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Chapter 1 
 

 
Literature review and thesis proposal 

Introduction: Island species at risk 

It has been stated that island populations are at greater risk of extinction than 

those found in continental areas (Frankham 1997, 1998). There are several explanations 

for this gloomy trend. The most obvious is the greater susceptibility of island endemics to 

perturbation from alien plants, animals, pathogens, as well as humans. The sensitivity of 

island taxa to alien species is due to their evolution in isolation from such perturbations 

as aggressively growing plants, herbivorous animals, etc. (Carlquist 1980). The Hawaiian 

Islands are home to more endangered species of plants than any other state in the nation. 

More than one third of the federally listed threatened or endangered plant species in the 

United States are endemic to the Hawaiian Islands (FWS://ecos.fws.gov/webpage and 

IUCN www.IUCN.org). Currently there are 282 Hawaiian plant species federally listed 

as endangered with 10 additional taxa listed as threatened (http://ecos.fws.gov/webpage/).  

Other factors that greatly contribute to the risk of extinction for island species are 

not as readily apparent. In general, endemic island species have fewer populations and 

the populations are smaller in size than comparable continental species. Small 

populations are inherent in island endemics due to initial bottleneck events and reduced 

available habitat upon arrival (Frankham 1998). Rare plants, endemic to islands have an 

added risk of extinction because of the extremely reduced numbers of individuals and 

populations. Populations may be severely disintegrated and isolated due to habitat 

fragmentation and disturbance or decline in the number of individuals. In Hawaii, there 
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are 32 taxa that are represented by between two and ten wild individuals and 12 taxa 

whose wild populations consist of a single individual (USFWS 1991, CPC 1992). 

Specific examples include: Hibiscadephus woodii with only 4 individuals left in the wild, 

and Cyanea pinnatifida with a single wild individual remaining (USFWS). There are also 

several examples of species that are completely extirpated from the wild that survive only 

in botanical gardens such as Kokia cookei that continues to exist only by cuttings grafted 

on to a related species rootstock (USFWS).   

Such small populations put a species at risk for several reasons. First, small 

populations are more susceptible to demographic and environmental stochastic events 

(Mills and Smouse 1994; Pimm et al.1988; Lande1999). Environmental occurrences (e.g. 

periodic drought or hurricane) and demographic stochasitic events (e.g. randomly skewed 

sex ratios) have a more marked effect when populations are small (Mills and Smouse 

1994; Pimm et al.1988). However, there is evidence suggesting that the genetic 

characteristics of small populations have a greater effect on the survivability of a 

population than demographic or environmental stochastic events (Newman and Pilson 

1997; Frankham 1995,1998). In many cases species fitness can be directly linked to the 

degree of genetic variation (Charlsworth and Charlsworth 1987; Barrett and Kohn 1991; 

Ellstrand and Elam 1993). Lammi et al. (1999) found that the smaller the population of a 

rare orchid, the lower the genetic variability. Small, isolated populations resulting in 

reduced gene flow among populations are at a greater risk than other endemics for this 

reason. Low gene flow will cause small populations to be more subject to the effects of 

inbreeding and genetic drift. Therefore, genetic factors have become the focus of many 

conservation efforts in theory and in practice in developing management strategies for 
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various rare species (Barrett and Kohn 1991; Les et al.1991; Ellstrand and Elam 1993; 

Glover and Abbot 1995; Fischer and Matthies 1997; Newman and Pilson 1997; 

Matolweni et al.2000; Gemmill et al.1998; Tansley and Brown 2000). 

  Populations that are small in size are often subject to inbreeding and its associated 

consequences.  Inbreeding is the successive crossing of closely related individuals and 

resulting in reduced heterozygosity in the progeny. These offspring often experience a 

reduction in fitness referred to as inbreeding depression. The increased occurrence of 

homozygosity for rare recessive alleles resulting from inbreeding leads to reduced fitness 

(and ultimately the loss of adaptability in the face of changing environments) and 

potential ecological range (Lande 1999). Inbreeding has been proven to decrease fitness 

both in field and laboratory settings. However, the effects of inbreeding depression are 

more pronounced in the harsher environmental conditions experienced by wild 

populations compared to ex situ or laboratory specimens (Frankham 1995, 1997).  

The decline in fitness associated with inbreeding depression is caused by exposed 

(i.e., homozygous) deleterious recessive alleles. Although more deleterious alleles such 

as recessive lethals may be purged via natural selection, the accumulation of mildly 

deleterious alleles within the population can result in lowered germination and survival 

rates (Husband and Schemske 1996). The expression of some of these mildly deleterious 

alleles may not have an effect on fitness until after reproductive maturity causing the 

perpetuation of harmful genes in succeeding generations (Frankham 1995; Husband and 

Schemske 1996; Frankham1998). In this light, a species or population might experience a 

greater extinction threat at the onset of inbreeding because the measure of inbreeding 

depression decreases over time as the more detrimental alleles are purged through 
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selection. Husband and Schemske (1996) also found that the degree of inbreeding 

depression experienced depends on the breeding system. For instance, the magnitude of 

inbreeding depression in a naturally self-fertilizing species going through prolonged 

inbreeding is much less than that of a normally outcrossing species that is suddenly faced 

with inbreeding (Charlsworth and Charlsworth 1987). 

Small populations are also often exposed to the effects of genetic drift. Genetic 

drift is the random fluctuation of allele frequencies that are independent of influences 

from natural selection (Ellstrand and Elam 1993; Frankham 1998). The role of genetic 

drift in reducing the genetic variation of a population increases as population size 

decreases. There will be little or no change in allele frequencies in large populations due 

to chance events. Genetic bottlenecks are considered severe forms of genetic drift and are 

may be caused by initial and repeated founder events each time a new island or remote 

population site is colonized. These random occurrences can cause certain alleles to 

become fixed or completely removed from a population over successive generations. 

Over time, the genetic variability of a population would be reduced (Barrett and Kohn 

1991). Mildly deleterious alleles have the same chance of being fixed as advantageous 

alleles in the absence of natural selection. In this circumstance, chance may cause 

populations to become homozygous for recessive alleles and experience a reduction in 

fitness (Newman and Pilson 1997). If a substantial portion of these slightly deleterious 

alleles become fixed, the population could become “genetically inviable” (Lande 1999). 

Another consequence of genetic drift is the increase in the genetic differentiation 

between populations of a species (Ellstrand and Elam 1993; Tremblay and Ackerman 

2001). Morden and Loeffler (1999) found that a small and isolated subpopulation of the 



 5

endangered Hawaiian mint Haplostachys haplostachya was higher in homozygous alleles 

and was more genetically differentiated than the other larger subpopulations. The isolated 

population also showed signs of reduced fitness, although the cause is likely a mixture of 

drift, inbreeding depression, and poor habitat conditions. Reduction of genetic variation 

and an increase in population differentiation is attributed to genetic drift. A similar 

situation was found in Lychnis viscaria where the smaller, peripheral populations were 

more genetically differentiated among populations and within population variation was 

lower than that of larger and more central populations (Lammi et al. 1999). However, 

there was no detectable decline in fitness for the peripheral populations.  

 

The role of genetics in conservation 

We assume most endemic island groups were founded by either a single or very 

few initial colonizers (Carlquist 1980). Therefore, the effects of genetic drift and 

inbreeding are compounded when a species or population arises from one or a few 

founder individuals (Newman and Pilson 1997, Hedrick and Kalinowski 2000). In light 

of these critical but concealed attributes, the role of genetics in the conservation of rare 

species has increased and the information gained has become a valuable tool in assessing 

the management and sustainability of endangered species. Genetic information can be 

key to understanding a species or population by providing insight into gene flow, 

population differentiation, hybridization, and also to taxonomic relationships, species 

distributions and species delineations. The information acquired by genetic studies is 

consistent with the proposed strategy of most recovery plans to undertake basic biological 

research (USFWS, CPC 1994). Basic genetic research is lacking for most endangered 



 6

Hawaiian plants (CPC 1994). The USFWS (1994) recovery plan for the Wahiawa Plant 

Cluster states that the knowledge of “genetic variability must be established…to develop 

effective strategies for enhancing existing populations and establishing new ones.”   

It is important to collect propagules for germplasm storage and later 

reintroductions that represent the full range of genetic variation in a particular taxon 

especially in the case of rare species (Barrett and Kohn 1991, Holsinger and Gottlieb 

1991, CPC 1994, Glover and Abbott 1995). Thus, genetic information should be 

considered in order to collect the samples from appropriate populations. Holsinger and 

Gottlieb (1991) stated that taxonomic distinctiveness is an important factor for 

determining conservation priority between rare taxa and hybrids. For instance, Motley 

(personal communication) found that Clermontia oblingifolia ssp. mauiensis 

(Campanulaceae), listed as an endangered in 1992, is actually a hybrid of two sympatric 

species. If this were the case, it would be acceptable to delist this particular taxa. The 

level and direction of gene flow and population differentiation within a species could 

help to determine which populations to collect propagules from. For example, collections 

of the Hawaiian mint H. haplostachya mentioned above (Morden and Loeffler 1999) 

would be inappropriate from the isolated subpopulation due to the low genetic variation, 

lower frequency of rare alleles and the reduced fitness of the population compared to the 

other two populations (Morden and Loeffler 1999). Assessment of the genetic variation 

in the endangered Mauna Kea silversword, Argyroxiphium sandwicense subsp. 

sandwicense (Asteraceae) reveals that there still remains a fair amount of genetic 

variation among the progeny even though this taxon has undergone a severe bottleneck 

(Friar et al. 2000). In consequence, reintroduction efforts did benefit from this 
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knowledge. These studies emphasize the need for genetic sampling before germplasm 

collections and reintroduction efforts begin.  

  In addition to collection and propagation, rare taxa also need to be protected in 

their remaining environments. Genetic information is useful in determining the type of 

management strategy for such taxa. Tansley and Brown (2000) found that in the 

endangered South African Leucadendron elimense (Proteaceae), small and isolated 

populations still contained high levels of genetic variability. This genetic information 

combined with the knowledge of large and long-lived seed banks for this species led 

Tansley and Brown (2000) to conclude that this species is adapted to survival in small 

populations. They predicted that L. elimense could be managed in a series of small 

reserves for protection with little cost and management effort as an alternative to large 

reserve areas. Likewise, Kwon (1999) found that populations of kauila, Colubrina 

oppositifolia and Alphitonia ponderosa, contain levels of genetic variation believed to be 

similar to pre-disturbance levels.  These populations are also presumably reduced in size. 

This type of information can be extremely useful in developing collection protocols. 

The genetic consequences associated with small population sizes of rare plants, 

such as inbreeding depression and genetic drift, can potentially have a large effect on the 

survivability of a particular population or taxa. Island taxa are particularly at risk due to 

the nature of insular floras (Carlquist 1980, Frankham 1995). The effects of these genetic 

conditions are not always obvious and the management of such affected taxa can be 

difficult to carry out if there are uncertainties about the cause of rarity. For that reason 

genetic information should play a fundamental part in the conservation and management 

strategies of rare plant taxa. 
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Conservation Genetics of the Hawaiian Species of Hesperomannia 

This study begins with the charge by the US Fish and Wildlife Services 

(USFWS), Center for Plant Conservation (CPC) and the World Conservation Union 

(IUCN) to conduct basic biological research into the endangered Hawaiian genus 

Hesperomannia, (Asteraceae: Vernonieae). All three species are rare and locally 

clustered in their respective locations. Each is listed as endangered species by USFWS 

and also listed as “Critically Endangered” by the IUCN. The IUCN lists Hesperomannia 

arborescens and H. arbuscula as being threatened by continuing decline (i.e. either 

observed, projected, or inferred) in numbers of mature individuals. The population 

structures are severely fragmented in that no subpopulation is estimated to contain more 

than 50 individuals (IUCN website). Hesperomannia lydgatei is listed as “Critically 

Endangered” by the IUCN due to the fact that it is known to exist (significantly) at only a 

single location and the habitat is in continuing decline (observed, inferred or projected in 

its area of occupancy; IUCN www.redlist.org). The USFWS (1994, 1995, 1998) lists the 

current threats to these species as alien plants, feral animals, disease and insect predation, 

trampling or over collection by humans, and the potential stochastic affects associated 

with a small number of populations. None of the three species has been successfully 

propagated by cuttings, and each species is restricted in range although the degree of 

rarity varies between species.  

 

Taxonomic History 

The endemic Hawaiian genus Hesperomannia (Asteraceae, Vernonieae) was first 

described by Asa Gray in 1882. The genus was named after its first collector, Horace 
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Mann, who discovered a plant on the summit of Lana`i. At the time, there was a genus in 

the family Simaroubaceae already named Mannia in honor of a G. Mann who worked in 

Africa. As a result, the prefix hespero, meaning evening or west, was used to distinguish 

the honor of this genus in the Western Hemisphere to H. Mann (Gray 1866; Brigham 

1868; Wagner et al.1990).  

This first species of Hesperomannia was named arborescens for the arborescent 

habit of the plant, an uncommon feature for a member of the Asteraceae family. A second 

species of Hesperomannia, collected on West Maui “about 1200’ above Lahaina” by E. 

Bishop was described by Hillebrand (1888) as H. arbuscula also in reference to its 

arboreal habit, but distinguishing it from the former species. Hillebrand (1888) also 

named a new variety of arborescens, var. oahuensis, collected in the Wai`anae range on 

O`ahu. Hesperomannia lydgatei was first collected in the Wahiawa/ Kanaele drainage 

basin on Kaua`i by J. M. Lydgate in 1908 and was named by Forbes after its collector in 

1909. The genus Hesperomannia was first classified as part of the Asteraceae tribe 

Mutisieae where it remained even in the most recent systematic treatment of the genus in 

The Manual of flowering plants of Hawai`i  (Wagner et al. 1990).  

The genus was thought to have originated from one of several South American 

genera of the same tribe due to similar morphological characters.  Kim et al. (1998) found 

molecular evidence that supports closer affinities to the tribe Vernonieae. More 

specifically Hesperomannia is closely related to a group of African species in the genus 

Vernonia subsection Strobocalyx. This makes the origin of the genus unusual among the 

Hawaiian flora. It is speculated that dispersal likely occurred via southeast Asia and the 

Pacific island chains west of Hawai`i (Kim et al. 1998). 
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Degener (1933-1937) revised the genus to include three additional species. 

Hesperomannia oahuensis, the “hairy hesperomannia”, was named for the tomentose 

plants growing in the Wai`anae Range on O`ahu. Degener claimed this species was 

distinct from Hillebrand’s H. arborescens var. oahuensis (also in the Waianae Range). 

He also named two new species, H. bushiana (with two varieties, bushiana and fosbergii) 

and H. swezeyi.  The first refers to a small population restricted to Halawa Ridge on 

O`ahu with slightly smaller flower heads, whereas H. swezeyi was a species named for 

plants growing east of Nu`uanu Pali, in the Ko`olau Mountains of O`ahu.  

Carlquist (1957) provided another systematic treatment of the genus based on the 

anatomy of all species. This treatment divided H. arbuscula into two subspecies: subsp. 

arbuscula a sprawling shrub restricted to Maui, with sparse hairs on the undersides of 

leaves; and subsp. oahuensis, the same taxon Hillebrand described as being H. 

arborescens var. oahuensis and that Degener referred to as H. oahuensis. Hesperomannia 

arborescens was divided into three subspecies: subsp. arborescens based only on the 

specimens collected on Lana`i; subsp. bushiana from Halawa ridge, O`ahu; and subsp.  

swezeyi in reference to all other H. arborescens on O`ahu.  

St. John (1978, 1983) also reviewed the genus. His treatment named a new 

variety, H. arbuscula var. pearsallii from O`ahu and a new species, H. mauiensis from 

Iao Valley, Maui. However, the most recent treatment of Hesperomannia by Wagner et 

al. (1990) considered that all varieties and subspecies distinguished previously were 

artificial divisions and only the original three species distinctions were retained. These 

are H. arborescens, H. arbuscula, and H. lydgatei.  
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Description and distribution of species 

Three species of Hesperomannia are recognized in the Manual of Flowering 

Plants of Hawaii (Wagner et al. 1990, 1999); H. arborescens, H. arbuscula, and H. 

lydgatei. The main characters used to distinguish the three species are presented in Table 

1.1.  

Hesperomannia arborescens is characterized by having lanceolate to oblanceolate 

leaves that are 2-4 times as long as wide and being glabrous or very sparsely puberulent 

along veins and the midrib (Wagner 1990). The leaf margins are often entire, but can also 

be serrated. The flower heads are erect to ascending flower heads at anthesis and are 

solitary or in clusters and have four to seven circular series of involucral bracts. This 

species is found in montane wet forests on sloping, well drained soil around 2000’ 

elevation. It is known from various collections along the Ko`olau mountain range on 

O`ahu, around the Wailau cliffs on Moloka`i, and was once known from Lana`i where it 

was first collected by Mann but is now evidently extinct on that island.  This is by far the 

most abundant species of Hesperomannia. Populations tend to be locally dense and 

several populations are regenerating in the wild (personal observation). It is estimated 

there are ~2000+ mature individuals on O`ahu alone (Joel Lau, Natural Hawaiian 

Heritage Program, personal communication). However, this species is still considered 

rare and was first listed as endangered on March 28, 1994 (ecos.fws.gov/webpage/). 
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 Figure 1.1 Hesperomannia arborescens 
 
 
 
Table 1.1 Defining characters for the three species of Hesperomannia 

 H. arborescens H. arbuscula H. lydgatei 
Leaves Lanceolate to 

oblanceolate 
(sometimes 
elliptic); blades 2-4 
times long as wide; 
glabrous or 
minutely 
puberulent along 
midrib  

Elliptic to broadly 
elliptic to elliptic 
ovate; blades 1-2 
times long as wide; 
adaxial surface 
glabrous to sparsely 
pubescent, abaxial 
surface densely 
tomentose 
(sometimes 
glabrous) 

Elliptic ovate to 
broadly 
oblanceolate; 
blades 3-5 times 
long as wide; 
glabrous (or nearly 
so) 

Flower Heads Erect to ascending, 
5-7cm high; 
solitary or in 
clusters of 2-10 

Erect to ascending, 
4.5-5.5 cm high; 
usually in clusters 
of 4-5 

nodding at 
anthesis; 4-5 cm 
high; usually in 
clusters of 4-5 

Bracts  In 4-7 series, 2-3.5 
cm in length; 
involucre 2-3.5 cm 
high 

In 4-6 series, 2-2.5 
cm in length; 
involucre 2-2.5 cm 
high 

In 4-5 series, 4-5 
cm in length; 
involucre 4-5 cm 
high 

Pappas Yellowish brown or 
tinged purple 

Yellowish brown or 
tinged purple 

Yellowish to pale 
brown 
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Hesperomannia arbuscula is also characterized by having erect flower heads at 

anthesis. This species is distinct in having elliptic to elliptic ovate leaves that are1-2 times 

as long as wide. The adaxial surface is sparsely pubescent and the underside of the leaf is 

densely tomentose. The margins of the leaves range from entire to serrate to dentate. 

Flower heads are in clusters of four to five, and individual flower heads have between 

four and six involucral bract series. According to Wagner et al. (1990), H. arbuscula 

occurs in the Wai`anae Mountain range of O`ahu and in the West Maui mountains in 

mesic to wet forest above 1000’ elevation. This species is the most rare in terms of total 

numbers of individuals. Previous estimates counted ~80 individuals across the total range 

of the species. However, this estimate includes individuals found on Maui that are 

hypothesized to be H. arborescens in this study. Excluding individuals found on West 

Maui, there are fewer than 40 individuals remaining. This species was first listed as 

endangered on October 29, 1991 (ecos.fws.gov/webpage/). 

 

 

 

 

 

Figure 1.2 Hesperomannia arbuscula. 

 

Hesperomannia lydgatei is the most distinct species in the genus having pendant 

flower heads at anthesis (Wagner 1990). The leaves are elliptic-obovate to broadly 

oblanceolate,  usually 3-5 times longer than wide, and are glabrous (or nearly so) with 

Photo by Liz Huppman
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entire margins. Flower heads are in clusters of four to five, and individual heads have 

four to five involucral bract series. This species is restricted to the island of Kaua`i where 

it is predominantly found in low wet forest in the Wahiawa/ Kanaele drainage area with a 

few solitary individuals scattered in other parts of the island. Although very localized, 

this species has some regeneration in the one large population. This species was listed as 

listed as endangered on September 20, 1991 (ecos.fws.gov/webpage/).  

Figure 1.3 Hesperomannia lydgatei. 

 

Purpose of this study 

The main purpose of this study is twofold. First, this research will assess the 

degree of genetic variation within and among representative populations of all three 

species of Hesperomannia. From the degree of population differentiation and the amount 

of genetic variability within and among populations and species, inferences will be drawn 

to determine if inbreeding and/or genetic drift are related to the low numbers of 

individuals and small population sizes. The degree of population genetic differentiation 

between the three species will also be used to determine species relationships. Second, 

this basic research should provide enough information to make recommendations for the 
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conservation and management of Hesperomannia species in Hawai`i in regards to their 

protection, collection, monitoring, and propagation of each species and their respective 

populations.      

 

Formal Hypotheses 

Based on knowledge of the former and current distribution and ranges of each species 

four formal hypotheses are proposed.  

 

I. Each species of Hesperomannia is distinguishable at the genetic level; unique 

genetic markers distinguish each species. 

 

This hypothesis is supported by two factors: 1) each species is recognized as being a 

taxonomically distinct entity; 2) each of the three species has a distinct geographic range 

that does not overlap with the others.  Notably, H. lydgatei is restricted to the island of 

Kaua`i where the other two species are not found. Therefore, there are likely to be 

detectable genetic differences between each of the three species. 

 

II. Each species of Hesperomannia possesses low overall genetic diversity. 

 

Each species is rare, consisting of small population sizes with low numbers of 

individuals. The known species are slow growing trees that are presumably outcrossing. 

Pollinators have not been observed and may be extinct. Therefore, it is predicted that 

each population will have low genetic variation, resulting in low overall variation for 
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each species. Because the populations are small in size and there are few extant 

populations, and no apparent pollination vector, inbreeding and genetic drift are likely to 

have occurred. Three secondary hypotheses (one related to each species) are proposed. 

 

a. Hesperomannia arborescens populations on different islands are 

genetically distinct (O`ahu, Moloka`i). 

 

These populations are locally dense, yet low in total numbers of individuals and occur on 

separate islands. The geographic separation and the apparent lack of a pollinator would 

suggest that populations on different islands would show some evidence of genetic drift 

among associated alleles. 

 

b. Hesperomannia lydgatei retains considerable genetic variation within the 

one large remaining population. 

 

Hesperomannia lydgatei is reduced to a single large population in the Wahiawa/ Kanaele 

Drainage area on Kaua`i. This population consists of ca. 250 individuals (USFWS 1994) 

with six smaller subpopulations sampled. Each subpopulation may have experienced 

some effects of genetic drift in allele frequencies and therefore show some degree of 

differentiation. 

 

c. Hesperomannia arbuscula is the species with the least amount of genetic 

variation. 
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This species is the most restricted geographically and has the fewest numbers of 

individuals, ca. <50 individuals. Preliminary observations of pollen fertility revealed very 

low viability compared to the other two species. This species also has very little to no 

regeneration/recruitment in the wild whereas populations of the other two species consist 

of individuals at all stages of growth (personal observation). 

 

III. The West Maui plants referred to as H. arbuscula by Wagner et al. (1990, 

1999) are genetically distinct from H. arbuscula of the Wai`anae Mountains, 

O`ahu. 

 

The West Maui individuals are currently identified as H. arbuscula by Wagner et al. 

(1991).  All other taxonomic treatments had separated Maui individuals from the 

individuals found in the Waianae Mountains of O`ahu either by species, subspecies, or 

variety (Degener 1944, Carlquist 1957, St. John 1978). Additionally, individuals 

collected from Honokohau and Waihe`e populations have nearly glabrous leaves that are 

narrower compared to the wider, tomentose leaves of H. arbuscula in the Wai`anae 

range. Furthermore, West Maui populations are found in wet forest (as are the H. 

arborescens populations on O`ahu and Moloka`i) in contrast to the drier, mesic habitat of 

Wai`anae H. arbuscula plants. These factors support treatment of the West Maui plants 

as taxonomically distinct from H. arbuscula on O`ahu. I hypothesize that the genetic 

markers will reinforce the morphological and habitat differences of the West Maui 
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populations of Honokohau and Waihe`e and support the their treatment as H. arborescens 

rather than H. arbuscula. 

 

IV. Pollen viability and seed germination rates are correlated with the amount of 

genetic variation found in populations.  

 

It is expected that the level of genetic variation will be reflected in the estimated pollen 

viability and seed germination observations. This assumption is based on the theoretical 

prediction that lower genetic variation will result in lower fitness (Charlsworth and 

Charlsworth 1987; Husband and Schemske 1996; Frankham 1995, 1997;Lande 1999). 

This study will use pollen stainability as an estimation for viability and seed germination 

observations for measures of fitness. 

 

Materials and Methods 

DNA Collections 

Leaf material for several populations of the three species of Hesperomannia will 

be collected for DNA extraction. One leaf per accessible individual will be sampled per 

population. Leaves will be stored and refrigerated until DNA is extracted. Due to the 

rarity of all three species of Hesperomannia, locations will be selected based on the 

population’s accessibility and vulnerability to sampling.  Mature individuals will be 

sampled in each population. When populations are limited in number, juveniles and 

seedlings will also be sampled. Voucher specimens for populations that are known to 
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have not been previously collected will be deposited in the Bishop Museum Herbarium 

(BISH), Honolulu, Hawaii. 

 

DNA Extraction 

DNA will be extracted from fresh leaf material using a modified version of the 

2% CTAB extraction method (Morden et al. 1996). The extraction buffer consists of: 2% 

Cety-trimethyl Ammonium Bromide (CTAB), 100 mM Tris-HCl (pH 8.0), 1.4 M NaCl, 

20mM EDTA, 2% PVP-40 (polyvinylpyrrolidone 40,000 MW), and 0.2% β-

mercaptoethanol (added immediately prior to each extraction). Approximately 1.5-2.0 

grams of fresh leaf tissue are added to the extraction buffer and ground in a mortar with 

pestle (preheated to 60-65oC) and sterile sand. The grindate will be incubated for 15 

minutes at 60-65oC with occasional mixing. The DNA will then be extracted with 

chloroform and centrifuged at 3000 rpm in a Sorvall RT-6000 centrifuge for 10 minutes. 

The top aqueous phase will be removed to a new tube and gently mixed with an equal 

volume of 2-propanol (4oC) to precipitate the DNA. The mixture will be incubated at -

20oC for at least 30 minutes to further precipitate the DNA. The tubes will be centrifuged 

(as above) for 5 minutes to pellet the DNA. The pellet will be allowed to dry for 

approximately 5 minutes and then washed with 5-10 ml wash buffer (76% EtOH and 10 

mM NH4Oac) and centrifuged as above for 5 minutes. The supernatant will be decanted 

and the pellet air dried for ca. 5 minutes before resuspending in 4.0 ml TE (10 mM Tris-

HCl (pH 8.0), 1mM EDTA). The DNA will then be further purified by cesium chloride 

(CsCl) density gradient centrifugation, where 3.9g CsCl and 50 µl ethidium bromide 

(EtBr) are added to the tubes (density ca. 1.55 gm/ml) and ultracentrifuged overnight at 



 20

55k rpm. DNA bands will be removed with pasture pipettes, EtBr removed with two 

washes of saturated 2-butanol, and CsCl will be removed by a TE dialysis (Sambrook). 

All DNA samples will be accessioned into the Hawaiian Plant DNA Library (HPDL), and 

stored at –20οC (Morden et al. 1996, Randell and Morden 1999). 

 

RAPD Procedure 

RAPD reactions will consist of 25 µl reactions containing: ca. 25ng of DNA, 0.2 

mM each of dATP, dCTP, dGTP, dTTP, 1X Taq DNA polymerase buffer (10mM Tris-

HCl (pH 9.0 at 25oC), 50 mM KCl and 0.1% Triton X-100; Promega), 1.5mM MgCl2, 

0.25 mg BSA, 2 µM random 10-mer oligonucleotide primer (Operon Technologies), and 

ca. 1 unit of Taq DNA Polymerase (Storage Buffer A from Promega). The reactions are 

then covered with 25 µl of mineral oil. The RAPD-PCR reactions will be performed in a 

DNA thermocycler. Reaction conditions that have been demonstrated to work previously 

in similar studies are as follows: an initial denaturation cycle of 94oC for 3 minutes, 35oC 

for 30 seconds and 72oC for 2 minutes, followed by 43 cycles of 95oC for 45 seconds, 

35oC for 30 seconds, and 72oC for 2 minutes. The reaction will end with one final cycle 

of 95oC for 45 seconds, 35oC for 30 seconds and 72oC for 6 minutes. Operon primers will 

be screened until there are approximately 20 primers that show clear, reproducible, 

scorable bands. PCR amplified products will be visualized with EtBr after being 

electrophoresed on a 1.5% agarose gel. The sizes of the bands will be determined by 

comparison to a pBS marker (pBS plasmid digested with restriction enzymes DraI, PvuII, 

and KpnI, to provide a standard range from 0.448 to 2.96 kb.  
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Because the RAPD technique can be difficult to reproduce (Rieseberg 1996), 

several precautions must be taken to ensure a dependable product. Each primer for use in 

the final analyses will be tested for reproducibility with each population. The 

thermocycler used in the reactions must be reliable and consistent in their performance. 

The concentration of DNA needs to be standardized and consistent for each reaction to 

make sure there is no ephemeral amplification.  Finally, the reaction components need to 

be sterile and free of contamination in order to ensure reproducibility.  

 

Pollen Viability Analysis 

Pollen will be collected from fresh floral material, when available, for pollen 

viability analysis. Pollen will be stained with aniline blue in lactophenol to estimate its 

viability (see Hauser & Morrison 1964).  The pollen will be allowed to stain for 24 hrs 

before viability assessments will be made. Pollen grains stained more deeply (dark blue 

colored) will be considered viable whereas unstained or lightly stained, or very reduced 

sized grains will be counted as unviable. Optimally, approximately 300 grains will be 

counted for each specimen but if fewer are available they will also be counted. The 

results will be scored as percentages and compared within and among each species. The 

percent viability of populations and individuals will be used as a measure of fitness to be 

compared to the results of the genetic variability assessments.  

 

Seed Germination Studies 

Immature and mature fruiting heads will be collected from several individuals in 

each population visited (as available). All seed material will be taken to the Lyon 
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Arboretum Micropropagation Facility where the immature achenes will be sterilized in a 

solution of 10% Clorox and Tween 20 for 20 to 30 minutes.  Embryos will then be 

extracted in a sterile hood environment and placed on an agar growth media for 

germination and growth (Murashige and Skoog 1962). Germination and survivability will 

be documented. The percent germination per individual and species will be used as an 

estimate of fitness to be compared to the results of the genetic variability and pollen 

viability assessments.  Any viable seeds or cuttings will be accessioned into the Lyon 

Arboretum collections. 




