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Abstract 

Little is known about habitat requirements of lichens and evidence suggests that 

they may be negatively irnpacted by forestry. The purpose of this thesis is to: 1. 

determine ifharvesting and thinhg affect certain forest structurai features; 2. determine 

if harvesting and thinning affect diversity or abundance of selected epiphytic lichen species; 

3. determine habitat and forest structurai features important in explainhg diversity and 

abundance of some iichen species; and 4. examine the use of lichens as bio-indicators of 

forest structure. 

Structural forest features and abundance on trees of 34 species of arboreal lichens 

were measured and compared arnong thirty stands in three matu* classes in central Nova 

Scotia including naturai forests with no tirnber management and harvested and thinned and 

harvested forests. 

Significant diEerences in forest structural features were found between natural and 

managed forests. Structurai features found to be most correlated with lichens are tree age, 

crown closure and rernnant trees. Natural forests had signifiicantly greater total lichen 

abundance, number of lichen species and lichen diversity than managed forests. Forest 

management practices can be changed to improve habitat for lichens and increase 

biological diversity in managed forests. 
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1.0 Introduction 

Ecosystems are made up of complex relationships of a variety of species. 

However, they are impacted by human development and occupation of the land. This is 

evident in forests where management practices such as road building fhgment the forest, 

silviculture alters properties of forests and timber harvesting removes large arnounts of 

large woody material. Many forest species can be affected. One group of species which 

may be negatively impacted by forest management practices are epiphytic lichens. This 

thesis examines the relationship between forest management and lichens. 

Biological systems are inherently diverse. Diversity is found within organisms, 

populations, communities and ecosystems. This diversity is an essential part for the 

continued existence of these syaems. For example, genetic variabüity within a population 

is essentid for continued viability of that population. Each population plays a role in 

ecosystem funaion by facilitating movement of matter and energy through various cycles 

or processes at dBerent levels. Some of these processes include nutrient cycling and 

energy flow. There are some species groups that are essential for the fiinctioning of these 

processes. No ecosystem can fiinction without decomposers, for example. Decomposers 

are a critical link in nutrient cycling, carbon cycling and other processes. Without the 

functioning of all the essential mles within the% ecosystems would cease to function. 

A diversity of organisms within an ecosystem also provides resiliency to sudden 
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disairbances. Change to an ecosystem may be detrimental to one or several groups of 

species. However, with a greater diversity of species present in a system, there is a greater 

probabiliq that some organisms will survive or flourish after a disturbance. With a 

diversity of species in an ecosystem there is often more than one species that can fûw a 

hction. Therefore, ewsystem fhctions will continue even if a species ceases to e i s t  in 

that system after a disturbance. 

Natural distuhances are often common occurrences in ecosystems and can occur 

on many scales. Sm& scale disturbances in a forest ecosystern occur when a single tree 

dies. A gap is created in the forest canopy, increasing sunlight to the forest floor as weU 

as adding dead wood to the forest. Larger scaie disturbances in forests, such as wildfke, 

windîhrow and insect infestations are common. These processes alter the dominance of 

vegetation, affect microchnate within the forest, and alter the structure and composition 

of foreas. As a result of these dishihances, most naturai forests are a mosaic of stands of 

trees at various stages of development often with diverse structure and composition. 

The naturai heterogeneity of naturai forests provides a variety of habitats and as a 

consequence, natural forests contain a variety of species inhabiting these habitats. 

Udke  natural disturbances, anthropogenic disturbances tend to reduce biological 

diversity. Human influenceci systems are much simpler than natural systems. Agricuiturai 

systems tend to be dominated by a single plant species. Crop fields, Pasture and orchards 
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are common examples. This r d t s  in less structural diversity and fewer habitats for 

species. Commercial timber management is another example of anthro pogenic disturbance 

which tends to reduce natural heterogeneity. Forest management practices like thinning 

and planting promote uniformity and reduce variability. In many cases intensive forestry 

has reduced diversity of forest species and increased the risk of extinction of some species 

(HaiIa 1994). Managed forests with a lower density of dead and snag trees have been 

shown to have fewer numbers of cavity nesting birds (Scott 1979, Raphael and White 

1984). Tree hawesting, in some cases, has reduced the abundance of salamanciers in 

forests (Bury 1983, Pough 1987, Petranka 1994). Truncation of older age classes and 

clearcutting can result in lack of continuity of forests and may d u c e  the abundance of old 

growth dependent species of beetles, moths, bryophytes and lichens (Pettersson 1996). 

Because of increasing hurnan disturbance to natural ecosystems, there is concern 

among ecologists about the loss of biological diversity. A common approach to managing 

biological diversity is to maintain a network of natural reserves. However, there are 

problems with this approach for forests. Natural forests are more difFcult to fïnd as they 

are increasingly replaced by second growth managed forests. As a consequence of 

disappearing naturai forests and conflicts in land use, naturai reserves tend to be srnail in 

cornparison to the landscapes they are meant to represent. Natural reserves are often 

separateci Eom one another by roads, urban development, agricultural land and 

commercial forests. This results in a systern of fkagmented forests with small isolated 

patches of protected natural reserves. 
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nie  theory of island biogeography States that d e r  more isolated islands tend to 

have lower species diversity (MacArthur and Wilson 1967). With srnaller more isolated 

islands of naniral forest in a sea of human disturbed landscapes, natural forests are likely 

less diverse and contain fewer species than they once did. The fragmented nature of 

current natural reserves may also limit dispasal of organisms. If roads, fields, urban 

development and plantations provide a barrier to dispersal for some species, genetic 

variability may be reduced withh populations in natura! resexves. Natural reserves may 

also be too small to maintain populations of some species. There should be enough 

resources and space w i t h  a reserve for all species to maintain a viable populations (Gilpin 

and Soule 1986). 

It therefore becomes necessary to manage some forests for both timber production 

and biodiversity (Hansen 199 1, Haila 1994, Keddy and Drummond 1996). There are 

some dficulties in attempting to integrate biodiversity management and commercial forest 

production. Managed forests can dEer markedly fiom naturai forests. Current forest 

management pradces like insect and fire suppression and windthrow salvage alter or 

suppress natural processes. Practices such as thinning and clearcutting result in aructural 

changes in forests (Smith 1962, Hunter 1990). Forestry has changed nanird forests in 

three major ways: 1. changes in size, configuration and spatial distribution of forest stands 

(Haila 1994); 2. changes in stmctural features of forest stands such as amount of dead 

wood; and 3. changes in temporal pattern of disturbance. The first part of this study 

focusses on changes in structural features of forests as a result of harvesting and thinning, 
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where forest structure is the arrangement of material components of the forest. There is a 

need to understand what structural changes occur in forests as a resuit of forest 

management practices and the e f f i s  of these changes on forest dwelhg species. 

There is insuflicient understanding of the effects of forestry on biodiversity. There 

is a paucity of data on the effects of forest management practices on invertebrates, 

amphibians, reptiles, woodpeckers, raptorial buds, forest Boor plants, epiphytic plants and 

microorganisms in Maritime Canada (Freedman 1994). Ody a few studies have exarnined 

forestry effects on epiphytic lichens (Essen and Renhom 1996). Most of the studies have 

suggested significant detrimental effects. 

Lichens forrn an important part of forest ecosystems. Lichens may be important in 

nutrient cycling (Tansey 1977, Pike 1978, Sendstad 1 98 1 ), provide food for ungulates 

(Hodgeman and Bowyer 1985, Sharnoff 1994) and increase the diversity of invertebrate 

fauna (Frederickson 1983. Stubbs 1989, Pettersson 1996). 

Structural features of forests largely detennine which lichens are present. For 

example, X y l o g q k  species inhabit oniy deadwood (Gowan and Brodo 1988) and 

therefore are ikely to occur in lower abundance in forests with Little deadwood. Similady, 

Lobaria pulmo-a is found mostly on maple trees (Hale 1979) and is less iikely to be 

found in forests with no maple component. Because forest lichens are so closely related to 

structure, they are Likely to be affected by forest management practices and show potential 



as indicators of impacts on natural forests. 

In order to develop an integrated approach to forest management there is a 

requirement for tools to help manage forests. Indicaton have beem suggested as a possible 

tool which can measure properties of forests (Kremen 1992, Lautenschlager 1995, Keddy 

and Dnimrnond 1996, Canadian Council of Forest Ministers 1997). Measured values of 

indicators in natural forests can be compared to managed forests to help determine 

changes in properties of naturd forests caused by forest management practices and also 

serve as a measure of conservation efforts in commercial forests. Lichens have been used 

successfully as indicators of pollution (Richardson 1992) and forest continuity (Rose 

1976, Tibell 1992, Selva 1996). Lichens show promise as potential bio-indicators for 

forest management because they are measurable and sensitive to stmctural changes in 

forests. 

This study compares forest structural features, lichen diversity and abundance of 

some lichen species between natural and managed spmce forests of different maturity 

classes. The purposes of the study are to: 

1. determine if harvesting and thinning affect certain forest structural features; 

2. determine whether harvesting and thinning affect diversity or abundance of selected 

epiphytic lichen species; 



3. determine habitat and forest structural f-es important in explainhg presence, 

abundance and diversity of some lichen species; and 

4. assess the use of lichens as bio-indicators of forest structure. 

The report is organized into 3 main sections. The first section (2.0) examines 

forest structural features. This section addresses the first stated purpose of determing if 

harvesting and thinning affect certain forest structural features. The second section (3.0) 

examines the relationship of lichens to habitat and forest stnicturd features. The section is 

divided into 2 parts: the first part examines how individual lichen species are affected by 

forest structural features; the second part examines how the sofhvood lichen community 

as a whole is afkcted by origin and matunty class. The second section addresses the third 

stated purpose in determing what habitat and forest structural features are important to 

lichens. The third section (4.0) examines the affects of bes t ing  and thinning on lichens 

and the use of lichens as potential biological indicators. This section addresses the second 

and fourth aated purpose of deterrning if harvesting and thinning affects lichens and 

examinhg the use of lichens as potentiai bio-indicators. 

1.1 Study Sites 

Thirty forest stands in central Nova Scotia were selected for study. These aands 

were located on lands of Bowata Mersey Paper Ltd. north of St. Margaret's Bay in 
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Halifax and Hants Counties, lands owned or manageci by Kimberly-Clark Ltd. and Stora 

Forest Industries Ltd. in the Liscomb Game Sanctury in Halifax and Guysborough 

Counties and Crown and private lands in Hants County (Appendix IV). 

Study stands were at least 4 ha in size, dorninated by spruce (Picea spp.) and had 

mean age greater than 40 years. Each stand selected for study is one of three types: 1. 

hamested and thinned stands are stands that regenerated after forest harvesting and have 

b e n  thinned at least once; 2. harvested stands are stands that regenerated after 

harvesting but have not been thuuied; 3. natur-y disturbed stands are stands that 

regenerated after a humcane or wildfke. Study stands were selected such that the 

majonty (greater than 50%) of trees established after a single large disturbance (tree 

hamesting, humcane or wildfire). 

Potential study stands were selected in consultation with local foresters and forest 

technicians. Fire origin stands were found by exarnining fire history records of the Nova 

Scotia Department of Natural Resources for areas of past wildfire occurrence. The 

wildfire areas were tlien located on the ground and searched for evidence of past fire. 

Study sites were searched for logs or stumps with charcoal or bum scars. At least 2 soi! 

pits were dug at each potential study site and exarnined for charcoal. Humcane ongin 

stands were evidenced by lack of stumps, presence of fden uprooted trees and uneven 

ground as described by Oliver and Larson (1996). Previously hawested stands were 

identifïed by the presence of short (<% m) fiat topped stumps. 



Study stands were selected to represent 3 maturity classes: pole, mature and 

climax on the basis of average tree age and stand or tree condition. Pole includes stands 

with trees between sapling and srnall saw timber size (1 1 cm diameter at 2.4 m fiom the 

ground) with a mean age between 40 and 45 years. Mature indudes stands with the 

majority trees that are sufficiently developed to be harvestable (7.6 cm diameter at 2.4 m 

fiom the ground) and with a mean age between 60 to 95 years. Climax includes stands 

with a mean tree age greater than 100 years. 

The number of study stands for each maturÏty class and ongin type are shown in 

Table 1 .  

Table 1.  Number of study sites by maturity class and origin type 

Maturity Origin Type 
Class 

Nahiraiiy Hawested Harvested and 
Disturbed Thinned 

Pole 6 

Mature 4 

Climax 3 



1 -2 Gened Methods 

1.2.1 Pilot Study 

A pilot study was initiateci in 1996 to detennine sample and plot size requirements 

for measuring lichen abundance using methods of McPhee (1997). Samples of lichens 

fiom tree trunks were colleaed at several study sites. Species were identified, dned and 

placed in a reference coliection. A subset of 34 species of lichen fkom the collection was 

then prepared. Lichens that were reasonably easy to identify andor were previously 

identified as indicators of forest continuity were chosen for the lia. Ody species on the 

list were sampled in this study to increase samphg accuracy and reduce samphg the .  

Identification of lichen species was aided by lichenologist Karen Casselman fiom the Nova 

Scotia Museum of Natural Hïstory. 1 also completed a week long intensive course taught 

by Dr. David Richardson on lichen identification and ecology at the Humboldt Field 

Research Institute in June 1997. Lichen nomenclature followed Egan (1 991). 

Species sarnple curves revealed that a minimum of 1 6 trees was required to detect 

the majority of reference lichens in the most lichen rich sites (McPhee 1997). Variation in 

cover estimates between observers was sigdcant therefore McPhee (1 997) suggested use 

of cover classes to d u c e  the variation and decrease sampiing time. Frequencies of 

percent cover were then plotted to determine cover classes for the current study. 

Statistical testing reveaied that the samphg technique used by McPhee ( 1  997) was 



sensitive enough to detect differences in lichen abundance between forest types. 

i -2.2 Main Shidy 

Transect Lines were established to bisect each study stand in 1997. Six points were 

located at 35 m intervals dong transect lines. A basal area factor 2 giass wedge pnsm was 

used at each point to identify trees to be sampled. A prism is an angle gauge made of 

opticai glass that projects a smaii horizontal angle. When sighting through the pnsm, trees 

that appear larger than the projected angle are taihed and while those that appear smaller 

than the projected angle are not tallied. Thus, with increasing distance from the observer 

only larger trees are Wrely to be talied. Using a prism results in sarnpling with probability 

proportional to size and assures adequate representation of the larger trees. 

Twenty-three trees fiom each stand were sdected for lichen sarnpling to exceed 

the required minimum of 16. The tree taiiy fiom each stand was divided by a number to 

achieve a sample of 23 (e.g. if69 trees were taiiïed in a shidy stand, then every third tree 

was sampled for lichens). Percent cover of a tree by a lichen species was used as a 

mesure of abundance. Presence of lichen species was recorded and percent cover of the 

tree surface for each species was estimatecl from ground level to 2 m up the bole of each 

tree on all sides of the tree. Percent cover estimate on tree boles was scored accordingly: 

1 = rare cl%; 2 = occasional 1 to 2%; 3 = common 2 to 10%; and 4 = abundant >IO%. 
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Statisticai tests used in the analyses were done using S-plus version 3.3 cornputer 

software and judged signifiant at the 0.05 percent level. 

1.2.3 Forest Structural Characteristics 

Each tree in each plot was measured for diameter (cm) at breast height @BH) 

using calipers. Height of a dominant or codomuiant tree in each plot was measured using 

an hypsometer and measuring tape. Heights of remaining trees in the plot were estimated 

to the nearest metre. Each tree was recorded by species and whether dead or alive. 

Crown clomre was estimated to the nearest percent using a densiorneter, based on one 

reading at the centre of each plot. An average codorninant tree was seiected and aged 

using an increment core at each plot. A codorninant tree was considered a tree whose 

crown foms the main level of the canopy whiie a dominant tree was considered a tree 

whose crown extends beyond the main level of the canopy. 

Mean crown closure and mean age were calculated for each stand. Height and 

diameter measurements of each tree were used to calculate tree volume using Huben 

formula (Husch 1982). A mean tree volume was then caiculated for each stand. The 

percentage of basal area of dead trees sampled was calculated for each stand. 

Spacing or mean distance between trees was calculated for each plot and each 

stand ushg pnsm taiiies for each 2 crn diameter class. Each tree tallied in a plot was 



placed in a diameter class. Total basal area for each diameter class in each plot was 

calculateci and then divided by the basal area for a suigie tree for that diameter class in 

order to obtain the number trees p a  hectare per diameter class. This was then used to 

calculate mean spacing within each plot. 

The amount of remnant trees for each stand was caldated by creating iinear 

regression equations using diameter of each tree that was aged (n= 1 80). Scatter plots of 

tree diameter against tree age for trees in both thinned and unthinned forests showed a 

strong linear relationship (Figure 1). 

Tree diameter was used as the dependent variable and age was used as the 

independent variable. A regression equation was created for each of the thuuied and 

unthinned stands. Regression equation caidated for trees in unthinned forests was: 

DBH = 3.02 + 0.27 x Age 

? = 0.67, t = 13 -04, p = 0.00 1 

Regression equation for trees in thinned forests was: 

DBH = 7.3 1 + 0.27 x Age 

? = 0.42, t = 5.67, p = 0.001 
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Using each regression equation, a diameter was calculated for a 100 year old tree. 

The number of trees sampled greater than the diarneter of a 100 year old tree for each 

study site was used as the basal area of remnant trees. 





2.0 Structure of Managed and Naturiil Forests in Nova Scotia 

2.1 Introduction 

Forest structure is an important feature in defining forest ecosystems. Clearly, the 

dominant feature of forests is trees. The cornpetitive strategy of trees is to grow taller 

than other plants and thereby acquire necessary Sunjight. As a result, forests have a 

vertical dimension not found in rnost other ecosystems. For example, tundra or prairie 

grassland have much less vertical stratification. Therefore, with an added vertical 

component, fores ecosystems becorne stnicnirally cornplex. A usefil definition of forest 

structure is "the various horizontal and vertical physical elements of the forest" (Dunster 

and Dunster 1 996). 

Forest structure in natural forests is a result of interactions of trees and can be 

somewhat anticipated (Oliver and Larson 1996). The patterns of species dominance and 

changes in stand structure develop through predictable stages after a large scale 

disturbance. The fim stage in stand development occurs &er a disturbance and is known 

as stand initiation. This stage is characterized by the appearance of new individuals and 

species and this usuaily occurs over several years. Stem exclusion stage occurs when 

some existing individuais die and suMving trees grow larger. The age at which this stage 

and the foliowing stages occurs depends on the silvics of the tree species involved. 
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Understory reinitiation stage ensues as forest floor herbs, shrubs and tree regeneration 

appear. The h a 1  stage in stand development is known as old growth. Old growth 

happens much later when overstory trees die in an irregular pattern and understory trees 

begin to grow into the overstory. 

There is a direct relationship between forest structure and biological diversity 

(Kirnmins 1997). Some species are dependent on certain structural features. Arnerican 

marten (Mmes m e r i c a m )  rely on vertical stem structure and downed woody debris for 

escape cover, thermoregulation and den sites. Marten populations are low in areas where 

appropriate structure is lacking (Sturtevant 1996). Red-backed saimander (Plethodon 

cinerms) are associated with depth of leaf liner (Pough 1987, DeGraaf and Rudis 1990). 

Cavity nesting birds rely on standing woody stems to provide nesting sites. 

Forest stnicture also influences microclimate. which in tum influences presence of 

species (Hunter 1990). Light penetration to the forest fIoor is a fiinction of stand density 

(Geiger 1980). in very dense forests oniy plant species that can tolerate Iow light levels 

will Uely establish on the forest floor. Water vapour distribution is a fiindion of wùid 

speed which is affected by forest smicture (Geiger 1980). Air moisture wiii auence 

presence of bryophytes and lichens (Topharn 1977, Lawrey 1984). 

Forest management practices change forest stmcture (Kouki 1994). Thinning 

increases spachg between trees and can change species content of a forest (Smith 1962). 
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Tree cutting practices can affect post cut successional structure (Hunter 1990, Keddy and 

Drummond 1996). For example, some studies have shown a ciifference in structure of 

forests that originated after a clearcut compareci to forests originated from nahird 

disturbances such as f ie  or humcane (Heinsehan 1 98 1, Haila 1994, Haila and Kouki 

1994, Syrjanen 1994, Rooney 1995). 

Forest management practices tend to promote UNforrnif~~ reducing variation 

w i t h  stands (Haila 1994). r d t i n g  in less structural diversity than naturai forests (Oliver 

and Larson 1996). Plantations, for example, tend to have trees of more or less the same 

size at equd distances apart. Further, certain structures can be reduced by forest 

management practices. For example? snag and cavity trees may be in short supply in 

managed forests (Mannon and Meslow 1984, Freedman 1994). 

It has been suggested that forest management should imitate natural disturbances 

in order to maintain biological diversity (Hunter 1990, Hansen 199 1, Rogers 1996). 

Because organisms have adapted to natural disturbances in forests they rnay be less 

negatively impacted by timber harvests which resemble natural disturbances. Runkle 

(1 99 1) suggested harvest openings in temperate decidous forests be pattemed after natural 

gaps from fden trees. Hunter (1993) suggested that size and shape of harvest blocks in 

northem bord  forests be modeiied after naturai fïres. In order to manage forests by 

UNtating natural systems, more research is needed to detennine how current forest 

management practices change forest structure. The objective of this section is to 



detemillie if harvesting and thinning affect certain forest stnictural f-res. 

2.2 Analyses 

Principal components analyses using a correlation mat* were completed for mean 

crown clonire, mean percent basai area of dead trees, mean tree spacing, mean aand age 

and mean basal area of remnant trees. Two biplots were then created using the 6rst two 

principal components. The first bipiot was created using ail stands combineci. The second 

biplot was created with nahird climax stands excluded. Replotting without natural climax 

data provided better separation of other forest types. 

To determine if significant dserences occurred in structural variables between 

maturity class and stand origin, a multivariate 2 factor analysis of variance (MANOVA) 

was used. To determine ifsignificant differences occurred in each structural variable, 

separately, between maturity class and stand origin, a series of single variate 2 factor 

analyses of variance (ANOVA) were used. Maturity class was one factor and stand origin 

was another factor in all2 factor anaiysis of variance tests. To detect differences in tree 

volume, DBH, and tree height, a single factor anaiysis of variance using stand origin was 

used. Trees were used as the sampling unit for tests of tree volume, DBH and tree height. 

It is well known that there is a positive relationship between tree size and rnaturity. As 

there was no need to v e m  this increase statistically, a sinde factor test using stand origin 

only was used. A 2 factor ANOVA using ongin and maturity class was used for al1 other 
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variables and stands were used as the sarnpling unit. Since dead trees per stand was 

calculated as a percentage, it was arcsuie-square root cransformed (Zar 1996). Basai area 

of rernnants demonstrated heteroscedasticity in fitted vs residual plot and was 

logarithrnidy transfomed (Zar 1 996). 

To compare structural variation between stand origin type, coefficients of variation 

were calculated for natural, harvested and harvested and thinned stands for tree height, 

DBH and volume. 

2.3 Results 

Ln the principal component andysis cornponents 1 and 2 explain 73% of the 

variance in forest stnicture (Figure 2). Component 1 provides a combination of crown 

closure, tree spacing, tree volume, basal area of remnant trees and tree age, with greatest 

loadings on the last 4 variables. Component 2 is most heavily loaded on percent basal area 

of dead trees and less on tree spacing, crown closure and tree age. Climax natural forests 

are widely separated £?om other forest types dong component 1 . Clear separation also 

occurs for harvested and thinned forests. This forest type is largely separated corn other 

forest types dong axis 2. This separation is largely due to the lack of dead standing trees 

found in harvested and thinned forests. Natural forest maturity classes show a clear 

separation dong axis 1 indicating dead trees can distinguish rnaturity classes in this forest 

type. Natural forests show no separation in other stmctura.1 variables except in the climax 
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stage. Both hmested and thinned and harvested forests show a separation among 

maturity class fiom lower left to upper right on the bipiot (Figure 3). This indicates a 

combination of structural variables separate rnaturity classes in managed forests. 



W olume 

Comp. 1 
Figure 2. 8iPlot based on principal cornpanet aaalysis ordination of structural 
variables for al1 study sites. Structural variables a r t  indicated 
by linu:dcad=pcrctn t of basal a n a  of dead trees, a r m a a n  h r e  age, remuant= 
basal arcs of rcmnant trees, volumccmcan trce volume, crown=mean crown closure, 
space=mcan Cree spacing. Site are indics tcd by symbol: 

0 Pole stage natural forest; O Mature stage natural forest; 
O Climax natural forest; O Pole stage harvesttd forest: 
O Maturc stage hatvcsted forcst; Climax stage barvcsted forcst; 
Cr Pole strgc barvcstcd and thinned forest; Mature stage hawcsted 

and thinncd forcst. 



\ Volume 

Comp. 1 

Figure 3. Biplot bascd oo principal componct i n d y s b  ordination of structural 
variables for aU study sites except natuml climax. StNctuxa1 variables am indicated 
by lincs:dcad=percent of basa1 arca of deod trets, ag-mean trec age, remnant= 
basal arca of rcmnant trccs, volum~mcrrn trcc volume, crown=mcan crown closurc, 
spacccmean tree spacing. Site arc indicated by symbol: 
0 Pole stage natural forcst; O Mature stage nahird  forest; 
/J Pole stagc harvutcd forest; Mature stagc hawested forest; a Climax stage hawested forcst; v Polc stage barvcsted and thinncd forest; 

Mature stagc hawested 
and thinncd f o r u t  



There were significant difrences in stand variables between maturity classes 

(Piiiai4.95, p 4 . 0 0  1 ), and between ongh type of forests (Pillai= 1 -07, p4.000) (Table 

2). Harvested and thinned forests have about haifthe percentage of dead trees of 

harvested and natural forests. Pole stage forests also have about haK the percentage of 

dead trees as climax or mature forests. The percentage of dead trees increases with forest 

age although no significant difference was detected between climax and mature forests. 

Spacing and the number of remnants also increase with increasing maturity class although 

differences for spacing were not statistically signincant. The amount of remnant trees had 

the only significant interaction between maturity class and ongin type. Multiple range 

testhg showed that climax natural forests had significantly greater basal area of remnant 

trees than harvested and thinneci pole and natural pole forests. No other significant 

dserences were deteaed between origin or maturity classes for remnant trees. Crown 

closure showed no significant dserence between origin or matunty classes. 



Table 2. Means of stand variables and results of 2 factor analyses of variance by origin type and maturity class. Ninety-five 
percent confidence intervals are indicated in brackets below mean values. 

Variable Origin Type F Matunty Class F Interaction 

Natural Harvested Harvested (P) Climax Mature Pole 
(n= 1 1 ) (n= 1 O) & Thinned (n=6) (n= 1 2) (n=9) 

h=7) 

Crown 1 1.44' 12.85' 12.32' 0.99 13.5' 1 1.6' 12.2' 0.99 2.59 
Closure (1.5) (1.5) (1.5) (0.389) ( 1.9) (1.3) (1 .6) (0.389) (O ,090) 

Spacing (m) 2.2' 1.7' 3 .O2 10.43 3.8' 2. g2 3.6* 0.00 0.74 
(1.5) (1 *3) (1.2) (0.00 1) (0.5) (0.3 (0.4) (O. 540) 

(10.3) (9.7) (1  1.6) (0.793) (12.6) (8.9) (10.9) (0.00 1) (O. 029) 
'A' indicate results of multiple range tests; results with the same superscnpt number (1,2 or 3) in a row indicate no significant 
difference. 



Harvested forests had the lowest mean tree volume (Table 3), while natural and 

harvested and thinned forests showed no signincant difference. Tree volume is a fiindon 

of tree height and diarneter. As there are no signincant merences in tree heights between 

origin type, volume diierences are primarily due to ciifferences in DBH. DBH is 

signif~cantiy different between ail ongin types with b e s t e d  forests having the lowest 

mean value. A similar pattern is seen in spacing with harvested forests having the lowest 

value (Table 2). Spacing is greatest in harvested and thinned forests because these stands 

have been silviculturally thinned. 

Table 3. Means of tree variables and results of single factor analysis of variance by 
origin type. Al1 maturity classes were combined for analy sis. Ninety-five 
percent confidence intervals are indicated in brackets below mean values. 

Variable Origin Type F 

Naturai Harvested Harvested & 
(P) 

Thinned 

(n=25 2) (n= 184) (n= 1 1 5 )  

Tree Volume 1 1989' 7044~ 8252' 9.23 
(cm3) (223 (29 f ) (269) (0.000) 

Tree DBH 24.9' 20.9~ 23 .73 5.73 
(cm) (4.8) (1-7) (2-2) (0.003) 

Tree Height 14.8' 14.7' 14.6' 0.057 
(ml (0.6) (0.7) (0.9) (O. 944) 

'" indicate results of multiple range tests; results with the same superscript number (1,2 
or 3) in a row indicate no signifiant diaerence. 

The coefficients of variation of height, diarneter and volume were greater in natural 



forests than in either type of managed forest (Table 4). 

Table 4. Coefficients of variation of structure variables by ongin type. 

Variable r Ongin Type 

Natural Harvested Harvested & 

Tree Volume 

Tree DBH 

Tree Height 

2.4 Discussion 

Natural and managed forests have different structural features. The percentage of 

dead trees was significantly greater in natural forests than harvested and thinned forests. 

However, no significant difference in dead trees was found between naturaf and harvested 

forests. Fewer dead trees in thinned forests compared to natural forests has been 

previously descrïbed (Mannan and Meslow 1984, Freedman 1 994). The amount of 

standing dead trees is reduced in thinned sites by cutting of dead, dying and diseased trees. 

Natural disturbances, such as wind events and £ire, Vary in intensity and often leave 

standing trees (Raphael 1983, Viiiard and Beninger 1993). The standing trees may be 

dead (killed by fie) or rnay die as they age and a new stand estabtishes. Trees scarred by 

£ire provide a source of entry for fun@ and may soon bewme infected and die (Oliver and 



Other studies have found greater amounts of dead wood in natural forests 

compared to unthinned managed forests ( Haasen 199 1, SManen 1994, Keddy and 

Drummond 1996). A non-significant difference in percentage of dead standing trees 

between natural and unthinned managed forest in this study may be a result of past cutting 

practices in Nova Scotia. Tree harvesting in the past was often done by selection or patch 

cutting in which remnants and dead trees were left (Johnson 1986). Current harvesting 

practices in Nova Scotia have changed and may not be fully reflected in this study. 

Many forea dweiiing species are dependent on dead wood. Standing dead wood 

is particulady important to cavity nesting birds. As snags fd  to the ground they become 

important habitat for many other species. There has been increasing concern over the loss 

of dead wood in managed forests and this study supports the need to consider providing 

dead wood in managed forests. 

Greater variation in tree size of natural forests compared to managed forests 

reflects greater heterogeneity offorest structure. Lesica et al. (1 99 1) indicated old growth 

forests in Montana had greater variation in tree height and diarneter than managed forests. 

Variation in the intensity ofa namal disturbance across a landscape can result in variation 

in structural features. Snags and remnant trees suMWig a fire provide shade, favouring 

regeneration (Oiiver and Larson 1996). Remnants WU likely be patchy in distribution 



depending on how many rernnants remain. Wmd events also may result in some trees 

being left standing. Uproothg of trees after a wind aonn increases nutrient release and 

aeration of the soil, favouring regmeration in patches (Runkie 1985). Fden trees cause 

mounded microreiiec creating heterogeneity of microsite, which leads to diierential 

growth rates (Oliver and Larson 1996). Runkle (1985) described how ditférential growth 

rates are an important feature of naturai disturbance. 

Forest management practices promote unifomity. A forest simulation mode1 run 

by Urban and Smith (1962) showed a reduction in variation of forest structure after 

thinning and selective logghg. 

Diameter growth of trees is density dependent and is therefore affected by tree 

spacing. As a result, there is a similar pattern of spacing between ongin types as was 

found for diameter. Harvested forests had the lowest mean spacing. Hawested and 

thinned forests have a wide spacing because they have been silviculturally thimed. 

DitFerences in spacing between natural and harvested forests may be amibuted to normal 

variation within natural forests. The patchy nature of natural forests results in areas with 

high tree density and areas of low tree density. This would result in a mean spacing 

somewhere between densely spaced as found in harvested forests and openly spaced as 

found in harvested and thinned forests. 

Although naturai forests had the greatest number of old remnants the difference 
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among rnaturity classes were not signifiant. Mannon and Meslow (1 984) found a greater 

number of old remnants in old growth forest than in manageci forest in Oregon. 

Confidence intervals for amount of remnants in this study are vey large and reflect the 

high variation found in forests of aii origin types. Remnants, particularly in younger 

stands, tend to be scatterd and sampling intensity may have been underestimated 

remnants in some study sites. Mannon and Meslow (1984) used 15 sarnpling points with a 

fixeci area circuiar plot of 0.05 ha. They also used counts of trees rather than basal area. 

The six plots used in this study may be hadequate to show Merences. Prism tallies 

provide rapid measurement, but, counts in fixed area plots may be less variable. 

There was no significant dserence in crown closure between forest types. Lesica 

et al. (1991) found lower crown closure in second growth than old growth forest in 

Montana. Thinning can reduce crown closure but this effect is only temporary. Crowns 

quickly expand, filling in spaces created by cut trees (Smith 1962). Crown closure can be 

a masure of the occupation of an area by trees (Canadian Forest Senice 1995). Lesica's 

study may have varying degrees of occupation of area by trees. This study indicates ai i  

origin types are occupied to the same degree by trees and that this is relatively unaffectecl 

by forest management practices. 

Crown closure was relatively constant across all maturity classes in ail origin types. 

Newton and Weetman (1994) suggest black spnice in eastem Canada achieve hil crown 

closure as early as 10 years old at a density of 15000 stems per hectare on good quality 
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sites. Aplet (1 989) found that leaf area remaineci constant despite changes in size class 

structure in a spruce-fir forest in Colorado. As trees died, leafarea in spruce increased in 

the remaining trees, then to younger trees as spruce reinitiation occurred. The process of 

maintainhg crown closure as forests mature appears unaffected by harvesting and 

thùining, even after tree density reducing events like silvidtural thinning. 

There is a trend of inmeashg percentage of dead trees and spacing with increasing 

maturity class for ail origin types. Mannan (1980) found that the number of dead trees 

increased with forest age in Oregon. Hansen (1991) describeci a study in Oregon and 

Washington which found snag density was negatively associated with stand age in naturai 

forests. However, density of snags greater than 50 cm DBH was significantly greater in 

old growth forests than mature or young forests. Spies ( 1988) found the number of dead 

trees greatest in young and old forests and least in mature forests. Like Hansen (199 l), 

Spies ( 1  988) found an increase in the number of large diameter snags from young to old. 

Coarse woody debris in younger forests is dependent on the pre-initiation disturbance 

(Spies 1988). Ifa fire is very severe, or harvesting removes most tree stems, then fewer 

snags would be avaiiable in the next developing forest. Oliver (198 1) describes an 

increasing mortality of trees nom the stem exclusion stage to oid growth. Then as trees 

die in a forest, density of trees decreases and spacing increases. This resuhs in a trend of 

increasing dead trees and spacing as stands age. 

Similar to the trend of increasing dead trees and spachg as forest ages, there is a 
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trend of increasing number of rernnants from youngest to oldest forest for ail origi. types. 

Hansen (1991) indicated a positive association between abundance of large trees and 

forest age. 

The trend of increasing percent dead, amount of rernnants, and spacing corn 

youngest to oldest forests is seen for all forest types. However, principle components 

analysis indicated that maturity classes separate differently depending on O rigin types. 

Natural forests change only in percentage of dead wood over tirne, while managed forests 

show differences in aii structurai features. Structural features other than dead wood 

appear to show great change only upon reaching the climax stage in naturai forests. It 

may be that harvesting and thinning alter how forests develop as they age. Oliver and 

Lanon ( 1996) suggest that the pattern of stand development is unaffécted by silvicultural 

practices. They were addressing temperate forests in generd. However, various types of 

temperate forests kely develop in distinct ways and therefore rnay be dected by forea 

management practices dserentiy. 

Harvesting and thuuung seem to affect certain structural features. Evidence 

suggests that the number of dead trees, number of remnants and stnichird heterogeneity 

are reduced by harvesting and thuining. Harvesting and thinning may also alter the 

pattern of stand development for some forest stand types. 
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3.0 Occurrence of, and Habiîat Fritures Associateci with, some Species of 

Epiphytic Lichens in Nova Scotu 

3.1 Introduction 

For many forest Echens, linle is known beyond the biology needed for taxonomie 

classification. Habitat fratures fiivoured by lichen species have received tittie attention. 

However, lichens fom a signincant portion of forest flora (Gustaf!sson and Eriksson 

1995). There are estimated to be over 2500 species of lichen in Canada, many of which 

are associated with forest habitat (Goward 1998). Lichens were found to be a major 

component offorests in the Pacinc Northwest (McCune 1993) and New England (Lang 

1980). Culbenon (1955) found that lichens and bryophytes were by far the most 

important component of bark vegetation in northern Wisconsin forests. McCune and 

Antos (198 1) found that species richness was greatest in the epiphytic and bryoid layer 

than any other vegetation component in Swan Valley Montana. 

The roles of lichens in forest ecosystems is beguuiing to be understood. For 

example, lichens are important in nutrient cycfing, as a food source, and senhg as habitat 

for other organisms. Epiphytic tichens acquire nutrients through Rinogen kation and 

interception of aerosols, becoming a source of stored nutrients. Minerals are released to 

the forest environment by litter f d  and leaching (Pike 1978). Denison (1 973 Tansey 

1977) suggested that nitrogen-fixing lichens can serve as the main pathway for new 



nitrogen in the ecosystem of old growth douglas-fir forests- Rock contribute to 

ecosystems by releasing minerais nom rock weathering and soil lichens through soil 

development. Sendstad (198 1) found that removal of lichen ground cover in Norway 

resulted in a decrease in the soi1 content of organic matter and macronutrients. 

Lichens can provide an important food source for ungulates. Hodgeman and 

Bowyer (1985) found that arboreal Lichens are an important winter forage for white-tailed 

deer (Odocoileus Mrginams) in Maine. Sharnoff (1994) suggested that lichens can form 

a significant portion of the diet of at least 7 species of ungulates in North Amenca. 

Lichens increase the diversity of invertebrate fauna in forests by providing habitats. 

Pettersson (1996) found that lichen rich forest in Sweden had 3 times more spiders on tree 

branches than did lichen poor forests. Stubbs (1989) found significant correlation between 

lichen biornass and Arthropoda, Tardigrada and Rotifera abundance in oak forests in 

Maine. 

Human impact in forest environments is increasing and naturai forests are 

disappearing. Activities like silvicultural thinning or clearcutting change stmctural 

features of forests. Acid rain, poilution and recreational use of forests may also impact 

lichens. Greater understanding of occurrence and habitat features of lichens is required to 

aid in their conservation in managed forests. 



35 

Factors affécting iichen diversity and abundance are cornplex (Gustâfsson and 

Eriksson 1995). Both microhabitat and macrohabitat features have been found to affect 

lichen presence and abundance. For example, substrate has been indicated as important. 

Guaafsson and Eriksson (1995) found that trre bark chemistry was of importance to 

several species of lichens on aspen trees in Sweden. Fiaking bark provides an unstable 

substrate for epiphytic lichens (Sheard and Ionescu 1974), while rough bark may increase 

moishire retention and provide a favourable substrate (Jesberger and Sheard 1973). Light 

and moisture play a significant part in deteminhg iichen abundance. Rose (1 992) 

suggested the growth of some canopy lichens is limited by low moisture and light in young 

forests. Gauslaa and Solhaug (1 996) found that increased light exposure was detrimental 

to some forest lichens and the impact varied depending on whether the thalli were 

hydrated or not. 

Oksanen (1988) found that habitat (next to location on tree bole) was the second 

rnoa important factor in explaining variation in lichens in Finiand. He found clear 

separation of lichens into 6 habitat types: xeric, mesic, nemoral, mire, shore and man- 

influenced. Oksanen also reported findings from other studies in Europe which found 

dflerences in lichens within even finer habitat classifications. In comparing lichen species 

in western North Amencan forests, Eversman (1 982) found difFerent lichen species in 

dEerent coniferous forest types. Sheard and Jonescu (1974) found iichen species 

abundance varied with forest structural characteristics such as tree density and tree size in 

west-centrai Canada. Jesberger and Sheard (1973) found lichen cornmunities varied with 
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canopy closure in Saskatchewan forests. However, we are jus beginning to understand 

Lichen habitat requirernents. 

The purpose of this section is to document occurrence of some epiphytic lichens in 

temperate softwood forests and to try to detamine which micro and rnacrohabitat features 

of forests that influence lichen presence or abundance. This section examines both 

individual lichen species and how they relate to habitat, as well as the spmce forest lichen 

community and how the comrnunity relates to habitat. 

3.2 Lichen Species 

3.2.1 Analyses 

Analyses for individual lichen species were done on two levels. Tree level analysis 

was done relating lichen abundance per tree for each lichen species to tree variables (tree 

species, dead or alive, tree volume) and to plot variables (tree age, crown closure. amount 

of remnants, tree spacing). Stand level anaiysis related mean lichen abundance per stand 

to mean stand variables (percentage of dead trees, amount of remnants, tree spacing, 

crown closure, tree age, tree volume). Three stands could not be included in regression 

analyses, because they were harvested or partially harvested before all independent 

variables could be measured. Umea species were combined because of low abundance of 

individual species. For each lichen species, the frequency of occu~ence by tree and stand 
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were calculated. Frequency was caidated as the percent of the total number of trees 

(n=690) and stands (n=30). 

3 -2.1 - 1  Tree Level Analyses 

One tree from each plot was selected at random for multiple linear regression 

analyses to detennine which variables best explain the tree abundance for 14 species of 

lichens. Stepwise multiple hear regression with a forward selection process was used. 

Oniy 14 of the 34 lichen species surveyed had a high enough abundance to perform 

regression analyses (Table 6). The abundance for each species of lichen on each tree was 

used as the dependent variable. Tree species or tree type (Picea spp.. P i m  strobus, 

Ab ia  baisamea. Tsuga canad;ems, hardwood), whether the tree was alive or dead, and 

tree volume for each selected tree, and crown closure, age, spacing and number of 

remnants per plot were used as independent variables. Regression analysis was repeated 5 

times for each lichen species ushg a new randomiy selected tree. Repeated regression 

analysis on different trees within the same plot was done to increase the probability of 

using representative trees. 

3.2.1.2 Stand Level Analyses 

Multiple linear regression was used to determine which variables best explained 
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total lichen abundance per stand for the same 14 speQes of lichen (Table 7). Stepwise 

multiple linear regression with a forward seleaion process used. Stand variables used in 

the regression analyses were rnean tree volume, mean crown closure, percent basai area of 

dead trees, mean spacing, basal area of remnants and mean age per stand. Analyses were 

not done on the other 20 Lichen species sampled because of low abundance. 



3.2.2 Resuhs 

Hypogymniap&sodes was the most common species in study sites (Table 5). 

This species occurred in ail study des,  had the highest mean percent cover and occurred 

on more trees than any other species. Phiismotio gimca, Luxo~pora eliztim, Loporiium 

discifone, and H. p@sOctes al1 occurred on over 50% of the trees surveyed and occurred 

in all study sites. 

The lest cornrnoniy occumng species was PseudoqpheIIma crocata which was 

found only once. Chaenotheca chrysocephaln. H. tubu1osaI P. crocata, Usnea strigom 

and Xylogrgpha species had tree fiequency occurrences of less than 1%, or occurred on 

less than 6 trees. 



Table 5. Tree and stand fiequency for each lichen species. Frequency is percent of 
total number of trees (n=690) and stands (n=30). Nomenclature foliows 
Egan (199 1). 

Species Tree kequency Stand 
fiequency 

Alectoria sarmentosa Ach. 15 61 

Bryurïa q i I b ï s  Ach. 1 1  50 

Bryon'afurceZZa?a Fr. 16 86 

Bryoria hichodes Michaux 9 54 

Calicium pmvun> Tibell 5 39 

Chaenotheca chysocephaIu 
Ach. 

Hjpoaymnia tubutosa Schaerer 0.7 1 1  

Leprmiafinkii B. de Lesd 28 89 

Lobaria puIrnonana H o f i .  3 46 

Lobaria perczuar Michaux 3 43 

Lobariu scrobicukàta Scop. 1 29 



Species Tree nequency Stand 
fkquency 

Lopadnmc dscifonne Fiotow 64 1 O0 

Loxospora ehspona Ach. 67 1 O0 

Loxo~pora  ochrophcrea Tuck. 49 96 

Iiamalim thraustta Ach. 3 5 

Sphaerophoms globosus Huds. 

Thelotrema lepadimm Ach. 

Umea Iqponzca Vainio . 4 43 

Umea longssima Ach. 5 25 

Usnea strigosa Ach. 

Usnea nichodea Ach. 

Xyiog~aph spp. Fr. 0.4 11 



3 22.1 Tree Level Analyses 

Tree age, rernnant trees, tree volume, crown closure and tree spacing were 

selected in regression equations repeatedly for most species of lichen (Tabie 6). Trees 

species and dead trees were much less useful in predicting abundance of lichens on trees. 

Tabie 6. Variables fiom regression equations that best predict abundance of 14 
species of lichen on trees. Number of times a variable was selected out of 
5 regression analyses and r-squared are indicated. 

S pecies Variable Number of times ? 
significant 

AIectoria sarmentosa age 3 0.10, 0.17, 0.1 1 

white pine 2 0.17, 0.62 

remnants 2 0.62, 0.57 

B W a  fuscescens 

eastem hemlock 1 0.1 1 

age 3 0.12, 0.16, O. 14 

volume 3 O. 12, 0.16, 0.49 

hardwood 1 O. 16 

crown dosure 1 0.49 

remnants 1 0.57 

red spmce 1 O. 14 



Species Variable Number of times 3 
significant 

spacing 3 0.12, 0.13, 0.13 

white pine 3 O. 12, O. 13, 0.57 

Hjpoaymnia physodes hardwood 1 0.18 

crown closure 

balsam fir 

percent dead 
trees 

a@= 

Lepraria fmki crown closure 

volume 

hardwood 

Lopariimrm discifone spacing 1 0.1 1 

age 1 0.1 1 

eastern hedock 2 O. 1 1, 0.50 

volume 1 0.03 

crown closure 1 0.58 



Species Variable Number of times 9 
SiRnificant 

crown dosure 

hardwood 

red spmce 

white pine 

crown closure 

red spmce 

age 

white pine 

eastern hernlock 

white pine 

spacing 

crown ciosure 

voIurne 

hardwood 

age 

spacing 

volume 

white pine 

crown closure 

hardwood 1 0.29 



S pecies 
Variable Number of times r' 

signifiant 

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

Pcamelia suIcata volume 1 0.03 

red spruce 2 0.06, O. 16 

spacing 1 0.42 

baisam fir 1 O. 16 

vo turne 2 0.04, 0.06 

hardwood 1 0.06 

white pine 1 0.05 

white pine 1 0.42 

U s m  spp. remnant s 2 0.04, 0.05 

volume 1 O. 06 



3.2.2.2 Stand Level Analyses 

Abundance of 14 species of üchen was great enough to allow regression analyses 

(Table 7). Abundance of A. sannentma, B. fuceecem, and Loxoqora ochrophaa 

increased as the percent basal area of dead trees increased in the stand. A. samentosa, B. 

fuFcescem. B. nadvornzkiana and H- physmks ababundance increased with increasing age of 

trees in the stand. Basai area of remnant trees was retained as a predictor of abundance of 

B. raadvornikiana, Leprma finkii-. AQcoblashrs m g u i m  Ochoiechio &ogynu, 

and Usnea species. AU correlations with remnant trees were positive except for B. 

muhomifima, which decreased in abundance as the amount of remnant trees increased in 

the stand. A negative correlation with crown closure and lichen abundance was found 

with H. pbsod;es, Loxospora elarina. Loxospora ochropka, and Umea species. No 

relationship was found between stand variables and abundance of Plmmatza giauca . 
Platimatia îuckennrmiz and B. furceiIatu. 



Table 7. Resdts of stand level regression analyses, showing Mnables that best 
predict abundance of lichens in stands. Included are t-value, probabiiity, 
and sign for each significant variable and 9 for the regression equation. 
Sign indicates whether a positive (+) or negative (-) correlation occurs 
between lichen abundance and the structural variable. 

- -  

Species Variable t-vaiue P sign 3 

Aiectoria sannentosa age 2.94 0.007 + 0.42 

dead 2.44 0.022 + 0.42 

Bryoriafuscescens 2.89 0.008 + 0.40 

dead 2.27 0.03 2 + 0.40 

Bryorzu ndornikiana age 3 .O3 0.006 + 0.28 

remnants 2.08 0.048 - 0.28 

Hypoaymnia phys0Ci;es age 2.03 0.053 + 0.29 

crown 0.0 1 0.007 + 0.29 

Lepraria finki rernnants 4.96 0.000 + 0.49 

Loxospora elatina crown 4.40 0.000 - 0.43 

Loxopra ochrophaea crown 4.37 O. O00 - O. 53 

dead 2.48 0.020 + 0.53 

M y c o b l ~ s  sanguinmanus remnant 3.46 0.002 + 0.32 

Ochrophaeum androgyne remnant 3.71 0.0 14 + 0.34 

Perttïsaria amata remnant 3 -28 0.003 + 0.29 

Umea spp. remnant 3.47 0.002 + 0.33 

crown 2.1 1 0.045 - 0.33 



3 -2.3 Discussion 

Tree age was selected as a predictor of abundance at the stand level for Alectoria 

sannentosa, Bryuriafuscesceen~. B. nacntornikiimma and Hjpogymnia physodes. AU 

correlations show increasing abundance of iichens with increasing tree age. It has been 

consistently demonstrateci that Lichen biomass increases with increasing forest age (Lang 

1980, McCune and Antos 198 1, McCune 1993, Goward 1994, Siiiett and Neitlich 1996). 

Higher diversity and biomass of lichens in older forests has been attnbuted to a greater 

diversity of structural components in older forests (Lesica et al. 199 1). Certain species of 

lichens are known to be associated with certain forest successional stages (Yarranton 

1972, Topharn 1977, McCune 1993, Goward 1994). AlectoriO sannentoso was found 

more often in old growth forests and is likely a late successional species. Both Alectoriu 

samzentosa and Bryon'afuscescenî were found in significantly greater abundance in older 

foreas than younger forests in this study (Section 3.3 -3). 

Tree age at the plot level was also a consistent predictor of lichen abundance for 

many of the sarne lichen species as at the stand level. Repeated regression analyses using 

abundance of A. sarmentosa, B. fuscescens. H. physodes and Pfafismatiu gimcu resulted 

in tree age being selected in at least 3 regression equations for each species. AU 

comelations are positive. The older the tree the longer the period avdable for 

colonization and growth of lichens. It is also likely that many of the factors which 

infiuence lichen abundance at the stand level, such as structural diversity, also infiuence 



Lichen abundance at the plot level. 

Crown closure was selected as a prediaor of abundance of several species of 

Lichen both at the plot and stand levek This is supported by other reports that sunlight 

affects many species of lichen and crown closure directiy affects the amount of sunlight 

reaching the interior forest. Gowan and Brodo (1988) suggested that Loxoquora 

ochrophaea occurs in open habitats in New Brunswick. Topham (1 977) indicated that 

Loxoqporu species in generai, out compete other Lichen species for sun lit habitats. Gowan 

and Brodo (1988) also suggested that Umea Iqponica, II. 2-sima, CI. rubimndQ and 

II .  strigosa al1 occur in open habitats in New Brunswick. 

The positive association between H. physodes and stand abundance and crown 

closure, indicates phys0Cie.s is found in higher abundance in shady habitat. However, H. 

physodes is cited as occurring in sumy open conditions in Sweden (Gusstafken and 

Erikson 1995). Tree level regression analyses fiom this study also suggest H. physodes is 

found in higher abundance in open canopy habitat. However, H. physodes was found in 

greatest abundance in young forests in this study. Younger forests tended to have more 

unaorm canopy cover and fewer openings. It is possible that the association between H. 

p h y s d s  abundance and canopy wver is reflective of H. phys0de.s favouring younger 

stands that happen to have more dense tree canopies. 

A positive correlation at the plot level between abundance of Leprmufinkii and 
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crown closure ïndicates that Leprmiafinkii is found in shaded habitat. However, as no 

correlation was fowd at the stand level, Leprmufinkii rnay be more sensitive to 

microhabitat than macrohabitat. This is consistent with known microhabitat preferences of 

Leprmrir species. Goward (1996) reporteci that Leprmia species ocair on sheltered bases 

of tree boles. This suggests that L f l d i  could be found in forests with a relatively open 

canopy provided there are sheltered micro enviromnents suitable for L. Pnkii within the 

forest. 

Abundance of several species of lichen increases as the amount of remnants 

increased in forests both at the stand and plot level. Neitlich and McCune (1997) found 

25 to 40% more epiphytic lichen species in plots with gaps or old growth remnants than in 

other plots in Oregon. Peck and McCune (1997) found cyanolichen biomass was 

positively related to the nurnber of remnant trees present in forests in Oregon. Dispersal 

cm be limiting for some lichen species (Sillet and Neitlich 1996). Stevenson (1 988) found 

that establishment of some lichens was dependent on the distance to the nearest mature 

tirnber. Remnant trees with vestigial lichens from the previous forest may enhance 

dispersai in young forests. Presence of remnant trees rnay also affect microclimate in 

young forests, by providing shade and wind protection and reducing extremes in 

microclimate within the forest. 

Severai iichen species increased in abundance at the stand level as the amount of 

dead wood in the forest increased, however no relationships with arnount of dead wood 
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were found at the plot level. Lichen species with a positive correlation with amoum of 

dead wood (Alectmkz smmentosa, Bryon'afilscescms. Loxopru uchophaea) were 

found occasiondy on dead wood but mostly on live trees. It is Uely these lichen species 

are responding to some features associateci with dead trees in stands, such as gaps in the 

canopy. Neitiich and McCune (1 997) found that iichen species richness correlated with 

occurrence of forest gaps in their study plots in Oregon. Gaps provide areas of increased 

sunlight, f a v o u ~ g  species Wre Loxosporu uchrophaea which inhabit sun lit areas. 

Tree species was a poor prediaor of epiphytic lichen abundance. Study sites were 

selected to be dominated by spmce and therefore had little variation in tree species on 

which the lichens occurred. This may be the reason for tree species being a poor predictor 

of lichen tree abundance. 

Several structural features of forests seem to influence Iichen abundance. These 

include tree age, crown closure, dead wood and rernnant trees. Forests with older trees 

and gaps in the canopy are likely to have a greater divenity of lichens. Some features may 

favour certain species over others. For example, open canopy stands may fàvour 

Loxospora species while closed canopy stands may favour L e ~ r ~ a f i n k i i .  Stands with a 

diversity of stmctural components are iikely to support a bigher species richness of 

lichens. 



3 -3 Lichen Cornmunities 

3.3.1 Analyses 

To dete*. differences in abundance by ongin type or maturity class for 26 lichen 

species or species groups (Appendix 1). A 2 fictor andysis of variance (ANOVA) was 

used. Maturity class was one factor and stand origin was another factor in the tests. Eight 

lichen species, of the total 34 species, did not occur fiequently enough to aliow testing. 

Lobmia species were combineci because of low abundance of individual species. Trees 

were used as the sarnpling unit for abundance tests. 

Species richness was dculated as the total number of lichen species present in 

each study site, of the 34 species searched for. Shannon-Wiener diversity index (Krebs 

1989) was also calculated for each study site. Total Lichen abundance was caiculated by 

adding the abundances of all lichen species on aiI sarnpled trees for each site. Lichen 

abundance calculation does not provide an actuai abundance of lichens but does provide 

an index of abundance. 

To detect differences in species richness, Shannon-Wiener diversity index, and 

total Lichen abundances between stand ongin or maturity class, a 2 factor analysis of 

variance (ANOVA) was used. 



Species nchness and Shannon-Wiener indices were tested using stands as the 

sampling units as it was felt that harvesting and thuuiing are more Wely to afFect these 

indices at the stand Ievel. 

Three stands were removed nom the 2 factor ANOVA tests because they were 

dif5erent from the other naturally disturbed stands: 3 of the 6 pole ciass natumlly disturbed 

stands, all n a t d y  disturbed mature class stands and at least 1 of 3 climax naturally 

disturbed stands were of fie ongin, while the 3 rejected pole class stands were of 

humcane ongin. 

To determine if natural disturbance type affects lichens, cornparisons againa 

humcane origin sites were perfonned in a separate analysis. A single factor ANOVA was 

used to detect difrences in species richness, Shannon-Wiener indices and lichen 

abundances in the pole class ody. Tests were performed between humcane origin, 

wildnre origin, hawested and harvested and thuuied stands. 

3.3.2 Results 

Twenty-seven of the 34 lichen species show significantly higher abundance in, or 

occurred only in, natural forests wmpared to managed forests (Table 8, Appendix 1). 

Seventeen of the twenty-seven, showed a s i w c a n t  interaction effect indicating 

differences betweem ongin type Vary with maturity class. Multiple range testing showed 



that of the seventeen species with signifiant interactions, eleven species showed no 

signifïcant merence between nahiral and harvested climax stands. Four of the seventeen 

with significant interaction effkcts, showed no signincant merences between harvested 

and harvested and thinned stands. Two species showed no signincant dinerences between 

pole class stands. 

Two species (U. sfngosa, P. crocuta) occurred so infiequently that no trend could 

be discemeci. No lichen species showed higher abundance in harvested and thinned 

forests, although 1 1 species showed signiticantly higher abundance in unthinned forests 

compared to thinned forests (Appendk 1). B. lUlQhrornikim showed highest abundance 

in harvested forests. 



Table 8. Lichen species with significantly greater abundance or occurring only in 
naturai forests comparai to managed forests. ' indicates a lichen species 
that occurred oniy in natural forests. 

Alectoria sarmentosa M)coblashrs s m g u i i i u  

Bryoria q i f l m i s  Ociaolechiu h o g y n a  

Bryon'a furce flata Pannelia suIcata 

Btyoria jkscescens Perfu~ana amma 

Bryoria aicodes Pïutimatia tuckemanii 

Culzcium pmvum Ramalim thauxta 

Ckenotheca chrysocephala ' Sphaerophom globosus 

Hpogymnia aphys0cte.s Umea hpponica 

H'ogymnza krogiae Usnea lorgïssima ' 

Hjpogymnia tubuIosa ' h e a  r u b i m &  ' 

L e @ m  disciforme Usnea tricodes 

Loxospora e&àtina ïhelotrema lepadum ' 

Loxospora ochophaeu Xyfogrrrpha spp. ' 

Eleven species of lichen showed signincantly higher abundance or occurred only in 

climax forests (Table 9). BryoriufurcelIatu, Pannelia suIcata and PIatismatïa 

tuckennaniz showed sigdicantly greater abundance in pole forests (Appendix 1). Lobmia 

spp., Umea lqponica, Umea d i a m &  Platlatlsmatia glmca, and Lepariiurn discijionne 

showed no association with maturity class. 



Table 9. Lichen species with significantiy greater abundance in, or occurring only in, 
climax forests compareci to other maturity classes. ' indiaites a lichen 
species that occurred only in c h a x  forests. 

Natural forests had significantly greater total lichen abundance, number of lichen 

species and tichen diversity than either type of managed forest (Table 10). Natural forests 

had over twice the abundance of lichens found in harvest and thinned forests and 63 

percent greater abundance than was found in harvested forests. Spacies richness and 

diversity of lichens were over 20 percent greater in naturai forests compared to harvest 

and thinned and over 1 O percent greater compared to harvested foreas. Total lichen 

abundance and species richness showed a sigdicant interaction affect in 2 factor ANOVA 

tests. Multiple range testing showed that no sigruficant dierence occurred between 

climax harvested and climax natural forest stands for total abundance and species richness. 

Pole age forests had the lowest total abundance, number of species and diversity of 

lichens of the 3 maturity classes. Aithough, multiple range testing revealed that no 

significant difference occurred in total abundance between nahiral pole and naturai clùnax 

stands. There was a 38 percent increase in species richness and a 33 percent increase in 
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abundance of lichens f?om youngest to oldest forest stands. While number of species and 

total Lichen abundance show no significant diffaence between climax and mature forests, a 

signincant difference is shown in the Shannon-Wher diversity index. 



Table 10. Mean species richness, Shannon-Wiener indices and total abundance of lichens compared in 2 factor analysis of variance 
by origin type and maturity class. Confidence intervals are indicated in brackets below mean values. 

Ongin Type F Maturity Class F Interaction 

Natural Hawested Harvested Climax Mature Pole 
(Pl 

& 
T hinned 

(Pl 

Species 4.7' 4.02 3 .43 20.43 4.7' 4.3' 3 .42 19.21 4.74 
Richness (O. 28) (0.28) (0.33) (0.001) (0.36) (O. 26) (0.30) (0.00 1) (0.0 1 O) 

n=10 n=lO n=7 n=6 n=12 n=9 

Shannon 3 -9' 3 S2 3 .22 1 1.90 4.0' 3 .62 3 .33 1 1 .90 0.22 
Wiener (O. 1 9) (0.19) (0.23) (0.00 1) (0.25) (O. 17) (0.20) (0,001) (0.880) 

n=IO n= 10 n=7 n=6 n=12 n=9 

Total 16.8' 10.3~ 7.33 152.09 13.1' 12.9' 9.82 22.09 16.29 
Abundance (0.73) (0.73) (0.86) (0.001) (0.94) (O. 66) (0.76) (0.001) (0.001) 

n=236 n=236 n= 1 67 n=141 n=284 n=214 
' v Z 3  indicate results of multiple range tests: results with the same superscript number ( l ,2 or 3) in a row indicate no significant 
difference. 



No significant différence was daesteci in species richness and Shannon-Wiener 

indices between origin type in pole forests (Table I 1). Total abundance was greatest in 

fire origin forests, followed by humcane origin then harvested and harvested and thinned 

forests. Six lichen species showed no diffierence between humcane and f ie origin stands, 

dthough they were sigdcantly lower in abundance in managed stands than natural stands 

(Appendbc II). Five lichen species showed significantly greater abundance in tire than 

humcane origin or managed forests. No différence was detected between humcane origin 

and managed forests for these 5 species. Four species showed no preference for origin 

type in pole forests. 

Table 1 1. Mean species richness, Shannon-Wiener indices and total abundance of 
iichens in pole class forests by origin type and results of single factor 
analysis of variance. Confidence intervals are indicated in brackets below 
mean values. 

Ongin type F 

Humcane Fie Hawested Harvested & 
P) 

Species 16.0 17.7 14.3 12.3 4.24 
Richness (7- 1) (7- 1) (7- 1) (7- 1) (0.3 56) 

Shannon- 3 -3 3.6 2.9 3.4 5.41 
Wiener (0- 7) (0.7) (O- 7) (0.7) (0.1 44) 

Total 10.8' 15.7~ 6.83 5. g3 47.39 
abundance (1 -3) (1 -3) (1.3) (1-3) (0.000) 

'*" indicate results of multiple range tests: results with the same superscript number (1,2 
or 3) in a row indicate no sipifkant difrence. 



3 -3 -3 Discussion 

3.3.3.1 Maturïty Class 

Evidence âom this study suggests that lichen abundance and diversity increase as 

forests mature. Total abundance, species richness and diversity were greater for more 

mature forests. Siuett and Neitlichs' (1996) examination o f  several studies in Europe and 

North America led them aiso to conclude that epiphytic biomass and diversity inaease 

through successional stages in forests. Other studies in North America found similar 

resuits. For example, McCune (1993) found the greatest biomass of epiphtyes in oider 

forests in Oregon and Washington. Goward (1 994) suggested that certain species of 

Lichens are kely to be found only in old growth forest in British Columbia. Reasons for 

greater lichen biomass and diversity in older forests are not known and the question has 

not been weiî studied. However, some authors have speculated on avaiiable evidence. 

Humidity has been suggested as playing a role in Lichen presence and abundance in 

forests. Lichens are non-vascuiar, O btaining water requirements nom air moishire and 

mnoff fiom the substrate on which they are attacheci. For this reason, humidity of the 

surrounding atrnosphere is important for lichen growth. McCune and Antos (1 98 1) and 

Sillet and Nietlich (1996) suggest old growth forests are much more humid than younger 

forests. 

Sillet and Nietlich (1996) also suggest that Young forests have much lower sunlight 
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penetration to the interior forest and that this may limit lichens. AIthough no diierence in 

crown closure was found between maturity classes in this study, patchiness of the canopy 

was not rneasured and could vary between rnaturity classes. 

Goward (1994) suggested that older forests are more stable than younger forests. 

Young forests are much more dynamic and always changing. initial stages of stand 

development are characterized by rapid tree growth and then later, high mondity. 'This 

rnay result in an unstable microclimate for lichens. 

A type of epiphyte succession or migration has been described by several authors 

(e-g. McCune 1993, Sillett and Netlich 1996). This hypothesis suggests that in young 

forests certain lichen species establish and grow. As the forest ages, trees grow tailer and 

these lichens migrate up the tree. Other lichen species then invade the lower boles. This 

results in a vertical stratification and a greater species richness in taller treed, older forests. 

Substrate changes rnay also occur as trees get older. Bark chemistry and bark 

roughness play a role in lichen presence and abundance on trees (Sheard and Jonescu 

1974, Gustafsson and Eriksson 1995) and may change as trees age. 

Sillett and Nietlch (1 996) suggest that dispersal limitations may result in fewer 

lichen species in younger forests. They cite several studies which found old growth lichen 

species in young forests within 10 m of an old growth forest. No old growth lichen 



species were found in the interior of the young forests. 

3.3.3.2 Origin Type 

This study suggests that natural forests have greater diversity and abundance of 

lichens than managed forests. This is more evident in the younger maturity classes. Few 

studies have examuied the &ects of forest management on lichens, particularly in younger 

mahirity classes. Okansen (1988) found variation in lichen species in man-duenced 

habitat compared to more nahiral habitat in Finland. Several other studies have found 

greater Lichen diversity and/or biomass in old growth forests compared to second growth 

managed forests (Lesica et al. 1 99 1, Pettersson 1 996, Essen and Renhom 1 996). 

Essen and Renhom (1996) suggested that lack of substrate in managed forests may 

limit lichens. They found the biomass of branches was significantly l e s  in managed forests 

compared to naturd forests in Sweden and suggested that this provided less area for lichen 

colonization. 

Essen and Renhorn (1996) also found that, other than branch size, there was little 

difference in structure between managed and natural forests. Lesica et al. (1 Wl), 

however, found significant diifferences in structure between managed and old growth 

forest in Montana. They suggested that a greater diversity in epiphytes in old growth 

compared to managed second growth was due to greater structural divenity found in old 
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growth forests. Soderstrom (1988) also found a dinérence in structure between natural 

and managed forest in Sweden. He found that managed forests had a more uneven supply 

of downed logs which resulted in significant differences in epixylics. Findings frorn this 

study suggest Merences in structure of naturai forests compareci to managed forests 

(Section 1 .O). How these merences rnay Sêct  lichens is discussed in Section 4.0. 

It has been suggested that some lichen species require a long period of tirne to 

develop. Forests with temporal continuity contain lichen species found in few other 

habitats (Rose 1976, Tibell 1992, Selva 1996). This may be why merences in lichen 

abundance and species richness were fond  to be less in this study in c h  forests of 

different origin. It is also possible that natural forests in younger maturity classes provide 

more continuity than managed forests. Several species of lichen of continuous forests 

were found in signifïcantly higher abundance in natural forests than managed forests in this 

shidy. Nahiral disturbances often leave undisturbed islands or standing remnants (Section 

1.0). Wildfire3 for example* may not bum poorly drained forested swamps or bogs. 

Kuusinen (1 996) found that spruce swamp-forests are important for maintainhg epiphytes 

in b o r d  forests in Finland. He suggested that the swamp-forest acts as a reserve and 

source of dispersai for lichens when the surroundhg landscape is disturbed. Commercial 

timber harvesting, however, may remove trees from swamp-forest ifthey contain 

commercial trees. Peck and McCune (1 997) and Nietlich and McCune (1 997) found the 

abundance of some lichens was associateci with remnant trees in young forests in Oregon. 



The type of nahird disturbance a forest undergoes appears to affect lichen 

abundance. F ie  origin stands had a greater total abundance and greater abundance of 

certain Iichen species than hurricane origin forest in the pole stage. Type and intensity of a 

disturbance will affect the structure of the regenerating forest. Low intensity fies or wind 

events will result in more remnant trees being retained than in high intensity disturbances. 

Soil is also affkcted by Uitensity and type of naniral disturbance (Runkle 1985, Oiiver and 

Larson 1996) which can aEect tree growth and forest structure. DEérences in stmcturd 

features between disturbance type may result in differences in lichen abundance. Despite 

siwcant difrences between naturai disturbance types, natural disturbance sites appear 

to have much greater lichen abundance than rnanaged forests. 



4.0 Forest Management and Lichens 

4.1 Introduction 

Evidence from this study strongly suggests that harvesting and thinnuig anéa 

abundance and presence of some species of lichens. Number of iichen species, diversity, 

and total abundance were greater in natural forests than managed forests. Twenty-six of 

34 species examined either occurred solely, or in sipificantiy higher abundance, in natural 

forests than managed forests. Several other studies have found higher abundances and 

diversity of lichens in old growth forests compared to rnanaged forests (Lesica et al. 199 1 .  

Goward 1 994, Essen and Renhom 1996, Pettersson 19%). These studies compared old 

growth forests to much younger managed forests. Since lichen biomass is known to 

increase with forest age, it is unclear whether diifferences in lichen biomass found in these 

studies were attributable to forest management practices or dserences in forest age. 

Evidence from this study suggests that dserences in lichen abundance may be less when 

comparing natural and managed climax forest stands. 

However, managed forests seldom reach the climax stage. There wss great 

ditficuity in finding managed climax forea stands for this study as many stands are 

harvested before this stage. Rotation ages (age at which a stand reaches maximum volume 

and is recommended for harvesting) for spruce in Nova Scotia ranges fiom 50 to 100 years 

dependhg on growth capability class of the site (Nova Scotia Department of Lands and 



Forests 1990). AUoWmg manageci stands to be harvested at o l d a  age classes (over 100 

years) rnay help lessen the impact of harvesting. 

There rnay be rnany reasons why natural forests host a greater diversity and 

abundance of lichen species than manageci forests. Tree sire vatiation was shown to be 

greater in natural forests than manageci forests (Section 1 .O), and this may reflect a greater 

structurai heterogeneity of natural forests cornparrd to managed forests. Greater variation 

in this stmcture may r d t  in greater variation in microchnate and microsites which in tum 

provides more niches for lichen species and hence higher lichen species richness. Greater 

species richness and diversity in structuraily diverse habitat have been demonstrated for 

other species groups. 

The effect of sunlight penetration in forests on lichen biornass is not clearly 

understood. Rorninger (1994) suggeaed that lichen growth is less in stands of high 

canopy closure and low sunlight. Stevenson (1988) hypothesized that p h a l  cuning in 

forests may enhance lichen growth by increasing sunlight to the lower bole and branches of 

trees. However, Demck (1984, Rominger 1994) suggested that reduced canopy cover 

and subsequent Uiaeased soiar radiation may desiccate lichens and reduce growth. A more 

recent study by Rorninger (1994) provides little more understanding. They found no 

signincant dEerence in arboreai lichen biomass between partially cut and uncut forests in 

Idaho and British Columbia Naturai forests in this study had the greatest lichen abundance 

but were intermediate in tree spacing compared to thinned and unthinned managed foreas. 



This suggests there may be an optimum spacing for some specîes of lichens in which 

sunlight increases photosynthesis but does not desiccate lichens. This, however, may be an 

oversimplincation of relationships between lichens, sunlight and tree canopy. It is likely 

that susceptibility to desiccation and ability to take advantage of increased sunlight will 

Vary between species. H. physodes, L. eliztha, L. ochrophaea, and Usnea spp. increase in 

abundance as crown closure decreases, indicating that these species fàvour inmeased 

sunlight. L. elatina and L. ochrophaea are known to increase in openings (Topham 1977). 

Abundance of H. physodes against crown closure, however, suggests a curvilinear 

relationship supporting the hypothesis of an optimum spacing for some species of lichens. 

Presence of remnant trees in stands affects abundance of several species of lichens. 

Neitlich and McCune (1997) and Peck and McCune (1 997) aiso found abundance of sorne 

lichens associated with remnant trees in young forests in Oregon. Remnant trees with 

veaigial lichens fiom the previous forest may enhance dispersal in young forests, as 

dispersal can be lirniting for some lichen species (Sillet and Neitlich 96). Stevenson (1988) 

found that establishment of some lichens was dependent on the distance to the nearest 

mature timber. Presence of remnant trees may also d e c t  microclimate in young forest. 

Remnant trees may provide shade and wind protection, reducing extrema in microchate 

within the forest. 

Several lichen species increased in abundance as the amount of dead wood in the 

forest increased. The oniy lichens found exclusively on dead wood were from the genus 



Xyiogrqha. This genus had a very low fiequency of occurrence (Section 2.0). 

Maintenance of dead wood in rnanaged forests may be important to the sumival of this 

genus in forests. ûther species in this study found to have a positive relationship with dead 

wood in stands (Alectoria surmentosa, Bryoriafuscescem, Loxoquora ochrophaea) were 

occasionally found on dead wood, but mody located on live trees. It is likely that these 

lichen species are responding to some features associated with dead trees in stands, such as 

gaps in the canopy. Neitlich and McCune (1997) found that lichen species richness 

wrrelated with percent of their study plots in forest gaps in Oregon. Gaps provide areas of 

increased sunlight, fàvouring species like Loxospora ochrophaea that are found more often 

in sunlight. 

Harvesting and thinning reduce diversity and abundance of some lichen species. 

Changes in forest structure, including those caused by forestry, affects lichens. Remnant 

trees, dead wood, mean tree spacing and structural heterogeneity are important habitat 

components for some lichen species which are altered by forestry. 

4.2 Recornmendations and Conclusions 

4.2. i Forest Management Practices 

Harvesting and thinning aB'ect preseme and abundance of some lichen species. 

Because of the roles lichens play in the forest ecosystem, forestry not only affects 
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biodiversity of lichens but also the biodivefsity of other species and possibly ecosystem 

fiuiction. Forestry affects lichens at least p d d y  through forest structural changes. It 

may be possible to engineer or manage the structure of managed forests to resemble 

natural forests (Hunter 1993). Recommendations for forest managers based on the 

findings of this study are: 

1. l ave  dead wood standing and on ground wherever possible during harvest and 

silviculture operations; 

2. leave remnant live trees standing during hawests; 

3. maintain old growth reserves within landscapes; 

4. leave some stands until they are 100 years before harvesting; and 

5 .  increase stmctural heterogeneity within managed stands. 

Guidelines for maintahhg dead wood, remnant trees and old growth reserves can 

be found in the scientific literature as well as withùi publications of federal and provincial 

govemments. Less information is avaiiable to help increase structural heterogeneity within 

forest stands. Much more study is required to M y  detemine the diierences in structural 

heterogmeity between natural and managed forests. However, some possible guidelùies 
l 



for consideration are: 

1. create gaps or openings in the forest, Uicluding a variety of sizes fiom single tree 

gaps to 0.5 hectares; these gaps cm be created within stands during pre- 

commercial and commercial thuuiing; 

2. follow previous recommendations number 1 and 2; leaving deadwood and remnant 

trees; 

3. leave some hardwood standing during thinning operations; and 

4. Vary spacing between trees during thuining operations, leaving areas of dense trees 

as well as areas of widely spaced trees. 

LeaWig deadwood and remnants already pardels forest industry practices and 

govemrnent guidelines. Thinning operations can be expensive, and varying spacing or 

Ieaving hardwood may d u c e  the effectiveness of the expenditure. It has been suggested 

that some areas of forests be set aside for intensive management, while other areas can be 

aiiocated to multiple use or ecological purposes. Managers WU have to detemine 

priorities in deciding whether altering thuuung operations are practical in some or aü cases. 

There are some lichen species that occurred only in naairal forests. These species 
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shouid be of partidar concern to forest managers and ecologists. A landscape containhg 

no naturai forest may require speciai management effort in order to maintain these lichen 

species. These species are: Chaenotheca ch7ysocephalq Hypogymnia tuhrbulosa, 

T?teiotrema iep.Ciimm. Umea Iongfssima, Umeu ru6icuruh and Xyiogrqha species. 

4.2-1 Lichens as Bio-indicators 

Managing for certain structural features in manageci forests may help to maintain 

certain lichen species. However, to ensure success of conservation measures, it may be 

usefùl to monitor Lichens. It is unnecessary and may not be practical to monitor d lichen 

species in a forest. The foilowing is a list of lichen species which would make useful 

indicators to reflect lichen dîversity based on this study. The lichen species were selected 

by four criteria: 1. absence indicates some level of disturbance; 2. relatively easily 

identifiable; 3. not limited to a maturity class; and 4. inhabit a variety of microhabitats. 



Table 12. Lichen species suitable as potential biological indicators of lichen diversity. 

Alectoria santtentom 

Byriujùrcellata 

Bryona b j c d s  

Bryoria ncrdvomikiana 

Calicium pcrrvum 

Chaenotheca chrysocephala 

Hjpogymnia bogue 

H'ogymnia tubulosc~ 

Plrrtismafia r~ckermmiz 

Usneu Iupponzca 

Usnea r u b i d  

Umea trichodeu 

X Y ~ ~ P P ~  

Lapanafinkiî when found with 

H~ogymnia r~buIosa Loxoqwra species 

Presence of all these species in a manageci forest would Uidicate lichen diversity and 

structural heterogeneity sirnilar to nanird forests. Fewer species present would indicate 

lower diversity and that the management area may require additional conservation 

management effons. The lichen species indicated as potential biological indicators were 

studied in spruce forests only. Although these species may occur in other forest types, 

their presence may not indicate lichen diversity there. Many species of lichens are also 

infiuenced by maritime c h a t e  and may not occur or are found in very low abundance in 

interior forests. It is likely that the biological indicator lichens can only be used in spruce 

forests in northeastern North Amenca, aithough fùrther research could determine this. 

More research is required to assure reliability of the indicators. Because of the low 

abundance of several species, specifk habitat requirements are unknown. The number of 
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species usefùl as indicators is mal. One way to overcome some of these difnculties is to 

use a suite of indicators. 

Lichens appear to be usefùl uidicators of some structural changes caused by forest 

management practices. However this is or@ one aspect of the changes that forest 

management can cause. To monitor other aspects of the forest ecosysiem, a suite of 

indicators is suggested. Those that have been suggested in the literature, and show some 

promise, are forest floor vascular plants, bryophytes, ectomycorrhizal fun& large 

carnivores, beetles and moths (Keddy and Drummond 1996). Further research is required 

to determine the potential of these indicators. 

4.3 Further Study 

Mer cornpletion of the study, 1 found several aspects that could be improved. 

These improvements can provide interesting studies on their own. Also, a number of 

questions were generated as a result of the findings of this study. 1 have compiled these 

questions in the form of suggested further studies. 

1. Many of the lichen species studied had abundances too low to measure habitat or forest 

structura1 preferences. A study designeci to increase the measured abundance or occurrence 

would provide some insight. Logistic regression analysis may be one useful method for 

this type of study. 
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2. Moa studies on forest lichen habitat have exarnined substrate. More study is required 

on larger scale habitat preferences such as forest type. This would provide better insight 

into why a particular lichen species o c m  in a partïcular habitat. 

3. More information on structural dflerences between naturd and managed forests is 

needed. Few studies have compared naturai forests to managed forests in different age 

classes. A larger sarnple sue than this study, cornparhg rernnants, dead wood and 

structural heterogeneity, would help determine Werences. A statistically comparable 

measure of structural heterogeneity, rather than coefficient of variation on tree size, would 

be usehi, as wouid measures of variation in tree sue, tree density and tree species. 

4. A variety of indicators would be useful to forest managers. More research into other 

possible indicators is needed. 
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Appendix 1 Annotateci List of Lichen Species 

The foiiowing is a surnmary of occurrences and habitat associations of the 34 

lichen species found in this study. Cornparisons to other studies are also included. 

Sections are organized by genus or by species ifody one species of a genus present. 

This species occurred on less than 15% of the trees surveyed in this study but was 

found on 61% of study sites. Cassehan and W (1995) indicate that A. smmentosa was 

cornmon on their study sites in Nova Scotia. Gowan and Brodo (1988) report A. 

sarmentosa as cornmon in Fundy National Park in New Brunswick. 

A. sarmentosa abundance was found to increase with tree age in this study. 

McCune ( 1  993) suggests that alectorioid lichens (mainly A. sannentosa) increase in 

biomass with stand age. Lesica et al. (1 99 1) found A. m e n t o s a  to be more cornmon in 

old growth forests than younger, second growth forests in Montana. A. samentosa 

abundance increased as the tree remnants increased on study sites. Neitlich and McCune 

(1 997) found A. sannentosa occuned in young forest oniy on old remnants and was most 

often in old growth forests in Oregon and Washington. 

A. sannentosa association with old growth forest habitat may reflect an association 



with some characteristic of individual trees rather than a structure of old growth forests. 

The species may be found coincidentaliy in older forests because these forests have older 

trees. 

The most cornrnon Bryoria species on study sites were B. naduomzkr~l~~ and B. 

fiscescens, both with high frequencies of occurrence on trees and on study sites. B. 

capiIlms, B. furceilata and B. trichodes al1 occurred on less than 1 6% of the trees 

surveyed, although most species were found on more than half the study sites. Casselman 

and HiIl (1995) report that B. llQdVornikiana and B. furcel[ara were cornmon, and B. 

fuscescens were abundant on their study sites in Nova Scotia Gowan and Brodo (1988) 

found trïcodes. capillaris, nadvornikiuna andfurcellata as al1 common in Fundy National 

Park in New Brunswick. Lafiamme-Levesque (1 983) found B. nadvornikzana. B. 

fuscescens. B. hichoh,  and B. capiIImS al occumng frequently on the Atlantic Coast of 

Quebec. 

Selva (1996) suggested that B. cqzIZuris is ''faithfd" to ancient forests in New 

England and New Brunswick. Lesica et al. (1 99 1) found B. c a p i I Z ~ s  to be more 

common in old jgowth forests than second growth forests in Montana. B. cqillmis 

abundance was sigdicantly p a t e r  in old growth forests than younger forests in this study 

(Section 3). Dependence on old forests by B. cupllZa~is may account for the low 



occurrence found in this study. 

B. fuscescem also shows significantly greater abundance in old growth forests than 

younger forests (Section 3.0). Dependence on old growth forests may be reflected in the 

positive association of B. fuscescens abundance with tree age. 

B. nnriiomikiana abundance consistently showed a positive association with 

number of old remnants. Neitlich and McCune (1997) reponed alectorioid lichens 

(icludmg Bryoria species) correlated with percent of the plot occupied by old growth 

remnant trees in Oregon and Washington. Stevenson (1988) found that Bryoria species 

colonization in second growth stands depends on distance to the nearest mature timber. 

This indicates that dispersal of B. lIQdVomikrana may be limited. Establishment and 

growth of B. n a d v o r n i ~ ~  in newly estabiished forests seems to be aided by the presence 

of s u ~ v u i g  remnant trees. 

The negative correlation between B. lUICfVomikiam abundance and tree spacing 

indicates this species tàvours stands of high tree density. Few studies have examuieci tree 

density effects on lichen abundance. However, Rominger (1994) found that Bryoria 

species abundance did not significantly differ between stands of different tree density. 

They did not examine the differences in individuai species. Tree density can affect a 

number of microchate variables including light intensity and humidity (Geiger 1980). It 

is therefore possible that B. nah,omikimu responds to increased hurnidity in dense 



forests, or it may be shade tolerant and able to outcompete other species in low iight 

conditions. There may be other factors which may play a role in the B. llclchrornikrana 

relationship with tree density. 

Calzciwn pmvum and Chaenotheca chrysocephala had very low occurrences on 

surveyed trees and on study sites. C. chrysocephaola was found on only 4 trees on 3 study 

sites. Gowan and Brodo (1988) report C. porvzrm as rare and have no record of C. 

chysocephaIa in New Brunswick. Douglas (1 98 1) indicate that C. chrysocephala is rare 

in Alberta with no record of C. parvum. 

Selva (1996) suggests that both species are "faitffil" to ancient forests in New 

England and New Brunswick. Rose (1976) repons Chaenotheca species as possible "old 

forest" Lichens in Scotland. Dependence on old growth forests may account for low 

occurrences of these species in study sites. Low abundance of these species and 

dependence on old growth forest may also make them susceptible to anthropogenic 

disturbance. 

Spherophoms gIobosur was relatively uncornmon and was found mostly in climax 

forests. Selva (1996) and ûoward (1 994) indicate that S. globosus is old growth 

dependent. This may account for its low frequency. 



H. physuùès was the most cornmoniy ocairring species across genera of al1 

lichens. H. kmgiae was relatively uncommon, occurrirîg on only 6.7% of trees surveyed 

and on 39% of study sites. H. tubulcrsn was quite rare, o c c ~ g  at 3 sites on only 5 

trees. Casselman and W (1995) indicated H. phys&s was extremely abundant and H. 

krogiae and H. tubuIosa as corrunon on their study sites in Nova Scotia. Gowan and 

Brodo (1988) indicated H. physates and H. krogue were very cornmon and H. tzhiosa 

was cornmon on their study sites in New Brunswick. Lang (1980) found a hi@ 

percentage bole coverage by H. physodes and H. krogae in bdsarn fir forests in New 

Hampshire. These species occurred in 10 out of 10 stands they studied. H. tubuIosa, 

however, occurred in only 4 out of 10 stands. 

Selva (1996) indicated that H. fubuiom is an ancient forest iichen of New England 

and New Brunswick. In this study H. tubdosa was found oniy in forests undishirbed by 

human intervention (Section 3 .O). Preference for natural forests may partly account for 

low occurrences of H. tubuIosa found in this study. This also suggests H. ~ b u i o w  may 

be susceptible to anthropogenic disturbance. 

Only physodes had a high enough abundance to d o w  regression analyses. A 

negative association with crown closure was found for 2 of 5 regression analyses. This 

indicates that as crown closure increases, abundance of H. p&sodes deceases. Gustafsson 
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and Eriksson (1995) found H. physodes associateci with open s u ~ y  conditions in forests 

in Sweden. The negative association with crown closure found in this study is iikely an 

indication of the requirement for sunlight. 

LeprariafinRz was a cornmon lichen on study sites, found in al1 but 3 sites. Brodo 

(1988) in Ottawa and Gowan and Brodo (1988) in New Brunswick indicate that L. finkii 

was cornmon on their study sites. 

The moa consistent variables to explain abundance were crown closure and tree 

volume. Both relationships are positive indicahng that greatest abundance of L. finkii 

occurs on large trees in areas of low light (high crown closure). L. finkii is often cited as 

occurring on tree bases (Brodo 1988. Geiser 1994). Goward (1994) indicated that 

Leprmia species inhabit sheltered boles of trees where sunlight is minimal. Tree size may 

be an indication of tree age, however, tree age was used as a variable in regression 

analyses. Sheard and Jonescu (1 974) suggested tree size associations with some species 

of tichens are related to bark roughness. Bark roughness has been shown to infiuence 

lichen abundance mainly by the increased water retention ability of rough bark. Sheltered 

boles of trees are less likely to receive rain water directly. L. Pnkii may have to rely more 

on atmosphenc hurnidity, and water run off fiom tree boles. 



L. disciforme was a very common lichen on study sites. It occurred on ail study 

sites and on 64.2% of trees surveyed. Eastern hemlock was the oniy variable retained 

more than once during regression analyses. Gowan and Brodo (1 988) found L. disciforme 

very common on Picea species on their study sites in New Brunswick. L. m'scifone is 

likely a habitat generdist, Uihabiting many sites in spmce dorninated foreas. 

AU Lubcma species were relatively uncornmon on study sites. L. scrobzculata was 

the ieast cornmon, o c m g  on oniy 9 trees in 8 sites. L. phonmia and L. perciimrr 

had s i d a r  fkquencies for both tree occurrence and site occurrence and tended to be 

found together. Gowan and Brodo (1988) and Casselman and Hill (1995) found ail 3 

Lob& species to be abundant or cornmon on their study sites in Maritime Canada. Ml 3 

Lobaria species are found most often on Acer (Gowan and Brodo 1988, Brodo 1988). 

Preference for Acer substrate reduces the probabili~ of finding these species on the spmce 

dominated forests in this study, and is Ueiy partiaiiy responsible for the low fiequencies. 

Selva (1996) suggested that L. pulmonma and L. quercizmts are faithfùl to 

ancient forests in New England and New Brunswick. Rose (1976) indicated that L. 

plmonmi4 and L. scrobzculaa are lichens of old growth in Britain. Hale (1979) 
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suggested that L. pulmonmia and L. scrobicuh~~ were cornmon in mature forests but rare 

in second growth. Lobmia species were found more often in mature or climax sites than 

pole forests in this study. Commercial use of forests in eastern North America wili Wtely 

reduce suitable habitat for these species. 

Both L. elatina and L. ociaophaea were cornmon on study sites. L. el'*na was 

found on al1 shidy sites while L. ochrophaeo was found on al1 but one snidy site. Mean 

abundance of both Loxoqora species was high relative to other Lichen species examined in 

this study. Gowan and Brodo (1988) found both species to be cornmon on balsam fir and 

spnice on their study sites in New Brunswick. 

Regression analyses twice dernonstrated a negative relationship between L. elatina 

abundance and hardwood. L. ochrophaea twice showed a positive relationship with red 

spruce. This is consistent with substrate preferences demonstrated by these species. 

Crown closure was retained in al1 regression analyses for L. elatim and in 4 out of 

5 regression analyses for L. uchrophaea Crown closure was negatively associated with 

abundance for both species, indicating that both species prefer open light conditions. 

Gowan and Brodo (1988) indicate that L. ochrophaa is often found on forest edges and 

openings. Topharn (1977) indicated that Haematoma species (some of which now classed 



as Loxospora), outcompete other lichen species for light. It may be possible that these 

species outwmpete other Lichens for sites with o p h u m  sunlight and therefore have high 

abundance on trees in open conditions. 

M. sanguindus was relatively uncornmon on study sites, found on 6% of trees 

surveyed. It occurred on 8 sites and most of these were old growth or mature forest 

types. M. smgui-iur has been little studied. However, Lang (1980) found M. 

sanguindus in 3 out of 10 study sites in New Hampshire. He found mean cover on tree 

boles of 0.02%, which is much less than 0.12% found in this study. Gowan and Brodo 

(1988) indicate that M. smguinmus is cornmon on spruce and balsam fir on their study 

sites in New Brunswick. 

O. udkogyna was found on almoa 80% of study sites and on 16% of the trees 

surveyed. Gowan and Brodo (1988) indicated 0. Q7JCaogyna was very common on their 

study sites in New Brunswick. O- &ogyna is also widespread in other parts of Canada 

(Brodo 1988) and Sweden (TibeU 1992). 

Eastern hernlock was the only variable retaùied in more than one regression 
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equation for this species. 0. mdrogyna is lcnown to occur on a wide variety of substrates 

(Brodo 199 1, Tibell 1992). Although t was found on a varïety of tree species within this 

study. results of regression d y s e s  rnay indicate a slight preference for eastem hemlock. 

O. &ogyna was found in relatively high abundance in a variety of habitat types 

and conditions, indicating that this species is a habitat generalist. 

P. sulcata is a very cornmon species on study sites, with a high percentage 

coverage on boles. Casselman and HiIl (1995) indicated P. suicuta was extrernely 

abundant in their study sites in Nova Scotia and Gowan and Brodo (1988) found P. 

sulcuta to be cornmon on their study sites in New Brunswick. This is in contrast to Lang 

( 1980) who found P. sukata in only 2 of 10 stands in balsarn fir forests in New 

Hampshire, with 0 .O9 mean percent cover of tree boles. This study found P. sukata in 25 

of 28 stands with a mean percent bole cover of 0.89%. 

No variables were retained more than once for the regression analyses with the 

exception of red spruce behg retained in 2 regression analyses. Stone (1986) indicates P. 

suIcata has high growth rates in exposed sites, is iight limited in closed stands and is 

adapted to early successional habitats. It was found in this study that P. suicata 

abundance was significantly greater in pole forests than mature or old growth forests 



(Section 3.0). No reiatiooship with crown closure was retained in any of the regression 

analyses for P. sulcatc~, to indicate any preference for open sites. Nor was tree age 

retained in any regression analyses, which might indicate a preference for younger trees. 

This indicates P. sulcatu is responding to some other habitat feature of younger forests. 

P. suicuta appears to estabiïsh and grow rapidly in early successional stages of forest 

development. The species declines in abundance as the forest ages, but still maintains a 

significant abundance even in old growth forests. 

Pertusarra amata 

P. mma was relatively common on study sites. ûther studies have found P. 

mnma to be c o m o n  or abundant in eastem North America (Casselman and Hill 1995, 

Gowan and Brodo 1988). The ody variable retained more than once d u ~ g  regression 

analyses was tree volume. This was a positive relationship, indicating P. mnma 

abundance increases with increasing tree size. This is kely a refledon of some feature 

such as bark roughness changes with tree sire rather than tree age. Tree age was a variable 

used in the regression analysis and not found to be significant. Tree bark often becomes 

rougher as the tree ages and becomes bigger. The rough bark is better able to trap 

moisture and therefore may be more favourable for P. umwa. 



P. g h c u  was the second most commody occurring lichen on trees and was found 

at al1 sites in relatively high abundance. P. fuckennanii was much less cornmon, having 

been found on oniy 16% of trees surveyed and less than half of the study sites. Other 

studies in eastem North Amenca have found nmilar results (Lang 1980, Gowan and 

Brodo 1988, Casselman and Hi11 1995). 

P. ~~ckennanii abundance was too low to aüow regression analyses, however 3 

variables were raained more than once for P. glauca. The negative association between 

P. glauca and hardwood indicates that P. g 1 . m  prefers conZier trees. Gowan and Brodo 

(1988) reporteci P. giauca o c c u h g  on conifer and hardwood trees. Gustafsson and 

Eriksson (1995) found P. giauca occumng on aspen on their study sites in Sweden, 

although abundance was relatively low compared to other lichens studied. Hale (1979) 

found P. gfmca as occurring on conifers. Geiser (1994) described P. giaca  as being 

found most often on conifers and l e s  often on deciduous shnibs. P. gimca can be found 

on hardwood trees but seems to prefer conifers. 

P. gimca abundance was positively associateci with tree age. Lesica et ai. (1 99 1) 

found a greater abundance of P. giauca in old growth forests than in second growth forest 

in Montana. However, P. glauca was not significantly more abundant in older forests than 

in younger forests in this study. It seems unlikely that the association between P. gfmca 
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abundance and tree age is related to a preference for old growth forests. P. g h c a  is 

found in abundance in a variety of habitats. Increasing abundance with tree age may 

simply be related to length of time P. g h c a  has to grow. If P. glauca becomes 

estabiished eariy in the life of a tree, abundance will iikely increase as the tree ages. Tree 

bark characteristics also change with tree age and P. glmca may be respondmg to this 

change. 

Ramaii~ thrcnsta is reiatively rare on my study sites, occurring on ody 2.9% of 

the trees surveyed, and at only 5 sites. Gowan and Brodo (1 988) found R. thrmsta to be 

common on their study sites in New Brunswick. Lesica et al. (1 99 1 )  found R. thraustu 

on trunks in 5 of 10 stands surveyed in Montana. Percent cover on tree t d s  ranged 

kom 0.01 to 0.02 in theû study which compares to 0.02 found in this study. Neitlich and 

McCune (1 997) found fiequency of R thrawîa ranged between 6 to 28% in Oregon, 

which is much higher than the 2.9% found in this study. 

R thrasta was found only in oid growth forests in this study. Selva (1996) and 

Kuusinen (1996) indicated that R thrazista is an old growth dependent lichen, which may 

be a factor in its low abundance and fkquency found in this study. 



P. crocata was found only once on a large diameter Acer mbrum in an harvested 

and thinned mature forest. Gowan and Brodo (1 988) found P. crocma was rare on their 

study sites in New Brunswick. They found this species occumng on Acer s a c c h m  in 

hardwood forests. Preference for hardwood substnue would account for its rarity in our 

sofkwood dominateci study sites. 

This was another uncornmon to rare lichen on my study sites. It was found in only 

3 sites, aii of them old growth forests. Rose (1976) ïndicated that T. iepaciimrn is a lichen 

of old growth forests in Britain. This species is declining in Europe because of air 

pollution and habitat disturbance, mainly by forestry practices (Purvis 1992). T. 

lemmmr may also be in danger of declining in North Amenca as fore- operations 

increase and area of old growth forest decreases. 



Each individual species of Usneu surveyed occurred in less than 50.h of the study 

sites and on less than 10% of trees. U'ea stngosa was most rare, occuming on only 2 

trees in 2 sites. Casselman and Hill (1995) indicated that Usnea stng0.w was abundant on 

their midy sites in Nova Scotia. Gowan and Brodo (1988) reported II. lqponicu, II. 

nrbicundq U. stngosa and (I. tr ichda to be rare in New Brunswick. Laflamme- 

Levesque (1983) found (I. t r ichda ody once in their study sites in Quebec. They also 

found (I. lmgksima to be much less comrnon than most other lichens they studied. 

Stevenson (1 988) indicated that U. lapponzctz, (I. iongissima and LI. rubicullciir are 

old growth dependent lichens. LI. tr ichda abundance was highest in old growth forests 

in this study. If these Umea species are old growth dependant this rnay explain their rarity 

in this study. However, none of these species were found exclusively in old growth forest. 

AU Wmea species surveyed in this shidy, except II. ~n?gosa, were found in higher 

abundance, or exclusively Ui, naturally disturbed forests (Section 3 .O). Gowan and Brodo 

(1988) suggested U. strgosa occurs most often on Acer nibmnz, hence lack of suitable 

substrate in my study sites may also account for its rarity. 

Number of old remnants was retained twice afker repeated regession analyses 

using Usnea species abundance. Neitlich and McCune (1997) found the diversity and 

abundance of alectorioid lichens was correlated with percent of the study plot occupied by 



old growth remnant trees in Oregon. Peck and McCune (1997) found the biomass of 

alectorioid lichens was greater in mid-elevation sites with remnant trees than without in 

Oregon. Dispersal ability of U .  species may be Iùnited, and establishment and growth 

of this genus in second growth forests may be aided by the retention of remnants from the 

previous stand. This may have important implications for conservation management in 

commercial forests. 

XyIograph species were found on 3 trees on 3 dserent sites. AU individuals 

occurred on dead wood. The dependence on dead wood by this genus will k e l y  affect its 

abundance in forests. Forest management practices reduce the amount of dead wood 

(Section 1 .O) and could endanger the continued existence of this genus, at least in forest 

habitats. 



Appendix I I .  Mean cover for each lichen species by origin type and maturity class and results of 2 factor ANOVA 
Lichens species with cover too low to test are indicated last. Ninety-five percent confidence intervals are indicated in brackets below 
mean values. N= number of trees. 

Species Origin Type F Maturity Class F Interaction 
(P) (Pl F 

Natural Harvested Harvested Climax Mature Pole 
n=230 n=230 &Thinned n=138 n=276 n=207 

(Pl 

n-161 

A lectoria 
sarmerrtosa 

Bryoria capillaris 

Bryoria frrrcellutu 

Bryoria 
fuscescei~s 

Bry or ia 
nadvor~iikiaria 

Bryoria trichodes 

0.4 1 ' 
(O. 15) 

0.32' 
(O. 07) 

0.43' 
(0.06) 

1 .601 
(O. 13) 

0.43' 
(O. 09) 

0.3 1' 
(O. 06) 

o. 12' 
(O. 04) 

0.4 1 
(O. 1 5) 

O. 14' 
(O. 07) 

o. 102 
(O. 06) 

0.95' 
(0.13) 

O. 5g2 
(O. 09) 

0.04~ 
(0.06) 

0.04~ 
(0.04) 

0.003 

0.04~ 
(O. 09) 

0.07~ 
(O. 15) 

0.47~ 
(O. 15) 

o. 16) 
(O. 1 O) 

0.06) 
(0.08) 

0.022 
(O .O4) 

27.80 
(O. 00) 

1 1.49 
(0 .OO) 

42.63 
(O. 00) 

66.07 
(O. 00) 

19.76 
(0.00) 

20.99 
(O. 00) 

6.7b (0.0 

0.34' 
(O. 20) 

0.28' 
(0.08) 

o. 13l 

(0.07) 

1.73' 
(O. 16) 

0.61 ' 
(O. 1 1) 

O. 19' 
(0.08) 

0.05' 
(0.05) 

0.3 1' 
(O. 14) 

O. 
(0.05) 

0.1 l1  
(0.05) 

1 .082 
(O. 1 2) 

0.44~ 
(O. 08) 

0.2 1 ' 
(0.06) 

O. 1 l 2  
(0.03) 

0.02~ 
(O. 16) 

0.003 

0.42~ 
(O. 06) 

o. 603 
(O. 13) 

0.25) 
(O .O9) 

0 .03~  
(O .O7) 

0.01' 
(O. 04) 

2 1.67 
(O. 00) 

10.46 
(O. 00) 

31,82 
(O. 00) 

59. I I  
(O. 00) 

12.81 
(O. 00) 

8.49 
(O. 00) 

8.12 
(O. 00) 

21 .O5 
(O. 000) 

2,90 
(O. 09) 

52.33 
(O. 00) 

26.07 
(O. 00) 

5.53 
(O. 00) 

6.55 
(O. 00) 

1 1.53 
(O. 00) 

'A' indicate results of multiple range tests; results with the same superscript number (1,2 or 3)  indicate no significant difference. 









A p p e d i  III Mean cover for each lichen species by ongin type in pole class forests and 
redts of single factor analysis of variance. Confidence intends are indicated in brackets 
below mean values. 

- - 

Species Hurricane Fire Harvested Harvested & F 
n=72 n=72 n=70 Thinned (Pl 

n=7 1 

Bryoria 
jùrcekta 

Bryoria 
nadvomikitma 

Ochrolechia 
d o a y n a  

0.22' 
(0.3 1) 

o. lol 
(O. 13) 

O -29' 
(O. 16) 

0.29 
(O. 14) 

1-58' 
(0.22) 

0.67' 
(O. 17) 

0.09 
(O. 10) 

2.0' 
(O. 26) 

1.54' 
(0.25) 

0.36' 
(0.26) 

0.20 
(O. 10) 

1.28' 
(O .23) 

O. 14' 
(O. 08) 

0.35~ 
(0.3 1) 

1.09~ 
(O. 13) 

1 .23* 
(O. 16) 

0.33 
(O. 14) 

3 - 1 9  
(0.22) 

0.00 

0.00 
(O. 10) 

0.94' 
(O -26) 

1.59' 
(0.25) 

1.12~ 
(O -26) 

O. 13 
(0.10) 

2.03~ 
(0.23) 

0*202 
(0.08) 

0.0e 

0.07' 
(O. 13) 

0.23' 
(O. 16) 

0.48 
(O. 14) 

1-03' 
(0.22) 

0.45' 
(O. 1 7) 

0.13 
(0.1 O) 

1 .2g2 
(0.26) 

O. 94' 
(0.25) 

0.59' 
(0.26) 

0.03 
(O. 10) 

0.70' 
(0.23) 

0.10' 
(0.08) 

o.od 

0.06' 
(O. 13) 

O. 16' 
(O. 16) 

0.22 
(0.14) 

1 .6s2 
(O. 22) 

O. l4* 
(0.17) 

O. 10 
(O. 1 O) 

0.67~ 
(0.26) 

0.8 l2 
(0.25) 

0.26' 
(0.26) 

O. 19 
(O. IO) 

0.39' 
(O -23) 

0.0 l3 

5.36 
(O. 00) 

59.7 
(0-00) 

37.42 
(O. 00) 

2.26 
(0.08) 

64-24 
(O. 00) 

8.71 
(O -00) 

O. 184 
(0.832) 

18.16 
(0.00) 

9.58 
(O. 00) 

8.06 
(0.00) 

2.27 
(O. 08) 

38.60 
(O. 00) 

3.59 
(O. 00) 

\ C 

indicate results of multiple range tests; results with the same superscript number (1,2 
or 3) in a row indicate no significant Merence. 



Appendix III Continued 

Species Hurricane Fie Harvested Harvested & F 
n=72 n=72 11=70 Thinned Pl 

n=7 1 

PIiztismatia 0.07' 1-32' 0.0 1' 0.06' 89-90 
tuckemunzi (O. 13) (O. 13) (0.13) (O. 13) (0.00) 

Umea 0.09' O. 1 O' 0.00~ 0.01' 3.30 
trichodea (0.05) (0.05) (0.05) (O. 02) 



Appendix IV. Study sites and their locations. 

SiteName Origin Manirity Generai Latitude Longitude 
Class Location 

degrees minutes degrees minutes 

Panuke Edna 

Panuke 

Dam Road 

Pockwock 

S Road 

hdian Lake 

Dam Two 

Pockwock 2 

Pockwock 3 

Main Road 

Sloaa R d  

Antidam 

Rocky Lake 

Abraham 
Lake 

West River 

pole 

climax 

pole 

mature 

mature 

c h  

pole 

pole 

mature 

pole 

pole 

mature 

mature 

climax 

pole 

Palluke 
Lake 

Panuke 
Lake 

Campbell 
Hill 

Campbell 
Hill 

Pandce 
Lake 

sandy 
Lake 

Carnpbeii 
HU 

Campbell 
Hill 

Campbell 
Hill 

Daysprins 

Seloam 
Lake 

Antidam 
Lake 

b k y  
Lake 

Abraham 
Lake 

West 
River 



Site Name Origin Maainty Generaf Maide Longitude 
CIass Location 

degrees minutes degrees minutes 

Grassy Lake 

Govemor 
Lake 

Daywing 2 

12 Mile 
Stream 

Malay Lake 

Malay 2 

Sloaa Road 

Sandy Lake 

Asa Lafiin 

Blois Road 

Nine Mile 
River 

Card Lake 

George Road 

-=Y 
Lake 

Lake Little 

Governor 
Lake 

Malay 
Lake 

SeIoam 
Lake 

Niue Mile 
River 

Nine Mile 
River 

Armstrong 
Lake 

Annstrong 
Lake 

Card Lake 

George 
Lake 



l MAGE NALUATION 
TEST TARGET (QA-3) 

APPLIED 1 IWGE.  lnc 
5 1653 East Main Street - 

-* - - Rochester. NY 14609 USA -- -- - - Phone: 71 6/42-0300 -- -- - - FW i l  6/28ô-5989 

O 1993. A p p l i  Image. lm. All Rights Resenred 




