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The role of disturbance in seed germination and first-year

survival of red alder (lnus rubra) was studied over two growing

seasons at four sites representing a climatic gradient within the

central Coast Range of Oregon. Disturbance affected red alder seed

germination and seedling establishment by altering the temperature

and moisture properties of the seedbed, improving light conditions,

and disrupting the activities of predators and pathogens.

Seedling emergence did not differ significantly between recent

clearcuts and adjacent unlogged forests but was higher on disturbed

mineral soil seedbeds than on undisturbed organic seedbeds. In

clearcuts, mean emergence on disturbed seedbeds ranged from 7 to 65

percent of viable seed sown and was positively correlated Cr2 =

0.70) with spring soil moisture conditions across the climatic

gradient. On disturbed forest seedbeds, emergence ranged from 23 to

57 percent and did not appear to be limited by soil moisture.

Emergence on undisturbed seedbeds averaged below 10 percent except

when seedbeds remained near saturation levels and light was not

limiting.



In the absence of forest disturbance, light conditions play an

important role in controlling seed germination. Laboratory and field

experiments demonstrated that germination is inhibited by light

conditions in the forest understory. Broad-leaved trees such as red

alder inhibit germination more than conifers because they filter out

red light and increase the proportion of far-red light. Understory

vegetation and litter layers have an additional inhibitory effect.

Alder seed is subject to heavy losses from seed predators and

pathogens. Predation by small mammals and birds averaged 54 to 77

percent. Although vertebrate predation was higher on disturbed

seedbeds, losses to invertebrates and pathogens averaged more than

three times higher on undisturbed seedheds. A small percentage of

seeds remained viable for more than one year, but longer-term seed

storage seems unlikely.

Rates of first-year seedling establishment observed in the study

reflected natural patterns of red alder abundance in the Coast Range.

During the two years of the study, no seedlings survived at the two

sites on the Interior slopes of the Coast Range. At the two Coastal

sites, survival averaged between 3 and 30 percent on clearcuts but

was 2 percent or less in forests. Best survival occurred on a

sheltered north-facing clearcut. Survival on undisturbed seedheds

was equal to or greater than that on disturbed seedbeds.
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GERMINATION AND FIRST-YEAR SURVIVAL OF RED ALDER SEEDLINGS
IN THE CENTRAL COAST RANGE OF OREGON

INTRODUCTION

Red alder (Alnus rubra Bong.) is an important hardwood species on

the Pacific Coast of North America. Commercial use of red alder

timber is increasing (Tarrant , . 1983) and there is considerable

interest in its ecological role as a nitrogen-fixer and potential

site improver (Tarrant and Trappe 1971; Atkinson 1979; Binkley

1983). However, red alder remains a major undesirable competitor

with Douglas-fir and other commercially valuable conifer species.

Efforts to control the species result in substantial regeneration

costs to forest management agencies throughout the Pacific Northwest

(Knapp 1984; Waistad J,. 1987).

Information about the regeneration phase of red alder is needed

for effective management of this species whether it is to be grown as

a crop or controlled as an undesirable competitor. Despite the

considerable volume of research on the biology and management of red

alder, there has been little experimental work on the behaviour of

seeds and seedlings under field conditions. With the exception of a

single study by Ruth (1967, 1968) field research has been carried out

entirely in plantations or older, naturally established stands

(Newton J,. 1968; Debell 1975; Bormann and Debel]. 1981; Harrington

1984), while work with seeds and seedlings has been confined to

laboratory or pot studies (Minore 1968, 1970, 1972; Minore g

1969; Campbell and Ching 1980; Monaco a]. 1981; Bormann 1983).



2

This paper describes a two-year study of red alder seed

germination and seedling establishment in the central Coast Range of

Oregon. The objectives of the study were: (1) to examine the role

of disturbance in seed germination and first-year survival of red

alder seedlings, and (2) to determine whether variation in seed

germination and first-year survival can help to explain patterns of

red alder abundance found within the Coast Range landscape.

The study examined how two aspects of forest disturbance, removal

of a forest canopy, and exposure of a mineral soil seedbed, affect red

alder establishment. I hypothesized that in the field, a variety of

factors, principally (a) light conditions, (b) temperature and

moisture of the seedbed, and (C) the activities of predators and

pathogens, would interact to control seed germination and seedling

survival.

The study sites were established across a gradient of climatic

conditions within the central Oregon Coast Range. I hypothesized

that red alder seedling emergence and first-year survival would be

correlated with soil moisture conditions across this climatic

gradient, and furthermore, that rates of seedling emergence and

survival would correspond to natural patterns of red alder abundance

within the landscape.

Three field experiments were carried out over two years on recent

clearcuts and adjacent forest sites. In the first experiment, seed

predation, seedling emergence, and first-year survival were observed
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on artificially sown seedbeds subjected to various levels of soil

disturbance. The second experiment examined why seeds fail to emerge

when sown on disturbed and undisturbed seedbeds. The third

experiment studied the effect of canopy light on seed germination.



LITERATURE REVIEW

The establishment or regeneration phase of the plant life cycle

is of great interest to both plant ecologists and silviculturalists.

Because mortality in most species is concentrated in the seed and

seedling phases, those factors that affect seed germination and

seedling survival can have a great impact on subsequent population

development (Harper 1977; Cavers 1983). Grubb (1977) coined the term

"regeneration niche" to describe the set of requirements of a species

for successful regeneration and emphasized that the ecological role

of a species can not be fully understood unless close attention is

paid to each stage of the regeneration cycle.

For the sil.viculturalist, knowledge of the regeneration niche of

a species is crucial. By understanding the environmental factors

that favour or discourage the establishment of a species, the

si].viculturalist can manipulate the environment to either improve or

reduce the likelihood of successful seed germination and seedling

establishment. Operations directed at the establishment phase of the

species' life cycle can potentially have greater impact than those

that attempt to control population size at a later stage of

development (Tappeiner 1979; Tappeiner and MacDonald 1984).

The Role of Disturbance

The regeneration niche of red alder has not been closely

investigated, but it is apparent that disturbance plays a key role in

successful seedling establishment. Silvicultural experience

indicates that red alder is a shade-intolerant species that
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establishes best in open sites with a moist mineral soil seedbed

(Fowells 1965). Following timber harvest, red alder regeneration is

commonly observed in areas where mineral soil is exposed, and tends

to be concentrated in those areas where soil disturbance is heaviest

--along roadsides, on skid trails and in landings (Worthington

1962; Newton et. . 1968). Little, if any, regeneration is found

under mature forest canopies (Stettler 1978; Canton 1987), but

seedlings can establish on disturbed seedbeds following thinning in

Douglas-fir stands (Ruth 1967; Berg and Doerksen 1975).

The seed germination experiments of Bor1nann (1983) support these

observations and provide a possible physiological explanation.

Germination of red alder seed is apparently phytochnome-mediated.

Far-red light, dominant under a broad-leaved vegetation canopy,

inhibits seed germination, while red light, dominant in full

sunlight, stimulates germination. Thus, Bormann suggests, seeds

buried beneath soil or vegetation in an undisturbed environment may

remain dormant, but germination will readily occur following removal

of the vegetative canopy and scarification of the seedbed. Bormann

(1983) did not test his observations in the field.

Disturbance may also promote red alder seedling establishment by

creating a mineral soil seedbed with physical properties that favour

seed germination and survival of germinants. Red alder seedlings are

rarely observed in organic seedbeds in the field (Newton 1968;

Minore 1972) yet Minore (1972) demonstrated that under laboratorY

conditions red alder can grow well in duff when supplemental moisture

is supplied. The effectiveness of mineral soil as a seedbed is

apparently related to its ability to retain soil moisture in full
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sunlight. Many authors cite lack of surface moisture as a principal

cause of poor germination of tree seedlings (Arnott 1973). Tiny

seeds of species such as alder fail to germinate unless they maintain

close contact with the moisture-supplying medium (McVean 1955; Smith

1986). Baker (1950, pp. 239-240) contrasted the moisture retentive

properties of mineral soil with those of litter and duff seedbeds as

follows:

"the soil packs well around the seed, which thus secures close
contact with films of moisture... the capillarity is well enough
developed so that as the moisture is drawn from the nearest soil
by imbibition of the seed, new moisture moves in to take its
place. (In litter and duff) the water is mainly imbibed within
the cellulose walls of the needles and does not exist as surface
films. Furthermore, the capillary continuity is very poor in
this coarse, loose material."

The high thermal conductivity of mineral soil may also benefit red

alder by providing a more equable thermal environment (Cochran 1969;

Arnott 1973), and by reducing frost damage to seedlings (Menzies and

Chavasse 1982).

Disturbance may favour red alder seedling survival by temporarily

removing competition from other plant species for light, soil

moisture, and nutrients. Red alder is not well adapted to compete

with established vegetation (Ruth 1968). Its tiny seeds are poorly

supplied with the resources needed to sustain a seedling under

unfavourable conditions (Stett].er 1978). Ruth (1968) found that red

alder seedlings could survive under remarkably low light conditions

within a forest understory, but growth was exceptionally slow, and it

appeared unlikely that survival would continue beyond the first few

growing seasons. Red alder requires abundant moisture and light for

normal seedling growth and under favorable conditions it quickly

overtops associated tree and shrub species (Zavitovski and Stevens
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1972). Because it is a nitrogen-fixing species, red alder may have a

competitive advantage over other species on severely disturbed or

newly exposed materials deficient in soil nitrogen (Gordon

0
1979).

Research on germination and seedling establishment of tree

0 species in the Pacific Northwest has consistently shown that biotic

agents such as seed predators, herbivores, and pathogens have a major

impact on seedling populations (Isaac 1938; Hermann and Chilcote

1965; Tappeiner and Helms 1971; Minore 1986; Fried 1985; TappeinerI . 1986). Disturbance may influence seedling establishment through

its effects on animal activity and harmful microorganisms.

Red Alder Distribution within the Central Oregon Coast RangeI
Red alder is restricted to areas with a humid climate, requiring

either abundant rainfall or frequently foggy conditions for good

I development (Fowells 1965). Throughout its range it is associated

with moist soils, occurring most frequently on alluvial soils or in

riparian situations (Worthington . 1962). It is seldom found on

steep south-facing slopes because of moisture deficiency (FowellsI 1965; Newton . . 1968).

The central Coast Range of Oregon has a cool maritime-type

climate with a pronounced "winter wet - summer dry" precipitation

pattern (Shumway 1979). There is a strong climatic gradient as one

moves inland across the Coast Range. Western slopes of the Coast

Range receive 2000 - 2500 mm of precipitation annually and have less

seasonal and diurnal temperature variation than eastern slopes, which



average 1500 - 1700 mm precipitation (U.S. National Oceanic and

Atmospheric Administration 1973; Loy J,. 1976). Climatic

conditions on the west side of the Coast Range are further

ameliorated during the summer drought by a high incidence of fog

which keeps morning temperatures cool and furnishes a substantial

additional supply of water to vegetation (Shuinway 1979).

The climate of the central Coast Range provides favorable

conditions for red alder growth. Red alder is the dominant hardwood

species within this region, occurring on a wide range of sites and

soils. In the western and central portions of the Coast Range red

alder is especially abundant, and can be found on all on all aspects

and in all slope positions (Corliss and Dyrness 1963; Corliss 1973).

However, silviculturists report that alder regeneration is heaviest

on north-facing slopes (Knapp . 1984). In the eastern slopes

and foothills of the range, Douglas-fir (Pseudotsuaa inenziesii

(Mirb.)Franco) and bigleaf maple (Acer macrohvllum Pursh) dominate

the upland forest; red alder is still common, but tends to occur in

moist, sheltered locations such as along stream channels and on

north-facing slopes (Knesevich 1975; Franklin and Dyrness 1973).

8



CHAPTER I. SEEDBED EXPERIMENT

Silvicultura]. experience indicates that both removal of the

forest overstory and scarification of the seedbed are required for

successful establishment of red alder seedlings. The seedbed

experiment was carried out to test this hypothesis and to study how a

variety of environmental factors associated with forest disturbance

--specifically the light, temperature, and moisture conditions of the

seedbed, and the activities of predators and pathogens-- interact to

affect seedling establishment. This two-year experiment examined the

effect of forest overstory removal and seedbed disturbance on seed

predation by rodents and birds, seedling emergence, and first-year

seedling survival. The experiment also studied whether rates of

seedling emergence and survival could be correlated with soil

moisture conditions across a climatic gradient.

METHODS

Study Sites

Four sites were selected within the central Coast Range of

Oregon. Two "coastal" sites (CS and CN) were located on opposing

south- and north-facing hillsides on the western slopes of the Coast

Range at Logsden, near Siletz, Oregon. Two "interior" sites (IS and

IN) were selected on neighbouring south- and north-facing slopes on

the eastern flanks of the Coast Range at Woods Creek, near Philomath,

Oregon. The four sites (IS, IN, CS, and CN) were thus chosen to

represent a climatic gradient of increasingly favorable conditions



Table 1. Description of study sites.

Locati descriptii:

Latitude:

Longitude:

Elevation:

Slope:

Soils:
(Corliss 1973
Knezevich I97)

SIPTIJ4 F(ST A:
Stand Co.position: mire Douglas-fir

(thinned)
StandPqe: yrs

Dosinant thnderstory
Vegetation:

Woods Ck. drain
near Phi losath,

440 32 25' N

123'28' 45 N

4(0 a

15-201

S3SW

well-drained,
dark reddish-brm,
silty clay lam fared
in colluvius weathered
Ira. sediaentary
and basalt rxks
(Ibleygrove series)

Corylus cornuta,
)blodiscus discolor1
SyAwricarais ellis,
Polystictai .sitia
Stdeesiella oreqana

SRIPT1J4 IF aEOJT A:
Season of Logging: &ieer (995

Mettwd of Logging: Tractor

Site Preparation: Slash piled
itue 1995

Dosinant vegetation: grasses,
Wols ursinus,
Fragaria vlrginiala,
Senecio spa.

INTERIOR
South-facing Worth-facing
IS IN

Woods Ck. drain
near Philosath,

U' 32 2' N

123° 2T 34' N

370.

(0- 151

N2SE

well-drained,
dark reddisti-brosm,
silty clay lam fared
in colluvius weathered
Ira. basic ieous
rks
(Price series)

mire Douglas-fir
(imthmnned)
SOyrs

Corylus cornuta,
Ibladiscus discolor1
Sy.ps,ricarmis wollis,
Po1ystic untt
Stokesiella aregana

Spring (995

Tractor

rial spray
4.7 1/ba qlypodsate
iqust I9

Pt,ridita iilinus,
Saliva aparine, Senecio
spa., Cirsns vuiqare,

s arsimis

COASTAL
South-facing Worth-facing
cs 1)1

Mill Ck. drainage
near Siletz, (

440 45 0' N

l3°46 45' N

225.

301

S

well-drained dark
bros gravelly ba
for.ed in colluvius
weathered Ira.

sandstone
aImcxl series)

Douglas-fir - red alder
(bigleaf maple)
45yrs

ker circinati,
Sus raceesa,
Polysticti s1itul,
Stokesiella aregana

Spring (994

Tractor-Cable

Penal spray
4.7 1/ha glyplsate
July 1995

Hypxhaenis redicata,
Senecio spp.,
Phacelia neeralis,
iWos ursirwis,

Erechtites minima
grasses

Mill Ck. drainage
near Siletz, (

440 44 50' N

(230 46 48' N

200,

501

(f25E

well-drained, dart
brwm gravelly lam
formed in coltuvius
weathered from

sandst*
annon series)

Red alder - Douglas-fir
(bigleaf maple)
45yrs

Pcer circinatt,
Corylus cornuta.
Polysticteim siiitt,
Salius trifloru.,
Dicentra fon.osa

Spring 1994

Cable

Penal spray
4.7 I/ha glypodsate
July (995

Re6s parviflonis,
Polysticte Ulltla,
Senecio spa., grasses,
Digitalis mwmirea
Erechtites minima

10
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for red alder. Each of the four study sites included a 1-2 yr old

clearcut and an adjacent area of unlogged second-growth forest on the

same slope, aspect, and soil type. Table 1 summarizes important

environmental characteristics of each study site.

Seed Collection and Processing

I collected seed within a 5 Jon radius of each study site in late

October and early November, 1985 and in November, 1986. Two

seedlots, Woods Creek and Siletz, were created in both years and only

local seed was used at each site. The seedlots were processed with

an air blower to remove most of the unfilled seed. Viability of the

remaining seed was determined by germinating four replicates of 100

seeds each in a chamber set for 25°C days/18°C nights and a 12 hr

photoperiod, a regime that produces near-complete germination of

viable red alder seed within 5 to 14 days (Campbell and Ching 1980;

Elliot and Taylor 1981; Monaco J,. 1981; Radwan and DeBell 1981).

This regime was used for all germination tests in the study. Seeds

were refrigerated at 4°C until needed and exhibited no measurable

loss of viability during the course of the study.

Installation and Seedling Monitoring

During the winter of 1985-86, 1.5 X 1.5 m plots were located on

areas of undisturbed forest floor within the clearcut and the forest

at each site. Eighteen plots were located in each clearcut, but only

9 were located in the forest because I did not initially intend to

repeat the experiment within the forest in the second year of the
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study. The following seedbed treatments were randomly applied to the

plots:

N - No disturbance: forest floor was left intact.

L - Light disturbance: all above-ground vegetation and surface
organic matter was removed to expose the mineral soil.

H - Heavy disturbance: all above-ground vegetation, surface
organic matter, and the upper 8 cm of mineral soil were removed.

In clearcuts, 3 replications of each seedbed treatment were

randomly selected for seeding in 1986 while the remaining plots were

left unseeded until 1987. In the forest, all 9 plots were sown in

1986 and unseeded portions of these same plots were used in 1987.

In 1987, because first-year results indicated no significant

differences between the L and H treatments, I combined these two

treatments into a single disturbance treatment (D) and redisturbed

the plots to expose mineral soil. Replication of the N treatment

was doubled to 6 plots by locating an additional three plots in the

clearcut and forest at each site.

Before sowing in January 1986 and 1987, each plot was divided

into fourths. On one randomly-selected quadrant, seeds were sown in

a circular cage made of 5 mm mesh hardware cloth (60 cm diameter with

25 cm high sides and a removable lid) and buried 10 cm in the

ground. These caged subplots were designed to prevent predation by

rodents and birds. In 1986, seeds were also sown in a randomly

chosen quadrant within an uncaged 60 cm diameter circle (uncaged

subplot). No uncaged subplots were established in 1987. A third

quadrant was used to monitor the incidence of natural alder seedling

emergence (unseeded subplot). The vacant quadrant(s) on each plot



ICIEST
N - No disturbance

3 -- 3 3

3 6 3 6 3

L - Light disturbance
3 3

caged
(nC9Qd

1 Disturbed 6 6
i I.

H - Heavy disturbance

}
- 3

3 3) 3

INTERIOR COASTAL
SOUTH POTH SOUTH NCI1TH

1986 1987 1986 1987 1986 1987 1986 1987

MJiOER (F SIJRPLOTS S0* AT EAD1 SITE
EARCUT

N - No disturbance
-- -- -- 3 --uncaqed

3 6 3 6 3 6 3 6caged

I - Light disturbance
-'uncaged 3

0-Disturbed 6 6 6 6
H - Heavy disturbance

3 3

3 3

}

6

3 --
3 6

3}
3

3

3

6

Utier of seeds sam per subplot: 200 250 200 250 200 250 200 250

Seed viability: 951 561 951 561 741 511 741 511

flean nuaber of viable seeds 181 140 181 140 148 128 148 128
sam per subplot:

Note: (I) I and H plots were cosbined in 1987 to for. a single disturbed seedbed treatnt (0).
(2) No wicaged subplots were sosm in 1987.

13

Table 2. Scope of the seedbed experiment during the two years of the
study.
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were used to sample soil moisture. Table 2 summarizes the layout of

the seedbed experiment during the two years of the study.

At one to two week intervals from February through mid September

I counted seedling emergence and survival on each subplot. Each live

seedling was marked with a 5 cm plastic stake located 1 cm to the

north. Apparent causes of seedling mortality were recorded. Lids

were removed from the caged subplots in early May after the period of

peak seedling emergence.

Caged subplots sown in 1986 were monitored during 1987 for new

seedling emergence from stored seed. Subplots on the CS and CN

forest sites were not monitored because additions of new seed from

alder trees in the overstory precluded seed bank assessment.

Environmental Monitoring

Bimetal dial soil thermometers were used to measure soil

temperature on all plots at 0, 5, and 15 cm depth at regular

intervals during the 1986 growing season. The diurnal course of soil

temperature was measured at 2 hr intervals within the forest and

cleacut at the IN site on June 26, 1986. In 1987, weekly minimum and

maximum air temperatures were recorded with mercury-in-glass

minimum-maximum thermometers positioned at one random location on the

soil surface within each forest and clearcut and covered with a thin

aluminum shield. All thermometers were calibrated at the beginning

and end of the growing season and at least once monthly in the field.
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Samples of the < 2 mm soil fraction weighing 75 - 150 g were

taken from each plot at 0 - 5 cm depth at monthly intervals between

March and September in each year. Samples were also taken from 8 -

12 cm depth at the coastal sites in August and September, 1986, and

monthly on all plots between May and September, 1987. Soil moisture

was determined gravimetrically by oven-drying each sample at 105°C

for 48 hrs (Black J,. 1965). The pressure plate technique

(Richards 1949) was used to determine soil water retention values at

saturation, -0.3 MPa, and -1.5 MPa for composite samples of soil

taken from each clearcut and forest.

Data Analysis

Seed predation by rodents and birds was defined as the difference

in the number of seedlings emerging on paired caged and uncaged

subplots located within a single 1.5 m square plot (1986 only):

Predation - caged emergence - uncaaed emergence x 100%
caged emergence

Seedling emergence, used as an index of germination, refers to

the percentage of seedlings that become visible at the soil or

seedbed surface (Harper 1977):

(2) Emergence = pumber of emerging seedlings er subDlot x 100%
number of viable seed sown

Appropriate adjustments were made to emergence figures on treatments

where natural alder regeneration was recorded on unseeded subplots

(CS and CN forests only).

.

(1)



First-year survival of the 1986 and 1987 cohorts was calculated

as of September 30th in each year and was expressed as a percentage

of total emergence:

Survival = number of seedlings alive on subplot X 100%
number of emerging seedlings

Seedling establishment refers to the combined outcome of

emergence and survival rates:

(4) Establishment - Number of seedlinas alive on sub1ot X 100%
Number of viable seed sown

Seedling emergence, survival, and establishment were determined

for caged subplots only so that site and treatment comparisons could

be made independent of the rate of seed predation.

Predation, emergence, survival, and establishment values were

normalized with the arcsine transformation prior to analysis of

variance (Snedecor and Cochran 1967). I analysed the seedling data

separately for each clearcut and forest by treating each group of

plots as a completely randomized design with 3 to 6 replications of

each disturbance treatment. The results were analysed separately for

1986 (3 replications each of 3 treatments: N, L and H) and 1987 (6

replications each of 2 treatments: N and D), then combined and

analysed as a 2 X 2 factorial experiment with disturbance (D or N)

and year (1986 or 1987) as the two factors. Results from the L and H

plots in 1986 were combined into the single D treatment after no

consistent or statistically significiant (p < 0.05) differences in

seedling parameters were detected.

(3)

16
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To determine whether any treatment effects held across the entire

experiment, I combined the data from all four sites into a single

analysis of variance In this analysis the 3 to 6 replications

(plots) of each disturbance treatment were treated as subsamples and

collapsed to produce a single disturbance mean. The design for this

analysis was a 3-factor split-plot arranged in a randomized block

design. The four sites were treated as blocks, the paired forest and

clearcut units at each site were main plots, and disturbance and year

acted as subplot treatments.

Orthogonal contrasts were used to separate main effect means

where more than two treatments were compared, and the Boneferroni

method was used for multiple comparisons of interaction means.

T-tests were used to make comparisons between sites and between the

forest and clearcut at each site.

To analyse mortality data, I calculated total mortality, by

cause, for each set of N and D plots. I used the chi-square

statistic in a contingency table analysis to test whether causes of

seedling mortality depended on site, forest cover, or seedbed

disturbance (Snedecor and Cochran 1967). Data sets were pooled where

analysis indicated that mortality was independent of either treatment

or site.

Analysis of variance and means comparison procedures used to

analyse seedling data were also used for soil moisture data. For

repeated measures of soil moisture the time of sampling was included

as an additional split-plot factor in each analysis of variance

(Milliken and Johnson 1984). These analyses were carried out using
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moisture contents rather than soil water tensions because pressure

plate analysis indicated little difference in moisture retention

curves among sites and treatments. I used t-tests to determine

whether soil moisture differed significantly from the -0.3 MPa or

-1.5 MPa tension levels at each sampling date. I also used linear

regression techniques to examine the relationship between seedling

emergence and a variety of indices of spring soil moisture (maximum,

minimum, mean, by month, etc.). Equations were first developed for

individual plot data, then plot-to-plot and year-to-year variation

were removed by regressing treatment means.

All p-values reported below represent the probability of a Type I

error in a two-sided test (Sincich 1985). In general, treatment

differences were considered statistically significant if p < 0.05
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RESULTS

Environmental Conditions

From January through March 1986, there were few days without

rain, as is typical of a Coast Range winter. Record rainfalls were

. observed during February. Thereafter, with the exception of a few

cool, wet periods (early May, most of July), the 1986 growing season

was warmer and drier than normal with the phenology of plants and

insects advanced by several weeks throughout much of western Oregon

(Redmond 1986). The 1986 summer drought came to an abrupt end in the

second week of September with a week of very heavy rainfall, followed

by cooler, autumn weather

February and March of 1987 were cooler and drier than 1986,

causing a slight delay in the early spring phenology observed the

previous year. This was followed by a series of record hot, dry

. spells between late March and early May, 1987. The weather in June

continued to be much warmer and drier than normal. July was again

cool with several unseasonably heavy rainfalls, but August was very

hot and dry with no more than a trace of precipitation. The summer

drought continued through September, 1987, with temperatures

frequently above 30°C and less than 1 cm rain falling until the

experiment was terminated on September 30, 1987 (U.S. National

Oceanic and Atmospheric Administration 1987; Redmond 1987).

Air and Soil TemDeratures

Weekly air temperature maxima and minima for the first half of

the 1987 growing season are shown in Figure 1. Overnight frosts
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occurred sporadically within the clearcuts until the final week of

April, but no freezing temperatures were recorded within the forest.

The charts show clearly that there was less temperature variation at

the coastal sites than in the interior, particularly from June

onwards, when morning fogs were common. The south-facing CS clearcut

had consistently higher temperature maxima than the nearby CN

clearcut (Figure 1). At the interior sites, temperature maxima on

the north-facing IN clearcut were just as high, or slightly higher,

than those recorded on the south-facing slope (IS). However, other

observations --plant phenology, duration of frost and surface

moisture-- suggested that the overall thermal environment at IS was

somewhat warmer than at IN, at least early in the growing season.

Because the two interior sites have gentle slopes (less than 20%),

lack of pronounced aspect differences in temperature is not

surprising.

Research on seedbed microclimates reported by Cochran (1969)

shows that, in general, litter and duff materials have lower thermal

conductivity, lower volumetric heat capacity and lower thermal

diffusivity than mineral soil. As a result, there is less variation

in surface temperatures on disturbed seedheds with exposed mineral

soil than on undisturbed seedbeds with organic surface layers

(Hermann and Chilcote 1965; Cochran 1969). Results from the present

study were consistent with these findings. Figure 2 shows diurnal

patterns of soil temperature at 0 and 15 cm depths, recorded on June

6, 1986 at the IN site. In the clearcut (Figure 2a), the undisturbed

seedbeds exhibited more rapid surface temperature fluctuation in

response to short-term changes in cloud cover and tended to increase

in temperature more rapidly in the morning, and cool of f more rapidly



20

40

30

20

I0

-10
so

40

3°

20

I0

0

0

-10
2,-cm 20-sr 00-*r 30-er 10-.y 00-Jun U-Jun IS-Jul 20-Fib 30-Mi, 0S-pr 25-Apr I5-M. 01-Jun 25-Jun Il-Jul 07-Aig

Figure 1. Maximum and minimum air temperatures recorded on the
clearcut and forest at each study site during the 1987 growing
season. Temperatures were measured in shade at the soil surface.

IS Clearcut Max

Mm

CS Clearcut Max

estM0xf/
Forest

Clearcut Mm Clearcut Mm

IN clearcutMaxj C N
Clearcut Max

Clearcut Mm



S

aat.
w

I

42

40

38

36

CLEARCUT

34

32

30

28

26

24

22

20

18

16
CLOUD

14
1

COVER8
12 I T

600 &00 1000 12.00 140 1&00 1800 2000

42

40

38

36

34

32

30

28

26

24

22-
20

18

16 -
14

FOREST

12 i r r t
L00 &00 ioOO 12.00 1400 IL'00

(P)

N
A Dcm
o N -15cm

2200

1&00 2000 22.00

Figure 2. Diurnal course of soil temperature at 0 and 15 cm depths
on undisturbed (N) arid disturbed (D) seedbeds at the IN site on June
26, 1986. Each point on the graph is the mean of between 6 and 18
observations. Vertical lines represent one standard error.

22



23

at night. Because the lower thermal diffusivity of the organic

material prevented the transfer of heat into the soil, the

undisturbed seedbeds were slightly cooler than the disturbed seedbeds

at depths of 5 cm (not shown) and 15 cm. Within the forest (Figure

2b), diurnal temperature variation was much reduced and there was no

measurable difference between disturbed and undisturbed seedbeds.

Variation in surface temperatures appeared to depend more on the

pattern of sunflecks than on the nature of seedbed materials.

Additional measurements of soil temperature taken during 1986

indicate that this pattern of temperature variation among seedbeds

was common to all study sites and that similar patterns occurred

through much of the growing season. However, differences between

mineral and organic seedbeds on clearcuts became less evident later

in the summer as mineral soils dried out and organic seedbeds were

shaded by overtopping vegetation.

Soil Moisture

Because moisture in the upper 5 cm of soil fluctuated

considerably during alternating periods of wet and dry weather, the

results of monthly soil sampling (Figure 3) do not indicate the

continuous status of soil moisture, but instead serve as an index by

which comparisons can be made between treatments and sites. Moisture

content at 8 to 12 cm depth (not shown) exhibits less short-term

fluctuation, but is below the depth of seedling roots for most of the

first growing season.

The pooled results from all four study sites during the main

portion of the growing season show that in general, surface soils

were considerably drier in clearcuts than in the forest. In 1987,

.
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the average moisture content between April and late July (N & D plots

combined) was 34.8 percent in clearcuts compared to 47.8 percent in

forests (p = 0.002). Comparable data from 1986 indicated

significantly drier soils in clearcuts on D plots (23.3% vs 41.7%; p

= 0.008), but differences between clearcut and forest on N plots were

not statistically significant (40.7% vs 48.4%; p = 0.28). Except for

brief periods after sunnuer rainfalls, soils on undisturbed seedbeds

were consistently wetter at 0 - 5 cm than those on disturbed seedbeds

at all four study sites, both on the clearcut and in the forest

(Figure 3). For example in 1987, N plots averaged 46.6 percent

moisture between April and late July, whereas D plots averaged 36.0

percent (p = 0.001 clearcut and forest combined). Results from 1986

were similar except that differences in the forest were not quite

statistically significant (p = 0.001 clearcut; p = 0.08 forest).

Taken together, these results indicate that solar evaporation was

more important than water uptake by competing vegetation as a means

of soil water depletion within the rooting zone of first-year red

alder seedlings. Overtopping vegetation increased the amount of

water available to alder germinants by shading the soil surface and

thereby reducing the rate of evaporation. The layer of litter and

humus on undisturbed seedbeds also helped to insulate the soil

against moisture loss. Even at 8 - 12 cm depth, seedbeds with

exposed mineral soil were significantly drier than undisturbed

seedbeds (38.4% vs 43.7%; p = 0.002; 1987 data only). However, at

this depth there was no significant difference in soil moisture

between clearcuts and forests (38.6% vs 43.6%; p = 0.16), presumably

because water uptake by tree roots offset reduced evaporative losses.



S

26

As planned, the four study sites represented a gradient in

moisture conditions, with IS being the driest and CN the wettest for

most of the growing season (Figure 3). Like the temperature data,

the soil moisture data indicated relatively little difference between

the IS and IN sites. Although the IS clearcut was drier than the IN

clearcut on all but a few sampling dates, most differences were not

statistically significant. In the forest, there was no consistent

difference in soil moisture between the IS and IN sites and few

differences were statistically significant.

On the interior clearcuts, soil moisture in the upper 5 cm of D

plots was significantly below the -0.3 MPa tension level for most of

the growing season and well below -1.5 MPa from June onwards. N

plots remained wetter, but reached the -1.5 MPa level by midsummer in

both years. Soil moisture also reached low tensions (17-18% on D

plots; 26-29% on N plots) at 8 to 12 cm depth in June and July 1987

(no samples taken in 1986). These results suggest extremely

stressful or lethal conditions for young seedlings.

Surface soil moisture on the CS clearcut was below the -0.3 MPa

level at sampling dates between late May and early September and

disturbed seedbeds dropped significantly below -1.5 MPa after

mid-August. However, soil moisture at 8 to 12 cm depth remained at

or above the -1.5 MPa level at all sampling dates in 1986 and 1987

(28-39% moisture). The CN clearcut was wetter at each date than CS,

(although not always different at the 0.05 level), reaching tensions

of -1.5 MPa only in late August, 1986 after more than one month with

no rainfall. On this clearcut, moisture content at 8 to 12 cm ranged

. from 44 to 62 percent and did ot drop below -0.3 MPa at any time.
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In forests, soils remained at or near saturation levels in the

forest until late May in 1986, but surface layers dried out more

quickly during the hot spring weather of 1987. Interior forests

dropped below -0.3 MPa in late June and disturbed seedbeds dried out

to below -1.5 MPa by August. Coastal forests remained at or above

-0.3 MPa until late August and never dropped below -1.5 MPa. Forests

differed from clearcuts in that there was generally no significant

difference in soil moisture between the 0 - 5 and 8 - 12 cm depths.

Seed Predation

Significant seed predation, estimated by the difference in

emergence between paired caged and uncaged subplots, took place at

all four sites in 1986 (p-values were between 0.0001 and 0.005 for

all combinations of site and forest cover). Average predation rates

at the four sites ranged from 54 percent at CS to 77 percent at IN

(Table 3). Fewer seedlings emerged on uncaged subplots than on the

adjacent caged subplots on all disturbed (L and H) plots and on 17 of

21 undisturbed (N) plots. Pooled analysis of data from the four

sites showed that there was no difference in predation rate between

forest and clearcut (p = 0.96) and that the effect of soil

disturbance on seed predation was highly significant (p = 0.001) and

was independent of forest cover (p = 0.82). The predation rate on

disturbed seedbeds averaged 77 percent on H plots, and 72 percent on

L plots, but was only 38 percent on N plots (Table 3). The

difference in predation between disturbed and undisturbed plots was

highly significant (p = 0.0001) but there was no difference between

lightly and heavily disturbed plots (p = 0.43).



SITE: IS IN CS

LEVEL OF SOIL DISTURBANCE: N L H

Mean Seed Predation: 38.0% a 71.6% b 77.4% b
standard deviation: (38.9) (21.2) (20.8)

Note: Disturbance means followed by the same letter are not
significantly different at the 0.05 level, as determined by
orthogonal contrasts of means.
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Table 3. Mean seed predation at the four study sites and by
disturbance level (all four sites combined). Predation rate is
assessed as the percentage difference in seedling emergence on paired
caged and uncaged subplots.

Mean Seed Predation:
standard deviation:

62.1%
(45.6)

77.4%
(21.8)

54.0%
(38.5)

55.8%
(32.1)



Seedling Emergence

Figure 4 illustrates cumulative seedling emergence on caged

subplots during the two years of the study. Because there were no

consistent or significant differences in emergence between the L and

H plots in 1986, all data from the two treatments were combined into

a single D treatment.

On clearcuts, seedling emergence began in late February of 1986

and in early March during 1987. Once it began, emergence proceeded

rapidly and was almost complete by mid-April. Emergence was nearly

simultaneous on all four clearcut sites in 1986 but in 1987 seedlings

emerged one to two weeks later on the two north-facing clearcuts than

on the south-facing clearcuts. Seedlings were just beginning to

emerge on the north-facing slopes when a period of record hot, dry

weather occurred at all study sites late in March, 1987. Following

this event, there was very little additional emergence on the IS, Cs

and IN clearcuts. In both years, emergence continued later into the

year on the CN clearcut than on the other clearcuts.

Within the forest, emergence began approximately one month later,

with seedlings continuing to emerge well into June. seedling

emergence in the forest coincided with the expansion of deciduous

tree and shrub foliage and had all but ceased by the time the foliage

had fully leafed out.

On the whole, emergence was much higher on disturbed seedbeds

than on undisturbed seedbeds in both years of the study (Figure 4).

.
Overall emergence on undisturbed seedbeds averaged only 10 percent of
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the viable seed sown, whereas on disturbed seedbeds the average was

39 percent. The analysis of variance of pooled data from all four

sites indicates that the effect of soil disturbance was highly

significant (p = 0.002) and was independent of forest cover (p =

0.50). There was no significant difference in mean emergence between

clearcuts and forests (p = 0.51). Overall emergence was

significantly higher in 1986 than in 1987 (p = 0.04). I attribute

this difference to the hot, dry spring weather of 1987.

The pooled analysis of variance shows the dominant trends in

seedling emergence, but it obscures some of the complexity that

emerges when data from each site are analysed separately (Table 4).

In 1987, emergence was significantly higher on disturbed seedbeds

than on undisturbed seedbeds in all clearcuts and forests. However,

in 1986, high rates of seedling emergence were observed on N plots in

the Interior forests (37.5% at IS; 40.0% at IN) and at the CN

clearcut (49.5%). Emergence on these plots did not differ

significantly from that on the corresponding D plots (27.7 - 65.9%;

p-values between 0.39 and 0.78).

On three sites (IS, IN, CS) emergence in the forest was equal to

or greater than that within clearcuts. At the CN site, however,

emergence was higher in the clearcut on both seedbeds and in both

years, although not all differences were statistically significant

(refer to p-values, Table 4). This site had the coolest, moistest

climate, thus high rates of emergence on the clearcut came as no

surprise. It also had relatively low rates of emergence in the

forest, which could reflect the fact that this was an alder stand

with dense understory herbaceous vegetation (Bormann 1983).



Table 4. Seedling emergence on caged subplots. Emergence is
expressed as a percentage of the viable seed sown. The first two
sets of p-values indicate significance of tests comparing emergence
on undisturbed (N) and disturbed CD) seedbeds within the same
clearcut or forest. P-values at the base of the table indicate
significance of t-tests comparing emergence by seedbed on paired
clearcuts (C) and forests (F).
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INTERIOR COASTAL
SOUTH POTH SOUTH NORTH

TA11OlT 1996 1997 1986 1987 1996 1987 1986 1987

EARCUT

N - djsturbice 2.4! 7.0! 4.7! 1.6! 7.21 7.3! 49.5! 7.0!

(3.4) (7.0) (5.2) (1.6) (7.9) (7.8) (23.7) (4.5)

D - Disturbed 23.8! 22.7! 43.0! 6.9! 36.6! 27.3! 65.92 47.4!

(5.5) (14.0) (22.3) (5.6) (16.4) (13.2) (19.3) (16.5)

P-value (l:ND) 0.001 0.03 0.045 0.05 0.047 0.006 0.39 0.0003

(1.7! LiZN-*,disturbice 37.5! 2.5! 40.0! 13.71 (.7! 3.1!
(7.7) (1.5) (3.4) (13.4) ((.3) (3.6) (6.1) (2.1)

0 - Disturbed 27.7! 32.1! 42.5! 57.42 52.1! 54.7! 58.8! 23.4!
(17.9) (11.2) (12.5) (19.3( (10.2) (38.3) (31.6) (11.5)

P-value (Ib:N0) 0.48 0.0001 0.73 0.001 0.0002 0.02 0.06 0.0009

P-value N Plots: 0.02 0.19 0.001 0.05 0.43 0.39 0.09 0.02
(Ib:C) D Plots: 0.62 0.23 0.9 0.002 0.13 0.15 0.75 0.02

NOTE: (1) Each erqee value is tie .ean of 6 observations, except (986 N plots
which have only 3 observations each. Value in ( I is tie staidard viation.

(2) Coastal forest values are adjusted to deduct natural reqeneration.
(3) P-values are for two-sided test, based on arcsine-trsford values.
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Emergence on the two north-facing clearcuts was lower in 1987

than in 1986 (p = 0.005 at EN; p = 0.007 at cN). On the south-facing

clearcuts, there was no difference in emergence between the two years

(p 0.67 at IS; p = 0.41 at CS) because most seedlings had emerged

before the hot, dry weather began. In forests, emergence on D plots

was not greatly affected by the warm, dry weather of 1987, but on N

plots in the two interior forests, emergence dropped from 37.5% to

2.5% at IS (p 0.025) and from 40.0% to 13.7% at IN (p = 0.014).

RelationshiD of Emercence to Soil Moisture

Seedling emergence was positively correlated with spring soil.

moisture on disturbed clearcut seedbeds and on undisturbed seedbeds

in both clearcut and forest, but no relationship was found on

disturbed forest seedbeds. In all cases, the highest correlations

were obtained when the mean moisture content of soil samples taken

between mid-March and May was used as an index of spring soil

moisture.

The simple linear regression of individual plot data was highly

significant for disturbed clearcut plots (p = 0.0001), explaining 34

percent of the variation in seedling emergence. When I removed

plot-to-plot variation by regressing mean values from each clearcut,

the result was a strong linear relationship (r2 = 0.70; p = 0.009)

between soil moisture and mean seedling emergence on disturbed

seedbeds (Figure 5a). On disturbed forest seedbeds there was no

correlation between emergence and spring soil moisture (Figure Sb).

(p > 0.74 for all models). These results suggest that moisture is

not limiting to seedling emergence on mineral soil seedbeds in the

forest. Factors other than soil moisture, for example, light

.

.
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conditions and the activities of predators and pathogens, may explain

the variation observed in seedling emergence on these seedbeds.

On N plots, forest and clearcut data were combined because a

similar pattern was observed on both. Although, emergence was

positively correlated with soil moisture (p = 0.001 for individual

plot data), the variance in seedling emergence increased greatly at

high levels of soil moisture (Figure 5c). Only plots that averaged

above the saturation level (65 - 80%+ soil moisture) during the

spring period had high rates of seedling emergence, but even some

very wet plots had poor emergence. To correct the

heteroscedasticity, I removed plot-to-plot variation and transformed

the mean emergence values for each clearcut and forest (Y' IT).
The resulting simple linear regression was significant (p = 0.037)

with r2 - 0.27.

To examine relationships among the four study sites, I combined

the data from N and D plots and from 1986 and 1987 and plotted

average seedling emergence against mean spring soil moisture on

clearcuts and forests. The four clearcut sites are arranged along a

climatic moisture gradient (IS, IN, C, CN), with seedling abundance

increasing along the gradient (Figure 6a). Over the two years of the

study, the CN site clearly had the wettest soil conditions and was

most favorable for alder emergence on both disturbed and undisturbed

seedbeds. In the forest, spring soil moisture at all four sites

averaged at or above saturation levels, and there was no clear trend

in seedling emergence in relation to either soil moisture, or the

climatic gradient (Figure 6b).
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emergence from Stored Seed

There was no new emergence at any site in the fall of 1986 after

the summer drought ended. However, on coastal clearcuts and interior

forests, new seedlings appeared in the spring of 1987 on caged

subplots sown in 1986. No seedlings emerged on the interior

clearcuts. The number of seedlings ranged from 0 to 10 per subplot

with treatment means all less than 5 seedlings per subplot. In the

IS and IN forest this new emergence amounted to 1.2 and 2.8 percent,

respectively, of the potentially viable seed left ungerminated on

caged subplots at the end of the first growing season. Corresponding

values on the CS and CM clearcuts were 0.5 and 0.2 percent. All of

but one of the seedlings emerged from a disturbed seedbed. These low

rates of emergence in the second year are similar to results obtained

by McVean (1955) for Alnus alutinosa.

Seedling Survival and Establishment

Causes of Seedlina Mortality

Mortality of seedlings in the first growing season was caused by

a wide variety of abiotic and biotic factors. Contingency table

analysis indicated that causes of seedling mortality differed

significantly between clearcut and forest, between disturbed and

undisturbed seedbeds, among sites, and between 1986 and 1987 (p <

0.001 in all cases). Differences between clearcut and forest were

most readily apparent.

It is difficult to determine the exact cause of death of tiny

alder germinants. Not only are mortality factors often difficult or
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impossible to distinguish from one another (Tappeiner and Helms

1971), but often the proximate cause of death (e.g. decay fungi) is

merely a secondary mechanism in a gradual decline of the seedling

that is ultimately caused by low light or moisture stress (Baker

1950; Manion 1981). Nevertheless, I identified the following major

causes of seedling mortality:

(a Drought and Heat In-jury These were the principal causes of
seedling mortality in clearcuts, accounting for 62.2 percent of
all deaths (range 28 - 95%). The two mortality factors could not
be reliably distinguished from one another because the
characteristic basal stem lesions that develop following heat
injury (Baker 1929) remain visible for only a short period of
time. Seedlings with heat lesions were observed on all clearcuts
except CN, but I have no evidence that heat injury did not kill
some seedlings at the cM clearcut. In forests, there were far
fewer drought deaths (mean 5.2%, range 0 - 32%; p < 0.001) and no
evidence of heat injury. Most drought mortality in the forest
occurred late in the growing season when surface soils finally
became dry, and was compounded by poor seedling root development.

(b Pathoaens or Low Liqht In the forest, the leading cause of
seedling mortality was what appeared to be damping-off or other
decay fungi (mean 38.9%, range 2 - 77%). Most seedlings looked
healthy until early May, then rapidly decayed. The mortality
spread through the plots, killing of f seedlings in groups while
soils were still very moist. Low light conditions in the forest
may have predisposed the seedlings to pathogens (Baker 1950), or
seedlings may have died outright from low light conditions, and
then succumbed to secondary decay organisms. In clearcuts,
pathogens were less important (mean 9.3%, range 0 - 27%), with
most damping-off occurring shortly after emergence. However,
some of the deaths attributed to drought or heat may have
involved fungi.

(c Animals Many different herbivores were observed feeding on
alder seedlings, including slugs (Arioliinax columbianus),
spittlebugs (Cercopidae), ants, and aphids (Pterocallis alni).
Rodents also apparently clipped some seedlings at ground level.
Other forms of animal activity that killed seedlings included
digging and tunneling by voles and other small mammals, and
trampling by deer (less than 2% overall). Recorded animal-caused
mortality was similar in forests (mean 4.2%; range 0 - 19%) and
clearcuts (mean 4.6%; range 0 - 8%). However, the data probably
substantially underestimate the actual amount of animal damage,
especially in forests, because most missing seedlings also fell
into this category (see below).

(d Erosion Losses to soil erosion occurred almost entirely on
disturbed seedbeds at the steeper coastal sites. Losses averaged
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1.5 percent on coastal clearcuts (range 0 - 7%) and 20% in
forests (range 4 - 31%). Heavy rainstorms in May 1986 killed one
third of all seedlings on D plots in the Cs and CN forests, but
there were no rainstorms of similar destructiveness in 1987.
Erosion and rainsplash caused more damage in forests than in
clearcuts because droplets in the forest were larger and the
shallow root systems of forest seedlings made them very
susceptible to uprooting.

(e Frost Although light ground frosts were common on all
clearcuts until late April (Figure 1), very little seedling
mortality could be directly attributed to frost. A single frost
event killed 8 percent of N seedlings and 10 percent of D
seedlings at the IN site in 1986, but otherwise, frost losses
were less than 1 percent. No frost damage occurred in the
forest.

(fCoverina by Oruanic Debris Up to 5 percent of seedlings on N
plots and less than 1 percent of seedlings on D plots were killed
by burial beneath litter and decomposing vegetation.

A substantial percentage of seedlings (34.5% overall) simply

disappeared, leaving no physical traces. While many of these

seedlings were probably consumed by animals, others decayed so

rapidly that they could not be found, and on D plots some missing

seedlings were lost to erosion. Missing seedlings were twice as

common in forests (mean 42.6%; range 19 - 95%) as in clearcuts (mean

20.0%; range 4 - 49%), and were also more common on undisturbed plots

than on disturbed plots (30.0% vs 17.4% in clearcuts; 66.1% vs 36.9%

in forests; p < 0.001 for all tests) apparently because herbivores

and pathogens were more prevalent in forests and on undisturbed

seedbeds.

Seedling Survival

All seedlings at the interior sites died before the end of the

first growing season in both years of the study. In clearcuts, all

seedlings were dead by mid-July; in forests a few seedlings (less

than 1%) survived into late August or early September (Figure 7).
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In coastal forests, no seedlings survived on undisturbed caged

subplots in either year. Average survival rates on disturbed

seedbeds were less than 2 percent and most plots had no surviving

seedlings (Table 5). There was no difference in mean survival

between the CS and CN forests (p = 0.32) or between 1986 and 1987 (p

= 0.46 at Cs; p = 0.82 at ON).

Survival on coastal clearcuts averaged 1.4 to 31.4 percent and

was significantly higher (p < 0.04 for all tests) than in forests on

all treatments except CS D plots (p = 0.26). On the south-facing

clearcut (CS), only seedlings shaded from direct sunlight by

overtopping vegetation or organic debris survived. Survival was

significantly higher on N plots (14.5% in 1986; 7.3% in 1987) than on

D plots (3.7% in 1986; 1.7% in 1987; p= 0.04), probably because N

plots afforded more shade to the seedlings and retained more soil

moisture in surface layers. There was no difference in survival

between 1986 and 1987 on the CS ci.earcut (p 0.26).

On the cN clearcut, seedlings did not seem to require direct

overhead shade for survival and there was no difference in average

survival between undisturbed and disturbed seedbeds (9.2% vs 8.8% in

1986, p - 0.92; 31.4% vs 27.0% in 1987, p = 0.72). Overall survival

was not significantly different from the CS clearcut in 1986 (p =

0.67), but was significantly higher in 1987 (p = 0.005) because

seedlings on the north slope escaped heavy mortality during the early

spring heat waves. Survival on the CN clearcut was significantly

higher in 1987 than in 1986 (p = 0.025), apparently because heavy

rains in July, 3.987 reduced drought losses.



Table 5. First-year seedling survival and establishment on caged subplots. Survival refers to the
number of seedlings alive at the end of the first growing season, expressed as a percentage of
seedling emergence, while establishment expresses survival as a percentage of viable seed sown.
The first two sets of p-values indicate significance of tests comparing emergence on undisturbed
and disturbed seedbeds within the same clearcut or forest. P-values at the base of the table
indicat. significance of t-t..ts comparing emergence by seedbed on paired clearcuts and forests.

MITE: (I) Each survival and elerqence value is the sean of 6 observations except 1986 N plots, which have only 3 observations.
Value in I ) is the standard deviation.

(2) P-values are far two-sided test, based on arcsine-trans(or.ed values.

INTERIOU

SURVIVAL
COASTAL

IJTH MIRTH

:

1

ESTABLISHMENT
INTERIOU COASTAL

SOUTH MIND)

IWAIIOII 1906 1901 1906 1907 : 1986 1987 1986 1987

N - No disturbance 14.52 1.32 92l 31.42 1.42 0.72 5.52 2.32
(13.0) (11.3) (0.8) (28.3) (1.8) (1.3) (3.4) (3.5)

O - Disturbed nil 3.72 1.72 LOX 21.02 nil 2.12 0.72 5.92 14.12
(6.6) (2.7) l6.2) (16.2) (4.6) (1.0) (3.9) (11.2)

P-value (Ho:N:D) 0.05 0.72 0.15 0.9 0.04

FINEST

N - No disturbance nil nil nil nil nil nil nil nil

O - Disturbed nil 1.62 0.32 0.22 0.42 nil 0.82 0.22 0.22 0.042
(2.6) (0.4) (0.4) (1.0) (1.5) (0.3) (0.3) (0.1)

P-value (Ho:N4)) 0.15 0.20 0.17 0.13

P-value N Plots: 0.02 0.002 0.03 0.04 0.008
(Ho:CF) 0 Plots: 0.57 0.02 0.005 0.82 0.02 0.02
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CLEARCUT FOREST

DATE (1916 or 1967)

Figure 7. First-year survivorship curves for the 1986 and 1987
seedling cohorts on undisturbed (N) and disturbed (D) seedbeds.
Survivorship represents the percentage of emerging seedlings that
remain alive at any point in the growing season. All plots on a
given disturbance treatment are combined to produce a single
survivorship curve for the population.
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The survivorship curves (Figure 7) for N and D plots reveal that

in clearcuts, seedlings generally died more slowly on undisturbed

seedbeds. In forests, the reverse was true. In the clearcut,

patterns of survival were apparently affected by the increased soil

moisture (Figure 3) and shade provided by vegetation on the

undisturbed seedbeds. In the forest, moisture and temperature

differences between seedbeds may have been less important than the

activities of herbivores and pathogens. Lower levels of

photosynthetically active radiation beneath vegetation may also have

increased the rate of mortality on undisturbed seedbeds.

Figure 7 also shows that with few exceptions, the coastal

survivorship curves show a steady decline in numbers of seedlings

through the growing season, whereas the interior curves are

punctuated by sharp drops in seedling numbers. This feature is

common to both clearcuts and forests. It suggests that conditions

for seedling survival are more stable at coastal sites than in the

interior, where unfavorable conditions may develop rapidly.

Seedlin Establishment

Seedling establishment was measured as the number of seedlings

that survive to the end of the first growing season for every 100

viable seeds sown on caged subplots. This variable thus takes into

account both the rate of seedling emergence, and the rate of seedling

survival. It does not consider seed predation by rodents and birds.

There was no seedling establishment on N or D plots in either

clearcut or forest at the interior sites (Table 5). seedling

emergence was moderate or low relative to coastal study sites, and
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mortality occurred rapidly in both years. Because no seedlings

survived, I was unable to determine the minimum number of seeds

required to establish one seedling under any of the interior study

conditions. It was evidently more than 1700 seeds.

At the coastal sites, establishment ranged from nil on

undisturbed forest seedbeds to a high of 14.1 percent on disturbed

north-facing clearcut seedbeds. In the forest, it seemed that

establishment rates on disturbed seedbeds (0.04 - 0.8%) were higher

than those on undisturbed seedbeds (0 in all cases) because both

emergence and survival were somewhat higher on mineral soil.

However, the establishment rates were too low for differences between

seedbeds to be statistically significant (p = 0.17 at CS; p - 0.13 at

cN).

Establishment on the Cs clearcut ranged from 0.7 to 2.]. percent

of seed sown. This was significantly lower than rates on the cN

clearcut (2.3 - 14.1%; p = 0.003), where both emergence and survival

tended to be higher than at CS. Exposure of mineral soil did not

increase the rate of seedling establishment except at cN in 1987 (p =

0.04). In this instance, there was higher establishment on the

disturbed seedbeds because more seedlings emerged (Table 4), not

because disturbed seedbeds provided better conditions for seedling

survival (Table 5).

The establishment rates presented in Table 5 are based on seeds

protected from predation by rodents and birds. If a mean seed

predation rate of 55 percent is assumed for the coastal sites (Table

. 3), then the first-year establishment rate, averaged over the two
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years of the study, drops to 0.07 percent overall in coastal forests

(one seedling per 1434 viable seeds sown), 0.55 percent on the Cs

clearcut (one seedling per 181 seeds) and 3.1 percent on the N

clearcut (one seedling per 32 seeds).
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CHAPTER II: FATE OF SEEDS EXPERIMENT

Results of the seedhed experiment indicated that there were major

differences in seedling emergence between disturbed and undisturbed

seedbeds. They also suggested that under clearcut and forested

conditions, different ecological factors operate to control seedling

emergence. One way of understanding these differences in seedling

emergence is to examine what happens to seeds that fail to emerge.

Seeds that fail to become seedlings can meet one of three fates: (1)

they can germinate but die shortly thereafter, before reaching the

soil surface, (2) they can remain viable but dormant within the

forest floor, or (3) they can lose their viability or be consumed by

seed predators.

The seedbed experiment looked at one aspect of this problem,

vertebrate seed predation, by examining the difference in emergence

on caged and uncaged subplots. However, the rate of vertebrate seed

predation was inversely related to the rate of seedling emergence

observed under the variouá environmental conditions created in the

experiment; there was almost twice as much predation on disturbed

seedbeds as on undisturbed seedbeds, yet disturbed seedbeds still had

far more emergents than undisturbed seedbeds. Clearly, factors other

than vertebrate seed predation are responsible for differences in

seedling emergence.

The objectives of this second experiment were to determine how

well seedling emergence, as measured on caged subplots, reflected

actual seed germination, and to discover the fate of seeds that

failed to emerge.



I hypothesized that:

a substantial proportion of the seeds that germinate do not
actually emerge at the seedbed surface, but that emergence
rates are nonetheless a good index of seed germination.

more seeds remain viable, but dormant, in the forest than in
clearcuts, because light conditions in the forest understory
inhibit seed germination (Bormann 1983).

more seeds are lost to decay or invertebrate predation on
undisturbed organic seedbeds than on disturbed seedbeds with
exposed mineral soil.

The experiment was carried out in 1987 in the clearcut and forest

at the IN and cii sites. It was designed to reproduce the

microenvironment of the caged subplots within a container that could

be removed from the field to allow seeds and germinants to be

examined closely in the laboratory.
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METHODS

Construction and Installation of Germination Containers

Eighty germination containers were constructed from sections of

polyvinyl chloride (PVC) pipe 8 cm in diameter and 5 cm in length. A

piece of fine nylon mesh was glued to the base of each cylinder.

Within each clearcut or forest, ten containers were randomly

allocated to each of the two seedbed treatments (N and D). A core of

forest floor was removed from the plot and placed intact into the

container. The container was buried in the soil with its upper rim

protruding 1 cm above the soil surface to prevent seeds from washing

out. Fifty seeds of the 1985 Woods Creek seedlot (germination

capacity 95%) were sown into each container at the IN site; seventy

seeds of the 1985 Siletz seedlot (germination capacity 74%) were sown

into the containers at the CN site. A protective cage made of 6 mm

plastic mesh (8 cm square, 6 cm in height) was staked over each

germination container to exclude rodents and birds.

The containers were installed and sown on the same date as the

caged subplots in late January, 1987. seedlings (with the empty

seedcoat, if possible) were extracted from the containers as they

emerged. The containers were removed from the field after no further

emergence was observed for a period of two weeks. Containers on

clearcuts were removed on April 27, 1987 (IN) and May 8, 1987 (ON)

after 95 days in the field. Containers from the forest were removed

on June 9, 1987 (IN) and June 19, 1987 (CN) after 142 and 137 days in

the field respectively.



Laboratory Procedures

The containers were kept refrigerated at 1 - 4°C until being

processed in the laboratory. Seeds were retrieved from each layer in

a three-stage process that included (1) a preliminary visual

inspection, (2) separation of the soil by sieving, and (3) separation

of organic matter and mineral soil by flotation in tap water.

Seeds were inspected under a dissecting microscope and assigned

to one of the following categories: 1) seedling emerged (split, empty

seedcoat) --this category also includes seedlings removed in the

field; 2) germinated but not emerged (dead radicle protruding); 3)

apparently viable; 4) not viable (embryo visibly deteriorated); 5)

partially consumed by invertebrate predators; or 6) other (embryo

crushed or otherwise physically damaged -usually by handling). The

apparently viable seeds (Category 3) were transferred to a

germination chamber to determine their viability. Seeds that

germinated in the chamber were retained in Category 3 as viable but

dormant.

Seeds that failed to germinate in the laboratory chamber were

assigned to Category 4 (not viable). Most of these seeds had visibly

deteriorated embryos or were covered in fungal myce].ia. However,

some seeds were unfilled. To take into account unfilled seed and

those that lost their viability before the experiment began, I

reduced the total number of seeds in this category by a factor based

on the original viability of the seedlot. The adjustment requires

two assumptions: (1) that empty seeds were just as likely to be
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recovered from the field as viable seeds, and (2) that only viable

seeds were consumed by invertebrates.

Data Analysis

I calculated total numbers of seeds in each category by combining

results from all 10 containers receiving the same treatment. Then I

grouped the results into three new categories for data analysis: (a)

germinated seed (Category 1 + category 2); (b) viable dormant seed

(Category 3); and (c) seed lost to predation and decay (Category 4 +

Category 5). Category 6 (other) was omitted from the analysis

because less than 0.6 percent of all seeds fell in this category.

To determine if seedling emergence is a good index of seed

germination, I used Spearman's coefficient of rank correlation

(Sincich 1985) to test the strength of the relationship between

rankings of treatments based on emergence values and those based on

total seed germination. I also compared the ranking of total germ-

ination with emergence results from the seedbed experiment in 1987.

To test the second and third hypotheses, I first used the

Chi-square statistic in a contingency table analysis to test whether

the effects of site, forest cover, and seedbed disturbance on seed

fate were independent of one another, then carried out separate

contingency table analyses for each combination of treatment and site

to determine whether the amount of viable seed was independent of

forest cover and whether seed loss to predators and pathogens was

independent of seedbed dIsturbance (Snedecor and Cochran 1967).

50



RESULTS AND DISCUSSION

Seed Recovery

Table 6 summarizes seed recovery within each set of 10

germination containers. Seed recovery ranged from a high of 86.6

percent to a low of 35.0 percent. The three main reasons for failure

to recover seeds (listed in order of apparent importance) are: (1)

seeds washed out of the top of containers; (2) seeds completely

consumed by invertebrate predators; and (3) seeds not detected during

laboratory analysis. There was no evidence that rodents or other

vertebrate seed predators were able to remove seed from the

containers. Seed recovery was lower on D plots than on N plots,

especially on the steep CN clearcut, presumably because soil erosion

and surface runoff were greater on D plots.

Figure 8(a-c) shows the number of seeds falling in each category,

expressed as a percentage of total seed recovered within each

treatment. Contingency table analysis indicated that the fate of

seeds depended greatly on the site and was affected by both forest

cover and seedbed disturbance (p < 0.001).

Relationship between Seedling Emergence and Seed Germination

Figure 8a shows total seed germination by treatment and site.

Both emerged seedlings and germinants that failed to emerge are

shown. Mortality of seedlings immediately after germination could be

caused by a variety of factors including desiccation, frost,
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Table 6. Seed recovery from the germination containers. A total of
500 seeds were sown in each treatment at the interior site, while 700
seeds were sown at the coastal site.

NOTE: Results shown are not adjusted to deduct seeds that were
not viable at the start of the experiment.

INTERIOR
No. of seeds Percent
recovered recovery

COASTAL
No. of seeds Percent
recovered recovery

0 CLEARCUT
N - No disturbance 351 70.2% 606 86.6%

D - Disturbed 269 53.8% 331 47.3%

FOREST
N - No disturbance 380 76.0% 525 75.0%

D - Disturbed 360 72.0% 245 35.0%
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Figure 8. Fate of seeds in the germination containers, expressed as a
percentage of the total seed recovered. Data are adjusted to account for seeds
that were not viable at the start of the experiment. 8(a) shows total
germination including emerged seedlings and germinants that failed to eserge.
8(b) shows the percentage of seeds that remained viable at the end of the
experiment. 8(c) shows the loss of seed viability through deterioration and
decay of the embryo and invertebrate predation. Vertical lines at the top of
each bar represent 95% binomial confidence limits for total germination, viable
seed, and total seed loss.
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damping-off fungi, herbivory, or seeds being buried too deep beneath

beneath the soil surface. In most cases this mortality accounted for

less than 10 percent of recovered seed. However, on both the IN and

CN clearcuts, the percentage of seeds in this category was much

higher on disturbed seedbeds, averaging 27 and 34 percent

respectively. When emergence is compared to total germination, the

results indicate that in clearcuts, between 35 and 48 percent of

seedlings died shortly after germination, while in the forest, only 3

to 18 percent did likewise. The high incidence of failed germination

on clearcuts was probably due to hot, dry weather occurring just as

seedlings were beginning to emerge (i.e. desiccation). Within the

humid, shaded forests, hot, dry weather conditions had less impact on

early survival of germinants.

If a relatively accurate measure of seed germination is desired,

a count of seedling emergence in the field is clearly

unsatisfactory. In this experiment, such a count would have

underestimated actual germination by anywhere from 3 to 48 percent.

However, Spearmann's rank correlation coefficient indicates there is

a very high correlation between the ranking of treatments based on

emergence data and that based on actual germination counts (r5 =

0.98; p < .001). Total germination is also significantly correlated

with 1987 emergence results in the seedbed experiment (r5 = 0.67; p

= 0.04; compare Figure 8a with Table 4). These results suggest that

if only gross trends are of interest, ecologically important

differences in seed germination can be detected by a count of

seedling emergence alone. For example, it should be safe to conclude

from the emergence data presented in Table 4 that in 1986 there was

more germination on D plots than on N plots on interior clearcuts.



Dormant Viable Seed in Forests and Clearcuts

The percentage of viable dormant seed found on each treatment and

site is summarized in Figure 8b. Results of the contingency table

analysis are equivocal, but tend to confirm Bormann's (1983)

hypothesis that germination of viable seed will be inhibited by the

presence of a forest canopy. At the IN site on N plots, there was no

significant difference in the amount of viable seed between the

forest and the adjacent clearcut (5.5% vs 7.5%, p 0.21). On D

plots there was slightly more viable seed in the forest (24.6% vs

18.8%, p - 0.051). At the CN site, the forest had 2.5 to 7 times

more dormant viable seed than the adjacent clearcut and the

difference was highly significant on both N and D plots (23.3% vs

3.3% on N plots, p < 0.001; 13.9% vs 5.9% on D plots, p = 0.003).

The disparate results at the IN and cN sites may reflect

differences in forest composition. The IN forest is a pure

Douglas-fir stand with relatively sparse understory vegetation. The

N forest is an alder stand with a vigorous undergrowth of swordfern

and other forbs. Effects of such differences in stand composition on

seed germination are considered in detail in Chapter III.

Effect of Seedbed Disturbance on Seed Decay and Predation

Figure 8c shows percentages of seeds either partially consumed by

invertebrates or lost through decay and deterioration of the embryo.

The results clearly support the hypothesis that loss of seeds to

predators and pathogens is greater on undisturbed seedbeds than on
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disturbed seedbeds. This relationship holds in both clearcuts and

forests and at both the EN and CN sites (p < 0.001 in all cases).

Overall, more than 60 percent of the seeds on undisturbed organic

seedbeds appear to have been lost to soil organisms, whereas just 20

percent of seeds were lost on mineral soil seedbeds.

Invertebrate seed predation was greater on N plots than D plots

throughout the experiment. At the IN clearcut, for example, more than

51 percent of the seeds on the N plots were partially consumed by

invertebrates, while only 3 percent of seeds on D plots were eaten.

If anything, these results underestimate the true magnitude of seed

predation, since only those seeds from which fragments of the seedcoat

or pericarp could be recovered were included in the analysis.

The evidence regarding pathogen activity on N and D plots is less

certain. The amount of seed lost to decay varied considerably, and in

the IN forest was actually slightly higher on D plots (19% on N vs 22%

on D). Loss of viability in some seeds may also have been caused by

factors other than pathogen activity. For example, McVean (1955)

found that repeated wetting and drying caused 5 to 6 percent loss of

viability in seeds of Alnus glutinosa. His experiment was not carried

out in a sterile environment. Experimental work on a wide variety of

plant species, summarized by Harper (1977), indicates that pathogens

are the primary cause of seed destruction in seeds protected from

predation. Still, seed viability declines steadily in the absence of

pathogens because of mutations and irreversible biochemical changes.
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Nonetheless, the evidence strongly indicates that combined losses

to all types of seed-destroying organisms are greater on undisturbed

organic seedbeds than on bare mineral soil. These results partly

explain why emergence rates are higher on disturbed seedbeds than

undisturbed seedbeds in most environments. The rapid destruction of

seeds in this experiment also suggests that red alder seeds are

unlikely to remain viable for extended periods in the undisturbed

forest floor.



CHAPTER III: EFFECT OF CANOPY LIGHT ON SEED GERMINATION

The purpose of this set of experiments was to examine the effect

of light filtering through a forest canopy or seedbed on the

germination of red alder seed. I wanted to test the findings of

Bormann (1983) under field conditions and to determine whether the

light sensitivity of alder seed could help to explain patterns of

seedling emergence observed in the seedbed experiment.

Bormann (1983) found that red alder seed is light sensitive.

Seeds kept in complete darkness have very low rates of germination

and the rate increases steadily as the amount of light increases.

However, light saturation is reached after as little as five minutes

of bright white or red light. Borinann also demonstrated that alder

seed germination is phytochrome-mediated: red light stimulated seed

germination, far-red light inhibited it, and the effect could be

reversed by alternating light treatments. He was able to simulate

the far-red effect by using a red alder leaf as a light filter. A

one-leaf filter caused a slight, but significant reduction in seed

germination. A two-leaf filter substantially inhibited seed

germination. In contrast, a filter made of Douglas-fir needles

.
significantly increased seed germination.

A forest canopy not only reduces the intensity of light reaching

the forest floor but affects light quality by differentially

absorbing and reflecting light of various wavelengths. Under open

conditions, red light (650 - 700 nm) predominates over far-red

wavelengths (700 - 750 nm), with the ratio of red to far-red light

energy averaging between 1.3 to 1.5 on a clear day (Vezina and
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Boulter 1966; Atzet and Waring 1970). Under a deciduous forest

canopy the red to far-red ratio drops substantially because

broad-leaved foliage selectively absorbs red light and substantially

increases the proportion of far-red light. For example, Vezina and

Boulter (1966) recorded a red/far-red ratio of 0.2 under a maple

canopy. Coniferous forest canopies have a much less marked effect on

the quality of incoming radiation. Although they consistently

increase the proportion of far-red light over that found in the open,

they have a relatively minor effect on the proportion of incoming red

light. Red/far-red ratios measured under coniferous forest canopies

by Vezina and Boulter (1966) and Atzet and Waring (1970) ranged

between 0 6 and 1 0.

The relatively low rates of seedling emergence observed in the

two coastal forests, especially at CN, could thus be related to

presence of red alder in the forest overstory. Because differences

in seedling emergence between coastal and interior forests were

especially noticeable on N plots (Table 4), and because most seedling

emergence takes place before overstory foliage has fully leafed out,

I hypothesized that understory vegetation and forest floor layers

(litter or moss), could also influence seed germination through the

phytochrome reaction.
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METHODS

Two experiments were conducted for the present study: a

laboratory experiment and a field experiment. The 1985 Woods Creek

seedlot (germination capacity 95%) was used for both experiments.

Laboratory Experiment

Before carrying out the field trial, I repeated the first

experiment of Bormann (1983) in the laboratory to determine whether

the seed was phytochrome active. Sixty petri dishes containing 50

seeds each were placed in complete darkness for 24 hr to allow seeds

to imbibe water. Ten petri dishes were then randomly allocated to

S each of the six light treatments described in Table 7. The light

treatments were produced using Corning plexiglass filters (red light:

650 nm; far-red light: 750 nm) with two 15 watt cool white

fluorescent tubes for the white and red light treatments and one 75
S

watt incandescent bulb for the far-red treatment. The seeds were

transferred in darkness to a germination chamber and left to

germinate in complete darkness for 14 days.

Field Experiment

S One hundred and twenty six petri dishes were sown with 50 seeds

each. The seeds were sown on a thick germination pad moistened with

30 ml distilled water. The dishes were sealed with tape, surrounded

with clear polyethylene wrap to prevent moisture loss, then placed in.
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TREATMENT

No light
5 minutes white light
5 minutes red light
10 minutes far-red light
5 mm. red light followed by 10 mm. far-red light
10 mm. far-red light followed by 5 mm. red light

61

Table 7. Light treatments used in the laboratory experiment to test
for light sensitivity and phytochrome activity in the 1985 Woods
Creek seedlot (after Bormann (1983)).
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sealed steel cans to exclude light. The seeds were allowed to imbibe

water for 24 hrs before being transferred to the field.

Six new sites were selected for the field experiment, three in

the Woods Creek area within 1 km of IS and IN, and three at Siletz

within 2 km of CS and CN. Each site consisted of (1) a recent

c].earcut 1 to 3 yrs old, (2) an adjacent stand of pure Douglas-fir,

and (3) an adjacent pure red alder stand. Within each of these three

overstory treatments I created seven understory or seedbed

treatments:

Control: dishes kept in complete darkness in steel cans.

Bare: dishes placed on bare soil surface with no
overtopping understory vegetation.

Buried in soil: dishes buried 1 cm deep beneath bare soil
surface with no overtopping understory vegetation.

Buried in litter: dishes buried beneath approximately 3 cm
of loose alder, swordfern, and herbaceous litter. This type
of litter covers the forest floor within the cM forest.

Moss: dishes placed beneath healthy Stokesiella oregana moss
carpet. This moss covers the forest floor at the IS, IN and
CS forest sites.

Swordfern: dishes placed beneath a vigorous plant of
Polystichun munitum. This evergreen fern is a dominant
component of the forest understory at both the interior and
coastal sites and is abundant in clearcuts as well.

Herbaceous vegetation: dishes placed beneath vigorous
herbaceous (non-evergreen) understory vegetation. The
species composition and leaf area of the vegetation varied
considerably among sites and stands.

The 21 overstory and understory treatment combinations were

chosen to reproduce the canopy and seedbed conditions of the seedbed

experiment in a way that allowed overstory and understory effects on

seed germination to be isolated from one another. Note that
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understory treatments 2 and 3 simulated light conditions on disturbed

mineral soil seedbeds (D plots), while treatments 4 to 7 simulated

conditions on undisturbed seedbeds (N plots).

The petri dishes were placed in the field on May 1-2, 1987 and

retreived on June 6, 1987. To ensure that temperature differences

among sites and treatments did not prevent some seeds from

germinating, the petri dishes were retrieved from the field at night

and placed in steel cans. They were transferred to a germination

chamber and kept in complete darkness for 12 days before the

germinants were counted. Seeds that germinated in the field were

readily distinguished from those germinating in the chamber by the

age and coloration of germinants.

Data Analysis

The laboratory experiment was a completely randomized design with

10 replications of 6 treatments. The field experiment was a 2-factor

split plot arranged in a randomized complete block design with 6

replications of the 21 overstory X understory treatment

combinations. In both experiments, ANOVAs were carried out on

arcsine-transformed germination percentages and orthogonal contrasts

of the means were used to test for differences among treatments.

For the field experiment, separate ANOVAs were carried out for

seedlings that germinated in the field and for the combined total of

field plus chamber germination. In both cases, the complete data set

was analysed to test for the significance of the controls. Controls



were then removed from the data set and a set of 1.7 mutually

orthogonal contrasts was constructed to test various hypotheses

concerning treatment effects.
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RESULTS AND DISCUSSION

Results of the laboratory experiment indicate a strong

phytochrome effect. Germination was extremely low in the absence of

light (1.0% on average) and completely inhibited (0.0% in all cases)

when far-red light was the final treatment (Table 8). Exposure to a

short period of white or red light resulted in near complete

germination (between 84.6% and 87.1%) and reversed the effect of

far-red light. The results are similar to those obtained by Bormann

(1983) but more dramatic, suggesting a higher degree of phytochrome

sensitivity.

In the field experiment, a substantial amount of seed germinated

during the 12 days in the germination chamber, particularly in

experimental units that were heavily shaded. However, when the

analysis of field germination was compared with the analysis of total

germination, the conclusions drawn from the data were identical. The

major difference between the two sets of germination data was the

reduced variation within treatments (i.e. from block to block) when

total germination was considered. For this reason, I present only

total germination data here. These data represent the potential for

alder seed germination when moisture and temperature conditions are

highly favorable and seeds are protected from predation and

pathogens. In such controlled circumstances, only the light

conditions imposed by the various overstory and understory treatments

are limiting to germination.
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Table 8. Results of laboratory experiment to test for light
sensitivity and phytochrome activity in the 1985 Woods Creek seedlot.
(NlO for each observation).

PERCENT GERMINATION
Current Study Bormann (1983)

TREATMENT Mean (S.D.) Mean

No light 1.0 (1.3) 1.0

5 minutes white light 87.1 (3.2) 22.8

5 minutes red light 84.6 (7.0) 29.3

10 minutes far-red light 0.0 (0.0) 1.4

5 mm. red light followed by 10 mm. 0.0
far-red light

(0.0) 3.2

10 mm. far-red light followed by 5 mm. 84.9
red light

(7.6) 16.1

Standard error (untransformed): 1.4
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Mean germination in the various treatments is presented in Table

9 and results of contrasts of means are summarized in Table 10.

Although the effect of understory treatments was influenced somewhat

by the nature of the overstory (p = 0.013 for the overstory X

understory interaction), the independent effects of both overstory

and understory were highly significant (p < 0.0001 for both) and can

not be overlooked.

Germination of seeds kept in complete darkness (control

treatments) was poor for all three overstory treatments (4.8% on

average), but was highest in clearcuts (11.4%) and lowest in alder

stands (0.0%). Perhaps some clearcut seeds were able to germinate in

darkness because they were subjected to higher temperatures and

larger diurnal temperature fluctuations than seeds in Douglas-fir or

alder stands (see e.g. Figure 1). Similar temperature-related

phenomena have been observed in other plant species with

light-sensitive seed germination, including Alnus crisa and p.

tenuifolia (Densmore 1979). In any case, the difference in emergence

among controls was not statistically significant (p = 0.7115).

Overall germination, regardless of understory treatment, was

highest in clearcuts (78.2% on average) and lowest in alder stands

(13.7% on average). In general, germination was highest when seeds

were on a bare soil surface. A cover of understory vegetation,

litter, or soil significantly reduced germination (p < 0.004 for all

three types of overstory). A 1 cm layer of soil appeared to be less

inhibiting to germination than a layer of vegetation or litter but

differences were not significant at the 0.05 level for any of the

overstory treatments.
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included)
Standard errors for comparing means (untransformed, control not
included):

Overstory means: 2.1
Understory means: 2.2
Overstory X Understory means: 3.8

Table 9. Mean germination percent in the canopy light experiment.
Means include both field germination and subsequent germination in
darkness in the germination chamber (n=6 for each observation).
Figures in brackets are standard deviations.

OVERSTORY COVER UNDER-
STORY

UNDERSTORY COVER C].earcut Fir Stand Alder Stand MEANS

Control -sealed cans 11.4 (9.3) 3.0 (6.4) 0.0 (0.0) 4.8

Bare - no understory 95.4 (4.1) 93.4 (7.1) 47.0 (22.0) 78.0

Buried in soil 87.0 (15.2) 59.0 (25.0) 20.0 (18.9) 55.3

Buried in litter 94.0 (1.8) 47.4 (15.9) 7.4 (6.8) 49.6

Moss 80.6 (31.5) 43.4 (18.5) 2.6 (3.5) 42.2

Swordfern 72.0 (37.0) 41.4 (11.0) 3.4 (5.3) 38.2

Herbaceous vegetation 41.0 (29.0) 46.4 (26.0) 1.6 (4.1) 29.6

OVERSTORY
MEANS (control not 78.2 54.8 13.7 48.9



Table 10. Results of contrasts of means in the light germination
experiment. P-values of tests are from arcsine-transformed
germination data.

CONTROLS:
Do the controls differ with overstory cover?

Is germination lower in the controls than
in seeds exposed to natural light?

OVERSTORY COVER MEANS:
Is germination higher in clearcuts than in
Douglas-fir or alder stands?

Is germination higher in Douglas-fir stands
than in alder stands?

No 0.7115

Yes 0.0001

Yes 0.0001

Yes 0.0001

OVERSTORY X UNDERSTORY MEANS:
CLEARCUTS

Concl. P-value
FIR STANDS

Concl P-value
ALDER STANDS

Concl. P-value

Is germination higher on bare ground than in
seeds covered by soil, litter, or vegetation? Yes 0.0037 Yes 0.0006 Yes 0.0001

Is germination higher in seeds buried in soil
than in those covered by litter or vegetation? Maybe 0.0728 Maybe 0.1734 Maybe 0.1273

Is germination higher in moss than in litter? No 0.3621 No 0.7627 No 0.7973

Is germination higher in moss and litter than
beneath swordfern or herbaceous vegetation? Yes 0.0037 No 0.8377 No 0.8192

Is germination higher beneath swordfern than
beneath herbaceous vegetation? Yes 0.0001 No 0.6047 No 0.9143

CONTRAST CONCLUS ION P-VALUE
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In clearcuts, understory vegetation did not appear to cause a

substantial reduction in germination unless it was very dense or

continous. For example, germination averaged between 72 and 94

percent beneath swordfern, litter, and moss compared to 95.4 percent

on bare soil. Yet under dense herbaceous vegetation, mean

germination was only 41 percent, significantly lower than the 72

percent under swordfern.

In Douglas-fir stands, differences in the nature of the

understory did not seem have a significant effect on germination.

Litter, moss, swordfern and herbaceous vegetation all produced

similar rates of germination (between 41.4 and 47.4%), but these were

substantially lower than the rate on bare soil (93%). The herbaceous

vegetation in Douglas-fir stands generally had a lower leaf area than

in the adjacent clearcuts; this may be the reason why reduction in

germination was less pronounced than in the clearcut.

In alder stands, seed germination was poor regardless of

understory conditions, but was especially inhibited where an

understory layer of organic matter or vegetation was present in

addition to the broad-leaved overstory (p = 0.0001). The combination

of alder overstory plus additional understory layers produced the

lowest rates of germination apart from the control (between 1.6 and

7.4%).

In general, these field results support the laboratory results of

Bormann (1983) and my own laboratory data, showing that red alder

seed germination decreases with decreased light intensity and that

light conditions under broad-leaved vegetation significantly inhibit
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seed germination. Bormann's finding that germination drops off

rapidly where there is more than one layer of leaves filtering out

sunlight is also supported. There appears to be a threshold level in

the red/far-red ratio below which germination rates are substantially

inhibited. This threshold may not be approached in large forest

openings such as clearcuts, unless shrub and herbaceous vegetation is

very well developed. Equally, an overstory of Douglas-fir needles

alone does not create light conditions below this threshold, thus

high rates of seed germination are possible when areas of mineral

soil are exposed beneath Douglas-fir stands.

In Bormann's experiment, a layer of Douglas-fir needles increased

seed germination over that produced by full sunlight. In the present

study both full sunlight and an overstory of Douglas-fir needles

produced near-complete germination. However, Bormann's seeds were

exposed to just 1 hr of daylight, whereas those in the present study

received naturally fluctuating light conditions for more than one

month and probably easily satisfied their complex light requirements.

Under natural conditions, most alder germination takes place

while the leaves of deciduous tree and shrub species are just

beginning to expand. Thus the reduction in germination is unlikely

to be as pronounced as in this experiment, carried out in May.

However, many understory herbs emerge early in the growing season,

before the alder canopy has developed. Furthermore, the presence of

moss, litter and evergreen plants such as swordfern will tend to

reduce germination on undisturbed seedbeds. Later in the growing

season, a broadleaved vegetation canopy will act to inhibit seed

germination even when soil moisture is adequate.



CHAPTER IV: GENERAL DISCUSSION AND SYNTHESIS

The Role of Disturbance in Seed Germination and Seedling Emergence

Chapters I to III examined the effect of two aspects of forest

disturbance, removal of a forest canopy, and exposure of a mineral

soil seedbed, on red alder seed germination and seedling emergence.

It is apparent that under field conditions, a variety of factors,

including light conditions, the temperature and moisture properties

of the seedbed, and the activities of seed predators and pathogens,

interact to control seed germination and seedling emergence.

effects of Forest Canov Removal

Results of the seedbed experiment indicate that removal of a

forest canopy, in and of itself, does not generally cause an increase

in seedling emergence. Although the highest rates of seedling

emergence were found on a clearcut site (CN), at three other sites

emergence rates on comparable seedbeds were no higher and often lower

in the clearcut than in the adjacent forest (Table 4). On average

there was no difference in seedling emergence between clearcut and

forest.

The failure of forest canopy removal to stimulate an increase in

seedling emergence apparently results from the interaction of

moisture and light requirements. On clearcuts seedling emergence was

related to spring soil moisture (Figures 5 and 6). The highest

emergence rates were found on a clearcut with a moist, equable
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climate (CN), while the lowest rates occurred on the driest, hottest

clearcuts (IS and IN). In forests, this was not the case. There,

the lowest rates of emergence were found on the moist, cool CN site

(Figure 6).

The canopy light experiment demonstrated that when moisture

requirements for germination are satisfied, removal of a forest

canopy can significantly increase seed germination (Tables 9 and

10). The nature of the forest canopy is also important. Alder

canopies inhibit germination to a greater extent than Douglas-fir

canopies, and dense understory vegetation layers have an additional

inhibitory effect, probably because of their effect on light quality.

The fate of seeds and canopy light experiments help to interpret

some of the irregularities of the seedbed experiment. At the two

Interior sites, forest canopy removal did not increase seedling

emergence (Table 4) because the forest overstory was Douglas-fir and

the understory was relatively sparse. The cool moist

microenvironment of the forest was more favourable for seed

germination than the alternating wet and dry conditions of the

clearcuts, especially during the hot, dry spring of 1987. At the

Coastal sites, particularly CN, the alder overstory and dense

understory vegetation caused greater inhibition of seed germination

in the forest. Nonetheless, only the north-facing clearcut was

sufficiently moist to allow higher rates of seedling emergence than

occurred in the forest.
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Differences in alder seedling emergence between forest and

clearcut can thus be explained without taking into account the role

of seed predators and pathogens. In general, I was unable to

demonstrate any difference in seed losses to predators and pathogens

between clearcuts and forests. In the fate of seeds experiment,

invertebrate predation and pathogen activity varied greatly between

sites and there were considerable interactions between seedbed and

forest cover (Figure 8c). In the seedbed experiment, vertebrate

predation did not differ at all between clearcut and forest (p =

0.96). This result was unexpected since populations of deer mice

(eroavscus maniculatus) --thought to be the primary alder seed

predators (Fowells 1965)-- and other seed-eating mammals and birds

are known to increase rapidly following clearcutting (Hooven 1953;

Tevis 1956; Hagar 1960). However, other potential seed predators

such as shrews (Sorex trowbridgei) and red backed voles

(Clethrionmvs) are more abundant within uncut stands (Gashwi].er

1970). Seed predation studies of other Pacific Northwest hardwood

species have shown variable effects of clearcutting on seed

predation. Tappeiner , . (1986) found that predation of tanoak

seed is greater in clearcuts than in young or old forests, but there

was no difference in predation of the smaller Pacific madrone seeds.

Fried (1985) could detect no difference in seed predation of bigleaf

maple between clearcut and forested conditions.
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effects of Seedbed Disturbance

Exposure of a mineral soil seedbed will increase seedling

emergence, whether or not it is accompanied by removal of the forest

canopy. Under highly favourable conditions, (i.e. continuously moist

environments without a deciduous overstory) high rates of seed

germination can occur on organic seedbeds (Tables 4 and 9; Minore

1972); however, Sunder the predominant environmental conditions of the

study, there was greater emergence on mineral soil seedheds. Here

again, there appears to be a complex interplay of factors affecting

seed germination and seedling emergence.

The canopy light experiment demonstrated that light plays an

important role in stimulating seed germination on disturbed

seedbeds. Seeds lying on a bare soil surface had higher rates of

germination than seeds covered with litter, moss, or broad-leaved

evergreen or deciduous vegetation (Tables 9 and 10). Even seeds

buried 1 cm beneath the soil surface tended to germinate more readily

than those covered by vegetation.

However, light alone can not explain the difference in seedling

emergence between disturbed and undisturbed seedbeds. For one thing,

I did not find large amounts of dormant, viable seed on undisturbed

seedbedg (Figure 8b). For another, emergence on undisturbed seedbeds

at the IS and IN forests and CN clearcut dropped dramatically between

1986 and 1987, but the disturbed seedbeds were less affected (Table

4). Since light conditions are unlikely to have changed from one

year to the next, other factors, presumably influenced by weather,

must have been involved.



Differences in soil moisture between undisturbed and disturbed

seedbeds (Figure 3) fail to account for variation in seedling

emergence. Because evaporation of soil water is reduced by a layer

of vegetation and organic debris, the undisturbed seedbeds had

consistently higher soil moisture contents and lower tensions during

the period of seedling emergence. Lack of good correlation between

seedling emergence and soil moisture content on undisturbed seedheds

does not mean that moisture is unimportant for seed germination.

Instead, it suggests that the water content of the mineral soil layer

is a poor index of the moisture conditions faced by a seed that is

not in close contact with mineral soil. While a layer of moss and

humus may insulate the soil against rapid moisture loss, the organic

layer itself is subject to considerable fluctuations in moisture

content (Baker 1950). Under such conditions seed germination is

likely to be poor. McVean (1955) demonstrated that seeds of Alnus

alutinos are sensitive to even minor changes in water availability,

and I have observed the same phenomenon in the laboratory with red

alder. Continuously moist conditions with relatively minor

fluctuations in temperature and evaporative potential are probably

necessary for high rates of red alder seedling emergence on organic

seedbeds.

Exposure of a mineral soil seedbed has a decided effect on seed

predation and pathogen activity. Seed predation by small mammals and

birds was much higher where mineral soil was exposed (Table 3). The

higher predation rate may reflect the fact that predators can forage

more efficiently for alder seeds on bare, freshly exposed mineral

soil than among vegetation and organic debris. For example, Hagar

(1960) observed that juncos (Junco hyeinalis) typically forage for
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tree seed in skid roads and other areas of open ground. This

phenomenon, while interesting, certainly does not explain the

. abundance of red alder seedlings on mineral soil seedbeds.

In contrast, damage by seed-eating insects and other organisms

that destroy alder seed is clearly reduced on newly exposed mineral

soil (Figure Sc). Invertebrate predation of alder seeds averaged

four times higher on undisturbed seedbeds than on disturbed

seedbeds. Loss of seeds through decay was also higher on most

undisturbed seedbeds. High rates of invertebrate seed predation and

microbial activity may be responsible for the virtual absence of

seedlings on some undisturbed seedbeds, and the failure of seeds to

persist within a seedbank.

Poor emergence on undisturbed seedbeds in 1987 relative to 1986

may also have been caused by differences in insect phenology and

activity between the two years. I have some indirect evidence to

support this claim: in an unreported experiment, I placed

polyethylene covers over germination chambers with the intent of

creating a moist, warm environment conducive to seed germination.

S
The covers did not prevent the organic layers from drying out.

Instead, their principal effect on undisturbed seedbeds was to

increase rates of seed predation to more than 80 percent. There was

no corresponding increase in seed predation on disturbed seedbeds (S.

S Haeussler, unpublished data).

S



The Role of Disturbance in Seedling Survival

While forest canopy removal is apparently essential for long-term

survival of red alder, Ruth (1967) found that young seedlings showed

a surprising tolerance of shade and could survive the first growing

season under as little as 2.3 percent of full sunlight. Complete

removal of all shade created excessively harsh conditions for

seedling survival in both Ruth's (1967) study and at the IS, IN, and

Cs sites in my study.

At the Interior sites, neither clearcut nor forest conditions

were adequate for first-year survival, but forest seedlings survived

longer because canopy shade protected them against desiccation and

heat injury until late in the growing season when soil moisture

dropped below the permanent wilting point. At the Coastal sites,

conditions within the clearcut were more favourable to seedling

survival than those in the forest understory because neither

temperature nor moisture conditions were so severe as to kill all

seedlings. Clearcut seedlings were less likely succumb to decay

fungi, either because pathogens were less abundant in clearcuts, or

because the greater vigour of seedlings growing in the open imparted

more resistance to decay (Baker 1950). Mortality due to herbivores

also appeared less important under clearcut conditions.

The effects of soil disturbance on seedling survival depended on

whether seedlings were growing in clearcuts or forests. In the

forest, some soil disturbance appears to favour first-year survival.

Early in the growing season, alder germinants are common on a wide

variety of organic seedbeds in forests of the central Coast
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Range of Oregon. By late summer moSt are gone, and seedlings from

previous years are almost nonexistent (S. Haeussler, unpublished

observations; Canton 1987). In this study, only one forest seedling

(growing on decayed wood in an uncaged subplot) survived a full

growing season on an undisturbed seedbed. In contrast, up to 20

seedlings remained alive on mineral soil seedbeds. My results

suggest that this reflects not only low rates of emergence on organic

seedbeds, but also a differential effect of seedling mortality.

Because a high percentage of seedling mortality is caused by

pathogens and herbivores, seedlings on organic seedbeds die more

rapidly than those on mineral soil. Low levels of photosynthetically

active radiation beneath understory vegetation and litter may also

help to speed mortality on undisturbed seedbeds.

In clearcuts, exposure of mineral soil did not enhance first-year

seedling survival. On the north-facing Coastal clearcut, exposure of

mineral soil had no apparent effect on seedling survival. On the

south-facing slope, bare mineral soil seedbeds lacked the shade

necessary to protect seedlings from heat injury and drought, the

primary causes of seedling mortality. Surface layers of mineral soil

were prone to dry out more rapidly without a cover of organic matter

or a shading layer of vegetation, and were subject to erosion and dry

ravelling. Many studies have shown that shading by ground vegetation

has a beneficial effect on early survival of tree seedlings (e.g.

Isaac 1938; Tappeiner and Helms 1971), and that this shading

overrides the negative effects of vegetative competition, at least

during the first growing season (Radosevich and Osteryoung 1987). It

remains to be seen whether red alder seedlings can emerge above this

protective cover of vegetation in subsequent growing seasons.



80

In the course of this research I informally surveyed many

recently clearcut areas within the western slopes of the Coast Range,

and found that red alder seedlings often become established in small

pockets of decaying wood or other organic materials within larger

areas of soil disturbance. Seedlings growing out from the shaded

side of decaying logs and chunks of bark are especially common on

south-facing slopes (Haeussler, unpublished observations). The

moisture conserving properties of litter and duff seedbeds will

apparently benefit seedling survival only if seedling roots rapidly

penetrate to mineral soil (Arnott 1973; Smith 1986). Litter and duff

layers on the study sites were typically shallow (1 - 3 cm in depth)

and seedling roots reached mineral soil shortly after emergence.

Two of the study plots on the Cli clearcut had 10 cm deep layers

of decaying wood overlying mineral soil. Available moisture on these

plots remained high throughout the growing season and seedling

survival was excellent. In moist, shaded environments, decaying wood

can act as a favourable seedbed for a wide variety of tree species,

apparently because it retains higher quantities of moisture than

litter and duff (Place 1950). However, even on decaying wood,

survival beyond the first growing season probably depends on the

seedling growing through the organic matter and into mineral soil;

alder seedlings completely rooted in decaying wood tend to be small

and chlorotic with poorly developed root systems (Ninore 1972;

Haeussler, personal observations).



Patterns of Red Alder Abundance Across an Environmental Gradient

As planned, the four study sites (IS, IN, CS, CN) represented a

climatic moisture and temperature gradient with conditions towards

the coastal end of the gradient becoming increasingly favourable for

red alder seedlings. Seedling emergence and first-year survival

across the gradient reflected natural patterns of red alder abundance

within the Coast Range landscape. Surface soil moisture content (0 -
5 cm depth) served as an adequate index of this climatic gradient

(Figures 5 and 6), although it failed to reflect subtle differences

in moisture availability between disturbed and undisturbed seedbeds

that may have had a profound effect on seedling emergence.

There was relatively little difference between the south- and

north-facing Interior sites, either in soil moisture or seedling

emergence and survival. Naturally established red alder is

completely absent in the vicinity of the IS site, but near the IN

site it is common in minor gullies and stream channels and on steeper

sections of the north-facing slope. Under the study conditions, the

microclimate at both sites was too harsh to permit seedling survival

either in the clearcut or the forest. Given the presence of red

alder in the landscape, some seedlings may have been able to

establish successfully, at least at the IN site, if weather

conditions had been cooler and wetter and the seedling

microenvironment had provided some relief from heat and moisture

stress without the extremely low light conditions that exist beneath

an undisturbed forest canopy. Examples of such a microenvironment

are the shaded strip along the forest/clearcut boundary (Smith 1986),

the understory of a heavily thinned Douglas-fir stand (Berg and
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Doerksen 1975), or small forest openings that may develop following

windthrow or other natural disturbances.

At the Coastal sites, milder climatic conditions enabled red

alder to establish under a broader range of forest cover and seedbed

conditions. This was especially true at the cN clearcut where high

rates of emergence and survival were possible even on organic

seedbeds (Table 4). This ability to establish under a wide range of

conditions is reflected in the abundance of red alder in the

landscape surrounding the CS and cN sites, where it occurs from

ridgetop to gully on all slopes and aspects. The study results

support silviculturaljsts observations that invasion of red alder is

particularly severe on north-facing slopes (Knapp . 1984).

.
Unlike the Interior forests, the Coastal forests remained

sufficiently moist to allow a few seedlings to survive the first

growing season in spite of their poorly developed root systems. The

absence of persistent red alder regeneration in Coastal forest

understories is probably more a reflection of poor light conditions

and intense pest and pathogen activity, than of competition for soil

moisture.



Ecological and Sii.vicultural Implications

Red alder, with its prolific production of tiny, windborne seed,

nitrogen-fixing capabilities, and potential for rapid early height

growth under favourable conditions, is an archetypal example of the

pioneer "strategy" among forest trees (Stettler 1978). As a pioneer

species, it requires disturbance to reproduce and grow to maturity,

and like most pioneers it has acquired a variety of adaptations that

tie seed dispersal, germination, and establishment of seedlings to

disturbances that create conditions favorable for growth and

reproduction (Canham and Marks 1985). In this study, I have shown

how two stages of the regeneration cycle, seed germination and

first-year seedling survival, are related to disturbance and how

factors that affect germination and survival may ultimately control

red alder abundance within the landscape.

Disturbance-cued seed germination is a phenomenon found in many

pioneer tree species (Brokaw 1985). Red alder seeds lack adaptations

such as after-ripening and a hard seedcoat that enable seeds of many

pioneer species to lie dormant for long periods of time between

disturbance events. But they are highly sensitive to the ratio of

red/far-red light. This sensitivity inhibits seed germination under

a dense canopy of broad-leaved vegetation, and stimulates it on newly

exposed seedbeds of bare mineral soil. It may permit short-term

storage of seeds in a forest understory so that a flush of

germination can occur when the overstory is removed and the forest

floor disturbed. It may also cue seed germination to the early

spring period when trees are not in leaf and abundant soil moisture

increases the likelihood of seedling survival. Long-term seed
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storage seems highly unlikely because alder seeds lack a hard

seedcoat and are highly susceptible to consumption and decay.

However, alder's high rates of seed production and wide dispersal

abilities (Fowells 1965) compensate for the short-term viability of

its seed.

In a silvicultura]. context, the light sensitivity of alder seeds

means that high rates of seedling emergence can occur in the first

spring following logging from seeds temporarily stored in the forest

floor. Because the seeds have only short-term viability, few

seedlings will emerge in subsequent years unless a seed source is

nearby. Applying site preparation techniques such as prescribed

burning or herbicides in the first growing season after logging

should greatly reduce alder establishment from the seed bank.

The ability of a species to establish in an undisturbed forest

understory is closely correlated with seed size (Salisbury 1942).

Unlike large-seeded Pacific Coast hardwoods such as bigleaf maple

(Fried 1985) or tanoak (Tappeiner J,. 1986), red alder lacks

sufficient seed reserves to permit root and shoot growth under low

light conditions. The tiny germinants are highly susceptible to

herbivory, fungi and rainsplash, and may be too fragile to penetrate

litter layers and resist mechanical damage and smothering by debris.

Results of this study support other research (Carlton 1987) and

silvicultural observations indicating that red alder does not

establish successfully under a forest understory and that development

of a persistent bank of seedlings (Grime 1979) is not part of its

regenerative strategy. This does not, however, preclude the
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establishment of red alder seedlings in the understory of stands that

have been heavily disturbed by selection logging or thinning (Berg

and Doerksen 1975), windthrow, or fire.

Most silviculturalists believe that exposure of mineral soil in

clearcuts creates optimum conditions for red alder survival. Results

of this study do not support those observations. Under the

conditions created in this study --loose uncompacted soil with no

sources of "dead" shade such as stumps, slash or logs, and very

little herbaceous vegetation-- bare mineral soil was too harsh an

environment for first-year seedlings except on a very sheltered

north-slope. In forestry operations, similar seedbeds are often

found in areas that have been severely burned (typically on

south-facing slopes), or on steep slopes with surface erosion and dry

ravelling. The more intense soil disturbance and compaction

associated with machine traffic creates quite a different

microenvironment for seedling survival and growth, and results of

this study should not be extrapolated to such conditions.

Kenady (1978) predicted that red alder should be one of the

easiest Pacific Northwest tree species to establish by either

artificial or natural seeding. While seed production should

certainly be adequate to meet reforestation needs (Worthington

1962), seed predation by both vertebrates and invertebrates is high,

and rates of establishment per viable seed sown appear lower than

those reported for coniferous species under similar climatic and site

conditions (Ruth 1967; Hermann and Chilcote 1965). In the relatively

harsh conditions of the two Interior sites, the range of habitats in

S which red alder can successfully become established is narrow, or
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specialized. Direct seeding or reliance on natural regeneration does

not seem to be a viable option unless special measures are taken to

ameliorate temperature and moisture stresses. In favourable climates

such as at cN, where alder can germinate and survive under a wide

range of conditions, successful establishment seems assured. Weather

conditions and predator/pathogen populations will probably play a

major role in determining the success of regeneration efforts at

sites intermediate between these two extremes.
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APPENDIX I: SOIL MOISTURE DATA - 1986 & 1987 SEKDBED EXPERIMENT

INTERIOR SITES

SITE COY

1986 JULIAN DATE:

1987 JULIAN DATE:

DIST PLOT DEPTH YR

73

92

-- 137 175

118 155 183

PERCENT MOISTURE BY WEIGHT

197

217

226

IN C N 1 1 1 1. 163 0.542 0,275 0.332 0. 179

IN C N 2 1 1 2.512 0.613 0.357 0.340 0.237

IN C N 3 1 1 1.056 0.579 0.342 0.297 0.198

IN C P 1 1 1 0.663 . 0.288 0.101 0.148 0.070

IN C P 2 1 1 0.731 0.278 0.096 0.152 0.076

IN C P 3 1 1 0.658 0.248 0.110 0.149 0.067

IN C II 1 1 1 0.584 0.237 0.095 0.155 0.082

IN C II 2 1 1 0.664 0.355 0.108 0.210 0.085

IN C II 3 1 1 0.706 0.274 0.107 0.168 0.099

IN F N 1 1 1 1.296 0.658 0.421 0.316 0.208

IN F N 2 1 1 . 0.659 0.364 0.326 0.164

IN F N 3 1 1 1.800 0.848 0.358 0.312 0.297

IN F P 1 1 1 1.229 0.547 0.305 0.274 0.164

IN F P 2 1 1 1.037 0.457 0.262 0.279 0.173

IN F P 3 1 1 1.038 0.542 0.244 0.228 0. 134

IN F H 1 1 1 0.839 0.501 0.320 0.327 0.165

IN F II 2 1 1 0.741 0.539 0.239 0.294 0. 120

IN F if 3 1 1 0.951 0.618 0.270 0.354 0.152

IS C N 1 1 1 1.116 0.483 0.185 0.220 0.100

IS C N 2 1 1 1.248 0.549 0.265 0.256 0.147

IS C N 3 1 1 0.871 0.551 0.290 0.283 0.126

IS C P 1 1 1 0.848 0.324 0.118 0.185 0.056

IS C P 2 1 1 0.958 0.337 0.130 0. 167 0.071

IS C P 3 1 1 0.735 0.316 0.114 0.163 0.074

IS C H 1 1 1 0.740 0.242 0.093 0.143 0.051

IS C if 2 1 1 0.683 0.243 0.107 0.157 0.057

IS C II 3 1 1 0.609 . 0.222 0.071 0.141 0.056

IS F N 1 1 1 0.860 0.625 0.481 0.529 0.244

IS F N 2 1 1 1.091 0.697 0.417 0.402 0.269

IS F N 3 1 1 1. 179 0.647 0.482 0.358 0.267

IS F P 1 1 1 0.890 0.541 0.261 0.279 0.133

IS F P 2 1 1 1.365 . 0.646 0.523 0.346 0.233

IS F P 3 1 1 1.391 0.705 0.375 0.336 0.204

IS F if 1 1 1 0.632 0.555 0.289 0.274 0.114

IS F if 2 1 1 0.875 0.532 0.370 0.334 0.173

IS F H 3 1 1 0.965 . 0.474 0.381 0.390 0.156

IN C N 1 1 2 0.460 0.339 0.486 0.181 0.188

IN C N 2 1 2 0.459 0.366 0.408 0.155 0.193

IN C N 3 1 2 0.347 0.476 0.561 0.229 0.288

IN C N 4 1 2 0.464 0.322 0.409 0.217 0.216

IN C N 5 1 2 0.520 0.395 0.435 0.172 0.230

IN C N 6 1 2 0.508 0.341 0.434 0.200 0. 187

IN C B 1 1 2 0.169 0.214 0.265 0.085 0.114

IN C D 2 1 2 0.192 0.270 0.329 0.084 0.080
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APPENDI! I: SOIL MOISTURE DATA

INTERIOR SITES

- 1986 & 1987 SKEDBED EXPERIMENT

1986 JULIAN DATE: 73 -- 137 175 197

1987 JULIAN DATE: 92 118 155 183 217

SITE COY P1ST PLOT DEPTH YR PERCENT MOISTURE BY WEIGHT

IN C P 3 1 2 0.187 0.264 0.218 0.107 0.114

IN C P 4 1 2 0.222 0.306 0.300 0.105 0.121

IN C P 5 1 2 0.182 0.292 0.295 0.097 0.088

IN C P 6 1 2 0. 180 0.247 0.293 0. 109 0.080

IN F N 1 1 2 0.453 0.528 0.504 0.231 0.261

IN F N 2 1 2 0.584 0.497 0.488 0.298 0.266

IN F H 3 1 2 0.532 0.510 0.537 0.289 0.278

IN F N 4 1 2 0.567 0.586 0.544 0.309 0.305

IN F N 5 1 2 0.511 0.564 0.440 0.236 0.245

IN F N 6 1 2 0.707 0.538 0.591 0.266 0.293

IN

IN

F

F

P 1 1

P 2 1

2

2

0.435

0.458

0.454

0.487

0.475

0.483

0. 199

0.280

0.289

0.267

IN F P 3 1 2 0.398 0.390 0.505 0.181 0.206

IN F P 4 1 2 0.425 0.405 0.441 0.202 0.264

IN F 0 5 1 2 0.508 0.494 0.500 0.191 0.279

IN F 0 6 1 2 0.443 0.439 0.454 0.249 0.263

.
IS

IS

C

C

N 1 1

N 2 1

2

2

0.300

0.268

0.306

0.302

0.350

0.394

0.153

0. 161

0.289

0.200

IS C N 3 1 2 0.327 0.325 0.380 0. 170 0.216

IS C H 4 1 2 0.406 0.340 0.400 0. 163 0.218

IS C N 5 1 2 0.358 0.306 0.374 0.173 0.254

IS C N 6 1 2 0.364 0.307 0.352 0. 173 0.252

IS C D 1 1 2 0.151 0.258 0.291 0.097 0.095

IS C 0 2 1 2 0.158 0.211 0.261 0.097 0.083

IS C P 3 1 2 0.203 0.221 0.273 0.096 0.112

IS C P 4 1 2 0. 174 0.234 0.278 0.098 0. 109

IS C 0 5 1 2 0.208 0.244 0.328 0, 110 0. 123

IS C P 6 1 2 0.012 0.193 0.297 0.131 0.116

IS F N 1 1 2 0.582 0.500 0.616 0.454 0.356

IS F N 2 1 2 0.627 0.505 0.531 0.320 0.305

IS F N 3 1 2 0.590 0.546 0.514 0.332 0.336

IS F N 4 1 2 0.573 0.534 0.590 0.331 0.339

IS F N 5 1 2 0.757 0.518 0.547 0.302 0.336

IS F N 6 1 2 0.728 0.619 0.485 0.393 0.405

IS F P 1 1 2 0.291 0.381 0.393 0.195 0.220

IS F P 2 1 2 0.264 0.310 0.397 0.184 0.209

IS F P 3 1 2 0.409 0.438 0.455 0.265 0.253

IS F P 4 1 2 0.366 0.445 0.465 0.220 0.194

IS F P 5 1 2 0.390 0.418 0.474 0.241 0.224

IS F P 6 1 2 0.414 0.419 0.458 0.211 0.205

IN C N 1 2 2 0.410 0.283 0.252

IN C H 2 2 2 . 0.432 0.237 0.282

IN C N 3 2 2 0.432 0.277 0.338

IN C N 4 2 2 . 0.407 0.278 0.301
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APPENDIX I: SOIL MOISTURE DATA -

INTERIOR SITES

1986 & 1987 SEEDBED EXPERIMENT

1986 JULIAN DATE; 73 -- 137 175 197

1981 JULIAN DATE; 92 118 155 183 217

SITE COY 01ST PLOT DEPTH yR PERCENT MOISTURE BY WEIGHT

IN C N 5 2 2 0.403 0.261 0.310

IN C N 6 2 2 0.413 0.231 0.254

IN C D 1 2 2 0.353 0.166 0.169

IN C D 2 2 2 0.365 0.148 0.166

IN C B 3 2 2 0.400 0.183 0.108

IN C B 4 2 2 0.365 0.202 0.199

IN C 0 5 2 2 0.352 0.143 0.205

IN C 0 6 2 2 0.359 0. 187 0. 189

IN F N 1 2 2 0.434 0.280 0.282

IN F N 2 2 2 0.420 0.307 0.290

IN F N 3 2 2 0.483 0.335 0.307

IN F N 4 2 2 0.488 0.325 0.314

IN F N 5 2 2 0.377 0.280 0.278

IN F N 8 2 2 0.538 0.301 0,334

IN F B 1 2 2 0.470 0.237 0.354

IN F 0 2 2 2 0.454 0.359 0.291

IN 1 0 3 2 2 0.582 0.218 0.299

IN F D 4 2 2 0.439 0.271 0.318

IN F B 5 2 2 0.498 0.251 0.304

IN F 0 8 2 2 0.441 0.335 0.369

IS C N 1 2 2 0.352 0.234 0.308

IS C N 2 2 2 0.349 0.231 0.261

IS C N 3 2 2 0.375 0.240 0.250

IS C N 4 2 2 0.410 0.211 0.278

IS C N 5 2 2 0.352 0.200 0.302

IS C N 6 2 2 0.322 0.215 0.293

IS C D 1 2 2 0.355 0.162 0.161

IS C 0 2 2 2 0.353 0.140 0.145

IS C II 3 2 2 0.383 0.190 0.179

IS C 0 4 2 2 0.368 0.143 0.173

IS C 0 5 2 2 0.373 0.171 0.157

IS C D 6 2 2 0.352 0.170 0.141

IS F N 1 2 2 0.573 0.396 0.370

IS F N 2 2 2 0.513 0.320 0.309

IS F N 3 2 2 0.489 0.380 0.331

IS F N 4 2 2 0.586 0.379 0.323

IS F N 5 2 2 0.462 0.321 0.308

IS F N 6 2 2 0.456 0.356 0.370

IS F 0 1 2 2 0.399 0.248 0.254

IS F D 2 2 2 0.398 0.204 0.213

IS F 0 3 2 2 0.476 0.288 0.289

IS F B 4 2 2 0.465 0.274 0.323

IS F 0 5 2 2 0.462 0.242 0.294

IS F 0 6 2 2 0.416 0.252 0.280
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APPENDIX I: SOIL MOISTURE DATA - 1986 & 1987 SKEOBED EXPERIMENT

COASTAL SITES
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SITE COY

1986 JULIAM DATE:

1987 JULIAM DATE:

DIST PLOT DEPTH YR

66 --

114

147 176 196

149 180 211

PERCENT MOISTURE BY WEIGHT

231

239

273

268

CS C N 1 1 1 0.938 0.608 0.265 0.412 0.171 0.617

CS C N 2 1 1 0.906 0.564 0.306 0.422 0.324 0.562

CS C N 3 1 1 0.976 0.758 0.413 0.510 0.276 0.448
CS C P 1 1 1 1.126 0.443 0.161 0.270 0.091 0.468

CS C P 2 1 1 0.963 0.371 0.146 0.321 0.121 0620
CS C P 3 1 1 0.772 0.387 0.153 0.304 0.088 0.483

CS C H 1 1 1 0.788 0.442 0.308 0.411 0.083 0.579

CS C H 2 1 1 0.855 0.410 0.240 0.387 0.090 0.479

CS C if 3 1 1 0.855 0.401 0. 188 0.401 0. 113 0.562

CS F N 1 1 1 0.837 0.575 0.518 0.496 0.315 0.510

CS F N 2 1 1 1.056 0.559 0.492 0.637 0.310 0.566

CS F N 3 1 1 0805 0.579 0.521 0.584 0.333 0.542

CS F P 1 1 1 1.052 0.663 0.496 0.554 0.235 0.602

CS F P 2 1 1 1.092 0.641 0.549 0.497 0.199 0.547

CS F P 3 1 1 0.934 0.545 0.493 0.539 0.324 0.539

CS F H 1 1 1 0.795 0.562 0.466 0.498 0.242 0.540

CS F II 2 1 1 0.806 0.575 0.512 0.518 0.302 0.545

CS F if 3 1 1 0.820 0.604 0.542 0.545 0.377 0.549

CM C N 1 1 1 1.047 0.759 0.641 0.640 0.320 0.650

CM C N 2 1 1 2.127 0.909 1.392 0.486 0.301 1.162

CM C N 3 1 1 1.247 0.435 0.369 0.312 0.218 0.526

CM C P 1 1 1 0.993 0.473 0.265 0.359 0.200 0.596

CM C P 2 1 1 1.099 0.518 0.216 0.237 0.197 0.560

CM C P 3 1 1 1.326 0.557 0.498 0.252 0.257 0.578

CM C H 1 1 1 1.016 0.499 0.316 0.427 0.232 0.557

CM C H 2 1 1 1. 153 0.838 0.340 0.483 0.228 0.623

CM C II 3 1 1 0.943 0.519 0.328 0.430 0.180 0.542

CM F N 1 1 1 1.507 0.580 0.507 0.566 0.319 0.491

CM F N 2 1 1 1.497 0.687 0.777 0.678 0.325 0.527

CM F M 3 1 1 1.144 0.654 0.671 0.687 0.503 0.912

CM F P 1 1 1 1.004 0.576 0.428 0.533 0.273 0.589

CM F P 2 1 1 1.096 0.651 0.529 0.603 0.341 0.586

CM F P 3 1 1 0.912 0.582 0.540 0.551 0.378 0.630

CM F H 1 1 1 1.407 0.662 0.604 0.606 0.369 0.611

CM F H 2 1 1 1.194 0.626 0.600 0.583 0.424 0.574

CM F H 3 1 1 0.902 0.558 0.546 0.546 0.321 0.567

CS C N 1 2 1 0.458 0.623

CS C N 2 2 1 . 0.432 0.569

CS C N 3 2 1 0.448 0.511

CS C P 1 2 1 0.367 0.361

CS C P 2 2 1 0.362 0.439

CS C P 3 2 1 . 0.373 0.508

CS C II 1 2 1 . 0.458 0.613

CS C H 2 2 1 . 0.378 0.520

CS C H 3 2 1 0.394 0.590
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APPENDIX I: SOIL MOISTURE DATA -

COASTAL SITES

1986 & 1987 SEEDBED EXPERIMENT

1986 JULIAN DATE: 66 -- 147 176 196 231 273

1987 JULIAN DATE; 114 149 180 211 239 268

SITE COV 1ST PLOT DEPTH YR PERCENT MOISTURE BY WEIGHT

CS F 1 2 1 0.325 0.521

CS F 2 2 ,i 0.350 0.570

CS F 3 2 1 0.334 0.532

CS F 1 2 1 . 0.369 0.584

CS F 2 2 1 0.364 0.497

CS F 3 2 1 0.334 0.548

CS F 1 2 1 0.319 0.515

CS F 2 2 1 0.368 0.489

CS F 3 2 1 0.362 0.539

CM C 1 2 1 . 0.566 0.697

CM C 2 2 1 0.547 0.742

CM C 3 2 1 0.443 0.501

CM C -1 2 1 . 0.517 0.705

CM C 2 2 1 . 0.423 0.530

CM C 3 2 1 0.486 0.586

CM C 1 2 1 0.421 0.599

CM C 2 2 1 0.474 0.625

CM C 3 2 1 0.432 0.574

CM F 1 2 1 . 0.377 0.554

CM F 2 2 1 0.385 0.422

CM F 3 2 1 0.401 0.690

CM F 1 2 1 0.352 0.556

CM F 2 2 1 0.373 0.528

CM F 3 2 1 0.402 0.497

CM F 1 2 1 * 0.395 0.554

CM F 2 2 1 . 0.385 0.563

CM F 3 2 1 . 0.348 0.530

CS C 1 1 2 0.552 0.497 0.382 0.514 0.263 0.248

CS C 2 1 2 0.608 0.447 0.361 0.428 0.306 0.245

CS C 3 1 2 0.663 0.564 0.382 0.402 0.257 0.259

CS C 4 1 2 . 0.468 0.536 0.329 0.335 0.328 0.343

CS C 5 1 2 0.513 0.423 0.344 0.394 0.330 0.263

CS C 6 1 2 0.498 0.389 0.329 0.439 0.300 0.233

CS C 1 1 2 0.430 0.378 0.232 0.272 0.192 0.402

CS C 2 1 2 0.401 0.434 0.248 0. 177 0. 173 0.339

CS C 3 1 2 0.367 0.377 0.214 0.272 0.160 0.310

CS C 4 1 2 0.449 0.404 0.157 0.365 0.148 0.339

CS C 5 1 2 0.450 0.424 0.224 0.247 0. 190 0.301

CS C 6 1 2 . 0.367 0.372 0.371 0.298 0. 123 0.339

CS F 1 1 2 0.526 0.628 0.380 0.527 0.355 0.290

CS F 2 1 2 0.856 0.618 0.545 0.585 0.403 0.315

CS F 3 1 2 0.592 0.511 0.480 0.424 0.485 0.330

CS F 4 1 2 0.553 0.446 0.476 0.472 0.336 0.343

CS F 5 1 2 0.571 0.523 0.525 0.543 0.395 0.338



.

98

APPENDIX I: SOIL MOISTURE DATA -

COASTAL SITES

1986 & 1987 SHORED EXPERIMENT

1986 JULIAM DATE: 66 -- 147 176 196 231 273

1987 JULIAN DATE: 114 149 180 211 239 268

SITE CO 01ST PLOT DEPTII YR PERCENT MOISTURE BY WEIGET

CS F N 6 1 2 0.663 0.595 0.531 0.571 0.443 0.392

CS F 0 1 1 2 0.523 0.560 0.533 0.558 0.372 0.379

CS F 0 2 1 2 0.513 0.478 0.420 0.568 0.375 0.351

CS F 0 3 1 2 0.558 0.529 0.457 0.454 0.352 0.315

CS F D 4 1 2 0.565 0.520 0.499 0.445 0.347 0.368

CS F D 5 1 2 0.532 0,524 0.552 0.557 0.456 0.430

CS F 0 6 1 2 0.590 0.570 0.536 0.573 0.522 0.544

CM C N 1 1 2 0.503 0.487 0.559 1.455 0.775 0.613

CNC N 212 0.463 * S * * *
CM C N 3 1 2 0.621 0.833 0.749 1.153 0.740 0.629

CM C N 4 1 2 0.499 0.476 0.674 0.474 0.640 0.595

CM C N 5 1 2 0.655 0.572 0.410 0.515 0.314 0.368

CM C N 6 1 2 0.546 0.412 0.405 0.515 0.297 0.355

CM C D 1 1 2 0.469 0.431 0.480 0.445 0.308 0.503

CM C D 2 1 2 0.463 0.425 0.295 0.386 0.297 0.461

CM C D 3 1 2 0.514 0.397 0.396 0.445 0.289 0.501

CM C D 4 1 2 0.587 0.400 0.318 0.381 0.331 0.382

CM C D 5 1 2 0.575 0.430 0.287 0.416 0.260 0.379

CM C 0 6 1 2 0.569 0.390 0.393 0.310 0.346 0.383

CM F N 1 1 2 0.612 0.724 0.504 0.709 0.596 0.368

CM F N 2 1 2 1.353 0.749 0.687 0.838 0.557 0.469

CM F N 3 1 2 0.617 0.464 0.816 0.613 0.561 0.375

CM F N 4 1 2 0.663 0.487 0.605 0.497 0.532 0.448

CM F N 5 1 2 0.600 0.574 0.517 0.531 0.403 0.367

CM F N 6 1 2 0.903 0.836 0.750 0.841 0.703 0.543

CM F 0 1 1 2 0.646 0.579 0.420 0.491 0.300 0.375

CM F 0 2 1 2 0.646 0.531 0.533 0.544 0.343 0.369

CM F 0 3 1 2 0.554 0.620 0.563 0.509 0.334 0.325

CM F D 4 1 2 0.772 0.576 0.587 0.534 0.426 0.423

CM F 0 5 1 2 0.579 0.547 0.390 0.387 0.299 0.337

CM F 0 6 1 2 0.652 0.491 0.545 0.678 0.427 0.469

CS C N 1 2 2 0.514 0.463 0.537 0.388 0.370

CS C N 2 2 2 0.399 0.435 0.483 0.425 0.393

CS C N 3 2 2 0.582 0.473 0.443 0.372 0.360

CS C N 4 2 2 . 0.583 0.459 0.543 0.363 0.453

CS C N 5 2 2 . 0.453 0.409 0.479 0.378 0.386

CS C N 6 2 2 0.419 0.385 0.483 0.401 0.378

CS C D 1 2 2 . 0.440 0.328 0.516 0.324 0.411

CS C 0 2 2 2 0.475 0.421 0.504 0.349 0.359

CS C 0 3 2 2 0.439 0.327 0.437 0.261 0.310

CS C B 4 2 2 . 0.501 0.219 0.495 0.243 0.343

CS C B 5 2 2 0.459 0.304 0.454 0.246 0.325

CS C 0 6 2 2 0.471 0.263 0.511 0.244 0.368

CS F N 1 2 2 . 0.566 0.424 0.514 0.355 0.315
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APPENDIX I SOIL MOISTURE DATA - 1988 & 1987 SEEDRED EXPERIMENT

COASTAL SITES

1986 JULIAM DATE: 66 -- 147 176 196 231 273

1987 JULIAM DATE: 114 149 180 211 239 268

SITE COY 1ST PLOT DEPTH YR PERCENT MOISTURE B! WEIGHT

CS F 2 2 2 0.618 0.461 0.517 0.397 0.327

CS F 3 2 2 . 0.468 0.478 0.392 0.326 0.330

CS F 4 2 2 0.471 0.470 0.444 0.341 0.378

CS F 5 2 2 0.514 0.426 0.474 0.396 0.342

. CS F

CS F

6 2 2

1 2 2

0.726 0.491 0.564 0.417

0.558 0.531 0.538 0.404

0.404

0.398

CS F 2 2 2 0.503 0.416 0.141 0.351 0.311

CS F 3 2 2 . 0.599 0.433 0.446 0.355 0.318

CS F 4 2 2 0.567 0.481 0.426 0.415 0.339

CS F 5 2 2 0.495 0.552 0.501 0.447 0.409

S CS F

CM C

6 2 2

1 2 2

0.472 0.482 0.555 0.537

0.540 0.516 0.719 0.689

0.491

0.531

CMC 222 * * S * *
CM C 3 2 2 0.738 0.734 0.766 0.700 0.666

CM C 4 2 2 . 0.585 0.660 0.551 0.586 0.569

CM C 5 2 2 0.610 0.505 0.517 0.408 0.437

S CM C

CM C

6 2 2

1 2 2

0.520 0.511 0.541 0.371

0.574 0.544 0.633 0.463

0.402

0.587

CM C 2 2 2 0.461 0.488 0.515 0.444 0.505

CM C 3 2 2 0.526 0.484 0.504 0.387 0.521

CM C 4 2 2 0.489 0.416 0.588 0.446 0.352

CM C 5 2 2 0.478 0.421 0.499 0.412 0.404

S CM C

CM F

6 2 2

1 2 2

0.517 0.479 0.555 0.522

0.526 0.495 0.673 0.589

0.405

0.348

CM F 2 2 2 0.569 0.644 0.656 0.572 0.475

CM F 3 2 2 . 0.431 0.633 0.578 0.459 0.379

CM F 4 2 2 0.445 0.490 0.491 0.532 0.386

CM F 5 2 2 . 0.495 0.447 0.467 0.405 0.381

S CM F

CM F

6 2 2

1 2 2

0.553 0.709 0.597 0.556

0.557 0.446 0.481 0.372

0.487

0.380

CM F 2 2 2 . 0.455 0.550 0.544 0.389 0.408

CM F 3 2 2 0.470 0.546 0.498 0.380 0.296

CM F 4 2 2 0.480 0.591 0.548 0.416 0.493

CM F 5 2 2 0.503 0.415 0.634 0.426 0.326

S CM F 6 2 2 0.508 0.558 0.431 0.436 0.387



APPENDIX II: SEEDLING EMERGENCE AND SURVIVAL ON CAGED SUBPLOTS

SITE COVER DIST YEAR PLOT NO. OF EMERG. NO. OF SURV. ESTAB.

KMERG. PERCENT SURY. PERCENT PERCENT

100

IS C D 1 1 800.441988 0 0

IS C D 1 2 110 0.607734 0 0

IS C D 1 3 450.248618 0 0

IS C D 1 4 760.419889 0 0

IS C D 1 5 540.298342 0 0

. IS C 0 1 6 970.535911 0 0

IS C N 1 1 740.408839 0 0

IS C N 1 2 890.491712 0 0

IS C N 1 3 640.353591 0 0

IS C D 2 1 180.128571 0 0

IS C 0 2 2 500.357142 0 0

IS C D 2 3 120.085714 0 0

IS C 0 2 4 160.114285 0 0

IS C 0 2 5 360.257142 0 0

IS C D 2 6 590.421428 0 0

IS C N 2 1 250.178571 0 0

IS C N 2 2 20.014285 0 0

IS C N 2 3 180.128571 0 0

IS C N 2 4 1 0.007142 0 0

IS C N 2 5 3 0.021428 0 0

IS C N 2 6 100.071428 0 0

IS F D 1 1 150.082872 0 0

IS F 0 1 2 114 0. 629834 0 0

IS F D 1 3 490.270718 0 0

IS F D 1 4 190.104972 0 0

IS F 0 1 5 550.303867 0 0

IS F 0 1 6 490.270718 0 0

IS F N 1 1 870.480662 0 0

IS F N 1 2 63 0348066 0 0

IS F N 1 3 540.298342 0 0

IS F D 2 1 710.507142 0 0

IS F D 2 2 300.214285 0 0

IS F D 2 3 360.257142 0 0

IS F 0 2 4 390.278571 0 0

IS F 0 2 5 570.407142 0 0

S IS F 0 2 6 370.264285 0.16216 0.04285

IS F N 2 1 60.042857 0 0

IS F N 2 2 5 0.035714 0 0

IS F N 2 3 30.021428 0 0

1SF N 24 0 0 . . 0

IS F N 2 5 30.021428 0 0 0

S IS F N 2 6 4 0.028571 0 0 0

IN C 0 1 1 130.092857 0 0 0

IN C 0 1 2 920.657142 0 0 0

S
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APPINDIX II: SDLING NNNRGENCK AND SURVIVAL ON CAGKD SUBPLOTS

SITK COYKR 01ST YEAR PLOT NO. OF KNKRG. NO. OF SURY. KSTAB.

KMNRG. PKRCNT SURY. PKRCKN PERCKN

IN C 0 1 3 139 0.992857 0

IN C D 1 4 550.392857 0

IN C D 1 5 107 0.764285 0

IN C 0 1 8 610.435714 0

IN C N 1 1 22 0.157142 0

IN C N 1 2 30.021428 0

IN C N 1 3 10.007142 0

IN C 0 2 1 180.128571 0

IN C 0 2 2 30. 021428 0

IN C 0 2 3 180.128571 0

IN C 0 2 4 20.014285 0

IN C 0 2 5 14 0.1 0

IN C 0 2 6 3 0.021428 0

IN C N 2 1 40.028571 0

IN C N 2 2 0 0

rN C N 2 3 20.014285 0

IN C N 2 4 10.007142 0

IN C N 2 5 10.007142 0

IN C N 2 6 60.042857 0

IN F 0 1 1 800.571428 0

IN F 0 1 2 110 0.785714 0

IN F 0 1 3 450.321428 0

IN F 0 1 4 760.542857 0

IN F 0 1 5 540.385714 0

IN F 0 1 6 970.692857 0

IN F N 1 1 740.528571 0

IN F N 1 2 890.635714 0

IN F N 1 3 640.457142 0

IN F 0 2 1 800.571428 0

IN F 0 2 2 330.235714 0

IN F 0 2 3 680.485714 0

IN F 0 2 4 990.707142 0

IN F D 2 5 107 0.764285 0

IN F D 2 6 950.678571 10.010520.0071

IN F N 2 1 49 0.35 0

IN F N 2 2 180.128571 0

IN F N 2 3 340.242857 0

IN F N 2 4 7 0.05 0

IN F N 2 5 40.028571 0

IN F N 2 6 30.021428 0

CS C 0 1 1 340.229729 0

CS C D 1 2 400.270270 0

CS C 0 1 3 330.222972 20.060600.0135
CS C 0 1 4 510.344594 0 0



APPENDII H: SEEDLING EMERGENCE AND SURVIVAL ON CAGED SUBPLOTS

SITE COVER fIST YEAR PLOT NO. OF ENERG. NO. OF SURY. ESTAB.

KMKRG. PERCENT SURV. PERCENT PERCEN

Cs C 0 1 5 104 0.702702 0. 16346 0. 1148

Cs C D 1 6 640.432432 0

CS C N 1 1 10.006756 0

CS C N 1 2 270.182432 0.18518 0.0337

CS C N 1 3 40.027027 0.25 0.0061

CS C 0 2 1 370.289062 0. 05405 0. 0156

CS C B 2 2 170.132812 0

CS C B 2 3 24 0.1875 0

CS C P 2 4 48 0.375 0

CS C B 2 5 23 0.179687 0

CS C P 2 6 610.476562 0. 04918 0. 0234

CS C N 2 1 260.203125 0

CS C S 2 2 20.015625 0

CS C N 2 3 50.039062 0

CS C N 2 4 50.039062 0.2 0.0078

CS C N 2 5 170.132812 0.23529 0.0312

CS C N 2 6 10.007812 0

CS F P 1 1 910.583108 0. 06593 0. 0384

CS F P 1 2 970.608108 0

CS F 0 1 3 101 0.64054 0

CS F P 1 4 850.518918 0.01176 0.0061

CS F P 1 5 610.365513 0.01639 0.0059

CS F P 1 6 670.412162 0

CS F N 1 1 80.034459 0

CS F N 1 2 40.002702 0

CS F N 1 3 50.014189 0

CS F P 2 1 166 1 0

CS F 0 2 2 144 0.953125 0. 00694 0. 0062

CS F P 2 3 108 0.625 0.00925 0.0057

CS I P 2 4 590.257812 0

CS F B 2 5 770.289062 0

CS F P 2 6 38 0.125 0

CS F S 2 1 140.078125 0

CS F N 2 2 9 0 0

CS F 0 2 3 18 0.0625 0

CS F N 2 4 25 0 0

CS F 0 2 5 240.046875 0

CS F N 2 6 3 0 0

CS C 0 1 1 900.608108 0. 07777 0. 0546

CN C 0 1 2 152 1 0. 02631 0. 0312

CM C B 1 3 112 0.756756 0.01185 0. 0156

CN C P 1 4 100 0. 675675 0.16 0.12

CN C B 1 5 690.466216 0. 08695 0. 0468

CM C P 1 6 620.418918 0.16129 0.0781
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APPENDI! II: SEEDLING EMERGENCE AND 509 VITAL ON CAGED SUBPLOTS

SITE COVER 01ST YEAR PLOT MO. OF EMERG. MO. OF SORY. ESTAB.

EMERG. PERCENT 50EV. PERCENT PERCENT

CM C 1 1 930.628378 90.096770.07031
CM C 1 2 103 0.695945 100.09708 0.07812
CM C 1 3 240.162162 20.083330.01562
CM C 2 1 72 0.5625 70.097220.05468
CM C 2 2 660.515625 310.469690.24218
CM C 2 3 860.671875 390.453480.30468
CM C 2 4 470.367187 100.212760.07812
CM C 2 5 260.203125 30.115380.02343
CM C 2 6 670.523437 180.268650.14062
CM C 2 1 10 0.078125 2 0.2 0.01562
CM C 2 2 140.109375 10.071420.00781
CM C 2 3 0 0 0 . 0

CM C 2 4 12 0.09315 10.083330.00181
CM C 2 5 4 0.03125 2 0.5 0.01562
CM C 2 6 140.109375 100.714280.09375
CM F 1 1 670.452027 0 0 0

CM F 1 2 133 0.780405 10.001510.00586
CM F 1 3 370.246621 0 0 0

CM F 1 4 151 0. 942229 10.006620.00622
CM F 1 5 250.167561 0 0 0

CM F 1 6 140 0. 942905 0 0 0

CM F 1 1 60.037847 0 0 0

CM F 1 2 19 0.125 0 0 0

CR F 1 3 27 0.18581 0 0 0

CR F 2 1 420.109375 10.023800.00260
CM F 2 2 590.210937 0 0 0

CM F 2 3 530.273437 0 0 0

CM F 2 4 62 0.4375 0 0 0

CM F 2 5 430.226562 0 0 0

CM F 2 6 350.148437 0 0 0

CM F 2 1 3 0 0 0 0

CM F 2 2 3 0 0 0 0

CM F 2 3 30.007812 0 0 0

CM F 2 4 130.054687 0 0 0

CM F 2 5 10.007812 0 0 0

CM F 2 6 1 0 0 0 0

Note: CS and CM Forest eiergence data are adjusted to deduct

natural regeneration
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APPENDIX III: Causes of Seedling Mortality

SITE COVER DIST TEAR MISSING ?FUNGI DRT/HEAT ANIMALS EROSION OTHER TOTAL

IS C N 1986 1 19 20

IS C D 1986 72 51 182 4 309

IS F N 1986 110 62 4 10 186

IS F D 1986 96 136 113 8 3 356

IN C N 1986 2 1 20 1 3 27

IN C D 1986 136 140 145 35 57 513

IN F N 1986 209 89 18 2 318

IN F D 1986 120 342 23 87 1 573

CS C N 1986 6 21 1 7 35

CS C D 1986 66 73 204 6 1 350

CS F N 1986 37 5 1 43

CS F D 1986 199 100 71 19 182 1 572

CN C N 1986 94 10 222 26 1 1 354

CN C D 1986 173 100 449 39 13 1 775

CM F N 1986 60 2 4 15 81

CM F D 1986 309 131 21 13 246 720

TOTAL 1986 1690 1242 1517 266 446 71 5232

IS C N 1987 18 0 38 0 0 0 56

IS C 0 1987 8 10 168 1 0 3 190

IS F N 1987 10 4 5 0 0 0 19

IS F P 1987 95 178 3 12 0 1 289

IN C N 1987 7 0 14 0 0 4 25

IN C 0 1987 6 0 69 1 0 3 79

IN F N 1987 141 96 2 6 0 2 247

IN F B 1987 179 713 7 26 1 2 928

CS C N 1987 17 2 17 1 0 1 38

CS C II 1987 13 0 167 17 2 2 201

CS F N 1987 80 5 4 4 3 1 97

CS F 0 1987 375 97 0 9 21 3 505

CN C N 1987 17 0 10 2 1 0 30

CM C D 1987 52 5 121 6 13 2 199

CM F N 1987 36 2 0 0 0 0 38

CM F D 1987 220 58 0 17 20 1 324

TOTAL 1987 1274 1170 625 102 61 25 3265
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APPENDIX 1: Seed Geraination Data -- Canopy Light Field Experiient

TREATMENTS

OVER- UNDER-

STORY STORY

SEED GERMINATION (BLOCKS I TO 6)

1

FIELD LAB

2

FIELD LAB

3

FIELD LAB

4

FIELD LAB

5

FIELD LAB

6

FIELD LAB

CLEARCUT 1 13 0 0 0 7 0 3 0 3 0 8 0

CLEARCUT 2 48 0 48 0 30 0 44 2 50 0 39 0

CLEARCUT 3 42 3 50 0 40 6 41 7 48 2 46 1

CLEARCUT 4 46 0 47 0 47 0 48 0 48 0 46 0

CLEARCUT 5 40 0 9 0 48 1 49 1 48 0 46 0

CLEARCUT 6 45 8 26 0 48 0 20 23 2 0 44 0

CLEARCUT 7 4 28 9 0 2 31 0 0 32 2 0 15

0-FIR 1 10 00 80 00 00 00
D-!IR 2 12 20 4 35 0 20 0 9 2 34 0 41

0-FIR 3 49 0 44 1 50 2 30 11 44 5 44 0

0-FIR 4 14 0 4 18 0 15 0 33 3 25 6 24

0-FIR 5 17 0 0 13 17 0 0 20 2 22 1 38

0-FIR 6 15 0 8 20 14 9 14 8 17 3 5 8

D-FIR 7 7 0 1 30 3 3 7 23 3 31 14 17

ALDER 1 00 00 00 00 00 00
ALDER 2 026 00 06 04 016 08
ALDER 3 24 0 23 3 25 8 18 8 8 22 0 2

ALDER 4 00 01 10 08 05 01
ALDER 5 10 00 00 04 03 00
ALDER 6 40 00 00 00 08 00
ALDER 7 00 00 00 05 00 00

APPENDIX IV: Fate of Seeds Data

SITE COVER DIST EMERGED GERM. VIABLE UN VIABLE CONSUMED PHYS DAM TOTAL

TOTALS - ADJUSTED FOR INITIAL GERMINATION CAPACITY

IN C N 34 31 25 67 172 4 333

IN C D 112 68 48 18 8 2 256

IN F N 145 26 20 69 98 3 361

IN F 0 146 15 91 77 8 5 342

CM C N 125 44 16 226 67 1 479

CM C 0 145 92 16 0 20 0 273

CM F N 28 1 96 165 125 0 415

CM F D 60 12 21 51 36 2 194

TOTAL 795 289 339 716 534 17 2700
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Germination Survival and Earl Growth of Red Alder Seedlins
in the Central Coast Range of Oregon

Sybille Haeussler1 and J.C. Tappeiner II
Dept. Forest Science, Oregon State University, Corvallis, Oregon, 97331

The effects of forest disturbance and soil moisture levels on seed germination,
survival and early growth of red alder (Alnus rubra Bong.) seedlings was studied over
two growing seasons at four sites representing a climatic gradient within the central
Coast Range of Oregon. The study showed that detailed examination of ecological
factors controlling each stage of the regeneration cycle can help to explain patterns
of red alder abundance within the Coast Range landscape.

Exposure of mineral soil and spring rainfall patterns were the most important
factors affecting seed germination. In general, there was no difference in seedling
emergence on recent clearcuts and adjacent unlogged forests, but emergence was much
higher on disturbed mineral soil seedbeds than on undisturbed organic seedbeds. On
both types of 2seedbed, emergence was positively correlated with spring soil moisture
conditions (R = 0.60). However, on undisturbed seedbeds, seeds were more prone to
drying out, were subject to heavier losses from invertebrates and pathogens, and
germination was inhibited by light conditions beneath vegetation and litter layers.

Patterns of seedling survival differed greatly between clearcut sites and adjacent
unlogged forest. In the forest, seedlings had poor vigour and quickly succumbed to
pathogens, herbivores and rain splash. In clearcuts, survival was better. Heat and
drought injury were the primary causes of first-year seedling mortality, while
interference from surrounding vegetation was most important in the second year.
Exposure of mineral soil did not enhance seedling survival unless the soil was also
compacted. Seedlings on compacted skid roads were less affected by heat and drought
injury in the first year and experienced less interference from surrounding vegetation
in the second year. Mean survival reflected natural patterns of red alder abundance
in the Coast Range and was strongly correlated with minimum summer soil moisture
levels (R2 = 0.70).

Growth of seedlings on clearcuts was much slower than rates typically described
for red alder in the literature. Mean height of 1-yr seedlings was just 2.1 cm. By
the end of the second growing season, mean heights ranged from 3.1 to 33.2 cm (overall
mean 12.1 cm) and most seedlings were still well below the height of associated shrubs
and herbs.

Operational Implications: A flush of seed germination can be expected in the
first spring following logging of stands containing red alder, but relatively little
emergence from buried seed will occur in subsequent years. Site preparation
treatments should be planned to take advantage of this phenomenon. Exposure of
mineral soil increases alder seed germination and deep disturbance such as that
associated with skid roads and landings may enhance seedling survival and growth.
However, in very moist, humid environments, alder will germinate and survive well even
if no soil disturbance occurs. Abundant alder establishment can be expected in years
with moist to wet spring weather and scattered rain showers during the summer months.
Because growth of young alder can be very slow, seedlings may not become visible to
operational foresters until 3-4 years after clearcutting.

1Present address: Skeena Forestry Consultants, RR#2 Moncton Rd., Smithers, B.C.
VOJ 2N0


