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Hill’s thistle (Cirsium hillii. (Canby) Fernald) is a perennial endemic to The Great 

Lakes region of North America. Hill’s thistle is listed as threatened in Canada where it is 

found in unique alvar habitats.  Reintroduction of Hill’s thistle through optimized 

micropropagation could ensure revival of its ecological biodiversity. The objective of this 

study was to micropropagate Hill’s thistle from seeds collected from the Bruce 

Peninsula National Park and to reintroduce micropropagated plants back to their natural 

habitat. A Micropropagation protocol was developed from seeds and three hundred 

plants were micropropagated and reintroduced to Bruce Peninsula National Park. For 

the first transplant, 99% of the plants were alive in the fall and 99% of them 

overwintered and for the second transplant, 66.7% of the plants survived and 90% of 

them overwintered. This study confirms the benefits of using tissue culture techniques in 

conservation of Hill’s thistle and other species at risk. 
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DEDICATION 

To the Earth and the Sun. I think to the last 4.5 billions years on earth and 

imagine the next 5 billion years ahead. Our discoveries and innovations have put us in a 

position of power on earth and it is our responsibility to reduce the harmful 

consequences of our growth. We are a part of nature and nature thrives on 

biodiversity. It is how we exist today and how we will survive tomorrow.  

 

 “It is not the strongest of the species that survives, nor the most intelligent. It is the one 
that is most adaptable to change” – C. Darwin 
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1 CHAPTER 1: LITERATURE REVIEW 

1.1 INTRODUCTION 

According to the Committee on the Status of Endangered Wildlife in Canada 

(COSEWIC), there are seven hundred and forty-eight wildlife species at risk in Canada, 

with one hundred and ninety-six species belonging to the vascular plants taxon 

(COSEWIC, 2017). These species are at risk from declining populations and habitat 

loss which can lead to extirpation and extinction (Robinson and Hermanutz, 2014). Hill’s 

thistle (Cirsium hillii. (Canby) Fernald) is one species at risk in Canada that requires 

external attention to prevent further extirpation of populations in the main areas where it 

is found in Southern Ontario. Although there are few flowering individuals reported in 

Canada (COSEWIC, 2004), it was determined that genetic diversity was high and that 

habitat loss is the main threat to the species (Freeland et al. 2010). In Canada, Hill’s 

thistle has been referred to as an alvar species, which are globally rare, open limestone 

pavements (Robinson and Hermanutz, 2014). Limestone pavements are threatened in 

Ontario by quarrying, shoreline development, recreational use and ecological 

succession due to fire suppression (COSEWIC, 2004; Robinson and Hermanutz, 2014). 

The plant species that grow in these habitats, such as Hill’s thistle, are at risk of losing 

genetic diversity due to a lack of suitable habitat.  

Conservation of the extant populations is essential to ensure the long term 

persistence of the species in its natural habitat. The combination of conservation and 
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biotechnology are currently being researched on species at risk globally and can be 

used to benefit the plant species at risk in Canada.  

1.2 HILLS THISTLE 

1.2.1 TAXONOMY 

Cnicus hillii and C. pumilum are two native thistles that were originally classified as 

a single species: C. pumilus in 1818 by Nutall in New Jersey. The species were later 

found to be distinct with the plants on the southern shore of Lake Michigan (C. hillii) by 

being able to regenerate adventitious shoots from the roots and having less deeply 

lobed leaves compared to the eastern plants (C. pumilum). They were re-classified in 

the Cirsium genus and the in-land plants were referred to as C. hillii as described by 

Canby (Moore and Frankton, 1965).  

1.2.2 DESCRIPTION  

Hill’s thistle (C. hillii) is a perennial with a thick hollow taproot and a vegetative 

rosette that grows for one to five years before flowering (COSEWIC, 2004). Hill’s thistle 

naturally reproduces asexually by adventitious shoot regeneration from the roots and 

sexually by producing seeds (COSEWIC, 2004; Freeland et al. 2010). Basal leaves are 

oblanceolate with pinnate venation and less deeply lobed compared to C. pumilum 

(Moore and Frankton, 1965). Leaves are sparsely pubescent on both sides with wooly 

hairs on the adaxial side and spines along the leaf margins (Higman and Penskar, 

1996). Basal leaves and leaves on the floral stem are present during flowering which 

occurs from mid-June to August. The inflorescence has a pubescent floral stem (25-60 
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cm) with an egg-shaped flower head (4-7cm height) containing a cluster of pinkish-

purple tubular flowers surrounded by a whorl of overlapping bracts. (COSEWIC, 2004). 

Pollinators are required to cross-fertilize from genetically different plants to reduce 

inbreeding (Freeland et al. 2010). Hill’s thistle reproduces using achenes which are 

wind-dispersed dry single seeds with bristles attached (Figure 1.1; COSEWIC, 2004).  

 

Figure 1.1 Hill's thistle rosettes growing in Bruce Peninsula National Park. Left: Inflorescence with 
one flower head and spiny leaves. Right: Seed set with bristles visible on the flower head. 

1.2.3 GENETICS 

Hill’s thistle is a eudicot in the Asteraceae family. The chromosome number for C. 

hillii and C. pumilum is 2n=30 (Moore and Frankton, 1965). A study done by Freeland et 

al (2010) determined that the level of genetic diversity was high for eleven Hill’s thistle 

populations compared to the related species also at risk, Cirsium pitcheri. DNA was 

extracted from Hill’s thistle populations in Southern Ontario and PCR amplification was 
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performed using primers of C. acaule and C. pitcheri. Seven microsattelite loci were 

combined to create genotypes and to analyze several factors such as heterozygosity, 

average number of alleles per locus and inbreeding coefficient. It was determined that 

there was high genetic diversity within populations with high numbers of alleles per 

locus (4.3), high levels of observed heterozygosity (0.536) compared to expected 

heterozygosity (0.492) and low to undetectable levels of inbreeding (Freeland et al. 

2010). These results determined that Hill’s thistle’s reproductive ecology may contribute 

to the high genetic diversity observed in Southern Ontario and that conservation efforts 

should focus on environmental factors that may limit the success of these populations.   

1.2.4 DISTRIBUTION 

In Canada, there are approximately 13,000 Hill’s thistle individuals across 93 sites 

occurring over 3,000 km2. Populations are localized to four areas in Southern Ontario: 

Bruce County, Simcoe County, the Manitoulin District and the surrounding islands. Most 

populations are found on Manitoulin Island and the surrounding islands, as well as the 

western side of the Bruce Peninsula (Ontario Ministry of Natural Resources, 2013). In 

1950, the global range of Hill’s thistle was determined to be Ontario, Manitoba, 

Pennsylvania, Indiana, Illinois and Iowa (Fernald, 1950). However, the current global 

range of Hill’s thistle is now known to be restricted to Ontario, Minnesota, Wisconsin, 

Michigan, Iowa, Illinois and Indiana (Penskar, 2001). The plants in Manitoba were 

thought to be a related species, Cirsium drummondii (Moore and Frankton, 1965). 
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Figure 1.2 Range of Hill's thistle in Canada (Ontario Ministry of Natural Resources, 2013). 

1.2.5 HABITAT 

Hill’s thistle populations in Canada are found in open limestone pavements known 

as alvars (COSEWIC, 2004). Populations in the U.S. are found in sand prairies, alvar 

grasslands and oak savannas with the largest occurrences on jack pine barrens, oak-

pine barrens and alvars of Michigan (Penskar, 2001). Alvar is derived from the Swedish 

word referring to a plant community that grows on thin soil over limestone in Scandinavia 

(“Alvar”). Alvars are open dry habitats with little to no canopy cover, and are subjected to 

extreme environmental conditions such as drought, flood, ice and natural fires 

(COSEWIC, 2004). Critical habitat for Hill’s thistle is open, contains few coniferous trees 

as an open woodland, and has shallow soil ranging from sandy to silty (Ontario Ministry 
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of Natural Resources, 2013). Ecological succession as a result of management practices 

such as fire suppression, has led to the accumulation of litter which is the main cause for 

the invasion of woody species (Meelis and Aveliina, 2007; Parsons and DeBenedetti, 

1979). Hill’s thistle is found in various vegetation types classified by Lee et al (1998) in 

the Ecological Land Classification of Ontario (ELC): open alvar, shrub alvar, treed alvar, 

tallgrass woodland, open sand barren, coniferous forest and tallgrass prairie or cultural 

meadow (Ontario ministry of Natural Resources, 2013). Disturbance in these habitats is 

important for vascular plant diversity in unburned alvar woodlands (Catling, 2009). 

Disturbance acts as a substitute for fire as it causes clearing in the forest vegetation which 

results in reduced competition between plants on the ground and reduced canopy cover 

for more light availability. Hill’s thistle plants have been observed growing in areas with 

disturbance such as hiking trails and roadsides (Ontario Ministry of Natural Resources, 

2013).   

1.2.6 SIGNIFICANCE 

Hill’s thistle is a native plant species that is globally rare and the distribution of 

alvar habitats where populations are found, is restricted to Ontario in Canada 

(COSEWIC, 2004). Hill’s thistle flowers also support visitors including: bumble bees, 

small carpenter bees, sweat bees, leaf cutter bees, skippers, brush-footed butterflies, 

swallowtails, scarab beetles and long horned beetles (Eckberg et al 2017). An important 

visitor is Bombus pensylvanicus, a threatened bee species also native to North America 

(COSEWIC, 2004). Hill’s thistle is also a food source for the local herbivores in the 
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spring as it emerges soon after the end of winter (Ontario Ministry of Natural Resources, 

2013).  

1.2.7 THREATS 

Hill’s thistle faces several biological limitations and environmental threats. Low 

seed germination has been reported in greenhouse studies which is common with other 

native thistles (Eckberg, 2017; Ontario Ministry of Natural Resources, 2013). In 2004, 

COSEWIC reported fewer than 500 mature flowering individuals present, however this 

number is estimated to be closer to 1000 individuals with the surveys done since the 

status report in 2004 (Ontario Ministry of Natural Resources, 2013).  

The loss of suitable habitat is the primary threat to Hill’s thistle as the distribution is 

restricted to alvars of Ontario (COSEWIC, 2004; Ontario Ministry of Natural Resources, 

2013). Limestone pavement is globally rare and is only found in North America, 

Sweden, Estonia, Britain and Ireland (Robinson and Hermanutz, 2014). In Canada, 

alvar habitat loss is caused by shoreline development, quarrying, recreational use and 

ecological succession (COSEWIC, 2004; Robinson and Hermanutz, 2014). 

Development for building roads and cottages as well as aggregate extraction, or 

quarrying, are destructive to the habitats and result in habitat loss and fragmentation 

(COSEWIC, 2004). Ecological succession refers to the transition or replacement of one 

vegetation community with another until a climax community is established (“Ecological 

Succession”). In nature, wildfires reset the succession cycle by burning the forest 

vegetation and clearing the area for new growth. Other factors that affect the thin soil 

layers include trampling by pedestrians or bikes and ATV use. Another potential threat 
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is browsing by white-tailed deer, where extensive damage to vegetation has been 

observed on Manitoulin Island (Ontario Ministry of Natural Resources, 2013). 

1.2.8 CONSERVATION STATUS 

COSEWIC assessed Hill’s thistle as threatened in 2004. In 2005, it was listed as 

threatened on the Species at Risk in Ontario (SARO) list under the Endangered Species 

Act (ESA) and in 2006, it was listed as a Schedule 1 under the Species at Risk Act 

(SARA) in Canada. Hill’s thistle is ranked globally, nationally and sub-nationally as 

vulnerable (Ontario Ministry of Natural Resources, 2013). In the U.S. it is listed 

nationally as vulnerable, and critically imperiled in Illinois, Indiana and Iowa (COSEWIC, 

2004). In Canada, Hill’s thistle qualified for an endangered status under the criteria that 

there are less than 2500 mature flowering plants and no populations had more than 250 

mature plants. It was given the threatened status however, because numerous sites 

exist and one third of the populations are in already protected areas (Ontario Ministry of 

Natural Resources, 2013). 

1.2.9 RECOVERY STRATEGY 

The reassessment of Hill’s thistle’s conservation status from threatened to special 

concern or lower requires several criteria to be met. The key recovery objectives for this 

species are to (1) prevent decline of the number of mature individuals and (2) maintain 

the extant populations in the four main areas of Ontario. The actions for recovery include: 

the protection of extant populations, the reduction of threats to the habitat, and the 

promotion of site stewardship through outreach and public education. Forty-one hectares 

of critical habitat is either partially or completely in protected areas, with the largest areas 
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in Bruce Peninsula (18 ha) and Manitoulin Region (15 ha; Ontario Ministry of Natural 

Resources, 2013).  

 Management practices to maintain the populations and to reduce threats to the 

habitat involve physical barriers and signage to prevent recreational use, and establishing 

appropriate zoning to prevent further development in critical habitat. The effects of 

controlled burns and manual clearing of vegetation needs to be studied but may be a 

useful tool to maintain the critical habitat for this species and other species found in this 

ecosystem. A multi-species approach will also benefit other species in this habitat with 

these recovery strategies. Site stewardship is also important to raise awareness of Hill’s 

thistle and its habitat to land-owners and to the general public. Some of the critical habitat 

is on First Nations lands so stewardship will require cooperation and coordination with the 

First Nations People (Ontario Ministry of Natural Resources, 2013).  

1.3 MICROPROPAGATION OF RARE SPECIES 

Tissue culture techniques have been applied to plant conservation for rare and 

endangered plant species such as Betula lenta and Castilleja levisecta (Rathwell et al. 

2016; Salama et al. 2017). Micropropagation is a tool that can store living germplasm 

from limited material in a controlled environment and to produce large numbers of plants 

as a source of material for conservation and re-establishment (Loyola-Vargas and 

Ochoa-Alejo, 2012). Micropropagation is a good approach for Hills thistle because 

germplasm can be stored to preserve genetic diversity in sterile conditions while the 

threats to the extant populations are managed. In tissue culture systems, tissue remains 



 

 

10 

 

viable for long periods and are more reliable than seed storage systems where seed 

viability can be reduced in low temperatures over time (Dooley et al. 2013).  

Initiation of in vitro cultures begins with sterilizing collected material to introduce 

plant tissue to aseptic tissue culture conditions. Material collection requires appropriate 

permits for plants listed as species at risk under SARA. Seed collection enables 

establishment of various plant lines without negatively affecting the existing individuals 

in a population. However, Hill’s thistle seed germination was low in greenhouse studies 

(COSEWIC, 2004). Seed germination can be low because of low seed viability as seen 

in other thistle species, or by seeds remaining dormant (Eckberg, 2013). Seed 

dormancy has an evolutionary advantage for plant species in locations that have 

periods of unsuitable growth conditions and require specific environmental conditions or 

scarification to germinate (Penfield, 2017). It was determined for C. pitcheri that 

seedling establishment in situ was limited by light availability and litter accumulation 

which may be important factors for Hill’s thistle seedlings as well (Jolls et al. 2015).  

The balance of plant growth regulators (PGR) specifically -cytokinin and auxin- 

determine the fate of cells towards producing shoots or producing roots respectively 

(Schaller et al. 2015; Skoog and Miller, 1957). In plants, cytokinins interact with auxins 

to regulate apical dominance and lateral branching (Srivastava, 2002). In tissue culture, 

a higher balance of cytokinins than auxins promotes cell division, shoot initiation and 

multiplication, whereas a higher balance of auxins to cytokinins in the media promote 

root induction (Dewir et al. 2015; Van Staden et al 2008). When the concentration of 

cytokinin and auxin are equal, callus, or a clump of undifferentiated cells, is produced 
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(Skoog and Miller, 1957). The natural cytokinins used in tissue culture are zeatin (ZEA) 

and 2-isopentenyladenine (2-IP) which have an adenine base and five carbon 

isopentenyl side chain. Synthetic cytokinins used in tissue culture media are 6-

benzylaminopurine (BA) and kinetin (KIN), which are similar to the natural cytokinins 

with the addition of an aromatic ring in the side chain (Srivastava, 2002). The 

multiplication response to specific cytokinins is species-specific and can also vary 

between genotypes of the same species (Perez-Tornero et al. 1999). BA is commonly 

used for shoot multiplication and has been used to multiply endangered plants including 

B. lenta, C. levisecta, Rhaponticoides mykalea and Isoplexis isabiliana and Ficus carica 

L. (Arrebola and Verpoorte, 2003; Hayta et al. 2017; Rathwell et al. 2016; Salama et al. 

2017; Shahcheraghi and Shekafandeh, 2016). KIN is also a commonly used cytokinin 

and was used in the original experiment by Skoog and Miller (1957). ZEA is used in 

multiplication of S.marianum and 2-IP is preferred in multiplication of Musa sp. AAB 

(Silk banana) (Rady et al. 2018; Waman et al. 2016).  

The nutrient composition in tissue culture media has an important role on growth 

and the requirements vary between species. Basal salt mixtures have been formulated 

for the production of different tissue types such as shoots, single-cell suspension 

cultures and callus cultures for different plant species. The requirements for macro- and 

micro-nutrients and their concentrations varies with different species. Murashige and 

Skoog (MS) basal salt is commonly used for shoot cultures and has been used for a 

medicinal thistle, Silybum marianum, and an endangered species C. levisecta 

(Murashige and Skoog, 1962; Rady et al. 2018; Salama et al. 2017). Driver and 
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Kuniyuki walnut (DKW) basal salts are often used for woody species such as: Juglans 

regia and Juglans nigra (Driver and Kuniyuki, 1984; Saadat and Hennerty, 2002; Heile-

Sudholt et al. 1986). Schenk and Hildebrandt (SH) basal salts are also used for species 

such as Mahonia leschenaultii and Ranunculus kazusensis (Kim and Oh, 2009; Radha 

et al. 2013; Schenk and Hildebrandt 1972). The nutrient compositions and the 

concentrations of each nutrient varies between the three basal salt mixes, for example, 

DKW has nickel (0.005 mg L-1) whereas MS and SH do not and DKW does not have 

cobalt chloride whereas MS and SH do. DKW also a has higher concentrations of 

calcium, copper, magnesium, manganese, and zinc compared to MS and SH has one-

eighth concentration of zinc and one-half the concentration of iron and calcium 

compared to MS.  

Once shoots have been multiplied in vitro, they are typically separated and 

transferred to new media to initiate roots. The rooting stage is important for the survival 

of acclimatized plantlets in the greenhouse (Dewir et al. 2015). In tissue culture, roots 

are initiated from the explant when the balance of auxins is higher than cytokinins 

(Skoog and Miller, 1957). The response to certain auxins and the concentration 

requirement varies between species (Dewir et al. 2015). Commonly used auxins in the 

media include: indole-3-butyric acid (IBA) and 1-Naphthaleneacetic acid (NAA). Roots 

can also be initiated in PGR-free media such as in S. marianum (Rady et al. 2018).  

Successful acclimatization in the greenhouse involves a gradual transition from in 

vitro conditions to ex vitro conditions. To reduce stress, plantlets should transition 

gradually from vessels with relative humidity near saturation levels to the greenhouse 
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with lower relative humidity levels (Haggman et al. 2007). Mist beds are designed to 

spray water in frequent increments and enable high relative humidity conditions in an 

enclosed area in the greenhouse. Plantlets in high relative humidity conditions can have 

improved shoot and root growth compared to low relative humidity conditions (Hunter et 

al. 1985). Well established roots from in vitro vessels can also increase survival in the 

greenhouse (Dewir et al. 2015). In contrast to relative humidity, light availability is lower 

in culture conditions compared to greenhouse conditions. The intermediate period in the 

mist beds also help to gradually acclimatize plants to the increasing light availability as 

they are covered in a vinyl sheet which blocks some light from the greenhouse lamps. 

With a period in the mist beds, plantlets can gradually acclimatize to the conditions on 

the greenhouse benches and achieve high survival (Haggman et al. 2007).   

Roots can be produced in vitro and then transferred to the greenhouse, 

alternatively they can be initiated and grown directly in the greenhouse. Multiplied shoot 

tips are separated from tissue culture vessels and transferred to soil in high relative 

humidity conditions. This can be more beneficial as the cost of micropropagation can be 

reduced by inducing roots directly in the greenhouse and eliminating the rooting stage in 

in vitro conditions (Ranaweera et al. 2013). Although the cost is reduced, uniformity of 

growth can also be reduced for ex vitro rooted plants compared to in vitro rooted 

plantlets (Haggman et al. 2007). Nevertheless, by rooting shoot tips in soil in high 

relative humidity conditions, it is possible to reduce time and cost for micropropagation. 

Exogenous application of IBA can also be used to improve survival and root 

establishment in ex vitro rooting (Lodha et al. 2015; Benmahioul et al. 2012). 
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1.4 REINTRODUCTION OF MICROPROPAGATED PLANTS 

Reintroduction is a tool used to revive extirpated populations within their 

indigenous range and population reinforcement is used to replenish declining 

populations (IUCN/SSC, 2013). However, survival of reintroduced plants such as Arnica 

montana are reported as low after several years (Godefroid et al. 2011). Plant 

reintroductions often involve sowing seeds directly in situ or transplanting germinated 

seedlings grown in botanical nurseries (Maunder, 1992). However, seed germination 

can be low, as seen with Hill’s thistle, and may not be a suitable source of material for 

plant reintroductions. As well, collecting large quantities of material from species at risk 

is restricted and can negatively impact extant populations (Ontario Ministry of Natural 

Resources, 2013). Micropropagation is a useful tool that has been applied to species 

conservation as a source of healthy plant material (Loyola-Vargas and Ochoa-Alejo, 

2012). In Canada, only C. levisecta has been reintroduced from in vitro cultures, 

however globally there have been several reintroductions using micropropagated plants 

(Table 1.1). 
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Table 1.1 List of micropropagated plants that have been transplanted in situ and the countries 
where the reintroductions occurred. 

Scientific Name Location Reference 

Castilleja levisecta Canada Salama et al. 2017 

Cattleya intermedia Brazil Junior et al. 2018 

Lippia junelliana  Argentina Juliana et al. 2011 

Mahonia leschenaultii India Radha et al. 2013 

Mammillaria mathildae Mexico Garcia-Rubio and 
Malda-Barrera, 2010 

Minuartia cumberlandensis USA Pence et al. 2011 

Nepeta rtanjensis  Serbia Misic et al. 2004 

Renanthera imschootiana 
Rolfe 

China Wu et al. 2014 

Rhodiola rosea  Bulgaria Tasheva and 
Kosturkova, 2010. 

 

Unlike animals, plants cannot relocate to more suitable habitat after a 

reintroduction. It is crucial to select the appropriate areas for reintroductions to occur. 

Factors such as light availability, soil moisture, vegetation density and access by 

herbivores can limit the success of reintroductions. If suitable habitat conditions are not 

present, the plant may not grow to their full potential as seen in reintroduced and wild L. 
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junelliana plants that had reduced biomass and essential oil production compared to 

cultivated plants in a semi-controlled environment (Juliani et al. 2011). By using clones 

of plants coming from one seed, or a genetic line, on multiple sites, it is possible to 

determine the optimal growing conditions by observing the response of the plants in 

their environment (Pence et al. 2011). The sites with optimal growing conditions can 

then be used to reintroduce several lines to successfully replenish a population or 

reintroduce an extirpated population with various genotypes. Pence et al (2011) 

reintroduced seven lines of micropropagated plants in situ, and a population of 200 

individuals was observed after six years. Sites where the species naturally exists are 

ideal for acclimatization as seedlings are already adapted to the environmental 

conditions (Eckberg, 2013). However, abiotic factors such as light can limit survival as 

seen with C. intermedia plants that had lower survival in low light conditions compared 

to high light conditions at the edge of the forest and with seedlings of C. pitcheri, that 

was limited by low light (Junior et al. 2018; Stanforth 1997).    
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1.5 SUMMARY 

Plant reintroductions can benefit a species at risk but due to laws protecting plant 

species it is difficult to get material to translocate and the ideal sites for reintroductions 

are usually unknown. In addition to limited material collection, Hill’s thistle has a low 

number of flowering individuals in Canada and low seed germination have been 

reported in the greenhouse (COSEWIC, 2004). The habitat requirements for 

reintroductions are also not well understood. Suitable sites have to be determined for 

plant species, since plants are sessile unlike animals that can move to more ideal 

locations.  

A healthy source of plants is necessary to successfully acclimatize individuals in 

situ and to study site suitability. Tissue culture technologies allow for efficient production 

of healthy plants while conserving living germplasm in disease-free conditions (Loyola-

Vargas and Ochoa-Alejo, 2012). Reintroducing micropropagated plants enables the 

translocation of healthy plants in situ and determines the ideal reintroduction sites for 

growth (Pence et al. 2011). 
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1.6 HYPOTHESES 

Micropropagation of Hill’s thistle genotypes can store and establish vigorous plants 

for reintroduction to their natural habitat in Bruce Peninsula National Park. 

1. Hill’s thistle seeds can be used to establish in vitro shoot culture and to develop a 

micropropagation protocol to store and produce plants efficiently. 

2. Successful reintroduction of micropropagated Hill’s thistle plants can be 

accomplished in their natural habitat and ideal sites can be determined for future 

reintroductions.  

1.7 RESEARCH OBJECTIVES 

The primary objective of this project was to use tissue culture techniques to 

conserve, micropropagate and reintroduce plants to their natural habitat. The first 

objective was to develop a micropropagation protocol to conserve plants in vitro and to 

produce acclimatized plants in the greenhouse. Developing a micropropagation protocol 

involved initiating in vitro shoot cultures from seeds collected from Bruce Peninsula 

National Park, multiplying shoot tips to produce high numbers of shoots, determining the 

ideal basal salt mix and strength in the media, optimizing in vitro and ex vitro rooting 

and acclimatizing plantlets in the Greenhouse. The second objective was to reintroduce 

micropropagated plants in situ to evaluate survival and growth. This involved selecting 

reintroduction sites in Bruce Peninsula National Park, transplanting plants grown from in 

vitro culture and monitoring survival and growth. 
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2 CHAPTER 2: MICROPROPAGATION OF HILL’S THISTLE 

(CIRSIUM HILLII.) 

ABSTRACT 

A protocol was developed for in vitro propagation of Hill’s thistle (Cirsium hillii.), a 

threatened plant species in Canada. A micropropagation protocol was optimized from a 

limited number of wild-collected seeds which enabled clonal propagation and storage of 

the species in a controlled environment. Germinated seeds collected from Bruce 

Peninsula National Park were used to initiate distinct lines in culture. Shoots grew best 

with half strength MS basal salts and had the highest multiplication with the addition of 5 

µM of BA. IBA had no effect on root number, however the number of roots was 

increased in all levels of NAA (5 – 20 µM) compared to the control. Ex vitro rooting was 

improved with the combination of a powder dip of 0.1% IBA and a hardening period of 

six to nine days in the mist bed. The micropropagation protocol developed in this study 

allows for storage of germplasm and production of vigorous and disease-free plants that 

can be used as a source of plant material for plant reintroductions.  

2.1 INTRODUCTION 

Hill’s thistle is a perennial thistle listed as threatened by Species at Risk in Ontario 

(SARO) under the Endangered Species Act (ESA), under Schedule 1 of the Species at 

Risk Act (SARA) in Canada and listed as a Species of Concern in the United States 

(Ontario Ministry of Natural Resources, 2013). Rosettes have lobed leaves with spiny 
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leaf markings and either a hollow taproot or cluster of tuberous roots (Moore and 

Frankton, 1966). Hill’s thistle produces pink-purple flowers in June and July which are 

known to be visited by several pollinators such as Bombus pensylvanica, a threatened 

bee native to North America. In the spring, it is also a reliable food source for herbivores 

such as rabbits and deer (COSEWIC, 2004).  

Hill’s thistle populations are found in four main areas in Canada located in Ontario: 

Bruce Peninsula, Wasaga Beach, and Manitoulin Island and islands surrounding 

Manitoulin (Ontario Ministry of Natural Resources, 2013). Hill’s thistle has been referred 

to as an alvar species which refers to a unique habitat type that is rare globally 

(Robinson and Hermanutz, 2015). Alvars are characterized as being open and dry, with 

shallow or no soil over a limestone plain (Figure 2.1). Alvars are exposed to several 

extreme weather conditions such as periods of flood, drought and fire (COSEWIC, 

2004). Fire suppression has contributed to ecological succession in alvar habitats. 

Ecological succession occurs when there is an accumulation of soil and organic matter 

which results in progression towards establishment of a mixed forest (Parsons and 

DeBenedetti, 1979).  

Studies have shown that Hill’s thistle seeds have a low germinationin the 

greenhouse which may be due to low viability or unsuitable environmental conditions 

(Ontario Ministry of Natural Resources, 2013). Recent surveys also suggest that as of 

2004, fewer than 500 mature flowering individuals were present in the four core areas in 

Canada (COSEWIC 2004). Recovery strategies have begun with surveys of populations 

on alvars and restriction to protected areas to maintain ecological integrity. These 
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efforts are in place to protect the four main areas where populations are found and to 

prevent further decline of mature individuals. (Ontario Ministry of Natural Resources, 

2013).  Germination and flowering requirements are not well understood and restrictions 

on seed collection limits the studies that can be done with conventional propagation 

methods. As well, seed viability can be reduced in low temperatures over time (Dooley 

et al. 2013). 

 

Figure 2.1 Protected natural alvar habitat at Bruce Peninsula National Park near Tobermory, 
Ontario. Open limestone plain surrounded by mixed forest vegetation.  

Micropropagation can be used to store living germplasm, and to produce disease-

free plants from minimal starting material. Tissue culture techniques have been used as 



 

 

22 

 

a tool for plant conservation in several endangered species including: Isoplexis 

isablliana Rhaponticoides mykalea, Betula lenta, Castilleja levisecta. and Ficus carica, 

(Arrebola and Verpoorte, 2003; Rathwell et al. 2016; Salama et al. 2017; Shahcheraghi 

and Shekafandeh, 2016; Hayta et al. 2017). Micropropagation is also an effective tool to 

study habitat suitability in situ by studying the response of clones to different 

environmental conditions without requiring seed from native populations (Pence et al. 

2011). 

Hill’s thistle is a good candidate for in vitro propagation as it is a threatened plant 

species with low seed germination and limited seed availability. A micropropagation 

protocol can be used as a guide for other plant species listed under Schedule 1 of 

SARA. Once the protocol has been developed and suitable habitat conditions are 

determined, seeds can be collected for storage, reintroduction, or population 

replenishment. 

The objective of this study was to develop a micropropagation protocol for Hill’s 

thistle using seeds collected from Bruce Peninsula National Park, multiplying shoots 

from the seedlings, inducing roots from the shoots and acclimatizing plantlets in the 

greenhouse.  
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2.2 MATERIALS AND METHODS 

2.2.1 SEED COLLECTION 

Under the Species at Risk Act and Canada National Parks Act, Parks Canada 

issued a permit to collect Hill’s thistle seeds from Bruce Peninsula National Park in July 

2015. The permit was intended to develop a protocol for in vitro propagation to store 

germplasm and to produce seedlings for reintroduction (Permit no. BPF-2015-19858). 

Seeds were collected in Fall of 2016 by Parks Canada staff in order to prevent any 

unnecessary damage that may affect the survival of the existing populations. In addition 

to careful management practices, seeds were only allowed to be removed from an 

eighth of a flower head from ten individuals. In total twenty-nine seeds were collected 

from Bruce Peninsula National Park. The site of seed collection was a path on Dorcas 

Bay Road “Cecil Watson”, further along a path used as a reintroduction site in this 

study. Seeds were sent to the Gosling Research Institute of Plant Preservation (GRIPP) 

at the University of Guelph (Guelph, Ontario). 

2.2.2 CULTURE INITIATION 

Seeds were stored at 4 °C for fourteen days for in vitro culture initiation. Seeds 

were surface sterilized for ten minutes in 10% bleach solution (Clorox©, The Clorox 

company; 5.4% sodium hypochlorite) with 2 drops of Tween 20® (Sigma-Aldrich, 

Missouri, USA) then rinsed with sterile deionized water for three minutes and three 

times. The seeds were placed in sterile polystyrene disposable petri plates (VWR 
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Catalyst Laboratory Services, Pennsylvania, USA) with semi-solid medium containing 

Murashige and Skoog (MS) basal salts (Murashige and Skoog, 1972; PhytoTechnology 

Laboratories, Kansas, USA), 1mL L-1 Gamborg’s B5 vitamins (PhytoTechnology 

Laboratories, Kansas, USA), 3% w/v sucrose and 2 mL L-1 Plant Preservative Mixture 

(PPM; Plant Cell Technology). Phytagel TM (Sigma-Aldrich, Canada) was added at 2.2 g 

L-1 after the pH was adjusted to 5.7 with 1 M NaOH (Fisher Scientific Company, Ontario, 

Canada. The medium was autoclaved for twenty minutes at 121 °C, 118kPa. and 

allowed to cool in a laminar flow hood. Seeds were kept in the dark for seven days in 

the growth room and then transferred out of the dark to growth shelves.  

Seedlings were transferred to medium consisting of the same components as 

above with the addition of 2.2 µM BA (Phytotechnology Laboratories, Kansas) to 

establish multiple lines. Shoots which resulted from these cultures were used to further 

optimize the micropropagation protocol, including root production.  

2.2.3 GROWTH CONDITIONS 

 Each shelf in the tissue culture growth room had two centered fluorescent bulbs 

(Osram Sylvania Ltd., Mississauga ON) 30 cm above vessels and receive 30 µmol m-2 

s-1 of light with a  16-hour photoperiod. The temperature in the growth room ranges from 

25-30 °C during the light period, and decreases by up to 5 °C in the dark period. Petri 

plates in in vitro experiments were arranged as a completely randomized design (CRD) 

on growth room shelves (Figure 2.2).  
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Figure 2.2 Arrangement of petri plates on tissue culture growth room shelves used for shoot 
multiplication, rooting and basal salt mix experiments. 

2.2.4 SHOOT MULTIPLICATION 

The effects of four cytokinins were tested on shoot tips to optimize in vitro 

multiplication to develop the highest number of shoots in fourteen days. Shoots were 

multiplied from cultures as described in Section 3.2.2 and transferred to media 

supplemented with: BA, 2-IP, ZEA or KIN at 0, 1, 2, 5 or 10 µM. The highest 

concentration was selected from preliminary experiments using BA which resulted in 

stunted shoots at 10µM. The media also consisted of MS basal salts, 1 ml L-1 B5 

vitamins, 3% w/v sucrose, 2.2 g L-1 PhytagelTM and pH was adjusted to 5.7. Treatment 

levels were replicated five times with three shoot tips in each replicate. The experiment 

was carried out twice. The number of shoots was recorded after fourteen days as 

preliminary experiments determined shoots proliferated within two weeks. 
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2.2.5 BASAL SALTS 

Three commonly used basal salt mixtures were tested on shoot tips to determine 

the optimal macro- and micronutrients rooting efficiency and leaf colour as an indicator 

of plantlet health before transferring to media containing MS, SH or DKW basal salts. 

The levels tested were half-strength, three quarter-strength, full strength and one and a 

half-strength of each basal salt mix, with all levels containing 3% w/v sucrose, 1 ml L-1 

B5 vitamins, 2.2 g L-1 PhytagelTM adjusted to a pH 5.7.  Each treatment level was 

replicated five times with each plate containing three shoot tips which were the shoot 

apex with the smallest leaf intact. The experiment was carried out twice. Root number 

was recorded after twenty-eight days.  

2.2.6 IN VITRO ROOTING 

The effects of two auxins were tested on shoot tips to optimize in vitro root 

induction. Auxins, NAA or IBA at 0, 5, 10 or 20 µM. was added to media that consisted 

of MS basal salts, B5 vitamins, 3% sucrose and 2.2 g L-1 PhytagelTM and pH was 

adjusted to 5.7. The highest concentration was selected from preliminary experiments 

using IBA which resulted in no difference between the treatment and the control. 

Treatments were replicated five times with each replicate consisting of three shoot tips 

with two to three leaves intact. The experiment was carried out twice. The number of 

roots was recorded after thirty-five days. Large field microscope images were taken by 

Zeiss Axio Zoom.V16 (Carl Zeiss Microscopy Ltd, New York, USA). 
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2.2.7 GREENHOUSE ACCLIMATIZATION 

Plantlets were rinsed with deionized water to remove any excess media and then 

transferred from semi-solid media in petri plates to trays containing 18 cells with pots 

containing soil mix, Sunshine® Mix #4 (Sun Gro Horticulture Canada Ltd., Vancouver, 

Canada). Trays were placed in the mist bed for five days and were transferred to 

greenhouse benches where watering occurred every three days. The number of days in 

the mist bed was selected from preliminary experiments which had high survival after 

five days. The experiment was carried out twice and survival was recorded after fifteen 

days. From the preliminary experiment it was determined that if the plantlet survives the 

first two weeks, it will stay alive after with regular irrigation.  

2.2.8 EX VITRO ROOTING 

To optimize greenhouse acclimatization and ex vitro rooting, combinations of an 

IBA rooting powder and mist bed duration were studied on shoot tips in soil. Shoots with 

two or three leaves intact were transferred from semi-solid media to soil, Sunshine® Mix 

#4. Shoots were either directly transferred or dipped in Stim Root #1 or #3 (Plant 

Products Co Ltd., Brampton, ON, Canada) containing 0.1% and 0.8% IBA respectively. 

The shoot tips were kept in the mist bed for zero, three, six and nine days. Shoots in the 

control treatment were kept in the mist bed for the same durations as the dipped shoots. 

Soil trays were categorized by days in the mist beds and had three replicates for each 

level of IBA. Each replicate consisted of ten shoots and the experiment was carried out 
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twice. Survival and root length were recorded two weeks after the plants from the day-

nine treatment were transferred out of the mist bed. 

2.2.9 STATISTICAL ANALYSES 

Data were analyzed using PROC GLIMMIX in SAS 9.4 software (SAS Institute Inc. 

Cary, North Carolina, USA). The basal salt, in vitro multiplication and in vitro rooting 

experiments were arranged as a CRD and analyzed with a one-way ANOVA The ex 

vitro rooting experiment was arranged as an Randomized Complete Block Design 

(RCBD) and analyzed with two-way ANOVA. Normality was tested using Shapiro-Wilk’s 

test of normality.  Means were compared using Tukey-Kramer Honest Significant 

Difference (HSD) test with an alpha value of 0.05. Data were plotted using Microsoft 

Excel (2015).  
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2.3 RESULTS 

2.3.1 CULTURE INITIATION 

Hill’s thistle in vitro cultures were successfully initiated from seeds collected at 

Bruce Peninsula National Park. Three of the twenty-nine seeds germinated (10.34%). 

Individuals derived from these seedlings were labelled lines HT1, HT2 or HT3 in order 

to indicate their parental origin. The seedling labelled line 2 died in vitro, however lines 1 

and 3 developed into healthy seedlings. The two seedlings (6.9%) were multiplied and 

seedlings from line 1 were used to optimize each stage of the micropropagation protocol 

for fast and efficient plant production.  

2.3.2 IN VITRO MULTIPLICATION 

Multiple shoots were produced in all concentrations of BA, at 5 µM and 10 µM of 

KIN and at 10 µM of ZEA (Figure 2.3). Shoot tips did not multiply in 2-IP,  1 µM, 2 µM or 

5 µM of ZEA. In the absence of PGRs, shoot tips grew as a single rosette and roots 

were present. Roots were not present on the single rosettes in response to cytokinin 

treatment. The highest number of shoots was observed at 10 µM of BA (6.71 shoots), 

however the shoots were stunted and had leaves that were small (Figure 2.4). There 

were fewer shoots produced in 5 µM BA (4.75  shoots) than at 10 µM (P<0.0001), 

however the rosettes had larger leaves. KIN at 5 µM and 10 µM produced similar 

numbers of shoots as BA at 1 µM  and 2 µM. At 10 µM ZEA, shoots proliferated but 

were significantly lower than the other levels where multiplication was observed. BA 
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induced the highest number of shoots compared to the other PGRs. High number of 

non-stunted shoots occurred at 5 µM BA. 
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Figure 2.3 The effects of four cytokinins, zeatin (ZEA), 2-isopentenyladenine (2-IP), 6-
benzylaminopurine (BA) and kinetin (KIN) (0, 1, 2, 5, 10 µM). Bars represent means ± standard error, 
where means followed by the different letters are significantly different according to Tukey-Kramer HSD 
test. Each level consisted of five biological replicates. 

 

Figure 2.4 Hill’s thistle plantlets grown with four cytokinins: zeatin (ZEA), 2-isopentenyladenine (2-

IP), 6-benzylaminopurine (BA) and kinetin (KIN). Columns range from 1 µM  on the left to 10 µMon the 
right. Each level consisted of five biological replicates.  
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2.3.3 BASAL SALTS 

Basal salt strength had a significant effect on the number of roots in MS as the 

one and a half strength had fewer roots than the half-strength and three-quarter 

strength (Figure 2.5). The highest number of roots was observed in half-strength MS 

(3.3 roots) and the lowest number of roots was observed in one and a half-strength MS 

(1.1 roots). In the DKW treatment, root number in one and half-strength (3.2 roots) was 

significantly higher than three-quarter-strength (P=0.0367). Strength did not have a 

significant effect on number of roots in SH, however root swellings were observed in 

half-strength SH (Figure 2.6). Root swelling was also observed in half-strength MS. 

Rosette leaves in SH were light green and in DKW were dark green with areas of 

chlorosis (Figure 2.6). Leaves in MS were ideal as no chlorosis was observed. The 

optimal basal salt for plantlet growth was MS and the ideal basal salt strength for root 

development was half-strength or three quarter-strength. 
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Figure 2.5 The effects of basal salt strength on number of roots of Hill’s Thistle plantlets. Basal 
salts used were Murashige and Skoog (MS), Driver and Kuniyuki Walnut (DKW) and Schenk and 
Hildebrandt (SH). Bars represent means ± standard error, where means followed by the different letters 
are significantly different according to Tukey-Kramer HSD test. Each level consisted of five biological 
replicates with three shoot tips in each. 

 

Figure 2.6 Hill’s thistle plantlets grown in three basal salt mixtures, Murashige and Skoog (MS), 
Driver and Kuniyuki Walnut (DKW) and Schenk &Hildebrandt (SH). Each level consisted of five 
biological replicates with three shoot tips in each. 
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2.3.4 IN VITRO ROOTING 

NAA significantly increased the number of roots whereas IBA treatments were 

similar to the control (Figure 2.7). Root induction was observed in all treatments (Figure 

2.8). Roots were observed after seven days in IBA at 5 µM  and the control, whereas 

roots were observed after twenty-one days in NAA and IBA at 20 µM. The highest 

number of roots were produced in response to NAA at 10 µM (7.15 roots) followed by 5 

µM  (6.11 roots) and 20 µM (5.81 roots). In NAA, the number of roots were not 

significantly different between the three levels. However in NAA at 10 µM and 20 µM, 

callus was observed compared to NAA at 5 µM with no callus observed (Figure 2.9). 

The number of roots between the IBA treatments were not significantly different than the 

control, and no callus was observed (Figure 2.10). The highest number of roots with no 

callus were produced in NAA at 5 µM. 
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Figure 2.7 The effects of two auxins, indole-3-butyric acid IBA) and naphthalene acetic acid (NAA) 
on the number of roots of in vitro rooted shoot tips. Bars represent means ± standard error, where 
means followed by the different letters are significantly different according to Tukey- Kramer HSD test. 
Each level consisted of five biological replicates. 

 

Figure 2.8 Hill’s thistle plantlets grown with two auxins, indole-3-butyric acid IBA) and 
naphthalene acetic acid (NAA). Concentrations increase from the bottom at 5 µM to 20µM at the top. 
Each level consisted of five biological replicates.  
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Figure 2.9 In vitro Hill’s Thistle roots separated from the shoot tip in 20 µM of NAA for forty-two 
days. 

 
Figure 2.10 In vitro Hill’s Thistle roots developed on shoot tips in PGR-free media after forty-two 
days. 
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2.3.5 GREENHOUSE ACCLIMATIZATION 

Roots from NAA at 10 µM and 20 µM were more sensitive to breaking off during 

the transfer from semi-solid media to soil in the greenhouse. Nevertheless, all plantlets 

survived on the greenhouse benches with a five-day period in the mist bed (Figure 

2.11).  

 

Figure 2.11 Acclimatized Hill’s Thistle Plantlets from in vitro rooting experiment grown in the 
greenhouse. Treatments include exogenous IBA or NAA at 0 µM , 5 µM, 10 µM and 20 µM added to to 
semi-solid media. Image on the left was taken twenty-one days and on the right were twenty-eight days 
after transfer to the greenhouse.  
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2.3.6 EX VITRO ROOTING  

Plants in the mist bed for six and nine days had the highest survival (Figure 

2.12). At zero days, IBA did not have a significant effect on survival. At three days, 

survival was higher with 0.1% IBA compared to the control (P=<0.0001), however 0.8% 

was not significantly different from the control (P=0.3286). At six days, root length was 

higher with IBA at 0.1% than the control (Figure 2.13; P=<0.0001), however IBA at 0.8% 

had no significant effect (P=0.0538). Although the plants in the mist bed for nine days 

had 100% survival, the root lengths were significantly shorter in the control (3.0 cm) 

than with IBA at 0.1% (5.8 cm; P=<0.0001) and 0.8% (6.0 cm; P= <0.0001). For three 

days in the mist bed, IBA at 0.1% (4.2 cm) also had the longest root length compared to 

other levels. The shortest root lengths were observed in all levels for plants in the mist 

bed for zero days. The highest survival and longest root lengths were observed in the 

mist beds for six and nine days with 0.1% IBA. 
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Figure 2.12 The effects of indole-3-butyric acid (IBA) and days in the mist bed on survival of ex 
vitro rooted plantlets. Bars represent means ± standard error, where means followed by the different 
letters are significantly different according to Tukey- Kramer HSD test. Each level consisted of three 
replicates. 

 
Figure 2.13 The effects of indole-3-butyric acid (IBA) and days in the mist bed on root length of ex 
vitro rooted plantlets. Bars represent means ± standard error, where means followed by the different 
letters are significantly different according to Tukey- Kramer HSD test. Each level consisted of three 
replicates.  
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2.4 DISCUSSION 

Little starting material is necessary to develop a micropropagation protocol in 

controlled environment systems (Loyola-Vargas and Ochoa-Alejo, 2012). Although a 

low germination was observed, it was sufficient to initiate two lines of in vitro shoot 

cultures and to optimize a micropropagation protocol. Low seed germination was also 

reported in the greenhouse (COSEWIC, 2004). Seeds may not germinate if specific 

environmental signals are not present or if physical factors, such as scarification, are 

not present to break dormancy (Penfield 2017). Jolls et al. (2015) found that light 

availability and litter accumulation limited seedling establishment of a related thistle, C. 

pitcheri in situ. Another possibility is a lack of seeds in the achene or a lack of embryo 

maturity, both of which would reduce the total germination percentage. Future studies 

should test the effects of various durations of cold conditions on seed germination and 

can also test the effects of light availability on seedling establishment. To test if the 

seeds are viable, an unimbibed crush test or a tetrazolium chloride stain can be 

performed (Sawma and Mohler, 2002).  

PGRs are commonly added to media to induce shoot proliferation from 

meristematic cells. Cytokinins and auxins work together to regulate organ development 

and are inducers of cell division, shoot initiation and multiplication (Chickarmane et al. 

2012; Schaller et al. 2015; Skoog and Miller, 1957; Van Staden et al. 2008). The 

cytokinin used for shoot multiplication needs to be optimized for each species and the 

concentration can be genotype-specific (Perez-Tornero et al. 1999). BA was the best for 
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Hill’s Thistle and has been effective for other endangered plants including F. carica, B. 

lenta, C. levisecta, R. mykalea and I. isabiliana (Arrebola and Verpoorte, 2003; Hayta et 

al. 2017; Rathwell et al. 2016; Salama et al. 2018; Shahcheraghi and Shekafandeh, 

2016;). Stunted shoots at high concentrations of BA have also been observed in 

multiplication of peach trees in vitro (Lima da Silva, 2003). Although ZEA had a small 

effect at the highest concentration, it was preferred for shoot proliferation of S. 

marianum (Rady et al. 2018). The synthetic cytokinins, BA and KIN had more effective 

shoot multiplication at low concentrations compared to the natural cytokinins, 2-IP and 

ZEA. Shoot multiplication may be enhanced with an auxin inhibitor such as p-

chlorophenocyisobutyric acid (PCIB), since Hill’s thistle shoot tips are able to produce 

roots in PGR-free media, indicating high endogenous levels of auxin. Future studies 

should test the effects of an auxin inhibitor to induce shoot multiplication. 

Efficient rooting and healthy leaves were achieved with MS basal salts which is 

also preferred for other herbaceous plants such as S. marianum and M. communis 

(Rady et al. 2018; Parra and Amo-Marco, 1996). Reducing the MS basal strength to 

half-strength was beneficial for Hill’s thistle roots compared to full-strength, also 

observed in M. spicata, as the number of roots were higher in half-strength compared to 

full strength (Fadel et al. 2010). Similarly, reducing the MS basal salt strength to one-

quarter was preferred for M. communis (Parra and Amo-Marco, 1996). In half-strength 

MS, tuberous roots were observed which is how Hill’s thistle roots are known to occur in 

situ (Ontario Ministry of Natural Resources, 2013). Tuberous and hollow roots reported 

in situ may be a stress response to low water or nutrient availability in the soil. Root 
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cortical aerenchyma (RCA) is produced in response to flood-induced hypoxia and can 

improve growth of Zea mays L. in drought conditions, however it can also be produced 

in response to nutrient deficient environments (Burton et al. 2013).  

Symptoms of nutrient deficiency are also observable in the leaf colour. Although 

SH is used for M. leschenaultii and R. kazusensis, it was not preferred for Hill’s thistle 

(Radha et al. 2013; Kim and Oh, 2009). Full strength SH has one-eighth concentration 

of zinc compared to full-strength MS, and although root number was not affected, the 

colour of the leaves in SH treatments were lighter green than in MS. Besides zinc, there 

is also one-half the concentration of iron and calcium in SH compared to MS. However, 

the iron and calcium concentrations in full-strength SH are similar to half-strength MS 

which had no signs of chlorosis.  Therefor the reduced zinc may be contributing to the 

lighter green leaves rather than calcium or iron. The darker green leaves observed in 

DKW compared to MS could be due to the higher concentrations of calcium, copper, 

magnesium, manganese, zinc or nickel in DKW compared to MS.  

The addition of exogenous auxins alone had different results in in vitro rooting 

compared to ex vitro rooting. In vitro, IBA had no effect on root number whereas ex 

vitro, IBA improved survival and root length. The concentration used in the IBA root dip 

(0.1%) was higher than the highest level of IBA added to the medium (20 µM) in vitro. 

Shoot tips not exposed to IBA were also able to produce roots in the mist beds for nine 

days as well as in PGR free media, similar to S. maranum (Rady et al. 2018). There are 

advantages and disadvantages of both in vitro and ex vitro rooting. By developing roots 
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in vitro, plantlets have an established root system that can take up nutrients and water 

immediately after the transfer from semi-solid media to soil. In this study, NAA had a 

positive effect on root number similar to R. mykale and P. heterochroma (Hayta et al. 

2017; Sharaf et al. 2011). Higher root number in Hill’s thistle had no effect on survival as 

100% of the plantlets from the experiment acclimatized after five days in the mist bed. 

Having high numbers of roots may have beneficial long-term effects such as improved 

growth in situ. On the negative side, the cost to produce in vitro roots is much higher 

with expenses such as: tissue culture materials, equipment, technician labor, and areas 

for maintaining vessels with heat and light. The greenhouse environment is necessary 

to acclimatize plants whether they have been rooted in vitro or ex vitro, however the 

time and cost for ex vitro rooting is lower than in vitro rooting (Ranaweera et al. 2013). 

By inducing roots ex vitro, several weeks can be skipped and the shoot tips can be 

rooted directly in the mist bed. Plantlets in the mist bed for nine days had 100% survival 

for shoot tips with no IBA dip indicating that the environmental conditions were optimal 

for rooting. Mist beds which have a high humidity have also been observed to benefit 

plantlet growth in C. arvense plants that grew 80% more shoot dry weight in high 

relative humidity than in low relative humidity (Hunter et al. 1985). The mist bed is 

necessary to reduce the shock of transferring plants from nearly 100% humidity in the 

vessels to the greenhouse and subsequently in situ. To reduce time in the mist bed, IBA 

can be applied to improve rooting which has also been observed in other endangered 

plants Cadaba fruticosa and Pistacia vera (Lodha et al. 2015; Benmahioul et al. 2012). 
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The current study optimized a micropropagation protocol from seeds collected in 

Bruce Peninsula National Park. In vitro germinated seedlings had the highest 

multiplication of non-stunted shoots in BA at 5 µM. Plantlet growth in PGR-free media 

was ideal in half-strength MS basal salts. Root number was increased in vitro with NAA 

from 5 to 20 µM and plantlets from all treatments survived in the greenhouse after 

twenty-eight days. Ex vitro rooting was improved with 0.1% IBA dip and six to nine days 

in the mist bed. This study found that tissue culture techniques can be applied to Hill’s 

thistle and micropropagation is an effective tool to produce healthy plants from limited 

material. This protocol can be used to store more lines from various populations and to 

reintroduce individuals to their natural habitat. 
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3 CHAPTER 3: REINTRODUCTION OF MICROPROPAGATED 
HILL’S THISTLE PLANTS TO BRUCE PENINSULA 
NATIONAL PARK (CIRSIUM HILLII.) 

ABSTRACT 

 Hill’s Thistle plants were micropropagated from seeds collected in Bruce 

Peninsula National Park and used to reintroduce individuals back to their natural habitat 

near Tobermory, Ontario. Micropropagated plants were produced from limited number 

of wild-collected seeds as a source of plant material for reintroduction studies on twelve 

alvar and non-alvar sites where populations have been reported. Three hundred plants 

were reintroduced on two dates. The first transplant consisted of large rosettes with a 

99% survivaland the second study consisted of small rosettes with a 66.7% survival 

rate. In the second transplant, herbivory was a limiting factor in the survival of small 

rosettes on the alvar sites. Rosette sizes from plants used in the first study varied after 

four months of growth between the sites and on sites 1 and 6 differed from the pre-

existing plants. Of the plants that were alive in October 2017, 87% overwintered, 15% 

regenerated shoots and 33.7% flowering. Micropropagated plants survived the 

reintroduction back to their natural habitat and large plants were more suitable against 

herbivores. In the following year, flowering was observed which indicate the sites 

suitable for mature plant growth and for future reintroductions. 

3.1 INTRODUCTION 

Hill’s thistle (Cirsium hillii (Canby) Fernald) is listed as threatened under Schedule 

1 of the Species at Risk Act (SARA) in Canada (Ontario Ministry of Natural Resources, 
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2013). Fewer than 500 flowering individuals have been reported in Canada and studies 

have shown that seeds have low germination in the greenhouse (COSEWIC, 2004). 

Other than biological limitations, habitat loss poses the greatest threat to this species. 

Hill’s Thistle is known as an alvar species although populations have been reported in 

other areas such as sand dunes and savannas (Robinson and Hermanutz, 2015). 

Alvars are globally rare ecosystems that have open limestone plains with shallow 

or no soil and consist of plant species that are adapted to flood, drought and occasional 

fire (COSEWIC, 2004). Fire suppression has led to ecological succession resulting in an 

accumulation of litter and an increase in tree density (Meelis and Aveliina, 2007; 

Parsons and DeBenedetti, 1979). Hill’s thistle is found in the following vegetation 

communities on the Bruce Peninsula: open alvar, shrub alvar and treed alvar (Ontario 

Ministry of Natural Resources, 2013). Open alvar communities have an open canopy 

with few shrubs, while shrub alvars have an open canopy with shrubs such as eastern 

white cedar or common juniper. Treed alvars have a partial canopy and consist of 

shrubs and trees such as jack pine and shrubby cinquefoil (The Nature Conservancy, 

1999). The effects of the changing habitat may threaten Hill’s Thistle populations as 

individuals prefer open and dry areas with little to no competition (COSEWIC, 2004). In 

addition to forest succession, Hill’s thistle habitats have been reduced by anthropogenic 

factors such as shoreline development, ATV use and recreational use (Ontario Ministry 

of Natural Resources, 2013). 

Plant reintroductions are used to return biodiversity to a native area, re-establish a 

community and protect valuable species (Maunder 1992). Since Hill’s thistle is listed as 
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a species at risk, collection of material is restricted which limits the plant material that 

can be used to return to the native area. Low seed germination limits the capacity to 

produce plants for reintroduction studies. In addition to a limited source of material, 

suitable habitat for plant reintroductions are not well known (Ontario Ministry of Natural 

Resources, 2013). 

Micropropagation is a useful technique that can produce disease-free plants in a 

controlled environment for germplasm conservation and only require limited original 

material (Loyola-Vargas and Ochoa-Alejo, 2012).  When using clones produced from 

tissue culture, it is possible to observe the effects of the environment by removing the 

genetic variation (Pence et al 2011). This can help determine suitable sites for future 

reintroductions. Micropropagation has been successfully used for reintroduction studies 

in several species at risk including: Castilleja levisecta, Cattleya intermedia, Lippia 

junelliana, Mammillaria mathildae and Minuartia cumberlandensis (Salama et al. 2017; 

Junior et al. 2018; Juliani et al. 2011; Garcio-Rubio and Malda-Barrera, 2010; Pence et 

al. 2011). The only species that has been micropropagated and reintroduced in Canada 

is C. levisecta to a Parks Canada restoration site at Fort Rodd Hill in Victoria, British 

Columbia (Salama et al. 2017). Although C. levisecta had low survival after 

reintroduction, the long term persistence is as yet unknown. In M. cumberlandensis 

however, 12 micropropagated plants were reintroduced and formed a population of 200 

individuals within six years at the Daniel Boone National Forest in McCreary Co., 

Kentucky.  
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The objective of this study was to use micropropagated Hill’s thistle plants as 

outlined in Chapter 2, to reintroduce individuals back to their natural environment and to 

study their growth in open, shrub and tree alvars as well as various non alvar habitats 

found at Bruce Peninsula National Park in Tobermory, Ontario. 

3.2 MATERIALS AND METHODS 

3.2.1 SOURCE OF PLANT MATERIAL 

Three hundred Hill’s thistle plants from two lines were produced from seeds 

collected at Bruce Peninsula National Park (Permit no. BPF-2015-19859). Shoots from 

line HT1 and HT3 were multiplied from shoot culture as outlined in Chapter 2. Briefly, 

the shoot tips used in this study were multiplied in media that consisted of MS basal 

salts, B5 vitamins, 3% sucrose and 2.2 µM BA. Shoots were separated and rooted in 

PGR-free, MS basal medium for twenty-one days. Plantlets were then transferred to soil 

(Sunshine Mix #4; Sun Gro Horticulture Canada Ltd., Vancouver, Canada) pots in the 

mist bed for five days. After the mist bed plants used in the first reintroduction transplant 

were grown on the greenhouse bench for twenty-five days (Figure 3.1 A and C), 

whereas plants for the second transplant were grown for fifteen days (Figure 3.1 B and 

D). Leaves from the first transplant were considerably damaged during the transport to 

Bruce Peninsula National Park, therefore the plants used in the second transplant were 

grown for less time to have smaller rosettes (Figure 3.2). For further hardening, all three 

hundred plants were placed in a vinyl dome enclosure twenty-four hours before 
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transporting to Bruce Peninsula National Park. As well, all plants were kept on their 

respective sites for twenty-four hours before transplanting.  

 

Figure 3.1 Micropropagated plants grown in the greenhouse for fifteen days in the greenhouse. 

 

Figure 3.2 Micropropagated Hill's thistle plants grown in the greenhouse for A. twenty-five days and 
B. fifteen days. Images on the bottom show the effects of age on leaf spine development for plants grown 
for C. twenty-five days and D. fifteen days. 



 

 

50 

 

3.2.2 TRANSPLANT DESIGN 

Hill’s thistle plants were transplanted on two separate days to twelve sites at 

Bruce Peninsula National Park in Tobermory, Ontario (Figure 3.3; Table 3.1). The first 

transplant occurred on June 2, 2017 and the second occurred on July 18, 2017. One 

hundred and fifty plants were transplanted on each date to three alvar sites: open alvar, 

shrub alvar, treed alvar and three non-alvar sites (Figure 3.4). Twenty-five plants, 

sixteen from line 1 and nine from line 3, were randomly assigned to plots within an area 

of 20 m2 on each site. Sites were selected according to canopy cover by the 

surrounding vegetation. Sites 1 and 8 were in an open area where Hill’s thistle plants 

were found with no canopy cover. Sites 2 and 10 were in an area with shrubs adjacent 

to an open alvar area. Site 2 was selected in an area where a Hill’s thistle population 

was previously reported but was not observed at the time of the transplant in June 

2017. Site 10 was in an area with Hill’s thistle plants present. Sites 3 and 11 were on a 

path covered by trees where Hill’s thistle plants were present and the sites were located 

near a deer den. The non-alvar sites were selected based on existing Hill’s thistle 

populations in areas with a range of anthropogenic disturbance and land use. Site 4 

was next to a path where ATV use has been observed. Sites 5 and 14 were located 

next to Johnsons Harbour Road where Hill’s thistle plants were flowering the previous 

year. Site 6 was next to Singing Sands parking lot where flowering plants were also 

observed in the previous year. Site 13 was in an open and sandy area surrounded by 

dense forest. Site 15 was in an open area that was once used as a hay field. Hill’s 

Thistle plants were not present on site 13 and 15.  
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Figure 3.3 Site map of the twelve experimental sites where micropropagated Hill’s thistle plants 
were reintroduced to Bruce Peninsula National Park in Tobermory, Ontario. Map is from Google. 

 

Figure 3.4 Alvar and non-alvar sites used for Hill's thistle reintroductions. Top left: open alvar at 
Pendall Point. Top right: shrub alvar at Pendall Point. Bottom left: treed alvar at Side Creek Alvar. Bottom 
right: non-alvar at Johnsons Road Harbour Road.  
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Table 3.1 Description of Sites used to reintroduce micropropagated Hill’s thistle plants in June 
and July 2017 at Bruce Peninsula National Park in Tobermory, Ontario. 

Transp
lant 
Date/ 
Site # 

GPS- 
Latitude 

GPS-
Longitude 

Site name Alvar 
Type 

Habitat Type 

Ju
ne

 2
, 2

01
7 

1 45.11695979	 -81.53759829 Huron Road 
1 

Open  Grassy field on a property next to  
Huron rd.  

2 45.18452938	 -81.60228085	 Pendall 
Point 1 

Shrub  Shrubbed area next to open alvar 
North West of Dorcas Bay.  

3 45.18021028	 -81.57841489	 Side Creek 1 Treed  Hiking Trail off Dorcas Bay Road on 
the South East of Dorcas Bay.  

4 45.16119158	 -81.58192967	 Cecil 
Watson 

Non  Trail with motor vehicle tracks off 
Dorcas Bay Road.  

5 45.13049282	 81.53577279	 Johnsons 
Harbour 1 

Non  Grassy area covered in Trees on 
the side of Johnsons Harbour Road.   

6 45.18964447	 -81.57565158	 Singing 
Sands Lot 

Non Treed area next to Singing Sands 
Parking Lot on the South East of 
Dorcas Bay Road.  

Ju
ly

 1
8,

 2
01

7 
  

8 45.11695979	 -81.53759829	 Huron Road 
2 

Open Grassy area further into the alvar 
site Huron Road 1. 

10 45.18452938	 -81.60228085	 Pendall 
Point 2 

Shrub Area further into alvar site Pendall 
Point 1. 

11 45.18021028	 -81.57841489	 Side Creek 2 Treed  Area further into the trail after alvar 
site Side Creek 1. 

13 45.19082602	 -81.61584964	 Sand Dune Non  Open sand dune next to forested 
area on Eagle Road.  

14 45.13049282	 81.53577279	 Johnsons 
Harbour 2 

Non  Trail off the side of Johnsons 
Harbour Road, Hiking Trail in a 
forested area.   

15 45.15422007	 -81.4604173	 Hay Field Non  Hay field overgrown with various 
vegetation off Hidden Valley Road.  
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3.2.3  SITE CHARACTERISTICS 

Soil pH and photosynthetic photon flux density were measured to determine 

uniformity of the twelve sites. To measure soil pH, soil samples were collected from soil 

dug up in three plots on each site at the time of the transplants. Three measurements 

were taken from each sample by pressing into the soil with a portable Exstik PH100 pH 

meter (EXTECH Instruments, Massachusetts, US).   

3.2.4 SURVIVORSHIP 

Survival was recorded in Fall 2017 to determine the success of transferring 

micropropagated plants back to their natural habitat. Plants were considered to be alive, 

dead or eaten by herbivores. The plants were distinguished by their leaves: rosettes 

with green leaves were alive, rosettes with complete brown leaves were considered 

dead and plots with no shoot tissue were reported as eaten. Complete herbivory was 

considered in plots with no green shoot tissue, however roots were present in the soil. 

Plants with signs of grazing by insects or animals that did not consume the entire shoot 

were considered alive. Herbivory was compared between sites and each site from the 

second transplant. 

3.2.5 TRANSPLANT 1 GROWTH CHARACTERISTICS 

Rosette diameters of micropropagated plants and pre-existing plants were 

measured from the first transplant. Rosettes from the second trial were significantly 

affected by herbivore grazing and were not measured. Photos of plants on sites 1 to 6 
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were taken in two month intervals on June 27, August 9 and October 10. Rosette 

diameter was calculated by taking three measurements from each rosette with ImageJ 

1.x Software (Schneider et al. 2012). To determine the effect of the site on rosettes, 

diameters of micropropagated plants were compared between the six sites with each 

site consisting of twenty-five plants. The means of the six sites were compared for each 

date.  As well, diameters of micropropagated plants and five pre-existing plants were 

compared on each site, with the exception of site 2 where no plants were present.  

3.2.6 OVERWINTER SURVIVORSHIP 

Overwinter survival and regeneration were recorded in May 2018 and r flowering 

was recorded in July 2018. Surviving plants were recorded as one of three states: a 

vegetative rosette, a cluster of regenerated shoots or a flowering plant. Plots with no 

rosette or rosettes with brown leaves were considered dead. The effect of site on 

flowering was determined and the ideal sites for Hill’s thistle growth were determined. 

3.2.7 STATISTICAL ANALYSES 

Data were analyzed using PROC GLIMMIX in SAS 9.4 software (SAS Institute Inc. 

Cary, North Carolina, USA). The sites were analyzed with one-way ANOVA and 

normality was tested with Shapiro-Wilk’s test of normality. Means were compared using 

Tukey-Kramer Honest Significant Difference (HSD) test with an alpha value of 0.05. 

Data was plotted using Microsoft Excel (2015).  
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3.3 RESULTS 

3.3.1 SITE CHARACTERISTICS 

The soil pH was relatively uniform ranging between 7.4 and 8.3. The highest soil 

pH was observed on sites 3, 4, 5 and 13 with the lowest on site 15. Open alvar sites, 1 

and 8, were similar and shrub alvar sites 2 and 10 were similar. However, treed site 3 had 

a significantly higher soil pH than site 11. The soil pH of non-alvar sites varied between 

the sites.  
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Figure 3.5 Soil pH on the twelve reintroduction sites at Bruce Peninsula National Park in 
Tobermory, Ontario. The first planting in June occurred on sites 1 to 6 and the second planting in July 
occurred on sites 8, 10, 11, 13 to 15. Bars represent means ± standard error, where means followed by 
the different letters are significantly different according to Tukey-Kramer HSD test. Each site had three 
replicates. 

3.3.2 SURVIVORSHIP 

The micropropagated plants from the first reintroduction study had a high survival 

rate, whereas herbivory reduced survival for the second study (Table 4.2). The states of 

micropropagated plants are displayed in Figure 3.6. In the first reintroduction study, an 

overall survivalof 99% was observed with 100% survival on the treed alvar and all three 

non-alvar sites (Figure 3.7). There was no difference in survival between the two lines 

for both reintroduction studies (Figure 3.8). One plant died on shrub site 2 with a brown 

rosette and one plant had been eaten. In the second reintroduction study, herbivory 

affected overall survival (66.7%). Eaten plants were observed on the open, shrub and 

treed alvar sites but was not observed in the non-alvar sites (Figure 3.9). Signs of 
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grazing were observed on majority of the plants in the alvar sites (Figure 3.10), however 

these plants had a green and intact shoot apex and were considered alive. Complete 

herbivory that resulted in death, was seen in the plots that had no shoot tissue. 

Complete herbivory was significantly higher in the treed alvar site 11 (80%) compared to 

the non-alvar sites (0%) but was not significantly different than the open (60%) or shrub 

(52%) sites. For the first reintroduction study survival for both lines HT1 and HT3 were 

high, whereas for the second study, herbivory significantly reduced survival on the treed 

alvar site and was present on open and shrub alvar sites as well. 

 

Figure 3.6 Survivorship recorded in October 2017 of micropropagated Hill's thistle plants. Left: a 
healthy and green rosette with leaf die-back. Centre: a dead rosette with brown leaves. Right: an empty 
plot from an eaten plant.  
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Figure 3.7 Survival of micropropagated Hill's thistle plants reintroduced on the twelve 
reintroduction sites at Bruce Peninsula National Park in Tobermory, Ontario. The first planting in 
June occurred on sites 1 to 6 and the second planting in July occurred on sites 8, 10, 11, 13 to 15. Bars 
represent means ± standard error, where means followed by the different letters are significantly different 
according to Tukey-Kramer HSD test. Each site consisted of twenty-five plants. 

 
Figure 3.8 Survival of micropropagated Hill's thistle plants from two lines, HT2 and HT3, 
reintroduced on the twelve reintroduction sites at Bruce Peninsula National Park in Tobermory, 
Ontario. The first planting in June occurred on sites 1 to 6 and the second planting in July occurred on 
sites 8, 10, 11, 13 to 15. Bars represent means ± standard error. Each site had sixteen plants of HT1 and 
9 plants of HT3 

 

  



 

 

59 

 

Table 3.2 Survival and herbivory recorded in October 2017 of micropropagated Hill's thistle plants 
reintroduced on twelve sites at Bruce Peninsula National Park, Tobermory, Ontario. The first 
planting in June occurred on sites 1 to 6 and the second planting in July occurred on sites 8, 10, 11, 13 to 
15. Means followed by different letters in columns are significantly different according to Tukey’s HSD test 
(P-value < 0.05). Each site consisted of twenty-five plants. 

 

  

Site Type Name Survival(%) Herbivory 
(%) 

Open    

1 Huron Road 1 96 ± 3.9 4 ± 3.9 

8 Huron Road 2 40 ± 9.8 60 ± 9.8ab 
    

Shrub    

2 Pendall Point 1 96 ± 3.9 0.00 

10 Pendall Point 2 48 ± 10.0 52 ± 10.0ab 
    

Tree    

3 Side Road Alvar 1 100 ± 0  0.00 

11 Side Road Alvar 2 20 ± 8.0 80 ± 8.0a 

    

Non    

4 Cecil Watson 100 ± 0 0.00 

5 Johnson Harbour 1 100 ± 0 0.00 

6 Singing Sands 100 ± 0 0.00 

13 Sand Dune 96 ± 3.9 0.00b 

14 Johnson Harbour 2 100 ± 0 0.00b 

15 Hay Field 96 ± 3.9 0.00b 
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Figure 3.9 Complete herbivory of micropropagated Hill's thistle plants reintroduced in July 2017 
on six sites at Bruce Peninsula National Park in Tobermory, Ontario. Bars represent means ± 
standard error, where means followed by the different letters are significantly different according to 
Tukey-Kramer HSD test. Each site consisted of twenty-five plants. 

 

Figure 3.10 Range of grazing by insects and animals on surviving micropropagated Hill's thistle 
plants reintroduced to Bruce Peninsula National Park in Tobermory, Ontario.  
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3.3.3 TRANSPLANT 1 GROWTH CHARACTERISTICS 

Micropropagated plants from the first reintroduction study and pre-existing plants varied 

in size on the six sites (Table 3.3). In June, all of the sites had similar rosette diameters 

except for micropropagated plants on site 6 that grew the largest (28.4 cm) and pre-

existing plants on site 1 (5.7 cm) and 3 (9.8 cm) that were the smallest. Over the four 

months, rosette diameters decreased on the non-alvar sites due to leaf die-back (Figure 

3.6, Figure 3.11). This was also observed in the pre-existing plants on sites 4 and 5. 

Even with leaf die-back, site 6 had the largest rosette size (26.3 cm) with pre-existing 

plants on the same site at a similar size (26.2 cm). Rosettes on site 2 were similar to the 

plants on site 6 (25.1 cm) however there were no pre-existing plants to compare it to. In 

October, the largest rosette diameters for the micropropagated plants were observed on 

site 2 (25.9 cm) and site 6 (25.8 cm) and the largest diameter for the pre-existing plants 

was on site 6 (34.2 cm). The micropropagated plants and pre-existing plants were not 

significantly different on site 6 (p=0.2069). The micropropagated rosettes on site 1 (20.1 

cm), site 3 (21.80 cm), site 4 (17.27 cm) and site 5 (17.14 cm) were not significantly 

different (Figure 3.12). Although, the pre-existing plants were significantly smaller than 

the micropropagated plants on site 1 (p=0.0043), there was no significant difference 

between micropropagated and pre-existing plants on the other sites. Images of the 

rosettes can be seen in Figure 3.13.  
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Table 3.3 Rosette Diameters of micropropagated Hill's thistle plants reintroduced in July 2017 on 
six sites at Bruce Peninsula National Park in Tobermory, Ontario. Means followed by different letters 
in columns are significantly different according to Tukey’s HSD test (P-value < 0.05). Each site consisted 
of twenty-five plants. 

 

  

    Rosette Diameters (cm) 

Site  Name Plant Material June 2017 August 2017 October 2017 

1 Huron 
Road 1 

Micropropagated 18.9 ± 0.92 b 10.5 ± 1.0 bc 19.9 ± 1.08 cd 

 Pre-existing 5.7 ± 2.0 d 6.9 ± 2.19 d 7.7 ± 2.65 e 

      

2 Pendall 
Point 1 

Micropropagated 21.9 ± 0.9 b 25.1 ± 0.98 ab 25.9 ± 1.08 ab  

     

3 Side Road 
Alvar 1 

Micropropagated 18.3 ± 0.9 b 21.6 ± 0.98 bc 21.8 ± 1.06 bc 

 Pre-existing 9.8 ± 2.0 cd 15.3 ± 2.19 cd 21.0 ± 2.65 bcd 

      

4 Cecil 
Watson 

Micropropagated 20.5 ± 0.92 b 19.3 ± 1.0 bc 17.3 ± 1.06  cd 

 Pre-existing 16.0 ± 2.0 bc 14.1 ±2.19 cd 11.7 ± 2.65 de 

      

5 Johnson 
Harbour 1 

Micropropagated 20.5 ± 0.9 b 20.2 ± 0.98 bc 17.1 ± 1.06 cde  

 Pre-existing 17.3 ± 2.0 bc 15.6 ± 2.19 cd 15.2 ± 2.65 cde 

      

6 Parking 
Lot 

Micropropagated 28.4 ± 0.9 a 26.3 ± 0.98 a 25.8 ± 1.06 ab 

 Pre-existing 19.5 ± 2.0 b 26.2 ±2.19 ab 34.2 ± 2.65 a 
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Figure 3.11 Rosette diameters of micropropagated Hill's thistle plants reintroduced in June 2017 
on six sites at Bruce Peninsula National Park in Tobermory, Ontario. Each site consisted of twenty-
five plants. Bars represent means ± standard error, where means compared within each date followed by 
the different letters are significantly different according to Tukey-Kramer HSD test. Each site consisted of 
twenty-five plants. 

 

Figure 3.12 Rosette diameters of micropropagated Hill's thistle plants reintroduced in June 2017 
on six sites at Bruce Peninsula National Park in Tobermory, Ontario. Bars represent means ± 
standard error, where means followed by the different letters are significantly different according to 
Tukey-Kramer HSD test. Each site consisted of twenty-five plants. 
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Figure 3.13 Rosettes of micropropagated and pre-existing Hill's thistle plants reintroduced in July 
2017 on six sites at Bruce Peninsula National Park in Tobermory, Ontario. Each site consisted of 
twenty-five plant. 
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3.3.4 OVERWINTER SURVIVORSHIP 

Micropropagated Hill’s Thistle plants had high survival one year after 

reintroduction studies were done. For the first reintroduction study, 99% of the plants 

that were alive in October 2017 survived in May 2018 and 51.5% of the overwintered 

plants were flowering in July 2018. In the second reintroduction study, 90% of the plants 

alive in October 2017 survived in May 2018 with 7.8% of the overwintered plants were 

flowering. As well, the plants that died due to complete herbivory had 0% survival in 

May 2018. Overall, since the time of the transplant, micropropagated plants had survival 

of 98% for the first reintroduction and 60% for the second reintroduction (Table 3.4). 

The highest survival for flowering plants was observed on site 1 (80%) and site 6 (80%) 

from the first reintroduction study (Figure 3.14). Flowering was observed on all sites 

except for sites 10, and 13. Shoot regeneration was observed on all alvar sites and 

some non-alvar sites (Figure 3.15). The shrub alvar sites 2 and 10 had high shoot 

regeneration (40%) followed by open alvar sites 1 and 8 (16%). Shoot regeneration was 

not observed on plots where complete herbivory occurred in 2017. Two examples of the 

growth towards flowering and shoot regeneration are shown in Figure 3.16. 
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Figure 3.14 Flowering Percentage of micropropagated Hill's thistle plants reintroduced in June 
2017 to Bruce Peninsula National Park in Tobermory, Ontario. Bars represent means ± standard 
error, where means followed by the different letters are significantly different according to Tukey-Kramer 
HSD test. Each site consisted of twenty-five plants  

 

Figure 3.15 Shoot regeneration of micropropagated Hill’s thistle plats on the twelve reintroduction 
sites at Bruce Peninsula National Park in Tobermory, Ontario. The first planting in June occurred on 
sites 1 to 6 and the second planting in July occurred on sites 8, 10, 11, 13 to 15. Bars represent means ± 
standard error. Each site consisted of twenty-five plants  

  



 

 

67 

 

Table 3.4 Overwinter survivorship of micropropagated Hill’s thistle plants reintroduced on twelve 
sites at Bruce Peninsula National Park, Tobermory, Ontario. Overwinter survival and shoot 
regenerationrecorded in May 2018 and floweringrecorded in July 2018. The first planting in June occurred 
on sites 1 to 6 and the second planting in July occurred on sites 8, 10, 11, 13 to 15. Means followed by 
different letters in columns are significantly different according to Tukey’s HSD test (P-value < 0.05). Each 
site consisted of twenty-five plants. 

Site Type Name Overwinter 
Survival(%) 

Flowering(%)  Shoot 
Regeneration(%
) 

Open     

1 Huron Road 1 96 ± 3.9 80 ± 8.1a 16 ± 7.3 

8 Huron Road 2 40 ± 10.3bc 4 ± 3.9 16 ± 7.3 
     

Shrub     

2 Pendall Point 1 96 ± 3.9 44 ± 9.8ab 40 ± 9.8 

10 Pendall Point 2 40 ± 10.3bc 0.00 40 ± 9.8 
     

Tree     

3 Side Road Alvar 1 100 ± 0 44 ± 9.8ab 4 ± 3.9 

11 Side Road Alvar 2 20 ± 8.0c 4 ± 3.9 8 ± 5.4 

     

Non     

4 Cecil Watson 100 ± 0 20 ± 8.1b 8 ± 5.4 

5 Johnson Harbour 1 96 ± 3.9 36 ± 10.1b 8 ± 5.4 

6 Singing Sands 100 ± 0 80 ± 8.1a 0.00 

13 Sand Dune 92 ± 5.2a 0.00 0.00 

14 Johnson Harbour 2 92 ± 5.2a 4 ± 3.9 8 ± 5.4 

15 Hay Field 76 ± 8.7ab 16 ± 7.3 0.00 
 



 

 

68 

 

 
Figure 3.16 One year of growth for micropropagated Hill's thistle plants. Left: Individual number 126 
on non-alvar site 6 "Singing Sands" which were flowering in July 2018. Right: Individual number 11 on 
open alvar site 1 "Huron Road 1" with shoot regeneration observed in May 20 
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3.4 DISCUSSION 

Plant reintroductions are used for population replenishment or reintroductions in 

areas where populations are extirpated (IUCN/SSC, 2013). Seeds are often used as the 

source of plant material for reintroductions (Maunder, 1992), however obtaining material 

is limited for Hill’s Thistle as seed collection is restricted under Schedule 1 of SARA 

(Ontario Ministry of Natural Resources, 2013). Tissue culture is an effective tool that 

benefits plant conservation by producing healthy plants from limited started material in a 

controlled environment (Loyola-Vargas and Ochoa-Alejo, 2012). Minimal plant tissue is 

required to optimize a protocol to micropropagate and conserve genetic lines to 

preserve biodiversity (Figure 3.17). Clones are used to develop a micropropagation 

protocol, and are used to study variation in potential reintroduction sites. Transplanting 

clones of one line to various sites helps determine the environmental factors necessary 

for optimal growth (Pence et al. 2011).  

Each site had unique biotic and abiotic factors that influenced the success of 

reintroducing Hill’s thistle plants back to its natural habitat. The size of the reintroduced 

rosette was an important factor as nearly all the large plants survived from the first 

transplant (Figure 3.7), whereas herbivore grazing reduced survival in the second 

transplant (Figure 3.9). Herbivory was observed on plants with less developed spines 

on the leaf margin (Figure 3.2). Herbivory was also a limiting factor in reintroduction 

studies done with other micropropagated plants: Cattleya intermedia and Mammillaria 

mathildae (Garcia-Rubio and Malda-Barrera 2010; Junior et al. 2018).). In Brazil, 
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herbivory was found to have a positive effect on survival of C. intermedia (Junior et al. 

2018). Plants that were grazed on by herbivores regenerated new roots, shoots and 

leaves changing the susceptibility to herbivory. Plant and herbivore interactions are 

common in nature and have shaped plant defense systems (Barton and Hanley, 2013). 

However, none of the Hill’s thistle plants that were completely grazed on by herbivores 

survived in the following year. Treed site 11 had the highest occurrences of herbivory 

and was located next to a deer den which may have been the source of herbivores. 

Although site 3 and site 11 were on the same hiking path, complete herbivory was not 

observed on site 3 with the large rosettes. The opposite was determined in C. pitcheri., 

where herbivory was observed in larger rosettes compared to smaller ones (Stanforth et 

al. 1997). In C. pitcheri, leaf damage was done by insects that consume smaller areas 

on the leaf. These insects may not be affected by spines, compared to animals that are 

deterred by spiny leaf margins. Daws and Koch determined that herbivory can be 

reduced by barricading the reintroduction sites (Daws and Koch, 2015). Physical 

barriers may improve survival of smaller Hill’s thistle plants, however the species’ 

natural defense system, spiny leaves, can be used to reduce herbivory in future 

reintroduction studies. Large plants are preferred for Hill’s Thistle reintroductions to 

prevent herbivory and physical barriers may improve survival if smaller rosettes are 

reintroduced.  

Survival was not affected by genetic line, soil pH. The genetic line did not increase 

or reduce survival of micropropagated plants in situ (Figure 3.8). This was also 

observed in the reintroduction of M. cumberlandensis (Pence et al. 2011). Seven 
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genetic lines were reintroduced and it was observed that genetic line had no effect on 

survival, whereas light and soil moisture did. M. cumberlandensis plants thrived in areas 

with moderate levels of light and soil moisture.  

In the first transplant, there was a significant difference in rosette diameters of 

micropropagated plants among sites. Rosettes grew larger on sites 2 and 6 compared 

to the other sites. The rosette diameters of micropropagated plants were similar to the 

pre-existing plants on sites 2 to 5, whereas sites 1 was different. On site 1, the 

micropropagated plants grew larger than pre-existing plants. Rosette size varied 

between sites, with site 6 and site 2 having the largest plants. Pence et al (2011) 

determined soil moisture was an important factor which may also have an effect on 

Hill’s thistle plants as site 2 and site 6 were close to Dorcas Bay compared to the other 

sites (Figure 3.3). Future studies should measure the soil moisture and consider the 

effects of other soil properties, such as nutrient composition, on the optimal growth of 

Hill’s thistle rosettes.  

This study determined that some sites are more suitable than others for Hill’s 

thistle growth. On site 1, micropropagated plants were larger than the pre-existing 

plants (Figure 3.13) and 80% of the reintroduced rosettes were flowering in July 2017. 

This indicates that site 1 has optimal growth conditions for Hill’s thistle and the small 

pre-existing plants observed may be due to their genetics. Hill’s thistle is a cross-

fertilized species and require pollinators for pollination from other plants. If the number 

of plants decreases in an area the probability that the pollen is from a genetically similar 

plant increases and may increase inbreeding (Freeland et al. 2010). Juliani et al (2011) 
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observed the opposite for micropropagated L. junelliana plants reintroduced to their 

natural habitat in Argentina. Micropropagated plants that were reintroduced in situ had 

significantly lower biomass than the wild plants. The rosette sizes of reintroduced plants 

were similar to pre-existing plants on sites 3, 4 and 5 and survival, overwintering, shoot 

regeneration and flowering was similar between the sites. This indicates that the treed-

alvar site 3 had a similar response to non-alvar sites that are also on paths within mixed 

tree forests.  

The overwinter period had a negative effect on small plants in the second 

transplant compared to the large plants in the first transplant (Table 3.4). Although there 

was no herbivory, low flowering was observed on sites 13, 14 and 15 compared to the 

sites in the first transplant. The plants from the first transplant may have had a better 

root system in the ten extra days in the greenhouse or by growing for an extra month 

and a half in situ.  The rosettes with larger leaves may have accumulated more root 

biomass which could have promoted floweringproduction as they were observed more 

in large plants than small plants. In this study flowering was observed after one winter 

season whereas Higman and Penskar (1996) reported that Hill’s Thistle flowering often 

occurs in the third year. Although flowering was observed, the seed set was not 

measured and may not have occurred in for all rein. Ye et al (2011) observed flowering 

in micropropagated Rulingia sp. “Trigwell Bridge” plants, however the flowers exhibited 

abnormal traits. Future studies should measure seed development from 

micropropagated plants and determine any differences between the floral 

characteristics of micropropagated and pre-existing plants.  
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In addition to sexual reproduction, asexual reproduction was also observed from 

micropropagated plants on most of the sites. The Hill’s thistle plants that were 

completely eaten did not regenerate shoots as C. pitcheri did due to damage of the 

apical meristem (Stanforth et al. 1997). Partial herbivory (Figure 3.10) may contribute to 

shoot regeneration, however some plots with regenerated shoots came from rosettes 

with no signs of herbivory. Shoot regeneration should be further studied in situ. 

Although root excavation affects plant growth, it may be necessary to understand why 

certain plants remained as a single shoot, regenerated into multiple shoots or produced 

a floral inflorescence.  

The current study investigated whether tissue culture is a suitable approach for 

reintroducing Hill’s Thistle across 12 unique alvar and non-alvar sites located in Bruce 

Peninsula National Park. Reintroduced clones from lines HT1 and HT3 survived on the 

various sites with no effect of genetic line. Grazing by herbivores reduced survival of 

small plants on the alvar sites. It was determined that soil pH was relatively uniform on 

the twelve sites. Rosette diameter was similar to the pre-existing plants on all sites 

except site 1 and 6 and the rosette diameters varied between the sites. Reintroduced 

plants survived overwinter and varied between and within sites. Finally, flowering was 

high with 80% on sites 1 and 6 which are ideal sites for future transplants. This study 

found that tissue culture techniques were effective to reintroduce Hill’s thistle individuals 

and to study site suitability in Bruce Peninsula National Park in Tobermory, Ontario. 
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Figure 3.17 The stages of Micropropagation and Reintroduction of Hill’s thistle beginning with seed collection in situ, seed germination 
in vitro, multiplication, rooting, greenhouse acclimatization, and reintroduction back to the natural habitat
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4 SUMMARY AND FUTURE DIRECTIONS 

These studies determined that tissue culture techniques can be applied to plant 

species at risk to replenish declining populations and to prevent extirpation and 

extinction. Two genotypes from extant Hill’s thistle populations in Bruce Peninsula 

National Park were preserved in vitro and large numbers of plants were produced in the 

greenhouse. Micropropagated plants were successfully reintroduced to multiple sites in 

their natural habitat with high survival for large plants. In vitro shoot cultures were 

initiated from limited starting material and shoot tips were successfully multiplied with 

the addition of cytokinins in the media. Roots were optimized with the addition of auxins 

in vitro and ex vitro. Basal salt mix and strength were determined for optimal root 

growth. Finally, plantlets were acclimatized to the greenhouse conditions. 

Micropropagated plants were successfully reintroduced to twelve alvar and non-alvar 

sites in Bruce Peninsula National Park and had high survival and overwinter survival. 

On the alvar sites, the plants grown in the greenhouse for a longer duration had large 

rosettes and had the highest survival as the size of the plants deterred grazing by 

herbivores compared to the smaller plants. Rosette size after the transplants varied 

between sites in fall and in the following year after exposure to winter conditions. The 

rosette sizes of micropropagated plants and pre-existing plants were similar on most 

sites except for site 1 where the pre-existing plants were smaller. The population on site 

2 had been extirpated at the time of this study, however the reintroduced 

micropropagated plants had high survival and large rosette growth. Suggesting that the 



 

 

76 

 

environment is suitable for population restoration using multiple genotypes. Of the 

plants that survived in the fall, a high overwinter survival was observed. Adventitious 

shoot regeneration and flowering was observed on most sites and flowering was highest 

on sites 1 and 6 compared to the other sites. The sites with the most inflorescences 

observed are ideal as these habitats have the necessary growth conditions to transition 

from vegetative growth to reproductive growth. By using clones, it was possible to 

determine the ideal sites for future reintroductions. Furthermore, micropropagation 

enables plants to grow in optimal conditions during the early stages of growth which 

may give it an advantage as a mature individual. This study confirms that 

micropropagated plants can be used to successfully reintroduce individuals that can 

transition to reproductive growth in their natural habitat  

Future studies should involve collecting more seeds from various populations to 

micropropagate and reintroduce on the most suitable sites and to determine any 

differences between genotypes. The time of the planting can also be further examined 

by transplanting plants at different times of the year. Micropropagated plants can be to 

determine site suitability such as after a prescribed fire to determine survivorship 

compared to unburned areas. Pollinator visits should be studied further to determine if 

pollinators have a selective preference for pre-existing plants over micropropagated 

plants. Flower abnormalities should be examined and if seeds are produced, viability 

should be determined between clones of the same line to determine if greenhouse 

plants can be a source of seeds for future studies. This work serves as a model for 
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future micropropagation protocols and reintroduction studies for all vascular plant 

species listed under Schedule 1 of SARA in Canada. 
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