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I used greenhouse and field studies to investigate how intraspecific and

interspecific competition, soil disturbance, and fertilization affect the biomass and

reproductive output of Senecio sylvaticus and Epilobium paniculatum, common winter

annuals which invade and dominate western Cascades forests during the first two seasons

after clearcutting and slashburning.

Field work experiments were conducted separately for each species on two

clearcuts in their third and fourth growing seasons post-disturbance. The clearcuts were

located in the Willamette National Forest near Blue River, Oregon. Experiments were

conducted fall 1992 through sunmier 1993. Research goals were to determine the effects

of nutrient availability, interspecific competition, and ground disturbance on the

establishment, growth, and reproductive output of Senecio sylvaticus and Epilobium

paniculatum and to determine if the typical decline of Senecio sylvaticus in the third and

fourth growing seasons is prevented by these treatments. One treatment was fertilization

of plots; treated plots were fertilized with 300 kg of N, 11.9 kg P, and 22.6 kg K per

hectare. The other treatment was above-ground removal of interspecific competition

(community removal) or soil disturbance.

Community removal and soil disturbance had significant effects on many

production and reproduction variables for one or both species, whereas fertilizer had

minimal impact. For the site in its fourth growing season post-burning, which was

accidentally broadcast fertilized after project establishment, community removal and soil

disturbance significantly increased the above-ground biomass per square meter of Seneclo



on the site, but plant density was not significantly affected. In addition, community

removal and soil disturbance increased the estimated number of Senecio seeds per square

meter by over thirty times and increased the total number of pods per square meter by

over ten times on the same site. While community removal and soil disturbance response

variables were significantly different from the control, they were not significantly different

from each other.

On the site in its third growing season post-disturbance, the community removal

increased the density of fall Senecio seedlings, but densities plummeted by spring and in

the suminei- densities were at or near zero for all treatment combinations. The small

number of plants made it impossible to analyze the data. The very low density was typical

for Senecio growing on clearcuts in their third and subsequent seasons post-disturbance,

and experimental treatments were unable to reverse this trend.

On the site in its fourth growing season post-disturbance, Epilobium paniculatum

final density was unaffected by community removal and soil disturbance, but above-

ground biomass per square meter increased by at least five times. The estimated number

of seeds per square meter had five to ten times the mean for the control; however, a

significant treatment interaction prevented mean separation.

The site in its third growing season post-disturbance exhibited decreased fall,

spring, and summer Epilobium densities for the soil disturbance treatment, likely because

the treatment buried seeds on this site which had abundant on-site seed sources in the

previous season. The estimated number of seeds and total number of pods per square

meter increased several-fold for community removal and soil disturbance treatments.

Fertilization significantly increased above-ground biomass, but not by a great magnitude.

The goal of the greenhouse studies was to determine how height, biomass, and

reproductive output of Senecto and Epilobium vary with increasing intraspecific

competition. Separate pot experiments were conducted for each species at Forest

Research Laboratory's greenhouse at Oregon State University, Corvallis, Oregon from

March through September of 1993.

Epilobium above-ground biomass and below-ground biomass per plant were

significantly affected by density by large magnitudes. In addition, pots with one plant had



more above-ground biomass and below-ground biomass than all remaining treatments.

Reproductive output per pot was largely plastic for Epilobium; it remained similar across

all densities for total number of pods per pot and seeds per pod. Pots with one plant had

more estimated number of seeds than remaining treatments, but the magnitude was small.

On a per-plant basis, there were significant differences with large magnitudes for seeds per

plant and mean number of pods per plant.

Senecio growth and reproduction were significantly affected by plant density. All

treatments were significantly different from each other for both above-ground biomass per

plant and below-ground biomass per plant, with a ten-fold increase as density dropped

from 10 to 1 plant per pot. However, above-ground and below-ground biomass per pot

were not significantly different, indicating that biomass exhibited a plastic response to

density.

All reproductive variables were significant for Senecio. The magnitude of

difference between plants in the lowest density pots and plants in the highest density pots

was 100 times for biomass of reproductive parts per plant and 137 times for seeds per

plant. Unlike Epilobium, Senecio reproductive output was also highly sensitive to density

for estimated seeds per pot, total fruits per pot, and seeds per fruit. The estimated number

of seeds per pot exhibited a 10-fold magnitude of difference between pots with one plant

when compared with pots with ten plants.

Thus, increasing intraspecific competition had a much greater effect on the total

reproductive output of Senecio than on Epilobium. Whereas Epilobium reproductive

output is independent of density (within the range of densities tested), Senecio does not

exhibit plasticity in reproductive output and output declines with increasing density. If

these results are mirrored in the field, then Senecio may produce the greatest number of

seeds when not densely colonizing a clearcut.
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AUTECOLOGICAL STUDIES OF TWO ANNIJAL HERBS, SENECIO SYL VATICUS

AN]) EPILOBIUMPANICULATUM: Eli FECTS OF BIOTIC AND ABIOTIC

FACTORS

INTRODUCTION

Seneclo .sylvallcus and Epilobium paniculatum are winter annuals which invade

western Cascades forests after clearcutting and slashbuming. Their patterns of abundance

through early secondary succession are different, even though they both respond to

anthropogenic disturbance and have similar life cycles in a given season. Field and greenhouse

studies were initiated to determine factors which affect establishment, growth, and persistence,

so that the patterns of species replacement through succession can be better understood.

Disturbance and succession in the Pacific Northwest will be discussed; a review of the two

annuals will follow.

Disturbance and Early Secondary Succession

Disturbance

Historically, logging and slashburning have been major sources of disturbance in forests

of the western Cascade Range, largely replacing the natural disturbances of wildfire,

windthrow, and outbreaks of pests and pathogens. Logging causes soil disturbance and

exposes mineral soil. Slashburning consumes the litter layer, releases nutrients, changes pg

and kills the above-ground and below-ground stmctures of many plant species (Isaac 1940).

The effects of fire are mediated by the timing and frequency of burning, the amount and

moisture content of litter and other fuels, and weather conditions during burning (White 1979,
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Clark 1990) and in turn may favor recmitment and establishment of some species and

discourage others (McLean 1968).

Until the last few years, clearcuts in the western Cascade Range were burned in the fall.

More recently, an increasing percentage of clearcuts have been burned in spring or not at all.

Residual shrubs often are able to survive in greater density and size than would be possible with

a fall burn, resulting in greater competition with invading herbs. On the other hand, a spring

burn also may promote a higher density of annuals in the summer of the following year,

because seeds falling during the summer of the disturbance would not be disturbed or burned

as they typically would in a fall burn.

Establishment after disturbance

The type, timing, frequency, and magnitude of disturbance are important factors

affecting succession (White 1979). Disturbance intensity better explains presence of invading

herbs than do characteristics of pre-disturbance forest communities (Halpern and Franklin

1990) because the effects of disturbance are important in controlling the establishment, growth,

survival, and/or reproductive output of invading (and residual) species. The resulting exposed

mineral soil, enhanced nutrient levels, and reduced competition from residual vegetation likely

are factors affecting the ability of these invading species to dominate disturbed sites (Halpern

1988, Halpern and Franklin 1990).

Species have different strategies for surviving through disturbance. Some species

accumulate long-lived seed that is buried in the soil and which is triggered to germinate by

disturbance (e.g. Ceanothus) (Halpern 1988, White 1979). Other species tolerate disturbance

by maintaining budbanks below-ground (White 1979) (e.g. Rhododendron macrophyllum,

Berberis nervosa, and Gaultheria shallon). Their survival and speed in resprouting depend on

the timing of disturbance, soil disturbance from logging, the magnitude and duration of

elevated temperatures, and the depth the heat penetrates into the soil (Clark 1990, Flinn and

Pringle 1983, Flinn and Wein 1988). In undisturbed and unburned patches residual species

with budbanks recover quickly, whereas in severely burned patches, annuals, invaders, and only
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the more fire-tolerant residuals are relatively more abundant (Isaac 1940, Dyrness 1973,

Halpem 1988).

The staggered system of clearcutting promotes founder populations of annuals such as

Epilobiumpaniculatum and Senecio sylvaticus, by providing many more disturbed,

uncolonized sites for the species to invade and by decreasing the distance seed must travel to

reach a new suitable site. Annuals have small seeds, effective dispersal mechanisms, high

reproductive potentials, fast initial growth rates, and short life spans. They tolerate extremes in

temperature and moisture but are poor competitors (Pickett 1976, White 1979, Ba7727 1979).

Germination of seeds is triggered by the fluctuating temperatures, unfiltered high light (rich in

red wavelengths), and flush of nitrates which result from clearcutting and slashbuming (Baz7iz

1979).

Winter annuals are often the first to invade and dominate after a disturbance. They have

little or no innate dormancy and germinate in flushes after periods of rain in the fall and also the

spring (Bazzaz 1979). Frost heaving kills many rosettes over the winter. The number of winter

annuals that die over the winter is determined by the rosette size, soil texture, percentage

organic matter, moisture, number of frost cycles, and speed and duration of freezing (Regehr

and Bazzaz 1979). Surviving rosettes accumulate reserves throughout the winter. Rosettes

can photosynthesize at high rates and over a wide range of light intensities. Winter annuals can

acclimate very quickly to changing environmental conditions (Bazzaz 1979) which are typical

in the fall, winter, and spring in Cascades clearcuts.

Winter annuals face direct competition largely from each other in the fall and early

spring because most other species establish or resprout later in spring. Most or all of their

nutrient uptake occurs early in development, and with a high R (relative growth rate under

optimal conditions), they reach their maximum biomass before competing species do (Baz7'

1979). Competition from other species mostly is indirect and occurs when perennials and

residual species occupy space and take up nutrients in the previous season and store them,

making them unavailable for the next season's annuals (Van Andel and Vera 1977).



Succession on clearcuts in the western Cascade Mountains

Fugitive annuals dominate western Cascade clearcuts during the first years after

disturbance. This group includes Seneclo sylvaticus and Epilobiumpaniculatum, the focal

species of this research. Dominance shifts slowly to herbaceous biennial and perennial taxa

(Epilobium, Cirsium, Agoseris, and A naphalis) , then to woody perennials (Ceanothus spp.,

and Rubusparvfiorus) (Halpern 1988). While dominance in cover shifts from annuals to

herbaceous perennials to woody species, most species that dominate later successional stages

survive through disturbance in western Oregon forests (Halpern 1989, Clark 1990, Halpern

and Spies in press). Succession, then, refers not to timing of arrival, but timing of dominance.

Mechanisms of succession

Most studies of succession have described patterns of species replacement, without

investigating the mechanisms for species turnover (Palmblad 1968, Connell and Slatyer 1977,

Huston and Smith 1987, Clark 1990, Halpern et al. 1990). By studying the mechanisms

driving species replacements, researchers will be better able to predict succession, restore

damaged land, and manipulate vegetation to enhance forest regeneration (Cale et al. 1989,

Clark 1990, Radosevich et al 1992).

Succession theory seeks to predict the vegetation changes through time and "to

account for the regularity with which certain plant species are replaced by other ones" (Van

Hulst 1978). Classic succession theory suggests that after disturbance a site is colonized

progressively by groups of species, each altering the habitat so as to favor the next species

assemblage (Clements 1916, Noble and Slatyer 1980). This is also known as "facilitation

pathway" (Connell and Slatyer 1977).

Other theories include the "inhibition pathway" in which early species prevent

establishment of later ones and the "tolerance pathway" in which later species have success

whether or not early species precede them (Connell and Slatyer 1977). These three pathways

describe the net effect of an earlier species on a later one, and do not explicitly include

4
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stochastic, disease, and herbivory processes or variations in seed and bud bank availability,

germination and assimilation requirements, disturbance type and magnitude, and weather

(Connell, Noble and Slatyer 1987, Walker and Chapin 1987). More knowledge of these

processes will improve our understanding of succession. In addition, many processes operate

simultaneously in succession, (Walker and Chapin 1987), and "multiple process configurations

can produce the same pattern" (Cale et al. 1989).

The shifts in species assemblages "may not reflect the progressive entry to the

community of the taller long-lived forms, but instead, the gradual emergence and dominance of

species which may have been present, but inconspicuous directly after the disturbance" (Noble

and Slatyer 1980). Succession may consist of broadly overlapping population curves over

time; all species are present most of the time but are dominant at different times (Pickett 1982,

Halpern 1988). If a species does not become established early, it is less likely to achieve

dominance later (Clark 1990).

In many cases, life history traits are sufficient to describe successional patterns

"without invoking an important role for any biological interactions. Biological interactions are

perhaps more important in determining the rate of succession than its final outcome" (Walker

and Chapin 1987). More information of life history traits of western Cascades species would

assist the prediction of abundance patterns (Halpem 1989).

Roles of annuals

With fast growth rates and high reproductive potentials, annuals are able to dominate a

site, deplete moisture, and immobilize nutrients, possibly preventing nutrients from being

leached during a period of high potential loss (Peterson and Rolfe 1982, Auclair 1985, Clark

1990). Annuals uptake substantial amounts of N, P, and K, temporarily store the nutrients,

and as they decompose the nutrients are made available to woody species or other herbaceous

plants (Peterson and Rolfe 1982). This is especially important for N, K, and other nutrients

which are mobile in the soil and might otherwise be leached (Peterson and Rolfe 1982).
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In addition, the leaves of annuals decrease erosion by reducing the impact of raindrops

(Gholz et al. 1985). They also moderate the microclimate and decrease soil temperature by

shading, slowing decomposition, mineralization, and nitrification rates (Gholz et al. 1985).

Litter from dead annuals may affect seedlings establishing by altering the microclimate

(minimizing the extremes in temperature) and the soil surface. Some species have a higher

likelihood of establishing on mineral soil than on litter.

Annuals play a role in the recovery of disturbed sites, because they are able to colonize

clearcuts in the years before later successional species are able to dominate (Marks and

Bormann 1972). A system that more quickly recovers its nutrient cycling ability is more

resilient to disturbance (Foster et al. 1980).

Biology of Senecio sylvaticus and Epilobiumpaniculatum

Taxonomy and Genetics

Epilobiumpaniculatum is in the tribe Epiobieae (Onagraceae). Epilobium has six

sections; one section, Xerolobium, contains only Epilobium paniculatum (Seavey, Magill, and

Raven 1977). The only two other Epilobium annuals form another section. Seavey, Wright,

and Raven (1977) do not believe that Epilobiumpaniculatum derived from the same line as the

spring-blooming Epilobium minutum and Epilobiumfoliosum which are the only other annuals

among Epilobium's 200-plus species. Instead, they believe "the annual habit has been derived

independently in each line."

Senecio sylvaticus is in the family Compositae, tribe Senecioneae. It is closely related

to another annual, Senecio viscosus (Cronquist 1955, Koniuszek and Verkleij 1982).

Isoenzyme analyses on Senecio diaspores from 5 sites in Holland found no genetic variation

between populations of Senecio sylvaticus (Koniuszek and Verkeij 1982).

In addition, "the complete lack of genetic variation is also in accordance with the

statement that edaphically restricted plant species should have little genetic variability"
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(Stebbins 1942 as stated in Konuiszek and Verkeij 1982). Konuiszek and Verkeij (1982)

hypothesized that when Senecio sylvaticus became established during the development of

dense forests in Europe 5000 years ago, it had nearly no genetic variation due to the founder

principle which refers to the "establishment of a new population by a few original founders

which cany only a small fraction of the total genetic variation of the parental population"

(Mayr 1963). Since then, the species was never able to "surmount the accessorial bottle-neck

in genetic variation" due to the short time a population remains on a site.

Other research suggests that genetic variation in Senecio sylvaticus may be associated

with its occurrence in different habitats on different substrates. Kumler (1969) suggested there

are two edaphic races of Senecio sylvaticus in Oregon, a Coast Range variety that grows in

forest clearcuts and a coastal variety that grows in beach sand in early stages of dune

succession. The two races are morphologically identical, but the Coast Range variety requires

a high level of nutrients while the coastal variety "persists year after year in a much more sparse

fashion" (Kumler 1969). Isoenzyme analyses were not conducted.

Distribution

Senecio sylvaticus is distributed west of the Sierra-Cascade Crest in the Pacific

Northwest, and throughout Europe and Great Britain (West and Chilcote 1968, Perring and

Walters 1976). It is native to Europe.

Epilobiumpaniculatum is native to North America. It is found in the Pacific

Northwest with the northern limit in British Columbia, Alberta, Saskatchewan, and Monitoba

and the southern limit in southern California, Arizona and New Mexico (Izco 1983).

Wisconsin, Southern Ontario, and Quebec also have populations (Izco 1983). Epilobium has

been found in the Argentinian provinces of Chubut and Neuquen where it was introduced. In

addition, it grows in Spain as an exotic but its distribution throughout Europe is unknown and

it was not known to Europe until 1978 (Izco 1983).



Patterns of abundance during succession in the Pacific Northwest

Senecio sylvaticus typically invades a clearcut in the first season after disturbance and

reaches its highest density in the second season. In the third season, the density typically

plummets despite successthl germination and ample open areas (West and Chilcote 1968,

Dyrness 1973, Kraemer 1977, Halpem 1989).

In contrast, Epilobium paniculatum usually invades a clearcut the first season after

disturbance with low density, and maintains a high density for the next several seasons and then

declines slowly. Density ofEpilobiumpaniculatum is dependent upon how quickly residual

species and invaders reoccupy a site (Kienholz 1928). Kraemer (1977) found that Epilobium

paniculatum usually dominated in the third season on heavily burned plots where Senecio

.sylvaticus had dominated the previous season, superseding replacement by Epilobium

angustifolium.

While there are other annuals which invade clearcuts in the Pacific Northwest, Senecio

sylvaticus and Epilobium paniculatum are by far the most abundant in the western Cascades.

Clark (1990) found that Seneclo sylvaticus and Epilobiumpaniculatum/Epilobium minutum

comprised 90% of the individuals that established from seed in the second season in western

Cascades sites in Oregon. Density of Epilobium paniculatum increased from 0.1 plant per

meter squared in the first season following disturbance to 28.2 plants per meter squared in the

second season. Density of Senecio sylvaticus increased from 0.5 to 68.9 plants per meter

squared during the first two seasons.

Dyrness (1973) and Halpern (1989) followed succession on three clearcut units in one

Cascades watershed. One year after slashbuming, Epilobium paniculatum frequency on

square milacre plots was 8.6 and in the subsequent four years it increased and remained high

(35.9, 49.5, 46.5, and 35.0). Cover was 0.6, 6.5, 6.9, 8.5, and 7.3%, respectively. Cover

slowly declined through the eighteenth year (Halpern 1989). On these same units Seneclo

sylvaticus frequency increased dramatically from the first to second growing seasons (14.6 to

49.9) and dropped to 9.8, 3.1, and 17.3 in the third through fifth seasons. Cover was 1.7, 8.4,

0.1, 0.1, and 1.7%, respectively. Cover stayed below 0.3% through the 18th year (Halpern

1989). Between the first two growing seasons after slashburning, total plant cover increased

8
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from 15% to 50%, due largely to the quick colonization by Senecio sylvaticus, Epilobium

paniculatum, and Epilobium angustifolium although residual species also increased in cover

(Dyrness 1973).

On another clearcut watershed in the Cascades, mean cover of Senecio sylvaticus was

1.0, 10.1, 0.2, 0.2, 0.04% in the first five seasons after disturbance and cover remained below

0.0 1% through the 17th year (Halpern 1989). Epilobiumpaniculatum mean cover was 3.9,

37.3, 2.1, 7.8, and 8.3%. It did not drop substantially until 11 years post-disturbance, when it

remained at or below 2% cover through 21 years post-disturbance.

The low abundance of Senecio and Epilobium in the first season following disturbance

reflects low seed availability (Kienholz 1928). The seed for these annuals must blow in from

clearcuts or other disturbed areas near the site. Senecio has a seed bank (Clark 1990) but it is

not persistent (Koniuszek and Verkeij 1982). There is not a persistent seed bank for

Epilobium paniculatum (Clark 1990) given that the seeds do not have a dormancy requirement

and germinate with the first fall rains. In addition, a fall slashbum may destroy most of the

wind-disseminated seeds (Gashwiler 1970), burning seed immediately after dispersal from

nearby clearcuts. In the second season, there is ample seed supply provided by the plants on

site in the first season and seeds blow in from nearby clearcuts. This likely explains the large

increase in density between the first and second seasons.

More difficult to explain is the sudden drop in density of Senecio sylvaticus in the third

season despite ample open area and ample seed (West and Chilcote 1968, Morris 1970,

Dyrness 1973, Halpern 1989). In the third and subsequent seasons, Senecio successfully

germinates but rarely progresses beyond cotyledon leaves (West and Chilcote 1968 and this

thesis research) despite copious amounts of seed and minimal competition in the fall. In

contrast, Epilobium is able to continue establishing on clearcuts for several years, which is

more like the common pattern of annuals to dominate as long as shrubs and invading perennials

are in low abundance (Malavasi 1977). Different patterns in the third and subsequent seasons

may be explained by differing tolerances to declining nutrient levels and increasing competition

(West and Chilcote 1968, Halpern 1989), although more recent research has questioned this

assumption (Halpern et all 1995).
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Site preferences

Many researchers have concluded that Senecio requires a slashburn or has superior

growth on burned microsites (Yerkes 1958, Steen 1966, West and Chilcote 1968, Morris

1970, Kraemer 1977). "The most dense and earliest growth of this species occurs on the c
blackened, surface-charred soils" (West and Chilcote 1968). Steen (1966) found Seneclo spp.

(1

on burned plots but not on the paired unburned 1/4-acre plots. Yerkes (1958) found that

Senecio and Epilobium had higher percent cover on burned plots, but this difference

disappeared after the second growing season.

However, Senecio is also found on unburned clearcuts (Yerkes 1958, Gholz et al.

1985). It is difficult to know to what degree it responds to the disturbance from clearcutting

and to what degree it responds to slashburning. Senecio also grows on coastal beach sand,

where it "persists year after year in a much more sparse fashion in the early stages of dune

succession" (Kumler 1969). However, it is considered a different edaphic race than that found

on clearcuts.

Epilobium paniculatum is considered a xeric species, and grows on open, usually dry,

disturbed habitats (Seavey, Wright, and Raven 1977, Peck 1941).

History of Senecio sylvaticus

Senecio sylvaticus is believed to have been introduced from Europe to Pacific North

America in the 1920s, starting in Del Norte and Humbolt Counties, California (Robbins, Bellue

and Ball 1951, as stated in West and Chilcote 1968). It spread quickly and widely to

slashburned Douglas-fir clearcuts throughout the Cascade and Coast Ranges of Oregon (West

and Chilcote 1968).

Prior to the 1920s, Senecio did not inhabit Pacific North America and we would expect

that Epilobium and other invading herbs such as Epilobium watsonii, Conyza canadensis, and

Epilobium angustifolium dominated Cascades sites in the early years after a forest fire or other

disturbance. It also may be that Senecio replaced another species, such as Senecio vulgaris.
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Research in 1926 indicated that Senecio vulgaris had a high frequency (84%) on burned

clearcuts, whereas Senecio sylvaticus was not present (Kienholz 1928). In this same research,

Epilobium annuals had a frequency of 51% (Kienholz 1928). In other research on 15 western

Oregon clearcuts logged in 1926, cover of Senecio vulgaris was 24.6, 0.1, 0.9, and 0.1% in

1926, 1928, 1930, and 1933 (Isaac 1940). Epilobiumpaniculatum cover was 5.7, 5.5, 0.5,

and 0.1%. Like Senecio sylvaticus, Senecio vulgaris populations crashed in the third growing

season (Isaac 1940). However, it is possible that Senecio sylvaticus was misidentified as

Senecio vulgaris in both studies.

Growth and development

Epilobiwnpaniculatum lacks a rosette form. Izco (1983) found that Epilobium

paniculatum has a strong vertical root with average length of approximately 15 cm, and small

secondary roots (Izco 1983). Antos (unpublished data) found the Epilobiumpczniculatum

roots are very difihise and average 25 cm in depth. Leaf sizes vary from 5-25 nmi in length,

and 1-4 mm in width. The stem is honey/wine in color and the plant has a total height of 25-

125 cm (Izco 1983). The linear-clavate capsules are 1.5-2.5 cm (Peck 1941). The

morphology is highly variable depending on the plant age and site conditions and locations

(Seavey unpublished manuscript, Halpem unpublished data).

Unlike Epiobium, Senecio sylvaticus has a rosette stage. It has a fast growth rate

(Van Andel and Jager 1981). Its roots are very dense in the upper 10 cm of soil near the stem

base (Antos unpublished data). Plants are 15-80 cm in height (Cronquist 1955). Fruits are 6-7

mm (Peck 1941).

In a greenhouse experiment with soil from a 2 year-old forest clearing in Holland, Van

Andel and Vera (1977) measured Senecio sylvaticus nutrient concentrations at the end of the

rosette stage (80 days after sowing), at the end of vegetative period before flowering (130

days), and at the end of sexual reproduction (170-200 days). N, P, K, Na, Ca,, and Mg

concentrations were measured for leaves, stems, reproductive parts, and roots. All mineral

element concentrations measured were at the maximum during the first measurement and
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declined substantially during stem elongation. This species takes up its nutrients while in rosette

form and redistributes the nutrients as the plant matures. N, P, K, and Mg are eventually

redistributed to the sexual organs.

Eçplanations for the decline of Senecio 5ylvaticus

West and Chilcote (1968) attempted to determine why Senecio sylvaticus populations

plummet after the second season post-burning. One hypothesis was that an autotoxic leachate

prevents Senecio sylvaficus establishment once sites have been densely colonized by the

species. They found no significant effects of Senecio sylvaticus leachates on germination.

However, they did not investigate possible allelopathic effects on establishment and growth.

In addition, leachates were derived from Senecio rosettes collected in February (West

and Chilcote 1968). It would have been more appropriate to use mature plants for making

leachates, given that new generations germinate after plants from the previous generation have

matured and given that any possible allelopathic compound might develop as the plants mature.

West and Chilcote (1968) concluded that "no evidence was found of an autotoxic inhibitory

effect," but additional tests beyond the 5-day germination test would be required to exclude the

possibility of an autoallelopathic effect.

Fungal infection attacked the seedlings after five days only on treatments containing

crushed plant materials, so the study was abandoned. However, this infection may offer some

useful clues. For example, decaying Senecio may attract a fungus that prevents establishment

of germinating seedlings. Palmblad (1968) found that Senecio sylvaticus suffered from

damping-off fungi and aphid damage, which caused mortality in a greenhouse experiment, but

no one has investigated its potential susceptibility to pathogens and pests in the field.

Another possible explanation for the sudden decline of Senecio sylvaticus is that it may

be intolerant of any competition. In pilot tests West and Chilcote (1968) found that "Senecio

sylvaticus grew better where fertilization, raking, or a combination of these two treatments had

been performed" on clearcuts that were burned three growing seasons previously. In addition,

"competition with succeeding species.. .is believed to accentuate the failure of Senecio during
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the second season" (West and Chilcote 1968). The data was not analyzed and they did not

pursue the role of competition in the decline of Senecio in further research.

When addressing the possible effect of competition, it is important to consider the point

at which Senecio dies (after cotyledon leaves are formed) and the type of competition existing

at the time of Senecio germination and establishment. Senecio germinates, becomes

established, and takes up its nutrients in early fall and early spring, when most other species are

senesced (Van Andel and Vera 1977). "From the rosette stage onwards competition between

{Senecio sylvalicus and common perennial Epilobium angustifolium] in nature may be

minimal" (Van Andel and Vera 1977) due to the timing of growth and nutrient uptake. The

main competition to a Seneclo .sylvaticus germinant in fall and early spring comes from other

germinants of the same species, and Epilobium paniculatum germinants which are abundant in

the third growing season in the Cascades.

While dead individuals of Senecio sylvaticus or other species may not compete with

Senecio for resources in the fall and early spring, their presence may inhibit Senecio survival

and germination by changing soil surface and other microsite characteristics. For example,

dead stems hold up snow and prevent many seedlings from being filly covered by snow (it is

not known if snow cover is problematic for seedlings or rosettes). Old stems may change

characteristics of incoming light, humidity, and temperature. In additin, Senecio is known to

prefer burned, bare soil. Thus, the raking treatment used by West and Chilcote (1968) not only

removed competition; it also disturbed the soil surface. Seedlings may have responded to the

newly disturbed surface and/or the flilly open microsite.

A final hypothesis tested by West and Chilcote (1968) is that Senecio requires high

levels of nutrients which are provided by a slashburn, and that after two winters of leaching and

a season of very high annual density, the nutrient flush provided by the fire is no longer

available. This hypothesis was promoted by West and Chilcote (1968) and is often cited by

researchers working with early secondary succession or with this species in particular.

To test this hypothesis, West and Chilcote (1968) conducted greenhouse and field

experiments. In a greenhouse experiment, they determined that when combinations of nitrogen

and phosphorus were added to soil collected from clearcuts 1, 2, and 3 growing seasons after a
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slashburn, Senecio exhibited significant growth responses but no significant differences from

control were found in survival for any soil or any treatment.

In the duplicated experiment in the field (which lacked enough replications for

statistical significance), there were a number of seedlings per plot (in all treatments) on the soils

burned 3 years previously, but rosettes did not grow and were dead by spring. So, despite

nutrient additions to these soils, Senecio survived very poorly both in the greenhouse and the

field when grown on soils burned 3 seasons previously.

Another researcher found that Senecio remained as rosettes when grown on beach

sand (Kumler 1969). Kumler also developed a greenhouse experiment with 5 treatments

where each of N, P, Ca, and K were deleted from nutrient solution. He found that "the

greatest effect of deficiency was observed where phosphorus and nitrogen were deleted"

(Kumler 1969). Senecio remained as rosettes with no added phosphorus. With no added

nitrogen, plants died in 34 days. While this may provide some clues to Senecio's decline, the

treatment was severe.

In the last two decades, the theory that Senecio has high nutrient requirements which

prevent its establishment and dominance on unburned sites and after 2 years on burned sites has

been questioned. One study in Holland found that "appreciable growth occurred when the

[natural] soil was greatly diluted with sand" (at a volume ratio of 1:2, soil:sand) (Van Andel

and Vera 1977). The soil used was from a 2 year-old clearing with dense Senecio and

Epilobium angusqfolium. This may be explained by ecotypic differences, although Senecio is

described as having similar dynamics in relation to cutting as it has in Pacific North America.

Another explanation may be that greenhouse conditions eliminate one of the factors which lead

to the death of Senecio seedlings. Had pots been placed in the clearcut, results might have been

different.

Further evidence supports the hypothesis that slashbuming and increased nutrient

availability is not essential for Senecio establishment. Gholz et al. (1985) found that two

growing seasons after the logging of a watershed in the western Cascades, Senecio sylvaticus

represented 90% of the invading biomass on the unburned site with unburned slashpiles. This

suggests that the physical disturbance of the soil and reduction in residuals (e.g. sprouting

species remaining from pre-harvest conditions) may play a greater role than the fire in the
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patterns observed previously with Senecio sylvaticus, Epilobiumpaniculatum, and other

species in other research.

Work by Van Andel and Nelissen in Holland (1979) also adds doubt to the notion that

Senecio has high nutrient requirements. They state that Epilobium angustifolium "is capable of

maintaining itself under poor NPK conditions and almost the same holds true for Senecio

sylvalicus." In their research, they found that differences in available concentrations of

nutrients in several five-year-old clearings (caused by storms or fire) were small, and yet the

composition of vegetation was different (with different species predominating) (Van Andel and

Nelissen 1979). All species grew normally in a greenhouse with soil from all the sites. This,

they suggest, indicates that "species dominance did not depend on the availability of nutrients,

but on the input of propagules from neighbouring populations" (Van Andel and Nelissen

1979). However, there are alternate explanations, including the possibility that nutrient

availability affects a seedling's ability to withstand frost or other stresses, which would not

affect plants growing under greenhouse conditions. In addition, Senecio may require recent

disturbance, and greenhouse pots have recently disturbed soil. Also this conclusion contradicts

the fact that Senecio populations crash in the third season despite copious seed production in

the previous year.

Early experiments by Olsen (1925) showed that Senecio is sensitive to pH, whichmay

influence the successional pathway. It grew best with a pH of 5.2-5.4, with less vigorous

growth at 4.7, 6.7, and 7.6, and with little or no growth at 3.6 or 7.7. The growth "seems

more dependent on the hydrogen ion concentration than on the nitrification energy" (Olsen

1925). Later experiments led Olsen to conclude that Senecio is very sensitive to manganese

sulphate, which occurs in high concentrations in low pH soil, and that the stunted growth was

not caused by the low pH per se (Olsen 1936).



Life Hlstoiy/Phenology

Information on life histories of Senecio sylvaticus and Epilobium pczniculatum in the

Cascade Range comes from several sources. I made observations at one of my study sites,

Chucksney 3, during its second and third seasons since burning (it is described in chapter two).

At another site where I did field work (described in chapter three), I made observations in its

first, second, and third seasons since burning. These sites were visited monthly in the fall,

spring, and summer. Snow cover prevented observation through the winter. Cronquist (1955)

and Hitchcock and Cronquist (1961) were also referred to for life history information.

Information on life history characteristics of Senecio in the Coast Range is from West and

Chilcote (1968). While Epilobium does grow on the Coast Range, it is much less common

than in the Cascades and no description of its life history is available for the Coast Range.

Senecio is a winter annual. Within a few days after the first heavy rain in September,

seeds germinate and seedlings become established. Additional waves of germination occur

throughout the fall. Seedlings grow into small rosettes in the fall, with diameters up to 13-16

cm in the Coast range (West and Chilcote 1968) and diameters of 3-7 cm in the Cascades.

Additional seeds germinate and grow in early spring through late spring. Growth is

rapid through the summer, with early growth particularly fast (Van Andel and Jager 1981 and

personal observation). Fall germination and fast growth in the spring may enable Senecio to

preempt sites and prevent establishment and growth of other species (Van Andel and Vera

1977).

Rosette leaves increase to 25-30 cm in diameter and plants begin to bolt in mid-May in

the Coast Range (West and Chilcote 1968). By early July, the flowering shoots are 80-90 cm

tall. Wmd-dispersa.l of seed occurs from mid-July to September.

In the Cascade Range, rosette leaves increase to up to 10 cm in diameter and plants

bolt in May or June for sites between 75 0-900 m in elevation. Flowering shoots in the

Cascades are 15-80 cm (Cronquist 1955) and seed dispersal begins in late July. Sites in the

Cascades typically occur at higher elevations and have shorter growing seasons than do Coast

Range sites. Fall germinants are covered with snow periodically or continuously for several

16
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months between November and March and have less time to become established and grow, but

the snow may provide protection against frost and frost heaving of soils.

Like Senecio, Epilobiumpaniculatum is a winter annual which germinates and

becomes established in the fall and also early spiing, with new cohorts of germinants following

each period of rainfall. On Cascades sites, it overwinters as a 2-5 cm tall seedling and matures

in the summer. Its vegetative growth follows a similar pattern as Senecio, but it starts forming

pods later and the pods dehisce 3-4 weeks after Senecio seeds are released on the same site.

The flowering height ranges from 30 to 100 cm in the Cascades (Hitchcock and Cronquist

1961).

Seed production and dispersal

Van Andel and Vera (1977) found that in greenhouse experiments with unamended

soil, Senecio sylvaticus allocated 8% of dry matter to seed (without pappus). Total

reproductive allocation was 24% and was not changed by addition or depletion of mineral

supply. There were an average of 28 heads and 623 seeds per plant, with only 10 heads and

247 seeds per plant in soil diluted with two parts sand. Adding nutrients to the soil resulted in

a greater number of flower-heads (38), each with fewer but heavier seeds than found in

unamended soil (Van Andel and Vera 1977). One hundred seeds of Senecio sylvaticus in

unanimended soil weighed 16-18 mg (Van Andel and Vera 1977) or 18.8 mg (West and

Chilcote 1968).

Palmblad (1968) studied how timing of intraspecific competition affected Senecio

sylvaticus reproductive output by thinning pots at 3, 6, or 9 weeks and not thinning the control.

The number of seeds per head only increased over the control if thinning occurred at 3 weeks,

so the effects of intraspecific competition are long-lasting unless plants are thinned very early in

development. Timing of thinning also affected the number of seeds per plant and per pot, with

more seeds produced in pots which were thinned earlier. Timing of anthesis was not affected

by thinning treatments.



Rationale for research

Epilobium and Seneclo are both winter annuals which dominate recently slashburned

clearcuts and by far outnumber all other species. Despite their similarities, they exhibit very

different patterns of abundance. This research seeks to provide insights into why Epilobium is

able to maintain high densities while Senecio populations crash in the third growing season. By

elucidating the factors which influence establishment, growth, and persistence, we are better

able to understand the patterns of species replacement duiing succession.

Recent research has illustrated that herbaceous vegetation may reduce growth or cause

mortality of Douglas-fir during early stages of stand regeneration. Senecio and Epilobium,

which densely colonize these sites, may inhibit Douglas-fir during the first and second growing

seasons. Investigating patterns of abundance and reproduction may assist land managers in

determining the timing and type of site preparation, because spring burning or scarification

allow the dense establishment of Senecio and Epilobium in the fall of that year (and growth the

following summer), whereas fall burning or other site preparation postpones dense

colonization. In the future, undesirable successional stages may be avoided and weedy herbs

may be reduced by manipulating biotic interactions and resources (Radosevich et al 1992).

Objectives

The goal of the field research is to determine factors which influence establishment,

growth, and reproductive output of Seneclo sylvaticus and Epilobium paniculatum in the third

and fourth growing seasons after logging and early summer slashburning of Cascades Douglas-

fir forests. Specific objectives were to 1) determine life histories for the two species at mid-

elevation Cascades sites 2) determine the effects of nutrient availability, community removal,

and soil disturbance on the establishment, growth, and reproductive output of two common

18



Cronquist, A. 1955. Vascular Plants of the Paqfic Northwest, Part 5: Compositae. University
of Washington Press.

19

annuals and 3) determine if the typical decline of Senecio sylvaticus in the third and fourth

growing seasons is prevented by the treatments.

The greenhouse experiments seek to determine the effect of intraspecific competition

on Senecio and Epilobiwn height, biomass, and reproductive output per plant and per unit area

(pot). Do these species exhibit a plastic response; that is, do individual plants alter their

growth rates to maintain a constant biomass and reproductive output across densities

(Palmblad 1968)? Or does total biomass and reproductive output increase or decrease with

increasing density?
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LIMITATIONS BY NUTRIENTS AND COMPETITION TO ESTABLISHMENT

AN]) REPRODUCTION OF SENECIO SYL VATICUS AN]) EPILOBIUM

PANICULATUM

Introduction

The winter annuals, Senecio sylvaticus and Epilobium paniculatum, commonly

dominate recent clearcuts and burned sites in the Douglas-fir region of the western Cascade

Range. Senecio sylvaticus, an exotic from Europe, typically establishes in profusion in the

second growing season after disturbance, but during the third and subsequent growing seasons

populations on a site are very small. In contrast, the native, Epilobiumpaniculatum, exhibits

high densities during the second growing season but declines in abundance much more with

time.

I use field observations and experiments to characterize species' phenologies; quantify

patterns of growth and reproduction; and determine how nutrients, soil disturbance, and

interspecific competition affect establishment and growth of these two annuals. A greater

understanding of the similarities and differences in species' life histories and autecologies will

improve our ability to predict patterns of species occurrence and replacement during

succession.

Although a diversity of annuals invade clearcuts in the Pacific Northwest, Senecio and

Epilobium are by far the most abundant in the western Cascades of Oregon. Clark (1990)

found that Senecio and Epilobium paniculatuin/Epiobium minutum comprised 90% of the

individuals that establish from seed in the second season at Cascades sites. Density of

Epilobium increased from 0.1 plant per m2 in the first season following disturbance to 28.2

plants per m2 in the second season. Density of Senecio increased from 0.5 to 68.9 plants per

m2 during the first two seasons.

Dyrness (1973) and Halpern (1989) followed succession on three clearcut units in one

Cascades watershed. Total site cover increased from 15% to 50% in the first two seasons
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post-burning, due in large part to the quick colonization by Seneclo sylvaticus, Epiobium

paniculatum and Epilobium cingustifolium. Oneyear after slashburning, Epilobium

paniculatum frequency on square milacre plots was 8.6 and in the subsequent four years it

increased and remained high (35.9, 49.5, 46.5, and 35.0). Percent cover was 0.6, 6.5, 6.9, 8.5,

and 7.3, respectively (Dyrness 1973). Cover slowly declined through the eighteenth year

(Halpern 1989). On these same units Senecio sylvaticus frequency increased dramatically from

the first to second growing seasons (14.6 to 49,9) and dropped to 9.8, 3.1, and 17.3 in the third

through fifth seasons. Percent cover was 1.7, 8.4, 0.1, 0.1, and 1.7, respectively. Cover

stayed below 0.3% through the 18th year (Halpern 1989).

Exploring explanations for Senecio decline

West and Chilcote (1968) examined why Senecio populations plummet during the third

growing season following burning. One hypothesis is that an autotoxic leachate prevents

Senecio establishment once sites have been densely colonized by the species. They found no

significant effects of Senecio leachates on germination. However, they did not investigate

possible autoallelopathic effects on survival and growth. Since Senecio is able to germinate but

not establish in the third season, it would be more relevant to test autoallelopathic affects on

early establishment. In addition, West and Chilcote made leachates from rosettes; using mature

plants and roots would have provided a better test, because new generations genninate after

plants from the previous generation have matured and an autoallelopathic compound might

develop as the plants mature. A second hypothesis for the Senecio decline is that it is intolerant

of competition; West and Chilcote (1968) did not pursue this beyond pilot tests.

A final hypothesis tested by West and Chilcote (1968) is that Senecio requires high

levels of nutrients which are provided by a slashburn, and that after two winters of leaching and

a season of very high annual density, the nutrient flush provided by the fire is no longer

available. To test this hypothesis, West and Chilcote (1968) conducted greenhouse and field

experiments. In a greenhouse experiment, they determined that when combinations of nitrogen

and phosphorus were added to soil collected from clearcuts 1, 2, and 3 growing seasons after a
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slashbum, Senecio exhibited growth responses but no significant differences from control were

found in survival for any soil or any treatment. Survival rates were less than 20% for all

treatments with soil from the third season and compared with 45-94% for all treatments on the

other soils. In the duplicated experiment in the field, there were a number of seedlings per plot

(in all treatments) on the soils burned three years previously, but rosettes did not grow and

plants were dead by spring.

West and Chilcote (1968) promoted the hypothesis that Senecio requires high levels of

nutrients which are released by slashburning and that this explains Senecio's drop in density in

the third season, despite the fact that nutrient addition did not significantly affect survival rates

on soils collected three growing seasons post-slashburning.

Kumller (1969) found that Senecio remained as rosettes when grown on beach sand.

Kumler developed a greenhouse experiment with 5 levels of fertilizer and another experiment

with 5 treatments where each of N, P, Ca, and K were deleted from nutrient solution. He

found that "the greatest effect of deficiency was observed where phosphorus and nitrogen were

deleted" (Kumler 1969). Senecio remained as rosettes with no added phosphorus. With no

added nitrogen, plants died in 34 days.

In the last two decades, the theory that high nutrient requirements prevent Senecio

establishment and dominance on unburned sites and three growing seasons post-burn on

burned sites has been questioned. One greenhouse study in Holland found that "appreciable

growth occurred when the [natural] soil was greatly diluted with sand" (at a volume ratio of

1:2, soll:sand) (Van Andel and Vera 1977). The soil used was from a 2-year-old clearing with

dense Senecio and Epilobium angustifoliwn.

Gholz et al. (1985) found that two growing seasons after the logging of a watershed in

the western Cascades, Senecio represented 90% of the invading biomass on the unburned site,

suggesting that the physical disturbance of the soil and reduction of residual vegetation may

play a greater role than does fire in promoting Senecio establishment. In addition, subsurface

mineral soils exposed by burrowing animals support establishment by Senecio in the third

growing season (Halpern 1995).



Life cycle/phenology in the Cascades

Senecio is a winter annual. Wmd-dispersal of seed occurs during mid-July to

September. Within a few days after the first heavy rain in September, seeds germinate and

seedlings become established. Subsequent waves of germination follow periods of rainfall

(West and Chilcote 1968 and personal observation). Germinants grow into small rosettes in

early fall and spring, with diameters of 3-7 cm. Rosette leaves increase to up to 10 cm

diameter through the spring.

Growth is rapid through the summer, with particularly fast initial growth (Van Andel

and Jager 1981). Plants bolt by May or June on sites between 750-900 meters in elevation.

The final height varies from 15-80 cm (Cronquist 1955).

Like Seneclo, Epilobiumpaniculaturn is a winter annual which germinates and

becomes established in the fall and early spring, with new cohorts of germinants following each

period of rainfall. It overwinters as a 2-5 cm seedling and matures in the summer. Its

vegetative growth follows a pattern similar to Senecio, but it begins forming pods several

weeks after Senecio forms fruits; fruits dehisce 3-4 weeks after seeds of Senecio are dispersed

on the same site. The final height ranges from 30 to 100 cm (Hitchcock and Cronquist 1961).

Research goals

The goals of this research were to 1) describe the life histories of Senecio sylvaticus

and Epilobiurn paniculaturn, 2) determine the effects of nutrient availability, competition, and

ground disturbance on the establishment, growth, and reproductive output of Senecio

sylvaticus and Epilobium paniculatum during the third and fourth growing seasons after

logging and early sunimer slashbuming of Cascades Douglas-fr forests, and 3) determine if the

typical decline of Senecio sylvaticus in the third and fourth growing seasons is prevented by

fertilization, community removal, and soil disturbance.
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Methods

Study sites

Two study sites were selected from the Chucksney timber sale in the Blue River

Ranger District, Willamette National Forest, 80 km east of Eugene in Oregon. The climate is

maritime with warm, dry summers and cool, wet winters. The sites may be covered with snow

from fall through spring, although timing and depth of cover varies greatly from year to year.

Annual precipitation varies between 200-400 cm, with most of it falling between October and

April (Schoonmaker and McKee 1988). Only 6% falls during June through August (Bierlmaier

and McKee 1989).

Both sites were slashbumed clearcuts that previously supported mature or old-growth

Pseud)tsuga menziesii forest. The habitat type for both sites is Tsuga

heterophylla/Rhododendron macrophyllum/Berberis nervosa. Site 3 is 15 acres in size, lies at

945 meters in elevation, is north-northeast facing and has a 60% average slope. Harvested in

spring 1991 and burned June 5, 1991, site 3 was in its third growing season when plants were

harvested for this study (1993). Soils are residual colluvium. Two summers after logging and

burning (1992), part of the site was dominated by Epilobium angustifolium and residual

species such as Berberis nervosa and Gaultheria shaion and part by annuals Senecio

sylvalicus and Epilobiumpaniculatum. Research was limited to where annuals dominated.

Site 4, which is 5 acres in size, lies at 853 meters in elevation, is northwest-facing, and

has a 20% average slope, was clearcut in spring 1990 and burned June 15, 1990. In 1993 site

4 was in its fourth growing season following disturbance. Part of site 4 was dominated by

Pteridium aquilinum and the remainder by annuals, with residual and perennial species slowly

overtaking the site. Senecio sylvaticus dominated in summer 1991 as evidenced by dead stems,

but no Senecio plants were found within the study area in summer 1992. Research was

established where annuals (especially Epilobium paniculatum) and residual vegetation
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dominated. Site 4 was mistakenly broadcast fertilized with 450 pounds per acre of 10-30-10 N

P K in late October 1992.

Both sites were burned in June in contrast with the historical practice of fall burning.

While we would expect this to result in a lighter burn, there was little residual vegetation

observed above-ground on many portions of both sites. In other portions of each site, residual

vegetation and Epilobium angusqfolium quickly dominated, leaving few opportunities for

establishment by annuals.

Experimental design

A randomized block design with factorial treatments was utilized for field experiments

(Figure 2.1) to test the following hypotheses: 1) Addition of 22-3-3 fertilizer results in greater

establishment, growth, and/or higher reproductive output, and 2) Removal of aboveground

competition and/or disturbance of the soil and plot vegetation results in greater establishment,

growth, and/or higher reproductive output. Six treatments included 3 levels of community

removal/soil disturbance (control, removal of all aboveground plant parts of non-target species,

and physical disturbance of soil) and 2 levels of fertilizer (addition of 22-3-3 fertilizer and

control). The responses of Epilobium paniculatum and Senecio sylvaticus were analyzed

separately using different plots. There were two replications of each treatment combination

within each of three blocks on each of two sites. Thus each block contained 24 plots. The

sites were analyzed separately due to the accidental broadcast fertilization of site 4, different

site histories, and different plant densities between the sites.

Each square plot was 80 cm on each edge and was surrounded by a 40 cm buffer strip

which received the same treatment as the plot (Figure 2.2). Plots were offset if more than 15%

of the plot cover contained a stump, log, stones, or tree butt; otherwise, plots were laid out

with 30 cm between buffers of adjacent plots.
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Treatments

One treatment was the addition of 200 kg of nitrogen, 11.9 kg P, and 22.6 kg K per

hectare by spreading 22-3-3 fertilizer (on treated plots). Fertilizer was applied evenly across

the plot and buffer on October 3-4, 1992. Rain did not fall during the following several days

and it is likely that some volatilization had occurred, especially for N. For this reason,

fertilization was reapplied on October 30, 1992 at the rate of 100 kg nitrogen, 5.95 kg P, and

11.3 kg K per hectare. The control received no fertilizer.

The community removal/soil disturbance treatment had three levels. In one-third of the

plots, above-ground parts of all non-target species were removed at the soil surface with

clippers to reduce competition without causing soil disturbance. Removals for this treatment

were conducted in September 1992, and in May, June, and July 1993. Removals were not

conducted in October and November of 1992 because the high density of Senecio and

Epilobium made it impossible to remove plants without disturbing target species. In one third

of the plots, above-ground and below-ground parts of all plants were removed and the top 25

cm of the soil was physically disturbed with a shovel. This treatment simulated recent physical

disturbance caused by logging or below-ground animal activity. This treatment was conducted

September 22-24, 1992 with no additional removals. Some plants established by seed, but few

residual species were able to resprout in plots. The remaining plots served as controls.

In early October 1992, subplots were created from which density and height

measurements would later be made (Figure 2.2). Within each plot, 4 square subplots with

sides of 15 cm were marked with popsicle sticks. Each subplot received 10 seeds. Plots

were re-seeded in May with four new subplots. There were many Senecio and Epilobium

plants on site 3 and many Epilobium on site 4, thus natural seed sources were also abundant

(and not excluded from plots). There were several clearcuts in various stages within a

kilometer from these sites. Plots were seeded because site 4 had no on-site Senecio and it

seemed unlikely that each plot would naturally receive a sufficient number of seed for plant

establishment. On site 4, seeding likely affected final density. Site 3 had such high densities of

on-site Senecio and Epilobium during the previous season that seeding plots by hand probably

did not affect final densities.
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Measurements of vegetation and reproduction

Plant performance was quantified in several ways: seedling density in fall and spiing,

cover per plant in spring, final plant density, density of reproducing plants, mean final height,

total above-ground biomass, biomass of all reproductive parts, total number fruits, number of

seeds per fruit, number of seeds per plant, and estimated total number of seeds (Table 2.1).

Before the plants senesced and as the reproductive parts matured, all plants of each species

were clipped at the soil surface and placed in bags (one for each subplot, and one for all

remaining plants in the plot). Each plant from within a subplot was measured for height; fruits

or pods were removed and placed into separate bags. All reproductive parts and above-ground

plants were dried separately in paper bags at 70 degrees Celsius for at least 72 hours. Biomass

was determined for the whole plot, fall seedling density was determined for 4 subplots, and all

remaining variables were measured only for plants within the 8 subplots.

Table 2.1 Variables, units, area measured.

33

Variable and units Measured in

Fall seedling density 4 subplots, 1800 sq cm
Spring seedling density 8 subplots, 3600 sq cm
Spring cover per plant (%) 8 subplots, 3600 sq cm
Final density 8 subplots, 3600 sq cm
Density of reproducing plants 8 subplots, 3600 sq cm
Total aboveground biomass (g) whole plot, 12800 sq cm
Mean plant height (cm) 8 subplots, 3600 sq cm
Estimated number of seeds 8 subplots, 3600 sq cm
Seeds per plant 8 subplots, 3600 sq cm
Total number of fruits 8 subplots, 3600 sq cm
Seeds per fruit 8 subplots, 3600 sq cm
Biomass of reproductive parts (g) whole plot, 12800 sq cm
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To estimate the number of seeds per treatment combination within each block, 5 fruits

were randomly selected from each of 8 subplots per treatment combination (2 from fall seeding

and 2 from spring seeding in each of two plots per block) and the number of seeds was counted

in each. Thus, the mean number of seeds in 40 fruits per treatment combination in each block

was multiplied by the total number of fruits within subplots to estimate the number of seeds per

treatment combination within a given block. Where an insufficient number of fmits were

available in a given subplot, additional fruits were sampled from other subplots or from the plot

outside the subplots.

Procedures for determining life histories

Information on life histories of Senecio sylvalicus and Epilobiumpaniculatum (already

described in introduction) came from several sources. For the Cascade Range, plants were

observed on two sites: Chucksney site 3, a clearcut burned in June 1991 (described above) was

observed in 1992 and 1993, and Starrbright, a clearcut at an elevation of 730 m which was

burned in fall 1991 and observed in 1992, 1993, and 1994. Sites were visited at least once

monthly in the fall, spring, and summer and observations were made. Snow cover prevented

observation throughout the winter. Observations were made during field work at plots within

each site. Several references were also used (Cronquist 1955, Hitchcock and Cronquist 1961,

West and Chilcote 1968).

Analyses

Data were analyzed separately for each site and each species. Transformations with

natural logarithms or square roots were used for several variables to meet the assumptions of

normality and constant variance. The GLM Procedure in the SAS for Windows Statistical

Package was used for all analyses (SAS Institute 1982). Significant differences between means

were determined with Fishe?s Protected Least Significant Difference (LSD) procedure with the
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p-value set at less than 0.05. Where there were significant interactions, Bonferroni's Protected

Least Significant Difference was used to determine which treatment combinations were

significantly different from each other.

Data for Senecio on site 3 had nonconstant variance that was not improved by

transformations. Plots across all treatments had very few plants and most treatment

combinations had zero plants. Means are listed in tables but it was not possible to separate

means.

Results

Fertilizer treatment

Community removal and soil disturbance had significant effects on many variables for

one or both species, whereas fertilization had minimal impact on variables (Tables 2.2 and 2.3).

Fertilization resulted in greater Epilobiwn paniculatum above-ground biomass on site 3 (Table

2.3, Figure 2.3). Other variables for both species on both sites were non-significant or had

significant interactions.

Site 4 had a significant fertilizer by competition interaction for Senecio fall seedling

density. Fertilized, control plots had a significantly lower mean density than unfertilized,

control plots. In addition, Epilobium had significant interactions for most reproductive

variables. Those interactions are discussed in the next section.

Community removal/soil disturbance treatment

Establishment

Seedling density in the fall gives an indication of how many seeds were able to

successfully germinate, produce seedling leaves, and survive until the measurement time.



Table 2.2 Table of means by main effect of fertilization treatment for Senecio sylvaticus4.
F0 = Unfertilized plots F1 = Fertilized plots
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'Backtransformed from natural log
2Backtransformed from square root
3Significant fertilization by competition interaction.
4Means with same letter are not significantly different at the 95% confidence level using
Fisher's Protected LSD. There was no mean separation where a significant interaction existed.
5Data has nonconstant variance; transformations unsuccessflul. Means not separated.
6Value is zero despite presence of reproducing plants because all fruits in treatment
combination had already released seeds or seeds did not mature, making it impossible to
estimate their numbers.
7Data for this variable on this site was collected from 2 blocks.

Site 4 Site 3

F0 F1 F0 F1

Fall seedling density per m2 137237 107 810a 827a
Spring seedling density perm2 134a 117a 134a 142a

Spring cover per plant 0.06a' 0.05a 0.04a' 0.4a
Final density per m2 159a 117a 2 2

Density of reproducing plants per m2 96a' 94a i.5 0.6

Total above-ground biomass per m2 (g) 5a' 5a 0.4 0.1

Mean plant height (cm) 13a 13a 55 2
Estimated number of seeds per m2 2969a1 1674a 206 06

Seeds per plant 26a' 23a 25
Total number of fruits per m2 224a 188a j35 4
Seeds per fruits 15a 13a 35

Biomass of reproductive parts per m2 (g) la' 2a 0.08 0.002



Table 2.3 Table of means by main effect of fertilization treatment for Epilobium
paniculatum4.
F0 = Unfertilized plots F1 = Fertilized plots
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1Backtransformed from natural log
2Backtransformed from square root
3Signiflcant fertilization by competition interaction
4Means with same letter are not significantly different at the 95% confidence level using
Fisher's Protected LSD. There was no mean separation where a significant interaction existed.
5Data for this variable on this site was collected from 2 blocks

Almost all of the seedlings for both species had only cotyledon leaves when counted.

Community removal and/or soil disturbance significantly affected the fall seedling density of

both species (Tables 2.4 and 2.5; Figures 2.5-2.7). Site 4 had a significant interaction between

fertilizer and competition for Senecio fall seedling density. Disturbed fertilized plots had more

seedlings than control fertilized plots. On site 3, community removal significantly increased fall

seedling density of Senecio.

Soil disturbance significantly reduced Epilobiwn seedling density on both sites (Figures

2.6 and 2.7). In addition, on site 3, disturbed plots also had significantly fewer seedlings than

community removal plots. The fall seedling density data also indicates that site 3 had a higher

- Site4 Site3
F0 F1 F0 F1

Fall seedling density per m2 205a"5 289a 983a' I 132a
Spring seedling density per m2 220a 261a 1695a 1370a
Spring cover per plant 0.5a' O.7a O.6a' O.9a
Final density per m2 169a 169a 847a 793a
Density of reproducing plants per m2 125a I 12a 367a 4 lOa

Total above-ground biomass per m2 42a' 44a 54b' 70a
Mean plant height (cm) 36a 40a 22a' 25a
Estimated number of seeds per m2 19O21 27486 24742a 29663a
Seeds per plant 1O9' 80 3 la 39a
Total number ofpods perm2 1818 2409 3002a 3581a
Seeds per pod iO3 9 8a 8a
Biomass of reproductive parts per m2 5a1 5a 8a lOa
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Figure 2.3 Above-ground biomass per sq m ofEpilobiumpaniculalum for unfertilized and
fertilized plots on site 3. Bars represent 95% confidence intervals.
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Figure 2.4 Density per sq m of Senecio sylvaticus by season and by community removal/soil
disturbance treatment on site 4. Bars represent 95% confidence intervals.
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Figure 2.5 Density per sq m of Seneclo $ylvaticus by season and by community removal/soil
disturbance treatment on site 3. Bars represent 95% confidence intervals.
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Figure 2.6 Density per sq m of Epilobium paniculatum by season and by community
removallsoil disturbance treatment on site 3 Bars represent 95% confidence intervals.
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Table 2.4 Table of means by main effect of community removal/soil disturbance treatment for
Senecio sylvciticus.5

C=Control A=Community removed D=Disturbed soil

1Backtransformed from natural log
2Backtransformed from square root
3Significant fertilization by competition interaction
4Nonconstant variance; mean separation not possible
5Means with same letter are not significantly different at the 95% confidence level using
Fisher's Protected LSD. There was no mean separation where a significant interaction existed.
&Data was collected from two blocks
7Pvalue for F test was >0.05 and <0.07

mean density of both species than site 4, although a statistical comparison was not made.

Spring seedling density includes seedlings which survived from the fall plus spring-

germinated seedlings. Spring seedling density was not significantly affected by community

removal or soil disturbance for Senecio on both sites (Table 2.4; Figures 2.4 and 2.5) and

for Epilobium on site 4 (Table 2.5; Figure 2.7). On site 3, soil disturbance significantly

decreased the spring density for Epilobium (Figure 2.6).

At the spring sampling time, many plants of both species had developed beyond

cotyledon leaves into rosettes or seedlings. The mean cover per plant was nonsignificant for

Site 4 - Site 3
C A D C A D

Fall seedling density per m2 103Z3,6 121 140 542b 11 19a 795ab
Spring seedling density per m2 90a 126a 161a 137a 203a 74a
Spring cover per plant 0.05a' 0.05a 0.06a 0.03b' 0.03b 0.05a
Final density per m2 113a 142a 159a 0.6k 3.3 1.9

Density of reproducing plants per m2 62b1 143a 99ab 0.5 0.9 1.8

Total above-ground biomass per m2 0.Th' iSa lOa 0 0.6 0.2
Mean plant height (cm) 8a 14a 16a 2 5 5

Estimated number of seeds per m2 182b' 8825a 6901a 0 300 10
Seeds per plant 5b1,r 68a 45a 36 1

Total number of pods per m2 40b' 446a 485a 2 20 3

Seeds per pod 7b7 20a 16a 6 1

Biomass of reproductive parts per m2 0.2b' 4a 1.5a 0 0.08 0.001
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Seneclo on site 4 (Table 2.4). On site 3, soil disturbance significantly increased Seneclo cover

per plant over both the control and the community removal plots (Table 2.4). For Epilobium

on site 4, soil disturbance significantly increased cover per plant over control and community

removal but there were no significant differences on site 3 (Table 2.5).

Survival

Final density is the number of plants which were able to survive through maturity, some

of which were able to reproduce. Seneclo sylvaticus total density was not affected by

community removal or soil disturbance (Table 2.4; Figures 2.4 and 2.5). However, community

removal and soil disturbance significantly increased the density of reproducing plants on site 4

(Figure 2.8). Epilobiumpaniculatum final density was unaffected by treatments for site 4

(Table 2.5; Figure 2.7). On site 3, soil disturbance significantly decreased final density (Figure

2.6). Community removal significantly increased the density of reproducing plants on site 4

and site 3 (Figure 2.9).

Control

Community removal

Soil disturbance

Figure 2.7 Density per sq m ofEpilobiurnpaniculatum by season and by community
removallsoil disturbance treatment for site 4. Bars represent 95% confidence intervals.

Fall Spring Summer
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Table 2.5 Table of means by main effect of community removal/soil disturbance treatment for
Epilobium paniculatum4.
CControl A= Community removal D=Disturbed soil

'Backtransformed from natural log
2Data was collected from two blocks
3Significant fertilization by competition interaction
4Means with same letter are not significantly different at the 95% confidence level using
Fisher's Protected LSD. There was no mean separation where a significant interaction existed.
5P-value for F test=0.09; p-value for treatment=O.07

Site4 Site3
C A D C A D

Fall seedling density per m2 372a"2 282ab 13Th 1517a' 1665a 464b
Spring seedling density per m2 254a 292a 176a 2204a 163 lab 7Mb
Spring cover per plant O.4b' O.6b 0.9a 0.7a O.8a 0.8a
Final density per m2 142a 214a 152a 917a 1008a 535b
Density of reproducing plants per m2 7Th5 178a lOOab 225b 575a 366b
Total above-ground biomass per m2 (g) 14b' 69a 85a 35b' 86a 76a
Mean plant height (cm) 2Th 39ab 48a 18c' 23b 30a
Estimated number of seeds per m2 4565 24939 40257 9274b 37725a 34608a
Seeds per plant 28" 131 224 12W 47a 74a
Total number of pods per m2 657 2560 3123 15 lOb 4565a 3799a
Seeds per pod 6 10 12 5b 8a 9a
Biomass of reproductive parts per m2 (g) lb' 8a 9a 4c 13a 9b
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Figure 2.8 Density of reproducing Senecio sylvaticus plants per sq m for community
removallsoil disturbance treatments, for each site. Bars represent 95% confidence intervals.
Site 3 lacks bars due to nonconstant variance which was not improved by transformations.
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Figure 2.9 Density of reproducingEpilobiumpaniculatum plants per sq m for community
removal/soil disturbance treatments, for each site. Bars represent 95% confidence intervals.

Site 4 Site 3



Production

Above-ground biomass is a measure of plant production within a plot, which is an

indication of plant vigor. For Senecio sylvaticus on site 4, soil disturbance and community

removal significantly increased total above-ground biomass (Table 2.4; Figure 2.10). The same

pattern held true for Epilobium paniculatum on both sites (Table 2.5).

Final height also is indicative of plant vigor and is important for seed dispersal. "Seeds

of plants having fruits within or below the canopy will not likely travel far, and so will be of

little value in the colonization of new areas (assuming wind dispersal is the primary mode of

colonization)" (Tremmel and Peterson 1983). Height of Senecio .sylvaticus was unaffected by

treatments on site 4 and site 3 (Table 2.4). Soil disturbance significantly increased the height of

Epilobiumpaniculatum on both sites (Table 2.5). On site 3, community removal also resulted

in increased height.
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Figure 2.10 Above-ground biomass per sq m of Senecio sylvaticus for community
removal/soil disturbance treatments, for both sites. Bars represent 95% confidence intervals.
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Figure 2.11 Above-ground biomass per sq m ofEpilobiumpaniculatum for community
removal1soil disturbance treatments, for both sites. Bars represent 95% confidence intervals.

Reproduction

Since these species are transient annuals which rely on abundant seed production and

effective dispersal mechanisms to colonize new sites, successfhl reproduction is critical. For

Senecio sylvaticus on site 4, soil disturbance and community removal significantly increased the

estimated number of seeds (Figure 2.12), total number of fruits (Figure 2.13), number of seeds

per fruit (Figure 2.14), and number of seeds per plant (Figure 2.15) (However, the p-values for

overall F statistics were 0.06 for the latter two variables) (Table 2.4).

Community removal and soil disturbance significantly increased all measures of

reproduction for Epilobium paniculatum on site 3 (Table 2.5; Figures 2.16-2.19). On site 4,

there was a significant fertilizer by competition interaction. On this site, disturbed plots had

higher output when fertilized while control and community removal plots had higher output

when unfertilized. Fertilized disturbed plots had significantly greater estimated number of

seeds and total number of pods than all other treatment combinations except unfertili7ed

community removal plots (Figures 2.20 and 2.21). Fertilized control plots had significantly less

seed per plant than fertilized and unfertili7ed community removal and disturbed plots. Finally,



Figure 2.12 Estimated number ofSenecio sylvaticus seeds per sq m for community
removal/soil disturbance treatments, for each site. Bars represent 95% confidence intervals.
Site 3 lacks bars due to nonconstant variance which was not improved by transformations.
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the number of seeds per pod in control fertilized plots was lower than unfertilized community

removal plots, and fertilized and unfertilized disturbed plots (Figure 2.22).
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Figure 2.13 Total number of Seneclo sylvaticus fruits per sq m for community removal/soil
disturbance treatments, for each site. Bars represent 95% confidence intervals. Site 3 lacks
bars due to nonconstant variance which was not improved by transformations.

Figure 2.14 Seeds per Seneclo sylvaticus fruit for community removal/soil disturbance
treatments, for each site. Bars represent 95% confIdence intervals. Site 3 lacks bars due to
nonconstant variance which was not improved by transformations.
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Figure 2.15 Seeds per Senecio sylvaticus plant for community removal/soil disturbance
treatments, for each site. Bars represent 95% confidence intervals. Site 3 lacks bars due to
nonconstant variance which was not improved by transformations.

Figure 2.16 Estimated number ofEpilobiumpaniculatum seeds per sq m for site 3. Bars
represent 95% confidence intervals.
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Figure 2.17 Total number ofEpilobiumpaniculatum pods per sq m for site 3.
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Figure 2.18 Epilobiumpaniculatum seeds per pod for site 3. Bars represent 95% confidence
intervals.
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Figure 2.19 Epilobiumpaniculatum reproductive biomass per sq m for community
removal/soil disturbance treatments, for each site. Bars represent 95% confidence intervals.
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Figure 2.20 Estimated number ofEpilobiumpaniculatum seeds per sq m, for site 4. Bars
represent 95% confidence intervals. Graph illustrates significant interaction between
treatments.
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Figure 2.21 Total number of pods per sq m for Epilobium paniculatum for site 4. Bars
represent 95% confidence intervals. Graph illustrates significant interaction between
treatments.

Figure 2.22 Seeds per pod for Epilobium paniculatum on site 4. Bars represent 95%
confidence intervals. Graph illustrates significant interaction between treatments.
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Discussion

Fertilizer treatment

The widespread lack of response to fertilization by both species is surprising; there are

several possible explanations. First, the nutrients provided by the fertilizer (N, P, and K) may

not have been limiting or may not have been sufficient to induce a response. Second, some of

the N fertilizer may have volatilized before being washed into the soil. Third, the fertilizer may

have damaged establishing seedlings, although evidence of this was not observed. Although

the lack of significant fertilizer results on site 4 may be explained by the accidental broadcast

fertilization of all plots, this does not explain the widespread lack of significance on site 3.

Lack of response to fertilization does not necessarily indicate that no nutrients are limiting,

since only one level of one combination of nutrients was tested. In fact, the community

removal/soil disturbance treatment may have been significant due to an increase in availability

in nutrients.

Community removal

Removal of competing vegetation and soil disturbance significantly enhanced plant

performance for some variables for both species. Community removal drastically decreases the

competitive ability of other species, and eliminates competition for light and above-ground

space. It does not alter the soil surface characteristics, as does the soil disturbance treatment,

which may affect a target species' ability to become established. In addition, dead plants are

not removed, which may have an impact on the microclimate.
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Soil disturbance

Disturbance of the soil may stimulate biological activity and increase nutrient

availability (Kermit Cromack, personal communication). It probably decreases the availability

of annual seeds, because many would be buried below-ground. Reduced seed availability may

explain why Epilobium had lower fall densities, increased growth, and improved reproductive

output compared with the control, since initial density has a strong effect on subsequent

development. However, seeds on or near the soil surface might benefit from the mineral soil

seedbed.

In addition, the soil disturbance treatment eliminated above-ground and below-ground

competition in the fall. With the removal of both live and dead plants in the fall, the

microclimate was changed as compared with control plots. For example, when snow fell, it

covered the seedlings at the ground surface since there were no stems to hold it off the ground.

Implications of reproductive response

Reproductive variables for both species responded significantly with several-fold

increases to the community removal and soil disturbance treatments over the control (on one or

both sites), indicating that although final density is not affected by community removal and soil

disturbance, the plants have greater reproductive output. The gradual decline of Epiobium

over the period of several years may occur in part due to a decrease in seed production or a

decline in seed qnility, not competition during establishment or even microclimate change

directly. Epilobium establishes in the fall and early spring with minimal competition from

other species (except for Senecio). The effect of interspecific competition may be greatest at

maturity, when Epilobium is reproducing, and/or the effect may be indirect through nutrient

sequestration. Seed quantity and quality may decline. However, substantial numbers of seed

blow in each year from other sites in the seed rain, so there would still be a source of high-

quality seed.
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The possibility that declining seed quality results in declining densities is less likely to be

true of Senecio, since its decline is typically sudden, in the third season following disturbance,

despite ample seed from vigorous plants in the previous season and successful germination.

Furthermore it dies at a stage (in fall and early spring, as cotyledon leaves) where there is little

competition from other species, other than Epilobium.

Implications for Senecio decline in third growing season

Overall Senecio final density was unaffected by treatments and on site 3 very few plants

established beyond cotyledon leaves across all treatments. Community removal of competition

allowed greater establishment of Senecio seedlings in the fall on site 3. However, even at this

stage where the seedlings had only cotyledon leaves, the plants looked unhealthy and appeared

to be browning, perhaps from frost damage. Nearly all plants measured in spring had only

cotyledon leaves; normally Senecio would have rosettes at this time. Because thç densities

were very high, seed was clearly not limiting. The high density of Senecio which matured in

summer of 1992 (mean of 41 per square meter) provided ample seed source (Melora Geyer,

unpublished data).

It is also unlikely that poor seed quality causes the decline in the third growing season.

If on-site seed quality were the problem, we would still expect seed from plants on sites in the

first growing season post-burning to blow in and successfully establish. In addition, Paimblad

(1968) found that the mean weight of Seneclo seeds did not vajy significantly even though the

parental populations grew under five densities, on two soil surfaces, and under a moisture

regime that included recurrent drought treatments (all under greenhouse conditions, however).

Natural selection may have preserved the constancy of seed size so that seedlings would have

sufficient reserves to survive the great hazards encountered as seedlings move from

dependence on food reserves to independent assimilation (Pahnblad 1968). However, Van

Andel and Vera (1977) found that seed weight increased and seed density decreased with

increasing nutrient supply.
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Successful establishment of Senecio on site 4 was unexpected. Zero plants reached

maturity in plots in 1992 (prior to experimentation) and none were noticed outside of plots,

although many senescent stems remained from 1991. In 1993, Senecio did not successfully

overwinter and surviving seedlings developed vely late in the spring. One possible explanation

for the successful establishment of Seneclo is that the entire site was accidentally broadcast

fertilized with NPK in fall of 1992. Because Senecio did not seem to respond to the (mostly) N

fertilization from the experimental treatment, this might suggest that P or K allowed Senecio to

establish. Since treatments did not improve Senecio final density, there is no evidence that

community removal, soil disturbance, and/or fertilization promote survival of Senecio and

probably some other factor is responsible.

The very Low densities across all treatments on site 3 (0.2 to 1.2 plants in 3600 sq cm)

lead me to believe that interspecific competition, fertilization with nitrogen, and lack of a

mineral seed-bed do not explain why Senecio populations plummet during the third season

after a slashburn. These very low densities are consistent with observational studies (West and

Chilcote 1968, Halpern 1989, Halpern et al. 1995).

Alternative explanations for the decline of Senecio

This research has demonstrated that treatments of fertilization, soil disturbance, and

community removal did not increase Senecio density. I suggest that a variable (or variables)

not tested is responsible for Senecio's decline. A site-wide pathogen or parasite may build up

in the third growing season post-disturbance, after being suppressed by the slashbuming and

soil disturbance caused by clearcutting. Or a pathogen or parasite population may respond to

Senecio roots or above-ground litter from the second growing season, resulting in large

populations which then attack new seedlings. Auto-allelopathy may contribute to the decline;

research should be done with leachates from mature plants (including roots). Nutrient

deficiency may also contribute to the decline, and P and K should be considered in any

research. Since the critical stage for Senecto survival is fall and early spring as seedlings

develop beyond cotyledon leaves, research should be focused on that stage of development.
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EFHCTS OF INTRASPECIFIC COMPEtItION ON TilL GROWTH AN])

REPRODUCTION OF SENECIO SYL VATICUS AN]) EPILOBIUMPANICULATUM

Introduction

Senecio sylvaiwus and Epilobium paniculatum are winter annuals which dominate the

forests of the western Cascades during the first and second seasons after wildfire or

clearcutting and slashburning. Biotic interactions during the fall and early spring are largely

limited to intraspecific competition or interspecific competition between the two species.

Competition from other species is minor in the fall and early spring, particularly in the first

season post-disturbance, because they develop later in the season and/or are set back

sufficiently from disturbance to minimize their competitive effect. Senecio and Epilobium

show their principal development and nutrient acquisition in the fall and spring. Interspecific

effects on Senecio and Epiobium are expressed in the late spring and summer, during the time

of maturation for the annuals. Field experiments with removal of competitors has shown that

interspecific competition significantly reduces Senecio growth (as measured bycover,

estimated biomass, height, and diameter) but does not affect its establishment and survival

(Halpern et al 1995a).

In contrast, intraspecific competition (and competition among winter annuals) affects

both the ability of these species to establish in the fall and spring and the final stature and

reproductive output. Senecio and Epilobium often establish in dense patches (especially in the

second season post-disturbance) and suffer marked mortality long before most other species

germinate or emerge from below-ground (Chapter 2 of this thesis, Bazzaz 1979). Because

competition in the early stages of development reduces plant vigor, including final stature and

reproductive output (Paimblad 1968a), intraspecific competition (and competitionamong

winter annuals) may be at least as important to final stature and reproductive output as

competition from perennials and late-establishing spring annuals.
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The goal of this greenhouse research was to determine the effect of intraspecific

competition on Seneclo and Epilobium production and reproduction per plant and per unit

area. I sought to determine if the species exhibit plasticity: are changes in density compensated

for by growth rates? Finally I sought to compare these species' responses to intraspecific

competition, taking into consideration their different patterns of abundance in the field.

Paimblad (1968a) studied how timing of intraspecific competition affected Senecio

sylvaticus reproductive output by thinning pots at 3, 6, and 9 weeks and not thinning the

control. The total number of flower heads for Senecio was not increased by any of the

thinnings (Paimblad 1968a). In addition, the number of seeds per head increased only if

thinning occurred early (3 weeks after sowing); thinnings at 6 and 9 weeks had no significant

impact (Paimblad 1968a). In addition, thinning at 9 weeks resulted in reduced biomass. So

intraspecific competition during early stages of growth has long-lastingconsequences, even if

plants are released from competition.

Intraspecific competition may speed the timing of anthethis and senescence. During the

growing season with highest Senecio density (the second growing season after burning),

Senecio density at the end of the growing season (August) was negatively correlated with

density at the first sampling (June) (Halpern et a! 1995a). Thismay indicate that high

intraspecific competition forces early senescence. However, greenhouse experiments indicated

that timing of anthesis was unaffected by density (Paimblad 1968b).

I use greenhouse experiments to determine how height, biomass, and reproductive

output of two winter annual species vary with increasing intraspecific competition.

Methods

Study site

Experiments were conducted in a greenhouse at the Forest Research Laboratory in

Corvaliis, Oregon from March through September of 1993. Pots (18 cm diameter) were

randomly arranged on 4 tables, each of which served as a block. A swamp cooler helped to
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cool the greenhouse in warm summer months and fans aided in circulation. Each tablewas lit

by one halogen light (which supplemented natural light) for 12 hours through April, 14 hours

through June, and 16 hours thereafter.

Soil and seed source: preparation

Soil was collected from the Starrbright 6 timber sale in the Blue River Ranger District,

Willamette National Forest, 80 km east of Eugene, Oregon in the western Cascades. Litter was

removed and soil was collected to a depth of 10 cm from throughout the site. This 4-ha

clearcut is on a gentle east-facing slope at an elevation of 730 m. The site, which was clearcut

in spring/summer 1991 and burned in September 1991, was chosen to characterize a site where

Epilobium paniculatum and Senecio sylvaticus would be expected to dominate in 1993. Prior

to harvest, the upper canopy had mature and old-growth Pseudotsuga menziesii within the

Tsuga heterophylla Series (Franklin and Dyrness 1973) and Tsuga heterophylla (western

hemlock) and Thujaplicata (western redcedar) in the lower and sub-canopies. Understory

communities were dominated by species characteristic of the Rhododendron macrophyllum-

Gaultheria shaion, Rhododendron macrophyllum-Berberis nervosa, and Berberis nervosa-

Gaultheria shaion plant associations (Halpern et al 1995b, Hemstrom et al 1987). In summer

1992 prior to soil collection, the site was colonized by several annual and perennial species;

some residual species resprouted.

'In July 1992 these soils had a mean of 0.2% total N, 5.5% total C, 26.5 ug/g initial

NH4, 2.4 ug/g initial NO3, 53.8 ug/g incubated NH4, 27.3 ug/g mineralized NH4, and a pH of

5.8 (Cromack unpublished data). Nitrogen availability was high. Soil was collected in

October 1992 and kept covered outside in Corvallis until the study began. Soil was mixed

thoroughly and rocks over Ca. one centimeter in diameter were removed. Seeds used in the

study were collected at this site in August 1992 and kept dry at room temperature until pots

were seeded.

One inch of fine gravel was placed in the pot, with fine nylon mesh underneath. Each

pot was filled with field soil. To reduce or eliminate the existing seed bank in the soil, pots
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were watered twice weekly for 3 weeks and volunteer seedlings were removed promptly. Pots

were watered weekly to field capacity as plants became established from April 2 through June

7 and eveiy two weeks thereafter. Moisture was sufficient to prevent plant mortality.

Treatment

On March 23, 1993, pots were seeded with Senecio sylvalicus or Epilobium

paniculatum with 10, 40, 70, or 100 seeds per pot. Plants were thinned to 4, 16, 28, and 40

plants per pot (respectively for the four treatments) on April 14, and to 1, 4, 7, and 10 plants

per pot on May 6, 1993.

In early June, some Epilobium paniculatum individuals developed a powdeiy mildew

on the leaves that was spreading to plants throughout the greenhouse. A sulfur fungicide spray

was used successfully on June 8, June 17, and June 27. Senecio sylvaticus plants were

unaffected by the fungi and were not sprayed.

As plants went to seed, all fruits or pods from a pot were removed and placed into a

bag. An effort was made to capture the fruits and pods at full maturation yet soon before they

opened. In the few situations where a pod or fruit was not successfully captured, a count was

taken of the number of open pods or fruits and added to the total number of pods or fruits.

Plants were checked 2 to 3 times weekly to collect reproduction.

After all plants in a pot had all pods/fruits removed, plants were removed from pots,

measured for above-ground height and basal diameter, and divided into roots and shoots. A

sieve was used to separate roots from the soil but it is likely that many fine roots were lost.

Shoots and roots were divided and dried in an oven at 70 degrees Celsius for 4 days and

weighed.

To estimate the number of seeds in each treatment per block, the number of seeds in 5

fruits from each pot was counted. Thus, since there were two pots per block, the estimate of

seed per fruit came from 10 fruits per block.



Experimental design

This experiment was arranged in a randomized complete block design (Figure 3.1) with

pots from both species randomized together. Each of the four benches in the greenhouse was

designated as one block due to placement of heating and cooling systems, light fixtures, and

fans inside the greenhouse and a small tree canopy above one side of the greenhouse. The four

density treatments were replicated twice in each block. Pots were randomly placed on each

bench and randomly rearranged several times throughout the study to reduce edge effects. The

full experimental design includes treatments for two experiments: the density experiment,

which is presented here, and consists of four density treatments, and the soil experiment, which

includes pots with 3 soil types with a density of 4 (and is not presented in this thesis). The

design includes both since pots with Starrbright soil with a density of four are used for both

experiments and pots from both experiments were randomized together.

Statistical analyses

The GLM procedure of Statistical Analysis System for Wmddws (SAS Institute 1982)

software was used to analyze the data. Species were analyzed separately. Normality and

constant variance were tested and transformations were made when these assumptions were

not met. Data from the two pots per treatment per block were combined before running

analyses for each pot variable. Variables of plant means were determined by dividing the total

block amount (per treatment) by the density of plants in the two pots. Pots with ten plants had

a better estimate of the means than pots with one plant due to inherent differences in

subsampling.

Because the experimental design included data from two experiments (density

experiment and soil experiment), the entire set of data from both experiments was

analyzed together to obtain a better estimate of the error (after testing for equal

variance). Thus, an overall F test determined whether there were any differences among all

density and soil treatments. To determine the overall F test for the density experiment alone,
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Greenhouse
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Key
Species: Density Treatment:
1=Senecio sylvaticus 1=Density of 1 plant per pot
2=Epilobium paniculatum 4Density of 4 plants per pot

7=Density of 7 plants per pot
l0Density of 10 plants per pot

Species

Density Treatment

*Species were analyzed separately

4

Figure 3.1 Experimental design layout
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contrasts were used. Fisher's Protected Least Significant Differencewas used to determine

significant differences among density treatments.

Results

Seneclo sylvaücus

Growth and reproduction were significantly affected by density of plants. All

treatments were significantly different from each other for both above-ground biomass per

plant and below-ground biomass per plant. For both variables, biomass increased ten-fold as

density dropped (Table 3.1, Figures 3.2 and 3.3). However, above-ground and below-ground

biomass per pot were not significantly different between treatments (Figures 3.2 and 3.3).

Senecio reproductive output was veiy sensitive to intraspecific competition, with all

variables significant. Biomass of reproductive parts per pot was 9 times greater for the lowest

density pots than for the highest density pots; on a per-plant basis, the magnitude of difference

was 100 times (Figure 3.4). Pots with 1 plant had the greatest number of flirits, followed by

pots with 4, 7, and 10 plants (Figure 3.5). The number of fruits (Figure 3.5) and estimated

number of seeds (Figure 3.6) also declined with plant density. Increasing density in pots

resulted in up to a ten-fold decrease in estimated seed. On a per-plant basis, a similar pattern

was found (Figures 3.5 and 3.6). For the above reproductive variables, results for pots with 7

and 10 plants were not significantly different. The biomass per fruit was significantly lower for

pots with 10 plants than for the other 3 treatments. There were significantly more seeds per

fruit in low density pots than in high density pots, with a three-fold difference between the

lowest and highest density pots.
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Table 3.1. Table of means for greenhouse intraspecific competition expeiiment for Seneclo
sylvaticus4

'Data was backtransformed from logged values.
2Data was backtransformed from square root values.
3P-value for overall F-test was >0.05 and <0.07
4Means with same letter are not significantly different at the 95% confidence level using
Fisher's Protected LSD.
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Density in pot

1 4 7 10

Mean plant height (cm)' 3 5a 25a 13b 12b

Mean plant diameter (cm) 0.5a 0.3b 0.2c 0.lc
Above-ground biomass per pot (g) 2.Oa 2.3a 2.2a 2.Oa

Above-ground biomass per plant (g)' 2.Oa 0.6b 0.3c 0.2d

Below-ground biomass per pot (g)' 0.7a 0.8a 0.8a 0.7a

Below-ground biomass per plant (g)1 0.7a 0.2b 0. ic 0.07d

Biomass of reproductive parts per pot (g) 0.9a 0.4b 0. ic 0. ic

Biomass reproductive parts per plant2 0.9a 0. lb 0.02c 0.009c

Biomass per fruit (g) 0.006a 0.005a 0.005a 0.003b

Rootlshoot ratio' 0.3a 0.4a 0.4a 0.4a

Estimated number of seeds per pot 4586a 2088b 698c 441c

Seeds per plant2 4551a 475b 87c 33c

Total number of fruits per pot 136a 7Th 35c 33c
Mean number fruits per plant2 136a 19b Sc 3c

Seeds per fruit3 33a 25ab l8bc lOc



Figure 3.2 Total and per-plant above-ground biomass of Senecio .sylvaticus at four plant
densities
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Figure 3.3 Total and per-plant below-ground biomass of Senecio 3ylvaticusat four plant
densities
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Figure 3.4 Total and per-plant biomass for Senecio 3ylvaticus reproductive parts at four plant
densities
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Figure 3.5 Number of Seneclo sylvaticus fruits at four plant densities, per pot and per plant
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Figure 3.6 Estimated number of Senecio sylvaticus seeds at four plant densities, per pot and
per plot

Epilobium paniculatum

For Epilobium, growth and reproduction were significantly affected by the density of

plants (Table 3.2). In contrast to Senecio, above-ground biomass per pot was greater for pots

with 1 plant than for all other treatments (Figure 3.7). Above-ground biomass per plant was

over ten times greater in pots with 1 plant than in pots with 10 plants (all treatments were

significantly different from each other) (Figure 3.7). Below-ground biomass per pot was

significantly less for pots with 1 plant than all other treatments, but on a per-plant basis was

much higher than the other treatments (with all treatments being significantly different) (Figure

3.8). The root/shoot ratio was lower for pots with 1 plant than for the other treatments.

Four reproductive output variables were significant for Epilobium: biomass of

reproductive parts, estimated number of seeds in pots, pods per plant and seeds per plant

(Table 3.2). Biomass of reproductive parts was greater for pots with 1 plant than in other

treatments, and on a per-plant basis was over 10 times greater for plants in a pot with 1 plant as

compared with plants in a pot with 10 plants (with all treatments being significantly different)

(Figure 3.9). Pots with one plant had greater estimated number of seeds than remaining
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treatments, but the difference was small (Figure 3.10). The total biomass per fruit, total

number of pods per pot (Figure 3.11) and number of seeds per pod did not differ significantly

between treatments.

Table 3.2. Table of means for greenhouse intraspecific competition experiment for Epilobium
panicuiatum.3

'Data was backtransformed from logged values.
2Data was backtransfomed from square root values.
'Means with same letter are not significantly different at the 95% confidence level using
Fisher's Protected LSD.

- Density in pot
1 4 7 10

Mean plant height (cm)' 68a 63a 46b 43b
Mean plant diameter (cm) 0.4a 0.2b 0.2bc Oic
Above-ground biomass per pot (g) 6a 5b Sb 5b
Above-ground biomass per plant (g) 5.7a 1.3b 0.7c 0.5d
Below-ground biomass per pot (g) 0.5b 0.7a 0.7a 0.7a
Below-ground biomass per plant (g)' 0.5a 0.2b 0. ic 0.07d
Biomass of reproductive parts per pot (g) 1.Oa 0.8b 0.8b 0.8b
Biomass reproductive parts per plant' 1.05a 0.2b 0.lc 0.ld
Biomass per pod (g) 0.004a 0.004a 0.004a O.004a
Rootlshoot ratio' 0.18b 0.22a 0.21a 0.21a
Estimated number of seeds per pot 4034a 2896b 3493b 3264b
Seeds per plant' 3925a 700b 497c 321d
Total number of pods per pot 278a 198a 237a 220a
Mean number of pods per plant' 268a 49b 34c 22d
Seeds per pod iSa 14a iSa 15a
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Figure 3.7 Above-ground biomass ofEpilobiumpaniculatum at four plant densities, per pot
and per plant

:1

0.9 -
0.8

0.7 -
0.6 -
0.5 -
0.4 -
0.3

0.2 -
0.1 -

0

Below-ground
biomass per pot

U Below-ground
biomass per plant

Figure 3.8 Below-ground biomass ofEpilobiumpaniculatum at four plant densities, per pot
and per plant
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Figure 3.9 Biomass ofEpilobiumpaniculatum reproductive parts at four plant densities, per
pot and per plant

Figure 3.10 Estimated number ofEpilobiumpaniculatum seeds for plants at four densities,
per pot and per plant
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Figure 3.11 Number ofEpiobiumpaniculatum pods for plants at four densities, per pot and
per plant

Discussion

The results of my greenhouse experiments suggest that intraspecific competition plays

a major role in determining the biomass and reproduction of Senecio sylvaticus and Epilobium

paniculatum plants. With increasing density up to 10 plants, plants of both species were able

to survive, but with reduced vigor. On a per-pot basis, changes in density were largely

compensated for by changes in growth rate of individual plants. For Senecio, above-ground

and below-ground biomass per pot were not significantly different between the four densities,

implying that the final biomass of Senecio is independent of density (within the limits of

densities used in this experiment). For Epilobium the pots with one plant had significantly

more above-ground biomass and significantly less below-ground biomass than the other

treatments, but the magnitude of the difference was small.

Reproductive output exhibits plasticity for Epilobium but not for Senecio. The total

number of fruits, seeds per fruit, and biomassper fruit showed no significant differences across

all densities of Epilobium. Pots with one plant had more biomass of reproductive parts and
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more estimated seed than the other density treatments, but the magnitude of difference was

small and there were no significant differences among the other treatments.

Increasing plant density had a much greater negative effect on the reproductive output

of Senecio than on Epilobium; Senecio pots with one plant had up to ten times greater output

than pots with ten plants, depending on the variable. Total reproductive biomass of Senecio

per pot was nine times greater for pots with one plant than pots with ten plants. In addition,

the total number of fruits and the estimated number of seeds per pot showed significant

differences between treatments, with large magnitudes of difference. These significant

differences contrast with results from another greenhouse experiment (Palmblad 1 968b). This

pot study had seed-sowing densities of 1, 5, 50, 100, and 500, with a total seed production of

3758, 3647, 4294, 3746, and 5158, respectively. While the latter two treatments were

significantly different from each other, there was no consistent pattern across all of the densities

(final density is not stated in paper). It is unclear if this is due to different densities, growing

conditions, or ways of estimating the numbers of seeds.

If my greenhouse results reflect what occurs in the field, then clearly Senecio and

Epiobium exhibit different patterns. Epilobium produces high numbers of seeds across

different densities; reproduction is independent of density. In contrast, Senecio seed

production plummets as density increases. Senecio produces the greatest number of seeds

when plants have minimal intraspecific competition. If this pattern occurs in the field, then

Seneclo is most productive when sparse in the field and it increases the chance of colonizing

new sites when density is low. Seneclo densities tend to be low in the first growing season

post-disturbance, because seed must blow in from off site and/or because most on-site seed is

burned before the first growing season (Halpem et al 1995a). Densities increase exponentially

in the second growing season and plummet in the third and subsequent seasons (West and

Chilcote 1968, Dyrness 1973, Halpern 1989). Despite the increased density in the second

season post-disturbance, the total number of seeds produced and the total amount of

reproductive biomass may actually be greater in the first season, depending on the actual

density.



Table 3.3. Magnitude of difference between low and high density:
Data for pots with one plant/data for pots with ten plants and
Percentage of data for pots with ten plants/data for pots with one plant
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Senecio Epilobium Seneclo Epiobium
Pot 1/Pot

10
Pot 1/Pot

10
%

Mean plant height (cm) 2.9 1.6 34 64
Mean plant diameter (cm) 5.0 4.0 20 25
Above-ground biomass per pot(g) 1.0 1.1 100 90
Above-ground biomass per plant (g) 10.0 11.4 10 9
Below-ground biomass per pot (g) 0.9 0.7 107 140

Below-ground biomass per plant (g) 10.0 7.1 10 14

Biomass of reproductive parts per pot (g) 9.0 1.2 11 81

Biomass reproductive parts per plant (g) 100.0 10.5 1 9
Biomass per fruit (g) 2.0 1.0 50 100
Root/shoot ratio 0.7 0.8 133 117
Estimated number of seeds per pot 10.4 1.2 10 81
Seedsperplant 137.5 12.2 0.7 8

Total number of fruits per pot 4.1 1.3 24 79
Mean number of fruits per plant 46.7 12.4 2 8

Seedsperfruit 3.3 1.0 30 101
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CONCLUSIONS

Senecio sylvaticus and Epilobium paniculatum are both winter annuals which

dominate recent clearcuts in the western Cascades, yet they have different patterns of

abundance over time. For both species, first year abundance is limited by seed availability; lack

of on-site seed sources and slasbburning limit or reduce the number of seeds available. Second

year abundance increases exponentially as seed becomes plentiful from on-site sources and the

seed rain. Abundance in third and subsequent years is limited by different factors for the two

species. Declining resources as interspecific competition becomes more successfiul appear to

limit Epilobium, directly by making resources unavailable or indirectly by compromising

Epilobiwn's on-site seed quality and/or quantity for the following season. This is a pattern in

secondaiy succession that one might expect for a winter annual.

In contrast, Senecio's sudden decline in the third season post-disturbance is unexpected

and points to a site-wide, species-specific phenomena. This research has shown that nutiient

availability (at the rate used in this research), lack of a recently disturbed surface, and

interspecific competition do not help to explain the decline. While increasing intraspecific

competition had a dramatic effect on Senecio's reproductive output in the greenhouse study,

this likely does not explain Senecio's decline since the decline is so sudden and widespread.

Furthermore, even if on-site seeds were compromised from high plant density, one would still

expect ample seed to blow from off-site in the third season to produce a cohort of seedlings in

the fall and early spring. (Halpern et al 1995) and this thesis research indicate that the few

Seneclo which do successfully establish after the second growing season survive from a late

spring cohort, instead of from fall and early spring germinants. Thus, in the third and

subsequent seasons, Senecio, a fall annual, loses the advantage it normally has as a fall annual

to quickly establish before other species.

In addition, the critical stage for Senecio is establishment beyond cotyledon leaves,

since Senecio is able to germinate and form cotyledon leaves in thefall and early spring but

unable to continue growing (West and Chilcote 1968 and Chapter 2 ofthis research). Thus,

research on this phenomena should focus on the species at the cotyledon-leaf stage, in the fall
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or early spring and it should focus on a site-wide phenomena such as pathogen or parasite

build-up or nutrient decline.

Research on the effects of nutrients on Senecio should include several rates and

different proportions of several nutrients. Phosphorus and potassium availability may play

some role, based on the anecdotal observation that my field site which was accidentally

broadcast fertilized with NPK sustained a healthy population of Seneclo although it was not

expected on a site in its fourth growing season post-disturbance. Since the fertilization

treatment in my field research consisted mostly of nitrogen and did not impact Senecio survival,

it is possible that potassium or phosphorus may play some role.

Another possibility is that a pathogen or parasite is responsible for the decline of

Seneclo in the third growing season. A site-wide pathogen or parasite may be suppressed by

the slashburning and disturbance which accompanies clearcutting, but by the third season the

populations may build up and have a deleterious effect on Senecio genninants. Alternatively,

the Senecio above-ground litter and roots from previous seasons may attract a pathogen or

parasite or may produce an allelopathic effect.

Recent research indicates that the decline in the third season is most pronounced in

plots that have a high abundance of Senecio in the second season, suggesting that auto-

allelopathy may contribute to the decline of Senecio (Halpem et al 1995). However, authors

concluded that auto-allelopathy is probably not the sole cause of the decline, since Senecio also

has difficulty establishing where its density was not high in the previous year, and that a site-

wide phenomena exists (Halpern et al 1995). Further research should be done with leachates

from the roots and above-ground litter from mature Senecio plants to determine the effect on

the growth of germinants.

This research may have some implications for the management of forest resources.

The Willamette National Forest has a program of broadcast fertilizing recent clearcuts to

increase the browse available for deer and elk. Fertilization, at least at the rate, composition,

and proportion used in this study, does increase Epilobium biomass but by a small amount. It

did not affect Senecio biomass, but deer and elk do not eat Senecio (r)ersonal observation).

Further research with different rates and proportions of fertilizationmay be desirable to

evaluate the current Forest Service policy, given the high cost of broadcast fertilization. The
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effect of fertilization on other invading species which deer and elk eat, such as Epilobium

angustifolium, should also be evaluated.

The greenhouse study indicates that Senecio reproductive output is not plastic across

densities, and that Senecio at a low density produces many more seeds per unit area than

Senecio plants at a high density. If results are mirrored in the field, then management which

decreases the density of Senecio may actually increase the reproductive output, increasing the

number of seeds available to invade other sites.

Finally, the field and greenhouse research indicates that biomass and reproductive

output of both of these invading herbs will be greatest where plant density is minimized, where

soil has been disturbed, and where competition from other species has been minimized. Recent

disturbance and removal of competition favors the vigor of invading species, although in this

field research it did not affect the density.
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