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EFFECTS OF PRESCRIBED BURNING ON VEGETATION AND
SOIL WATER PROCESSES IN MIXED-CONIFER FOREST STANDS AT BOGGS

MOUNTAIN STATE FOREST, CALIFORNIA

Domingo Miguel Molina

Abstract

The four papers presented in this dissertation address various ecological aspects of fire
effects on mixed-conifer stand sat Boggs Mountain Siate Forest (BMSF), north of
Middletown. California. The first paper evaluates the effect of preseribed burns on water
infiltration mto the soil (1 e, if there 1s hvdrophobicity) under mixed-conifer forests. The
experiment followed a randomized complete block design and had three burn treatments
characterized by different amounts of forest floor fuel consumption (1 e . control. low. and
high consumption) Infiltranon capacity was measured with 100mm-diameter ring
inftltrometers 1n both bumed and unburned condinons The nfiltranon rates were not
significantly changed by controlled burns of low fireline intensity and low to high fuel
consumption. Therefore. we can reduce fuel accumulations, and thus wildfire hazard,
using prescribed bums without significantly changing the infiltration capacity of the site.

The second paper evaluates the germinanon response of seeds from several hard-
seeded shrubs species common to BMSF. The experimental units were sets of 25 seeds
The following species were investigated A rcrosiaphyios manzanita C Parry (ARMA),

Arcrosiaphylos canescens Eastw. {ARCA), Ceanothis prosiratus Benth. (CEPR), and
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Rhamnus califormca Eschsch (RHCA). Experimental investigation provided evidence into
germinauon requirements, and interpreration of these results elucidated fire-related
mechanisms associated with plant persistence Treatments were designed to emulate. (1)
fire induced scarification, (2) winter strauficanon, and (3) effects of leachate from bumed
litter The heat treatment lasted four minutes because this is representanve of the time of
duff and soil heating at high temperatures during fires. RHCA seeds showed higher
germination when non-straufied versus when stratfied, at 80°C wversus any other
temperature, ;N moist heating treatments versus dry ones at the same temperature, and did
not displav differences between leachate and non-leachate rearments CEPR and ARCA
seeds showed bener germinanon when straufied. ARMA percentage germinatuon was
neghaibie.

The third paper addresses short term (< S vears) ecologcal effects of prescribed bums
on vegeranon piant diversitv and spanal distnbution panterns (1 e . random, umiform. and
cluster) by companng stands with different prescribed burn histories. Distance sampling
techniques were used 1n the study of spanal distnbution parterns Results support the
hvpothess that prescribed fire removes trees and shrubs preferennaliv from clumped areas
leaving a more random distribution of individuals. Overstory trees are more sparsely
distnbuted in underbumed stands, and tended towards a sparse distribution for the
understory layer. This pattern may be caused by a higher accumulation of dead and down
fuels in clumps: and therefore, individual piants have a higher monality chance n a fire
event (1.e, leaving a more random distribution of imdividuals) No significant differences

in species nichness were found among treatments (i.e . control, underburned) in any strata.
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Diversity indices consistently suggested that in the underburned condinons plant species
diversinv was lower than 1n controls. Evenness indices consistently suggested a more even
distribution of individuals among species in the control stands versus a more clear
dominance {in numbers) by one or two species in the underburned stands

The last paper examines 1f there are smail-scale habitat differences among tree
seedlings of the main tree species common to BMSF. The experimental units were
randomly seiected individual seedhngs. There were five species (PM = Pseudoisuga
menziest (Mirb ) Franco. PP = Pinus ponderosa Dougl , PL = Pinus iambertiana Dougl.
QK = Quercus kelloggi Newb . and QW = Quercus wislizenn A CD ) and 26 individuals
per species Sigmificant differences among species were only found for depth of litter and
duff. and for percent plant cover (x = 0 05) The distance to the nearest outcompeting
mdividual  yielded P-vaiues of 00392 (ANOVA) and 00922 (nonparametric
Kruskal-Wallis ANOV.A) Percentage of soil covered by conifer htter and duff. light
mtensity {as percent of open-site light intensity). and nearest neighbor distance were

nonsignificant in separaung the five species of this studv,

Keywords Prescribed burns. infiltraiion, forest floor consumpuoen. hydrophobicity
germination, fire induced scanficanon, stratification, leachate, spatial distribunon parterns,

species diversity indices, evenness indices, mixed-conifer stands. seedhing microhabitat
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PREFACE
The purpose of this research was to understand fire effects on mixed-conifer
stands at Boggs Mountain State Forest (BMSF), California This knowledge should lead
io recommendations for the management prescriptions. I have examined some mechanisms
relating fire and its effects on vegetation in this particular location with a given climate,
topography. geomorphic processes, soil and vegetanon
The general goal 1s 1o address the following questions
A. How does prescribed burning affect certain physical charactenisucs of the soil such
as inftliration rates and soil pH?
B. How do fire-emulating treatments affect seed germination?
C Which are the patterns of plant species densitv, distribution and diversity 1n forest
stands?
D Does wree seedhing occurrence varies among different species in regard 1o

operational factors of their environment?

Study site
Boggs Mountain State Forest (BMSF) 15 located north of Middletown, Cahifornia.
It 1s located in the east side of the North Coast Range of Califorma and therefore coastal
influence on climatic conditions is low. Yearly precipitaton ranges from 560 to 2920
millimeters (California Department of Forestry and Fire Protection 1990) wath hot, drv

summers characteristic of a Mediterranean climate Elevation ranges from 730 to 1150
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meters The vegetanon 15 a mosaic of open areas with an overstory of ponderosa pine,
Douglas-fir. and sugar pine, thickets of those species, and manzanita patches. The major
vegetation type 1s a mixed conifer forest (sensu Barbour and Major 1977). The most
common tree species 11 BMSF are Pseudotsuga menziesii (Mirb ) Franco, Pinus
ponderosa Dougl., Pinus lan bertiana Dougl, Quercus kelloggii Newb , Quercus wislizenii
A.CD. Recent reviews of ecophystology and distribution for these species are found in-
Hermann and Lavander 1990 {Pseudoisuga menziesii), Oliver and Ryker 1990 (Pinus
ponderosa), Kinloch and Scheuner 1990 (Pinus lanbertiana), McDonald 1990 (Quercus
kelioggm), and Pavhik et al. 1991 {Quercus wishizenii). The common shrub species are
A rcrostaphylos manzanita C Parrv, A rerosiaphylos canescens Eastw., Ceanothns prostraius
Benth , and Rhamnus californica Eschsch.

In 1949, the State purchased BMSF for experimenial and demonstration purposes.
It was 10 serve as an example of a recently cutover site from which all merchantable
timber has been cut, except for a few seed trees and scattered patches of mature trees that
were considered inaccessible by the logging company at the ume of acquisition The Staie
Forest 1s open year-round for pubhic recreatonal use and hunters, bikers, picnickers, and

campers are frequent users of the area, and in general recreational activities are high.

Previous work
Prescribed bum research was first carried out in the Boggs Mountain area by

Harold Biswell from 1951 to 1964 at Hobergs Resort (Biswell 1989). This resort 15
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located a few miles north of the state forest. The technique used consisted in of an initial
controiled burn to reduce dead fuel and kill both shrubs and small understory trees, and
next, residual large dead fuels. and shrubs and trees kilied by the first bum were pilied
and bumed (Biswell 1989) In BMSF self. prescribed burning has been used as a
management too} since February 1985 A major goal for the forest manager 15 wildfire
hazard mitigation because of the subdivisions nearby Prescribed burning is carried out
over pertions of the forest everv year, preferably in winter. The forest manager expects
thrs to reduce the number of small trees and shrub cover. and 1n this manner, reduce the
vernical continuity of forest fuels (ladder fuels). Addinonally, group selection cuts and

thinning are expected to enhance the mber growth rates

Methods
Both the experimental design and the experimental execunon are explained in
detail 1n each chapter
The research goals were expressed as specific null hvpotheses.
] - The level of forest floor consumpuon by fire does not affect values of seil pH.
2 - The level of forest floor consumption does not affect infiltration rates
3 - Leachate (from bumned litter} treatment yield the same seed germinauon rates than
control (clean water).
4.- Germination rate does not change significantly with the temperature applied in the

heating treatment
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5.- Wert thermal treatments do not yield different germinanon rates than dry ones at the
same temperatures.

6 - The different germination treaiments applied do not interact,

7- All the species in this study benefit equally from winter stranficaten (wet, cold
storage for three months)

8.- In 1992-93, understory spatial distributions in 1988 prescribed burns are not different
from controls (unburned).

9 - In 1992-93, overstory spatial distributions in 1988 prescribed burns are not different
from conrtrols {unburned).

10.- In 1992-93, understory diversity indices in 1988 prescribed burns are not different
from controls {unbumed)

11- In 1992-93, overstory diversity indices in 1988 prescribed burns are not different
from controls (unbumed).

12.- Seedling of different spectes do not differ in occurrence along the gradient in fitter
and duff depth (microhabitat vanable)

13.- Seedling of different species do not differ in occurrence along the gradient in
distance to the nearest plant individual {microhabitat variable)

14 - Seediing of different species do not differ in occurrence along the gradient in
distance to the nearest outcompeting plant individual (microhabitat variable)

15 - Seedling of different species do not differ in occurrence along the gradient in
percentage of the soil surface covered by conifer hitter and duff (microhabitat

variable)
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16 - Seedhing of different species do not differ in occurrence along the gradient in

percentage of Photosynthetic Active Radiation (PAR) reaching the seedling
(microhabitat variable)

17.- Seedling of different species do not differ in occurrence along the gradient in total

plant cover above a seedling {microhabitat varnable)

Stanstical analysis The SAS {Schlotzhauer and Littlell 1987) statistical package
was used in the analvses of resuits Linear models were used for analysis of vanance
(ANQVA), and orthogonal F tests (orthogonal contrasts) were used in the process of mean
separation because most stansticians agree that they provide a more precise separation
than multuple comparison tests (Day and Quinn 1989, Steel and Torie 1980, Little and
Hills 1978} Following Little and Hiils (1978), data were transformed {(1f necessary) to
better f11 the assumptions of ANOVA, continuous variables were logarithmic transformed.
and percentage variable were arcsine transformed In a hike manner, the Kruskal-Wallis
rest (the nonparametric analog of the ANOVA F test) was used when the aNOva
assumptions were noi met, Lastly, the power of the stansucal test performed are reported.

Power 1s the hikelihood of the test to reject the null hypothesis when it is false.

Justification
Fire 15 a major form of recurrent natural disturbance in numerous terrestrial plant

communities. Fire, {andforms, flora, fauna, and geomorphic processes interact in different
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ways causing diverse panterns of vegetation types over landscapes. Fire changes plant
cover and soil properties, and can modify the hydrologic regime of a site, affecting the
movement of s01] and sediments within a watershed. Plant communities, through temporal
and spanal parterns of fuel accumulations, affect the fire regime of a site.

From an ecological point of view, fire ts neither a destructive nor a constructive
factor per se; it simply causes change That is, scientific investigations of fire effects on
ecosystems do not invoive judgment of 'good' or 'bad' outcomes However, within the
context of objectives determined by humans, outcomes may be described as desirabie or
non-desirable. Thus, benefits can be obtained from using prescribed burning as a forestry
management tool, such as. site preparation for seeding or planting. disease control,
improvement of wildlife habitat, and reduction of stand-replacing wildland fires Marun
(1981) stated that each bum should be planned to accompiish one or more well defined
objectives, at the same ume keeping the negatve effects of burning below given levels.
A single prescribed bum may achieve several benefits, e.g a properly planned fire can
reduce hazardous fuel accumulations and enhance wildland habitat. Prescribed burns are,
however, not always desirable: if conditions are not carefully prescribed, bums can
damage natural resources such as soils by senously reducing soil wenability or
accelerating erosionat processes Therefore, prescribed fire must be used carefully because
of the multiple effects.

Additionally, fire, as a disturbance, may affect each level of organization of a
given natural system Pickett et al. (1989) state that analyses of disturbance at each level

and interactions among the levels are vital to undersianding the importance of disturbance
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as a natural phenomenon Thus, the principie of scale -both temporally and spatially-

should be addressed.

Classification of these chapters

Chapter 1. Prescnibed Buming Effects on Infiltration Capacities in Mixed-Comifer Forest

Stands at Boggs Mountain Demonstration State Forest, California

Chapter 2. Seed Germination Responses 1o Various Thermal Regimes: Shrub Species at

Boggs Mountain Demonstration State Forest. California

Chapter 3. Prescribed Burned Effects on Spatial Distribution Patterns and Plant Diversity

Indices in Mixed-Conifer Stands 1n Califormia

Chapter 4. Tree Seedling Microhabitat 1n Mixed Conifer Stands a1 Boggs Mountain

Demonstranon State Forest. California

The experiments involved in these papers (chapters) address diverse interactions
among fire, flora, and soil charactenstics These experiments can be grouped as follows'

A Spatial scale.

A 1. Microscale level

Chapter 1 Hydrologic experiments
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Chapter 2. Seed germination expenments
Chapter 4. Seedling microhabitat study
A 2. Stand level
Chapter 3. Plant spatial distributions and species diversity

B Expenmental topic

B 1. Abionic charactenstics of the soil
Chapter 1. Hydrologic experiments
B.2 Community level concepts (Synecology -sensic Qosting 1948)
Chapter 3 Plant spanal disintbunons and species diversity
B 3. Organmism level concepts (Autoecology -sensu Daubenmire 1959)
B.3 1. Chapter 4. Seedling microhabitat study (operational environment)
B 3 3. Chapter 2. Seed germination experiments

C Categorv of experiments,

C.}. Manipulative experiments sensnw Huribert (1984). Chapters | and 2

C 2. Mensurative experiments sensu Hurlbert (1984). Chapters 3 and 4
In summary, the purpose of this research 15 to understand fire effects on mixed-
conifer stands at Boggs Mountain State Forest (BMSF) This knowledge should lead to
recommendations for the management prescriptons. The manager of this Demonstration
Forest is interested in a better understanding of vegetation dynamics, the fire effects on
both so1l and vegetation as well as vegetation management for growing trees (silvicultural

practices) To address those needs, I have examined the mechanisms relating fire and 1ts
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effects on Douglas-fir and companion species in this particular location with a given

climate, topography, geomorphic processes. soil and vegetation.

Presentation
Some replication of statements in various chapters exist because these papers are

mtended to stand alone (i e, 10 be submutted for publication independently)



CHAPTER 1

PRESCRIBED BURNING EFFECTS ON INFILTRATION CAPACITIES
IN MIXED-CONIFER FOREST STANDS

AT BOGGS MOUNTAIN STATE FOREST, CALIFORNIA

Domingo Miguel Molina

ABSTRACT: The development of a hydrophobic laver beneath the soil surface js
common during wildfires. This study was aimed to evaluate the effect of prescribed burns
on water infiltration into the soil (i.e.. if there is hydrophobicity) under mixed-conifer
forests. The expeniment followed a randomized compiete block design and had three burn
treatments characterized by means of different amounts of forest floor consumption (1.2..
control, low, and high consumpuon). Blocks were 50 to 100 m apart on a low gradient
slope covered by Douglas-fir, (Pseudorsuga menziesii (Mirb.} Franco). sugar ping {Pinus
lambertiana Dougl.), and ponderosa pine (Pinus penderosa Dougl.). Infiltration capacity
was measured by 100mm-diameter ring infiltrometers on both burned and unburned
conditions in a mixed-conifer stand at Boggs Mountain State Forest, California. The
infiltration rates were not significantly changed by controlied burns of low fireline
intensity and low (o high fuel consumption. Therefore. we can reduce fuel accumulations.

and thus wildfire hazard, using prescribed burns without significantly changing the
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infiltration capacity of the site. Similarly, soil pH was not sigmficantly changed by the
controlled burns.
KEYWORDS: Prescribed burns, infiliration, hydrophobicity, forest floor consumption,

fireline intensity

INTRODUCTION

Wildfires may cause dramatic changes in soil physical and chemical properties. In
particular, the development of a hydrophobic layer beneath the soil surface 18 common
during wildfires. Within this context. how does prescribed burning affect certain physical
characienistics of the soil such as infiltration rates and soil pH?. In this study. our
Objective was (o determine 1f infiltration capacity and soil pH are significantly changed
after prescribed burns in soils under mixed-conifer stands at Boggs Mountain State Forest
(BMSF). north of Middletown, California.

From an ecological point of view, fire is neither a destrucuve nor a construclive
factor per se; it simply causes change. However. within the context of objectives
determined by humans, outcomes may be described as desirable or non-desirable. Thus,
benefils can be obtained from using prescribed burning as a forest management tool; such
as, site preparation for seeding or planting, disease control, improvement of wildlife
habital, and reduction of stand-replacing wildland fires. Martin (1981} stated that each
burn should be planned to accomplish one or more well defined objectives, at the same
ume keeping the negative effects of burning below given levels. A single prescribed burn

may achieve several benefits. e.g. a properly planned fire can reduce hazardous fuel
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accumulations and enhance wildlife habitat. However. if conditions are not carefully
prescribed, burns can damage natural resources such as soils by seriously reducing soil
welttability or accelerating erosional processes. DeBano (1989) states that fire directly
affects soil structure and infiltration. DeBano (1969) found that the wettable surface layer
in a soil may vary from more than a meter in depth (before burning) to a few centimelers
(after burning). The hydrological characteristics of a chaparral soil change drastically, with
fires allowing moderaie storms to cause floods of considerable magnitude under burned
conditions; and therefore. flood recurrence intervals will be much shorier (Nassieri 1989).
Lastlv. water repellent soils. though unlikely (0 be continuous over an entire catchment
alter a ftire event. could increase the probability of overland flow and hence the amount

of eneray available for soil erosion (Scott and Van Wyk 1990).

Hypotheses
As stated above, our objective was 1o determine if infiltration capacity 1$
significantly changed after prescribed burns in soils under mixed-conifer stands at BMSF,
California. The null hypotheses (H,) tested and the alternative hypotheses (H,) are slated
bellow:
H,,= Inial (or dry-soil) infiltration rates are independent of fuel (litter and duff)
consumption versus H, = initial infiltration rates are negatively correlated with fuel

consumption.
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He,= 1mnal {(dry-soil) infiltration rates do not change between burned and control
(unburned) conditions versus H, ,= initial infiliration rates do change between burned and
control (unburned) conditions,

H,.= final (or wet-soil) infiltration rates are independent of fuel (litter and duff)
consumption versus H,,= final infiltration rates are negatively correlated with fuel
consumption

Hy.= final (wet-soil) infiltration raies do nol change between burned and control
{unburned) conditions versus H, .= final infiltration rates do change between burned and
conure! {unburned) conditions.

H, <= within the upper 60mm. the soil pH does not change among different levels of burn
treatment versus H, = within the upper ¢*mm. the pH does change among different levels
of burn treatment

H, .= within the upper 25mm. the percent of sand particles does not change between the
control samples and the sampics heated during 4 minutes at 100°C in moist saturated
conditions versus H .= within the upper 25mm. the percent of sand particles does change
between the control samples and the samples heated at during 4 minutes 100°C in moist

saturated conditions.

METHODS
Study area
Boggs Mountain State Forest. north of Middletown, California. is iocated 39°N,

123°W  al about 730-1150 m above the mean sea level. Soils in BMSF are mapped as soil
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complexes since distinct soil series are complicatedly intermingled. Parent rocks are
andesite, basalt and dacite. The vegetation type is a mixed conifer forest containing the
following overstory species: Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco),
ponderosa pine (Pinus ponderosa Dougl.), sugar pine (Pinus lamberriana Dougl.), black
oak (Quercus kelloggii Newb.), and interior live oak (Quercus wislizenii ADC.). The
most common understory species are Arctostaphylos manzanita C.Parry, Arciostaphylos
canescens Eastw., Ceanothus prosirarus Benth.. and Rhamnus californica Eschsch.
Experimental design and execution

Soil pH analyses and infiltiration iests were conducted on soils from a randomized
complete block design (RCBD) of burn treaiments. There were four blocks, and three
burn treatments characterized by means of different amounts of forest floor consumption
(i.e., control, low. and high consumption). Blocks were 50 1o 100 m apart in a flat. low
gradient slope covered by Douglas-fir, sugar pine, and ponderosa pine,

Each block consisted of three contiguous plots (expentmental units) of two meiers
per side. Treatments were randomly assigned 1o the plots. Firelines were built around the
burn plots 10 accomplish the burn prescriptions. Firelines were approximaltely 0.6 m wide
and cleared to bare mineral soil. There were 12 experimental units (4 blocks x 3
treatments). Flooding- or ¢ylinder-type infiltrometers (100mm-diameter) were installed to
measure: a} dry-soil infiltrauon capacity, and b) wet-soil infiltration capacity. While 'dry’
stands for the first infiltrauon runs in a location, 'wet’ stands for the following seven runs.

Four samples were taken in each plot using four similar infiltrometers. simultaneously.



&

The infiltration experiments were carried out as falling head tests with the initial
head of water equal 10 340 mm (distance from the ground surface to the water level inside
the infiltrometer) and the final water level 61 mm above the ground surface. In order to
accomplish that, the infiltrometers were driven into the soil until an infilirometer mark
was even with the soil surface. They were then filled with water, and the ume required
to drop the water level from 340 to 6] mm was recorded. Eight runs were accomplished
for every place in which the infiltrometers were located.

Fire characteristics including flame length, fireline intensity and fuel (duff + htter)
consumpution were measured during and after the fire. Flame length is the slant length
from about the center of the base of the flame to the tip. Fireline intensity was defined
by Byram (1959) as the rate of energy release per unil length of fireling; he also
developed a relationship between flame length (in meters) and fireline intensity (in
kiloWaltts per meter).

Dufi-pins were used (o measure the depth of forest floor consumption. The method
employed was 10 insert eight pins inside the plot to be burned leaving their heads level
with the organic layer / air surface interface. After the burn, we were able to record the
length {(mm) of each pin standing above the new surface. Duff-pins were located close 10
the plot perimeter (buffer zone) 1o avoid disturbance in the area in which we would carry
out the infiitration experiment. The three burn treatments were accomplished by means
of a) no burn (control), b) a single head, surface fire (low consumption treatment), and
¢} two backing. surface fires (moderate to high consumpton treatment). Note that we tried

10 obtain the high consumption treatment by means of backing the fireline; however, this
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was not good enough and we had (o burn again a week later. Lastly, a portable soil pH
tester (E.W. System Soil Tester, O.S.K.. Tokio, Japan) was used t0 measure pH in the
field.

The effect of soil heating on soil texture was tested in a lab experiment. Soils were
subjected to two treatments (i.e., control, and heating at 100°C during four minutes in

moist saturated conditions) with three replications.

Statistical analysis

The SAS (Schlotzhaver and Littlell 1987} statistical package was used in the
analyses of results. Linear models were used for analysis of variance {ANOVA).
Following Litle and Hills (1978). data were log (x+1) transformed to better fit the
assumpuons of ANOVA. The mean square of the variation in infiliration rates among
locations within the same experimental unit will be referred as sampling error, and the
mean square of the infiltration rates among locations in different experimental units
treated alike (same burn treatment) will be called experimental error. In like manner,
treaiment error will be the mean square of the mean nfiltration rates among experimental
units treated differently. If the treatment source of variation is not real, then the last two
mean squares will be of the same order of magnitude. QOtherwise, the treatment error will
be expected to be larger since il contains an additional source of variation. Lastly. the
power of ANOVA was calculated following Zar (1984). Power is the likelithood of the

test 1o reject the nuldl hypothesis when it 1s false.



RESULTS

Mean forest floor consumption ranged from 3 mm to 19 mm in the low
consumption experimental units. and from 24 10 37 mm in the moderaie to high
consumption experimental units. The mean forest floor depth was 45 mm before burning.
Statistical analysis (t-test) of this data indicates that the different burn treatments
significantly differed in consumption (P-value = 0.0081, table 1). Therefore, they were
accomplished satisfactorily. Byram's (1959) equation, which relates flame length and
fireline intensity, was used to calculate fireling intensity. Flame lengths were 0.5 m (or
less} corresponding 1o fireline 1ntensites of 60 kW/m (or less) which are quite low.

Treatment means of infiltration rates for the first run {i.¢.. dry condition} ranged
from 1.41 (= 0.25) x 107 o 1.62 (= 0.49) x 107 m/s (able 2); they do not differ
statistically (P-value = 0.60). Treatment means of infiltranon rates for the eighth run
{almost steady-state) ranged from 0.66 (= 0.11) x 107 10 0.92 (= 0.20) x 107" m/s (table
2). The prescribed burns conducted in this study did not change infiltration capacity
significantly. The power of the tests {when specifving that the smallest difference we wish
(o detect between the two most different population means be equal 1o the value of the
grand mean of infiltration rates) were low for the early infiltration runs (i.e., < 0.52).
However, they were always higher than 0.62 for runs four and thereafter. It is reasonable
to specify that the smallest difference we wish to detect between the two most different
population means be equal (0 the grand mean because of the broad vanability in
infiliration rates reported elsewhere (Scott and Van Wyk 1990, Shakesby er al. 1993). Soil

pH was 6.3 and did not differ statistically among treatments (P-value = (.58, table 3). The
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power of the test was very high (> 0.996) when specifying that the smallest difference we
wish to detect between the two most different means be equal to 0.1 units of pH. It is
reasonable (o specify 0.1 units of pH as the smallest difference because it was the
precision of our measurements.

The soil texture for this site. based upon the hydrometer method, is that of a loam
(42% sand, 40% silt, and 18% clay). No significant differences were found between the
control soil samples and the soil samples heated at 100°C in moist saturated condions
for four minutes (P-value = 0.88, 0.78, and 0.30 for percent of sand. silt and clay

respectively; table 4).

Table 1. Depth in mm of Low versus High forest floor (litter + dutf) consumption: Mean
and standard error of the mean (SE). Randomized complete block design [4
replicatons and 8 samples (duff-pins)]. P-value = 0.0081. t-statistic = 3.8841.

TREATMENT Mean (mm) SE (mm)
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Table 2. Summary of the infiliration study: mean and standard error of the mean (SE) by
consumption treatment (i.¢., Control, Low, and High forest floor consumption].
Infiltration rates are in 107 m/s. The first infiltration runs (il) are the initial
infiltration rates, and the eight runs (i8) are the quasi-steady-state infiltration rates.

Treatments Control [Mean (SE}Y] Low [Mean (SE)} High {Mean (SE))
Fuel consumption {(mm) 0 11 (3) 30 (&)
Flame length' (m) 0 <0.5 <0.5
Fireline intensity® (kW/m) 0 <60 <60

il: infiltration rate {(mm/s) 1.41 (0.25) 1.46 (0.28) 1.62 (0.49)
t2: nfiltration rate {(mm/s) 1.06 (0.17) 1.22 (0.21) 1.39 (0.41)
i3; infiltration rate (mm/s} 0.92 (0.13) (0.99 (0.18) 1.23 (0.32)
14: infiltration rate (mm/s) .84 (0.13) 0.88 (0.16) 1.15¢(0.28)
15; infiltration rate (mm/s)  0.79 {0.11) 0.81 10.14) 1.09 (0.26)
16: infiltration rate (mm/s)  0.74 (0.10) 0.76 (0.13) 1.02 (0.23)
17: infiltration rate (mm/s} 0.69 (Q.11) 0.72 (013 0.97 (0.22)
18: infiltration rate {mm/s) 0.66 (0.11) 0.68 (0.13) 0.92 (0.20)

' Flame length is the slant length from about the center of the base of the flame to the tip.
* Fireline intensity is defined as the rate of heat released across the depth of a fireline one
meter wide.

Table 3. Mean and standard error of the mean (SE) of pH by consumption treatment
[(i.e.. Control, Low ({forest floor consumption), and High (forest floor

consumplion}]
TREATMENT MEAN SE
Control 6.3 0.06
Low 6.24 0.1

High 6.24 0.11
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Table 4. Percentage of sand, silt and clay by treaiment. Mean and standard error of the
mean {SE) in percentages. C - conwrol, T = heated (100°C in moist conditions
during 4 minutes). P-values and i-staustics from t-tests are also reported.

Treatment % Sand [Mean (SE)] % Siit [Mean (SE)] % Clay [Mean (SE}]

C 435 (2.5) 37 (1 19.5 (1.5)

T 44.5 (5.5 38.5 (4.5) 17 (1)

P-value 0.8838 0.7758 0.2999

t-statistic 0.1655 0.3254 1.3868
DISCUSSION

Somewhat surprisingly the prescribed burns conducted in this study did not
signtficantly change the infiliration capacity of the soil. The mean square of lreatment
error and the mean square of experimental error resulied in the same order of magnitude:
therefore, there 1s not a real source of variation due 1o the burn ireatment. Many studies
have relaled fires 1o impeded or reduced infiliration as well as increased overland flow
and erosional processes {Shakesby er af. 1993, Scott and Van Wyk 1990, DeBano [989).
However. Sengonul (1987) found that initial infiliratnon rates, calculated from [ield
infiliration trials, were increased on lightly bumed areas and reduced on heavily burned
areas; the slowest infiltration was recorded on unburned water-repellent soils under pine,
especiaily Pinus brutia stands.

Similarly, we fail to reject the null hypothesis that soil pH does not differ among
treatments {table 3). Since the power of the test was high for the pH and the latest four

infiltration runs, we are confident that no differences were found among treatments. On
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the other hand, for the first four infiltration runs the power was not high enough 10
suggest a lack of differences among treatments. Since the infiltration experiments were
carried out earlier, leachate might have impaired our ability o detect changes in soil pH
after the burn.

In this study, no differences were found in soil texture. In like manner Christensen
{1975) did not find textural differences among burned and unburned chaparral soil
samples. However, Duriscoe and Wells (1982) found significant changes in soil texuire
after heating so1ls at high emperatures (200 (o 1000°C); lower clay content and higher
sand content after heating. In this paper, the lemperature in the healing lreaiment was
100" C because higher temperatures are very uncommon o last more than a few seconds
in prescribed burning {(Raison 1979). On the conirary. Duriscoe and Wells (1982)
lemperature range is adequate for wildfires

DeBano (1989) stated that predicting fire effects in soils requires: (1) charactenzing
fireline intensity. (ii) relating the fire regime 10 soil heating. and (iii) quantifying changes
in chemical. physical and biological soil properties. In this study. we expanded DeBano's
first condition and have considered fircline intensity as well as fuel consumption. Fuel
consumption is the amount of fuel (organic matter) consumed per unit area, and is usually
given in kilograms per square meter; however, in this study. it 1s given in millimeters
(depth of forest floor removed by combustion). Finney (1991) and Woodard and Martin
{1980) found that loading and depth of forest floor were linearly related for Sequoia
sempervirens and Pinus contorra respectively. In this study, forest floor fuel consumption

was considered 1o be a more important fire characieristic than fireling intensity on soii
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hydraulic properties. Fireline intensity might affect the soil but only while the fireline
resides at the point. On the other hand, glowing combustion may Jast for hours or even
days transferring heat mainly by radiation and conduction. The amount of energy (hear)
released to the soil is better estimated from fuel consumption (litier, duff. and vegetation)
than from fireline intensity; and residual glowing combustion can account for most of the
fuel consumption (Kauffman and Martin 1989). Packham (1970) found convective heat
from a surface fire 10 be about three times that of radiated heat. As most convective heat
rose. and only a portion of the radiated heat entered the soil, only about five percent of
the heat from the fire heated the soil (Packham 1970). In this study, fuel (duff + litter)
consumption ranged from 3 to 37 mm of depth which are considered low to moderate
values (mean total depth was 45 mm). If more forest floor fuel 1s consumed. more heal
18 released which can alfect both biotic and abiotic site factors as well as supply ash
which may block soil pores. In addition. more fuel consumption leaves less organic
material to protect the soil from raindrop 1mpact.

A physical property quantified in the experiments reported here was the infiltration
capacily. Steady-state 1nfiltration capacily (laken as an esumation of the saturated
hydraulic conductivity) fall within the range often given for a loam (e.g., Freeze and
Cherry 1979). Some depth of forest tloor remained after burning: therefore, soil continued
to be protected from raindrop impacts. However, firelines depleted of the forest floor (this
is a prescribed burn requirement) are subjected to soil erosion by means of raindrop
impacts. In these small plots, the ratio of fireline area to burned area is high but in larger.

management burns this ratio could be virtually negligible, and erosion minimal. However,
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in locations with slope gradients higher than 20 percent. erosional processes might be
important after high consumpton prescribed burns.

Prescribed burns may differ from wildfires in having both lower firefine intensities
and smaller forest floor consumption (Kauffman and Martin 1989, Finney 1991).
Therefore, prescribed burn effects on soil water processes might be Jess dramatic than
those from wildfires. Moreover. a given site might develop higher infiltration capacity
after a prescribed burn while lower infiltration capacity after a catastrophic wildland fire

(1.2.. hydrophobic layer).

CONCLUSIONS

This study was designed to characterize the ympacts of prescribed burns on both
initial and final (steady-state} nfiltraton capacity. No significant differences were found
in either the steadv-state infiliration rates or in the early infiltration rates for loamy soils
under mixed-conifer canopy after being treated with prescribed burns of low fireline
intensities and low 10 moderate fuel consumption. There were no signilicant differences
between hurned treatment and the unburned treatment. The resulis presented here have
implications related to cumulative watershed effects. It appears that prescribed burning
does not reduce infiltration rates in loamy soils under mixed-conifer stands. In this study,
small plots were used because they are easy 10 control and monitor. It is important, in
luture studies, 1o extrapolate (scale) the hydrological and ecological effects of controlled

burns on smatl plots to large scales as well as 1o conduct experiments on a broader scale.



CHAPTER I

SEED GERMINATION RESPONSES TO VARIOUS THERMAL REGIMES:
HARD-SEEDED SHRUB SPECIES

AT BOGGS MOUNTAIN STATE FOREST, CALIFORNIA

Domingo Miguel Molina

ABSTRACT: Fires can affect the germination of seeds of many plant species. The
objective of this research was 1o evaluale the germination response of seeds {rom several
hard-seeded shrub species common 1o Boggs Mountain State Forest (Cahfornia). The
experimental units were sets of 25 seeds with four replicates. The following species were
investigated: Arctostaphivios manzanitaC . Parry (ARMA), Arcrostaphylos canescens Eastw.
{ARCA), Ceanothus prostratus Benth. (CEPR), Rhamnus californica Eschsch (RHCA).
Experimenmal invesiigauon provided ewvidence into germination requiremenis, and
interpretation of these results elucidated fire-related mechanisms associated with plant
persistence and regeneration. Treatments were designed to emulate: (1) fire induced
scarification, (2) winter stratification, and (3) the effects of leachate from burned litter,
RHCA seeds had higher germination when non-stratified versus when stratified, at 80°C
versus any other temperature, and in moist heating treatments versus dry ongs at the same
temperature. Germination of ARCA and CEPR seeds is enhanced by stratification.

Germinauon of ARCA seeds is diminished when thermal treatment levels were either 90
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or 100°C. Germination of CEPR seeds is not enhanced by heating at temperatures ranging
from 70 to 100°C. RHCA and ARCA seeds had similar germination raies in leachate and
non-leachate treatments. ARMA percentage germination was negligible.

KEYWORDS: germination, fire induced scarification, stratification, leachaie

INTRODUCTION

Historically, wildfires have burned wildlands as both headfires and backf{ires under
a broad range of fuel and weather conditions and have resulied in diverse vegetative
responses. The numerous plant adaptations (o various fire regimes indicates that fire as
an environmental factor has been a strong selective force in plant communities.

In particular, fires can affect the germination of seeds of many plant species. The
objecuve of this research was 10 evaluate the germination response of a variety of seeds
of hard-seeded shrub (early successional) species common in Boggs Mountain State
Forest (BMSF), Califorma. Specifically, how do fire-emulating treatments affect seed
germination?. The term hard-seededness describes a dormant mechanism entrely
controlled by the physical characteristics of the seed coat which prevents water upiake by
otherwise non-dormant seed embryos (Probert 1992). Germination requirements were
investigated for seeds of two species of the Ericaceae family (Arcrostaphvios manzaniia
C.Parry, Arciosraphylos canescens Eastw.) and another two species of the Rhamnaceae
family (Ceanothus prostratus Benth.. Rhamnus californica Eschsch.). Germination

requirements of many nauve plants of California are compiled in Keeley (1987) and



17

Emery (1988), and for woody plants growing in the United States in Schopmeyer (1974).

Arcrostaphylos is reviewed by Berg (1974), Ceanothus by Reed (1974), and Rhamnus by
Hubbard (1974).

The vegetation type of BMSF is 'Ponderosa pine - Douglas fir' in Wright and

Bailey (1982) classification of vegetation and fire effects. In this vegetation type, slash

reduction after logging is used to reduce fuels and hence wildland fire hazard. The vse

of prescribed burning for slash reduction breaks the dormancy of shrub seeds in the soil.

Shrubs may be very prevalent after a burn due to both sprouting and / or germination

from seed. This forest has an active timber production; therefore, there 1s high interest in

favoring conifers versus shrub species.

Hypotheses

For each of the species listed above, the following null hypotheses were studied:
H, = Leachale from burned litter does not change seed germination rates (i.e.. those of
clean water).
H, .= Percent germination does not vary with the level of thermal treatment.
H,,= Percent germination does not vary among wet and dry treatments at the same
temperature.
H,,= All the species in this study benefit equally from winter stratification.

H, = The different germination treatments applied do not interact.
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METHODS

Study area
Boggs Mountain State Forest (BMSF), north of Middletown, California, is located
39°N, 123°W, at about 730-1150 m above the mean sea level. The vegetation type 18 a
mixed conifer forest containing the following overstery species: Douglas-fir { Pseudotsuga
menziesii (Mirb.) Franco), ponderosa pine (Pinus ponderosa Dougl.), sugar pine (Pinus
lamberriana Dougl.), black oak (Quercus kelloggti Newb.), and interior live oak (Quercus

wislizenii A.DC.). The most common understory species are the ones here studied.

Experimental design
This is a manipulative experiment {sensy Hurlbert 1984) and follows a randomized
complete design. The experimental units (EU} are sets of 25 seeds. For each species there
are 36 treatments and 4 replicates (lots of 25 seeds). Treatments were designed to
emulate: (1) fire induced scarification. (2} winter strauficatuion, and (3) leachate from

burped litter.

Experimental execution
Seeds were randomly selected from Boggs Mountain. The experiment involved the
following factors:
A. scarification; a temperature treatment with six levels: 25°C, 60°C, 70°C, 80°C, 90°C,
and 100°C.

B. dry versus saturated air while scarification takes place


http:,,,'isli::.eniiA.DC.)

—
(i)

C. winter-stratification: control versus cold-wet-stratification (3 months at 2°C)
D. walering: clean water versus leachate from burned forest floor

Stratification treatment followed scarification. Not all AxBxCxD combinations are
studied. In this manner, instead of 72 (6x2x3x2) treatments, only 36 were considered
(table 1). Because of scarcity of CEPR seeds, treatments involving leachate and

treatments involving heating at 60°C, and those non involving leachate were not carried

oul.
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Table 1. Factors invelved in the germination experiment by species. S = with
stratification, NS = without stratification, RHCA = Rhamnus californica, CEPR =
Ceanothus prosrratus, ARCA = Arctostaphylos manzanita, ARMA = Arclostaphylos
canescens. n/a = treatment not apply, -- = treatment with negligible germination, * =
treatment with appreciable germination (used in the statistical anatyses).

FACTORS SPECIES
heating moisture’ stratification leachate RHCA CEPR ARCA ARMA
25°C N/A S L -- n/a * -
25°C N/A S NL - * * --
25°C N/A NS L * n/a - --
25°C N/A NS NL * - --
60°C Dry S NL - n/a * -~
60°C Dry NS NL -- n/a - -
60°C Moist S NL - n/a * -
60°C Moisl NS NL -- n/a =
70°C Dry S L -- n/a * -
70°C Dry S NL - *
70°C Dry NS L * n/a -
70°C Dry NS NL * - --
70°C Moisl S L -- n/a *
70°C Moist S NL - * *
70°C Moisl NS L * n/a -- -
70°C Moist NS NL * -- - --
80°C Dry S L -- n/a * --
g0°C Dry N NL -- * * -
80°C Dry NS L * n/a -- --
80°C Dry NS NL * -- --
80°C Moist S L - n/a *
80°C Maoisi S NL .- * *
80°C Moist NS L * n/a --
80°C Maoist NS NL * -- - --
90°C Dry S L -- n/a - =
90°C Dry S NL -- * - --
90°C Dry NS L - n/a
90" C Dry NS NL - -- --
90°C Moist ) L -- n/a - --
90°C Moist S NL -- * -- --
90°C Moist NS L - n/a -- --
90°C Moist NS NL -- -- -- --
100°C Dry S NL -- * -- -
100°C Dry NS NL - - -- --
100°C Moist S NL - * -- --
100°C Moist NS NL -- -- -- --

' Dry and moist conditions during the heating treatment. 25°C correspond to no heating
treatment and, therefore, dry and moist do not apply here.
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Each heal treatment lasted four minutes because this represents the time duff and
soi] heats at high temperatures during fires. Once the scarification treatment was applied
to the experimental units, seed germination tests were performed in Petri dishes (& cm in
diameter) on a fiber-glass paper, over a thin bed of perlite. The experimental units were
regularly, slightly watered, and those involving cold stratification were placed in a
refrigerator at 2°C for three months. A seed protectant agriculture fungicide {Gustafson.
Gustafson Inc.) was applied evenly to all the EU. The active ingredient 1s Captan; this s,
N-trichoromethylthio-4-cyclohexene- 1-2-dicarboximide. This fungicide treatment was
aimed to those pathogens mosi hkely 1o cause disease development during propagation
(i.e., Phyrophthora. Fussarium, Pvihium). Seed germination was recorded twice per week
by presence of an emerged radicle. In this study, a seed was considered germinated when
radicle was longer than hall of the maximum length of the seed. After each count, the

germinated seeds were discarded.

Statistical analysis
The SAS (Schiotzhaver and Liulell 1987) siatistical package was used in the
analyses of results. Linear models were used for analysis of variance {ANOVA), and
orthogonal F tests {orthogonal contrasts) were used in the process of mean separation
because most statisticians agree that they provide a more precise separation than muitiple
comparison tests (Day and Quinn 1989). Square root transformation of perceniage
germination data always improved the fulfillment of ANOVA assumptions. Therefore,

statistical analysis was performed with these transformed data, and SRG siands for root
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square transformation of the percent germination. However, tables report means and

standard errors of the mean (SE) obtained by transforming back the SRG means and SE.

Research Hypotheses

Several specific hypotheses can be drafted to test for statistical significance
(orthogonal contrasts). An estimation of the treatment mean (i.e., average of the four
replicates) is denoted by . and subscripts identify the treatment (combination of factors)
applied. C stands for control (25°C), D for dry heating, M for moist treatment, L for
burned litter leachate tlack of L for clean water treatment), 70 for heating at 70°C, and
other temperatures similarly.
Q1 Hy: Seed germination by means of watering with clean water and with burned litter

leachate differ only due to chance

Ho! Me+UpontHpsa e tHaso=H FHprol THosor HHago, FHlasor VETSUS

Hyo Mot sotHpsg ity # M +Homer +HosayFHsa FHasor
Q2 H,: Seed germination by pooling heating treatments at both 70 and 80°C versus
no heating due differ only to chance

Hyt duerdpy =Hp 7 tHpge+HysotHsot HpsoL HHpsoL + HypaeL FHyge, VETSUS

Hyo ey # UpysetHpsotHymtHasgotHpror HHpsor Hagor HHasor
Q3 Hy: Seed germination by means of heating at 70°C and at 80°C differ only due to0
chance

He! B+ HagroHprer THaeo =HpsotHaisotHpsor HHasor VETSUS

Hy! Mg+ Rysetlom Hlusor # UpsotHysotiosos THwsor
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Q4 Hy: Seed germination after dry and moist treatments differ only due to chance

Hy'! UpraFHosotUpror THgor =Hygro+HyssatHsror THvsor YETSUS

H, Upro+HpsotHpror HHpsor, # HaesoTHusgo oo Hossor

Q5 B, In moist conditions, seed germination by means of waiering with clean water
and with burned litter leachate differ only due 10 chance

Hy! Mot iuso=Hyrro Hossoy Versus Hyt Pyrg e # Pagsor Fwsor
Q6 H,: Seed germination by means of heating at 80°C and no heating differ only due
1o chance

Ho: 2P+ 20y =tpg ot HosoL Hiasor. YeTSUS Hyo 2Ue+24 # MpsoTHusoTHmsor +Hnor
Q7 Hy: When seeds are not heated, germination by means of walering with clean water
and with burned litter leachate differ only due to chance

Hy: pe=py versus Hyope = p

RESULTS

In RHCA seeds, temperatures others than of 25 (control), 70, and 80°C were not
included in the analysis of variance because there they vielded almost no germination
regardless of the levels of the other factors. RHCA seeds after stratificanion yielded hule
to none germination (9 seeds out of 1400, or 0.64%). However, RHCA without
stratification treatment yielded more germination (9-31%) than with stratification and
significant differences in germination among different levels of the other factors were
found (1able 2). Specifically, two out of the seven planned. orthogonal contrasts resulted

statisucally different at o = 0.05 (1able 2). From those contrasts. we inferred that i)
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heating at 80°C yielded more germination than at 70°C (23£2% vs. 12x3%. P-
value=0.0129) and than a1 25°C (23+2% vs. 1524%. P-value = 0.0687), and 11) leachaie
treatment, when no heating was involved, reduced germination rates; this is, 23+5%
without leachate versus 9+1% with leachate (P-value = 0.0149). However, with heating
wreatment (others than the control, 25°C), germination rates were not reduced sigmificantly
by leachate treatment. Resulis also suggesied that moist treatments yielded higher
germination than dry treatment (P-value=0.1027), we could not reject the null hypothesis
that seed germination by means of heating at 70 and 80°C versus no heating only differ
due to chance (i.e.. contrast Q2. table 2). A factorial analysis (table 3) showed that the
interaction between temperature and moisture condilion was highly significant (P-
value=0.0001). At 70°C, dry conditions yielded lower seed germination than moist
conditions. However, at 80°C the opposite was true. Similarly the interaction between
tlemperature and water chemistry was also significant (P-value=0.0116). At 70°C. the
leachate treatment yielded higher seed germination than non leachate treatment. However.
at 80°C the opposite was true (table 2).

CEPR seeds without swrauification (reatment yielded zero germination; however,
some germination occurred after the first chilling peried (65 seeds out of 900, or 7.2%}.
ARCA seeds without stratification treatment yielded zero germination. Some germination
occurred after the first stratification period (25 seeds out of 1800, or 1.4%). After the
second stratification period, 52 seeds (2.9%) had germinated. Germination of ARCA and
CEPR seeds is enhanced by stratification. Germination of ARCA seeds is diminished (i.e..

percent germinauon was negligible) when thermal treatment levels were either 90 or
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100"C. ARCA seeds had similar germination rates in leachate and non-leachate treaiments.
Germination of CEPR seeds is not enhanced by heating at temperatures ranging from 70
to 100°C. For both ARCA and CEPR seed populations, percent germination did not
change significantly among the treatments that yielded appreciable germination (table 1).
In those treatments, mean ARCA germination was 4.0%, (F pcy = 0.85. Papca = 0.58) and
mean CEPR germination was 6.5% (Fegpg = 0.93, Pogpg = 0.51). ARMA germination after

one winter stratification treatment was negligible (one seed out of 1400).
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Table 2. Rhamnus californica percent germination: Orthogonal contrasts and their P-
values. DF = degrees of freedom, Mean = percent germination (%), SE = standard error
of the mean. Statistical analyses were performed after square root transformation of the
percent germination data.

Q1 all ‘clean water' versus all 'leachate’ treatments 1
Q2 25°C versus a pool of 70°-80°C treatments 1
Q3 70°C versus 80°C ireatments 1 0.0129
Q4 Dry versus Moist treatments 1
Q5 In moist conditions, leachate versus non leachate treatments 1
Q6 25°C versus 80°C treatments i
Q7 Coniro) versus leachale and no heaung treatment 1

germination (%)

Contrast The two contrasting treatments Mean SE
Q1 clean water 18.7 0.8
leachate 14.7 0.5
Q3 70°C 11.8 33
80°C 23 2.5
Q4 dry 13.4 34
moist 21.0 3.0
Q6 25°C 15.3 3.5
80°C 23.1 2.5
Q7 control 23.2 5.3
leachate and no heating 8.9 0.9

The power of tests performed were very high (> 0.99) in all cases. There was a
low probability of accepting a null hypothesis when 1t is false or committing a type 11
error. The way (0 determine power was o specify the smallest difference we wish 10
detect between the two more different population means (Zar 1984). This value was

set equal o 3% germination.
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Table 3. Rhamnus californica percent germination: Factorial analvsis and F- and P-
values. Factors: moisture (dry and moist}, temperature (70 and 80°C), and waler
(Jeachate and clean water). Mean = mean germination (%), SE = standard error of the
mean. Statistical analyses were performed afier square root transformation of the
percent germination data.

Source F-value P-values
MOISTURE 9.50 0.0051
TEMPERATURE 21.39 0.0001
MOISTURE x TEMPERATURE 32.60 0.0001
WATER 0.29 0.5926
MOISTURE x WATER 0.29 0.7324
TEMPERATURE x WATER 7.47 0.0116
Interaction germination (%)
MOISTURE x TEMPERATURE Mean SE
Dry  70°C 49 1.7
Dry 80°C 267 2.1
Moist 70°C 225 48
Moist 80°C 19.7 4.1
TEMPERATURE x WATER Mean SE
70°C  Leachate 146 6.1
70°C  Non leachate 10,2 3.2
80°C Leachate 19.0 37
80°C  Non leachate 277 24
DISCUSSION

The purpose of this investigation was to assess the effect of heating. moisture
conditions, winter stratification and leachate on germination rates of several chaparral

species, as well as the possible interactions of those factors. Seed responses to daily
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changes in temperature (Fenner 1985) and light (Pons 1992) were not addressed. The data
sugeest thal germination rates were low for most épecies regardless of treatment.

QOur results indicate that RHCA yields less germination when winter stratified than
when not stratified which is in general agreement with the literawure (Hubbard 1974,
Emery 1988, Young and Young 1992). Then CEPR, ARCA and ARMA seed populations
were dormant while RHCA seed population was mostly non-dormant. CEPR, ARCA and
ARMA are obligate seeders. while RHCA do resprout after fire.

Heaung at 80°C yielded the maximum germination in RHCA seeds indicating that
fower temperature might not have simulated germination, and higher temperatures mighi
have lessened seed viability. These results highhght the {ine line thal exists between seed
germination being enhanced by brief but intense heating and seed mortality from
excessive lemperature. Also 1n laboratory studies. Gratkowsk: (1965) showed that heat.
applied by a vanety of medium. stimulated germination of Ceanorhus species: minimum
soil temperatures inducing germination were 45-65°C, optimum were x0-105°C, and lethal
temperatures were about 120°C. However. in the study presented here, Ceanothus
prostrares germination did not differ in treatments at 25, 70, 80, 90, and 100°C. Other
laboratory experiments have shown that a few minutes al high temperatures is an effective
treatment (0 stimulate hard-seeded seeds to germinate in Chilean matorral (Mufoz and
Fuentes 1989), Mediterranean shrubs (Thanos and Georghiou 1988) and in the
pineywoods of SW USA (Martin er al/. 1975). Many other studies have found heat
treatment (0 increase germination rates of many shrub and herbaceous species (Quick

1935, Sampson 1944, Swone and Jubren 1951, Stone and Juhren 1953, Hadley 1961,
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Maruyama and Uganamoto 1989). Keeley and Keeley (1987) state two theories accounting
for the breaking of seed dormancy in chaparral after fire: 1) seed are inhibited from
germination by the mature chaparral vegetation (allelopathy) and fire releases seeds from
this inhibition, or 2) seed germination is directly stimulated by fire. Roberts (1988) found
that three different seed physiological processes were affecied by emperature. First,
temperature and moisture content determines the rate of seed deterioration; second.
tiemperature affects dormancy loss in dry seeds and patterns of dormancy in moist seeds:
and third. temperature determines the rate of germination in non-dormant seeds.

Moist heating treaiments appeared to be (P-value=0.1027) more effective in
increasing RHCA germination. This may be explained by the fact thal water vapor is a
better heat transfer media than dry air. However. a moist treaiment will be more likely 1o
damage seed viability than dry treatment at the same temperature. In dry Mediterranean
summers. seeds are 1n a low moisture environment and more heat resistant (Probert 1992}
being less likely o be damaged by fire. In contrast, spring or fall controlled burns may
favor conifer regeneraton rather than germination of hard seeded species which benefit
from fire induced scarificauon. Therefore, both spring or fall conwrolled burns are
recommended as management too)s to favor conifer regeneration in BMSF.

In this study. leachate from burned duff did not significantly reduced germination
responses. However, the heating factor interacted with the leachate one (table 3) and when
no heating was applied germination was diminished by leachate from burned duff.
Christensen and Muller (1975) found that agueous leaf washings from Adenostoma

fasciculatum reduced germination and growth in (en plant species common in burned



30
chaparral areas in California. Similar inhibitory resuits were found by Keeley (1987) and
by Keeley and Keeley (1987) in California chaparral. Although most organic ions do not
have any specific effect on seed germination {(Egley and Duke 1985), an inhibitory role
1§ claimed for various organic substances, often involving allelopathy (Probert 1992).

In regard to ARCA and CEPR, winter stratification improved germination which
is in general agreement with the literature (Berg 1974, Reed 1974). Since the power of
ANOVA was high. we can infer that CEPR and ARCA germination percentages do not
change within thermal treatment levels 25 to 100°C. and 25 to 807 C respectively (i1.2., had
differences really existed. the experiment was sensitive enough (o detect them). Although.
for many species. a single period ol chilling is enough 10 overcome dormancy, a second
winter doubled total germination in ARCA seeds in this study. It seems that evolution has
~led 1o slow germination rates from well stocked seed banks in the soil. in both ARCA
(2.9% germination after two wintersy and CEPR (7.2% after one winter), Although the
power of the test was high. the low germination rates of these species might require
longer spans of ume 0 detect statisucally different germination responses 10 the
treatments studied here.

Heating lasted four minutes in all treatments because this is representative of the
duration of higher temperaiures at a site (in the field): however, some additional heat
transfer from the glowing combustion phase (in the field) might be responsible for
differences 1n scanfication, and therefore, germination raies and percentages. Had heating
treatments {in the lab) accounted for the additional heat transfer provided by the glowing

combustion phase, the scope of this investigation might have been enhanced. Tt is
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imporiant (0 note, thal species with a heal reguirement 10 break dormancy might be

stimulated to germinate by surface soi temperature in excess of 70°C occurnng on south-

facing slopes (Christensen and Muller 1975, Washitani 1988).

CONCLUSIONS

A more detailed knowledge of any given seed population of germination
requirements regarding temperature. soil moisture, seed coat scarification, soil chemisiry
and others will provide a better understanding of patch dynamics in natural vegelation,
[n this study, germination responses (1o the factors involved in the experiment) varied
among the different shrub species. Rhamnus californica seeds had higher germination
rates when not-stratified than when stratitied. higher rates with moist heat treatment than
with dry heat, and higher rates at 80°C than at 70°C. Germination of Arcrostaphyios
canescens and Ceanorhus prosirarus seeds 1s enhanced by stratification. Germination of
Arciostaphyvios canescens seeds is diminished at 90 and 100°C. Germination of Ceanathus
prostratus seeds 18 not enhanced by temperature ranging from 70 1o 100°C. RHCA and
ARCA seeds had simiar germination raies in leachate and non-leachale (reauments.
ARMA germination aller one winter straufication treatment was negligible.

A sound vegelation management will result from merging this results with some
studies that conclude that the present species composition may be maintained by variable
burning regimes (Keeley 1987, Christensen and Muller 1975), and others state thal
“pyrodiversity promotes biodiversity” (Martin and Sapsis 1992). Specifically, prescribed

burning provide a broad range of fire effects (i.e., some hot spots within a cool burn).
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Therefore. the use of spring or fall conirolled burns may favor conifer regeneration rather
than germination of hard seeded shrub species (i.e., seeds in moist conditions and then

non fire resisiant), while providing diverse microhabitats for different species to coexist.
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CHAPTER III

PRESCRIBED BURN EFFECTS ON
SPATIAL DISTRIBUTION PATTERNS AND PLANT DIVERSITY INDICES

IN MIXED-CONIFER STANDS IN CALIFORNIA

Domingo Miguel Molina

ABSTRACT: Species diversity and stand structure are two major attributes of vegetation
important to ferest management. This study addresses short term (< 5 years) ¢cological
effects of prescribed burns on plant diversity and spatal distribution patterns (i.e., random.
uniform, and cluster) by comparing stands with different prescribed burn histories
(throughout Boggs Mountamn State Forest. California). Distance sampling technigues were
used in the study of spatial distribotion patterns. Results support the hvpothesis that
nrescribed fire removes trees and shrubs preferentially from clumped areas leaving a more
random distribution of individuals. In the overstory laver siudy, trees are more sparsely
distributed in prescribed burned stands, and this is also suggested (or the undersiory layer.
The mechanism which may explain this observation is that clumps differ from open areas
by having more dead and down fuels. Therefore. individual plants in clumps have a higher
probability for mortality doring a fire event {1.e.. leaving a more random distribution of
individuals). Diversity indices suggested consistently that in the prescribed burning

conditions plant species diversity was lower than in controls. Evenness indices
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consistently suggesied a more even distribution of individuals among species in the
control stands versus a more clear dominance (in numbers) by one or two species in the
prescribed burned stands.

KEYWORDS: spatial patterns, species diversity, evenness, mixed-conifer stands

INTRODUCTION

Many vegetation types are predisposed 1o periodic. though unprediciable.
disturbance which desiroys adults and creates opportunities for recruitment (Noble 1981,
Pickeu and White 1985}, Disturbance has been defined as an event that removes biomass
(Grime 1979) and modifies both community structure and resource avatlability (White and
Pickett 1985). Silvertown {1987} states that disturbance may promote coexisience by
reducing the dominant compeutors. This work addresses short term (< 5 years) effects of
prescribed burns on vegetation. Prescribed burns make up most of the disturbance regime
of these Slaﬁds and are purposely implemented to minimize the disfurbance that might
result from the occurrence of wildfires.

Species diversity and stand structure are two major attributes of vegetation
imporiant to forest management. In this study, our goal was to determine if the spatial
distribution patterns (i.e. random, uniform, and clusters) of plant individuals vary among

stands with different prescribed burn histories in mixed-conifer stands at Boggs Mountain
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State Forest (BMSF), north of Middletown, California. We also compared species
diversity and evenness indices among stands with different burn histones.

The first active hypothesis (H,,) was thal prescribed burning removes trees and
shrubs preferentially from clumped areas leaving a more random (i.e.. less ¢clumped)
distribution of individuals. The second active hypothesis (H, ,) was that species diversity
and evenness indices are different in underburned stands compared to control stands.
Underburned means that the stand was prescribed burned to consume surface liuer and
understory with minimum damage (0 the overstory vegetation. Control stands were those
not subjected to underburning. Specific null hypotheses to be tested are:

H;,= In a given stand, the overstory spatial distribution 1s random.

H.,= In 4 grven stand. the understory spatial distribution 1§ random.

H, .= Overstory spatial distributions do not change from control to underburned stands.
H, ;= Understory spaual distributions do not change from control to underburned stands.
H, = Overstory diversity and evenness indices do not change from control 10 underburned
stands.

H,.= Understory diversiiv and evenness 1indices do not change from control (o

underburned stands.

METHODS
Study site
Boggs Mountain State Forest {(BMSF), north of Middletown. California, is located

397N, 123°W, at about 730-1150 m above the mean sea level. The végelalion type is a
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mixed conifer forest containing the following overstory species: Douglas-fir (Pseudorsuga
menziesii (Mirb.) Franco), ponderosa pine (Pinus ponderosa Dougl.), sugar pine {Pinus
lambertiana Dougl.), black oak (Quercus kelloggii Newb.), and interior live oak (Quercus
wislicenii A.DC.)., The most common understory species are Arctostaphyvios manzaniia
C.Parry, Arcrostaphylos canescens Eastw., Ceanothus prostrats Benth., and Rhamnus

californica Eschsch.

Mensurative (sensu Hurlbert 1984) experiment lavout

This study was carried oul in different stands or mensurative experimental unis
(MEU) selecied in different locations throughout BMSF. Different strala (i.e., oversiory
and understorv) were studied independently. As a resull of this, four different siudies
{table 1) are reported: overstory spatial distribution, understory spaual distribution,
overstory species diversity, and understory species diversity. All them involved six stands
{MEU) except overstory species diversity which consisted of only five. These stands were
defined and named 1in terms of therr locauons (A, B. C. D, and E) throughout BMSF. and
the burning history (X. Y, and Z) as shown in table 1. X- stands not burned for longer
than five vears. Y- stands last underburned in late fall 1988, and Z- stands underburned
in early 1993. Statistical analyses (see below) compared X with Y stands (for the
overstory study), and contrasted X with the pool of Y and Z stands (for the understory
studies). No overstory data was taken for Z-stands (stands underburned in early 1993)
because 1t was judged that a lapse of several seasons is required 1o assess effecis on

overstory vegetalion.
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It was assumed thal controf (X) stands and underburned (Y and Z} did not differ
any other ecological feature than in their burn histories. Had this been a manmipulative
{sensy Hurlbert. 1984) experiment, the randomization process would have allowed us (o
remove the source of variability due to the a priori differences that might exist among

experimental units.

Table 1. Mensurative experimental units {MEU or stands). These MEU were defined and
named in lerms of their locations (A, B. C. D, and E) throughout BMSF, and the
burning history (X, Y, and Z). X- stands not burned for longer than five years.
Y- stands last underburned in late fall 1988, and Z- stands underburned in early
1993,

Snatial distribution {overstory) 6 AX, BX. CX. BY. CY. DY
Spaual distributon {understory) 6 AX, CX.EX. AZ.CY. EZ
5 AX CX.EX.CY.DY
6

AX, CX. EX, AZ. CY. EZ

Species diversity {overstory)
Species diversity (understory)

Mensurative experiment execution
Data were taken 1n 1992 and early 1993. For the overstory study, only trees higher
than 1.3 meters were considered. For the understory study, both trees higher than 0.3
meters and smaller than 1.3 meters, and shrubs higher than 0.3 meters were considered.
The analysis of di{ferent strata separately was intended (0 enhance the ecological meaning
of counts of individuals, since most ecologists agree that the importance of a plant species

in a stand should be based on such quantities as biomass or produclivity rather than
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counts of individuals. This segregation of individuals into two different strata was judged
(o accommaodale, in part, that concern.

Two persons were necessary in the collection of data. To obtain the pair of
distances required, random directions and distances were used to locate random points.
Then (1) the distance-from the point to the nearest plant individual, and (2) the distance
from the individual (o its nearest neighbor were recorded. One hundred pairs of distances
were recorded for each stand (MEU). and at the same time the species identity of the 200
individuals invoived was recorded for the diversity analyses. Lastlv. although the

techniques outlined here are iedious, they are simple and nondestructive.

Statistical Analysis
From the sampling distances obtained. two indices of spatial pattern were derived
for each stand: 'C’" or T-square Index of Spanal Pattern (Ludwig and Reynolds 1988}, and

T or Distance Index of dispersion (Johnson and Zimmer 1985).

where s is the total number of points (200), x; point-to-nearest-individual distance, and vy,
individual-10-the-nearest-neighbor distance. The value of C is approximately one-half for
random patierns, significantly less than one-half for uniform patterns and significantly

greater than one-half for clumped patierns. The value of 1is approximately 2 for random
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patterns. significantly less than 2 for uniform patterns and significantly greater than 2 for
clumped patierns.

From the counts of individuals belonging to a given species, indices of species
diversity, and species evenness were derived for each stand. The sample size (8) was
always 200 to properly compare the indices bellow some of which are sensitive (0 sample
size. N is the total number of species in a sample.

Diversity indices: A or lambda (Simpson 1949 index), H' (Shannon and Weaver

1949 index). N1 (Hill 1973 index), and N2 (Hill 1973 index).

A 3 felnl) 24 3 (n./s)lnin./s) N1 =¥
= H = = i ¥ . =
2 s(s-1) 21 s o

i=1

i

N2 =;/}L

where s is the sample size {as above) and n, 1s the number of individuals of the ith
species. The higher the values of H', N1 and N2 {and the lower the value of A) the higher
the diversity of the community. N1 is an exponentiated form of H'. and N2 is the inverse
of A. N1 and N2 are more appealing 1o ecologist because their units are (number of}
species. and N1 represents the number of abundani species and N2, the number of ver
abundant species.

Evenness indices: E1 (Pileu, 1975), E2 (Sheldon, 1969), E3 (Heip, 1974). E4 (Hill,
1973), E5 (modified from Hill). Evenness refers to how species abundance are distributed
among the species. The value of these indices decreases from even abundance among

species 1o dominance by a few species.
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The computer programs TSQUARE.BAS and SPDIVERS.BAS (Ludwig and
Reynolds 1988} were used for the statistical analysis of patterns of species distribution and
species diversity. respectively. After computing these indices, i-iests were used io evalvate
the existence of significant differences in indices among underburned versus control
stunds. Paired i-tests were used when appropriate. The SAS (Schlotzhauer and Littlel}
1987} statistical package was used in these data analyses. Additionally. a test proposed
by Hutchenson (1970} was used 10 test the null hypothesis that the diversines (H') of two
sample populations (i.e.. before and after burning) are equal. The power of each 1-test was

calculated tollowing Zar (1984},

RESULTS
Indices of spatial distribution

Overstory laver

In regard o C or T-square index of spatial pattern {table 2). BY, CY and DY. the
three burned stands. we cannot reject the underlying null hypothesis of random
distribution of individuals (H,,}. However. this is not the case in CX because its z{C)
statistic 18 t0o high (z(C)=3.44) for o = 0.05. Therefore, for CX. I have to reject the null
hypothests. and as C equals 0.60, there is a clumped distribution of individuals. In the

other unburned uniis. the T-square index of spatial pattern (C) resulied in failure (o reject
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the null hypothesis. A t-test for the C index fails to reject the null hypothesis (Hy.) of
burned and unburned conditions having a similar C mean value. However, the power of
this 1-test was low; therefore, we cannot accept Hg, (just fail to reject). With respect 1o
the I distance index of dispersion, alt units have a clumped pattern with higher values
{(higher clumpiness) for unburned stands (4.01, 3.43, and 3.52} versus the burned stands
(2.99, 3.15, and 2.77). In a t-test, means for the I index were different for control and
underburned stands (table 2). Therefore, the [ index indicates us that clumpiness is higher
in controd than in underburned stands (reject H, ). XMEAN (point-to-nearest-individual
distance), and YMEAN (individual-to-the-nearesi-neighbor distance ) resulted insignificamtly
higher values for burned stands (table 2): this is. trees are more sparsely distribuied in

underburned than in control stands.

Understory laver

From data of C-index (table 2). we fail 10 reject the underlying null hypothesis
(H,..} of random distnbution of individuals in the understory layer in stands AX, AZ, and
EZ. In the rest of the stands. we reject the null hypothesis. and as C values are greater
than 0.5. we accept that the pattern of distribution of individuals is clumped. As in the
overstory layers. I-index leads to the rejection of random distribution in every siand. And
being 1 values higher than 2, clumped distribution 1s assumed. A i-test for the valoues of
the I-index suggests (P-value =0.1836) higher clumpiness in the control stands (rejection
of Hy,). Both t-tests (for C and 1 indices) resulted of low power. Both XMEAN and YMEAN

were larger for burned stands: however. the P-values in the t-tests were relalively high
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O.e.. 0.1555, 0.0734 respectively), and their power high. Therefore, although these

distances appear (o be larger for burned stands, results are inconclusive.

Table 2. Spatial pattern indices computed. Mean and standard error of the mean {in
parenthesis} by treatment [controf stands (N=3) and underburned stands (N=3)}.
X- stands not burned for longer than five years, Y- stands last undesburned in late
fall 1988, and Z- siands underburned in early 1993.

Overstory vegelation

Treatment C! I? XMEAN® {cm) YMEAN® (cm)
X (0.564 (0.018) 3.65a (0.18) 112a (4.9) 108a (12.8)
Y* 0.549 (0.002) 2.97b (0.11) 165b {13.1) 164b (10.9)
(-siatisuc (1.8193 32353 3.7825 3.3691
P-value 0.4586 0.0318 0.0194 0.0281

Understory veeetaton

Treatment C I° XMEAN" {cm) YMEAN' (cm)
X 0.569 (0.008) 3.86 (0.69) 108 ¢17) 110a (20)

Y and 7 0.561 (0.006) 6.72 (1.65) 166 (29) 1710 (16)
1-statistic 0.7965 1.6057 1.7474 24114
P-vglue 0.4704 0.1836 0.1555 0.0734

' T-square index of clumping. - Distance index of dispersion. * Mean poini-to-neares-
individual distance. * Mean individual-10-the-nearest-neighbor distance. * Note that for the
overstory study no data were taken in Z-stands. In the overstory study, a and b indicate
that means are significantly different for o = 0.05 (these i-tests address Hg,). In the
understory study, a and b indicate that means are significantly different for o = 0.10
(these 1-tests address Hy )



Indices of species diversity, and evenness
Overstory layer

The P-values for the diversity indices (A, H', N1, N2) ranged from 0.1022 1o
0.1543 (table 3). and the mean values of those indices suggested consistently (in the four
cases) lower diversity in the underburned conditions. The P-values for the evenness
indices (E1, E2. E3, E4, and ES) ranged from 0.0873 to 0.1709, and the mean values of
those indices consistently suggest a more even distribution of individuals among species
in the control stands versus a more ¢lear dominance (in numbers / counts) by one or (wo
species in the underburned stands. The t-(esis comparing control and underburned stands
had low power. The Huichenson (1970) test was used (o test if the Shannon diversity
index (H'} differed in stand C among the section burned in 1988 (CY) and the unburned
(CX). We reject the null hypothesis that CX and CY do not differ in regard to H', and

conclude that the unburned section 1s more diverse in Species.

Understorv laver

The same trend in mean values of the diversity indices were found in the
understory layer (i.e., lower diversity in the underbumed conditions). However, the P-
values (>0.4495) were too large to suggest anything. The t-tests comparing control and
underburned siands had low power. When comparing the paired stands, the Huichenson
(1970) test led to reject the null hypothesis (i.e.. H' do not differ) for AX-AZ but failed
to reject 1t for both CX-CY and EX-EY. There were not significant differences in

evenness indices (P-value > 0.5626), although the mean values were consistently (for all
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indices) higher in the control stands than in underburned {table 3). No differences were
found in the in the number of individuals (within the 200 individual samples) of any given

species between control and underburned treatments.

Table 3. Diversity and evenness indices: Mean and standard error of the mean (SE) by
treatment [conrrof stands (N=3) and underburned stands {N=2 in the overstory study,
and N=3 in the understory study)}. T-statistics and P-values for the t-tests about the
null hypotheses of no differences in the indices calculated here (H, s, and Hge). X=
stands not burned for longer than five years, Y= stands }ast underburned in late fall
19€8, and Z= siands underburned in early 1993,

OVERSTORY X (control) Y! (underburned)
INDEX  Mean SE Mean SE t-statistic  P-value
A 0.50 0.12 0.86  0.04 2.3292 0.1022
H' 097 022 0.32  0.09 2.2914 0.1058
N1 276 052 1.38  0.12 2.0333 0.1349
N2 217 041 1.17  0.06 [.8958 0.1543
El 062 012 023 0.06 25049 0.0873
E2 0.58  0.08 0.34 Q.02 2.3466 0.1006
E3 0.46 0.11 0.13  0.04 2.2906 0.1059
E4 0.79  0.02 0.85 0.03 1.7927 0.1709
ES 0.63  0.07 044 003 2.1759 0.1178
UNDERSTORY X (contral) Y and Z (underburned)

Mean SE Mean SE (-statistic  P-value
A 0.31  0.06 0.35 0.04 0.5366 0.6200
H' 1.43 (.13 1.30 0.06 0.8215 0.4575
N1 429 0.68 3.69 0.24 0.8374 0.4405
N2 3.56 0.86 294 03] 0.6814 0.5330
El 0.73  0.09 0.67 0.03 0.5994 0.5812
E2 0.60 0.12 0.53 0.04 0.5368 0.6199
E3 0.54 0.13 0.46 0.05 0.6305 0.5626
E4 0.8 0.06 0.79 0.06 0.1773 0.8679
ES 0.74 009 0.72 0.09 0.1943 0.8554

' Note that for the overstory study no data were taken in Z-stands.
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DISCUSSION

Our results indicate thai prescribed fire removes trees and shrubs preferentially
from clumped areas leaving a more random distribution of individuals. This was
statistically significant in regard 10 the T index values for both overstory and understory
layers; however 'C’ index was nol sensitive enough yielding very close values over stands
in different locations, and with different burn histories. Ludwig and Reynolds (1988) and
Johnson and Zimmer {1985} also found that I-index was more powerful (sensitive) than
most other indices of spatial distribution. In the oversiory layer. individuals are more
sparsely distribuied (both XMEAN and YMEAN resulted significantly larger) in underburned
stands. and this trend is also suggested in the understory layer. The underlying mechanism
which 18 suggesied to explain this observed trend is that clumps differ from open areas
by having a higher accumulation of dead and down fuels which causes individual plants
to have a higher probability for mortality during a fire event (1.e.. leaving a more random
distribution of individuals).

In the overstory analysis. the mean values of the diversity indices consistently
suggested (in the four cases) that in the underburned conditions plant species diversity was
lower than in controls. Similarly, (the mean values of the evenness indices consistently
suggested a more even distribution of individuals among species in the control stands
versus a more ¢lear dominance (in numbers) by one or two species in the underburned
stands. Many recent studies relate species diversity, foresiry practices and fires. Moore er
al. (1932) found that afier underburning, diversity of herbaceous species increased in a

50-vear-old mixed siand of slash and jongleaf pine. Suffling (1988) used historical data
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(NW Ontano} to determine relations between stand replacing fires and landscape (beta)
diversity in the boreal foresis and his results showed that landscape diversity was greatest
with intermediate amounts (i.e., intermediate frequency or intermediate burn size) of fire
disturbance. Suffling ez a/. (1988) suggested that forest fire control in fire-prone (i.e., high
frequency of fires) landscapes will increase landscape diversity, but that diversity is
reduced by ﬁr‘e control in landscapes with intermediate to low disturbance. At siand scale,
however, fire suppression has reduced pyrodiversity {(Martin and Sapsis 1992). While fires
are diverse in their nature and occurrence. fire control has established fire regimes with
a narrow range but a long period between fires would have tend 1o exclude those piants
with a short life and short propagule endurance (Martin and Sapsis 1992). Therefore. fire
suppression iends to reduce biodiversity at stand level.

These studies involved few stands (3 controls and 2 or 3 underburned stands). To
increase the power of our t-tests (1.e., lowering the probability of commiiting a Type Il
errory, more mensuralive experimental units would have helped. Moreover, different
locations thronghout Cahifornia mixed-conifer forests would have been desirable 10

mncrease the scope of this work.

CONCLUSIONS
Prescribed fire removed trees and shrubs preferentially from clumped areas leaving
a more random distribution of individuals. In the overstory vegetation. plant species
diversity appeared to be lower in underburned stands than in controls. Evenness indices

consistently sugeesied a more even distribution of individuals among species in the
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control stands versus a more clear dominance (in numbers) by one or (wo species in the
underburned stands. Prescribed burning successfully consumed surface litter and
understory with minimum damage to the overstory vegetation and without causing

dramatic changes in plant diversity in mixed-conifer forest stands.



CHAPTER IV

TREE SEEDLING MICROHABITAT IN MIXED CONIFER STANDS
AT BOGGS MOUNTAIN STATE FOREST, CALIFORNIA

Domingo Miguel Molina

ABSTRACT: This paper evaluates whether or not small-scale habitat (i.e., litter and duff
depth. percent plant cover, light intensity, and distance to the nearest neighbor, and
distance to the nearest outcompeting neighbor) differences exist among tree seedlings of
species commaon i Boggs Mountain State Forest. California. The expertmental units were
randomly selected individual seedlings. There were five species (PM = Pseudofsugu
menziesii (Mirb.) Franco. PP = Pinus ponderosa Doug!., PL = Pinus lambertiana Dougl.,
QK = Quercus Kelloggil Newb., and QW = Quercus wislizenii A.CD.) and 26 mdividuals
per species. Significant differences among species were found only for depth of hitter and
duff (1.e., PP occurved where forest floor was deeper), and for percent plant cover (i.e.,
PL occurred underneath closer canopy than both QK and PP) («=0.05). In additon.
prescribed buming expenments were caried out o monitor if fue as a disturbance
modifies those microhabitat vanables. Litter and duff depth decreased after buming:
however, burning did not change iotal plant cover. Prescribed buming is likely to favor PP

versus PM regeneration.

KEYWORDS: mycrohabitat, litter and duff depth. percentage plant cover, light intensity,

nearest neighbor

INTRODUCTION
Microhabitats occupied by iree seedlings might be very different from those in

which mature individuals of the same species live. Specifically. smail scale mechanisms
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such as litier and duff depth (Harmmngron and Kesley 1981), or neighborhood competiion
(Goldberg and Werner 1983) may differentally affect the performance of seedlings of
different species. Therefore, aspects of the biotic and abiotic environment 1o which a
seedling is exposed alter its probability of survival and recruitment 1nto a population.

This study examines potential small-scale habitat differences among tree seedlings
of species common in Boggs Mountain State Forest (BMSF), north of Midd]etowﬁ,
California. The foliowing species were invesagated: Douglas-fir (Pseudorsuga menziesii
(Mirb.) Franco). ponderosa pine (Pinus ponderose Dougl). sugar pine (Pinus
lamberniana Dougl.). black oak (Queercus kelloggit Newb ). and interior live cak (Quercus
wistizenii A.DC.). While geographical (or landscape) factors such as climate and aspect
determine which kind of vegetation formations exist in a region, temperature, soil
motisture. hight intensity and soil nutrient availability are vanables describing some features
important in determining mucroscale paiterns of distribution of tree seedlings. The general
goal is 10 address the following gquestion: Does iree seedling occurrence vary among
different species in regard 10 mucrohabitat features of theiwr environment? In addition. a
prescribed burned was carried out 10 reduce torest floor furls and some effecis on

microhabitat factors were studied.

Related waork
Gnme and Hillier (1992) emphasized that seeds and seedlings are not only
involved in population processes (J.¢.. persisience. dispersal) but also in the distibution.
dynamics and diversity of much larger units of vegeration (i.e., communites, landscapes.
local floras). Willson (1992) reviews the consequences of seed dispersal at population and
community levels. Much seed dispersal, at least by wind, is random with respect 10 the
occwrence of safe sutes. and the fittest seed is ultimately the one that happens by chance to

fall in a favorable gap (Fenner 1992). Crawley (1992) states the importance of stochastic
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variation in seed predadon in permitting the coexistence of plant species. This stochastic
variation prevents dominance by compeltively superior species. and hence can permmut
coexistence. Forest and many other vegetation types are prone to periodic. though
unpredictable, disturbance which kills adulis and creates opportunines for recruitment
(Picket and White 1985, Ashion 1992). Silvertown (1987} states that disturbance may
facilitate coexistence by reducing the dominant competitors. Nobel (1981) quesuons the
predominant role of competition (especially in frequendy disturbed environments) and
emphasizes the jmportance of the regeneration niche m the swdy of vegetauon
replacement sequences (plant succession).

Lastlv. quite comnlen stanstical procedures are often used to determine which
combination of environmental variables accounts best for the observed disiribution of

species (1.e.. Dueser and Shugart 1979, Coliins and Good 1987. and Collins 1990).

METHODS

Study site
Boggs Mountwin Srate Forest (BMSF), north of Middletown, Cuilzomin 1y Jocated
397N 123°W ar about 730-1150 m above the mean sea level The seedlings of this stdy
were obtained from different gaps of various sizes In muxed conifer forest stands
containing the following species: Douglas-fir (Pseudorsuga menziesn (Mirb.) Franco).
ponderosa pme (Pinus ponderosa Dougl.). sugar pine (Pinus lambernana Dougly. black
oak (Quercus kelloggn Newb.), and intenor live oak (Quercus wislizenit ADC..
Ponderosa pine and / or Douglas-fir dominate in most areas; however, there are numerous
paiches of sugar pine, and oaks are scattered around the forest. The most common
understory species are Arciostaphyios manczanitae C.Parry. Arciostaphvios canescens

Eastw.. Ceanothus proswrams Benth.. and Rhamnus californica Eschsch.
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Mensurative experiment layout

1) A first mensurarive experiment (senst Hurlbert 1984) was designed to examine
several microhabitat variables around wee seedlings of species common in BMSE
(California). The experimental units were randornly selected individual seedlings. There
were five species and 26 individuals per species. The following species were investigated:
Pseudotsuga menziesii (Mirb.) Franco, Pinus ponderosa Dougl. Pinus lambertiand
Dougl.. Quercus kelloggii Newb.. Quercus wislizenii A.CD. For recent review of these
species’ ecophysiology and diswibution see: Hermann and Lavander 1990 (Pseudorsigu
menziesii), Oliver and Ryker 1990 (Pinus ponderosai. Kinloch and Scheaner 1990 (Pinus

famberidanay, McDonald 1990 (Quercus kelloggif), and Paviik er al. 1991 (Quercus

mm - litter und duft depih (mm)

ne - nearest neighbor distance (cmy

nej - nearest outcompeling neighbor distance (o

- percentage ol soil covered by comier litter and dutl (%
li- percentage light intensiy (%)

Co- percentage of total plant cover (%)

2) A second mensurative experiment was cairied out by means of prescribed
burning (March. 1993) over a 7 ha section of the forest. Within the burn unit, four paurs of
mensurative experumental units (MEU) were established. Each pair consisted in one MEU
representing a Douglas-fir canopy with thick undersiory vegetation, and a close MEU
representing a Douglas-fir canopy with litde understory vegetation. The goal of this
experiment was to determine Uf after ¢crown scorch (caused by prescnbed buming) total

plant cover (co) decreases. Additionally. 1t was tested if the different vegetation soructure



(i.e.. thick or hutle understory}) resulted in different effects on total plant cover changes.

Experimental execution

These variables were measured in 26 randomly selected seedlings (in a circle of a
diameter of 23 ¢m centered around the seedling) for each of the 5 species used n this
study Three vear old seedlings were selected rather than one vear old ones because they
had survived longer and are betier indicators of the species regeneration rmucrohabitat. The
selection process involved: a) location, marking, and labeling of 90 sies (within a two
hectare stand) in which, ar least. one three-vear-old seedling was present. b) random
selecton of one number from 0 10 90 (i.e.. 8): and ¢) selecuon of no more than one
individual seedling per species and per siie beginmng 1 site § until obtaining the number
of seedlings needed. A wide range of both canopy cover and gverstory species dominance
was addressed in this study 1o enhance the scope of the investigaiion. Details of the data
collection of the operational factors considered:

1y sun was obtained averaging two measurements taken consistently at (.1 meter
northwest and northeast of the seadling (NW and NE were used following a random
selection). Precision was i nun: therefore. mean and stndard ecror reported were
rounded o the nearest millimeter.

2) ne was the distance to the nearest plant individual (i.e., herb, grass. seedling. wee).
Seedhings of less than one vear were not considered because theyv have not (vet)
challenge the seedlings we were studying. Precision was 0.01 m.

3) ner was the distance 10 the nearest outcompeting plant individual (l.e., a seedling at
least twice as tall). Precision was 0.01 m.

4} {d was the percentage of the soul surface covered by conifer hiter and duff. The area
considered was a square of 0.2 by 0.2 meter centered 1 the seedling and randomly

onented. Educated. ocular estimations were assumed 10 vield a precision of 5%.
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3y /i was the percentage of Photosynthetic Active Radiation (PAR) reaching one meter
above the seedling insertion into the soil (as percent of open-site ight intensity}. An
average of measures taken at 10am. noon. and 2Zpm was computed. Every five
minutes a measure was taken outside the canopy (i.., In an open site) to have data
of the twotal PAR. An quantum sensor (Type 1905. Lo-cor Inc.. Lincoln. NE} was
used. and precision was assumed to be within 1 %.

6) co was the total plant cover above a seedling. It was measured with a sphencal
densjometer which is an optical device that projects the canopy over a grid where
the cover is measured. Tt was recorded at 1.35 meter above the seedling inseruon
nw the soil. Four measurements (N, E. S. and W) were raken and averaged. This
objecuve procedure was assuined 1o vield a 1% precision.

Lastly. although the techniques outlined here are tedious. thev are simple and

nondesouchve.

Statistical analvsis

The SAS (Schlotizhauer and Lidell 1987, Cody and Smith 1987) staustical
package was used W the analvses of resulis. Linear models were used for analysis of
vartance (ANOVA). and orthogonal F tests (orthogonal conwasts) were used in the
process of mean separation because most statsticians agree that theyv provide a more
precise separation than multiple comparison tests (Day and Quinn 1989, Steel and Torie
1980, Liule and Hiils 1978). Following Little and Hills (1978). data was wansformed to
better fit the assumptions of ANOVA: continuous vanables were logarithimically
wansformed. and percentage variable were arcsine wansformed. Stanstical differences
among species {for each habitar variablie) were analyzed by one-way analysis of variance.
In a like manner. the Kruskal-Wallis test (the nonparamewnic analog of the ANOVA F test)

was used. The wansformed data fitted the assumptions of ANOVA: therefore. the
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Kruskal-Waliis tests have a secondary interest here. Table 2 displavs an anova table for
‘mun’ (one of the microhabitar variables: i.e.. dependent variable). and table 3 shows the
orthogonal contrasts and their coefficients. The power of ANOVA was calculated

following Zar (1984

Table 2. General Anova able for an operational factor (i.e., mm). Dependent Variable:
log{mm). It 1s a completely randomized design (CRD). DF= degrees of freedom.

Sum of Mean
Source DF Squares Square F Value Pr>F

| Model 4 12.287 302 7.80 0.0001 |
Error 122 48.066 0.394 |
| Corrected Total 126 650.533 '

Table 3. Orthogonal contrasts and thewr coefficients. PL. Pinus lambertiana. PM
Pseudorsuga mencziesii; PP, Pinus pounderosa. QK. Quercus kelloggii: and QW.
Quercus wislizenii

Species
Contrast Orthogonal contrast coefficients
PL PM PP QK QW

ic;l‘ Conifers versus Quercus spp 2 2 2 -3 -3 .
(g2, Q. kellogell versus all others 1 l ] -4 1

‘I qa. P, menziesii versus all others ] -4 ] 1 l il
1q4. P. ponderosa versus all others 1 1 -4 ] 1 _

Hypotheses

All five species histed above were investgated 10 test the following hvpothesis:
Hg 1= Seedhing of different species do not differ in occurrence along the gradient in liter
and duff depth (microhabitat varable)
Hp»= Seedling of different species do not differ in occurrence along the gradient in
distance to the nearest plant individual (microhabitat variable)

Hpz= Seedling of different species do not differ in occurrence along the gradient in
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disiance 1o the nearest outcompiting plani individual (microhabitat vaiiable)
Hp 4= Seedling of different species do not differ in occurrence along the gradient in
percentage of the soil surface covered by conifer hitter and duff {microhabitat vanable)
Hg 5= Seedling of different species do not differ i occurrence along the gradient n
percentage of Photosyntheuc Active Radjati-on (PAR) reaching the seedling (microhabitat
vanable)
Hp = Seedling of different species do not differ in occurrence along the gradient in total
plant cover above a seedling (microhabitat variable)
Several specific hyvpotheses can he drafied to test for the statistucal significance of
differences between groups of means fi.e.. orthogonal contrasis):
al. Conifers versus Quercus spp

Hy 17 28pL +2upn~2upp=3 QR + 30w Y ersus

Hy: 2upp +2upny+ 2upp=3 g T 3ugw
Q2. Q. kefloggti versus all others

Ho 2 HUQR=UpL* py T Upp bow versus Hy dUg=up + Upyy = Uppt Uow
q3. P.omenziesii versus all others

Hp gat dupng=upp +UpptUgrtogw versus Hyt dupys=ipp +lpp+Ugrtiow
a4. P. ponderosa versus all others

Hy g4 $upp=Dp +Upni* Ugr+Uugw versus Hyt dupp=upy +upn+ oK +uow
where up . Uppg. Mpp. Mok and ugw are the means (for a given operational factor) of the
populations of seedlings of the species PL. PM. PP, QK. and QW respecuvelv. PL. PM.
PP. QK. and QW are the acronvyms made using the initials of the scientific names of our
ee species (.e.. PL. Pinus lambertana: PM Pseuwdotsuga mencziesii: PP, Pinus

ponderosa: QK. Quercus hellogeii. and QW. Quercus wistizenii).

RESULTS
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Statistical analyses showed (1able 4) that variables mm and co were sigmficant in
separating the five species of this study (a=0.05). P-values for both (paramemic) ANOVA
and the nonparameric Kruskal-Wallis (K-W) ANOVA are below the a=0.10 benchmark
for nei: however, they are not significant for &=0.05. The remaining vanables are non
significant. The power of the test is important when the null hypothesis is not rejected.
This is the case for variables /d and /i, and as the power of the test was low in both cases,
we cannot accept the null hypothesis (no differences among species it regard to light and
percentage of litter cover of the soil): we just fail 1o reyect Hy 3 and Hy 4
Means and standard ervors of the microhabiat vanables by species are shown In
table 4. Mean separatuon with orthogonal conwast is shown it table 3. Pinus ponderosa
seedhings are distnct in occurring in sites with less depth of litter and duff than any other
species (1able 4, table 6. and contrast q4 n wable 5. Conversely. Pinus lambertiana 1s in
the other exmeme occurring 1n sites with more depth of litter and duff than both Quercus
wislizenii and Quercus helloggil populations (1ables 4 and 6). In relanon o factor nel. two
I-tests (unprotected LSD muluple comparisons) resulted significant at the 0 05 level: thiy
15. Quercus wislizenii versus Pinus ponderosa. and Quercus wislizemi versus Quercus
kelloggu However, as stated above, the general anova and the nonparametric K-W had P-
values Jower than 0.10 but higher than 0.05. These resulis suggest that Quercus wislizenii
seediings which had the closest outcompeting neighbors occurred in sites thar differ from
those of Pinus ponderosa and Quercus kelloggii seedlings in the proxtmity of
outcompeting neighbors (table 4). In reference to co. Pinus ponderosa seedlings are in
sites with less overstory cover than Quercus wislizenii. Pinus lumberiiana, and
Pseudorsuga menziesii populations: however. they do not significandy differ from
Quercus kelloggii. Additonally, Quercus wistizenii seedlings. which have the highest
values of percentage plant cover. differ statisticallv from Quercus kelloggii (1able 4).

In addinon. the prescribed bumning expenment did not decrease the 1otsl plant
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cover (iable 7) under any forest structure (ie.. thick or thin understory vegetauon). As
High P-value and high power of the 1-test were obtained. the null hvpothesis (Hy= there

are not differences in 1otal plant cover either with ttme or among cifferent forest structure)

was accepted.



Table 4. Microhabitat variable means and standard crrors by species (Pl = Pinus lambertiana, PM = Pseudotsuga menziesii, PP =
Pinus ponderosa, QK = Quercus kellogeii, und QW = Quercus wistizenii)

Species Paramctiie  Nonparamelric

Varabice nnits - PL I’M rr QK QW P-valuc! P-vaiue? Power?
litter and dufT depth® mm - 40160 4trS5a 144 3Dh T E6a0 kT 0.0001 0.0001 <01 39
nearest ncighbor distance ¢ 47 L 10 S5 002 2308 42112 R {0.1582 0.2859 0 %6
nearesl outcompeling neighbor distance cm 174 830 181420 238 +17 2081 24 146420 0.0592 (.0922 (1.99
coniler litler coverage ol the soil Wooo9910 XY+ 024 ULEN| Gh + 2 0.0681 0.1404 <(1.39
lotal plant coverd G Q4 v la U3 labh R742Dh Q02D 97 4 Tab  0.0030 0.0143 {1.59

i AR L2 4y + 2 55413 55+ 3 4915 (1.3014 (.3504 (.45

hight intensily

I Povalue in aone way (PAranelric) ANOva

2 Povalue ina one wity nenpiramelric Kruskasl-Wallis aNOva

Y Poswer of the sesl (1-[5) or probability of aceepting the null hypothests when s rue. {3 s the probaladity of committing a Type H error; this is, rejecting the
null iypothesis when il is true. The power was calenbaied lor ce= 0.05 and for o minimam detectable dilference of 4,05 times the value of the grand meqan
ol 1he variable in study.

4 Means with the same letier are not siganficantly difTerent. Mean sepacanion was accomphshed witl the Ryan-Emaot-Gabniel-Welsch Multipie Range Test (1o
tanslormed variables ). Note that (has (st conirols (he type Texperimentwise ¢rror rale,

N
4%}
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Table 5. Mean separation with orthogonzl conwasts for those significant variables (o =
0.05).
Dependent Variable: LGMM. logarithmic ransformation of »un

Contrast F Value P-values
ql, Conifers versus Quercus spp 0.37 0.5415
q2, Q. kelloggii versus all others (.48 .4894
q3. P. menziesii versus all others 4.58 0.0344

| Q4. P. ponderosa versus all others 22.03 0.0001

Dependent Variable: LGNEL logarithmic transformanon of nei

Contrast F Value P-value
gl, Conifers versus Quercus spp 1.09 0.2985 !i
1q2. Q. kelloggii versus all others 1.01 0.3161 ‘
q3. P. menziesii versus all others 0.08 0.7726
|q4. P. ponderosa versus all others ' 4.81 0.0302 |

Dependent Variable: ASCO. arcsine wansformation of co

Contrast F Value P-value
I,ql. Conifers versus Quercis spp 2,15 (.1453
g2. Q. kelloggii versus all others 1.66 0.1999
q3. P menziesii versus all others 0.14 0.7135 |
qd. P. ponderosa versus all others 8.92 0.0034 |

Table 6. Pairs of meuns tound w be different with LSD multiple comparisons tests (for
gansformed variables). Comparisons ssgnificunt at the 0.05 level NOTE: This test
controis the 1vpe I comparisionwise error rate: however. 1t does not control the type |
eXpenmeniwise error rate..

depth of litter and duff nearest outcompeting neighbor distance total plant cover
| PL versus Qw QW versus PP PP versus QW |
'PL versus QK QW versus QK PP versus PL I
PP versus PL PP versus PM |
| PP versus PM QK versus QW |

PP versus QW !
| PP versus QK |
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Table 7. Total plant cover {% ) changes either with ume or among ditferent forest struciure
{i.e.. thin or thick undersiory vegetation). Mean and standard error of the mean (SE;.
It follows a randomized block design with four replications and four samples in each
expenmental umit. High P-value and high power of the t-test were cbtained.

Pre-burn (28/4/93) MEAN (%) SE (%)
thin 87 2
thick 86 2
Post-burn (1/5/93) MEAN (%) SE (%)
thin 89 1
thick 86 3

DISCUSSION

The mucrohabitat variables shown in wble 1 are not the only mucrohabitat features
affecting the seedling performance: others might have been added o ths stady.

As 1t was antcipated. distance to the pearest outcompeung neighbor matters moie
than <¢istance 10 the nearest neighbor: this is. nonsignificant differences were found among
species in the second case. The dufferences found between Pluus ponderosa and both
Pinus lambertiana and Pseudotsuga menziesil in regard to pym and co are congruent with
the literature on the autoecology of these species (Hermann and Lavander 1990, Oliver
and Ryker 1990, Kinloch and Scheuner 1990 Harrington and Kelsev (1979) found. from
manipulative experiments (sensy Hurlbert 1984}, that pondercsa pme seedling growth was
superior in the forest openings 1 shoot and root length and biomass than close or beneath
mature mees. Similarly. survivorship was greater in the experimental openings.

Light intensity (PARY 1s easy to measure: however, is very difficult to extuapolate
data from three periods of one minute i1 a single day to meaningful estimates of available
PAR in a2 growing season. Additionally. sunflecks may be responsible for more than half of
the productivity in understory and seedling individuals by means of a quickly opening
response of stomata to bright light which is quicker in shade wlerant individuals as found

m Woods and Turner (1971). However, Pereira and Kozlowsk: (1976) did not find
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differences in stomatal response among species. I this study. the power of the test was
low for both ki and 1d; therefore, we cannot either accept or reject the null hypothests (1.e..
Hqo= microhabitat features of any two species of seedlings do not differ with respect to id)

Seedling mounality is very high in the fust growing season. and in this forest
numerous new seedlings were recorded in early spring (1992 was a specially good vear for
Pinus ponderosa seedlings). Therefore. 1 hypothesize that those three or four vear old
seedlings outcompete their younger neighbor seedlings most of which are already gone.
As Canhan and Marks (1983) stated. the hypothesis that a seedling with a higher growth
rate should outcompete a more slowly growing seedling established ar approximately the
same twmne makes no predictions about the (1emporal and spatal) diversity in disturbance
size and resource availubility. The portions in the diswrbance size gradient in which a
species has higher growth rutes than others are the portions m where the speciss has its
highest growth efficiency (Canhan and Marks, 1983). In this study, disturbance size and
resource availability were quantified in teyms of some operational factors investigated.
This 1s. high resource availability may be the result of long distance 10 the nearest neighbor
{ney or fony disiance to the nearest outcompeting neighbor (nei) or /ow canopy cover (co)
or high light availabihy (110,

Prescribed buming mav modify the mucrohabitat varubles here studied. I is clear
with regard to mm (litter and duft depth) as reported elsewhere (Harington and Kelsev
1979, and first chapter of this dissertation). The total plant cover {(co) were not
significantly changed by our controlled burn of low fireline intensity and low to moderate
fuel consumption. Theyefore. we can reduce fuel accumulations, and thus wildfire hazard.
using prescribed bums without significanily changing the total plant cover of the site but
significantly changing litter and duff depth. This has management implications such as
favoring PP regeneration versus PM. There are not significant differences among these
species 1n regard to ¢o (1able 4). However. PP seedlings were in sites more forest floor

depth than PM seedling sites.
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Both ne and nei are likely 10 mncrease n value after bums providing less
competition for resources and more resource availability for new wee seedlings. Lasthy. an
increase in /i and a decrease in /d might be expected after fue. The fact that Quercus
wislizenll seedlings were present in sites with very high total plant cover, jointly with the
observation that many Jost their rerminal shoots, may indicate that herbivory restricts them
to the least exposed locanions.

Examinavon of seedling microhabitats in different locations throughout Califormia
mixed-conifer forests would have been desirable 1o increase the scope of this work. Lastly.
manipulative experiments are alwavs preferable to mensurative experiments like the ones

here reported.

CONCLUSIONS

Significant differences among species were only found for depth of huer and duff,
and for percent plant cover ta=0.05). Prescribed buming may modifs the operational
variables here studied. Litter and duff depth was changed after prescribed burns: however.
the total plant cover was not significantly changed by the conwolled burns of low fireling
miensity and Jow o moderate fuel consumpnon. Therefore. we can reduce fuel
accumulatons, and thus wildfue hazard. using presenbed burns without significanty
changing the total plant cover of the site but signiticantdy changing bitter and duff depth. In
this manner, we can favor PP regeneration reducing liver and duff depth using prescribed

fures.
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Figure 1. Depth of forest floor

consumed by treatment:
mean and standard error

P-value = 0.0081
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Figure 1. Rhamnus californica. Contrast
Q1: germination response in clean water
and leachate treatments (mean and
standard error)
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Figure 2. Rhamnus californica. Contrast
Q3: germination response at 70°C and
80°C {(mean and standard error)
P-value = 0.0129
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Figure 3. Rhamnus californica. Contrast
Q4: germination response of dry versus
moist heating treatments (mean and
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Figure 4. Rhamnus californica. Contrast
Q6: germination response at 25°C and
80°C (mean and standard error)
P-value = 0.0687
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Figure 5. Rhamnus californica. Contrast
Q7: germination response (at 25°C) in
control versus leachate treatments (mean
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Figure 1. Distance index of
dispersion (overstory layer).
P-value= 0.0318
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Figure 2. XMEAN or 'mean
distance from a random point
to the nearest individual’

(overstory layer).
P-value= 0.0194
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Figure 3. YMEAN or 'mean
distance from an individual to
its nearest neighbor’

(overstory layer).
P-value= 0.0281
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Figure 4. Distance index of
dispersion (understory layer).
P-value= 0.1836
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Figure 5. Lambda index of
species diversity (overstory)
P-value= 0.1022
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Figure 6. H' index of species
diversity (overstory layer).
P-value= 0.1058
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Figure 7. E5 evenness index
(overstory layer).
P-value= 0.1178
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Figure 1. Forest floor depth (mm) by species: mean and
standard error

PL= Pinus lambertiana, PM= Pseudotsuga menziesii, PP= Pinus ponderosa,
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Figure 2. Distance to the nearest neighbor (cm) by species:

PL

mean and standard error

PL= Pinus lambertiana, PM= Pseudotsuga menziesii, PP= Pinus ponderosa,
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Figure 4. Percentage of litter cover of the soil by species:

mean and standard error
PL= Pinus lambertiana, PM= Pseudotsuga menziesii, PP= Pinus ponderosa,

QK= Quercus kelloggii and QW= Quercus wislizenii
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Figure 5. Percentage of total plant cover by species: mean

and standard error

PL= Pinus lambertiana, PM= Pseudotsuga menziesii, PP= Pinus ponderosa,

QK= Quercus kelloggii and QW= Quercus wislizenii
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Figure 6. Percentage of light intensity by species: mean

and standard error
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