 1 10 6 15 7 O 1 13 

l ~ r e e  density 382: 334 700. 286 589, 517' 247 151 987 668 2791 
Snag density 119' 175. 32 O 8 8 O 8 72 64 95 40 
Log density 255 191 350 159 127 159 255 64 255 255 
Tree basal area 53 73 12 43 62 158 99 118' 70 31 147 

ISnag basal area 197 69. 105 O 10 O 11 36 1 1 221 
Log basal area 76 108: 135: 36 12 19 79 3 51 24 
Disturbance [stand aael 9 9 4 4 9 9 9 9 4 4 281 9 

Mesohabitat number 1 1 1 O O O 2 O 1 1 2 
Rock acidity 1 1 1 1 1 1 1 1 1 1 1 
,Tëmperature 9 9 9 9 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 
6rnonthrneantemperature 12 12, 12 12 12 12 12 12 12 12 12, 
Degree days 340 340 340 340 340 340 340 340 340 340 340. 



APPENDJX IV. CWH environmental data. 

EnvironmentaUpIots 1581 1591 1601 1611 162 163 164 1651 1661 1671 168 
Elevation 762 610 610 610 610 610 610 610 610, 610 610 
Latitude 4925 4925; 4925, 4925' 4925' 4925 49251 49251 4925; 49251 4925 
Longitude 122 55 122 55 122 55 122 55 122 55 122 55 122 55 122 55 122 55 122 55 122 55 
BCG zone 4 4, 4 41 4 4 4, 4. 4 4 4 
Site Series 13 13 13 9 13 74 13 9 14 13 14 

170 220 236 234 280 255' 270 
Slooe Position 4 4 4 4 4 4 4 4 3 4 

l~oisture Reuime 3 3 3 3 4 5 4, 3 4 
l ~ o a  wver 

- 
5 1 O 3 O O 3 O O O 01 

Soil Texture 7 7 3 2 6- 6 3. 61 2 
Canopy height 23 22 47 23 38 40 42 42 42 

IShnib cover 4 8 3 2 13: 17 20 35 25 25 301 
Herb wver O 2 30 15 20 40 19 30 25 35 
Tree density 987 732 271 955 247 430 470 183 223 470 3Zzl 
Snaa densitv O 95 O 32 16 32 32 72 80 16 80 

1 Log density 64 159 127 159 95 64 95 159 318 64 1271 
L - 
Tree basal area 1 1 1  41 156 51 96 129 125 98 66 91 
Snag basal area O 1 O O 13 67 O 9 49 61 
Loa basal area 8 34 27 21. 35, 24 26 23 32 3 11 

1 Disturbance (stand acie) 4 4 9 4 9 9 9 9 9 9 9 1 

l Watershed 6 6 6 6 6 6 6 6 6 
Mesohabitat number 1 1 O' O 1 1 2 O 2 1 

Temperature 9 9 9 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 
6 month mean tern~erature 12 12 12' 12 12 12 12 12 12 12 

1 ~ e g r e e  davs 340 340 340 340 340 340 340 340 340 340 3401 



APPENDIX IV, CWH environmental data. 

1 Elevation 610. 610 610 762 762 762 762 762 762 610 6101 

Site Series 14 14 14 9 4 9 9 14 9 13 13 
Slope 2 25 25 25 40 20 45 20 20 28 35 
Aspect 180 220 200 290 2801 310 310 250 O 264 260 
Slope Position 2 4 3 4 4 4 4 3 49 3 4 
Moisture Regime 4 4 4 3 4 3 4 4 4 3 3 
Rock cover O O O O O 5 3 O 4 1 O 
Soi1 Texture 8 2 7 2 6 7 2 3 7 4 7 
Canopy height 45 12 15 43 42 26 45 15 18 38 46 
Shrub cover 50 19 7 26 60 4 20 2 2 2 23 
Herb cover 48 16 20 5 30 2 25 7 5 4 40 

l ~ r e e  density 350 446 637 263 406 477 382 605 923 557 2551 
Snag density 8 O O 56. 8. 95 64 32 O 40 72 
Log density 127 123 O 159 127 159 350 95 159 159 127 
Tree basal area 36 18 26 112 111 63 41 22 40 127 107 
Snag basal area 12 O O 64 13 2 2 O O 64 38 
Log basal area 44 188 O 421 20 21 55 1 9 15 34 
Disturbance (stand age) 9 4 4 9 9 4 4 4 4 9 9 
Watershed 6 6 6 6 6 6 6 6 6 6 6 
Mesohabitat number 3 1 2 4 1 1 1 3 1 O 1 

1 Rock acidity 1 1 1 1 1 1 1 1 1 1 1 1 
Temperature - 9 9 9 9 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 
'6rnonthmeantemperature 12 12 12 12 12 12 12 12 12 12 12 
Degree days 340 340 340 340 340 340 340 340 340 340 340 



APPENDIX IV, CWH environmental data. 

-- -- 

EnvironmentalIplots 180 181: 182 183 184 185 186 187 l8" 
Eievation 610 610 610 610 610 610. 610 610 
Latitude 49251 49251 49251 4925i 49256 49251 4925. 49251 4925i 4925 4925 
Longitude 122 55 12255 122 55 12255 122 55 12255 12255 122 55 122 55 123 10 123 10 
BCG zone 4, 4 ,  4 )  4 4, 4, 4 4 4 2 

Slope 5 O 2 3 20 6 45 30 35 40 20 
Aspect 240 O 300 270 270 260 240 245 250 138 290 
Slope Position 2 2 2 2 4 4 4 4 3 4 4 
Moisture Real - ime 4, 4 4 4 4 4 4 3 4 

l ~ o c k  cover 0 0 0 o 1 20 4 2 0 4.  1 o 7 
Soi1 Texture 5. 1 5 6 .  2 7 2 7 4 6 3 
Canopy height 41 40 20 15 18 20 45 18 44 40 
Shmb cover 11 40 1 10' 3 3 8 2 7 60 16 
Herb cover 85 50 2 10' 1 1 6 1 4 20 30 
Tree density 279 255 573 764 764 1050 653 700 668 446 462 
Snag density O O 223 32 O O 143 191 O 8 8 

Log density ô4 95 159 32 127 95 509 605 ô4 127 64 
Tree basal area 74 112 20 25 47' 58 105. 63 20 141 235 
Snag basal area O O 3 1 O O 60 128 O 18 7 
Log basal area 18 9 26 2 15 18 114 153 O 19 4 
Disturbance (stand aae) 9 9 4 4 4 4 9 4 4 9 9 

1 Watershed 6 6 6 6 6 6 6 6 6 5 - 51 
O 3 3 3, 0 3 3 

Iock aciditv 1 1 1 1 1 1 1 1 1 1 *1 1 

Mesohabitat number 

Rainfall 
- -  - 

16 month rnean temoerature 12 12 12' 12 121 12 12 12 
- 1 Deg ree days 340 340 340, 340 340 340 340 340 340 340 3401 



APPENDlX IV. CWH environmental data. 

EnvironmentaIlplots 191 192: 193 194 195 1964 Tg71 198' 199' 2001 201 
Elevation 610 610. 610 610 610 762 762 762 762 610 610 

I Latitude 4925: 4925i 4925, 49251 4925 49251 4925 49251 4925t 49251 4925 
Lonaitude 123 10 123 10 123 10 123 10 123 10 123 10,123 10 123 10 123 104123 10 123 f 0  

l Site Series 14 14 14 13 14 13 13 14 13 14 
Slope 15 7 35. O 5 20 40 60 45 50 
Aspect 195 320 2701 O 300 200 O 230 50 194 115 

I Slope Position 3 4 4 ,  3 3 4 4 4 4 3 
Moisture Regime 4 4 4 3 4 3 4 4 4 4. 
Rock cover O O 1 1 O 1 O O O 2 
Soit Texture 7 7 7 7 6, 7 2 7 2 7 
Canopy height 42 28 25 30 28 28 25 22 42 20 161 
Shrub cover 25 6 13 5 O .  1 1 O 16 2 2 
Herb wver 25 8 16 13 5 1 2 O 13 4 15 
Tree density 517 700 923 796 732 1050 1082 1178 398 700 7961 
Snaci densitv 48. 350' 159 64> 127 159 255 541 32 32 159 

I Log density 32 191 32 O 64 223 95 191 191 32 
Tree basal area 136 57 56 78 98 68 66 84 142 38 5:l 
Snas basal area 32 139 213 1 3 194 5 62 14 2 4 
Log basal area O 138i 5 O s 1 105 32 31 50 4 O 
Disturbance (stand age) 9 4 4 4 4 4 4 4 9 4 4 
Waters hed 5 5 5 5 5 5 5 5 5 5 5 
Mesohabitat numkr 4 O 1 O O O O 1 O 2 1 
Rock acidity 1 1 1 1 1 1 1 1 1 1 
Temperature 8 9 l 9 9 9 9 9 9 9 9 
Rainfall 2000 2600 2600 2600 2600 26002600  2600 2600 2600 

I 6rnonthmeantemperature 10 j2 12, 12 12 12 12 12 12 12 
Dearee davs 280 340 340 340 340: 340 340 340 340 340 340 l 2 1  



APPENDIX IV. CWH environmental data. 

EnvironmentaUplots - 202' 203, 2041 205; 206 207' 208 209 2101 211' 212 
Elevation 762 762 762 762 762 610. 610 762 762 762 762 
Latitude 4925 49251 4925, 49251 4930: 4930; 4930 4930 4930 4930' 4930 
Longitude 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 123 10 
BCG zone 4 4 4 4 4 4 4 4 4 4 4 
Site Series 13 13 14 14 14 14 4 13 13 13 13 
Slope 50 25 30 20 15 O 40 20 15 7 65 

k ~ e c t  80 45 O 70 85.  O 80 2558 224 215 340 
Slope Position 4 4 4 4 3 3 4 4 4 3 4 
Moisture Regime 4 4 4 4 4 4 3 ,  4 4 8 4 4 
Rock cover 2 O 1 O 3 O 2 5 5 O O 
Soi[ Texture 8 6 2 2 2 6 2 7 7 7 7 
Canopy height 38 20 23 30 22 34 45 22 30 14 42 
S h ru b cover 1 40 3 2 14 1 4 9 10 O 36 
Herb cover 2 34 10 1 14 1 26 63 70 3 28 
Tree density 668 414 796 541 668 923 605 414 573 1592 191 
Snag densitv O 95 159 382 191 700 64 O O 95 8 
Log density 127 255 350 32 95 286 95 95 95 95 95 
Tree basal area 64 17 28 69' 71 78 58 35 34 58 57 
Snag basal area O 3 8 8 4 14 1 O O 2 30 
Log basa1 area 13 46 85 2 9 8 20 17 3 12 38 
Disturbance (stand age) 4 4 4 4 4 4 4 4 4 4 
Watershed 5 5 5 5 5 5 5 5 5 5 
Mesohabïtat number O 3 O 1 1 O O 1 O 
Rock acidity 1 1 1 1 1 1 1 1 1 1 1 
Temperature 9 9 9 9 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600 2600' 2600 2600 2600 
6month mean temperature 12 12 12 12 12 12 12 12 12 12 12 
Degree days 340 340 340 340 340 340 340 340 340 340 340 



APPENDIX IV. CWH environmental data. 

Environmentallplots 213' 214 U S t  216. 217 218! 219' 2201 221. 2221 223 
Elevation 762 762 762 762 762 762 762 610 610 610 610 
Latitude 4930 4930, 49301 49301 49301 4930' 49301 49251 4925; 4925, 4925 
Longitude 123 10 123 10 123 10 123 10 123 10 123 10 123 10 122 55 12255 122 55 122 55 
BCG zone 4 4 4 4, 5 5 5 4 4 4 4 
Site Series 13 13 9 9 13 9 9 14 13 14 14 
Slope 43 50 65 65 1 30 30 45 I O  65 50 
Aspect 334 320 308 300 O 325 300 40 70 60 54 
SIope Position 4 4 4 4 3 4 4 3 5 4 4 
Moisture Regirne 3 3 4 3 4 3 3 4 3 4 4 
Rock cover O 1 10 2 O 2 O O 1 1 2 
Soil Texture 6 6 7 7 7 2 6 1 4 3 6 
Canopy height 46 42 35 35 38 37 25 32 25 34 
Shmb cover 40 10 2 1 60 36 50 16 5 14 7 
Herb cover 50 35 2 4 20 23 13 17 10 34 35 
Tree density 286 255 955 764 414 318 470 477 318 223 414 
Snag density O 64, 127 382 40 103 64 255 159 95 95 -- 
Log density 95 191 286 95 O 159 O 127 255 255 159 
Tree basal area 114 1 60 79 102 124 66 65 62 38 54 
Snag basal area O 2 3 14 11 36 6 12 4 2 1 
Log basal area 16 42. 100 2 O 12 O 3 36 24 30 
Disturbance (stand age) 9 9 4 4 9 9 9 4 4 4 4 
Watershed 5 5 5 5 5 5 5 6 6 6 6 
Mesohabitat nurnber 1 1 1 1 1 1 O 3 1 1 2 -- 
Rock acidity 1 1 1 1 1 1 1 1 1 1 1 
Temperature 9 9 9 9 8 8 8 9 9 9 9 
Rainfall 2600 2600 2600 2600 2000 2000 2000 2600 2600 2600 2600 
6month mean temperature 12 12 12' 12 10 10 10 12 12 12 12 
Degree days 340 340 340 340 280 280 280 340 340 340 340, 



APPENDIX IV. CWH environmental data. 

EnvironrnentaVpIots 2î4, 225 2261 227, 2281 2291 230, 231 232 233 234 
Elevation 610 610 610 610 75 85 90 65 85 200 210 
Latitude 4925 4925, 49251 4925; 495 495 495 495 495 495' 
Longitude 122 55 122 55 122 55 122 55 125 60 125 60 125 60 125 60 125 60 125 60 
BCG zone 4 4 4 4 4 4 4 4 4 4 
Site Senes 9 9 9 13 14 14 14 14 13 13 14 
Slope 40 55 35 4 28 22 24 i 8  35 28' 30 
Aspect 240 220 160 165 120 122 124 126 122 120 122 
Slope Position 4 4 4 3 3 3 3 3 3 4 4 
Moisture Regime 3 3 3 5 3 4 4 4 4 3 4 
Rock cover O 3 3 2 3 3 4 4 5 4 6 

I Soil Texture 2 7 7 7 7 6 3 7 7 2 
Canopy height 27 30 30 27 35 38 41  50 45 44 33:1 
Shmb cover 16 5 1 3 45 55 45 45 55 35 35 

l Herb cover 14 15 1 6 25 25 35 45 35 15 25 
Tree density 509 541 955 1146 318 382 255 350 286 255 350 
Snaa densitv 159 95 223 286 95 95 127 95 64 95 95 - 
Log density 159 64 223 127 955 1019 1019 1114 923 732 891 
Tree basal area 54 45 77 67 240 143 60 171 71 60 154 
Snaa basal area 18 3 4 9 153 165 124 131 82 88 131 
Log basal area 9 4,  25 28 278 366 390 348 230 185 370 
Disturbance (stand age) 4 4 4 4 9 9 9 9 9 9 9 
Watershed 6 6 5 5 7 7 7 7 7 7 7 
Mesohabitat nurnber O 1 1 O 3 1 O 1 2 5 O 
Rock acidity 1 1 1 1 1 1 1 1 1 1 1 
Temperature 9 9 9 9 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 
6rnonthmeanternperature 12 12 12 12 12 12 12 12 12 12 12 
Dearee davs 340 340 340 340 340 340 340 340 340 340 340 



APPENDIX IV. CWH environmental data. 

Elevation 225 205 210 251 15 10 20 30 70 65 80 
Latitude 495 495, 4951 4951 4951 495 4951 4954 4951 495; 495 
Lonqitude 12560 12560 12560 12560 12560 12560 12560 12560 12550 12550 12550 
BCG zone 4 4 4 l 4, 4 4 4 4 4 4 
Site Series 14 14 13 23 21 23 13 14 14 14 1:I 
S l o ~ e  30 32' 32 O O O 0 1  O 22 35 18 
Aspect 124 126' 122 O O O O 0. 120' 115 112 
Slope Position 4 4 4 2 2 2 2 2 3 3 3 
Moisture Regime 4. 4 4 61 6 6 3 6 '  3 4 4 
Rock cover 5 8 5 8 4 8 8 7 5 4 8 
Soil Texture 2 6 7 3 1 2 2 2 7 7 2 
Canopy height 41 47 50 46 44 38 47 42 41 45 
Shrub cover 50 70 55 65 60; 75 70 65 35 55 45 
Herb cover 25 25 35 55 65 55 45 55 25 25 
Tree density 310 286 318 350 318 382 318 350 446 350 3gil 
Snaa densitv 95 64 64, 64 64 32 64 95, 64 64 

L - 
Log densiîy 955 1050 104 9 1146 828 987 828 732 700 828 923 
Tree basal area 107 94 202 163 106 153 125 176 131 60 118 
Snag basal area 164 115 104 51 115 100 21 114 138 142 101 
LOC! basal area 354 396 I 246 2791 96, 246, 332 263 167 259, 270 - 
Disturbance (stand age) 9 9 9 9 9 9 9 9 9 9 
Watershed 7 7 7 7 7 '  7 7 7 8 8 
Mesohabitat number 3 3 2 O 1 O 1 O O 2 
Rock acidity 1 1 1 1 1 1 1 1 1 1 
Temperature 9 '  9: 9, 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 
6monthmeanternperature 12 12 12 12 12 12 12 12 12 12 12 
Degree days 340 340 340 3401 340 340 340. 340 340 340 340 



APPENDIX IV. CWH environmental data- 

EnvironmentaUplots 246i 247' 248 1 249, 250 251 252 2531 2541 2551 256 
Elevation 65 75 2001 205 215 195 200 20 20 40 15 
Latitude 495:  4951 495 4951 495, 495 495, 495 495) 495, 495 
Longitude 125 50 125 50 12550 12550 12550 12550 12550 12550 12550 12550 125 50 
BCG zone 4 4 4 4 4 4 4 4 4 4 4 
Site Series 14 14 14 13 14 14 14 23 14 23 23 
Slope 26 32 38 34 28 22 24 O O O O 
&pect 120 115 120 115 112 120 115 O O O O 
Slope Position 3 3 4 4 4 4 4 2 2 2 2 
Moisture Regime 4 3 4 3 4.  4 4 6 4 6 6 
Rock wver 5 3 6 4 4 6 5 4 3 6 8 
Soit Texture 2 2 7 2 7 2 2 7 2 2 2 
Canopy height 43 42 46 41 39 43 46 50 48 47 38 
Shmb wver 55 65 55 45 50 60 65 60 55 50 45 
Herb cover 25 35 35 15 10 20 35 55 45 55 65 
Tree density 286 255 382 286 350 382 382 318 286 318 350 
Snag density 64 95 95 ô4 64 32 95 64 95 95 95 
Log density 923 955 1114 1050 1305 955 1019 955 1019 987 923 
Tree basal area 95. 178 174 70 118 171 147 270 91 80 203 
Snag basai area 85 193 144 35 119 30 124 76 153 186 176 
Log basal area 237 259 584 333 275, 259 399 186 350 205 360 
Distufbance (stand age) 9 9 9 9 9 9 9 9 9 9 9 
Watershed 8 8 8 8 8 8 8 8 8 8 8 
Mesohabitat number 2 1 1 3 O 2 2 O 2 1 O 
Rock acidity 1 1 1 1 1 1 1 1 1 1 1 
Temperature 9 9 9 9 9 9 9 9 9 9 9 
RainfalI 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 
6 rnonth mean temperature 12 12 12 12, 12 12 12 12 12 12 12 
Degree days 340 340 340 340 340 340 340 340 340 340 340 



APPENDIX IV. CWH environmental data. 

Latitude 4958 4950: 49501 49501 4950 49501 49501 4950; 49501 49501 4950 
Longitude 125 50 126 30 126 30126 30 126 30 126 3 0  126 30 126 30,126 30 126 30 126 30 
BCG zone 4 4 4 4 a 4 4 4 8 4 , 41  4 4 

Aspect 0 120' 122 124 126: 122 120 122' 124 126 122 
Slope Position 2 3 3 3 3 3 4 4 4 4 4 
Moisture Regime 6 4 4 4 . 4 3 4 3 5 3 4 
Rock wver 5 4 10 8 5 5 6 8 5 5 6 
Soit Texture 2, 21 2 21 3 7 2 2 2 7 7 
Canopy height 42 39 45. 42 46 - 48 41 49 44 47 37 
Shrub cover 50 70 65 60' 55 45 45 55 55 55 55 
Herb wver 50 35 35 45 40 35 25 10 15 15 25 
Tree densitv 414 318 318 350 382 286 350 382 446 414 286 
Snag density 32 95 64 32' 641 95 32 64 95 95 
Log density 923 987 1050 987 891 923 987 1210 1114 1178 1114 
Tree basal area 205 148' 49 136 337 1101 154 92' 158' 133 193 
Snag basa1 area 45 156 76 26 113 162 96 92 138 152 78 

1 Log basal area 360 256, 2951 2961 215 177 234 4501 473 409 4691 - 

Disturbance (stand age) 9 g1 9 9 9 9 9 9 9 9 
Watershed 8 9 9 '  9 9 91 9 9 9 9 
Mesohabitat number 2 O 2 2 3 1 3 3 3 2 

Temperature 9 98 9 9 9: 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 
6monthmeantemperature 12 12 1 2  12 12 12 12 12 12 12 12 
Degree days 340 3401 340 340 340 340 340 340 340 340 340A 



APPENDIX IV. CWH environmental data, 

1 Elevation 20 40 15 20 25 551 45 45, 40 35 1751 
Latitude 4950 4950: 49501 4950' 49501 4840 48401 4840' 4840' 4840, 4840 
Longitude 126 30 126 30 126 30 126 30 126 30 124 35 12435 124 35 124 35 12435 124 35 
BCG zone 4 4 4 4 4 4 4 4 4 4 4 
Site Series 23 14 23 23 23 14 14 14 14 14 
Stope 0 0 0 0 0 18 îî 24 16 28 i:l 
ASWC~ O O O O O 15 10 240' 160 80 15 
Slope Position 2 2 2 2 2 3 3 3 3 3 4 
Moisture Regirne 6 5 6 6 6. 5' 4 3 5 5 3 
Rock cover 12 4 3 5 6 8 8 6 5 10 5 
Soil Texture 7 7 7 6.  2 7 7 2 2 2 7 
Canopy height 44 39 49 44 468 41 48 46 43 47 
Shnib cover 55 15 55 60 70 35 65 60 45 50' :!l Herb cover 55 40 50 45 55 35 35 45 35 35 20 
ITree density 286 382 350 318 446. 414 382 318 286 286 255 
snag densi& 32 64 64 64 ô4 64 32. 95 64 32 6 4  
Log densiiy 955 1050 891 796 891 1019 1050 955 1019 1 0 1 9 9 8 7  
Tree basal area 129 92 183 92 129 216 191 126 134 66 61 
Snag basal area 22 86 89 66 99 77 59 158 81 65 63 
Log basal area 336 183 319 1 293 481 227 333 348 200 494 
Disturbance (stand aae) 9 9 9 9 9 9 9 9 9 9 9 
Watershed 9 9 9 '  9 9 10 10 10 10 10 10 - 

Mesohabitat number 1 O 2 O 2 1 1 1 O 1 2 
Rock aciditv 1 i 1 1 1 1 1 1 1 1 1 
Ternperature 9 9 9 9 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 
6rnonthmean temperature 12 12 12 12 12 12 12 12 12 12 12 
Dearee davs 340 340 340 340 340 340 340 340 340 340 340 



APPENOIX IV. CWH environmental data. 

EnvironmentaUplots 2791 280 281 282 2831 2841 2851 2861 287 
Elevation 165 170 190 200 35 25 20 15 20 
Latitude 4840' 48401 4840i 48401 4840, 48401 4840' 4840, 4840 
Longitude 12435 12435 12435 12435 12435~12435 12435 12435 12435 
BCG zone 4 4 q 4 4 4 '  4 4 4 4 
Site Series 13 14 14 13 23 14 23 23 23 

- 
Rock cover 5 6 10 6 12 5 6 8 5 
Soil Texture 2 2 2 3 2 2 3 21 2 
Canopy height 48 47- 48 44 42 39 41 44 48 
Shmb cover 35 45 40 50 45 55 55 50 60 
Hert, cover 15 20 30 30 65 45 60 55 45 
Tree densitv 223 318 318 446 382 382 446 446 382 
Snag density 95' 95 64 32 95 95 64' 64 
Log density 828 987 891 987 1369 1401 1369 1273 1146 
Tree basal a rea 121 215 197 100 164 991 120 196 97 

(Snaci basal area 124 193 106 27 245 112 66 60 2181 - 
Log basal area 183 2861 161 2301 406 459: 583 338 
Disturbance (stand age) 9 9 9 9 9 9 9 9 
Watershed 10 10 10 10 10 10 10 10 10 
Mesohabitat number 1 1 1 2 4 O 4 O 4 
Rock acidity 1 1 1 1 1 1 1 1 1 
Temperature 9 9: 9 9 9 9 9 9 9 
Rainfall 2600 2600 2600 2600 2600 2600 2600' 2600 2600 

I 6 month rnean temperature 12 12 12 12- 12. 12 12 12 
Dearee davs 340 340 340 340 340 340 340 340 340 121 



APPENDIX V. CWH species data. 

ber 103 104, 105 106' 107' 1081 109t 1101 111 112. 113 114 115 116 117 118 119 12 - ---. - 
1 1 1 1 7 1 1 1 1 1  1 ' 1 1 1 1  

Andmiva 

Anoeaest 
Anthjula - 
Anthpunc 

. -- - - - - -- - -. 
2- -1- 

-- ---- - 
Anticurt 2 1 2 2 2--- - - -  
Apompube 2 2 2 
Ardfulv 

PL- --a--- 

~trisefw 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 ~ 1 1 1  

Aulapalu 1 1 1 1 1 1  1 1 1 1 1  1 1 -- 
Barbbarb - - - - - - - - -- - - - - - - -- - - - - -pp - - -- - - - - -- - - -- - -- - -- - 
Barbfloe 1 1  2 1 1 -- 1 
Barbhatc 1 1 1  1 1 1 

f31eptric - - -- - - - - - - - - -- - - - - - -- -- - - - -- 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  -. -- - - - - 
- -- - - - - - ---- - - - - - - 

Blinacut 
p- --- p- 

Bracïrig 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Bracnels 

cep hbic; 2 2 2 1 2  2 2 2 2 2  
Cep hdiva 2 2 - 2 2 
Cephinte 1- 1 1 1 1  

- - -- 
Cirrcirr 
Claobola 2 2 1 1  1 1 1 2  



APPENDIX V. CWH species data. 

PlotNumber 121. 122 123 124 1251 126: 127 1281 129' 1301 131 132' 133 134 1353 1361 137' 138 ------ 
Am blserp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1  - 
Amphcali 
Arnphlapp 
Anaunenz 

Andrroth -1 
-- 

~ n e u ~ i n g  1  1- 1  1  
Anoeaest 
Anthjula -- - 
Anthpunc 
Anticali --- - - - --- - -- - - -- - -- -- --- - -- A- 

Anticurt 2 2 2  2 2 2- -- - -  2 -- 
Apompube 1 1 2  1  
Arctfulv 

I 
--- -- 

Atriselw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Aulaandr ~ 1 1 1 1 1 1 1 1  1 1 1 1 1  1 1  1  l  1 
Aulapalu 1  1 1 1 1 1  1 1 1 1 1 1  1  1  - 
Barbbarb 
- -- - - -- - .- - -- ---- - - -  ---- --- -- -- - - - . --- - ---- --- -- 

Barbfloe 1  1 1  1  
Barbhatc 1 1 1 1 1  1  1  

Calytric 
Campatro 
Cam~flex 

Chilpall 
-- 

Chilpoly 1  1 1  1- 1  
Cirrcirr C 
Claobola 2 1 1 2  1 2 1 2  1  2 1  2 



APPENDlX V. CWH species data. 

---- 
Arnblserp 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1  
Arnphcali 
Ampttlapp 1 
l Anacmenz I 
I Anasassi I 
Anasrninu 
Andrblyt 
Andrniva 1 
I Aneuping 1  1 1 1 1  
Anoeaest 1 

l Anticali ----- 2---2. - -  -- .--- --- - .- . -- - -- -- 
Anticurt 1 2  2- - - 1 - -  2- 
&om~ube 2  - 1 
Atrïselw ~ ~ ~ ~ 1 ~ 1 1 1 1 1 1 1 1 1 1  Aulaandr 1 1  1 1  1 1  1  1  

Aulaoalu 1 1 1  1  1 1 1 1 1 1  
Barbbarb 
Barbfioe 

i Bracnels I 

Callcusp 
PP 

Calyfiss 1  1  --- - - -- --------- - -- - --. -- --. .--- 
Calyinte 1 1  1 1 1 1  1 1 1 1  
Calvmuel 1 1  1 1 1 1  1 1 1 1  

l ~ b h i n t e  ; - 

-- 1 1  1  
Cephlunu -- --- 1 
Cephphyl - 
Cera~urn 1 1 1 1 1 1  1  1  1 1 1  . . 
Chilpall -- -- 
Chilpoly 1 1  
Cirrcirr 
Claobola 2  1  2 2 2 2  1 2 1  



APPENDIX V. CWH species data. 

PlotNumber 157 158 159 160' 161 162 163 '164: 165 166~ 167, 168' 169: 1701 171 172 173' 1 7 ~  --- - -- -- 
Ambtserp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '  
A m ~ h ~ a l i  
Arnphlapp 
Anacrnenz 
Anasassi 
Anasminu 
Andrblyt 
Andmiva - --- 
Androth 
Andrmpe 
Aneuping 1 1 1 1  1 
Anoeaest 
Anthiula --- 
~nth'punc 
Anticali 

---A-- ---- -- - - - - --.-- -- - A - -  . 

Anticurt 2 1 2 2 2 2 2 2 2  1 1  
Apompube 2 1 1  1 2  
ArctfÙlv - 
Atrisehv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Aulaandr 1 1 1  1 1 1 1 1  1 1 1 1 1  
Aulapalu 1 1  1 1  1 1 1 1  1 1 1 1  1 
Barbbarb - - - - - -- - - - - -- - --------. - -- - -  --- - - - - -. -- 
Barbfloe 1 1 1 1 1  1 1 1  1 - 
Barbhatc 1 1 1 1 1  1 

- -- -- - .- --- 
Bracplum 1 1 1  

1 1 
-- 

Bracrivu 
-- - -- - 

1 1 1 1  - - -  - - -  - -  - - - -  - - - - -  - -  
Bracve lu 1 1 1 1  1 - -  1- -- 

Brotroel - 
Bryhhult 

-- 
- -----A--- -- ---. - - --- -- -- .- - - - --- 
Bryucapi -- 
Bryumini 

-- - -- - . - - - - - - _ - --- ___._-- - _ - - -  - - - -  - - - A  - _ -- - - 
1 1 Bryupall -- 1 - 
1 1 

- 
Bryupseu 1 1 1 1  1 1  1 1 1  
Buxbpipe 1 

--- 
campatm - 
Campfiex - -- - - - - - - -- - -- - - - . . - 
Campfrag 
cephbic; 2 1 1 2  2 2 2 2 2 2 2 2  2 2 
Cephdiva 2 2 2 2 2 2 2  
Cëphin te 1 1 1 1  
Cephlunu 1 1 1 1 1 1  --- 

1 1 1 1 1 1  1 1 1 1 1  1- 
Chilpall 

Claobola 2. 1 1 2 1 2  2 2 2 2 .  2 2 



APPENDIX V. CWH species data. 

Anacmenz 1 
Anasassi -- 
Anasminu 1 
Andrblvt 
~ n d r n k a  1 
Andrroth 
Andrrupe 
Aneuping 1 1 1 1 1  
Anoeaest 

- - -  ------ - ----- - -  _ _ - - - - _ _ 
Anticurt 2 2 2  2 2 - Y  

Apornpube 1 1 2  2 1 2  
IH. muIV ----- 
Atrisehu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Aulaandr 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Aulapalu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Barbbarb 1 1 
-- -- - - ---- - - - - --- -----__- _- _ - - - -- pp 

Barbfloe 1 1 1 1  1 1 1  
Barbhatc 1 1 1  1 1 
Barthall 1 
Bartporni 1 - --- 2 -  
Bandenu -- 1 1 1 2 2 2 2 1 1 1 1 2 1 1 2 2 2 1  - - - . -____ -_- --------___-__- -_  _ _ . . _._ ._. ___- 
Banpear 
Bantric 1 1 1 1  1 1 1 1 1  

Bleptric 2 2 2 2 2 2 ' 2 2 2 2 2 2 2 2 2 2 2 2  - -- - -  - - a  - - - _ _ _ _ -  --_-__ - -- - - - _ -- _ - _  _ - 
Blinacut 1 

A --- - -- - 
Bracplum 1 1 1 1  
Bracrivu 1 1 - - - _ _ _  -_ --_- ___- _ - - - --- - 1 1 1  - - - - 
Bracvelu 1 1 1 1 
Brotroei 
Bryhhult 
-------A- --- I --- -- -_- --- 

Brvucaoi 1 

tyumini - - --- ----- -- - - - - * .  - -  - - - - -  - - - - -  
Bry ~pa l ,  1 1 1 1 1  
Bryupseu 1 1 1 1 1  1 1 1 1  1 1  1 1  
Buxbpioe 1 

- 
Calyfiss - 1 1  1 ---- _ _ - - - - - - -___  .- _ _ _  - -  - - -  - -  - - -  _- ._ - 1 
Calyinte 1 1 1 1  1 1 1 1 1  
Calyrnuel - .  . .  1 1 1 1  1 1 1 1 1  
taiyrnc ~-- - 1 
Cam patro 
Carnpflex --- - -____ - - - -_ -___ __ _ __- - -- - -  - -- - --- -- - 
Carnpfrag 
Cephbicu 1 2 2 2 2  1 2 2 2 2 1  
Cephdiva 2 2 1 
Cephinte 1 1 1  1 1 
Cephlunu -- 1 1 1  
Cephphyl 
Cerapurp 1 1 1 1  1 1  1 1 1  1 1  1 1  
Chilpall I 

LIrrCIrr 
Claobola 1 1 2 1 2  1 2 1 2 1  



APPENDIX V. CWH species data. 

~ r n ~ h c a i i  
Amphlapp 
Anacrnenz 

Anasminu - 
Andrblyt 
Andmiva 
Andrroth 

Aneuping 
Anoeaest 
Anthjula - 
Anthpunc 
Antica li - - - -- 

'~nticurt 2  1  - -- - 1  - 
Apornpube 
Arctfulv -- 

Atnseiw I l  7 1 1 1 1 1 ? 1 1 1 1 1 1 1  
Aulaandr 1 1 1  1 1  1 1  1 1  1 .  
Aulapaiu 1 1  1 1 1  1 1 1  1  
Barbbarb 

A------ - A  -- - - - - -  - - -  - -  - - 
~ T r b f l i  

+--- 

Barbhatc 

Bartpomi 
Bazzdenu 1 1 1 1 1 1  2 1 1 1 1 1 1 1 1 1  1 '  -- - - - - -  -- - - - -  
Bazpear 
Bazztric 1  1  1  1  

Bleptric 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :  . -  - -  - - - -- - - - - - - - - - - - - - -- - - 
Blinacut 

I Bracplum 
Bracrivu 

Campflex -------- - -- -- -- -. - - - - -- -- - .- - - .- - - 
Cam pfrag 
Cephbicu 1  2 1  1  1 1  
Cephdiva 
Ce~hinte 
cephlunu 
Cephphyl - 
Cera purp 1 1 1  1 1  1 1 1 1 1 1 1  1 1  
Chilpall - -- ---Pd-- 

chilpoly 
Cirrcirr 
Claobola 1  1  1  1  1 



APPENDCX V. CWH species data. 

PlotNumber 211 212,213 214 215 216 217 218 219 220 221 222 223 224,225 2261227 228 
Amblserp 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1  1 
Amphcali 
Amphlapp 
Anacrnenz 
Anasassi - 
Anasminu 1 
Andhlyt 
Andmiva 

- - 
Andrroth 1 
Anthjula -- 
~ n t h ~ u n c  
Anticali 

~rcffulv ----- 
Atnselw 1 1 1 1  1 1 1 1  1 1 1 1 1 1 1 1 :  
Aulaandr 1 1 1  1 1  1 1 ;  - 
Aulapalu 1  1 1  1 1 1 1  1 1  1 2 
Barbbarb 
--II_____-- -- ---_____-______-__~__.- _ -  - - --  - 

- -  --1- - 1 -  
- - -  

Barbfioe 1  1 1 1 1  1 
Barbhatc 1  1  1  L 

BarthalI - -. . . . -. . 

Bartpomi 1 

Andrmpe 
Aneuping 1  1 1  - 1  
Anoeaest - 

- 

- 

3 - 
? 
- 

- 

? - 
? 
? - 

I 
? 

I 
? 
I 
! 

~ l e ~ t r i c  IL 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  --____ _ _ _ _ _  - _ - _  _ _ -  _ _ _ 
Blinacut -- 
Bradrig I l l 1 1  1 1 1 1 1  1 1  1 1 1 1 1 2  
Bracnels 1  --- -- - 
Bracplurn 1  1  
Bracnvu 1  1 1 

- - -- -- - - - - - - -- -- - - - . . - -- - -- - - - - . 

P. 

Brvumini ---.------ - -  - ---- -- - - -- - -  -- - - - - - 
Bryupall 1  1 -- 
Bryupseu 1  1 1 1  1 1  1 1  1 1  1  
Buxbpipe 1  --- 
Callcusp --- 1  
Calvfiss 1 1 1  

-- 

cahpatro 
Campflex 

- - -- - -. -- -- - -- - - - -. - - - - - - - - A - - -- - - - - -  - -- - - - .- 
Campfrag 
Cephbicu 2 2 2  2 2 2 1  I l l  2 
Cephdiva -- 1  1  
Cephinte 1  1  1  
Cephlunu 1  1 1  1  
zephphyl 1  
Cerapum 1  1 1 1 1  1 1 1  1 1 1 1 1  1 2  
Chilpall 
Chilpoly 1  1  1 1  1  
Cirrcirr 1  
Claobola 2 2 2  2 2 1 1  I l l  2 



APPENDIX V. CWH species data, 

Plot Number 229 i 230 1 231 232: 2331 234: 235 I 2361 237: 238 1 2391 2401 241 2421 243 244' 2451 246 ----- - ---- --- 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Amphlapp 
Anacmenz 
Anasassi 

- - 

Andrroth 1 1 
Andrruoe 
Aneuping 1 1 1 1 1  
Anoeaest 1 1 
Anthjula 
Anthounc 

-- ---- -p-pp -,- 

Anticurt 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 7  
Apompube 2 2 2 2 2 2 2 2 4 2 2 2 2 2 2 2 2 2 2  - 
Arctfulv 
Atrisehiv 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Aulaandr 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Aulapalu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Bahbah 

- ---- 
~ a % l  oe 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Barbhatc 2 2 2  2 2 2 2 2 2 2  2 2 2  
Barthall 
Bartpomi 1 1  1 1 1 1 1 1 1 1 1 1 1 1  
Bazzdenu -- 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  -- - - -- -- ----- - - - - ---- -- y -- ---- -- - - ---- 
Banpear 1 1 1 1 1  
Bazztnc - 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Bazztni - .- ----- - --- 
Blasousi 1 1 1 1 1 1 1  
Bleptric 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  ---.---- - -  --- -- - -  - - - --. .-- 
Blinawt 
Bradrig 2 2 2 2 2 , 2 2 2 2 2 2 2 2 2 2 2 2 2  
Bracnels 1 1 I 
l Bracolum 

Bryucapi 1 1  1 1 
Bryumini 

-- - -- -- ----- -- - - -- --- 
Bryupall 
Bryupseu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Buxbpipe 1 1  1 1  1 1 1 1 1 1 1 1  - 
Callcusp 1 1 1 1  1 1 1 1 1  
CalSiçs 1 1  1 1 1  1 1 1 1 1 1 1 1 1 1  

- -- - - - - -- - - - - ---- - - - - -- A --- - - - - -- - - - - - - - - - - - - - 
Calvinte 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  - 
Calymuel 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Calytric 1 1 1 1  
Campatro -- 
Cam pflex - - -- - ---A--------- 
Cam~fraa 
cep hbic; 2 2 2 2 , 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Cephdiva 2 2 2' 2 2 2 2 2 2 2 2 2 2 2  
Cephinte 1 1  1 1 1  1 1 1 1 1 1 1 1  
Cephlunu 1 1 1  1 1 1  1 1 1 1 1 1 1 1  
Cephphyl 1 1 1 1  
Cerapurp 2 , 2 2 ' 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Chilpall 
Chil~olv 1 1: -- 1 1 1 1 1 1  . - 
Cirrcirr 1 1 1 
Claobola 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ' 2 2 2  



APPENDIX V. CWH species data. 

Plot Number 2471 248 i 249: 2501 251 ! 2521 253: 2541 255; 256 i 257' 2581 2591 260: 261 ! 262; 263; 264 
Am blserp 1 1 1 1 1 1 1 1 1 1 1 ' 1 1 1 1  1 1 1  
Amohmli 

Anasassi 1  1 1  
Anasminu 1 1  
Andrblyt 

- - 

Andmiva -- 
Andrroth 1 

I -- 
Anthpunc 
Anticali -- 
Anticurt 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 :  
Apompube 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :  
ArcffuIv 7 .  
Atriselw 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 :  
Aulaandr 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :  
Aulapalu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :  
Bahbarb 1  

-- -- -- - Pb- - - . - y - -- - -- - - - 2- ---1-- -- 
Barbfloe 1 1 1 1 1 1 1 1 1 1 1 1 1 1  2  2 
Barbhatc 2  2  2  2 2 2 2  2-2 2  2  : 

Bleptfic 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 :  -- ---- -- -- - - -- - - - -- - - - - - - - -- - ---- -- 
Blinacut 
B ractîïg 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Bracnels 1 1  1 1 1 1  -- 

- 
1 

I Andnupe 1 1  
Aneuping 1 1  1  1 1 1  1  
Anoeaest 1  - 

1 - 

3 
- 

2 
- 
1 
? 
- 

? 
- 

2 
I 
? 
z 

l - 
? 
I 
? 
I 
I 
! 

! 
1 

Brotroel 1  
- 

Bryhhult 1 1  
-p. 

Bryucapi 1  1  
Bryumini --- - - -- -- -- - - - --- - 1  - -  -- - -  - - -  -- 
Bryupall 

P. 

1 1  1 1 1 1 1 1 1 1 1 1 1 1  1 1 1  
1 1 1 1 1 1 1 1  1  1  1 1 1  

Callcusp 1 1  1  1 1  1  1  1 1 1 1 1 1  
Calyfiss 1  1 1  I l 1  1 1 1 1  1 1 1  - - -A -- 
Calyinte 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
l~aiyrnuel 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Calytric 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1  
Campatro 
Campflex 1 1  
Campfraq 1 1  
cephbi& 2 2 2 2 2 2 2 2 2 2 2 2 2 2 , 2  2 2 2  
Cephdiva 2 2 2  2 2 2 2 2 2  2  2  2 2  2 
Cephinte 1 1  1  1 1 1 1  1  1 1 1 1 1 1  
Cephlunu 1 1  1 1  1 1  1 1 1 1 1 1  1 1 1  
C e ~ h ~ h v l  1 1  1 1  1  1 1 1 1 1 1  



APPENDIX V. CWH species data. 

Plot Number 265 1 2 6 6  267 
Amblserp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Arnphcali 1 
Arnphlapp 1 1  1 1 1  1 1 1 1  - . .  
Anacmenz 1 1  1 1 1  1 1 1 1  1 - 
Anasassi 1 1  1 1 1 1 1  1 
Anasminu 1 1  1 1 1  1 1 1  1 
Andrblyt 
Andmiva 1 -- 
Andrroth 1 1  1 1 

Aneuping 1 1  1 1  1 1 1 1 1 1  
Anoeaest 1 1  1 1 
Anthiula 1 1 1  1 1  1 1 1  1 / 
I Anticurt 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
Apompube 

Atriselw 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Aulaandr 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Aulapalu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Barbbarb 1 1 1  1 1  1 1 1  

---.-------- -- ----- - - -  --A- - -- -A- - - - 
1 2 2  - - - -  2 - - 1 - - 2  

Barbfloe 2 2 2 1 1 1 1 1 1 1 1 1 1  
Barûhatc 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2  
Barthall 1 
Bartpomi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Bandenu - 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  -- ---- --------A - ----- - - -- ---- ------ - 
Bazzpear 1 1 1  1 1 1 1 1  1 

Blaspusi 1 1 1  1 1  1 1 1 1  1 
Bleptric 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  - - -A- - -- --- .- - - -- -- -- - -- - -- . - - -- - - 
Blinacut 1 
Bradng 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Bracnels 1 1 1 1  1 1 1 1  1 1  1 1 - 
Bracplum 1 
Bracrivu 1 1 1 1  1 1 1 1  - -  ---- .----- --- - - . . - - - - -  -- - - -  - - 1 1 1 1  - -- - - - - -- - - -- 1 
Bracvelu 1 1- 1 1 1 1 1 1  1 1 1 1  1 
Brotroel 1 
Bryhhuit 1 1 1  1 1 1 - 
Bryucapi 1 1  1 1 1 
Bryurnini 1 

-- - -- -- - - - - - -- -- - . - - - - -- -- - - - - - - - - - - - - - - - - -- - .- - - - - - - - - - - - - 
Bryupall 
Bryupseu 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1  
Buxbpipe 1 1 1  1 1 1 1  1 1 
Callcusp 

- 
1 1 1 1  1 1 1 1  1 1 1 1  1 

Calyfiss 1 1 1 1  1 1 1 1  1 1 1 1 1 1 1  -- - - - - 
Calyinte 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Calyrnuel 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Calytric 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7 1  
Carnpatro 
Carnpflex 1 1 1  1 1  1 1 1 1  1 
Carnpfrag 1 1 1  1 1  1 1 1 1  1 
Cep hbicu 2 2 2 2 2 , 2 2 2 2 2 2 2 2 2 2 2 2 2  -. 

Cephdiva 2 2 2  2 2 2 2 2 2  2 2 2 2 2  
Cephinte 1 1 1 1  1 1 1 1  1 1 1 1 1 1 1  
Cephlunu 1 1 1  1 1 1 1  1 1  1 1 1 1  1 
Cephphyl 1 1  1 1 1 1  1 
Cerapurp 2 2 2 2 2 2 2 , 2 2 2 2 2 2 2 2 2 2 2  - 
Chilpall 1 1 1  1 1  1 1 1 1  1 
C hilpoly 1 1 1  1 1 1 1  1 1 1 1  1 
Cirrcirr 1 1 1 1  1 1 1 1 1 
CIaoboIa 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  



APPENDIX V. CWH species data. 

Plot Number . 283 i 284 r 285 I 286 ! 287 
Amblseru 1 1 1 1 1  
Arnphcali 
Amphlapp 1 1: 
Anaanenz 1 1 

Andrblyt 1 
And m iva I 
Andrroth 
Andmioe 1 1 1 . - 
Aneuping 
Anoeaest 1 
Anthpunc 
Anticali 1 1 
Anticurt 3 3 3 3 3  1 
Atrisehv 2 2 2 2  
Aulaandr 
Aulapalu 
Bahbarb 
Barbfloe 
Barbhatc 2 2 
Barthall 
Bart~omi 1 1  1 1  

Blaspusi 1 1 
Bleptnc 3 3 3 3  
Blinacut 

Bryupall 7 
Bryupseu - 1 1 1 1 1  
Buxbpipe 1 1 1 1 1  
C ~ I I C " S ~  1 i 1 
Calyfiss 1 1 1  
- - - - - --- --- .- - - 1 
Calyinte 1 1 1 1 1  
Calymuel 1 1 1 1 1  
Calytric 1 1 1 1 1  
Cam~atro 1 
Cam pflex 
Campfrag 1 1 
Cephbicu 

Cephinte 1 1 1 1  
Cephlunu 1 1 1 1 1  --- 
Cephphyl 1 1 1 
Cerapurp 2 2 2 , 2 2  - 
Chiloall 1 1 1 
Chilpoly 1 1 
Cirrcin 
Claobola 



APPENDIX V. CWH species data. 

I Colomaco 
Conoconi 1 1  1  1  1 1  1  I 

'craffi~i 1  1  1  
Dendabie 1  1, 1  1  1 

'~ich&ll 1  1 1  1 1  1  
Dichunci 
Dicrcirr 1  1 
Dicrcris 1  1  1  
Dicrdenu 
Dicrfusc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  1 
Diaitete 1 2 2 1 1 2 1 2 1 2 2 1 1 2 2 2 1 2  

- 
Dicrmaju 
Dicrpaci - 
Dicrpall 1  1  1  1 1  1  
Dicrpalu 1  1  1  
Dicrscop 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

l Didwine I 
oiphlbi 2  2  1 2 1 2 1 2 2 1 1 2 2 2  2  
Diplimbr 
---A -- -- - - -- -- - - - - - - - - - - - - -- - -- --- 
Diplobtu 1 1  1  

- -  -1- 

Diplplic 1  1  1 1 1  1  
Dipltaxi 1  1  1  1 1  --- ------- P 

ûistca~i 

Douiovat 2 2  2 2  2 2  
1  1  1  1 1  

Encacili 

l 
- - - - - - ---* - - --- - -  - 

Fissg ran 1  1  1  1 1  
Fontanti 1 1  1  1 1  -- 
Fonthv~n 1  1  1  1 1  1  

Fmlcali - 
Frulfran 
Frulhatt 
Frultama 1 1  1 1 1  1 1  1  - 
Funahygr 1  1 1  1  1 1  1  
Gehegiga 
Geowrav 2 2 1 1 2 1 1  2 2 1 1 1 1  1  

Gymnobtu 1  1  1 1 1  
Gyrounde - 
Haplmnio 
Hamflot -- 
Herbadun 1 2  2 1  2  1  2  2- 2  1  
Hetedirno 1  1  



APPENDIX V. CWH species data. 

PlotNumber 121 122, 123 i24, 1251 126, 127 1281 129' 1301 431' 132 1331 134 135: 136' 137 138 
Claocns 
Claopell 
Clirndend 1 1  1 1 1 
Colornaco 
Conoconi 1 1 1 1  1 1  1 1 1  1 

1 

Craîfïli 1 
Dendabie 
Dendgrif 
Dichpell 1 1  1 1 
Dichunci 1 Dicrcirr 1 

I 
Dicrcris 1 1 
Dicrdenu 

2 2 2 2 2 2 2 2 2  
Dicrhete /"U':ii::::::221212112 Dicrmaju -- -- 

- 
~ i c h a l u  1 
Dicrçcop 1 1 1 1 I 1 1 ? 1  1 1 1  1 1 1 '  
Dicrçubp 
Dicrtaur 2 2 2 2 2 2 2 2 2 2 2  2  2 2 2 :  -- - -- -- ..- -- -- . - - -. -- - - - ---- --- .- -- - - - - - .- . - - - - - -- - - - 
Dicrunci 
Didyfall 
Didwine 

2 - 

Diplalbi 2 1 1 2 2 2 2 2 2 2 2  2  2 1 1 ;  
Di~lirnbr 

Eurhoreg 2 2 2 2 2 2 2 2 2 2 2  2 1 2 2 1 ;  
Eurhprae 2  1 2 2 1 1 2 1 1  1 2  L 

Eurhpulc 2 2 - 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2  

Fontanti 1 1 1 1 
1 1 1 1 1 - 

-- 
Frulcali 
Fmlfran -- --- 
Frulhatt --- -- 

1 1 1 1 1 1 1 1 1  1 1 1 
1 1  1 1 1  

Gehegiga 
Geocgrav 1 1 1 1 1 1 2 2 2 2 2  1 2 1 1 1  
Gnrnincu 

- 
~i rounde  
Haplmnio 
Harpfiot 
Herbadun 2 2 2 2 1 1 2 1 2  2  2 2 
Hetedimo 1 
Heternaw 2 1 1 2 2 2 1 1 2 1 2  2  2 1 1 2  



APPENDIX V. CWH species data. 

PlotNumber : 139: 140: 141; 142; 1431 144i 145: 146i 147' 148; 1491 1501 151: 152: 153, 1541 1551 15 
Claocns 

~lirndend 1 
Colomaco 
Conoconi 1 1 1 1  1  1 
Cratfili 
Dendabie 
Dendgnf -- 
Dichpell 1 - 
Dichunci 
Dicrcirr 
Dicrcns 1 
Dicrdenu 
Dicrfusc 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2  
D ide te  1 1 2 2 1 1 2 2 2 2 1 1 2 2 2 2 1  
Dicrmaju 
Dicrpaci 
Dicrpall 1 1 1 1 1  
Dicrpalu 1 

1 Dicrscoo 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1  

I Didwine -- 
Diplalbi 1 2 2 2 2 2 2  2 2 2 2  

l&br 
- - - - - - - -- - - - - - - - - - - - --- -- - - - - - - - - - - - 

~ i ~ l o b t u  1 1 --- 1 
Diplplic 1- Di~ltaxi 1 1 1 1 1 1  

1 1 1 1  

Ditmont 
Douiovat 
~repadun- 1 

Eurhoreg 1 2 2 2 2 1 2 2 2 2 2  2 2 2 2 2 ;  -- 
Eurhprae 2 1 2 2 2 2  - 1 1 2 1  
Eurhpulc 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 7  
Fissadia -- -- - - - - - -- - -* -- - - - - - -+ - - . - A - 
Fissgran 1 1 1 1  -- 
Fontanti 1 
Fonthypn 1 1 1 1 1  -- 
Fontneom 
Frull 

- ---- * . - --- - - - -- - -- ' ~rulbola 2 
Frulcali 
Frulfran -- -- 
Frulhatt 
Fruttama 1 1  1 1 1 1  1 1 1 1  1 
Funahygr 1 1  1 1  1 1  1 1  
Gehegiga 
Geocgrav 1 2 2 2 2 1 1  1 1 2 1  1 

Gyrounde 
Haplmnio 
Harpflot 

Hetedimo 1 
Hetemaco 2 1 2 2 2 . 2  2 2 2 2  1 



APPENDIX V. CWH species data- 

Plot Number 1571 1581 159' 4601 161 462! 163; 1641 1651 166; 167 168' 1691 170! 171' 172' 173' 174 - - 
Claocns 1 1 
[claopell 
Ciimdend 1 1 1 1 1 1  
Colomaco 

-- 
Craffili 1 1 1  
Dendabie 1 
Dendgrif -- 
Dichpell 1 1 1 1 1 1  - 
Dichunci 
- 

Dicrcirr 1 1 
Dicrcris 1 1 1 1  

l Dicrdenu 
'~icrfusc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Dicrhete 2 1 1 2 1 2 2 2 2 2 2 2 2 1 1 2 2 1  
Dicrmaiu 
Dicrpaci 
Dicrpall 1 1 1  1 1 1 1  1 
Dicmalu 1 1 1  

Didyvine 
Diplalbi 2 1 1 2  2 2 2 2 2 2 2 2 1 1 2 2  
Diplimbr 

--- ---- -------.---..----.--- - -- - - - -. -- - - - - - - - - - 
Di~lobtu 1 1 1  1 1 1 1  1 1  
~ i p l ~ l i c  1 1 1 1 1  1 1  
Dipltaxi 1 1 1 1  1 -- - 1 
Distca~i 
Ditrflex 

- -----p.- -- - -- - .  - - 
Ditrhete 1 1 I 1 1 1  1 1 1 1  
Ditrmont 
Douiovat 2  2 2 2 2  -----.- 
Drepadun 1 1 1 1  -- 
Encacili 
-- --- - - --- - -- -- - - - - - - - - - - . - - - - - .- -- - - - - - - -- - - - 

Encaproc 
Eurhorea 2 1 2 2 1 2 2 2 2 2 2 2 2 1 1 2 2 2  - 
Eurhprae 2 1 1 1  2 2 ! 2 1 2 2 2 2  2 2  
Eurhpulc 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2  

1 1 Fissadia - -- --- - -_- _ - -  - - + -- - - -- - - - -- -- 
~%sa ran 1 1 1  1 1  1 1 - 
~on&t i  1 1 1 1 1 1  
Fonthypn 1 1 1  1 1 1 1  -- 1 
Fontneom 
Fm11 

------.---- ----- ---- -- --- 
FN lbola 2  2  2  - 

Frulcali 
Frulfran 
Frulhatt 
Frultama 1 1 1 1  1 1 1 1 1 1 1 1  1 1  
Funahygr 1 1 1 1 
Gehegiga 
Geocsrav 2 1 1 1  2 1 1 2 2 2 1 1 1 1 2 2  
Grimincu 
Gymnobtu 1 - - 1 1 
Gyrounde 
Ha~lmnio 

Herbadun 2  1 1 1 1 2 1 , 2 2 2 2  2  2  
Hetedimo 1 1 1 1  
Hetemaco 2 1 1 2  2 1 2 2 2 2 2 2 1 1 2 2  



APPENDIX V- CWH species data. 

Plotfüumber 175 176 117 178' 1791 180' 181' 182' 1831 184, 185, 186' 187' 188, Y89 190' 1 9 1  19: 
Claocris 1 
Claopell 

1 Climdend 1 1 1 1  1 

Conoconi 1 1 1 1  1 - 
Craffili 1 1 1 1 
Dendabie 1 1 1  
Dendqrif 

Dichunci 
Dicrcirr 1 
Dicrcn's 1 1 1 1 1  
Dicrdenu 
Dicrfusc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ;  
Dicrhete 1 1 1 2 2 2 2 1 1 f 1 2 1 1 2 2 1  

~ ic$a l l  1 1 1 1  
Dicrpalu 1 1 1 1 
Dicrscoo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

~ i ~ i a l b i  1 1 2 2 2 2  1 1 1 2 1 1 2 2 2  
Diplimbr - - ,-- -- -- -- - - -- - -- -- - - - - - - - - - - - -- -- - - - - - 
~ k l o b t u  1 1 1 

Distcapi 1 
Ditdiex - . - - -- - - - - - - - -  -- - - -- - - - -- - - - - - - -. - - - - - -- - - - - 
Ditrhete 1 1  1 1 1 1  1 1  1 1 1 1  

p.- 

Ditrmont 
Douiovat 2 2 2 2 2  - - -- 
Drepadun 1 1 1 1 1  
Encacili - - - - - - - - p. - - - - - . -- - - - -. - - - - - - - - - -  1 

-p - - - - - - 
Encaproc - 
Eurhoreg 2 2 1 2 2 2 2 2 2 2 2 2 2 1 2 2 2  
Ëurtiprae 1 2 1 2  1 2 2 2  
Eurhpulc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Fissadia 
-- - -- -- -- -- - - - - - - - - - - - -- - - - - - - - - - - a - . - - - - -- - - - - - - - 

Fissgran 1 1 1 1 1  
Fontanti I 1 l i a  
Fonthv~n 1 7 1 1 1  
Fontneom 

Funahygr 1 1 1  1 1 1  1 1  t 
fehegiga 
Seocgrav 1 1 1 1 1 1  1 1 1 2 1 1 1 1 U  
Srimincu I 
Svrnnobtu 1 1 I I I  
Syrounde 
iaplmnio 
iarpflot 1 1 
ierbadun 1 1 2 2 2  1 2 2 2  
ietedimo 1 1 1 B 
ietemaco 1 1 2 2 2 2  2 2 2 2  



APPENDIX V. CWH species data. 

l Clirndend 
l Colomaco - - - 
Conoconi 
Craffili 
Dendabie 
Dendgrif 
Dichpell 
Dichunci - 
Dicrcirr ID~C~~USC ; ; 2 - ;  2  2 2 2  2  2  2  2  2  2  2  2  2  2 

Dicrhete 1 1 2 1 1 1 1 1 1 1 1 1 1 1  
Dicrrnaju -- -- 

Dicmaci 
- r -  

Dicrpalu 
Dicncop 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  - 

Dicrsubp 
Dicrtaur 2 , 2 2 2 2 2 2 2 2 , 2 2 2 2 2 2 1 2 ;  

-.P-------.------.-------------- - - -  - - - - -  

Dicmnci - .  . - -- 
Didyfall 
Didyvice - 
Diplalbi 1  1 2 1 1  1  1  1  

Distcapi 
Ditrfiex - -  - ____ -- _ _ -  -____- _-_ _____--.--- -- _- - _ -_ _ _ _  - 
Ditrhete 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1  ----- 
Ditrmont -- 
Douiovat 
Dreoadun 

Encaproc 
Eurhoreg 1 2 2 2 2 2 2 2 2 1 2 2 2 1 2 2 2  
Eurhprae 
- 

1  1  1  1  --- 

Eurhoulc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

Grirnincu 
Gyrnnobtu 
Gyrounde 
Haplmnio 
Harpflot - 
Herbadun 1  1 1  
Hetedirno 
Hetemaco 1  1 1 1 1  1 1  1  



APPEN DIX V. CWH species data. 

PlotNumber : 211: 212: 213: 214; 215i 2161 2171 2181 2191 2201 221; 22î!  2231 2241 2251 226! 2271 228 
Claocris 1 
Claooell 1 - 

Climdend 1 1 1  1 
Colomaco 
Conoconi 1 1 1  1 1  2 2 
Cratfïli 1 
Dendabie 1 
Dendgrif 
Dichvell 1 1 

Dicrcirr 1 
Dicrcris 1 1 1 
Dicrdenu 1 
Dicrfusc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Dicrhete 1 2 2 2 1 1 2 2 2 1 1 1 1 1 1 1 1 2  ----- 
Dicmaju 1 
Dicrpaci 
Dicrpall 1 1  1 1  1 

Didyvine 
Diplalbi 2 2 2 1 1 2 2 2 1 1 1 1 1 1 1  2  
Diolirnbr 1 

--- - -- -- 
Dipltaxi 1 1  1 1  1 ---- 
Distcapi 
Ditfiex 

-- 
Ditrmont 1 
Douiovat -- 2 2 
Drepadun 1 1 

Eurhoreg 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Eurhprae 2 2 2 2 2 1 1  1 1  2 2 
Eurhpulc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7  

. - . . . -. . . . - 
Fonthypn 1 1  1 1 '  1 
Fontneom 

- 
1 

Frull 

- - 

Frulfran 
Frulhatt 
Frultarna 1 1 1 1 1  1 
Funahvar 1 1 1  1 1 1  1 1 1 1 1  

Gvrnnobtu 
Gvrounde 1 
Haplrnnio 
Harpflot - 
Herbadun 2 2 2  2 2 1 1  1 1 1  3 
Hetedimo 1 1 
Heternaco 2 2 2 1 1 2 ~ 2 1 1 1 I 1 1 1 1  2  



APPENDIX V. CWH species data. 

Plot Number 229' 230 i 231 232: 233 2341 235 i 236 i 237 238 i 239, 240 241 242' 243, 244; 2451 246- 
Claocris 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Claopell 1 1 1 1 1. 1 1 1 1 1 1  
Clirndend 1 1 1 1 1 1 1 1  
Colornaco 
Conoconi 2 ' 2 2 2 2 2 2 2 2 . 2 2 2 2 2 2 2 2 2  
Craffili 

Dichpell 1 
Dichunci 1 1  1 1 1 1 1  ' D icrcirr 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1  
Dicrcris 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1  
Dicrdenu 1 1 1 1 1 1 1 1  
Dicrfusc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Dicrhete 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Dicrmaju 1 1 1 1 1 
Dicrpaci - 
Dicruall 1 1 1 1  1 1 

I Didwine I 
' ~ i ~ i a l b i  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

1 Diplimbr 1 - 1 1 -- - - - - - - -- 
Diplobtu 1 1 1  I l  1 1 1  

Dipltaxi 1 1 1 1  1 1  1 1 1 1  1 1 1  
Distcapi - 
Ditfflex 1 1  1 ---- . - -- - -  1 
Ditrhete 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1  
Ditmont 1 1 1 1 1 1  - 
Douiovat 2 2 2 2 2  2 2 2 2 2  2 2 2  

Encacili 
- - --. - - --- - - - - - - -- - -. -- - - - --y -- - P - - -- A - - . . - - - - - - - - - - - - . - - -- A 

Encaproc 1 
Eurhorea 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  / 
~ u r h p u ~ c  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Fissadia 

- 
Frultama 1 1 1 1 1 1 1 i 1 1 1 l l 1 1 1 1 1  - 
Funahygr 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Gehegiga 1 
Geocgrav 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  . .- - -A - -- -- - - - 
Grimincu 1 1 1 
Gymnobtu 1 1 1 1 1  

Haplmnio 
Harpflot -- -- 
Herbadun 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
Hetedirno 
Hetemaco 2 , 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  



APPENDIX V. CWH species data. 

Plot Number . 247; 248! 249! 250: 251 ! 252! 253: 2541 255; 2561 257: 2581 2591 260i 261 : 262: 263: 264 
Claouïs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Claopell 1 1 1 1  1 1 1 1 7 1 1  
Climdend 1 1 1  I l  1 1  1 1 7 1 1 1  
Colomaco 1 1  
Conoconi 2 2 2 2 2 2 2 2 ' 2 2 2 2 2 2 2 2 2 2  
Craffili - - . . . - . 

Dendabie 1 
Dendsrif 1 
~ i c h p h  1 1 1 
D ich u nci 1 1  1 1  1 1  1 1 1 1 1 1 1  
Dicrcin 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Dicrcris 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Dicrdenu 1 1 1  1 1  1 1 1 1 1 1  1 
Dicrfusc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Dicrhete 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  -- -- 
Dimaju  1 1 1  1 1  1 1 1 1 1 1  
Dicrpaci 
Dicrpall 1 1 1  1 1 1  1 1 1  1 1 1  
Dicrpalu 
Dicrscop 1 I l l I l l l l i l l 1 l l l 1 I  
Dicrsubp 1 1  
Dicrtaur 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2  -- - -- -- - - - - --- - - - -- - - -A . - - --. - - - -- -- - - -- - -- -- - - 

Dicrunci 1 1  
Didyfall 

-- 
2 2 2 2 2 2 - 2 2 2 2 2 2 2 2 2  

Diplimbr 1 1  1 1 
-------A--- --- ---- - ----.------ ---- -- 

1 1  1 -- . - - 1 
Diplobtu 1 1 1  1 1  1 1 1  1 -  1 - 
Diplplic 1 1 1  1 1 1 1 1 1 1  
Dipltaxi 1 1 1  1 1 1 1  1 1  1 1 1  1 1  
Distcapi 
Ditrflex 1 1 1 1 - - - - -- -- 
~itrhete 

--.A- --- - -  - -  
1 1 1  1 1 1 1 1 1 1 1 1 1 1 1  - 

Ditmont 1 1 1  1 1  1 1  1 1 1 1 1 1 1  
Douiovat 2 2 2 2  2 2 2 2  2 2 2 2  -- 2 2  
Drepadun 1 1 1  1 1  1 1 1 1 1 1 1 1  

2 2 2 2 2 2 2 2 2 2 2 2 2  
Eurhprae 2 2 1 2 2 1 2 1 2 2 2 2 2  
Eurhpulc 
~issadia 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  - ---- -- ---- -- - -- -A -- - -- -- --  -- - -  
Fissgran 1 1 1  1 1 1  1 1 1 1 1  
Fontanti 1 1 1  1 1  1 
Fonthypn 1 1  1 1  1 
Fontneom 1 1  1 1  

Fnilfran 
Fmlhatt 1 
Frultarna 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Funahygr 1 1 1  
Gehegiga -- 
Geocgrav - .  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  - -. - . - - . -- - - - - - - - - - - - -- 
Grimincu 1 
Gymnobtu 1 1  1 1  1 1 1 1 1 1 1  
Gyrounde 1 1 1 1 1 1 1 1 1 1  
Haplmnio 
Harpflot 

-- ---- 

Herbadun 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
Hetedimo 
Hetemaca 2 2 2 2 2 2 2 2 2 2 , 2 2 2 2 2 2 2 2  



APPENDIX V. CWH species data. 

Plot Number 265r 266i 267' 268 2691 270 i 271 272' 273 1 274. 275 276 277 2781 279 280 281 2821 
Claocris 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Claopell 1 1 1 1  1 1 1 1  1 1 1 1  1 
Clirndend 1 1  1 1 1 1 1  1 1  1 1 
-Colomac~ 1 1 1  1 1  1 1 1 1  1 
Conoconi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

- - - -  

Craffili 1 I - - -  

Dendabie 
Dendgrif 1 
Dichpell 1 1 
Dichunci 1 1 1 1  1 1 1 1  1 1 1  1 
Dicrcirr 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1  
Dicrcns 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1  
Dicrdenu 1 1 1  1 1 1  1 1 1 1  1 
Dicrfusc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Dicrhete 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Dicnnaiu 1 1 1 1  1 1 1  1 1 1 1  1 

1 Dicmaci 1 1 - r  - 

Dicrpall 1 1  1 1 1 1 1  1 1  
Dicrpalu 
Dicrscop 1 1 1 1 1 1  1 1 1 1 1  1 1 1 1 1 1  

~icrtau; 
-- -----A--. --.----A- 

2 2 2 1 2 2 2 1 2 2 2 2 2 2 2 2 2 2  - - - . - - -- - - -. - - -- -- -- - - - . - - -- 
Dicmnci 1 1 1  1 1 1  1 
Didyfa Il 1 
Didyvine 1 -- 
Diolalbi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

Diplplic 1 1 1  1 1 1 1 1  
Dipltaxi 1 1 1 1 1 1  1 1 1  1 1 1 1  
Distcapi 1 

1 ~ i t r f l e i  1 1  1 1 -- -- -- -- - - ---- ---- ---- - - - - ----- -- - 
Dithete 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Ditmont 1 1  1 1 1  1 1  1 
Douiovat 2  2  2  2 2 2 2 2 2 2  2 2 2 2 2 2  ----- A 

Drepadun 1 1  1 1  1 1 1 1  1 
Encacili 1 1 1  1 1  1 1 1 1  1 

Eurhoreg 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Eurttprae 2 2 ' 2 2 1 2 1 2 2 2 2 1 2 2 2 2 2 2  
Eurhpulc 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Fissadia 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1  ---- - - -- 
~ E q r a  n i l 1  1 1  1 1 7 1  1 - 
Fontanti 1 1 1 1  1 1 1 1 1 - 
Fonthypn 1 1  1 1  1 1 1 
Fontneom 1 1  1 1 1  1 1 1 1  1 
Fnil l 1 
- - - -- --- - -- -A- - -- -- -- - - - - - - - - - - - - - - - - 
Fnilbola 1 1 1 1 1  
Frulcali 1 1  1 1 1 1  1 1  1 
Frutfran 1 1  1 1 1 l 1  
FruIhatt 1 1 1 1 l-"-- 1 1 1  
Fmltarna 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Funahygr 1 1 1  1 1  1 1 
Gehegiga 1 1 1 
Geocurav 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Gnmincu 1 1  
Gymnobtu 1 1  1 1  1 1 1 1  1 
Gyrounde 1 1  1 1  1 1 1  1 
Haplmnio 1 .  
Harpiiot 1 
Herbadun 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
Hetedimo 
Hetemaco 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  



APPENDIX V- CWH species data. 

-plot Nurnber 283 284 285 1 286, 287 
ClaocRs 1 1 1 1 1  
Claopell 1 1 1 
Clirndend 1 1 1 
Colomaco 1 1 1 
Conoconi 2 2 2 2 2  
Craffili 
Dendabie 
Dendgnf 1 1 
DichpelI 
Dichunci 1 1 1 
Dicrcirr 1 1 1 1 1  
DicrcRs 1 1 1 1 1  - 
Dicrdenu 1 
Dicrfusc 2 2 2 2 2  
Dicrhete 2 2 2 2 2  
Dîcmaju 1 1 1 
Dicrpaci 
Dicrpall 1 
Dicrpalu 1 
Dictscop 1 1 1 1 1  
Dicrsubp 
Dicrtaur 2 2 2 2 2  -_ - - - -  -_-- -- - 
Dicninci 
Didyfall 1 
Didyvine 1 
Diplalbi 2 2 2 2 2  

1 Diplimbr _ 
oiplobtu - 1 1 1 1 1  
Diplplic 1 1 1 
Dipltaxi 1 I l i  1:" . 
Ditrhete 1 1 1 1  
Ditmont 1 1 
Douiovat 2 2 2  
Drepadun 1 1 

1 1 hc=aciIi ___- -- - 



APPENDIX V. CWH species data. 

Homaaene 1 1 1 I 1 1  1 
Homafulg 1 1  1 1 1  1 1  
Homanutt 1 1 - 
Homatric 1 
Hookacut 
Hookluce 1 1  1 1 1 1 1  - .- - 

1 1 1 1 Q 1 

.- 
~ y r n e k i  
Hvmerecu 
Hypncirc 2 2 1 1 2 1 2 1 2 1 1 2 2 2  
Hypndiec 
Hypnlind 1 1 1 1: 1 

p-- 

Hypnprat 1 1 1 1 1: 1 
Hypnrevo 1 1  1 1 1  1 1  1 1 1  
Hypnsubi 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1  - 
Isoppulc 
Isotmyos 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 2  
Jameautu 1 2 2 1 1 2 1 2 1 2 2 Z 1 1 2 2 2 1 :  
Jungatro 1 1 1 - - - - -- -. - -- -- - - - - . -- - -- - - - - - - - -- - - - - - - 1 - - -  - - - 

Jungexse 
Jungleia 1 1 1 1  1 1  
Jungobov 

__-_- __ ----_ _- _- A _  - - _. _-  _ -- & - -  - -_ _ _ - - _ -__ -- - - - 
K u m a k i  
Kurzseta 
Lepifila 

--- - 
Lepirept 1 1 1 1 1 1 1 1  1 1 1  I l l  

-I - - - - - _ - - -  -. -- - - -  - . - -  - - .- - - - 
Leptpyri 1 1 1 1 1 1  1 1 1 1 1 1 1  
LeskpoIy 1 1 1 1 
Leucacan 1 1 1 1 1 1 1  1 1 1  1 1 1  1 ' 

- 
Loesbadi 
Lophl 

.- - -  - - - -- - - - - - - -  - - . -  - - -  
Loph2 -- -- -A 

Lophcusp -- 
Lop hexci -- - 
Lophgill 

-. 
Lophgutt 1 1  1 1 1  1 -- - - -  .- - -  1 -  - - . - - - . - - - - - - - -- 
Lo~hhetc 1 1 1 1 

Loo hwenz 

Mniumarg 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1  
Mniuspin - 2 2  2 . 2  2 2  2 1 2 ' 2 . 2 . 2  2 2  2 2 2 
Mniutham 



APPENDIX V. CWH species data. 

PlotNumber 121' 122' 1231 124, 125' 1261 127 128: 1291 130, 131 132 t33 1341 1351 136' 137 138 
Heteproc 1 1  1 1 
Homaaene 1 1 1 1 1 1 1 1  1 1 1 1  1 1  
Homafulg 1 1 1 1 1 1 1  1 1 1 1 
Homanutt 1 1 1  1 
Homatnc 
Hookacut 
Hookluce 1 1 1  1 1 

1 1 1 1 
Hygrochr - 
Hylosple 2 2 3 3 3 3 3 2 2 2 3 2 2 3  
Hymeinsi 1- Hvmerecu 
~ i ~ n c i r c  2 1 1 2 2 2 2 2 2 2 2  2 2 1 1 2  
Hypndiec 
Hvpnlind 1 1 1 1 1 

H Y P ~ P ~  1 1  1 1 1 1 
Hypnrevo 1 1 1 1 1 1 1 1 1  1 1 1 1  
Hypnsubi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
lsoppulc 

'.Jarneautu 2 1 1 2 2 2 2 2 2 2 2 1 2 1 2 1 1 2  
Jungatro 1 1  1 1 -- -_____-_ _--_ ___- -- -- -- --___-__ __- _- - - .  ._ .__ 

Jungexse 
Jungleia 1 1 1 1 1  1 1 1  

l Jungobov 
~ u n g ~ u m i  1 1  1 1 1 
Jungrubr - --- - - --- ---- -- - -A- -- - - - - 

Kurzmaki 
Kurrseta 
Le pifila 

1 Lepirept 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1  
I ~e~ i sand  - - - - -  _ _ _  - --- l- ---1 - . - -- - --- - - -. - 

Leptpyn 1 1 1 1 1 1 1  1 1  1 1 1 1 1  
Leskpoly 1 1 1 1 - - 
Leucacan 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1  

- --- --- 
Lop hinci 2  2 2 2 2 2 2 2 2  2 2  
Lophlong 1 1 1 1 1 1  1- 1 
Lo~hobtu - ----- ---- -.--- -.- --- - - - -- -- -- ---- - - - . . - - . - 
Lophopac 
Lophvenl 2  2 1 1 1 1 1 1 1  2  1 
Lophvens 1 1  1 1 1 

- 
1 1  1 1 1 1  

Marsaloi 
Marsboec - 
Marsemar 1 1 1 1 1 1 1 1 1  1 1 1 
Marsspar 1 1 
Metamenz 1 1 1  1 1 1 1 1  
Metzconj 1 1 1 1  1 1 1 1 
Metztemp 1 1  1 1 
Mniuarnbi 
Mniurnarg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Mniuspin 2 2 2 2 2 2 2 2 ' 2 2 2  2 1 2 2 1 2  
Mniuthom 



APPENDJX V. CWH species data. 

Homaaene 1 1 1 1 1  1 1 1 1 1  1 1  1 
Hornafulg 1 1  1 1 1 1  1 1 1 1  
Hornanutt 1 
Homatric 
Hookacut 
Hookluœ 1 1 1  1 1 1 1  
Hygrluri - 1 1 1 1 1  
Hvarochr 

a" 

Hylosple 2 2 3 2 2 2 3 3 3 3 2 2 3 3 3 3 2  
Hyrneinsi 
~ymerecu 
Hypncirc 1 1 2 2  2 2 2 2 1 1 2 2 2 2 1  
Hypndiec 
HypnIind 1 1 1 1 1  

1 
-- 

Hypnprat 1 1  1 
Hypnrevo 1 1 1  - 1 1 1 1  -- 1 1 1 1  
Hypnsubi 

-- -- 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

--- 
lsoppulc 
Isotmyos 1 1 2 2  1 2 2 2 2 2 1 2 2 2 2 2 .  
'~arneautu 1 1 2 2 1 1 2 2 2 2 1 1 2 2 2 2 1  
Jungatro -- -+---- 

1 
-_L ---- --- - -- - - --- - -  - - _ - 

Jungexse 
Junaleia I 1 1 

-- 
Jungpumi 1 
Jungrubr -- -- -- -- - --- - .--- - - - ---- - - - - -  -- - -  - -- -- - 
Kurzrnaki 

-- 
Kurzseta 
Le~ifila -- A 

Lepirept 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1  
Lepisand 

- -  - -- -- - C - _ _ l _ _ _ _ _ _ _ _ - _  * .__-. _ _  -- - -_ 
Leptpyri 1 1  1 1 1 1  1 1 1 ' 

Leskpoly 1 1 1 1 1  - 
Leucacan 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 '  

--- --- ------ 
Loesbadi 
Looh? 

Lophgutt 1 
_l____.__-- - _ _  _ - _  _ _ - -. _ _ _ . _ -- - 
Lophhetc 1 1 1 1  
Lophhete - i 2  2 2 2 2  2 2 2 2  1 
Lophinci 2  2 2 2 2  2 2 2 2  1 
Lophlcng 1 1  1 
Lophobtu I _--- . -- --- ------ ------- -P. -- -- -- - 
'Lophopac 
LophvenI 1 1  1 1 2 2  2 2 1 2  1 
Lophvens 1 1 1  1 
Lo~hwenz - 
Marcpoly 1 1 1 1 1  
Marsalpi - 
Marsboec 
Marsernar 1 1  1 1 1 1  1 1 1 1  

-- 
Marsspar 1 
Metarnenz 1 1 1 

I 
Metzconj 1 1 1 1 1  1 1 
Metztern p 1 
Mniuarnbi 



APPENDIX V- CWH species data 

PlotNumber 157 158 159 1601 161, 1621 1631 164. 165. 1661 167 168 169' 1701 171 172 173 174 
Heteproc 1 1 1 1 1 1  
Homaaene 1 1  1 1 1 1 1 1 1  1 1 1 1  1 1  
Homafulg 1 1 1 1 1 1 1 1 1 1  1 1  
Hornanutt 1 1 1  1 1  1 1  1 

l Hookacut I 
L 

Hookluce 1 1 1  1 1 1  1 
Hygrluri 1 1 1 1  1 1  
Hygrochr 
HyIosple 3 2 2 3 2 2 2 2 3 3 3 2 2 2 2 3 3 2  
Hvmeinsi 

1 
a.- - -  

Hypnlind 1 1 1  1 1 1 1  1 1  
Hvpnprat 1 1 1 1 1 1  1 1  -. . 
Hypn revo 1 1 1 1  1 1 1 1 1 1 1 1  1 1  
Hypnsubi - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
lsoppulc - 
Isotmyos 2 1 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2 :  
Jarneautu 2 1 1 2 1 2 2 2 2 2 2 2 2 1 1 2 2  - - - -  - 

Jungatro 1 1 1 1  
- - - -  - - - -  - - - - -  - 

Jungexse 
Jundeia 1 I I  1 1 1 
l Junaobov 

Kurzçeta 
Lepifila 
Lepirept 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '  
Lepisand ---- - - - - -- -- - 
Leptpyn 1 1 1  1 1 1  1 1 1  --- 
Leskpoly 1 1 1  1 1  1 1 1  
Leucacan 1 1 1 1  1 1 1 1 1 1 1 1 1  1 1 '  

Lophgill 
Lophg utt 1 1 1 1  1 1  

LP -- -- - -  ---- - - - 
Lophhetc 1 1 1  1 1 1 1  1 1  
~ophhete 2 1 1 2  2 2 2 2 2 2 2 2  2 2 
Lophinci 2 1 2  2 2 2 2 2 2 2 2  - 2 2 
Lophlong 1 1 1 1  1 1  
Lophobtu --- ---- ----- - - -  - 

Lophopac 
Lophvenl 1 1 1 2  1 1 1 1 1 1 1 2  

P 

1 1  
Lophvens 1 1  1 1  
Lop hwenz 
Marc~olv 1 1 1  1 - 1  1 1  

~arsboec 
Marsemar 1 1 1 1  1 1 1 1 1 1 1 1  1 1  
Marsspar 1 1 1 1  
Metamenz 1 1  1 1 1 1 1  

Mniuambi 
Mniumarg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Mniuspin 2 1 2 2 .  2 2 2 2 2 2 2 2 1 1 2 2 2  
Mniiithnm 



APPENDIX V. CWH species data. 

Hookluce 1 1 1 1  1 1 1  
Hygrluri 1 1 1 1 
Hygrochr 1 
Hvlos~le 2 2 2 3 2 2 2 2 2 2 2 3 2 2 2 2 2  

- 

Hymerecu 
Hypncirc 1 1 2 2 2 2  1 1 1 2 1 7 2 2 2  
Hypndiec 1 

Hypnprat - 1 1 1 I 
Hypnrevo 1 1 1 1 1  1 1 1  1 1 1 '  
Hypnsubi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '  
lsoppulc 1 

l 
. . 

lsotrnyos 2 2 1 2 2 2 2 2 2 2 2 2 2 1 2 2 2 '  
Jarneautu 1 1 1 2 2 2 2 1 1 1 1 2 1 1 2 2 2 '  

Jungmbr 
-- ..-a-p--- - - -A- - - - - - - - - - - - -  - - - -  - - - - A -  - 
Kurzmaki 
Kurzseta 
Lepifila 

Lepisand - ---A - ----- --- .--- - 1 -  -l -----a--- - 
Leptpyri 1 1 1  1 1 1 -  1 -  1 -  1 1 
Leskpoly 1 1 1 1 1  
Leucacan 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1  --. 
Loesbadi 

Lophcusp 1 -- 1 
Lop hexci -- 
Lo~hsili 

~ophhete 1 2 2 2 2  1 1 2  2 2 2 1  
Lophinci 1 2 2 2 2  1 2  2 2 2 1  -- 

Lophlong 1 1  1 1 
Lophobtu 1 ----- ---------- -- a--- ---- *- -  - 

Lop hopac 
Lophvenl 2 1 2 2  1 1 1  1 1 2 1  
Lop hvens 1 1 1  1 

- 
1 1 - 

1 1 1  

I Marsboec 
Marsemar 1 1 1 1  1 1 1 1  
Marsspar 1 1 1 1 1  
Metamenz 1 1 1 1  1 1 1 1 1 1  
Metzconi 1 1 1 1  

- 
Mniurnarg 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1  
Mniuspin 2  1 ' 1  2 2 : 2  2 2  2  1 1  2 2 1 1  2 2 2  2  
Mniuthom 1 



APPENDIX V. CWH species data. 

l ~ l o t ~ u m b e r  193 194 195 1961 197 1981 1991 200'201 202'2031204 205 2061 207'208, 20982 
Heteproc 
Homaaene 1 1 1 1 1 1  1 1 1 1  1 1 1 1 1  
Homafulg 1 1 1 
Homanutt 1 1 1 
Hornatnc 
Hookacut 
Hookluce 1 
Hvariun' 
~ i r o c f i r  
Hylospie 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 1  
Hyrneinsi 

I Hyrnerecu 
Hvoncirc 1 1  1 1 1 2 1 1 1 1 1 1 1 1 1 1  
Hypndiec 
Hypnlind 
Hypnprat 
Hypnrevo 1 1 1 1  1 1 1 
Hv~nsubi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

, . 
Isotrnyos 1 2 2 2 2 1 2 1 2 2 2 2 2 2 2 2 2  
Jameautu 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1  

- 

J~ingatro ----- --- -- - - +- - -. - - --- 
Junqexse 
Junglela 1 
Junaobov - 
Jungpumi 
Jungnibr 

- - A -  - - - -  A-- - -  

K u m a k i  

Lepifila - 
Lepirept 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Lepisand 

- - -- - -- . -- -- - - -- - - --- - - - -- - - - - - .  - 

Leptpyn 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1  
L e s  kG ly 
Leucacan 1 1 1 1 1  1 1 1 1  1 1 1 1 1  
Loesbadi 
Lophl 
~oph2- 

- - ------ --- - - - - -- - -- -- - - - ------p.- - - 

--- 
Lophcusp 

Lophgutt -- -------------- - ..-- - 
Lophhetc 
Lophhete 1 2 1 1  1 1 1 
Lophinci 1 2 1 1 1 1 
Lophlonq 
LO&~G -- - - -- -- - -- 
Lophopac 
Lophvenl 1 1 1 1  1 1 1 
Lophvens - 1 
Lophwenz 
Marcooly 

Mniuarnbi 
Mniurnarg 1 1  1 1 1 1 1 1  1 1 1 1 1 1 1 1  
Mniuspln 2 2 2 2 2 . 2 2 2 2 2 2 2 2 2 1 2 >  
Mniuthom 



APPENDIX V. CWH species data. 

PlotNumber 211: 212: 213: 214! 215; 216! 2171 218! 2191 2201 221. 2221 223: 224; 2251 226: 227; 228 
Heteproc 1 1 1 

1 1 1  1 1 1 1 1  1 1 1  1 
Homafulg 1 1 1 1 1 
Hornanutt 1 - 1 1 1 
Homatnc 1 
Hookacut 1 
Hookluce 1 1 1  1 1  1 
Hygrlun 1 1  1 1  1 
Hygrochr 
Hylosple 2 2 2 2 2 2 3 3 2 2 2 2 2 2 2 2 2 2  
Hyrneinsi 
Hyrnerecu 
Hypncirc 1 2 2 2 1 1 2 2 2 1 1 1 1 1 1 1 1 3  

I Hypndiec 
Hv~nlind 1 1  1 1  1 
Hypnprat I l  1 1  1 
Hvpnrevo 1 1 1  1 1 1 1  1 1 1  1 

. . -- 
Isotmyos 1 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 :  
Jarneautu 1 2 2 2 1 1 2 2 2 1 1 1 1 1 1 1 1 i  - 
Jungatro 
-- - - --- - 1 1 1 - -- ---- - --- 
Junaexse " 
Jungleia 1 1 1 
Jungobov 

p- 

Juna~urni l l l 

Lepifila - 1 
Lepirept l l l l ?  1 1 1 1 1 1 1 1 1 1 1 2  
Lepisand - -- -- - - ---- A- -- -- - -- -. - -  - 
Leptpyn 1 1 1  1 1 1 1 1  1 1 1 1  

Loesbadi 
Lophl 
-- - - - - - .- -- - ---- - .- - -- --.- -- - ---- -. . . . - a. - - - . - - - - -- - . - . . . - . . . 

Loph2 

!Lophhete 2 2 2  2 2 2 1  1 1 1  2 - 1 Lophinci 2 2 2  2 2 2 1  1 1 1  --- 
i Lophlong ,- --- 
Lophobtu ---- - -- - - -. - - - - - - - - - - - - - - - -- -- 
Lophopac - 1 
Lophvenl 1 1 1  I l 1 1  ----- 1 1 1  - - - - 2  
Lophvens 1 1 1 
Lophwenz 1 
Marcoolv 1 1  1 1  1 1 1  
~ a r s i ~ i  
Marçboec 
Marsernar 1 1 1  1 1 1 1  1 1  2 --- -- 

Marsspar 1 1 1 
Metarnenz 1 1 1 1 1  1 1 1  1 
Metzwnj 1 1 1  1 1  1 
Metztem p 1 1 1 
Mniuambi 
Mniumarg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Mniuspin 1 2 2 2 1 1 2 2 2 ' 2 2 2 2 2 2 2 2 2  
Mniuthom 



APPENDIX V. CWH species data. 

PlotNumber 2291 2301 231 1 232: 233i 234: 235, 2361 237' 2381 239! 240- 241) 242' 243, 244' 245, 246 
Heteproc 1  1  ? 1 1 1  1  1  1  1 7  
Hornaaene 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Hornafulg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Homanutt 1 1 1 1  
Hornatric 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

l Hookacut 1  1  1  I 
L - -  
l Hookluœ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Hvarluri 1  1  1 1 1 1 1 1  1 ,a - 
Hygrochr 
Hrlos~le 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Hvmeinsi I 
Hymerecu 
Hypncirc 3 3 3 3 3 3 3 3 3 3 . 3 3 3 3 3 3 3 3  
Hypndiec 
Hy~nlind 1  1  1  1 1 1  1  1  1 1 1  
~ypnprat 1  1  1  1  
Hypnrevo 1  1 1 1 1 1 1 1 1 1 1 1 1  1 1 1  
Hypnsubi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Isoppulc 1  1 1 1  1  1  1 1 1  
Isotrnvos 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
Jameautu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1  

-- - -  

Jung leia 1 1  1 1 1  1 1 1 1 1 1  
Jungobov 
Juna~umi 1  1 1  1  
Jungrubr 
Kurzmaki 

Lepisand .-- ----- --- - - - - -- -- - - -. -. .- - -. - - - - -- - 
Lent~vri 1 1 1  1 1  1 1 1 1 1 1 1 1 1 1 1  
Les kpoly 1  1  1  1  
Leucacan - --- 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Loesbadi 
Lophl 
LoohZ 
Lophcusp 
Lophexci 1 1 1 1 1 1  1 1 1  1 1  1 1 1  
Lophgill 

- -  
Lophg utt 1 1 1 1 1 1 1  1 1 1  1 1 1 1 1  - - - -- - - -- - -------- - --A - + - - - - - - - -- - - - -- - - - . - - - - - - . - -- - - -. - - - - - - 
Lo~hhetc 1  1 1  1 1  1  1  1  

~ophvenç 1 1 1 1 1 1 1 1  l i l  1 1 1  
Lophwenz - 1  1 1 1 1 1 1 1  1 1  1  - 1 1  
Marcpoly 1  1  1  1  1  1  
Marsalpi 
Marsboec 1  
Marsernar 2 2 2 2 2 2 2 2 ' 2 2 2 2 2 2 2 2 2 2  
Marsspar 1  1  1  1  
Metamenz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Metzwnj 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1  
Metztemp 1  1 1  1  1  1  
Mniuambi 1  

-- 
Mniumara 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Mniuthom 1 



APPENDlX V. CWH species data. 

Plot Number 247 1 248: 249 i 250 ! 251 252 i 253 i 254 i 255! 256: 257 258 ' 259 ! 260 i 261 1 262! 263 i 264 
Heteproc 1 1 1  1 1  1 1  1  1 1 1 1 1 1  
Hornaaene 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Homafulg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Homanutt 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Homatric 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Hookacut 1 5  1 1  1 1 1  
Hookluœ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Hvarluri 1 1  1 1  1 1  1  1 1 1 1 1  

I Hygrochr 
Hylosple 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Hvrneinsi 

I Hyrnerecu 
Hvoncirc 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
Hypndiec 
Hypnlind 1 1 1  1  1 1  1 1 1  1 1 1  
H v ~ n ~ r a t  1 1  1 1  1 1 1 1 1  -. . 
Hypnrevo 1 1  1  1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Hv~nsubi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  . T 

lsoppulc 1 1 1  1 1  1 1  1  1 1 1 1 1 1  
Isotmyos 3 3 3 3 3 . 3 3 3 3 3 3 3 3 3 3 3 3 3  
Jarneautu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Junaatro 1 1  1  1 1 1 1  

Jungleia 1 1 1 1 1  1 1 1  1 1 1 1 1  1 1  
Jungobov 1 1  
Jungpurni 1 1 1  1  1  1 1 1 1 1  
Jungnibr -- 1 1  

A -- - - -- - - - - - - - - - - - - - - - - - -- - - - - A - - 

Kurzmaki 1  
Kurzseta 1  
Lepifila 1 1  1  1 1  1 1  1  1 1 1 1 1 1  
Lepirept 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Lepisand 1 --- - ----- A--A----- --- - -- -- -  -- 

Leptpyri 1  1  1 1 1 1 1 1 1 1 1 1 1 I 1  
Leskpoly 1 1  1 1  1 1  1 1 1 1  
Leucacan 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  - 
Loesbadi 1 1  
Lophl -- --- - - - -  
Loph2 1  
Loohcuso 1  
Loo hexci 1 .  1 '  1  1 1 1  1 1 1  1 1 1  
Lophgill 1  1 1  
Lophguît 1 1 1 1 1 1  1 1 1 1 1  1  1 1  ---- 
Lophhetc 1 1  1  1 1  1  1 1 1 1 1 1  
Lophhete 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Loohinci 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2  
~ o b h l o n ~  1 1  1  1 1 1 1 1 1 1  1 1 1  1 1  
Lophobtu -- 1  1  1  1  - 
Lophopac 1  1  I l l 1  
Lophvenl 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Lophvens 1 1 1  1 1 1  1 1 1 1 1  1 1 1  
Lophwenz 1  1  1 1 1  1 1 1  1  1 1  
Marcpoly 1 1  1 1  1 1  1  1 1  1 1 1  
Manalpi 
Marsboec 
Marsemar 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 - F - 2  
Marsspar 1 1  1  1  1 1 1  
Metamenz 1 1 1 1 1 ' 1 1 1 1 1 1 1 1 1 1 1 1 1  
Metzconj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Mefzternp 1  1  1  1  1 1 1 1  
Mniuambi 
Mniumarg 1 . 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1  
Mniuspin 2 2 2 2 ' 2 2 - 2 2 2 1 2 2 2 2 2 2 2 2 . 2  
Mniuthorn 



APPENDIX V. CWH species data. 

Plot Number 265 1 266 267 268 1 269 I 270 I 271 272 273 I 274' 275 276; 277 278 279; 280! 281, 282 
Heteproc 1 1  1 1  1  1  1  
Homaaene 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1  
Homafu tg 1 1 1 1 1 1 7 1 1 1 1 1 1 1 1 1 1 1  
Homanutt 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Homatrïc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Hookacut 1 1 1 1  1 1  1 1 1 1  1  
Hookluce 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Hygrluri 1 1  1  1 1 1  1 1 1 1  1 
Hygrochr 1 
Hylosple 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

Hymerecu 1  
Hypncirc 3 3 3 3 3 . 3 3 3 3 3 3 3 3 3 3 3 3 3  
Hypndiec 1  
Hypnlind 1 1  1 1 1  1 1 1 1  1  

Hypnprat 1 1  1  1  1 1 1  1 1  1  1  
Hypnrevo 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1  
Hypnsubi 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Isoppulc 1 1 1  1  1 1 1  1 1  1  1  
Isotmyos 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
Jarneautu 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  - - 

Jungatro -- -- 1 1  
-A -- --- 1 1  1 1 1  - - .  - 1  

Jungexse 1 1  1  1 1  1 1 1 1  1  
Jungleia 1 1 1 1  1 1 1 1 1  1 1 1 1 1  1  
Jungobov 1 1  1  1 1  1 1  1  1  
Jungpumi 1 1  1  1 1  i l 1  1  
Jungtubr 1 1 1  1 1  1 1 1 1  1  
~p ----- ------ - ----- -------- -- --- A -- - - - -- -- - A - - 

Kumnaki 1  
Kurzseta 1  

I ' - -  
Leskpoly 1  1  I l l  1 1  1  
Leucacan 2 2 2 2 2 2 2 2 . 2 2 2 2 2 2 2 2 2 2  
Loesbadi 1 1  1  1  1 1 1 1  1  
L o ~ h l  1 1  1  

Lophcusp 1 1  1  1  1  1  
Lophexci 1 1 1  1 1 1 1 1 1 1 1 1  1  
Lo~huill 1 1 1  1 1  1 1 1  . - 

1 1 1 1  Lophgutt 1 1 1 1 1 1 1 1 1 ? 1 1 1  - -- ------ 
Lophhetc 1 1  1  1  1 1  1 1  1  
Lophhete 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Lophinci 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Lo~hlona 1 1  1  1  1 1 1  1 1 1 1 1  1 
Lophobtu - 1 1  1  1  1-- - -- 
Lophopac 1 1  1 1  1 1 1 1  1 
Lophvenl 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Lop hvens 1 1 1 1  1  1 1 1 1  1 1 1 1 1 1  
Lophwenz I l l  1  1  1 1 1 1 - l l 1 1  1  
Marcpoly - 1  1  1  1 1 1  1  
Marsalpi 1  
Marsboec 1  
Marsemar 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  - 

Marsspar 1 1 1  1 1 1  1  
Metamenz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Metzwni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Mektemp 1  1  1  1 1 1  1  1  
Mniuambi 1  1  
Mniumarg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Mnius~in 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  



APPENDIX V. CWH species data. 

Plot Nomber 283 i 284 1 285 i 286 1 287 
Heteproc 1 .  1 

Homafulg 1 1 1 1  
Homanutt 
Homatric 1 1 1 1  
Hookacut 1  1  i 

l  I 

~ i k ~ l e  
Hymeinsi 
Hvrnerecu : I  
~;pncirc 
Hypndiec 
Hypnlind 3 3 3 3 3 ~  1  1  1: 

Isotmyos 
Jarneautu 
Jungatro - --- 
Jungexse 
Jungleia 
Jungobov 1  1  
Jungpumi 1 1  

~ e e i r e ~ t  
Lepisand 
-. - ------ ---- 

Leptpyri 2 2 2 2 2 1  1 1 1 1 1  

Leucacan 
Loesbadi 

-- -. - - - - -. 
Loph2 

Lophexci 1 1 1  
Lophgill 

r i l  

. - 
Lophobtu 
Ephopac 1  1  
Lophvenl 2 2 2 2 2  1 
Lophwenz 1 1 1  
Marcpoly 1  1 
Marsalpi 

Manemar 
Marsspar 1  1  

Mektemp 1 .  
Mniuambi 

Mniuspin 2 2 2 2 2  
Mniuthom 



APPENDIX V. CWH species data. 

PlotNurnber 103, 1041 105, 106, 107 1081 1091 110' 111' 112, 1131 114; 115, 1161 117 118 119, 12a 
Mylitayl 1 2  2 1  2 1  1 1 2  1  
Nardcomp 
,Nardscat 
Neckdoua 1  1  
Neckpenn 1  1 1 1 1  1  
Odoneenu 1  - 1  1  1  1  
Oliaalia 1  

Orthcons 1 1  1 1  1 1  1  
Orthlyel 1 1  2 2 2  1 1  1  
Orthobtu 1 1  1  
Orthpulc 1  1  
Orthspec 1 1  1 1 1  1 1  1  
Orthstri 1 1  1 1 1  1 1  1  
Paluwrnrn 1  1  1  1  
Pararecu 1  1  1  1  1  
Pellendi 
Pellepip 
Pellnees 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1  

Plagcusp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plaadent 1 2 1 1 2 1 2 1 2 2 1 1 1 1 2 1 1  

I - 
Plaginsi 1 2 1 1 2 1  
- . - - - - - - .-2 - -2 -* -'- - 1 2  1 1 1 1 2 1  
Plaglaet 2 2 2 2  
Plagrnedi 

~lag;>ore 1 2 2 1 1 2 1 2 1 2 2 1 1 2 2 2 1 2  
- - -- -- -- - - -- -- - - - - - - -- -- - - - --- -- - - - - - - - - - - - - - - - - - - - - 
Plagsato 
Plagscho 
Plagserni ---- 
Plagundu 1 1 1 2 1 1 ~ 1 2 1 1 2 2 1 1 1 1 ~  
Plagvenu 1 1 1 1 1 1 1  1  
- - -- -- - -- - - -- - -- - -- - - - - -- -- - 1 1  -- 1 1 1 1 1  - - -  
Platjung 
Pleualbe 
Pleupurp - 
Pleuschr 2 2 1 2 2 2 2 1 2 2 1 1 2 2 2 1 2  
Pogocont - -- 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  --- - - - 
Pogoumi 1 1 1 1 1 1  1 1 1 1  1  
Pohlanno 1 1 1  1  1 1 1  1 1 1  
Pohlcmd I l l  1 1 1  1 1  1  -- 1 1  
Po hllong 1  1  1  1  
Pohlnuta 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1  
Pohhvahl 
Polyalpi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polycornm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  -- 
Polyform 1 1 1 1 1 1  1  1 1  1 1  
Polviuni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polylong 
Polypili 1 1 1 1 1  1 1 1 1  1 1  1 1  
Porecord 1  
Porenavi 1  1 1 1  
Poreroel 
Porobiae 1 
Preiquad 
Pseuelag 2 2 2 1 2 2 2 2 1 2 2 2 2 2 2 2 1 2  
Pseujula 
Pseuradi 1 1  1  1 1  1  
Pterfili 



APPENDIX V- CWH species data. 

r~ lo t~umber  121 122; 123' 124' 125; 126: 127 1281 129! 130 131 1321 133 134' 1351 136: 137' 138 
Mylitayl 2 1 2 2 1 1 2 1 2  1 2 1 2  
Nardcomp 

Neckdoug 1 1 1  1 
Nedcpenn 1 1 
Odondenu 1 1  1 1 1 1 
Oligalig 1 
Oligpara 
Oncovire 1 1 1 1  1 1 
Orthcons 1 1 1 1 1 1 1 1  1 1 
Orthlyel 1 2 1 1 1 1 1 1  1 1 
Orthobtu 1 1 
lorthpulc 1 1  1 1 1 
Orthspec 1 1 1 1 1 1 1 1  1 1 
Orthstri 1 1 1 1 1 1 1 1  1 1 
Palucomm 1 1 1 1 
Pararecu 1 1  1 1 1 1 
Pellendi - - 

Pellepip 
Pellnees 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1  
PhiIcapi 1 
Philfont 1 

-- -- -- - + -- - -- - - - - - - - - - - -- - - - --- - - - - - - - - - - . - - - -. - - -. . - 
Plagaspl 1 1  1 1 1 1 
Plagcavi 1 
Plagcusp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagdent 1 1 1 1 2 2 1 1 2 1 2 1 1 1 2 1 1 2  
Plaginsi 2 1 1 1 2 2 1 1 2 1 2  
- - - pp - --- - - - - - - - 1 1 2 1 1 2  ---2-- - - - -- - - -  

Plaglaet 2 2 2 2 2 2 2 2  2 2 2 2 2 2- 2---2-2 
Plagmedi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagoede 1 1 1 1  1 1  1 1 1 
Plagpili 1 1  1 1 1 1 
Plagpore 2 1 2 ' 2 2 2 2 2 2 2 1 2 1 2 1 1 2  

1 1 1 2 2 1 1 1 1 1 1 1 2 1 1 1 1 1  
Plagvenu 1 1 1 1  1 1 1 
- -- -- -- - --- - - --- - - - - - - .- - . - - . - - - - . - - - - - -  - 1 

* - 

Platjung 
Pleualbe 
Pleupurp 
Pleuschr 2 2 2 1 2 1 2 2 1 2  
Pogocont 
Pogoumi 1 1 1 1 1  1 
Pohlanno 1 1  1 1  1 1 1  
Pohlcrud 1 1  1 1  1 1 1 1  1 1  

I 
-- 

Pohllong 1 
--- 

1 
Pohlnuta 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1  

l Pohlwahl 
Polyalpi 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1  
Polycomm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1-- Polyfomi 1 1 1 1 1 1 1 1 1 1  

I Polylong 
Polv~il i  1 1 1  1 1  1 1 1 1  1 1 1  

- - - - -  

Porecord 
Porenavi 1 
Poreroel 
Porobige 
preiquad 
Pseuelaa 2 1 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2  
Pseuiula 
Pseuradi 1 1 1 1 1 1 1 1 1  1 1 1 
Pterfiii 



APPENDIX V. CWH species data. 

PlotNurnber . 139: 140! 141' 142: 143i 144! 145i 146; 147: 148: 149i 150: 151: 152: 153i 154! 1551 156 
Mvlitavl 2 .  1 2 . 2 2 2  1 1 2 1  1 
~ & d & r n ~  
Nardscal 
Neckdoua 1 

Odondenu 1 1 1 1 1  
Oligalig 1 

I Oligpara - 
Oncovire 1 1  1 1 1  
Orthcons 1 1  1 1 1 1  1 1 1 1  
10rthlyel 1 1  1 1 1 1  1 1 1 1  
Orthobtu 1 
Orthpulc 1 1 1  1 
Orthspec 1 1  1 1 1 1  1 1 1 1  
Orthstn 1 1  1 1 1 1  1 1  1 1  
Paluwmm 1 1 1 1 1  
Pararecu 1 1 1  1 
Pellendi 
Pellepip 
Pellnees 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Philca~i 1 
Philfont --------- - -  ..- - - -- 
Plagasp 1 1 1 1 1 1  
Plagcavi 1 
Plagcusp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagdent 1 1 2 1 1 1 2 2 2 2 1 1 1 1 2 1 1 1  
Plaginsi 1 1 2 1 1 1 2 2 2 2 1 1 1 1 2  -----.------ - - --- - 1 1  --- 
Plaglaet 2 2 2 - 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Plaamedi 1 1 1 1 1 1 1 1 1 1  1 1 1 1  1 

Plagpili 1 1 1  1 1  
Plagpore 2 - 2 2 2 2 2  1 2 2 2 2 1 1  -.- - - .  

Plagsato 
Plaascho 
Plaasemi " 
Plagundu 2 1 1 1 1 1 1 2 1 1 2 2 1 1 1 1 2 2  
Plagvenu 1 1 1 1 1 1 1 1 1  1 1 1 1 1  ----- .-.. . - -  - .  - 

Platiuna 
Pleualbe 
Pleupurp -------- 
Pleuschr 1 1 2 2 1 1 2 2 2 2 1 1 2 2 2 2 1 1  
Poaocont 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  --- - -- - ------- - -- .- - - - - - -- - - - -- - - - - - - 
~ogourni 1 1 1 1  1 1  1 I I  1 -- 1 
Pohlanno 1 1 1 1  1 1 1 1 1 1 1  1 1  1 
Pohlcmd 1 1  1 1 1 1 1 1  1 1 1  1 
Pohllong - 
Pohlnuta 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1  

Polyalpi 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1  
Polycornrn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polyfomi 1 1  1 1 1 1  1 1 1  1 1 1 1 1  
Polviuni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polylong 
Polypili 1 1  1 1 1 1  1 1 1 1 1 1  1 
Porecord 

l Porenavi 1 I 
Poreroel 
Porobige 

Pseuelaa 2 2 2 2 1 2 2 2 2 2  2 2 2 2 2 1  
Pseujula 
Pseuradi 1 1  1 1 1 1  1 1 1 1  
Pterfili l 



APPENDlX V. CWH species data. 

PlotNumber 1571 1581 1591 1601 161! 162; 1631 1641 1651 1661 167 1681 169: 1701 171 l72! 1731 17d 
Mylitayl 2 1 1 1  2 1 2 1 2 2 2 2  2  2  
Nardcomp 
Nardscal 

1 1 1  
Odondenu 1 1 1 1 1 1  1 
Oligalig 1 1 1  
Oligpara 
Oncovire 1 1 1 1  1 1 1  
Orthcons 1 1 1 1 1 1  1 1  
Orthlvel 2 1 1 1 1 1 1 2 1  1 1  
~rthobtu 

- 

1 1 1  1 1  
Orthpulc 1 1 1 1 1  1 
Orthspec 1 1 1 1 1 1 1 1  1 1  
Orthstn 1 1 1 1 1 1 1  1 
Palucomm 1 1 1 1  1 1  
Pararecu 1 1 1 1 1  1 
Pellendi 
Pellepip 
Pellnees 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '  
Philcapi 1 1 1  

1 1 1  hiIfont - -  - ------- -- - - _ - -_  - . - - - - 
Plagaspl 1 1 1 1  1 1 1  
Plagcavi 1 1 1  
Plagcusp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagdent 2 1 1 1 1 1 2 2 1 2 2 2 2 1 1 1 2 1  - 

Plaginsi 2 1 1 1 1 2 1 2  2 2 2 2 1 1 2 2 1  
-----------.----- --- - 

PZgFet 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Plaqmedi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
~lagoede 1 1 1 1 1  1 
Plagpili 1 1 1 1 1 1  1 1  
Plagpore 2 1 1 2 1 2 2 2 2 ' 2 2 2 2 1 1 2 2 1  -- ---- - - -  +- ----- - . -- -- - - - A - -  --  - 
Plagsato -- 
Plaqscho 

I Plaosemi 
2 1 1 1 1 1 2 2 1 1 1 2 2 2 1 1 1 i  

Plagvenu 1 1  1 1 1 1  1 1 1  - - . - - - - - 1 1  - - 
-- 

~ ~ e u & &  2 1 2 2  2 2 2 2 2 2 - - 2 2 1 1 2 2 1  
Pogocont 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
-------- - --- -- -- A-.-- - - 

Pogoumi 1 1  1 1 1 1  1 1 1 1 1 1 1 1  
Pohlanno 1 1 1 1 1  1 1 1 1  1 

Pohllong 1 1 1  
Pohlnuta 1 1 1 :  1 1 1 1 1 1 1 1 1 1 1 1 1  - --- 
Pohiwahl 
Polyalpi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polycomm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polyfom 1 1  1 1 1 1  1 1  1 1 1 1 1 1 1  
Polyjuni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  - 

Polylong 
Polypili 1 1 1 1 1 1 1 ' 1 1  1 1  1 1 1  
Porecofd 1 1 

I Porenavi 1 ,  1 1  
Poreroel 
Porobige 
Preiquad 
Pseuelaq 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1  
Pseujula 
Pseuradi 1 1 1 1 1 . 1 ' 1 1 1 1  1 1  
Pterfili 



APPENDIX V. CWH species data. 

PlotNumber 175 1761 177 178 1791 1801 1810 182! 183, 1841 185 186 187, 188, 189. 190, 791 19; 
Mylitayl 1  1 2 1 2 ,  1  2 1 2 '  
Nardcorno 
Nardscal 1  
Neckdoug I l  1  1 1 1  - 
Neckpenn 1 .  1 :  1 .  1  
Odondenu 1  1  1 1 1  
Oliaalig 1  1  1  
Oligpara - 1  -- 
On covire 1 1 1 1  1  1 1 1  
Orthcons < I l 1  1  I l l  - - 
Orthlyel 1 2 2 2  1  2 1 2  
Orthobtu 1 1 1  1  1  
Orthpulc 1  1  1  1  
Orthspec 1 1 1 1  1  1 1 1  
Orthstri 1 1 1 1  1  1 1 1  

Pellepip 
Pellnees 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1  
Philcapi 1  1  
Philfont 1  1  1  1  - - -- - - - - - -- - - - -- - - - - - --- - - - - - - . - - . -- - - - - - - - --- 
Plagaspl 1  1  1  1  
Piagcavi 1  1  1  
Plagcusp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  - 
Plagdent 1 1 1 1 2 1 2 1 1 1 1 1 1 1 2 2 2 1  
Plaginsi 1 1 1 1 2 1 2  1 1 1  1 1 2 1 2 1  

---A--- - ---- - - -- 
Plasiaet 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
~la&nedi  1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1  
Plaaoede 1 1 1  1 1 1  

I Plagpili 1  1  1 1 1  -- 
Plagpore - --------- 1 1 1 2 2 2 2 1 1 1 1 2 1 1 2 2 2 1  - - - - - - - - -- - - - -- - - - - - - - - 
Piagsato 

l Plaascho 
l Plaasemi 
plaiundu 2 2 2 1 1 1 1 2 2 2 2 1 2 2 2 2 2 1  
Plagvenu -- 1 1  1  

--, 
1  1 1  1  

--- --p-pp-p--- 

Platjung 1  
Pleualbe 1  
Pleupurp 
Pleuschr 1 1 1 2 2 2 2 1 1 1 1 2 1 1 2 2 2 2  - 

Pogocont 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  - - - - --- - ---- -- -- -- ------a-- --- 
Pogourni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  -- 
Pohlanno 1 1 1 1 1  1 1 1 1 1  1  1 1 1  
Pohlcrud 1 1 1 1 1 1  1 1 1 1  1 1 1  1 1  
Pohllong 1  1  1  
Pohlnuta 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1  --- - 
Pohhvahl 1  - 

Polyalpi 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1  
Polycomm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polyfonn 1 1 1 1 1 1  1 1 1  1 1 1 1 1 1  
Polviuni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polylong 
Polypili 1 1 1 1 1  1 1 1 1 1  1 1 1 1 1 1  1  
Porecord 1  
Porenavi 1 1 1  1  

- 
Preiquad 1  
Pseuelag 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 7  
Pseujula 
Pseuradi 1 1 1 1  1 1 1  



APPENDIX V. CWH species data. 

Plot Number 193i 1941 195' 1961 197I 198; 199, 200: 201 202' 203, 204 205: 206, 207 2081 209: 210 
Mviiiavl 1 1 1  1 1 1 

Neckdoug 
Neckpenn 1 
Odondenu 
Oliaalia 1 
Oncavire 
Orthcons 1 1 1 
Orthlyel 2 2 2 2 
Orthobtu 1 1 1 
Orthpulc 
Orthspec 1 1 1 
Orthstri 1 1 1 1 -- 
Palucomm 
Pararecu 

I Pellendi I 
Pellepip 
Pellnees 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1  
PhiIcapi l 1 
Phiifont 

- *  - - - --  -- - --- - - -  - - - - ---- -- - -  - -- - -.- - - - -  
Plagaspl 
Plagcavi - 
Plagcusp 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1  
Plaqdent 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

----- - -- ---- --A---- -- ----- - ---- - A - - 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

1 1 1 1 1 1 1 1  1 1 1 1 1 1  
Plagoede 

-- 

- 
Plagscho 
Plagsemi 
Plaaundu 1 2 1 2 2 2 1 2 1 2 1 2 2 1 2 2 1 3  

1 1  1 1  1 1 1 1  1 1 1  ---- -- - - - - - - - - - - - - - 
-- 

Pleualbe 
Pleupurp 
Pleuschr 1 1 1 1 2 1 2 1 2 1 1 2 1 1 2 1  

Pohlanno 1 1  1 1 1  1 1  1 
Pohlcrud 1 1  1 1 1 1 1 1  1 1 1 1 1 1 1  
Pohllonu 

1 

Polyalpi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polycomrn 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polvfonri 1 1 1  1 1 1 1 1  1 1 1 I 1 1 1  

pol;iong 
Polypili 1 1 1 1 1  1 1 1  1 1  1 1 1  
Porecord 
Porenavi 1 

Porobige 
Preiquad 
Pseuelag 2 1 2 1 1 1 2 1 2 2 2 2 1 2 2 2 2 2  
Pseujula 
Pseuradi 



APPENDIX V. CWH species data. 

Plot Number 21 1 212 21 3 214 215 216 217 21 8 1 219 220 221 222 223 224' 225 2261 227' 228 
Mylitayl 2 2 2  2 2 1 1  1 1 1  1  
Nardcomp 
Nardscal 
Neckdoua 1  1  

Odondenu 1 1  1 1  1  
Oligalig 1  1  
Oligpara 
Oncovire 1 1  1 1 1  1  
Orthcons 1  1  1  
Orthlyel 1  1  2 1  
Orthobtu 1  1 1  1  
Orthpu~c 1 1  1  
Orthspec 1  1  1  
Orthstri 1 1  1  
Palucomrn 1 1  1  I 1  
Pararecu 1 1  1 1  - 
Pellendi 1 
Pellepip 1 
Pellnees 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1  
Philcapi 1  1  
Philfont 1  

- -- .- -- - -- - - - -- - - - - - - - - - - - - - - - - - - - -- - - - - - 
Plagaspl I l  1 1  1 
Plagcavi 1  1  
Piaqcus~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1  - .  
Plagdent 1 2 2 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1  
Plaginsi 1 2 2 2 1 1 2 2 1 1 1 1 1 1 1 1 1 1  - ---- 2 - - 2 -  a--- 2L2-- - ---- ---- 2-- 2--- 2 - -  --pz- Pz- -- 
Plaglaet 2 2 2 2 2  

Plagscho 1  - 
Plagsemi 1  

---- 
Plagundu 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 3  
Plagvenu 
- - - - 1 1 1 1 1  1 1  1 1  1  1 1  - ---- -- - - - - .- - -- - -. -- - - - - - -  - .- . - - -- - -- - - - 
Platiunq 
Pleualbe 
Pleumm 

- _ _ _ _ _ . - A  ___--_--~-__-__.___c__. _ _ _ _ _ _ _ - _ _  
~ogourni 1 1 1  1 1  1 1 1 1 1 1 1 1 1  1  
Pohlanno 1 1 1  1 1 1 1  1 1  1  1 1  
Pohlcmd 1 1 1 1  1 1  1 1 1 1 1 1  1 1  
Pohllong 1  
Pohlnuta I- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Pohhvahl 
Polyalpi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;  
PoIywmm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1  
Polyforrn 1  1  1  1 1 1 1 1 1 1 1  1  
Polyjuni 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1  1 1  
Polvlona I " 
Polypili 1 1  1  1  1 1 1  
Porecord 1  
Porenavi 1  1  1  
Poreroel 1  
Porobige 
Preiquad 
Pseuelaq 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 1  

p- - 

Pseujula 1  
Pseuradi 1 1  1  
Ptertïli 



APPENDIX V. CWH species data. 

Plot Number 2291 230 231 ' 232' 233 I 234z 235 236, 237 238 239 240 241 242 243 ' 244 I 245 i 2 
Mvlitavl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

1 Nardcomp 
Nardscâl 
Neckdoug 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Neckpenn 
Odondenu 1 1 1 
Oligalig 
Oligpara 
Oncovire 1 1  1 1  i l 1 1 1 1 1  1 1 1  
Orthcons 1 

1 
l 

Orthlyel 1 
Orthobtu 1 1 1  
Orthpulc 
Orthspec 1 1 1  
Orthstri 1 1 1  
Palucomm 1 1 1 1 1  1 1 1 1  1 
Pararecu 
Pellendi 1 1 1 1 1 1 
Pellepip 1 1 1 1 1  
Pellnees 1 1 1 1 1 1 - l 1 1 1 1 1 1 1 1 1 1 1  
Philcapi 
Phiifont - p.--.-p-----------pp- A -- - - 

Plagaspl 1 1 1 
Plag cavi 
Plag cusp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagdent 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plaginsi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  2 L  2 - -  - ---. 2- -- - -.- -.-- - - - - - -- -- A - - - - - -- - ph -- - - --- 
Plaglaet 2 2 2 2 2 2 2 2 2 2  2 2 2 2  
Plagmedi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagoede 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagpili 1 1 1 1 1 
Plagpore 2 2 2 ' 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  - - - -- 
Plaasato 1 1 1 

Pleualbe 
PIeuaum - - r- -r  

Pleuschr 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Pogocont 2 1 2 2 2 1 2 2 2 1 2 1 2 1 1 2 2 2  --------- - ------- --------.- --------- 
Poaoumi 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1  
poilanno 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1  - 
Pohlcmd 1 1 1 1 1 1 1 1 1 f 1 1 1 1 1 1 1 1  -- 
Pohllong - 
Pohlnuta 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  -- P A -  

Pohlwahl -- 
Polyalpi 2 1 2 2 2 1 2 2 1 1 2 1 2 1 1 2 2 2  
Polycomm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polyform 1 1 1 1 1 1 1 1 1 1  
Polyjuni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polylong 1 1 1 1 1 1 1  
Polypili 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1 1 1 1  
Porecord 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

-- --  - - - 

Porenavi 1 
Poreroel 1 1 1 1 1 1 1 1 1  
Pnrnhin~ 

Preiquad - 

Pseuelaa 2 2 2 1 2 2 2 2 2 2 2 . 2 2 2 2 2 2 2  
Pseujula 1 1 1 1  1 
Pseuradi 1 ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Pterfili 1 2  



APPENDIX V. CWH species data 

r ~ l o t  Number 247! 248 249 1 250 i 251 252 253 1 254 255! 256' 257 258, 259 1 260 261 1 2621 263 1 2M- 
Mylitayl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Nardcomp 
Nardscal 1 1' 
Neckdoua 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Odondenu 1 1  1 1  1 
Oligalig 
Oligpara 
Oncovire 1 1 1 1 1 1 1  1 1 1 1  

Orthlyel 1 
Orthobtu 1 1  1 1 
Orîhpulc 1 
Orthsoec 1 1 1 

- 
Pellepip 1 1  1 1 
Pellnees 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Philmoi 

Plagcavi 
Plagcusp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagdent 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plaginsi 1 1 1 1 1 1 1 1 1  ------ 1 1 1 1 1 1 1 1  ---- -- 
Plaglaet 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Plagmedi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagoede 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagpili 1 1  1 1 1 1 1  
Plagpore 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  - - - - - - - - - - - - -- - - -- - - -- - - -- A - .- --- - - - - - - - -- - - - 
Plaasato 1 1  1 1 1 1 1  
Plagscho 1 1  1 1 1  
Plagsemi 1 1 1  1 1  1 1 1 1 1  1 
Plagundu 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
PIagvenu - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  ------- -----  - -  
Platiuna 1 

Pleupurp 1 1  
Pleuschr 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
Pogocont 2 2 1 - 2 2 1 2 1 2 2 2 2 2 2  -- 
Pogoumi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Pohlanno 1 1  1 1 1 1  1 1 1 1 1 1 1  - 

Pohlcnid 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Pohllong 
Pohlnuta -- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  --- - 
Pohhvahl 1 
Po!yalpi 2 2 2 1 2 2 1 2 2 1 2 1 2 2 2 2 2 2  
Polycomm 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polyfom 1 1 1 1 1 1 1  
Polyjuni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~  
Polylong 1 1  1 1  1 1  1 1 1 1 1 1  
Polypili 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Porecord 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Porenavi 
Poreroel 1 1 1  1 1  1 1  1 1 1 1 1 1 1  
Porobiae 1 

1 1  
2 2 2 2 2 2 ' 2 2 2 2 2 2 2 2 2 2 2 ' 2  

Pseujula 1 1  1 1 1 1  
Pseuradi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  



APPENDlX V, CWH species data 

Plot Number 265 I 266! 267: 268. 269 i 270, 271 272 l 273 i 274, 275 i 276 277, 278 279' 280 ! 281 ' 282 
Mylitayl 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Nardcomp 1 
Nardscal 1 1 1  1 1  1 1  1 7 
Neckdoug 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 1 1 1  

INeckpenn 1 1 1 1  
Odondenu 1 1  1 1 1 1  1 1  1 
Oligalig 1 
Oligpara 
Oncovire 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1  1 
Orthcons 1 1 
Orthlyel 1 1  1 1 1  1 
Orthobtu 1 1  1 1 1  1 
Orthpulc 
Orthspec 1 1 1 1 1 
Orthstri 1 1 1  1 
Palucomm 1 1  1 1 1  1 1  1 
Pararecu 
Pellendi 1 1 1 1  1 1 
Pellepip 1 1 1 1 1 1  1 1  
Pellnees 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Philcapi 1 
Phiifont 

A - - - - - -  - - -  - - - -- - -  - 
Plagaspl 1 1 1  1 1 - 1 1 
Plagcavi 1 
Plagcusp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagdent 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plaginsi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  .-- -- - 2'-2-- -2 7y-2- 2--2- -- -2 - -- i '--2 - - -?- - -22 
Plaglaet 
Plagmedi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagoede - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Plagpili 1 1  1 1 1 1  1 1 1  1 
Plagpore 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  - -------A - - 
Plagsato 1 1 1 1  1 1  1 
Plagscho 1 1 1  1 1  1 1 1  1 
Plagserni 1 1 1 1  1 1 1  1 1 1 1  1 
Plagundu 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
Plagvenu ---- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  --a -- - -- L - - 
Platjung 1 
Pleualbe 1 1 1  1 1  1 1 1 1  1 
Pleupurp 1 1 1  1 1  1 1 1 1  1 
Pleuschr 2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2  

2 2 2 2 1 2  Pogocont - - -  2 2 1 1 1 2 2 2 2 1 2  - --- - - - - 
Pogoumi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Pohlanno 1 1 1  1 1 1 1 1 1 1 1 1 1  
Pohlcrud 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Pohllong 
Pohlnuta 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Pohhvahl 1 
Polyalpi 2 2 2 2 1 2 1 2 2 2 2 1 1 2 2 2 2 2  
Polywmm - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polyform 1 1 1  1 1 1 1 1 1 1 1 1 1  
Polyjuni 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Polylong 1 1  1 1 1 1 1  I l 1 1  
Polypili 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Porecord 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  - 
Porenavi 1 1  1 1 1 
Poreroel 1 1  1 1 1 1  1 1  1 
Pcrobige 1 1 - 
Preiquad . 1 1 1. 1 1  1 1  1 1 
Pseuelag 1 2 2 2 2 2 2 2 2 2 2 2 2 - 1 2 1 1 2  
Pseujula 1 1 1  1 1 1 1  1 1 1  1 
Pseuradi 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Pterfili 2 2 2 2 2 



APPENDIX V- CWH species data. 

Nardcomp 1 .  
Nardscal . -- 

Neckdoug 1 1 1 1 1  
Neckpenn 1 1 1 1 1  

Oiigalig 
Oligpara 1  
Oncovire 1 1 1 1 1  

b 

Orthcons 1 1 1 1 1  
Orthlyel 2 2 2 2 2  
Orthobtu 1 1 1 1 1  -~ - -  

Orthpufc 1  1  1  
Orthspec 1 1 1 1 1  
Orthstri 1 1 1 1 1  

Pararecu - 1  
Pellendi 
pelle pi^ 1  1  1  

Philfont 1  -- -- 
Plagaspl 1  1  1  
Plaqcavi 
~ l a g c u ç ~  1 1 1 1 1  
Plaadent 1 1 1 1 1  " 
Plaginsi 1 1 1 1 1  
--p. --- 
Plaglaet 2 2 2 2 2  
Plaqmedi 1 1 1 1 1  

Plagpili 1  1  1 
Plagpore 2 2 2 2 2  ---- , -- P 

Plagsato 1  1  1  

" 
Plagundu 3 3 3 3 3  
Plagvenu 1 1 1 1 1  - - . - - - - -- -- . - -- - - - . - - - - - - -- 
Platiung 1  

Pohlanno 

Pohllong 1  
Pohlnuta 1 1 1 1 1  

I e h l  1  
Polyalpi 2 1  2 , 1  2 
Polvcomm 1 1 1 1 1  - 
p0l;form 1 1 1 1 1  
Polyjuni 1 1 1 1 1  
Polylons 1  1 1  
~oi;~iii- 1 1  1 1 ' 1  
Porecord 1 1 1 1 1  
Porenavi l l l l l  - - ~~ 

Poreroe l 1  1  
Porobicie 
preiquid 1  I I 
Pseuelaa 2 2 - 2  2 2 " - - 

Pseujula 1 '  1  1 
Pseuradi 1  1 1 1 .  1  
Pterfdi 



APPENDIX V. CWH species data. 

PlotNumber 1031 1041 1051 f06i 107 108! 1091 1101 Ill! 1121 113 1141 115 116 117 118 119' 120 
FiilCali 2-2 2 1 2  2- -2 2-72-2 2 
Ptilcili - 1-1 - 1 1 - 1 1 - 1 - 7  1-1-1-1-~ 1 1-1 
Pflcris 1 1 1 1  1 
Rïlpulc 1-1 1 1 1  1 
Racoacic 1 1 1 
.Racoaaua 1 1 1 1 1  1 

1 1 1 1 1  1 
rRhyt lore 2-2-~-2-2-2-2--2-2~2-2-2-2-2-2-2-2-2 
'Rhytrobu 2-2-2-2-2-2-2-2-2-2-222-2222-2 
~ y t w o  
Rhytsqua 1-21-12 1 2-1-2-2-1 1 1 1 2  1- 
Rhyttriq 221-22-2-2 1 2 1 1-2-2-2 1 2 
Rmharn  
Ri 

- - -  _ _  - - ---- 

Ricclati 1 1 1 1 
Riccrnult 1 1 - 1 1 1 1 1 1 1 1  1 1 1 1 - 1 1  
Riccpalm 
SZ iu  nci 2 2 2 2 2 2 2 2 2 - 2 2 - 2 2 2 - 2 - 2 - 2 2  
Scapl 
Scapamer 1 1 1 1 1  - 1 
Scapbola 1 2 7 - 1 2 1 2  2 2  1 - 1  1 2  - -- II 



APPENDIX V- CWH species data. 

Plot Number 121; 122 123: 124' 1251 1261 127 1281 1291 130 131 132, 133' 134, 1351 136 137; 138 
Piilcati 2 222222222222222 2 2 1 2  

l Racolanu I 

Phiznudu 
--- 

1 1  1 1 1 1 
Rh yt1ore 2-2-22-2-2-2-2-222-222-2-2-2-2 
Rhytrobu 2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2 
Rhytrugo 
Rhytsqua 2 1 1 1 2 2 - 1 1 2 1 2 1 1  2 1 1 2  
RhyttRq 2 1 1 2 2 - 2 2 - 2 2 2 2  1 2 1 2-2 1 2 
Ricccham 
Riccfiüi 

-- -- 
Ricclati 1 1  1 1 
Riccmult 

Saniunci - 2-2-2-2-2-2p2-2p2-2p2p2-2p2-2-2-2p2 

Schiapoc -- 
Sëhipenn 1 1-1-1-1 1 1  

1 
-- 

Sëhi riv u - -  1 1 
Scleobtu 1 1 1 

%kale$ 
Targ hypo 
T e E i  

1 1-11-1-1 
-- -- 

TetrpeI l 1 1 1  1 1-1-1-1 
Th--- 

11- 1-- 1 - - I -  

T h ï i l  
1 1 1 1 1 7 7 - 1  

-- 
ïÏrnmaust 1 1 1 - 7 1  
T* ura 
To rtp rin 

1-1- 
---- 

Tortrura 1 1 
Torttort 
Taexse 1 1  1 1 
T6ïauin 1 -1 - - -  1 1--- 1 



APPENDIX V. CWH species data. 

I 

Ulotdrum --- - - - -  - - - - - - - - 
Ulotmega - 1 
Ulotobtu 1 
Ü IOtphUI 
'Wamflui 1 . -- 
Z a n  
'Z-i 

Rilcris 1 1 1 1 1  
Ptilpulc 1 1  1-1 1 1 1 1 1 1  
RacoaCic 1 1 1 1 1  
Racoaqua 1 1 1 - 1  
Racocane 
Racoelon 
Racohete 
Racolanu 
Racolawt 
RaCo?nuti 
Racoocci - 
Radubola - 
RTducomp 
Raduobtu 
Rhizg lab 2-2-2-2-22-2-22-2-2-2-2-2-2-22-2 
Rhmagn I I - -  1 1  1 - 7 1  1 1 1-1-1--1-1 
Rhiznudu 1 11-1-1 
Rhytlore 2 2 - 2 - 2 - 2 - 2 - 2 - 2 - 2 - 2 2 2 2 2 2 2 2 ~ 2  
Rh ytrobu 2-2-2-2-22-2-2-2-2-2-2-2-2-2-2-2-2 
Rhytrugo -- 
Rhytsqua 1 1 2 1  1 2-2-2-2 1 1 1 2-1 1 
p y t t m  1 1 2-2 2-2-2-2 1 1 2 - 2 - 2 2 7 7  
Ricccharn 

PP 

Riccflui -- - 
Rzla t i  1 1 1 1 1  - 
Üïccmult 1 1 1 1 1 - 1  1 1 1 1 1 1 1 1 1 1 
Riccpalm 
Saniunci 22222222222222222222222222-2-2~2~2 
scap 1 - 
Scapamer 1 T I T I - -  
Scapbola 1 2-1 2-2-2-2 1 1-2 1 1 
Scappalu -- -- 
S-br 1 1  1 1 1 1  1 1 1 1  
Scapundu 1- 
SCF;iapoc 1 2 - ,- 1 
SZhipenn 1 1  1-1 lPp 1 
SChirivu 1 1 1  1 
S5leobtu 1 1 1 1 1  --- 
Scouaqua S 

1-1-1-1-~ 
-- 

Sphacapi il--- 
SFhagirg 1 1 1 1 1  
Sphâpai u 
Sphasqua 1 1 1 1  1 I l  
TaElepi - -- 
Targ hypo 
Tetrgeni --- 
TetTpel l 1 1 1- 1-1 1 1 1 1 1 1 1 1 1 - 1  

11-1-1 
-- 

Th- 1 -- 

ThuipEl -11-11- - 

Timmaust 1 1 1 1 1 1 1  1 1 1 1 1-1 

Tritquin 1 



APPENDIX V. CWH species data. 

- -  - 
PT~I~UIC 1 1 t i 1 1 1 1 - 1 1  14-7-- 
- R m c  1 1 1 1 1 1  1 1  
Racoaqua 1 1-1 1 1 1 1 -  
Racocane 1 1 
Ramelon 
Racohete 1 

3adubola 1 1 1 1  
iaducornp 1 1 
3aduobtu 
3hizglZb 2 2 2 2 2 2 2 2 2 2 2 2 2 - 2 2 2 2 ' 2  
ih7Fmagn 1 1 1 1 1  1 1  1 1 1 - 1 1  1 
i:hiznudu 1 1 1 1  1 1  1 1  
%@ore 2-2-2-22-2-2-2-22-2-2-2-2-2-2-2-2 
ihvtrobu 2-2-22-22-2-2-2-2-2-2-22222-2 

R i a u i  
-Ri- 1 1 1  1 1 1 1  1- 
Riccmult 1 1 1 1 1 1 1 1 1 i 1 1 . 1 1 1 1  
Riccpalm 
Saniunci 2 2 2 2 2 2 2 2 2 2 2 2 - 2 2 2 2 2 - - 2  
Scapl 
Scaparner 1 1 1  1-1 1 1- 
Sca~bola 2 7 - 1 1  222211112--2-2-1?~122- 
Scappalu 
S v b r  1 1 1 1 1-1 1 -- 1 1-1- 1 1  
Scapundu 1 1 1 1 1 7  
SCfiiacioc 1 1 

1- szhipenn ' 1 - 1 1  1--1-1--- 
Szhirivu 
- - 

1 1 1-- 1 
Scleobtu 1 1 1-1-1 -1-1- 

1- 
- 

Scouaaua 1 
~$ha&i 
- - 1 1 1 - 1 1 - 1 -  - 1-1- 
Sphagirg 
- -- 1 1 1 1-1 1 1  1 
Sphapalu 
Sphasqua 1 1 1 1 1 1  1 1 
TaElepi 
Targhypo 
Tetrgeni --- 
T e m l  l 1 1 1 1  1 1 1 1 1 1 - 1 - - - 1 1 1 1  1 1 
Thamneck 1- - 1-1- 1 1 1  1- 
ThUiphil 
Tirnmaust 1 1 1 1 1 - 1  1 1 1 1-1-1-1-1 1 1 1 1 
Tortrnura 
Tortprin 
Tortrura 1 3 7  . - 1 
Torttort 
Taexse 1 1 1 1  
Taquin 1 1 1 1 1 -  
Ü lzdrum - - -  - - -  - - -  - - -  - - - - - - . - - - - - - -- - 
U l6tmeg a - -- -- 1- 1- 
Ulotobtu 1 1 1  
U lotp hyl 
W s f l u i  1 I 1 - 1 -  -- z*n 
Zrgovin 



APPENDIX V. CWH species data. 

' ~ l o t ~ u m b e r  175 176, 177 1781 1791 1801 181 182' 183 1841 185 186 187 1881 189. 190 191 19i 
Ptilcali 1 2-2-2-2 1 1 2  2-2-2-1 
Ï%cili 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Ptil cris 1 1 1 1  - 
-Ptilpulc 1 1 1 1  1 1 1 1  
Racoacic 1 1 1 1 - 
Kacoaqua 1 7117 
Racoca ne 1 
Racoelon 1 
-R%hete 1 
Racolanu 1- 
Racolawt 
Racomuti 
Racoocci 
R m l a  1 1 1  1 
-RFduwmp 1- 
Raduobtu 

-- -2-2-2-2-2-2-2-2-2-2-2-2-2-2 
~ h G a ~ n  1 1-1 1 1 1 1 1 1 1 1  1 1  --- 1 1  
Rh~nUdu 1 1 1 1 1  
Rhytlore 2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-7; 
Rhytrobu 22-2-2-2-2-2.2-2-2-22-22-2-2-2-2 
RFytnig O 1 
-Rhytsqu~ 1 2 1 2 2 1 2 1 7 1 1 1 1 - 2 - 2 2 1  
Rhyttriq 1 1 1 2-2-2-2 1 1 - 1 7 - 2 1  1 2-2-27 
-RiEham 
-Rm u i 1- 
Ricclati 1 1 ----- 1 1 - 7 -  
~Rccmult 1 1  1 1 1 1 1 1 1-1 1 l - - - - i - - - l  1 1-7 
Rîccpalm 
?s%iüz 2222222222222222222223-2-2-2-22-2 
Scapl 
Scaoamer 1 1 1 1 1- 

1 2  1 1-1- 1 1-1-2-2-2-1 - 

Scappalu --- 
SEï$Gïïbr 
-- 

1 1 1 1  
- 

1 1 1 1  
Scapundu 1 1 1 7 - 1 -  
SChia poc 1 1  
schipennn 1 - 1 - 7  1 1 -  
SZhirivu 1 1 1 1- 
Scleobtu 1 1 1 1- -- 
Scouaqua 1 1 17-1- -- 
Sphacapi 1 1 1 1 1- 
SPhagirg 1 7 1  1 1  1 1 
SphZ Iu  1- 
Sphasqua lppp 1 1 1 1  1 
TakZilepi 
T e h  ypo 1- 
Tetrgeni -- 1 
Tef?pèll 1 1 1 1-1 1 1 1-1-17 

1- 
-- 

Th- 1 1 1-1- 
Thuiphil 
Timmaust 1 1 7 - 1  - 1 1 1 l l i l l  1 1 7 1  

1 T-. ntexse 
Taquin 1 1 1 1  1 
-ÜIotdrum 

1-1-1- Ülotmega 1 .  1 -  1' 
Ulotobtu 1 1 1  1 1 1- 
Ülotphyl 
WKflui 1 17-1- 
Zygorein 
Zygoviri 1 



APPENDIX V. CWH species data. 

üakacic  
Racoaaua 
Racocane 
Racoelon 
- -- 
Racohete 
Racolanu 
Racolawt 
Racomuti 
Racoocci 
Raau60la 1 
Raducom~ 

- - 

Rhytlore 2-22-222-2-2-222-2-2-2-2-22-2 
Rhvtrobu 2-2-2-22-2-2-2-2-2-2-2-2-2-2-222 

~hhsqÜa 1  1 1 1 1 1 1 1 1 1 1 1  1 1  
R h Y w  2 1  1  1  1 - 1 2  1  2 - 1 - 2 1 1 7  27 
Ricccham 

E l a t i  --- 
Riccmult 1  1 - 1 7  1  1  1  1  1  1  1  1 1  1 1 1-1-1 
Riccpalm 

2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2 saniunci- 

Scapamer 
--P 

Scapbola 1 1 1 1 1  1  1  1-- 
Scappalu 
S-br 
s e d u  -- 
Schiapoc 1  
Sëhipenn - -- 
SChTnvu 
SCleobtu 
Scouaqua -- 
SFhacapi - 
Sjihagirg 1  
Sphapa1u 
Sphasqua 
rafilepi & -- ----- 
Targ hypo 
retrgeni ---- 1- 
T-I------ 1-1 1-1-1 1  1  1  1  I-IY--~Y~I- -- 
Th-ck 

Zygorein 
Zygoviri 



APPENDIX V. CWH species data. 

Plot Number 21 1 1 212; 213 244 1 215 2161 217 2181 219 i 220 221 222 223 224 I 225 1 226 I 227 228 
7Pfiicaii 2-2-2 2-2-2-1 1 1 1  2 
Pfilcili 1 1 1 1 1  1 1 1  1 1  1 1  1 
-RTlcris 1 1  1 1 
Ptilpulc 1 1 -  1 
Racoacic 1 1  1 1 
-Ramaqua -1 1 1 f 
Racocane 
R E e l o n  
-Race hete 
Racolanu 
Racolawt 
Racomuti 
Racoocci 
RZdubola 1 1 1 
Raduwrnp 1 

22222222222222222222222222222222223 
1 1  1 1  1 1 1 1 1 1-1-1 2 7  

1 1  1 1  2' 
2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-3 

Rhytrobu 2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2 
Rhytmgo 
Rhytsqua 1 2 2 2  1 1 2 2 1  1 1 1 1 1 1 1 2 
- R ~ ~ t m  1 2 -  1 1 2-22-2-2 1 2 -  1 1 2' 
Ricccham 
-Fiiccflui 
Ricclati 1 1  1 1  1 
Riccmu lt 1 1 1  1 1 1 1 1  1 1 - - 1 1 1 1  1 
-R--lm 1 
SiGiunci 2 - 2 - 2 2 - 2 - 2 - 2 - 2 - 2 2 2 2 2 2 2 2 2 - 2  
Scapl 
Scaparner 1 1  1 1  1 
Scapbola 2 2 1  1 2-17-1--~ 1 1 1 1  2 
-scappalu 
Scapurnbr 1 1 1 
Scapundu 1 1 I 
SFhiapoc 
SChipenn fi 1 
Schirivu 1 1  1 1  
SZleobtu 1-1 1 1  1- 
ScouaqUap 1 
SFhacapi 1 1  1-1 

1---- 
-- 

-Sp hagirg 1 1 1 1  
pppp---- 

'Sphapalu 
SFhasqua 1 1 1-- 1 
'Tak-i 
Targtiypo 
Tetrgeni -- 1 1-1 
'Tèt?pel l 1 1 1 1 1 - 7 1 7 7 - 1 1 -  1-1-1 1 1  
ThamneCi3 1 1  1 1  
'Thzphil 
Tirnmaust 1 1 1  1 1  1 1 1  1 1 1  
Tortmura 
Tortprin 
TOrtrura 1 1  1 1  
To mort 
TEtexse 1 1- 1 
T n i n  1 1 
ÜlCtdrum 

.- -* -------- -- 
Ulotrnëga-- - 1 1 
ÜlZEbtu 1 1 1 
Ülotphyl 
Wamfiui 1 - 
Zygorein 
Zygoviri 



APPENOIX V. CWH species data. 

Plot Nurnber 229 230 i 231 232 233 1 234, 235, 236 1 237 238; 239 ' 240 I 241 1 242 243 ' 244: 245! 24€ 
PfiÏcali 222222222222222222222222222-2-2-2i 
Wiciii 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 ~ 1 1  
-m-icns 1  1 1  1  1  1 1 1  
PtiIaulc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 ~ 1  

RacOëion 1  
Racohete 2 2  2 L 

2-2, Racolanu L 

Racolawt 1  
.Racomuti 1 1  1  
Racoocci 1  1  
RZdiEla 1  rp 1 1 - 7 1  111 
Raducomp l l l ~ l l l l l l l l f l l l l l l  
Raduobtu 1 1  
Rhizglab 3 3 - 3 - 3 - 3 - 3 3 3 3 - 3 3 3 - 7 3 - 3 3 3 3 ?  
Rhizmagn 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 2 ~ 2 2 i  -- -- 
Rhiznudu 2 2 2 2 2 2-2 
Rhytlore 3-3-3-33-3-3-3p33--3-3-33-3337 
-R hytro bu 2-2-2-2-2-2.2-2-2-2-2-22-2-2-2-2-2 
Rhytrugo 
Rhytsqua 2 1  2 2 2  1  2 2 2  1  2 1  2 1  1-22- 
Rh~ttnq 2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2-2 
Ricccham 
'~ZZf lu i  -- 

Ricciati 1  1 1  1  1  1  1-1- 
'Riccmult 1  1 ~ 1 ~ 1 ~ 1 1 ~ 1 1 1 1 ~ 1 ~ 1  1  1  1  1  1  
~ iccpa lm 1  1  1  1  1  1 1 1  
Saniunci 2 2 2 2 2 2 - 2 - 2 2 - 2 2 2 2 2 - 2 - 2 - 2 2  
pcap l  
Scapamer 1  1  1  1  1  1  
k3Capbila 2 - 2 - 2 2 2 2 2 2 2 2 2 2 2 2 - 2 - 2 - 2 2  
bcappaiu 1 1 1  1  1  1  --- 1-1- 
Scapumbr 1 1 1 1 1 1 1 i - - 1 1 1 - 1 1 1 1 1 1 1  ---- 

Scapundu 1  1  1  1 1  1 1 1  
5Ctïiapoc 
Schipenn 
Schinvu 1  1 1  1  

p- 

SCleobtu 
+- 

1 - 1 -  -- 

Scouaqua 2---- 
Sphacapi 
S5haoim 1 1 1 1 1 1 1 7  1 f l 1 1 1 1 1 - 1 - 1  
Sphapalu 1 
Sphasqua 1  1  1  1  I l l  l l l l i  
Ta kalepi 

TïïÜi$ïil -- 
Tîmmaust 1 - 1 1  1  1-1 1  1-1 1 1  1  1  1  ? 1  1  1  
Ta rtrn ura 1  1 1  

üÏ&drum - -  - - - -  - - 
U lo tmega- -  -- - -  1 -  1 -  1  
Ülotobtu 1 1 1  
UlOtphyl 1  1  
WZZflui 1  
Zygorein 
Zy9oviri 



APPENDIX V. CWH species data. 

Plot Nurnber 247 ' 248 ! 249 1 250 ! 251 ' 252! 253 ' 254 255 256 i 257' 258 259 260 1 261 262 l 263 ! 264 
'PîFilcali 2-2-2-2-2-2-2-2-22-2-2-2-2-22-22 
-F%lcili 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
-PtT1cris 1 1  1  1 .  1 '  1 1  1  1 1 1 1 1 1  
Pîilpulc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Racoacic 1  1 1  1 1  1  1 1 1 1 1 1  
Racoaqua l i l i 1  1  1 1  f7- 
Racocane 2 2 2- 
-Racoelon 1  
Raco hete 2 2 2- 
Racolanu 2 2- 
Racolawt 1  1- 
Racomuti 1  1  1  
Racoocci 1  1  1  
Radubola 7 1 - 7  1 7 - 7 1  -- 
Raducomp 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1  
Raduobtu 1-1 
R h i t 5 b  3-3-3-3-3-3-3-3-3-3-3-3-3-3-3333 
Rhizmagn 2-22 1 1  2 1  2 1  2 1  2-2-2-1-2-72 
Rh~znudu 2-22 2-2 2-2 2 2 2 2 2 2 2  
Rhytlore 3-3-3-3-3-3-3-3-3-3-3-3-333-333 pz:: 2-2-2-2-2-2-2-2-2-2-2-2-2-22-2-2-2 

Rhytsqua 2-22 1  2 1  2-2 1  2-"--12--2-2222 
R h ~ m  2‘2-22-2-2-22-2 1  2 1  2 2 2 - 2  
l~icccharn 
Rmui 
~Ricclati 1 1  1 1  1 1 1  1  1  -- 
R m l t  1 1-1-1-1 1  1  1  1  1  1-1-11 1  1  1  1  
'Riccpalm 1  i l  1  1  1 1 1 1 1  
Saniunci 222-22-2-2î23-2-2-2-2--2-2 
Scapl 
Scapamer 1 1  1 1 - 1  1  1-1 
Scapbola 222222222222222222222222233333 
1 1 - 1  1-1- 1  
Scapurnbr 1  1  1  1  1 1-1 1  1  1  1  1  1 1 - 1  
Scapundu 1- 1  1  1 1 7 1 1 -  
'Schiapoc 
SZhipenn 1  1  1 7  1 1 1 1 1  - -  
Schirivu 1  1  1- 
Scleobtu 1  1 1 - 1  
Scouaaua 1  - -- 
sphacàpi -- 1  
'Sphagirg - -- 1  1-1-l7 1  1-1 1  1 1  
Sphapalu 1 - 7  
'S~hasaua 1 1  1  1  1  I 1  1  1  1  1  1-1-11-1-1-1- 
Takalepi 
Targhypo 
Tëtrgen i 
T ~ l l  1 1  1 1 - 1 7  1 1 1 7 - 1 7 7 - 1  1  1  
~hamReck 1  1 1  1  1 1 1  
'T~Ü~@Ï 1 i 

1 1  1  1-1-1-1 1  1  1  1  1  1  1  1  1 - 1 7  'Timmaust -- 
Tortmura 1 1  
'Tortpnn 1  1  1  
'Tortmra 1- 
Torttort 

1-1-1-1 1  1  
-- 

Taexse 1 1  1  1 - 1 7  
Tritquin 1-1 - 
Ü lXd ru m --- - --- - A - - 

UI6tEga 
,- - 1  1 - -  1  - 
Ulotobtu 1 
Ulotphyl 
WKf l u i  1 
Zyg orein 
zjï@ïiri 



APPENDlX V. CWH species data. 

Plot Number 265' 2661 267 268; 2691 2701 2711 272: 2731 274; 275; 276 2f f  278 279 280; 2811 282 
Ptifcaii 2222222222222222222222222222222222i 
mm 1 1 1 1 1 1 1 1 1 1 1 1  1  1 1 1 1 1  
muis 1  1  1 1 1 1  1 1 1 1  1 
Pîilpulc 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Racoacic 1 1 1  1  1 1 1  1 1  1  
Racoaqua 1  1  1 1  1  17 
Racocane 2 2  2 2 2- 
Racoelon 
Raco hete 2-2 2 2- 
Racolanu 2 2 2 2- 
Racolawt 1  1  1  
Racomuti 1  1  
Racoocci 1  1  1  
RZZi6Gla 1  1  1 1  1  1 1 7 -  -1 
Raducomp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1  
Raduobtu 1 1 1  1 1  1 1  1  1  
Rhug la b 3-3--73-3-3-3-3-3-3-3-3--3----3-3-3-3-3-~ 
Rhizmagn 2-2-2 1  1  2 1  27-2-2-2 1  1-2-2-2-2-1 
R-du 2 2 2 - 2 2  2-2 2 i 
Rhytlore 3-3-3-3-3-3--3-3-3--3-3-3-3-3-3-3-3-2 
REflro bu 2-2-2-2-2-2-2-2-2-2-2-2-2-22-2-2-2 
R h f l w o  -- 
R hytsqua 2 2 2 2  1  2-1-2~-2-2-1-2~2-2-2-2-2 
Rhyttris 2-2-2-2-2-2-2-2-2-2-222-2-2-2-2-2-2 
Ricccham 1 
RTCcnui 
Ricclati 1 1 1 1  1  1  1  1 .  1  1  
Riccm u l t 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Riccpalm 1  1- 1  1  11 1  1 1  1  
SâZunci 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 - - 2  
Scapl 1  
Scapamer I l l  1 1  
Scapbola 2 2 2 2 2 2 2 - 2 2 2 2 2 2 2 2 2 2 L  
Scappalu 1 1  1-1 1  1 1  
Scapumbr 1 1 1 1 1 1 1 1 1 1 1 1 ~ 1 1 1 ~ 1 1 1  
Scapundu 1 1 1  1  1 1 1  1  1 1  1  
Schiapoc 1  
SEhipenn 1 - - - 1 - ~ 1 1 1 - -  1  
schirivu 1 1  1  1-1- 1 1 1  1  
Sëleobtu 1  1-1 1  1 1 1  1  1 1  1  
Scouaqua 1  -- 
SEhacapi l1 -- 1 1  1  1  
SEhag irg 1 1 1 1 1 ~ 1 1 1 1 1 ~ 1 ~ 1 1 1 1  - 
SjiïiiapaIu 1 1  1  1 1  1  - 1 1  1  
S~hasaua 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1  
rirmi$ii 1  
Targhypo 1  1 1  1  
Tetrgeni --- 
T e m l  1  1  1-1--1 1  1 1 - 1 - 1 1  1 1 1 1 - 1 - 1 - 1  
Thamnecù 1  1  1  1 7 7  1  1 1  1  
Thhphil 1 1 1  1 1  -- 1 1 1  1  
rimmaust 1 1 1 1 1 1 1 1 1 1 - 1 1 1 1 1 1 1 ~  
To rtmura 1 1  1 1  1 1  
To r t~ r i n  1 - 1 1 1 1 1 1  1  1  

Torttort 
Tritexse 1  11‘1 1  1 7 1 - 1 1 1 - 1 -  1  ï p I 1  
Tritquin 1 1 1  1 1  1-1 1  1  
ÜiXdrum 1 1  - - 

. - 
1- 1 - - - -  - Ülotmeaa 1  

Ulotobtu 1  1  
IJlotphyl- 1  -- 1- 
Wamflui I l l  I l l  1  1  

1  



APPENDIX V. CWH species data. 

Plot Number 2831 284, 2851 286; 287 
Pt-lcali 2-2-2-2-2 
PtTëIi 1 1 1 1 1  
F'tilcris 1 Ptiloulc 1 1 1 1 1 1  1 

1 

1 Racoacic I 

Rawhete 

Raducomp 
Raduobtu 

. ~mbr -- 1 1 1 1 1  
Scapundu 1 1 - 1 
Schiapoc -- 
3Ehipenn 1 1 1 1 1  
3Zhirivu 1 1 1 
SZleobtu 1 
-Scouaqua 1 2 
Sp  hacapi 1 1 1 -- 
Sp hagirg 1 1 1 1 1  
SFhapalu 
Shasqua 1 1 ' 1  1 1  
Takalepi 
Ta rg hypo 
Tetrgeni 1 
Tëf@l l-l---l -1-1 
Tharnneck 1 1 1 
Thuiphil 
Timmaust I 1 1 1 - 1 7  
Tortm u ra 

I TZtquin 1 
ÜlXdrum 1 1 1 1 1  
Ulotmega 1- 1 -  1 -  1 -  1 
Ülotobtu 1 1 1 1 1  




