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Abstract 

Anthropogenic disturbance has been shown to have negative impacts on the 

recovery of endangered or rare species. Spedfic recovery objectives for Salix 

jejuna, an endangered prostrate shrub endemic to the global ly rare limestone 

barrens habitat of Newfoundland {Canada), include assessing the popula~on 

dynamics of natural populabons, understanding limiting factors , defining threats 

and mitigating controllable threats where possible. As a large portion of 

S. jejuna's habitat has been anthropogenical ly-disturbed, understanding the 

effects of disturbance on spedes persistence are central to prorroting species 

recovery 

An assessment of habitat features revea led that anthropogenlcally

disturbed substrates were rrore homogeneous than undisturbed, natural 

substrates, with more gravel, less exposed bedrock, decreased soil rroisture , and 

increased nutrient content. Populations resident on anthropogenical ly-disturbed 

habitats tended towards a more "annual" dynamic, with a greater proportion of 

seedlings. lower levels of clonal growth, and a younger median age compared 

with populations on naturally-disturbed substrates. Therefore, specific recovery 

plans for S. jejuna should include the elimination of continual disturbances such 

as off-road vehicle use and the active restoration of disturbed habitat to restore 

natural ecosystem processes. to reflect adjacent undisturbed natural habitat. and 

to promote the clonal reproductive traits of natural populations 
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1.0 GENERAL INTRODUCTION 

There are over 12,000 plant species listed on the International Union for the 

Conservation of Nature 2008 Red List , with approximately 8,000 species 

categorized as critically endangered, endangered, or vulnerable. Less than 10% 

of thesa listed species are well dOCl..lmenled, including 11 species in the 

Salicaceae (IUCN 2009). five of which are also listed under the Canadian 

Species at Risk Act (2003). Consequentl y, recovery planners worldwide are 

faced with the challenge of developing effective in situ conservation plans for 

endangered species management, frequen~y with little available information on 

the habitat requirements 01 the target species or the factors affecting species 

perSistence (Hockey & Curtis 2008). 

An important tool in the recovery planning and management of species at 

risk of extinction is the use of population viability models (PVA) (Schemeske et al. 

1994, Beissinger and Westphal 1998, Morris et al. 2002). Biological Information 

such as the factors that limit or influence species distribution and life history traits 

(Schmeske et al. 1994: Gontillez-Benito et al. 1995; Kluse and Doak 1999) are 

the basis for PVA's wh ich provide a critical evaluation of the viability of 

threatened species (Harvey 1985: Menges 1990: Oostermeijer et al. 1996: 

Maschinski et al. 1997, 2006: Yates et al. 2007). Furthermore, without accurate 

biological information. appropriate monitoring strategies cannot be established, 



I "". ile predictions. Of '.Peci8.S perS.istenC8 .wili be diffi.CUlt for recovery planners to 

assess (Ohara at al. 2006). 

Recovery planning IS a complex process due to the numerous factors 

Involved (e.g. , biologlcal,legislallve, soclO-economlc) (NRWG 2007) and by the 

high degree of global habitat alteration (Sanderson et al. 2002) wh ich is thought 

to inhibit the recovery potential of endangered species (Kerr and Deguise 2Q04). 

Habitat loss and degradation is of principle concern when recovery Is centered 

around narrowly distributed endemic plant species whose restricted nature limits 

their ability to adapt to changing environments (Krukeberg & Rabinowitz 1985), 

making them especia lly vulnerable to anthropogenic change (Fielder and Ahouse 

1992) 

Myers et al. (2000) estimate that as much as 44% aftha world 's endemic 

plant species are found in areas of high diversity known as 'hot spots'. These 

endemic plant species once survived on 12% of the global land surface but only 

1.4% of their historical habitat remains intact (Myers et at. 20oo). Today. one-half 

10 t'M)-lhirds of all threatened endemic plants are confined to these d iminishing 

hotspots (Brooks et at. 2002). In Canada, habitat loss is considered most severe 

in ~odiversily hotspots (Kerr & Deguise 2004). More specifica lly, In a 2004 

Canadian study, Kerr and Oeguise estimated that of the 243 species at risk 

examined, 113 species had less than 33% of their natural habitat remaining (i .e" 

no anthropogenic modifica~on ), 58 had less lhan 10% remaining. and 16 species 

had no natural habitat detected 

-,-



Endemic species often continue to inhal)t modified (i.e., degraded) habitat, 

suggesting that planners should conskler the conservation value of these habitats 

in recovef)' planning. Though research in this area is limited, previous research 

has shown thaI populations of endangered or threatened endemics resident on 

anthropogenical ly-disturbed habitat have decreased population growth rate 

(Ureta & Martorell 2009), decreased persistence (Noel 2000), inaeased 

suscep~bility to insect pests (Squires 20tO), and increased likelihood of 

hybridization in nearby natural populations of the same species (Lamont et al. 

2003; Parsons and Hermanutz 2006), These changes, mediated by 

anthropogenic disturbance, have long term effe<:ts on population systalnability 

and often require human assistance to restore natural habitat processes and 

populations back to their natural state 

Prior to active restoration, an evaluation of features within undisturbed and 

disturbed habitat must be attained such as: vegetation structure, plant species 

composition, ground cover, and condition (Mi ller and Hobbs 2007). This 

evaluation allows recovef)' planners to develop appropriate restoration goals 

(Hobbs and Norton 1996) and to later evaluate the impacts of restoration on the 

entire vegetative community (Brewer and Menzel 2009). Having the information 

available to effectively carry out this restoration process is especially important 

when restoration includes the rehabilitation of endangered, endemic populations 

inhabiting globally rare habitat. 

-3 -



Study Ivea 

The limestone barrens of the island of Newfoundland (Canada) are considered a 

hot spot for plant diversity, supporting three listed endemics (Species at Risk Act 

2003) and t14 01 the province's 271 rare plant species (Bouchard et al. 1991) 

Located on the Great Northern Peninsula of the islane! of Newfoundland, within 

the Strait 01 Belle Isle Ecoregion, the northern limestone barrens are part 01 a 

globally imperilled ecosystem known as limestone pavements which occur In 

places such as Sweden, Estonia, North America, Ireland and Britain. In North 

America these ecosystems are also commonly known as alvars, which consist of 

plant communities occurring on shallow soils over limestone bedrock (Lundholm 

and Larson 2003). In the Great Lakes region 01 Ontario (Canada), alvars harbour 

many provindally ra re spedes (Belcher et al. 1992; CaHing 1995; Schaefer and 

Larson 1997). What separates the limestone barrens of Newfoundland from 

alvars are the cryogenic processes (i.e .. freeze-thaw processes) that shape the 

limestone barrens landscape (e.g., frost stripes, frost boils), creating tundra-like 

vegetation and providing natural disturbances in which many arctic-alpine plants 

rely upon lor regeneration (Banfield 1983; Noel 2000: Sutton et al. 2006). 

Limestone pavements and their unique plant communities have been 

susceptible to anthropogenic disturbance wortdwide. The alvars of the Great 

Lakes region of Ontario have been threalened by quanying and residential 

deveJopment (Catling and Brownell 1995: Reschke et al. 1999), while limestone 

pavements in Britain have been degraded by farmland conversion and removal of 

stone lor decorative use in the horticultural marllet (Bennett el al. 1995). Further 



the natural habitat of the limestone barrens of Newfoundland have been, and 

continue to be, subject to quarrying, road development. and off-road vehicle use 

(e.g .. ATVs) (Anions 2001 : HermanuQ et al. 2002; Ojan-Chlikar el al . 2003; 

Rafuse 2005) 

Study Species 

Salix jejuna Femald (Barrens willow) is a narrov.1y distributed (linearly distributed 

by approximately 30 km) prostrate woody Shrub endemic to a thin coastal strip of 

the northem limestone barrens on the island of Newfoundland (Figure 1.1). It is a 

member of the Salicaceae. In 2001, the Committee on the Status of Endangered 

Wikl life in Canada (COSEWIC) designated S. jejuna as endangered. It was later 

designated as endangered under the Newfoundland and Labrador Endangered 

Species Act in 2002 and under the Federal Species at Risk Act in 2003. It is 

considered critically imperilled globally. nationally. and provincially with G1 , N1 

and S1 designations, respectively (Nature Serve 2009) 

S. jejuna is thought to De present in all known historic locations though 

much of ~s habitat has been severely degraded, primarily due to road 

construction and off-road vehicle use (Ojan-Chlikar et al. 2003: Rafuse 2005). It 

inhabits both natural ly-disturbed (e.g., through frost activity) and 

anthropogenically-disturbed limestone barrens habitat. Greene (2002) described 

anthropogenically-disturbed limestone barrens habitat, within the distribution of 

the endemic Braya IlXIgiiFemald (endangered) and 8 . fernaldii Abbe 

(threatened), as lacking the dear natural disturbance patterns. such as frost 



stripes or Irost boils that are found within undisturbed natural habitat. 

Anthropogenically-disturbed habitats also contained homogenous gravel 

substrates and low species diversity (Greene 2002; Rafuse 2005) 

Figurtl 1.1 Map of the island of Newfoundland (Canada) and of the distribution of SaHI( 
jejuna (black dots: see arrow) on the Great Northern Peninsula (Environment Canada) 
E.act locations cannot be ouUined due 01 the endangered stalusof this species 

Conservation Efforts for SaHxjejuna 

The Government of Newfoundland and Labrador, in conjunction with its federa l 

partners, Parks Canada, Environment Canada, and the provir.cial Limestone 

Barrens Spades At Risk Recovery Team (LBSARRT), is responsible for securing 
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the long term persistence of S. jejuna throughout its range, as described in the 

Barrens willow Recovery Strategy (Ojan-Chtlkar et al. 2003). 

The specific short-term recovery object ives which are designed to meet 

the long-term recovery goal for S. jejuna are Outlined in the Recovery Strategy 

(Djan-Chekar et al. 2003) as follOws: I} assess and monitor the status of the 

natural population; 2} assess range and population dynamics of the natural 

popula~on; 3) define threats and limiting factors and miHgate controllable ones; 

4} lessen to the el((ent possible add~iona l habitat loss and degradation due to 

human activi~es; and 5) implement a stewardship program with local residents 

and targeted groups (Djan-Chtlkar et al. 2003). The broad approaches to meet 

the recovery objectives for S. jejuna are outlined in Table AI.I . 

Previous research has contributed \0 the recovery goal and object ives for 

S. jejuna and has focused on the development of ex situ conservation strategies 

such as maintaining a representative ex situ population (Memorial University of 

Newfoundland Botanical Garden) and the propagation of plants through tissue 

culture (Driscoll 2006). The present study will contribute to the recovery of 

S.jejuna by providing information that allows for the dev~opment of effective in 

situ conservation strategies, which supports the preservation of S. jejuna and the 

limestone barrens ecosystem as a whole. This study also contributes to our 

overall understanding oftha life history and demographic response of woody 

clonal species to disturbance. These aspects have not been well studied to date. 



ResearCh Objectives 

The objectives of this research were to bener understand the impacts of 

disturbance on S. jejuna by: 1) examining the differences in substrate and 

vegetation characteristics between naturalty-d isturbed and anthropogenicalty-

disturbed habHat (Chapter 2) and: 2) examining demographic parameters, 

including the relative importance of sexual and asexual reproduc~on within 

populations resident within both disturbance types (Chapter 3) 
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2.0 HOW ANTHROPOGENIC DISTURBANCE AFFECTS 
THE RECOVERY OF SALIX JEJUNA (ENDANGERED) 
AND ITS GLOBALLY RARE LIMESTONE HABITAT 

2. 1 INTROOUCTION 

The recovery potential of endangered and threatened species is limited by the 

high prevalence of anlhropogenically-rnodified habitat (Kerr and Deguise 2004), 

making habitat loss and fragmentation the primary cause of species extirpation 

(Alonso at al. 2001 ; Brooks at al. 2002), Because of their unique habitat, 

restricted distributions. and requirement for particular disturbance regimes 

endemic rare plant spades are especially vulnerable to anthropogenic change 

(Fielder and Ahouse 1992; Maschinski et al . 2004). These endemic plant species 

once survived on 12% oltha global land surface but only 1.4% altheir historical 

habitat remains intact (Myers at al. 2000) 

To ensure long term persistence of endangered or threatened endemic 

species, recovery efforts frequently need to include the restoration of degraded 

habrtat (Kerr and Deguise 2004). And, as rare plant populations often inhabit 

geographically delineated communities or geologically unique ecosystems, 

restoration of the target species often coincides with restOfation of endangered 

However, restoration efforts are often carried out without proper 

knowledge of habitat characteristics or requirements related to the target species 

or target ecosystem (Miller and HobbS 2007). Furthermore, restoration frequently 



proceeds wilt10ut a specific restoration goal or the appropriate information 

required to assess restora~on success (Hobbs and Norton 1996). 

In their recent review. Miller and Hobbs (2007) suggest that a fun 

evaluation of habitat features must be attained prior to restoration efforts such as: 

vegetation structure, plant species composition, ground cover. and condition 

Biological surveying of anthropogenicany-disturbed habitat as well as adjacent 

undisturbed natural habitat, or a "reference" s~e , can improve the restoration 

process and anows for effective evaluation of project goals. However. the Society 

for Ecological Restoration Intemational (SER) (2004) suggests that restoration 

practitioners should consider variation among referooce sites, indicabng that 

mult iple reference sites may be required. Moreover, the SER suggests nine 

characteristics that restoration practitioners can use to determine if a restored 

system has "recovered"; one of wtlich is the elimina~on or reduction of potential 

The "limestone barrens" of Newfoundland are part of a globany imperi lled 

habitat. more commonly known as limestone pavements. Limestone pavements 

occur in such places as Sweden. Estonia. North America, Britain and Ireland . In 

the Great Lakes region of Ontario (Canada). limestone pavement alvars harbour 

many provinciany rare species (Belcher et al. 1992; Catling 1 995; Schaefer and 

Larson 1997) and within the province of Newfoundland and Labrador (Canada), 

the limestone barrens are conSidered a hot spot for plant diversity. supporting 

three endemics and 114 of the province's 271 rare plant species (Bouchard et al 

1991) 



The unique flora of limestone pavements has been threatened by 

quarrying and residential development in the alvars of the Great Lakes of Canada 

(Catling and Brownell 1995; Reschke et al. 1999) and throughout the limestone 

pavements of Britain (Goldie 1993). In Britain, only 3% of limestone pavement 

remains intact (Anon 2001). This is primarily due to farm land conversion and 

removal of stone for decorative use in the horticultural marl<.et (Bennett el al. 

t995). In Newfoundland. during the last several decades. road development, 

quarrying , and off-road vehide use (e.9. , all terrain vehides(ATVs)) have altered 

much of the habitat for three SARA (Species at Risk Act 2Q03) listed species 

endemic to the limestone barrens (Anions 2001 ; Hermanutz et al. 2002; Djan-

Chekar et al. 2003; Ra fuse 2005). In fact. Hermanutz et al. (2009) estimates that 

degraded limestone barrens landscapes account for as much as 31 % of habitat 

within narrowly distributed endemiC populations of endangered and threatened 

species of Sraya. 

Anthropogenic disturbance has been shown to affect populations of rare 

endemic plant spades adversely within the limestone barrens of Newfoundland; 

disturbed populations of Sraya have lower population persistence (Noel 2(00) 

and higher rates of mortality due to increased risk of infestation and infection 

(Squires 2010). In a recent study, Parsons and Hermanutz (2006) demonstrated 

that anthropogenic disturbance also increased the likelihood of hybridization in 

localized populations of Braya growing on natural substrates. In similar arctic

tundra commun i ~es. anthropogenic disturbance has altered species diversity 

(Sumina 1994; Forbes et al . 2001). decreased plant cover by at least 40 to 50% 



(Kavan at al. 1995; Mom: 2002), and changed substrata conditions, such as soil 

nulrients (Kevan el al. 1995; Auerbach etal. 1997), soil moisture (Driscoll 2006), 

and soil temperature (Chapin and Shaver 1981) 

Salix jejuna (Barrens willow) Fernald (Salicaceae) is a prostrate shrub 

endemic to the limestone barrens of Newfoundland (Canada). In this arctic-like 

climate (Banfield 1983: Demaio 2005) iI inhabits naturally- (via frost activity) and 

anthropogenically-disturbad soils and is restricted to a 30 kilometre linear 

distribution (Djan-Chekar et al. 2003). Previous research on S. jejuna has 

focused on develOping ex situ conservation strategies, such as the dev~opment 

of propagation techniques and the maintenance of an ex situ population (Driscoll 

2006). However, little research has been conducted to al low for the development 

of effective in situ conservation strategies such as the completion of biological 

surveys to determine threats and their impacts , as well as identifying and 

restoring disturbed habitat within species range, as outlined in the 

S. jejuna Recovery Strategy (Djan-Chekar et al. 2003). 

Therefore, the overall goal of this study was to determine tha impact of 

disturbance on S. jejuna in order to contribute to a better understanding of 

optimal habitat and to provide information which is useful when developing 

conservation plans which include the restoration of disturbed habitat. Differences 

in substrate and vegetation were studied in naturally-disturbed (via frost activity) 

and anthropogenically-disturbed habitat. Habitat variation was documented 

throughout species range and habitat parameters (e.g., % total plant cover, % 
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species cover. substrate type) that influence the abundance of S. jejuna were 

determined 

2.2 METHODS 

Study sites 

Field surveys encompassed the entire global range of S . jejuna (Barrens willow) 

within the northern limestone barrens 01 the Great Northem Peninsula (island of 

Newfoundland. Canad<l) , which lies within the Strait of Belle ls1e ecoregion. 

Populations of S. jejuna are patchily distributed along a 30 km stretch of coastline 

(Djan-Chekar et al. 2003). The limestone barrens are characterized by a 0001. 

wet. and windy climate that supports tundra-like vegetation (Banfield t983; 

Donato 2005). The substrate is characterized by bare limestone bedrock. 

limestone heath, and localized patches of thin glaCial and marine sediment (Grant 

1992). 

In the past. much of the limestone barrens habitat was disturbed during 

the process of road construction and limestone quarrying; in the last 10 years, 

off-road vehides such as ATVs have caused considerable habitat degradation. 

The timing of larger scale disturbance is not known but it is likely to have 

occurred between 1975 and 1980, during a major period of road construction 

(Hermanutz et al. 2002), with local disturbances such as ATV damage ongoing 

across the region. To understand the effect of disturbance type on the community 

context of S. jejuna. substrate and vegetation characteristics were compared on 

both naturally- (undisturbed by human activity though naturally disturbed by 



cryogenic processes) (N=5 sites) and anlhropogenicaliy-disturbed (N=3 ~tes) 

habitat. referred to as "disturbed" (Table 2.1). Natural disturbance can be 

observed in the form of patterned ground (e.g., frost boils, frost stripes) and 

limestone bedrock shatlerir.g. The selected ~tes represent populations 

throughout the entire range of the species as well as populations of S. jejuna that 

were sufficiently large and dense to obtain an appropriate sample si~e. All sites 

were classified visually according to disturbance intensity (amount of 

anthropogenic disturbance; Rafuse 2005) on the basis of physical evidence at the 

time of sampling. Physical evidence included degree of soi l compaction (visual 

estimation). amount of vehicle damage (number and depth of tracks) , and 

proximity to contnual disturbance source (e.g., road). Disturbance intensity was 

classified on an ordinal scale from 0 to 3 where 0= no indications of 

anthropogenic disturbance, 1 = low. 2= moderate, and 3= severe . following the 

protocol of Mcintyre and Lavorel (1994). 
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lable 2.1 Salixjejllna study site informabon indicating disturtlan<:etype (N"natural , 
D=anthropogenic)andinlens ityofanthropogenicd isturbance(O"none,I"low, 2" 
moderate. 3" severe). on the limestone barrens 01 Newfoundland (Canada). Sites ere 
listed (rom most southerly to most northerly; see methods (or details on sampling 

O;5turbance Du criptlon of Oi5turbance DI5turbance Site Area 
Type Intensity (m') 

Anthropogenic Organic layer stit l removed. 
some evidence o( patterned 
ground 

Frostooils presenl; nalurally 
shattered limeslone: highly wind 
eroded 

BK39·N Frost stripes presenl; 
Highly wind eroded 

Largely e~posed bedrock: highly 
wind eroded; most coastal site 

Anthropogenic Organic leyer compietely 
removed.roundedooar1;8 
se-diment. vehicle tracks. 
continual exposure to vel1icie 
dust 

Largely exposed bedrock; 
Low wifld erosion 

CNA·N Largelyexpcsed bedrock; 
Low wind eros ion 

Anthropogenic Organic layer partially removed. 
vehicte tracks, rouflded coarse 
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Figulll 2.1 Map displaying the Iocationofal! Safhrjejunastudysit9S, indicating 
disturbance type (N:I\3tural, O:anthropogenic), ooltle limestone barrens of 
Newfoundland (Canada) 

Substrate and Vegetation sampling 

At each site, 6-8 line transects 20-30 m long were selectively positioned to cover 

approximately 80% 01 the area occu~ed by S, jejuna. Study plots (1 ml; 100 ce lls) 

were then located at every other metre along the line transacts. The number 01 

plots varied among sites (n: 40 to 83), depending upon the area olthe site, site 

homogeneity and the density of the target species (Chapter 3). Populations 01 S 

jejuna were clearly distinguishable from local vegetation therefore, the area 01 

occupied habitats was easily determined with a measuring tape 
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Field surveys took place from mid-June to early-August. 2006, and again 

in mid-July 2007. All sampl ing was conducted under appropriate government 

permits. Within each study plot the percent of ground covered was visually 

estimated (to the nearest 5%) for each substrate class. The follOWing substrate 

classification system was used (modified from Wentworlh (1922)): siltfclay (very 

fine , moist material, soft to touch. < lmm), sand (grains visi~e. 1-2 mm). 

granules & pebbles (2-64 mmJ, cobbles (64-256 mm). boulders (>256 mm), and 

exposed bedrock 

Soil samples were collected for determination 01 soil moisture, nutrient 

content and partide Size analysis. Random samples were collected from each 

site, using a soil core to 10 em depth, on July 3, 2006 (20 samples) and August 8, 

2006 (10 samples). Soil moisture was determined gravimetrically after the 

samples had been air dried fOf four weeks (Allen 1990) 

Of the 20 samples col lected on July 3, 2006, three from each site were 

randomly selected lor nutrient analysis. Due to provincial permit restrictions 

associated with endangered species the amount of soil collected on each site 

was limited; therefore conventional melhods of pooling samples could not be 

done as samples were required for other analyses. Samples were analyzed for 

lotal nitrogen (%), Ca, P. K and Mg using the Mehlich III extrac~on melhod al the 

Soil and Feed l aboratOfy, Agriculture Canada, SI. John's, Newfoundland 

Particle size analysis was conducted on 10 random samples from each 

site using a slandard weI-sieving protocol which determines the percent of silt 

and clay parucles « 62.5 jJm) in each sample (Allen 1990). All samples were 
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then dry sieved and the percent of very fine to fine sand (62.5 ~m -0.25 mm), 

medium sand (0.25 mm - 0.50 mm), coarse to very coarse (0.50 mm-1 mm), 

granules (2 mm - 4 mm) and pebbles (>4 mm) was determined (Wentworth 1922). 

The presence/absence 01 all vascular and non vascular spedes was 

recorded within all study plots. Percent cover (to the nearest 5%) was estimated 

for the following funcUonal plant groups: woody, herbaceous. bryQphytes. lichens. 

and bare ground as well as lor each individual vascular plant speCies (exctuding 

grasses and sedges). Plots surveyed near the beginning of the growing season 

were revisited to account for the establishment of species which may not have 

been visible at the earlier sampling date. 

Statistical Analysis 

Al l sta~ stical analyses were performed in SAS® version 9.1 (SAS Institute Inc. 

1996). Data were analyzed for normality, independence and homogeneity. If 

assumptions were not met for a generallinear model than a generalized tinear 

model was applied (Little et al. 2002). Where the response variable consisted of 

proportional data (e.g. , % cover) the logistic regression using generalized linear 

model was used with binomial d istribution (Lewis 2004). For all analyses. site 

was considered a fixed effect, nested within disturbance (natural vs. 

anthropogenic) 

Species richness (S), Shannon diversity index (H) and evenness (J) 

(Magurran 1988) were calculated to investigate the effect of disturbance type on 

plant community composition. The Shannon diversity index was ca lculated using 
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species covers as abundance values. Evenness was calculated as H'lIn S, where 

S is the number of spedes (Magurran 1988) 

To investigate the effect of vegetation (e.g., % woody cover, % 

herbaceous cover) and substrate cover (e.g., % silt cover, % sand cover) on S. 

jejuna cover, binomial logistic regression analyses were performed on pooled 

data. Spearman rank correlations were also performed to evaluate whether S. 

jejuna had any significant associations with other plant species. 

Finally, a principle components analysis (PCA) was performed to compare 

the vegetation and substrate cover between disturbance types and to examine 

the variation among sites within each disturbance type. The PCA included the 

functional plant groups (e.g .. % woody cover, % herbaceous cover) as we ll as 

substrate classes for percent cover (e.g .. % siH cover, % sand cover) 

2.3 RESULTS 

Influence of disturbance type on substrate 

Substrate of both natural aOO d isturbed S. jejuna sites is characterized by 

limestone material but varies grea~y in form and pattern (Figure 2.1). Natural 

sites have more exposed bedrock {natural " 22.6%:t 7.14%; disturbed" 0.8%:!:. 

0.35%; df:l , x~"808.55, p<O.OOI) aOO less area covered by gravels (granules: 

natural " 31.0%:!:. 4 .26%; disturbed = 47.8% :t15.78%; df"I , x~:714. 67. p<O.OOI; 

cobbles: natural = 7.5%:t 1.73%; disturbed" ".8%:!:. 2 .81%; df:l , X~=931.55, 

p<O.OOI). 60th natural and disturbed sites were found to have similar ground 
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covered by smaller particles (e.g., sill df"l, x2"O.14. p"0.712; sanddf:l, X2"3.66. 

p:O.056) (Table 2.2) and boulders (df:l, X2:1.62, p=:0.2036). 

Textural analysis revealed similar results with disturbed Sites having an 

abundance of larger particles; 6.9% greater coarse sand, 2.7% greater granule 

and 14.4% more pebble content than natural sites (dr-I, x2=24.52; X2=165.43; 

x2" 81.33; p<O.OOI, respectively). In contrast to percent cover data, textural 

analysis indicates natural sites have 19.9% more fine and 5.6% more medium 

sand than disturbed Sites (Figure 2.2; df"l, X2=425.30; x2=37.25; p<O.OOI, 

respectively). Silt content was not affected by disturbance type (df=l , X2=0.59. 

p=O.4406). 

Of the soil nutrients determined, total % nitrogen (dr-I , X2=165.43, 

p<O.OOI) and phosphorus (Fu =8.012, p=O.0299) were most affected by 

disturbance type (Table 2.3). Disturbed sites had higher total % nitrogen (natural: 

0.21% ± 0.05%, disturbed = 0.25% ± 0.07%) and significantly lower phosphorus 

content (natural = 31 .60 ppm ± 1.50, disturbed" 22.00 ppm ± 3.79). Soil pH. 

caldum, potassium and magnesium were not affected by disturbance type 

(Fu "6.7749, p=O.040; F1.6=2.563, p"0.1605; F "e=I.255, p=0.3054; F ,.e"0.578, 

p=0.4758. respec~ve l y). Disturbed sites had Significantly less soil moisture in 

both July (df:l. X2:95.98, p<O.OOI) and August (dr-I, X2:14.32. p<O.OOI). 

having 5.1% and 2.4% less moisture, respectively, when compared to natural 

sites (Table 2.3) 
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Figure 2.2 Total ground covered (mean i SE) by visual estimation of substrate dasses 
followingWentwor1t1 (1922). on natullllfy-{n=5 sites) and anthropogen;calfy-disturbed 
(n=3 sites) S. jejlJna study sites. on the limestone barrens of NewfOllndland (Canada); 
-represents significant difference between disturbance typBs (nested binomiallogist ie 
regression) 
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Table 2.2 Phys ical compos ition of substrate (mean (SEll (visuat ly estimated as % cover) 
compared betwoon natull3lly- and anlhropogenica lty-d isturbed S jejuna study sites 
limestone barrens of Newfoundland (Canada); July 2006 & 2001; (n=number of plots); P 
is the ievel of signmcance associated with differences between disturbance types using 
nested bilomi31 logistic regressK>n. 

~ " " 1~ ~ 

.. , 14.6 15.3 .. , " 37.8 
6HN·N(n=40) (0.06) (1 .84) (2.28) (0.90) (0.94) (3.()4) 

,.. .. "" 13.9 .. "' BK1-N(n_47) (0.66) (1 .84) (3.1)8) (1 .53) (0.96) (0.64) .. 22.4 "" ., " 10.7 
BK39-N(n-4t) (0 .17) (2.13) (3.04) (1 .13) (0.76) (3.02) .. " ". ,. " 32.0 
CNA·N (n~83) (0.1)9) (1 .04) (2.75) (0.74) (148) (3 .43) 

'.00 " 32.7 " " 31.6 
CNC-N(n=41) (0.03) (0.93) (3.04) (1.()6) (0.87) (3.85) . .- 11.08 31.0 ,.. .. , "., 

(0.26) (3.32) (4.26) (1 .73) (0.7') (7.U) 

133 13.6 22.7 17.4 " ... 
BKD-D(n"24) (2.65) (2 .21) (2.76) (3.53) (1.56) (0.42) ... .., "., ... " .. , 
CND-O(n=SO) (0.16) (067) (1 .44) (0.86) (0.72) (0.26) ... 10.5 43.9 ., " " CNE-Dln.,J3) (0.00) (1.55) (5.00) (2 .70) (2.77) (0.86) .., ,., 47.8 11.8 , .. . .. 

(4.31) (2.60) (15.18) (2.81) (0.99) (0.35) 
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DislUfDanceType 

Figur. 2.3 A comparison oflhe percentage (%) of subs Ira Ie (tedural enelysis ) ifl each 
partide size cJass (Wentworth 1922)on naturally. (1'1=5 sites) and anth fopogenically
disturbed (1'1=3 sites): S . jejuna study sites on the limestone barrens of Newfoundland 
(Canada): n= 10,numberof samplesoollectedpersite. 
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Influence of disturbance type on vegetation 

Total vegetation cover was similar on natural and disturbed sites (25.7%), 

though the amount of cover differed between disturbance types for the majority of 

func~onal groups (Table 2.4). Herbaceous cover(dr-l , x2=1'.22, p<O.OOI) was 

greatest on disturbed sites having a mean cover of 3.3%± 0.39% versus 2.9%± 

0.61% on natural sites. Natural sites {5.2% ± 2.78%) had the greatest coverage 

of bryophytes, ranging from 0.1% (CNA-N) to 12,3% (BK1-N). ""';Ih disturbed sites 

having only 1.8% ± 0.96% (dr-I , x2=36.02, p<0.001). Bare 9round was 9reatest 

on disturbed sJ tes (78.0% ± 8.62%) when compared to natural sites (76.4% ± 

6.09%) (df=l. X2;20.16. p<O.OOI). Even though e)(posed bedrock was. in general , 

more prevalent on natural sites, bare ground was higher on disturbed Sites due to 

the large portion of gravel content. Woody plant and lichen cover was similar on 

bolh nalural (woody: 17.3% ± 5.97%; lichen: 0.3% ± 0.28%) and disturbed siles 

(woody: 20,5% ± 9.20%; lichen: 0.1% ± 0.08%: df=l. X2=3.97, p:0.0463: x2:1.55. 

p=O.2138, respectively). 

Natural and disturbed sJtes were found to have 44 and 41 vascular plant 

species, ranging from 18-33 and 26-28. respectively (see full listing of species in 

Appendi)( I; does not include Carex and Poa species, which accounted for less 

than 2% mean combined coverage in both disturbance types). Species richness. 

Shannon diversity inde)(, and evenness (Ta~e 2.5) were not affected by 

disturbance type (F1.6=0.014, p=0.9074; F' ,e=0,1169. p:0.7441; Fu =0,4844. 

p=0.5123, respec~ vely) 
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Table 2.4 Mean:l: SE total ground area covered for naturally· and anthropogenically. 
disturbed S. jejuna study sites on the limestone barrens of Newfoundland (Canada): July 
2006&2007:(n"numberofstudyplots);pindicateslhe~velofsign ificanceassociated 
with differencesbetweeodisturbancetypeusingnestedbir1Omiallogis~cregression 

BK1·N 

BK39-N 

Woody Herbac.ous Byrophyte lichn Ba .. ground 
Cover I 'llo j Cov. r I 'llo j Cover 1%) Cover I'lloj Cover I'lloj 

40 20.4:1:3.69 3.410.32 
47 393:1:619 5.0:1:0.62 

" " 

N U±Q~ 

SO 2.6:0.15 O_O i O_OO 
3_8:1:029 

1.4:1:o.n 
001000 

01 the plant species found most were native perennials. one is considered 

provincially rare (Gentianel/a (YQPinqua) , one is endemiC to the island of 

Newfoundland (Braya fernaldii; threatened) . while only four were annualS 

(Euphrasla spp, Genlianella propinqua, Lomalogonium rolalum, Rhinanlhus 

minor). Seven species were restricted to natural sites (Anlennarla alpina, A. 

eucosma, B.fernaldii, Oasiphora frulicosa, Saxifraga aizok/es , Tofl6ldia glulinosa, 

Viola nephrophyl/a) while 3 species were limited to disturbed sites (Taraxacum 

cerafophorum, Genlianopsis nesophila, Genb'anella propinqua). No rlOn·native 
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plant species were found. With the exception of a few woody species (Dryas 

integrifo/ia, Empetrum nigrum, Juniperus horizonta/is, Sa/ixjejuna, S. ves/lta), the 

majority of vascular plant species had less than 1 % mean coverage on all sHes 

(see Table AII .I) 

Table 2.5 A comparison of species richness, Shannon diversity and Shanoon evenness 
va lues for naturally- and anlhropogenically-disturbed S,jejuna study sites on the 
limestone barrens of Newfoundland (Canada); July 2006 & 2007; (n=number of plots); p 
indicates the level oi significance assodatedw~hdifferencesbetweendisturbancetype 
using nested Anova 

BKt_N(nz47) 

SK39-N(n=41) 

CNA·N(nz83) 

CNC-N(n=4 1) 

CND-O(n=80) 

CNE-D(n=33) 

Specifls rlchness Shannon diversity 
(IIfIrm') (IIfIrm') 

(IIfIr m') 
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Influence of disturbance on habitat across the species range 

Principle components analysis indicates that anthropogenically-disturbed Mes 

were more homogeneous in habitat structure when compared to naturally-

disturbed sites (Fig 2.4). Disturbed sites general ly grouped along both principle 

components, with the exception of a few plols with higher woody coverr;ge at 

eNE-D, which were located at the edge of unmodified habHat. 

Habitat of anthropogenically-disturtled sHes varied according to 

disturbance intensity (Fig 2.4); where the organic layer had been partially or 

totally removed, and where the habitat was continual ly disturbed (e.9., ATVs, 

road dust), sites were characterized by higher gravel content (both % covet" and 

leKtural analysis), lower soil moisture and depleted levels of phosphorus (Table 

2.2 & 2.3). CND·D (intensity level 3), a site where the organic layer was 

complelely removed. is distinguished by high gravel contenl, very low woody 

species cover. and the absence of bryophytes and lichens. In contrast. BKO-O 

(intensity level 1). where the organic layer was only partia lly removed and where 

evidence of frost sorting exists, nne particles are stil l present, allowing for the 

colonization of bryophytes. 

Just as there is variation in the degree of anthropogenic disturbance 

across species range there is also variation in natural disturbance intensity 

(cryogenic processes) and substrate conditions (Greene 2002: Rafuse 2005). 

Natural substrates vary from patterned ground in the form of frost boils at BK1-N 

or frost stripes at BK39-N. to sites with primarily exposed bedrock (BHN-N, CNA-

N. CNC-N) and no evidence of frost action (Figure 2.4) 
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PC1 accounted for 24% variance and represented sites with a high 

amount of woody, herbaceous, bryophyte and lichen cover (loadings >0.20). PC1 

also represented sites with a low amount of bare ground (-0.58) and granule si~e 

partides (-0.37). PC2 accounted for 15% variance and represented sites wi th 

low bedrock cover (-0.74) and high granule content (>0.38). 

Variation in substrate conditions and vegelation cover among and within 

natural sites may be explained along a geographical gradient. though the pattern 

is not true for all substrate or vegetation classes. For example, SK1-N, the most 

southern site. has littte exposed bedrock (0.7%). while BHN-N, CNC-N , and CNA

N, the most northerly sites have mucil higher exposed bedrock content (31 .6%-

37.8%) (Table 2.2). However, geographically close sites were not always similar 

in vegetation cover; CNC-N had considerably more bryophyte cover (11 ,8%) than 

CNA-N (0.1 %) even though these sites have similar substrate conditions and are 

approximately one kilometre apart 

In addition. BK1-N and CNC-N stand out among the natural si tes as 

having high bryophyte cover, even though these sites have quite different 

substrate conditions. At BK1 -N bryophytes grow on fine , moist sediments, 

whereas bryophytes grow within the crevasses of large blocks 01 exposed 

bedrock and on patches of shal low soil overlaying bedrock at CNC-N. The 

shattered limestone bedrock and fine sediment at SK1 -N contribute to the high 

amounl of woody cover by providing conditions for root anchoring 
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What habitat characteri$tiC$ influence the abundance of S. jejuna? 

s. jejuna was more abundant on disturbed sites (natural: 1 .3%tO. 18%; 

disturbed=2.3%tO.28%; df=l, x1=43.44, p<O.OOI), ranging from 1.1 % (CND-D) to 

3.9% (CNE·D), and having significant among site va ri ation (df=6, X2=162.45, 

p<O,OOI). S. jejuna ranged from 0.6% (CNC-N) to 2.9% (BK1-N) on natural sites 

Regression analysis on pooled data (al l sites) shows that among all measured 

substrate and vegetation cover classes. three were most important lor the 

co~erage of S. jejuna; namely, the cover of woody plants (excluding target 

species) (df=l, l=39367. p<O.OOI). bryophytes (df=l. l=91.87. p<O.OOI ). and 

the percentage of bare ground (df=I , X'=6.80, p=0.009) 

S. jejuna has greatest coverage when woody plant cover Is less than 50%, 

when bryophyte cover is less than 20%, and when bare 9round cover exceeds 

60%. Spearman's rank correlation analysis on pooled data. using percent cover 

~alues, indicates S. jejuna is positively correlated with Plantago maritima (r=0.354, 

p<O.OOI). Salix reticulata (1""'0.242, p<O.OOI). and Saxifrage oppositifolia (1""'0 .149, 

p:o(l .OO3). S. jejuna occurs with lhese species on all sites and there is no pattem 

with disturbance type. S. jejuna is negatively correlated with Dryas in/egrifolia (1""'-

0.238, p<0.001). Juniperus horizontalis (r=-0.242, p<O.OOI), Pinguicula vulgaris 

(1""'-0.224, p<O.OOI), and Empetrum nigrum (r = -0.155, p= 0.002). S. je}una is 

particularly low in abundance «1% cover) when plots were high in coverage of 

three woody species; Yotlen D. inlegrifoJia is greater than 10%, J. horizonta/is is 

greater than 15%, and lYtlen E. nigrum is greater than 20%. This relationship 

occurred on 60 to 80% 01 all sites and was not dependent on disturbance type 



PC. 

Figure 2,4 Scat1erplot of first two principle components for nalurally-alld 
anthrop<:>g.enicaHy-disturbedpopulalionsotSa/ixjejuna, on the limestone barrens of 
Newfoundland (Canada). The larye circles (Natural=black. Disturbed =grey) er>eompass 
the majOOtyof plotswi\t1in each disturbar.cetype. Each point on thescatterplot 
represents a sllJdy plot. coded by site and disturbance type (Natural" black,Disturbed= 
grey). Oufl;ersare plots Iocaled aloog site boundaries (e.g., BK1·N and CNE-O) with 
significantly greater woody species cover. PCI aooounled for 24% variar.oe and 
represented sites with II high amount 01 woody. herbaceous. bryophyte arld lichen oover 
(loadings >0.20) and a low arnoo;nlof bare ground (..o.s.6) and granule size partides 
(-Q.37),PC2aCOlUllted forI5%variar.ce and represenled sites with low bedrock cover 
(..Q.74) and high granule oontent (>0.38) 
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2.4 DISCUSSION 

Study results show distinct differences in substrate conditions and vegetation 

community slructure between nalurally- and anthropogenically-dislurbed 

limestone barrens habitat, throughout the narrow range of the endemic, 

endangered Salix jejuna. Anthropogenically-d isturbed sitas hava coarser 

substrate (30% more gravel) with less fine grained sands, less exposed bedrock, 

decreased soil moisture, increased nitrogen content, reduced phosphorus 

content, as well as increased herbaceous and reduced bryophyte cover. If 

anthropogenical ly-dislurbed sHes are 10 be used as recovery habitat for 

endangered limestone species, they will need 10 be restored to pI'Omole natural 

ecosystem processes, natural vegeta~on community structure, and to reflect the 

heterogeneity of natural habitat 

Effects of disturbance on substrate conditions and vegetation 

The habitat of most species is heterogeneous on many scales due to natural 

disturbances and impacts of human activities (Lord and Norton 1990), However, 

it appears that human disturbance on the limestone barrens creates 

homogeneous habitat which lacks fine sediments and pronounced substrate 

sorting (e.g., frost tJoilsor stripes), Natural sites, in contrast, display much 

variation in substrate and vegetation cover across species range, as well as 

natural disturbance pattems. Studies on the limestone pavement alvars of 

Ontario (Canada) also show spatial heterogeneity in vegetatkm cover (Stark at al. 

2003) and environmental factors such as soil depth, microsite composition, and 
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elevation (Lundholm and Larson 2003). Vegetation cover (Star1o; et al. 2003) and 

species richness (Lundholm and Larson 2003) were positively correlated with soil 

depth. Microsite composition heterogeneity also played an important role in 

species richness (Lundholm and Larson 2003). Variation in species richness 

within natural Sites suggests that large-scale spatia l variaDility in environmental 

lactors may occur across species range and should be furthef studied to 

understand their role in the growth of S. jejuna and in the maintenance of this 

unique limestone habitat 

In a simi lar study, Greene (2002) found comparable results in substrate 

conditions on disturbed sites when studying the haDitat requirements 01 two 

Sraya species. also endemic to the limestone barrens of Newfoundland. He 

noted that anthropogenical ly-disturbed sHes experienced less natural disturbance 

and had at least 50% more gravel content than natural sites. Previous to this. 

Noel (2000) demonstrated that Braya on human-modified substrates experienced 

high recruitment but tow persistence, while the opposite was true for naturally

disturbed substrates_ This WO"' also indicates a change in the target species 

growth (e _g " S. jejuna was found to have greater covefage on disturbed sites) 

whi le previous research noted changes to the species lile history traits on 

disturbed sites (Chapter 3). For example, in a companion study, it was noted that 

the aDility 01 plants to reproduce clonally through layering was reduced on 

disturbed substrates (Chapter 3). The lack of fine particle sized substrates on 

disturbed sites is thought to be the main limitation to clonal growth as 

adventitious roots produced on lateral brancheS cannot establish in coarse 



sediments. A reduction in sand content was also observed on abandoned 

limestone quarries in Ontario (Tomlinson et aI2008) though no related studies 

were found which examined the effects of disturbance on native alvar plant 

species rep(Oduction. 

Habitat changes in anthropogenically-disturbed substrate, such as the 

removal of fine grained partides. resulted in a reduction in soil moisture (Oriscoll 

2006). by decreasing the retention properties of the soil matrix (McKendrick 

1991). Studies under similar arctic-like dimate regimes have shown that a 

reduction in soil moisture can affect the recovery potential of disturbed sites 

(Babbs and Bliss 1974; Bishop and Chapin 1989). In their review 01 disturbance 

effects in the high Arctic , Forbes et al. (2001) noted that natural regeneration was 

very slow on dry disturbed sites and recovery was decreased on dry sites that 

experienced even low intensity disturbance (e.g .. light trampling. or in this case 

ATV traffic). These studies suggest that ""';thout site·spadfic restoration. 

disturbed areas ""';thin the limestone barrens may have a very slow natural 

recovery rate, especially considering that natural cryogenic processes are limited 

on disturbed sites; processes by which many arctic-alpine plants depend lor upon 

successful establ ishment by seed (Noel 2000: Sutton et al. 2006) 

Natural recovery of disturbed sites can somet imes lead to changes in 

species composition (Sumina 1994): however. as is common in most disturbed 

arctic-tundra communities, there was no major shift in the vascular plant 

assemblage on disturbed sites. and no non-native spades were found (Babb and 

Bliss 1974: Ebersole 1981: Kevan et al. 1995: Forbes and Jeffries 1999), even on 
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sites with close proximity to frequently travelled roadways. This contrasts the 

findings of spedes composition for abandoned limestone quarries in Ontario; 

vegetation consisted of 40% non-native exotic species (Tomlinson et at. 2008), in 

comparison to 7% in undisturbed alvar communities (Schaefer and Larson 1997) 

The arctic- like climate and cool onshore winds distinguish the nora of the 

limestone barrens from the native alvar flora of Ontario and inhibit the 

introduction of non-native species (Catling and Brownell 1995). 

Though revegetation of disturbed sites on the limestone barrens is 

primarily by native vegetation. it remains unclear whether these native spades 

have established by seed from ad}acent naturally-disturbed communities or from 

seeds that remained in the disturbed soils. A companion study (Chapter 3) 

showed that disturbed sites have a larger proportion of yaung S. jejuna plants 

«10 years). comprising of 53-63% of the studied populations. Moreover, 

populations inhabiting natural sites had a larger proportion of individuals over the 

age of 21; 17% on natural sites versus 4% on disturbed sites (Chapter 3). These 

data suggest that S. jejuna establ ished subsequent to the disturbance event. This 

is also likely tnJe for the other five prostrate Salix(S. calcicola, S. glauca, 

S. reticulata. S. uva-ursi, S. veslita) spedes which were found on disturbed sites 

and accounted for a large portion of woody cover. Salix species are known to be 

important colonizers of disturbed areas in tundra communit ies. often having high 

seed production and viability (Bliss 1958: Sumina 1994). This demonstrates that 

S. jejuna and other dominant Salix species play an important role in the primary 

succession of disturbed si tes 
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The recovery of disturbed sites can be inhibited by the continual 

disturbance of off-road vehicle use (e.g .. ATVs) (Rafuse 2005). which was 

commonly observed during fieldwor11. And, unfortunately, the rocky nature of the 

limestone barrens leads to the common misconception that these areas can 

withstand the pressures of continued off-road vehicle use. Many authors have 

examined the response and resilience of arctic or al~ne plant communities to 

anthropogenic disturbances such as pedestrian trampl ing. In arctiC Alaska (US). 

Monz (2002) noted a reduction in plant cover of greater than 50% immediately 

after trampling. Cole (1995) found that woody shrubs were moderately resilient to 

trampling: however Forbes (1992) demonstrated that few dwarf woody shrubs 

survived light trampling. In an alpine area in Italy, Rossi et al. (2006) confirmed 

that Salix llerbacBa was very susceptible to trampling damage. which is 

consistent with Rafuse (2005) who noted direct physical damage to S. jBjuna by 

off-road vehicles, on the limestone barrens of Newfoundland. In a long term 

demographic study, Maschinski et al. (1997) showed that human trampl ing 

caused high mortality rates and negatively Impacted the time to reproduction in 

seedlings of the endangered limestone perennial Astragalus CTBmnopllylax var 

cremnopllylax. After restricting public access to the endangered plant. 

populations rebounded and viability modeling indicated a stabilized population. 

These studies, and others, suggest that in order to ensure the long term 

persistence of S. jejuna all off-road vehicle use should be prohibited 00 the 

limestone barrens to protect its reproductive potential and critica l habitat. 
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Recommendations for recovery and restoration 

Globally, the botanically and geologically rich habitats of limestone pavements 

(barrens) are threatened due to quarrying, residential development, farmland 

conversion and horticultural use (Catling and Brownell 1995: Reschke et al. 1999; 

Goldie 1993: Bennett et al. 1995). Preservation of natural limestone ha~tat is 

essentia l as only 3% of the limestone pavement remains intact in some countries 

(Anon 2001). 

The endemic Salix jejuna is associated with the restricted limestone 

barrens ha~tat of Newfoundland. Persistence in this unique environment relies 

on the ability to adapt to the challenging conditions presented by an arctic-like 

climate (e.g., short growing season. temperature ftuctuations, cryogenic substrate 

processes), as well as a nutrient poor, moisture depleted limestone substrate, 

arxl more racently, the pressures of human disturbance. This research has 

demonstrated that S. jejuna can establish under all of these stressors and ptays a 

critical role in the natural revegetaton of disturbed habitat within this globally rare 

ecosystem 

However, this research suggests that the long term stability of S. jejuna is 

compromised by human disturbance through road construction. quarrying. and 

off-road vehicle use. Substrate changes have been shown to alter reproduction 

through the removal of fine grained partictes on disturbed Sites. Removal of fine 

sediments decreases the retention properties of the soil matrix, lik~y leading to a 

depletion of important macro nutri ents such as phosphorus (Kevan et al. 1995). 



1- -
Off-road veh icle use has long term consequences to this fragile, imperi lled 

habitat and to its endemic, rare plants. Rafuse (2005) demonstrated that off-road 

vehicle use on the limestone barrens was dependent upon the substrate 

cond~klns. For emmple, siles with rounded rocks and little soil cootent, as seen 

at the most severely disturbed site in this study. were moved easi ly and caused 

direct damage to endemic plants. Sites with thicker soil content, as seen at the 

majority of S. jejuna natural sites, hold angular rocks upright which are more 

resistant to movement by vehicle traffic , hence, less damage to individual plants 

occurs. The research presented herein suggests thai even severely disturbed 

siles are negatively affected by off-road vehicle use and that all off-road vehicle 

use should be restricted on the limestone barrens 

Removal 01 the pressures associated with off-road vehicle traffic may not 

be sufficient lor the complete recovery of S. jejuna ar.d 01 disturbed limestone 

barrens substrate in general. Due to the large portion of disturbed habitat within 

S. jejuna's limited range. active restoration of disturbed sites may be needed to 

meet the optimal habitat requirements of S. jejuna ar.d to ensure population 

persistence. Additionally , long term demographic monitoring of populations 

(Chapter 3) may ir.dicate that the introduction 01 S. jfljuna to unoccupied 

undisturbed sites is necessary for long term species persistence. Preliminary field 

trials ir.dicate that the establishment of cuttings in situ may be an effecove 

method of reintroduction (Driscoll unpublished data). 

Restoration of disturbed habitat may require the addition of fine textured 

soils to coarse material as a means of improving water retention ar.d nutrient 



binding capadty, as suggested for disturbed arctic communities (McKendrick 

1997). The addition of sand-sized particles has also been suggested as a 

restoration strategy for improving revegetation on abandoned limestone quarries 

(Tomlinson et al. 2008) or other areas where accumulations 01 substrate have 

been removed (Stark et al. 2004) 

If restoration is deemed necessary, management should also endeavour 

to renect the heterogeneity of adjacent natural communities, also keeping in mind 

the species preferences highlighted in this paper (e.g., S. jejuna's positive 

assodation with S. mliculala, Plantago maritima and Saxifrage opposilifolia) . 

Management of this rare species may also require the maintenance 01 open 

habitats to reduce competition by other woody species such as Juniperus 

hryizonlalis, Dryas integrifolia. or £mpe/rum nigrum, which interestingly, has 

been shown to have phytoto:<.ic properties (Nilsson 1994). This may require the 

removal or "trimming" of individual plants on selected sites, though scientifically 

defensible experimental research should be conducted to determine the 

effectiveness of this. and other proposed recovery solutions, including substrate 

manipulations. 

In summary, this work provides valuable information to conservation 

managers and cou ld effectively be used: i) to aid in the development of effective 

recovery documents; ii) as a scientifically defensible template for active 

restoration of disturbed limestone barrens hab4tat and a means of restoration 

evaluation: ii i) for accurate del ineation of critical habitat: iv) for identification of 



suitabte reintroduction sites if required; and v) for the evaluation of areas best 

suited forecotourism activities (e.g., walking paths), should they be developed 
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3.0 ANTHROPOGENIC DISTURBANCE ALTERS THE 
LIFE HISTORY TRAITS OF THE LIMESTONE ENDEMIC, 
SALIX JEJUNA 

3.1 INTRODUCTION 

Anthropogenic disturbance has been shown to a lter the predominant life fonn in 

plant communities (Mcintyre at al. 1995), decrease population growth rate (Ureta 

& MartofeIl2009). and increase the likelihood of hybridization in natural 

populations of rare plants (Lamont et al. 2003; Parsons and Hermanutz 2006), 

having direct impl ications on long term population persistence (Maschinski at al. 

1997). Populaijons of endemic rare plant species are especially vulnerable to 

anthropogenic change because of their unique habitat, limited distributions. and 

requ irement for specific disturbance reg imes (Fie lder and Ahouse 1992; 

Maschinski at ai, 2004). Due to the restricted nature of rare endemic plant 

species (Kruckeberg and Rabinowitz 1985), and the occurrence of anthropogenic 

disturbance worldwide (Hoekstra et al. 2005), anthropogenically-disturbed areas 

may be required for use as recovery habitat. However. recovery planners must 

first determine whether disturbed habitats are capable of supporting long term 

self-sustaining ra re plant populations by examinin9 the species response to 

disturbance. 

The effects of disturbance on rare plant populations inhabiting 

anthropogenically-disturbed habitats have been examined in a variety of habitats 

(Pavlovic 1994; Maschinski et al. 1997; Walck et al. 1999; Lamont et al. 2003; 

Manorell & Peters 2005; Parsons and Hermanutz 2006; Manorell 2007; Ureta 
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and Martorel l 2009}, however, few studies have addressed the response of 

woody spa<;ies to human disturbance (Tolvanen et at. 2002; Morris et at. 2004; 

Rossi et at. 2006). Furthermore, although it is estimated that al ~ast 60 rare plant 

species occupy both naturally- and anthropogenlcal ly-disturbed habitats 

worldwide (Pavlovic 1994), the comparative reproductive biology or demography 

of rare plant populations between disturbance types has been minimally 

examined (Noel 2000: Quintana-Ascencio et al . 2007: Squires 2010) 

The northern limestone barrens of Newfoundland (Canada) are considered 

a national hot spot for plant diversity, supporting three SARA listed endemics 

(Species at Risk Act 2003) and 114 of the province's 271 rare plant species 

(Bouchard et al. 1991). Over the last several decades, anthropogenic activities 

(e.g .. quarry, road constn.lction, oft-road vehicle use) have degraded much of this 

globally rare habitat (Hennanutz et at. 2002; Djan-Cht'lkar et at. 2003) and have 

altered the natural soil disturbances ("';a frost activity) (Greene 2002: Rafuse 

2005; Chapter 2) on which many arctic-a lpine plants rely upon for regeneration 

(Noel 2000: Sutton et at. 20(6). Noel (2000) noted that anthropogenically

disturbed populations of two limestone endemics, Braya longii (endangered) and 

B, fernaldi; (threatened). d isplayed marlled differences in their life history traits in 

comparison to naturally-disturbed populations (Species at Risk Act 2003), Plants 

on naturally-disturbed soils were smaller and had a patchy distribution, whereas, 

plants on anthropogenically-dislurbed soils were larger, produced more seeds, 

had a shorter life span (Noel 2000), and were more at risk to insects and 

pathogens (Squires 2010). In another study, Rafuse (2005) demonstrated that 
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off-road vehicle use on the limestone barrens causes direct damage to native 

endemic plants and produces substrate compaction. which alters the micro-

habitats initiated by frost activity 

A large portion of the habitat of the endangered (Species at Risk Act 2003). 

limestone endemic, Salix jejuna (Barrens willow) has also been altered or 

destroyed through limestone quarrying and road development (Anions 2000), and 

is continually disturbed due to off-road vehicle use (Rafuse 2005). Previous 

research on th is species has focused on developing techniques for ex situ 

conservation (Driscoll 2006) with less attention paid to in situ species 

conservation. To assess the potential use of anthropogenically-disturbed areas 

as recovery habitat for S. jejuna , conservation management requires a better 

understanding of the species key life history parameters (longevity, reproduction) 

within both naturally- and anthropogenically-disturbed populations 

Understanding demographic parameters and identifying disturbance effects have 

been outlined as recovery actons in the S. jejuna Recovery Strategy (Ojan-

Chekar et at. 2003) 

Several aspects of Salix demography in natural populations have been 

studied including sex ratio (Crawford and Balfour 1983; Shafroth et at. 1994; 

Alstrom-Rapaport et at. 1997; Jones et at. 1999; Predavec and Oaoo112001 ; 

Ueno et at. 2007). population structure (Lascoux et at. 1996), seed dispersal 

(Densmore & Zasada 1983). seedling establishment (McLeod and McPherson 

1973; Alliende and Harper 1989; Bishop and Chapin 1989; Niiyama 1990: Sacchi 

and Price 1992: Douglas 1994: Barsoum 2002; Gage and Cooper 2005: Van et a t. 



2007). and productivity (Sampson and Jones 1977). as well as the response of 

Salix populations to both natural- (Douhovnikoff et al. 2005) and anthropogenic

disturbance (Auerbach et at. 1997: Rossi et at. 2006). Few studies. however. 

have examined endangered or endemic Salix species (but see Terzioglu et at. 

2007). unless the prinCiple focus was to determine genetic variation (Purdy et al. 

1994; Purdy and Bayer 1995: Kikuchi et at . 2005). Even fewer ecological studies 

have been conducted on dwarf. prostrate Salix species (e.g .. Douglas 1967: 

Hakkarainen et at. 2005: Bret-Harte et al. 2002; Tolvanen et al. 2002: Reisch et al. 

2007: Pakeman et al. 2006). though the life history tra its of prostrate Salix 

species. inhabiting similar arctic-alpine conditions have been described. Most 

have been described as reproduCing through an underground horizontal root or 

rh izome system: S. polaris (Douglas et al. 1997): S. setchelliana (Douglas 1987: 

1989: 1994): and S. herbacea (Wijk 1986a: Beening 1996: Stamati et al. 2007). 

S. herbacea is also known to produce adventitious roots on rhizomes. buried 

shoots and newly developed lateral branches {Wijk 1986b). In these harsh arct iC

alpine conditions, vegetative propagation is thought to be more important than 

sexual reproduction (Grime 1979). ln addihon. although S.jejuna recruitment is 

seed limited. asexual reproduction is limited by anthropogenic disturbance: 

therefore. disturbance could potentially alter the natural demography of this 

endangered. endemic species. 

This study aimed to examine the relative importance of sexual and asexual 

reproduction of S. jejuna in natural ly- and anthropogenical ly-!listurbed habitats. 

throughout the species range. To do this the following questions were addressed' 
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(i) are populations regenerating sexually? To answer this seed productivity, seed 

viabHity, naturat recruitment. seed addition experiments, seed rain and population 

structure were e)((lmined ; (ii) are populations regenerating through vegetative 

means? To this end, over 80% of individuals in each population were surveyed . 

evidence of donal growth was recorded and excavations to investigate 

interconnectivity were performed ; and (iii) do naturally-disturbed populations differ 

from anthropogenically-disturbed populations? and, if so, (iv) what effect does 

disturbance intensity have on anthropogenic populations? This research will 

contribute to science based spades recovery by providing information to assess 

whether anthropogenically-disturbed populations require disturbance-specific or 

site-specific in situ conservation approaches 

3.2 METHODS 

Study sites 

Research was conducted on the limestone barrens of the Great Northern 

Peninsula on the island of Newfoundland (Canada), located within the Strait of 

Belle Isle ecoregion. The limestone barrens are characteri~ed by a cool , wet, and 

windy climate that supports tundra-like vegetation (Banfi~d 1983: Donato 2005) 

This area harbours many rare pjants including the endemic Salix jejuna (Barrens 

willow). two endemic Braya species (Braya I(){]gil; B. fernaldil) (Hermanutz et al. 

2002). and other provincially listed species. Populations 01 S. jejuna are patchily 

distributed between Cape Norman in the north. and Watt's Point Ecological 

Reserve at the southern end of its distribution (Djan-Chllkar et al. 2003: 



http://www.env.gov.nl.ca/parj(s).andarepredominate ly coastal , occurring on 

average within 100 metres of the coast of the Strait of Belle Isle. 

In the past. much of the limestone barrens habitat was disturbed during 

the process of road constnJction and limestone quarrying: in the last 

approximately 10 years, off-road vehic~s such as ATVs have caused 

considerable habitat degradation. To investigate the effects of anthropogenic 

disturbance. eight study sites across the entire species range were identified in 

both naturally-disturbed substrates (undisturbed by human activity though 

naturally-disturbed via frost activity) (N=5) and anthropogenically-disturbed 

substrates (N=3). referred to as "disturbed" (Table 3.1). The selected sites 

represent populations throughout the entire range of the species as well as 

populations of S. jejuna that were sufficiently large and dense to obtain an 

appropriate sample size. All sites were d assified visually according to 

disturbance Intensity (amount of anthropogenic disturbance; Rafuse 2005) on the 

basis of physical evidence at the time of sampl ing. Physical evidence induded 

degree of soil compaction (visual estimation), amount of vehide damage (number 

and depth of tracks) , and proximity to continual disturbance source (e.g .. road) 

Disturbance intensity was classified on an ordinal scale from 0 to 3 where 0= no 

indications of anthropogenic disturbance, 1 = low, 2= moderate, and 3= severe, 

following the protocol of Mcintyre and Laverel (1994) 
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Study species 

Salix jejuna (Fernald L.) is a prostrate shrub with shoots typically reaching 1 em 

in height to a maximum of 2 cm. It has short petioles and oblong to elliptic shaped 

leaves (Fernald 1950), with variation in leaf and plant morphology throughout its 

range (Appendi)!. V). It is a deciduous, dioecious plant producing on average 13 

male and female catkins per year (Driscoll, unpublished data). Male catkins are 

produced in early-June and begin to release fXIlien by the 3-4'" week of June 

Female catkins develop later in the growing season, being ferl ilized in late June 

and releas ing seed by the 3-4111 week of July (Driscoll 2006). Seeds of S. jejuna 

are very small and are dispersed readily by wind. as is common for Salix species 

(Argus 1965). Though seed weight was not measured in the present study, the 

dry mass of seeds was determined to be from 0.38 mg (5. subfregilis) to 0.23 mg 

(So rorkfa) in t'NO Sali)( species (Niiyama 1990). On the limestone barrens,S 

jejuna Is a dominant woody component. occurring with other Sali)( species such 

as S. ca/cicoJa, S. glauca, S. reticu/ata, and S. uva-ursi, and may hybridize wi th 

these congeners (Djan-CMkar et al. 2003) 
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Table 3.1 Sali" jejuna study site information indicating disturbance \yP(I {N"natural 
D"anthropogenic) and ~tens ity of anthropogenic disturbar1te (0= none. 1= low. 2= 
moderate. 3= severe). on the limestone barrens of Newfoundland (Canada ). S~es are 
listed from most southerty to most northerty; see methods for details on sampling 

Descr iption of Disturbance 

Organk: layer sti ll removed, some 
evidence of pal1emed ground 

Frost boils present; naturally 
snallered limestone; highly wind ._d 
Frost slripes presenl; 
Highly wind eroded 

largely exposed bedrock; highly 
wind eroded; most coastal site 

Organic layer completely 
removed. rounded coarse 
sed iment. vehk:le tracks. conunua l 
exposure to vehicle dust 

largely exposed bedrock; 
low wind erosion 

CNA·N largely exposed bedrock; 
l ow wind erosion 

Organic laytlr partia lly removed. 
vehicle tracks, rounded coarse 
:~::~I~:"li r.ual exposure 10 

Field Sampling 

Demographic census 

Density of 
Intensity adult Ar ... 

S. jeju~ (m' ) 
plants (m') 

18.3 

In June-July. 2006, on each sile. 6 to 7 belt transects (20-30 m in length) on each 

site were Situated perpendicular to the coast of the Strait of Belle Isle. To ensure 

representative sampling across tI1e entire study area, plots (1 m2) were randomly 



selected and temporarily establ ished within each belt transect. The number of 

plots varied among sites depending upon the total site area, density of adult 

plants and site homogeneity (Table 3.1). Site area was easily determined with a 

measuring tape as habitat occupied by S. jejuna was clearty dist inguishable from 

local vegetaUon. Density of plants was later measured by dividing the total 

number of plants surveyed on each site by the number of plots surveyed on each 

site. Plots (N"'16 - 70) were closely examined for the presence of seedlings, 

juveniles, vegetative adults and reproducUve adults. In this study ' seedlings' 

were considered to be < 5 mm in height with only one or no leal scars. Plants 

were considered to be "juveniles' if height,. 5 mm with 2-4 leaf scars, had some 

internode elongation and 1-2 sets of true leaves. Adult plants have more than 2 

sets 01 true leaves. greater than 41eaf scars and typica lly have multiple branching. 

Differentiation between seedlings of S. uva ursi and S. jejuna was difficult 

therefore all Salix seedlings found were considered the study species (Woods 

and Cooper 2005). This assumption was possible as S. jejuna had greater 

ground coverage than S. uva ursi on all sites. with the exceptiOn of BHN-N 

(Chapter 2). 

Defermination of sex ratio 

Sex is a stable character in Ihis species. Sex ratio was determined on all sites in 

2007 on two separate sampling dates due 10 the d i fferen~al development time of 

male and fema le catkins. Established belt transecls were surveyed in earty-June 
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2007 lor the presence of male catkins and were revisited in early-July 2007 for 

the presence of female catkins. 

Froit and Seed Production 

In 2006. the number of catkins on every female plant (N = 9 - 59) encountered in 

the study plots was counted. In late July 2006, at the beginning of peak seed 

release mature catkins (N = 10-30)were randomly sampled from individuals on 7 

of 6 sites. Fol lowing guidelines from the Royal Botanical Gardens. Kew (2006). 

less than 20% of seed produced per site was collected; with one site (BK39-N) 

not producing sufficient catkins to allow collection. Seeds were used in 

germination tests and seed addition experiments; however insufficient data were 

co llected to allow for determination of seed production per adult. Therefore, in 

2007. further catkins were collected (N=IO-30) at the same phenological stage as 

in 2006, on 6 of8 sites following the same procedure. In 2007, 2 sites (BK39-N 

and CNC-N) did not produce enough seed to allow for seed collec~on . 

For each catkin. the total number of ovaries (fru it) was counted and 

random selections of 3-5 ovaries (30% of total ovaries) were allowed to dehisce 

individually. The number of seed in each ovary was then counted. Seed 

producti vity was ca lcu lated on a site basis as follows: 

Seed produdivity (# seeds per m2) = #- female plants per site ' 

mean #- catkins per female plant (data collected in 2006)* 

mean #- ovaries per catkin ' 

mean # of seeds per ovary) I area surveyed (m2) 
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Germination Tesfs 

Seeds were col lected on all seed producing sites in 2006 and 2007 in order to 

examine annual and spa~al variation in germination success. Catkins were 

al lowed to dry overnight in a Petri dish at room temperature to allow for complete 

capsule dehiscence. The pappus was gently removed from all seeds and seeds 

were randomly selected for germination tests. In replicates of 5 or 10. seeds were 

placed onto moistened filter paper and tests were carried out in a groW'lh 

chamber at 20·C for 14 hrs (light) and 10 hours (daf1.:) with 85% humidity lor 21 

days. This protocollollows that of Bishop and Chapin (1989) however. the 

number of light hours was reduced to renee! the natural environment 01 the 

species. The number 01 seeds tested per site varied due to seed avai labil ity (N '" 

40 to 100). Germination was recorded daily throughout this period 

Seed Rain 

During peak seed release (July 26 to August 8, 2006) seed rain was measured 

on sites with highest observed seed productivity (BKIAB. BKD and CNC). Seed 

rain traps consisted 01 a Petri dish. a waterproof Phero TechC glue sheet (area '" 

25cm2). and two thin metal holders which secured the trap to the ground. Twenty 

traps were set up and changed weekly on each site along 5 to 71ransects 

Transects were located across the study site to achieve representative dispersion 

in all areas 01 the site. The distance from each trap to the nearest seed source 

was measured with a measuring tape. As Salix seeds are visually 

indistinguishable (Gage and Cooper 2005). and S. jejuna is the dominant Salix 
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species on most sites (Chapter 2), it was assumed all Salix seeds found were of 

the study spe6es. 

Seed Addition 

As it is known that S.jejuna seedlings grow well in alpine greenhouse soil mix 

under greenhouse cond itions (Driscoll 2006). an experiment was designed to test 

the limitations of the natural in situ environment on seedl ing establishment. In 

late-July, 2006 seeds were planted on 7 Sites in ground level containers of alpine 

greenhouse so il mix (N=25) (Memorial University of Newfoundland Botanical 

Garden) and in randomly located 0.5 m x 0.5 m plots (10 cm x 10 cm grid) of 

natural ly occurring substrate (N=35). The alpine greenhouse soil mix was 

contained in an aluminium pan (22cm x 14 cm x 5 cm) secured to the ground with 

4 thin metal wires. Containers were nol buried to ground level to minimize 

disturbance to natural substrate. Ten seeds were planted in each expefimenlal 

pial. Contro l plots (natura l substrate) and control conta iners (alpine greenhouse 

soil mix) were also establ ished. at the same time. for each treatment to control for 

natural seed rain. Controls were located 1 metre adjacent to experimental 

plots/containers. Following planting, plots were moistened to field capacity wi th 

d istilled water. The number 01 seed addition piots established (Natural; N = 2-10, 

Alpine: N = 2-7) depended upon Ihe amount of available seed as well as the size 

of the site (Table 2.1). In total. 350 and 250 seeds were planted in natural and 

alpine soil mix. respectively. Two alpine container plots were removed from the 

experiment on each of BK1-N and BKD-D due to wind damage. Seed emergence 

-61-



was monitored in early- and mid-August 2006. mid-October 2006, mid-June 2001 

and late-July 2001. Because germination experiments were conducted at the 

same time as plan~ng for this experiment. the maximum seedling emergence 

was a function of the germination rate determined throU9h controlled germination 

Above and below ground clonal growth 

To investigate the presence and extent of clonal growth, all adult plants (N = 51 -

385) were examined wtthin study plots on al l sites (N = 16-10). An individual plant 

or ramet was defined as a group of shoots emerging from a common stem/root 

complex. Above ground clonal growth was indicated by scarring on the main root 

collar complex; where a lateral branch had detached. On most plants placement 

of the "detachment" scar was correlated wi th the location of established lateral 

branches within 2-5 em of the main root collar complex. This does not account for 

branches lost to wind or erosion and is used only as a comparative "index- of 

clona l growth. The number of adventitious roots per plant was also recorded as 

an indication of the poten~al for vegetative expanSion. Clonal growth was then 

estimated using two methods; i) the number 01 detachment scars on the main 

rOOI co llar complex and ii) the presence of adventitious roots on at least one 

lateral branch 

To investigate under ground clonal growth excavations were carried out in 

September 2005 and May 2001 on It1ree natural (BK1-N, BK39-N. CNC-N) and 

disturbed (BHO-D, CND-D, CNE-D) Sites. In total , 35 plants were complete ly 
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excavated, under appropriate Government harvest permits. Areas to be 

excavated were setected if there was above ground evidence of donal growth 

and more than 4 ptants. ptastic sheets were used to mark off a 1m2 excavation 

area around each ptant, provid ing a space tor disturbed soil and protecting the 

surrounding area. Working within the designated area, substrate was gently 

removed around ptant stems using hands and a soft brush. The area was 

examined for any possible interconnections between plants. All roots were 

followed to termination allowing for the examination of the root system. All 

excavated planlS were laler used as specimens for age determination in a 

companion study (Appendix III) 

Data Analyses 

Al l staUsUcal analyses were performed in SAS® version 9.1 (SAS Insmute Inc. 

1996). Data were analyzed tor nonnalrty, independence and homogeneity. If 

assumptions were not met for a general linear model then a general ized linear 

model was applied (Little et al. 2002). Where the response variable consisted of 

proportional data (Le., proportion of seedlings, % seed germinated) the logistic 

regression using generalized linear model was used with binomial distribution 

(Lewis 2004). For all analyses. site was considered a fixed effect, nested with in 

disturbance type, as all known occupied sites were used in this study 

Due to low seed emergence «1 %) and low seed ra in (tolal <20 seeds) 

statistical analyses were not performed on results of the seed addition or seed 

rain experiments. However, a Speannan correlation was performed on pooled 

-63-



seed rain data to investigate the relationship between seed entrapment and 

distance to nearest seed source 

3.3 RESULTS 

Demographic census 

Natural seedling recruitment was very low on all sites « 1 seedling 1m2) (Table 

3.2), accounUng for <5% of individuals within each surveyed population. 

Juveniles comprised a large proportion of ~ants at some sites (45.6%: BKD-D) 

but not others (Table 3.2). Across al l Sites, most adult ~ants were vegetative. 

ranging from 42.2% ( BKD-D) to 89.7% ( BK39-N), and reproductive (female) 

adults made up <10% of the population with the exception ofCNA-N (20.8 %) 

(Table 3.2) 

Disturbed sites, however, did have a significantly greater proportion of 

seedlings (natural= 0,7% ± 0,55%: disturbed= 2.7% ± 1,09%; df=l, X2=1' .35, 

p=0,0008). Disturbance did not affect the proportion of juveniles (df=l. X2=1,35, 

p=0,245), reproductive (female) adults (df=l, x2=0.02, p:0.894), or vegetaUve 

aduHs (df=I , X2:1 .26, p=0.252): however significant si te variation was observed 

for each life stage, respectively (df=5, x2:50.40: X2=45.39; r=33.00, p<O.OOI). 

The density of al l plants within the population (including all life stages) was 

not affected by disturbance type (natural= 5.01 ± 0.436 plants 1m2; 

disturbed=15.05 :I: 2.08 ~ants 1m2: F' ,e=3.2977. p=0.1193) however there was 

significant site va ri ation (F" e=137.27, p<Q.OO01), ranging from 3.4 plants 1m2 

(CND-D) to 57.9 ~ants 1m2 (BKD-D) 



Fruit and Seed Prrxluction 

Disturbance type did not affect the number of female catkins produced per plant 

(natural=2.6 ± 0.5: disturbed= 3.3 ± 1.1 ; F.,.=O.353. p=0.584). the number of 

ovaries per female catkin (natural"' 1 ,4 ± 1,7: disturbed"10.6 ± 0.9; F •.• "O.1 95, 

p=0.681), nor the number of seeds per ovary (natural"6.4 ± 2.8; disturbed" 7.4 ± 

1.4: F","0.088. p"O.7815) (Table 3.3). S9nificant site differences were found 

however in the mean number of female catkins per plant (F •.•• g=3,38, p=O.OII ; 

Table 3.4) rang ing from 1,7 {BHN-N} to 5.6 (CND-D) as well as the mean number 

of ovaries per catkin (F'. I :w1"6.02, p<0.001), rang ing from 8.0 (CNA-N) to 13.6 

(BK1-N). There was also significant site variation for the mean number of seeds 

per ovary (F •. tet ,,26,20, p<0.001). 

Seed production varied widely both on a per site and per plant basis 

(Table 3.3) with BK1-N producing the highest density of seeds (472 seeds 1m' ) 

and the most seed per plant (570 seeds). The lowest number of seeds produced 

per site was 34 seeds I m' (BHN-N) while per plant was 52 seeds {CNA-N}. The 

catkin production at two sites was too low to calculate seed production (BK39-N 

and CNC-Nj, Differences in fruit and seed production among sites cannot be 

accounted for by sex ratio as the proportion of males and females were similar 

between disturbance type (df"1, X' ''O.05, p=O.8269) and among sites (df=6. 

X' =4.71, p"0,5813). 
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Germination Tests 

A significant interaction between disturbance type and year (df=1, X'=13.36, 

p=0.OOO3) was found, therefore. the analysis was split further to e~amine the 

effect of disturbance within each year and variation displayed among sites. Seed 

germination differed between disturbance types in 2007 (df=1, X'=9.32, p:0.0023) 

with a mean germination success of 65.3% :I: 6.6% on natural sites and 76.3% :I: 

12.7% on disturbed sites. Germination success varied among sites in 2007 (df:5, 

X':58.78, p<0.001) ranging from 51% ± 3.5% (CNO-O) to 89% ± 2.8 % (BKO-O), 

with two disturbed sites having the highest germination success (BKO-O and 

CNE-O). Germination success was much lower in 20()6 and did not differ 

between disturbance types (natural: 23.7% ± 9.2%; disturbed = 13.7% ± 7.5% 

df=l. X'=O.OO. p"' .000). however. there was significant Site variation (df=5. 

X'=33.77, p<O.OOI). 

Efforts were made to collect the seeds at the same phenological stage In 

both years (I.e .. fruit was dry and had begun to dehisce naturally). Female plants 

were flowering on June 8" in 20()6 and June 4" in 2007. Seeds were harvested 

on July 26" in 2006 and July 24'" In 2007. Even though seeds were collected at 

what appeared to be the same phel'lOlogical stage, differences in germination 

success between years may have been influenced by differences in male 

flowering times as males had released all pollen at an ear1ier date in 2006 than in 
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Table 3.3 Fruit and seed production at various morphologicat levets (mean:l: SE) for 
naturally· (N)and anthropogenica lly-disturbed (O)SjejunastudySites. oollected on the 
limestone barrens of NewfouJ'ldland (Canada); (9= female plant). 

" per catkin, per ovsr'" per seeda per produced produced 
site female catkin ovary per (m' ) per plant 

(N=9.59) (N=20) (N=t8·33) 

BHN·N 104.9 

BK1·N " tl .9±0.7 472.1 569.8 
CNA·N '" 24 to.6 393 

181.7.t14-5.2 242.2.t 164.5 

" 163.8 
CND·D " 87.5 
CNE·O " 286.2 
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Table 3.4 Comparison of mean germination succeSS:l: SO of S. jejuna seed co llected on 
both naturally· (N) and anthropogenica lly-disturbed (0) populations. at the beginn ingof 
seed release in 2006 and 2007. on the limestone barrens of Newfoondland 
(Canada).Oue to low seed production seed was not collected at BK39-N both years and 
CNC-Nin2001 

Site 2006(%) 2001(%) 

NATURAL 

BHN-N '" BK1-N 32± 5.5 54:1: 4.6 

CNA-N 20 ±O 65 ± 9 .6 

CNC-N 43 ± 4.0 

Mean 23.1:t9.2 65.3 :t 6.6 

DtSTURBED 

BKD-D 26 ±3.1 89 ±3.5 

CND-D 15 ±5.0 51 ±3.5 

CNE-D 89 ± 2.8 

Mean 16.3:t12.1 

Seed rain 

Overall seed rain was low on all sites e~amined with only 20 seeds captured in 

total (total area on all sites (N=3) = 1500 cm2). On August 3"'. 2007. BKI -N. 

CNC-N and SKO-D had 5, 3 and 4 seeds in the traps. respectively. The number 

01 seed fal ling on Site the following week was lower with 2. 1 and 1 seeds trapped. 

respectively_ Based on seed productivity by site (Table 3.3), the probabHrty of 

capturing a seed in a seed trap would be highest on SK1-N, CND-D then CNE-D. 



Using pooled data there was no signincant relationship between the 

number of seeds found in the seed trap and the distance of the trap to the 

nearest seed source (r " -0.013, p" 0.920). The mean distance to the nearest 

seed producing plant was 1.14m: however. a greater sample size is needed to 

fu lly understand seed rain and seed dispersal 

Seed addition experiment 

On site seed germination was very low wi th only 1 seed emerging of the 600 

seeds planted in total . This seed emerged on naturally-disturbed substrate at 

eNe-N. which had the highest seed germination success in 2006 at 43% :!:. 4%. 

There was no natural recruitment into any of the al~ne green house soil addition 

containers or control plots in 2006 or 2007, irKlicating establ iShment may be 

limited by field environmental conditions (e.g., soil moisture, temperature) and not 

likely substrate condition. 

Clonal Growth 

E~cavations (N"35) indicate plants are not connected underground and that S. 

jejuna has a Shallow root system. 5 to 25 em deep with many narrow, fibrous 

roots in the upper soil layer. The percentage 01 plants with detachment scarring 

(d f"' . X2=19.00. p<O.OOl) and adventitious roots (df"'. x2" 4.85. p=O.0277) was 

affected by disturbance type (Figure 3.1). The mean percentage of plants with 

detachment scarring on natural sites was 39.6% :!:. 15.1% versus 22.4% :!:. 8.9% 

on disturbed sites. Natural sites had a mean percentage of plants with 

adventitious roots of 20.9%:!:. 6.6% versus 9.7%:!:. 3.5% on disturbed Mes. Plants 
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on natural sites were near1y 8 times more likely to have detachment scarring and 

3 times more likely to have adventitious roots than plants growing on disturbed 

substrate. Site differences were also observed lor both components 01 the clonal 

"index' . respectively (df"6. X2"418.78.l" 178.25, p<O.OOI) 

"" (132) (269) (167) (23 1) (75) (177) (222) (412) 

l 

1 : 
j : 

Figure 3.1 Differences in componeols of donal growth in populations of S. jejuna on 
natural and anthropogenically-disturbed habitat of the limestone barrens of 
Newfoundland (Canada); detachment SC8rrill9 on main root collar complex and 
advenMious rool9rowth present on atleasl one lalera l branch; Sample size per site is 
indicated above the bar: only indudes adult plants 

The percentage 01 plants with detachment scarring ranged from 5.3% (CNC-N) to 

89% (BK39-N). Sites with the highest degree of detachment scarring also had the 

highest percentage of plants with adventitious roots (34%. BK39-N; 36%. BHN-N). 



providing opportunity for new branches to establish and potentially become 

independent from the parent plant. 

Variation within species range 

Overall, there was no geographical relationship among reproductive and 

demographic parameters. Even sites located nearest to each other displayed 

different repmducbve pattems; one would expect CNA-N and CNC-N to t>e 

relatively similar as these sites are located approximately 1 km apart and have 

similar substrate and vegetation pattems (Chapter 2). However. CNA-N had a 

considerably lower proportion of juveniles and higher proportion of reproductive 

adults than CNC-N (Tabla 3.2) 

Site variation within anthropogenica lly-disturbed sites could potentia lly be 

accounted for by disturbance intensity however there is no apparent pattem for 

reproductive Of demographic parameters. CND-D. the most severely disturbed 

site (intensity level 3) did experience low germination rates in both 2006 and 

2007 however germination success was comparable to other natural sites (e.g .• 

BHN-N) 
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3.4 DISCUSSION 

Populations of S. jf1juna thai inhabit anthropogenically-d isturt>ed substrates have 

a greater proportion of seedlings and are less likely to d isplay clonal growth than 

populations on naturally-disturbed substrates. Moreover, this study indicates 

even low levels 01 disturbance have the potential to disrupt the natural 

reproductive patterns of this endangered, endemic species, which may have long 

term consequences for persistence. Therefore, it is recommended that in situ 

conservation plans fi rstly focus on ensuring high adult survival within natural 

habitats, including the elimination of all trampling sources (e.g., off road vehicles) 

This wor\( also suggests that demographic monitoring should be given high 

priority in the recovery planning for S. jejuna and other rare woody clonal species 

Long term data may indicate that anthropogenica lly-disturbed habitats require 

active restoration to improve ecosystem processes which affect reproduction 

Effect of disturbance on reproduction 

This stlXly found that S. jejuna does not reproduce donally via underground 

rhizomes; instead, clonal growth occurs above ground when lateral branches, 

extending from the main root coltar complex, establish through adventitious roots , 

on the underside of the branch. The main root co llar complex decays through 

natural processes (e.g. , wind, substrate erosion, ice scouring) and lateral 

branches break away becoming independent plants. This process was evident by 

the presence of numerous decayed root co llar complexes situated in the middle 

of 2-3 lateral branches. Many times the root co llar complex and the lateral 



branches were sti ll in contact even though they were detached. This "layering" 

growth pattern has been observed in other Salix species on the limestone 

barrens: S. uNa-ursi and S. reliculata (M. Burzynski. pars comm.) However. it 

appears as though Beschel and Webb (1963) are the only other study to have 

described this growth pattern. in prostrale Salix, under similar dimatic cond itions. 

Figure 3.2 Individual S. jejuna plant displaying above ground clonal growth patterns of 
rnain root collar cornplex deteooration (circlej and lateral branch layering at the naturalfy . 
disturbed site of Cape Norman (CNA-N). on the northern limestooo barrens of 
Newfoundland (Canada). 



They noted that in S. arctica the main "burl " becomes decayed and accessory 

roots develop near the base allateral branches. Their research indicated lhat 

individual prostrate branches live lor a much shorler time than Ihe central burl. 

Sampson and Jones (1977) described S. glauca in Arctic Norway as dropping 

branches but made no reference 10 the main bole decaying or the presence 0/ 

adventitious roots. As noted by Beschel and Webb (1963), this type a/growth 

pattern affects individual longevity. In a companion sludy. rt was determined the 

median age of adult plants within six S. jejuna populations ranged from g years to 

15.5 years (main rool collar complex) wilh a maximum age of 40 years (Appendix 

III). This was unexpected as many arctic-alpine Salix species are typically older in 

age; e.g., S. arc/ica minimum age values ranged from 1810 87 years in the 

Canadian Arctic (Beschel and Webb 1963) and between 16 to 94 years. with a 

median age 0131 years. in Northeast Greenland (Schmidt et al. 2006). 

S. a/axensis, another prostrate clona l shrub ranged up to 74 years in the North 

West Terrrtories (Zalatan and Gajewski 2006). This war!<. suggests that the young 

age of the studied S. jejuna populations could be a function of th is unique clonal 

growth stralegy where the main root collar complex 01 the parent plant degrades. 

leaving only younger established lateral branches. This wi ll have consequences 

on the genetic structure and variation of populations 

These findings also indicale that the degree 01 clonal growth is dependent 

upon disturbance type and may have overall affects on population dynamics 

Plants growing on naturally-disturted substrates were 6 times more likely to have 

detachment scarring and 3 times more likely to have adventitious roots when 



compared to anthropogenically-disturbed populations. Although th is study 

represents just one · snapshot" in the demographic history of this species. it is 

evident that the populaUon dynamics of natural, clonal populations may be 

different than those of disturbed, non clonal populations. Two sites with the 

highest level of clonal growth (BHN-N and BK39-N) had the greatest proportion of 

vegetative plants (-89%), few reproducti ve adults (2-7%) and no seedlings 

detected: these sites also had liWe seed production. On these sites. clonal growth 

appears to provide for population maintenance when conditions are less 

favourable for seed production and seedling establishment (Bierzychudek 1985). 

This observation also follows the theory which suggests that in stressful 

environments plants wi ll exhibit a life history that emphasizes stasis of adult 

stages at Itle expense of growth and fecund ity (Grime 1977: see Garcia & 

Zamora 2003) 

Disturbance has been shown to influence the success of different 

reproductive strategies in alpine environments by altering the physical and 

environmental soil conditions (Chambers 1995: Forbes 1992). The findings of this 

study suggest that clonal growth is reduced on anthropogenically-disturbed 

substrates because of the reduction in fine grained sediment and soil moisture 

(Driscoll 2006: Chapter 2), which is required to promote rooting. Though research 

addressing the factors Itlat affect the production of adventitious roots in Salix 

species is limited (e.g .. S. selchel/iana, Douglas 1987: S. planifolia, Houle and 

Babeux 1998). it is also speculated that the larger sized particles on 

anthropogenically-disturbed sites increase surface relief, potentially reducing 
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erosion to plants by wind and substrate which then decreases the pronounced 

deterioration of the parent plant (main root collar complex). as observed on 

naturally-disturbed substrates 

In addition, although limited throughout species range. habitat changes on 

anthropogenically-disturbed substrates resulted in increased seedling densHies 

when compared to naturally-disturbed substrates. The predominance of larger 

particle sizes and increased surface relief 01 anthropogenic habitat may provide 

refuge for seeds in this very windy environment and facilitate higher germination 

rates by promoting seed entrapment {Harper 1977; Stamp 1984}. Increased 

seedling emergence has been observed in other alpine environments on 

anthropogenically-disturbed habrtat (Freedman et al. 1982; 1780 I m2 on 

disturbed soils versus 180 I m20n undisturbed soils). though the mechanisms 

which promote establishment on disturbed soils are not fully understood 

As is common in other arctic-tundra Sa/ix(e.g .• S. glauca - Sampson & 

Jones 1997). it was expected that seedling recruitment would be low throughout 

species range. Even within highly sexually productive populations {e.g .. BK1-N}. 

sites had low seed rain suggesting that a high proportion of seed is dispersed 

outside of site boundaries. into fu lly vegetated areas that are not suitable for seed 

germination and seedling establishment. as suggested by Driscoll (2006) 

In addmon to being limited by propagule availabil ity. this research 

suggests seedling recruitment appears to be further limited by the environmental 

{e.g., soil temperature} and physical conditions (e,g .• nutrients) of natural habitat. 

This is evident by the low emergence rates in field seed additions «1%), even on 



sites with high viability in 2006 (e,g., CNC-N 43%, BK1-N 32%), This finding is 

cons islent with results of a similar study by Driscoll (2006) who in 2004 observed 

low emergence rates (-3%) when seeds were planled on natural substrale, even 

when ex situ germination tesls yielded 81 % emergence. No emergence on the 

alpine greenhouse soil mix further supports limitat ions to seed emergence by 

natural environmental conditions as controlled greenhouse studies showed high 

emergence rates of S. jejuna on this soil mix (Robinson, unpublished data; 

Driscoll 2006), Low recruitment however, should not be a conservation concem 

lor S. jejuna as research has shown thai even rare estabHshment by seed is 

adequate to maintain genetic diversity (Watkinson & Powell 1993). 

Spatial and temporal variation observed in sexual reproduction parameters 

(e.g .. seed productivity, germination rate), throughout species range, may reflect 

differences in habitat structure within natural ly-disturbed sites and habitat quality 

within anthropogenically-disturbed Sites (Chapter 2), In the rare Gen/iana 

pneumonanthe, Oostermeijer et al. (1998) found that habitat characteristics such 

as the amount 01 ammonium, potaSSium, calcium, and sulphate positively 

affected the number of ovules among populations. Therefore, nutrient content 

could be a possible explanation for site variation in S jejuna seed productivity or, 

as observed in S. setchel/iana, variation may be explained by differences in 

pollinator suitabi lity and availability (Douglas 1997). 
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Conservation Implications of anthropogenic disturbance 

The discovef)' that anthropogenic disturbance has the potential to alter the 

natural demography of S. jejuna poses a series of ques~ons to recovery plannefS; 

will e~ i sting natural populations be sufficient to allow for long term species 

persistence? And , can anthropogenica lly-disturbed habitat support self-sustaining 

populations without active restoration? 

Firstly. though a portion of S. jejuna 's habitat is anthropogenical ly-

disturbed, ~ is important to note the implications of this research on overall 

habitat protection, independent of disturbance type. As there are proportionately 

higher levels of adults within all populations, and donal growth appears to be the 

primary method of population sustainabitity, there is an immediate need to 

implement habitat protection measures that ensure adult survival and reduce 

further degradation to natural habitats. Ensuring adult survival can also act as a 

buffer against temporal and spatial variation (e.g. , recruitment, germination 

success, seed production, and enllironmental conditions). The removal of 

trampling sources, such as off-road vehicles or mountain bikes. within al l habitat 

types, will aid efforts to ensuring high adult survival by eliminating physical 

damage to plants and long term damage to habitat (Rafuse 2005). 

Anthropogenic disturbance has been shown to mediate changes to life 

history in other narrow endemic species, as observed in S. jejuna . Disturbed road 

populations of the endangered herb Hypericum cumulicola disptayed increased 

fecundity when compared to natural fire-mainta ined scrub populations (Quintana-

Ascencio et al. 2007). Though Quintana-Ascenio et al. (2007) suggest that road 



populations may promote species persistence when scrub populations are 

reduced between naturat disturbance events (e.g., fire) , their research 

demonstrates that road populations are less stable. Moreover, anthropogenically-

disturbed populations of rare &-aya species, on the limestone barrens, were also 

found to be less persistent (Noel 2000), with larger individuals and greater seed 

production (Squires 2010). These studies suggest that increased seedling 

emergence within anthropogenically-disturbed populations of S. jejuna may be 

indicative of reduced species persistence 

While it is important to acknowledge the possible benefits of increased 

recruitment (e.g., adaptation to changing environment. greater genetic diversity) 

to species long-term survival , it could be assumed that the tendency towards 

clonal reproduction within populations on natural substrate have allowed this 

species to persist in this harsh environment and are congn.l9nt with the 

continuing conservation of this species. 

Therefore, in summary. it is recommended that conservation efforts for this 

species focus on the implementation and enforcement of habitat protection 

measures such as the removal of off-road vehicles within all habitat types. 

FoHowing a precautionary approach, it is suggested that anthropogenically

disturbed habitat be restored to reflect adjacent undisturbed natural habitat and 

long term demographic monitoring be continued to evaluate whether restorative 

efforts have promoted the reproductive traits of natural populations. 



ACKNOWLEDGEMENTS 

This project was funded by the National Science and Enginooring Research 

Council in the form of a CGMS to J. Robinson, and the Endangered Species 

Recovery Fund to L Hermanutz. as welt as the Newfoundtand and Labrador 

Department of the Environment & Conservation (Wildlife Division; Parks and 

Natural Areas Division), and Parks Canada. Thank you to Dr. D. Innes and Dr. W 

Nichotls for their guidance and support during the preparation of th is manuscript 

and S. Squires. G. Whelan. M. Stapleton, and D. Pelley for their support and 

assistance in the field . 

Al liende MC, Harper JL (1989) Deroographic studies of a dloecious tree. I 
Colonization, sex. and age structure 01 a population of Salix cinerea 
Joumal 01 Ecology 77:1029-1047 

Alstrom-Rapaport C, Lascoux M, Gullberg U (1997) Sex determination and sex 
ratio in the dioecious shrub Salix viminalis L Theoretical and Applied 
Genetics 94: 493-497 

Anions MFE (2000) COSEWIC status report on Barrens Willow, $alixjejuna 
Committee on the Status of Endangered Wildlife in Canada. 24 pp. 

Argus GW (1965) The taxonomy of the Salix g/auca complex in North America 
Contributions from the Gray Herbarium University 196:1-142 

Auerbach NA, Walker MD. Walker DA (1997) Effects of roadside disturbance on 
substrate and vegetation properties in arctic tundra . Ecological 
Applications 7: 218-235 

Banfield C (1983) Climate. In: South RG (ad) Biogeography and Ecology of the 
Island of Newfoundland. Junk Publishers, Boston, USA 

-81-



Barsoum N (2002) Rela~ve contributions of se)(ual and ase)(ual regeneration 
strategies in Populus nigra and Salix alba during the first years of 
establishment on a braided gravel bed river. Evolutionary Ecology 15:255-
279 

Beerling OJ (1998) Biological flora of the British Isles: Salix herbaeea L. Journal 
of Ecology 86: 872-895 

Besehel RE, Webb 0 (1963) Growth ring studies on Arcnc willows, Preliminary 
Report 1961-1962, Altel Heiberg Island Research Reports, pp 189-198 

Bierzychudek P (1985) Patterns in plant parthenogenesis, E)(perientia 41 :1255-
1264 

Bishop SC, Chapin FS III (1989) Establishment of Salix a/axensis on a gravel pad 
in arctic Alaska, Journal of Applied Ecology 28:575-583 

Bouchard A, Hay S, Brouillet L, Jean M, Saucier I (1991) The rare vascular plants 
of the Island of Newfoundland, Syllogeus No, 65, 

Bret-Harte MS, Shaver GR, Chapin FS III (2002) Primary and secondary stem 
growth in arctic shrubs: i mplica~ons for community response to 
environmental change. Journal of Ecology 90:251-267 

Burzynski M. E-mail correspondence with J. Robinson. April (2009) Ecologist. 
Parks Canada Western NL Field Unit, Parks Canada Agency, Port au 
Choi)(. Newfoundland, Canada. 

Chambers JC (1995) Disturbance, life history strategies, and seed fates in alpine 
herbfield communities. American Journal of Botany 82:421-433 

Crawford RMM, Balfour J (1983) Female p!"edominanl sex ratios and 
phySiological differentiation in arc~c willows. Journal of Ecology 71 :149-

"0 
Densmore R, Zasada J (1983) Seed dispersal and dormancy patterns in northern 

willows: ecological and evolutionary significance. Canadian Journal of 
Botany 61: 3207-3216 

Ojan-Chekar N, Hermanutz l, Ballarn 0, Bell T, Brazil J, Mann H. Maunder J, 
Meades SJ, Nicholls W, Soper L, Yetman G (2003) Recovery strategy for 
Barrens Willow (Salix jejuna Fernald ). Inland Fish and Wildl ife Division. 
Government of Newfoundland and labrador, Corner Brook 11 pp. 

-82-



Donato E (2005) Climatology of the limestone Barrens, Northern Peninsula, 
Newfoundland: Implications for rare plant phenology and distribution, M,Sc. 
Thesis. Department of Geography, Memorial University, SI. John's, 
Newfoundland, Canada 

Douglas DA (1987) Growth of Salix setchelliana on a Kluane fiver point bar. 
Yukon Territory, Canada. Arcnc and Alpine Research 19:35-44 

Douglas DA (1989) Clonal growth of Saljx setchelliana on glacial river gravel bars 
in Alaska. Journal of Ecology 77:112-126 

Douglas DA (1994) Seed germination. seedling demography, and growth of Salix 
setchelliana on glacial fiver gravel bars in Alaska. Canadian Journal 01 
Botany 73:673-679 

Douglas DA (1997) Pollination. capsule damage. and the production of seeds in 
Salix selchelliana (Salicaceae). an Alaskan glacial fiver gravel bar ...... lIow 
Canadian Journal of Botany 75:1182-1187 

Douglas DA, Jones MH, Pokhilko A (1997) Growth habits of Salixpolaris in 
snowbeds in the Khibini Mountains, Kola Peninsula, Russia. Botanica 
Helvetica 107:83-90 

Douhovnikoff V, McBride JR, Dodd RS (2005) Salix exigua clonal growth and 
population dynamics in relation to disturbance regime varian on. Ecology 
86: 446-452 

Driscoll J (2006) Ex situ conservation protocols for the rare plants 8I"aya longii 
(endangered), Braya femaldii (threatened) (Brassicaceae) and Salix 

jejuna (endangered) (Salicaceae), endemic to the limestone Barrens of 
Newfoundland, M.Sc. Thesis. Department of Biology, Memorial University. 
51. John's, Newfoundland. Canada 

Fernald ML (1950) Gray's Manual of Botany. Dioscorides Press, Portland Oregon. 
USA 

Fiedler Pl, Ahouse JJ (1992) Hierarchies of cause: toward an understanding of 
rarity in vascular plant species. In: Fiedler PL and Jain SK (eds) 
Conservation biology: The theory and practice of nature conservation. 
preservation and management, Chapman & Hall, New York, USA 

Forbes BC (1992) Tundra disturbance studies. II. Plant growth fonns of human 
-disturbed ground in the Canadian Far North. Muskox 39:46-55 

-83-



Freedman B, Hill N, Svoboda J, Henry G (1962) Seed banks and seedling 
occurrence in a high Arctic oasis at Alexandra Fjord, Ellesmere Island, 
Canada, Canadian Journal of Botany 6O :2112~2116 

Gage EA, Cooper OJ (2005) Patterns of willow seed dispersal, seed entrapment, 
and seedling establishment in a heavily browsed montane ripa rian 
ecosystem, Canadian Journal of Botany 83: 678-687 

Garcia 0, Zamora R (2003) Persistence, multip le demographic strategies and 
conservation in long-lived Mediterranean plants, Journal of Vegetation 
Science 14: 921-926 

Greene S (2002) Substrate characteristics of 8raya habitat on the limestone 
barrens, Great Northern Peninsula, Newfoundland, B,Sc, Thesis. Memorial 
University, SI. John's. Newfoundland, Canada 

Grime JP (1977) Evidence for the e~i stence of three plirnary strategies in plants 
and its relevance to ecological and evolutionary theory. American 
Naturalist 11:1169-1194 

Grime JP (1979) ~ant strategies and vegetation processes. John Wiley & Sons, 
New York 

Hakkarainen H, Roininen H. Vlrtanen R (2005) NegativB impact of leaf 9allefs on 
arctic-alpine dwarf willow, Salix herbacea. Polar Biology 28:647-651 

Harper JL (1977) Population Biology of Plants. Academic Press. Toronto, 
Canada 

Hermanutz LA. Mann H, Anions MFE, Bal lam 0 , Bell T, Brazi l J, Djan-Chekar N. 
Gibbons G. Maunder J, Meades SJ, Nicholls W, Smith N, Yetman G 
2002). National Recovery Plan for 8raya Iongii and B. fernald;i. National 
Recovery ~an No. 23. Recovery of Nationally Endangered Wildlife 
(RENEW), Ottawa, Ontario, Canada. 

Hoekstra JM, Boucher TM, Ricketts TH. Roberts C (2005) Confronhng a biome 
crisis: global disparities of habitat loss and protection. Ecology Letters 
8:23-29 

Houle G, Babeux P (1998) The effect of collection date, IBA. plant gender, 
nutrient availabil ity , and rooting volume on adventitious root and lateral 
shoot formation by Salix planifoJia stem cuttings from the Ungava Bay area 
(Quebec, Canada). Canadian Journal of Botany 78:1687-1692 

- 84~ 



Jones MH, Macdonald SE, Henry GHR (1999) Sex- and ha~tat-specific 
responses of a high arctic wi llow, Salix arctica, to experimental climate 
change, Qikos 87:129-138 

Kikuchi S, Suzuki W, Kanazashi NBA, Yoshimaru H (2005) Characterization of 
eight polymorphic microsatellites in endangefed willow Salix hUKaonana 
Molecular Ecology Notes 5:869-870 

Krukeberg AR, Rabinowitz D (1985) Biological aspects of endemism in higher 
plants, Annual Review of Ecology and Systematics 16:447-479 

Lamont BB, He T, Enright NJ, Krauss SL, Miller BP (2003) Anthropogenic 
disturb;;mce promotes hybridization between Banksia species by altering 
the ir biology, Journal of Evolutionary Biology 16:55 1-557 

Lascoux M, Thorsen J, Gullberg U (1996) Population structure of a riparian willow 
species, Salix viminalis l. Genetic Research 68:45-54 

Lewis K (2004) How important is the statistical approach for anal~ng categorical 
data? A critique u~ng artificial nests, Oikos 104:305-315 

Little RC, Stroup WW, Freund RJ (2002) SAS for Linear Models, Fourth Edition, 
SAS Institute Inc, Cary, NC, USA 

Maschinski J, Baggs JE, Sacchi CF (2004) Seedling recnJitment and survival of 
an endangered limestone endemic in its natural habitat and experimental 
reintroduction Mes. American Journal of Botany 91 :689-698 

Maschinski J. Frye R. Rutman S (1997) Demography and population viability of 
an endangered plant species before and after protection from trampling 
Conservation Biology 11 :990-999 

Martorell C (2007) Detecting and managing an overgrazing-<lrought synergism in 
the threatened Echeveria /ongissima (Crassulaceae): the role of 
retrospective demographic analysis. Population Ecology49:115-125 

Martorell C. Peters EM (2005) The measurement of chroniC disturbance and its 
effects on the threatened cactus Mammillaria pec/initera. Biological 
Conservation 124:199-207 

Mcintyre S, Lavorel S (1994) Predicting richness of native, rare, and exotic plants 
in response to ha~tat and disturbance variables across a variegated 
landscape. Conservation Biology 8:521-531 

-85-



Mcintyre S, Lavorel S, Tremont RM (1995) Plant life-history attributes: Their 
re lationship to disturbance response in herbaceous vegetation. 
Journal of Ecology 83:31-44 

McLeod KW, McPherson JK (1973) Factors limiting the distribution of Salix nigra. 
Bulletin of the Torrey Botanical Club 1oo:t02-110 

Morris AB. Small RL, Cruzan MB (2004) Variation in frequency of donal 
reproduction among populations of Fagus grandifolia Ehrh. in response to 
disturbance. Castanea 69:38-51. 

Niiyama K (t990) The role 01 seed dispersal and seedling traits in colonization 
and coe~islence of Salix species in a seasonally Hooded habitat 
Ecological Research 5:317-331 

Noel L (2000) The elfe<:t 01 disturbance on the seedling recruitment and 
persistence of Braya l()(Jgii and Braya fernaldii. Honours Thesis. 
Department of Biology, Memorial University. SI. John's, Newfoundland , 
Canada 

Oostermeijer JGB. Luijlen SH, Krenova LV, Den Nijs HCM (1998) Relationships 
between population and habitat characteristics and reproduction of the 
rare Gentiana pnemonanlhe L. Conservation Biology 12:1042-1053 

Pakeman RJ. Torvel l L (2008) Identifying suitable restoration site for a scare 
subarctic willow (Salix arbuscula) using different infonnation sources and 
methods. Plant Ecology & Diversity 1:105-114 

Parsons K, Hermanutz L (2006) Conservation of rare . endemic braya species 
(Brassicaceae) : Breeding system variation, potential hybridization, and 
human disturbance. Biological Conservation 128:201-214 

Pavlovic NB (1994) Disturbance-tiependent persistence of rare plants 
anthropogenic impacts and restoration Implications In: Bowles ML and 
W~an CJ (ed) Restoration of endangered species: Conceptual issues. 
Planning and Implementation, Cambridge University Press. New York. 
USA 

Predave<: M. Danell K (2001) The role of lemming herbivory in the se~ ratio and 
shoot demography of willow populations. Qikos 92: 459-466 

Purdy BG, Bayer RJ (1995) Allozyme variation in the Alhabasca sand dune 
endemic. Salix siliciCo/a, and the closely related widespread species, 
S. alaxensis. Systematic Botany 20:179-190 

-86-



Purdy BG, Bayer RJ, Macdonald SE (1994) Genetic variation, breeding system 
evolution, and conservation of the narrow sand dune endemic Stellaria 
arenicola and the widespread S. Iongipes (Caryophy1laceae). American 
Journal of Botany 81:904-911 

Quintana-Ascencio PF. Weekley ON, Menges ES (2007) Comparative 
demography of a rare species in Florida scrub and road habitats. 
Biological Conservation 137:263- 270 

Rafuse G (2005) The Impact of off-road vehides on the limestone Barrens 
habitat and resident plants endemic to the Great Northem Peninsula, 
Newfoundland. Canada. Honours Thesis. MelT()rial Univers~y. SI. John·s. 
Newfoundland. Canada 

Reisch C, Schurm S, Poschlod P (2007) Spatial genetic structure and clonal 
diversity in an alpine population of Salix herbacea (Salicaceae), Annals of 
Botany 99:647- 651 

Rossi G, Parolo G. Zonta LA. Crawford JA, Leonardi A (2006) Salix herbaCJ3a L 
fragmented small population in the N-Apennines (I taly) : Response to 
human trampl ing disturbanCJ3, Biodiversity and Conservation 15:3881-
3893 

Royal Botanical Gardens, Kew (2006) A field manual for seed collectors. 
<:http:/tww.v.kew.org/msbp/scitech/publlcationslfieldmanual.pdf> 
Accessed 1 May 2006 

Sacchi CF. Price PW (1992) The relative roles of abiotic and biotic factors in 
seedling demography of AIroyo Willow (Salix lasiolepis: Salicaceae) 
American Joumal of Botany 79: 395-405 

Sampson EJ. Jones BM (1971) The productivity of Salix glauca L. in Arctic 
Norway, Annals of Botany 41 :155-161 

SAS Institute Inc. (19oo) SASISTAT user's guide, release 6.12 ed. SAS Institute 
Inc., Cary, North Carolina, USA 

Schmidt NM, Baittinger C, Forchhammer MC (2006) Reconstructing century-long 
snow regimes using estimates of high arctic Salix arctica radial growth. 
Arct ic, Antarctic , and Alpine Research 38:257-262 

Shafroth PB, Scott Ml. Friedman JM.laven RD (1994) Establishment, sex 
structure and breeding system of an exotic riparian wil low, Salix x rubens 
The American Midland Naturalist 132:159-172 



Species at Risk Acl. (2003). Species at Risk Act, Statutes of Canada. Canada 
Gazette. Queen·s Printer for Canada, Ottawa, Ontario. 

Squires S (2010) tnsect pests and pathogens compromise the persistence of 
two endemic and rare Braya (Brassicaceae). PhD Thesis. Department of 
Biology. Memoriat University, SI. John's, Newfoundland, Canada 

Stamati K, Hollingsworth PM, Russell J (2007) Patterns of clona l diversity in three 
species of sub-arctic willow Salix lanata, Salix lapponum and Salix 
herbacoo. Plant Systematics and Evolution 269:75-88 

Stamp NE (1984) Self-burial behavior of Erodium deutarium seeds. Journal of 
Ecology 72:611-620 

Sutton JT, Hermanutz L, Jacobs JD (2006) Are frost boils important for the 
recru itment of Arctic-Alpine plants? Arctic, Antarctic & Alpine Research 
38:273-275 

TerziO!)lu S, Cokuno;elebi K, Serdar B (2007) Contribution to the description of an 
endemic Turltish Salix species. Plant Biosystems - An International 
Journal Deal ing with all Aspects of Plant Biology 141 :82-85 

Tolvanen A. SchrodeI\J5 J. Henry GHR (2002) Age- and stage-based bud 
demography of Sa/ix erc/ice under contrasting muskoK grazjng pressure in 
the high arctic. Evolutionary Ecology 15: 443-462 

Ueno N, Suyama Y, Seiwa K (2007) What makes the se~ ratio female-biased in 
the dioecious tree Salix sacha/lnensis? Journal of Ecoklgy 95:951 -959 

Ureta C, Martorell C (2009) Identifying the impacts of chronic anthropogenic 
disturbance on two threatened cacti to provide guidelines for population
dynamics restoration. Biological Conservation 142:1992-2001 

Walck JL. Baskin JM. Baskin CC (1999) Roles of sl.iCCession, light, nutrients and 
disturbance on population vigor and maintenance of the fare plant 
Solidago shortii (Asteraceae). Plant Ecology 145: 133-147 

Watkinson AR, Powel l JC (1993) Seedling recnJitment and the maintenance of 
clonal diversity in plant populations - a computer simulation of 
Ranuncu/us repens. Journal of Ecology 81: 707-717 

Wijk S (1986a) Influence of climate and age on annual shoot increment in Salix 
herbacea. Journal of Ecology 74:685-692 



Wijk 5 (1986b) Performance of Salix herbacea in an alpine snow-bed gradient 
Journal of Ecology 74:675-684 

Woods SW, Cooper OJ (2005) Hydrological factors affecting initia l willow 
seedling establishment along a subalpine stream, Colorado, U.S.A. Arctic, 
Antarctic, and Alpine Research 37:636-643 

Van Q, Llu Z, Ma J, Jiang 0 (2007) The role of reproductive phenology, seedling 
emergence and establishment of perennial Salix gcxdejevii in active sand 
dune fields. Annals of Botany 99:1 9-28 

Zalatan R. Gajewski K (2006) Dendrochronological potential of Salix alaxensis 
from the Kuujjua river area, western Canadian Arctic, Tree-Ring Research 
62:75 

4.0 THESIS SUMMARY AND CONCLUSION 

This thesis describes the investigation of the effects of anthropogenic disturbance 

on the habitat and reproductive traits of the endangered, endemic $alixjejuna, 

The goal of this research was to provide scientifically defensible information that 

would promote the development 01 effective in situ conservation strategies to 

encourage the preservation of S. jejuna within its unique limestone barrens 

habitat 

The assessment of habitat features revealed maMled differences in the 

substrate and vegetation between naturally- and anthropogenically-disturbed 

habitats. Anthropogenic habitat had greater gravel content, less exposed bedrock, 

decreased soil moisture, increased tolal nitrogen and decreased phosphorus 

content when compared to naturally-disturbed substrates, Anthropogenic habitat 

also lacked clear patterned ground formed through frost activity as observed 

within natural habitat. Te~tural analysis revealed that anthropogenically-disturbed 
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substrates are also reduced in fine and medium sand content, which is thought 10 

play an integral role in the ability for S. jejuna to reproduce clona lly. 

Though totat vegetation cover did not differ between disturbance types, 

anthropogenical ly-disturbed habitat was found to have increased bare ground 

and herbaceous cover. with reduced bryophyte cover. Unlike the revegetation of 

degraded alvars, but as is common in the revegetaUon of d isturbed arc~c-tundra 

areas. there was no major shift in the vascular plant species assemblage nor 

were any non-native invasive species observed on anthropogenicalty-disturbed 

habitat 

S. jejuna was found to have a greater coverage within anthropogenicalty

disturbed habitat, having greatest coverage when woody plant cover was tess 

than 50%. when bryophyte cover was tess than 20%, and when bare ground 

cover exceeded 60%. S. jejuna also showed posiUve associations with Plantago 

maritima. Salix reticulata. Saxifrage oppositifoJia and strong negative associations 

with other dominant woody species such as Dryas integrifo/ia. Juniperus 

hrxizonlalis and Empetrum nigrum 

It is suggested that the reduction of fine grained particles on 

anthropogenically-disturbed substrates leads to reduced moisture retenUon and 

leaching of important macro nutrients. e.g., phosphonJs. Moreover, the 

examination of the relative Importance of sexual and asexual reproduction within 

both disturbance types revealed that substrate changes occurring within 

anthropogenically-disturbed habitat actually have the poten~al to alter the natural 

demography of S. jejuna by limiting the plants abi lity to reproduce clona lly. 
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The lack affine particle sized substrates on disturbed sites is lhoughl to be 

the main limitation to clonal growth as adllentitious roots produced on laterat 

branches cannot establish in coarse sediments. Research also indicated a slight 

increase In reproduction by seed within populations resident on 

anthropogenica lly-<:l isturbed habrtat and that populations resident on 

anthropogenically-<:listurbed habrtat were younger than natural populations 

Populabons of S. jejuna were also much younger than other similar arctic-alpine 

Salix species: it is thought that th is may be a function of the unique clonal growth 

pattern 

It is important to note thai under natural conditions increased recruitment 

has the ability to benefit the long term survillal of a species by prolliding a means 

to adapt to changing enllironments and a greater genetic dillersity. Howeller, as 

clonal reproduction appears to be the main method of population sustainability 

within most natural populations, recollery planners must consider that clonal 

growth has allowed this species to persist in this harsh, arctic-like climate. 

Recollery plans should therefore focus on ensuring high adult survillal . such as 

the complete el imination of off-road lIehicle use throughout the limestone barrens 

It is recommended that in sifu conservation plans for this species be 

directed at restoring the natural ecological processes within anthropogenically

disturbed habitats by worl<.ing towards a model that reflects adjacent undisturbed 

natural habitats. Rehabi litation may require the addition of fine textured 

sediments to improlle moisture retention, substrate manipulation and the remolla l 
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of all compaction sources such as off-road vehicle use. Restorative efforts should 

also consider the species preferences highlighted in this work. The continuation 

of long term derrographic monitoring is essential to evaluate whether restorative 

efforts have promoted the clonal reproductive tra its of natural populations 

This research acls as a template for all recovery actions on the limestone 

barrens and details vita l information for accurate critical habitat del ineation for 

S. jejuna. It also suggests that conservation plans that address woody clonal 

species need to consider that derrographic parameters and life history traits may 

vary when populations are e~posed to anthropogenic disturbance. Therefore, 

species recovery may be dependent upon the ability of recovery planners to 

address these differences in short and long term recovery planning 
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APPENDIX I: Broad approaches to meet the recovery objectives for S. jejuna as 
outlined In the Recovery Strategy for the Barrens Willow (Salix jejuna Femald) 
(O}iln-Cht'lkar et al. 2003). The assodated recovery objectives are listed on page 
6 of this document. 

Table AI.I Approaches 10 meel recovery objectives for S. jejuna. 

Priority Objectives Actions 

Urgent 1,2 and 3 Biological surveys 

Urgent 1, 2and 3 Habitat protection 

Urgent Monitoring 

Necessary Demographic research 

Necessary Taxonomic research 

Necessary 1.2,3 and 4 Ecological research 

Necessary Public outreach 

Necessary 1. 2 and 3 Compliance to regulations 

Beneficial Genetic research 

Beneficial 1 and4 Ex situ conservation 

Beneficial 3 and 4 Restoralion 
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APPENDIX II : Vascu lar plant ground coverage on S. jejuna study sites 

Table AII .I Mean (SEI total ground area covered by vascular ptant species lor flatura lly -
(n:05)andanthropogenicatly..:listurbed (n:o3)SjejtJnastudy siles on lhelimestone 
barrens 01 Newfoundland (C<mada): July 2OC!6 & 2007: (1'1:0 number 01 plots) 

Natural DIsturbed 

Species - -, -, - -, 1.s0) ." - ~ ,~, 

'00 ,~ '00 0-01 ,~ ,~ 

(0001 (0(151 10.001 (0,°'1 10.001 (0.0'1 10.011 (0.021 (0.031 to·1S1 
,~ 

(0.001 (0031 (0.0(51 10,1)<1 10.(1) (0,01) 10.01) 

~:o~: 
(0·0<1 10.02) 

(0.001 (0.021 (0 .001 10.001 1°·001 10.00' (0·1)<1 (0.031 

(0.001 (0.001 (0.011) 10.001 10.051 ID.03) 10.001 10.00) (0.001 1°·00) 

10.0<) 
(0,00) 1°·021 (0.0111 (0.00) (0001 10.031 (0.00) 10.00) (0,001 10.00) 

--~ 
0.17 

10,(0) (O·JOI (0.25) 11.0111 (003) (0.001 (0.001 10.201 (0.821 (O.It) 

'00 '00 
(0,0111 10,1)<1 (0.021 (0.001 (0.001 10.03) (0.001 (0.0 '1 (O.OJ) 1M' ) ,. 
(0,00) ( .... 31 (0.001 (0.001 (O.GSI 10.42) 1'·001 (MOl (D.") (0.:Ml) 

'00 '00 (0.00) 
(0,00) 10.(0) 10.00) 10.001 10.00' 10.00) 10.00' --- (O.GSI 

," 
(0·· °1 (0.051 1°·10) 10,07) (0, ' 0) 10,081 100111 10.0') 10.051 

0.'3 ' 00 
10,") (0,") 1°· ' ° 1 (0,1)<1 10,(0) 10-25) (0.11 1 (0.001 11.5l) 10,151 

'00 '00 
10.03) (om) (0.001 (0-001 (000) (0.0') 10.001 (0.021 10.00) (0-0'1 

'00 
1°·00) (O.M) (0.00) (0.00) (0.00) IMlI (0.01) (0.03) 10.11) ID.111 

.00 
10.00) (0,00) (0,25) (0.02) (0.25) (0.1!) (000) (0.001 10,(:.1) (0,00) 

'.~3 
10,150) (0,150) (',~) (0.", ('.OJ) (Ut) (U3) (0.00) (UOI (U'I 

,~ '00 
(1.20) 13,00) (0,9')) (O,Ol) (0,00) (1.52) (M7) (0-00) ('.33) (U3) 

'00 
10.001 10,00) (0.00) (000) (0.0<) (0-01\ (0.00) (0.0' ) (0001 10.001 ,. 

'00 ,-
~. 

(0001 10.02) (0,00) (0,00) (0,00) (0,00) (0,1)<) (0.00) (0.001 1"-0'1 

'00 '00 0-02 
(OWl (0.00) 10.0<) (0.00) 10.021 10.0'1 10.00) 10.02) 10.00) )D.Ol) 
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Table AlI.1 (Continued) Mean (SE) total ground area covered by vascular plant Species 
fornaturally·(n"5}andanthropogenically-disturbed(n"3)S.jejunastudysites on the 
limestone barrens of Newfoundland (Canada): July 2006 & 2007; (n" number of plots) 

Natural Dis turbed 

Species .. . " -, - -, I''') ~ . - -" I .... ) ... .. 
(0.00) (0.00) (0,00) 1Q(0) (0.00) (0.00) (0,00) (om) (O.Ol) IU2) .. .. 
(0.00) (0.00) (0,00) (0.00) (0.00) ,., 10,(0) 10.02) (0.00) 10.01) 

~.3l 
,,, 

(H~) (M") 10.(0) 10,(0) IU2) (1,111 (0.21) (0.00) (3,11(1) (2.1"1 .. 
(0.03) (O.O~) (0.02) 10.(0) 10,(0) (0,011 (0.00) (0.02) (0,03) 10.011 .. ... 
(0-02) (0.00) (0.00) (0,00) (0,00) (0.00) (0.00) (D.02) (0,00) 10.011 

0.21 .. 
(0.03) (0.1") (D.OJ) (0,00) (0,005) 10.111 (0.12) (0.001) (0.00) 1 •. "1 .. 
(0.00) 10.03) (0,00) (0.00) (0.00) (0,·'1 (0,001) (0,031 (0.00) 10.021 

0.02 0.1 1 .. 
(0.01) 10 .• e) (O.OJ) (0-02) (0.00) (0·"1 (0.07) (0,00) (0.005) 10.0T) 

(0.00) (0.02) (0,00) (0-02) (0.001) (0.011 (0,001) (0.0 ' 1 (0.01) 10.0'1 ... .. 
ID .• e) (D.''') (O,De) (0-07) (0,' 0) 10,111 ((I,D'l) (0,D'l) (D.") 10.071 

O.~~ 0.01 
ID.2!) (0.49) ((1,'1) (0.231 (0.1 3) (0.1") (0,13) (0,01) (o.e~) (0·"1 

0.02 
(0,00) (0.001) (0.11.11 (0.01) ((1,00) (0.0') (0-07) (0.021 (~Oll) (0.011 

0.02 
(0.031 (0.00) (om) (0.00) (0,001 (0.0') (0.00) (0.00) (O.OJ) (0,0'1 .. 
(0.001) (0,001) (0,02) (0.001 (0.02) (0.0'1 (0,00) (0.01) (0.03) (0,0'1 .. 
(0.011) (0,23) (0,08) (0,01) (0.011 1··11) (0,10) (0,001) (0.00) (0.''') 

1.33 
(0,97) (O,H) (0.00) (0.001 (0.10) lUI) (0.33) (O.M) 10.D'l) ( .... ) 

0.01 .. 
(0.00) (0,00) (0,00) (0.001 (0.001 1M') 10,(0) (0.00) 10.4~) (0,28) 

Io.l~) (O,"~) (0,081 (0.221 (0.101 10.m (0,6") (O.;/JI (O.M) 10,1 11 

1.45 
10,)9) 10,") (0.'0) (O.O~I (0.111 10.16) (0,"") (0.0') (0.07) 1M2) 
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Table AlI.I (Continued) Mean (SE) total ground area covered by vascular plant species 
fornaturally-{n:5)andanthropogenically-disturbed (n:3)S.jejunastudysitesooltle 
limestone barrens of Newfoundland (Canada); July 2006 & 2007: (n: number of plots) 

Natural Disturbed 

Species -< -" -" - ,." 1'''1 -" - ~ ( ... ) 
0.31 0.31 

(U31 (0.691 (O.OS) (0.10) 10. 11) 10.100) 1 0.~~) lo·m (0.10) (0.21) ,. 
(0.1~1 ('.031 (0(101 (0.00) (0.121 (US) (0.00) (0.001 11.55) (1.11) ,. ,. 
(0.(10) (0.(101 (0.061 (0.001 (0.021 (0.021 (0.00) (0.00) 10,(0) (0.00) ,. 
(0,0.) (0,0.) (0, 11 ) (0.00) (0.021 10.") (0.0.) (0.06) (Olg) (0,26) .. 0-01 
(0,») (0.06) (o.o~) (0,00) (0.00) lUI) (O.Oi) (0.001 (0.00) (0.0<) .. .. 
(0.00) (000) 10.02) 1O.0i) 10.04) 10,0.) 10,(0) ,. 
(0,00) (0,06) (om) (0.00) (0.00) ,0.04) (0,00) (0,0.) (O.OJ) (0.00) 

MS - (0.00) (0.00) (0.00) (0,00) (0,00) (0-00) (0.00) (O.M) (0.001 (0,22) ,. 
(0.00) (0.11 ) (0.07) (0.01) (0.06) ,0-01) (0.01) (0-00) 10.001 (0.00) ..• ,. 
(0.00) (0.00) (0.02) (0.02) (om) (0,01) (MOl) (0.00l) 10.001 ,0.001 , .. 
(0.00) (0.00) (0.00) (0.00) (0,00) (0,00) (0,00) (0,00) 10l.001 ,0.00) 

ToIaiva!lO.llar 
plant"""...- ('.12) 1'''''1 

- present on "" e but at very)ow abondaoces (account for less than 0.01% mean site 
"""erage) 
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APPENDIX III: Age determination within naturally- and anthropogenica lly
disturbed populations of S. jejuna 

Introduction 

The determination of aduiliongevity and population age structure has 

numerous appl ications to conservation planning. Through this worl!., effective 

conservation strategies can be developed by gaining a better understanding of 

the innuence of habitat quality on plant age. Aging distribution data is also 

important when examining reproductive parameters such as seed set , natural 

seedling recruitment and donal growth. Lastly, aging distribution data also plays 

an important part when detefmining projected species persistence using 

population viabHiry analysis 

Method$ 

Plants (N"114) of various stem diameters were randomly sampled (under 

appropri ate permits) , at a distance of at least 1m apart , within six study sites: 

CND-D, BHD-D, BK1 -N and BK39- N in September 2005 and CNE-D and CNC-N 

in May 2007. Plants were cut with a fine saw just aoove the root collar, unless 

plants were marlled for excavation. in which case the entire ptant was removed 

Samples were sto red in small paper bags until processjng. 

A cross section of the main root colla r complex for each sample was taken 

USin9 a fine blade hand saw. A series of sand paper.:; (200 -1200 grit) was used 

to prepare the sample surface. Due to low growth rates in many individuals 

annual growth rings were examined under a stereomicrosc:ope (40X) with fibre 
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optic lighting, Disti lled water was applied to samples to enhance viewing. To 

increase accuracy. growth rings were counted on at least 2 radii 01 the stem. II 

the number of rings differed between radii the average of the two radii was used 

The age 01 ~ants co llected in May 2007 was subtracted by 1 year to account for 

growth in 2006 and allow for comparison among sites. This assumption coutd be 

made as other arctic-alpine Salix have been shown to produce one growth ring 

per year. 01 the 114 specimens colle<:ted Q could not be aged due to distorted 

rings (N=3), rotten wood (N=5) and lack of defined rings (N:ol) 

Results 

The age of the plants ranged from 5 to 40 years. Median ages varied significantly 

among sites (H " 11.33, df:o 5. p:o 0.045), ranging from Q years (8HD-D) to 15.5 

years (BK1-N). Plant age varied between disturbance types with natural ly

disturbed sites having older ~ants than anthropogenically-disturbed sites 

(F".=7.Q2. p=0.006). Using pooled data, there was a significant correlation 

between plant age and diameter of stem (r=0.401 , p <0.001) 
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Table Alll.i A comparison of S. jejuna ages within se lected study sites (N= natural and 
D= disturbed) on the timestone barrensmNewfoundland (Canada) 

Site Mean Median 
Age (tS.E) .,. 

NATURAL 

8 Kl-N 15.9(± 1.8} 15.5 

8K39-N 19 13.2 (± 1.0) 

CNC-N 10 16.2 (±2.2) 15 

14.9 (to.9) 

DISTURBED 

BHD-O' 19 10.4 (± 0.9) 

CND-O 11.0(± 1.1) 10 

CNE-O 18 13.8(± 1.5) 12.5 

Mean 11.7(±0.7) 10.2 

TOTAL 13.2 (± 0.6) 12.0 

• site only used for purpose of aging. no demographic information available 
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APPENDIX IV: Preliminary genelic lesling of S. jejuna using starch gel 
e lectrophoresis 

Introduction 

Gaining an underslanding of the genetic diversity 'Nithin and among wild 

populations of S. jejuna provides insight into the primary modes of reproduction 

and allows for the determination of hybridization levels within populations. Further. 

genetic information allows recovery planners to ae<:urately assess levels of clonal 

growth within all populations, which may have significant impact on the 

demographic structure and species persistence 

Additionally. through lhe development of genetic markers. delineation 01 

species boundaries and species recogn ition are improved as in situ Identification 

can be difficult The ability to test the genetic diversity of populations will also 

ensure that a representative ex situ population is maintained 

Methods 

Cuttings were collected from 15 randomly selected plants in the field in June 

2005 and September 2006. Four naturally-disturbed (BK1 -N. BHN-N, CNA-N. 

CNC-N) populations and one anthropogenically-disturbed (CND-O) population 

were involved in the genetic test ing. Cuttings were transported to the Memorial 

University of Newfoundland Botanica l Garden where they were transplanted to 

alpine soil mix and placed under a mister for one week to encourage root 

development. Cutt ings were stored outside during the 'Ninter and were 

transferred to a co ld house in the spring of 2007. To increase bud formation, 



cuttings were transferred to a greenhouse when buds were present on at least 

50% of the cutting col lection 

Genetic testing commenced in June 2007. Tasting was conducted on both 

young and old leaves to assess whether leaf age affected the resolution of 

enzyme systems. Leaves were tested at 1 week, 3 week and 6 week intervals. 

Tes~ng showed no differences between both old and new leaves. Plants were 

placed in a growth chamber 1 week prior to testing to ensure testing was carried 

out under the same environmenta l conditions. Preliminary testing revealed that 

tissue cu ltured material provided the most clear enzyme resolution. 

As no previous genetic research had been conducted on S. jejuna , 

screening for enzyme resolution and variability was carried out using starch gel 

electrophoresis with 12 enzyme (Table AIV.I) systems and Six buffer systems 

(Table AIV.II) 

Table m .1 Enzymes investigated in the electrophoretic tes~ng of S jejuna 
E.C No = Enzyme Commission Number 

Enzyme 

Aconitase 
Alcohol dehydrogenase 
Glutamate dehydrogenase 
Glutamate oxaloacetate transaminase 
lsocitrate dehydrogenase 
LeUCine aminopeptidase 
Phosphoglucomutase 
6-Phosphogluconate dehydrogenase 
Phosphogluconate isomerase 
Shikimate dehyrogenase 
Hekokinase 
Malic 

-101-

Abbreviation 

ACO 
AOH 
GOH 
GOT 
IOH 
LAP 
PGM 

6-PGD 
PGI 
SOH 

HE (HKJ 
ME 

E.e. No 

4.2.1.3. 
1.1.1.1. 
1.4.1.2. 
2.6.1.1 

1.1.1.42. 
3.4.11.1 
2.7.5.1. 

1.1.1.44. 
5.3.1.9 

1.1.1 .25. 
2.7.1.' 

1.1.1.40 



Table A1V.11. Buffer systems used in the electrophoretic testing (enzyme screening) 01 S. 
jejuna 

Designation Electrode Buffer Gel Buffer 

A' 0.223 M Tris, 0.008 M Tris 
0.086 M Citric acid 0.003 M Citric acid: 
NaOH to pH 7.5 Dilute 35 ml of electrode 

buffer in 1 litre, pH 7.5 

B' 0.001 M NaOH 0.015MTris 
0.300 M Boric acid 0.004 M Citric acid 
pH 8.6 pH 7.8 

C' 0.038 M liOH 0.045 M Tris 
0.188 M Boric acid 0.007 M Citric acid 
Adjust 10 pH 8.3 wilh dry 1.0 M NaOH to pH 8.3 
components 

D' 0.3 M Boric acid 0.005 M Citric acid 
0.06 M liOH 0.0315 M Tris 
Adjuslto pH 8.1 10% Electroda buffer 

Adjust to pH 8.5 

E' 0.223 M Tris 0.13 M Tris 
0.094 M Cillic acid 0.043 M Citric acid 
Adjust to pH 6.3 Adjust to pH 7.0 

F' 0.19MBoricacid 0.05MTris 
O.D4MliOH 0.007 M Citric acid 
Adjust to pH 8.3 Adjust to pH 8.3 

Source of buffer systems: 

1 Soltis DE. Haufter CH. Darrow DC, Gastony GJ (1983) Starch gel 
electrophoresJs of ferns: A compila~on of grinding buffers. gel and 
electrode buffers, and staining schedules. American Fern Joumal 73: 9-27 

l Aravanopoulos FA, Zsuffa L.Chong KX (1993) The genetic basis of enzymatic 
variation in Salix9xigua. Hereditas 119:77·88 
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Results 

Three enzymes systems were identified on buffer system D (Table AIV.II); 

6-PGD, PGI, and ADH. All enzymes were repeatable however only PGI 

consistently provided clear, repeatable resu lts . In total , 55 individual plants were 

tested from five populations. Al l individuals were monomorphic for PGI 1 

and ten different phenotypes were resolved among the 55 individuals assayed for 

PGI 2. The number of phenotypes identified within each population varied from 3 

Unexpectedly, populations with a higher degree of donal growth (BK1-N, 

CNA-N) expressed a larger number of phenotypes. A comparison between 

naturally- and anthropogenically-d isturbed populations could not be made due to 

the lack of anthropogenically-disturbed populations sampled. Cutungs were 

established from plants collected during the aging experiment (Appendix IV) at 

two additional disturbed sites but did not survive due to sawHy infestation. 

Table AN.III Expression of PGI 2 during electrophoretic testing of S. jejuna; N = number 
of indiv'dual plants tested within each population 

phenotypes expressed 

BK1-N 

BHN-N 

CNO-O 

CNC-N 12 

CNA-N 
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APPENDIX V: Morphological data for S. jejuna 

Introduction 

Field obset'Vations show that the morphology of S. jejuna varies within 

populations and across its range. Geographical distribution, habitat structure, 

hybridization, and anthropogenic disturbance may influence the expression of 

physical traits among populatiOns. Data on numerous morphological 

characteristics were collected with the intention of providing a better 

understanding of the cause of this variation and to improve species recogn ition. 

Population means (t SE) for each morphological trail are dis~ayed in Table AV.I. 

Methods 

Morphological characteristics were measured for S. jejuna encountered on both 

naturally- (N) and anthropogenically- (0) disturbed study sites during plot 

sampling in July and August , 2006. In Table AV.II, location is the cel l position 

within the 1 m2 plot. The morphological features measured included: Sex (1 = 
vegetative (unknown), 2= female, 3= male; BD (basal diameter of root collar to 

the nearest 0.01 mm using digital ca lliper); L (length of individual ~ant in mm); W 

(width of individual plant in mm); LB (length of longest branch in mm. from start of 

branch at root collar complex to terminal bud): and # Branches (number of 

branches on root collar complex. includes only main branches). If information is 

missing in Table AV.II it indicates these features were not clearly visible or were 

difficull to determine at the tima of sampling. 
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Results 

Table AV.I Morphological characteristiCS (mean t SE)d S.jejuna, compared between 
naturalty-andanthropogenically-d i slurtledsludY5~e5:l i mestooe barrens of 
Newfoundland (Canada): July 2006 

BHN-N 
BK39-N 
BK1 -N 
CNA-N 
CNC-N 

BKD-D 
CND-D 

8 21.$31 Length of 
sampled Diameter Individual Individual 

"" '" '00 

" 

'" '" 

(mm) Plant Plant (mm) 
(mm) 

4.6tO.2 35.3t2.2 
36tO.2 307t20 

Length of , 
Longest Branches 
Branch Per Plant 

(mm) 

Notes: BHN-N has plants with much larger morphological tra its compared to 

other natural sites. It is thought that the variation expressed at BHN-N Is due to 

the hybridization of S. jejuna with S. calcicola as plants at BHN-N had larger 

calkins and flowered earlier Ihan olher sites 
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Table AV.II Morphological data for S.jejuna 

" " . ,. Location 'n !mm) L !mm ) W jmm) !mm) Branch .. , "'G' , 15.13 34870 "'"' 14 1.64 6 
7.05 126.02 6568 71.95 , 10H4 20.92 13259 62 ,67 6 1.42 , 10H3 12.74 15413 99.24 90.13 

"'" ,." 3225 19.95 
12Gl0 ' .00 19,13 16.87 
12Hl0 ,,.. 52,37 6 1.15 44.47 
12C9 67.95 69.89 
12H7 110.35 13327 
12J6 21.64 15.24 

19.52 "''' 259.04 
BK1-N 3.08 26.78 
BK1·N 5.52 7607 122.73 .. '" ".00 92.65 

14A9 '.00 46.80 
14G7 195.80 46.19 

13,56 l SO.60 .. " , 
'" 196.18 00'" 115.45 

BK1·N , 4,1 0 43.56 "'" BK1·N 6.20 63.25 
BK1·N .. '" 123.47 
BK1-N ,'" 65.26 41 .16 

3. 10 88.35 38.15 
16110-1 315 34.14 18.07 
16110-2 , '00 11.40 '''' BK1·N . 16110-3 , 4,20 43.17 36.14 

BK1·N '''' 63.25 15.60 63.25 
21.80 

BK1·N 102.40 SO.20 
BK1·N '00 "C, 74 ,29 44.18 
BK1·N 16G81 '00 4. 10 '00 
BK1·N 16G82 '00 '00 
BK1·N .'" 62.00 
BK1-N '00 ' .00 

16F7 .. '" 14.SO 
16E7 '''' 6.20 

SK1-N , 12.SO 5520 57.23 
SK1-N '00 

15,60 
31. 12 

142 .56 
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Table AV.1l (Continued) Morphological data for S.j6juna 

Plot W " . ... Location ,,. (m
2
IUOO L !mm) (m:)56 (m;~80 Bl1IInch .. . 16F3 , 26.12 , , '.00 3 10 ' .00 " 16B2 , 
'" 2390 15.50 " 1602 , '.00 '.00 '" 

, , .'" 68.35 35.40 , '.00 '" ' .00 , '.00 1450 
BK1-N , 

'" "''' 16.90 31.47 

BKt-N 5.75 3753 23.37 36.61 ,., 9.17 12159 92.22 41 .26 

" .. 1.93 "" 37.94 29. 19 
BK1·N "'" 

, 1.02 5.91 ' .68 
BK1-N "'OS 10.97 153.58 

2653 16.16 "., 9.24 26.58 19.21 
1613 6.62 119.\7 oo." "., 223.79 126.68 

"'" 4.17 144.54 54.10 5641 
BK1-N ""'" 0.91 16.42 12.52 "" BK1-N ,,- 256.56 34.59 
BK1-N 11006 4.43 36.45 21.77 
BK1-N '" 10.99 7.03 

11015 17.51 9.79 

" ... 52.n 31.24 
BK1-N 4.67 69.83 4258 
BK1-N 5.78 31 .96 21.61 

3.55 "" 63.73 
110H3 0.46 ,." 3.55 
11003 , 0.67 ... 0 '" '" 19.95 11.01 8.89 

'" 25.12 22.96 
853 81 .56 "''' 75.91 37.74 

153.90 "" 6.55 .. , 
3.19 33.85 23.30 

BK1-N '" 78.33 
BK1·N .. " 63.13 , 11217 1.46 13.97 .OO , 112B7 '" 28.07 14.59 , 

"'" 
, 737 49.36 24.62 23.08 , 11266 18.59 18.29 , 40.91 WOO 

39 12 
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Tabla AV.II (Conbnued) Morphological data for S.jejuna 

Plot ,. W . ,. Loc.ation ... {ml~~ L \~~ !mm! !m~!38 Branch •• , 112E5 , 5.28 3 , 112B3 , 9.77 153.88 87.61 "" 3 , 4.31 237.65 59.13 , 
BK1-N , 0.76 3. 12 0 
BK1-N 5.62 59.44 37.80 , 
BK1-N 1.24 26.12 16.04 16.15 , 

4.40 23.69 1227 ,." 9.23 845 607 
45.54 2352 

BK1",", 2.6 1 23.36 13.47 
BK1",", '00 '" 1.41 
BK1",", , 5.61 106.46 27.08 

0." ,.'" 8.59 
0.6 1 30.00 17.25 15.30 

BK1·N 0.70 9-02 ,,, 3.14 
BK1-N 5.71 

3.41 14.14 1003 6.81 
BK1-N 7.23 55.43 27.80 27.50 
BK1-N , 2.29 14.79 .. " 9.55 
BK1-N 108.75 41.48 4698 

5B5 8.87 
0.67 12.04 

BK1-N '" 14.39 10. 13 10.73 
BK1-N , '" 12.65 1265 
BK1-N 3." 19.25 10.24 

1.31 ,." 3.39 
BK1-N 17.70 
BK1-N 4.78 69.44 31.10 
BK1-N , 0.77 7.23 3." 

116!9 3.'" 
BK1·N 116C8 1.27 43.93 23.21 
BK1-N 116E8 , 0" 7.83 '" BK1-N 116F8 , 2.01 35.18 16.32 16.35 
BK1-N 0"' "." 928 

1.67 59.67 32.27 
BK1-N 36.45 22.98 
BK1-N 112.77 56.76 

0.46 6.31 2.93 3." 
BK1-N 0.69 10.93 3." 9.76 
BK1-N 11005 , 382 40.26 35.30 
BK1-N "'" 

, 9.14 73.54 
BK1-N , 3" 63.42 33.33 35.87 
8Kl-N , 3.11 19.55 '" 
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Table A\I.II (Continued) Morphological data for S. jejuna 

Plot " W . 
So. ". .- LOCJIllon !mm! L !mm! Imm) 1~\06 Branch .. 

BK1-N , 116Cl , 2.81 2(1.51 , 
BK1-N , 1257 225.24 225.24 , 
BK1-N " 118010 , 

'" 198.16 122.99 97.07 
BK1-N " 118Gl0 , 221 65.55 38.63 
BK1-N " lHIC9 , 5.63 " .. 63.18 
BK1-N " l1!iA9 41.63 
BK1-N " 

, 6.76 74.39 SO.05 
BK1-N " 

, 'OS 45.65 33.45 
BK1-N " 

, 6.55 41.82 32.23 

" 
, 

'" "." 
" ,." 4.27 

BKHI " ,." 79.69 3284 
BK1-N " '" 105.48 64.12 105.46 
BK1-N " 

, '''' 18.69 22.33 
BK1-N " 116E4 34.44 21 .06 
BK1·"" " 118G3 , 4.31 46.73 2(1.37 46.73 
BK1-N " 

, 2.74 42.00 21.81 28.17 
BK1·N " 

, 3.73 "' . ., 12.51 20.60 

" 1646 1834 
BK1·N " ' .M 19.31 10.21 19.31 
BK1-N " 30810 '" 34.35 16.24 34.35 
BK1-N " "''' , 3.74 81.83 

" """ S.16 168.61 10014 

" """ 
,,. 3.39 2.07 

BK1.N " """ 1.93 12.97 1.13 .. " 
BK1-N " "'"' 2.37 .,,, 24.63 "''' 
BK1-N " "''' , 0.76 10.10 7.76 8. 15 

" 32810 12.12 130.60 5979 
3.32 14.96 912 '" BK I·"" ,sa 3.59 

BK 1·"" 17.29 10.84 , 0.93 6.10 '" ,." ,." '" '" BK I·"" " "" 3.57 43.51 23.92 
BK1·N " =, 5.59 41.41 15.77 41.41 
BK1 ·N ,." 13.94 '" BKI·N " 34Gl0 3.69 31 .62 19.52 
BK1-N " """ 5.53 37.25 19.72 22.02 
BK1 -N " """ 6.67 16.68 9.37 
BKI·N , ." 21 .97 18.46 
BK1·N " '''' 21 .41 15.36 

" '''' 39.54 23.63 19.61 

" ,<A, 8.48 74 .07 49 05 "'" " ,",C, '" 35.22 21.41 15.64 
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Table AV.l1 (Continued) Morphological data for S, jejuna 

PIOI W " . 
Slla '0 location .. , Imm! l lmm! !mm! (nun) Branch" 

BK1-N " 3'" , 7.74 67.65 "'.'" 41 .66 , 
BK1·N " "G, 'OS 21 .09 11,67 13.85 , 
BK1·N " "'" 7.21 68,24 69.45 , 
BK1-N " "" 1.27 12.38 570 6.61 , 
BK1·N " 34F6, 37.08 229' 3 

" 34F62 3.43 72.73 , 
" "'" 7.65 38.'1 ' 6,03 , 

6.37 26.46 17,38 ... , 66.42 31.75 
27.32 11 .71 
9500 49,37 64.27 

" 3M" 2.'0 11,90 17.02 

" 3"" ,." 16.23 10.63 

" 36B6 ,... 60,46 '22.46 

" ""' 1.37 42.44 24,68 33.65 

" "" 127.53 
BKI ·N " ""' "." 30.42 15.24 
BK1-N " 36C6 '1.69 153.69 120.'5 97.26 

" "'" 5.07 74.29 43.45 53.33 

" "" 45.03 "" 22,78 

BK'-N '5.03 7.12 15.03 
BK1-N " 36C" 1.16 20.21 6.41 20 ,2' 
BK1-N " 3'0" 0.92 19.60 5.87 11,47 
BK1-N " 4OA , 0 9.75 00." 61.95 00." 
BK1-N " 43F6 2, 16 7.05 3, 19 

" .ru. 4.10 

" ... , 8,45 46.71 31 .31 
9,05 97.96 72.29 

19.56 
3.36 

BK'·N 175 12.64 5'6' 
BK1·N , 2,53 27,60 

BK1·N 5,5' 48,68 33.4 ' 48,68 

'''' 5366 33.83 "" ',02 7,93 .. "' 
' 268 124,25 68.77 4169 

BK'·N 
,,, 3.0' 

BK1·N 6,44 28,89 14.4' , ... ." 5.77 
BK'·N " "" '" 23.73 15.71 23.73 
BK1·N " '686 7.22 55.40 39.41 

" <6'" 4.77 60" 43.05 27.35 

'" 15,92 8.92 '0.29 
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Tabko AV.II (Continued) Morphological data for S.jejuna 

Plot " W " . 
So. ". No ,,....,, 

jmml L jmml jmm) (m~.32 Branch .. 
BK1-N " . ..., , 837 56 .. 55.55 , 
BK1-N , '" 30.16 15.34 , , 2 13 32.2B 19.84 32.2B , 
BK1-N " 4 1W l0 , 3.53 34.27 31.69 34.27 , 
BK1-N " 41OC9 3.B3 29.08 20.55 14.04 , 

" 41008 148.93 45.98 81.84 

" 41W9 , 6.63 79.79 52.01 , 3.52 M." 
5.7B 151 .71 

8KH." 76.21 m." 
8Kl-N 0.76 12.88 '''' 8Kl -N " 41207 , 2.61 110.54 56.14 

" 4 1287 , 5.65 113.20 65.94 
5.6 1 105.82 47.59 6861 

8Kl-N 7.63 116.98 5875 80.73 
8Kl -N " 41 485 87.84 43.83 70.C19 
8 Kl-N " 414G9 0.42 '" '" 8 Kl-N .. " 123.62 68.11 U.'" 
8Kl-N 1.23 9.21 7.37 9.21 
8Kl-N , 6.05 58.61 35.36 58.61 

0.72 7.67 9.45 7.67 
8Kl_N 19.60 13.50 
8Kl-N 1.53 20.67 10.72 , 9.97 51.18 

'''' .." , ... 22.83 1608 
8Kl-N '" 70.99 34.76 
8Kl-N 4.73 76.74 27 .19 , 0.74 .. " 

5.02 54.81 22.83 
8Kl-N 7.47 56.43 "'" 8Kl -N m 'ru, , 2.91 31.03 
8Kl -N m '""' '''' 129.99 11 8.36 102.65 

m ,"oo '" 115.30 70.53 60.02 

" 70H8 1.78 810 '''' 0.113 7.24 5.61 
m 70182 ,." 21 .05 17.64 

" 70H7 10.87 144.25 70.94 
8Kl -N m 7007 119.58 61.74 
8Kl-N " "'" ." 89.36 90.31 
8Kl-N " "'" 6.37 51.52 36.07 39.77 

8.17 128.54 71.08 

" "'" 3.17 107 .87 

" 72G6 ,.'" 



Table AV.l1 (Conlinued) Morphological data for S·ieJuna 

Plot W . 
Sil. " Location ... (";~:b L!mml !mml !mml Bl1InchH 
BKt~ " ""' 

, 19.63 11.03 14.86 , 
BKt·N " 7215 , .. " 33.60 33.13 
BKt·N " 72G5 , 1.40 5.53 10.86 
BKt·N " 72B5 , '''' 123.39 80.23 72.37 
BKt·N " "'" 

, 52.73 29.75 

" 72C3 1.44 16.52 8.22 

" "'" 6.03 123.20 40.69 

" 7282 7.17 90.67 56.92 

" 72G2 '" 56.16 34.53 
BKI· N '" "" 4.62 
BKt·N '" 74810 '''' 1.01 
BKt·N 2.67 
BK1·N 43.33 , .. " 147.88 OJ." 141.88 

'" 74J8 12.35 119.19 41 .00 8164 

" ""' '" 57.60 31.50 "'" " ,." ' .M "'" BKI· N " 76E8 '" 37.87 
BKt·N 4.16 133.17 104 .90 

" 16Al 2.46 17.77 10.09 

" "" 6.B5 105.11 6000 
BKI·N " ""' 4.37 201.05 153.82 
BKt·N '" ''''' 

,., 85.47 36.26 
BKI·N t09.69 " .60 
BK1·N 107 6.79 ' .00 

6.22 117.30 "'" " .00 

" 710E9 '''' "'''' "'" BKI· N " 712E6 5.47 39.13 17.03 24 .55 
BKt·N " 712G7 .'" 32.91 .. " 91.26 
BKI·N 11.37 .. " 
BK1~ '''' 402.59 
BKt~ 5.23 

'"' 19.23 19.23 
1.69 55.62 15.17 55.82 
122 4.57 4.07 
3.32 63.93 
2.67 69.73 36.03 36.16 

" 71818 1.45 59.50 22.23 3t .52 

" 716J5 382 51.21 37.97 
BK1·N " 716J2 B.41 "'''' 24.39 
BKt·N " 716110 '''' '''' 6.25 

"", .. 26.09 tt .96 
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Table AV.II (Continued) Morphologicat data for S. jejunt:J 

Plo! .. W . 
SI!e '0 Location ,.. 

(";~~ Llmml !mml 
!m;J.Ol 

Branf;h" 
81<39N , ,." , 41.07 17.29 2 
8K39N , 

"'" 
, '''' 89.23 16.92 70.54 2 

8K39N , 10 ES! 2.46 11.01 '" 8K39N , 10E52 1.18 9.31 3.55 
8K39N , 1005 0.73 3.53 
8K39N , 9.29 153.04 21.15 
BK39N , , 077 3.51 L" 
BK39N 48.70 ".'" BK39N 5.74 3.49 
BK39N '" '" 1.37 
BK39N 3.40 19.12 
BK39N 5.37 28.4ti 10.95 

""" ,." 3.67 4.37 
BK39N 4.72 52.76 "" "" BK39N 0.78 2.18 
BK39N 121 10 ." 5.77 
BK39N 12Jl 0 13.31 ,.'" 
BK39N 12F9 15.64 5.39 
BK39N 12E9 67.36 24.87 
BK39N 12C9 '.20 ,.'" 
BK39N 12C8 '" 13.24 5.18 
BK39N 12E8 '.BO 3.25 L" 
BK39N 12G8 '"' 28.81 9.49 
BK39N 2." 61.52 
BK39N 12F7 0.71 8.61 1.59 

BK39N "" 2.22 ,." >.ro 
BK39N "'" ." 2.23 
BK39N "''' 11 .42 
BK39N 12C2 12.29 
BK39N 1.43 10.61 4.72 
BK39N .sa '" 2.91 
BK39N 60.39 41 .48 

'''ON '" BK39N 10.57 
BK39N 1.91 36.48 9.03 
BK39N '" 58.43 21 .92 
BK39N 3.75 LBO 
BK39N 1.49 13.06 1306 
BK39N 1618 6.07 207.06 48.02 207.06 
BK39N 16F7 5.57 62.92 "" 62.92 
BK39N 2.77 "." 20.65 
BK39N .eo 15.21 ' .00 8.43 

""" 4.52 57.91 "00 4397 
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Table AV.l1 (Continued) Morphologica l data for S. iejuna 

Pia l " W " . 
Sit. '0 Localion 'n (m2~12 l(~~ Imm! jmm! Branch .. 
BK39N , 

"'" 
, 6.92 10m , 

BK39N 16E3 , 5.10 49.47 16.20 
BK39N 16Bl , 6188 24.69 45.43 
BK39N "" 

, 5.75 3827 15.~ 38.27 
BK39N 18E2 , ' .00 17.78 8.87 
BK39N 110010 , 2.67 2500 13.10 17.70 
BK39N I1OC5 , ,." 1~31 97.58 194.31 

'''''' 11002 '00 5.67 11 .07 
BK39N 11288 2.63 15.20 11 .22 

'''''' 11204 6.22 "''' 31.54 "'." 
'''''' 4.25 32.54 20.87 17.33 

'''''' 3.31 16.11 '" '''''' 17.28 48.26 

'''''' 1.43 7.61 16.16 

'''''' '" 21.66 12.75 
BK39N 66.59 49.37 "" BK39N , 5.49 110.14 23.31 
BK39N , ... 16.18 10.95 
BK39N 2.03 15.60 
BK39N """ ,." 4611 26.18 
BK39N 11616 3.69 9248 17.00 
BK39N 4.92 22 .23 13.89 22.23 
BK39N , 5.24 24,16 13.33 22.63 

2.73 11.80 
BK39N '" 11819 1.28 7.92 
BK39N '" 118F9 '" 12.55 8.21 
BK39N '" 

, 3.01 21 .88 11 .29 
BK39N '" ,." 12.94 "." BK39N '" 11808 2.31 1051 5.82 5.65 
BK39N '" 118J6 3.39 "" BK39N '" 116F6 '" ,." 621 
BK39N '" 3.28 1535 7.89 
BK39N '" ,." 3902 10.23 14.02 
BK39N '" 11802 4.63 65.05 32,84 65.05 
BK39N " ""''" 1.67 16.13 10,36 
BK39N " "'"" 0.63 7.57 3, 15 
BK39N "'"" 0.41 '" 193 
BK39N 0.70 3.55 1,85 
BK39N "'" '" 8.76 4.46 
BK39N " "''' 4.25 16.89 
BK39N """ 6.12 27.62 20.42 
BK39N "''' 2.67 2265 '" BK39N 1.02 8.47 



Table AV.l1 (Conlinued) Morphologica l data for S. jejuna 

Plo1 W " . 
Sil. '0 Location .. , 

! ~~9a L!mm! !mm! ImmJ.63 
Branch •• 

BK39N " 32AIOI , 12.85 593 , 
BK39N " 32Al02 , 0.93 10.91 5 18 , 
BK39N " =" , 25.88 979 
BK39N , •. « 60-02 10,64 
8K39N , 6.32 65.52 3949 41.08 
8K39N " =. , 2.11 65.63 18,39 65.63 
BK39N " "" 

, 1.53 45.99 17.27 
BK39N " "" 

, 9.05 28.70 19.77 
BK39N " "''' 

, ,,, 29.25 11 .10 
BK39N " "" 

, 5.01 "." BK39N " "" 
, 0.48 2.12 

BK39N " "" 4.35 34.21 1478 14.84 
8K39N " 34Cl0 0.97 15.28 5,23 15.28 
BK39N " 34Hl0 18.65 
BK39N " "" 1.91 15.82 
BK39N " "" 5.85 "''' 
BK39N " "G, , 0.65 8.41 .. " 4.11 
BK39N " "" 

, ." 67.83 16.62 6183 
BK39N '" 32.24 13.15 3224 
BK39N " "" 5.43 101.59 4585 63.94 
BK39N " "" 4.42 65.64 "" BK39N " "" 2,21 6.79 .. " 
BK39N " 1.77 ,." 319 
BK39N 2.62 18.98 .. " 
BK39N 2.52 .... 6.01 

",.. " "" 3.43 24.19 43. 44 

",.. " "'" 252 19.23 ,'" 19.23 
BK39N , ." 60.11 24.99 6011 
BK39N '''' 16.12 88.41 ,,, 16.31 
BK39N "" 43.25 13.77 
BK39N , 3.81 19.12 9.85 19.12 
BK39N " "" '" 58.82 21.99 "."" 

" 310010 "00 22.65 " .00 
BK39N 1.48 56.02 22.81 "'" BK39N " 31001 2.21 2fi.03 15.99 19.28 

"''''" " 310E6 6.40 "''' 14.65 "''' 
BK39N " 310F4 3.59 69.49 7.11 
BK39N " 312B8 , 2.91 29.17 18.30 
BK39N " 312Gl , 2.49 29. 15 
BK39N " """ 

, 4.93 20. 16 
BK39N '" 21.61 21.61 

"''''" 
, 

'" "''' "''' 



Table AV.II (Continued) Morphological data for S.jejuna 

Plot W " . 
Slle " Local ion ,,. I:ia L l mml Imml Im~~82 Branch .. 
BK39N " 31418 , 41.02 2432 , 
BK39N , 4.57 48.12 20.84 
BK39N , 065 '" BK39N , 244 15.63 '.00 14.12 
BK39N , 351 25.80 1000 25.80 
BK39N " 31481 , 

'" 76.45 30.10 76.45 

BK39N " 316G9 , .'" 23.37 11.64 10.08 
BK39N " 31609 0.51 3,47 1.31 
BK39N " 316C9 4.22 43.10 26.45 
BK39N 3.37 11.58 
BK39N " 316G7 , 0.79 '''' BK39N " 316M 3.21 14.66 1085 
BK39N " 316C11 0.62 '" '" BK39N " 316C12 '00 
BK39N 20 318J9 , 2.39 71.98 
BK39N 20 318.16 , 2.21 27.79 6.51 

BK39N '" 318117 , 2.73 48.14 1229 
BK39N '" 316G7 , 2.03 41 .59 
BK39N '" ".., , ' .00 47.97 1347 
BK39N 20 318H6 7.11 94 .52 1820 
BK39N '" 318C5 3.19 7.46 
BK39N 219 27.46 10.22 
BK39N 20 "'" 

, 3.40 48.54 
20 318G4 , 3.02 
20 ,,- 3.97 24.39 11.81 

BK3~N 20 318G3 0." 9.28 ' .00 
BK39-N 20 31811 1 30.14 14.05 30.14 

BK39-N " 7OC10 '" 48.88 9.02 "'" " """ 
, 2.27 12.93 6.02 

BK3Q.N 4.70 12.38 
BK39-N 378 31.81 15.20 
BK39--N , 2.61 37.61 
BK39--N " 76B5 , 2.70 12.54 
BK3Q.N " 78191 3.22 22.60 
BK3~N " 78192 3. 11 22.89 
BK3Q.N " ,~, 302 19.39 
BKJ9.N 9.57 re.", 
BK3~N " 7811 2.63 23.15 1.21 
BK3Q.N " 7aEl 25.80 11 .76 
BK39--N , 2.11 22.70 
BK39-N " 710E6 , 

'" 49.59 

" 710F4 1.61 85.93 

" m", 1.16 
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Table AV.l1 (Continued) Morphological data for S.jejuna 

PIOI W " . 
Site '" Location , .. 

1";~3 L!mm! !mm! !mm! Branch" 
BK39-N " 714Cl 0 , 27.24 12.41 11 .62 , 
BK39-N " 71416 , 142 20.43 10.34 , ... , 
BK39-N " 716181 , 

'" 2881 14.14 28.81 
BK39-N "''' 22.25 
BK39-N 17.45 13.17 

" 716J5 1.75 00." 7.28 
BK39-N " 71005 ,." 37.12 ,.,,, 
BK39-N '" "'" 1.57 , ... 5.32 
BK39-N 14.91 10.44 

'" 718H7 1.92 25.36 15.52 2536 
BK39-N '" no", 1.71 3810 
BK39-N '" 718H2 ].73 15.20 
BKD-O , 10Al 0 0.87 ".00 
BKD-O , "" 23.15 10.73 9.Q3 
BKD-O , 0.82 10.18 '" BKD-O 1.45 , 10 E l 0 '''' 2 1.51 21.51 
BKD-O I OGIO 25.29 '''' BKO·O 10Hl0 33.97 18.14 

BKO·O U. 10.82 ,.'" 
BKO·O '" 78.70 
BKD-O ,." 17.36 31.99 
BKD-O I OG91 ].10 1868 9.89 18.68 
BKD-O I OG92 5.10 ' .00 5.10 

BKD-O 10 E9 «>l 11 .90 29.36 
BKD-O '''''' 103 D' 21 .29 

BKD-O , '''' "'''' 
BKD-O 
BKD-O 89.24 
BKD-O """ 0.89 622 .. '" 
BKO-O 1008 '" 56.37 36.89 56.37 

BKD-O tOF81 3.07 1566 '''' 15.66 
BKO·O IOF82 4 25 "" 20.01 37.10 

BKO·O '" 46.17 12.65 26.28 

BKD-D 4.01 96.92 2668 55.08 
BKO·O '''' '''' 109.02 27.87 61 .65 
BKO-O 12F7 6.13 102.69 32.91 102.69 
BKO-O , 5.63 54.82 "" "" , 

'" 2367 
0.51 4.79 '" BKD-O "" 32.64 20.32 "" BKO·O 25.24 15.25 18.20 

BKD-D 12.\14 .00 
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Table AV.II (Continued) Morphological data for S. jejuna 

Pial " 
, 

" Sit. '0 Location , .. !mml !mml W!mml !";';.~ . B .... nch ... 
BKD-O , 

"'" 
, 4.19 "'''' 24 .1 3 , 

BKD-O , 12861 , ." 6,59 221 . 
BKD-O , 12862 , I,ll 1225 8.70 ." , 
BKD-O , 

"" 14.24 27.21 
BKD-O , 05' 4,02 ' ''' BKD-O , 13F6 , 1 05 13,47 1.53 
BKD-O , ''''' 6,49 98,20 63.65 
BKD-O , 13t6 9,28 5.33 
BKD-O , " ... , 4,35 8.53 
BKD-O ." 1.67 
BKD-O , ''''' '" 39 12 17.72 39.12 
BKD-O , 13F5 6.35 4325 23.87 32.67 
BKD-O , 13E5 , 0.46 3.31 2.01 
BKD-O , 5.18 27,38 22.26 
BKD-O 3.89 60,21 
BKD-O , "e, 1.46 14. 11 14.11 
BKD-O , "o. 6.92 3007 16.28 23.89 
BKD-O , ,,'" , 0.70 10.35 '" BKD-O , 0.69 6,97 1.03 
BKD-O 2,01 14,49 4.51 14.49 
BKD-O 16041 4.45 3938 18.73 21.54 
BKD-O 16042 052 2.52 ,." 
BKD-O , 433 54,61 32.89 54.61 
BKD-O "'"' 30-05 
BKD-O 2,41 15,94 10.71 7.25 
BKD-O 9.18 "''' ro.," 53.37 
BKD-O .. '" '" BKD-O 16t3 3779 24.83 3779 
BKD-O 16H3 "" 12.25 26.83 

1.17 .. " 4.81 
BKD-O 067 3.89 ,."' 
BKD-O 17.77 17.77 
BKD-O 2579 11.47 25.79 

3939 28.78 38.72 
BKD-O 2,27 3828 22.31 25.25 
BKD-O , 462 35.89 23.18 30.53 
BKD-O , 4 .1 3 21.68 12.36 15.21 
BKD-O , '''''' 5.73 44,77 37.03 43.34 
BKD-O , 'M" 5.65 4092 24.35 40.92 
BKD-O , 'ON '''' "'., 
BKD-O , 

"'" 
, 0.47 1,45 0.76 

BKD-O , '00' , 5.12 25,02 11.23 , ,.,,, 23,19 
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Table AV.II (Continued) Morphological data for S. jejuna 

Plot " 
, 

" ... Location ... {mm! {mm! W (mm! (mm) 

BK().O , 
""" 

, 6.67 "''' 31.68 40.72 

BK().O , 
"''' 

, 2.31 29.84 .,. 21.57 
BK().O , 

"''' 
, 

'" 110.66 50.47 110.66 
BKo.o. , 

"'"' 
, ." 95.47 70.27 73.61 

BKo.o. , 20Fll , 13.97 "''' BK().O , 2OF12 , 0.61 0.97 
BKo.o. , 

"''' 
, 5.89 91 .33 

BK()'O · "'" 
, '" 44 .07 2 1.41 

BK()'O , 9.19 41 .06 1931 
BK()'O · 231'110 3.15 35.73 25 ,07 20 ,45 

BK()'O 6 23Cl0 1.51 15.95 10,30 '" BK()'O 6 23010 15.15 7.14 11.18 
BK().O · 23Hl0 .. " 5.89 653 
BK()'O · 2~10 1.11 11 .62 572 11 ,62 

BKD-O 6 23.)10 0." " .60 1955 17.71 

BKD-O 6 """ 0.72 6.12 3.02 

BKDo. 6 """ <'66 13.25 6.89 

BKD-O 6 ''"' 1.22 10.93 
BKD-O 6 "" 3.81 29.74 24.74 

BKD-O 6 ''"' '''' 15.91 7.59 12.13 

BKD-O , 
""" 

, 0.73 16.17 581 7.81 

BKD-O , 26H82 ,." 23.32 19,31 14.52 
BKD-O , 2618 2.35 14.93 13.80 ,,0.0 , ,,,. 12.38 26.24 

BKD-O , 26F5 , 2.24 16.94 13.41 13.83 ,,0.0 , 2605 6.03 40.25 23.84 ,,0.0 , "" '" 3679 19.51 15.64 
BKD-O , "''' 6.32 "'., 10.84 18.93 

BKD-O , 
"''' 

, 367 17.00 
BKD-O , ,,0." 0.93 
BKD-O , "0.,, 14,02 14.02 

BKD-O , "0.,, 143 9.87 9.87 

BKD-O 7.78 72.64 46.72 72.64 

BKD-O , 0.79 '''' BKD-O 0.37 1.11 
BK()'O 73,74 27.62 
BKD-O 1.18 '''' 3.01 
BK()'O , 

"" 6." 135.42 63.28 116.08 ,,0.0 · ""''' '''' 2080 9.37 12.99 
BKD-O · 3OB22 14.25 
BKD-O · ""''' 9.76 7.87 

BKD-O · ""''' 14.24 ,." 
BKD-O · ""''' , 

'" 14.99 5.16 
BK()'O · ""''' , 

'" 7.91 
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Table AV,II (Con~nued) Morpholog~1 data for S. jejuna 

" l to 
Site ,. Loc;ollon 'n !mm) !mm! W!mm) (~~.~3 • Branc.h .. 
BKO-O · """, , 4.40 2251 20.48 . 
BKD-O · """, , 1.25 12.26 748 , 
BKO-O · "'" , 4278 28.71 
BKO-O · ""'" , 1.31 3256 13.88 17.35 
BKO-O · 3OGl0l "" 10.31 18.19 
BKD-O · 3OGl02 189 19.33 .." 
BKD-O , 

"'" '" 65.05 15.94 44.02 
BKD-O , 33110 , 1.55 \1.95 6.37 9.19 
BKD-O , 

""" 
, 4.53 19.40 '" BKD-O , 

"'" 11.69 
BKD-O , 33E81 , 3.45 31.84 17.57 21.17 
BKD-O , 

"'" '''' 28.88 23.30 17.18 
BKD-O , ,~. "" "" '" BKD-O , 

"'" 1,48 23.10 12.66 "''' BKD-O , "" 0.81 7.32 4.53 1.32 ,,0-0 , 3301 0.69 "" 2.61 
BKO-O , 

""" 1.44 15,11 7.87 10.93 ,,0-0 , 33G62 '''' 3283 16.90 
BKD-O , 3315 '" "'"' 27.91 
BKD-O '" "" 

, ,." 66.15 42.56 55.60 
BKD-O '" "," ..., 37.70 "." BKD-O '" "" 6.67 35.47 19.65 
BKD-O '" "'" 0.76 '''' BKD-O '" ""' 6.57 97.56 76.16 
BKD-O '" 

,.., .. " 46.16 "'''' BKD-O '" "" 40.71 22.09 40.71 
BKD-O '" "" 25.40 14.64 15.91 

'" '''''" 37.26 29.69 20.52 
BKO-O '" 368101 "'." 27.84 1653 
BKD-O " 4.53 "" 17,83 "" BKO-O " 3.92 25.50 2193 
BKO-O " .. ", '''' 1226 9.78 
BKO-O ' .88 16.19 
BKO-O ' .88 16.11 10,85 10.60 
BKO-O " 40010 ' .88 10.59 5,59 4.71 
BKO-O " 0.62 5.02 '" BKO-O , 1.42 9.70 '''' 9.70 
BKO-O , , ... 6.97 427 6.97 
BKO-O 2.25 17.51 12,18 17.51 

500 2.91 
70.33 30.75 

BKO-O , ." 22.70 
BKO-O " 4JJ92 "" \1 .08 ,." 
BKO-O " 4319 1865 18.65 
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Table AV.LI (Conlinued) Morphological data for S. jejuna 

eo , 
" Sill " Loo;.;Ition ... lmm! lmm! Wlmm! jmml • Branch .. 

811.0-0 " '30' , 4.12 101.40 40.79 4506 , 
811.0-0 " "'" 

, ' .99 29.24 , 
811.0-0 " "" 1.18 17.20 11 .47 17.2Cl , 
811.0-0 " "'''' ,." 17.34 20.70 , 
811.0-0 " "H' ,." 21.71 19.36 "'"' 

, 
BKO-O " "'" 2.45 19.58 11.30 15.64 , 
8KO-O 2.62 17.96 10.58 
811.0-0 2.51 22.50 16.47 
811.0-0 12.00 
811.0-0 37.11 18.36 
811.0-0 15.70 6,01 1570 
811.0-0 , 2.49 11.60 4.28 ", 
811.0-0 " '3G, 4.85 23.50 1236 14.18 

"".., " '3G< 109.79 3561 40.03 
BKO-O 9.48 88.18 40.65 

"".., " ""' 3.31 " .00 32.57 46.00 
BKO-D " "" 12.71 4.71 867 
BKO-D " ""' 

, OA6 .. " 2.23 
BKO-D " """ 4.27 57.95 3646 25.67 
611.0-0 " """ '"' 2522 15.22 17.76 
BKO-D " """ 7.21 14.32 
BKO-D " 5OF81 "0 11.go 'OO 
BKO-D " 5OF82 , 1.48 34.76 14.47 
BKO-D " ,,"' '" 37.42 21.08 

"".., " 53F6 3.78 6397 " ... 
BKO-D " '30' 3.77 22.35 
BKO-D " 53F5 ,,,. 12.67 
BKO-D 1.40 1326 6.65 8.73 
BKO-D , '" 32.52 20.62 32.52 
BKO-D " "'" ,." 5377 31 .42 44.69 
BKO-D " 

,,,,, 2.62 63.90 20.65 "" BKO-D " "'" 2.15 13.61 '99 ,." 
BKO-O ,." 21 .13 ,.'" 21.13 
BKO-O 0.48 3.70 1.65 
BKO-D O.nJ 11 .76 ,,, 
611.0-0 " "'" 

, '" 23.98 2398 
BKD-O " 

,,,,, 4.24 16.22 7.21 
BKD-O " "" 1.01 9.43 9.43 
BKD-O " 

,,,,, 0." 5.61 2.42 
BKD-O 2.15 18.41 9.11 
6KD-0 " ""' 

, 3.89 55.25 "''' 4687 
CNA-N , ,." , 2.22 22.43 15.42 2243 

''''" 
, 0.99 22.35 1837 22.35 
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Table AV.n (Continued) Morphological data lor S. jejuna 

Pia l " 5il. " Localio n ... !~.~~ !~;~3 W!mm! !~;.~3 
,anonciHI • 

CNA·N , 1013 , 6.63 , 
CNA·N , , 1.25 8.37 13.61 , 
CNA·N , 1872 14.22 , 
CNA·N , 7.65 2.21 7.65 
CNA·N , "" 35.21 10.18 35.21 , l1 C2 25.84 .. '" . 6.76 ".'" 25.26 

0.82 10.23 '" 1.85 20.28 
11.31 137.71 98.46 84.31 
2.78 18.96 1082 

CNA·N 31.21 '" 18.07 
CNA·N "" 23.90 

'NA~ 0.49 4.57 5.91 

,." '" 14.50 
CNA·N 2.03 29.73 41.71 
CNA-N "" 39.28 19.86 
CNA·N 15El0 ,." 10.92 17.12 
CNA·N "00 2.59 "" CNA·N '''' 101 .71 32.18 77.19 ,." 113.26 6625 

1.14 15.84 '" CNA·N 15F3 3.02 31 .11 17.67 31.11 
CNA·N 1503 5.28 18.05 12.99 18.05 
CNA·N H"' , 5.02 15.30 
CNA·N 1819 , 2.85 103.30 ... " ... " 44.49 44.57 
CNA·N "" .. '" 30.12 22 .25 "'.00 

''''~ 16F7 .. '" 51.26 33.31 )6.97 
27.20 1650 

'NA~ 
,~, 1.37 23.30 15.35 7.49 

''''~ 16F6 '" 15.97 .. " 9.75 

''''~ 
, ,." 27.20 .,,' 

CNA·N 15.97 43.49 
CNA·N 1.83 20.43 13.00 

1719 ,." 17.55 983 17.55 
CNA·N 17C9 '''' "'" 15.83 15.21 
CNA·N 1.61 11.96 lU9 '" , ... 31.85 1961 2049 
CNA·N 17H7 2.89 23 .86 38.1] 
CNA·N U"' 9.31 22.25 30.15 
CNA·N 3.85 2<1.97 
,~ 8.31 



Table AV.l1 (Conlinued) Morphological dala for S. jejuna 

PIOI 
Sil. '" locoIlion ,.. !mm! !mm! W!mm! !mm! It eriln~h .. 

''''"' 
, 17E2 1.57 39.45 24 .67 3510 , 

CNA·N , 18Jl0 5.15 67.22 41 25 
CNA·N , 18H7 .." 75.23 41.60 4348 
CNA·N , 18F7 ,." 82.52 51 32 8252 
CNA·N , 18E6 1.13 14.17 981 11.1 8 
CNA·N , 1815 '" 54.89 47 .99 33.32 
CNA·N 667 92.57 54.53 52.32 

2.27 37.96 "'."' 23.90 , "0 12.26 6.78 

'" 16.90 5.87 11 .97 
CNA~ '''' ".,. 415.42 "" CNA·N " 

,.., 
'" 42.25 27.24 36.01 

CNA·N " 19E6 101 16.84 10.95 
CNA·N , 

'" 35.84 2<1.48 23.76 , 2.72 55.40 38.70 28.10 

'" 104.53 "" 90.14 
CNA·N '.00 9.13 
CNA·N "" 4.20 
CNA·N , 2.75 20.60 34.77 

4.81 31.23 "'" CNA·N " 11 8H5 "" '" CNA·N " 11815 078 5.07 
CNA·N 1.15 18.87 

'" 2.63 1.89 

"" 23.76 ,." 
'" 119GS '" 36.41 26.19 

CNA·N " 2<lEl0 3.23 41.69 24.34 23.90 
CNA·N " 2<lFl0 '" 30.28 17.15 ".'" 

" ""' 90.89 
CNA·N " "'"' 61.24 
CNA·N " "'., 36.15 21.94 " .00 

" "''' sa.76 3285 

" ",m 
CNA·N " """ 1.41 17.62 1339 11.04 
CNA·N " "" 081 20.90 6.72 10.87 
CNA·N " 22D8 '" 49.82 26.23 26-03 

" 22G1 4.97 25.90 16.30 211.63 
CNA·N " m, '''' 19.49 13.99 13.52 
CNA·N " "., '" "" 34.92 21.60 
CNA·N " 22F5 2.81 107.59 U." 70.88 
CNA·N " 22B2 589 50.07 34.17 
CNA~ 6.18 129.17 75.67 
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Table AV.II (Conlinood) Morphological data for S. jejuna 

Plot " 
, 

" ". ,. Location ... !mm! !~~L W!mm! !mm! .8.a llCh .. 

CNA-N " 24Al01 , 3.62 10.SO 17.64 , 
" 24Al02 , 35.09 17.41 24. 15 , 

CNA-N " 24810 , t2 .1 6 8.15 5.93 , 
CNA-N " 24010 , 3.t4 46.19 >om 2371 , 
CNA-N " 24H IO '" 87.19 66.71 56.31 , 
CNA-N '" 48.98 3765 , 
CNA-N " """ 3.28 ".00 35.21 "00 , 
CNA-N " 

,,,, '''' 64.59 32.14 42.55 , 
CNA-N " "" '" 27.90 15.13 17.02 , 
CNA-N " "'" 2ti.76 21.34 
CNA-N " 2808 4.91 79.41 40.55 

" "'" '" "'''' CNA-N " 212H9 1.67 23.01 21.92 
CNA-N " 2t2.16 5.23 t09.88 53.62 81 .46 

" 2t201 1.92 1904 13.43 11 .72 
372 36.10 29.15 36.10 

30.78 18.68 
CNA_N 16.23 10.66 8.89 
CNA-N 62.23 36.47 "''' 
'NA~ " 214821 4.45 69.63 32.18 

'NA~ " 214822 ,." 24.36 9.41 

'NA~ " 216H3 22.33 

'NA~ " 216J8 39.4 1 31.27 2Vl 
CNA·N " 216J9 28.36 1565 2<1.63 

'NA~ '" """ 54.22 30.57 21 .95 

'" 21819 1.10 12-03 8.37 6.69 

'" 218J5 3,21 52.75 19.20 
CNA·N '" 218F2 15.84 949 

CNA-N " "''' 52.SO 22.73 

" """ ,~ 31 .79 14.92 

CNA-N " "'"' 5.8 1 53.82 31.14 28.45 

CNA-N " "''' 2.27 1583 12.33 15.83 

" "'''' 6.43 28 .20 11 .04 

" """ 1.03 1862 no 

" "'"' 240 23.58 17.25 
CNA·N 3.62 89.72 25.98 81.66 
CNA-N " 32810 1.62 12.97 31 .89 

" "" 11 47 67.17 19.74 35.13 
CNA-N 9.79 51.oJ 28.56 39.72 
CNA-N " "" '" 1032 5.49 11 .29 

" "" 3.59 "" ,.'" 
" "" 11 .76 5.49 

" "-" 00.'" "." 



Table AV.II (Continued) Morphologicat data for S.i6juna 

"" " 
, " Sit. "' Loc"lon So. jmml Imml Wlmm! Imml • Branch" 

CNA·N 33 "'G' , 4.59 31 .24 17.18 18.63 , 
0"'" " "'OS , 31 .37 7.33 

33 "''' 29.57 25.70 "'" 33 "''' 23.78 53.2 1 
CNA·N 33 "''' 15.47 4.76 6.67 
ONA-" 33 "''' 11.50 34.31 30.65 

0"'" 33 "''' '''' 34.33 48.56 

'" ""' 3.13 9O' 12.37 

'" "" 4.72 26.70 36." 

'" '"'' ,." 34.45 42.32 
CNA·N " "'" 4.15 SO.11 SO.22 
CNA·N " "" 2.67 18.76 6.25 '" O""~ " "'" 

,., 141 .28 7028 

O""~ " "" 5.51 30.69 1316 11 .17 

" 310010 18.01 15.53 
CNA·N 123.04 92.17 
O""~ 71.71 34.93 
O""~ " 314F9 108.51 6UI5 

" 314E7 , .. 5.70 5.76 
CNA·N '" 21 .38 '" '" CNA·N , ,« 8.52 .. " 
CNA·N ,." 937 12.37 

1.22 24.51 11 .12 13.86 
CNA·N ." 33.00 13.52 
CNA-N " 5285 '" 23.89 '" CNA·N " "'" 

, '00 21.19 15.59 14.55 
CNA-N " ."" 2.22 32.43 19.18 32.43 

" 52F2 2.62 00" 57.87 " .33 ", 13.48 12.94 ." 33.57 .. "A' 6.22 9.74 
CNA-N " "" 1.27 12.69 34.72 
CNA-N , 

'" 3.85 14.SO 

CNA·N '" 79.31 "." 75.65 
CNA·N 7.14 '''' 16.87 

'" 115.35 58.35 
CNA-N , 

'" " .. 49.10 34.97 
CNA·N « "" 

, ,SO 52.04 2<1.91 43.83 
CNA·N « ""' 4.25 4550 13.70 28.64 

10.38 13363 48.90 47.77 
776 138.75 121.99 92.04 

CNA·N « "" 2.13 ".n 15.51 15.70 
CNA-N ... "" 5.27 90" 
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Table AV.II (Continued) Morphological data for S. jejuna 

, .. , " 
, 

" Sit. ,. Location ,,. 
(~.~~ (~;~ W !mm) !mm ) I Brllnch .. 

CNA·N " ""' 
, 67.22 40.65 , 

CNA·N , 19.30 "'.00 136.79 109.23 . 
CNA·N , 5.92 208.01 "".00 " CNA·N , 3.05 99.39 6228 , 
CNA·N , 11 .63 116.75 8989 
CNA·N , .'" 153.75 92 .64 

'NA~ 
, 20.65 214.00 127.61 

5.70 Hl6.16 52.86 54.19 
224 .00 154.70 

CNA·N 4.19 106.74 46.61 
CNA·N 2.93 ".'" 4645 44.01 
CNA·N 27.82 18.69 14.21 

12.46 6.89 
CNA·N " '''' 256.16 89.77 

''''"' " .. '" 1.15 15.76 3.55 

"A-N '" 255.49 153.69 
CNA-N 3.53 61 .62 17.84 

"A-N '" "''' 2.25 58.95 32.22 

'" "''' '" 40.30 
CNA·N " Me. 4.19 76.11 31.33 S1 .W 
CNA·N " "". 23.96 16.Cl4 10.62 
CNA-N " "'" 344 88.05 37.64 "''' 3.70 70.97 
CNA· N " '"'' 4.37 50.45 69.78 
CNA·N " "" '" 66.35 70.99 
CNA·N '''' 44.38 19.12 25.12 

'OO 65.73 31 .53 
CNA·N " 61OD3 2.16 23.62 15.79 .. "' 
CNA·N " 610E3 '" '" ,." 
''''"' '" 25.24 16.17 

9.31 110.65 69.60 
CNA· N " 612810 '.00 "" CNA·N " 612D l 0 .96 53.17 33.81 
CNA·N " 612El0 .,,' 65.82 
CNA-N " 612C7 148 21.66 8.05 

'.99 148.38 72.93 49.78 
CNA· N '" "''' "'"' 55.56 
CNA·N 21 .00 6.61 

'" 16.03 8.62 15.11 
CNA· N "' 616810 1.12 61 .62 10.63 "'.96 
CNA·N "' 616110 539 13886 89.68 
CNA·N " 72610 2.46 21982 65.72 104.02 

''''"' 
, 

'" 12 .64 8.29 
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Table AV.II (Continued) Morphological data (or S. jejuna 

Plot .. , 
" l ocation So. "' (~.~ (~~b W!mm! (~~,~7 'Branch .. 

CNA_N " 74B7 · 91,18 , 
CNA-N " 74F2 · 2.'" 17.06 1376 12.67 2 
CNA-N ., 

"'" · 1.07 43.07 24 .57 2 
CNA-N .. · 251 "''' 19.63 "''' . .. 78FlO .00 . " 8,02 . 

" "G, 2,12 41 .77 32.97 38,21 2 
3.77 "''' 28,81 43,08 , 

CNA·N " "'" 
,,.. 21,26 10.56 15.09 

CNA·N " "OD> 5,07 44,30 19.73 21.56 
CNA-N '" 

.,,, 5328 
CNA-N 10,71 117,79 75.37 6341 
CNA-N 3,48 2766 17.26 13.90 
CNA-N 2.78 6580 18.66 59.07 
CNA·N · 215 7.16 6.26 
CNA·N 7.69 60,01 40.67 

2,63 73,55 38.21 .,.. 11,92 ,eo 6. 11 
CNA·N " 714Bl 2,33 27,19 15.00 23.93 
CNA·N " 716010 2." 2628 16.49 17.76 
CNA·N 10.57 
CNA·N 40,22 35.19 

"' """ 1,46 38,63 21.40 
CNA·N " 71882 '''' 113,98 69.10 73.20 
CNC-N ".'" 0,\3 2576 25.12 23.45 
CNC·N 1016 ." 7.24 ,." 
CNC·N "", ." \360 
CNC·N "'" 1199 15390 40.74 
CNC-N 12E5 007 2.01 .. " 
CNC-N "'" 0.13 ." 0.63 

070 .~ 

' .00 SO, 10 12.00 
CNC-N ' .00 0,40 
CNC·N 028 1600 10.00 
CNC·N · ' .00 14800 " .00 
CNC·N · 10.00 73.00 15.00 26.00 
CNC-N ' .00 .'" ,.'" 
CNC-N . 16Gl a ' .00 15,60 ''''' CNC·N 16J l 0 ' .00 '''' 2.10 

''''-N ""' ' .00 200 <.00 

''''-N . .'" · ' .00 ' .00 ' .00 

''''-N · ' .00 , . ., 
,"'-N 2.00 

''''-N 16G4 ' .00 10.40 415 

''''-N ""' '''' 39.55 23.90 
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Table AII.II (Continued) Morphological data for S.jejuna 

" l 
Sit. " l oc:atio n 'n !mm! !mm! W!mm! !mm) Ii Branches 

CNC·N , 1603 , U>O ' .00 '00 0 
CNC-N , '.00 "'.00 '''' CNC-N 0.61 14.02 
CNC-N 0.61 12.55 
CNC-N 9.17 182.04 
CNC-N 1.22 102.83 9778 101 .84 
CNC-N , ,"00 0." 10.04 .. " '"' , 16.50 114.80 102.00 57.10 , ,00 '.00 , 1818-2 6.20 4.10 
CNC-N , 18G5 ,.'" 2.10 
CNC-N , ' .00 ' .00 '00 
CNC-N 1.10 '''' "" , l eEl ' ''' "'" 14.80 ,.'" 
CNC-N , 20010 '" 40 .1 4 14.03 21.85 
CNC-N , ''''CO 0", "" 3.67 , 

"'" 57.92 4013 
CNC_N , 2007 , 

'"' 15.43 '" CNC-N , 
"'''' 

, 077 6.82 2.07 
CNC-N , ,"M , 10.64 43.77 2658 
CNC-N 0"' 3.13 '" , 2013 '''' , 20E3 18.76 
CNC-N , 

""" O~ ,." 4.12 
CNC-N '" 7.76 
CNC-N 3.31 28.84 
CNC-N , 22Al0 2.72 33.40 15.65 29.04 

C'C-N , 22E8 9.77 ,." 
CNC-N 13.80 34.13 
CNC-N 8.05 25.37 
CNC-N '" 7.61 
CNC-N , 22F2 1.10 10.68 3,48 9.41 
CNC-N , 2201 '" 78.69 31 .08 41Jl 
CNe., 134.1 1 85.50 "''' CNe., 507 "" 25.07 35.99 

0." 20.60 7.79 
CNC-N H' 3339 
CNC-N 15.98 8.42 
CNC-N , 24Fl , 

'" 14.20 '" 14.45 
CNC-N , 

"" 2.91 "" 49.97 73.07 , "GO '" 215.00 "." 89.64 
CNC·N 0.00 22.13 11.76 
CNC-N 9.85 
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Table AV.II (Continued) Morphological data for S.jejuna 

Plot " 
, 

Sit, '0 Location ... (mm) (mm) W(mm) (mm ) 

'"" .. " ""' 
, "." 31.26 

CNC·N " "05 , "." 39.61 
CNC-N , 15.50 719 , 7.39 9.27 
CNC·N " "'" 

, 7.32 62.07 39.45 37.99 
CNC-N " "''' 

, 6.45 84.74 42 .77 35.93 
CNC·N , '.00 19.59 11.21 7.75 
CNC·N " "'" 1.45 9.70 7.92 
CNC·N " "'''' '" 67.76 60.69 76.16 
CNC-N , 13.42 98.22 61.56 79.60 
CNC·N 0.77 ,." 
CNC·N 0.61 1.93 
CNC·N 5.16 62.57 "'" 52.08 
CNC-N " 461101 2.05 27.56 8.65 "." CNC·N " 461102 37.69 17.Q2 
CNC·N 1.32 7.85 ' .00 
CNC·N .. " 25.79 
CNC·N " 52Al0 18.56 287.21 
CNC.N " 52110 79.93 52.31 
CNC·N " 52G9 89.83 
CNC·N " ,,'" 26.34 
CNC·N " "" 23.72 1236 16.36 
CNC-N " "'''' 28.69 12.00 16.88 
CNC-N " "'''' 4.17 36.25 24.05 21 .B3 
CNC·N " ' .00 "'." 47.97 
CNC-N , 2.10 29.13 19.52 21.60 
CNC-N I .B5 "." W46 
CNC·N ,." 12.89 7.93 
CNC·N 1.17 2.49 
CNC·N 2.55 "" 21.1 3 25.78 
CNC·N .. " '" 5. 16 4.91 
CNC·N 0.70 lB.99 '" CNC·N 1.03 23.88 
CNC·N " "" 11 .66 142.03 
CNC·N " "G' 1.52 10.86 5.62 
CNC·N " ""' 15.90 395.04 154.22 230.61 
CNC-N " ""' '" 19.66 12.34 
CNC-N '" "OO 5.19 98.76 
CNC·N '" '''' 1.21 '" CNC·N 12.52 9.31 

" " .. 31.69 
CND-O 10El0 133.53 101.40 
CND-O 46.35 
CND-O "'''' 



Table AVJI (Continued) Morphologica l data for S.jejuna .. , " ". " Location ,.. !mm! !mm! W!mm! Immt • Branch .. 
CNO-O · H"" · 62.07 2369 , 
CNO-D · 10H8 · , .. 286.59 80." , 
"""" · "n .... 59.4ti 44.17 "''' 

, 
CNO-D · "A' 5.10 115.52 39.87 4092 , 
"""" · "e< 1.21 24.51 20.95 1503 , 
CNO-D · 10E3 1.25 32.72 21.88 1992 , 
CNO-O · 10B3 1.74 67.89 6224 47.93 , 
CNO-O · "C, 11 .90 125.32 5693 70.01 , 
C,""" , 12t7 2.07 "" 22.12 U." , 
CNO-O , 12C5 · 2.24 " .. 19.63 , 
CNO-O , 1285 '" 22.05 
CNO-D , 12Fl 7.17 69.53 6757 6039 
CNO-D 6 ." 47.13 13.75 25.52 
CNO-D 8.Q2 92.56 56.74 "" CNO-D 1.62 14.60 
CNO-D 10.32 '50 
CNO-D · .. " 33.35 18.31 
CNO-D ,." 14.45 ,." 
CNO-D .. " "" 7249 67.09 
CNO-D 2.9 1 59.23 15.01 31.36 
CNO-D 9.43 56.25 17.43 " ... 
CNO-D 26.57 '" CNO-D " """ 5381 
CNO-D " 11817 1.37 24.77 12.22 
CNO-D " 118E8 · 2.92 21 .30 10.83 
CNO-D " "'" · 2.65 75.53 "." 31 .05 
CNO-D " 2016 2.51 "''' 20.69 "" C,""" " "AS 15(1.49 67.11 73.81 
CND-D " """ 3722 23.83 
CNO-D 15.97 75.35 
CNO-O " "'" 2.69 86.91 41.92 50" 
CNO-D " "'" 3.25 6324 34.93 "." CNO-O " "" ". 25.54 18.37 22.64 
CNO-O " 212Jl 1740 254.95 204 .94 151 .20 .. 21 4Dl0 5.65 52.67 21 .43 52.67 

" 216F3 3.73 "" "." CNO-O " 218H5 '''' 104.60 39.73 89.73 
CNO-O " """ '" 63.31 35.92 40.88 
CNO-D " 218H3 3.02 80.18 25.47 52.43 
CNO-O " "''' 2.87 7525 43.21 
CNO-O " "" · 155 "" 13.00 
CNO-O " "" 087 23.40 10.30 ' .56 
CNO-O " "" '" "" 48.26 55.63 
CNO-O " "" 2.61 43.54 79.03 
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Table AV.II (Continued) Morphological data for S. jejuna 

" 
, 

" Sile ,. L~tlon ,,. !mm! !mm! Wlmml jmm! • Branch" 
CNO-O " "" , '" 2753 12.70 10.75 , 
CNO-O 26 31089 , 7.57 122.22 "" 11.52 
CNO-O 26 31087 , 2.77 2544 20.17 16.52 
CNO-O 26 310H4 , 5.40 3070 21.55 " .0; 
CNO-O 26 310E3 , 10145 63.39 81.19 
CNO-O " 3128tO , 10757 31.46 
CNO-O " 312.)8 , 14365 75.90 
CNO-O " 312H7 , 52.89 26.39 
CNO-O " 312H6 '" 79.28 23.34 "" CNO-O " 312C3 19.37 37484 200.00 251.79 
CNO-O 197 "" "'.00 52.29 
CNO-O '" 11 4.SO 112.51 75.37 
CNO-O " "''' 2.69 91.93 48.13 
CNO-O " "''' '.26 57.10 38.12 
CNO-O " 410810 381 103.06 67.36 
CNO-O 30.07 30.07 
CNO-O 11.90 132.74 10131 92.08 
CNO-O '" 410H3 , 2.22 25.69 13.93 
CNO-O '" 410E3 '" 25.13 ." C,"" " 410A I 7.07 117.33 48 .82 
CNO-O " 41OJ3 ." 43.54 15. 12 
CNO-O ,8< 69.75 "" 38. 11 

C,"" , 1.21 27.69 11.48 1243 
CND'{) " 412El 0 , 

'" 78.40 32.51 3977 

C,"" " 416G6 , .." 628 9.69 
CNO-D 2.46 127.63 41.09 "''' 
CNO-D 3.85 62.09 20.40 46.86 
CND-D 8.87 71.91 43.17 4056 
CNO-D 196.38 7819 
CNO-D 4.75 133.73 53.37 91.68 
CND_D 3.03 67.32 25.SO 3190 
CNO-D .. "'" 184.97 lSO.n 130.40 
CNO-D .. "" 9.41 34.22 n02 15.07 
CNO-D .. "" 15.69 217.00 116.74 
CNO-D .. "'" 2.78 70.86 25.50 
CNO-D .. aac. 1.83 30.75 15.17 26.16 
CNO-D , 1.13 27.46 12.97 19.94 
CNO-D 1.17 18.73 '" 5.78 
CNO-D 5.65 154.67 
CNO-D 9.17 '" CNO-D , 24.00 438.21 276.SO 258.26 
CNO-D .. """ ,." .... 
CNO-D .. ""82 1.07 625 3.19 
CNO-O .. """ 0.62 6.01 
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Table AV.II (Continued) Morphological data for S. jejuna 

Ptot 80 , " Sit. " Location ... Imml 1:~~1 W{mm) Imml 
CN[)'O " 510Al 0 , 7.37 37.39 22. 14 
CN[).O " 511lF7 , ,."' 33.76 2(1.02 27.66 
CN[).O '" 59.32 32.08 52.19 
CNO.O .. " 12.54 '"' 6.76 
CNO.O " 51(1<>2·2 1.61 6.75 '" CN[)'O " 510A2 43.57 30.69 21.99 
CN[)'O " " ... 2485 9.59 
CN[)'O 27.28 17.18 27.28 
CN[)'O 1.27 20,05 12.85 8.74 
CND-O 6.76 81 .06 
CN[)'O 2 18 1328 8.37 
CN[)'O " 514E6 , 2.22 20 ,63 11.55 10.21 
CN[)'O " 516E6 , 2.17 "'.00 "." CN~O " 516G3 7.20 47,93 "'." "00 

" .,00 '" 116,07 43.04 
CND-O " ""' 

,,, "''' ",,, 16.98 
CND-O " 

.,,, 9725 38.05 45.54 
CND-O " ""' 1980 '" 10.52 
CND-O ,."' 
CN[).O " 

., ,, 2,49 45.97 
CNM " 62H9 2.35 42,51 24.35 36.25 
CND-O " 62E8 3,16 '''' 42.98 40.57 
CND-O " ""' '"" 82.83 36.52 
CN[)'O " '''' 

, 5.28 101,03 "'." 101 .03 
CN[).O " '''' , ,."" 147,45 70.62 113.36 
CN[)'O " "'" 

, 1.81 22,84 ,." 13.83 
CN[).O " """ 1.01 6,62 '" CND-O " "'" 73.07 34.45 ""' CND-O " "" 2498 8.83 
CND-O " ""' 5. 15 27 ,2(1 20.76 
CND-O " "-" 7.32 37.41 33.90 
CND-O 1379 153.72 67.62 119.&4 
CN[).O 1.59 63,69 31.60 
CND-O " "" 8.16 70,21 "'.00 
CND-O " "" 35,59 11.02 
CND-O " 'W" 13.18 
CN[)'O "." CN[).O " "" 8.45 41.4 1 
CND-O " "0' '" 25.50 19.98 
CND-O " "0' '''' 49.37 77.26 
CND-O " "'" 

, '" 46.74 22.79 19.54 
CND-O " 610E9 , 3.43 6579 29.30 31 .38 
CN[).O 34.24 12.90 
CND-O 
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Table AV.II (Continued) Morphologicat data for S. jejuna 

" 
, 

". " L ..... tlon , .. , Br;ww;h" Imml Imml Wlmm! 1":.~9 CN!).O " 616810 , 2.89 "" 13.74 , 
CN!).O " 616El0 3.73 18.04 26.24 , 
CN!).O 00 618E6 10.34 28.12 "''' , 
CNO-O 00 61805 '" 7.53 , 
CNO-O 00 618H4 5.48 44 .42 "" 22.79 , 
CN!)'O " 70010 ,." 70n 37.26 "" 

, 
CNO-O " 70t6 '" 10.45 , 
CNO-O " 70H5 262 4041 24.61 "." , 
CN!)'O " 70H4 , 2.24 33.49 21 .37 19.71 
CNO-O " "G, , '" 17.73 5.79 10.51 
CN!)'O " 

, ", 63.32 28.86 44.31 
CN!)'O " 7013 , 

'" 78.28 48.12 36.12 
CN!).O " 7083 '" 22.63 13.06 12.02 
CNO-O " """ 7.44 42.06 54.82 
CN!)'O " 'OM 346 88.12 00." 56.16 
CN!)'O " 

, 
'" 60.17 24.94 28.90 

CN!)'O " 70Fl , 2.39 "''' 18.36 27.92 
CN!)'O " 72Al 0 '" 61 .76 49.96 56.15 
CN!)'O " 72810 7.44 «00 49.44 
CN!).O " 721 10 '" 65.27 5242 SO.OI 

C",.O " 7218 '''' 47.83 22.29 36.23 
CN!)'O " 72J7 '" 62.21 "" CN!)'O " 72G7 78.42 41;.78 3613 
CN!)'O " "'" 27.56 16.43 22 .50 

" "'" 6.15 89.00 60 19 51.99 
CN!).O " 7288 '" 26.55 972 24.35 
CN!).O " 7208-1 ,." 32.97 8.02 
CN!)'O " 7208-2 , 1.53 13.96 9.17 1287 
CN!)'O " 7207 2.92 1345 
CN!)'O " 72C7 2.74 10.55 1(.86 
CN!)'O " ""' 7.92 41 .26 39.88 "" CN!)'O " 1216 ,." 43.86 1748 15.44 
CN!).O " 72F6 43.48 146.06 
CN!).O " 7285 7.15 217.12 70.55 107.65 
CN!).O " "'" 6.92 62.40 54.23 
CN!)'O " 7215 3" 59.24 "'" 48.15 
CN!)'O " 72J4 ,." 18.76 nil 1367 
CN!)'O " 72G3 13.SO 10605 102.29 
CN!).O " 72F4 1.42 11.60 '" 11.60 
CN!)'O " 7283 3." "." 

" 72J2 3." 23.59 17.42 
CN!).O " 72E2 .. '" 184.89 8983 
CN!).O " 7202 2.19 10.82 8.87 .. " 
CN!)'O " "'" 

, ." 39.03 38.89 19.82 
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Table AV. II (Continued) Morphological data for S.jejuna 

" 
, 

" Sill' 50. (~.~ (";';~8 W!mm! !mml • Branc:h" 
CND-O , 60.13 69.84 , 
CND-O 10.81 108.30 38.77 , 
CND-O 10.49 153.87 105.37 107.19 
CND-O '" 5.69 9.20 
CND-O , 1.59 38.61 18.00 11.22 
CND-O " 74E8 8.91 129.22 U.'" 
CND-O " 

,~, 2.87 30.31 
CND-O 25.71 18.45 
CND-O 28.08 "'." CN~D 2058 17.82 
CND-O 17.35 144.41 109.35 102.08 
CND-O , ,,, 23.20 .. " 16.34 

CND-O 170.63 ... '" 97.36 

CND-O " 74F8 21 .74 117.50 59.45 78.78 
CND-O " 7416 .. " "" 30.21 
CND-O " 

,~, 3.02 81 .90 "''' 45.37 

CND-O 14.50 409.44 237.83 188.67 
CND-O .. " 153.73 90.71 107.92 
CND-O 0" 8.23 ,." 
C"= " 74F3 4.28 70.09 14.19 

CND-O " 74H3 ' .00 "" CND-O " 7413 0.'" '" CND-O '" 25.41 15.90 

C"= , 0.63 .... '" CND-O " 7412 0.43 5.57 
CND-O " 74C2 , .. 95.75 40.62 8706 

CND-O 3.75 13.41 689 ." CND-O 0.'" .." ,,, 
CND-O 22.85 13.60 

CN= l3.67 21.69 1813 

CND-O " 71 408 2.43 36.45 2621 22.69 
CND-O " 714G7 3.92 57.36 24 .99 37.66 

CN= , 7.87 99.24 83.31 

CND--O '" 2.02 

CN= " 76Fl0 ,.., 83.64 4408 
CND--O " 76Gl0 8.72 83.04 43.60 64.24 

CND-O " 78J9-1 4.21 35.59 25.18 20.62 
CND--O " ,"'", 5.43 36.4 1 22.83 36 41 

CND-O " 78J9-3 5.77 "." "" 4691 

CND-O " 7619 1.85 16.27 "" 11 .98 
CND--O " '"" 9.57 154.06 104.34 106.78 
CND-O " "'" 8.63 91 .04 "" 48.31 
CND--O " 'OC, 2.92 13.76 m 10.70 
CND-O " , .. , , 7.65 "" 23.26 "''' 
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Table AV.l1 (Continued) Morphologica l data lor S. jejuna 

Ptot " 
, 

" $111 Loc.l lon "'. " ~~.~l !~~~ W!mm) !mm) 
CN[)'D " "'" 

, 1~. O7 

CN[)'D " "'" 
, 3.82 15.37 22.18 13.47 

CN[)'D " 76H7 , 5.73 56.59 30.20 2278 
CND·D " "R , 4.47 15.27 22.13 
CND-D " ""' 

, 
'" 22.91 13.65 1609 

CND·D " "'" 
, 2.59 1.62 

CND·O " "'" 
, 21.79 408.66 253.24 

CN[)'O " "'" 
, 

'" .. " 7.79 
CN[)'O " 76F5 , 11.95 90.97 "" CN[)'O " 7603 , '08 ' .00 4.22 
CN[).O " 76E2 ,." 6.91 2.12 
CNE_D , 10B9 10.31 " .08 40.71 77.64 
CNE·D , 

"'" 80.97 37.95 80.97 
CNE·D , 1,48 25.56 12.70 
CNE·D '''' 71 .99 3907 
CNE_O , 

"'" 30.41 34.39 
CNE·D , l iAS 7.23 76.97 71.17 
CNE-D , l i ES ,.,. 38.61 17.99 25.00 
CNE·D , l 1H4 8.97 67.83 40.21 
CNE·D ,go 53.75 52.56 
CNE·D 7.93 6.51 52.80 
CNE·D , 1104·1 1.43 12.92 9.10 '" CNE.D , 1104·2 ,." 28,46 16.99 
CNE·D , 

"'" 15.77 8.79 8.49 

CNE·D 24 .40 23.30 1931 

CNE·D 
CNE.D , l1E2 140.13 117.99 
CNE·D , 

"'" 13.57 99.63 65.20 
CNE·D , 2.85 19.57 957 
CNE·D , l1B2-2 80.53 35.86 
CNE-D , 

"'" .." "00 ".00 
CNE·D , 2U.B 167.68 11 1.76 
CNE·D , .. " 48.59 2ti.B2 4506 

CNE·D , 1.67 19.87 18.60 1366 

CNE·D ,." 27.91 1635 
CNE·D , 12Al0 16.62 "" 48 .99 "" CNE·D , 12Bl0 ,." 6.13 2.73 
CNE·D 2.52 10.41 

CNE·D , 
'''' ' .08 13.37 ." 4.51 

CNE·D , 
"'" 13.17 56.69 47.97 56.69 

CNE·D , 6.39 "'" 51 .07 5378 

CNE·D 7.53 '"'" 63.63 
CNE·D 6.93 ,0.0, 49.37 9682 
CNE.D 10.46 20-02 23.00 
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Table AV.l1 (Conlinued) Morphoiogi<:al data for S. jejvna 

Plot .0 C C. 

". ,. Location ,,. !mm! !~~L W!mm! (~~.~5 
• Bran(.h H 

CNE.O , ''''' , 200 12.84 , 
CNE·O , 12F6 , 4.22 2583 15.37 17.51 , 
CNE'() , "'. , 123 '" 2." ,.., 
CNE'() , 1216 , 2,1 8 "" 16.46 18.22 
CNE'() , " .. , 6 ,24 15.71 11 .72 
CNE'() , 1215-1 4.82 13.35 10.55 5.89 
CNE·Q , 1215-2 2.92 15.83 '" '" CNE·O , 12H5 15.55 , .. , 46.62 " .09 
CNE.() , 12F5 6.32 2888 22.81 15.67 
CNE.() 2131 19.17 25.71 
CNE.() , 12E5-2 11.23 4568 ".00 
CNE'() , ''''' 1585 117.85 110.60 
CNE·D 81.57 62.96 
CNE·D , ,,~ 38.23 20.63 
CNE'() , "G' 11.11 '.00 
CNE.D , 12F3 413 22.54 14.63 13.43 
CNE·D , 9.63 "" 36.55 32.76 
CNE·D , 1212 , 

'" 19.79 16.62 15.40 
CNE·D , 12G2 0.91 12.77 9.49 9.97 
CNE-O , 12Gl 15.83 69.58 40.68 "'.00 
CNE_D 1243 142 .90 69.35 44.16 
CNE·D 70.60 42.56 34.05 
CNE·D , 6.18 "'SO; 15.64 
CNE'() 2.'" 22.41 16.99 10.73 
CNE-O 37.87 "'.09 23.22 
CNE'() n.52 "., 
CNE-O 2'" 22.91 17.69 16.51 
CNE·D , 13H9 , 2." 2M2 ZU.76 26 ,02 
CNE-D , "G' 10.61 "'." "09 
CNE_D 5.69 ".00 29.62 
CNE-D 7.45 52.03 311 6 "" CNE-D 8.10 53.40 23.49 "" CNE_D 'OS 33.78 19.02 
CNE_D , 8.25 49.50 
CNE_D , 

"'" 
, '00 17.22 12.91 

CNE·D , 80.32 31.61 43 ,49 
CNE·Q 53.69 "" 18.81 
CNE·D , "H' 11.15 ".29 69.57 
CNE·D 13F7 6.87 33.15 11.11 1809 
CNE·O 13E7 26.13 15.21 27 ,83 

CNE·O , 10.55 6128 .,,, 
CNE·O , 

'" 15.12 1433 

"'" 
, 22.70 150.00 71.39 57.41 

"'" 
, 6.22 50,39 25.26 5039 
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Table AV.II (Continued) Morpholog ica l data for S. jejuna 

" 
, " Site ,,. ' Branch •• !mm) !mm) W \mm) !~~.)39 CNE·D , 15.87 107.20 73.53 , 

CNE·D , 9. 16 81.22 69.94 66.02 , 
CNE·D 0" 6.44 2.72 5.27 , 
CNE-D , n" 10.57 75.32 69.00 65.06 , 
CNE-D , , 3.74 28.96 28.86 , 
CNE-D '" 32.56 , 
CNE-D 3.89 1895 12.23 15.63 
CNE-D 1312 53.95 "'." "'." 13Hl 91.00 52.83 
CNE_D n,,, , 591 26 .12 
CNE-D , 5.72 15.88 11 .19 
CNE-D 3.20 21.62 13.82 20.03 
CNE-D , 13F I-3 2268 22.16 
CNE-D , 20Bl0 126 09 87.48 68.87 
CNE_D , 2OClO 55.78 "'." 39.95 
CNE-D , 

""' 18.20 14.01 
CNE-D , 20F9 , 5.17 29.21 18.49 
CNE-D , ,"M , '''' SO.71 22.69 
CNE-D , 20 E8 15.Q3 6 1.95 
CNE-D , "''' 13.97 254.86 
CNE_D , 

"" '" 0." 
CNE-D , 

""" 10.87 
CNE-D , "." 13.30 , "''' 15.07 a.87 , "''' '" 15.34 1030 
CNE-D , 

"'"' 
, 0.97 , ... ". CNE-D , 

"''' 
, 1.20 

CNE-D , 20FS 2.05 49.42 17.95 27.95 
CNE-D 2.55 "" 22.58 26.69 
CNE·D 3.35 14.69 12.87 
CNE·D 0.0, 26.92 21 .96 24.51 
CNE·D , 201 4 0.'" 4.17 2.40 , 22A l 0 '" "'"' , 22D l 0-1 , '.00 89.45 48.67 
CNE-D 0.'" ' "' '" CNE·D , 22Hl 0 15.07 131 .17 154.26 , 22J9 2.24 '" "" CNE-D , 22J8 1.9 1 '" '" CNE·D , 22G7 13.54 91.78 76.71 79.70 
CNE·D , 22107 4.15 2973 18.30 19.35 
CNE·O , 22C7 '"' 7.59 11.59 

CNE·O , "" 1387 ' .00 ,., 
CNE.D , "''' 378 32.89 12.58 
CNE-D , 22 F6 , 5. 12 22 .86 



Table AV.II (Conlinued) Morphological data for S. jejuna 

Plot " 
, 

" .. ,. Location ... !mm! !mm! W!mm! !mm! 'Branch .. 
CNE·O , 22J5 , 23.1 4 16.76 21.36 , 
CNE·O , ''''' , 65.30 "'.00 41.51 , 
CNE.O , 22J3 , 4.02 15.98 '" 570 , 
CNE·O , 22 H3 , U" 5.39 519 
CNE·O , 22D3 , 2.63 32.63 26.77 
CNE·O , 2263 , 23 ,02 12.05 
CNE·O , 2262 , 20.72 13.49 10.72 
CNE·O , 22H2 , 19.4' 9'.53 69.61 59.45 
CNE·O , 22Fl 3.49 30.28 17.61 14.21 
CNE·O , 22Cl·l ,." 35.94 17.51 
CNE·O , 22Cl·2 11.02 47.'6 31 .97 42 .28 
CNE·O , 5.69 26.48 18.55 18.10 
CNE-O 3.74 34.13 23.23 
CNE_D , 24C9 13.82 127. '2 5950 
CNE·D , 24E8 21.38 150.20 S1.05 
CNE-D 17.02 69.0' 39.10 
CNE-D 9.59 76.08 
CNE-O 15.48 53.58 
CNE-O 24C7 2.0 1 12. ' 0 "" CNE-D 24A7 4.4 ' 29.06 ' 558 ' 9.45 
CNE-D 24C6 3.03 29.59 25,08 23.78 
CNE·D 2.18 23.04 17.27 14.84 
CNE·D 24G6-1 , 5.10 "" "" ' 8.00 
CNE·O 24G6-2 3.72 25.13 10.88 1030 
CNE-D 1321 
CNE-D ' 513 
CNE·D 97.48 55.40 
CNE-D .,,, 59.09 
CNE-O , 24Dl 25.00 ' 667 
CNE·D , 

"" ' 8.13 
CNE-D , 30M 14.67 60.15 
CNE-O , 

"'" 12.89 93.45 6572 
CNE-O , 

"" 11.12 107.33 6707 
CNE_O , Jru' 15.06 138.13 "., 
CNE-O , 

"" 12.77 149.99 127,76 
CNE·O , "0' 0.77 6.48 '" CNE-O 14.29 136.84 
CNE-O , 

"'" ,." "" 46 ,42 
CNE·O , 

"" 1.70 15.84 9.87 11.35 
CNE-O 5.23 29.88 
CNE-D 8.72 95.69 7133 
CNE-D , 32Cl0 7.65 74.17 2669 
CNE·O , 32El0 6.57 69.12 46 ,75 
CNE-O , ,m , 

'" 35,83 "" 
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Table AV.II (Continued) Morphological data for S.jejuna 

Plot " 
, 

" ". '0 Location ,,, lmm! Imm! W lmm! 
Im2;.I83 

'Branch .. 
CNE.D , 32J8 , 616 38.76 27 ,82 3 
CNE·D , "m , 1.61 '" 770 '''' CNE·D , 

"'" 
, " .. 17,96 14.64 

CNE·D , " .. , 12.97 125.06 7502 
CNE·D , "" , 

"" 64 12 
CNE·D , 

"'" 
, 15.93 144.21 6296 

CNE·D , 32F2 3 10.80 138.Q3 '''' CNE-D , "G' , 
'" '" 2.47 

CNE·D , 
"" "'" CNE· D , 3201 50. 19 

CNE·D " 34Cl0 43.40 25.82 
CNE·D " "'" 105.84 5372 45 ,25 

CNE· D " "" 117.84 85 ,19 95.82 
CNE·D "" 16.83 
CNE-D " "'" 286.51 204.75 137.51 
CNE-O " "" 

, 19,30 70.16 44.04 4806 
CNE·O , 9,73 41 .83 20.88 34,76 
CNE-O , 

'" 24.52 15.03 17,43 

CNE·O 66.22 2597 "" CNE·O 62.94 "'" "" CNE·D " "" 11.12 26.91 
CNE·O " "" 25.67 "" 14884 
CNE·O " "" 13.49 42.82 2922 24.46 
CNE·O " "" "" 20.81 "" CNE.D 297.63 159.16 114.56 
CNE·D " "" "'" 84.28 59.89 
CNE-O " "" 26.47 19.20 2077 
CNE·O , 10.86 82.07 68.61 39.06 
CNE·O " "e, , ,." 25.53 10.82 
CNE·O " .,,' , 19588 128.01 
CNE.D " ",,, 286.42 127.92 119.24 
CNE·O " 4084 154.()4 80.49 79.85 

32.87 
CNE-O 59 12 
CNE·D 17.23 308,55 
CNE·D 5.67 37.72 33.33 
CNE·O 79.06 56.61 
CNE·D 52,55 28.77 39.96 
CNE·D 12 11 71.15 57.54 
CNE·O 4.15 40.50 
CNE·O ,." 29.06 
CNE·O 261.05 112.47 
CNE·O 6266 "''' 37.8 1 
CNE.D 8.17 ,." 
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Table AV.II (Continued) Morphologicat data for S.jejuna 

" 
, 

" Site "' loc~tlon So. jrrwn) jrrwn) Wjmml jmml 'Branch .. 
CNE·O " 42F6 , 5.75 63.40 45.61 42.27 , 
CNE·O 8.12 60.74 30.57 5 
CNE·O 2.12 16.SO '.00 
CNE·O 2.97 "'.00 15.76 17.71 
CNE·O 5.00 35.58 16.55 20.42 
CNE.D 2.11 14.25 
CNE-D " 42J3 10733 69.44 105.42 
CNE-D " 42t2 11.93 10469 "" 51.93 
CNE-D 273 4464 "50 
CNE-D " 42E2·1 "" 16.76 
CNE-D " 42E2·2 0.72 5.74 
CNE-D 1025 74 .85 63.41 42.74 
CNE·O '50 16.28 ,." 9.65 
CNE.O 43.66 22,40 
CNE·D 2636 11.06 
CNE·D , , ... 16.72 
CNE·D '''' 41.18 
CNE·D 5.31 "'"' CNE·D 2.16 13.31 7.79 12.16 
CNE·D 6.32 51.27 16.62 26.77 
CNE.D " «" 2.77 2799 10.77 21,48 
CNE·D " 44G8-1 1200 6676 43.73 63.67 
CNE-O , 040 3.49 2.74 
CNE-D 4.75 40.73 ".,0 40.73 
CNE-D 7.33 59.03 30.25 
CNE-D 8.91 130.28 97.36 40.91 
CNE-D 10693 54.03 9191 
CNE-O , 7.24 94.65 76.72 41.96 

13.03 105.76 80.05 
CNE·D 543 18.03 16.76 9.12 
CNE·O 3.78 29.23 19,45 29-23 
CNE·D 12.05 133.32 80.35 67.17 
CNE.D 6.83 
CNE·D 
CNE.D 17.02 134.69 
CNE·D 7 19 4 1.54 39.81 
CNE·O 154.00 103.36 128.92 
CNE·O 63.13 SO.33 33.75 
CNE-D 10620 4S.59 "." CNE·O 1S.57 102.34 ".'" CNE·O 10.54 "'" CNE·O 18.98 149.48 117.87 114.27 
CNE·O '" 9076 55.59 56.57 
CNE·O 116.29 
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Table AV.II (Continued ) Morpholog>cal (!ata for $. jejuna 

" 
, 

Slta .- LOCOIlion S .. (mm) (mm) W(mm) (mm) 

CNE·O " "'''' 
, 7.15 309.01 117.21 153.81 

CNE·O " ,,", , 1,73 18.67 15.43 
CNE·O " "''' '" 42.19 18.93 
CNE·O " 5<>0. 7. 13 "" 57.31 
CNE·O " "''' 4.52 62.48 62.48 
CNE·O 7.33 28.94 2252 39,74 
CNE·O 362 4631 28,97 46.31 
CNE·O , 6 ,55 "'" "" CNE·O , 0.'" ' 38 
O -lE·O , 6.62 148.03 88.62 
CNE·O 2.42 11 .36 6.45 
CNE·O 11 .08 114.65 71 ,67 77 .39 
CNE.O " """ 3.21 16.6(; 9,28 13.74 
CNE·O " "''' 6.27 83 ,27 38.00 "." CNE·O , 12,22 62.97 
CNE·O , ." "" CNE·O 11.43 ,", '''' CNE·O 10.24 "" 50.89 58.63 
CNE·O " 52Gl0 7.02 3897 32,54 38.97 
CNE·D " 52110 528 79 ,52 50.15 70.30 
CNE·O " 52Jl0 , 9.17 47.94 26.39 49.46 
CNE·O " .'" 14.88 79.23 5199 41 .71 
CNE-O " "" 8.62 "" 62.77 
CNE-O " 52H8 819 54.77 
CNE·O " 52G8 , 7.03 42.72 
CNE-O , 1\,42 69.56 69.56 
CNE·O , ,", ,", 50.12 52.17 
CNE·O .. " 56.24 " .. 51 .65 
CNE-O '" 3070 15.80 30.70 
CNE·D 2,45 23.01 
CNE-O ,.'" 18.57 8.14 10.76 
CNE·D " 5213 17.17 8010 69.37 53.72 
CNE·D " "" 2,70 23.73 15.73 23.73 
CNE·D , 

'" 18.08 18.08 
CNE·D '.60 "'" 14.70 26.90 
CNE·O 10.86 58.42 69.59 
CNE·D 12,20 
CNE-O , 14,97 128.34 71 .38 
CNE-O 1.67 13.92 ," 
CNE." 15.52 7756 56.71 
CNE-O 0.60 259 
CNE·D " 54C8-2 0." 4,44 
CNE-O " "" 1308 275 ,89 
CNE-O , 0.76 3.51 



Table AV.II (ConUnued) Morphological data for S jejllM 

Plot " 
, " ". ... Loc.atk .... So. Imml jmml Wlmml Imml • Branch" 

CNE-O " "" 
, 1.07 .. " 3.23 , 

CNE-O " "" 
, 14.92 128.11 73.97 102.25 . 

CNE-D " ""' 1.11 11.10 7.14 7.63 , 
CNE-O " "" 10.93 "" 69.17 "." , 
CNE-O " .... 2.37 10.80 5.17 ,." 
CNE-O " "G' 0.47 "8 
CNE-O '" 3049 
CNE-O " 54E5-1 , 1.28 8.77 4.87 
CNE-O " 54E5-2 , 0.67 >.IT 2.19 
CNE_O " "" "" 8." 
CNE-O " "" 37.67 
CNE-O " "" 72.61 
CNE-O " ""' 15.45 122.23 
CNE-O 8.78 74 .57 88.80 
CNE-O " ""' U8 15.65 6.35 9.47 
CNE-O " "" ,." 21 .99 14.43 17.80 
CNE-O " ""' 

,.., 21.82 8." 
CNE-O " 5483.1 .. " "" 19.10 
CNE-O " 5483.2 , .ro '" 1.81 
CNE_O " "" ." 42.12 22.12 
CNE-O " '''' 

, 1.53 "." CNE-O " "" 0.92 1.57 

CNE-D " "" 1.75 925 8." 
CNE-D " 6OE10 43.72 69.89 

" 8068 153.95 102.05 12900 
CNE_D " ..,8 , 6.48 " .88 13.48 2025 
CNE-D 5.02 36.53 2097 22 .23 

O-lE·D " ""8 10.30 80.61 43.31 80.61 

CNE·D " 8068 6.07 "" CNE·D 4.22 21.47 12.99 
CNE·D " ""' 11.16 66.26 50.73 
CNE·D " '''' '88 114.03 
CNE·D " 8008 , 1.91 18.83 
CNE·D " "'" 

, "" ,." 13.12 
CNE -D " """ 

, 7.48 55. 11 "" CNE·D " "'" 3.37 28.64 1119 23.19 

CNE·D '" 125.34 53.17 11 1.69 
CNE·D 4.1 1 76.89 59.21 
CNE·D '50 24.16 

CNE·D " 6081-2 0.42 5.01 4.19 
CNE·D " 62FlO 2059 293.32 94 .28 
CNE·D " 62E9 , 4.43 21.43 13.55 
CNE·D " 'X8 , ". "" 24 .23 17.26 

CNE·D " " ... , 12.52 107.60 76.61 "." 



Table AV.II (Continu&d) Morphological data for S. jejuna 

Plot " 
, 

" Site '0 Location ,.. !mm! !~~~ W!mm! {mm! , Br .. n~h ... 

CNE·D " 6217 , '''' 10.00 12.73 , 
CNE.D 18.07 , 
CNE.D , 47.90 53.18 , 
CNE· D , 6.16 53.10 35.50 41.65 
CNE· D 4.67 52.59 14.57 26.62 
CNE·D " 62H5 9.93 64.70 3365 47.62 
CNE·D " 62G5 ,." 59.34 41.98 40.51 
CNE·D 84.45 52.69 46.12 
CNE· D 92.77 105.33 
CNE.D 1.12 18.34 10.38 18.34 
CNE·D , 1.05 14.96 1361 
CNE·D " 62H3 9.24 65.30 3789 32.54 
CNE·D " 62G3 8.53 $ ." 24 .96 32.29 
CNE·D " 62C3 16.18 "" 38.71 
CNE.D " "A' 0.69 6.53 .. " 
CNE· D " 62H2 , .. " 23.42 13.22 
CNE·D , 9.01 123.55 6085 
CNE· D 13.03 
CNE·O .. " 28.11 20 .1 9 
CNE·O " 54D10-1 2.22 1629 10.97 
CNE·O " 64D l 1).2 , 4.29 23.29 13.30 
CNE·O 3.74 1269 12.24 
CNE·O 3.23 4736 2178 24.38 
CNE.D " ,,~ . 672 36.92 21.05 "" CNE·O " "" 

, 22 .30 252.40 111.48 ",W 

CNE-D " "" 0.47 1.49 ,,, 
CNE·O " "" 23.50 308. 12 13449 229.37 
CNE·O " "" '''' 73.96 47 .53 51.32 
CNE·D .. "' 3522 21.94 
CNE· D "" 30.24 
CNE· D 3.33 20 .15 11.90 

2153 11.33 

" "" 79.01 65.19 
CNE· D " "G' , 4. 53 21.56 10.95 
CNE· D " "" 

, 
'" 1.48 '" CNE·D " "" 6595 31.49 

CNE· D " "", 59.14 56.39 
CNE· D 23.82 15.84 
CNE· D 24.53 21 .51 12.1 1 
CN E·D 82.65 29.37 82.65 
CNE·D " 70110 7.49 5682 33.69 21.06 
CN E·D " """ 

,,, 
CNE·D " 'OM 0.42 252 
CNE· D '" ""' 16.02 209.62 
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Table AV.II (Continued) Morphological data for S.jejuna 

Plot " 
, " $Ite " Loc:ation ,.. !mm! !mm! W!mm! jmm) 'B .... nch .. 

CNE.D " 70E7 , 18.16 100.66 52&4 67 .84 , 
CNE·D " 'OBO , 0." 3.05 2.03 0 
CNE·D " 70M , , . ., 76.31 , 
CNE·D " " .. , ,." 44.92 30.05 , 
CNE·D " 7013 , ,." 196.57 13578 100.15 
CNE·D " "B' , 24.22 1807 15.&4 
CNE.D " 72Cl0 , 6.67 119-09 68.20 67.51 
CNE·D " 72Fl0 , 9.10 131 .10 115.80 78.82 
CNE·D " 

, 2.72 19.63 12.20 
CNE·D " 72H9-1 ,." 2497 32.66 

" 72H9-2 ,." '" CNE· D " 72B8 12.58 11 .55 
CNE·D " 72F8 , 10.49 108.66 92.73 9002 
CNE·D " 0.37 ,." 325 
CNE·D 72GS-.2 '" 2.28 
CNE·D 7218 207.47 115.58 143.40 
CNE·D 7217 4.16 28.03 17.11 25.50 
CNE·D "'" 0.65 402 '" CNE-D "00 IVa 244.66 106.65 12890 
CNE·D 72 F6 , 3.05 24.90 15.58 2490 
CNE·Q " 72H6 9.0 1 125.32 5825 75.SO 
CNE·D " 7285 20 .76 
CNE·Q " "M 8.6 1 114.87 51.65 
CNE·D " 72E4 '" 27.&\ 15.34 15.21 
CNE·D " 72G4 11 .43 6642 35.77 SO.59 

" 72E3 0." '" 3.07 
CNE-D " 72C3 11003 43.39 
CNE·D " 

, ." 42.53 26.53 
CNE·D " 5.85 11.56 51 .22 
CNE·D " 72A2·1 '" 55 .65 " .BO "" CNE·D " 72A2·2 8.59 84.57 69.97 
CNE·D " '" 27.87 26.91 

" '" 2566 17.46 
CNE·D " 72G2 '" 6.61 
CNE.D " 72H2 73.53 
CNE·D " 40.45 
CNE·D " "" 19.37 "' ... 
CNE.D " 72Gl 969 63.19 25.59 
CNE·D " 

, 3.12 "" 15.78 
CNE·D " '" 31.53 19.18 
CNE·D " 13M 
CNE·D " 

.,,, 42.73 40.68 
CNE.D " 72Cl·2 274 26.0 1 60.52 
CNE·D " "''' '" 11.44 22.77 



Table AV.II (Continued) Morphologica l data for S,jejlJna 

Piol " 
, 

" ". ., Location ,,, (mml (~;~O Wlmm) Imm) 
CNE.D " 74Bl0 , 123 11 .79 
CNE-O , 2,17 10,82 '" ' .00 
CNE-O " 74Hl0 , 5,39 8939 67.88 59.39 
CNE-D " 74110 139 40 ,30 6.97 
CNE-D 907 64,13 
CNE-D " 74F8 2,42 21,00 12.35 10.26 
CNE-D " 74A7 '" 19,]2 6.21 19.72 
CNE-O 2376 13.33 
CNE-O 052 1322 ,." 10.04 
CNE_D 1,82 ,,,, 14.28 19.62 
CNE-O 285 ,82 116.27 
CNE-O 0.48 '" CNE-O " 74G4 , 7,48 196,64 

" 7417 24.41 
lC1Cl0 29697 "" BHN-N 10010 52.66 

BHN-N , 4,19 75.60 
BHN-N '" 152.85 10812 99,81 

WG' 51 ,1)5 120.27 
BHN·N 10F6 154.06 95 ,21 

BHN·N 1015 , 4.19 52 .60 3542 

'" 27 ,01 35,82 

1014 '" 47.92 31.42 25,93 
BHN-N '"'' 1.69 27.75 ,." 27,75 

BHN·N 12B9 '.00 95.41 "" BHN-N "'" 36,75 

BHN·N "'" 
, 7.01 121 .70 

BHN·N 2.19 21 .68 13,56 

1216 3.57 54 ,12 

'''' 1.69 8,73 
12F3 ' .00 125.45 

BHN-N 12B3 7.45 102.97 73,62 84 16 

BHN·N ,." 54.89 "" 38,59 

BHN·N 5.45 120.96 6140 91) ,01 

BHN·N 5.22 63.64 3992 59,93 

14E7 3.17 40.59 16,64 
BHN-N 14E6 4.82 38.20 29.86 24.42 

BHN·N 1.23 21 .24 12,71 1095 

BHN·N 6.69 118.56 '''' 6.53 272.03 102,58 154,11 
154.09 149,38 87,09 

65 ,27 76,10 
BHN -N 4.92 21.05 2571 

BHN·N , 1.91 "" 



Table AV.II (Conlinued) Morphological data for S. jejuna 

Piol " 
, 

" Sile " Location 
\~~l !~~ W !mm! {mml 'Branch .. 

BHN·N , 110F9 , 116.42 142.65 . 
BHN-N , 110H7 , 2." 1$400 59.50 , 
BHN·N , 11005 , 983 1$401 76.42 , 
8HN-N , 110F5 , '" 47 .65 26.53 
BHN-N , ,,"" , 469 "., 23.32 
BHN-N , 

'" 22.23 43.87 

BHN-N , 3.45 33.81 17.73 22.53 
BHN-N , 

'" 382.80 116.16 137.04 , .. " 62.16 36.62 62.16 
1.67 10.37 13.37 

BHN·N 112Gl0 7.03 50.33 67.79 
BHN·N 112H9 12601 63.04 86.25 
BHN·N 1.61 31.82 13.48 

1.13 8.10 ,." 
5.0 1 58.62 28.94 58.62 

BHN·N 11215 3.03 3628 25.79 27.32 
BHN·N 112G5 1.74 21.04 13.84 6.37 
BHN·N 112E3 ,.,. 12200 " .00 " .00 
BHN·N 112Hl '00 67 .80 39.50 54.10 
BHN·N 31.00 21 .50 
BHN·N , ' .00 '''' ' .00 

'''' "'" BH N·N 3.15 43 .18 23.90 
BH N-N 5.02 46.18 26.11 27.11 

3.10 .,,, 00." 
3.10 62.40 31.2(1 62.40 

BHN·N 2.10 12.05 7.03 ,." 
BHN-N 2.0 1 41 .16 
BH N·N '.00 '" 5.02 108.43 47.19 
BHN·N 2.0 1 21 80 10.04 16.06 
BHN·N '00 14.(16 5.02 
BHN·N , 4.02 51.95 39.15 39.15 

BHN·N , 5.02 106.42 63.25 83.2"0 

BHN·N 3.15 99.39 52.00 99.39 
BHN·N 14231 61 .47 93.65 
BH N·N 1.23 29.03 7.4 1 

2.20 27.93 13.32 , 117A7 ,." 9 1 89 78.50 
BHN-N , 117E6 '" 5.05 2." 
BHN·N , 11714 , 1.49 2<1.85 8.73 
BHN·N , 11713 , '''' 4.22 2." 
BHN·N 5.62 68.89 

5.13 



Table AVJI (Continll!!d) Morpho~kal dala for S, jejuna 

Plot " 
, 

" SIt. ,. Location Imm! \~~~ 
Wjmml jmm) • Branch •• 

BHN·N '" ,~ 
, 6.28 "" 132.85 , 

BHN·N '" "ru, , 6.70 660. 35.17 
BHN·N '" 120H4 , 2.35 22.23 23.44 
BHN·N " """ 

, ,." 60,81 36.3 1 60.8 1 
BHN·N " "' .. 6.05 309, 14 133.86 

" "'" '" 22.79 41 .22 
BHN·N " =, 6.13 151,55 "00 92.00 
BHN·N " "" 1.22 15.1)4 7.62 15.04 
BHN·N " 31217 4.63 15397 
BHN·N " 31214 2.75 154.16 48.31 
BHN·N " 312H3 5.10 "'" 50.02 
BHN-N 2.28 12.36 
BHN-N '" 121 .60 75.04 

2.17 12.03 7.19 
10.50 116.95 .,,, 

BHN·N " 318B9 ,." 36,43 100.79 
BHN·N " 318F5 "" 118.26 
BHN·N , 1.10 ' .00 16.29 

7.49 57.74 
BHN·N " 321J8-1 10.18 9 1.65 35.75 91 .65 
BHN·N " 321J8-2 12.50 95.29 30,37 69.90 
BHN·N 52.30 22.20 
BHN·N 154.11 61 .03 131 .82 

'" 324A10 10.47 189.71 ""00 189.71 

'" 324B9 6.25 90.28 28.22 90.28 

'" 324C9 '''' 52.52 44.09 52.52 
BHN·N '" 324C7 5.63 126.03 121.36 126.03 
BHN·N " 'W , ... , 33,48 15.86 
BHN·N 35.50 19.33 
BHN·N 4.23 40.32 13.26 15.39 
BHN·N 6.28 89.00 57.77 89.00 

" 5~10 ' .60 19.50 35.17 

" 53J l 0 72.11 27.66 72.11 
BHN·N " 5319 126.80 96.23 
BHN·N " "G, , 4.45 34.35 17,39 
BHN·N , '''' 92,89 

7.35 69,47 
BHN·N " "" 4.39 64.40 2453 64 .40 
BHN·N " 5919 ' .00 68.21 "''' 68.21 
BHN·N " "." , 4.31 101 .66 39,41 101 .66 
BHN·N " "." , ,." 42.75 "" 42.75 
BHN·N , 4.62 27.27 17,37 27 .27 
BHN·N " 512El0 '" 4697 
BHN·N " 512Gl0 '''' 
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Table AV.II (Continued) Morphological data for S.jejuna 

Plot " 
, 

" "" LQI;;Ition S .. .. (~~f C~~~5 Wlr;;;~ Cmml 
BHN-N " 512G~1 , 

" 512G~2 , 319 3291 9.62 
BHN·N , .00 86.22 56.72 48.01 
BHN-N " 512Gl , .. " 46.62 26.97 46.62 
BHN·N " 515El0 5.40 139.58 
BHN-N " 515Hl 0 '''' 144.56 "" BHN·N " 515G8 5.67 73.18 55.71 55.42 

" 515Cl 2.61 23.16 1060 

" """ 
, '''' 8.40 

" """ 1.75 9.91 
BHN-N " 521Al 0 '" 126.17 96. 18 93.28 
BHN·N " 521B9 m 51 .53 36.31 51.53 
BHN· N 9.37 115.80 41.18 
BHN·N "''' 1236 

4.91 24.34 

'" 46.91 

'" 524B5 4.69 39.24 SO.97 
BH N·N '" 524C5 "" 68.41 21.02 
BH N-N 5.51 105.07 62.69 



APPENDIX VI: Photographic illustrations of S. jejuna and the limestone barrens 
of Newfoundland 

Figure AVU Sa/ixjejuna (Female) at Cape Norman (Site CNA·N). on the limestone 
barrens 01 the Great Northern Peninsula 01 Newloondland: Photo ta~eo June. 2006 by 
J.RobinSOfl 

Figure AVI.II Limestone barrens (natural) at Cape Norman (Site CNA·N) on the Great 
Northern Peninsula of Newloondland: Photo takeo July. 2006 by J. RobinSOfl 
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Figure AVLIU Limestone barrens (natural) at Boat Harbour (Site 8HN-N) on the Great 
Nonhem Peninsula of Newfoundland. along the coast of the Strait of Belle Isle 
Diane Pelley and Gina Whelan; Photo taken May. 2007 by J Robinson 

Figure AVLlV Anthropogenic:ally..::l isturbed limestone barrens Cape Norman (S ite 
eND-D) on the Great Nonhem Peninsula of Newfoundland. along tile coast of the Strait 
of Belle Isle; Photo taken June. 2006byJ. Robinson. 
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