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Abstract

Anthropogenic disturbance has been shown to have negative impacts on the
recovery of endangered or rare species. Specific recovery objectives for Salix
Jejuna, an endangered prostrate shrub endemic to the globally rare limestone
barrens habitat of Newfoundiand (Canada), include assessing the population
dynamics of natural populations, understanding limiting factors, defining threats
and mitigating controllable threats where possible. As a large portion of
S. jejuna’s habitat has been anthropogenically-disturbed, understanding the
effects of disturbance on species persistence are central to promoting species
recovery.

An assessment of habitat features revealed that anthropogenically-
disturbed substrates were more homogeneous than undisturbed, natural
substrates, with more gravel, less exposed bedrock, decreased soil moisture, and

increased nutrient content. Populations resident on ically-disturbed

habitats tended towards a more “annual® dynamic, with a greater proportion of
seedings, 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

as critically or vulnerable. Less than 10%
of these listed species are well documented, including 11 species in the
Salicaceae (IUCN 2009), five of which are also listed under the Canadian
Species at Risk Act (2003). Consequently, recovery planners worldwide are
faced with the challenge of developing effective in situ conservation plans for
endangered species management, frequently with little available information on
the habitat requirements of 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
1904, 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; Gonzalez-Benito et al. 1995; Kluse and Doak 1999) are
the basis for PVA's which 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,



while predictions of species persistence will be difficult for recovery planners to
assess (Ohara et al. 2006).

Recovery planning is a complex process due to the numerous factors.
involved (e.g., biological, legislative, socio-economic) (NRWG 2007) and by the
high degree of global habitat alteration (Sanderson et al. 2002) which is thought
o inhibit the recovery potential of endangered species (Kerr and Deguise 2004).
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 especially vulnerable to anthropogenic change (Fielder and Ahouse
1992).

Myers et al. (2000) estimate that as much as 44% of the 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 al. 2000). Today, one-half
to two-thirds of all threatened endemic plants are confined to these diminishing
hotspots (Brooks et al. 2002). In Canada, habitat loss is considered most severe
in biodiversity hotspots (Kerr & Deguise 2004). More specifically, in a 2004
Canadian study, Kerr and Deguise estimated that of the 243 species at risk
examined, 113 species had less than 33% of their natural habitat remaining (i.e.,
no anthropogenic modification), 58 had less than 10% remaining, and I6 species

had no natural habitat detected.



Endemic species often continue to inhabit modified (i.e., degraded) habitat,
suggesting that planners should consider the conservation value of these habitats
in recovery planning. Though research in this area is limited, previous research
has shown that populations of endangered or threatened endemics resident on
anthropogenically-disturbed habitat have decreased population growth rate
(Ureta & Martorell 2009), decreased persistence (Noel 2000), increased
susceptibility to insect pests (Squires 2010), 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 effects on population sustainability
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 (Miller and Hobbs 2007). This
evaluation allows recovery 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 ilitation of eendemic

inhabiting globally rare habitat.




Study Area
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 114 of the province’s 271 rare plant species (Bouchard et al. 1991).
Located on the Great Northern Peninsula of the island of Newfoundland, within
the Strait of Belle Isle Ecoregion, the northern limestone barrens are part of a
globally imperilled ecosystem known as limestone pavements which ocour 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 of Ontario (Canada), alvars harbour
many provincially rare species (Belcher et al. 1992; Catling 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 tundrarlike
Vegetation and providing natural disturbances in which many arctic-alpine plants
rely upon for regeneration (Banfield 1983; Noel 2000; Sutton et al. 2006).
Limestone pavements and their unique plant communities have been
susceptible to anthropogenic disturbance worldwide. The alvars of the Great
Lakes region of Ontario have been threatened by quarrying and residential
development (Catling and Brownell 1995; Reschke et al. 1999), while limestone

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

stone for decorative use in the horticultural market (Bennett et 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; Hermanutz et al. 2002; Djan-Chékar et al. 2003;

Rafuse 2005).

Study Species
Salix jejuna Femald (Barrens willow) is a narrowly distributed (linearly distributed
by approximately 30 km) prostrate woody shrub endemic to a thin coastal strip of
the northern limestone barrens on the island of Newfoundland (Figure 1.1). Itis a
member of the Salicaceae. In 2001, the Committee on the Status of Endangered
Wildife in Canada (COSEWIC) designated S. jejuna as endangered. It was later

as under the and Labrador

Species Act in 2002 and under the Federal Species at Risk Act in 2003. Itis
considered critically imperilled globally, nationally, and provincially with G1, N1
and $1 designations, respectively (Nature Serve 2009).

S. jejuna is thought to be present in all known historic locations though
much of its habitat has been severely degraded, primarily due to road
construction and off-road vehicle use (Djan-Chékar et al. 2003; Rafuse 2005). It
inhabits both naturally-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 longii Fernald (endangered) and B. fernaldii Abbe

(threatened), as lacking the clear natural disturbance pattems, such as frost



stripes or frost boils that are found within undisturbed natural habitat.
Anthropogenically-disturbed habitats also contained homogenous gravel

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

Figure 1.1 Map of the island of Newfoundland (Canada) and of the distribution of Salix
Jjejuna (black dots; see arrow) on the Great Northem Peninsula {Environment Canadal.
Exact locations cannot be outlined due of the endangered status of this species. ‘

Conservation Efforts for Salix jejuna

The Government of Newfoundland and Labrador, in conjunction with its federal
partners, Parks Canada, Environment Canada, and the provincial Limestone

Barrens Species 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 (Djan-Chékar et al. 2003).

The specific short-term recovery objectives which are designed to meet
the long-term recovery goal for S. jejuna are outlined in the Recovery Strategy
(Djan-Chékar et al. 2003) as follows: 1) assess and monitor the status of the
natural population; 2) assess range and population dynamics of the natural
population; 3) define threats and limiting factors and mitigate controllable ones;
4) lessen to the extent possible additional habitat loss and degradation due to
human activities; and 5) implement a stewardship program with local residents
and targeted groups (Djan-Chékar et al. 2003). The broad approaches to meet
the recovery objectives for S. jejuna are outlined in Table ALl

‘ Previous research has contributed to the recovery goal and objectives for
. 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 wil contribute to the recovery of
S jejuna by providing information that allows for the development 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 of the 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 better understand the impacts of

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

vegetation between lly-disturbed and
disturbed habitat (Chapter 2) and; 2) examining demographic parameters,
including the relative importance of sexual and asexual reproduction 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 INTRODUCTION

The recovery potential of endangered and threatened species is limited by the
high prevalence of anthropogenically-modified habitat (Kerr and Deguise 2004),
making habitat loss and fragmentation the primary cause of species extirpation
(Alonso et al. 2001; Brooks et al. 2002). Because of their unique habitat,

restricted di and for particular regimes,

endemic rare plant species are especially vulnerable to anthropogenic change
(Fielder and Ahouse 1992; Maschinski et al. 2004). 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 al. 2000).

To ensure long term persistence of endangered or threatened endemic
species, recovery efforts frequently need to include the restoration of degraded

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

delineated or unique
restoration of the target species often coincides with restoration of endangered
habitat

However, restoration efforts are often carried out without proper

dge of habitat or related to the target species

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

-13-



proceeds without a specific restoration goal or the appropriate information
required to assess restoration success (Hobbs and Norton 1996).

In their recent review, Miller and Hobbs (2007) suggest that a full
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 anthropogenically-disturbed habitat as well as adjacent
undisturbed natural habitat, or a “reference” site, can improve the restoration
process and allows for effective evaluation of project goals. However, the Society
for Ecological Restoration International (SER) (2004) suggests that restoration
practitioners should consider variation among reference sites, indicating that
multiple 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 which is the elimination o reduction of potential
threats

The ‘limestone barrens” of Newfoundland are part of a globally imperilled
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 provincially rare species (Belcher et al. 1992; Catling 1995; 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).

S14-



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 imestone pavement
remains intact (Anon 2001). This is primarily due to farmland conversion and
removal of stone for decorative use in the horticultural market (Bennett et al.
1995). In Newfoundland, during the last several decades, road development,
quarrying, and off-road vehicle use (e.g., all terrain vehicles (ATVs)) have altered
much of the habitat for three SARA (Species at Risk Act 2003) listed species
endemic to the limestone barrens (Anions 2001; Hermanutz et al. 2002; Djan-
Chekar et al. 2003; Rafuse 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 Braya.

Anthropogenic disturbance has been shown to affect populations of rare
endemic plant species adversely within the limestone barrens of Newfoundland;
disturbed populations of Braya have lower population persistence (Noel 2000)
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 communities, anthropogenic disturbance has altered species diversity

(Sumina 1994; Forbes et al. 2001), decreased plant cover by at least 40 to 50%
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(Kevan et al. 1995; Monz 2002), and changed substrate conditions, such as soil
nutrients (Kevan et al. 1995; Auerbach et al. 1997), soil moisture (Driscoll 2006),
and soil temperature (Chapin and Shaver 1981).

Salix jejuna (Barrens willow) Ferald (Salicaceae) is a prostrate shrub
endemic to the limestone barrens of Newfoundland (Canada). In this arctic-like
climate (Banfield 1983; Donato 2005) it inhabits naturally- (via frost activity) and
anthropogenically-disturbed soils and is restricted to a 30 kilometre linear
distribution (Djan-Chékar et al. 2003). Previous research on S. jejuna has
focused on developing ex situ conservation strategies, such as the development

of i and the of an ex situ population (Driscoll

2006). However, little research has been conducted to allow 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 outined in the

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

Therefore, the overall goal of this study was to determine the 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 of the Great Northern Peninsula (island of
Newfoundland, Canada), which lies within the Strait of Belle Isle ecoregion.
Populations of S. jejuna are patchily distributed along a 30 km stretch of coastline
(Djan-Chékar et al. 2003). The limestone barrens are characterized by a cool,
wet, and windy climate that supports tundra-like vegetation (Banfield 1983;
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 vehicles 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
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cryogenic processes) (N=5 sites) and anthropogenically-disturbed (N=3 sites)
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 shattering. 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. Al 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 soil compaction (visual
estimation), amount of vehicle 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 Lavorel (1994).
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T-hl- 2.1 Salixjojuna study sit information indicating disturbance type (N=natural,
and intensity of 1=

mndomu‘ 3= severe), on the imestone barrens of Newfoundland (Canada). Sites are

listed from most southerly to most northerly; see methods for details on sampiing.

Site of Site Area

Name  Type Intensity (m)

BKD-D  Anthropogenic  Organic layer still removed, 9 265
some evidence of patterned
ground

BK1-N Natural Frost boils present; naturally 0 740
shattered limestone; highly wind
eroded

BK39-N  Natural Frost stripes present; 0 670
Highly wind eroded

BHN-N  Natural Largely exposed bedrock; highly 0 945
wind eroded; most coastal site

CND-D  Anthropogenic  Organic layer completely 3 920

removed, rounded coarse
sediment, vehicle tracks,
continual exposure to vehicle
dust

CNC-N  Natural Largely exposed bedrock; 0 330
Low wind erosion

CNAN  Natural Largely exposed bedrock; 0 450
Low wind erosion

CNE-D  Anthropogenic  Organic layer partially removed, 2 280
vehicle tracks, rounded coarse
sediment
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Figure 2.1 Map displaying the location of all Salix jejuna study sites, indicating
disturbance type (N=natural, D=anthropogenic), on the 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% of the area occupied by S. jejuna. Study plots (1m?; 100 cells)
were then located at every other metre along the line transects. The number of
plots varied among sites (n= 40 to 83), depending upon the area of the site, site
homogeneity and the density of the target species (Chapter 3). Populations of S.
jejuna were clearly distinguishable from local vegetation therefore, the area of

occupied habitats was easily determined with a measuring tape.



Field surveys took place from mid-June to early-August, 2006, and again
in mid-July 2007. All sampling was conducted under appropriate govemment
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 Wentworth (1922)): silticlay (very
fine, moist material, soft to touch, < 1mm), sand (grains visible, 1-2 mm),
granules & pebbles (2-64 mm), cobbles (64-256 mm), boulders (>256 mm), and
exposed bedrock.

Soil samples were collected for determination of soil moisture, nutrient
content and particle size analysis. Random samples were collected from each
site, using a soil core to 10 cm 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 for four weeks (Allen 1990).

Of the 20 samples collected on July 3, 2006, three from each site were
randomly selected for nutrient analysis. Due to provincial permit restrictions
associated with endangered species the amount of soil collected on each site
was limited; therefore conventional methods of pooling samples could not be
done as samples were required for other analyses. Samples were analyzed for
total nitrogen (%), Ca, P, K and Mg using the Mehlich Ill extraction method at the
Soil and Feed Laboratory, Agriculture Canada, St. John's, Newfoundiand.

Particle size analysis was conducted on 10 random samples from each
site using a standard wet-sieving protocol which determines the percent of silt

and clay particles (< 62.5 um) 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 pm -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 of all vascular and non vascular species was
recorded within all study plots. Percent cover (to the nearest 5%) was estimated
for the following functional plant groups: woody, herbaceous, bryophytes, lichens,
and bare ground as well as for each individual vascular plant species (excluding
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 statistical 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 general linear mode! than a generalized linear
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 distribution (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 calculated using
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species covers as abundance values. Evenness was calculated as HIn S, where
S is the number of species (Magurran 1988).

To investigate the effect of vegetation (.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 well as

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

23 RESULTS

Influence of disturbance type on substrate

Substrate of both natural and disturbed . jejuna sites is characterized by
limestone material but varies greatly in form and pattem (Figure 2.1). Natural
sites have more exposed bedrock (natural = 22.6% + 7.14%; disturbed = 0.8% +
0.35%; df=1, X°=808.55, p<0.001) and less area covered by gravels (granules;
natural = 31.0% + 4.26%; disturbed = 47.8% +15.78%; df=1, X'=714.67, p<0.001;
cobbles; natural = 7.5% + 1.73%; disturbed = 11.8% + 2.81%; df=1, X*=931.55,

p<0.001). Both natural and disturbed sites were found to have similar ground

-23-



covered by smaller particles (e.g., silt df=1, x=0.14, p=0.712; sand df=1, x’=3.66,

p=0.056) (Table 2.2) and boulders (df=1, X’=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

2

and 14.4% more pebble content than natural sites (df=1, x?=24.52; x*=165.43;

X°=81.33; p<0.001, 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=1, x’=425.30; x=37.25; p<0.001,

respectively). Silt content was not affected by disturbance type (df=1,
p=0.4406).

Of the soil nutrients determined, total % nitrogen (df=1, x*=165.43,
p<0.001) and phosphorus (F1=8.012, p=0.0299) 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,
calcium, potassium and magnesium were not affected by disturbance type
(F16=6.7749, p=0.040; F;6=2.563, p=0.1605; F5=1.255, p=0.3054; F1=0.578,

p=0.4758, i . Disturbed sites had signif less soil moisture in

both July (df=1, x=95.98, p<0.001) and August (df=1, x=14.32, p<0.001),
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 + SE) by visual estimation of substrate classes
following Wentworth (1922), on naturally- (n=5 sites) and anthropogenically-disturbed
=3 sites) S. jejuna study sites, on the limestone barrens of Newfoundiand (Canada);
* represents significant difference between disturbance types (nested binomial logistic
regression)
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Table 2.2 Physical composition of substrate (mean (SE)) (visually sninied a8 %, coni)
compared between naturally- and anthropogenically-disturbed S. study sites
limestone barrens of Newfoundland (Canada); July 2006 & 2007; {renumber of plois): p
is the level of significance associated with differences between disturbance types using
nested binomial logistic regression.

K 2 § 3
L 32
H : i i
- i 4 88 8
* B * * *
NATURAL
0.1 146 153 42 36 37.8
BHN-N (n=40) (0.06) (1.84) (2.28) (0.90) (0.94) (3.04)
14 44 30.3 139 4 07
BK1-N (n=47) (0.66) (1.84) (3.08) (1.53) (0.96) (0.64)
04 224 389 83 32 10.7
BK39-N (n=41) (0.17) (273) (3.04) (1.13) (0.76) (3.02)
08 83 38.0 6.0 6.7 320
CNA-N (n=83) (0.09) (1.04) (275) (0.74) (1.48) (343)
0.00 57 327 53 24 316
CNC-N (n=41) (0.03) (0.93) (3.04) (1.06) (0.87) (3.85)
05 11.08 31.0 75 41 226
Mean (0.26) (332) (4.26) .73 (0.74) (7.14)
DISTURBED
133 138 227 17.4 39 04
BKD-D (n=24) (2.65) (222) (2.76) (3.53) (1.56) (0.42)
08 49 769 99 22 05
CND-D (n=80) (0.18) (0.67) (1.44) (0.88) (0.72) (0.26)
0.0 105 439 83 56 15
CNE-D (n=33) (0.00) (1.55) (5.00) (270) @) (0.88)
a7 9.7 47.8 11.8 39 08
Mean (4.31) (2.60) (15.78) (2.81) (0.99) (0.35)
P value 0712 0.056 <0.001 <0.001 0.203 <0.001
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Percentage (%) of substrate class
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Figure 2.3 A comparison of the percentage (%) of substrate (textural analysis) in each

distur

(Canada);

particle size class (Wentworth 1922) on naturally- (n=5 sites) and anthropogenically-
rbed (n=3 sites); S. jejuna study sites on the limestone barrens of Newfoundiand
10, number of samples collected per site.
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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
functional groups (Table 2.4). Herbaceous cover (df=1, x?=11.22, p<0.001) 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), with disturbed sites
having only 1.8% + 0.96% (df=1, x?=36.02, p<0.001). Bare ground was greatest
on disturbed sites (78.0% + 8.62%) when compared to natural sites (76.4% +
6.09%) (df=1, ’=20.16, p<0.001). Even though exposed 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

both natural (woody: 17.3% + 5.97%; lichen: 0.3% + 0.28%) and disturbed sites.

0463; X*=1.55,

(woody: 20.5% + 9.20%; lichen: 0.1% + 0.08%; df=1, x’=3.97, p=
p=0.2138, respectively)

Natural and disturbed sites were found to have 44 and 41 vascular plant
species, ranging from 18-33 and 26-28, respectively (see full listing of species in
Appendix 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 index, and evenness (Table 2.5) were not affected by

disturbance type (F;6=0.014, p=0.9074; F1=0.1169, p=0.7441; F15=0.4844,

p=0.5123, respectively).
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Table 2.4 Mean + SE total ground area covered for naturally- and anthropogenically-
disturbed . jejuna study sites on the imestone barrens of Newfoundland (Canada); July
2006 & 2007; (n=number of study plots); p indicates the level of significance associated
with differences between disturbance type using nested binomial logistic regression.

site N Woody  Herbaceous Byrophyte  Lichen  Bare ground
Cover(%)  Cover(%)  Cover(%)  Cover(%)  Cover (%)
NATURAL
BHN-N 40 2042369 34+032  18£170  01£012 753354
BKI-N 47 303:819  50+062 123:260 14%072 5492427
BK3O-N 41 117:156 24021 02£#011  00£000 833160
CNAN 83 631074  16+010 012007  00:000 915:076
CNC-N 41 91%190 214047 118154 004000  77.2:246
Mean 173£597 298061  52£278  03:028 7641609
DISTURBED
BKD-D 24 265£795 364148 324082 034021 721586
CND-D 80 24:038  26:015  00£000  00%000 950%040
CNE-D 33 325:876  38:029  23:067  00£003  669%505
Mean 205$920 33%039  18%096 01008 780862
P value 0.046 <0.001 <0.001 02138 <0.001

Of the plant species found most were native perennials, one is considered

provincially rare (Gentianella propinqua), one is endemic to the island of

(Braya fernaldi while only four were annuals

Euphrasia spp, i propinqua, L rotatum,
‘minor). Seven species were restricted to natural sites (Antennaria alpina, A.
eucosma, B.fernaldi, Dasiphora fruticosa, Saxifraga aizoides, Tofieldia glutinosa,

Viola nephrophylla) while 3 species were limited to disturbed sites (Taraxacum

is nesophila, e propinqua). No non-native
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plant species were found. With the exception of a few woody species (Dryas
integrifolia, Empetrum nigrum, Juniperus horizontalls, Salix jejuna, S. vestita), the
‘maijority of vascular plant species had less than 1% mean coverage on all sites
(see Table AlLI).

Table 2.5 A comparison of species richness, Shannon diversity and Shannon evenness
values for naturally- and anthropogenically-disturbed S. jejuna study sites on the
limestone barrens of Newfoundiand (Canada); July 2006 & 2007; (n=number of plots): p

indicates the level of significance associated with differences between disturbance type
using nested Anova

site Species richness  Shannon diversity Shannon
(per m’) (perm?) evenness
(perm?)
NATURAL
BHN-N (n=40) 9.47 123 0.56
BKI-N (n=47) 11.08 131 055
BK39-N (n=41) 1451 139 053
CNA-N (n=83) 707 084 043
CNC-N (n=41) 854 101 0.46
Mean 10.13 116 051
DISTURBED
BKD-D (n=24) 10.79 114 048
(CND-D (n=80) 920 1.05 047
CNE-D (n=33) 9.70 m 047
Mean 9.90 1.10 047
P Value 0.9074 0.7441 05123
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Influence of disturbance on habitat across the species range
Principle components analysis indicates that anthropogenically-disturbed sites
were more homogeneous in habitat structure when compared to naturally-
disturbed sites (Fig 2.4). Disturbed sites generally grouped along both principle
components, with the exception of a few plots with higher woody coverage at
CNE-D, which were located at the edge of unmodified habitat.

Habitat of anthropogenically-disturbed sites varied according to
disturbance intensity (Fig 2.4); where the organic layer had been partially or
totally removed, and where the habitat was continually disturbed (e.g., ATVs,
road dust), sites were characterized by higher gravel content (both % cover and
textural analysis), lower soil moisture and depleted levels of phosphorus (Table
228 2.3). CND-D (intensity level 3), a site where the organic layer was
completely removed, is distinguished by high gravel content, very low woody
species cover, and the absence of bryophytes and lichens. In contrast, BKD-D
(intensity level 1), where the organic layer was only partially removed and where
evidence of frost sorting exists, fine particles are stil 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 pattemed 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 size
particles (-0.37). PC2 accounted for 15% variance and represented sites with
low bedrock cover (-0.74) and high granule content (>0.38).

Variation in substrate conditions and vegetation 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, BK1-N, the most
southern site, has litle exposed bedrock (0.7%), while BHN-N, CNC-N, and CNA-
N, the most northerly sites have much 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 sites 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 of exposed
bedrock and on patches of shallow soil overiaying bedrock at CNC-N. The
shattered limestone bedrock and fine sediment at BK1-N contribute to the high

amount of woody cover by providing conditions for root anchoring
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What habitat characteristics influence the abundance of S. jejuna?

S. jejuna was more abundant on disturbed sites (natural= 1.3%2£0.18%;
disturbed=2.3%:0.28%; df=1, x=43.44, p<0.001), ranging from 1.1% (CND-D) to
3.9% (CNE-D), and having significant among site variation (df=6, x*=162.45,
P<0.001). S. jejuna ranged from 0.6% (CNC-N) to 2.9% (BK1-N) on natural sites.
Regression analysis on pooled data (all sites) shows that among all measured
substrate and vegetation cover classes, three were most important for the
coverage of S. jejuna; namely, the cover of woody plants (excluding target
species) (df=1, *=393.67, p<0.001), bryophytes (df=1, X*=91.87, p<0.001), and
the percentage of bare ground (df=1, 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 ground cover exceeds
60%. Spearman's rank correlation analysis on pooled data, using percent cover
values, indicates S. jejuna is positively correlated with Plantago maritima (r=0.354,
P<0.001), Salix reticulata (r=0.242, p<0.001), and Saxifrage oppositifolia (r=0.149,
p=0.003). S. jejuna occurs with these species on all sites and there is no pattern
with disturbance type. S. jejuna is negatively correlated with Dryas integrifolia (r=-
0.238, p<0.001), Juniperus horizontalis (=-0.242, p<0.001), Pinguicula vulgaris
(r=-0.224, p<0.001), and Empetrum nigrum (v = -0.155, p= 0.002). S. jejuna is
particularly low in abundance (<1% cover) when plots were high in coverage of
three woody species; when D. integrifolia is greater than 10%, J. horizontalis is
greater than 15%, and when E. nigrum is greater than 20%. This relationship

occurred on 60 to 80% of all sites and was not dependent on disturbance type.
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PC1
Figure 2.4 Scatterplot of first lwa pnnmp\e components for naturally- and
anthropogenically-disturbed poj of Salix jejuna, on the limestone barrens of
(Canada). The Yarge cirl

the majority of plots within each disturbance type. Each point on the scatterplot
represents a study plot, coded by site and disturbance type (Natural= black, Disturbed=
grey). Outliers are plots located along site boundaries (e.g., BK1-N and CNE-D) with
significantly greater woody species cover. PC1 accounted for 24% variance and
represented sites with a high amount of woody, herbaceous, bryophyte and lichen cover
(Ioadings >0.20) and a low amount of bare ground (-0.58) and granule size particles
(-0.37). PC2 accounted for 15% variance and represented sites with low bedrock cover
(-0.74) and high granule content (>0.38).
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2.4 DISCUSSION

Study results show distinct differences in substrate conditions and vegetation
community structure between naturally- and anthropogenically-disturbed

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

Salix jejuna. disturbed sites have 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
anthropogenically-disturbed sites are to be used as recovery habitat for
endangered limestone species, they will need to be restored to promote natural
ecosystem processes, natural vegetation community structure, and to reflect the

heterogeneity of natural habitat.

Effects of on substrate and
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 boils or stripes). Natural sites, in contrast, display much

variation in substrate and vegetation cover across species range, as well as.
natural disturbance patters. Studies on the limestone pavement alvars of
Ontario (Canada) also show spatial heterogeneity in vegetation cover (Stark et al.

2003) and environmental factors such as soil depth, microsite composition, and
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elevation (Lundholm and Larson 2003). Vegetation cover (Stark 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 spatial variability in
factors may occur across species range and should be further studied to
understand their role in the growth of S. jejuna and in the maintenance of this
unique limestone habitat.

In a similar study, Greene (2002) found comparable results in substrate
conditions on disturbed sites when studying the habitat requirements of two

Braya species, also endemic to the limestone barrens of Newfoundland. He

noted that disturbed sites i less natural di
and had at least 50% more gravel content than natural sites. Previous to this,

Noel (2000) that Braya on hi dified substrates

high recruitment but low persistence, while the opposite was true for naturally-
disturbed substrates. This work also indicates a change in the target species

growth (e.g., S. jejuna was found to have greater coverage on disturbed sites)

while previous research noted changes to the species life history traits on
disturbed sites (Chapter 3). For example, in a companion study, it was noted that
the ability of 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
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sediments. A reduction in sand content was also observed on abandoned
limestone quarries in Ontario (Tomlinson et al 2008) though no related studies
were found which examined the effects of disturbance on native alvar plant
species reproduction.

Habitat changes in anthropogenically-disturbed substrate, such as the
removal of fine grained particles, resulted in a reduction in soil moisture (Driscoll
2006), by decreasing the retention properties of the soil matrix (McKendrick
1997). Studies under similar arctic-like climate 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 of 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 without site-specific restoration,
disturbed areas within 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 for upon
successful establishment by seed (Noel 2000; Sutton et al. 2006).

Natural recovery of disturbed sites can sometimes 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 species were found (Babb and

Bliss 1974; Ebersole 1987; 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 species composition for abandoned limestone quarries in Ontario;
vegetation consisted of 40% non-native exotic species (Tomlinson et al. 2008), in

t0 7% in alvar ities (Schaefer and Larson 1997).

The arctic-like climate and cool onshore winds distinguish the flora 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 species
have established by seed from adjacent 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 young 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 established subsequent o the disturbance event. This
is also likely true for the other five prostrate Salix (S. calcicola, S. glauca,

S. reficulata, S. uva-ursi, S. vestita) species 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 communities, often having high
seed production and viabilty (Bliss 1958; Sumina 1994). This demonstrates that
S. jejuna and other dominant Salix species play an important role in the primary

succession of disturbed sites.
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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 fieldwork. 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 alpine plant communities to
anthropogenic disturbances such as pedestrian trampling. 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 herbacea was very susceptible to trampling damage, which is
consistent with Rafuse (2005) who noted direct physical damage to S. jejuna by
off-road vehicles, on the limestone barrens of Newfoundland. In a long term
demographic study, Maschinski et al. (1997) showed that human trampling
caused high mortality rates and negatively impacted the time to reproduction in
seedlings of the endangered limestone perennial Astragalus cremnophylax var
cremnophylax. 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 on the

limestone barrens to protect its reproductive potential and critical 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 habitat is
essential 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 habitat of i in this unique envi relies
on the ability to adapt to the challenging conditions presented by an arctic-like
climate (e.g., short growing season, temperature fluctuations, cryogenic substrate
processes), as well as a nutrient poor, moisture depleted limestone substrate,
and more recently, the pressures of human disturbance. This research has
demonstrated that S. jejuna can establish under all of these stressors and plays a
critical role in the natural revegetation of disturbed habitat within this globally rare
ecosystem.

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

by human di through road quarrying, and

off-road vehicle use. Substrate changes have been shown to alter reproduction
through the removal of fine grained particles on disturbed sites. Removal of fine
sediments decreases the retention properties of the soil matrix, likely leading to a

depletion of important macro nutrients such as phosphorus (Kevan et al. 1995).
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Off-road vehicle use has long term consequences to this fragile, imperiled
habitat and to its endemic, rare plants. Rafuse (2005) demonstrated that off-road
vehicle use on the limestone barrens was dependent upon the substrate
conditions. For example, sites with rounded rocks and little soil content, as seen
at the most severely disturbed site in this study, were moved easily 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 that even severely disturbed
sites are negatively affected by off-road vehicle use and that all off-road vehicle
use should be restricted on the limestone barrens.

Removal of the pressures associated with off-road vehicle traffic may not
be sufficient for the complete recovery of S. jejuna and of 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 and to ensure population

fong term ic monitoring of
(Chapter 3) may indicate that the introduction of S. jejuna to unoccupied
undisturbed sites is necessary for long term species persistence. Preliminary field
trials indicate that the establishment of cuttings in situ may be an effective
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 and nutrient
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binding capacity, 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 of substrate have
been removed (Stark et al. 2004).

If restoration is deemed necessary, management should also endeavour
to reflect the heterogeneity of adjacent natural communities, also keeping in mind
the species preferences highlighted in this paper (e.q., S. jejuna’s positive
association with S. reticulata, Plantago mariima and Saxifrage oppositifolia).
Management of this rare species may also require the maintenance of open
habitats to reduce competition by other woody species such as Juniperus
horizontalis, Dryas integrifolia, or Empetrum nigrum, which interestingly, has
been shown to have phytotoxic 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 could effectively be used: i) to aid in the development of effective
recovery documents; i) as a scientifically defensible template for active

restoration of disturbed limestone barrens habitat and a means of restoration

for accurate delineation of critical habitat; iv) for identification of
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suitable reintroduction sites if required; and v) for the evaluation of areas best

suited for ecotourism 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 alter the predominant lfe form in
plant communities (Mclntyre et al. 1995), decrease population growth rate (Ureta
& Martorell 2009), and increase the likelihood of hybridization in natural
populations of rare plants (Lamont et al. 2003; Parsons and Hermanutz 2006),
having direct implications on long term population persistence (Maschinski et al.
1997). Populations of endemic rare plant species are especially vulnerable to
anthropogenic change because of their unique habitat, limited distributions, and
requirement for specific disturbance regimes (Fielder and Ahouse 1992;

Maschinski et al. 2004). Due to the restricted nature of rare endemic plant

species and Rabinowitz 1985), and the of
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 rare plant populations by examining 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
(Paviovic 1994; Maschinski et al. 1997; Walck et al. 1999; Lamont et al. 2003;

Martorell & Peters 2005; Parsons and Hermanutz 2006; Martorell 2007; Ureta
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and Martorell 2009), however, few studies have addressed the response of
woody species to human disturbance (Tolvanen et al. 2002; Moris et al. 2004;
Rossi et al. 2006). Furthermore, although it is estimated that at least 60 rare plant
species occupy both naturally- and anthropogenically-disturbed habitats

worldwide (Paviovic 1994), the biology or

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
anational 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 construction, off-road vehicle use) have degraded much of this
globally rare habitat (Hermanutz et al. 2002; Djan-Chékar et al. 2003) and have
altered the natural soil disturbances (via frost activity) (Greene 2002; Rafuse

2005; Chapter 2) on which many arctic-alpine plants rely upon for

(Noel 2000; Sutton et al. 2006). Noel (2000) noted that anthropogenically-
disturbed populations of two limestone endemics, Braya longi (endangered) and

B. fernaldi (threatened), displayed marked differences in their lfe history traits in

to naturally-disturbed fons (Species at Risk Act 2003). Plants
on naturally-disturbed soils were smaller and had a patchy distribution, whereas,
plants on anthropogenically-disturbed 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.

Alarge 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 this 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

1 and identifying di effects have

been outlined as recovery actions in the S. jejuna Recovery Strategy (Djan-
Chékar et al. 2003).

Several aspects of Salix demography in natural populations have been
studied including sex ratio (Crawford and Balfour 1983; Shafroth et al. 1994;
Alstrom-Rapaport et al. 1997; Jones et al. 1999; Predavec and Danell 2001;
Ueno et al. 2007), population structure (Lascoux et al.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; Yan et al.
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2007), and productivity (Sampson and Jones 1977), as well as the response of

Salix lions to both natural- (D« ikoff et al. 2005) and

disturbance (Auerbach et al. 1997; Rossi et al. 2006). Few studies, however,
have examined endangered or endemic Salix species (but see Terzioglu et al
2007), unless the principle focus was to determine genetic variation (Purdy et al.
1994; Purdy and Bayer 1995; Kikuchi et al. 2005). Even fewer ecological studies
have been conducted on dwarf, prostrate Salix species (e.g., Douglas 1987;
Hakkarainen et al. 2005; Bret-Harte et al. 2002; Tolvanen et al. 2002; Reisch et al.
2007; Pakeman et al. 2008), though the life history traits of prostrate Salix
species, inhabiting similar arctic-alpine conditions have been described. Most
have been described as reproducing through an underground horizontal root or
thizome system; S. polaris (Douglas et al. 1997); S. setchelliana (Douglas 1987;
1989; 1994); and S. herbacea (Wijk 1986a; Beerling 1998; Stamati et al. 2007).

S. herbacea s also known to produce adventitious roots on rhizomes, buried
shoots and newly developed lateral branches (Wijk 1986b). In these harsh arctic-
alpine conditions, vegetative propagation is thought to be more important than
sexual reproduction (Grime 1979). In addition, although S. jejuna recruitment is

seed limited, asexual ion is limited by

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 naturally- and anthropogenically-disturbed 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
viability, natural recruitment, seed addition experiments, seed rain and population
structure were examined; (i) are populations regenerating through vegetative
means? To this end, over 80% of individuals in each population were surveyed,
evidence of clonal growth was recorded and excavations to investigate
interconnectivity were performed; and (i) 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 species recovery by providing information to assess

whether disturbed require pecific or

ite-specific in situ

3.2 METHODS
Study sites

Research was conducted on the limestone barrens of the Great Northern
Peninsula on the island of Newfoundland (Canaday), located within the Strait of
Belle Isle ecoregion. The limestone barrens are characterized by a cool, wet, and
windy climate that supports tundra-like vegetation (Banfield 1983; Donato 2005).
This area harbours many rare plants including the endemic Salix jejuna (Barrens
willow), two endemic Braya species (Braya longii, B. fernaldi) (Hermanutz et al.
2002), and other provincially listed species. Populations of . jejuna are patchily
distributed between Cape Norman in the north, and Watt's Point Ecological

Reserve at the southern end of its distribution (Djan-Chékar et al. 2003;
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hitp://www.env.gov.nl.calparks), and are predominately 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 construction and limestone quarrying; in the last
approximately 10 years, off-road vehicles 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. Al 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 soil compaction (visual estimation), amount of vehicle 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 Mclntyre and Lavorel (1994).

-55-



Study species
Salix jejuna (Ferald L.) is a prostrate shrub with shoots typically reaching 1 cm
in height to a maximum of 2 cm. It has short petioles and oblong to elliptic shaped
leaves (Ferald 1950), with variation in leaf and plant morphology throughout its
range (Appendix V). ltis 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 pollen by the 3-4" week of June.
Female catkins develop later in the growing season, being fertiized in late June
and releasing seed by the 3-4" 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 (S. subfragilis) to 0.23 mg
(S. rorida) in two Salix species (Niiyama 1990). On the limestone barrens, S.
jejuna is a dominant woody component, occurring with other Salix species such
as . calcicola, S. glauca, S. reficulata, and S. uva-ursi, and may hybridize with

these congeners (Djan-Chékar et al. 2003).
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leh 3.1 Salix ofuna sy s ormaton ncicating disirtance e (Nevaur,
= none, 1= k

mndoma 3= uvm), on the lmestone barrens of Newfoundland (Canada). Stes are

listed from most southerly to most northerly; see methods for details on sampling

site of Density of ~ Site
Name Intensity adult Area
S. jejuna (m?)
plants (m?)
BKD-D  Organic layer still removed, some 1 42 265
evidence of pattemned ground
BK1-N  Frost boils present; naturally 0 740
shattered imestone; highly wind 10
eroded
BK39-N  Frost stripes present; 0 450 670
Highly wind eroded
BHN-N  Largely exposed bedrock; highly 0 35 945

wind eroded; most coastal site

CND-D  Organic layer completely 3 22 920
removed, roun
sediment, vehicle tracks, continual
exposure to vehicle dust

CNC-N  Largely exposed bedrock; 0 57 3%
Low wind erosion
CNA-N  Largely exposed bedrock; 0 31 450

Low wind erosion
CNE-D  Organic layer partially removed, 2 183 280
vehicle tracks, rounded coarse
sediment; continual exposure to
vehicle dust

Field Sampling

Demographic census

In June-July, 2006, on each site, 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 the entire study area, plots (1m?) were randomly
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selected and temporarily established 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 clearly distinguishable from
local vegetation. 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 seediings,
juveniles, vegetative adults and reproductive adults. In this study “seedlings”

were considered to be < 5 mm in height with only one or no leaf 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 of true leaves, greater than 4 leaf scars and typically 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).

Determination of sex ratio
Sexis a stable character in this species. Sex ratio was determined on all sites in
2007 on two separate sampling dates due to the differential development time of

male and female catkins. Established belt transects were surveyed in early-June
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2007 for the presence of male catkins and were revisited in early-July 2007 for

the presence of female catkins.

Fruit 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 8 sites. Following 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
collected to allow for determination of seed production per adult. Therefore, in
2007, further catkins were collected (N=10-30) at the same phenological stage as
in 2006, on 6 of 8 sites following the same procedure. In 2007, 2 sites (BK39-N
and CNC-N) did not produce enough seed to allow for seed collection.

For each catkin, the total number of ovaries (fruit) 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
productivity was calculated on a site basis as follows:

Seed productivity (# seeds per m?) = # female plants per site *
mean # catkins per female plant (data collected in 2006)"
mean # ovaries per catkin *

mean # of seeds per ovary) / area surveyed (m?)
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Germination Tests

Seeds were collected on all seed producing sites in 2006 and 2007 in order to
examine annual and spatial variation in germination success. Catkins were
allowed 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 flter paper and tests were carried out in a growth
chamber at 20°C for 14 hrs (light) and 10 hours (dark) with 85% humidity for 21
days. This protocol follows that of Bishop and Chapin (1989) however, the
number of light hours was reduced to reflect the natural environment of the
species. The number of seeds tested per site varied due to seed availability (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 (BK1AB, BKD and CNC). Seed
ain traps consisted of a Petri dish, a waterproof Phero Tech® glue sheet (area =
25cm?), 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 7 transects.
Transects were located across the study site to achieve representative dispersion
in all areas of 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 species.

Seed Addition

As itis known that S jejuna seedlings grow well in alpine greenhouse soil mix
under greenhouse conditions (Driscoll 2006), an experiment was designed to test
the limitations of the natural in situ environment on seediing establishment. In
late-July, 2006 seeds were planted on 7 sites in ground level containers of alpine
greenhouse soil 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
naturally occurring substrate (N=35). The alpine greenhouse soil mix was
contained in an aluminium pan (22cm x 14 cm x 5 cm) secured o the ground with
4 thin metal wires. Containers were not buried to ground level to minimize
disturbance to natural substrate. Ten seeds were planted in each experimental
plot. Control plots (natural substrate) and control containers (alpine greenhouse
soil mix) were also established, 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 with
distilled water. The number of seed addition plots established (Natural; N = 2-10,
Alpine; N = 2-7) depended upon the 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
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was monitored in early- and mid-August 2006, mid-October 2006, mid-June 2007
and late-July 2007. Because germination experiments were conducted at the
same time as planting for this experiment, the maximum seedling emergence
was a function of the germination rate determined through controlled germination

tests.

Above and below ground clonal growth
To investigate the presence and extent of clonal growth, all adult plants (N = 51 -
385) were examined within study plots on all sites (N = 16-70). 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 with the location of established lateral
branches within 2-5 cm 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
clonal growth. The number of adventitious roots per plant was also recorded as
an indication of the potential for vegetative expansion. Clonal growth was then
estimated using two methods; i) the number of detachment scars on the main
oot collar 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 2007 on three natural (BK1-N, BK39-N, CNC-N) and

disturbed (BHD-D, CND-D, CNE-D) sites. In total, 35 plants were completely
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excavated, under appropriate Government harvest permits. Areas to be
excavated were selected if there was above ground evidence of clonal growth
and more than 4 plants. Plastic sheets were used to mark off a 1m” excavation
area around each plant, providing a space for disturbed soil and protecting the
surrounding area. Working within the designated area, substrate was gently
removed around plant stems using hands and a soft brush. The area was
examined for any possible interconnections between plants. Al roots were
followed to termination allowing for the examination of the root system. All
excavated plants were later used as specimens for age determination in a

companion study (Appendix ).

Data Analyses
Al statistical 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 general linear model then a generalized linear
model was applied (Little et al. 2002). Where the response variable consisted of
proportional data (i.e., 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 within
disturbance type, as all known occupied sites were used in this study.

Due to low seed emergence (<1%) and low seed rain (total <20 seeds)
statistical analyses were not performed on results of the seed addition or seed

rain experiments. However, a Spearman 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 /m?) (Table
3.2), accounting for <5% of individuals within each surveyed population.
Juveniles comprised a large proportion of plants at some sites (45.6%; BKD-D)
but not others (Table 3.2). Across all sites, most adult plants 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 of CNA-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=1, x’=11.35,
p=0.0008). Disturbance did not affect the proportion of juveniles (df=1, x*=1.35,
p=0.246), reproductive (female) adults (df=1, x*=0.02, p=0.894), o vegetative
adults (df=1, X?=1.26, p=0.262); however significant site variation was observed

for each life stage, respectively (df=6, ?=50.40; x*=45.39; x°=33.00, p<0.001).

The density of all plants within the population (including all life stages) was
not affected by disturbance type (natural= 6.01 + 0.436 plants /m’;
disturbed=15.05 + 2.08 plants /m’; F;5=3.2977, p=0.1193) however there was
significant site variation (F¢=137.27, p<0.0001), ranging from 3.4 plants /m*

(CND-D) to 57.9 plants /m? (BKD-D).
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Fruit and Seed Production
Disturbance type did not affect the number of female catkins produced per plant
(natural=2.6 + 0.5; disturbed= 3.3  1.1; F 4=0.353, p=0.584), the number of
ovaries per female catkin (natural=11.4 + 1.7; disturbed=10.6 + 0.9; F;:=0.195,
p=0.681), nor the number of seeds per ovary (natural=6.4 + 2.8; disturbed= 7.4 +
1.4; F1,=0.088, p=0.7815) (Table 3.3). Significant site differences were found
however in the mean number of female catkins per plant (F4115=3.38, p=0.011;
Table 3.4) ranging from 1.7 (BHN-N) to 5.6 (CND-D) as well as the mean number
of ovaries per catkin (Fi136=6.02, p<0.001), ranging from 8.0 (CNA-N) to 13.6
(BK1-N). There was also significant site variation for the mean number of seeds
per ovary (Fs16=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 /m?)
and the most seed per plant (570 seeds). The lowest number of seeds produced
per site was 34 seeds / 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-N). 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%=0.05, p=0.8269) and among sites (df=5,

X’=4.71, p=0.5813).

-85-



Germination Tests
Asignificant interaction between disturbance type and year (df=1, X*=13.36,
p=0.0003) was found, therefore, the analysis was split further to examine 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 @ mean germination success of 65.3% + 6.6% on natural sites and 76.3% +
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% (CND-D) to 89% + 2.8 % (BKD-D),
with two disturbed sites having the highest germination success (BKD-D and
CNE-D). Germination success was much lower in 2006 and did not differ

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

df=1, X=0.00, p=1.000), however, there was significant site variation (df=

X?=33.77, p<0.001).

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 2006 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 jcal stage, in
success between years may have been influenced by differences in male
flowering times as males had released all pollen at an earlier date in 2006 than in

2007
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Table 3.3 Fruit and seed production at various morphological levels (mean + SE) for
naturally- (N) and anthropogenically-disturbed (D) S. jejuna study sites, collected on the
limestone barrens of Newfoundland (Canada); (7= female plant).

Site #o Mean # Mean # Mean # Seed Seed
per catkinsper  ovaries per seedsper produced produced
site fomale catkin ovary  per(m’) perplant

(N=9-59) (N=20)  (N=18-33)

NATURAL

BHN-N 10 17403 127215 49+08 338 1049

BK1-N 29 35106 136 £ 1.0 1907 4721 569.8

CNA-N 50 27 £04 80 :08 24 206 393 519

Mean 26205 M4at17 64£28 181.7:1452 242211645

DISTURBED

BKD-D 15 19 £03 96 06 96 :06 163.8 1747

CND-D 18 56 16 123208 49 207 875 3404

CNE-D 34 25105 98 £07 76 08 286.2 185.2

Mean 3311 10.6£0.9 74214 17924579 23341536




Table 3.4 Comparison of mean germination success + SD of S. jejuna seed collected on
both naturally- (N) and anthropogenically~disturbed (D) populations, at the beginning of
seed release in 2006 and 2007, on the imestone barrens of Newfoundland
(Canada).Due to low seed production seed was not collected at BK39-N both years and
CNC-N in 2007.

site 2006 (%) 2007 (%)
NATURAL

BHN-N 010 77£271
BK1-N 32155 54+ 46
CNA-N 2010 65496
CNC-N 4340 .
Mean 237492 65366
DISTURBED

BKD-D 26431 89435
CND-D 15150 51435
CNE-D 0+0 80428
Mean 137475 763%12.7
Seed rain

Overall seed rain was low on all sites examined with only 20 seeds captured in
total (total area on all sites (N=3) = 1500 cm?). On August 3", 2007, BK1-N,
CNC-N and BKD-D had 5, 3 and 4 seeds in the traps, respectively. The number

of seed falling 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 probabilty of

capturing a seed in a seed trap would be highest on BK1-N, CND-D then CNE-D.
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Using pooled data there was no significant 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

fully understand seed rain and seed dispersal

Seed addition experiment
On site seed germination was very low with only 1 seed emerging of the 600
seeds planted in total. This seed emerged on naturally-disturbed substrate at
CNC-N, which had the highest seed germination success in 2006 at 43% + 4%.
There was no natural recruitment into any of the alpine green house soil addition
containers or control plots in 2006 or 2007, indicating establishment may be
limited by field environmental conditions (e.g., soil moisture, temperature) and not

likely substrate condition.

Clonal Growth

Excavations (N=35) indicate plants are not connected underground and that S.
jejuna has a shallow root system, 5 to 25 cm deep with many narrow, fibrous
roots in the upper soil layer. The percentage of plants with detachment scarring
(df=1, x*=19.00, p<0.001) and adventitious roots (df=1, x’=4.85, p=0.0277) 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 sites. Plants
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on natural sites were nearly 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 for both components of the clonal

“index’, respectively (df=6, x°=418.78, x’= 178.25, p<0.001).

(132)  (269) (167)  (231) (75  (177)  (222) (412)

WDetachment Scarring @ Adventilous Roots

Percent Individuals (%)
g

e | ekin | ekaen | ovan | onen | ekoo | ovoo | oned
Natural Disturbed
site

Figure 3.1 Differences in components of clonal growth in populations of S. jejuna on
natural and anthropogenically-disturbed habitat of the limestone barrens of
Newfoundland (Canada); detachment scarring on main root collar complex and
adventitious root growth present on at least one lateral branch; Sample size per site is
indicated above the bar; only includes adult plants.

The percentage of 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),
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providing opportunity for new branches to establish and potentially become

independent from the parent plant.

Variation within species range

Overall, there was no i among ive and

demographic parameters. Even sites located nearest to each other displayed
different reproductive patterns; one would expect CNA-N and CNC-N to be
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 (Table 3.2).

Site variation within anthropogenically-disturbed sites could potentially be
accounted for by disturbance intensity however there is no apparent pattern for
reproductive or 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 . jejuna that inhabit anthropogenically-disturbed substrates have
a greater proportion of seediings and are less likely to display clonal growth than
populations on naturally-disturbed substrates. Moreover, this study indicates
even low levels of disturbance have the potential to disrupt the natural

reproductive patterns of this endangered, endemic species, which may have long

term for Therefore, itis that in situ
conservation plans firstly focus on ensuring high adult survival within natural
habitats, including the elimination of all trampling sources (e.g., off road vehicles).
This work 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 anthropogenically-disturbed habitats require

active restoration to improve ecosystem processes which affect reproduction

Effect of disturbance on reproduction
This study found that S. jejuna does not reproduce clonally via underground
rhizomes; instead, clonal growth occurs above ground when lateral branches,
extending from the main root collar complex, establish through adventitious roots,
on the underside of the branch. The main root collar complex decays through
natural processes (.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 collar complexes situated in the middle

of 2-3 lateral branches. Many times the root collar complex and the lateral
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branches were still in contact even though they were detached. This “layering™
growth patter has been observed in other Salix species on the limestone

barrens; S. urva-ursi and . reticulata (M. Burzynski, pers comm.) However, it
appears as though Beschel and Webb (1963) are the only other study to have

described this growth pattern, in prostrate Salix, under similar climatic conditions.

Figure 3.2 Individual S. jejuna plant displaying above ground clonal growth pattems of
‘main root collar complex deterioration (circle) and lateral branch layering at the naturally-
disturbed site of Cape Norman (CNA-N), on the norther limestone barrens of
Newfoundland (Canada).
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They noted that in S. arctica the main “burl” becomes decayed and accessory
roots develop near the base of lateral branches. Their research indicated that
individual prostrate branches live for a much shorter time than the central burl.
Sampson and Jones (1977) described S. glauca in Arctic Norway as dropping
branches but made no reference to the main bole decaying or the presence of
adventitious roots. As noted by Beschel and Webb (1963), this type of growth
pattern affects individual longevity. In a companion study, it was determined the
median age of adult plants within six S. jejuna populations ranged from 9 years to
15.5 years (main root collar complex) with a maximum age of 40 years (Appendix
). This was unexpected as many arctic-alpine Salix species are typically older in
age; e.g., S. arctica minimum age values ranged from 18 to 87 years in the
Canadian Arctic (Beschel and Webb 1963) and between 16 to 94 years, with a
median age of 31 years, in Northeast Greenland (Schmidt et al. 2006).
S. alaxensis, another prostrate clonal shrub ranged up to 74 years in the North
West Territories (Zalatan and Gajewski 2006). This work suggests that the young
age of the studied S. jejuna populations could be a function of this unique clonal
growth strategy where the main root collar complex of the parent plant degrades,
leaving only younger established lateral branches. This will have consequences
on the genetic structure and variation of populations.

These findings also indicate that the degree of clonal growth is dependent
upon disturbance type and may have overall affects on population dynamics.
Plants growing on naturally-disturbed substrates were 8 times more likely to have

detachment scarring and 3 times more likely to have adventitious roots when
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compared to anthropogenically-disturbed populations. Although this study
represents just one “snapshot” in the demographic history of this species, it is
evident that the population 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 reproductive adults (2-7%) and no seedlings
detected; these sites also had little 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 will exhibit a life history that emphasizes stasis of adult
stages at the expense of growth and fecundity (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 that affect the production of adventitious roots in Salix
species s limited (e.g., S. sefchelliana, Douglas 1987; S. planifolia, Houle and
Babeux 1998), itis 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 densities,
when compared to naturally-disturbed substrates. The predominance of larger
particle sizes and increased surface relief of 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 habitat (Freedman et al. 1982; 1780 / m? on
disturbed soils versus 180 / m? on undisturbed soils), though the mechanisms
which promote establishment on disturbed soils are not fully understood.

As is common in other arctic-tundra Salix (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 fully vegetated areas that are not suitable for seed
germination and seediing establishment, as suggested by Driscoll (2006).

In addition to being limited by propagule availability, 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
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sites with high viability in 2006 (e.g., CNC-N 43%, BK1-N 32%). This finding is
consistent with results of a similar study by Driscoll (2006) who in 2004 observed
low emergence rates (~3%) when seeds were planted on natural substrate, even
when ex situ germination tests yielded 81% emergence. No emergence on the
alpine greenhouse soil mix further supports limitations 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
for S. jejuna as research has shown that even rare establishment 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 naturally-disturbed sites and habitat quality
within anthropogenically-disturbed sites (Chapter 2). In the rare Gentiana
pneumonanthe, Oostermeijer et al. (1998) found that habitat characteristics such
as the amount of ammonium, potassium, calcium, and sulphate positively
affected the number of ovules among populations. Therefore, nutrient content
could be a possible explanation for site variation i S. jejuna seed productivity or,
as observed in S. setchelliana, variation may be explained by differences in

pollinator suitability and availability (Douglas 1997).
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The discovery that anthropogenic disturbance has the potential to alter the
natural demography of S. jejuna poses a series of questions to recovery planners;

will existing natural populations be sufficient to allow for long term species

And, can disturbed habitat support self-sustaining
populations without active restoration?
Firstly, though a portion of S. jejuna’s habitat is anthropogenically-
disturbed, it is important to note the implications of this research on overall

habitat protection, of di type. As there are

higher levels of adults within all populations, and clonal growth appears to be the
primary method of population sustainability, 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 environmental conditions). The removal of
trampling sources, such as off-road vehicles or mountain bikes, within all 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 displayed increased
fecundity when compared to natural fire-maintained scrub populations (Quintana-

Ascencio et al. 2007). Though Quintana-Ascenio et al. (2007) suggest that road
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populations may promote species persistence when scrub populations are
reduced between natural disturbance events (.g., fire), their research
demonstrates that road populations are less stable. Moreover, anthropogenically-
disturbed populations of rare Braya 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

within ically-disturbed 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 i this harsh environment and are congruent 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.
Following 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.
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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 Salix jejuna.
The goal of this research was to provide scientifically defensible information that

would promote the of effective in situ ion strategies to

encourage the preservation of S. jejuna within ts unique limestone barrens
habitat.

The assessment of habitat features revealed marked 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 total nitrogen and decreased phosphorus

content when compared to lly-disturbed substrates. ic habitat

also lacked clear pattered ground formed through frost activity as observed

within natural habitat. Textural analysis revealed that anthropogenically-disturbed
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substrates are also reduced in fine and medium sand content, which is thought to
play an integral role in the ability for . jejuna to reproduce clonally

Though total vegetation cover did not differ between disturbance types,
anthropogenically-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 revegetation of disturbed arctic-tundra
areas, there was no major shiftin the vascular plant species assemblage nor
were any non-native invasive species observed on anthropogenically-disturbed
habitat.

S. jejuna was found to have a greater coverage within anthropogenically-
disturbed habitat, having greatest coverage when woody plant cover was less
than 50%, when bryophyte cover was less than 20%, and when bare ground
cover exceeded 60%. S. jejuna also showed positive associations with Plantago
maritima, Salix reficulata, Saxifrage oppositifolia and strong negative associations
with other dominant woody species such as Dryas integrifolia, Juniperus
horizontalis and Empetrum nigrum.

Itis suggested that the reduction of fine grained particles on
anthropogenically-disturbed substrates leads to reduced moisture retention and
leaching of important macro nutrients, e.g., phosphorus. 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 potential to alter the natural

demography of S. jejuna by limiting the plants ability to reproduce clonally.
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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. Research also indicated a slight

increase in reproduction by seed within populations resident on

disturbed habitat and that ons resident on
anthropogenically-disturbed habitat were younger than natural populations.
Populations of . jejuna were also much younger than other similar arctic-alpine
Salix species; it is thought that this may be a function of the unique clonal growth
pattern.

Itis important to note that under natural conditions increased recruitment
has the ability to benefit the long term survival of a species by providing a means
to adapt to changing environments and a greater genetic diversity. However, as
clonal reproduction appears to be the main method of population sustainability
within most natural populations, recovery planners must consider that clonal
growth has allowed this species to persist in this harsh, arctic-like climate.
Recovery plans should therefore focus on ensuring high adult survival, such as
the complete elimination of off-road vehicle use throughout the limestone barrens
habitat.

Itis that in situ lion plans for thi ies be

directed at restoring the natural ecological processes within anthropogenically-
disturbed habitats by working towards a model that reflects adjacent undisturbed
natural habitats. Rehabilitation may require the addition of fine textured

sediments to improve moisture retention, substrate manipulation and the removal
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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 demographic monitoring is essential to evaluate whether restorative
efforts have promoted the clonal reproductive traits of natural populations.

This research acts as a template for all recovery actions on the limestone
barrens and details vital information for accurate critical habitat delineation for
. jejuna. It also suggests that conservation plans that address woody clonal
species need to consider that demographic parameters and lfe history traits may
vary when populations are exposed to anthropogenic disturbance. Therefore,
species recovery may be dependent upon the abiity 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 Ferald)
(Djan-Chékar et al. 2003). The associated recovery objectives are listed on page

6 of this document.

Table ALl Approaches to meet recovery objectives for S. jejuna.

Priority Objectives Actions
Urgent 1,2and3 Biological surveys
Urgent 1,2and3 Habitat protection
Urgent 1 Monitoring
Necessary 1 Demographic research
Necessary 1and3 Taxonomic research
Necessary 1,2,3and 4 Ecological research
Necessary 4 Public outreach
Necessary 1,2and3 Compliance to regulations
Beneficial 1 Genetic research
Beneficial 1and4 Ex situ conservation
Beneficial 3and4 Restoration
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APPENDIX II: Vascular plant ground coverage on S. jejuna study sites

Table AllI Mean (SE) total ground area covered by vascular plant species for naturally-
and anthropogenically-disturbed (n=3) S. jejuna study sites on the limestone
barrens of Newfoundland (Canada); July 2006 & 2007; (n=number of plots)
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Table AllI (Continued) Mean (SE) total ground area covered by vascular plant species
for naturally- (n=5) and anthropogenically-disturbed (n=3) S. jejuna study sites on the
limestone barrens of Newfoundland (Canada); July 2006 & 2007; (n= number of plots)
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APPENDIX lll: Age determination within naturally- and anthropogenically-
disturbed populations of S. jejuna
Introduction

The determination of adult longevity and population age structure has
numerous applications to conservation planning. Through this work, effective
conservation strategies can be developed by gaining a better understanding of
the influence of habitat quality on plant age. Aging distribution data is also
important when examining reproductive parameters such as seed set, natural
seedling recruitment and clonal growth. Lastly, aging distribution data also plays
an important part when determining projected species persistence using

population viability analysis.

Methods
Plants (N=114) of various stem diameters were randomly sampled (under
appropriate 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 above the root collar, unless
plants were marked for excavation, in which case the entire plant was removed.
Samples were stored in small paper bags until processing.

A cross section of the main root collar complex for each sample was taken
using a fine blade hand saw. A series of sand papers (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 stereomicroscope (40X) with fibre
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optic lighting. Distilled water was applied to samples to enhance viewing. To
increase accuracy, growth rings were counted on at least 2 radii of the stem. If
the number of rings differed between radii the average of the two radii was used.
The age of plants collected in May 2007 was subtracted by 1 year to account for
growth in 2006 and allow for comparison among sites. This assumption could be
made as other arctic-alpine Salix have been shown to produce one growth ring
per year. Of the 114 specimens collected 9 could not be aged due to distorted

rings (N=3), rotten wood (N=5) and lack of defined rings (N=1).

Results

The age of the plants ranged from 5 to 40 years. Median ages varied significantly
among sites (H = 11.33, df = 5, p = 0.045), ranging from 9 years (BHD-D) to 15.5
years (BK1-N). Plant age varied between disturbance types with naturally-
disturbed sites having older plants than anthropogenically-disturbed sites
(F14=7.92, 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 selected study sites (N= natural and
D= disturbed) on the limestone barrens of Newfoundland (Canada)

site N Mean Median
Age (£ S.E) Age
NATURAL
BK1-N 20 15.9(£1.8) 155
BK39-N 19 132(£1.0) 14
CNC-N 10 16.2(£2.2) 15
Mean 149 (£0.9) 144
DISTURBED
BHD-D* 19 10.4 (£0.9) 9
CND-D 19 1.0 (£ 1.1) 10
CNE-D 18 138 (£1.5) 125
Mean 1M.7(0.7) 102
TOTAL 105 13.2(£0.6) 120

“'site only used for purpose of aging, no demographic information available



APPENDIX IV: Preliminary genetic testing of S. jejuna using starch gel
electrophoresis

Introduction
Gaining an understanding of the genetic diversity within and among wild
populations of S. jejuna provides insight into the primary modes of reproduction

and allows for the of tion levels within Further,

genetic information allows recovery planners to accurately assess levels of clonal
growth within all populations, which may have significant impact on the

demographic structure and species persistence.

through the of genetic markers, deli of

species boundaries and species recognition 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) and one i disturbed (CND-D) population

were involved in the genetic testing. Cuttings were transported to the Memorial
University of Newfoundland Botanical Garden where they were transplanted to
alpine soil mix and placed under a mister for one week to encourage root
development. Cuttings were stored outside during the winter and were

transferred to a cold house in the spring of 2007. To increase bud formation,
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cuttings were transferred to a greenhouse when buds were present on at least
50% of the cutting collection.

Genetic testing commenced in June 2007. Testing 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.
Testing 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 environmental conditions. Preliminary testing revealed that
tissue cultured 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 AIV.I Enzymes investigated in the electrophoretic testing of S. jejuna.
E.C No = Enzyme Commission Number

Enzyme Abbreviation EC.No
Aconitase ACO 4213,
Alcohol dehydrogenase ADH EERER
Glutamate dehydrogenase GDH 1.41.2.
Glutamate oxaloacetate transaminase GoT 26.1.1.
Isocitrate dehydrogenase IDH 1.1.1.42.
Leucine aminopeptidase LAP 34411
Phosphoglucomutase PGM 2751.
6-Phosphogluconate dehydrogenase 6-PGD 1.1.1.44.
Phosphogluconate isomerase PGI 53.19.
Shikimate dehyrogenase SDH 1.1.1.25.
Hekokinase HE (HK) 2711
Malic ME 1.1.1.40.
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Table AIV.II. Buffer systems used i the electrophoretic testing (enzyme screening) of S.
Jejuna

Designation Electrode Buffer Gel Buffer

Al 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 0.015 M Tris
0.300 M Boric acid 0.004 M Citric acid
pH 8.6 pH7.8

c 0.038 M LiOH 0.045 M Tris
0.188 M Boric acid 0.007 M Citric acid
AdjusttopH 8.3 withdry 1.0 MNaOH to pH 8.3
components

D? 0.3 M Boric acid 0.005 M Citric acid
0.06 M LiOH 0.0315 M Tris
Adjust to pH 8.1 10% Electrode buffer

Adjust to pH 8.5

E? 0.223 M Tris 0.13 M Tris
0.094 M Citric acid 0.043 M Citric acid
Adjust to pH 6.3 Adjust to pH 7.0

F 0.19 M Boric acid 0.05M Tris

0.04 M LiOH
Adjustto pH 8.3

0.007 M Citric acid
Adjust to pH 8.3

Source of buffer systems:

" Soltis DE, Haufler CH, Darrow DC, Gastony GJ (1983) Starch gel
electrophoresis of ferns: A compilation of grinding buffers, gel and
electrode buffers, and staining schedules. American Fem Journal 73: 9-27

? Aravanopoulos FA, Zsuffa L,Chong KX (1993) The genetic basis of enzymatic
8

variation in Salix exigua. Hereditas 119:77-8
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Results
Three enzymes systems were identified on buffer system D (Table AIV.I);
6-PGD, PGI, and ADH. All enzymes were repeatable however only PGI
consistently provided clear, repeatable results. In total, 55 individual plants were
tested from five populations. All 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
7

Unexpectedly, populations with a higher degree of clonal growth (BK1-N,
CNA-N) expressed a larger number of phenotypes. A comparison between
naturally- and anthropogenically-disturbed populations could not be made due to
the lack of anthropogenically-disturbed populations sampled. Cuttings were
established from plants collected during the aging experiment (Appendix IV) at
two additional disturbed sites but did not survive due to sawfly infestation

Table AIV.Il Expression of PGI 2 during electrophoretic testing of S. jejuna; N = number
of individual plants tested within each population

Site N Number of

BK1-N 14 7
BHN-N 7 3
CND-D 12 5
CNC-N 12 3
CNA-N 10 7
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APPENDIX V: Morphological data for S. jejuna
Introduction
Field observations show that the morphology of S. jejuna varies within

populations and across its range. Geographical distribution, habitat structure,

and i 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 recognition.

Population means (+ SE) for each morphological trait are displayed in Table AV.I.

Methods

Morphological characteristics were measured for S. jejuna encountered on both
naturally- (N) and anthropogenically- (D) disturbed study sites during plot
sampling in July and August, 2006. In Table AV.II, location is the cell position
within the 1m? 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 calliper); L (length of individual plant 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.I it indicates these features were not clearly visible or were

difficult to determine at the time of sampling.
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Results

Table AV.1 Morphological characteristics (mean + SE) of S. jejuna, compared between
naturally- and anthropogenically-disturbed study sites; limestone barrens of
Newfoundland (Canada); July 2006

Site #Plants Basal Lengthof ~ Widthof  Length of #
sampled Diameter Individual Individual ~ Longest Branches
(mm) Plant  Plant (mm) Branch  Per Plant
(mm) (mm)
NATURAL
BHN-N 13 49£02 788254 420:28 626538 2301
BK39-N 108 3101 355:23 141209 331230 14201
BKI-N 215 4602 612:34 353:22  435:25 25201
CNA-N 206 38£02 555:33 307:20  338:17 2501
CNC-N 67 37£04 442159  220:27 316244 19201
Mean 41201 555818 206%10  410:13 2100
DISTURBED
BKD-D 159 32402 30918 165210 254216 20201
CND-D 198 51203 704345 380:27 459229 24201
CNE-D 357 72$03 61629 369:16  422:19  26+01
Mean 5702 56920 325811 395313 24300

Notes: BHN-N has plants with much larger morphological traits compared to
other natural sites. Itis 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

catkins and flowered earlier than other sites.
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Table AV.Il Morphological data for S. jejuna

Plot D B #

Site  No Location Sex (mm) L(mm) W(mm) (mm) _Branches
BKIN 11066 11513 34870 30806 14164 6
BKI-N 1 10H6 1705 12602 8568 7195 3
BKI-N 1 10H4 12092 13259 8267 6142 5
BKI-N 1 10H3 11274 15413 9924 9013 5
BKI-N 1 1087 132 3225 1995 2450 2
BKI-N 2 12610 1199 1913 1687 792 4
BKI-N 2 12H10 1 554 5237 6115 4447 2
BK1-N 2 12c9 1 845 11315 6795 8089 2
BKI-N 2 12H7 11448 13327 11035 13327 2
BKI-N 2 1206 1 574 2164 1524 0
BKI-N 2 1204 2 1952 30898 259.04

BKI-N 2 1214 1308 2678 1564 1234 2
BKI-N 2 1204 2 552 17451 7607 12273 4
BKI-N 3 14C10 1 450 12470 6460 9265 4
BKI-N 3 14A9 1290 12370 4680 7280 2
BKI-N 3 1467 2 703 19580 4619 10238 5
BKI-N 3 14F5 11356 15060 8433  150.60 2
BKI-N 3 14A5 2 935 19618 9035 11545 4
BK1-N 3 14F4 1410 435 7028 8835 3
BK1-N 3 14 1620 6325 3614 0
BKI-N 3 14 2 620 12347 6224 7630 2
BK1-N 416810 1520 6526 4116 4115 3
BK1-N 4 16H10 1310 8835 3815 3213 2
BK1-N 4 16110-1 10315 3414 1807  19.08 2
BK1-N 4161102 1200 1140 930 0
BK1-N 4161103 1420 4317 3413 3614 4
BKI-N 4 1619 1730 6325 1560 6325 4
BK1-N 4 16H9 1210 3313 2180 3313 2
BK1-N 4 16E9 11450 10240 5020  47.19 s
BK1-N 4 1689 1100 300 3 0
BK1-N 4 16C8 2 310 7420 4418 7429 3
BK1-N 4 16681 1100 410 300 0
BK1-N 4 16682 1100 420 200 0
BK1-N 4 1618 2 830 12348 6200 7931 4
BK1-N 4 1617 1100 40 2.00 0
BKI-N 4 16F7 1830 2741 1450 0
BKI-N 4 16E7 1100 1600 930 620 2!
BK1-N 4 16C7 11250 11345 5520  57.28 2
BKI-N 4 16E6 1100 700 400 0
BKI-N 4 1615 1 1560 1040 0
BK1-N 4 16F5 1400 3112 1450 3112 1
BK1-N 4_16C4 11970 14256 11244 14256 6
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Table V.l (Continued) Morphological data for S. jejuna

Plot BD w ) #

Site  No Location Sex (mm) L(mm) (mm) _(mm) _Branches
BKI-N 4 16F3 1456 20.80 2
BKI-N 4 16E3 1100 310 200 0
BKI-N 4 1682 1620 2390 1550 0
BKI-N 4 1602 1100 700 520 700 2
BKI-N 4 16E2 1830 8835 3540 4518 4
BKI-N 4 16G1 1100 520 400 0
BKI-N 4 1681 1200 1450 1340 1450 2
BKI-N 5 18810 1 58 3008 1690 3147 2
BKI-N 5 18F10 1575 3753 2337 3661 3
BKI-N 5 1819 2 917 12159 9222 4126 5!
BKI-N 5 1888 1193 3458 3794 2019 2
BKI-N 5 18F7 1102 591 368 0
BKI-N 5 18E6 11097 15358 14069 15358 6
BKI-N 5 18F5 1342 2653 1616 1400 4
BKI-N 5 1883 1924 2858 1921 1612 3
BKI-N 5 1813 1 862 11917 6086 11917 1
BKI-N 5 1882 2 22379 12668

BKI-N 5 18C1 1417 14454 5410 5647 3
BKI-N 6 11008 1091 1642 1252 990 2
BKI-N 6 11086 2 1170 25656 3459 0
BKI-N 6 11006 1 443 3645 2177 1936 3
BKIN 6 11006 1111 1099 7.03

BKIN 6 11015 1 1751 979

BKIN 6 11084 1 360 5272 3124 2316 3
BKI-N 6 110E4 2 467 6983 4258 0
BKI-N 6 11064 1 578 319 2161 1522 3
BKIN 6 1104 1 355 7936 6373 4645 4
BKI-N 6 110H3 1 048 684 355 0
BKIN 6 11063 1 067 650 487 638 2
BKIN 6 110D2 1 185 1995 1101 889 3
BKI-N 6 110H2 1294 2572 2296 1576 4
BKIN 6 110C1 1 853 8156 5086 0
BKI-N 7 112010 1 481 7591 3774 7598 2
BKIN 7 112610 1 15390  66.88

BKIN 7 11209 1 067 655 483 0
BKI-N 7 112H9 1319 3385 2330 1923 2
BKIN 7 112A9 1 966 7833 3448 6133 5
BKI-N 7 112F8 1838 13662 6313 0
BKIN 7 11217 1 146 1397 480 257 2
BKIN 7 11287 1 458 2807 1884 1459 2
BKIN 7 112A6 1737 4936 2462 2308 3
BKI-N 7 11286 1212 1859 1829 1249 2
BKI-N 7 112F6 1 4091 2960

BKI-N 7 11215 1125 3912 2308 1844 2
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD w 8 #

Site __No__Location Sex (mm) L(mm) (mm) _(mm) _Branches
BKI-N 7 112E5 1120 1346 528 738 3
BKI-N 7 11283 1977 15388 8761 8895 3
BKIN 7 112E3 1431 23765 5913 11957 2
BKI-N 7 112F1 1076 345 312 0
BKI-N 7 112E1 1 562 5944 3780 4319 2
BKI-N 8 114610 1124 2812 1604 1615 2
BKI-N 8 114110 1 440 2360 1263 1227 4
BKI-N 8 114491 118 923 845 607 2
BKI-N 8 114092 1 524 4554 2352 0
BKI-N 8 114F9 1281 2336 1347 857 3
BKI-N 8 114D9 1100 226 141 0
BKIN 8 114E8 1 561 10646 27.08 3622 2
BKI-N 8 114F7 1095 754 85 421 2
BKI-N 8 114D7 1081 3000 1725 1530 3
BKI-N 8 114A7 1070 902 595 314 2
BKI-N 8 114C6 1 1082 571

BKI-N 8 114F6 1341 1414 1003 681 3
BKI-N 8 114H5 1723 5543 2780 2750 4
BKI-N 8 114C5 1220 1479 936 955 2
BKI-N 8 114C3 1231 10875 4148 4698 2
BKI-N 8 114A3 1 044 887 58 887 1
BKIN 8 114H2 1067 3749 1204 3749 1
BKI-N 8 114E11 1 150 1439 1013 1073 3
BKI-N 8 114E12 1 109 1265 697 1265 1
BKI-N 8 114E13 1 360 1925 1024 [
BKI-N 9 116610 1131 632 339 0
BKI-N 9 116110 1 4218 1770

BKI-N 9 1164101 1478 6944 3110 3724 3
BKI-N 9 116J102 1 077 723 338 0
BKI-N 9 11619 1354 9243 3974 7274 2
BKI-N 9 116C8 1121 4393 2321 0
BKIN 9 116E8 108 78 694 0
BKI-N 9 116F8 1201 3518 1632 1635 2
BKI-N 9 116G8 1099 295 1301 928 3
BKI-N 9 116H7 1167 5987 3647 3227 3
BKI-N 9 116D7 1224 3645 1423 2298 3
BKI-N 9 116C6 2 1277 5676

BKI-N 9 11606 1 046 631 293 382 2
BKI-N 9 11615 1 089 1093 388 976 1
BKI-N 9 116G5 1382 4026 3530 1487 3
BKI-N 9 11684 1914 10393 7354 4730 2
BKI-N 9 11683 1346 6342 3333 3587 3
BKI-N 9 116E1 1311 1955 1083 886 2

-108-



Table AV.II (Continued) Morphological data for S. jejuna

Plot BD w L8 #
Site  No _Location Sex (mm) L(mm) (mm) (mm) _Branches
BKI-N 9 116C1 1 287 2057 1222 2
BKI-N 9 11613 2 1257 22524 10457 22524 §;
BKI-N 10 118D10 2 468 19818 12299  97.07 4
BKI-N 10 118610 1 227 6555 3863 [
BKI-N 10 118C9 1 583 8884 6378 0
BKI-N 10 118A9 i 8039 4763
BKI-N 10 118H7 1676 7439 5005  31.19 3
BKI-N 10 118E7 1308 4565 3345 4565 o
BKI-N 10 118E6 165 4182 3223 2127 2
BKI-N 10 118H6 1 590 5968 37.97 4260 2
BKI-N 10 118G5 1 546 427 0
BKI-N 10 11805 1188 7989 3284 4647 2
BKI-N 10 118C41 1 55 10546 6412 10546 4
BKI-N 10 118C42 1 620 3616 1869 2233 1
BKI-N 10 118E4 101133 3448 2106 [
BKI-N 10 118G3 1431 4673 2037 4673 1
BKI-N 10 118821 1 274 4200 2181 2817 4
BKI-N 10 18822 1373 2060 1251 2060 3
BKI-N 10 118C2 1349 3447 1646 1834 9
BKI-N 10 1181 1 244 1931 1021 1931 1
BKI-N 11 30B10 1 204 3435 1624 3435 1
BKI-N 11 30E9 1374 8183 4778 81.83 2
BKI-N 11 3008 1 816 16861 100.14 7817 4
BKI-N 11 30G8 105 339 207 0
BKI-N 11 30C6 1193 1297 713 826 2
BKI-N 11 30H3 1237 8096 2463  80.96 1
BKI-N 11 30E2 1076 1010 776 815 2
BKI-N 12 32810 11212 13080 12219 59.79 5
BKI-N 12 32010 13 149 912 988 1
BKI-N 12 32H10 1215 688 359 0
BKI-N 12 32E9 1 1729 1084
BKI-N 12 3208 1093 610 333 [
BKI-N 12 3266 1 204 988 564 988 1
BKI-N 12 32A3 2 357 7490 4351 2392 2
BKI-N 12 32C3 1559 4141 1577 4141 1
BKI-N 13 34E10 1108 1394 824 5¢ 3
BKI-N 13 34G10 1369 3162 1859 1952 3
BKI-N 13 3491 2 553 3725 1972 2202 3
BKI-N 13 34J92 1667 1668 937 1668 1
BKI-N 13 34H9 1658 2197 1846 [
BKI-N 13 34F9 1491 2141 1536 918 5
BKI-N 13 34B9 11264 3954 2363 1981 4
BKI-N 13 34A9 1 848 7407 4905  39.30 4
BKI-N 13 34C8 2 632 3522 2147 1564 6
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Table AV.II (Continued) Morphological data for S. jejuna

Site

BKI-N
BKI-N
BKI-N
BKI-N

Plot

No
13
13
13
13
13
13
13
13
14
14
14
14
14
15

BD L #
Location Sex (mm) L(mm) (mm) _(mm) _Branches
1 5050 4166 2
3468 1 598 2109 1767 1385 2
3ay7 1721 6945 6824 6945 1
34F7 1127 1238 570 681 2
34F61 1 440 3708 2291 1901 3
34F62 1343 7273 6137 0
34A4 1765 3811 1803 3811 1
34F2 1637 2646 17.38
368101 1 840 6642 4206 3175 3
3A102 1 347 2732 1488 171 2
3609 2 727 9500 4937 8427 3
36A91 1210 1702 1190 17.02 2
36C7 1094 1741 1623 1063 2
3888 1784 12246 6046 12246 5
38H8 1137 4244 2488 3365 2
3818 2 12753 41.06
3BHT 1 657 3494 3042 1524 3
38C6 1 1169 15389 12015  97.26 3
38H6 1507 7429 4345 5333 3
3885 1400 4503 2022 2278 2
3884 1101 1503 742 1503 1
38C41 1146 2021 641 2021 1
38C42 1092 1980 587 1147 2
4010 2 975 9094 6195 9094 4
43F8 1216 983 705 319 95
4008 1048 410 126 0
4987 1845 4671 3131
4005 1905 9796 7229 5554 3
42841 1106 4029 1958
42842 1 338 0
a211 1 175 5161 1284 5161 2
42F1 1253 4447 2191 2760 2
46 E10 1 551 4888 3341 4888 1
449 2 904 5386 3383 5386 3
4469 1102 793 427 465 2
44C6 1 1288 12425 8877  47.89 4
44H8 1 061 53 301 0
a4c7 1 844 2889 1441 1548 2
4484 1 084 839 577 0
44n6 1 126 2373 1571 2373 1
4686 2 722 5540 4644 3941 3
4606 1477 6011 4305 2735 3
46F6 1105 1592 892 1029 2
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD w L8 #
Site __No__Location Sex (mm) L(mm) (mm) _(mm) _Branches
BKI-N 19 46A5 1837 5 5555 3032 5
BKI-N 19 46H3 138 3016 1764 1534 2
BKI-N 19 410A10 1 213 3228 1984 3228 1
BKI-N 22 410010 1353 3427 3169 3427 2
BKI-N 22 410C9 1383 2008 2055  14.04 2
BKI-N 22 41008 2 14893 4598  81.84 4
BKI-N 22 41009 1663 7979 5201 [
BKI-N 22 410E9 1352 6099 2725  60.99 1
BKI-N 22 41088 1578 15171 7987 8617 2
BKIN 22 410E8 1497 7621 2682 7621 1
BKIN 22 412H7 1078 1288 604 [
BKI-N 22 41207 1261 11054 5614 11054 3
BKI-N 22 41287 158 11320 6594 0
BKI-N 22 41206 1 561 10582 4759 6881 4
BKI-N 22 41205 1763 11698 5875 8073 3
BKI-N 23 41485 1 446 8784 4383 7000 2
BKI-N 23 414G9 1 042 366 082 0
BKI-N 23 414A9 1899 12362 6811 4450 2
BKI-N 23 414C8 11238 921 737 921 1
BKI-N 23 41485 1805 5861 3536 5861 1
BKI-N 23 414Ad 1072 767 945 767 1
BKI-N 24 416841 1 1960 1350
BKI-N 24 416B42 1 153 2067 1072
BKI-N 24 41682 1997 5118 1726 4073 2
BKI-N 24 41602 109 435 616 0
BKI-N 24 41661 1388 2283 1608  18.89 3
BKI-N 24 416E1 1 58 7099 3476 4566 5
BKI-N 25 418B10 1 473 7674 2719 7674 1
BKI-N 25 418C10 1 074 483 291 [
BKI-N 25 418D10 1 502 5481 2283 3430 3
BKI-N 25 418F10 1 747 5643 09 3771 §
BKI-N 26 70J9 1291 4484 3103 4377 2
BKI-N 26 70H9 1750 12999 11838 10285 3
BKI-N 26 7009 2 626 11530 7053  60.02 4
BKI-N 26 70H8 1178 1320 810 730 3
BKI-N 26 7081 108 724 561 0
BKI-N 26 7082 1126 2105 1323 1764 2
BKI-N 26 70H7 2 1087 14425 10352 7094 3
BKI-N 26 7007 1 11958 6174 0
BKI-N 27 72A7 2 426 12061 8936 9031 6
BKI-N 27 72A6 1637 5152 3607 3977 2
BKI-N 27 7286 2 817 12854 7108 0
BKI-N 27 7206 1317 10787 7166 0
BKI-N 27 7266 1696 6196 4179 61.96 1
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD w #
Site __No _Location Sex (mm) L(mm) (mm) _(mm) _ Branches
BKIN 27 72H6 1232 I 3
BKIN 27 7215 1638 6021 3360 3313 2
BKIN 27 72G5 1 140 1086 553 1086 1
BKIN 27 7285 1530 12339 8023 7237 3
BKIN 27 72A5 1197 5273 2975
BKIN 27 72C3 1 144 1652 822 1428 2
BKIN 27 72R2 1603 12320 4069 6814 2
BKIN 27 7282 1747 9087 5692
BKIN 27 7262 135 5616 3453 3268 4
BKIN 28 74A3 1 048 462 295 0
BKIN 28 74810 1043 25 101 0
BKIN 28 74C8 i 267 0
BKI-N 28 74F8 1 784 10028 4333 10928 1
BKIN 28 74F7 1 456 14788 9356 14788 3
BKIN 28 74J8 1 1235 11919 4100 8164 3
BKIN 29 7649 1 33 5760 3750 5450 2
BKIN 29 7689 1380 5848 3330
BKIN 29 76E8 2 734 7393 3787 7393 2
BKI-N 29 7618 1416 13317 10490
BKIN 29 76A7 1 246 1777 1009 1777 1
BKI-N 29 76HG 1685 10517 6006 10517 2
BKIN 29 7606 2 437 20105 15382 [
BKIN 30 78G4 1390 8547 3628 381 3
BKI-N 30 784 1 10980 6560
BKIN 31 71087 1 107 679 309
BKIN 31 71061 1622 11730 5580 5806 2
BKIN 31 710E9 1 150 5068 3041 2650 2
BKIN 32 712E8 1 547 3913 1703 2455 2
BKIN 32 71267 1498 924 29
BKIN 32 712E7 1 804 12028 9126
BKIN 32 71205 1 137 604
BKIN 33 71414 3 998 40250 27402
BKIN 33 71412 1523 11040 5104
BKI-N 33 714D2 1305 1923 942 1923 1
BKIN 33 714A10 1 169 5582 1517 5582 1
BKI-N 34 716810 1 122 457 407 0
BKIN 34 716J10 1 332 6393 3377 4337 2
BKIN 34 716A9 1 267 6973 3803 3616 2
BKIN 35 71818 1 145 5950 2223 3152 2
BKIN 35 718J5 1 382 5121 3797
BKIN 35 718)2 1841 5050 2439 5050 2
BKIN 35 718110 1198 898 625
BKIIN 1 107 1371 2809 1196
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Table AV.l (Continued) Morphological data for . jejuna

Plot BD w #

Site __No__Location Sex (mm) L(mm) (mm) _(mm) _Branches
BKIN 1 10H5 1395 4107 1729 2
BKIIN 1 10F5 1850 8923 1692 7054 2
BKIN 1 10ES! 1246 1101 554

BKIN 1 10E52 1 118 931 355 469 1
BKIN 1 1005 1073 353 155 [
BKION 1 10H4 1929 15304 2215 8620 3
BKIN 1 1064 1077 351 199 0
BKION 1 10A3 1 4870 3304

BKIN 1 102 1105 574 349 407 1
BKION 1 10H1 1109 326 137 0
BKIN 1 1061 1340 1942 814

BKIN 1 10E1 1537 2846 1095 2846 1
BKIN 1 10011 1124 454 367 437 2
BKIN 1 10D12 2 472 5276 3226 3488 2
BKIN 1 1081 1 078 176 218 [
BKIN 2 12110 1099 1354 577 1354 d
BKIN 2 12410 1470 1331 o04

BKIN 2 12F9 1 248 1564 539 1564 1
BKIN 2 12E9 1407 6736 2487 2420 2
BKIN 2 1209 1120 690 486

BKIN 2 12C8 1134 1324 518

BKIN 2 12E8 1 060 325 158 [
BKIN 2 1268 1 580 2881 949 2881 1
BKIN 2 1207 1233 6152 456 0
BKIN 2 12F7 107 861 159 0
BKIN 2 12A7 1222 49 376

BKIN 2 12C6 1 08 223 105 [
BKIN 2 1206 1180 1592 1142 1592 1
BKIN 2 122 1349 1673 1229 1301 2
BKIN 2 1262 1143 1061 472 0
BKIN 3 14F6 1068 358 201 0
BKIN 3 14J5 1 472 6039 4148 266 2
BKIN 3 14H4 1 1047 34

BKIN 3 14C4 1 245 1780 1057 921 3
BKIN 3 14Ad1 1191 3648 903

BKIN 3 14A42 1 366 5843 2192 4783 2
BKION 3 1483 1 375 160 0
BKIN 3 14E3 1 149 1306 438 1306 i
BKIN 4 1618 2 607 20706 4802 207.06 1
BKION 4 16F7 2 557 6292 2634 6292 i
BKIN 4 16C7 1277 3236 2065

BKIN 4 16C6 1 080 1521 600 843 2
BK3N 4 16C5 1452 5791 3600 4397 3
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Table AV.II (Continued) Morphological data for S.

Plot 8D w L8 #

Site __No _Location Sex (mm) L(mm) (mm) _(mm) _Branches
BK3IN 4 16D4 1 252 1030 692 10

BK3IN 4 16E3 1510 4947 1620

BK3IN 4 16B1 1512 6188 2460 4543 2
BK39N 5 1889 1575 3827 1594 3827 1
BK3IN 5 18E2 1309 1778 887

BK3ON 6 110D10 1 267 2506 1310  17.70 2
BK3IN 6 110C5 2 794 19431 9758 19431 2
BK3N 6 110G2 1109 1107 567 1107 2
BK3IN 7 11288 12638 1520 971 1122 2
BK39N 7 11204 1 622 5068 3154 5068 1
BK39N 7 11204 1 425 3254 2087 1733 2
BK39N 7 11243 1331 1611 766 0
BK39N 7 112A1 147 6712 1728 4826 3
BK3N 8 114E10 1 143 1616 761 1616 1
BK3ON 9 116F10 1 368 2166 1214 1275 2
BK3IN 9 116610 3 448 6659 4937 5554 2
BK3N 9 11669 1 549 11014 2331 0
BK3IN 9 116A8 1284 1618 1095 1618 2
BK3N 9 11607 1203 2711 1560

BK3IN 9 116A6 1 268 4611 2618 1673 2
BK3N 9 116l6 1389 9248 17.00

BK3ON 9 116C41 1 492 2223 1389 2223 1
BK3ON 9 116C42 1 524 2416 1333 2263 1
BK3IN 9 11661 1273 2747 1180 [
BK3IN 10 118i9 1128 2156 792 2156 1
BK3IN 10 118F9. 1288 1255 821 1255 1
BK3IN 10 118E9 1301 2188 1129

BK3IN 10 118C8 1 554 5311 1294 2080 1
BK3IN 10 11808 1231 1051 58 565 2
BK3IN 10 118)8 3 339 955 4278 5518 2
BK3IN 10 118F6 1166 932 621

BK3IN 10 118I5 1328 1535 7.89

BK3IN 10 118D3 1266 3902 1023 1402 1
BK3IN 10 118D2 1 463 6505 3284 6505 1
BK3IN 11 30A10 1167 1613 1036

BK3ON 11 30H71 1063 757 315 [
BK3IN 11 30H72 1 041 334 193 [
BK3IN 11 3067 1070 35 185 o
BK3IN 11 3085 1158 876 446

BK3IN 11 30E4 1425 7825 1689 4302 1
BK3IN 11 30C2 1 612 2762 2042

BK3IN 11 30E2 1 287 2265 686

BK3IN 11 3061 1102 1567 847
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD w B #
Site  No Location Sex (mm) L(mm) (mm) _(mm) _Branches
BK3IN 12 32A101 1098 1285 593 663 2
BK3IN 12 32A102
BK3IN 12 32C10
BK3ON 12 32E10

093 1091 518 1091 2
349 2588 979
444 6002 1064 4143 3

1

1

1
BK3IN 12 32E9 1632 6552 3949  41.08 2
BK3IN 12 3208 1 211 6563 1839 6563 2
BK3IN 12 32E8 1753 4599 1727
BK3IN 12 32F8 1905 2870 1977
BK3IN 12 3268 1254 2925 1110 2925 2
BK3IN 12 3286 1 501 3376 2174 1841 2
BK3IN 12 32E5 1048 476 212 0
BK3IN 12 3283 1435 3421 1478 1484 2
BK3IN 13 34C10 1097 1528 523 1528 1
BK3ON 13 34H10 1428 5121 1865
BK3ON 13 34I6 1191 2176 1582
BK3IN 13 34F4 1 585 14071 5036 8474 3
BK3ON 13 34G4 1065 841 895 417 2
BK3ON 13 34F3 1409 6783 1662  67.83 1
BK3IN 14 36F10 1166 3224 1375 3224 2
BK3IN 14 36F8 1 543 10159 4585  63.94 5
BK3ON 14 36F7 1 442 6564 2693  19.47 1
BK3ON 14 36E7 1227 679 454
BKION 14 36D7 1177 546 319
BKIIN 14 36A6 1 262 1898 1442 685 3
BKIIN 14 36F5 1 252 884 446 601 1
BKION 14 36F4 1343 4344 2419 4344 2
BKIN 14 125 1923 520 1923 1
BKIIN 15 38C10 1634 8011 2499 8011 1
BKIIN 15 3819 1302 8847 1612 8847 1
BKION 15 38D9 1286 5117 1637
BK3IN 15 3888 1480 4325 1377 1472 1
BK3IN 15 3887 1381 1912 985 1912 1
BKIIN 15 38A3 1 336 5882 2199 3888 4
BK3IN 16 310D10 1 421 5696 2265  56.96 3
BK3IN 16 31088 1 748 5602 2281 5602 3
BK3IN 16 310D7 1 227 2603 1599 1928 2
BK3IN 16 310E6 1 640 5033 1465 5033 1
BK3IN 16 310F4 1359 6949 71
BK3IN 17 31288 1297 2917 1830
BK3IN 17 31267 1249 2915 1249 2040 3
BK3IN 17 312C4 1493 2016 1524
BK3IN 18 314H10 1 136 2161 761 2161 1
BK3IN 18 314E8 1365 2932 741 2032 1
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‘Table AV.Il (Continued) Morphological data for S. jejuna

8D
Location Sex _(mm) L (mm)

#
(mm) __(mm) _ Branches

31418 2432 18 2

34CT1 1 45T 4812 2084

314C72 1 085 149 426

314A7 1 244 1563 560 1412 1

314E4 1 351 2580 1000 2580 1

31481 1 264 7645 3010 7645 1

31669 1 488 2337 1164 1008 2

31609 1051 347 131 0

316C9 1 422 4310 2645 3268 i

31617 1337 1931 1158

31667 1079 1580 305

316A5 10321 1466 1085

a6Cct 1 062 758 254 0

316C12 1 160 2454 1154 2350 2

31809 1239 7198 459

31808 1221 2179 651

318H7 1 273 4814 1229 4231 2

31867 1203 4159 1295 4159 1

31886 1406 4797 1347

318H6. 171 9452 1820 9452 1

318C5. 1319 1541 746

31885 1219 2746 1022 2044 2

318A5 1 340 4854 1463

31864 10302 1291 772 1291 2

318H4 1397 2439 1181

31863 1080 928 866 928 1

318H1 1 247 3014 1405 3014 2

70C10 1195 4688 902 4688 d

7068 1227 1293 602

7483 1 470 3073 1238 1577 2

76C10 1378 3181 1520 147 1

7686 1 261 3761 2712 3761 2

7685 1270 1840 1254 1105 1

78191 1 32 5616 2260 5616 1

78192 1311 5848 2289 2045 2

7805 1302 1939 1130

7862 1 957 7690 3237

7811 1 283 2315 721 1267 2

78E1 1131 2580 1176

710C10 1 211 2270 138 2270 il

710E8 1 333 4959 2545

710F4 1181 8593 844 2214 1

710C2 1116 1508 721
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot 8D w #
Site___No _Location Sex (mm) L(mm) (mm) _(mm) _Branches
BK3ON 28 714C10 1 273 2724 1241 1
BK3ON 28 71416 1142 2043 1034 990 2
BK3O-N 29 716181 1 254 2881 1414 2881 1
BK3ON 29 716182 1354 6054 2226 17.37 2
BK3O-N 29 716183 1193 1745 1347
BK3ON 29 716J5 1175 6664 728
BKION 29 716G5 142 3712 850
BK3ON 30 718A9 1157 606 532
BK3ON 30 718A8 1182 1491 1044
BK3ON 30 718H7 1192 2536 1552 2536 1
BK3ON 30 718C6 1171 4972 1932 3810 3
BK3ON 30 718H2 1373 1708 1520
BKD-D 1 10A10 1087 241 0% [
BKD-D 1 10c10 108 2315 1073 903 2
BKD-D 1100101 1 082 1018 497 634 2
BKD-D 110012 1145 1053 448 1053 1
BKD-D 1 10E10 1260 2151 798 2151 1
BKD-D 110610 1319 2629 1115 9.80 1
BKD-D 1 10H10 1431 3397 1814 1741 2
BKD-D 1 10010 1138 1082 560 724 2
BKD-D 11009 1399 7870 3344 5044 2
BKD-D 1 10H9 1798 4163 1736 31.99 2
BKD-D 110691 1310 1888 989 1888 1
BKD-D 110692 1091 510 266 510 1
BKD-D 1 10E9 1214 4436 1190 2936 2
BKD-D 1 1009 1103 2129 734 2129 1
BKD-D 1 10C9 1630 3248 2342 2002 3
BKD-D 1 1089 1132 1922 771 192 1
BKD-D 1 1088 1157 4758 1773 4758 3
BKD-D 1 1088 2 8924 8150
BKD-D 1 10c8 108 622 408 [
BKD-D 1 1008 1 599 5637 3689  56.37 4
BKD-D 1 10F81 1307 1566 508 1566 1
BKD-D 1 10F82 1425 5626 2001 37.10 2
BKD-D 110681 1184 4617 1265 2628 4
BKD-D 2 12A4 1 401 9692 2868 5508 3
BKD-D 2 1286 1609 10902 2787 6165 5
BKD-D 2 12F7 1613 10269 3291 10269 2
BKD-D 2 12H7 1 563 5482 4699 33, 3
BKD-D 2 1268 1795 4817 2367 2881 2
BKD-D 2 1209 1051 479 284 0
BKD-D 2 12091 1330 3264 2032 3264 1
BKD-D 2 12B71 1 444 2624 1526 1820 3
BKD-D 2 12872 1156 1294 800 1043 3
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Table AV.II (Continued) Morphological data for S. jejuna

Plot
Site _No__Location _Sex

LB
(mm) _#Branche

(mm) (mm) W (mm)
BKDD 2 12A6 1 5050 2413  17.30 2
BKDD 2 12861 1092 65 221 0
BKDD 2 12862 1111 1225 870 995 2
BKDD 2 12E61 10360 2721 1424 2721 1
BKDD 3 13E62 1054 402 180 0
BKDD 3 13F6 1105 1347 153 0
BKDD 3 1366 1649 9820 6385 9820 4
BKD-D 3 1316 1124 928 533

BKDD 3 13J6 1435 1174 853

BKD-D 3 13H5 102 237 167

BKDD 3 13G6 10458 3912 1772 3942 1
BKDD 3 135 1635 4325 2387 3267 2
BKDD 3 135 1 046 331 201 0
BKDD 3 13051 1518 2736 2226

BKDD 3 13052 1389 6021 2747 2239 3
BKD-D 3 13C5 10148 1411 840 141 1
BKDD 3 13D4 1692 3007 1628 2389 3
BKDD 3 13A4 1070 1035 395 0
BKDD 3 13c41 1 069 697 103 0
BKDD 4 16C42 10201 1449 451 1449 1
BKD-D 4 16D41 1 445 3938 1873 2154 3
BKDD 4 16D42 1052 25 146 0
BKDD 4 16E4 1433 5461 3289 5461 3
BKDD 4 1664 1 464 3005 1845 3005 1
BKDD 4 16H4 1241 1584 1071 725 2
BKDD 4 1644 2 918 6082 7640 5337 5
BKDD 4 1613 1050 532 264 0
BKD-D 4 1613 2 417 3779 2483 3779 2
BKDD 4 16H3 1247 2683 1225 2683 1
BKD-D 4 16631 1117 882 481 882 1
BKDD 4 16632 1067 389 304

BKDD 4 16633 1447 777 1035 1777 2
BKD-D 4 16F31 10181 2579 1147 2579 1
BKD-D 4 16F32 1 462 3939 2878 3872 3
BKDD 4 16F33 1227 3828 2231 2525 2
BKDD 4 16E31 1 482 3580 2318 3053 5
BKDD 4 16E32 1413 2168 1236 1521 2
BKDD 5 20A31 10573 4477 3703 4334 2
BKD-D 5 20A32 1565 4092 2435 4092 2
BKDD 5 20A2 1250 6090 2140 3401 3
BKDD 5 2082 1047 145 076 0
BKDD 5 2002 10512 2502 1123 1441 1
BKDD 5 20E2 1304 2319 974 1544 3
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Table AV.Il (Continued) Morphological data for S. jejuna

Site
BKD-D

Plot
No

0 e @ EEE NN NN NN NN NN VNN NI NN NP DD DD DODD DD DO N NN NGNS

BD L )
Location Sex _(mm) (mm) W (mm) (mm) _#Branche
2062 1 667 5622 3168 4072 4
2012 1231 2084 89 2157 2
2001 1 998 11066 5047 11066 2
20H1 1 858 9547 7027 7361 4
20F11 2 1397 12481 5650 6445 4
20F12 1061 097 0
20E1 1 580 0133 4969 9133 3
2381 1 536 4407 2141
20A1 1919 4106 1931
23A10 1315 3573 2507 2045 3
23c10 1151 1595 1030 955 2
23010 1120 1515 714 1118 2
23H10 1 147 894 589 653 2
2310 1111 1162 572 1162 1)
23410 2 095 3480 1955 17.71 3
23491 1072 612 302 0
23492 1166 1325 689
2369 1122 2476 1093 2005 4
23A9 2 381 4148 2074 2474 1
2368 1290 1591 759 1213 2
26H81 1 073 1647 581 781 2
26H82 1339 2332 1931 1452 2
2618 1235 2591 1493  13.80 4
2606 1271 2624 1238 2624 2
26F5 1224 1694 1341 1383 2
2605 1603 4025 2717 2384 3
2685 1334 3679 1951 1564 3
26A41 1 632 2090 1084 1893 3
26842 1367 1700 1300 17.00 2
26041 1093 1723 490 941 2
26042 1144 1402 514 1402 1
26043 1 143 987 435 987 1
26E4 2 778 7264 4672 7264 4
26F41 1 079 407 238 407 1
26F42 1037 474 1M 0
26H4 2 581 7374 2762 4374 3
2614 1 118 53 301

2 665 13542 6328 118.08 8
30821 1230 2080 937 1299 3
30822 1151 1425 847
30823 1 124 976 787 682 1
30021 1 1424 599
30022 1 109 1499 516 1499 1
3023 1159 1613 791 1613 1
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L B
Site __No Location _Sex _(mm) (mm) W (mm) (mm)

BKDD 8 30G11 1440 2251 2048 1393

BKD-D 8 30G12 10125 1226 748 1156 3
BKDD 8 30B1 2 147 4278 2871

BKDD 8 30FI0 1131 3256 1388 1735 2
BKDD 8 306101 1150 1819 1031 1819 1
BKDD 8 306102 2 189 1933 879 1933 2
BKDD 9 33A9 10595 6505 1594 4402 3
BKDD 9 330 1185 1195 637 919 2
BKDD 9 3310 1 453 1940 963 1173 2
BKDD 9 3369 1141 1169 668 1169 2
BKDD 9 33EB! 1345 3184 1757 2147 2
BKD-D 9 33E82 1260 2888 2330 1718 2
BKDD 9 338 105 330 252 0
BKDD 9 3367 1 148 2310 1268 2036 2
BKD-D 9 33F7 1081 732 453 732 2
BKD-D 9 3307 1069 450 261 0
BKD-D 9 33G61 1144 1541 787 1093 2
BKDD 9 33G62 13090 3283 1633 1690 4
BKDD 9 335 1 59 5008 2791

BKD-D 10 36F5 1936 6615 4258 5560 3
BKD-D 10 36C5 1 862 4950 3770 4638 3
BKD-D 10 36A5 1667 3547 1971 1965 6
BKDD 10 36C4 1076 605 444 511 2
BKDD 10 36H3 1657 9756 7816

BKDD 10 36A2 2 464 4616 3008 3258 2
BKDD 10 36J1 2 715 4071 2200 4071 2
BKD-D 10 36E1 1462 2540 1464 1591 2
BKDD 10 36A10 1 466 3726 2969 2052 3
BKDD 10 368101 1455 5044 2784 1853 3
BKD-D 11 40A3 1 453 3338 1783 3338 2
BKDD 11 4083 1392 4999 2550 2193 3
BKDD 11 40C7 1250 1464 1226 978 3
BKD-D 11 4008 118 1619 1136 1619 2
BKD-D 11 40C104 1188 1611 1085 1060 2
BKD-D 11 40D10 1288 1059 559 471 3
BKDD 11 40F10 1 062 502 195 0
BKDD 11 400101 1 142 970 609 970 2
BKDD 11 40102 1188 697 427 697 2
BKDD 11 40103 1225 1751 1218 1751 3
BKDD 11 40104 1 049 500 291 0
BKDD 12 4310 11045 7033 3075

BKDD 12 43091 1438 270 1307

BKDD 12 43492 1 064 1108 463 638 2
BKDD 12 4319 1217 1865 1110 1865 2
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD L 8

Site  No Location _Sex (mm) (mm) W (mm) (mm) _#Branches
BKDD 12 43G9 2 412 10140 45.06 5
BKD-D 12 439 1299 2024 917 1401 3
BKD-D 13 43A8 1178 1720 1147 1720 1
BKD-D 13 43892 1320 3047 1734 2070 3
BKD-D 13 43H8 2 33 2171 1936 3808 2
BKDD 13 43C7 1 245 1958 1130 1564 2
BKDD 13 4608 1 262 179 1058

BKDD 13 4371 1251 2250 1647 2250 i
BKDD 13 4372 1313 1634 1200

BKDD 13 437 1414 3711 1836 3222 2
BKDD 13 4307 1143 1570 601 1570 2
BKDD 13 4305 1 249 1160 428 799 2
BKDD 13 43C5 10485 2350 1236 1418 3
BKDD 13 43C4 1540 10979 3581 4003 3
BKDD 14 50C3 1 948 8818 4065

BKDD 14 5003 1331 4600 3257 4600 3
BKDD 14 5013 10189 1271 471 867 2
BKDD 14 50H3 1 048 458 223 0
BKDD 14 5082 1427 5795 3646 2567 2
BKD-D 14 50C2 1208 2522 1522 1776 2
BKD-D 14 50A10 1721 2132 1432 2132 2
BKD-D 14 50F81 1 160 1180 506  7.11 1
BKD-D 14 50F82 1148 3476 1447 2150 2
BKD-D 15 5304 1 332 3742 2108 1559 2
BKD-D 15 53F6 1378 6397 2984

BKD-D 15 53G5 1377 223 1348

BKD-D 15 53F5 1 543 2664 1267 2664 2
BKD-D 15 53ES51 1 140 1326 665 873 2
BKD-D 15 53E52 1 204 325 2062 3252 3
BKD-D 15 5305 1 558 5377 3142 4469 2
BKD-D 15 53A3 1 262 6390 2065 3246 1
BKDD 15 5383 1215 1361 988 926 2
BKDD 15 53E3 1320 2113 940 2113 1
BKDD 15 53G3 1 048 370 165 0
BKDD 16 56F2 1079 176 549 550 2
BKD-D 16 5602 1 198 2398 1359 2398 1
BKD-D 16 56C2 1424 1622 721 720 2
BKD-D 16 5682 1101 943 400 943 1
BKDD 16 56C1 1 062 561 242 0
BKDD 16 56D1 1215 1841 917

BKDD 16 56J1 1 389 5525 2036 4687 3
CNAN 1 10C7 1222 2243 1542 2243 1
CNAN 1 1087 1099 2235 1837 2235 1
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD L B

Site _No _Location Sex (mm) (mm) W (mm) (mm) _#Branches
CNAN 1103 1 142 1853 18.53 1
CNAN 2 11F9 1125 1361 837 1361 1
CNAN 2 11A8 1 1872 1422 [
CNAN 2 11F3 1053 765 221 765 1
CNAN 3 11A2 1172 3521 1018 3521 2
CNAN 3 11C2 1 2584 890 0
CNAN 4 1201 1 676 5480 2526 27.85 2
CNAN 4 1284 1 08 1023 38 0
CNAN 4 13D10 1 165 2028 1516 2028 2
CNAN 4 13110 11131 13771 9846 8431 4
CNAN 4 1389 3 276 2644 189 1082 3
CNAN 4 13C3 1 3121 468 1807 2
CNAN 5 14D5 2 358 3864 2390 1608 3
CNAN 5 14E3 1 049 457 591 0
CNAN 5 1483 1169 164 1450 8. 2
CNAN 5 14A3 1203 4757 2073 4N 4
CNAN 5 14A2 1453 4331 3928 1966 3
CNAN 6 15E10 1154 3141 1092 1742 2
CNAN 6 15D9 1250 3474 3356 3474 1
CNAN 6 15H8 2 604 10171 3218 7719 2
CNAN 6 157 2 53 11328 2765 6825 2
CNAN 6 1587 1 114 1584 7.5 1584 1
CNAN 6 15F3 1302 3N 1767 3111 1
CNAN 6 15D3 1 528 1805 1299 1805 3
CNAN 7 1609 1 502 4923 1530 3151 3
CNAN 7 1619 1 285 10330 4598

CNAN 7 16C8 1 660 8434 4449 4457 2
CNA-N 7 16C7 3 450 3012 2225 3000 2
CNAN 7 16F7 3 480 5126 3331 3697 2
CNAN 7 1617 3 179 2720 1650 2080 2
CNAN 7 1607 1137 2330 1535 749 2
CNAN 7 16F6 1 186 1597 864 975 3
CNAN 7 1613 1286 2720 2490 4609 2
CNAN 7 16H2 1405 1597 4349 4043 2
CNAN 8 17110 1 183 2043 1300 1460 2
CNAN 8 1719 1 146 1755 983 1755 1
CNAN 8 17C9 2 340 2040 1583 1521 2
CNAN 8 17A8 1161 1196 1409 936 3
CNAN 8 1797 2 284 3165 1961 2049 2
CNAN 8 17HT 1 269 4475 2386 3817 2
CNAN 8 17H6 2 931 3416 2225 3015 5
CNAN 8 17H4 3 385 4988 2097 2017 2
CNAN 8 17H3 1088 1268 831 1268 1
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Table AV.I (Continued) Morphological data for S. jejuna

Plot BD L B
Site__No__Location _Sex _(mm) (mm) W (mm) (mm) _#Branches
CNAN 8 17E2 1157 3945 2467 3510 2
CNAN 9 18J10 2 515 6722 4183 4125 4
CNAN 9 18H7 1494 7523 4160 4348 3
CNAN 9 18F7 3 894 8252 5132 8252 5
CNAN 9 18E6 1113 1417 981 1118 2
CNAN 9 185 1584 5489 4799 3332 2
CNAN 9 1803 3 667 9257 5453 5232 5
CNAN 9 18H1 1227 3796 2086 2390 4
CNAN 10 1909 1130 1492 1226 678 3
CNAN 10 199 1238 1690 587 1197 1
CNAN 10 1968 3 520 8306 4642 4636 7
CNAN 10 19A2 3 383 4225 2724 3601 2
CNAN 10 19E6 1101 1684 423 1095 1
CNAN 10 19C5 1 282 3584 2048 2376 2
CNAN 10 1903 1 272 5540 3870 2810 s
CNAN 13 11288 1864 10453 5418 9956 3
CNAN 15 114D1 2 9014 4044 4216 7
CNAN 18 117H81 1100 913 252
CNAN 18 117H82 1 088 702 420 4
CNAN 18 11707 1275 4121 2060 3477 2
CNAN 19 11816 1481 6244 3123 5450 2
CNAN 19 118H5 1056 1100 634 0
CNAN 19 11815 1078 1080 507 612 2
CNAN 19 118E7 1 115 1887 670 670 2
CNAN 19 11883 1138 283 189 0
CNAN 20 119H10 1 093 2376 866 1822 2
CNAN 20 11965 1134 3641 2196 2619 2
CNAN 21 20E10 1323 4169 2434 2390 2
CNAN 21 20F10 2 354 3028 1715 2620 3
CNAN 21 2009 1354 9089 2115 4927 3
CNAN 21 20H§ 1 7588 4409 6124 8
CNAN 21 20A5 1389 3615 2194 3400 2
CNAN 21 2082 1 5876 3285
CNAN 21 2067 1128 1524 1095 1247 2
CNAN 21 2082 2 141 1762 1339 11.04 2
CNAN 22 2209 1081 209 672 1087 3
CNAN 22 2208 2 385 4982 2823 2603 5
CNAN 22 2267 3 497 2590 1630 2063 4
CNAN 22 2206 1200 1949 1399 1352 2
CNAN 22 2285 2 365 8459 3492 2180 5
CNAN 22 22F5 2 281 10759 4498 7088 3
CNAN 22 2282 1580 5007 3417 3241 3
CNAN 22 2201 2 678 12047 7567 7217 4

-123-



Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L )
Site __ No__Locatior (mm) (mm) W (mm) (mm) _#Branches
CNAN 23 24A10° 2 362 1764 1050 17.64 2
CNAN 23 24A102 2 3509 17.41 2415 2
CNAN 23 24B10 1068 1216 815 593 3
CNAN 23 24D10 1314 4619 2603 2377 5
CNAN 23 24H10 2 568 8719 6677 5631 3
CNAN 23 24F9 3 558 4898 2770 3765 5
CNAN 24 26A10 2 328 6800 3521 6800 1
CNAN 24 26D9 2 330 6459 3214 4255 2
CNAN 24 2609 3 208 2790 1513 17.02 2
CNAN 24 26A6 3 2676 2134
CNAN 25 2808 2 491 7941 4055 4267 3
CNAN 27 212A8 1 238 3006 1829 2874 2
CNAN 27 212H9 3 167 2301 2192 2120 2
CNAN 27 21206 2 523 10988 5362 8146 2
CNAN 27 212D1 10192 1904 1343 1172 2
CNAN 27 21281 2 372 310 2915 3610 1
CNAN 28 214A91 1 219 3078 1445 1868 2
CNAN 28 214A92 1 127 1623 1088 889 2
CNAN 28 214J5 2 817 6223 3647 5094 4
CNAN 28 214821 3 445 6963 2445 3218 3
CNAN 28 214822 3 162 2436 941 1718 2
CNAN 29 216H3 1 3816 2233
CNAN 29 21608 3 523 3041 3127 27 3
CNAN 29 21609 1 180 2838 1585 2063 3
CNAN 30 218D8 2 498 5422 3057 2195 3
CNAN 30 21819 1110 1203 837 669 2
CNAN 30 218J5 1 321 5275 1920 5145 2
CNAN 30 218F2 1 344 1584 949 1057 3
CNAN 31 309 1 452 5250 2273 3231 ]
CNAN 31 30G9 1196 3179 1492 2551 2
CNAN 31 30D8 2 581 538 3114 2845 3
CNAN 31 30F8 1227 1583 1233 1583 1
CNAN 31 3067 1643 2820 1104 11.90 2
CNAN 31 3066 10103 1862 770 1242 3
CNAN 31 30H4 1 240 2358 1725 741 4
CNAN 31 3003 2 362 8972 2598 8166 2
CNAN 32 32810 1162 3189 1297  31.89 1
CNAN 32 3288 2 1147 6717 1974 3513 3
CNAN 32 3207 2 979 5103 2856 3972 2
CNAN 32 328 1 158 1032 549 1129 1
CNAN 32 326 135 604 330
CNAN 32 32H5 1 176 549
CNAN 32 32A3 2 7271 6064 3282 5727 1

-124-



Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD L LB
sit No _Location _Sex _(mm) (mm) W (mm) (mm) _#Branches
CNAN 33 2 459 3124 1718 1863 3
CNAN 33 34C9 2 3137 733
CNAN 33 34A8 1 365 2057 2570 2050 5
CNAN 33 3487 1375 7176 2378 5321 2
CNAN 33 34F6 1 108 1547 476 867 1
CNAN 33 34H5 11150 3431 3065
CNAN 33 34E3 2 302 5748 3433 4856 2
CNAN 34 36H7 1313 2043 988 1237 3
CNAN 34 36G3 1 472 4486 2670 3609 3
CNAN 34 3682 1798 8754 3445 4232 4
CNAN 35 38E7 1 415 14696  50.11  80.22 3
CNAN 35 36F8 1 267 1876 825 858 2
CNAN 35 38J7 3 390 14128 7028
CNAN 35 3866 1 551 3069 1316 1117 4
CNAN 36 310D10 2 340 4459 1801 1553 3
CNAN 37 312C9 1577 12304 9217
CNAN 37 312H7 2 748 TIT1 3493 2772 2
CNAN 38 314F9 1 10851 6185
CNAN 38 314E7 1186 1221 570 578 3
CNAN 38 314B41 1204 2138 954 656 3
CNAN 38 314842 1144 852 456 0
CNAN 40 318C1 1195 2154 937 1237 3
CNAN 41 50C2 1122 2451 1112 1386 2
CNAN 42 52010 1539 3300 1352 1484 2
CNAN 42 5285 2 183 2389 756 1607 3
CNAN 42 52C3 1200 2119 1559 1455 3
CNAN 42 52A3 1222 3243 1918 3243 1
CNAN 42 52F2 1 262 9064 5787 8453 2
CNAN 42 52H1 1220 2342 1348 1294 2
CNAN 42 52C1 1231 4036 526 3357 2
CNAN 44 52A1 1240 1157 622 974 2
CNAN 42 5263 10127 4334 1269 3472 2
CNAN 43 5487 1154 1450 385 1450 1
CNAN 43 5484 1392 7931 8496 7565 4
CNAN 43 5481 1714 3666 1010 1687 3
CNAN 44 56A10 1350 11535 7343 5835 4
CNAN 44 56610 1330 9666 4910 3497 3
CNAN 44 5619 1398 5204 2091 4383 1
CNAN 44 56H8 1425 4550 1370 2864 2
CNAN 44 56A7 3 1038 13363 4890 47.77 3
CNAN 44 S6E7 2 776 13875 12199 9204 4
CNAN 44 56F8 1213 3872 1551 1570 1
CNAN 44 5684 2 527 21400 11056 90.84 9
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L 8

Site __No _Location Sex _(mm) (mm) W (mm) (mm) _#Branches
CNAN 56H5 2 518 12200 6722 4065 2
CNAN 44 56G2 2 1930 30800 13679 10923 9
CNAN 45 58G7 1 592 20801 117.93 12
CNAN 45 5807 1 305 9939 6228 3
CNAN 45 58A3 11163 11675  89.89

CNAN 46 51009 1920 15375 9264

CNAN 46 510H6 2 2065 21600 21400 12781 6
CNAN 46 510F1 1 570 10616 5286 54.19 3
CNAN 46 S10E1 2 22400 15470

CNAN 47 60F4 1419 10674 4661 4279 2
CNAN 48 62A10 2 203 5650 4645 4401 1
CNAN 48 62610 1 485 2782 1869 1421 3
CNAN 48 62H8 1 148 1246 689 1246 1
CNAN 48 6284 1 25616 8977 5
CNAN 49 64A9 1 115 1576 355 0
CNAN 49 64F7 1 364 25549 15369 9879 5
CNAN 49 64AS 3 353 6162 1784 6162 1
CNAN 50 66A1 1225 5895 3222 2091 2
CNAN 50 6681 1 68 8016 4030 67.03 1
CNAN 51 68CO 1419 7611 3133 5109 2!
CNAN 51 68G9 1497 2396 1604 1062 1
CNAN 51 68H8 1 344 8805 3764 4
CNAN 51 6887 1370 10802 7097

CNAN 51 68E5 1437 7944 5045 6978 3
CNAN 51 68A2 2 686 25614 6635 7099 5
CNAN 52 61088 2 320 4438 1912 2512 1
CNAN 52 610H7 2 390 6573 5391 3153 5
CNAN 52 61003 1 216 2362 1579 966 3
CNAN 52 610E3 1 08 1124 78 708 3|
CNAN 52 610i1 1054 2524 1617 1720 4
CNAN 52 610F1 1931 11065 6960

CNAN 53 612810 1 996 10109 5434 6443 2
CNAN 53 612010 1906 5317 3946 3381 5
CNAN 53 612€10 3 405 9464 5049 6582 3
CNAN 53 612C7 1 148 2166 1444 805 2
CNAN 53 61285 1 409 14838 7293 4978 9
CNAN 54 614A7 1 699 8098 505 5556 4
CNAN 54 61484 1101 2100 661  21.00 1
CNAN 55 616F4 1 126 1803 882 1511 2
CNAN 56 618810 1 112 6162 1063  56.06 1
CNAN 56 618110 2 539 13886 8968

CNAN 58 72810 1 246 21982 6572 10402 3
CNAN 59 74C8 1202 1950 1264 829 2
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Table AV.i (Continued) Morphological data for S. jejuna

Plot BD L B
Site  No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CNAN 59 7487 1605 14583 9118  81.07 3
CNAN 59 74F2 1250 1706 1376 1267 2
CNAN 60 76A9 10107 4307 2013 2457 2
CNAN 61 78C10 1 251 3066 1963 3066 1
CNAN 61 78F10 1100 1287 958 802 1
CNAN 61 7869 3 272 477 3297 3821 2
CNAN 61 7808 1377 5066 2881 4308 3
CNAN 61 78C5 1334 2126 1056 1509 2
CNAN 62 710D5 1507 4430 1973 2156 2
CNAN 63 71268 1699 6066 37.16 5328 2
CNAN 64 714110 11071 1779 7537 6341 3
CNAN 64 71418 2 348 2766 1726 1390 4
CNAN 64 714D5 1278 6580 1866  59.07 3
CNAN 64 714D4 1 215 85 716 626 0
CNAN 64 714A5 1769 6001 4087 4649 2
CNAN 64 714D2 3 263 7355 3821 5587 3
CNAN 64 714C2 10134 1192 809 611 3
CNAN 64 71481 1233 2719 1500 2393 2
CNAN 65 716D10 2 299 2628 1649 17.76 3
CNAN 65 716F1 1 3445 1057

CNAN 66 71816 2 714 4022 3519 4446 2
CNAN 66 718B4 1146 3863 2221 2140 2
CNAN 66 71882 2 330 11398  69.10 7320 4
CNCN 1 10D8 1013 2576 2512 2345 2
CNCN 1 106 1129 724 453 58 2
CNCN 1 10F5 1086 1360 442

CNCN 2 12C6 2 1199 15390 4074 126.96 3
CNCN 2 1265 1007 201 89

CNCN 2 1204 1013 08 063 062 2
CNCN 2 1262 1100 070 020

CNCN 3 14F10 1100 5010 1200 1200 2
CNCN 3 1416 1100 040 020

CNCN 3 1464 1028 1600 1500  10.00 2
CNCN 3 14C1 1700 14800 7100  94.00 3
CNCN 3 1481 11000 7300 1500 2800 2
CNC-N 4 16E10 1100 850 630 0
CNCN 4 16610 1100 1560 800 730 2
CNCN 4 16J10 1100 620 210 0
CNCN 4 1609 1100 200 100 0
CNCN 4 16C8 1100 900 500 0
CNCN 4 16J5 1100 960 420 0
CNCN 4 16H5 1200 1870 1040 0
CNCN 4 1664 1100 1040 415 0
CNCN 4 1643 1620 3955 2390 2395 3
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD L LB
Site  No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CNCN 4 i 900 400 0
ONCN 4 1612 1200 3000 730
CNCN 5 18B10-1 1061 1402 158 0
CNCN 5 188102 1081 1255 430 213 2
CNCN 5 18E10 3 917 18204 5185 7660 3
CNCN 5 18410 1122 10283 9778 10184 2
CNCN 5 1808 1094 1004 680 290 3
CNCN 5 18E8 1 1650 11480 10200  57.10 2
CNCN 5 18181 1100 500 300
CNCN 5 18182 1110 820 410
CNCN 5 18G5 1100 920 210 0
CNCN 5 18E4 1100 900  7.00 0
CNCN 5 18F4 1110 480 250 0
CNCN 5 181 1 180 3850 1480 880 2
CNC-N 6 20D10 1736 4014 1403 2185 2
CNCN 6 20C8 1090 720 367 0
CNCN 6 2007 3 874 5792 2791 40.13 2
CNC-N 6 2007 10108 1543 1147 788 2
CNCN 6 2006 1077 68 207 0
CNC-N 6 20A5 11064 4377 2658 1103 2
CNC-N 6 20H4 1 060 313 158 0
CNCN 6 203 1071 1488 309 0
CNCN 6 20E3 1 3418 1876 1376 3
CNCN 6 20C3 1083 748 536 412 2
CNCN 6 20F2 1236 1281 1007 776 2
CNC-N 6 20H1 2 331 3412 2287 2884 3
CNC-N 7 22A10 1272 3340 1565 2904 1
CNCN 7 22E8 1 257 977 358 958 1
CNCN 7 2207 11380 5200 3724 3413 3
CNCN 7 2286 1605 5312 2407 2537 4
CNCN 7 2285 1192 842 542 761 1
CNCN 7 22F2 10110 1068 348 941 1
CNCN 7 2201 1399 7860 3108 4171 3
CNC-N 8 24A5 2 1311 13411 8550  60.86 2
CNC-N 8 24E3 3 507 5858 2507 3599 ]
CNCN 8 24F3 1084 2060 779
CNCN 8 2413 1166 3339 1253 2457 2
CNCN 8 2461 1102 1598 842
CNCN 8 24F1 1153 1420 888 1445 2
CNCN 9 26i6 1291 8882 4997 7307 2
CNCN 9 2666 3 832 21500 5886 89.84 4
CNCN 10 28J2 10 213 1527 176 2
CNC-N___11_28F9 1148 1474 941 985 2
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot o LB
Site  No Location Sex (mm) (mm) W(mm) (mm) _#Branches
CNCN 11 3008 2 6466 3126

CNCN 12 3205 3 523 6820 3961 3881 5
CNC-N 12 3204 1 174 1550 1324 749 3
CNC-N 12 32B4 1 221 948 739 927 3
CNC-N 14 3683 1732 6207 3945 37.99 4
CNC-N 15 3818 1 845 8474 4277 3593 6
CNCN 16 40A10 1206 1959 1121 775 3
CNCN 16 40E9 1 145 970 792 1033 1
CNCN 16 40H6 2 864 6776 6069 78.16 2
CNCN 18 44C10 11342 9822 6156  79.80 2
CNCN 18 44G9 1077 076 157 0
CNC-N 18 44C8 1 061 479 193 0
CNC-N 18 44Hg 1 516 6257 3604 5208 2
CNC-N 19 461101 1 205 2756 865 2068 1
CNCN 19 461102 1 3769 17.02

CNCN 19 4619 1132 1711 785 900 1
CNCN 19 1 156 2795 1226 2579 1
CNCN 22 52A10 3 1656 28721 13443

CNCN 22 5210 2 1346 7993 5231 5204 5
CNCN 22 5269 2 17.19 18384 8983

CNCN 22 5209 1 4452 2834

CNC-N 23 5483 1213 2372 1236 1636 2
CNC-N 24 56810 1 115 2889 1206 1888 2
CNCN 24 56C10 1417 3825 2405 2183 4
CNCN 24 56D10 2 550 6048 4797 3014 2
CNCN 24 56E10 1210 2013 1952 21.80 2
CNCN 24 56F10 1 185 2236 1578 2048 2
CNCN 24 561101 1 259 1289 793 591 3
CNC-N 24 561102 1147 1044 249 0
CNCN 24 56H9 1 255 4209 2113 2578 3
CNC-N 24 56F9 1 152 888 516 491 2
CNCN 24 56D8 1070 1899 688 0
CNCN 24 56C1 1 103 2366 379  7.87 2
CNCN 24 5613 2 1168 14203 5732

CNCN 24 5662 1 152 1086 562 )
CNC-N 24 64G6 3 1590 39504 15422 23081 5
CNC-N 29 66H2 1 220 1968 1466 1234 2
CNCN 30 68D9 1 519 9678 4521 4997 3
CNC-N 30 68F9 1121 1419 764 1076 2
CNCN 33 74D10 1 1252 931 2
CNC-N 33 74D4 1 582 3169 2107 1445 3
CND-D 1 10E10 1437 13353 10140 10432 2
CND-D 1 10F10 1 10258 46.35

CND-D 11010 1295 7150 6030 4624 3
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L 8
Site  No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CNDD 1 1 6207 2369 3
CND-D 1 10H8 1386 28659 9501 80.94 3
CND-D 1 10C7 1186 5046 4417 3056 3
CNDD 1 10A5 1510 11552 3987  40.92 2
CNDD 1 1064 1121 2451 2095 1503 3
CNDD 1 10E3 1125 3272 2188 19.92 2
CNDD 1 1083 1174 6789 6224 47.93 2
CND-D 1 10c2 3 1190 12532 5893 7001 3
CND-D 2 1217 1207 5668 2212 4494 2
CND-D 2 12C5 1 224 3884 1535 1963 2
CND-D 2 1285 1208 2205 1492

CNDD 2 12F1 3 747 6953 6757  60.39 3
CND-D 6 11062 1 426 4713 1375 2552 2
CND-D 7 11467 1802 9258 5674 6608 2
CND-D 7 114E4 1162 2112 1460

CND-D 7 114C3 1 1032 350

CND-D 8 11419 1198 3335 1831 2242 1
CND-D 8 11469 1098 1445 599

CNDD 9 116610 3 840 9836 7249  67.00 2
CNDD 9 11649 1291 5923 1501 3136 1
CND-D 9 116J6 1943 5625 1743 3688 4
CND-D 9 11612 i 2657 763

CNDD 10 11864 1471 10611 5381 66.84 5
CND-D 10 11817 1137 2471 122

CND-D 10 118ES 10292 2130 1083

CND-D 11 20H7 1 265 7553 2656 3105 3
CND-D 11 206 1251 3099 2069 2698 2
CND-D 11 20A5 3 974 15049  67.11 7381 7
CND-D 11 20C4 1 458 3722 1387 2383 2
CND-D 11 20H2 2 1597 14431 6575 7535 5
CND-D 11 20H1 1269 8691 4192 5069 2
CND-D 12 2248 1 325 6324 3493 2954 3
CND-D 15 28F6 1268 2554 1837 2264 2
CND-D 17 21201 3 1740 25495 20494 15120 5
CND-D 18 214D10 1 565 5267 2143 5267 1
CND-D 19 216F3 1373 3931 3368 3426 3
CND-D 20 218H5 1730 10460 3973 8973 3
CND-D 20 218A6 1292 6331 3592 4088 2
CND-D 20 218H3 1302 8018 2547 5243 2
CND-D 21 3018 1287 7525 4321 4984 5
CND-D 21 30E2 1155 2002 1300

CND-D 22 327 1087 2340 1030 958 2
CND-D 23 34E4 3 592 9929 4826 5563 3
CND-D 23 34F5 1261 11148 4354 79.03 3
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L B
Site __No Location _Sex (mm) (mm) W (mm) (mm) _#Branches
CND-D 25 38A6 1156 2753 1270 1075 2
CND-D 26 31089 2 757 12222 9550 1152 2
CND-D 26 31087 1277 2544 2017 1652 2
CND-D 26 310H4 1540 3070 2155 2296 3
CND-D 26 310E3 11101 10145 6339  81.19 3
CND-D 27 312810 1 10757 3146
CND-D 27 31248 11158 14365 7590 7017 3
CND-D 27 312H7 1 5289 2639
CND-D 27 312H6 1 266 7928 2334 3466 2
CND-D 27 312C3 11937 37484 20000 251.79 7
CND-D 31 4067 1197 5404 3609 5229 2
CND-D 35 4844 1388 11480 11251 7537 3
CND-D 35 48i1 2 269 9193 4813 4478 2
CND-D 35 48D5 1726 5710 3812
CND-D 36 410810 1381 10306 4382 67.36 2
CND-D 36 410F10 1169 3007 1621 3007 1
CND-D 36 41068 3 1190 13274 10131 9208 2
CNDD 36 410H3 1 222 2569 1393 2210 2
CND-D 36 410E3 1198 2513 836 1588 2
CND-D 36 410A1 2 707 11733 4882 6943 2
CND-D 36 41003 1 520 4354 1512 2574 3
CNDD 37 41217 1 284 6975 3456 3811 3
CNDD 37 412C4 1121 2769 1148 1243 2
CNDD 37 412E10 1 658 7840 3251 3977 2
CNDD 39 41666 1 422 1067 628 969 2
CNDD 41 50F10 1246 12763 4109 8054 2
CNDD 41 50A7 2 385 6209 2040 4686 3
CND-D 41 50H3 1887 7191 4317 4056 3
CND-D 43 5484 3 1240 19638 7819 10208 6
CND-D 43 5413 2 475 13373 5337 9168 3
CND-D 43 54H2 1303 67.32 2580 3190 3
CND-D 45 58D9 2 1628 18497 18072 13040 4
CND-D 45 58A9 1941 34 1302 1507 3
CND-D 45 58F6 2 1569 217.00 11674
CNDD 45 58A3 1278 708 2550 37.04 4
CND-D 45 58C5 1183 3075 1517 2616 2
CND-D 45 58H5 10113 2746 1297 1994 1
CND-D 45 58G4 1117 1873 705 578 2
CND-D 45 5804 1565 217.05 15467
CND-D 45 58H2 10101 1575 917 834 B
CNDD 45 5802 2 2400 43821 27680 25826 5
CND-D 45 58G8-1 1166 864 571 0
CND-D 45 58682 1107 625 319 0
CND-D 45 58G8-3 1082 1181 601 [
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L LB

Site  No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CND-D 46 510A10 1737 4731 3739 2214 3
CND-D 46 510F7 1209 3376 2002 27.66 1
CND-D 46 5102 1335 5032 3208 5219 3
CND-D 46 510621 1098 1254 609 876 2
CND-D 46 510622 1161 1524 875 646 2
CND-D 46 510A2 1617 4357 3089  21.99 3
CND-D 46 51084 1601 2485 1453 959 2
CND-D 47 512A9 1119 2728 1718 2728 1
CNDD 47 512A1 1127 2005 1285 874 3
CND-D 48 514D9 2 676 12444 4409 8106 3
CND-D 48 514i6 1218 1328 1077 837 2
CNDD 48 514E6 1222 2063 1155 1021 2
CND-D 49 516E6 1247 4638 3000 4638 1
CND-D 49 51663 1720 4793 3095 29.06 2
CND-D 51 60D9 1336 11607 4304 7150 2
CND-D 51 60J5 1 195 5085 2039  16.98 2
CND-D 51 6012 3 1418 9725 3805 4554 4
CND-D 51 60J1 1215 1980 964 1052 2
CND-D 51 60F2 1155 1594 1160  8.09 2
CND-D 51 60E2 1 249 5214 3012 4597 2
CND-D 52 62HY 1235 4251 2435 3625 2
CND-D 52 62E8 1 316 6888 4298 4057 3
CND-D 52 62H5 1304 8283 3652 4352 2
CND-D 52 6201 1 528 10103 3099 101.03 3
CND-D 52 62A4 1 604 14745 7082 11338 2
CND-D 53 64D6 1181 2284 846 1383 2
CND-D 53 66A10 1101 662 429

CND-D 53 66G8 1541 7307 3445 58.08 2
CND-D 53 6617 1 145 2498 1100 883 3
CND-D 53 66H7 1515 2720 1959 2076 3
CND-D 53 66J6 1732 7277 3741 3390 2
CND-D 53 66ET 2 1379 15372 6782 11964 5
CND-D 53 6644 1159 6369 27.30  31.60 2
CND-D 53 66E4 1816 7021 3768  30.06 3
CND-D 54 66F1 1142 3559 1102 814 3
CND-D 54 68A9 1 1734 1318

CND-D 54 68D10 1 4953 2668

CND-D 54 68H3 1 845 8442 4141 5483 4
CND-D 55 68D3 1 328 5451 2550 19.98 2
CND-D 55 68D7 1520 11091 4937 77.26 2
CND-D 55 68C5 1634 4674 2279 1954 2
CNDD 56 610E9 1 343 6578 2030 31.38 3
CNDD 56 610A8 1 3424 1290

CND-D 56 _610A6 1 4420 1441 2420 2
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD L B
Site __No__Location _Sex _(mm) (mm) W (mm) (mm) _#Branches
CNDD 59 616810 1289 3698 1374  19.89 2
CNDD 59 616E10 1 373 4886 1804 2624 2
CNDD 60 618EG 11034 6170 2812 4020 2
CNDD 60 618G5 1 160 1540 699 753 3
CNDD 60 618H4 1548 4442 2034 2279 2
CNDD 61 70610 1 69 7022 3726 3806 5
CNDD 61 7016 1 286 1617 1885 1045 3
CNDD 61 70HS 1 262 4041 2481 3236 2
CNDD 61 70H4 1224 3349 2137 1971 2
CNDD 61 7064 1 182 1773 579 1051 2
CNDD 61 70E4 1226 6332 2886 4431 3
CNDD 61 7013 1 564 7828 4812 3872 3
CNDD 61 7083 1206 2263 1308 1202 3
CNDD 61 70C4 1744 6777 4206 5482 2
CNDD 61 70A4 1 346 8812 6084 5816 3
CNDD 61 7082 1634 6017 2494 2890 2
CND-D 61 70F1 1239 3099 1836 2792 1
CND-D 62 72A10 1 583 6176 4996 5815 2
CNDD 62 72810 1744 7895 4486 4944 3
CND-D 62 7210 1 556 6527 5242 5001 4
CND-D 62 728 1 680 4783 2229 3623 2
CND-D 62 7207 2 654 12116 6221 5699 3
CND-D 62 7267 1 784 7842 4678 3813 2
CNDD 62 7209 1 2758 1643 2250 2
CND-D 62 72A8 2 615 8900 8019 5199 4
CNDD 62 7288 1198 2655 972 2435 1
CND-D 62 72081 1296 3297 1044 802 2
CND-D 62 72082 1153 1396 947 1287 1
CNDD 62 7207 1292 4587 1345 4587 1
CND-D 62 72C7 1274 1486 1055 1486 1
CND-D 62 72H6 1792 4126 3988 3384 2
CNDD 62 7216 10729 4388 1748 1544 2
CND-D 62 72F6 1597 23621 4348 14606 2
CND-D 62 7285 2 715 21742 7055 107.65 3
CND-D 62 72C5 1692 6240 5423 6240 2!
CND-D 62 72I5 1304 5924 3390 4815 2
CND-D 62 7204 1204 1876 1311 1367 2
CNDD 62 7263 101350 26731 10605 10229 7
CND-D 62 72F4 1 142 1180 532 1180 1
CND-D 62 7283 1394 2983 1547 1723 2
CND-D 62 7202 1399 2359 1742 1877 2
CNDD 62 T2E2 1880 18489 8983
CND-D 62 7202 1219 1082 887 682 2
CND-D 62 72€2 142 3903 3889 1982 3
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L )

Site  No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CNDD 63 7410 16 7648 60.13 2
CND-D 63 T4E10 3 1081 10830 7486 3877 3
CND-D 63 74C9 3 1049 15387 10537 107.19 4
CND-D 63 74B8-1 1194 1371 569 2
CND-D 63 74B8-2 1 150 3861 1800 1122 2
CND-D 63 74E8 1891 12022 4496 9141 2
CND-D 63 7407 1 267 4079 3031 3941 2
CND-D 63 74171 1 462 2571 1450 1645 3
CNDD 63 74I7-2 1201 2808 1141 2094 2
CND-D 63 74HT 1 387 2058 1041 1762 1
CND-D 63 74F7 11735 14441 10935 10208 2
CND-D 63 74D7 1 200 2320 8 18.34 1
CND-D 63 74D6 1 1262 17063 8450 97.36 4
CND-D 63 74F8 1 2174 11750 5045 7878 2
CND-D 63 74i6 1 654 8569 3021 4938 2
CND-D 63 74J6 1302 8190 5053 4537 2
CNDD 63 74C5 3 1450 40044 237.83 188.67 6
CND-D 63 74E3 1862 15373 9071 107.92 2
CNDD 63 74C3 1 058 823 108 0
CNDD 63 74F3 1428 7009 1419 37.33 2
CND-D 63 74H3 2 500 10501 5899 49.23 4
CNDD 63 7413 1070 374 185 0
CNDD 63 74021 1168 2541 1590 2173 2
CNDD 63 74022 1 063 684 335 0
CNDD 63 7412 1043 557 131 0
CNDD 63 74C2 2 584 9575 4062 87.06 2
CNDD 63 7411 1375 1341 889 834 2
CND-D 68 714D10 1080 698 258 0
CNDD 68 714F10 1163 2285 1360  10.34 2
CNDD 68 T714CO 1128 3367 2189 1613 3
CNDD 68 714D8 1 243 3845 2621 2269 3
CNDD 68 71467 1392 5736 2499 37.66 2
CNDD 64 76D10 1787 9924 8331 6449 3
CNDD 64 76C10 1 366 202

CND-D 64 76F10 1 183 6364 4408 5355 2
CNDD 64 76610 1872 8304 4360 6424 3
CNDD 64 76091 1421 3559 2516 2062 2
CNDD 64 76J92 2 543 3641 2283 3641 2
CNDD 64 76093 1 677 5086 2635  46.91 2
CND-D 64 7619 1 185 1627 806 11.98 2
CND-D 64 76H9 2 957 15406 10434 10676 2
CNDD 64 76G9 1 663 9104 2068 4831 2
CND-D 64 76C9 1292 1376 772 1070 2
CNDD 64 7689 1765 6864 2326 3054 2

-134-



Table V.l (Continued) Morphological data for . jejuna

Plot BD L )

Site  No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CND-D 64 76D8 3 2437 24006 15407

CND-D 64 7667 1 382 1537 2218 1347 3
CND-D 64 76H7 1 573 5850 3020 2278 4
CND-D 64 7607 1447 3881 1527 2213 2
CND-D 64 76H6 1188 2291 1365 1809 2
CND-D 64 76G6 1 091 25 18

CND-D 64 76A5 1 2179 40866 25324 277.27 2
CND-D 64 76D5 1068 495 7.7

CND-D 64 76F5 1 1195 9097 6854 90.97 2
CND-D 64 76D3 1108 806 422 0
CNDD 64 76E2 1 08 691 212

CNE-D 1 1089 11031 8608 4071 7764 2
CNE-D 1 1086 11620 8097 3795 8097 2
CNED 2 11E10 1 148 2558 2024 1270 2
CNED 2 11B9 1632 7199 6487 39.07 3
CNED 2 1166 1 124 6910 3041 3439 3
CNED 2 11A5 1723 1135 7697 7147 3
CNED 2 1E5 1254 3861 1799 2500 2
CNED 2 11H4 2 897 6783 4021 4254 2
CNED 2 11F41 1798 5375 5256 3840 3
CNED 2 11F42 2 793 651 5280

CNED 2 11D4-1 1 143 1292 910 880 3
CNED 2 11D42 1 284 3675 2846 1699 2
CNED 2 11A4 1 149 1577 879 849 2
CNED 2 11C3 1 448 2440 2330 1931 2
CNED 2 11H2 1 457 1581 1158

CNED 2 1E2 11327 14013 117.99 107.72 3
CNED 2 11D2 1 1357 9963 6520

CNED 2 118241 1 285 1957 1048 957 2
CNED 2 11822 1 716 6053 2210 3586 4
CNED 2 11A2 1 468 3060 1870 3060 1
CNED 2 1141 12138 16768 11176

CNED 2 11H1 1 486 4850 2682 4506 2
CNED 2 1161 1 167 1987 1860 1366 2
CNED 2 11Dt 1 558 2791 1841 1635 3
CNED 3 12A10 1 1662 9409 4899 3354 4
CNED 3 12810 10 613 273 [
CNED 3 12C10 1 252 1520 1041 692 3
CNED 3 12A8 1 208 1337 809 451 3
CNED 3 1208 1 1317 5669 4797 5669 2
CNED 3 1217 1 639 5680 5107 5378 3
CNED 3 12H7 1 753 6363 3314 6363 3
CNED 3 1267 2 693 9682 4937 9682 1
CNED 3 12E7 11048 3172 2002 2300 3
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L )
Site _ No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CNED 3 12A6 1 238 14.55 1
CNED 3 12F6 1 422 2583 1537 1751 3
CNED 3 12He 1123 836 285 348 3
CNED 3 126 1 218 3332 1646 1822 2
CNED 3 1206 1624 1571 1172

CNED 3 1251 1 482 1335 1055 589 2
CNED 3 1252 1 292 1583 632 792 2
CNED 3 12H5 1 1555 9409 4662  94.09 3
CNED 3 12F5 1 632 2888 2281 1567 2
CNED 3 12E51 1627 2737 1947 2571 4
CNED 3 12E52 1 1123 4568 33 2439 3
CNED 3 12c4 1 1585 11785 11060 87.49 6
CNED 3 12F4 1 8157 6298

CNED 3 12H4 1 722 3823 2063 1136 2
CNED 3 1263 1237 1771 980 848 2
CNED 3 12F3 1413 2254 1463 1343 2
CNED 3 1282 1 9063 5883 3655 3276 2
CNED 3 122 1 858 1979 1662 1540 3
CNED 3 1262 1091 1277 949 997 2
CNED 3 1261 1 1583 6958 4068  36.00 3
CNED 3 12F1 2 1243 14290 6935 4416 4
CNED 4 13810 1 1188 7060 4258 3405 4
CNED 4 13C10 1 618 4464 3056 1564 5
CNED 4 13610 1204 2241 1699 1073 3
CNED 4 13H10 1677 3787 3008 2322 2
CNED 4 13110 1 7252 4664

CNED 4 1310 1 282 2291 1769 1651 3
CNED 4 13H9 1 254 2602 2076 2602 1
CNED 4 1369 11061 6238  39.09

CNED 4 13F9 1 560 3406 1524 2962 2
CNED 4 13E9 1 745 5203 3116 3304 2
CNED 4 13D9 1810 5340 2349 3656 6
CNED 4 13C9 1 508 3378 1902 27.73 2
CNED 4 1389 1825 11600 4950

CNED 4 13C8 1600 1722 1291

CNED 4 1318 1 594 8032 3161 4349 2
CNED 4 1317 1 457 5369 3466 1881 3
CNED 4 13H7 1 1115 12447 6829 8957 4
CNED 4 13F7 1 687 3315 1111 1809 2
CNED 4 13E7 1 416 2613 1521 27.83 3
CNED 4 13861 11055 8191 6128 6454 4
CNED 4 13862 1636 1512 1433 1296 2
CNED 4 13D5 3 2270 15000 7139 57.41 5
CNED 4 13H4 1822 5039 2526 50.39 2

-136-



Table AV.II (Continued) Morphological data for S. jejuna

Plot 8D B
Site  No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CNED 4 2 1587 107.20 7353 7639 6
CNED 4 13D4 1916 8122 6994 6602 2
CNED 4 1384 1094 644 272 527 2
CNED 4 1383 2 1057 7532 6900 6506 4
CNED 4 1382 1 374 2896 1748 2886 2
CNED 4 13E21 10383 325 1725 1424 3
CNED 4 13E22 1 389 1895 1223 1563 1
CNED 4 132 1 972 5395 3086  30.86 3
CNED 4 13H1 11170 9100 5283 8849 4
CNED 4 1361 1591 2612 1408 1868 2
CNED 4 13F1-1 10572 1588 1119

CNED 4 13F12 1320 2162 1382 2003 2
CNED 4 13F13 1433 2268 1719 2216 3|
CNED 5 20B10 1 1441 12600 6748 6887 7
CNED 5 20C10 2 177 5576 3495 3995 3
CNED 5 2049 1 1820 1401

CNED 5 20F9 10517 2021 1849 2110 2
CNED 5 20A8 1630 5071 2269

CNED 5 20E8 11503 11407 6195

CNE-D 5 20H8 11397 25486 13435

CNED 5 2007 1036 098 178 [
CNED 5 2007 1103 1067 973 9.00 1
CNED 5 2008 1 1330 1062

CNED 5 20E6 1760 1507 887 1227 1
CNED 5 20F6 1426 1534 1030 1534 4
CNED 5 20H6 1097 164 296

CNED 5 2016 1120 379 417

CNED 5 20F5 1205 4942 17.95 2795 4
CNED 5 20E5 1255 3495 2258 2669 2
CNED 5 20E4 1335 1469 1331 1287 i
CNED 5 2064 1606 2692 2196 2451 2
CNED 5 2014 1080 417 240 0
CNED 6 22A10 1858 3400 2144 2100 3
CNED 6 220101 1290 8945 4667 8945 3
CNED 6 22D10-2 1050 1. 1.84 0
CNED 6 22H10 2 1507 22752 13117 15426 6
CNED 6 2209 1224 744 458 580 2
CNED 6 2208 10191 1544 653 484 3
CNED 6 2267 11354 9178 7671  79.70 7
CNED 6 22E7 1415 2073 1830 1935 2
CNED 6 22C7 1306 1027 759 1159 1
CNED 6 22C6 1517 1387 900 960 2
CNED 6 2206 1378 3289 1258 1255 2
CNED 6 226 1512 2286 1435 17.1 2
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD L 8
Site __No _Location Sex _(mm) (mm) W (mm) (mm) _#Branches
CNED 6 225 1 140 2314 1678 2138 1
CNED 6 22A5 1 1144 6530 5000 4151 3
CNED 6 2203 1 402 1598 694 570 2
CNED 6 22H3 1109 539 445 519 1
CNED 6 2203 1283 32 2877 2511 3
CNED 6 2283 1 561 2302 1205 1892 2
CNED 6 2282 1407 2072 1349 1072 2
ONED 6 22H2 11941 9153 6961 5945 6
ONED 6 22F1 1349 3028 1761 1421 2
CNED 6 22C11 1 396 3594 2135 1751 3
ONED 6 22C12 11102 4716 3197 4228 3
CNE-D 7 24A10 1 569 2848 1855 1810 3
CNE-D 7 2469 1374 3413 2323 1974 4
CNE-D 7 24C9 1 1382 12712 5050 127.12 2
CNE-D 7 24E8 12138 15020 8105
CNE-D 7 2468 11702 6901 3910 4210 3
CNE-D 7 248 3 959 764 64.12
CNE-D 7 2417 1 1548 53, 4935 45.80 2
CNE-D 7 24C7 1201 1210 484 721 2
CNE-D 7 24A7 1 441 2008 1558 1945 2
CNE-D 7 24c6 1 303 2050 2508 2378 3
CNE-D 7 2406 1278 2304 1727 1484 2
CONE-D 7 24661 1510 2008 2094 1800 2
CNE-D 7 24662 1 372 2513 1088 1030 2
CNE-D 7 24H6 1 542 2132 1321 1254 4
CNE-D 7 2405 1 224 1631 1513
CNE-D 7 2464 1 1443 0748 5540  57.00 4
CNE-D 7 2483 1691 9038 5009 4924 2
CNE-D 7 2401 1 214 2500 1667 1901 2
CNED 8 3018 1 661 3772 1813 1939 3
CNED 8 304 1 1467 12655 8015 8116 3
CNED 8 3004 3 1280 9345 6572
CNED 8 30F4 1 1112 10733 67.07 57.01 4
CNED 8 3004 11506 13813 9590
CNED 8 3083 11277 14999 127.76
CNED 8 3002 1077 648 329 0
CNED 8 301 3 1429 13864 8133 8864 7
CNED 8 3061 1720 7646 6404 4642 2
CNED 8 30E1 1 170 1584 987 1135 1
CNED 8 3001 1 523 2088 1837
CNED 8 30A1 2 872 9569 7133 5606 3
CNED 9 32C10 3 765 7417 2889 4037 3
CNED 9 32E10 1 657 6012 4675 4976 3
CNED 9 32E9 1820 3583 2636 2438 4
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L )

Site  No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CNED 9 3208 1 3876 2782 2283 3
CNED 9 3267 1161 984 770 760 2
CNED 9 3286 1410 3494 1796 1464 2
CNED 9 3284 1 1297 12508 7502

CNED 9 323 2 2985 15375 8412 7447 3
CNED 9 32A2 11593 14421 8296

CNED 9 32F2 3 1080 13803 9680 7714 8|
CNED 9 3262 1 084 284 247

CNED 9 321 1 1367 13442 6850 7655 4
CNED 9 3201 1 1958 107.04 5019

CNE-D 10 34C10 1 1303 4340 2582 2480 3
CNED 10 34D8 1 1214 10584 5372 4525 3
CNED 10 34C7 11323 11784 8519 9582 4
CNED 10 34E7 1975 34 16.83

CNED 10 34D6 1 2190 28651 20475 137.51 7
CNED 10 34I5 11930 7016 4404 4806 1
CNED 10 34F5 1973 4183 2088 3476 1
CNED 10 34Ad 1 664 2452 1503 17.43 4
CNED 10 34G4 1 1296 6622 2597 3338 5
CNED 10 34J4 11420 6294 3630 3505 3
CNED 10 343 11142 4215 2691 2281 3
CNED 10 3483 1 2567 187.08 8653 14884 3
CNED 10 34C2 1 1349 4282 2022 2446 4
CNED 10 34F2 1697 3638 2081 3638 3
CNED 10 34J2 3 1647 297.63 159.16 11456 6
CNED 10 3461 12009 9980 8428 5989 3
CNED 10 34F1 1699 2647 1920 2077 2
CNED 10 34D1 2 1086 8207 6861 3906 4
CNED 10 34C1 1 654 2553 1082 1834 2
CNED 11 4000 1 2440 19588 12801

CNED 11 40C7 11277 28642 12792 11924 5
CNED 11 40B4 1 1682 15404 8049 7985 4
CNED 11 4004 11048 3416 3287

CNED 11 40C3 1379 5012 4726 3681 2
ONED 11 4002 3 1723 30855 15394

CNED 12 42610 1 567 7874 37.72 3333 3
CNE-D 12 42010 11047 8715 7908 5661 1
CNED 12 4219 2 1172 5255 2877 3996 2
CNED 12 42C9 101211 7145 57.54 4127 7
CNE-D 12 42B9 1415 4050 1237 3125 1
CNED 12 42A9 1266 2006 1110 1861 2
CNED 12 42F8 3 26105 11247

CNED 12 4207 1318 6266 2086  37.81 3
CNED 12 4216 1272 2155 817 9. 2
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L8

Site __No _Location Sex _(mm) (mm) W (mm) (mm) _#Branches
CNED 12 42F6 1 575 6340 4561 4227 2
CNED 12 42A6 1 812 6074 3057 3576 5
CNED 12 42C5 1 212 1650 899

CNED 12 4205 1297 2000 1578 17.71 1
CNED 12 4284 2 598 3558 1855 2042 2
CNED 12 42C3 10211 2194 1425 1318 2
CNED 12 4203 2 1437 107.38 8044 10542 5
CNED 12 422 1 1198 10469 6836 51.98 4
CNED 12 42F2 1273 4464 2659

CNED 12 42E21 1 148 2683 1676 1478 2
CNED 12 42E22 1072 1130 574 0
CNED 12 4282 2 1025 7485 6341 4274 3
CNED 12 4261 1 15 1628 833 985 2
CNED 12 4201 1 416 4366 2240  18.10 3
CNED 13 44B10 1 436 2838 1106 17.14 2
CNED 13 44C10 1404 3153 1872 1444 2
CNED 13 44D10 1354 4118 2453 2213 2
CNED 13 44G10-1 3 531 9006 4086 4368 2
CNED 13 446102 1216 1331 779 1216 1
CNED 13 44110 1632 5127 1662 2877 2
CNED 13 44E9 1277 2799 1077 2148 1
CNED 13 44G8-1 1 1200 8678 4373 6367 3
CNED 13 44682 1040 349 274

CNED 13 44F7 1 475 4073 3350 4073 1
CNED 13 44D7 1 733 5008 4121 3025 5
CNED 13 44C7 3 891 13028 9736 4091 3
CNED 13 44A7 1 1636 10693 5403 9191 3
CNED 13 4486 1724 9465 7672 4196 4
CNED 13 44H6 1 1303 17468 10576  80.05 4
CNED 13 44G5 1 543 1803 1678  9.12 5
CNED 13 44D5 1 378 2023 1945 2923 1
CNED 13 4485 2 1205 13332 8035 6717 7
CNED 13 44Ad 1 109 878 409 6 3
CNED 13 44B4 1 479 2146 1173 1501 2
CNED 13 4464 2 1702 24608 13469

CNED 13 44C3 1719 4154 3981

CNED 13 4483 2 1126 15400 10336 12892 3
CNED 13 4482 1 1014 6313 5033 3375 5
CNED 13 4412 2 1612 10820 4659 6879 3
CNED 13 44D1 1 1657 10234 6860  81.60 1
CNED 13 44B1 1 1054 4724 3450 2426 2
CNED 13 44A1 2 1898 14948 11787 11427 4
CNED 14 5009 2 926 9076 5559 565 3
CNED 14 50H9 11172 12131 11629
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD L B
Site No Location Sex (mm) (mm) W (mm) (mm) _#Branches

)
CNED 14 5009 715 30901 117.21 15381
CNED 14 5007 173 1867 1543 1867
CNED 14 50F6 288 4219 1893 27.24
CNED 14 50G6 713 9656 5511  57.31
CNED 14 50F5 452 6248 3591 6248
CNED 14 50B4 733 2894 2252 3974
CNED 14 50F4 362 4631 2897 4631
CNED 14 50G5 655 13798 6430 6894
CNED 14 5044
CNED 14 50H3
CNED 14 50F3
CNED 14 50E3
CNED 14 50C3
CNED 14 5002
CNED 14 5002
CNED 14 50F1
CNED 14 50D1
CNED 14 50A1
CNED 15 52610
CNED 15 5210
CNED 15 52410
CNED 15 52A8
CNED 15 52F8
CNED 15 52H8
CNED 15 5268
CNED 15 5267
CNED 15 52A7
CNED 15 52C6
CNED 15 5266
CNED 15 52F5
CNED 15 52C5
CNED 15 523
CNED 15 5201
CNED 16 54A10
CNED 16 54C10
CNED 16 54F10
CNED 16 54610
CNED 16 54H10
CNED 16 54410
CNED 16 5409
CNED 16 54C8-1
CNED 16 54C82
CNED 16 54E8
CNED 16 5408
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Table AV.ll (Continued) Morphological data for S. jejuna

Plot BD L LB

No _Location _Sex _(mm) (mm) W (mm) (mm) _#Branches
CNED 16 54H7 1107 496 323 [)
CNED 16 54A7 11492 12811 7397 10225 4
CNED 16 54H6 10141 1110 714 763 2
CNED 16 5416 2 1093 9656 6917 9656 2
CNED 16 5406 1237 1080 517 704 1
CNED 16 54G5 1 047 288 184 [
CNED 16 54F5 1 382 3049 2524 1745 1
CNED 16 54E5-1 1 128 877 487 0
CNED 16 54E52 1067 277 219 0
CNED 16 54D5 1 241 8% 65 7.9 1
CNED 16 54C5 1 arer 2271
CNED 16 54D4 11406 1297 7261
CNED 16 54H4 1 1545 27041 12223 14877 3
CNED 16 5414 1 878 7457 6880
CNED 16 54H3 1 126 1585 835 947 2
CNED 16 54F3 1382 2199 1443 17.80 4
CNED 16 54D3 1240 2182 854 1947 3
CNED 16 54831 10450 3430 1910 1240 3
CNED 16 54B32 1076 350 181 0
CNED 16 54A3 1450 4212 2212 2428 3
CNED 16 S4E2 1153 2034 2944
CNED 16 54F2 1092 343 157 0
CNED 16 54C1 1175 1047 925 838 3
CNED 17 60E10 11147 11497 4372 69.89 2
CNED 17 60B9 11173 15395 10205 12900 3
CNED 17 60J8 1 648 2068 1348 2025 1
CNED 17 608 1502 3653 2097 2223 4
CNED 17 60F8 11030 8061 4331 8061 2
CNE-D 17 6088 10807 5224 2414 3408 1
CNED 17 60D7 1422 2147 1347 1299 2
CNED 17 60J6 11118 6628 3321 5073 3
CNED 17 60I6 1 668 11403 4369 11403 2
CNED 17 60G6 10191 1883 1802 1222 2
CNED 17 60F6 1100 764 1312
CNED 17 6006 1748 5511 2635 4175 1
CNED 17 60F5 1337 2864 1119 2319 2
CNE-D 17 60F3 1 686 12534 5317 11169 2
CNED 17 60E2 1411 7689 5921 5132 3
CNED 17 60B1-1 10680 2416 1832 1904 q
CNED 17 60B1-2 1042 501 4 0
CNED 18 62F10 1 2050 29332 9428 18566 4
CNED 18 62E9 1443 2143 1355 1464 2
CNE-D 18 62C8 1 504 3620 2423 1726 3
CNED 18 6248 11252 10760 7661 7295 1
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Table AV.II (Continued) Morphological data for S. jejuna

Plot L B

Site __No Location _Sex _(mm) (mm) W (mm) (mm) _#Branches
CNED 18 6217 1 18, 1273 3
CNED 18 6267 10176 2435 1807 2417 2
CNED 18 62F6 1702 4790 5318  37.10 5
CNED 18 62H6 2 616 5310 3550 4165 4
CNED 18 6216 1467 5250 1457 2662 4
CNED 18 62H5 2 993 6470 3385 4762 2
CNED 18 6265 2 935 5934 4198 4051 4
CNED 18 6285 11484 8445 5269  46.12 3
CNED 18 62C4 2 1650 20642 9277 10533 4
CNED 18 62E4 1112 1834 1038 1834 1
CNED 18 6204 10105 1496 1401 1381 1
CNED 18 62H3 1924 6530 3789 3254 5
CNED 18 62G3 1 853 3626 2496 3229 3
CNED 18 62C3 2 1818 6468 3871  49.08 2
CNED 18 62A3 1089 853 429 0
CNED 18 62H2 1486 2842 1322

CNED 18 622 1901 12355 6085 106.86 3
CNED 18 62F1 10134 2463 1303 2227 2
CNED 18 62E1 1466 2811 2019 17.18 2
CNED 19 64D10-1 1222 1829 1097 1273 2
CNED 19 64D102 1 420 2320 1330 1178 2
CNED 19 64H10 1374 1771 1269 1224 2
CNED 19 64J10 1323 4736 2178 24.38 2
CNE-D 19 64H9 1672 3. 2705 36.92 2
CNE-D 19 64A8 12230 25240 11748 8850 9
CNED 19 6417 1047 749 538 0
CNED 19 64I6 2 2350 30812 13449 22037 5
CNED 19 64EG 2 720 739 4753 57.32 2
CNE-D 19 64ES 1 458 3522 1699 2194 1
CNED 19 6444 10500 3024 1641 1172 3
CNED 19 64H4 1033 2015 1413 1190 3
CNE-D 19 64F4 10175 2153 1109 1133 2
CNE-D 19 6484 101136 7907 6519 5390 3
CNED 19 64G3 10453 2156 1095 1318 2
CNE-D 19 64C2 1082 748 382

CNE-D 19 6483 1947 6595 3149 3723 2
CNED 19 64)2 11180 5914 5639 4641 3
CNED 19 64C1 1916 2382 1584

CNE-D 20 70A10 10102 2453 2151 121 4
CNED 20 70810 1624 8265 2037 8265 2
CNED 20 70010 1749 5682 3369 2106 4
CNED 20 7069 1532 4176 1869 1558 4
CNE-D 20 70A8 1 042 252 101 0
CNE-D 20 7048 11602 20962 10231




Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD L LB

Site _ No Location Sex (mm) (mm) W (mm) (mm) _#Branches
CNED 20 70E7 1 1816 10068 5254  67.84 3
CNED 20 7086 1098 305 203 0
CNED 20 70A5 1760 11948 4250 7631 3
CNED 20 7084 1 588 6210 4492 3005 6
CNED 20 7018 1954 19657 13578 100.15 4
CNED 20 7082 1 488 2422 1807 1554 3
CNED 21 72C10 1 667 11909 6820 6751 4
CNED 21 T72F10 1910 13110 11580 7882 3
CNE-D 21 72110 1 272 1963 1253 1220 2
CNE-D 21 72H9-1 1826 4349 2497 3266 2
CNED 21 72H92 1299 161 984

CNED 21 7288 1243 1500 1258 1155 2
CNED 21 72F8 1 1049 10886 9273  90.02 3
CNED 21 72681 1 037 388 325 0
CNED 21 72682 1049 354 228 0
CNED 21 728 1 1851 207.47 11558 14340 5
CNED 21 7217 1416 2803 1711 2550 3
CNED 21 7286 1085 402 356 0
CNED 21 7206 11270 24466 10665 128.90 5
CNED 21 72F6 10305 2490 1558 2490 1
CNED 21 72H6 1901 12532 5825 7550 3
CNE-D 21 7285 1400 2076 1858  13.10 2
CNED 21 72A5 2 861 11487 5165 7412 3
CNED 21 72E4 1106 2764 1534 1521 2
CNED 21 7264 1 1143 8642 3577 5059 2
CNED 21 72E3 1058 335 307 0
CNED 21 72C3 11289 11003 4339 7071 3
CNED 21 72834 1454 4253 2653 4253 1
CNED 21 72832 1 585 7412 1256 5122 2
CNED 21 72A21 3 799 5565 3890 3655 4
CNED 21 72A22 10859 8457 4875 6997 3
CNED 21 722 10436 2787 2891

CNED 21 72F2 3 399 2568 1746 1847 3
CNED 21 7262 1104 1416 661 1153 1
CNE-D 21 72H2 11196 12805 7353 8871 3
CNED 21 7212 2 701 4382 4045 3346 2
CNE-D 21 7201 11937 7522 5084

CNE-D 21 7261 1 969 6319 2550 6319 1
CNED 21 T72E1 1312 2685 1578 2210 2
CNE-D 21 720141 1466 3153 1918

CNE-D 21 72012 1079 1308 1325

CNED 21 72C11 1821 6068 4273 4088 2
CNE-D 21 72C12 1274 7242 2601 6052 2
CNE-D 21 72A1 1783 2277 1144 2277 i
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L B
Site _ No Location Sex _(mm) (mm) W (mm) (mm) _#Branches
CNED 22 74B10 1123 1940 1179
CNE-D 22 74C10 1217 1082 888 7.00 1
CNE-D 22 74H10 1539 8939 6788 5939 2
CNED 22 74110 1139 4030 697 2747 1
CNED 22 749 2 907 6413 4295
CNE-D 22 74F8 1242 2100 1235 1028 2
CNE-D 22 74AT 10134 1972 821 1972 1
CNE-D 22 7487 1 2378 1333
CNE-D 22 74D6 1052 1322 834 1004 2
CNE-D 22 T4E6 1182 2968 1428 1962 !
CNE-D 22 74D5 1 1457 28582 11627 13813 4
CNE-D 22 7485 1048 50; 1.20
CNE-D 22 7464 1748 19664 14842 11138 5
CNE-D 22 7417 1 7035 2441
BHN-N 1 10C10 1973 29697 6629 140.80 2
BHN-N 1 10D10 1944 5266 4245 4438 2
BHN-N 1 10H10 3 419 7560 4034 4927 4
BHN-N 1 10C9 1386 15285 10872  99.81 4
BHN-N 1 10G8 3 741 7552 5105 12027 4
BHN-N 1 10F6 1524 15406 10849 9521 5
BHN-N 1 105 1419 5260 2042 3542 3
BHN-N 1 10F5 1434 5021 2701 3582 3
BHNN 1 104 1399 4792 3142 2593 3
BHN-N 1 10C2 1169 2775 834 275 1
BHN-N 2 1289 1990 9541 5688 8254 2
BHN-N 2 12A8 1578 4490 3675 4215 2
BHN-N 2 1208 1701 12170 4413 6376 1
BHN-N 2 12F8 1219 2168 1617 1356 3
BHNN 2 126 1357 7708 3541 5412 2
BHN-N 2 1204 1169 517 873
BHN-N 2 12F3 1980 15388 12545 12474 2
BHN-N 2 1283 1745 10297 7362 8416 3
BHN-N 2 1281 1329 5480 3686 3859 2
BHN-N 3 1489 2 545 12096 6140 9001 2
BHN-N 3 14F7 1 522 8364 3992 5993 3
BHN-N 3 14E7 1317 4059 1664  19.14 2
BHN-N 3 14E6 1482 3820 2086 2442 1
BHN-N 3 1485 10123 2124 1271 1095 2
BHN-N 3 14B4 2 669 11856 9658 11226 3
BHN-N 4 16A8 3 653 27203 10258 154.11 6
BHN-N 5 1818 1 643 15400 14938  87.00 3
BHN-N 5 18)3 11115 10252 6527 7670 1
BHN-N 6 110F10 1 4% 3719 2105 2571 4
BHN-N 6 110H9 1191 3119 1874 2035 2
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L LB
Sito__No_ Location Sex (mm) (mm) W (mm) (mm) _#Branches
BHN-N 6 110F9 11101 15399 11642 14265 4
BHN-N 6 110H7 1294 15400 5950 10519 3
BHN-N 6 11065 1983 15401 7642 10676 3
BHN-N 6 110F5 1799 4765 2653
BHN-N 6 11004 1 469 3680 2332 3258 2
BHN-N 6 110E4-1 1305 4387 2223 4387 1
BHN-N 6 110E42 1 345 3381 1773 2253 2
BHN-N 6 110F3 1 698 38280 11616 137.04 2
BHN-N 6 110H2 1 429 6216 3662 6216 1
BHN-N 7 112010 1167 1497 1037 1337 2
BHNN 7 112610 2 703 12177 5033 6779 3
BHN-N 7 112H9 3 914 12601 6304 8625 2
BHN-N 7 112F8 1161 3182 1348 3182 1
BHN-N 7 11248 1113 810 558
BHN-N 7 112H7 1501 5862 2894 5862 2
BHN-N 7 11215 1303 3628 2579 2732 2
BHN-N 7 11265 1174 2104 1384 637 3
BHN-N 7 112E3 2 584 12200 5600 5200 3
BHN-N 7 112H1 1790 8780 3950 5410 2
BHN-N 7 11261 149 3100 2150 2510 2
BHN-N 8 114C10-1 1100 550 400
BHN-N 8 114C102 1 350 4580 3340 00 2
BHN-N 8 114H10 1315 4318 2390 1207 2
BHN-N 8 114110 1502 4618 2811 2711 3
BHN-N 8 114)91 1310 11043 8032 9036 2
BHN-N 8 114J92 1310 6240 3120 6240 1
BHN-N 8 114HO 1210 1205 703 804 3
BHN-N 8 114E9 1201 4116 1350 4116 2
BHN-N 8 11486 1100 904 402
BHN-N 8 114H5 2 502 10843 7228 47.19 2
BHN-N 8 114A¢ 1201 2180 1004 1606 2
BHN-N 8 114A3 1100 1406 502
BHN-N 8 114E2 1 402 5195 3915 3915 2
BHN-N 8 114F1 1 502 10642 6325 8320 2
BHN-N 8 114A1 1315 9939 5200 9939 1
BHNN 9 117810 2 725 14231 6147 9365 3
BHN-N 9 117E10 1123 2903 741 1620 2
BHN-N 9 117H10 1220 2793 1332 1419 3
BHN-N 9 117A7 1794 9189 7850
BHNN 9 117E6 1 058 505 268 0
BHN-N 9 11714 1 149 2085 873
BHNN 9 11713 1060 422 294 [
BHN-N 10 120810 1 562 6889 5642 4108 3
BHN-N 10 120A7 1513 10114 5887 81.92 7
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Table AV.II (Continued) Morphological data for S. jejuna

Plot BD L )
Site  No_Location _Sex (mm) (mm) W (mm) (mm) _#Branches
BHN-N 10 120C6 T 628 13285 6838 13285 2
BHN-N 10 12004 1870 6608 3517
BHN-N 10 120H4 1235 4107 2223 2344 2
BHN-N 12 3009 1 458 6081 3631  60.81 4
BHN-N 12 30A¢ 1605 30914 13386
BHN-N 13 33H4 139 4122 2279 4122 3
BHN-N 13 33G1 1613 15155 9890 9206 2
BHN-N 13 33E1 1122 1504 762 1504 2
BHN-N 16 31217 1483 15397 2199 15397 1
BHN-N 16 3124 1275 15416 4831
BHN-N 16 312H3 1 510 6830 5002 6830 2
BHN-N 16 31202 1228 2897 1236
BHN-N 16 31201 2 594 12160 7504 5842 3
BHN-N 16 312C1 1217 1208 719
BHN-N 18 31503 2 1050 11695 6064
BHN-N 17 31889 3 995 10079 3843 100.79 2
BHN-N 17 318F5 1 427 11828 5835 11828 1
BHN-N 17 318C5 1110 1629 906 1629 1
BHN-N 17 318H4 1 749 11816 5774
BHN-N 19 321081 11018 9185 3575 9165 2
BHN-N 19 321082 11250 9529 3037  69.90 2
BHN-N 19 321H7 1 5230 2220
BHN-N 19 321D4 1358 15411 6103 131.82 2
BHN-N 20 324A10 1 1047 18971 189.71 4
BHN-N 20 32489 1625 9028 2822 9028 1
BHN-N 20 324C9 11204 5252 44 52.52 2
BHN-N 20 324C7 1 563 12603 121.38 12603 2
BHN-N 22 50ES 1139 3348 1586 3348 i)
BHN-N 22 5012 1 244 3550 1933 2148 2
BHN-N 23 53F10 1 423 4032 1326 1539 3
BHN-N 23 53G10 1 628 8900 5777  89.00 1
BHN-N 23 53H10 1 350 3517 1950 3517 2
BHN-N 23 53410 1612 7211 2766 7211 2
BHN-N 23 5319 1517 12680 8216 9623 2
BHN-N 23 53G8 1445 3435 17.39
BHN-N 23 5313 1530 15413 9289 9631 2
BHN-N 23 53)1 1735 10843  69.47 10843 1
BHN-N 23 53A1 1439 6440 2453 6440 1
BHN-N 25 5919 1 506 6821 3098 6821 3
BHN-N 25 59H9 1431 10166 3941 10166 1
BHN-N 25 59G6 1594 4275 2663 4275 2
BHN-N 25 59D1 1 462 221 731 221 2
BHN-N 26 S512E10 1335 4697 1817 4697 1
BHN-N 26 512G10 1276 2745 1806 9.05 1
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Table AV.Il (Continued) Morphological data for S. jejuna

Plot BD LB
Site  No Location Sex (mm) (mm) W (mm) (mm) _#Branches
BHN-N 26 512G9-1 1271 1215 693
BHN-N 26 512692 1319 3291 962 2157 2
BHN-N 26 512H8 1500 8622 5672 4801 5
BHN-N 26 51261 1535 4662 2697 4662 2
BHN-N 26 515E10 1540 21052 13958 126.12 4
BHN-N 26 515H10 2 608 14456 6635 14471 2
BHN-N 26 515G8 2 567 7318 5571 5542 2
BHN-N 26 515C1 1281 2316 1221 1060 3
BHN-N 28 518C6 1298 2191 1240 840 3
BHN-N 28 51806 10175 2342 991
BHN-N 29 521A10 3 984 12617 9618 9328 2
BHN-N 29 52189 1279 5153 3631 5153 1
BHN-N 30 524H7 1937 11580 4118
BHN-N 30 524A7 1472 3026 1236 1906 2
BHN-N 30 52487 1491 2434 1558
BHN-N 30 524D7 1 326 4691 1884 4691 1
BHN-N 30 52485 1 469 9374 3924 5097 8
BHN-N 30 524C5 1320 6841 2102
BHN-N 30 524E3 1551 10507 6269 4868 3

- 148-



APPENDIX VI: Photographic illustrations of S. jejuna and the limestone barrens
of Newfoundland

Figure AVLI Salix jejuna (Female) at Cape Norman (Site CNA-N), on the limestone
barrens of the Great Norther Peninsula of Newfoundland; Photo taken June, 2006 by
J. Robinson.

Figure AVLII Limestone barrens (natural) at Cape Norman (Site CNA-N) on the Great
Northem Peninsula of Newfoundland; Photo taken July, 2006 by J. Robinson.
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Figure AVLIIl Limestone barrens (natural) at Boat Harbour (Site BHN-N) on the Great
Northem 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 AVLIV Anthropogenically-disturbed limestone barrens Cape Norman (Site
CND-D) on the Great Northem Peninsula of Newfoundiand, along the coast of the Strait
of Belle Isle; Photo taken June, 2006 by J. Robinson.
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