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Abstract 

 

Both sexual and asexual reproduction occur in plants, with each mode having certain 

benefits and detriments to the fitness of the organism. Occasionally, asexual reproduction seems 

to be so dominant within a species that most physical individuals of that species are genetically 

identical. In less extreme cases, the majority of physical individuals may be identical, with other 

genetic individuals found less commonly in the population. Within the bryophytes, asexuality is 

especially common, because of specialized easily detachable structures that regenerate into new 

plants when fragmented, protonemal gemmae, and the ability for monoicous mosses to reproduce 

via intragametophytic selfing.  Within bryophytes, the peatmosses, or Sphagnum clade, do not 

have gemmae and lack as many kinds of specialized detachable structures, but asexuality seems 

very common still.  

I hypothesized that in eight species of the Sphagnum genus studied herein, within-species 

genets differed in their ability to asexually reproduce following fragmentation, that species and 

genets would exhibit statistically significant differences in asexual reproduction as a function of 

nutrient treatment, and that within-species genets had variable responses to nutrient treatment. 

My results indicated that the first hypothesis was supported but more evidence is needed to 

support or reject the latter hypotheses. Restoration ecologists involved in peatland restoration 

should consider intraspecific genet variation in their approaches to peatland restoration in order 

to be as efficient and economical as possible, and speciation within currently established 

Sphagnum species is a plausible outcome in the future because of variation in asexual 

reproduction.
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Introduction  
 

Overview 

 Both sexual and asexual mechanisms can have advantages for organismal reproduction.  

Consequentially, many organisms have the ability to proliferate using both mechanisms, 

maximizing the benefits of each process and minimizing the disadvantages of committing to one 

reproductive mode only. Sexual reproduction entails meiotic production of gametes from 

genetically unique individuals, and gives rise to an individual distinct from the genotypes of its 

parents. Asexual reproduction (clonality) involves an individual giving rise to offspring that are 

genetically identical to itself, and this usually occurs without gamete formation, typically through 

budding, fragmentation, specialized vegetative structures, or the production of asexual planulae 

in animals. Because sexual reproduction creates more genetic variability than asexual, most of 

the hypothesized advantages to sexual reproduction focus on the need for genetic recombination, 

segregation, DNA repair, or other genetic mechanisms (Corley and Moore 1999).  

The maintenance of sex in a species may reflect ecological factors, such as sex being 

advantageous in variable environments or where parasites present a threat (Corley and Moore 

1999). There is a “cost to sexual reproduction”; sexual parents pass on only half of their genes to 

the next generation, whereas asexual parents pass on all their genes (Maynard Smith 1978). 

Thus, “all else being equal”, sexual reproduction is disadvantageous because it contributes less 

genetic material per individual to the next generation than asexual reproduction. These 

considerations have prompted development of mathematical models to elucidate the interactions 

between these two reproductive modes within species that utilize both (Metcalf et. al. 2009, 
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Poore et. al 2001). While these studies provide theoretical insight into the relative importance 

and function each mode fulfills, empirical investigations of real-world populations provide 

concrete information about how biological systems rely upon sexual and asexual reproduction. 

Ecological importance of clonality in the plant kingdom 

The plant kingdom collectively exhibits the capacity to reproduce via both sexual and 

asexual pathways. The asexual route has important ecological advantages, including the ability 

of clones to grow towards light, nutrients, and water in heterogeneous environments and 

redistribute these resources from where they are abundant to where they are lacking within the 

clonal network (referred to as ‘clonal integration’); lower mortality risk per genotype because the 

possibility of death is spread spatially among numerous ramets; a competitive dispersal 

advantage of clonal propagules over seeds, as propagules are typically larger and lack dormancy, 

they can multiply rapidly and compete effectively with the seeds of other species; and finally, a 

means by which adaptive genotypes can be replicated rapidly after colonization of new 

environments (Barrett 2015). Herben et. al. (2014) demonstrated that the capacity for clonal 

propagation is positively correlated with abundance at both regional and local scales. 

Furthermore, clonal populations are often observed in habitats where sexual reproduction is 

hindered or impossible, either because of the absence or rarity of mating partners, or where 

environmental factors are likely to induce failure at several key phases of development, such as 

seed set, seed germination, or seedling establishment (Barrett 2015). One such species that 

persists because of clonality in spite of environmentally reduced sexual reproduction is the 

flowering plant species Decodon verticillatus (Dorken and Eckhart 2001).  Clonal integration 

may give invasive plants that utilize asexual reproduction the ability to outcompete natives, 

particularly if the invasive plant has an advantageous ecological symbiosis the native lacks (Park 
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et al. 2015, You et. al 2014).  Fuentes et. al. (2014) showed that it is biologically possible for 

allopolyploidization to occur asexually through nuclear genome transfer after human-mediated 

grafting, and they argue this could happen in nature as grafting occurs occasionally without 

human intervention.  

Indirect Evidence for clonality in plants 

 
Single-genet species and widespread clonality in plants 

 
The propensity for an individual genet within a species to benefit from asexual 

reproduction is related to its how vigorously it regenerates from fragmentation, as this allows for 

range dispersal and competition with other genets. Taken to the extreme, this theoretical 

possibility would lead to species comprised entirely of one genetic individual. In fact, there are 

empirical observations across the plant kingdom from different species of entire populations 

comprised solely of single genotypes. Across a 2,800 km stretch from China, over the Sea of 

Japan, to Japan, there is a single bamboo clone (Phyllostachys edulis) with an approximate 

biomass of 6.6 × 1011 kg (Isagi et. al. 2016). The abundance of ramets of this clone precluded the 

ability of any new, young, genetically distinct seedlings to have adequate access to light, water, 

or nutrients. This lead the established single clone to unceasingly outcompete any other members 

of its species. DeWoody et. al. (2008) confirmed, using genetic analyses, the existence of a 

single aspen (Populus tremuloides) genotype consisting of 141 ramets across 43.6 hectares. In 

Fallopia japonica, genetic analyses revealed that 150 samples collected from the British Isles, 

the United States, and continental Europe represent one genotype (Hollingsworth and Bailey 

2008). In less extreme cases, some plant populations consist of fewer genotypes than would be 

expected if each were derived from sexual reproduction only (Diggle et al. 1998).  In the grass 
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Arundo donax, direct investigation of the plant’s cellular machinery revealed that it was 

incapable of reproducing sexually, and genetic studies corroborate the belief that it constitutes a 

single genotype (Balogh et al. 2012). The fern genera Vittaria and Trichomanes are biologically 

unique case studies because unlike most ferns, they rarely if ever reproduce sexually (Farrar 

1982, Farrar 1992). Typically, the fern gametophyte generation is short-lived, existing only until 

the sporophyte can develop from a fertilized egg. In these two genera, however, sporophytes are 

either not observed, or gametophytes have been observed far from the nearest sporophyte. These 

observations indicate that the gametophytes reproduce vegetatively.  

Clonality and fragmentation in bryophytes 
 

 The ecological consequences of clonal reproduction are of particular interest in the 

bryophytes (hornworts, liverworts, and mosses), as “in nearly no other plant group [is] asexual 

reproduction so important…” (Frey and Kurschner 2010). Approximately forty percent of 

mosses are monoicous, meaning that archegonia (the egg or ovum bearing structure) and 

antheridia (sperm bearing structure) occur on the same gametophyte. The male and female 

gametes, mitotically produced by an individual gametophyte, are genetically identical, and it is 

possible for sexual reproduction through fusion of gametes to result in offspring that are identical 

to the parent. Thus, this is a case where “sexual reproduction” does not produce genotypes 

different from the parent, and so it should actually be considered a type of asexual reproduction. 

Moreover, we infer that asexuality is important in bryophytes from the variety of morphological 

characteristics that allow them to undergo vegetative proliferation. Bryophytes have easily 

detachable (caducous) tissues such as leaves, leaf apices, shoots, branches, and bulbils, in 

addition to specialized propagules such as protonemal brood cells, gemmae, and tubers (Frey and 

Kurschner 2010). Upon separation from the main plant, these cells retain the capacity for growth, 
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and eventually give rise to new individuals. Finally, it is possible for new ramets to proliferate 

through branching of a main stem and disintegration of the tissue that had connected them. It is 

known that fragmentation plays a role in reproduction and dispersal of bryophytes, for empirical 

observations have confirmed that these modalities of asexual reproduction are common in nature, 

and are summarized in Table 1. While there may be an abundance of literature on clonality in the 

bryophyte clade, the capacity of the genus Sphagnum to regenerate clonally has not been studied 

as extensively. This is interesting because Sphagnum lacks the specialized structures of bulbils 

and gemmae, but genetic data indicate that clonality is important in Sphagnum as well.  

Sphagnum is ecologically dominant in and the builder of peatland habitats, so its modes of 

reproduction are of interest to fully understand the entire peatland ecosystem, whether it be bog, 

poor fen, rich fen, swamp or marsh.  

Importance of Sphagnum and its asexual reproduction 

 The propensity of Sphagnum to reproduce asexually should be studied in depth; these 

mosses create globally significant ecosystems that function as carbon sinks, and this single genus 

could have more biomass than any other plant genus (Rydin 2013, Gorham 1991, Clymo and 

Heywood 1982).  This biomass appeared quickly on the geologic time scale, as ninety percent of 

the estimated 220 * 1012 kg of biomass in North American peatlands originated within the last 

~25,000 years (Halsey et al. 2000). Sphagnum’s capacity to retain water (15- 20 times its dry 

weight), sequester nutrients, acidify its surroundings through cation exchange, and produce 

complex lignin-like compounds that are slow to decompose, create an anoxic, methanogenic 

environment that slows the breakdown of organic materials (Halsey et al. 2000, Larmola et al. 

2010). These factors allow Sphagnum to efficiently sequester carbon over time, form peatlands, 

and create extensive peat deposits. However, a combination of environmental factors might 
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inhibit peatland carbon sequestration in the future (Limpens et al 2011). These fundamental 

ecological processes force us to recognize the growth and reproduction of Sphagnum is of global 

importance.  

Calculating the ratio of distinct genotypes to total ramets found in a particular Sphagnum 

species can provide insight into the relative importance of sexual vs. asexual reproduction. Table 

2 presents those cases where the number of identified genotypes is lower than the number of 

sampled shoots and provides evidence of the importance of asexual reproduction in Sphagnum. 

Also included are descriptions of Sphagnum species in which the sporophyte generation has 

never been observed, suggesting that these organisms reproduce asexually. Nevertheless, despite 

indirect evidence for clonal reproduction in Sphagnum from genetic data, and sparse evidence of 

variation in growth across species, there is a general lack of empirical observations describing 

variation in clonal reproductive success among genets within species. 

Goal and Hypotheses 

The goal of this study was to empirically assess the ability of different genets within eight 

Sphagnum species to reproduce clonally and to test the following hypotheses. (1) Individuals of 

the same species (genets) differ in their ability to clonally reproduce.  (2) The ability to clonally 

reproduce is affected by nutrient levels, specifically, nitrogen, potassium, and phosphorous. (3) 

Genets differ in their response to nutrients in terms of their ability to propagate clonally. For 

natural selection to act on the ability to reproduce clonally, there must be genetic variability 

within a species in this trait. The well-documented environmental heterogeneity of marshes, 

swamps, fens, and bogs, might favor one genet over another if they respond differently, thereby 

enabling selection to act on clonal propagation.  
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Materials and Methods 

Plant Sampling  

Table 3 lists the samples included in this investigation. All collections were made in 

North Carolina, USA. After the collections were made, they were stored at 4o C until October 10, 

when stems were planted in common garden growth environment to allow for any environmental 

carryover effect to be eliminated through growth in homogenous conditions.  

Common Garden Growth  

Plastic pots (12 x 8 cm each, with 12 in a single flat) were filled halfway with a 1:1:1:2 

mixture of sand, peat, vermiculite, and Fafard 4P potting mix, and then topped off with perlite. 

The substrate was thoroughly wetted before planting shoots. Samples sizes refer to the numbers 

of stems from each population grown separately to assess variation among conspecific plants 

(Table 4). On November 10th, a preliminary study was undertaken to assess differences in 

regeneration between fragmentation of capitula-only tissue, stem-only tissue, and a blend of the 

two tissue types. It was found that capitula-only tissue regenerated with the most total cellular 

volume, while stem-only tissue regenerated with the most shoots per square centimeter. Thus, it 

was decided to use both types of tissue for the actual experiment to strike a balance between 

those extremes.  

On December 10th, three genets were sampled randomly from each population grown in 

the common garden. For those species that were represented by only one population, an 

additional three genets were sampled randomly, so that each species was represented by six 

genets total. Each genet was blended with 20 mL of deionized water and squeeze dried with a 
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fine mesh cloth. Tissue from the genets were weighed and distributed to their cells in trays that 

were filled with a 1:1 mix of peat and perlite that was saturated with deionized water. 

Experimental protocol 
 

Fragmentation and propagation 

  

Lush, moderately translucent, light-green Sphagnum stems developed from the blended 

material. On February 8th, 2016, tissue from each of the unique 48 genotypes was fragmented by 

making approximately 30 cuts with a razor blade. Trays comprised of forty-eight 7.5 sq. cm cells 

were filled with peat that was saturated with deionized water. Each cell received 0.1 g of tissue 

from a given genet spread over 1.0 sq. cm, and from each genet 0.6 g of tissue was taken, for a 

total of six samples to each genet. Three of the samples for a given genet received 100 

microliters of a nutrient solution containing nitrogen, potassium, and phosphorous once per 

week, the other three samples did not. Therefore, this experiment involved 48*6 = 288 samples. 

The positions of species, ramets, and treatments were randomized. Trays were rotated among 

shelves on a weekly basis.   

 Clonal growth was quantified by assessing their (1) final area, (2) the number of shoots 

per square centimeter (referred to as shoot density), (3) average capitulum diameter, (4) average 

height of shoots, and (5) the final weight of tissue collected from the cell. Data for the first four 

metrics were taken on March 24th, after 45 days of growth, while the weight data was taken on 

April 8th, after 60 days of growth (Appendix C). 

Statistical analysis 

 MinitabTM software was used for the statistical analyses. While a nested ANOVA could 

have been performed to generate statistically significant testing across species, the inherent 
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differences in size and growth form among them are visually obvious and well-documented, so it 

is inappropriate to apply an ANOVA to interspecific differences in clonal regeneration response 

metrics. In addition, for the purposes of this study (examining genet differences in different 

species), we consider the natural variation across species to be present a priori and irrelevant to 

the investigation’s hypotheses. However, for the reader’s interest, we describe the quantitative 

differences among species with 95% confidence intervals for each response and treatment (Table 

5). These intervals were generated by one-way ANOVAs of species within treatment type. One 

way ANOVAs were also used to examine treatment effects at the species level (Appendix A).  

 To utilize the response measurements for the analysis of the within species differences 

and the genet by treatment interactions, the following two way ANOVA model was used through 

summation of the following components (Appendix B): “genets” (G) as a main random effect, 

“treatments” (T) as a fixed main effect, the “genet × treatment” (G × T) interaction terms and the 

error variance (ε). This could be succinctly expressed in the following expression: 

Response = G + T + (G × T) + ε 

The error variance refers to the differences in measurements among ramets of the same genetic 

individual. Thus, in the error term both measurement error and non-genetic differences between 

ramets of the same genet are incorporated and accounted for. Biologically, the G term 

corresponds to genetic differences among genets across the two treatments, the T term accounts 

for variance between treatments, and the G × T term corresponds to differences among genets in 

how they responded to the treatments, which likely has a genetic basis.  
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Results 

Interspecific variation (Table 5) 

Summary of observed interspecific variation  

Sphagnum lescurii and S. magellanicum exhibited asexual reproduction following 

fragmentation with the lowest shoot density, 6.88-9.63 shoots/sq. cm., 95% confidence interval, 

and 6.44-10.63 shoots/sq. cm., 95% confidence interval, respectively. Sphagnum tenerum and S. 

recurvum put out the most shoots per square centimeter, respectively 15.04-19.93 shoots/sq. cm., 

95% confidence interval and 12.64-20.02 shoots/sq. cm., 95% confidence interval. 

 The two species representing subgenus Rigida, S. strictum and S. compactum¸ exhibited 

the least area growth and least variation in area growth among species, respectively 1.02-1.26 sq. 

cm., 95% confidence interval, and 0.995-1.11 sq. cm., 95% confidence interval. This shows that 

these species exhibit slow lateral expansion. Sphagnum cuspidatum had the most variation and 

potential for area growth, with 1.19-1.88 sq. cm., 95% confidence interval. 

 Sphagnum magellanicum most consistently put out the largest capitula, while S. lescurii 

and S. molle produced the smallest.  

Sphagnum magellanicum, S. lescurii, and S. recurvum put out the tallest shoots on 

average among the species, while the two species from subgenus Acutifolia, S. tenerum and S. 

molle, put out the shortest shoots. 

 Sphagnum molle had the highest potential for and most variable biomass production, 

with 0.221-0.401 g, 95% confidence interval, followed by S. cuspidatum. Sphagnum cuspidatum 

was not as variable, but still at the high end of the spectrum of the species variation of this 
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response with 0.249-0.350 g, 95% confidence interval. Sphagnum lescurii and S. compactum put 

out the least biomass on average among the species.  

Treatment effect  

 It was found that that the only species which exhibited statistically significant effects (p < 

0.05) were S. cuspidatum, S. molle, and S. tenerum. Table 5 shows that the 95% confidence 

interval for shoot density for S. cuspidatum samples not receiving nutrient is 6.32-12.11 

shoots/sq. cm., while for those receiving nutrient their 95% confidence interval was 10.31-15.66 

shoots/sq. cm.  

For the two species of subgenus Acutifolia, the statistically significant response was 

capitulum diameter. Sphagnum tenerum exhibited a decrease in 95 % confidence interval from 

0.096-0.142 cm to 0.058-0.103 cm when receiving nutrient, while S. molle exhibited the opposite 

trend, increasing in 95% confidence interval from 0.064-0.104 cm to 0.104-0.155 cm when 

receiving nutrient.  

Intraspecific variation (Table 6) 

There was significant variation among genets within every species for at least one 

response variable. This means that, in one of the responses deemed as a metric of “how 

successfully” a given genet can reproduce itself asexually following a fragmentation event, there 

is inherent genetic variability within the species and among genets, because all of the plants were 

grown in the homogenous lab environment.    

Three species (S. cuspidatum, S. molle, S. tenerum) contained genets that experienced a 

treatment effect. Five species (S. cuspidatum, S. tenerum, S. lescurii, S. recurvum, S. strictum) 

contained genets which differentially responded to the nutrient treatment (i.e. the G × T effect 
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was significant for at least one response variable). Sphagnum compactum and S. magellanicum 

are the two species that did not have T or G × T as a source of variation for any response metric. 

Sphagnum tenerum exhibited the most sources of variation contributing to the highest number of 

statistically significant differences in response metrics; it did not exhibit genetic variation in 

capitulum diameter and did not exhibit a treatment effect on area growth. Sphagnum recurvum 

clonally propagated following fragmentation with the fewest sources of variation contributing to 

the least number of statistically significant differences in response metrics; this species exhibited 

only genetic variation in biomass production and genets that differentially responded to the effect 

of nutrient presence on shoot density.  
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 Discussion  

Overview 

Hypothesis (1), variation in asexual reproduction exists among within species genets, was 

supported by the results of the study. This was expected as the copious evidence collected in 

Tables 1 and 2 indicate certain genets of bryophytes and Sphagnum dominate the physical 

landscape. It would be surprising if this study did not reveal genet differences in any of the 

species of Sphagnum that were studied and would be a difficult finding to reconcile with the very 

evidence that motivated the study. A complementary study that would strengthen the results of 

this study by serving as a control to this one would be to collect S. subnitens, a putative totally 

clonal species, and examine its growth from fragmentation to check that there were no 

statistically significant differences among genets. 

 Hypothesis (2), the idea that species and within species genets would exhibit statistically 

significant variation in asexual reproduction following fragmentation as a function of nutrient 

application, was supported by the study for only S. cuspidatum, S. molle, and S. tenerum. To 

gather more data against or for hypothesis (2), a follow up study could assess asexual 

reproduction following fragmentation with a gradation of nutrient treatments, to quantify the 

‘cut-off’ amount of nutrients required to generate a treatment effect. If the amount of nutrients 

needed to manifest a treatment effect was so much practically greater than is ever available in the 

peatland, hypothesis (2) would have support for rejection. On the other hand, if it was found that 

a nutrient treatment marginally more potent that the one administered in this study could 

manifest a treatment effect, hypothesis (2) would have support for acceptance.  

Hypothesis (3), the argument that within species genets would differentially respond to 

nutrient treatment in a statistically significant manner, was supported by the study for five of the 
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eight species. A reason that five species could exhibit a G × T effect but only three species 

exhibit a T effect is that the amount of nutrient required to manifest a response effect could vary 

by genet. Hence if some but not all genets within a species experience a treatment effect, the 

treatment effect data for that species collectively may not have a strong enough of a signal within 

the ANOVA test to indicate statistical significance, but the ANOVA can detect the G × T 

interaction. The experiment proposed in the preceding paragraph could also serve to quantify 

exactly how unique genets may vary in response to nutrient application.  

Interspecific variation 

 Clear visible variations and differences among species were expected to be observed as 

previous studies have demonstrated species differences in Sphagnum (e. g. Udd et. al. 2015; 

Gunnarsson 2005; Rochefort et. al. 2002).  

Rochefort et. al. (2002) showed that species inundated with water will put out different 

number of innovations by the same time point. Their result is similar to the result of my study 

that different species exhibit different shoot densities by the same time point. Related to shoot 

density is biomass, and Gunnarsson (2005) performed a meta-analysis that revealed there were 

differences in Sphagnum production across species at the global scale between the Acutifolia and 

Cuspidata subgenii. My study showed that S. molle and S. cuspidatum, respectively members of 

Actuifolia and Cuspidata, put out the most biomass among species studied; however, Gunnarsson 

(2005) also demonstrates that environmental variation and global differences in temperature 

explained some of the variation in his meta-analysis. It is understandable that my study, where 

those sources of variation were controlled for and which involved smaller sample sizes, 

demonstrated somewhat different results than Gunnarsson (2005).  
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Like absolute mass production and shoot density, growth rate is an important ecological 

factor. Udd et. al. (2015) showed that different Sphagnum species exhibit variable relative 

growth rates. My study demonstrated relative growth rates in the sense that, even though all 

ramets began occupying 1 square centimeter and consisted of 0.1 g of tissue, by the same point 

in time they exhibited statistically significant differences in biomass production and final area. 

This is evident when comparing S. lescurii and S. cuspidatum, whose 95% confidence intervals 

for final mass were 0.155-0.213 g and 0.249-0.350 g, respectively. Hence, while many factors 

that contribute to species differences are observed in the peatland and control which species 

occupy what type of niche, it is reasonable to believe that variation in asexual reproduction 

following fragmentation is one of these factors. The same may be said of genet-differences and 

potential genet-niche occupations, which is explored further in the next section. 

Intraspecific variation 

Genet variation 

I found with 99% confidence that all species except S. recurvum contained genets that 

showed variation in at least one response metric because of the genetic variation among the 

genets. If I lower statistical stringency to 95% confidence, I may include S. recurvum (Table 6). 

This demonstrates that within various Sphagnum species there is genetic variation among genets 

in the trait of “asexual reproduction induced by fragmentation”. Therefore, because there is 

variation in the trait, it is possible for selection to favor one phenotype of the trait over another, 

which is the prerequisite for evolution. This is somewhat of a novel result, as Aulio (1982) 

demonstrated interspecific and intraspecific differences in metal ion concentration in four 

Sphagnum species, but asexual reproduction following fragmentation is a trait that is more 

directly relevant to the fitness of the organism. 
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Recognizing that genet variation and environmental effects play a role in Sphagnum 

success following fragmentation has implications for restoration ecology. Aspinwall et. al. 

(2015) pointed out that the intraspecific variation among genets, and the environmental variables 

that affect such variation, may actually have significant implications when considering how to 

best restore a barren ecology like a wasted or burnt forest or peatland. Aspinwall argued that 

both genet effects and the environmental effects should be considered, to assess how to 

maximize productivity. My study encapsulated the principals that Aspinwall et. al. (2015) 

identified were worthwhile of empirical and experimental investigation by demonstrating both 

genet and genet by environmental variation; the latter is discussed in the next section.  

Genet-treatment interactions 

As Shaw et. al. (1987) demonstrated G × T effects in certain non-Sphagnum mosses with 

respect to heavy metal tolerance, my study documented that five species of Sphagnum moss 

exhibited G × T effects with respect to asexual reproduction and nutrient application. This is 

significant because it may appear that a genet studied in the lab will excel in nature for the 

purposes of ecological restoration, but when transplanted into nature, actually respond to 

environmental variation in ways that have not been anticipated or predicted. Hence genets that 

most vigorously clone themselves following fragmentation in the homogenous lab environment 

might perform worse in the heterogeneous peatland environment. The same is true when 

considering, for restoration purposes, transplanting genets that seem successful in a healthy 

peatland to a disintegrated peatland. Therefore, the traits that S. cuspidatum, S. strictum, S. 

lescurii, S. tenerum, and S. recurvum genets demonstrated G × T effects in are relevant 

functional traits in natural peatlands, in both the biological sense of evolution and practical sense 

of restoration. 
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These traits are relevant in the following ways: putting up more shoots allows for more 

sexual reproductive events, collective biomass determines how much one genet can “influence” a 

peatland (whether through acidification, structural engineering through physical growth, or 

another ecologically relevant biological activity Sphagnum representatives are capable of, like 

CO2 sequestration), area growth by one genet precludes occupation of that space by another 

genet, and having a larger capitulum may allow a genet to retain water for longer than a genet 

with a smaller capitulum. The height response is a rough proxy that indicates to us how quickly 

Sphagnum shoots might grow once re-establishing from a fragment diaspore. Recall that natural 

selection can act when species differentially respond to changes in the environment. If some 

natural event causes a rapid equilibrium shift in conditions, such as an above or below average 

nutrient concentration for some duration of time, it could be that certain genets within a species 

flounder in one area and succeed in another. This might be quantified through metrics such as 

putting up fewer shoots per square centimeter or producing less mass, and this could provide a 

pathway for speciation to occur with sufficient genetic distance.  

Apparent lack of treatment effect 

 Only three of the eight species exhibited a treatment effect. This suggests that 100 

microliters of nutrient solution was too low a dose of nutrient for most of the species to exhibit 

an effect. Qualitatively, it was clear that the nutrient treatment was making the ramets greener 

than their non-nutrient counterparts, presumably from increased chloroplast production. 

Nonetheless, this qualitative observation does not preclude the possibility that a stronger nutrient 

regiment would have produced statistically significant treatment effects in all species.  
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Why is there variation among genets if maximum asexual reproductive 

capacity confers maximum fitness?  

The results beg the question, if asexual reproduction is visible to natural selection, why 

aren’t all genets in species identical? I return to the issue mentioned in the introductory 

paragraphs of tradeoffs between each reproductive mode. First, it may be easier for a monoicous 

species than a dioicous species that aggressively regenerates from fragmentation to become 

totally clonal because the monoicous species can clone itself through both fragmentation and 

intra-gametophytic mating, leading one genet to dominate. That is to say, in the hypothetical 

situation of one small fragment of a monoicous moss regenerating in an empty wetland, even if it 

is the only thing there, it will have a mating partner, and that will be itself. In the hypothetical 

situation two small fragments of a monoicous moss land in an empty mire, representing different 

genets of the same species, unless they land next to each other, which is statistically unlikely, the 

only mating partner for each one would be itself. Whichever genet was better at asexual 

reproduction following fragmentation, and performed better in those environmental conditions, 

would eventually come to dominate the peatland unless it mated with the other genet once each 

had become established. This mating event would then produce a genet presumably of 

intermediate clonal reproduction ability, given the assumption this trait is controlled by many 

alleles. Thus, mating events between successful clonal moss genets and less successful clonal 

moss genets would preclude the ability of any one genet to establish itself as the only member of 

its species, as in the case of S. subnitens. However, if a vigorous, fit, asexually reproducing 

monoicous moss lost the ability to mate with other members of its species, perhaps then it could 

outcompete its brethren. A hypothetical situation for this is described below.  
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One conjectural scenario in which an aggressive asexually reproducing genet could 

become the only representative of its species is through an intra-gametophytic doubling of 

genome event; this could be something reminiscent of allopolyploidization but instead of 

involving members of different species, this scenario would include only one genet mating with 

itself within one species. This potentially could happen if the final cellular division during 

gamete formation failed, for both sperm and egg, on the same plant, and this sperm and egg met, 

producing a tetraploid instead of a diploid, but still being genetically identical to the parent moss. 

Thus, the next generation gametophyte would have double the number of chromosomes 

compared to the rest of members of its species, and barring further chromosomal anomalies, 

would likely be incapable of mating with them because of mismatched chromosome numbers. 

This hypothetical case mimics a case study in the triploid angiosperm Grevillea renwickiana, 

which rendered the shrub exclusively asexual, though somatic mutation within the species had 

created genetic diversity (James and McDougall 2014).  

I now address why dioicous mosses might not be able to achieve a single genet 

representing the entire species.  If one particular genet of a dioicous moss dominates through 

clonal reproduction via fragmentation, it will be unlikely to increase its range as much as a 

monoicous moss in the same situation. This is because spore production and dispersal is crucial 

to competitively establish on a mire, and the dioicous moss lacks a mating partner and so cannot 

produce spores (Sundberg 2005). I assert in the hypothetical scenario it is statistically unlikely 

for two dioicous moss fragments of opposite gender to land close enough to each other to be able 

to mate, meaning the only reproduction they can exhibit is vegetative, which cannot compete 

with the dispersal achieved by spore production. Thus, because a dioicous moss cannot perform 

intragametophytic selfing, even if it is a very aggressive clonal reproducer, its only options for 
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widespread dispersal are through mating with other genets, which inherently introduces other 

alleles into the offspring that may bring down how well the next generation can asexually 

reproduce. Thus, monoicous mosses may maintain the vigor of their clonal reproductive ability 

from generation to generation through intragametophytic selfing, but dioicous mosses may lack 

this ability or be more statistically unlikely to accomplish this feat. 

 

Conclusion 

In this study where I demonstrated novel practical techniques for cultivating and 

propagating uniform carpets of Sphagnum tissue via blender and razor fragmentation, I presented 

a quantitative analysis of variation among species with respect to how well they clone 

themselves vegetatively, including an investigation of variation at the genet level within eight 

species. I asked what effects adding nutrients to genets would have, and analyzed how distinct 

genets vary from one another in their response to the treatment. To contribute more to the field, I 

propose a further study which could apply different levels of nutrients to see if more species 

and/or genets differentially responded to nutrient treatment and to establish what the necessary 

amount of nutrient for a species to manifest a treatment effect is. An additional study could also 

examine the effects of other environmental variables, such as light or height above the water 

table, to quantify which genet would perform best in a given peatland whose environmental 

variation is well documented and understood.  

 The analysis of results supports the hypothesis that asexual reproduction is a trait visible 

to natural selection, where the stochastic combinations of peatland environmental heterogeneity 

with respect to nutrient concentration and differential genet response to nutrient concentration 
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could allow for certain genets to flourish and others to perish, creating an avenue for evolution 

and speciation.  
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Tables 

Table 1: Evidence for importance of clonal reproduction and fragmentation in bryophytes. 
 

Bryophyte-Group Evidence Reference 
Mosses Ramets living in close proximity to extreme temperatures were less likely to produce sporophytes; hence 

rely on asexual reproduction. 

Eppley et al. 2008 

Syntrichia caninervis 191 unique genotypes were detected from a sample of 341 ramets. Eighty-seven of the 191 differed by 

only a single nucleotide mutation, while 131 of the 191 differed by only two mutations. This indicates 

somatic mutation during clonal proliferation. (Microsatellite Analysis) 

Paasch et al. 2015 

Mixed Genetic analysis among populations, concluded they were maintained by fragmentation. (Nuclear genome) Robinson and Miller 

2013 

Mixed The spectacled flying fox (Pteropus conspicillatus) was capable of dispersing ingested bryophyte 

fragments that remained viable after defecation. 

Parsons et al. 2007 

Mosses In a Finnish lake system connected by streams, a study of the genetic structure of three moss species led to 

the conclusion that fragmentation and clonal reproduction were far more important than spore production. 

Korpelainen et al. 2012 

Marchantia inflexa Dispersal patterns of gemmae from this liverwort showed that the propagules were necessary for 

population maintenance and invading new habitats, and explained the existence of isolated single-sex 

communities. 

Stieha et al. 2014 

Trichocolea tomentella Asexual reproduction was responsible for continued existence of this liverwort in 18 fragmented 

populations from Canada, the UK, and Lithuania. 

Pohjamo et al. 2008 

Hyoclomium splendens A genetic analysis documented 103 haplotypes from 694 shoots, suggesting extensive clonal proliferation. 

(Isozyme electrophoresis) 

Cronberg 2002 
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Table 2: Evidence for the importance of clonality in Sphagnum 

Species Evidence Reference 
Sphagnum alaskens Sporophyte has not been observed McQueen and Andrus 2007 

Sphagnum carolinianum Sporophyte has not been observed McQueen and Andrus 2007 

Sphagnum junghuhnianum Sporophyte has not been observed McQueen and Andrus 2007 

Sphagnum mississippiensis Sporophyte has not been observed McQueen and Andrus 2007 

Sphagnum rubroflexuosum Sporophyte has not been observed McQueen and Andrus 2007 

Sphagnum steerei  Sporophyte has not been observed McQueen and Andrus 2007 

Sphagnum subnitens All western North American samples observed are one clone. (Microsatellite analysis) Karlin et al 2010 

Sphagnum angermanicum 19 haplotypes / 188 Scandinavian samples 

31 haplotypes / 37 N. American samples 

(Microsatellite analysis) 

Stenøien et. al 2010 

Sphagnum fuscum  17 haplotypes / 117 Norwegian samples 

(Microsatellite analysis) 

Gunnarsson et al. 2007 

Sphagnum guwassanense/ 

triseriporum 

19 haplotypes / 60 Japanese samples 

(Microsatellite analysis) 

AJ. Shaw et. al. 2013 

Sphagnum guwassanense 7 out of 14 haplotypes comprised 70% of samples  AJ. Shaw et. al. 2013 

Sphagnum triseriporum 1 out of 5 haplotypes comprised 70% of samples AJ. Shaw et. al. 2013 

Sphagnum rubellum 2 out of 46 haplotypes comprised 62% of samples (Isozyme electrophoresis) Cronberg 1998 

Sphagnum capillifolium 1 out of 70 haplotypes comprised 20% of samples (Isozyme electrophoresis) Cronberg 1998 

Sphagnum macrophyllym 37 out of 75 maternal ramets belonged to one genet, this genet contributed 68% of 

sporophytes for that reproductive season 

Johnson and Shaw 2015 

Sphagnum miyabeanum “few sporophytes observed in five years of field work in western North America and 

Asia” 

AJ. Shaw et. al 2013 

Sphagnum wulfianum 21 haplotypes / 712 Scandinavian samples Magni unpbl. 
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Table 3: Specimen collection information 

Subgenus Species Date Population Locality County Latitude Longitude 
Subsecunda S. lescurii (2n) 9/6/15 1 Little River Wake 35.92 -78.39 

Sphagnum S. magellanicum 9/6/15 1 Little River Wake 35.92 -78.39 

Subsecunda S. lescurii (2n) 9/6/15 2 Lizard Lick Wake 35.84 -78.37 

Rigida S. strictum 9/6/15 1 Lizard Lick Wake 35.84 -78.37 

Rigida S .compactum 9/6/15 1 Lizard Lick Wake 35.84 -78.37 

Cuspidata S. cuspidatum 9/21/15 1 Singletary Lake Bladen 34.59 -78.46 

Acutifolia S. molle 9/21/15 1 Singletary Lake Bladen 34.59 -78.46 

Sphagnum S. magellanicum  9/21/15 2 Singletary Lake Bladen 34.59 -78.46 

Cuspidata S. cuspidatum 9/21/15 2 Singletary Lake Bladen 34.59 -78.46 

Acutifolia S. tenerum 9/21/15 1 Singletary Lake Bladen 34.59 -78.46 

Cuspidata S. recurvum  9/21/15 1 Green Swamp Brunswick 34.10 -78.30 

Acutifolia S. tenerum 9/21/15 2 Green Swamp Brunswick 34.10 -78.30 

Rigida S. strictum 9/21/15 2 Green Swamp Brunswick 34.10 -78.30 

Acutifolia S. molle 9/21/15 2 Green Swamp Brunswick 34.10 -78.30 
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Table 4: Stems planted during Common Garden growth 

Species Population Sample Size 

S. strictum 1 13 

S. strictum 2 13 

S. compactum 1 20 

S. magellanicum 1 11 

S. magellanicum 2 9 

S. lescurii 1 10 

S. lescurii 2 10 

S. molle 1 15 

S. molle 2 8 

S. tenerum 1 12 

S. tenerum 2 12 

S. cuspidatum 1 13 

S. cuspidatum 2 12 

S. recurvum 1 17 
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Table 5: Interspecific Variation . The responses are: 1 = Area (sq. cm.), 2 = Shoot Density (shoots/sq.cm), 3 = Capitulum Diameter (cm), 4 = 

Height (cm), 5 = Weight (g). The treatments are: T1 = Nutrients not administered, T2 = Nutrients administered. Each cell is filled with the 95% 

confidence interval resulting from a one-way ANOVA for the given species, treatment, and response. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Response: 1 2 3 
Treatment: T1 T2 T1 T2 T1 T2 
S. strictum (1.021, 1.260) (1.033, 1.227) (10.79, 14.87) (10.30, 13.80) (0.1042, 0.1736) (0.1005, 0.1684) 

S. compactum (0.995,  1.114) (1.016, 1.262) (12.30,  18.57) (9.31,  15.62) (0.0995, 0.1489) (0.0950, 0.1495) 

S. lescurii (1.023, 1.333) (1.052, 1.416) (6.88,  9.63) (5.30,  9.21) (0.0755, 0.1189) (0.0821, 0.1368) 

S. magellanicum (1.136, 1.482) (1.053, 1.331) (6.44, 10.63) (5.86,  8.80) (0.1744, 0.2478) (0.1435, 0.2465) 

S. tenerum (1.129, 1.694) (1.074, 1.456) (15.04,  19.93) (9.67,  18.95) (0.0959, 0.1418) (0.0578, 0.1033) 

S. molle (1.094, 1.536) (1.168, 1.968) (12.17, 16.07) (13.78, 20.93) (0.0640, 0.1037) (0.1043, 0.1545) 

S. cuspidatum (1.190, 1.882) (1.243, 1.679) (6.32, 12.11) (10.31, 15.66) (0.1459, 0.2597) (0.2069, 0.2736) 

S. recurvum (0.947, 1.647) (1.090, 1.478) (12.64, 20.02) (12.59, 19.15) (0.1211, 0.2178) (0.1446, 0.2609) 

Response: 4 5 
Treatment: T1 T2 T1 T2 
S. strictum (0.1821, 0.2401) (0.1389, 0.2055) (0.1798, 0.2911) (0.1774, 0.3090) 

S. compactum (0.1671, 0.2273) (0.1368, 0.2076) (0.1641, 0.2659) (0.1702, 0.2745) 

S. lescurii (0.1577, 0.2923) (0.1528, 0.2861) (0.1546, 0.2133) (0.1455, 0.2089) 

S. magellanicum (0.2205, 0.2795) (0.1643, 0.3135) (0.2229, 0.2840) (0.1969, 0.2810) 

S. tenerum (0.1437, 0.2008) (0.0972, 0.1695) (0.2099, 0.2954) (0.1715, 0.2606) 

S. molle (0.1526, 0.2141) (0.1744, 0.2478) (0.2207, 0.4013) (0.2137, 0.3246) 

S. cuspidatum (0.1622, 0.2878) (0.2472, 0.3389) (0.2492, 0.3497) (0.2954, 0.4139) 

S. recurvum (0.2004, 0.3773) (0.2168, 0.3532) (0.1979, 0.3026) (0.2598, 0.3471) 
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 S. compactum                                                             S. strictum                                                                                                           

       

 

 

S. lescurii                                                                    S. molle                                                                                         

    

  

 

 S. magellanicum                                                          S. cuspidatum 

 

 

 

S. tenerum                                                                     S. recurvum 

 

 

                          

Response 1 2 3 4 5 

Genet  *** ** *** ** 

Treatment      

G*T      

Response 1 2 3 4 5 

Genet  *   *** 

Treatment      

G*T     ** 

Response 1 2 3 4 5 

Genet ** **   *** 

Treatment      

G*T  **    

Response 1 2 3 4 5 

Genet *  ** *** *** 

Treatment   ***   

G*T      

Response 1 2 3 4 5 

Genet *  *  ** 

Treatment      

G*T      

Response 1 2 3 4 5 

Genet  *** ** ** *** 

Treatment  **  ** * 

G*T  * ** *** ** 

Response 1 2 3 4 5 

Genet *** ***  *** *** 

Treatment  * ** ** * 

G*T ** ** ** *** ** 

Response 1 2 3 4 5 

Genet     * 

Treatment      

G*T  *    

Table 6: Intraspecific Variation. The responses are: 1 = Area (sq. cm.), 2 = Shoot Density (shoots/sq.cm), 3 = Capitulum Diameter (cm), 4 = 

Height (cm), 5 = Weight (g). The levels of statistical significance are: * = p < 0.05, ** = p < 0.01, *** = p < 0.001. 
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Appendix A: ANOVA Results (By Species, Treatment) 

S. strictum  
Analysis of Variance for S. strictum Final Area 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.00100  0.00100  0.02  0.886 

Error      34  1.62669  0.04784 

Total      35  1.62770 

 

 

S = 0.218733   R-Sq = 0.06%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. strictum Shoot Density 

 

Source     DF      SS     MS     F      P 

Treatment   1    5.42   5.42  0.37  0.546 

Error      34  495.90  14.59 

Total      35  501.32 

 

 

S = 3.81907   R-Sq = 1.08%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. strictum Capitulum Diameter 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.000178  0.000178  0.04  0.848 

Error      34  0.161822  0.004759 

Total      35  0.162000 

 

 

S = 0.0689890   R-Sq = 0.11%   R-Sq(adj) = 0.00% 

 

 

 

 

 

 

 

 

 

 

Analysis of Variance for S. strictum Average Height 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.013611  0.013611  3.46  0.072 

Error      34  0.133889  0.003938 

Total      35  0.147500 

 

 

S = 0.0627528   R-Sq = 9.23%   R-Sq(adj) = 6.56% 

 

 

Analysis of Variance for S. strictum weight 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.00054  0.00054  0.04  0.850 

Error      34  0.51066  0.01502 

Total      35  0.51121 

 

 

S = 0.122554   R-Sq = 0.11%   R-Sq(adj) = 0.00% 
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S. compactum 
 

 

Analysis of Variance for S. compactum Final Area 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.06418  0.06418  1.70  0.201 

Error      34  1.28182  0.03770 

Total      35  1.34600 

 

 

S = 0.194167   R-Sq = 4.77%   R-Sq(adj) = 1.97% 

 

 

Analysis of Variance for S. compactum Shoot Density 

 

Source     DF       SS     MS     F      P 

Treatment   1    79.45  79.45  1.98  0.168 

Error      34  1361.90  40.06 

Total      35  1441.35 

 

 

S = 6.32896   R-Sq = 5.51%   R-Sq(adj) = 2.73% 

 

 

Analysis of Variance for S. compactum Capitulum Diameter 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.000034  0.000034  0.01  0.912 

Error      34  0.093024  0.002736 

Total      35  0.093058 

 

 

S = 0.0523067   R-Sq = 0.04%   R-Sq(adj) = 0.00% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis of Variance for S. compactum Average Height 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.005625  0.005625  1.29  0.264 

Error      34  0.148472  0.004367 

Total      35  0.154097 

 

 

S = 0.0660820   R-Sq = 3.65%   R-Sq(adj) = 0.82% 

 

 

 

Analysis of Variance for S. compactum weight 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.00048  0.00048  0.05  0.833 

Error      34  0.36481  0.01073 

Total      35  0.36529 

 

 

S = 0.103584   R-Sq = 0.13%   R-Sq(adj) = 0.00% 
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S. lescurii 
 

Analysis of Variance for S. lescurii Final Area 

 

Source     DF      SS      MS     F      P 

Treatment   1  0.0283  0.0283  0.25  0.624 

Error      34  3.9299  0.1156 

Total      35  3.9583 

 

 

S = 0.339980   R-Sq = 0.72%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. lescurii Shoot Density 

 

Source     DF      SS     MS     F      P 

Treatment   1    8.99   8.99  0.78  0.384 

Error      34  391.99  11.53 

Total      35  400.98 

 

 

S = 3.39546   R-Sq = 2.24%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. lescurii Capitulum Diameter 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.001344  0.001344  0.55  0.465 

Error      34  0.083656  0.002460 

Total      35  0.085000 

 

 

S = 0.0496030   R-Sq = 1.58%   R-Sq(adj) = 0.00% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis of Variance for S. lescurii Average Height 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.00028  0.00028  0.02  0.902 

Error      34  0.61694  0.01815 

Total      35  0.61722 

 

 

S = 0.134705   R-Sq = 0.05%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. lescurii weight 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.000407  0.000407  0.11  0.745 

Error      34  0.128234  0.003772 

Total      35  0.128641 

 

 

S = 0.0614133   R-Sq = 0.32%   R-Sq(adj) = 0.00% 
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S. magellanicum 
 

Analysis of Variance for S. magellanicum Final Area 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.12250  0.12250  1.23  0.275 

Error      34  3.38749  0.09963 

Total      35  3.50999 

 

 

S = 0.315645   R-Sq = 3.49%   R-Sq(adj) = 0.65% 

 

 

Analysis of Variance for S. magellanicum Shoot Density 

 

Source     DF      SS     MS     F      P 

Treatment   1   13.01  13.01  0.98  0.329 

Error      34  450.35  13.25 

Total      35  463.36 

 

 

S = 3.63943   R-Sq = 2.81%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. magellanicum Cap. Diameter 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.002336  0.002336  0.29  0.595 

Error      34  0.275428  0.008101 

Total      35  0.277764 

 

 

S = 0.0900045   R-Sq = 0.84%   R-Sq(adj) = 0.00% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis of Variance for S. magellanicum Average Height 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.00111  0.00111  0.09  0.772 

Error      34  0.44278  0.01302 

Total      35  0.44389 

 

 

S = 0.114118   R-Sq = 0.25%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. magellanicum weight 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.001892  0.001892  0.35  0.560 

Error      34  0.185907  0.005468 

Total      35  0.187800 

 

 

S = 0.0739450   R-Sq = 1.01%   R-Sq(adj) = 0.00% 
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S. tenerum 
 

 

Analysis of Variance for S. tenerum Final Area 

 

Source     DF      SS      MS     F      P 

Treatment   1  0.1936  0.1936  0.82  0.371 

Error      34  8.0071  0.2355 

Total      35  8.2007 

 

 

S = 0.485286   R-Sq = 2.36%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. tenerum Shoot Density 

 

Source     DF       SS     MS     F      P 

Treatment   1    90.71  90.71  1.63  0.210 

Error      34  1889.80  55.58 

Total      35  1980.50 

 

 

S = 7.45536   R-Sq = 4.58%   R-Sq(adj) = 1.77% 

 

 

Analysis of Variance for S. tenerum Capitulum Diameter 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.013225  0.013225  6.26  0.017 

Error      34  0.071872  0.002114 

Total      35  0.085097 

 

 

S = 0.0459770   R-Sq = 15.54%   R-Sq(adj) = 13.06% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis of Variance for S. tenerum Average Height 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.013611  0.013611  3.17  0.084 

Error      34  0.146111  0.004297 

Total      35  0.159722 

 

 

S = 0.0655544   R-Sq = 8.52%   R-Sq(adj) = 5.83% 

 

 

Analysis of Variance for S. tenerum weight 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.012063  0.012063  1.56  0.219 

Error      34  0.262101  0.007709 

Total      35  0.274164 

 

 

S = 0.0878001   R-Sq = 4.40%   R-Sq(adj) = 1.59% 
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S. molle 
 

 

 

Analysis of Variance for S. molle Final Area 

 

Source     DF       SS      MS     F      P 

Treatment   1   0.5776  0.5776  1.37  0.250 

Error      34  14.3629  0.4224 

Total      35  14.9405 

 

 

S = 0.649952   R-Sq = 3.87%   R-Sq(adj) = 1.04% 

 

 

Analysis of Variance for S. molle Shoot Density 

 

Source     DF       SS     MS     F      P 

Treatment   1    94.29  94.29  2.81  0.103 

Error      34  1139.21  33.51 

Total      35  1233.50 

 

 

S = 5.78844   R-Sq = 7.64%   R-Sq(adj) = 4.93% 

 

 

Analysis of Variance for S. molle Capitulum Diameter 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.018678  0.018678  9.03  0.005 

Error      34  0.070322  0.002068 

Total      35  0.089000 

 

 

S = 0.0454786   R-Sq = 20.99%   R-Sq(adj) = 18.66% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis of Variance for S. molle Average Height 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.006944  0.006944  1.50  0.230 

Error      34  0.157778  0.004641 

Total      35  0.164722 

 

 

S = 0.0681214   R-Sq = 4.22%   R-Sq(adj) = 1.40% 

 

 

Analysis of Variance for S. molle weight 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.01579  0.01579  0.70  0.410 

Error      34  0.77177  0.02270 

Total      35  0.78756 

 

 

S = 0.150662   R-Sq = 2.01%   R-Sq(adj) = 0.00% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



39 

 

S. cuspidatum 
 

Analysis of Variance for S. cuspidatum Final Area 

 

Source     DF       SS      MS     F      P 

Treatment   1   0.0584  0.0584  0.17  0.680 

Error      34  11.4591  0.3370 

Total      35  11.5175 

 

 

S = 0.580544   R-Sq = 0.51%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. cuspidatum Shoot Density 

 

Source     DF       SS      MS     F      P 

Treatment   1   130.71  130.71  4.21  0.048 

Error      34  1056.64   31.08 

Total      35  1187.35 

 

 

S = 5.57472   R-Sq = 11.01%   R-Sq(adj) = 8.39% 

 

 

Analysis of Variance for S. cuspidatum Cap. Diameter 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.009184  0.009184  1.11  0.299 

Error      34  0.281285  0.008273 

Total      35  0.290469 

 

 

S = 0.0909565   R-Sq = 3.16%   R-Sq(adj) = 0.31% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis of Variance for S. cuspidatum Average Height 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.03210  0.03210  2.87  0.099 

Error      34  0.38017  0.01118 

Total      35  0.41227 

 

 

S = 0.105743   R-Sq = 7.79%   R-Sq(adj) = 5.07% 

 

 

Analysis of Variance for S. cuspidatum weight 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.02745  0.02745  2.25  0.143 

Error      34  0.41477  0.01220 

Total      35  0.44221 

 

 

S = 0.110449   R-Sq = 6.21%   R-Sq(adj) = 3.45% 
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S. recurvum 
 

 

Analysis of Variance for S. recurvum Final Area 

 

Source     DF       SS      MS     F      P 

Treatment   1   0.0015  0.0015  0.00  0.947 

Error      34  11.0102  0.3238 

Total      35  11.0117 

 

 

S = 0.569061   R-Sq = 0.01%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. recurvum Shoot Density 

 

Source     DF       SS     MS     F      P 

Treatment   1     1.92   1.92  0.04  0.845 

Error      34  1676.82  49.32 

Total      35  1678.74 

 

 

S = 7.02270   R-Sq = 0.11%   R-Sq(adj) = 0.00% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Analysis of Variance for S. recurvum Capitulum Diameter 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.01000  0.01000  0.87  0.359 

Error      34  0.39306  0.01156 

Total      35  0.40306 

 

 

S = 0.107520   R-Sq = 2.48%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. recurvum Average Height 

 

Source     DF       SS       MS     F      P 

Treatment   1  0.00014  0.00014  0.01  0.942 

Error      34  0.85763  0.02522 

Total      35  0.85776 

 

 

S = 0.158822   R-Sq = 0.02%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. recurvum weight 

 

Source     DF        SS        MS     F      P 

Treatment   1  0.025493  0.025493  2.71  0.109 

Error      34  0.319656  0.009402 

Total      35  0.345149 

 

 

S = 0.0969620   R-Sq = 7.39%   R-Sq(adj) = 4.66 
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Appendix B: ANOVA Results (Within Species, Genet and Treatment)
 

S. strictum  
 

Analysis of Variance for S. strictum Final Area 

 

Source           DF       SS       MS     F      P 

Genet             5  0.51528  0.10306  2.32  0.075 

Treatment         1  0.00100  0.00100  0.02  0.882 

Genet*Treatment   5  0.04375  0.00875  0.20  0.961 

Error            24  1.06767  0.04449 

Total            35  1.62770 

 

 

S = 0.210917   R-Sq = 34.41%   R-Sq(adj) = 4.34% 

 

 

Analysis of Variance for S. strictum Shoot Density 

 

Source           DF      SS     MS     F      P 

Genet             5  203.35  40.67  3.52  0.016 

Treatment         1    5.42   5.42  0.47  0.500 

Genet*Treatment   5   15.61   3.12  0.27  0.925 

Error            24  276.94  11.54 

Total            35  501.32 

 

S = 3.39692   R-Sq = 44.76%   R-Sq(adj) = 19.44% 

 

Analysis of Variance for S. strictum Capitulum Diameter 

 

Source           DF        SS        MS     F      P 

Genet             5  0.044167  0.008833  2.10  0.100 

Treatment         1  0.000178  0.000178  0.04  0.839 

Genet*Treatment   5  0.016722  0.003344  0.80  0.564 

Error            24  0.100933  0.004206 

Total            35  0.162000 

 

 

S = 0.0648503   R-Sq = 37.70%   R-Sq(adj) = 9.14% 

 

 

 

 

 

 

 

Analysis of Variance for S. strictum Average Height 

 

Source           DF        SS        MS     F      P 

Genet             5  0.032500  0.006500  1.87  0.137 

Treatment         1  0.013611  0.013611  3.92  0.059 

Genet*Treatment   5  0.018056  0.003611  1.04  0.417 

Error            24  0.083333  0.003472 

Total            35  0.147500 

 

 

S = 0.0589256   R-Sq = 43.50%   R-Sq(adj) = 17.61% 

 

 

Analysis of Variance for S. strictum weight 

 

Source           DF        SS        MS      F      P 

Genet             5  0.349499  0.069900  19.11  0.000 

Treatment         1  0.000544  0.000544   0.15  0.703 

Genet*Treatment   5  0.073366  0.014673   4.01  0.009 

Error            24  0.087797  0.003658 

Total            35  0.511206 

 

 

S = 0.0604830   R-Sq = 82.83%   R-Sq(adj) = 74.95% 
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S. compactum  
 

Analysis of Variance for S. compactum Final Area 

 

Source           DF       SS       MS     F      P 

Genet             5  0.35400  0.07080  2.04  0.108 

Treatment         1  0.06418  0.06418  1.85  0.186 

Genet*Treatment   5  0.09622  0.01924  0.56  0.733 

Error            24  0.83160  0.03465 

Total            35  1.34600 

 

 

S = 0.186145   R-Sq = 38.22%   R-Sq(adj) = 9.90% 

 

 

Analysis of Variance for S. compactum Shoot Density 

 

Source           DF       SS      MS     F      P 

Genet             5   712.13  142.43  6.70  0.000 

Treatment         1    79.45   79.45  3.74  0.065 

Genet*Treatment   5   139.32   27.86  1.31  0.293 

Error            24   510.45   21.27 

Total            35  1441.35 

 

 

S = 4.61179   R-Sq = 64.59%   R-Sq(adj) = 48.35% 

 

 

Analysis of Variance for S. compactum Capitulum Diameter 

 

Source           DF        SS        MS     F      P 

Genet             5  0.042870  0.008574  5.62  0.001 

Treatment         1  0.000034  0.000034  0.02  0.883 

Genet*Treatment   5  0.013537  0.002707  1.77  0.156 

Error            24  0.036617  0.001526 

Total            35  0.093058 

 

 

S = 0.0390601   R-Sq = 60.65%   R-Sq(adj) = 42.62% 

 

 

 

 

 

 

 

 

Analysis of Variance for S. compactum Average Height 

 

Source           DF        SS        MS     F      P 

Genet             5  0.087847  0.017569  9.73  0.000 

Treatment         1  0.005625  0.005625  3.12  0.090 

Genet*Treatment   5  0.017292  0.003458  1.92  0.129 

Error            24  0.043333  0.001806 

Total            35  0.154097 

 

 

S = 0.0424918   R-Sq = 71.88%   R-Sq(adj) = 58.99% 

 

 

Analysis of Variance for S. compactum weight 

 

Source           DF        SS        MS     F      P 

Genet             5  0.163123  0.032625  4.78  0.004 

Treatment         1  0.000484  0.000484  0.07  0.792 

Genet*Treatment   5  0.038031  0.007606  1.12  0.379 

Error            24  0.163655  0.006819 

Total            35  0.365292 

 

 

S = 0.0825769   R-Sq = 55.20%   R-Sq(adj) = 34.67% 
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S. lescurii: 
 

Analysis of Variance for S. lescurii Final Area 

 

Source           DF       SS       MS     F      P 

Genet             5  1.83853  0.36771  4.51  0.005 

Treatment         1  0.02834  0.02834  0.35  0.561 

Genet*Treatment   5  0.13408  0.02682  0.33  0.891 

Error            24  1.95733  0.08156 

Total            35  3.95828 

 

 

S = 0.285579   R-Sq = 50.55%   R-Sq(adj) = 27.89% 

 

 

Analysis of Variance for S. lescurii Shoot Density 

 

Source           DF       SS      MS     F      P 

Genet             5  154.288  30.858  6.34  0.001 

Treatment         1    8.986   8.986  1.85  0.187 

Genet*Treatment   5  120.978  24.196  4.97  0.003 

Error            24  116.725   4.864 

Total            35  400.977 

 

 

S = 2.20535   R-Sq = 70.89%   R-Sq(adj) = 57.55% 

 

 

Analysis of Variance for S. lescurii Capitulum Diameter 

 

Source           DF        SS        MS     F      P 

Genet             5  0.013500  0.002700  1.28  0.305 

Treatment         1  0.001344  0.001344  0.64  0.432 

Genet*Treatment   5  0.019556  0.003911  1.86  0.140 

Error            24  0.050600  0.002108 

Total            35  0.085000 

 

 

S = 0.0459166   R-Sq = 40.47%   R-Sq(adj) = 13.19% 

 

 

 

 

 

 

 

 

Analysis of Variance for S. lescurii Average Height 

 

Source           DF       SS       MS     F      P 

Genet             5  0.16139  0.03228  2.02  0.112 

Treatment         1  0.00028  0.00028  0.02  0.896 

Genet*Treatment   5  0.07222  0.01444  0.90  0.494 

Error            24  0.38333  0.01597 

Total            35  0.61722 

 

 

S = 0.126381   R-Sq = 37.89%   R-Sq(adj) = 9.43% 

 

 

Analysis of Variance for S. lescurii weight 

 

Source           DF        SS        MS      F      P 

Genet             5  0.086973  0.017395  13.80  0.000 

Treatment         1  0.000407  0.000407   0.32  0.575 

Genet*Treatment   5  0.011005  0.002201   1.75  0.163 

Error            24  0.030256  0.001261 

Total            35  0.128641 

 

 

S = 0.0355059   R-Sq = 76.48%   R-Sq(adj) = 65.70% 
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S. magellanicum  
 

 

Analysis of Variance for S. magellanicum Final Area 

 

Source           DF       SS       MS     F      P 

Genet             5  1.39139  0.27828  3.76  0.012 

Treatment         1  0.12250  0.12250  1.66  0.210 

Genet*Treatment   5  0.22197  0.04439  0.60  0.700 

Error            24  1.77413  0.07392 

Total            35  3.50999 

 

 

S = 0.271886   R-Sq = 49.45%   R-Sq(adj) = 26.29% 

 

 

Analysis of Variance for S. magellanicum Shoot Density 

 

Source           DF      SS     MS     F      P 

Genet             5   66.82  13.36  1.11  0.381 

Treatment         1   13.01  13.01  1.08  0.309 

Genet*Treatment   5   94.86  18.97  1.58  0.204 

Error            24  288.67  12.03 

Total            35  463.36 

 

 

S = 3.46811   R-Sq = 37.70%   R-Sq(adj) = 9.15% 

 

 

Analysis of Variance for S. magellanicum Cap. Diameter 

 

Source           DF        SS        MS     F      P 

Genet             5  0.077681  0.015536  2.68  0.046 

Treatment         1  0.002336  0.002336  0.40  0.531 

Genet*Treatment   5  0.058681  0.011736  2.03  0.111 

Error            24  0.139067  0.005794 

Total            35  0.277764 

 

 

S = 0.0761212   R-Sq = 49.93%   R-Sq(adj) = 26.99% 

 

 

 

 

 

 

 

 

Analysis of Variance for S. magellanicum Average Height 

 

Source           DF       SS       MS     F      P 

Genet             5  0.09889  0.01978  1.70  0.174 

Treatment         1  0.00111  0.00111  0.10  0.760 

Genet*Treatment   5  0.06389  0.01278  1.10  0.389 

Error            24  0.28000  0.01167 

Total            35  0.44389 

 

 

S = 0.108012   R-Sq = 36.92%   R-Sq(adj) = 8.01% 

 

 

Analysis of Variance for S. magellanicum weight 

 

Source           DF        SS        MS     F      P 

Genet             5  0.096919  0.019384  6.60  0.001 

Treatment         1  0.001892  0.001892  0.64  0.430 

Genet*Treatment   5  0.018555  0.003711  1.26  0.311 

Error            24  0.070434  0.002935 

Total            35  0.187800 

 

 

S = 0.0541733   R-Sq = 62.50%   R-Sq(adj) = 45.31% 
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S. tenerum  
 

Analysis of Variance for S. tenerum Final Area 

 

 

Source           DF       SS       MS      F      P 

Genet             5  4.58543  0.91709  12.48  0.000 

Treatment         1  0.19360  0.19360   2.63  0.118 

Genet*Treatment   5  1.65800  0.33160   4.51  0.005 

Error            24  1.76367  0.07349 

Total            35  8.20070 

 

 

S = 0.271083   R-Sq = 78.49%   R-Sq(adj) = 68.64% 

 

 

Analysis of Variance for S. tenerum Shoot Density 

 

Source           DF       SS      MS     F      P 

Genet             5   797.40  159.48  7.77  0.000 

Treatment         1    90.71   90.71  4.42  0.046 

Genet*Treatment   5   599.62  119.92  5.84  0.001 

Error            24   492.77   20.53 

Total            35  1980.50 

 

 

S = 4.53125   R-Sq = 75.12%   R-Sq(adj) = 63.71% 

 

 

Analysis of Variance for S. tenerum Capitulum Diameter 

 

Source           DF        SS        MS      F      P 

Genet             5  0.011347  0.002269   1.77  0.157 

Treatment         1  0.013225  0.013225  10.33  0.004 

Genet*Treatment   5  0.029792  0.005958   4.65  0.004 

Error            24  0.030733  0.001281 

Total            35  0.085097 

 

 

S = 0.0357849   R-Sq = 63.88%   R-Sq(adj) = 47.33% 

 

 

 

 

 

 

 

Analysis of Variance for S. tenerum Average Height 

 

 

Source           DF        SS        MS     F      P 

Genet             5  0.053889  0.010778  7.05  0.000 

Treatment         1  0.013611  0.013611  8.91  0.006 

Genet*Treatment   5  0.055556  0.011111  7.27  0.000 

Error            24  0.036667  0.001528 

Total            35  0.159722 

 

 

S = 0.0390868   R-Sq = 77.04%   R-Sq(adj) = 66.52% 

 

 

Analysis of Variance for S. tenerum weight 

 

Source           DF        SS        MS      F      P 

Genet             5  0.142298  0.028460  10.58  0.000 

Treatment         1  0.012063  0.012063   4.49  0.045 

Genet*Treatment   5  0.055260  0.011052   4.11  0.008 

Error            24  0.064542  0.002689 

Total            35  0.274164 

 

 

S = 0.0518580   R-Sq = 76.46%   R-Sq(adj) = 65.67% 
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S. molle 
 

Analysis of Variance for S. molle Final Area 

 

Source           DF       SS      MS     F      P 

Genet             5   5.1220  1.0244  2.85  0.037 

Treatment         1   0.5776  0.5776  1.61  0.217 

Genet*Treatment   5   0.6154  0.1231  0.34  0.882 

Error            24   8.6255  0.3594 

Total            35  14.9405 

 

 

S = 0.599495   R-Sq = 42.27%   R-Sq(adj) = 15.81% 

 

 

Analysis of Variance for S. molle Shoot Density 

 

Source           DF       SS     MS     F      P 

Genet             5   386.01  77.20  2.58  0.053 

Treatment         1    94.29  94.29  3.15  0.089 

Genet*Treatment   5    34.98   7.00  0.23  0.944 

Error            24   718.22  29.93 

Total            35  1233.50 

 

 

S = 5.47044   R-Sq = 41.77%   R-Sq(adj) = 15.09% 

 

 

Analysis of Variance for S. molle Capitulum Diameter 

 

Source           DF        SS        MS      F      P 

Genet             5  0.033567  0.006713   5.91  0.001 

Treatment         1  0.018678  0.018678  16.44  0.000 

Genet*Treatment   5  0.009489  0.001898   1.67  0.180 

Error            24  0.027267  0.001136 

Total            35  0.089000 

 

 

S = 0.0337062   R-Sq = 69.36%   R-Sq(adj) = 55.32% 

 

 

 

 

 

 

 

 

Analysis of Variance for S. molle Average Height 

 

Source           DF        SS        MS     F      P 

Genet             5  0.090556  0.018111  7.67  0.000 

Treatment         1  0.006944  0.006944  2.94  0.099 

Genet*Treatment   5  0.010556  0.002111  0.89  0.501 

Error            24  0.056667  0.002361 

Total            35  0.164722 

 

 

S = 0.0485913   R-Sq = 65.60%   R-Sq(adj) = 49.83% 

 

 

Analysis of Variance for S. molle weight 

 

Source           DF        SS        MS      F      P 

Genet             5  0.511667  0.102333  14.37  0.000 

Treatment         1  0.015792  0.015792   2.22  0.149 

Genet*Treatment   5  0.089211  0.017842   2.51  0.058 

Error            24  0.170887  0.007120 

Total            35  0.787558 

 

 

S = 0.0843819   R-Sq = 78.30%   R-Sq(adj) = 68.36% 
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S. cuspidatum  
 

Analysis of Variance for S. cuspidatum Final Area 

 

Source           DF       SS      MS     F      P 

Genet             5   1.6810  0.3362  1.26  0.313 

Treatment         1   0.0584  0.0584  0.22  0.644 

Genet*Treatment   5   3.3780  0.6756  2.53  0.056 

Error            24   6.4001  0.2667 

Total            35  11.5175 

 

 

S = 0.516400   R-Sq = 44.43%   R-Sq(adj) = 18.96% 

 

 

Analysis of Variance for S. cuspidatum Shoot Density 

 

Source           DF       SS      MS      F      P 

Genet             5   610.91  122.18  11.90  0.000 

Treatment         1   130.71  130.71  12.73  0.002 

Genet*Treatment   5   199.24   39.85   3.88  0.010 

Error            24   246.49   10.27 

Total            35  1187.35 

 

 

S = 3.20476   R-Sq = 79.24%   R-Sq(adj) = 69.73% 

 

 

Analysis of Variance for S. cuspidatum Cap. Diameter 

 

Source           DF        SS        MS     F      P 

Genet             5  0.089948  0.017990  5.01  0.003 

Treatment         1  0.009184  0.009184  2.56  0.123 

Genet*Treatment   5  0.105087  0.021017  5.85  0.001 

Error            24  0.086250  0.003594 

Total            35  0.290469 

 

 

S = 0.0599479   R-Sq = 70.31%   R-Sq(adj) = 56.70% 

 

 

 

 

 

 

 

 

Analysis of Variance for S. cuspidatum Average Height 

 

Source           DF        SS        MS     F      P 

Genet             5  0.118837  0.023767  5.93  0.001 

Treatment         1  0.032101  0.032101  8.00  0.009 

Genet*Treatment   5  0.165087  0.033017  8.23  0.000 

Error            24  0.096250  0.004010 

Total            35  0.412274 

 

S = 0.0633279   R-Sq = 76.65%   R-Sq(adj) = 65.95% 

 

 

 

Analysis of Variance for S. cuspidatum weight 

 

Source           DF        SS        MS      F      P 

Genet             5  0.203752  0.040750  10.39  0.000 

Treatment         1  0.027445  0.027445   7.00  0.014 

Genet*Treatment   5  0.116881  0.023376   5.96  0.001 

Error            24  0.094135  0.003922 

Total            35  0.442214 

 

 

S = 0.0626283   R-Sq = 78.71%   R-Sq(adj) = 68.96% 
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S. recurvum  
 
Analysis of Variance for S. recurvum Final Area 

 

Source           DF       SS      MS     F      P 

Genet             5   1.6392  0.3278  1.06  0.407 

Treatment         1   0.0015  0.0015  0.00  0.946 

Genet*Treatment   5   1.9459  0.3892  1.26  0.314 

Error            24   7.4251  0.3094 

Total            35  11.0117 

 

 

S = 0.556217   R-Sq = 32.57%   R-Sq(adj) = 1.67% 

 

 

Analysis of Variance for S. recurvum Shoot Density 

 

Source           DF       SS      MS     F      P 

Genet             5   214.24   42.85  1.20  0.340 

Treatment         1     1.92    1.92  0.05  0.819 

Genet*Treatment   5   603.66  120.73  3.37  0.019 

Error            24   858.92   35.79 

Total            35  1678.74 

 

 

S = 5.98235   R-Sq = 48.84%   R-Sq(adj) = 25.38% 

 

Analysis of Variance for S. recurvum Capitulum Diameter 

 

Source           DF        SS        MS     F      P 

Genet             5  0.070556  0.014111  1.43  0.249 

Treatment         1  0.010000  0.010000  1.01  0.324 

Genet*Treatment   5  0.085833  0.017167  1.74  0.164 

Error            24  0.236667  0.009861 

Total            35  0.403056 

 

S = 0.0993031   R-Sq = 41.28%   R-Sq(adj) = 14.37% 

 

 

 

 

 

 

 

 

 

 

Analysis of Variance for S. recurvum Average Height 

 

Source           DF       SS       MS     F      P 

Genet             5  0.20801  0.04160  1.60  0.199 

Treatment         1  0.00014  0.00014  0.01  0.943 

Genet*Treatment   5  0.02435  0.00487  0.19  0.965 

Error            24  0.62527  0.02605 

Total            35  0.85776 

 

 

S = 0.161409   R-Sq = 27.11%   R-Sq(adj) = 0.00% 

 

 

Analysis of Variance for S. recurvum weight 

 

Source           DF        SS        MS     F      P 

Genet             5  0.104949  0.020990  2.70  0.045 

Treatment         1  0.025493  0.025493  3.28  0.083 

Genet*Treatment   5  0.028196  0.005639  0.73  0.611 

Error            24  0.186511  0.007771 

Total            35  0.345149 

 

S = 0.0881549   R-Sq = 45.96%   R-Sq(adj) = 21.19% 
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Appendix C: Raw Data 

S. strictum. Nutr. 1 = No nutrients applied. Nutr. 2 = Nutrients applied. 

Genet Nutr. Area Shoot Density Cap Diameter  Avg. Height  Max-min  weight 

a 1 1 14 0.15 0.2 0 0.242 

a 1 1 15 0.05 0.2 0.2 0.185 

a 1 1 9 0.15 0.2 0.3 0.17 

b 1 1 13 0.15 0.2 0.1 0.11 

b 1 1 12 0.15 0.2 0.2 0.119 

b 1 1 11 0.05 0.2 0.1 0.124 

c 1 1 10 0.3 0.3 0.3 0.205 

c 1 1.3 7.692307692 0.1 0.15 0.1 0.153 

c 1 1 8 0.05 0.2 0.1 0.155 

d 1 1 16 0.05 0.15 0.1 0.228 

d 1 1 19 0.15 0.3 0.3 0.258 

d 1 1.4 9.285714286 0.2 0.1 0 0.203 

e 1 1 13 0.15 0.2 0.2 0.253 

e 1 1.5 10 0.15 0.15 0.1 0.239 

e 1 1.43 12.58741259 0.2 0.3 0.1 0.248 

f 1 1 11 0.2 0.25 0.1 0.377 

f 1 1.1 23.63636364 0.05 0.2 0.1 0.439 

f 1 1.8 16.66666667 0.2 0.3 0.4 0.53 

a 2 1 14 0.1 0.1 0.1 0.147 

a 2 1 10 0.1 0.2 0.2 0.145 

a 2 1 12 0.1 0.1 0 0.149 

b 2 1 10 0.1 0.2 0.1 0.139 

b 2 1.2 10.83333333 0.12 0.1 0.1 0.16 

b 2 1 10 0.05 0.1 0.1 0.144 

c 2 1 7 0.1 0.1 0 0.133 

c 2 1 8 0.1 0.1 0 0.15 

c 2 1 10 0.05 0.2 0.2 0.141 

d 2 1.1 15.45454545 0.2 0.2 0.4 0.309 

d 2 1 6 0.05 0.1 0 0.109 

d 2 1.4 16.42857143 0.1 0.2 0.1 0.306 

e 2 1.2 17.5 0.3 0.3 0.4 0.518 

e 2 1 12 0.2 0.3 0.3 0.265 

e 2 1.4 11.42857143 0.2 0.2 0.1 0.516 

f 2 1.5 12.66666667 0.2 0.2 0.3 0.357 

f 2 1.54 15.58441558 0.2 0.2 0.2 0.329 

f 2 1 18 0.15 0.2 0.2 0.361 
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S. compactum. Nutr. 1 = No nutrients applied. Nutr. 2 = Nutrients applied. 

Genet Nutr. Area Shoot Density Cap Diameter  Avg. Height  Max-min  weight 

a 1 1.00 21.0000 0.075 0.20 0.00 0.202 

a 1 1.00 14.0000 0.080 0.20 0.20 0.229 

a 1 1.00 16.0000 0.200 0.35 0.35 0.250 

b 1 1.00 15.0000 0.150 0.20 0.40 0.228 

b 1 1.00 12.0000 0.100 0.15 0.40 0.252 

b 1 1.43 10.4895 0.100 0.20 0.00 0.180 

c 1 1.20 20.8333 0.150 0.25 0.50 0.280 

c 1 1.25 17.6000 0.180 0.20 0.30 0.564 

c 1 1.00 23.0000 0.100 0.20 0.10 0.208 

d 1 1.00 24.0000 0.100 0.20 0.00 0.221 

d 1 1.00 12.0000 0.100 0.20 0.10 0.158 

d 1 1.10 20.9091 0.150 0.20 0.70 0.182 

e 1 1.00 5.0000 0.050 0.10 0.00 0.106 

e 1 1.00 6.0000 0.050 0.10 0.00 0.118 

e 1 1.00 5.0000 0.100 0.10 0.00 0.113 

f 1 1.00 25.0000 0.200 0.25 0.30 0.274 

f 1 1.00 16.0000 0.150 0.25 0.20 0.161 

f 1 1.00 14.0000 0.200 0.20 0.10 0.144 

a 2 1.00 10.0000 0.150 0.20 0.20 0.164 

a 2 1.10 18.1818 0.150 0.20 0.50 0.186 

a 2 1.60 13.1250 0.200 0.20 0.40 0.262 

b 2 1.50 12.0000 0.200 0.30 0.00 0.507 

b 2 1.00 24.0000 0.150 0.20 0.40 0.264 

b 2 1.25 16.8000 0.100 0.20 0.20 0.258 

c 2 1.00 13.3333 0.200 0.30 0.40 0.279 

c 2 1.80 11.1111 0.150 0.20 0.40 0.262 

c 2 1.25 16.8000 0.100 0.20 0.20 0.296 

d 2 1.00 14.0000 0.150 0.15 0.10 0.119 

d 2 1.00 6.0000 0.100 0.10 0.00 0.107 

d 2 1.00 24.0000 0.100 0.15 0.10 0.211 

e 2 1.00 6.0000 0.050 0.10 0.00 0.113 

e 2 1.00 0.0000 0.000 0.00 0.00 0.120 

e 2 1.00 3.0000 0.050 0.10 0.00 0.106 

f 2 1.00 12.0000 0.100 0.15 0.30 0.355 

f 2 1.00 10.0000 0.150 0.20 0.20 0.257 

f 2 1.00 14.0000 0.100 0.15 0.40 0.136 

 

 



51 

 

 

S. lescurii. Nutr. 1 = No nutrients applied. Nutr. 2 = Nutrients applied. 

Genet Nutr. Area Shoot Density Cap Diameter  Avg. Height  Max-min  weight 

a 1 1.00 11.0000 0.10 0.25 1.4 0.207 

a 1 1.00 9.0000 0.10 0.15 0.0 0.194 

a 1 1.00 8.0000 0.15 0.30 0.5 0.141 

b 1 1.00 9.0000 0.10 0.30 1.0 0.194 

b 1 1.20 5.0000 0.05 0.15 0.1 0.183 

b 1 1.20 7.5000 0.05 0.20 0.1 0.191 

c 1 2.00 6.0000 0.05 0.20 0.0 0.182 

c 1 1.00 8.0000 0.10 0.30 0.6 0.184 

c 1 1.00 10.0000 0.05 0.10 0.1 0.187 

d 1 1.80 11.1111 0.20 0.70 1.2 0.322 

d 1 1.50 12.6667 0.10 0.25 0.9 0.209 

d 1 1.50 11.3333 0.10 0.20 0.6 0.298 

e 1 1.00 7.0000 0.15 0.20 0.9 0.108 

e 1 1.00 3.0000 0.05 0.10 0.5 0.110 

e 1 1.00 7.0000 0.10 0.15 0.7 0.105 

f 1 1.00 10.0000 0.15 0.20 0.5 0.224 

f 1 1.00 10.0000 0.10 0.20 0.5 0.125 

f 1 1.00 3.0000 0.05 0.10 0.0 0.147 

a 2 1.00 5.0000 0.05 0.10 0.0 0.112 

a 2 1.00 5.0000 0.05 0.10 0.0 0.105 

a 2 1.00 5.0000 0.05 0.10 0.0 0.110 

b 2 1.00 5.0000 0.05 0.10 0.0 0.210 

b 2 1.00 3.0000 0.10 0.10 0.0 0.159 

b 2 2.00 6.5000 0.15 0.30 0.9 0.184 

c 2 1.82 3.2967 0.25 0.60 1.3 0.205 

c 2 1.25 6.4000 0.10 0.15 0.1 0.168 

c 2 1.65 5.4545 0.10 0.20 0.1 0.164 

d 2 1.44 9.0278 0.15 0.40 1.1 0.332 

d 2 1.10 11.8182 0.12 0.25 0.8 0.287 

d 2 1.95 5.1282 0.15 0.30 1.1 0.177 

e 2 1.00 7.0000 0.10 0.20 0.4 0.119 

e 2 1.00 6.0000 0.10 0.15 0.0 0.111 

e 2 1.00 4.0000 0.05 0.10 0.0 0.108 

f 2 1.00 14.0000 0.10 0.20 0.9 0.205 

f 2 1.00 17.0000 0.10 0.25 0.9 0.218 

f 2 1.00 12.0000 0.20 0.35 1.0 0.216 
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S. magellanicum. Nutr. 1 = No nutrients applied. Nutr. 2 = Nutrients applied. 

Genet Nutr. Area Shoot Density Cap Diameter  Avg. Height  Max-min  weight 

a 1 1.44 5.5556 0.25 0.20 0.9 0.267 

a 1 1.50 12.6667 0.15 0.20 0.2 0.318 

a 1 2.00 5.5000 0.35 0.30 0.7 0.370 

b 1 2.00 3.5000 0.30 0.30 0.3 0.222 

b 1 1.20 8.3333 0.20 0.20 0.2 0.220 

b 1 1.00 7.0000 0.15 0.25 0.5 0.225 

c 1 1.10 8.1818 0.25 0.30 0.6 0.234 

c 1 1.32 6.0606 0.35 0.30 0.2 0.341 

c 1 1.80 4.4444 0.30 0.40 0.5 0.324 

d 1 1.00 8.0000 0.10 0.20 0.3 0.179 

d 1 1.00 13.0000 0.15 0.30 0.7 0.181 

d 1 1.00 7.0000 0.20 0.20 0.3 0.176 

e 1 1.00 13.0000 0.20 0.20 0.2 0.211 

e 1 1.50 9.3333 0.20 0.20 0.4 0.327 

e 1 1.00 5.0000 0.15 0.20 0.0 0.214 

f 1 1.00 21.0000 0.15 0.25 1.3 0.296 

f 1 1.20 6.6667 0.20 0.20 0.0 0.258 

f 1 1.50 9.3333 0.15 0.30 0.8 0.199 

a 2 1.54 3.8961 0.40 0.30 0.5 0.471 

a 2 1.82 4.3956 0.15 0.25 0.6 0.297 

a 2 1.30 4.6154 0.10 0.15 0.2 0.261 

b 2 1.70 5.8824 0.30 0.20 0.4 0.250 

b 2 1.50 6.6667 0.40 0.30 0.5 0.333 

b 2 1.00 10.0000 0.25 0.25 0.5 0.266 

c 2 1.00 14.0000 0.11 0.15 0.9 0.225 

c 2 1.00 10.0000 0.15 0.20 0.3 0.216 

c 2 1.00 9.0000 0.20 0.40 0.8 0.242 

d 2 1.00 5.0000 0.10 0.10 0.0 0.155 

d 2 1.00 6.0000 0.10 0.10 0.0 0.123 

d 2 1.00 5.0000 0.10 0.15 0.2 0.113 

e 2 1.00 7.0000 0.15 0.20 0.4 0.166 

e 2 1.20 8.3333 0.10 0.15 0.2 0.196 

e 2 1.40 7.1429 0.20 0.20 0.4 0.266 

f 2 1.00 8.0000 0.15 0.15 0.2 0.162 

f 2 1.00 4.0000 0.35 0.75 0.8 0.273 

f 2 1.00 13.0000 0.20 0.30 0.6 0.286 
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S. tenerum. Nutr. 1 = No nutrients applied. Nutr. 2 = Nutrients applied. 

Genet Nutr. Area Shoot Density Cap Diameter  Avg. Height  Max-min  weight 

a 1 3.08 6.4935 0.10 0.25 0.00 0.316 

a 1 2.25 11.1111 0.15 0.20 0.00 0.350 

a 1 2.00 21.5000 0.10 0.20 0.10 0.340 

b 1 1.80 9.4444 0.10 0.20 1.10 0.259 

b 1 1.50 15.3333 0.15 0.20 0.80 0.377 

b 1 1.50 19.3333 0.10 0.20 0.00 0.379 

c 1 1.00 15.0000 0.20 0.25 0.40 0.140 

c 1 1.00 14.0000 0.10 0.10 0.00 0.137 

c 1 1.00 22.0000 0.09 0.10 0.00 0.157 

d 1 1.00 24.0000 0.15 0.20 0.30 0.260 

d 1 1.00 23.0000 0.10 0.20 0.00 0.198 

d 1 1.32 20.4545 0.10 0.20 0.00 0.378 

e 1 1.00 21.0000 0.10 0.10 0.00 0.173 

e 1 1.00 20.0000 0.10 0.10 0.00 0.193 

e 1 1.00 17.0000 0.05 0.10 0.00 0.188 

f 1 1.56 21.7949 0.10 0.15 0.30 0.234 

f 1 1.10 16.3636 0.25 0.25 0.60 0.279 

f 1 1.30 16.9231 0.10 0.10 0.00 0.190 

a 2 1.76 8.5227 0.15 0.25 0.50 0.395 

a 2 1.21 11.5702 0.15 0.15 0.10 0.402 

a 2 2.00 6.5000 0.10 0.20 0.10 0.226 

b 2 1.20 14.1667 0.05 0.15 0.10 0.169 

b 2 1.20 13.6667 0.05 0.15 0.10 0.178 

b 2 1.20 14.1667 0.05 0.15 0.10 0.185 

c 2 1.00 23.0000 0.10 0.10 0.00 0.232 

c 2 1.00 16.0000 0.10 0.15 0.10 0.140 

c 2 1.00 30.0000 0.10 0.10 0.00 0.222 

d 2 1.20 25.0000 0.10 0.15 0.20 0.333 

d 2 1.65 12.7273 0.10 0.10 0.00 0.213 

d 2 2.25 9.3333 0.10 0.15 0.20 0.303 

e 2 1.00 22.0000 0.10 0.20 0.00 0.177 

e 2 1.10 25.4545 0.10 0.20 0.30 0.206 

e 2 1.00 25.0000 0.10 0.20 0.15 0.185 

f 2 1.00 0.0000 0.00 0.00 0.00 0.110 

f 2 1.00 0.0000 0.00 0.00 0.00 0.104 

f 2 1.00 0.0000 0.00 0.00 0.00 0.109 
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S. molle. Nutr. 1 = No nutrients applied. Nutr. 2 = Nutrients applied. 

Genet Nutr. Area Shoot Density Cap Diameter  Avg. Height  Max-min  weight 

a 1 1.56 11.5385 0.05 0.25 0.50 0.420 

a 1 1.75 9.7143 0.15 0.30 0.80 0.535 

a 1 2.00 11.0000 0.10 0.20 0.00 0.654 

b 1 1.80 10.5556 0.10 0.20 0.00 0.464 

b 1 2.50 8.0000 0.20 0.30 1.20 0.700 

b 1 1.00 18.0000 0.08 0.15 0.10 0.338 

c 1 1.00 14.0000 0.06 0.10 0.00 0.190 

c 1 1.00 13.0000 0.08 0.15 0.50 0.358 

c 1 1.00 20.0000 0.10 0.20 0.00 0.213 

d 1 1.10 17.2727 0.07 0.20 0.15 0.276 

d 1 1.20 20.8333 0.05 0.20 0.30 0.329 

d 1 1.00 14.0000 0.07 0.20 0.00 0.252 

e 1 1.10 14.5455 0.10 0.15 0.20 0.181 

e 1 1.10 19.0909 0.05 0.20 0.20 0.187 

e 1 1.56 18.5897 0.10 0.20 0.20 0.176 

f 1 1.00 12.0000 0.05 0.10 0.00 0.110 

f 1 1.00 11.0000 0.05 0.10 0.00 0.108 

f 1 1.00 11.0000 0.05 0.10 0.00 0.107 

a 2 1.50 17.3333 0.20 0.30 0.40 0.239 

a 2 3.00 7.0000 0.18 0.25 0.80 0.490 

a 2 2.00 19.0000 0.15 0.20 0.30 0.392 

b 2 1.00 21.0000 0.20 0.25 0.60 0.391 

b 2 1.25 21.6000 0.10 0.35 0.80 0.295 

b 2 3.24 5.5556 0.15 0.25 0.40 0.320 

c 2 1.00 21.0000 0.10 0.20 0.30 0.160 

c 2 1.00 12.0000 0.10 0.15 0.10 0.121 

c 2 1.00 26.0000 0.10 0.35 0.50 0.272 

d 2 1.44 23.6111 0.15 0.20 0.10 0.400 

d 2 1.44 23.6111 0.15 0.20 0.10 0.311 

d 2 1.44 23.6111 0.15 0.20 0.10 0.290 

e 2 3.40 8.8235 0.20 0.20 0.30 0.277 

e 2 1.20 30.8333 0.10 0.20 0.30 0.284 

e 2 1.32 17.4242 0.15 0.20 0.30 0.269 

f 2 1.00 12.0000 0.05 0.10 0.00 0.114 

f 2 1.00 11.0000 0.05 0.10 0.00 0.111 

f 2 1.00 11.0000 0.05 0.10 0.00 0.108 
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S. cuspidatum. Nutr. 1 = No nutrients applied. Nutr. 2 = Nutrients applied. 

Genet Nutr. Area Shoot Density Cap Diameter  Avg. Height  Max-min  weight 

a 1 1.25 12.8000 0.100 0.200 0.40 0.326 

a 1 4.00 4.2500 0.300 0.400 0.70 0.433 

a 1 1.69 5.9172 0.200 0.300 0.30 0.310 

b 1 1.30 20.7692 0.150 0.200 0.50 0.354 

b 1 2.00 10.0000 0.350 0.400 0.50 0.367 

b 1 1.98 13.1313 0.300 0.300 0.40 0.350 

c 1 1.50 13.3333 0.200 0.300 0.60 0.397 

c 1 1.20 10.0000 0.200 0.200 0.20 0.340 

c 1 1.65 8.4848 0.350 0.400 0.90 0.392 

d 1 1.30 10.7692 0.300 0.200 0.30 0.339 

d 1 1.21 16.5289 0.250 0.200 0.50 0.375 

d 1 1.82 15.9341 0.200 0.200 0.00 0.301 

e 1 1.00 0.0000 0.000 0.000 0.00 0.107 

e 1 1.00 0.0000 0.000 0.000 0.00 0.103 

e 1 1.00 0.0000 0.000 0.000 0.00 0.104 

f 1 1.25 8.0000 0.250 0.250 0.00 0.256 

f 1 1.50 8.0000 0.300 0.300 0.00 0.272 

f 1 1.00 8.0000 0.200 0.200 0.00 0.264 

a 2 1.60 11.8750 0.200 0.200 0.40 0.277 

a 2 1.00 16.0000 0.100 0.200 0.00 0.262 

a 2 1.20 15.8333 0.200 0.200 0.40 0.291 

b 2 1.10 20.0000 0.250 0.350 0.50 0.299 

b 2 1.00 19.0000 0.200 0.200 0.30 0.265 

b 2 1.00 26.0000 0.250 0.200 0.40 0.253 

c 2 1.00 18.0000 0.200 0.300 0.20 0.229 

c 2 1.95 9.7436 0.250 0.300 0.40 0.516 

c 2 2.40 7.5000 0.250 0.350 0.40 0.500 

d 2 1.56 12.8205 0.250 0.300 0.30 0.313 

d 2 1.45 10.3448 0.150 0.200 0.60 0.414 

d 2 1.43 14.6853 0.200 0.200 0.10 0.538 

e 2 1.20 10.8333 0.225 0.275 0.25 0.241 

e 2 1.21 11.5702 0.250 0.350 0.40 0.260 

e 2 1.20 10.0000 0.300 0.300 0.50 0.232 

f 2 1.80 6.6667 0.300 0.350 0.40 0.480 

f 2 2.00 6.5000 0.350 0.450 0.80 0.519 

f 2 2.10 7.1429 0.300 0.400 0.60 0.495 
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S. recurvum. Nutr. 1 = No nutrients applied. Nutr. 2 = Nutrients applied. 

Genet Nutr. Area Shoot Density Cap Diameter  Avg. Height  Max-min  weight 
a 1 1.50 10.0000 0.20 0.30 0.40 0.223 

a 1 1.00 17.0000 0.20 0.25 0.50 0.194 

a 1 1.00 12.0000 0.15 0.15 0.20 0.181 

b 1 1.00 39.0000 0.05 0.15 0.70 0.196 

b 1 1.30 12.3077 0.30 0.70 0.90 0.365 

b 1 1.20 15.8333 0.15 0.25 0.50 0.217 

c 1 1.00 18.0000 0.10 0.20 0.30 0.167 

c 1 1.30 20.0000 0.10 0.30 0.50 0.238 

c 1 1.00 19.0000 0.10 0.25 0.40 0.259 

d 1 1.00 13.0000 0.20 0.25 0.40 0.220 

d 1 1.54 11.6883 0.15 0.30 0.40 0.205 

d 1 1.00 11.0000 0.15 0.20 0.40 0.208 

e 1 4.00 3.5000 0.45 0.80 1.14 0.637 

e 1 1.00 18.0000 0.10 0.20 0.50 0.243 

e 1 1.50 12.6667 0.15 0.35 0.25 0.245 

f 1 1.00 24.0000 0.30 0.20 0.40 0.233 

f 1 1.00 21.0000 0.10 0.20 0.10 0.225 

f 1 1.00 16.0000 0.10 0.15 0.10 0.248 

a 2 1.00 9.0000 0.20 0.25 0.40 0.225 

a 2 1.50 12.0000 0.25 0.50 1.00 0.260 

a 2 1.00 5.0000 0.10 0.20 0.00 0.144 

b 2 1.95 9.7436 0.50 0.20 0.70 0.423 

b 2 1.00 15.0000 0.20 0.25 0.90 0.242 

b 2 2.25 8.0000 0.45 0.60 1.00 0.495 

c 2 1.10 14.5455 0.20 0.20 0.30 0.329 

c 2 1.20 16.6667 0.20 0.20 0.60 0.321 

c 2 1.20 19.1667 0.20 0.20 0.90 0.313 

d 2 1.32 16.6667 0.30 0.45 0.80 0.380 

d 2 1.00 24.0000 0.10 0.15 0.40 0.235 

d 2 1.00 20.0000 0.10 0.10 0.20 0.307 

e 2 1.69 15.9763 0.25 0.40 0.70 0.389 

e 2 1.00 21.0000 0.15 0.40 0.70 0.330 

e 2 1.00 34.0000 0.10 0.35 0.90 0.358 

f 2 1.80 15.5556 0.15 0.30 0.50 0.300 

f 2 1.00 13.0000 0.10 0.13 0.20 0.181 

f 2 1.10 16.3636 0.10 0.25 0.50 0.230 

 

 


