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An experimental reintroduction was performed to determine the best method to

create new populations of the tuberous species Perideridia erythrorhiza, a rare

vascular plant endemic to southern Oregon. Only a handful of sites are currently

present, and many of these are subject to other land uses such as urban

development and grazing. Before a costly large scale recovery effort is

implemented, a stream-lined protocol using smaller, experimental reintroductions

should be created. In this study, different propagule types, sizes, and transplant

times were investigated, including large adult tuberous roots, small juvenile

tuberous roots, and seeds. Propagules were planted either in the spring or in the

fall, and monitored over two growing seasons for emergence, growth, and

reproduction. Environmental data were also gathered in an attempt to correlate

transplant success with soil moisture and vegetation cover. It was found that large

tubers from adult plants transplanted in the fall had the highest probability for

survival, produced the most leaves, and exhibited the highest reproductive output.

While the small juvenile tubers did poorly, fall planted seed did surprisingly well,

but the long-term survival of plants from seed could not be determined in the time-



frame of this study. While vegetation cover did not appear to have any affect on

survival, increasing soil moisture had a negative affect.

To provide information useful in the ongoing reintroduction project, the life history

of Perideridia erythrorhiza was examined. Seed germination, juvenile and adult

development, reproduction, and breeding system were examined and documented.

Of particular interest was the feasibility of rapidly growing large, adult tubers from

seed in a controlled setting, thus avoiding the need to harvest large tubers from

extant populations. It was found that by using germination chambers and the

greenhouse, plants could reach a size equivalent to a three year old plant - about the

stage in development when plants begin to reproduce - in thirteen months. It was

also determined that P. erythrorhiza is typically outcrossing. Plants produce fewer

seeds when self pollinated, have a high level of inbreeding depression present at the

seed production stage, and produce few seeds autogamously, suggesting the need to

incorporate the breeding system of P. erythrorhiza into any future management

protocol. Pollinators will need to be present at reintroduction sites to ensure cross

pollination or manual hand pollination will be necessary. If transplants are to be

cultivated, it will be important to ensure that they are not closely related, and that

seed will need to be collected from a number of different individuals.
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CONSERVATION BIOLOGY OF PERIDERIDIA ERYTHRORHIZA

(APIACEAE): EXPERIMENTAL REINTRODUCTION AND LIFE HISTORY

Chapter 1

Introduction

Species Decline and Extinctions

Recent literature is full of daunting statistics about the perilous decline among the

earth's species (Falk and Olwell, 1992; Meyers, 1993; Schemske et al., 1994;

Wilcove et al., 1998). It has been claimed that 25% of an estimated 250,000

species of vascular plants in the world are of conservation concern and may

become extinct within the next 50 years (Falk, 1992; Schemske et al., 1994).

Already, it is estimated that 2% of all described flowering plants are now extinct

(Primack, 2000; pg 69). In the United States alone, 1207 species are formally

proposed for listing or listed as endangered or threatened under the Endangered

Species Act, 60% of which are plants (Wilcove et al., 1998).

Most scientists agree that human activity is the main cause of extinction (Wilson,

1988; Falk and Olwell, 1992; Guerrant, 1992; Meyers, 1993; Schemske et al.,

1994; Wilcove, et al. 1998). Ninety percent of the listed plant species in the U.S.

are threatened by habitat degradation or loss, with these directly or indirectly

affected by anthropogenic causes. The most frequently cited types of habitat loss
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include commercial development, agriculture, exotic infestations, livestock grazing,

outdoor recreation, infrastructure development (i.e. road building), and disruption

of fire ecology (Wilcove et al., 1998). Continued habitat loss coupled with the

growing list of imperiled species will quickly outpace fiscal resources and create

what had been termed a "management debt" (Wilcove et al., 1998).

Why is Biodiversity Important?

Many question why we should care about a nondescript plant that grows in some

obscure location. Yet the amount of time and money spent on gardening,

ecotourism, zoos, wildlife films, and bird watching, among other activities should

aftest to people's appreciation and perceived value of natural biodiversity. In spite

of the overwhelming statistics, political maneuvering, and often dismal results from

conservation efforts, many believe that saving or restoring species is still an

achievable and worthwhile endeavor. Some have gone as far as to say that humans,

as the dominant life forms on earth, actually have an obligation to protect and

conserve biodiversity (Ehrlich and Wilson, 1991).

Aesthetic and ethical concerns aside, the maintenance of biodiversity can be

important in an economic sense. Many foods, medicines, and industrial products

are derivatives of wild plants, with almost one quarter of all pharmaceuticals

originating from plants or microorganisms (Ehrlich and Wilson, 1991; Van de Veer

and Pierce, 1994; Armstrong and Botzler, 1998). Plant species may also hold
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important genetic information, and may contain genes important to improving crop

breeding, nutritional content and disease resistance.

Of no less importance, although sometimes more difficult to define, is the role that

biodiversity plays in maintaining essential ecological processes, such as pollination,

gas exchange, production of soils, mycorrhizal fungal plant associations, and

nutrient cycling (Ehrlich and Wilson, 1991; Frankel et al., 1995; Primack, 2000).

Arguments have been made that only a small subset of key species are necessary to

maintain essential ecological processes, and that species can go extinct without

effecting the overall community processes (Lawton and Brown, 1993). However,

recent studies have shown that reductions in biodiversity result in decreased

stability and productivity in communities (Tilman and Downing, 1994; Naeem et

al., 1994). Tilman and Downing (1994) compared 207 grassland plots of varying

species richness, and found the plot's ability to regenerate after a two-year drought

increases as the number of species present increases. Naeem et al.(1994) created

communities of 9, 15, or 31 species, and found that the level of biodiversity alters

plant productivity, community respiration, decomposition and other community-

level processes.

Different Approaches and Scales to Species Recovery

Protection of whole communities is widely accepted as an essential safeguard

against species extinction (Frankel et al., 1995). Preservation of intact habitats
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should be a top priority in conservation programs, and can protect complex

processes not yet understood (Falk, 1991; Falk and Olwell, 1992; Reid, 1992;

Grumbine, 1994; Noss, 1996). By setting aside exemplary occurrences of intact

natural habitat, management and preservation efforts can be proactive, forestalling

extinction crises and the need for costly intervention, such as the creation of habitat

for the threatened and endangered species (Carroll, 1992; Guerrant, 1992).

However, preservation of intact wilderness as a conservation measure has many

practical limitations. The average reserve size required to maintain ecosystem

elements and processes is bigger than most existing nature reserves in the world

(Noss, 1987). Cost is often prohibitive, as competition for lands with commercial

buyers drives up the cost per acre (Falk, 1991). It is, therefore, not surprising that

only 11.7 % of land in North America and 6.4 % of land worldwide is protected in

scientific reserves, national parks, and national monuments (Primack, 2000). Many

countries do not or cannot enforce the laws protecting these lands. At best,

preservation of intact habitat will play only a part in the larger conservation picture.

When protecting natural habitat is not feasible, then other measures such as habitat

and species restoration will play an increasingly important role.

Conservation biology has traditionally focused on a fine scale - mainly at a species

level, but biologists are now looking at a broader scale - at the habitat level (Soule

and Wilcox, 1980; Soule, 1989; Fiedler and Jam, 1992; Frankel et al., 1995; Gilpin,

2000), with the goal being to manage for processes rather than species. Ecological
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restoration is the process of intentionally altering a site to establish a defined,

indigenous historic ecosystem, or to emulate the structure, function, diversity and

dynamics of a particular ecosystem (Primack, 2000). Unfortunately, this typically

produces oversimplified or non-self-maintaining communities (Gilpin, 2000;

Primack, 2000). We must have a clear grasp of how natural systems work before

we attempt to recreate them. That is not to say that it cannot be accomplished, and

with every attempt, we test how well we understand natural ecosystems, and the

way they function.

We do have a great deal of empirically based knowledge and understanding about

dealing with biodiversity loss one species at a time, and in some cases single

species may be the appropriate level of focus. In the United States, the Endangered

Species Act of 1973 (ESA) is well established and provides a strong legal

framework to protect individual species. By using the ESA, a top-down approach

can be used to benefit the entire ecosystem. Many scientists recognize that some

species encompass the needs of others (Schemske, 1994; Frankel et al., 1995;

Lambeck, 1997; Gilpin, 2000). Umbrella species, as they have become to be

known, are those whose requirements tend to encapsulate the needs of other species

(Lambeck, 1997), and by designing or managing the landscape around them, other

species benefit and ecological processes are improved. For example, Lomatium

bradshawii, an open meadow species threatened by a change in fire regime, is

listed as endangered under the ESA. By managing the extant populations of such



6

species with prescribed fires these taxa - as well as the community in which they

occur - are healthier than they were prior to any intervention (Pendergrass et al.,

1999). These focal species can also capture the public's attention, and may even

develop a significant symbolic value to conservation efforts. In India, eighteen

tiger reserves showed improvement of their ecosystems. The reserves with their

spectacular animals have inspired an influx of money from ecotourism and private

donations, which in turn is invested back into improving the habitat, creating new

reserves and fostering an increased awareness and pride for this national symbol

(Ward, 1992). Focal species are important to convince the public that conservation

is good; it can be a creative process that actually works (Maunder, 1992).

Reintroduction as an Important Tool

Reintroduction is the release of captive-bred or wild-collected individuals into areas

of their former range for the purpose of creating or augmenting viable, self-

maintaining populations. Reintroductions are being used more frequently, both in

the United States and around the world. For example, Filago gallica in Britain

(Rich et al., 1999), Gentiana nivalis in Scotland (Whitten, 1990), Antirrhinum

charidemii in Spain (Sainz-011ero, 1979), various Cycad species in Africa

(Osborne, 1990), Ranunculusprasinus in Tasmania (Gilfeder, et al. 1997), Allium

tricoccum in Quebec (Vasseur and Gagnon, 1994), and Plagiobothrys hirtus in the

U.S. (Kaye Ct al., 1998; Amsberry, 2001) are all plant species that have benefited

from reintroductions. In the United States, one quarter of all federally-listed plants
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have future reintroduction work included in their recovery plans. Despite

reintroduction's increased use, however, the biological and technical understanding

is still unclear (Maunder, 1992; Allen, 1994). Regardless of the large number of

recovery plans that include reintroductions, the U.S. Fish and Wildlife service has

no guidelines to implement reintroductions. According to Falk and Olwell (1992)

the first priority of recovery plans, after preservation, should be developing

appropriate techniques to create and reintroduce new populations as needed.

Why Reintroductions are Valuable

Reintroductions can protect species and reduce extinction potential, as well as

improve the health of declining populations (Parenti and Geurrant, 1990;

Reichenbacher, 1990; Maunder, 1992; Rich Ct al., 1999). Small populations are

inherently more susceptible to genetic, demographic, and environmental

fluctuations, which increase the likelihood of extinction (Barrett and Kohn, 1991;

Menges, 1992). Logically, remtroductions can buffer a species against these

stochasticities; more individuals or populations have a better chance of persistence.

Under normal circumstances, single segments of a larger metapopulation may go

extinct during unfavorable conditions, but are later recolonized by remaining

elements of the population when conditions are more favorable. However, a rare

species could be completely wiped out in the chance event of a climatic fluctuation,

such as a drought. For such a species, reintroduced populations could serve to

buffer the effects of environmental uncertainty (White, 1996; Hanski and



8

Simberloff, 1997). Moreover, through strategic placement, managers can

potentially link populations and increase gene flow, particularly when pollinator

movement has been disrupted due to habitat fragmentation (Agren, 1996).

Successful reintroductions can be essential to mitigation projects when a plant

population or habitat is on land that is to be developed or destroyed. Although

often viewed as a last-ditch alternative, alternatives based on sound research, like

reintroduction, can help to counter local extirpations. This is particularly the case

when a population can be salvaged and placed in suitable habitat. Placement on

publicly owned lands often receive more funding and protection, and generally

have more experienced people overseeing the process. Moreover, there is typically

greater commitment to the project than it might have otherwise on privately held

lands.

Important Considerations When Planning Reintroductions

Site Selection. Site selections can be one of the more difficult aspects of designing

plant reintroductions. Potential sites should be within the historical range of the

species being reintroduced, noting that it is possible that the best chance for

persistence and evolutionary change is found in habitat where, historically, the

species has not occurred (Fiedler and Lavin, 1996). Reintroduction sites should

meet the broad, physical characteristics found in association with native

populations, such as climate, hydrology, soil characteristics, slope, aspect, canopy

level, and landscape pattern. In a review of 15 reintroductions, over half failed



9

(less than 10% of transplants survived) due to habitat that did not meet the physical

criteria (Hall, 1987), with the majority of failures citing inappropriate soil

characteristics. In the case of A ilium tricoccum and Plagiobothrys hirtus, the most

important factor in transplant success was soil moisture (Vasseur and Gagnon,

1994; Amsberry, 2001). Biological factors are no less important. Dispersal

vectors, pollinators, mycorrhizal symbionts, competition with weeds, herbivory,

and inter- and intra-specific hybridization are all factors that must be considered

when choosing a reintroduction site (Parenti and Guerrant, 1990; Rieseberg, 1991;

Fiedler, 1996; Primack, 1996; Primack, 2000).

Genetic Stock. When planning a reintroduction, an important choice is whether to

use locally adapted genetic stock or a mixed source stock. It has been argued that

by using propagules from the closest extant population, or a population most

similar to the reintroduction site out-breeding depression and the disruption of

locally adapted gene complexes can be avoided or minimized (Guerrant, 1996).

Using such material, however, may not always be the best or most practical choice.

In some cases, using the closest extant site as a founder population is impossible

due to its small size. And rarely do we know if genotypes are in fact finely adapted

to local environments, or whether they are chance combinations resulting from

founder effects and drift (Barrett and Kohn, 1991). Using stock from all available

sites, especially of local endemics, is a reasonable alternative to focusing strictly on

the geographically closest population. Such an approach could increase the
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potential for success, allowing the process of natural selection to weed out

unsuccessful genotypes (Barrett and Kohn, 1991; Guerrant, 1996). More often than

not, reintroduction projects must deal with suboptimal habitat and novel

environments, where it is difficult to foretell which genotype will be the best suited.

The issue of using local or mixed genetic stock is mostly of concern when local

races are ecologically and morphologically distinct, especially when recognized

taxonomically. Clearly divergent ecotypes should not be mixed because of the

danger of outbreeding depression (Templeton, 1986; Barrett and Kohn, 1991),

although outbreeding depression has been more difficult to demonstrate than

inbreeding depression (Frankel et al., 1995). The immediate concern is to conserve

the species, which may be at odds with the desire to preserve population

differentiation. By using mixed stock, there is the potential to lose traits unique to

particular populations, but the likelihood of at least some individuals surviving

should be increased.

Horticultural Considerations. The skills, knowledge and technical expertise of

horticulturists, while usually applied in commodity-oriented research, are directly

applicable to conservation efforts of rare species (Affolter, 1997). Many projects

fail due to poor cultivation technique (Hall, 1987; Feeback, 1992; van Andel,

1998), but when undertaken using the principals underlying horticultural science,

project results will be better interpreted and easier to compare to other studies.
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Future reintroductions will thereby improve, with the results more likely to be

duplicated by others working with the same or similar species (Affolter, 1997).

When planning a reintroduction, the type of propagules used can determine the

ultimate success of the study (Maunder, 1991; Taylor, 1991; Guerrant, 1996).

Depending on the species there are many options to consider, including seeds,

whole plants, plant cuttings or specialized stems and roots (i.e. conns, tubers,

bulbs, or rhizomes). With each method there is an associated cost and benefit.

Collecting seed from donor populations will have much less impact than removing

whole plants or critical plant parts such as bulbs or tubers (Menges, 1992; Guerrant,

1996). Using seed also quickly introduces a greater amount of genetic diversity

into created populations, which can be important in novel environments (Barrett

and Kohn, 1991; Guerrant, 1996; Robichaux, 1997). But seeds alone often fail to

establish new populations of rare plants, particularly in perennial species (Bowles,

et al., 1993; Taylor, 1991; Primack, 2000). Many studies utilize whole plants

grown from cuttings or seed (Sainz-011ero and Hemandez-Barmejo, 1979; Parenti

and Guerrant, 1990; Guerrant, 1996). These larger plants fair better after transplant

and have a higher percentage survive and reproduce compared to seed, but of

course are more costly to produce off site prior to transplantation. When using

whole plants, either wild-collected or cultivated, the genetic diversity of transplants

is important, particularly in species where multiple ramets can be taken from one

genet. In addition, the availability of propagules is a matter that cannot be
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overlooked. A seed supply can be cultivated from plants grown ex situ, but this

typically leads to a loss in genetic diversity, even after only two generations of

propagation in captivity (Pavlik et al., 1993; Guerrant, 1996). However, when

there are no viable populations in nature, or the number of individuals remaining is

so small, cultivation ex situ may be the only alternative.

Creation of Multiple Populations. Where feasible, employing multiple

reintroductions at different sites reduces the risk of failure in several ways

(Guerrant, 1996), perhaps most notable by facilitating comparisons of site

suitability (Vasseur and Gagnon, 1994). In addition, by extending plantings over

successive seasons, the chance of overall project failure due to climatic factors is

reduced (Primack, 1996). It makes sense that when you plant over different places

and times, you can buffer new populations against unpredictable events, such as

drought, herbivory, floods, etc. In reality, reintroduction projects of rare plants are

generally limited by financial resources and land availability, but within those

restraints, consideration should be given to planting several small versus one large

population, or simply planting in successive years at the same location, or both.

Founding Size: Genetics of Small Populations. Created populations are always

going to be subjected to genetic bottlenecks. This loss of diversity can lead to

reduced fitness, potentially rendering populations less adaptable and more prone to

extinction (Fisher, 1930; Barrett and Kohn, 1991; Menges, 1991). Small, isolated
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populations, as reintroductions are likely to be, are susceptible to genetic drift and

likely to lose genetic variation quicker than populations without significant drift

(Barrett and Kohn, 1991). Under such conditions, inbreeding depression is more

likely to occur, particularly if the population dips after outplanting, promoting a

loss in variation and fitness.

It is, therefore, crucial to maximize the genetic contribution of the outplanting pool

(Guerrant, 1996). Genetic diversity must be emphasized at the start, as

contributions of individuals can be lost, especially in small populations

(Templeton, 1991). For example, in a reintroduction of the Mauna Kea

Silversword, a population bottleneck occurred when the outplanted populations

consisted of offspring of only two maternal founders, resulting in a 73% reduction

in measured polymorphism (Robichaux et al., 1997). Founding size is a critical

parameter, and management practices that aim to maintain large population sizes

will tend to conserve genetic diversity (Huenneke, 1991). However, the genetic

contribution cannot be overlooked, and founders should comprise a diverse genetic

pool, with genotypes present in relatively equal numbers.

Demography and Monitoring. The growth and death rates of a population is one

of the most important factors in determining success of reintroduced populations

(Lande, 1988; Menges, 1991; Caro and Laurenson, 1994; Schemske Ct al., 1994;

Guerrant, 1996). Demographic and environmental stochasticity pose a threat to
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small populations such as those resulting from reintroductions, potentially causing

genetic depletion (Lande, 1988; Barrett and Kohn, 1991; Heunneke, 1991; Menges,

1991; Caro and Laurenson, 1994). However, populations that grow rapidly after a

decline or bottleneck event retain much of their genetic diversity relative to the

severe losses that can occur if the population growth rate is low. By designing

populations to achieve maximum growth, such as planting mature, reproductive

individuals, we can maintain a healthy gene pool (Menges, 1991; Guerrant, 1996).

In many situations, reintroduction projects will result in small populations that may

persist but do not grow rapidly. While maintenance of genetic diversity will

certainly be of concern in these cases, "without a demographically self-maintaining

population, questions of genetic diversity are moot" (Guerrant, 1996). Therefore, a

long-term commitment must be made to monitor newly created populations to

identify the life history stages that are likely to have the greatest impact on species

recovery (Schemske et al., 1994). Such information can in fact be collected from

outplanted individuals as well as from plants under cultivation.

Studying the life history traits of a target species in advance of a large-scale

reintroduction project is critical to successful monitoring plans for a created

population of plants. These studies not only identify important life history stages

that will need to be monitored, but can garner information useful in designing and

implementing reintroductions, such as the presence of vegetative propagules that
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might be used as transplants, age until reproduction begins, reproductive output and

germination requirements. A well designed monitoring program will not only

glean information about the number of individuals and demography of a

population, the data can also help to predict the survivability of a population. The

data obtained from a monitoring project should help guide the recovery process,

and help to focus limited resources on stages that have the greatest impact.

Perideridia erytlirorhiza, a Good Candidate for Reintroduction

There are many vulnerable native plants in Oregon that may benefit from

reintroduction programs. A few already have, such as Plagiobothrys hirtus, a

wetland perennial species that has shown considerable promise for recovery after

reintroduction (Amsberry, 2001). Yet while easily propagated, there is very little

suitable habitat remaining for this species into which additional populations can be

planted. Conversely, Astragalus applegatei has suitable habitat available, but has

been difficult to propagate due in part to a complicated mycorrhizal association

(Barroetavena, et al. 1998). Perideridia erythrorhiza Chuang and Constance,

(1969) a rare endemic that has conservation status under federal and state

regulations, is an excellent potential candidate for reintroduction, as it has tuberous

roots which form convenient transplant units. And while extant populations are

primarily on private lands with multiple land uses, such as urban development and

grazing, government officials are interested in creating populations on more

protected public lands. Reintroduction could prevent further decline,
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circumventing the need for a costly federal listing and conserve genes from plants

in populations whose future is questionable at best.

Species Description. Perideridia eiythrorhiza (Figure 1.1) plants range from 30 to

90 cm in height, and have one to more commonly many red or white tuberous roots

occurring in a fasicle just below the soil surface. Plants have ovate-lanceolate,

pinnate basal leaves (10-20 cm long, 3-10 cm broad) and finely pinnate cauline

leaves (10-20 cm long, 0.5-1 cm broad), which are generally dry and senescent by

July or August. Leaf withering more or less coincides with flowering, depending

on geographic location. Flower stalks are erect and usually branched, bearing

many dense umbels of tiny white flowers. The resulting inflorescence is a showy

mass of white that attracts many insects and usually produces abundant two-seeded

fruits each year (Chuang and Constance, 1969; personal observation).

Perideridia erythrorhiza is a wild relative to commercially important members of

the Apiaceae, including carrots, parsnips, and parsley. It's common name, the red-

rooted Yampah, refers to the Native American name for plants within the genus

(Blackburn and Anderson, 1993). Historically, Native Americans used species

within the genus as one of their main food staples, harvesting these "Indian

potatoes" which were then either boiled and eaten, or mashed into balls that could

be stored for long periods of time (Blackburn and Anderson, 1993; Moerman,

1998). Perideridia gairdneri, a common and sympatric relative of P. erythrorhiza,
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has a high amount of iron, with one cup containing about one-half of the

Recommended Dietary Allowance for men and about one-third for women

(Nutrition and Food Management, Oregon State University, 1999). Of note here is

that P. erythrorhiza produces more and larger tubers than any other species in the

genus, traits which could prove useful to plant breeders. It is rumored that Luther

Burbank, a well-know plant breeder, even studied this species as a potential crop

plant.

Geographic Distribution. Perideridia erythrorhiza occurs on both sides of the

Cascade Mountains in Oregon, in three population centers (Figure 1.2): (1) the

northernmost in Douglas County, (2) in the southwest Illinois River Valley in

Josephine County, and (3) east of the Cascade Mountains in the Kiamath Lake area,

in Kiamath County and near Howard Prairie Lake in Jackson County. The

populations that occur west of the Cascades differ biologically and ecologically

from those that occur east of the mountains (Meinke, 1998). West of the Cascades

P. eiythrorhiza occurs in summer drying swales in open meadows. These plants

are greater in overall stature, producing large clusters of distinctly red tuberous

roots, higher numbers of inflorescences, and copious flowers and seeds. East of the

Cascades the species occurs at the edges of dry coniferous forests at higher

elevations in a forest-meadow ecotone. East-side plants are somewhat smaller, and

notably produce fewer inflorescences, flowers and seeds, and have smaller clusters

of individually larger, white (not red) tuberous roots. Further research (Meinke,



19

Figure 1.2 The geographic distribution of Perideridia erythrorhiza in Oregon.
There are 3 popu'ation centers - the northwest center occurs in Douglas County,
the south west in Josephine County, and the east populations in Jackson and
Klamath Counties.
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personal communication) is in progress that may separate this species into two taxa.

Threats. Land development, urban sprawl, and grazing by domestic livestock are

primary threats to populations of Perideridia erythrorhiza. In addition, recreational

activities threaten the southwest and southeast populations, and mining operations

are common throughout the region where southwest populations occur. Inventories

indicate that many populations are seriously threatened by these activities, and

several populations recorded in the Oregon Natural Heritage Program rare species

database were recently found to be extirpated (ONHP, 2001; personal observation).

If no action is taken, further decline of the species as a whole can be expected.

Goals. The goal of this study is to determine if and how a reintroduction of

Perideridia erythrorhiza should be implemented. By starting with smaller,

experimental reintroduced populations and by studying the life-history of the

species, it can be determined which methods work best - if at all, before initiating

a costly large scale recovery. If reintroduction is to be successful, several questions

will have to be addressed, such as what type of propagules to use, when to plant

them, what are the limiting life history stages, what is the breeding system, how do

different environmental parameters affect transplants, can propagules be grown off

site and how long does it take. When these questions are answered, then a

streamlined protocol can be created and put into action.
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In order to answer these questions, I propose a two part study consisting of an

experimental reintroduction and the documentation of the life history. The

experimental reintroduction will consist of four outplanted populations, using large

wild-collected tubers and seed, and juvenile tubers grown from seed offsite.

Propagules will be planted at two times, once in the Fall and once in the Spring,

and surrounding vegetation and soil moisture will be sampled. The information

gleaned from this experiment will hopefully decide which treatments are successful

and if the species has narrow habitat requirements in order to guide a larger

reintroduction effort. The life-history study will supplement this effort by

examining seed germination requirements, juvenile development, adult

development, reproduction and breeding system, as well as the feasibility of

growing adult propagules from seed. If transplants can be grown offsite from seed

in an economical way, transplanted successfully in appropriate habitat, and survive

to produce viable offspring, then the future of Perideridia erythrorhiza will be

more secure.
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Chapter 2

The Experimental Reintroduction of Perideridia erythrorhiza (Apiaceae)

Abstract

Experimental reintroductions were performed to evaluate methods for creating new

populations of Perideridia erythrorhiza, a rare and declining plant species endemic

to southern Oregon. Reintroductions are often costly, and creating a streamlined

protocol before a large-scale recovery effort is implemented can save limited

resources. In this study, different propagule types, sizes, and transplant times were

investigated. Large adult tuberous roots (from flowering individuals) can be

extracted from extant populations, but can potentially have a substantial negative

impact on the donor population. Smaller, juvenile tuberous roots (non-flowering)

can be grown from seed in about 90 days, but would require the resources to do so

and would most likely have a lower emergence rate compared to large tubers.

Plants of P. erythrorhiza produce copious amounts of seed that is easily collected

and would likely have less impact on donor populations. But seed of perennial

species typically fails to become established in reintroductions. In this study, large

adult tuberous roots, small juvenile tuberous roots, and seeds were transplanted or

sown at four sites. Propagules were planted either spring or fall. Transplants 'yere

monitored over two years for emergence, growth, and reproduction. Environmental

data was also gathered in an attempt to correlate transplant success with soil

moisture and vegetation cover. It was found that large, mature tubers transplanted

29



30

in the fall had the highest probability for emergence, produced the most leaves, and

had the highest reproductive output. While vegetation cover did not appear to have

any affect on emergence, increasing soil moisture had a negative affect.

Introduction

Reintroduction is the release of captive bred or wild-collected individuals into their

former or historic range where they may no longer occur (Maunder, 1992; Primack

2000). The goal is to create new populations that, in the long-term, are self-

maintaining and viable. Reintroduction is being used more frequently in the United

States and in several countries, for animals as well as plants (Sainz-011ero and

Hernandez-Bermejo, 1979; Osborne, 1990; Whitten, 1990; Vasseur and Gagon,

1994; Gilfelder, 1997; Morgan, 1999; Rich et al., 1999). Despite its increased use,

the biological and technical understanding of population creation or reintroduction

is poorly developed, and failures are all too frequent (Hall, 1987; Falk and Olwell,

1992; Maunder, 1992; Allen, 1994). In the United States, one-quarter of all

federally listed plants include reintroduction as an element in their recovery plans,

despite the fact that there are typically no guidelines to implement them (USFWS,

1990). The first priority, after preservation of intact populations, should be to

develop effective transplantation techniques (Falk and Olwell, 1992). The purpose

of this study is to determine the best way to create new wild populations of

Perideridia eiythrorhiza (Piper) Chuang and Constance, a rare plant endemic to
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southern Oregon (Chuang & Constance, 1969). In particular, I want to determine

how propagule type and transplant time affect reintroduction success.

Species Background. Perideridia erythrorhiza, commonly known as the red-rooted

Yampah, is an herbaceous perennial in the Apiaceae family (Figure 2.1). Its

nutritious tuberous roots characteristic of the genus were an important food source

for native peoples (Blackburn and Anderson, 1993). The species is only known

from a few scattered sites in Douglas, Josephine, Jackson, and Klamath Counties in

southwest Oregon. It is currently listed as a species of concern by the U.S. Fish

and Wildlife Service, and as a Candidate for listing under the Oregon Endangered

Species Act (ONHP, 2001).

Perideridia erythrorhiza has a disjunct distribution, and occurs on both the west

and east sides of the Cascade Mountain Range. Populations that occur in the east

differ biologically and ecologically from those that occur in the west, and are most

likely taxonomically distinct (Meinke, 1998). West of the Cascades, P.

eryrthrorhiza occurs in summer-drying swales in open meadows. These plants are

greater in overall stature, producing large cluster of distinctly red tuberous roots

(henceforth referred to as "tubers"), higher numbers of inflorescences, and copious

flowers and seeds. East of the Cascades, populations occur at the edges of dry

coniferous forests at higher elevations. East-side plants are somewhat smaller,
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Figure 2.1 Perideridia erythrorhiza: a) habit, xl/5; b) basal leaf, xl/2; c) umbel,
xl; d) petal, xl 5; e) fruit transection, xl 4; g) roots, x 1/2. (reproduced with
permission from Chuang & Constance, 1969).
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produce significantly fewer inflorescences, flowers and seeds, and have clusters of

fewer but individually larger, white (not red) tuberous roots (Meinke, 1998).

Statement of Problem. Land development, urban sprawl, and grazing by domestic

livestock currently threaten populations of P. eryrthrorhiza. Recent inventories

indicate that many populations are seriously threatened by these activities, as

several populations recorded in the Oregon Natural Heritage Program database

(ON}IP, 2001) were recently found to be extirpated. With very few populations

occurring on public lands where they can be administratively protected, further

decline can be expected. By acting now before numbers drop dangerously low, we

can reduce the extinction risk and the need for potentially costly measures, such as

a federal listing (Griffeth et al., 1989). Because the species is still relatively

abundant, has unique tubers that make convenient transplant propagules, and local

public land managers are interested in the species, P. erythrorhiza is an excellent

candidate for reintroduction onto public lands.

Before a large scale recovery ofF. erythrorhiza is implemented, we need to

determine if small juvenile tubers, or large adult tubers could be used successfully

in reintroductions. A few studies involving the use of both seeds and specialized

underground structures have found that corms, in the case ofBrodiaeafi4folia

(Taylor, 1991), and bulbs, in the case of Allium tricoccum (Vasseur and Gagon,

1994), have a much higher emergence rate than seeds, which often do not become
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established and generally have only been successful for annual species (Pavlik et al,

1993; Bowles and McBride, 1996; Cully, 1996; Guerrrant, 1996; Kaye et al.,

1998). But because P. erythrorhiza produces copious amounts of seed that is

easily collected, including it in the study seems worth while.

Each class size has an obvious cost and benefit associated with it, and to implement

large-scale reintroductions, a balance will need to be struck if reintroduction is to

remain a practical and effective option. Seeds are abundant in native populations of

P. erythrorhiza, and are easily collected with minimal impact on donor populations.

If successful, they can infuse a high amount of genetic diversity into new

populations and decrease bottleneck effects associated with many reintroductions

(Banett and Kohn, 1991; Taylor, 1991; Falk and Olwell, 1992; Maunder, 1992;

Vasseur and Gagnon, 1994; Guerrant, 1996; Robichaux et al., 1997), but perennial

species generally fail to become established from seed, even in suitable sites

(Primack 1996, 2000). Small juvenile plants of P. erythrorhiza can be propagated

off site from seed in about 90 days, and would be expected to have a greater chance

for emergence than seedlings. Large adult plants, which would be expected to have

the greatest chance of emergence, must be either extracted from native populations,

which can be mechanically and genetically detrimental to the population, or

propagated off site from seed which could take several years.
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The timing of transplanting may also play a role in reintroduction success

(Primack, 1996) although very few studies, if any, have examined this factor.

Plants must be planted when the clay soil is moist and pliable, leaving fall or spring

as two transplant options for P. erythrorhiza. In the fall, plants are dormant above

ground, but have a fragile perennating bud (Figure 2.2a) that could easily be

damaged during the planting process. In the spring, plants are not as fragile, but

are actively growing new leaves and tubers (Figure 2.2b), making them more

susceptible to transplant shock. Seeds of P. erythrorhiza require a period of cold

stratification during the winter months, so sowing seeds in the spring would most

likely subject them to an unnecessary period of inactivity during the summer

months, thereby decreasing seed viability. Planting in the fall would most likely be

the best method, and would closely mimic natural seed dispersal important for

successful reintroduction (Primack, 1996).

Site suitability is commonly cited as the cause of reintroduction failure (Hall, 1987;

Vasseur and Gagnon, 1994; Fiedler and Laven, 1996; van Andel, 1998). It is also

one of the more difficult aspects of designing a new population, particularly when

the species is rare as a result of conflicting land uses, as is the case with P.

erythrorhiza. The availability of transplant sites is often limited, as the site must be

large enough to sustain a population, be on protected land, be within the historic

range, and meet the habitat requirements of the species (Falk et al, 1996; Fiedler

and Laven, 1996). When the distribution of a species' historical range has been
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Figure 2.2 a) The fragile perennating bud forms in the autumn and lies just below
the surface until spring, when it emerges and b) produces new leaves and begins to
develop leaves and new tubers.
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fragmented or altered, existing populations may not necessarily be good examples

of habitat in which to compare. Many habitats have subtle and changing

characteristics, making suitability difficult to predict in advance (Primack, 1996).

In almost all native populations, P. erythrorhiza plants are distributed along what

appears to be a moisture gradient. When the species co-occurs with P. gairdneri,

P. erythrorhiza always occupies the wetter microhabitats. In a study involving

Allium tricoccum, soil moisture was the most important environmental constraint,

while nutrient and light availability had no effect (Vasseur and Gagnon, 1994).

Since hydrology seems to play an important role in the species distribution and

transplant emergence, soil moisture should be considered in the experimental

design.

Operational Statement. To test the effect of propagule size and transplant time on

transplant success, four experimental reintroductions were implemented. Small

tubers, large tubers, and seed were planted both in the fall and following spring.

Vegetation cover was measured to determine how it affected the transplants.

Because soil moisture appears to have an affect on the species distribution, soil

moisture was also measured to determine how it affects success. Plants were

monitored for emergence, growth, and fecundity to ascertain the best method to

create new populations of Perideridia erythrorhiza.



Methods

Site Selection. Careful site selection is one of the most important aspects of

reintroduction efforts (Fiedler and Laven, 1996). For this project, study sites had to

be within the species' historic range and on publicly owned lands. We narrowed

the potential study sites down to those that had observable similarities to sites that

support naturally occurring populations of P. erythrorhiza, such as the presence of

seasonably wet clay soils, and the occurrence of Brodiaea hyacinthina,

Deschampsia caespitosa, Juncus effusus, Perideridia gairdneri, and other

frequently associated species. All sites are in open meadows or swales. Little is

known about the specific requirements, but based on the parameters above,

selection was limited to four sites, all of which were included in the study.

Two west-side plots are located on the North Bank Habitat Management Area

(Dunning Ranch) in Douglas County, Oregon, managed by the Roseburg District of

the Bureau of Land Management (BLM). The Dunning Ranch is among the best

available locations for reintroductions, as it is administratively protected, within the

known range of P. erythrorhiza, and has very similar vegetation to nearby sites that

support naturally occurring populations of this species. In this area, P. erythrorhiza

generally occurs on sloping swales in heavy clay soils that are saturated in spring

and dry out by early summer - it is associated with Quercus garryana, Juncus

effusus, Deschampsia caespitosa, Mentha pulegium, and other wet meadow
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species. These two plots, named DR#1 and DR#2, are located in the same wet

meadow approximately 200 meters apart. No other species of Perideridia co-occur

here.

Odessa, one of the east-side study sites is located in Klamath County, Oregon, and

is on land managed by the Winema National Forest. Typical of P. erythrorhiza

habitat east of the Cascades, this small meadow opening at the edge of a Pinus

ponderosa forest is the site of a historical collection made by Lincoln Constance in

1965 (Chuang and Constance, 1969). Since the time of Constance's collection, the

privately owned pastureland adjacent to the site has been fenced and used for

livestock pasture, apparently greatly reducing the size and vigor of this previously

large population. Perideridia gairdneri and Perideridia oregana, often associates

of P. erythrorhiza, are found at this site.

Four-Mile Creek, also in Klamath County, is on land currently managed by the

Lakeview District of the BLM. This site was previously heavily grazed while

under the management of the U.S. Bureau of Reclamation until it was returned to

the BLM in 1994. The site, although the highest in elevation of our experimental

plots (60 meters higher than Odessa) and located 12 miles north of the closest

known population of P. erythrorhiza, is within the general range of the species

(Meinke, 1998). The Four-Mile site was chosen because it is protected from

grazing, has seasonably saturated clay soils, and supports a vegetation community
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similar to that found in other sites east of the Cascades, including the presence of P.

gairdneri.

Transplant Stock. Because east- and west-side plants are most likely two distinct

species (Meinke, 1998), the two stocks were not mixed. Only west-side plants

were planted at the Dunning Ranch sites and only east-side plants were planted at

Odessa and Four-Mile. Seed and large tubers were collected from six different

populations - three from each side of the Cascades. Seed originated from at least

30 individuals in each population. Small tubers were grown from seed off site in

Corvallis, Oregon three months prior to transplant. All tubers were weighed prior

to transplanting to assure a uniformity of size (average small tuber size was 0.08 ±

0.05g).

Experimental Design. Each plot was set up as a transect consisting of 72 subplots

measuring one square meter. Transects were 2 subplots (2 meters) wide and 36

subplots (36 meters) long. Each subplot was randomly assigned a treatment: thirty

subplots received two large tubers (except at DR#1 where two large tubers were

damaged in the process of transplanting and at DR#2 where 4 large tubers were

damaged while in transport to the site), thirty subplots received four small tubers,

and twelve subplots received two rows of one hundred seeds each (except at DR#1

and Odessa, where one extra fall and one extra spring seed subplot were planted).

Each subplot was also assigned a timing treatment. Half of the transplants were
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planted in fall 1999, and half were planted the following spring. Tubers were

planted at a depth that mimicked naturally occurring plants, with the dormant shoot

about 2 cm below the soil surface. Seeds were sown into furrows about 1 cm deep

below the soil surface. Plants and seed rows were marked with painted plastic-pipe

(PVC) stakes.

Controls. Thirty reproductive plants at four extant populations, two on the east-

side and two on the west-side were, selected during the 1999 growing season and

marked with numbered wooden stakes. These populations were nearby but not

sympatric with the transplant sites. These plants were monitored concurrently with

experimental plots to provide controls for evaluating the phenology and potential

environmental stochasticity of the experimental populations. By comparing the

time of emergence, floral initiation, and senescence of the reintroduced populations

with the nearby control populations, it is possible to determine whether the created

populations are exhibiting a normal phenology. In the event of a local disaster,

such as drought or pest invasion, control populations can help provide an

explanation for transplant failure outside of the experimental protocol.

Data Collection. Transplants were monitored every three weeks beginning in

March 1999 for west-side plots, and May 1999 for east-side plots, and continued

until the end of August, and again during the 2000 season. Four control

populations with 30 plants each (2 on the east-side and 2 on the west-side) were
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marked in late June 1999 and monitored at the same time as experimental

populations during the 2000 growing season to control for regional fluctuations

such as drought, disease, pests, etc.

To measure the success of each treatment, emergence (presence above ground) was

recordedData on growth (number of leaves) and reproduction (number of umbels)

was collected approximately every three weeks at each site, as a measure of

performance after emergence. The number of leaves is used as an estimate of size,

which can be considered an indicator of plant success. As Perideridia produces

leaves throughout the season, and older leaves often shrivel and die as new cauline

ones are produced, the number of leaves reported may be an underestimate of the

total number of leaves produced during that entire season.. A plant was considered

reproductive if mature fruit developed, and the number of umbels per plant were

counted as a measure of reproductive success.

To determine environmental parameters associated with transplant success, thatch

depth was measured, and the percent cover of forbs, Juncus effusus (which forms

thick mats), other graminoids (excluding J. effusus), and bare soil were collected in

the spring and in early summer during the 1999 growing season. Relative percent

cover of each vegetation class was visually estimated for all of the 72 subplots at all

four sites, using a one-meter-square frame sectioned into quadrants as an aid.
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Thatch depth was measured from the soil surface to the top of the dead, matted

vegetation and is the average of four samples taken from each subplot quadrant.

To determine how soil moisture affects emergence, soil moisture readings were

taken twice in 1999 and twice in 2000. In 1999, soil moisture was determined by

taking a 150-200 gram sample from the center of each of subplot. The sample was

weighed, then dried in a large dehydrator, and re-weighed to calculate the percent

soil moisture. In 2000, soil moisture was measured with a Hydrosense© digital soil

moisture probe. The percent soil moisture for each subplot is the average of four

sample readings. 1999 and 2000 data were analyzed separately.

Analyses. Regression analysis was used to determine the effect of transplant size

class and time on emergence. Size class, with three factors (seed, small tuber, or

large tuber) and time with two factors (fall or spring) are defined as explanatory

variables. Because emergence is a binary response (plants either emerge or do not),

the analyses took the form of a binomial logistic regression. Emergence is

expressed as the number of plants that emerge per subplot, with the number of

plants planted per subplot, or chances for success, as the binomial. The results can

be expressed as odds or as probabilities, and represent the likelihood of an

individual in a particular propagule class and transplant time emerging. P-values

from logistic regressions are from a chi-squared distribution. Confidence intervals
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were obtained to compare the significance between treatments. Regressions were

run separately for each of the four plots.

The same binomial logistic regression method was used to determine if there was

an effect of thatch depth, relative percent vegetation cover, and soil moisture on

emergence. Vegetation type and thatch depth were added to the model, and a drop

in deviance test, similar to an F-test (but instead utilizing chi-squared distributions),

was performed to test the significance of each parameter after accounting for

propagule size (for 1999 and 2000 emergence data) and transplant time (for 2000

emergence data only). The same approach was used for soil moisture, using each

set of 1999 samples as an explanatory variable for emergence in 1999, and each set

of 2000 readings for emergence in 2000.

Only transplants planted in the fall of 1998 were included in the analyses of the

1999 emergence data. Plants from large tubers transplanted in the spring of 1999

appeared to suffer from transplant shock, and above ground parts withered and died

back shortly after transplant. Small first-year tubers, which normally have a

shorter growing season and naturally senesce by late spring, were already senescent

by the spring transplant. Seed requires a period of cold stratification, and remained

dormant until it germinated and emerged the following spring. The 2000 analyses

include both fall- and spring-planted transplants.
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The mean number of leaves and umbels produced by each transplant were

compared among treatments using an analysis of variance (ANOVA). To

determine which means were significantly different within a single plot, the Tukey-

Kramer multiple comparison procedure was performed.

Results

Emergence. Not surprisingly, large tubers were the most successful propagule type

in the study. Table 2.1 summarizes the total number of plants that emerged during

the 1999 and 2000 growing season. Fall-planted large tubers had the largest

proportion of transplants emerge, followed closely by spring-planted large tubers.

Of the large tubers planted at 4Mile, spring transplants actually did better, but

overall emergence of all the treatments was lowest at this plot, and plants appeared

less vigorous than plants in the other three plots. A local herd of elk also created a

wallow through the center of the transect before the spring transplants were planted

in 2000, dislodging marker stakes, digging up vegetation, and confounding results

at this plot. In all four plots, small tubers had a lower proportion of plants

surviving than large tubers, with more spring-planted small tubers emerging than

fall-planted in 2000. As expected, very little, if any, spring-planted seed emerged.

Seed planted in the fall, however, emergedd better than was anticipated for this

perennial species, with 5-14% emergence in the first year, with 61- 99% re-

emergence in the second year (Table 2.1). None of the remaining fall-planted seed

germinated in 2000.
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Table 2.1 The total number and percentage of propagules that emerged in a) west
side plots and b) east side plots. Spring-planted propagules are excluded from the
1999 data. *At DR#1 and DR#2, a few large tubers were damaged during transport
md could not be transplanted.

a) West Fall
Large

Spring
Large

Spring
Fall Seed Seed

Fall
Small

Spring
Small

DR#1 # planted 28* 30 2800 2800 60 60
1999 # emerged 28 - 390 - 33 -

% emergence 100.00% - 13.90% - 55.00%
#reproduced 25 - 0 - 0 -
% reproduced 89.30% - 0.00% - 0.00% -

2000# emerged 21 16 387 2 17 23
% emergence 75.00% 53.30% 13.80% 0.10% 28.30% 38.30%
#reproduced 20 12 0 0 5 0

% reproduced 95.20% 75.00% 0.00% 0.00% 29.40% 0.00%
DR#2 #planted 30 26* 2400 2400 60 60

1999# emerged 23 - 130 - 10 -
% emergence 76.70% - 5.40% - 16.67% -
#reproduced 17 - 0 - 0 -

% reproduced 73.90% - 0.00% - 0.00% -
2000# emerged 22 10 112 9 6 13

% emergence 73.30% 38.50% 4.70% 0.40% 10.00% 21 .70%

# reproduced 20 8 0 0 2 0

% reproduced 90.90% 80.00% 0.00% 0.00% 33.30% 0.00%

b) East Fall
Large

Spring
Large

Spring
Fall Seed Seed

Fall
Small

Spring
Small

Odessa # planted 30 30 2800 2800 60 60
1999# emerged

% emergence
25

83.30%
-
-

219
7.80%

-

-

13
21.70%

-

-

#reproduced 22 - 0 - 0 -

% reproduced 88.00% - 0.00% - 0.00% -

2000# emerged 25 17 188 0 10 22

% emergence 83.30% 56.70% 6.70% 0.00% 16.70% 36.70%
#reproduced 23 14 0 0 0 0

% reproduced 92.00% 82.40% 0.00% 0.00% 0.00% 0.00%

4Mile #planted 30 30 2400 2400 60 60
1999 # emerged 17 - 156 - 2 -

% emergence 83.30% - 6.50% - 3.30% -

# reproduced 6 - 0 - 0 -

% reproduced 35.30% - 0.00% - 0.00% -

2000# emerged 15 26 95 39 1 4

% emergence 50.00% 86.70% 4.00% 1.60% 1.70% 6.70%
#reproduced 11 19 0 0 0 0

% reproduced 73.30% 73.10% 0.00% 0.00% 0.00% 0.00%
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According to the binomial logistic regression analyses, propagule type (large,

small, seed) was a significant factor (p<0.0001) to emergence in all four plots in the

1999 growing season. The probabilities of emergence of each size class is

summarized in Figure 2.3. In the analyses of emergence in the 2000 growing

season, which included spring transplants, both transplant time and propagule type

were significant in all four plots (p<O.0001; Figure 2.4). An interaction between

time and size was also highly significant (p<0.0001), based on a drop in deviance

test comparing a regression model with and without an interaction term. From

Figure 2.4, fall-planted large tubers had a much higher probability of emergence

than any of the other treatments (except at 4-Mile, where spring-planted large

tubers did better than fall-planted large tubers), particularly the spring seed,

supporting the inclusion of an interaction term between propagule type and

transplant time.

Growth and Fecundity After Emergence. Tables 2.2 and 2.3 summarize the

average number of leaves and umbels produced per transplant in 1999 and 2000 for

all four plots. In 1999 large tubers planted in the fall were the most successful type

of propagule after emergence. Large tubers consistently had the most leaves and

were the only plants to reproduce (Tables 2.1 and 2.2), as spring-planted large

tubers quickly senesced and small tubers and seeds had not yet reached maturity.

However, in the 2000 growing season, the number of leaves and umbels produced

by plants from spring-planted large tubers was not significantly different fall-
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Table 2.2 The average number of leaves produced per transplant, and standard
deviation, shown in italics, for both 1999 and 2000 growing seasons. Means with
the same letter, within each plot, are not significantly different (Tukey-Kramer
multiple comparison procedure). Not all plants that emerged produced leaves and
many seedlings only produced cotyledon leaves.

1999 DR#1 n DR#2 n Odessa n 4Mile n

Large Fall A 8.8 28 A 6.9 23 A 6.0 25 A 5.2 17

(3.8) (2.8) (2.3) (1.6)

Small Fall B 2.4 33 B 2.3 10 B 2.3 13 - 0

(0.8) (0.7) (1.1) -

Seed Fall B 1.0 390 B 1.0 130 B 1.0 219 B 1.0 156

(0.0) (0.0) (0.0) (0.0)

2000 DR#1 n DR#2 ii Odessa n 4Mite n

Large Fall A 9.2 21 A 8.5 22 A 6.8 25 A 5.9 15

(3.9) (4.5) (3.3) (1.7)

Large Spring AB 7.0 16 AB 4.7 10 AB 6.2 17 A 5.2 26
(3.1) (1.1) (2.4) (1.5)

Small Fall CB 3.6 17 CB 3.2 6 GB 2.4 10 AB 4.0 1

(1.2) (1.5) (0.5) (0.0)
Small Spring C 2.4 23 C 1.9 13 C 1.8 22 GB 2.3 4

(0.5) (0.6) (0.6) (0.5)

Seed Fall GB 2.9 387 CB 2.6 112 GB 2.0 188 CB 1.9 95
(0.3) (0.5) (0.0) (0.3)

Seed Spring C 1.2 1 C 1.0 4 C - 0.0 C 1.1 3

(0.0) (0.0) - (0.0)
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Table 2.3 The average number of umbels produced by plants that reproduced in
1999 and 2000 by each transplant, and standard deviation, shown in italics.
Means with the same letter, within each plot, are not significantly different (Tukey-
Kramer multiple comparison procedure). Many plants did not reproduce during the
span of this study and are not included in the means.

1999 DR#1 n DR#2 n Odessa n 4MiIe n
Large Fall A 31.6

(23.2)
25 A 15.4

(11.3)
20 A 4.4

(3.5)

23 A 4.0
(0.6)

11

2000 DR#1 n DR#2 n Odessa n 4Mile n
Large Fall A 17.4 20 A 24.7 20 A 4.9 23 A 5.3 11

(10.7) (26.6) (3.2) (3.8)
Large Spring AB 15.6 12 A 12.4 8 B 2.9 14 A 3.3 19

(6.9) (6.1) (2.0) (1.5)
Small Fall B 6.3 6 A 2.5 2 - -

(6.8) (2.1)
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planted large tubers, except at Odessa where they produced fewer umbels (Table

2.3).

In 1999, fall-planted small tubers produced significantly fewer leaves than adult

large tubers, and did not reproduce at all. By their second growing season,

however, they were not statistically different from spring-planted large tubers in the

number of leaves they produced, although the number of leaves may be under

calculated in adults. In the west-side plots DR#1 and DR#2, 29% and 10%

respectively of the plants that emerged from fall-planted small tubers reproduced

(Table 2.1). Of course, only a small proportion of plants from small tubers actually

emerged. The number of umbels produced, while consistently fewer than spring-

planted large tubers, was not significantly different.

Each seedling produced only one leaf during its first growing season. By their

second growing season, the number of leaves produced was not significantly

different from those produced by small tubers, but each leaf was smaller. Spring-

planted seed did not germinate until 2000, and had just completed their first season

by the end of the study, growing only one leaf per plant. No plants grown from

seeds reproduced during the experiment.

Control Populations. Plants in experimental plots exhibited similar phenology to

those in nearby control populations, indicating that the created populations were
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emerging, reproducing, and senescing in a manner comparable to naturally

occurring sites (Figures 2.5 and 2.6). In 1999, spring planted tubers had a sharp

decline shortly after transplant, and although they were fewer in number, followed

the same general pattern of development as the controls during the 2000 growing

season. In the binomial logistic regression of 2000 emergence the probability of

emergence for fall treatments had overlapping 95% confidence intervals with those

of control populations (Table 2.4). Spring treatments had lower probabilities, and

did not have overlapping 95% confidence intervals. At 4Mile, though, this trend is

reversed, and spring-planted plants did better than the fall, whose 95% cOnfidence

interval did not overlap with control populations.

Environmental Parameters. Of the vegetation types and thatch depths sampled on

both dates in all four plots, none were statistically significant (p>0.05) when fitted

in the logistic regression analyses of emergence, after accounting for propagule

size. The one exception was suninier thatch depth at DR#2 (p0.0002), which

changes the odds of emergence by a factor of 12.6 (greater than 1, therefore,

increasing the odds of emergence) for each 1 cm increase within the range sampled

(0.5 - 3.3 cm).

Soil moisture seemed to play a significant role in transplant success in some cases,

and increasing soil moisture appeared to negatively effect the odds of emergence.

In several instances, soil moisture was statistically significant when added to the
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Table 2.4 The probability emergence during the 2000 growing season of a) west
side transplants and b) east side transplants compared to the control populations,
according to binomial logistic regression.

a) West Side probability lower 95% Cl upper 95% Cl
RS Control 0.9032 0.7394 0.9685
YE Control 0.8857 0.7323 0.9564

DR#1 Fall 0.7500 0.5605 0.8759

DR#2 Fall 0.7333 0.5504 0.8607
DR#1 Spring 0.5333 0.3581 0.7007
DR#2 Spring 0.3846 0.2210 0.5793

b)
East Side probability lower 95% Cl upper 95% Cl
HP Control 0.9000 0.7319 0.9674
KR Control 1.0000
Odessa Fall 0.8333 0.6569 0.9089
4Mile Fall 0.5000 0.3283 0.6717
Odessa Spring 0.5333 0.3581 0.7007
4Mile Spring 0.8667 0.6940 0.9490
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binomial regression model of emergence, even after accounting for prop agule size

and transplant time (Tables 2.5 and 2.6). In cases when soil moisture was a

significant factor, the change in odds per 1% increase in soil moisture are all less

than one, which is a decrease in the chances of emergence (within the ranges

sampled). The 1999 sample at Odessa is the one exception, where the odds of

emergence increase with each 1% increase in soil moisture.

Discussion

Effrct of Propagule Size. As expected, transplant success was largely affected by

propagule size. Large tubers are far more likely to emerge and produce larger

plants with more leaves. They are more likely to reproduce, at least initially, and

produce more umbels than plants from seed or small tubers. Overall, 90% of the

large tubers reproduced successfully, with the resulting plants producing several

thousand seeds, increasing the genetic diversity and contributing substantially to

the new population growth rate. New populations founded from large tubers will

have the lowest extinction risk and the highest growth rate, two critical factors

necessary for long-term viability of a population (Guerrant, 1996).

Using large tubers in large-scale reintroductions may pose several problems,

however. Extracting transplantable adult tubers from natural populations can be

debilitating, both mechanically and genetically. Digging up plants is an arduous
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Table 2.5 The effect of soil moisture on survival in 1999, after accounting for
propagule size and transplant time, according to binomial logistic regression
analysis. When odds are less than one, survival decreases as soil moisture
increases. The upper and lower 95% confidence interval are shown in italics. P-
values shown in bold are statistically significant.

Change in Effect of Soil
sample mean soil odds per 1% Moisture (from drop

lot date moisture increase in deviance)
DR1 4/24/99

lower
upper

7/16/99

29.3%
24.5%
34.0%

4.2%

0.9859
0.9642
1.0081

0.8383

p=O.2084

p <0.0001
lower 1.8% 0.7683
upper 6.5% 0.9148

DR2 4/24/99 23.0% 0.5582 p <0.0001
lower 21.3% 0.4948
upper 24.7% 0.6296

7/16/99 3.9% 0.6801 p <0.0003
lower 2.2% 0.5480
upper 5.6% 0.8442

Odessa 7/16/99 2.4% 1.1157 p = 0.0109
lower 1.2% 1.0273
upper 3.5% 1.2117

4MiIe 4/24/99 22.9% 1.0131 p = 0.7893
lower 21.2% 0.9209
upper 24.7% 1.1150

7/16/99 4.4% 0.8205 p = 0.0021
lower 1.8% 0.7206
upper 7.0% 0.9344
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Table 2.6 The effect of soil moisture on survival in 2000, after accounting for
propagule size and transplant time, according to binomial logistic regression
analysis. When odds are less than one, survival decreases as soil moisture
increases. The upper and lower 95% confidence interval are shown in italics. P-
values shown in bold are statistically significant.

Change in
sample mean soil odds per 1% Effect of Soil Moisture

lot date moisture increase (from drop in deviance
DRI 6/5/00

lower
upper

7/21/00

33.1%
22.5%
43.7%

15.2%

0.9696
0.9538
0.9857

1.0921

p 0.0002

p = 0.0562
lower 10.1% 0.9985
upper 20.4% 1.1945

DR2 6/5/00 41.6% 0.9903 p = 0.4473
lower 34.1% 0.9656
upper 49.1% 1.0156

7/21/00 23.6% 0.9836 p = 0.0585
lower 14.2% 0.9668
upper 33.0% 1.0007

Odessa 6/5/00 40.5% 0.9810 p = 0.0 763
lower 30.5% 0.9602
upper 50.5% 1.0022

7/21/00 7.4% 0.8860 p = 0.0208
lower 6.0% 0.7989
upper 8.9% 0.9825

4Mile 6/5/00 46.2% 0.9146 p <0.0001
lower 41.5% 0.8770
upper 51.0% 0.9540

7/21/00 17.7% 0.9976 p=0.7910
lower 5.5% 0.9799
upper 24.0% 1.0156
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process in the heavy clay soils they occur in, and all too frequently tubers and

habitat are damaged. Removal of reproductive adults from native populations will

not only decrease total population size, but will also have a greater impact on

population growth rate than removing seed (Menges, 1992). Small populations are

already subject to reduced genetic diversity, particularly those that have recently

been reduced, as is the case with P. erythrorhiza, and are more likely to suffer from

inbreeding depression and genetic drift (Schemke and Lande, 1985; Barret and

Kohn, 1991). Clearly, we need to find an alternative to using extant wild plants to

create new populations.

Propagating plants ex situ from seed is one alternative, but takes time and

resources. Although small first-year tubers are the easiest to grow, they do not

appear to be the most viable option for successful reintroductions. In terms of

emergence, the time and money invested in growing small tubers does not confer

much of an advantage over seed, which can be inexpensively collected and sown

with little effort involved. Of the few small west-side tubers that actually emerged,

most began to reproduce in their third year (second year after transplant),

contributing more quickly to the population growth rate than seed. East-side small

tubers have a slower growth rate (concunent study), and would not be expected to

reproduce until their fourth year (third year after transplant). Although a fast

population growth rate is important, the small reproductive advantage over seed

does not sensibly outweigh the high extinction risk associated with small tubers.
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However, juvenile tubers propagated in this study may have been too small. In a

concurrent study (Roberts, in prep.), plants were grown from seed in larger pots,

and achieved a greater mass - about twice as large - than the tubers used in the

reintroduction study where they were grown together in flats that may have been

too crowded. These slightly larger first-year tubers may be large enough to make a

difference in emergence, justifying the added cost when compared to seed.

According to demographic simulation models (Guerrant, 1996), a small increase in

propagule size can greatly decrease the extinction risk. These slightly larger tubers

would need to be tested in experimental populations before using them in large

scale reintroductions.

Growing adults from seed would be an ideal solution if not for the amount of time

and resources involved. While it only takes about 90 days to propagate a small

first-year tuber from seed, in the wild it takes at least four years for a seed to

develop into a reproductive adult. However, it may be possible to substantially

reduce the amount of time that it takes for adult plants to naturally develop. In a

concurrent study (Roberts, in prep) utilizing a shortened cold stratification period

and controlled greenhouse temperatures, it was found that the equivalent of a third

year tuber can be grown from seed in a little over one year. While the success of

this artificially grown size class has not been field tested, it would seem to be the
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best method to create new populations, striking a balance between the time and

effort involved with propagation and minimizing the impacts on native populations.

In addition, using seed can supplement larger founding pools for new populations.

Seed has generally only been successful with annual species (Primack, 1996), but

in the case of P. erythrorhiza it may prove a worthwhile endeavor. While the

initial fall-planted seed germination and seedling emergence was low - about 6 to

14% - emergence after germination and emergence was high. About 86 - 99% of

seedlings re-emerged (excluding Four-Mile, which had only 61% reemergence) the

following spring. This pattern of early mortality occurs in other perennial species,

such as Cirsium pitcheri, which had only 1.3% germination in its first season after

reintroduction, but had 100% reemergence the following year (Bowles and

McBride, 1996).

Effrct of Transplant Time. Transplant time was a significant factor in all four

experimental plots. Large tubers and seed did best when planted in the fall. The

sharp decline of spring-planted large tubers in 1999 seen in Figures 2.5 and 2.6 is

most likely ascribed to transplant shock, given that they were planted while new

leaves and roots were actively initiating. In fall, tubers enter a kind of quiescent

phase, producing a shoot primordium and crown of fine roots and produce little

growth while remaining just below the surface during the cold winter months, until

warmer spring conditions trigger them to emerge. Because of their dormancy, it
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can be assumed that they are physiologically less active, and therefore less prone to

transplant shock. Transplant shock is often coupled by a reduction in growth rate

(Cavers and Harper, 1967), and shortly after tubers were planted in the spring their

early leaves withered and died back from the crown, shortening the photosynthetic

period and probably contributed to higher mortality. Future reintroduction using

large tubers should be limited to fall plantings.

Small tubers seemed to do better when planted in the spring (Table 2.1 and Figure

2.4). At the time of spring transplant, small tubers were already senescent, owing

to their shorter growing period, so were not as subjected to transplant shock like the

large tubers. Young plants naturally senesce earlier than adult plants. An

important point that may be overlooked is the difference in developmental stage

between fall-planted and spring-planted small tubers. In the 2000 growing season,

the small tubers planted in the fall were in their third year of development and in

their second growing season in the field, whereas spring-planted small tubers were

still in their second year of development. Though the actual mortality rate most

likely changes from year to year with the fluctuating climate, there was a large

decline in the number of survivors among the fall-planted small tubers between the

1st and 2 season after transplant. Even though spring-planted small tubers did

better in 2000 (their 1st year after transplant), they may yet experience a similar

decline in numbers during their second year in the 2001 season. Given their poor

overall performance, small tubers of the size planted in this study would most
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likely not be considered for future reintroductions. However, in the event that they

were utilized for new populations, they tentatively should be planted in the spring,

though fall transplants should not be ruled out entirely pending future study.

Seed emergence is strongly affected by sowing time. Minimal amounts of spring-

planted seed germinated the following spring. Because these seeds require cold

stratification, spring-planted seeds lay dormant all spring and summer, subjecting

them needlessly to microbial-induced and granivory until the cold, moist winter.

Clearly, if seed is to be used, fall is the only time to plant.

Environmental Effects. Generalizations are difficult to make concerning the

environmental factors measured. Summer thatch depth at DR#2 was the only

statistically significant vegetative factor that was measured. Emergence is most

likely not directly related to the thatch depth, but the presence of dense stands of

Juncus effusus that excludes competing grasses - of which is what thatch is mainly

composed. Because many native populations have plants growing near, and even

among these thick mats, we purposely planted some propagules directly into them

to determine their tolerance. Future reintroductions will need to consider this,

planting near, but not in the thick mats of rushes. Management of existing and

reintroduced populations may even include removing encroaching mats of J.

effusus, as it oflen becomes weedy in habitats where heavy grazing occurs.



65

Soil moisture most likely plays a role in emergence, although the trends depend

largely on inherent hydrology of the selected sites. Within the range measured,

most of the sites had increasing emergence as the soil moisture decreased,

indicating the plots may have been too wet in places. Of those plots that showed a

significant effect of soil moisture after accounting for transplant size and time in

the regression analysis, only Odessa had an increase in emergence as the soil

moisture increased. Intuitively, the results are consistent with observation, as

Odessa is on the drier margins of what was originally a larger population in an open

wet meadow, now converted to pasture.

While soil moisture not surprisingly appears to play a role in transplant success,

more specific conclusions pertaining to site characterization cannot be drawn from

this type of data, the evaluation of which was not the primary intention of the

experimental design, Site selection will remain one of the most difficult tasks in

reintroduction projects, and until considerably more work is completed to more

accurately characterize suitable sites, it will remain a largely subjective process.

This does not mean that appropriate sites cannot be found for future reintroduction,

but that a familiarization with native populations and their habitat will be

necessary. It may, however, become apparent that the most suitable sites have

conflicting land uses, emphasizing the need to preserve existing populations to

study as examples and to use as seed sources.
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Future monitoring will be necessary to determine the long-term viability of

reintroduced populations, which should not be considered as mitigation for habitat

destruction. However, based on the short-term results, it appears that this method

may help prevent the decline of Perideridia erythrorhiza from reaching crisis

levels.
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Chapter 3

The Life History and Propagation of Perideridia erythrorhiza (Apiaceae)

Abstract

The life history of Perideridia erythrorhiza, a tuberous rare plant in the family

Apiaceae, was studied to supplement an ongoing reintroduction project. Seed

germination, juvenile development, adult development, reproduction and breeding

system were examined and documented. Of particular interest was determining

how quickly mature vegetative propagules can be grown from seed. Field collected

seed was germinated using cold stratification in a germination chamber and the

percent germination and rate were calculated. To examine the first-year/small tuber

development, germinants were planted in the greenhouse and the amount of time it

took from germination until cotyledon emergence, first true leaf emergence,

cotyledon senescence and leaf senescence was documented. To document the

development of adults/large tubers and to verify the need for a period of cold

stratification to initiate development, the root and shoot weight of plants that

received a period of cold stratification were compared to controls that did not. It

was found that by using germination chambers and greenhouses, plants could reach

an equivalent size of a third year plant in thirteen months, confirming that larger

transplants can be grown quickly. Field collected reproductive adults were brought

into the greenhouse and received one of three treatments: manually outcrossed

(xenogamy), manually selfed (geitonogamy), or bagged (autogamy). It was

70
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determined that the species is typically outcrossing. It produces fewer seeds when

self pollinated, has a presumably high level of inbreeding depression present at the

seed development stage, and produces few seeds autogamously. The breeding

system of P. erythrorhiza will need to be incorporated into future management

protocols. Pollinators will need to be present at potential transplant sites, and if

plants are to be raised offsite as seed sources, it will be important to manually

pollinate flowers xenogamously.

Introduction

Purpose. The purpose of this study is to document the life history of a rare plant,

Perideridia eiythrorhiza (Piper) Chuang and Coistance, the subject of an ongoing

reintroduction effort. Reintroduction is defined as the translocation of plants or

animals into extirpated portions of their historical range, and has become a

common tool for conservation biologists working to recover endangered species

(USFWS, 1990; Falk et al., 1996; Primack, 2000). Despite their increased use,

reintroductions have had mixed results and are often fraught with failures (Hall,

1987; Falk and Olwell, 1992; Allen, 1994). These failures may not be due to

problems inherent with reintroductions, but to the infancy of the science and a lack

of biological infonnation specific to each organism. Typically there is very little

information about the biology of most rare plant species, unlike their well-studied

agricultural counterparts, and consequently the establishment of new populations
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involves an element of trial and error (Griffith et al., 1989; Falk and OlwelI, 1992).

Often times, large-scale reintroductions are hindered by the inability to propagate

and grow native plants in a cultivated setting (Reinhartz, 1995). By documenting

the life history of P. erythrorhiza, I intend to collect information about propagating

each developmental stage from seed to reproductive adult, to improve

reintroduction success.

Species Background. Perideridia eiythrorhiza is an herbaceous perennial in the

Apiaceae family (Figure 3.1). Its clustered, tuberous roots (henceforth referred to

as "tubers") characteristic of the genus are nutritious, and were an important staple

for native peoples (Blackburn and Anderson, 1993). Perideridia erythrorhiza, as

currently recognized (Chuang and Constance, 1969), occurs in southern Oregon

and has a disjunct distribution, with populations located both west and east of the

Cascade Mountains. Recent morphological, biological, and ecological evidence

suggest that the populations occuring east of the Cascades Range in Jackson and

Klamath Counties are taxonomically distinct from those that occur west of the

Cascades, in Douglas and Josephine Counties (Meinke, 1998). It is currently listed

as a Species of Concern by the U.S. Fish and Wildlife Service, and as a candidate

for listing under the Oregon Endangered Species Act (ONHP, 2001). Perideridia

erythrorhiza is threatened primarily by grazing, agricultural conversion, and urban

development - with few populations remaining on public lands, it is an excellent

candidate for the establishment of new populations.
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Figure 3.1 The a) vegetative and b) reproductive organs of Perideridia
erythrorhiza. In spring, basal leaves emerge and new tubers develop. Plants flower
in the summer, after basal leaves have senesced.
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The lifecycle of a midwestern congener, Perideridia americana, has been studied

(Baskin and Baskin, 1993) and appears to be similar to Perideridia erythrorhiza.

In this species, shoots emerge in early spring, and by early July it has reproduced

and has mature seeds, at which time the shoot senesces. Below the soil, a small

perennating bud forms at the top of tuberous roots, and continues to grow slowly

though the winter. In the spring, this bud emerges as the new shoot, which

undergoes another cycle of growth and reproduction. Perideridia americana seeds

only germinate in response to cold stratification, regardless of light exposure, and

consequently do not form a consistent seedbank (Baskin and Baskin, 1993).

Juveniles have a prolonged vegetative phase, and do not flower until their fourth or

fifth year, creating three distinct phases in the lifecycle: seed/seedling, vegetative

juvenile, and reproductive adult.

In a concurrent study (Roberts, in prep), we implemented an experimental

reintroduction of P. erythrorhiza to determine which developmental stage faired

best after transplantation. Seed was collected to sow directly at the reintroduction

site, and to propagate small first-year tubers off-site which were also transplanted

into the reintroduction site. Large adult tubers were carefully extracted from

sizeable, healthy populations, then replanted at study sites. Ideally, small tubers

would be sufficient to limit propagule mortality as populations establishment by

seed is generally less effective. Moreover, removing reproductive adult plants

(tubers) from extant populations can have a large impact on these populations and
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on the species we are trying to conserve. So as a safeguard, if first-year transplants

and seed fail to establish successfully, it will be necessary to have information

about the life history to propagate larger, adult plants, which generally have a

higher success rate in reintroductions (Guerrant, 1996), in order to circumvent

failure of the entire reintroduction effort.

Statement of Problem. Conservation biology is an applied science that often

approaches problems from a pragmatic perspective. In the case of P. erythrorhiza,

we need to know how to efficiently create appropriate propagules to introduce

"administratively protected" populations on public land. In an experimental

reintroduction of P. eryththoriza (Roberts, in prep), small, first-year tubers were

relatively unsuccessful and seeds, which performed better than anticipated, have a

greater extinction risk and should be used to supplement larger founders (Guerrant,

1996). The transplantation of large, adult plants from extant natural populations

remains the most viable option for creating new populations, although it is

recommended that only 10 to 50 individuals should be extracted (Center for Plant

Conservation, 1986) from a healthy population. Studies show that it takes a

population of Perideridia americana, a species that appears to be very similar

developmentally to Perideridia erythrorhiza, at least 4 years to complete the

lifecycle from seed to reproductive adult (Baskins and Baskins, 1993). To allow

populations to replace individuals that were removed for reintroduction, extraction

for reintroductions would be limited to once every 4 to 5 years per population. If
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mature plants can be grown more rapidly off site from seed, the benefits would be

two-fold: 1) successive out-plantings over time would be possible, increasing the

chance of introducing the species during a good year for colonization, thereby more

closely mimicking natural processes (Primack, 1996), and 2) collecting seed

instead of reproductive adults should have less of an impact on extant populations

(Geurrant, 1996). I plan to determine if it is possible to shorten the time it takes to

create an adult plant from seed by propagating them in a controlled setting.

Information about the breeding system is required for successful reintroduction

(Frankel et al., 1995), and can help in assessing problems with reproduction in

natural and existing populations (Karron, 1991; Godt and Hamrick, 1995). The

small size of created populations often leads to an increase in inbreeding depression

(Barrettt & Kohn, 1991). Self-compatibility can exacerbate the problem. Many

rare species are self-compatible, but have strong outcrossing mechanisms to

prevent inbreeding. Observation indicates that Perideridia erythrorhiza has a floral

architecture similar to that documented in Zizia and Thaspium (Lindsey, 1982),

both in the Apiaceae family. Outbreeding is suggested in these species by the

temporal and spatial separation of male and female functions. Hermaphroditic

flowers are protogynous, and occupy the periphery of the umbels. Male flowers

develop later, in the center of the umbel. Controlled pollination studies can

determine if P. erythrorhiza is self-compatible, autofertile, and if inbreeding

depression occurs.
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Operational Statement. In propagating adult plants, I will be able to document

each life history stage, determine the requirements for the most efficient means of

propagating tubers, and examine the reproductive biology and breeding system of

Perideridia erythrorhiza. Tn particular, I will be observing seed biology, juvenile

development, adult development, pollination, and reproduction to record the

complete life history of the species.

Methods

Material originated from 6 populations (Table 3.1) -2 from Josephine County

(SW), 2 from Douglas County (NW), and 2 from Kiamath County (SE). Because

the SE populations are most likely taxonomically distinct (Meinke, 1998), it was

important to keep observations of plants of these sites separate from the NW and

SW. The NW and SW populations, while probably not distinct on a species level,

also exhibit differences in ecology, morphology, and reproductive phenology. The

SW populations occur in serpentine soils, have slightly broader leaves, and flower

much later than both NW and SE populations. For these reasons, observations

were initially kept separate during the experiment. Differences in development time

could affect when propagules are started in order to coordinate with reintroduction.

All experiments took place in a heated greenhouse located in Corvallis, Oregon.

The average greenhouse temperature, recorded twice a week for the duration of the

study, was a high of 27°C (± 3.5) and low of 19 °C (± 2.6).
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Table 3.1 The location of populations where seed and tubers originated.

Region Population Name County Section, Township &
Range

NW Log Pond East Douglas NW ¼, SW ¼,
20-36-05

Cross Creek Douglas SE ¼, SW ¼,
33-26-06;
SW ¼, SW ¼,
34-26-06

SW Illinois River #1 Josephine NE ¼, NW V4.
36-38-09

Leather Josephine SW ¼, NE Y4
36-38-09

SE Mud Springs
(SE#1)

Klamath SW ¼, NE ¼
06-40-05

Greylock Way
(SE#2)

Kiamath NW Y4, NW ¼
20-36-05
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Seed Biology. Seeds were collected in late August or early September. Seeds from

each region were placed in sixty petri dishes (20 petri dishes per region) lined with

moist filter paper, each containing twenty seeds. Early trials showed that seeds

require cold stratification, and without this treatment will not germinate. The

dishes were placed in a temperature controlled cold room at 4°C, and filter paper

was kept moist through out the experiment. Every fourth day I counted and

removed each seed as it germinated (when the radical reached 1 mm or longer), and

calculated the percent germination for each dish. Within the period that seeds were

actively germinating, the percentages were plotted to calculate the germination rate

using linear regression.

First-Year/Small Tuber Development. Sixteen germinants from each region were

planted into standard potting soil in 4 inch pots and kept in the greenhouse.

Observations were made every third day. I noted the number of days from

germination until cotyledon emergence, first true leaf appearance, cotyledon

senescence, and leaf senescence. The developing tubers were extracted and

weighed when leaves were completely senescent. Each measurement was analyzed

using one-way analysis of variance to determine if there were any significant

differences between regions in the average weight or time to develop a small tuber.

If the p-value was less than 0.05, a Tukey-Kramer Procedure was performed to

determine means that significantly differed.
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Adult/Large Tuber Development. Several first-year tubers (afler leaves senesced)

were placed in shallow trays filled with standard potting soil and kept moist. Half

were stratified in a cold room at 4°C for 10 weeks, and half were assigned as

controls to be kept in the greenhouse. After ten weeks of cold stratification, 50

tubers from each region were moved back to the greenhouse and potted, then

divided into 10 lots of five plants each. The same number of controls were also

repotted at the same time. Only 8 lots were planned, but development took longer

than anticipated, and 2 more lots were added from extras that were potted and kept

in the same greenhouse. Every two weeks, I extracted plants from one lot and

weighed the roots and shoots. These measurements were compared to controls, to

verify the need for cold stratification. Root and shoot weight were averaged and

plotted for each observation date. One-way analysis of variance was used to

determine if there were significant differences between regions in final tuber

weight. If p-values were greater than 0.05, then a Tukey-Kramer Procedure was

performed.

Pollination and Reproduction. Tubers of thirty reproductive adults were collected

from the field in each region to be used in determinations of self-compatiblity,

inbreeding depression, and whether or not flowers require manual pollination.

Plants were separated into three groups - outcrossed (xenogamy), manually selfed

(geitonogamy), and control (autogamy). When plants began to flower,

inflorescences were staked for support and bagged with nylon mesh bags. Because
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the flowers of Perideridia are so snail and numerous, the pollination was done by

brushing an entire umbel with mature anthers onto an umbel with receptive pistils.

Outcrossed plants were manually pollinated from a different individual from the

same population. Selfed plants were pollinated in the same way through

geitonogamy, using a different umbel from the same plant. The umbel being

pollinated was marked with string, and pollinated a second time one week later to

ensure pollen transfer. Control plants received no manual pollination.

The number of mature mericarps (henceforth referred to as "seeds") were counted

and compared between treatments within each region using analysis of variance.

Comparisons were not made between regions because the seed-ovule ratio could

not be determined, as all unfertilized ovules within perfect flowers and sterile

ovules within male flowers become indistinguishable by the time that fruit ripens.

Scheffe's procedure was used to compare means within each region. The level of

inbreeding depression () present at the seed development stage was calculated

from the average seed production of manually selfed (w) relative to outcrossed (we)

umbels, with 1 - w/ w.

Results

The life cycle of Perideridia erythrorhiza is summarized in Figure 3.2. Each

developmental stage is depicted, as well as the time it takes to propagate each stage.



Figure 3.2 The life-cycle of Perideridia erythrorhiza. a) Seedlings and developing first-year plants; b) First year tubers after leaf
senescence; average weight is 0. 16g; c) Basal leaves developing from small tubers; d) New large tubers beginning to develop; e)
Basal leaves starting to senesce; f) Inflorescence and cauline leaves beginning to develop; g) An umbel with developing fruits.
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Seed Biology. Seeds began to germinate after 38 days of cold stratification, and

sample lots leveled off after 82 days for the NW and SW populations. Seed lots

from the SE region took an average of 165 days to fully germinate, 83 days longer

then the west side populations (Figure 3.3). During the period of active

germination, the NW and SW populations had rates of 2.17% (CI, 2.05% to 2.28%)

and 2.07% (CI, 1.97% to 2.17%) per day, respectively. This is almost twice as fast

as the SE region, whose seeds germinated at a rate of 1.21% per day (CI, 1.13% to

1.29%).

Notice in Figures 3.3 and 3.4, there are two distinct groupings present in the SE

populations. When the two SE populations are plotted separately, it becomes

apparent that they are distinct from one another. Seed from SE#1 (represented by

triangles in Figure 3.3) germinated at a rate of 1.92% per day (CI, 1.79% to 2.06%),

which closely overlaps both NW and SW populations. Seed from SE#2

(represented by circles in Figure 3.3), however, germinated at a rate of 1.24% per

day (CI, 1.17% to 1.31%), and has a confidence interval that does not overlap with

any others. Furthermore, separating the two SE populations results in a better

fitting model, raising the R-square from 0.68 when combined, to over 0.85. The

high R-square and the lack of overlap in confidence intervals provides strong

evidence that SE#2 has a distinctly slower rate than all other populations in this

study.
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First-Year/Small Tuber Development. Figure 3.2a-b diagrams the developmental

stages in first-year tuber development. Table 3.2a includes the average number of

days from germination until cotyledon emergence, first leaf emergence, cotyledon

senescence, and leaf senescence. Even though there were significant differences

among populations in the average number of days until leaf emergence and

cotyledon senescence, there was no significant difference in overall development

time from germination to leaf senescence. On average, for all populations it took

90 days (CI, 77.5 to 102.6) from the time of germination to complete the first year

of growth.

Figure 3.2b shows the tubers after leaves have senesced, and Table 3.2b includes

the average final weights. An analysis of variance has shown that there was a

significant difference in first-year tuber weight between the regions. On average,

SW tubers were twice as massive as NW and SE tubers. According to the Tukey-

Kramer Procedure, the difference is statistically significant (Table 3.2).

Adult/Large Tuber Development. Control tubers failed to develop leaves and

remained dormant throughout the length of the study, confirming that tubers

require cold stratification to initiate above ground growth. It took plants 153 days

after a 10-week cold treatment to complete their life cycle (Figure 3.5). No plants

reproduced during this time. The average root and shoot weights can be seen

plotted over time in Figure 3.5. Mean root weight was 0.19 (±0.04) grams on day
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Table 3.2 Small tuber development, a) The mean number of days from
germination until cotyledon emergence, 1st leaf emergence, cotyledon senescence,
and leaf senescence; and b) the mean final tuber weights after leaf senescence. P-
values are from a one-way analysis of variance. Means with the same letter are not
significantly different (Tukey-Kramer Procedure). "n" reflects the number of
plants that survived of the original 16 planted.

a)
NW SW SE Overall

cotyledon mean 10.1 12.5 14.0 12.0

emergence s 5.1 2.5 4.7 4.5

p=O.0970 n 14 11 9 33

1st leaf mean a 21.6 ab 24.7 b 27.4 24.2

emergence s 5.3 3.4 4.3 5.0

cotyledon mean a 63.1 b 75.2 ab 67.4 68.2

senscence s 11.0 9.6 9.8 11.2

p=O.O2l9 n 14 11 9 34

leaf mean 92.4 88.2 88.8 90.1

senscence s 10.8 11.5 16.7 12.6

p=O.6807 n 14 11 9 34

final mean a 0.14 b 0.23 a 0.10 0.16

Weight (g) s 0.06 0.07 0.07 0.05

p=O.0007 n 14 11 9 34
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zero. On day 154, after 22 weeks in the greenhouse, they averaged 0.48 (±0.20)

grams, more than double their initial size. There was no significant difference in

beginning or final tuber weight between regions (F2,210.2274, P0.7999).

Notice in Figure 3.5 that tubers dropped an average 0.07 (± 0.01) grams during the

first month (day 0 through 42, Figure 3.2c), just prior to shoot development. This

presumably occurs when tubers transfer their starch resources to new leaf growth.

New leaf development, shown by dotted lines in Figure 3.5, was followed by a

corresponding increase in tuber mass, represented by solid lines, particularly during

days 35 through 70. Logic follows that as leaves establish, photosynthetic

products are shunted to new root growth and storage. Figure 3.6 illustrates the

process, showing two older, shriveled tubers that provide resources for leaf

biomass, and two large developing tubers which will store photosynthate for the

following year growth.

Both average root and shoot weight dropped dramatically among NW plants after

72 days, and SW plants 14 days later (Figure 3.5). The decrease in mass most

likely correlates with the initiation of floral development. While no plants in this

portion of the study reproduced, a few NW and SW plants, started from seed at the

same time and kept in the same greenhouse, did. When plants began to reproduce,

a slender stalk with cauline leaves developed from the center of the basal leaves

after 72 days, but did not elongate into the inflorescence until day 98, as seen in
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Figure 3.6 A developing plant 44 days after cold stratification. Tubers loose
weight as starchy resources are used for new leaf growth, seen here by the shriveled
tubers in the center. As leaves develop, their photosynthetic products are
presumably allocated to new tuber growth and storage.
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Figure 3.2f. Not unexpectedly, SW plants flowered two weeks later than NW,

explaining the 14-day lag. As individuals flowered, basal leaves withered and were

replaced with cauline leaves. In individuals that did not reproduce, it is possible

that the inflorescence bud was initiated in the basal meristem, but never elongated.

When some condition for reproduction was not met, dormancy was probably

initiated, and resources were allocated back to be stored in tubers until the next

growing season.

Pollination and Reproduction. Table 3.3 includes the mean number of seeds

produced per umbel for the various pollination treatments, results of the analysis of

variance, and inbreeding depression as measured by comparing selfed and

outcrossed seed sets. Manually outcrossed plants produced nearly twice the

number of seeds than manually selfed plants when arranged by population, and

exhibited fairly high levels of inbreeding depression as reflected by the seed set.

Selfed plants did produce some seed, confirming that the species is self-compatible.

Control umbels produced the least amount of seed, verifying the need for

mechanical pollen transfer, either by insect or human vectors.

Discussion

Figure 3.2 summarizes the life cycle and time it takes to propagate a large tuber and

each intervening stage of development. In thirteen months, it is possible to grow

tubers to a mass that wouldn't be reached in nature until the third year. In
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Table 3.3 The mean number of seeds produced by umbels pollinated by
xenogamy, geitonogamy, and autogamy; and inbreeding depression (s). ö = 1-
WsIWc, where Ws is the number seedproduced by selfed individuals and Ws is the
number of seed produced through outcrossed individuals. n = 10 umbels, except
NW xenogamy, where n =9; s = standard deviation. Means within each region that
share the same letter are not significantly different from one another (from a
Scheffe multiple comparison procedure).

Xenogamy
Outcrossed

Geitonogamy
Selfed

Autogamy
Control

ANOVA

between treatments
S

NW mean 33.3 a 1l.8ab 1.8 b F2,26=5.8352 0.65

s 31.4 18.0 2.7 P=O.0081

SW mean 13.6 a 8.9 a 0.5 a F2,27=2.2782 035
s 20.1 13.1 1.6 P=0.1218

SE mean 39.4 a 27.9 a 7.5 b F 2,27 6.3023 029
s 24.4 23.5 9.7 P=O.0057

Overall mean 28.6 a 16.2 b 3.3 c F2,86= 12.2674 043
s 27.1 19.9 6.5 P=2.06x105
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reintroductions (Roberts, in prep), a few plants (6 out of 240) reproduced in their

third year of development, approximately equivalent to what was observed after

just one year in the greenhouse. Clearly, the time it takes to cultivate a large tuber

can be cut two thirds the time needed in the wild, thereby decreasing the need to

extract adult plants from native populations for recovery work and still ensure

success of reintroductions.

The small tubers grown in this study were on average twice the size of small tubers

used in reintroduction, which were grown close together in flats and averaged 0.08

(± 0.05) grams (Roberts, in prep). In this study, it was observed that second-year

tubers dropped about 0.07 (±0.0 1) grams during leaf development (Figure 3.5),

possibly explaining why small tubers (planted in the fall in their second year of

growth) faired so poorly in reintroductions. These plants may not have had enough

resources stored in their tubers to initiate or complete leaf development. If this

assumption is correct, then a moderate increase in tuber mass could increase

survival substantially. This is consistent with Guerrant's (1996) study using

demographic modeling, which found that ". . .simulations generally showed that

extinction risk is greatest when seeds or the smallest plants were used as founders,

and that extinction risk dropped dramatically when even slightly larger size classes

were used." By growing first year plants in individual pots with controlled

conditions, in less than 25 weeks such tubers (grown in cultivation from seed)

could reach an adequate size to better ensure transplantation success.
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It is important to note, is the disparity between "large" tubers grown in the

greenhouse, and large tubers extracted from native populations, which were

purposely selected for their massive size. Large tubers used in reintroduction

averaged 3.43 (± 2.55) grams, much larger than tubers propagated under controlled

conditions. But by comparing the emergence rate of tubers within the weight range

of 0.28 to 0.68 grams - the range found in propagated large tubers in this study- to

plants above this range, there appears to be no difference in the percent emergence

after transplantation. Two years after transplant, 66% of tubers under 0.68 grams,

and 65% of tubers over 0.68 grams emerged. It appears that there is, indeed,

"...not much more, if any, extinction risk can be avoided by transplanting even the

largest individual (Guerrant, 1996).

Even if using larger size classes does not greatly reduce the extinction risk, larger

plants are required to achieve a high population growth rate essential to buffer

against environmental and demographic stochasticity (Guerrant, 1996). While no

plants reproduced during the length of this study, it appeared that they "geared up"

to reproduce, but some condition - perhaps tuber mass - was not adequate and

dormancy was induced. Quite possibly plants would reproduce after one more

round of cold treatment during the winter after transplantation, contributing greatly

to the growth of a population. East side plants lacked the apparent shift, and may

take longer to reproduce.
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Based on the results, P. erythrorhiza is primarily an outcrossing species. It

produces almost twice the number of seeds when outcrossed, and has a fairly high

level of inbreeding depression (s). h a comparison of 30 angiosperm species, the

average was 0.19 at the seed stage (Husband and Schemske, 1996) - roughly half

of what was found in P. erythrorhiza. It also has low levels of autogamous

pollination, confirming that pollinators are required. These findings are consistent

with the observed floral structure, which has temporal and spatial separation of the

sexes within each umbel, typically a trait that promotes outcrossing. It also

produces a showy display of hundreds of tiny white flowers late in the season when

few other plants are flowering, possibly filling a niche for pollinator services.

Clearly, consideration of Perideridia's breeding system will need to be

incorporated into any future management program. Loss of genetic variation

through inbreeding depression in small populations is one of the major threats to

the long-term viability of rare plant species (Barrett and Kohn, 1991). Inbreeding

depression, particularly during the seed set stage (Husband and Schemske, 1996), is

often associated with a decrease in heterozygosity, which may or may not enable

better performance in a given environment, but can provide the ability to cope with

fluctuating environments (Mitton and Grant, 1984; Huenneke, 1991). By

propagating plants from a variety of parental lineages and outplanting as many
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individuals as possible, the affects of inbreeding depression can be minimized

(Robichaux, et a!, 1997).

In addition to the decrease in genetic variation associated with inbreeding, most

rare perennials depend on seed production to offset normal population losses from

aging, hervbivory, competition, disease, etc. (Kephart and Paladino, 1997).

Because P. erythrorhiza exhibits reduced seed set when inbred and fails to set

much seed autogamously, it is important to ensure that pollinators are present at

potential transplant sites. If plants are raised in the greenhouse for the purpose of

serving as seed sources, it is important to manually pollinate flowers

xenogamously. However, it may be more effective to utilize intact populations for

seeds, as growing plants to reproductive size/age could take well over one year.

Captive bred populations are also more prone to drift and artificial selection

(Templeton, 1991), emphasizing the need to conserve native populations as seed

sources.

There was no significant difference in the time it took to generate each propagule

type among the NW, SW and SE regions; so timing propagation with transplant

dates should not greatly complicate reintroduction. One difficulty that could arise

is the use of seed from SE#2, because it germinates slower (Figures 3.3 and 3.4)

and completes germination 82 days later than other populations. Exclusion of this

population as a seed source would avoid the problem, but inclusion of a broad
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source of genetic variation is important to long-term success, particularly in small

populations like reintroductions (Barrett and Kohn, 1991). Ideally, seed from this

population could be started earlier, or an extra window of time could be allowed

between senescence and either cold stratification or transplantation, to allow them

to catch up with the other populations. As there is some overlap with the other

populations, the earliest germinating seeds could be used, but could inadvertently

result in artificial selection of this trait and exclusion of important genes present in

later germinating individuals.
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Chapter 4

Summary

The results of this research show that establishing new populations can be a

valuable tool in the conservation of Perideridia erythrorhiza. The experimental

reintroduction and life history studies shed light on several important questions: (1)

What is the best treatment for transplanting? (2) Can and how do we effectively

cultivate propagules? (3) What are the potential limiting stages in the life history?

(4) What is the timing of propagation, in order to efficiently execute a

reintroduction? (5) What is the breeding system? (6) Does the sunounding

vegetation affect transplants? (7) Does soil moisture affect the transplants?

It was found that planting large tubers in the fall was the best treatment, with the

majority of these plants surviving over the two-year study. Each plant reproduced,

producing several hundred seeds each after transplanting. The problem of

removing large tubers for transplantation from the already threatened native

populations was addressed in the life history study. Large tubers, which would

normally take at least 3 years to develop in the wild, can be feasibly grown in

thirteen months in the greenhouse. Surprisingly, sown seed also did better than

expected, and should be valuable in creating newly populations, infusing more

genetic variation into new populations.
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The long term viability of a reintroduced population is only as strong as its limiting

factors. The weakest link in the life cycle of P. erythrorhiza appears to be the

juvenile stage. The highest mortality occurred among the first year tubers. Even

seedlings from planted seed had greater survival, with the majority of survivors re-

emerging the following season. By identifying theses critical stages, our resources

can be focused on creating populations from large tubers and seed. Although the

first-year tubers that were planted faired poorly, it was found that slightly larger

first-year tubers could be propagated, and could potentially increase success.

Before they are to be considered as an alternative, however, their relative viability

would need to be determined in the field.

The timing of population creation can be key to a project on a budget and a

timeline, as is often the case. Seeds are the most cost-effective method, and should

be planted late in the fall. We now know the specific timing and mechanics of

growing propagules in the greenhouse. To grow large tubers to plant in fall the

first step, cold stratification of seeds, should begin 13 months prior to the transplant

date (14.5 months for certain east side populations). If first year tubers are to be

propagated, then seed stratification should begin 172 days, or about 6 months, prior

(255 days for certain east side populations). These time periods allow for the

propagules to complete their cycle and become dormant. After they are planted,

they will go through their next cycle of cold stratification in situ during the cold,

wet winter months, to emerge the following spring.
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Prior to this study, the reproductive biology of Perideridia erythrorhiza was

unstudied. But the high level of inbreeding depression among self-pollinated

individuals as shown by seed set, the relative lack of autogamously produced seed,

along with the spatial and temporal separation of sexes within umbels, suggests that

it is a highly outcrossing species. Proper precautions will need to be taken to

ensure that outcrossing occurs, such as verifying the presence of pollinators at

potential transplant sites. If, for some reason, seed is to be propagated off site,

flowers would have to be pollinated by hand, using pollen from different

individuals.

Knowing that the surrounding vegetation does not significantly impact the success

of P. erythrorhiza transplants is important in determining future reintroduction

sites. Because it grows in productive grasslands, it is logical that it is well adapted

to high levels of competition. What may be more important is the relative

hydrology. Juncus effusus may or may not adversely affects transplants, but could

help to signify appropriate hydrologic conditions. P. erythrorhiza can grow near the

Juncus, just not within the thick mats that it forms. We do know that soil moisture

does affect the success of transplants, and this can help us narrow in on important

site characteristics. While we still don't know the exact environmental

requirements of the species, with careful study, we can begin to limit the

parameters of a what constitutes a "good" reintroduction site.
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With the pieces in place, reintroduction of P. erythrorhiza is ready to move

forward. Already, new populations have been planted on public land managed by

the Roseburg and Medford Districts Bureau of Land Management. Recovery of the

species may depend on such reintroductions. But it is important to note that these

populations are still experimental. A long-term commitment to monitoring new

populations will be necessary to determine their viability. Until their success has

been tested, created populations should not be considered as permanent additions to

existing populations. Preservation of intact native populations should continue to

be a top priority for P. erythrorhiza.

When dealing with rare plant conservation, it is often best to take a pragmatic point

of view. By working out the details on a smaller scale first, we were able to save

time and money, two of the most limiting factors faced by conservation biologists.

There are an ever increasing number of threatened plant species that could benefit

from this method. With careful planning, implementation, documentation, and

commitment, each attempt, whether successful or not, will gather valuable

information about that species and about population creation or augmentation as a

recovery tool. It is certainly not the magic bullet to species conservation, but with

each attempt, we can begin to discern its limitations and when it is appropriate to

use.
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