AN ABSTRACT OF THE THESIS OF

-Paul Edward Hennon for the degree of _Doctor of Philosophy

in _Botany and Plapt Pathology presented on __April 28, 1986,

Title: _Pathological and Ecological Aspects of Decline and Mortality of
Chameecyparis pootkatensis in Southeast Alaska

Abstract approved: .« RedaCted f()‘r Priva(_:y -

Everett M, Hansen

Alaska-cedar (Chamaecyparis nmootkatepsis (D. Don) Spach) is a
valuable tree that is suffering from a seriocus decline énd mortality of
unknown cause throughout southeast Alaska. Epidemiclogical and
pathological studies were initiated to determine if a pathogen is the
primary cause of this problem. By examining old aerial photographs and
by determining the approximate year of death of Alaska-cedar trees that
are now in various stages of deteriocration, I established that
extensive mortality began about 100 yvears ago. In some areas, the
boundary of mertality has advanced, but typically by not mere than
100 m, Decline and mortality has apparently not spread to new areas,
however, since all sites examined with dying cedars have at least same
of the original, 100 year-old mortality present, Maps showing
bourdaries of mortality at seven sites were made from aerial
photographs taken in 1927, 1948, 1965, and 1976 and were supplemented
by ground surveys in 1982 and 1983. These data show that local spread
has occurred along an ecological gradient from bogs to better drained
forest types, Basal scars, common on Alaska-cedar trees in same

stands, are caused primarily by brown bears (Ursus arctos), but are not



associated with decline. Reproduction of Alaska~-cedar from seeds is
failing in most affected stands, but vegetative reproduction by the
rooting of lower limbs is succeeding on bog and semi-bog forest types.
Because crown symptoms suggest a possible root disease, root systems of
35 healthy and declining Alaska-cedar trees were excavated to study
symptoms and to isclate fungi. Symptoms on declining trees included
dead fine roots and necrotic lesions on coarse roots and tree boles.
Necrotic lesions, similar to those on declining trees, were produced on
healthy trees by mechanical wounding without inoculation. More than 5C
taxa of fungi were isclated or collected from lesions and other
symptomatic tissues; 37 were new reports on Alaska-cedar, but the 12
most common did not kill inoculated seedlings of Alaska-cedar. The
possible roles of Armillaria sp., Phytophthora sp., Cvlindrocarpon
didvmum, Mvecelium radicis atrovireps, vesicular-arbuscular mycorrhizae,
Phloeosinus spp. (bark beetles), and nemztodes in decline are
discussed. Foliar ard soil nutrient analyses support neither nutrient
deficiencies nor mineral toxicities as causes of decline, In summary,
epidemioclogical evidence and the lack of aggressive pathogens suggest
that biotic agents are not reSponsibie for Alaska-cedar decline and

that some abiotic factor(s) is a more likely cause.
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PATHOLOGICAL AND ECOLOGICAL ASPECTS OF DECLINE AND MORTALITY
OF CHAMAECYPARIS NOOTKATENSIS IN SOUTHEAST ALASKA

CHAPTER I

INTRODUCTION

Maska-cedar (Chameecyparis nootkatensis (D. Don) Spach) is a
valuable, long-lived tree species that grows in forests from the
Oregon-California border to Prince William Sound in Alaska. It has
been suffering from a spectacular decline and mortality problem (Fig.
I.1) throughout socutheast Alaska for a long, but undetermined span of
time. The primary cesuse of tree death has never been adequately
elucidated since this problem has received little previocus study;
however, several explanations of causes, listed below, have been
proposed.

The purpose of this thesis is to evaluate the hypothesis that
Al aska-cedar decline, as this forest mortality is now named, is caused
by a biotic agent. The alternate hypothesis is that the primary
incitant is an abiotic factor. There is only minimal information on
decline and mortality, and most ecological aspects of heslthy
Alaska~-cedar (e.g., reproduction and forest CAmmunity relationships)
are poorly umderstood. Consequently, information was gathered on the
ecology of Alaska-cedar forests during the course of these pathological
studies.

This chapter reviews previous ecological, silvicultural, and

pathological research on Alaska-cedar; outlines the history of



Figure I.1. Mortality of Alaska-cedar at Slocum Arm in southeast
Alaska



observations on decline; discusses speculations on possible causes of
Alaska-cedar decline; provides information on study areas where I
conducted work; and outlines subsequent chapters where study results

are provided.

Alaska-cedar: The tree

On a dollar per board foot basis, Alaska-cedar is the most
valuable tree species grown in Alaska. Its wood has narrow annual
rings, extreme decay resistance, and is bright yellow and aromatic
(Fig. I.2) (Harris 1971, Duff et al. 1954). Currently, its wood is
used for boat building and other marine uses, interior molding,
cabinets, furniture, fence posts, bleacher seats, ssunas, musical
instruments, carving, and more (Markwardt 1931, Harris 1971, Frear
1982). Some wood is exported to Japan, where it is prized for making
ceremonial boxes and is important for the restoration of temples and
shrines (Frear 1982).

Alaska-cedar was viewed as the most important tree species in
Alaska by the Russians during the 19th Century (Petrof 1880); it was
used to construction the hulls of same 20 steamers built in Sitka
between 1840 and 1863 (Harris 1970). Also, it was used in the 19th
century to line closets and boxes to repel moths (Harris 1971). Native
peoples in southeast Alaska and British Columbia used the wood for
canoe paddles, totem poles, chests, dishes, and tocl handles (Turner
1979). In addition, they used the fibrous inner bark. After soaking
it in salt water, pounding, and drying, it was woven into mats, and

hats, and used to decorate masks, or prepared with mountain goat wool



Figure I.2. The valuable wood of Alaska-cedar is yellow, aromatic,
and decay resistant



and woven into blankets or clothing (Turner 1979). The inner bark was
sometimes eaten (Petrof 1880).

Standard common names for this tree species are Alaska-cedar in
the United States (Little 1953) and yellow cedar in Canada, but other
names are sametimes used: Pacific Coast cypress, Sitka cypress,
Pacific Coast cedar, yellow cypress, Alaska yellow-cedar, yellow
cypress, Nootka cypress, Nootka Sourd cypress, Nootka fal se-cypress,
Alaska ground cypress, Alaska cypress, and canoce cedar (Harris 1971,
Viereck and Little 1972).

Alaska-cedar is a member of the Cupressaceae, or cypress family of
conifers, that includes the familiar Junipers, cedars, and cypresses,
This is a large family of 18 genera and over 100 species (Owens and
Molder 1984). The common name "cedar® is misleading when applied to
trees in this family, because it more accurately applies to the true
cedars belonging to the genus Cedrus of the Pinaceae; there are no
native species of Cedrus in North America. Almost all species in the
Cupressaceae have small, scale-like leaves, and lack distinct buds
enclosed by bud scales. Seed cones are usually small and woody, except
for Juniperus spp. that have berry-like seed cones. Besides
Alaska-cedar, western redcedar (Thuja plicata D. Don) and two junipers
(Juniperus communis L. and J. horizontalis Moench) are other species of
Cupressaceae native to Alaska (Hulten 1968),

Alaska-cedar is one of only seven species in Chamaecyparis Spach,
which literally means false cypress. Three of these species are
endemic to North America where they are important commercial forest
trees: Port-Orford-cedar ((. lawsoniana (Murr.) Parl.) in soutiwestern
Oregon, Atlantic white cedar ({. thyvoides (L.) B.S.P.)} in a narrow belt



along the Atlantic and Gulf coasts, and Alaska-cedar, The other four
Chamaecyparis species are native to Japan and Taiwan (Owens and Molder
1984},

In general, Alaska-cedar grows in a cool and humid climate, where
the growing season is relatively short, but winter temperatures are not
severely cold. The natural range of Alaska-cedar exterds from Mount
Grayback in California, near the Oregon border (Mason 1941), to Port
Wells in Prince William Sound in the Gulf of Alaska (Harris 1971).
Except for several isclated stands, it grows within 60 km of the
Pacific Coast (Harris 1979). In Oregon and most of Washington,

Al aska-cedar occurs in the higher elevations (e.g., 600-2300 m (Owens
and Molder 1984)) of the Cascade Range. However, Alaska-cedar grows at
tidewater from north of Knight Inlet on the mainland in British
Columbia (Harris 1971) and from north of Ucluelet or perhaps from Port
Renfrew on the west side of Vancouver Island (John Duncan, pers. comm.)
in British Columbia to its northernmost extent in Alaska. In southeast
Alaska, it occurs from sea level to timberline, sometimes growing in
pure stands, but more often as scattered individual trees mixed with
western hemlock and Sitka spruce. It is less abundant on well-drained
soils, apparently because it cannoﬁ compete with the faster growing
western hemlock and Sitka spruce (Harris 1971).

Alaska-cedar can be one cf the slowest growing trees in North
America, but it is among those with the greatest longevity (Harris
1970). Radial growth rates of 2 rings per mm (50 per in) are not
uncommon, and 14 rings per mm (360 per in) have been recorded (Harris
1971). Alaska-cedar trees 1000 years old are common (Franklin and

Dyrness 1973) and one hollow tree had 1040 rings in the one foot outer



shell (Murday 1931) and had an estimated age of 3500 years (Perry
1954),

Trees in Alaska tend to be scmewhat smaller than those in the
southern portion of the range (Harris 1970), although relatively large
Alaska-cedar trees can be found growing on well-drained soils (Harris
1971). For example, I found one Alaska-cedar tree on such a site in
the Peril Strait area that had a dbh of 194 cm and was 44 m tall. The
largest known Alaska-cedar was found in Mount Reinier National Park,
Washington and had a dbh of 243 cm and was 40.2 m tall (Barris 1970).

The bark of Alaska-cedar is brown or silvery-grey, relatively thin
(e.g., 20-30 mm (Bones 1962)), sloughs off in vertical strands, and
probably offers little protection from fire (Anderson 1959), Cat faces
and dead sides are common on Alaska-cedar in southeast Alaska, but the
cause has not been determined (Anderson 1959). Harris (1971) suggested
that bears may cause this damage.

Flowering occurs from April to June (Harris 1971). Mature cones
are spherical, about 1 cm in diameter, and have spikes. Cones mature
in two years (Owens and Molder 1984); thus, both first- and second-year
cones may be present on the same branch. Seeds ripen and are
wind-disseminated in the autumn of their second year (Barris 1970).

Al aska-cedar can apparently grow on extremely poor soils, so long
as abundant moisture is available (Anderson 1959)., It is fourd on
heavy, wet azonal organic subalpine soils and on bog (muskeg) soils
with deep moss and peat layers. Its best development in Alaska is on
thin, organic scils where abundant ground water seeps from higher

elevations (Anderson 1959). Neiland (1971) found that Alaska-cedar was



less restricted than other conifers to either bog or forest
communities,

Many horticultural varieties of Alaska-cedar are recognized. The
only kncwn-hybrid involving Alaska-cedar is intergeneric: Cupressus
macrocarpa Hartw. X Chamaecyparis nootkatensis, resulting in a form
called Leyland cypress. This hybrid is planted extensively in Great
Britain as an ornamental where it is reportedly cold-hardy (Anderson
1959).

Additional information on the biclogy and silviculture of
Alaska-cedar is available in a bibliography with abstracts (Harris
1969).

Pests of Alaska-cedar

Little has changed since Anderson (1959) stated that not much is
known of the diseases of Alaska~cedar. Hepting (1971) reported that
Alaska~cedar has‘fEW diseases, and none are serious. The foliage rust,
Gvmmosporangium nootkatenge Arth., is common on Alaska~cedar (Ziller
1974), but serious damage has not been reported. Phellinus weirii
(Murr.) Gilb., an important root disease pathogen of some western
conifers (Hadfield 1985), is known on Alaska-cedar only as the cause of
a butt-rot (Hepting 1971); it has not been found killing trees in
Alaska. Armillaria sp. commonly attacks the roots of Alaska-cedar, but
may be unable to successfully attack an unstressed tree (Anderson 1956,
Shaw et al, 1985). Two fungi, Gelatinodiscus flavidus Kanouse & Smith
(Carpender 1976) and Herpotrichia juniperi (Duby) Petr. (Hepting 1971,
Funk 1981), can colonize and kill the foliage of Alaska-cedar while it

is undermeath snow.



Kabatina thujae Schneider & Arx causes a shoot blight and carker
of Alaska-cedar in nurseries in British Columbia (Furk 1981). It has
not been found in Alaska. Another shoot blight fungus, Seiridium
cardinale (Wagener) Sutton & Gibson, causes a serious disease of
Cupressaceae in many parts of the world (Bannister 1962, Furk 1981,
Strouts 1973). This fungus is capable of causing an extensive disease
in natural forests, but it has not been fourd in Alaska.

Phvtophthors lateralis, the cause of a very destructive root
disease of the closely related Port-Orford-cedar (Chamaecvparis
lawsoniana) (Roth et al. 1972), has been reported on ornamental
Alaska-cedars in British Columbia (Lowe 1981), but has not been
reported in Alaska or on Alaska-cedars growing in forests anywhere.
Phytophthora diseases can cause large-scale damage. Because symptoms
on dying Alaska-cedar trees superficially resemble those caused by
Phyvtophthora spp., study of the role of Phytophthora spp. in
Alaska~cedar decline receives special attention in this dissertation.

A bacterial gall disease has been reported on another member of
Cupressaceae~-Cupressus arizonica Greene (Brown and Evans 1933). The
large galls on roots and the root crown of infected trees distinguish
this from other root diseases. No other diseases caused by bacteria,
viruses, mycoplasma-like organisms, or nematodes have been reported
from Alaska-cedar or closely related tree species.

In the only detailed study of fungi isolated from Alaska-cedar,
Smith (1970) attempted to determine the cause of black stains in the
heartwood of live Alaska-cedar trees. Dark-colored fungi were
isolated, and inoculated into wood (several caused stain), but none

were identified.
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Phloeosinus spp., bark beetles, are among the only insect enemies
of Alaska-cedar. Reports of their ability to kill trees range from
Phloeosinus attacking and killing large areas of cedar (Downing 1960)
to these bark beetles only infesting cedars already dying from scme

other cause (McCambridge 1954, Anderson 1959, Shaw et al. 1985).

History of Alaske-cedar Decline

The first documented report of Alaska-cedar mortality was made by
Sheldon (1912) who, in 1909, observed extensive tree death in Pybus Bay
on scuth Admiralty Island and commented, "Vast areas are rolling swamps
with yellow cedar, mostly dead." Dead cedar trees were again reported
in 1927, this time by Rarger C. M. Archbold who investigated decline
for three hours at Beacon Point on Kupreanof Island {unpublished, on
file at Forestry Sciences Laboratory, Juneai, AK). He collected
foliage samples from dying Alaska-cedar trees and sent them to J. S.
Boyce, Pathologist, USDA Forest Service, Portland, OR. No evidence of
insect or disease was detected. The next report of dead cedar trees
was made by McCambridge (1954) who found that bark beetles (Phloeosinus
sp.) commonly infested dying Alaska-cedars, particularly where those
trees were growing on bogs (muskegs) and semi-bog sites. McCambr idge,
a forest entomologist, concluded that the bark beetles were very rarely
the primary cause of tree death. He noted that a high level of
mortality cccurred throughout southeast Alaska.

Lawrence (1958) attributed the conspicucus number of dead trees in
southeast Alaska to be a forest succession of bogs encroaching on
forests; on page 117 he states, "Tree crowns grown to enormous size

before the moss blanket became so soggy now find themselves too large
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to be nourished by receeding root systems...because of their usually
saturated condition and inadequate aeration, the older trees gradually
die and become bleached and stand as a border between forest and
muskeg.” Neiland (1971) later disputed this reasoning, however, by
stating that same trees are dying or dead on steep slopes and that dead
and dying trees are interspersed with live, vigorous trees of equal
size. Neiland suggested diseases, insects, or fire as potential
factors for causing the death of trees.

Anderson (1959) noted extensive mortality in his general treatment
on "Silvical characteristics of Alaska-cedar."” The extensive death of
Alaska-cedar was attributed to winter desiccation during the spring of
1656; he concluded that damage occurred during a bright warm periocd
while the soil was still frozen.

The next mention of cedar mortality was in 1960, when a cedar bark
beetle outbreak on Kupreanof and Kuiu Islands was investigated (Downing
1960, 1961). Downing stated that bark beetles were the causal agent of
tree death, that more Alaska-cedar died than did western redcedar
(Ihuja plicata Donn ex D. Don), and that mortality was concentrated on
poorly drained slopes and muskegs. Bark beetle activity declined in
1961 (Crosby 1961).

Mortality of cedar was reported in each of the subsequent years by
entomologists or pathologists observing the problem during annual
insect and disease surveys (Laurent 1982). Often when reporting
mortality, no distinction was made between effects on Alaska-cedar or
western redcedar. Depending on who was reporting mortality, the
primary cause was attributed to bark beetles, root disease, or winter

desiccation (Shaw et al. 1985).
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My involvement with this forest problem began in 1981, when USDA
Forest Service personnel Charles G. Shaw III (Forestry Sciences
Laboratory, Juneai, AK), Tom Laurent and Andris Eglitis (Forest Pest
Management R-10, Juneau, Alaska), and I initiated investigations on the
decline and mortality of Alaska-cedar. Our efforts were directed at
describing symptoms of dying cedars, isolating pathogenic fungi, and
determining the role of bark beetles. This work culminated in a
preliminary report on Alaska-cedar decline (Shaw et al, 1985)., A map
of sites where cedar mortality had been observed during aerial forest
pest detection was constructed. It showed that Alaska-cedar decline is
extensive throughout southeast Alaska, except for largely unaffected
areas on Admiralty Island and the northern portion of Chichagof
Island. We determined that bark beetles were not the primary cause of
tree death because most trees died without ever being attacked by
beetles and beetles were found only on cedars in late stages of
decline. Also, symptoms similar to certain root diseases were found,
suggesting that further studies should elucidate their role in decline.

We began more detailed studies in 1982 through a cooperative
project with the Forestry Sciences Laboratory in Juneau and the
Department of Botany and Plant Pathology at Oregon State University.
This project was supported by funds made possible by Alaska National
Interest Land Claims Act (ANILCA). 1In this act, the U.S. Congress
provided funds for research dealing with the intensification of timber
preduction and forest management on a shrinking land base (due to the
transfer of land to Alaska Native groups, National Monuments, and
Wilderness Areas) on the Tongass National Forest in southeast Alaska.

Research grants were awarded to projects, such as the present study,
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that applied to timber harvesting and forest management on marginally
productive lands since same of the future timber harvests will involve

these lands. This dissertation reports the findings of this work.

Ihe setting

Southeast Alaska, or the Alaska archipelego, is a strip of coastal
mainland and numerous islands that is located east of the 1111St
meridian and exterds about 340 km (540 mi) from Dixon Entrance to
Yakutat (Fig. I.3). Although its 7.7 million hectares (19 million
acres) of land comprise only 5% of the state, southeast Alaska contains
the majority of Alaska's timber resource (Harris and Farr 1974). The
Tongass National Forest, established in 1907 and later erlarged to
include most of southeast Alaska, is now the largest national forest in
the United States.

Southeast Alaska has a cool, wet climate with an annual
precipitation of about 150-500 em (Harris et al. 1974). Winters have
relatively moderate temperatures, and summers are cool and wet, without
prolonged dry periods. Because of this cool and moist climate, fire is
not an important factor in forest succession. Much land is occupied by
bogs (muskegs) as a result of high precipitation and 1ow
evapotranspiration (Harris et al. 1978). Windthrow and landslides are
common disturbances of forests in this region (Harris and Farr 1974).
Although the growing season is relatively brief, daylight periods are
long in late spring and early summer.

Extensive glaciation during the last ice age has modified the
landscape to an cbvious extent, creating characteristic U=-shaped

valleys and serrate ridges. Glaciation and mountain building processes
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are still active today in the region, but few glaciers are located on
the islands where cur studies were conducted., The overall geclogical
pattern can be summarized as a northwesterly eugeosyncline with
Paleozoic rocks dominating the central lowland areas (Alaback 1982).
Soils in southeast Alaska are young, shallow, and poorly developed
(Collins 1974). They are classified as spedosols with thin A2 and B29
horizons (Alaback 1982). Soils with hard intrusive rocks have a high
percentage of poorly drained areas and less productive forest
vegetation (Collins 1974). The depth of organic matter in these bogs
ranges from less than 1 m to greater than 12 m (Harris. et al. 1974).
Approximately 60 percent of the land in southeast Alaska is
forested; the remainder is alpine, bog (muskeg), and riparian (USDA
Forest Service 1978). Forests cccur from the ocean shore to
timberline, which oceurs at sbout 600 to 800 m, Sitka spruce (Picea
sitchensis (Bong.) Carr.) and western hemlock (Tsuga heterophvlla
(Raf.) Sarg.) are the major commercial tree species, Alaska~cedar
(Chamaecyparis nootkatensis (D. Don) Spach) and westem redcedar (Thuja
plicata Donn ex D. Don) comprise only about five percent of the volume
on Tongass National Forest, but the former is the dominant tree species
in scme areas. Western redcedar grows only to the southern portion of
this region, south of about Sumner Strait at 57 degrees N. Mountain
hemlock (Isuga mertensiana (Bong.) Carr.) grows primarily at higher
elevations, and shore pine (Pipus contorta Dougl. ex Loud., var
contorta) is a non-commercial tree species that occurs primerily in
bogs, Two species of Abies occur in southeast Alaska, but neither is

common (Hulten 1968).
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The study
Most of my research was conducted on Chichagof and Baranof Islands

in the Peril Strait area (Fig. I.3), a portion of the Tongass National
Forest that is suffering heavy mortality of Alaska-cedar. Parts of
some studies (e.g., forest survey and foliage nutrient sampling) were
conducted at Slocum Arm and Kennel Creek, elsewhere on Chichagof Island
(Fig. I.3). 1In the Peril Strait area, the majority of work was carried
out within 5 miles of Poison Cove (Fig. I.4).

The cabin on the north shore of Poison Cove (Fig. I.5) was used as
field headquarters and laboratory. This cabin is owned by Irene Jimmy
of Sitka, Alaska; we were fortunate to use this cabin as it was the
only structure within miles of this area. The Peril Strait area is
roadless; therefore, we used a 16 foot skiff fitted with an outboard
motor for daily transportation toc and from field sites.

The chapters of this dissertation are organized in the following
manner. The objective of Chapter II is to date when extensive
mortality began and to determine the time since death for five classes
of dead cedar trees. These snag classes are based on the degree of
foliage, twigs, and branch retention. Three techniques were used to
determine when mortality began and when snags in different stages of
deterioration died: 1) inspecting aerial photographs taken in 1927 of
sites that now have dead and dying trees, 2) growth ring analysis of
smaller hemlocks growing under larger dead Alaska~cedar trees, and 3)
counting callus rings on live strips on partially dead Alaska-cedar
boles to determine when most of the bole died.

Chapter III, an epidemiological study of Alaska-cedar decline, uses

information on when snags in different stages of deterioration died.
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Figure I.5. A) Mortality on the north shore of Poison Cove,
Chichagof Island (note the cabin (arrow)), and B) the Poison cove
cabin that served as research headquarters and laboratory
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In this chapter, aerial photographs taken in 1927, 1948, 1965, and 1976
were used to document spread of mortality. An extensive ground survey
was conducted to determine if conifers other than Alaska-cedar are
dying, to confirm if most mortality is on unproductive sites, and to
determine if intra- or inter-site spread of mortality has occurred.

Of biotic agents capable of killing plants, fungi are the most
important pathogens of forest trees; therefore, I devoted a special
effort to the study of these organisms. Chapter IV provides a
literature review of fungi previously reported on Alaska-cedar ang
lists the fungi that I isolated and collected from Alaska-cedar. In
Chapter V, the roles of these fungi (and nematodes) in Alaska-cedar
decline are discussed and symptoms of dying cedars are described. A
special effort is made to clarify the role of Phytophthora spp. and
Armillaria sp. as incitents of mortality, since Armillaria was
previously found on dying cedars (Anderson 1959) and symptoms suggest
the possibility of a Phvtophthora species as a causal factor (Shaw et
al. 1985). Root and lower bole lesions on Alaska-cedar are similar to
lesions caused by P. lateralis when it attacks Port-Orford-cedar
(Chameecyparis lawsoniana, a close relative of Alaska-cedar. The
pathogenicity of fungi isclated from symptomatic tissues on dying
Alaska-cedar trees was tested by inoculating them into healthy cedar
seedlings and later observing for mortality or symptams similar to
those on dying trees. I attempted to reproduce symptoms on mature,
healthy Alaska-cedars in the forest by mechanically wounding their
tissues and by grafting diseased tissues.

Scars on the lower bole of Alaska-cedar trees are common in

various parts of southeast Alaska. Chapter VI describes the causes of
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these scars, lists fungi on old and recently scarred tissues, discusses
decay in wood associated with scars, describes tree response in tissues
adjacent to scars, and evaluates the relationship between these scars
and Alaska-cedar decline.

Chapter VII evaluates deficient soil nutrients or soil tcoxins as
potential primary incitants of mortality. Foliage from cedars growing
in declining and healthy stands was collected, analyzed, and compared
for different concentrations of nutrients. Soil adjacent to both live
and dead roots was collected, analyzed, and compared for pH and several
nutrients.

The reproduction of Alaska-cedar is failing in scme areas in
southeast Alaska (Shaw et al. 1985); Chapter VIII expands the
information on regeneration. Data were collected on Alaska-cedar
germlings and seedlings in the extensive ground survey mentioned above,
which allowed me to evaluate the success of reproduction in several
different forest community types. In addition, cobservations made
during root excavations of small and large Alaska-cedars aided in our
understanding how Alaska-cedar stands regenerate,

Chapter IX is a summary and integrates findings from these
studies. Comparisons are made between Alaska-cedar decline and several
other forest declines., Future research needs on Alaska-cedar decline
are suggested.

These studies increase our understanding of Alaska-cedar decl ine,
and should provide insights into means of managing this important

forest tree species and its decline problem,
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CHAPTER 11

DATING THE ONSET OF ALASKA-CEDAR DECLINE

ABSTRACT

Alaska-cedar (Chamaecvparis nootkatensis (D. Don) Spach) is a
valuable tree species that has been declining and dying for a long, but

undetermined, span of time in southeast Alaska. Determining when
mortality began and when individual Snags died aid in interpreting
patterns of mortality spread and in establishing the primary cause of
the problem. Aerial photographs showed that mortality was already
widespread by 1927. The dates of death for individual Alaska-cedar
snags in five stages of deterioration were determined by counting
annual rings on: 1) 73 western and mountain hemlocks (released trees)
growing beneath larger, dead Alaska-cedars, and 2) callus strips on 46
partially killed Alaska-cedars (rope trees). Average time since death
for the five shag classes were: I--dead, foliage retained--4 yrs;
II-—dead, twigs retained--11 yrs; IT1--dead, secondary branches
retained--31 yrs; IV-~dead, only primary branches retained--54 yrs: and
V-—dead, bole intact but no primary branches retained--81 yrs.
Released trees were effective for dating the death of recently killed
Alaska-cedars; rope trees were more effective for estimating the time
of death of long-dead Alaska-cedars. The longest-dead Alaska-cedars
(Class V) that were common and widespread appear to represent the

original extensive mortality. Snags in a sixth class with
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deteriorating boles were uncommon, not associated with sites of
decline, and their death most likely predated extensive mortality. Our
analysis indicates that Class V snags died an average of 81 years ago,
with some trees having died over 100 years ago. Most of these trees
experienced a reduction in radial growth many years prior to death.
Thus, these data suggest that extensive mortality began about 1880, and

became obvious about 1900-1910, dates supported by historical records.

INTRODUCTION

Decline and mortality of Alaska-cedar (Chamaecyparis nootkatensis
(D. Don) Spach) is extensive in southeast Alaska (Frear 1982). The
problem is primarily assoeiated with bog and semi-bog plant communities
(Downing 1960, Chapter III) and affects trees regardless of size (Shaw
et al. 1985) (Fig. II.1),

Recent research has investigated the eticlogy and epidemiology of
this problem. The cause of mortality is unknown, but distribution
patterns of dead trees imply spread through time. The areas affected
have apparently expanded, with dying and recently dead trees
surrounding patches of long dead trees (Chapter III), a pattem that
suggests a pathogenic agent may be responsible. No pathogen is evident
(S8haw et al. 1985, Chapter V), however, and several biotic agents have
been eliminated as primary incitants (Shaw et al. 1985, Chapter V)., An
alternative hypothesis to the biotic cause is that an adverse weather
event (Anderson 1959), or some other environmental change, initiated

the mortality. Investigations into the distribution and spreading



Figure II.1.

Mortality of Alaska-cedar in southeast Alaska
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patterns of dying cedars may support or refute my hypothesis of a
biotic cause of cedar decline. It is necessary to determine the time
of death to interpret mortality patterns and resclve the etiology of
this spectacular forest problem. To clarify possible causes of this
problem, I attempted to determine the spatial and temporal patterns of
mortality (Chapter III), To accomplish this, I needed to determine
when mortality began and how long individual trees had been dead.

Alaska-cedar wood is very resistant to decay, and dead trees may
persist for long periods of time. Affected Alaska-cedar trees die
standing and remain standing, slowly deteriorating for an undetermined
number of decades. This has allowed us to reconstruct the patterns of
mortality.

The objectives of this study were to determine when extensive
mortality in Alaska-cedar began and to determine the time of death for

Alaska-cedar snags in various stages of detericration.

MATERIALS AND METHODS

Three methods were used to estimate the onset of extensive
mortality and to determine the time of death for individual
Alaska-cedar snags. First, I examined the earliest aerial photcgraphs
of southeast Alaska taken in 1926 and 1927. These serial photographs
represent one of the earliest efforts anywhere to photograph large
areas of forest (Sargent and Moffit 1929). One vertical and two
oblique photographs were taken at each point along flight lines. Study

areas were located along Peril Strait, on Chichagof and Baranof Islands
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(Fig. II.2) about 50 km nortlwest of Sitka, Alaska. Thirteen sites
(Fig. II.3) were examined using both vertical and oblique photographs
for the occurrence and distribution of dead cedar snags in forest
stands cur}ently expressing decline and mortality.

For the other two methods, dead Alaska-cedar trees were grouped
into one of six snag classes based on degrees of dead foliage, twig,
and branch retention (compared to the condition of those tissues in the
crown of a live, green cedar) and bole deterioration. Snag classes

(Fig. J1I1.4) were:

I) Foliage retained (at least 10% of total)
II) Twigs retained (at least 10% of total), most foliage missing
I1I) Secondary branches retained {at least 10% of total),
most twigs missing
IV) Primary branches retained (at least 10% of total ), most
secondary branches missing
V) Most primary branches missing, bole intact to near the top

VI) Bole broken off and disintegrating

Estimates of the time since death for snags in each class were
determined by counting annual rings on trees growing under these snags
(released trees) and by counting annual rings in callus growth on
partially killed stems of Alaska-cedars (rope trees) that were
intersprersed among cedar snags.

In the release tree method, 73 westermn hemlock (Tsuga heterophvlla
(Raf.) Sarg.) or mountain hemlock (T. mertensiana (Bong.) Carr.) and 44

Alaska-cedar trees growing beneath previously deminant, but now dead,
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Figure II.2, Location of study area along Peril Strait on Baranof
and Chichagof Islands, Alaska
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Figure II.4, Six snag classes for dead Alaska-cedars. Classes are
differentizted by degrees of foliage, twig, and branch retention, and
bole deterioration.
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Alaska-cedar snags were located (Fig. II.5). Only hemlocks or cedars
primarily influenced by the death of only one Alaska-cedar were
selected. Growth release is more confidently interpreted from trees
released by the death of one tree than from trees beneath several
overstory trees dying at different times (Lorimer 1985). An additional
17 hemlocks growing beneath live and full-crowned Alaska-cedars were
selected as controls. Increment cores were taken from these trees at
breast height (1.4 m), shaved with a razor blade, sprayed with water,
and viewed at 60x using 2 dissecting microscope to determine pattems
of annual ring growth. A dissecting microscope was used because annual
radial growth can be as narrow as 10 rings/mm.

A release event was defined as any five-year sequence of annual
growth rings that was approximately twice as wide as that of the
previous five-year interval. When release was evident, the number of
annual rings formed since release was counted for each released tree,
and was associated with the class of Alaska-cedar snag under which the
tree was growing. Differences in time since death among the released
trees beneath different classes of cedar Snags were evaluated by a
one-way analysis of variance (ANOVA) and Tukey's multiple comparison
test (p=0.05),

The other method for determining the time since death for snags in
each detericration class used partislly dead Alaska-cedar trees that
grew in or near bogs suffering from decline. These trees have a
completely dead top (snag class I to V), but one narrow strip of live
tissue, consisting of callusing bark and sapwood, connects roots to one
live and bushy branch cluster (Fig. II.6). For lack of a better term,

these cedars are called "rope trees." The cause of this condition is



Figure II.5. Mountain hemlock (arrow) growing directly beneath a
previously dominant, but now dead Alaska-cedar. Growth ring

patterns of such released hemlocks were used to determine when the
Al aska-cedar died.
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Figure II.6. (A) Alaska-cedar rope tree. These trees have a dead
top and dead bole except for a narrow strip of live callusing
tissue, (B) that connects roots to one live, bushy branch cluster.
Ring counts on strips of callus tissue were used to determine when
the main boles died. These results were used to estimate when
snags, with tops in a similar stage of deterioration, died.
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not known, but we hypothesize that these trees were severely injured,
but not completely killed, by whatever caused the more general
mortality. Stem discs were removed at approximately 20 cm above the
ground from 46 rope trees at six sites. The time since death of the
cambium surrounding the live callus was determined by counting annual
rings in the callus tissue on the live part of the disc from the
present cambium back to where the bole was dead. Each rope tree was
placed into one of the snag classes based on the condition of the dead
top above the live branch cluster. Differences among the snag classes
in time since top and bole death were evaluated by a one-way ANCOVA and
Tukey's multiple comparison test (p=0.05). Width of annual rings
before top and bole death was 8lso examined to determine if these trees
experienced a growth decline prior to damage.

The six sampling sites for rope trees were located on different
islands or, where on the same island, they were separated by several
miles (Fig. II.3). This separation allowed us to test by ANOVA
(p=0.05) whether trees in snag classes from different locations had
been dead for similar lengths of time. This test used only rope trees

with class IV and V tops, as other classes were relatively uncommon.

RESULTS

1927 perial Photography
The 1927 photographs are now of variable quality, but on both
vertical and oblique prints with good contrast cedar mortality clearly

appears as patches of white snags (Fig. II.7). Mortality of
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Figure II.7. Aerial photographs taken in 1927 in the Bear Bay
portion of Peril Strait (above) and near Vixen Islands on Chichagof
Island along Hoonah Sound (below). Note the mortality (arrow),
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Al aska-cedar was already widespread in 1927, occurring at all 13 sites

with current mortality that were visible on these photographs.,

Released Hemlocks

Of the 73 hemlocks that were examined growing beneath dead cedars,
58 (79%) increased on their otherwise relatively constant rate of
annual growth, which we interpreted as release. The time of these
growth releases differed significantly among snag classes (I-IV) under
which the trees grew (Table II.1). Hemlock trees beneath snags in
class I released an average of U years ago; trees beneath snag class II
released an average of 14 years ago, trees beneath snag class III
released an average of 26 years ago, and trees beneath snag class IV
released an average of 55 years ago. ]

Not all hemlocks that we examined had a release pattern. Fifteen
hemlocks (21%) had no increase in radial growth, even though they were
growing beneath large Alaska-cedar snags. Eleven (73%) of the
non-released trees were growing under long-dead cedar snags (i.e.,
class IV and V), although four (27%) were also found beneath snags from
each of the more recently dead classes (I-III). Furthermore, five of
the 17 (29%) hemlocks that were growing beneath live, full-crowned
Rl aska-cedars (controls) had unexpected episodes of increased
growth--cne tree each at 5, 9, 13, 57, and 95 years ago. The remaining
hemlocks growing under live Alaska-cedars did not release.

Many Alaska-cedars growing under Alaska-cedar snags also released,
but their radial growth fluctuated so much throughout their life that
possible times of release, perhaps associated with overstory death,

were obscured; thus, Alaska-cedar increments were not analyzed further.



Table II.1. Time since release of previously suppressed westem and
mountain hemlock trees growing beneath different classes of
Alaska-cedar snags. Shag classes are based on degrees of foliage,
twig, and branch retention, See Fig. II.4.

Hemlocks Time sin

Snag class examined releas Range
(no.) (yrs) (yrs)
I foliage retained 10 3.6 ¢+ 3,2° 0-10
II twigs retained 14 13.6 + 6.9° 3-24
III secondary branches 21 26.2 + 12.3b 12-52
retained
IV primary branches 13 55.4 + 25,2° 24-100
retained

v Mean followed by its standard deviation; values followed by
different letters differ significantly (p=0.05); Tukey's confidence
interval = mean + 11.02.
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Rope Trees

Most rope trees were in snag class IV (dead, only primary branches
retained) or class V (dead, no branches retained); few rope trees had
class I tops (dead, foliage retained). The number of growth rings in
callus tissue increased with snag class. Rope trees in Classes II,
II1, and V differed significantly from one another in number of callus
growth rings, and presumably, in time since death of the top and most
of the bole (Table II.2). Time since top death for rope trees did not
differ significantly among sites for 34 rope trees from either class IV
or class V (Table II.3), although tops temded to have died earlier at
sites 5 and 6.

Counting rings in callus growth was facilitated by three factors
(Fig. II.8). First, a reddish band was common in the annual ring
marking the death of the bole and the origin of callus tissuve. Secord,
the first few callus rings of all 46 rope trees grew out radially a few
millimeters prior to growing around the dead bole. These first callus
rings are considered to represent growth up the side of the
then-recently killed bark on the dead bole. Third, surviving sapwood
at the time of bole damage has sinée become heartwood and is decay
resistant, while sapwood killed at the time of bole death is stained,
decayed, or completely missing.

Stem discs cut from 23 rope trees in snag classes IV and V had
clear, sound heartwood and the growth rings prior to bole death were
readily measured. The other 18 rope trees had stain or decay that
prevented counting rings formed prior to bole death., A1l 23 rope trees

with sound heartwood experienced a growth slow-down many years prior to
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Table II.2. Time since callus tissue formation on 46 rope trees
(partially living Alaska-cedars), Classes are based on degrees of
foliage, twig, and branch retention. See Fig. II.4.

Snag class Rope trees Age of range
(above live examined callus growthl/ {yrs)
branch) (nc.) (yrs)
IT twigs retained 2 8.5 + 0.72 8-9
IIT secondary branches 3 30,0 + 15.7° 25-56
retained
IV primary branches 13 51.2 4+ 18.1° 27-96
retained
V no primary branches 28 81.4 4 22.0° 49-128
retained

v Mean followed by standard deviation of the mean; values followed
by different letters differ significantly (p=0.05); Tukey's confidence
interval = mean 1+ 15.76.



41

Table II.3. Time (years) since initiation of callus tissue on 34 rope
trees (R9rtially live Alaska-cedars) at six separate sites in southeast
Al aska.

SNAG SNAG
CLASS IV CLASS V¥
Rope Age of Rope Age of
Site trees calluszgrowth trees callus.growth
(No.) Location3/ examined (yrs) examined (yrs
{no.) (no.)
1 Emmons Island 0 - - 5 78.0 + 20.2
2 Roger's Point, 3 47.7 £ 3.1 3 73.3 + 22.5
Chichagof Island
3 Susan's Landing, 2 36.5 + 0.7 3 87.7 + 18.8
Chichagof Island
y Nixon Shoal, 1 48.0 - 6 66.5 + 7.7
Baranof Island
5 Bear Bay Island 3 69.0 + 32.7 3 1017 + 43.0
6 Bear Bay, 1 62.0 - 4 94,0 + 23.8

Baranof Island

V Class IV rope trees have dead tops with primary branches retained
and class V rope trees have dead tops with no primary branches
retained, but boles are still intact.

4 Mean followed by stamdard deviation.

3 see Figure II.S.



Figure II.8. Cross-section of an Alaska-cedar rope tree (above and
below) showing dead bole and callus strip used to date when the top
and most of the bole died.
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bole death with 10 or more annual rings per millimeter. This growth
slow-down began an average of 99 + 26 years ago for class IV rope trees
and 141 + 30 years ago in class V rope trees. Thus, a reduction in
radial growth preceeded bole death by an average of 48 and 59 years for
rope trees in classes IV and V, respectively, There were no
significant differences among sites for the decline in growth for rope
trees in class IV or V. Not enough class I-III rope trees were sampled

to determine if any growth differences were related to site.

DISCUSSICN

Aerial photographs and both methods for dating the death of
individual snags were useful in estimating the time of death for snags
and for determining when the extensive mortality began. The earliest
aerial photographs verified that the problem predates 1927 when
numerous and extensively distributed dead trees were already evident.
Both the hemlock release and rope tree methods of determining when
snags died indicate that snags with more deteriorated crowns died
earlier. Yet the estimated times since death for each 8nag class were
not identical for the two methods. The hemlock release method was more
reliable in determining time since death of more recently dead snags
(i.e., those in classes I, II, and III), but was not useful in
determining the time of death for long-dead snags, and hence, when
extensive mortality began, Perhsps hemlocks did not release beneath
the long-dead snags because many of them occur on bog sites where light

may not limit their growth. Rope trees were more reliable in
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estimating dates of death for long-dead snags because rope trees
usually had class IV ard V tops, and thus were the best toal for
estimating when extensive mortality began.

Not all hemlocks growing beneath long-dead class IV and V snags
showed increased radisl growth. Many snags in class IV and V were
located on bog and semi-bog sites (Chapter III} where growing
conditions may not improve after the overstory dies, Factors
responsible for hemlock release were not studied, but changes caused by
overstory death such as increased 1ight; nutrient release into the soil
from the decomposition of Alaska-cedar roots, mycorrhizae, and foliage;
or decreased nutrient competition could contribute to faster radial
growth of some hemlocks growing under dead cedars,

Estimating the date of death of overstory snags using release trees
is difficult because the two events, overstory death and initiation of
increased radial growth of the release tree, may not coincide in time.
Some declining Alaska~cedars die slowly with their crowns thinning over
a period of years (Shaw et al, 1985), perhaps partially releasing some
understory hemlocks one or several years prior to cedar death.

However, a lag effect may delay faster radial growth when better
conditions develop (e.g., optimal light and moisture) because the
optimal conditions of one year influence foliage growth, and
consequently radial growth, during the following year (Kramer and
Kozlowski 1979). McCaughey and Schmidt (1982) found that suppressed
saplings in mixed conifer stands in the Rocky Mountains responded to
partial overstory removal with an average 2,5-fold increase in height
growth rate, and showed a 4-fold height growth increase in areas where

all overstory was removed. Growth was sometimes depressed for one or
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two years following cutting as saplings adjusted to the new conditions,
but faster growth was underway within two to four years after overstory
treatment. Release responses may vary with the shade tolerance of
different tree species; hemlock species release well because of their
relative shade tolerance.

Rope trees were useful in estimating the time of death for
completely dead snags of the same class and, therefore, helped to
determine when mortality began. Morecver, they provided clues
regarding the potential causes of Alaska-cedar decline. Rope trees
shared several characteristics with dead Alaska-cedar snags: 1) rope
trees often cccurred next to snags with tops in similar stages of
deterioration, 2) both experienced a decline in radial growth before
death (Shaw et al. 1985), or partial bole death for rope trees, and 3)
snag classes of both are similarly asscciated with particular forest
communities (Chapter III). Thus, the cause of damage to rope trees
must be considered when evaluating causes for Alaska-cedar decline.

Rope trees were not injured during one sudden incident such as an
extreme climatic event; those with the longest-dead (class V) tops had
boles that were killed over a long span of time from approximately 50
to 125 years ago. Also, their slow decline in growth many years prior
bole death does not support a sudden event as the cause of tree injury.

Rope trees differ from completely dead snags in that there are
fewer rope trees with recently killed tops. In an extensive survey of
mortality sites (Chapter III), 8% of the Alaska-cedars examined (live
and dead) were rope trees. The longer-dead tops predaminated on these
rope trees as 39% had class V tops and 31% had class IV tops, but only
15% had class III tops, 8% had class II tops, and 7% had class I tops.
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Class V rope trees were the most useful in dating the onset of
extensive mortality, Whatever caused the onset probably injured and
partially killed the cedars that now appear as rope trees. Reasons for
why class i, II, and III rope trees are uncommon, even though cedars
continue to die, is not understood.

I consider class V snags (boles intact, but no primary limbs
retained) to represent the original extensive mortality. These trees
died an average of 81 years ago, as estimated by the rope tree method
and were present and common at all mortality sites examined (Chapter
III). Since some class V snags died before the average of 81 years
ago, numercus Alaska-cedars probably began to die before the turn of
the century, the best estimate being about zbout 1880. The early
aerial photographs support this date by showing the extensive and
widespread occurrence of dead trees in 1927, The more deteriorated
snags in class VI with broken off and deteriorated boles were only
infrequently encountered and were not associated with distinct
mortality sites (Chapter III), These trees died prior to the onset of
extensive mortality and may also represent the non-epidemic or
backround level of mortality, Also, downed cedar logs, which could
hypothetically represent an earlier mortality, were not frequently
encountered (Chapter III).

The appearance of numercus dead Alaska-cedars around the turn of
the century is alsc suggested by historical observations. Mertens
(1827), Rothrock (1868), Dall (1870, observations in 1865), Petrof
(1884, observations in 1880), Nelson (1887, observations in 1877-1881),
and the Harriman Expedition (Emerson et al, 1904, observations in

1899) all observed Alaska-cedar near Sitka and elsewhere in southeast
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Alaska, but none mentioned Alaska-cedar mortality. Sheldon (1912)
observed dead Alaska-cedar near Pybus Bay on Admiralty Island in 1909
stating that, "vast areas are rolling swamp, with yellow cedars, mostly
dead." Five years later, Anderson (1914) described the size and growth
form of Alaska-cedar near Sitka, and his plate XXI shows an Topen
formation [bogl at 1800 feet." The caption accompanying this
photograph reads, "A dying cedar appears on the extreame right..." No
further mention of dead or dying Alaska-cedar was made. Subsequent
references to dead or dying Alaska-cedar occur from 1927 until the
present (Laurent 1982), especially in the Annual Forest Condition
Reports for Alaska. Thus, the first historical references of dead or
dying Alaska-cedar (1909) seems consistent with our estimates of when a
large number of Alaska-cedar snags would have first become obvious in
southeast Alaska.

The slow deterioration of Alaska-cedar snags likely results from
the species' extreme resistance to decay (Harris 1971), as well as the
cool and moist climate of southeast Alaska (Farr and Harris 1979).
Sapwood of Alaska-cedars is decayed by a flourishing fungal community
following tree death (Chapter IV}; however heartwood, even when
exposed, is resistant to decay.

Time since death has not previously been estimated for
Alaska-cedar snags. In his review on literature of dating tree death
in the westemn United States, Lowery (1982) did not mention
Alaska-cedar, but he did place cedars in the class with the most
durable wood. Most studies on dating tree death have been on pines and
firs and describe characteristics of snags up to ten years after their

death. Embry (1963) reported on the state of decomposition of westemn
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redcedar (Thuja plicata Donn ex D. Don) and western hemlock up to nine
years after girdling or poisoning in southeast Alaska. Differing
methods make comparisons of our results with Embry's difficult, but his
results suggest a faster rate of deterioration for westem redcedar and
especially for western hemlock than for Alaska-cedar.

In conclusion, aerial photographs, the rope tree methed of dating
cedar death, and historical references all support the suggestion that
the onset of extensive mortality of Alaska-cedar began scmewhat before
the turn of the century (1900).
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CHAPTER III

DYNAMICS OF DECLINE AND MORTALITY OF CHAMAECYPARTS NOOTKATENSIS
IN SOUTHEAST ALASKA

ABSTRACT

Alaska-cedar (Chamaecvyparis nootkatensis (D. Don) Spach) is a
valuable tree species that has been suffering from decline and
mortality in southeast Alaska for the last 100 years. Boundaries of
mortality at seven sites were mapped using aerial photographs taken in
1927, 1948, 1965, and 1976. Mortality was present at sll seven sites
in 1927 and its boundaries have expanded. Mortality in 1976, however,
typically extended not more than 100 m beyond the 1927 l1imit. Dead
Alaska-cedar trees, classified by their degrees of deterioration
(Chapter II), were recorded in 427 plots along 39 ground transects.
Fifty-five taxa of understory vegetation were also recorded from 280
plots along 21 transects; variation among vegetation plots was analyzed
using Detrended Correspondence Analysis (DECORANA) to produce an
ordination. Only one important axis was generated, representing a
gradient from bogs to sites with better drainage. These analyses
indicate that local spread of cedar decline has occurred alorg this
gradient; plots with more recently killed cedar trees had high average
ordination scores (better drainage), and plots with cedars killed long
ago had low average scores (boggy). Ordination plot scores from this
axis were compared with basal area of live and dead conifer species:

Alaska-cedar was less confined than other conifers to either bogs or
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the better drained sites and was the dominant tree species in the
intermediate (semi-bog) forest type. Alaska-cedar is suffering from a
disproportionate level of mortality relative to other conifers, and
most mortality is associated with bog and semi-bog sites. Snags that
probably date from the onset of extensive mortality (Class V), with all
limbs missing but boles intact, were relatively common (at least 8% of
all snags) from all 23 sites where intensive mortality was surveyed on
the ground. Also, all sites with mortality in southeast Alaska
(examined on aerial photographs or observed from the air or ground)
have these snags; thus, the problem has probably not spread to new
sites since its onset about 100 years ago. Although the decline
problem is species-specific and has patterns of local spread, the
spread of mortality is along a specifie, pre-existing ecological
gradient. The apparent lack of any site-to-site spread in the last 100
years suggests that Alaska-cedar decline is not caused by same biotic

agent.

INTRODUCTION

Alaska-cedar (Champecyparis pootkatensis (D. Don) Spach) is a
slow-growing conifer that ranges from Prince William Sound in Alaska,

sauth through British Columbia, to near the Oregon-California border
(Harris 1971). Alaska-cedar occurs from sea level to timberline in
southeast Alaska (Harris and Farr 1974) where it can grow in nearly
pure stands but, more commonly, exists in scattered groups or as

individuel trees mixed with other conifers (Ruth and Harris 1979). Its
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narrow grain, extreme decay resistance, and bright-yellow, aromatic
heartwood make Alaska-cedar a useful and valuable timber species (Frear
1982).

Extensive decline and mortality (Fig. III.1) has been occcurring
for many years in stands of Alaska-cedar throughout southeast Alaska
(Laurent 1982, Frear 1982, Shaw et al. 1985). I recently determined
that this problem began around 1880 (Chapter II). The primary cause of
mortality is unknown; however, no single biotic or abiotic factor
appears to be primarily responsible for tree death (Shaw et al. 1985).

Aerial surveys flown to detect forest pests indicate that
mortality of Alaska-cedar is extensively distributed throughout
southeast Alaska and is most often associated with bog (muskeg) or
semi-bog sites (Downing 1960, Laurent 1982). My own aerial
observations indicate that dead and dying trees occcur in large,
expansive areas, as well as smaller, discrete patches. Dying
Alaska-cedars sametimes occur on the perimeters of large and small
mortality sites, suggesting that the problem may be spreading, although
rates of spread are unclear.

Other ecological aspects of Alaska-cedar decline are urknown. For
example, the location where trees first began to die has not been
determined (Shaw et al. 1985). The influence of slope, drainage
patterns, and forest community types on mortality and its possible
spread have not been measured. Neiland (1971) reported that
Alaska-cedar is less restricted than other conifers to any one of three
forest types (bog, forest and an intermediate commnity), but &
detalled description of Alaska-cedar communities or means for

distinguishing these community types has not been done.
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The lack of a critical ecological assessment of the mortelity
problém has limited our understanding of the primary cause of
Alaska-cedar decline. Knowledge of which conifer species are affected
(i.e., host range of & hypothetical pathogen), where mortality occurs,
and when mortality began should help to determine whether the primary
cause is biotic or abiotic. If mortality is caused by a pathogen, then
patterns of spread should be evident., The patterns of spread should
indicate what type of pathogen might be present. Also, examining sites
where mortality has cccurred for many decades may suggest alternatives
for managing affected stands.

The objectives of this paper are: 1) to clarify whether conifer
species other than Alaska-cedar are dying in the same areas in large
numbers; 2) to determine the occurrence of Alaska-cedar in various
forest community types, where it is healthy and also where it is dead
and dying; 3) to document whether mortality is spreading over short or
long distances, or both; and 4) if mortality is spreading, to describe
patterns of spread (i.e., correlations with distance of spread, slope,
aspect, and forest community type).

To meet these objectives, aerial photcgraphs taken between 1927
and 1976 were used to document the occurrence and spread of mortality,
and surveys were conducted in forest communities expressing varying
degrees of mortality, An analysis of understory plant distribution was

the basis for an ordination of forest community types.
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MATERIALS AND METHODS

ferial Photographic Analysis of Mortalitv

Seven-areas currently expressing mortality of Alaska-cedar, all on
Chichagof and Baranof Islands near Peril Strait (Figs. ITI.2 and
II1.3), were examined on aserial photographs taken in 1927, 1948, 1965,
and 1976 (Table III.1). All seven sites had scme distinct perimeters
to the mortality (areas where stands with and without mortality
adjoined), but only two sites were discrete patches of mortality
completely surrounded by healthy stands or shoreline. The 1976
photographs were in color, the rest were in black and white. The 1927
series consists of one vertical and two oblique photographs taken at
each photo point, but only vertical prints were used in mapping. These
1927 photographs are of particular interest since they may represent
the earliest photographs anywhere of a large forested area
(approximately 10,000 square miles) (Sargent and Moffit 1929).
Photographs from scme years were not available for all seven sites, but
all four serial sets were available for three sites,

Stereopairs (two adjacent and overlapping photographs) of each
mortality site from each photographic series were viewed with a
stereoscope. Bourdary lines were drawn directly onto photegraphs to
delineate the perimeter of mortality at that time. These boundary
lines, along with geological details (i,e., beaches, drainages, and
ridges) were transposed into maps free of topographic displacement
using a radial planimetric plotter (Paine 1981). The four individual
maps of each site were combined into one map by using a mapograph

machine to bring individual maps to the same scale.
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Aerial photographs used for mapping mortality perimeters
Aerial photographs (1976) used to describe extent of

mortality and asscciations with forest types in the Peril Strait area

(below)
_Site 1927 _Jqug _1965
1 Poison Cove W27-2 SEA 1224, 62 ALP 50A-16 F16CN 25 303
W29-2 SEA 122L 63 ALP 50A-17 F16CN 25 304
2 Susan's Landing W22-1 SEA 122L-58 ALP 7 17B 30 F16CN 26 139
W23-1 SEA 122L-59 ALP 7 17B 31 F16CN 26 140
3 Lost Hat SEA 122R-59 ALP 18-44 F16CN 27 198
SEA 122R-60 ALP 18-45 F16CN 27 199
4 Arthur site W23-1 SEA 122.-58 ALP 51a-2 F16CN 26 141
Wa2y-1 SEA 122L-59 ALP 514-3 F16CN 26 142
5 Favorite Anchorage - SEA 122R-60 ALP 17B-3Y4 F16CN 26 137
- SEA 122R-61 ALP 17B-35 F16CN 26 138
6 Vixen site W352-10 SEA 124.-68 ALP 504-26 F16CN 25 298
W353-10 SEA 122L-69 ALP 50A-27 F16CN 25 299
7 Deadman Reach - SEA 124R-31 ALP 1847 F16CN 27 201
- SEA 124R-32 ALP 18-48 F16CN 27 202
Ehotographic series Flight lipe Photograph number
F16CN 25 118 - 124
F16CN 25 298 - 312
F16CN 26 130 - 150
F16CN 27 186 - 205
F16CN 28 269 - 280
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A map of the Poison Cove site (Fig, III.3) was made more
intensively. In addition to mapping boundaries of mortality, the
concentration of mortality was visually stratified into four types
based on concentrations (or densities) of dead trees: concentrated,
moderate, scattered, and background. Intensive maps from 1927, 1948,
1965, and 1976 of Poison Cove were kept separate and not combined into
a final map. This allowed for a reconstruction of stand structure and
composition before, during, and after the front of dying trees advanced
ahead,

In addition, the general distribution of mortality and its
association with topographic relief and forest types was examined and
described from 75 of the 1976 aerial photographs (Table II1I1.1), which
covered most of the forested land (about 22 kmz) along Peril Strait
(Fig. III.3).

Forest Community Assocciations

Understory plants were used to determine relationships among
forest stands. The presence and abundance of 60 understory plant taxa
were recorded from within a 3 m radius of plot centers from the 280
plots described below. Dominance rating included five categories:
nearly pure in its layer (>50 percent cover), dominant (25-50 %),
common (5-25 %), rare (0-5 %), and absent (0 %). Five rare understory
taxa were dropped from the ordination analysis, leaving 55 plant taxa.
Understory plant distribution was analyzed by a computer ordination
program--DECORANA (Detrended Correspondence Analysis)--which generates
axes that represent gradients of plant species!' distribution (Hill and

Gauch 1980, Gauch 1982), Plot scores and species scores are produced
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for all axes. The accuracy of these axes was not subjected to
statistical analysis, but was evaluated by examining the relative
values of two factors: Eigen values and lengths of gradients: these
methods aré an aid in interpretation for this type of analysis.

Gauch (1982) recommends graphing environmental parameters (I used
coniferous overstory) with axes to see if they have a related
distribution that aids in interpretation of gradients. Also, known
habitat preferences of species used in the ordination can assist with
interpretation of these gradients (Gauch 1982)., Therefore,
interpretations of these axes were based on field observations of the
distribution of these plants and their associated coniferous overstory.

Ordination plot scores along important gradients were grouped into
nine equal intervals and class means compared with: mean values for
live and dead basal area of each coniferous species, the presence or
absence of cedar mortality, classes of cedar snags (see below), and
classes of snag tops on cedar rope trees. Rope trees are Alaska-cedars
with dead tops and a dead bole except for a narrow strip of live callus
tissue connecting a live and bushy branch cluster to roots (Chapter
II). Snag classes, and snag classes of the dead tops of rope trees,
were related to ordination plot score intervals using a one-way
analysis of variance (ANOVA) and Tukey's multiple comparison test
(p=0.05) to determine if different snag classes were associzted with
different intervals along the ordination gradient. Live and dead
conifer basal area, and incidence of mortality were plotted against

ordination gradients and examined visually.
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Forest Survey

Survey transects were established through a variety of forest
types to evaluate: 1) which tree species were dead or declining, 2)
the severity of mortality, 3) the pattermns of spread of the mortality,
and 4) the general growth habits of Alaska-cedar. A total of 280 plots
were established along 21 transect lines at three general locations on
Baranof and Chichagof Islands. Sixteen transects were located in
forests along Peril Strait, four near Freshwater Bay and one near
Slocum Arm (Fig. III.2). All but two transects were at elevations
under 300 m, Plots were established every 50 m along transect lines,
beginning 25 m from a beach (sea level), and progressed upslope through
areas of mortality. Transects ended when two or more consecutive plots
contained few, if any, dead trees. )

The basal area of live trees and snags (dead trees) was measured
for each conifer by using a 3 or 6 m2/ha Basal Area Factor (BAF)
wedge prism (Wenger 1984) (13 ft2/ac and 26 ft2/ac, respectively).

A3 m2/ha BAF prism was only used if fewer than ten trees were

selected by the 6 m/ha BAF prism. Snags of Alaska-cedar were easy

to distinguish from other species because its aromatic heartwood is
detectable even in stems that have been dead for 80 years or more
(Chapter II). Snags of other conifers were identified to species by
bark or wood characteristics. The two species of hemlock could not be
differentiated when dead, and results are expressed as dead hemlock.
Some snags could not be identified, except as non—cedars, and were
classified as unknown. Tree height, dead or missing tops, epicormic
branching, and scars were noted; plot slope, aspect, and elevation were

measured; and understory vegetation and conifer repreduction recorded.
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More intensive surveys were conducted at three sites along Peril
Strait (Fig. III.3). 1In this survey, a total of 147 plots were sampled
along 18 transects; transects at two sites radiated outward from the
approximate middle of the somewhat circular patch of dead trees, and on
the third site, where dead trees were not grouped in a circular
pattern, transects were oriented upslope and parallel to one another.
Flot trees were selected with the same prisms described above. Bole
diameter at breast height (dbh) was measured for all Alaska-cedar
trees, and six places on the cambium around the root collar (60 degrees
apart) were examined by removing bark with a knife. These examinations
were made to detect necrotic lesions that occur on declining cedars
(Shaw et al. 1985} and to correlate their occurrence with azimuth as
tested by chi-square analysis (p=0.05). Other plot and tree
information, except understory plants, was recorded as in the extensive
survey.

In the intensive survey, plots were segregated into "mertalityn
and "relatively healthy" categories based on observations of
surrounding portions of the stand. On plots in mortality areas, the
proportion that each conifer species contributed to the total basal
area of dead conifers and the proportion of dead basal area for each
species (from the live + dead basal area of that species) was

determined to determine quantitatively which species were dying.

Snag Classes

Each dead Alaska-cedar was placed into one of six snmag classes,
based on degrees of foliage, twig, or branch retention, and

deterioration of its bole (Fig. III.4). Time since death has been
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SNAG CLASS I

SNAG CLASS II
most foliage

SNAG CLASS III
most twigs most secondary
retained; retained;
dead X = 3 yrs dead X = 11 yrs

branches retained;
dead X = 31 yrs

| Y

SNAG CLASS IV
most primary
branches;

dead X = 54 yrs

SNAG CLASS V
no primary
branches retained;

SNAG CLASS VI
no primary

branches retained,
bole intact bole deteriorated;
dead X = 81 yrs death not dated
Figure III.4,

Snag classification system for dead Alaska-cedar trees.
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estimated for five of these snag classes (Chapter II). From those data
we calculated the mean time since death for snag classes to be:
Class I -- dead, foliage retained........ sevss.dead X= 3 yrs
Class II -- dead, twigs retained....veevceeens ..dead X=11 yrs
Class III-- dead, secondary branches retained...dead ¥=31 yrs
Class IV -- dead, primary branches retained...,.dead X=54 yrs
Class V -~ dead, no branches retained.,...... ..dead ¥X=81 yrs

Class VI ~- dead, bole broken and deteriorated..death not dated

A modal snag class was determined for each plot. The mode, rather
than mean, is a better indicator of the cordition of most snags since
mean values could represent a snag class not present on a plot by
averaging long dead and more recently killed snags. Plots lacking
Alaska-cedar trees were rated zero. Plots with two-thirds or more live
symptomless cedars were rated healthy. Plots with one-third or more
dead or dying cedar were assigned either a rating equal to the modal
snag class in that plot (i.e., I, II, III, IV, V, or VI) or as dying.
Flots were designated "dying" if cedars with live but thinning or
of f~color crowns were more common than any snag class. In the unusual
case of ties, plots were assigned a snag rating equal to the
longer-dead (higher-number) class, which best reflects when mortality

began.



66

RESULTS

Analvsis of Mortality on Aerial Photographs

Maps ﬁelineating the extent of mortality made from aerial
photographs taken in 1927, 1948, 1965, and 1976 clearly show that
peripheral boundaries of mortality have expanded at all seven sites
(Figs. III.5a-d). In 1927, however, mortality was apparent on each
site and covered a large portion of the area where trees are now dead
and dying. Subsequent mortality has rarely exterded more than 100m
beyond the boun&ary apparent in 1927. Additional mortality has
occurred upslope, along the contour, and downslope; however, mortality
encroached upslope most commonly,

On the site mapped intensively at Poison Cove (Fig. II1.6), the
edge of mortality appears to have progressed slowly outward with a
scattering of trees dying ahead of others, rather than advancing as a
narrow band of dying Alaska~cedars. Within this zone of scattered dead
trees, mortality intensified as more trees died. The central area with
the greatest density of snags in 1927 had only scattered, recent
mortality in 1976. This central area appeared on photographs as a
green region contrasting with the grey of peripheral regions with heavy
mortality. Mortality fronts stopped at shorelines or obvious ard
abrupt changes in forest type.

In addition to detailed mapping, 1976 aerial photographs were used
to determine the extent and distribution of cedar mortality along Peril
Strait. Mortality appeared to be associated with the edges of nearly
all open bogs. Some bogs extend, contiguously or in chains, for

several miles along fairly flat terrain at lower elevations (Fig.
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SITE 1: POISON COVE

100 m e
Mortality Boundary:
) 1927 —o—o
Poison Cove 1948 ~---cmemmee
e 19656 —-—-—
e 1976 —s——x—

Figure III.5a. Mortality at Poison Cove showing the perimeters of

dead and dying trees in 1927, 1948, 1965, and 1976. Maps made from
aerial photographs taken in each year.
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SITE 2: SUSAN'S LANDING
Chichagof Island

-
- i 2

Peril Strait o~

ottt s Mortality Boundary:
1927 —+——
1948 --———---
SITE 3: LOST HAT 1965 —-—-
1976 —*——

Baranof

Il s ! an

bl

M P S

Peril Strait

Figure III.5b. Mortality at Susan's Landing and Lost Hat showing
the perimeters of dead and dying trees in 1927, 1948, 1965, and
1976. Maps made from aerial photographs taken in each year,
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SITE 4: ARTHUR SITE

Chichagof
Island

‘-—-—__b_z

-

1 _..-'
L.

Mortality Boundary:

1927 —o——o—s
1948 --cceomme

1965 —-——. —

SITE 5: FAVORITE 1976

ANCHORAGE

LY

o, —

e Peri)l Strait e

Figure III.5c, Mortality at Arthur Island site and Favorite
Anchorage showing the perimeters of dead and dying trees in 1927,

1948, 1965, and 1976. Maps made from aerial photographs taken in
each year,
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SITE 6: VIXEN SITE

\? Chichagof Island
, .oz-
; \R?-&i%' .‘:':h- N e r‘\_.c- S “w L ~
.\. ( T —
1(‘3_0Jm h\ e S - -

S et

R

e HoOONnah Sound

N
Mortality Boundary:
1927 —e— oo
1948 ..
1965 — — —..
1976 —x—»—

SITE 7: DEADMAN REACH

Baranof Island

s Peril Strait

Figure IT1.5d. Mortality at Vixen Island site and Deadman Reach

showing the perimeters of dead and dying trees in 1927, 1948, 1965,
and 1976. Maps made from aerial photographs taken in each year.
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MORTALITY

Cumemrarwj-

Mo.}ernr@[ 1 9 7 6
(
\
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Scattered 1
—J
'
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100 meters

Background

—

100 meters
100 meters

Figure IIT1.6. Maps of mortality of Poison Cove mortality made from
1927, 1948, 1965, and 1976 aerial photographs. Severity of
mortality was placed into four categories based on densities of
dead trees.
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III.7). Mortality was consistently associated with the edges of these
bogs, es viewed from 1976 aerial photographs. One long series of bogs
extends for about 7 km (4 mi) from the drainages connecting Ushk Bay to
Deep Bay (Fig. III.3) and has extensive mortality on the bog edges
along the entire distance. Another long, unbroken stretch of dead
trees occurs on Baranof Island at low elevations from just south of
Deadman Reach for 9 km (6 mi) to Fish Bay (Fig. III.7). Large areas
without mortality generally lack bogs.

Only four bogs found on the aerial photographs in the Peril Strait
area lacked mortality; all four sites were above 150 m elevation and
between 450 and 1200 m from the ocean. Subsequent ground examinations
substantiated the lack of mortality around these bogs even though
Alaska-cedar predominated in these surrounding stands at all four
sites.

Mortality extends above 150 m elevation at same sites, however.
One location, near Waterfall Cove at Slocum Arm, was observed from an
airplane (Fig. II.1,)} to have mortality extending from sea level to
above 300 m (1000') elevation in a contiguous area of dead and dying
trees. Another site, west of Poison Cove, was surveyed and had

mortality extending up to 238 m (780') elevation.

Forest Community Assecigtions

Data for understory plant taxa were analyzed to determine in which
plant communities Alaska-cedar grew and in which the morality occurred
to better understand cedar sutecology and possible reasons for tree
decline, Ordination analysis (DECORANA} of the 55 understory plant

taxa from 280 plots produced only one important axis. Only axis I is



Figure III.7. Mortality associated with a long series of bogs
along Peril Strait on Baranof Island, Alaska.
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considered to be important because values for both measures of axis
importance, Eigen values and gradient lengths, fell off sharply and

stabllized for the second and subsequent axes:

Axis I Eigen value = 0.412 gradient length = 2.70
Axis JI Eigen value = 0.123 gradient length = 1.74
Axis IIT Eigen value = 0.101 gradient lergth = 1.33
Axis IV Eigen value = 0.082 gradient length = 1.09

Because DECORANA produces ordination scores for each species,
plant taxa can be ordered along this first axis to assist in its
interpretation. Understory plant taxa are ranked (Table III.2)
according to their ordination scores from the first axis. The
distribution of these species suggests that this first axis represents
a gradient from bog communities to those with better drainage. Taxa
with the lowest ordination scores were only observed growing on open
bogs (Fig. III.8). For example, two species with extremely low
ordination scores, Vaccipium uliginosun and Drosera rotundifolia,
occurred predominantly on the edges of pools of water in open bogs
(Fig. III.%9a). Many taxa with intermediate scores were common along a
wide range of the gradient (e.g., ﬁgznua_ganadgnﬁia and Coptis
trifolia). Other taxa with intermediate scores were confined to a
specific intermediate position along the vegetative gradient (e.g.,
Feuria crista-galli (Fig. IIT.9b) and Cladothammus pyvrolseflorus).
Understory plants with high ordination scores occurred only on the
sites with better drainage away from bogs (e.g., Maianthemum dilatatum
and Moneses upiflora) (Fig. III.g¢). Thus, the position on the axis of



Table III.2. Understory plant taxa used in DECORANA ordination
analysis. Taxa are ranked by their ordination scores for the first
and only important axis from 280 plots. Plants with low scores
occurred on bogs, those with high scores occurred on sites with
better drainage.

Specles

Ordination
Understory Plant Species Score

Vaccinium ul IgiNOSUM Luasasassssssasasrsrsaasasuesacaannannanasnssasseesdl
Tof ieldia glutinosa (Michx.) Pers. Subsp. brevistyla HitchCuessossavsasal
Drosera rotundifolid Licersasaanassasaraceensanscnnacnnorsasssnnononnerad
Pinus contorta Dougl. ex Loud subsp. contorta seedlingruarasiavacnnnurnalt
Ledum palustre L. subsp. groenlandicum (Oeder) HulC.eseusevaussoussonnaed
Kalmia polifolia WANGa..ueseesesacecatncrannuascasasesnosasunnnsnnannesol
Sanquisorba stipulata RBf e asisssurerenscaaccsanscaanrsnnuannsasanesaoll
EEIpetrum nigrum L----------------ooo.-------..n-o--no----n--o---------.ls
Gentiana douglasiana BONg.susuevssasenssnsconaassasonusmnnsaasssanansesld
Vacciniun c:’lespitosumL.......-...-.-.-..-.....-.-..-.....------...-...17
Pteridium agquilinum (L.) Kuhn subsp. langinosum (Bong.) Hult.sseseseseol?
Gaum calthifaliumHenzies....-.............-...-.......................17
Dodecatheon jeffreyi VAN HOULBaiiaearsserusuonssacsennsvananctansennae nl?
CATEX SPPus JLASSOSu e e anussoasttarsuvautoubtoubtarsosanatasanenenennsaanssell
Erigeron peregrinus (PurBh) Greef....cisevesrsscciascncanranannnassnssslS
Phyllodoce aleutica {(Spreng.) Heller Love & Lave subsp.

glandul iflora (Hook.) Hult.cseeuseacscsucarancnsooracasanccaccanannsas?d
Equisel:um Spp--n-------.--.---..---.--------.-----------------.-------.27
Fauriz crista=galll (MEnzie8) Makinos.uue tcosrsarsccescassasannnesnees 28
Cladothamnus pyrola@florus BONE..csereaceussasatoscusnanncsssnsnoscens 29
Vacciniu® vitis—Iida@8@ Luusesenncceatssonsoronannnuasaassacaceresnunasessld
Plantanthera dilatata (Pursh) Lindl...esssreucscscscannrscascussansceneedl
Coptis trifolia (Le) Sal18Duueucuerscisacsiesviesnoncnsuceseeereranseeedd
SPHAGNUD SDPu v vt asasnscsucnnarssstanssstastostsbnanrocrsanasancsscesnsd’
Tsuga mertensiana (Bong.) 5arg. (seedling)eeeecrecrassoassosocuvneneseed?
Chamaecyparis nootkatensis (D, Don) Spach (seedling).cvessersaseasanss 3’
Linnaea borealis L. subsp. 1onFiflora (TorT.) HULLswssresavenessnvacssa3B
Lysichiton americanum Hult. & Ste. JohNuseesccuncomnorrasarsacsncacoen,s bl
Veratrum viride (Ait.) Pursh subsp. sinuata (Regel) HULE.+seuevecannaeob?
LYcopoditulM SP Dy tasseteuoransesasasantoustosstosssoaranrasassosasenansssdd
Cornus canadensis L---.....-....---...--.......--..-.......---..-.-....50
Picea sitchensis (Bong.) Carr (8€edling)iee.cunecrsanseesscsonesrsnnsesSl
Menziesia feITUJinga SMuescsuvrneneucionsnarunssissnsncorasrcosacssnessSs
Vaccinium alaskensis HoWiiuoiernniaiaetorinunarsasssnsoccausnussuncsnnnasd?
Coptis asplenifolia SBlLSbesesstssantssuntoassnaminnunancacssnncsnnnnaad?
Tsuga hetarophylla (Raf.) Sarg. (8eedling)icuicaceeccuceccsacrnnnns s bl
Blechnum spicant {Ls) ROEhu:cuvseussucsasevessonnucaasstonaasnnnssonsesbl
Rubus pedatus Snl"!llllln-----Inlﬂil-n------.-lloDl'-‘.-.t'.tl.l-----tcbs
Tiarella trifol lata L-------o-----.n----c-l-o--n--nn----o------------n-65
Vaccinium paz'vifoliumSm----...........-...--.-........................65
Athyrium felix=-femina (L.) Roth subsp. cyclosorum (Rupr.} ChristenS....68
Listera SP---o-----.-----c-------...---l.--------n--n--n--------n----.-76
Rubus spectabilis PUIBhesseateinrneriasussassoronsarsassnnesstonnsunesalB
Streptopus streptopoides (Ledeb.) Fry & RIZZuccvearrncasessoccscsanensald
Prenanthes alata (HOOK.) DL@TT..vtucencacessssasssronensssassaneseessanB0
Thelypteris phegopteris (L.) SlO85O0N.s.scecanraucastoocnussasssnseosssensBl
Streptopus ampl exifolius (L.) DCussseusenareeueensasssusverosncsnsssss B2
Dryopteris dilatata (Hoffm.) Gray subsp. americana (Fische) Hult.......83
Echinopanax horridum (Sm.) Decne. & Plancheeeesservssessosrenoncnsasss A9
Streptopus roseus Michx. subsp., curvipes (Vall) Halte....eseseseseen.. 80
Pyrola secunda L. subsp. Secunda ,.vuvesessrseaces T AR - J.
Gymnocarpium Aryopteris (L.) Hewmu e seaseeesooceosnnrassnrsssosecneessedl
Maianthemum dilatatum (How.) NelS. & MBEDBTucersvevonocucesesennsrennesedd
Moneses uniflola (L.} GrAY.eu.eesoesssseenneuncessnssnstsesoannannesens 07
Corallorrhiza maculata Raf. subsp. mertensiana {Bong.)

Calder & TayloT.euueususonnuoersorsensmrennsnsossetanancansssncssnnesl00
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Figure III.8. Open bog (muskeg) in southeast Alaska with mortality
in surrounding stands
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Figure II1.9. A) Bog vegetation near pond: Vaccinium uliginposum
(Vu) and Drosera rotundifolia (Dr); B) Fauriz crista-galli (Fg)
often occupies an intermediate position inbetween bogs and sites
with better drainage; and C) vegetation on a better drained site:
Gymnocarpium dryopteris (Gd), Meianthemum dilatatum (Md),
Echipopanax horridum (Eh), and Tiarella trifoliata (Tt).
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these understory species helps to substantiate the interpretation of

the primary ordination axis.

DECORANA also produced plot ordination scores representing the

same gradient from bog (low scores) to better drainage (high scores).
Plot ordination scores were compared with data recorded from the 280
survey plots {(e.g., live and dead tree basal area and cedar shag
classes).

Based on average basal areas of live trees, Alaska-cedar was the
dominant compcnent along most of the vegetation gradient (Fig.
II1.10). Shore pine (Pipus contorts Dougl. ex Loud. var contorta) was
common in the open bogs where total conifer basal area was at a
minimum. At the other extreme (better drainage), western hemlock
(Isuga heterophvlla (Raf.) Sarg.) was predominant, Alaska-cedar
decreased, and shore pine was absent. Sitka spruce (Pjgea Sitchensis
(Bong.) Carr.) also had its greatest basal ares on the better drained
sites but was less common than western hemlock. Mountain hemlock (T.
pertensisna (Bong.) Carr.) had much the same trend as Alaska-cedar but
was not a dominant component at lower elevations where most of our
sampling was conducted. Near timberline, mountain hemlock is the only
tree-like species.

Alaska-cedar was rarely missing from plots along the middle
portion of the gradient, but cedar trees were often absent in bogs or
on the well drained sites. Prostrate Alaska-cedar (e.g., 0.5 to 1 m
tall), not recorded in the basal area data, were common in bogs and

semi-bogs in the Peril Strait area (Chapter VIII), even though upright
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Alaska~cedar trees may be uncammon on these boggy sites. The prostrate

form was absent on well drained sites.

Conifers Commonly Found Dead

Mortality was primarily asscciated with bog and semi-bog forest
types (Fig. III.11). Alaska-cedar was the principal deed species in
stands with a high proportion of mortality, accounting for 74% of the
dead basal area (Table III.3). The level of dead Alaska-cedar in
stands not affected by decline (about 23% of the basal area of
Alaska-cedar) was similar to that of other species (Fig. III.12). Dead
hemlock accounted for 16.8% of the mortality in declining stands, with
other species only having negligible dead basal area. Since
Alaska-cedar predominated in many of these stands, the percent basal
area dead for each species provided a better measure of which species
were affected. Sixty-five percent of Alaska-cedar basal area was dead
in these stands, nearly twice the percentage of any other species,
Mountain hemlocks were rarely dying. A fairly high percentage of
spruce was dead (34.8%), but spruce was not common in mortality areas,
and is probably poorly adapted to the boggy conditions where most
mortality occurs. Western hemleck was more common than Sitka spruce in
mertality areas. 3Since dead western and mountain hemlock could not be
distinguished, evaluation of their condition in mortality sites was
difficult. Even if all dead hemlock, and all the dead urknown group
were classified as dead western hemlock, only 36% of western hemlock
basal area would be dead, markedly less than the 65% for Alaska-cedar

(Table III.3).
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Table III.3. Percentage that each conifer species contributed to total
basal area of dead conifers and percent of basal area dead for each
conifer species— .

Total basal Basal area dead3/
dead area (%) (%)
Tree species (from all species) (within each species)
Sitka spruce 2.7 3.8
Hemlocke 16.8 22,3 29.7%/
Shore pine 0.2 5.9
Alaska-cedar T4 U 65.3
Unkniesin 5.9 -
Total 100

Vv Data from 92 plots expressing mortality at 3 sites

4 Snags of western and mountain hemlock snags could not be
distinguished and are grouped as dead hemlock.

¥ Percent dead basal area (BA) = (dead BA / total BA) X 100
Y Percent dead hemlock = (dead hemlock BA / total hemlock BA) X 100
%/ Percent dead western hemlock = (dead hemlock BA) / (dead hemlock

BA + live western hemlock BA) X 100 (this assumes that all dead hemlock
is westermn hemlock)



83

S=Surrounding stands ]
40} M= Martality stands
CJiive
Ff Dead
]
~
(4] o
s . 3
< 307 © |
e o
-E £ :
° @
£= -
K 4
< e z Q _<
L o ; o s
D: 20 A Q - E E
< 2 ® Ty o
- -] =.= c
py £ ™
! - -
~ u cE b=
< : 52 =
w - ;E = - c
<< 10 A P >3 3 = :
m z3 = . o
[ x
3 - x
P= >
0
S M S M S M

Figure III,.12. Proportion of basal area that was live and dead in
stards suffering from decline and in surrounding stands not

suffering decline. Based on 147 prism plots. Dead hemlock trees
could not be identified to species. Some trees ("Unknown"} could

not be identified to species, except that they were not
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Neiland (1971) suggested that Alaska-cedar trees decay and
deteriorate more slowly and consequently, more dead Alaska-cedar might
accunulate as other tree species deteriorate beyond recognition. 1In
Table III.#, the Classes IV, V, and VI (dead for 40 years or more) are
excluded from the basal area of dead Alaska—cedar to meke data more
comparable with the less decay-resistant species., Even with this
portion of dead Alasks-cedar excluded from analysis, a higher
proportion of Alaska-cedar (55%) was dead.

The frequency of root collar lesions on Alaska-cedar trees was not
significantly correlated with azimuth or aspect, but these lesions were
more common on cedars with dying crowns (46%) than for cedars with

full, green growns (11%).

Classes of Alaska-cedar Snags

Snags lacking limbs (Class V) were present on all sites with dead
Alaska-cedar and comprised at least 8% (range=8-60%) of all snags on 23
sites with heavy mortality. More recently killed snags (i.e., Classes
I-IV) were also present at all transects, indicating that the mortality
has continued at all locations since initiation. Our general
reconnaissance revealed only one site, at Patterson Bay (Fig. III.2),
that had only long-dead Class IV and V snags and lacked recent
mortality. No sites, however, have recently killed trees in the
absence of long-dead shags.

Camparing modal snag classes with vegetation ordination scores for
each plot indicated that different snag classes were associated with
different intervals along the gradient from bog to better drainage
(Fig., III.13). Snags with no limbs (Class V) predominated in bog plant
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Table III.%. Percent basal area dead for each tree species in stands
suffering mortality. Long-dead Alaska-cedar trees (in Classes VI, VII
and VIII) were not included in order to make iyta more comparable to
the other, less decay resistant tree species,

Tree specieszf Basal Area Dead
(%)

Sitka spruce 36

Hemlock ~ 25

Shore pine 0

Alaska-cedar 55

v Data from 92 plots expressing mortality at 3 sites

4 2% of the total dead basal area was long-dead and beyond
identification except that it was not Alaska-cedar

x4 Snags of western and mountain hemlock snags could not be
distinguished and are grouped as dead hemlock.
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communities, Plots with more recently killed snags (Classes IV, III,
II, and I) supported progressively better drained plant cammunities;
snags in Classes I, III, and V differed significantly in their plot
ordination scores. Plots with the longest-dead trees (Class VI, with
deterjorating boles) were uncommon, not assocciated with severe
mortality, and were not confined to bogs, as were Class V snags,

Rope trees, Alaska-cedars trees with a dead top and dead bole,
except for 2 thin strip of callus tissue connecting one live branch
cluster to roots, followed the same trend (Fig. III.14). Those rope
trees that had dead tops without limbs (Class V) occurred with bog
understory plants, while those with more recently killed tops occurred
on sites with better drained plant cammunities (Chapter II).

Average heights of dominant and codominant Alaska-cedar trees
(dead and live) tended to be greater on plots with primarily healthy
trees. There was a trend toward shorter trees on plots where long-dead
snags (Classes III-V) predominated, especially on plots with Class v
snags (no limbs retained) (Fig. III.15).

DISCUSSION

‘Mortality of Alaska-cedar began on bog sites in southeast Alaska
around 1880 (Chapter II). Subsequent Spread of mortality onto better
drained sites is confirmed by ocur aerial photographic analysis and
survey results. The latter showed that long-dead, Class V snags were
primarily assecciated with bog understory plants, more shore pine and

mcuntain hemlock, less total conifer basal area, rope trees, and
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shorter Alaska-cedar trees--all of which are characteristics of bogs
and semi-bogs. These snags were Alaska-cedar trees killed in the
initial occurrence of this extensive mortality. More deteriorated
snags in Class VI predate the onset of extensive mortality (Chapter
II), ard their occurremce is unassociated with sites having large
numbers of dead and dying trees. More recently killed trees (Classes
I-IV) were asscciated with understory communities having better
drainage, more western hemlock, more total conifer basal area, and
taller Alaska-cedar trees, confirming the spread into forest types with
better drainage.

Sites with a gradient from bog to better drainage usually had a
corresponding gradient of snag Classes from V to I, respectively, which
represents spread of mortality through time (Fig. III.16), Spread of
mortality within any one site occurs as a slow advance along an
established ecological gradient. The gradient from bog to better
drainage was often related to slope, with better drained conmunities
oceurring upslope frem bogs. The common upslope spread of mortality is
explained by mortality originating in bogs and spreading upslope along
the gradient to better drainage communities. The downslope change to
better drained hemlock-spruce types was often abrupt.

Spreading patterns were not, however, apparent on all sites
expressing mortality. Some stands had an abrupt transition from open
bog to better drainage and lacked spread. Other sites (e.g., Slocum
Arm, Fig. II.1) lacked overall spreading patterns because initial
mortality was extensive and cccurred within a mosaic of overlapping bog
and semi-bog types. Some areas occur as elongated series of bogs that

have a long band of mortality parallel and upslope from the bogs.



Figure III.16. Example of the spread of mortality from a small bog
to surrounding stands (Susan's Landing Site--see Fig., III.5).
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Thus, mortality consistently started in bogs and on beg edges,
regardless of bog shape or size, and subsequently spread to forest
communities with better drainage.

One site, near Patterson Bay (Chichagof Island), was an ancmaly
with many large Class V Alaska~cedar snags, but no subsequent mortality
has occurred among the old snags nor has mortality spread out into
adjacent stands. A dense growth of vigorous, pole sized Alaska-cedars
comprised the majority of the live stand. Understory plants were not
sampled, but bog plants were absent. Perhaps this site had a change in
drainage patterns, which may have improved soil corditions for
surviving cedars resulting in less mortality and increased growth.

The clearly defined tremds in amounts of conifer basal area
substantiate our interpretation of the first ordination axis as a bog
to better drainage gradient since we already have an indication of the
distribution of these tree species. Shore pine is primarily a bog
species (Harris and Farr 1974); western hemlock and Sitka spruce have
their best developement on the best drained sites (Ruth and Harris
1979).

Several forms of error are potentially associated with mapping
perimeters of mortality from aeriai photographs. The 1948 photographs
were of a small scale, and any errors in mapping would be intensified
when bringing them to a common, larger scale with the other maps.
Also, the more recent aerial photcgraphs were of better quality and
thus helped to increase accuracy in locating the actual perimeters of
mortality. In particular, locations of mortality perimeters on the
1976 color photographs are more accurate than from the previous black

and white photography. One could argue that the greater extent of
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mortality on maps made from more recent aerial photographs is a result
of more accurately discerning the scattered dead trees at the mortality
edge; however, my survey data and field observations provide
corroborating evidence that maps made from aerial photcgraphs
accurately represent spread of the mortality.

The pattemms of mortality spread contrast with those reported for
other conifers declines. Sprugel (1976) reported waves of Abies
balsamea mortality in the eastern U.S. with well~defined, moving
fronts. Apparently, this mortality did not spread along a vegetational
gradient as shown for Alaska-cedar in this study. Also, Abies
successfully reproduced from seed, and another wave of mortality might
be expected by the time the regenerated stand was 100 yrs old (Sprugel
1976). Alaska-cedar, on the other hand, is not establishing by
seedlings, although it reproduces vegetatively by the rooting of lewer
branches (Chapter VIII) in many mortality areas. The cause of the
Abies mortality is unknown, but spread rates were associated with wind
patterns and ice glaze or winter desiccation. Circular, expanding
patterns of mortality and subsequent conifer regeneration are the
result of the root rot fungus, Phellinus weirii (Murr.) Gilb., in
mountain hemlock stands in Oregon (McCauley and Cock 1980). The spread
of mortality in neither of these studies was shown to follow forest
community gradients that existed prior to the mortality, as I have
shown in the present study.

I suggest that mortality in Alaska-cedar spread along a
pre-existing environmental and vegetational gradient. The forest
community gradient (bog to better drainage) could be a result of

extensive mortality of Alaska-cedar, the principle overstory tree along
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the gradient. Understory plant communities may have been changed
dramatically during the 80 to 100 years following the deasth of the
cedars. Such an event might explain the association of bog plants with
the long-dead Class V snags. My data, however, suggest that bogs, and
therefore bog plant communities, were in place well before the onset of
Alaska-cedar decline. Most forest trees, and all Alaska-cedars larger
than seedlings, were older than 100 years. Their distribution (i.e.,
pines associated with bogs and western hemlock with better drainage)
and heights of Alaska-cedars (shorter in bog stands) are evidence that
sites were already bogs or semi-bogs before extensive mortality began
to occur scme 80 to 100 years ago. Furthermore, the few bogs with
Alaska-cedar, but without cedar mortality, had the same species of bog
plants.

Different forest conditions occur where the long-dead (Class V)
snags stand, behihd the moving front of Alaska-cedar mortality. A new
stand of vigorous-appearing trees scmetimes grew up beneath the
rbark—free, white snags. Alaska-cedar, western hemlock, and to some
extent mountain hemlock, were the dominant tree species in these areas
and appeared as a green zone from a distance or on color aerial
photographs. Most or all of these trees were older than 100 years
(Hennon, unpublished data) and were probably present as understory
conifers during the initial mortality. The Alaska-cedar component of
these new stands probably reproduced‘vegetatively (Chapter VIII). 1In
other stands with long-dead snags, continued mortality of smaller
Alaska-cedar trees has apparently prevented development of this green
zone. Reasons for the recccurrence of mortality in scme stands but not

in others is not clear. On extremely boggy sites, release of live
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trees after old mortality has not occurred, perhaps because factors
suppressing the growth of live trees (e.g., anaerobic soils) were not
improved by the death of Alaska-cedars (Chapter II),

The development from forest to bog requires the waterlogging of
the forest floor which results from the proliferation of Sphagnup moss,
the development of poor drainage, or both. This process,
paludification (Noble et al. 1984), may lead to the death of forest
trees as sufficient oxygen or nutrients become less available in the
wet soil. Whether there is a general successional direction for
forests in southeast Alaska, whether from forest to bog or bog to
forest, is presently unresolved. Dachnowski-Stokes (1941) showed
evidence that forests encroach on bogs. Lawrence (1958) interpreted
buried logs as evidence of change from forest to bog. Neiland (1971)
reported floristic evidence that forest-bog transitions are proceeding
in both directions.

Understanding the process of paludification has a direct bearing
On determining the cause of Alaska-cedar decline. In this paper, I
determined that cedars are dying primarily in bog and semi-bog plant
communities. Elsewhere (Chapters V and IV), I determined that biotic
factors are probably not primarily responsible for the widespread
mortality--suggesting an abiotic cause. One abiotic hypothesis for
tree death is that bogs, for climatic or other reasons, are advancing
on the semi-bog sites where so many trees are dying. My observations,
however, suggest that if bogs are advancing on forests, then the rate
of advancement is imperceivable. Bogs observable on the 1927 aerial
photography have not noticeably expanded. One might expect to see more

evidence of rapidly expanding sphagnum mats or invasion of other bog
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plants into forests if there have been drastic changes in bog size in
the last 100 years since the onset of extensive mortality. Thus, if
bogs are expanding, then the rate of bog expansion is probably too slow
to provide a simple explanation for the widespread decline. Also, the
relatively high rate of mortality for Alaska-cedar, probably one of the
conifers best adapted to growing in bogs, compared to a lower incidence
of mortality for other conifers is not explained by the hypothesis of
expanding bogs. Nonetheless, it is clear that a better understanding
of the development and chemistry of bog soils, along with information
on bog expansion or constriction over time, will aid our understanding
of the causes of Alaska-cedar decline,

In conclusion, my epidemiclogical studies provide insight into
possible causes of Alaska-cedar decline. The specificity of mortality
to Alaska-cedar and the patterms of spread seem to suggest a
pathogen-caused disease; however, no new sites of mortality have
developed since the nearly simultaneous onset of Alaska-cedar decline
scme 80 to 100 years ago at numerous locations throughout scutheast
Alaska. Snags that represent the original extensive mortality were
present at every sampling location and observed on all good-quality
1927 aerial photographs of sites where cedars are currently dying. It
is difficult to imagine a pathogen capable of inciting and continuing
to cause the level of destruction that occurs on remote and dispersed
islands in isolated wilderness, but not capable of re~-initiating the
problem on other, similar bog sites. These results support the
hypothesis that a pathogen is not the primary cause of mortality (Shaw
et al. 1985).
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CHAPTER IV

FUNGI ON CHAMAECYPARIS NOOTKATENSIS

ABSTRACT

The lack of information on furgi that occur on Alaska-cedar
(Chemaecyparis nootkatensis (D. Don) Spach) has hindered attempts to
determine the cause of an extensive decline and mortality of this
valuable tree species in southeast Alaska. Fungi were isolated or
collected directly from Alaska-cedar trees and identified to determine
1f any were the primary cause of decline. Twenty-cne taxa of furgi
were isclated, and 31 were collected from Alaska-cedar. Of these, 37
are new reports on Alaska-cedar and 26 are new reports from Alaska on
any host, Including 41 fungi previously reported on Alaska-cedar, a
total of 78 fungi have now been reported on this tree species in its
native range. Several potential pathogens were found in southeast
Alaska: Armillaria sp., Gvimosporangium nootkatense, Seiridium
cardinale, and Apostrasseria sp.; however, their low incidence or
association with non-symptomatic tissues of Alaska-cedar suggests that

none is the primary cause of decline and mortality.
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INTRODUCTION

Alaska-cedar (Chamaecvparis nootkatensis (D. Don) Spach) is &
slow-growing forest tree species ranging from Prince William Sound in
Alaska, south through British Columbia, to the Oregon-California border
(Barris 1971). Its tight-grained, decay-resistant heartwood makes
Alaska-cedar a valuable and useful tree (Frear 1982). Alaska-cedar is
currently suffering from an extensive decline of unknown cause
throughout southeast Alaska (Shaw et al. 1985). To date, no
comprehensive 1ist of fungi, pathogenic or saprophytic, exists for
Alaska-cedar. Insufficient information about pathogens of this tree
species limits efforts to determine potential agents responsible for
this problem.

The purpose of this paper is two-fold, Since previous reports of
fungl on Alaska-cedar are scattered in the literature, I compiled them
into one source (Table IV.1). Few of these reports are from scutheast
Alaska where so many cedars have died. Consequently, I collected,
isolated, and identified as many fungi as possible from live,
declining, or dead Alaska-cedars in areas expressing mortality to
determine which, if any, furgi contribute to the death of these trees.
Many fungi are new reports for Alaska-cedar, are newly reported fungi

from Alaska, or both.
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Table IV.1. Fungi previously reported from Alaska-cedar (Chameecvparis
nootkatensis).

REFERENCE SOURCE

FungiV ABCDTETFG H
ASCOMYCETES

Asterina cupressina + + 4+ +

Eriosphseria yvermicularis +

Chloroscypha seaveri +

Cyanodiscus occidentalis + +

Gelatinodiscus flavidus + +

Herpotrichia junjiperi + 4+ +

Pleospora laricina +

Seynesiella juniperi +

Irvblidarie washingtonensis + +

Yenturis lapea + + +
BASIDIOMYCETES

Aleurodiscus weirii +

Armillariells mellea + +

Botryobasidium obtusisporum +

Fomitopsis pinicola + +

Cymnosporangium nootkatense + o+ o+ o+ o+ +

Hyphodontia pallidula +

Hyphodontia subalutacea +

Jaapia argillacea +

Lenzites saeplaria + o+ +

Nidularia sp. +

Penicphora crassa + +

Peniophora sapguinea +

Phellinus pini + + + +

Phellinus weirii + + + o+ +

Polyporus sericeamcllis + +

Poris lenis + o+ o+ +

Poria xantha + o+ +

Serpula himapticides + o+ 4+ +

Tubulicrinus regificus +

Xeromphalina campanella + o+ +
OOMYCETES

Phytophthora lateralis + +
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{Table IV.1, continued)

IMPERFECTS
Seiridium cardinale +
Coryneum berckmanii +
Cvtospora abietis +
Engelhardtiella alba +
Gibbera sp. +
Kabatina thujae +
Pestalotiopsis fupera +
Pestalotia thujae +
Phomopsis Jjuniperova +

v Authorities for these taxa are listed in Table IV.4,

2/ References used: A= Cash 1953; B= USDA 1960; C= Conners 1967;
D= Lowe 1982; E= Hepting 1971; F= Strouts 1972; G= Shaw 1973a;
H= Funk 1973, 1974, 1881, ard 1985. See Literature Cited for
complete citations.
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MATERIALS AND METHODS

Fungi were isolated from tissues collected from 60 healthy,
declining, or dead cedars whose roots were excavated (Chapter V),
These trees were located in areas expressing cedar mortality on Baranof
and Chichagof Islands. Methods of isolation, media used, and tree
symptoms are reported elsewhere (Chapter V), Many of the isolated
fungi were placed on & temperature gradient plate with near
ultra-violet illumination (approx. 360 nm) to induce sporulation (Leach
1963) before identification was attempted.

Fungi sporulating on Alaska-cedar were collected from the Peril
Strait and Slocum Arm region of Baranof and Chichagof Islands in
southeast Alaska from 1981 to 1985. The location, tissue type, tissue
condition (live or dead), crown condition of tree, forest type (e.g.,
bog, semi-bog, hemlock-cedar forest, etc.), elevation, and date were
noted for all collections, Collected fungi were air-dried or fixed in
Formol-acetic-acid (FAA) (Commonwealth Mycological Institute 1983) for
later microscopic identification. Representative fungal samples were

placed in the Oregon State University Herbarium.

RESULTS

Fungi previously reported from Alaska-cedar, in the form of host
1lists and mycological studies, are listed in Table IV.1. The
pathological role of these fungi in other forest systems range from
strict saprophytes to specizlized obligate parasites. Of the fungi
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previously reported on Alaska-cedar, Armillaria sp., Gymnosporangium
nootikatense, Phytophthora lateralis, and Seiridium cardinale are all
known pathogens.

Fruiting bodies of 31 fungi were collected from Alaska-cedar were
identified to genus (Table IV.2); 18 of these fungi were identified to
species. Twenty-three fungi were found to be new reports on
Alaska-cedar.

Twenty-one fungi were isolated from Alaska~cedar (Table IV.3); 19
of these were identified to genus, and seven were identified to
species. FEighteen of these fungi are new reports from Alaska cedar.
Of the fungi collected and isolated, 38 are new reports on Alaska-cedar
and 25 are new reports from Alaska for any host (Table IV.4).

The fungi isclated or collected from Alaska-cedar in southeast

Alaska are listed below with their diaghostic characteristics:

Apostrasseria (Phacjdiopycnis) sp.

Figure IV.5.

Fruiting body -- no sexual fruiting body found, but probably =
Phacidium sp. (A. Funk, pers. comm.)

Conidia -- hyaline, spindle-shaped tapering to points on both ends,
many are biguttulate.

In culture -- black, appressed growth with whitish aerial patches,
black sporodochia present.

Habit -- present on foliage and twigs of seedlings on Prince of
Wales Island where it is associated with a shoot dieback; also

on natural regeneration in stands cutcver 20 years ago on
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Table 1IV.2. Fungi sporulating on Alaskg-cedar (Champecvparis nootkatensis) in

southeast Alaska.

ORI G IN
Stem Bear Live New 0ld Down

RS

1]
o
.

+ 4+ 4 4

i
E

IMPERFECTS
234 Apontrasseria sp.

L N Y

+

+

+

Foli- Seed-

V' puthorities for these fungi are listed in Teble IV.A.
& First report on Alaska-cedar.

=4 First report from Alaska from any host.

Y 1dentification by A. Furk gratefully scknowledged.

=4 Identification by R, Gilbertson gratefully scknowledged,



Table IV.3. Fungi isoleted from Alaska-cedsr (Champecyparis bootkptenaia) in

southeast Alaska.

Fungal

BASIDIOMYCETES

2/
Unidentified #1
Unidentified #2

IMPERFECTS

MYCELIA STERTLIA
2% Mycelium radicis
aAtrovirens

No. of Fine Comrse Root Stem
isclstes roots roots gpllar leslon bark  scar atain

79

2%

Live Bear Sap

+

+

1/ authorities for furg! are 1isted in Teble IV.4.

4 First report from Alaska-cedar.

x4 First report from Alaska from any host.

v Identification or verificstion by A, Furk gratefully acknowledged.
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Table IV.4. Newly compiled 1ist of fungi on Alaska-cedar, including
all taxa from Tasbles IV1-3,

ASCOMYCETES
Asterina cuptressing Cke.
Bertia moriformis Tode.
Ceratccystis sp.
Chloroscypha seaveri Seaver
Cyanodiscus occidentalis E. Muller & Farr
Dermea sp. Fr.
Dothidea sp. Fr.
Eriosphaeris vermicularis (Nees ex Fr.)Sacc,
Gelatinodiscus flavidus
Gibbera sp. Fr.

Gnaroniella sp. Sacc.
Herpotrichie juniperi (Duby) Petr.

Bubxas_maainﬁ (Fr.) Fekl.

Pleospora laricipa Rehm.

Scutellipna scutellata (L. ex Fr.) Lambotte
Sevnesiella juniperi (Desm.) Arn.

Stictis radiate (L.) Pers. subsp. radiata
Iryblidaria washingtonensis

Yenturia lanes Deamn.

BASIDIOMYCETES

Aleurodiscus weirij Burt

Armillarjells sp. (Fr.) Staude

Auricularis auricularis (Hooke.) Underw.

Botrvobasidium obtusisporun

Cvathus olla (Batch) ex Pers.

Dacromvces deliguescens (Merazt) Duby subsp. deliquescens
Fomitopsis pinicola (Swartz ex Fr.) Karst.

Galerina sp. Earle
Gvmnosporangium nootkatense (Trel.) Arth.
Hetercobagidiop annosum (Fr.) Bref.

Hyphodontia aspers

Hyphodontia pallidula (Bres.) J. Erikss.
Hyphodontia subalutacea (Karst.) J. Erikss.
Jaapia argillaceg Bres.

Lactarjus deliciosa

Lenzites saepjaria Wulf. ex Fr.

Lycoperdoh sp. Tournef. ex Pers.

Neemataloms dispersum

Nidularia sp. Fr.

Peniophora crassa Burt

Peniophora sanguinea (Fr.) Hoehn. et Gilbertson
Phellinus pini (Thore ex Fr.) Pilat

Phellipus weirii (Murr.) Gilbertson
Pistillaria sp.



108

(Table IV.4, continued)

BASIDIOMYCETES
Polvporus elegaps Bull. ex Fr.
Polvporus sericearcllis Rom.
Poria lenis Karst.
Poria xantha (Fr.) Cke.
Serpula himanticides (Fr.) Bond.
Skeletocutis amorpha (Fr.) Kotl. et Pouz.
Tubulicrinus regificus (Jacks & Deard.) Donk
Xeromphalina campapella (Batsch ex Fr.) Kuelnmer & Maire

QOMYCETES
Phytophthora lateralis Tucker & J.A. Milbrath

IMPERFECTS

Cryptosporiopsis sp. Bubak & Kabat
Exlindmmon didvmum (Hart.) Wollemw.

Gliocladium sp.

Kabatina thujse Schneld. & Arx
Leptographium sp. Lagerberg & Melin
Pestalotiopsis fupera Desm.

Pestalotia thujae Sawada.
Phialophora melinii (Nannf.) Conant

Phoma sp. Sacc.

Phomopsis Jjuniperova Hahn

Septonema secedens Corda

selridium cardinale (Wagener) Sutton & Gibson
Spegazzipla tricholophilia

Sporidesmium sp. Link ex Fr.

Yerticillium sp. Nees ex Link

MYCELIA STERILIA
Myvcelium radicis atrovirens Melin
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Mitkof Island where it causes shoot (inecluding terminal)
dieback.

Reference — (A. Funk, pers. comm,)

Asteripa cupressina
Ascocarp -- crustose, shield-shaped perithecium opening by
radiating fissures.
Ascospores -- hyaline, aprox. 6-7 x 12-15u.
Conidia -- hyaline, three to five-septate, approx. 4-5 x 15-18u.
Habit -- on live foliage, apparently not causing symptams.
Reference -- (Dennis 1968}

Bertia moriformis
Figure IV.6.
Ascocarp -- black pseudothecium, warty exterior, appearing as a

blackberry, one locule.
Asei -- stalked when free.

Ascospores -- hyaline, one septate, approx. 6-9 x 25-50 u.
Habit -- Common on dead wood of bole, branches, or twigs; very
common on dead, suppressed branches; sonetimes on live bark

causing no apparent symptom,

Ceratocystis sp.
Figure IV.2.
Ascocarp -- Dark, long-necked slightly imbedded perithecium,
globose to flattened at base, ostiolate; hyphae usually 30-50u

but up to 100u, usually with blunt tips.
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Ascospores -~ in globose asci, spores thin walled, nonseptate,
hyaline, 3-4 x 6-%u, flatteﬁed on one side, with or without
musilaginous sheath.

Conidla -~ Chalara sp. anamorph stage, phialospores hyaline,
nonseptate, smooth, cylindrical with blunt emds, 2.5-4 x
10-16u, produced on short conidiophore,

In culture -~ appressed or submerged tan mat, both Ceratoovstis ard
Chalara stages sporulating.

Habit -~ on recently killed wood (less than two years) and bark of
basal scars caused primarily by brown bears; collected once on
bark of non-scarred, but recently killed tree.

Note: Most similar to C. fimbriata, but apparently an undescribed
species,

Refererces —- (Griffin 1968, Hunt 1956)

Chloroscvpha seaveri
(Kriegeria segveri {Rehm) Seaver)

Ascocarp -~ small (0.5mm diam} greenish apothecium, short
stipitate.

Ascospores —- large 15-20 x 8-10u, hyaline to yellowish, one end
tapering to a curved tip.

Habit -~ On dead folisge, trees and seedlings.

Reference~ (Funk 1985)

Crvptosporiopsis sp.
Figure IV.4,

Fruiting body -~ none.
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Conidia ~- Large, apparently nonseptate, curved, bean-shaped,
8-13 x 25-35u, granular appearring contents apparently
non-septate, maturing brown and one-septate upon germination;
conidia produced on short, stout, branched conidiophores that
may or may not be grouped in sporodochia; small, hyaline 1 x
2-3 microconidia present in some cultures.

In culture -~ tan to cream-colored appressed mat, patchy brownish
areas, numerous slimy areas (spore masses from sporodochia).

Habit -- On root lesions and fine rocots.

References -- (Grove 1935, Sutton 1980)

Cvathus olla
Basidiocarp -- Bird's nest fungus with fine textured, three-part
peridium wall which is enlarged for the upper one third.
Habit -- On dead, decaying wood.
Reference -- (Brodie 1975)

Cylindrocarpon didvmum
Figure IV.3.
Fruiting body -- no sexual fruiting bedy, but if it occurs, may be
HBectria sp. or closely allied genus (Booth 1966)
Conidia --
Macroconidia -- hyaline, cylindrical, one septate (scme zero,
two, or three septate), phialospores, approx. 4 x 12-25u.
Microconidia -- hyaline, oblong, non-septate, approx. 4 x
3-Tu.

In culture -- tan, semi-aerial mycelium, crystals sametimes form
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imbedded below the mat and are visible to the unaided eye,
chains of yellow to golden chlamydospores in same cultures.

Habit -- In stem and root lesions, on fine roots of declining
cedars, has weak pathogenic abilities.

Reference -- (Booth 1966)

Dacromyces deliguescens var deliquescens
Basidiocarp -- orange, "jelly-fungus,™ few clamps in intemal
hyphae,
Basidiospores -- ususlly three septate, pale, slightly curved, 3 x
10u.
Conidia -- arthrospcres present, 3 x 15u.
Habit -- On dead wood of snags or basal scars.

Reference —- (Kennedy 1658)

Dermea sp.

Figure IV.1.

Ascocarp -- small dark apothecium.

Ascospores -- hyaline aging to brown, zero- to one-septate, approx.
4.5 x 13u.

Habit -- On live or recently killed bark, it may be asscciated with
corky bark condition (see Chapter V)

Anamorph -- probably the Gelatjnosporium sp. that was commonly
isclated. Conidia identical to those found in culture were
twice found associated with this Dermea on recently killed
bark.



113

Note: A new specles of Dermea and Gelatinosporium (A. Furk, pers.
comm. ), see Gelatinosporium.
Reference -~ (Groves 1946; Kuijt 1969; Funk 1976, 1979, 1981)

Dictvosporium elegans
Fruiting body =-- none.
Conidia -- Large, dark, multiseptate, thick-walled dictyospores,
solitary, (13-20 x 20-40u), not always present or abundant.
In culture -- dark, sanewhat aerial brownish-grey mat.
Hakit -- Basal scars

Reference -~ {Damon 1952)

Dothidea sp.
Figure IV.6,
Ascocarp -~ smsll black erumpet pseudothecium
Ascospores -~ brownish at maturity, one septate with septum towards
one end and constricted there, end furthest from septum is
somewhat pointed.

Habit -~ on wood.

Galerina sp.

Basidiocarp -~ small pale brown capped mushrocm with broad (2-3 em)
pileus and indistinect annulus.

Basidiospores -- rusty-brown in mass, have phage and apiculus,
basidiospores 3 x 6u which are smaller than those of G.
autumpalis.

Habit -- on wood
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Gpnomoniella sp.
Figure IV.6.
Ascoca}p -— bright brown perithecium with globose base and long
neck.
Ascospores -- dark brown, nonseptate.

Habit —- isolated only twice (from fine root and branch).

Herpotrichia sp.
Figure IV.6.
Ascocarp -- small black perithecium, ostiolate with one or more
slits,
Ascospores -- brownish, 3-septate, noticeable constricted at middle
septum.

Habit == on wood.

Byphodontia aspera
Basidiocarp -- white resupinate, non poroid, smooth hymenium,
elongated vertically on scars and snags, ages to yellowish
with cracks.
Basidiospores -- thin walled, non-septate (5-6 x 3-5 u).
Habit -- on dead exposed wood of snags or basal scars, probably
causing sapwood decay.

Reference (R. Gilbertson, pers. com.)
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Gelatinosporium sp.

Figure IV.1.

Fruiting body =-- pycnidium, variously-colored, opening by slits,
Sexuval fruiting body is probably a Dermea sp. apothecium.

Macreconidia -- hyaline or yellowish or reddish with age,
uniseptate, lunate, sharper point on one end, scme with foot
cell, (3-4 x 30-55u) may or may not be formed in pycnidium.

Microconidia -- hyaline, sigmoid or curved (1 x 10-16u)

In culture —- whitish to cream color with aerial tufts of hyphae at
center, appressed at edge, pyenidia dark, with or without a
stroma.

Habit -- isolated from stem lesions {necrotic) and branches with
corky bark condition (live phloem, but bark is rough, with
fissures, and thicker than normal (Chapter V)).

References -- (Groves 1946; Kuijt 1969; von Arx 1970; Funk 1976,
1879, 1981).

Gibbera sp.
Ascocarp -- black pseudothecium on stroma
Ascospores -- nonseptate, hyaline
Habit -- on wood

(Dearness 192t:, Dennis 1968)

GCvinosporangium nootkatense
Telial stage —— not fourd.
Uredospores -- in uredia, orange ard ornamented spores, same as

those described by Ziller (1974).
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Habit -- present on live foliage or young twigs of healthy trees or
prostrate layering patches,
Reference -~ (Ziller 1974)

Leptographium sp.

Figure IV,3,

Fruiting body -~ none, not associated with the Ceratceystis
reported elsewhere in this paper (it has a Chalara sp.
anamorph).

Conidiophores -- dark synema, scmetimes branching near base, 60 to
100 u tall, conidiogenous cells hyaline,

Conidia -~ small, hyaline, 2-3 x 3-6u, nonseptate.

In culture -- Dark to black mat with submerged dense white
portions, tan radiating lines, synema present.

Habit -- associated with blackish stain of sapwood, also associated
with galleries of Phloeosinus (bark beetle) in sapwood.

Mvcelium radicis atrovens
Figure IV.7T.
No sexual fruiting body.
No conidia.
In culture -~ dark appressed mat forming a hard surface crust with
age and deep furrows radiating from the center. Submerged
spots seen on underside of culture are loose clusters of

thin-walled chlamydospore-like hyphal cells.
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Habit -- common intracellular parasite of cortical cells of fine
roots, alsc a root and stem saprophyte.

References -- (Gams 1963, Ricard and Fortin 1973, Chapter V).

Nectria sp.
Ascocarp -- small, orange perithecium, no stroma.
Ascospores —- pale, smooth, uniseptate, non-striate.
Habit -- on bark or wood of dead trees.

Reference -- (Booth 1959)

Opegrapha sp.
Ascocarp -- small branching hysterothecium with green hymenium.

Habit -- a crustose lichen on decorticated wood,

Pezicula sp.
Figure IV.5.
Ascocarp -- small reddish brown ~ 1 mm wide.
Ascospores -- subhyaline to light brown, oblong, wider at one end,
multiseptate (3-5 x 10-12u), similar to P. livida
Habit -- on bark

Phislophora melinij
Figrue IV.4.
No sexual fruiting body.
Conidia -- phialospores hyaline various shapes often, biguttulate,

produced on short and branched conidiophores. Conidia often
budding.
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In culture -~ aerial black at center, spreading white slime of
budding conidia near margin.

Habit -- dead roots, dead cambium, black-stained sapwood.

Reference -- {Schol-Schwarz 1970)

Pistillaria sp.

Basidiocarp -- smell white cylindrical club shaped (approx. Smm
long), basidia cover most of "eclub™ once, collected with a
definite basal stroma.

Basidiospores —- small, hyaline, nonseptate (2-3 x 3-5 u).

Habit —- recently killed cambium and sapwood.

Reference -~ (Corner 1950)

Pithva cupressina
Ascocarp -- small stout yellowish apothecium.
Ascospores -- large, brownish thin walled non-septate (approx.
11 x 16 u).
Babit -- on dead foliage.

Referemce -- (Denison 1972)

Polyporus elegans
Basidiocarp -- stipitate, upper pileus cream white soft, brittle

with age, pore surface cream white poroid, stipe distinctly
black up most of its length.

Habit -- found on basal scars and newly dead snags on cedar, also
observed on dead Sitka alder stems.

Reference -~ (Overholts 1953)
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utellinia scutellata
Ascocarp ~-- apothecium with reg hymenium and black or brown
setulose vhairsgn,
Ascosﬁbres ~- hyaline or pale, nonseptate with pseudoseptum.
Habit -- on wood of downed logs.

Reference —- (Denison 1961)

Septopema secedens
No sexual fruiting body,

Conidia -- appear as arthrospores but are blastically produced,
often septate,
Habit -- Isclated from fine roots

Reference -- (Barron 1968)

Selridium cardinale

Figure 1V,5,

No sexual fruiting body.

Conidia -~ § septate (6 celled) with the 4 median cells brown, the
2 distal cells hyaline with setulae (2-6 u long)., Conidia
(measured without setulae) 7-11 x 25-35 u. This species seems
intermediate between 8. cardinale and Monochaetia unicornis.
Funk (pers. comm.) suggests that our isolates are the former.

In culture -- slow growing white-semizerial, Purple or rose
colored reverse stain, sporulation uncommon, perhaps triggered
with light.

Habit -~ isolated once from 6 year old bear scar, collected once on

dead foliage of dying cedar.
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References -- (Groves 1946, Guba 1961, Funk 1985, A. Funk, pers.
comm. )
Skeletocutis amorpha
Basidiocarp -- annual resupinate or effused reflexed, upper pileus
tomentose, lower surface distinetly pinkish.
Basidiospores -- smooth, hyaline, thin walled, elongated (2 x 5 u).
Habit -- on dead, decorticated wood in basal scars or snags.

Referemce -- (R. Gilbertson, pers. comm.)

Sporidesmium sp.
Fruiting body =-- none
Conidia -- dark septate conidia, solitary, intercalary or terminal,
usually not formed in abundance..
In culture -- grey-brown aerial mycelium, black from underneath,
conidia not usually formed in abundace.
Habit -- assceiated with black stain of wood, also isclated from

recot and stem lesions.

Stictis radiatea subsp. radiata
Ascocarp -- white emersed apothecium, sterile white hirsute margin.
Ascospores -- filiform, (approx 1.5-2.0 x 80-100 u) multiseptate
(20+ septa), hyaline.
Habit -- on live bark.

Reference =~ (Sherwood 1977}
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Xeromphaling campapella
Basidiocarp -- mushroom; upper surface yellow-brown, 0.5-2cm
diam, spore print bale buff, gills decurrent,
Basidiospores -- narrowly ellipsoid, 3-4 x 6-8u, hyaline to yellow.
Habit -- On down and decaying logs.

Reference —- (Miller 1068)

Unidentified basidiomycete #1
Basidiocarp -- not fourd,
In culture -- No sporulation, hyphae thin diameter with clamp
connections, crystals present; mat slow growing bright white
and appressed without reverse stain,

Habit -- isolated primarily from stem and root lesions and dead
wood.

Unidentified basidiomycete #2
Basidiocarp -- not found.
In culture -- No sporulation, hyphae with clamp connections,
crystals present; mat fast growing with patches of thick
cotton-like aerial growth, white in color,

Habit -~ isolated from fine roots, but also from root and stem

lesions.
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DISCUSSION

A total of 78 taxa of fungi have now been reported from
Alaska-cedar -- 41 previously, and 37 reported here for the first time.
Twenty-six of the fungi newly reported on Alaska-cedar are also new
reports from Alaska on any host. Fungi from Alaska-cedar deposited in
herbaria, but unreported, and obscurely reported fungi have probably
been overlooked, but all major host lists, especially from Canada and
the United States, where Alaska-cedar is native, were reviewed. Other
micro-fungi likely exist on Alaska-cedar in many parts of its range but
have not beep collected and identified,

Basal scars on Alaska-cedar have a higher diversity of furgal
species than many other tree parts. Basal scars are wounds on the base
of cedars (approximately 2 m high) that are primarily caused by Alaska
brown bears (Ursus arctos) stripping bark from cedars in the spring
{Chapter VI), In meny forest stands, one-half of Alaska-cedar trees
have these scars, either fresh, or more often, old and callusing. A
succession of fungal species exists as scars age from fresh to old
(Chapter VI). Ceratocystis may be confined to the tops or bottoms of
very fresh scars (e.g., one or two years old):; it was only found
sporulating on freshly-stripped bark and sapwood.

Fungal diversity on basal scars reaches a peak during sapwood
decay, then drops off sharply after the rotted sapwood falls away,
exposing the heartwood. The same tremd occurred for dead cedars, with
the same fungi, except for Ceratocvstis. The exposed heartwood in
snags and old basal scars was, except for lichens, nearly devoid of

fungal fruiting bodies, especially large Basidiomycetes. Alaska-cedar
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heartwood is extremely decay resistant (Harris 1971), and many cedars
killed more than 80 years ago remain standing (Chapter II) with the
heartwood sound and unstained.

Several dark-colored fungi isolated from black- or dark-stained
wood of Alaska-cedar may be the fungi isclated, but not identified, by
Smith (1970) in his study of black-stained heartwood of Alaska-cedar.
These fungi may degrade compounds which make the wood of Alaska-cedar
resistant to decay (Rennerfelt et zl. 1955), therefore remdering the
black-stained wood more susceptibe to decay (Smith and Cserjesi 1970).

Many fungi on rotting sapwood of Alaska-cedar are not specific to
cedar but appear to be rather cosmopolitan. Species such as

Auricularia suricularis, Dacromvees deliguescens, and Lenzites
saepiaria occur on dead wood of a wide range of coniferous hosts (Shaw

1973b). Polvporus elegans, the only large polypore (Aphyllophorales)
that frequently sporulated on cedar, was confined to bear scars and the
boles of recently-killed Alaska-cedars, but was also collected from
dead stems of Sitka alder (Alnus sipuata (Regel) Rydb.). Fomitopsis
binicole, an extremely common saprophyte on other coniferous hosts in
southeast Alaska (Laurent 1974), was only observed and collected once
on Alaska-cedar. Two Basidicmycetes were frequently isolated from dead
portions of Alaska-cedar but did not sporulate in culture and were not
identified.

Fungi collected from the foliage of Alaska-cedar are probably more

host-specific than those from wood. Cvmposporangivm pootkatepse,

Asteripa cupressipa, Pithve cupressina and Apostrasseria gp. (the
latter is possibly a new species, A, Funk, pers. camm.) are all

probably restricted to Ml aska-cedar, Chamaecyparis, or Cupressaceae.
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The arometic foliage of Alaska-cedar probably contains anti~fungal
compounds restricting the growth of unspecialized fungi, although this
has apparently not been studied. One unidentified tiny perithecial
fungus froﬁ Alaska-cedar foliage was never found actively sporulating.
It was common on healthy trees with vigorous foliage, as well as on
declining cedars, and may be a commensal fungus.

Fungi occurring on the bark of Alaska-cedar show a range of host
specialization. Stictis radiata and Bertia moriformis are not
host-specific, but the new Dermea sp. and Ceratceysits sp. probably
occur ohly on Alaska-cedar. Both occurred on recently-killed bark.

In conelusion, previously reported fungi from Alaska-cedar are
compiled here, and 37 new fungal taxa have been added to this host
1ist, now totalling 78 fungi. Some of these fungi were identified only
to genus. Of these fungi, several known pathogens were found
associated with Alaska-cedar in southeast Alaska. None, however, was
found consistently on dying cedars nor had the pathogenic abilities
(Chapter V) to be considered the primary incitant of the widespread and
destructive mortality occurring in southeast Alaska.

I hope this compilation of previously reported fungi and new host
records will benefit future mycological and pathological studies of

this important tree species.
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Figure IV.1. Dermea sp. and its Gelatiposporium sp.
anamorph. A. Macro and microconidia, B. Macrocenidia, C.
One remaining ascospore in ascus, and D. Ascospores.
Bars = 10u.



Figure IV.2. Ceratccystis sp. A. Neck and ostiolar
appendages of perithecium, B. Ascospores and ascospores
in an ascus (upper left), C. Perithecium, and D. Conidia
of the anamorph, Chalera sp. BRars = 10u.

126
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Figure IV.3. A-B. Cylindrocarpon didymum. A.

Chlamydospore, B. Microconidiz and septate macroconidia.

C-D. Leptographium sp., C. Synemata, and D.

Sporogenesis. Bars = 10u.
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Figure IV.4, A-C. Cryptosporiopsis sp. A. Conidia, B.
Conidia appear septate only after germination, and C.
Short branched conidiophore. D-F. Phialophoras melinii.
D. Conidia that are budding, E and F. Conidiophore. BRars
= 10u.
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Figure IV.5. A, Solitary conidium of Sporidesmium sp.,

B. Conidia of Apostrasseria sp., C. Ascospores of
Pezicula sp., D. Conidia and E. Sporogenesis of Seirdium

cardinale.



Figure IV.6., A, Perithecium of Gnamoniella sp., B.
Ascospores of Dothidea sp., C. Ascospores of Herpotrichia
sp., D. Branched conidiophore and conidia of i

sp. (note the clamp connection (arrow), and E. Septate

ascospores of Bertia moriformis. Rars = 10u.

130
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Figure IV.7. Fungi in cortical cells of fine roots on
Alaska-cedar. A-B, VA mycorrhizae, A, Hyphal coil, B,
vescicle, C-D. Infection by dark fungus, probably
Pycelium radicis atrovirens, and E. hyphae of M. radicis
gtrovirens in culture. Bars = 10u.
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CEAPTER V

ALASKA-CEDAR DECLINE: PCTENTIAL PATHOGENIC AGENTS

ARSTRACT

Alaska-cedar (Chamaecyparis nootkatensjis) is a2 valuable tree in

southeast Alaska that has been suffering from an extensive decline znd
mortality of unknown cause since about 1880. The otjective of this
study was to evaluate the pctential pathogens that could be primarily
responsible for this decline. Roots of 35 dying or healthy

- Alaska-cedar trees were excavated to study symptoms and isolate fungi.
Dying fine roots and necrotic lesions on rocts and boles were common on
cedars with declining crowns, Of the 1,864 isolation attempts, 1,047
yielded cultures cof fungi; however, when cedar seedlings were
inoculated with the twelve most commonly isolated fungi, only
Cvlindrocarpon didvmur caused necrotic lesions, and no fungi killed
seedlings. Most fungal species were isclated from healthy, as well as
dying, cedars. Both vesicular-arbﬁscular mycorrhizae and Mycelium
radicis atrovirens were common (€2 and 79% of the samples,
respectively} in corticel cells of 42 fine root samples that were
collected from 26 healthy aznd declining Alaska-cedar trees. Baiting
soil from beneath cedzsr trees for Pythiaceaus fungi yielded no species
cf Pythium, but an unidentified Phytophthora sp. was obtained. It was
recovered too infrequently, however, to be considered the major cause

of decline. Likewise, plant pzrasitic nemstodes (e.g., Sphaeronema sp.
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and Crossonema sp.) were commonly recovered from dying and healthy
cedars, but only in low numbers. Defoliating or root feeding insects
were rot found. Phloeosinus sp. bark beetles, which were infrequently
found, were ccnfined to dying cedars in later stages of decline,

Pieces of necrotic phloem removed from dying cedars and implanted into
live cecdars either failed to induce lesions or induced small lesions
that developed callus tisczue after two years. Similar small lesions
were prcduced by mechanical wounding alone, These results suggest that
neither pathogens nor insects are the primary cause of Alaska-cedar

decline and support the hypothesis of an abiotic cause.

INTRODUCTION

Alaska-cedar (Chamaecyparis nootkatensis (D. Don) Spach) is a
slow-growing, valuzble forest tree that ranges frocm Prince William
Sdund in Alaska, south through British Columbia, to scuth of the
Oregon-California border (Harris 1971). In undisturbed zreas of
southeast Alaska, old-growth Alaskz-cedar stands are suffering from a
spectacular mortality problem (Frear 1982) thet began before the turn
cf the century (Chapter II). Studies on the dynamics of mortality have
shown trat Alaska-cedar is the principal victim and that the boundaries
of mertality have spread from bogs to sites with better soil drainage
(Chapter III), a pattern that suggests possible involvement of a
pathogen.

Shaw et al. (198%) made a preliminary evaluation of symptoms and

the roles of pathogens in this decline. Crown symptoms suggested root
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or root-related problems, since entire crowns of affected trees fade
slowly with gradually thinning foliage, or die quickly with all foliage
turning shades of brown without thinning (Fig. V.1). In addition,
necrotic lésions cccurred on the teles and roots of some dying
Alaska-cedars (Fig. V.2 and V.5), symptoms indicative of root disease
pathogens. By excavating affected cedars, Sha; et al. (1985) observed
that many coarse roots were dead, and Armillaria sp. was common on
dying trees,

The objective of this study was to determine which microorganisms
are associated with dying Alaska-cedar znd to evaluate their roles in
Alaska-cedar decline. Fungi were isolzted from systematically
excavated root systems and discected crowns to distinguish primary from
secondary colonization. The pathogenicity of isclated fungi was
deduced by their incidence from particular symptomatic tissues and tree
conditions and tested by inoculations of seedlings of Alaska-cedar.

The identity and diagnostic characteristics of the fungi isolated by
.Shaw et al. (1985) and the fungi isolated in this study are reported in
Chapter IV,

A special effort was made to determine if any species of
Phvtophthora were present because symptoms, mortality-spread patterns,
and a serious disease of another species of Chamaecyparis all suggest
these pathogens as candidates for causing Alaska-cedar decline.
Ehytophthora lateralis (Tuck. & J.A. Milb.) causes a serious disease of
Port-Orford-cedar (C. lawsopiana (A. Murr.) Parl.) in southwest Oregon
(Roth et al. 1972). Necrotic lesions on roots and root collars of
dying cedars are characteristic of this disease (Zobel et al. 1985).

The concentration of dead and dying Alaska-cedar trees on wet sites and
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Figure V.1. Crown symptoms of dying Alaska-cedar trees
possitle below-ground protlem, as the entire crowr dies
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~

Figure V.2,
Alaska-cedar tree

Necrotic lesion on root and lower bole of an
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local patterns of spread (Chapter III) are also suggestive of
Phytoohthora diseases.

Similarly, the pathogenicity of Armillaria was investigated since
it was commonly present on dead and dying Alaska-cedars (Shaw et al.
1985), and elsewhere it can be & virulent killer of forest trees (Wargc

and Shaw 108R).

MATERIALS AND METHCDS

200 Svmptoms

Root systems of 35 dying or apparently healthy Alaskaz-cedars were
excavated. [Fuff and soil were removed from arcund root collars and all
major rocts near the root collar. These roots were measured for
diameter and the proportion of the circumference with living phloem as
determined by color. From these measurements, an overall proportion of
live and dead root surface arez entering the root collar was
calculated. Removing bark, observing phloem, and measuring the
rroportion of tissues that were live and dead was repeated at the roct
collar, on the bole just above entering roots, and at breast height
(1.27 m) up the bole.

On all excavated trees, three major, live roots were randomly
chosen and along with their secondary roots were excavated by hand
until dead portions were reached, or urtil the root diameter was less
than 1 em. Foot diameter, proportion of circumference alive, and
presence of fine roots were determined at 15 cm intervals along each

rcot. Ten fine roots were collected, if present, from each 15 cm
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interval and rated dead or alive by observing cortex color after
removing the epidermis (cortex of live roots was white, that of dead
fine roots was tan or brown). An overall percentage of live fine roots
was calculated for each tree by averaging the proportion alive from
each sampling interval. Also, sampling intervals along roots that
lacked fine roots were tallied. Differences, between healthy and
declining trees, in the percentage of fine roots that were alive and in
the percentage of sanpling intervals lacking fine roots were tested
using Student's t test for three different size classes of coarse
rcots,

Tree heights, diameters at breast height, signs of Armillaria sp.
(i.e., mycelial fans and rhizomorphs), and tke presence of basal scars
(Chapter V1) were recorded fcr each tree. Alsc, crowns were rated
visually for percent fcliage fullness and proportior of different
colors of retained foliage, as described by Shaw et al. (1985), An

overall "percent green" was calculated for tree crowns as the product

of percent fullness and percent green of retained foliage. Cedars
referred to as "healthy" had crowns with percent green exceeding 75%.
Crowns were inspected for insects and symptoms of disease on foliage,
branch, and bole tissues; symptomatié tissues were collected for

isolation.

Fungal Isolations

Isclations were attempted from 31 of the 3% cedars that were
excavated. Most (77%) of the 1,864 isolation attempts were from fine
roots, or lesions on roots, stems (Fig. V.2), or branches. Fine roots

were surface-sterilized for 20 to 60 seconds in 1% sodium hypochlorite,



143

rinsed twice in sterile water, blotted dry with sterile paper, and
placed in petri plates containing one cf the several media described
below. Other tissues were not surface sterilized prior to isolation.
Stem lesioﬁs were collected by removing a patch (& cm per side) of
sapwood and attached bark with a chisel (Fig. V.3). These patches were
then split along the cambium to expose clean sapwood and phloem
surfaces. Chips were then removed with a sterilized scalpel and placed
onto agar media. Root zand brznch lesions were treated similarly,
except for the size and shapes of field-collected pieces of tissues.
Media used in these studies included: Potato Dextrose Agar (PDA),
1.5% Weter Agar, 1.5% Malt Extract Agar (with 2 ppm benomyl) and a
medium selective fcr Phviophthora species. The latter medium consisted
of 1.5% cornmeal zgar, 4C ppm active ingredient pimaricin, 200 ppm
vancomycin (Vancocin), 100 ppm Penicillin G, Hymexazol (25 ppm) was
sometimes added to this medium to reduce Pvthium contamination (Philip
B. Hamm, personal communication). Media selective for Phytophthora
were always stored in darkness and used within seven days of
preparation since their antibiotics break down with time or when
exposed to light. The first three media contained 100 ppm streptomycin
to reduce bacterial ccntamination. All fungi isolated were routinely

transferred to PDA for identification or storage.

t ervati
Fcrty-two samples of fine roots (<2 mm diameter) were collected
from 26 Alaska-cedar trees that ranged from healthy trees growing some
distance from mortality to trees in final stages of decline. Fine

roots were fixed in FAA, cleared (to remove pigments) with warm
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Figure V.3. Squares containing bark and sapwood were removed from
bole lesions for isolaticn attempts and also us as petch
inoculatiorns.
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potasium hydroxide, stained with Trypan blue in lactophenol (Phillips
and Hayman 197C), and sectioned by hand lengthwise, Sections were
squash mounted in lactophenol and viewed microscopically. The presence

or absence of myccrrhizal fungi and irfections by other fungi were

noted.
Sampline for Phvtophthora sp,
Sampling fcr species of Phytgphthora by baiting was conducted

around 6¢ Alaska-cedar trees over a three-yezr period, Nethods for
such sampling are reported elsewhere (Linderman and Zeitoun 1977) and
are orly briefly reviewed here. Scil, fine roots, and organic matter
were ccllected from two or three locations arcund the base of each
cedar and ccmbined for ezch tree. Each sample was placed in
cheesecloth and wached severasl times with water to remove rost mineral
scil; two to three grams of this remaining organic scil was placed in
the bottom of each of 10 styrcfoam cups. A second cup, with its bottom
removed anc rerlaced with a single layer of cheesecloth, was placed
into each of the whole cups. Each "double-cup" was filled to within 2
cem of the top with water and five bzits floated on the surface of the
water. Baits were 2-3 cm long pieces of Alaska-cedar foliage with side
foliage removed, After seven days of incubation at room temperature,
baits were removed, surface-sterilized, and placed into petri plates
containing the Phytophthora-selective medium. Beszides baiting,
isolations were attempted directly from symptomatic tissues (e.g.,
dying fine roots, root and stem lesions) by placing small pieces {(not

surface-sterilized) onto the same Phvtophthora-selective medium.
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Kematode Sampling

Nemztode sampling was conducted because several nemztodes were
incidently isolated along with fungi from fine roots of dying cedar
trees. Sampling was conducted zt six sites along Peril Strait on
Bzranof and Chichagof Island. Soil, organié matter, and fine roots
were collected from beneath 27 dying and & healthy Alaska-cedar trees.
Approximately Z0C ml of this mzterial from beneath each tree was sent
to the Plant Disease Clinic zt Oregon State University where nematodes
were collected by a modified Paerman funnel technigue (Agrios 1978),
identified to genus, and ccunted. Estimates of nematode population per
gram of soil material were made for nematode taxa cccurring around each

tree,

gtho icit t]

The pathogenicity of the 12 fungi most commonly isolated from
Alaska-cedar trees was determined by inoculating these fungi onto
Alaska-cedar seedlings. These seedlings were zpproximately 20 cm tall
and grown in colu frames at Corvallis, Oregen. Each fungus was grown
on PDA medium and induced to sporulate. Agar containing each fungus
was cut into 1 cm squares, placed adjacent to 1 mm wide wounds just
below the root collar of seedlings, and then both the fungal inoculum
and root were wrapped in moistened cheesecloth. An outer wrapping of 1
mil plastic was placed over the cheesecloth and fastened with twist
ties. Ten seedlings were inoculated for most fungi. Inoculations were
conducted in the fall and spring to determine if host resistance might

be seasonal.
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One fungus, Dermea (Gelatinosporjum) sp. was also inoculated onto
branchlets because it was isolated exclusively on above-ground tissues
of symptomatic Alaska-cedar trees.

Seedlings were unpotted after seven months and examined for
lesions. All lesions were measured for distance above and below the
points of inoculation, and re-isclation attempts were made.
Significant differences in linear extent of lesion development above
and below points of inoculation tetween each fungus treatment and

controls were tested using Student's t test (p=0.05).

millaria ulations
Roots of 16 mature, healthy Alaska-cedars were incculated with an

isolate of Armillarja sp. cbtained from a dead Alaska-cedar to test
pathogenicity of Armillaria, Alder (Alnus rubra Borg.) branch segments
(approximately 3 cm in diameter by 10 cm long} were colonized with
Armillaria, as described by Shaw (1977). Uncolonized alder segments
served as controls. A control and an Armillarija-colonized segment were
placed ir contact with live roots (e.g., 1-U cm diameter) on each

tree. One-half of the inoculated roots (including controls) were
woundec by cutting bark and outer sapwood away, and the other half were
left urnwounded. All inoculations were covered with soil and moss,

re-excavated after two years, and examined for symptoms and signs of

Armillaria infection.

EFoot Wounding
Roots on mature cedars were wounded to determine if lesions

similar to those on symptomatic trees could be induced by the death or
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damage of distal tissues. Four roots on five live cedars at each cof
three sites (tctal of 60 roots) received one cf the following
treatments: 1) one-half of the circumference wounded through the
cambium, éj entire circumference girdled through the cambium, 3)
one~half of the circumference wounded through the cambium‘and sapwood,
and 4) no wounding (control), Roots were then covered with soil and
duff. After twe years, the rcots were uncovered and measured for
lesion development znd extent. Also, 76 isolation attempts were made
from lesions to determine if the same fungi were present in these
induced lesions as in lesions found on declining trees. Differences in
linear extent of lesior development were tested using a one-way

analysis of variance (ANOVA).

Stem Lesions and Sguare Pateh Inoculaticns

Vertical stem lesions that arise from dead rocts and that darkened
the phloem are common on declining Alaska-cedars (Shaw et al. 1285},
When these lesions were encountered, square portions were removed with
a 4 cm wide chisel and isolations attempted, as previously described.
The urper margin of the lesion, one square (4 cm per side) above the
lesion (with healthy phloem and sapwood), and three or four squares
frem below the top margin were sampled.

The square directly below the upper margin was not typically used
for isclations; rather it was used directly as a form of inoculum, and
placed into & nearby healthy cedar by remocving a similarly-sized
section of phloem and bark. Each section of lesion inoculum was then
fitted into the bark of the healthy cedar (Fig. V.4), covered with

petroleum jelly and left for two years. Seventeen such inoculations
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Figure V.4, Patch inoculations, Piece of necrotic rhloem is removed
from the bole of a dying Alaska-cedar tree and placed into the bole
of a healthy Alaska-cedar. Such inoculations were revisited after
two years to determine if inoculations induced lesions.
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from necroctic lesions and 23 from live cambium (controls) were
conducted,

Following this incubation period, inoculations were checked for
lesion develcpment, and any lesions that were present were measured and
isolations were attempted. Differences in lesion development from
control and necrotic lesion patch inoculations were tested using
Studert's t test (p=0,05). Differences in frequencies of fungi
isolated from lesions develcring from lesion- and control-patch
inoculations were compzred by a chi-square test (p=0.0%). The species
of fungi isclated from lesions that developed in inoculated trees were

contrasted with those isclated directly from lesiors on declining

trees.
RESULTE
Rcot and Crown Svmptoms

On dying cedar trees, the entire crown aprears to decline and die
s a unit rather than as individual scattered dying branches (Fig.
V.1). Clcser inspection indicztes that preximal (older) foliage died
first, often with a color change from green to yellow to brown. In
slowly declining cedars, this dead proximal foliage fell away before
the distal foliage died, leaving a crown with a thin appearance. 1In
cedars thzt died quickly, the entire complement of foliage died,
leaving & relatively full, but dead, crown.

Symptoms in the roots ¢f affected Alaska-cedzr trees included: 2

high preportion of dead cr missing fine roots, dead small diameter
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roots, large diameter coarse roots completely dead or with lesions, and
cambial lesions that extended from dead coarse roots vertically up the
rain bole (Fig. V,2),

4 significantly greater proportion of fine rcots was dead cn
declining trees (387) thar on hezlthy trees (7%) (Table V.1).
Cifferences were pronounced arong fine roots on small diameter coarse
roots. Fire rocts founcd on redium and large diameter coarse rocts were
more cften alive on realthy trees than on declining trees, but
differences were nct significart. Fire rocts ocecurred most commonly
(either live or dead) or srall, coarse roots and were least comron on
large, ccarse rccts for both healthy and declining trees. Yore fine
rocts were missinc {(no fine rocts found within an interval) or all
three root-size clasczes cf declining cedars, tut differences with
healthy cedars were not significant. Fine roots attached to dezd
coarze roots were never live and were, therefore, not sampled.

Smezll, cozrse roots from distal parts of the root systems of
cedars in the early stages of crown decline were freguently dead; these
dead roots were cften located in a water-saturated, black, organic muck
(Chapter VII). As crowns continued tc decline, a greater proporticn of
srall ccarse rcots died; larger coarse roots were also dead or had
necrotic cambial lesions that had apparently spread from smaller, mcre
distal roots. These lesions spread from dead roots vertically up the
bole, occasionally reaching to nearly the top of the bole on dying
cedars. In the finel stages of tree death, patcres of phloer on the
bole, not connected tc the vertical lesions, appeared mottled or
necrotic and dark brown. The cambium in the upper portions of the beole

appeared to be the last tissue to die.
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Table V.1, Ccnditionl/ of fire roots (< 2 mm diam) on three size
classes of cozrse roots from € healthy and 23 declining Alaska-cedars

Fine roots on Fine roots on
healthy trees cdeclining trees
Mezan Std Mean Std
dev dev
Ccerse rcof size (%) (%)
Over ? cm diameter:
Fine roots alive c2 14 £2 28
Intervals with
fine rocts missing e2 22 &€ o8
From 1-2 o diameteré/
Fine rcots z2live ez 7 £2 27
Intervals with
fine roots rissing 25 22 ug ol
LLess than 1 cm dianeé?r:
Fine rcots alive ox 12 £1 20
Intervals with
fine roots missing 20 1€ 29 2C
All Coarse rcots: 2/
Fine roots zlive c3 10 62 1€

1/ Values zre percent of live (vs. dead) fine rocts con trree size
classes of coarse rcots. Fine root presence and health were determined
gt 1% em intervals along living coarse rcots. Fine rcots were
determired to be zlive cr dead based on the coler of cortex tissues
under the erpidermis; sampling intervals along coarse roots that lacked
fine roots were designzted "missing" fine rocts.

</ Significant difference between healthy and declining Alaska-cedars
based on Student's t test (p = 0.C5).
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Root death is probably the initial phase of decline and seems to
preceed crown symptoms, A higher proportion of the cambium was dead on
roots entering the bole than for the cambium at tke root ccllar (just
above soil-line) for cedars in the earlier stages of crown declire
(Table V.2). A higk proportion of the cambium on the bole at breast
height was dead only ¢n cedars that were in the final stages of dying.
Condition of these tissues was mcre easily quantified than distal roots
because they could be completely sampled. The relationship between the
ccndition (proportion live) of the cambium for each of these sampling
locations te the crown conditicn (proportion green) is presented in
Figure V.5. A steerer slope in this figure indicates a greater
groportion of the cambium being dead in earlier stages of crown
decline. Altrough the slopes were not significantly differert from cne
another, slopes do show a trend of earlier symptoms (steeper slope) for
roots entering the bole, and later symptoms in the bole at breast
height.

An unusual bark melformation was common cn small diameter branches
(e.g., 1-3 cm diameter) of both declining and hezlthy Alaska-cedar
trees. Bark on affected branches appeared to be "roughened" with
shallow fissures running parallel to the axis of the branch. BRark on
such small branches is ncrmally smooth. Branches were slightly swollen
{almost imperceptibly) for the 2-5 cm length of affected tissue. The
phloem, cambium, and sapwood of these tissues appeared live and
undaraged; the bark was somewhat thicker than adjacent, unaffected

tissue. No fungal fruiting bodies were associated with these symptoms,
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Of the 1,864 attempted isolations, 1,047 (56%) yielded fungi, 486
(26%) were sterile (no growth after three weeks of incubation), and 331
(18%) were contarinated by bacteria cr airborne fungi. Of the fungi
isolated, 8§12 isolates were assigned to a genus, species, c¢r an
unidentified group based on micrescopic observations of spore or hyphel
characteristics (Takle V.2). Most fungi isolated from dying trees were
alsc isolatec from apparently hezlthy cedars (zs Jjucged by the lack of
crown syrptoms). Fungal species were not particularly asscciated with
trees at certain stages of crown decline; rather they were more clcsely
associated with symptoms such as lesions, dead fine roots, or stained
sapwoed (Table V,*), For example, 7% of the 2325 isclates of Mygelium
radicis atrovireps came from fine rocts and €6% of all Phizlophora
relipii were isclzted from bole lesions., Two fungi, Cryptosporicpsis
S5p. and Cylindrocarper didymum, were commcnly isolated from all of the

three important symptomatic tissues: fine roots, root lesions, and
stem lesicns.

Fungi isclated from vertical bele lesions (Fig. V.3) had a
sequential distributional pattern (Fig. V.6). 1Isclation attempts from
4 cr above the margin of lesiors wefe generally sterile,

Crypteosporiorsis &p. had & peak frequency cf isolation at the upper

lesion mergin and dropped off to zerc at 12 cm below the lesion top.

Cylindrocarpon sp. and Sporidesmium sp. peaked at 4 and 8 cm,

respectively, below the lesion top. Tsolation frequency fer

Prislophors melinii peaked at the furthest sampling point below the

lesion top. Attempts to isglate fungi several meters below lesion tops

usually yielded Phialophora pelipii., Polvporus elegans, a



Table V.2. Fungi isolated from various tissues of declining and healthy Alaska-cedar trees

1/

Fungus Isolations Tree Tissue Ty pe
c .
Yerified 3 of 2/ Declining Healthy Fine Root Root Stem Bole Sap Branch
(No.) Isclatjons n=25 n=6 root lesion collar lesion scar stain
------ HOum—r e e e R atad [Ty Uy,

Mycelium radicjgs 235 29 22 6 75 1M 1 11 1 1 0
atrovirens

Cryptospor- 89 1 15 5 h2 i3 0 26 0 0 0
iopsis sp.

Gelatino- 79 10 6 2 0 0 2 70 0 0 28
aparium sp.y,

Armillarija sp. 83 10 11 0 0 16 29 48 T [¢] 0

Sooridesmium sp. 75 9 13 Ll 35 3 4 52 3 5 0

Cylindrocarpon 70 9 11 3 50 12 1 kL 1 1 0
didymum

Phialophora S0 6 8 3 2 2 2 64 18 12 v}
melinii

Unknown Basidio- S| 4 7 2 1 3 3 66 3 23 0
mycete #1

Unknown Basidio- 29 4 ] 1 28 0 14 55 3 o 0
mycete #2 y/

Apostrasserig sp. 15 2 Q 0 0 g 0 [} 100 0 0

Spegazzinia 11 1 6 1 18 ] 27 27 27 0 1)
tricholophilia

FPolygorus 6 1 2 0 o 0 0 17 83 0 0
glegans

Leptographium sp. 5 1 1 1 0 0 [¢] 0 20 80 0

Total = 797

1/ Fungl accounting for less than 1% of those isolated were: Ceratocvatis sp. (scars), Ditangfum sp. (scars),
Gliocladium sp., Septopema secedens, Pepicilliug sp., Sporothrix sp., Gnomonlella sp., Seiridium cardinale, and
Yerticillium sp.

2/ Based on 797 isolations (out of 1864 isclation attempts) that yielded fungl that were identified
3/
4/

75 of these isolations were from mycelial fans or rhizomorphs

Isolated from dying shoots on Alaska-cedar regeneration; not found on Alaska-cedars that were root-excavated,

LST
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sapwood-decay furgus that frequently produces its basidiocarps on the
boles of recently-killed Alaska-cedars, followed the same trend as
Phialorhora in being isoclated some distance below the top of lesions.

This sequentizl distribution of fungi in stem lesions was not
consistent from lesion to lesion. Lesions had almost any combination
of these fungi and several were sterile. Other lesions had
Cryptogporiopsis sp., or Cyvlindrccarpon sp., or both, at the lesion
top. <Jeveral lesions had mycelial fans cf Armillzria sp. zt, cr rear,
the leading margin of btole lesions (Fig. V.7).

Lesions were probably spreading up the boles on declining cedars
as live tissues adjacent to lesions di¢ not develop callus tissue.
Lesions were ccnsistently connected to ore ¢r more dead roots from
which they appeared tc originate. The same complement of fungi was
isolated from rcot lesions of similar appearance with Cryrtosperiorsis
Sp., Cylindrocarpon sp., and Mycelium radicis atrovirens being the most
commeon (Table V.2)., An exception, Gelatinosporium sp., was sometimes
isolated from bole lesions, but nct from root lesions.

No species of Phvtophthora was isclated directly from
Alaska-cedars even though meny of the isolation attempts were made onto
a Phvtophthora-selective medium., Many fungi eventually grew from
symptomatic tissues placed on this media, but their growth was often
delayed for a week or two. Seiridiup cardinale, another potential
pathogen of Chamaecvparis species (Pannister 1962, Strouts 1973), was
isolated cnce from the top of a callusing basal scar. Apostrasseria
sp., a new fungal species (A, Funk, pers. comm.), was common on
regeneration of Alaska-cedar at some sites (Fig. V.8), but was not

found cn the mature trees that were dying.
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Figure V.E&. Shcct diebeck in regeneration of Alaska-cedar caused by
Lpostrasseri sp. Damage by this fungus was not found in mature
trees.
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Fine Root Observations

Vesicles and arbuscules of VA mycorrhizae were present (Fig. V.9)
in cortical cells from 83% of the fine roots that were observed. They
were equally common frem healthy and dying Alaska-cedar trees (Table
V.2), and these structures were even present in fine roots that had
recently died but were not deteriorated. Tightly coiled hyphae cf
arbuscules were the most common structure of these endomycorrhizal
fungi,

Infections of cortical cells of fine roots by another fungus were
nearly as common (797 of fine root samples). Brownish septate hyphae
were frequently observed penetrating individuzl cortical cells of live
fine rcots (Fig. V.10). Once cells were fully colonized, they
contained a brownish cellular-like raterial (Fig., V.9). The appearance
of such cells was very similar tc cortical cells of strawberry
colonized by Mycelium radicis atrovirens (Wilhelm et al. 1060).
Infected cortical cells of fine rcots were equally cormon on live
Alaska-cedar trees that were located some distance from mortality areas
and on dying Alaska-cedar trees in areszs with many dead cedars {(Table

V.2). Infected ccrtical cells were also observed in dead fine roots.

Sampling for Phvigohthora sp.

Four isclates of a species of Phvtophthora (Fig. V.11) were
recovered by baiting soil collected from around four of the 69 cedar
trees sampled. All four isclates were recovered from locations along
Peril Strait: two were from beneath declining cedars, and two were

from beneath apparently healthy cedars with full, green crowns. All
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Figure V.9, TInfection by Mycelium radicis atrovirens (Mra) and
hyphal ccil (Fec) cf vesicular-arbuscular mycorhizzse in cortical cells
of fine rcots on Alaska-cedar trees.

Figure V.10. Fyphae of Mycelium radicis atrovirens infecting
corticel cells of fine roots on Alaska-cedar trees,
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Figure V.11. Sporangia of Phytophthora sp. recovered from soil that
was ccllected from beneath Alaska-cedar tree.
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trees, however, were within the boundaries of areas suffering from

decline,

Nematodes from four genera of plant parasites occurred in the
organic material beneath Alaska-cedars: 1) Sphaercnema sp.
(Tylenchulidae), 2) Crossonema sp. (Criconemitidae), 2) Pratvlenchus
Sp., and Y4) Aphelenchoides sp. The first two species were common,
occcurring in 20 ard 26 of the 32 samples, respectively. These two
nematode genera never occurred in high populations (only cne sample had
more than five nematodes per gram dry weight of soil) and were equally
common from beneath declining and healthy Alaska-cedar trees.
Pratvlenchus sp. were recovered from only three Alaska-cedars, all at
the same site. Aphelenchoides sp. was recovered in only one sample

from a dying tree.

t icit esti

In spring inoculations, Cvlindrocarpor didymum was the only fungus
to cause lesions or seedlings (Table V.4). No seedlings inoculated
with C. didvmum, or any other fungus, died. £. didymum was re-isolated
from two of the eight lesions. The small wecunds made during
inoculation had all callused over, or nearly so, on seedlings lacking
lesions.

Regardless of treatment, lesion development was common on
seedlings inoculated in the fall (Table V.4). Lesions developed callus
tissue seven months after incculation, and no seedlings died.

Re-isolation of the incculated fungus was generally unsuccessful. c.
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Table V.4. Pathogenicity of fungi isolated from declining Alaska-cedar
trees on 2~year old wound inoculated seedlings of Alaska-cedar

Spring Inoculation Fall Incculati

Mean Lesion Mear Lesion
Lesions L_Qng_h_(_ml Lesions Length (cm)
__Funpus m:cxm_c_ﬁy Down D_chl_\;t_c_esiy _Up Down
didvuamr
Phialorchore 0/10 C C 8710 0.65 0.88
melinii )
Armillarizs sp. 0/10 o] 0 €/10 0.34 Q.34
tinosporium c/10 0 0 £/10 0.20 0.30
Spo 2/
Celatinosporium 0/5 c 0 3/11 0.24 Q.24
sp. E/
Branch control 0/5% 0 o] T C.u45 (.31
Sporidesmium sp. /10 0 0 1/4 0,13 0.5C
tographium 0/10 0 o’ k/5 0.28 0.2%
sp.
Myeceliur radicis 0/10 0 e u/g 0.21 0.21
atrovirens
Crvptosporiopsis c/10 0 C 4/10 0.21 0.40
sp.
Apostrasseria sp. ¢/10 C 0 13/2C c.51 1.01
Ceratocystis sp. 0/10 c 0 - - -
Seridium cardinsle 0/10 0 0 - - -
Cor:itrol 0/10 0 C E/10 0.30 0.20
YV

Number of inoculations yielding lesions after 6 mo / number of
inoculations attempted.

2/ Gelatinosporium sp. and some centrol inoculations were made on
branches in addition to root collars of seedlings since this fungus was
always isolated from above-ground parts of mature cedar trees.
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didvmum was reisclated from seven lesions on the 11 inoculated
seedlings, and, surprisingly, from two seedlings that were not

inoculated with C. didymum.

ia j atio
Armillaria sp, caused no lesions on the 16 inoculated trees;
however, in one tree, Armillaris colonized a dead secondary root that
was adjacent to the incculum piece. All wounding treatments had
callused shut. Most pieces of Armillaria inoculum appeared viable with
white and tan myceliur and some rhizomorphs emerging after the two-year

incubation pericd.

Eoot Wounding

Lesions developed on 61% of the wounded roots of mature cedars
(Table V.5). Lesions, and wourds without lesions, were callusing two
years after injury. Roots without wounding had no lesions. Lesions on
wecunded roots were similar in appearance to those on declining cedars
(Fig. V.12); they had dead, brown rhloem and tan-to-dark-stzined
sapwood. The fungus most frequently isolated from this stained sapwcod
was 2 kium sp., followed by the other fungi commonly found in

necrotic lesions of declining Alaska~cedar trees (Table V.6).

ot i _Peteh atio

Nine of the 23 (39%) cedar trees with pateh inoculations (sections
of lesions removed from declining cedars and placed into healthy
cedars) developed rnew lesions after twc years; however, 7 of 17 (41%)

emplacerents of control sections (live, white phloem) also developed
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Table V. Lesion development on roots two years after rechanical

woundin
Wourding Lesions ‘ean Linear Extent
Treatment Droduced (%) of Lesion §gm)2/

1) Cut through cambium EQ 8.1 + 5.7
(1/2 circumference)

2) Cut throughk cambium 67 17.0 + 15.6C
{(entire circumference)

3) Cut through sapwood 73 11.6 + 15.4
(1/2 circumference)

4} No wound {control) 0 -

1/

Each of 15 Alaska-cedar had four wounding treatments, one to each
of four roots.

&/ Wounds withcut lesions were not included; means followed by
standerd error
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Figure V.12, Lesion on root of Alaska-cedar that developec after
mechaniczl wounding.
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Table V.6. Fungi isclated from lesions that developed two years
after roots were mechanically wounded without inoculation

Isolations

Fungus Isclated (Xo,) (%)
Leptographium sp. 14 18
Unknown Easidiomycete {2 12 16
Cvlindrecarpon didvmum 3 4
Unknown Basidiomycete #1 1 1
Pepicillium sp. 6 €
Polyporus elegans 2 3
Phialophora mellini 2 3
speggazinja tricholophilia 2 3
K¥ycelium radicis atrovirens i 5
Cryptosporiopsis sp. 1 1
Unknown mycelia sterilia 7 a
Unknown fungi 2 2
Sterile, nc growth 20 26

Totals 76 100
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lesions in inoculated trees, and the mean linear extent of induced
lesions did not differ between treatments (Table V,7)., Induced lesions
were similar in appearance to stem lesions on declining cedars, except
that induced lesions develored callus tissue zfter two years.

The species of furgi isclated from these induced lesions (Tatle
V.8) were similar to those isolated from lesions on declining cedzrs
(Table V.3), except for a greater incidence of Leptographium sp. in

induced lesicns.

DISCUSSICN

The crowns of declining Alaska-cedars died as a unit, slowly or
relatively quickly, rether than as isoclated dying branches or portions
of the crown, This symptomology suggests a below-ground, root-related,
problem. Root excavations support this hypothesis. Trees in early
stages of crown decline have dead and missing fine roots, as well as
root lesions which spread from small distal roots into and along larger
proximal roots to the root collar. In the final stages of tree
decline, vertical lesions spread from dead rocts up the tree's bole.

If a pathogen is primarily respcnsible for killing Alaska~cedar trees,
it should be located in one or more of these necrotic tissues.

The vertical bole lesions apparently do not develop as a result of
pathogenic activity. Lesion tops were either sterile or contained a
variety of non-pathogenic fungi. Only one fungus, Cvlindrocarpon
didvmum, caused stem lesions in inoculation trials. Pateh inoculations

using pieces of healthy bark caused as many lesions as those using
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Table V.7, Lesion deveéipment an boles of Alaska-cedar trees 2 yezrs
after patch inceulation

Inoculation Type

lecrotic patches Live patches

Inceulaticn attempts (No.) 17 23
Induced lesions (%) 20 41
Lesion extent--up (cm)z/ T.4 + 6.1 B,1 + 2.5
Lesion extent—-down (cm) &/ .1 + 3.4 4,5 + 2.4

v Patch inoculations were accomplisked by removing bark and phloem
from near the top cf necrctic lesions on declining cedar trees and
transferring them into the stems of healthy cedar trees. Controls were
inoculated patches of live phloem and bark.

e/ Mean + standard deviation; means were not significantly different
(p=0.05)
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Table V.8, Fungi isolated from lesions that developed after 2 years
from patech inoculations

Ircculation Type =4

Necrotiec Patch Control Lesicn

Funsus Tsolated (%) (%)
Leptographiup sp. 37 25
Unknown Easidiomycete #2 14 16
Cylindrocarpon didymum 2 13
Unknown Ezsidiomycete #1 6 0
Penjcillium sp. 5 ¢
Phialophora mellinii 2 2
Phoma sp. 1 C
Speggazinia tricholopkilia 1 0
Mycelium radicis atrcvirens 1 0
Unknown fungi 12 2
Sterile, no growth 16 21
Total (%) | 100 100

v Percentages based on 108 isolations from 15 lesions that developed
frow necrotic patch inoculations and 32 isolztions from lesions
developing from 9 control (live) patch inoculations. Percent fungi
isolated from lesions developing from necrotic and control patch
inoculations did not differ significantly (p=0.05).
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necrotic bark taken from lesions on symptomatic trees, Indeed, lesions
were caused by mechanically wounding in several experiments: small
wounds on the root collars of seedlings in fungal and control
inoculations; wounds associated with the transfer of lesion and ccntrol
patches to healthy, mature cedar; and a variety of root wounding
treatments on mature cedars. These various wounds eventually callused
closed, perheps cue to the relatively high viger of these cedars, but
an area of necrotic cambiur cften formed abcve the wound. Such
wound~induced lesions appeared similar to natural lesions, and were
colonized by a similar array of fungi.

Lesicns on the larger roots and boles of declining cedars were
oriented along the roct axis or vertically on boles and did not spreac
circumferentially, Twc mature cedars in late stages of crown and root
decline that had lecions on their roct ccllar were exceptions, On
these trees, mycelial fans cf Armillariaz sp. were present at the upper
margin of lesions that were advancing tangentially across the phloem at
the root collar (Fig. V.7). In general, however, lesions did nct
develor a girdling pattern typical of those induced by a pathogen. For
example, bole lesions on Chamaecyperis lawsoniana which are caused by
the aggressive pathogen, Phvtophthora lateralis, spread
circumferentially and typically reach only about two bole diameters in
height above the ground (Zobel et al. 1985).

Rudinski and Vite (1959} induced narrow and vertical stain columns
in Chamaecvyparis lawscniane (A. Murr.) Parl. by introducing dye into
one root. They suggest that the narrow, vertical stain, which was
similar to the configuration of necrotic lesions on dying Alaska=~cedar

trees, is a result of sapwcod anatomy. In their study, similar
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treatments to other conifers caused wider or more spiralling lesions )
than for Chamaecyparis.

These results suggest that recrotic lesions on the large roots or
boles, whiéh are common on declining cedars, are not the result of
activity by pathogens and are seconcdary symptoms, perhaps resulting
from the death of smaller roots, and are not caused by a continuously
advancing pathogen. Dead fine roots and small diameter roots ray be
mere closely associated with the primary cause of mortality, however.
These symptoms occurred ezrlier in tree decline than did stem lesions
or severe crown decline.,

None of the more than 5C species of fungi isolated or collected
from Alaska-cedar in these studies can be considered to be primarily
responsible for the extensive mortality. The twelve fungi most
commonly isolated from fine roots, root lesions or stem lesions were
only weakly pathogenic or non-pathcgenic when inoculated on cedar

seedlings. Cvlindrecarpon didymum was the only fungus to show any
-pathogenicity; it caused necrotic lesions, but failed to kill any
inoculated cedar seedlings. Also, it was isolated from three
apparently healthy Alaska-cedars. Most of the fungi that were
censistently collected from dying cedars were also found on healthy
Alaska-cedars,
Several fungi were commonly isolated from symptomatic tissues such

as dying or dead fine roots, and lesions on roots or boles. The most

common of these fungi were: Mycelium radicis atrovirens,
Lryptosporiopsis sp., Gelatinosperium . Sp., Cylindrocarpen didvmum and
Sporidesmium sp.
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Myvcelium radicis atrovirens was a common component of Alaska-cedar

forests, as it was isolated 235 times, mainly from fine roots, and was
most likely the fungus thzt was observed in the cortical cells on
nearly all fine roots. The appearance of these infected cells was very
similar to cortical cells infected with M. radicis atrovirens in the
roots of strawberry (Wilhelm et al, 1969). Little is known about this
organism's importance as a root parasite of conifers or its importance
as a mycorrhizal fungus, but it has been repeatedly isolated from roots
of various forest trees (Gams 1963). FRichard et al. (1971) considered
it ubiquitous ir boreal forest soils. Tt was previcusly isolated from
arother Cuppressaceaus host, Juriperus communis (Linhell 192%), but
this is the first report on Alaska-cedar or any other host in Alaska.

Even the taxonomic status of M. radicis ztrevireps is uncertain,
Tt has twice been called Phialocephals dimorphosrora Kendrick because
of rare conidial sporulations (Gams 1963, Richzrd and Fortin 1973).
None of the 235 isolates in this stucy sporulated, even though they
Wwere grown on many different media, exposed to near UV light at
different temperatures, and nearly all isoclates examined
microscopically. They were identified by cultural characteristics
{Gams 1963) and by the microsclerotial-like structures in root-cortex
cells,

The role of M, radicis atrovirens in Alaska-cedar decline is
unclear, It exhibited no pathogenic ability on inoculated seedlings of
Alaska-cedar and cculd conceivably benefit trees whose rootlets are
infected, It is exceedingly commor in the fine roots of dying
Alaska-cedars but equally common in fine roots of apparently healthy

Alaska-cedars, bocth adJjacent to and several hurdred meters away from
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dead or dying trees, Wilhelm et al. (1969) showed its pathogenicity on
strawberry and believed that it weakened plants for secondary infection
by other organisms. M. radicis atrovirens could contribute to
Alaska-cedar decline, but my evidence suggests that it is not a primary
pathogen in this areaza.

Armillerja sp. is a common forest fungus occurring on a large
number of hosts throughout the world (Razbe 1962). Its ecological role
renges from & wood-decaying saprophyte to zn aggressive primary
pathogen (Vargo and Shaw 1985). Considerable confusion exists
concerning the taxonomy of Armiliaria mellea (Vahl: Fr.) Kurmer,
because it is now being segregated into several species (Watling et al.
1982, Werge and Shaw 1985)}); this situation may clarify the varying
pathogenicity and host ranges of Armillaria (Morrison 1085). Tsolates
of Armillaria sp. from Alaska=-cedar have a partial affinity with g.
cepaestipes Vel. subsp. pseudobulbosz Romagn. et Marxmuller (North
American biclogical species V and IX) based cn partial compatibility
with those species in mating trials (Shaw 1083; C.G. Shaw III,
unpublishec data). Morrison (19€5) and Wergo and Shaw (1985) suggest
that the Roman numeral system (Anderson and Ullrich 1979) be used
whenever possible to refer to unnamed North American species until they
are properly described taxonomically. Studies are currently underway
to confirm the identity of Armillaria isclates from Alaska-cedar and
other hosts in Alaska (C.G. Shaw III, pers. comm.)

Arrillaria sp. occurred on 11 of the 36 excavated Alaska-cedar
trees. It was common on dead parts of declining cedars, but was twice
found advancing across the cambium of the root collar in a clearly

pathogenic manner (Fig. V.7). Because rhizomorphs and mycelial fans of
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Armillarja are mecroscopically visible, its presence and distribution
in dying trees are easily determined. Armillarija was never isolated
from cedar tissues without observable mycelial fans or rhizomorphs near
the points of isclation. 1In inoculation tests, Armillarja did not
initiate lesions and did not kill roots. In another study, isolates of
Arpillaria sp. from dying Alaska-cedars fziled to infect Alaska-cedar
seedlings that were inoculated and grown in pots at the nursery in
Petersburg, Alaska, even though the inoculum readily produced
rhizomorphs (C.G. Shaw III, unpublished data). Armillaris appears to
be a common seccndary pathoger on declining cedars, colonizing roots
that are already dead or dying, and cccasionally hestening the death of
declining trees by killing the cambium at the rcot ccllar.

Cvlindrocarpen didvmum was commenly isolated from symptomatic
tissues and caused lesions on inoculated seedlings. The teliomorph
(sexual stage) of this species is not known, tut many other species of
Cyvlindrocarpon belong to the genus Nectria (Boothe 196€).
Cylindrocarpon didymur is pathogenic on Pinus svylvestris L. seedlings
(Houlten 1939). Jehne (1976) isolated a species of GCylindrocarpon from
the fine roots of Eucalvotus obligua suffering from a dieback problem.
A toxin "similar to Nectrolide" waé apparently produced by that
fungus. In my study, Cylindreearpen sp. showed some pathogenic zbility
by causing lesions on seedlings, but it was unable to sustain the
lesion and seedlings were not killed. This fungus is probably able to
kill tissues on already declining cedars.

Gelatinosporivm sp. was the most commonly isolated fungus from
branches of Alaska-cedar, particularly on the rough-appearing bark with

shallow fissures that occurred on branches of seemingly healthy trees;
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Gelatinosporjum sp. was the only fungus isolated from such syrptoms,

No fruiting bedies of Gelatinosporium nor its presumed sexual stage
(Dermea sp., Chapter IV) were found witt this symptom. Interestingly,
another Dermea, D. balsamea (Peck) Seaver, czuses a bark disease of
subalpine fir (Abies lasiocarpa (Hccke.) Nutt.) in British Columbia
(Kuijt 19€9). Alttough symptoms are similar, the disease of subalpine
fir occurs on becles of trees of 2ll sizes with deep fissures occurring
in the bark, and infection often leads to mortality. 1In corparison,
the effects on Alaska-cedar are less severe: shallow fissures in bark,
occurrence on small diameter branches, no death to underlying phloem or
carbium, and no apparent effect cn tree vigor.

Gelatiposporium sp. was also isolated from recrotic lesions on
boles, where the anamorph, Gelatinospcrium sr., and teliomeorph, Dermea
sp., were twice found sporulating together. Both are new species (2.
Funk, pers. comm.) and will be properly described at some future dste.
Gelatinosporium sp. is not considered tc be strongly pathogenic on
Alaska-cedar since it failed to cause symptoms on incculations of
seedlings and, even if it causes bark symptoms on branches of
Alaska-cedar trees, the incidence of these bark symptotms do not

correlate with foliage, cambial, or root symptoms of decline.

Tronicelly, members of both Phytorhthora and Sejridium, genera
known to cause serious disezses to Chamaecyparis elsewhere, were found

associated with Alaska-cedar in southeast Alaska; however, both fungi

were rare. Jeiridium cerdinzle was isolated only once, from a

bear-caused scar, and was not ratkogenic in inoculation studies. This

species varies in its pathogenicity from an agressive pathogen to a
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saprophyte (Wagener 1939); the isolate from Alaska-cedar lacked
pathogenicity,

The role of Phytophthera sp. in decline cannot be adequately
determined—at this time. Root and crown symptoms of dying Alaska-cedzr
trees are generally similar to symptoms of Port-Orford-cedar that is
attacked by Phytophthora lateralis. On the latter, trees die quickly
without thinning of crowns, necrotic lesions girdle circumferentailly
on beles, and lesions do not typically spread higher than two stem
diameters above the rcots or. the bole. Since it was isolated by
baiting from soil arcund cedar trees only four times out of several
hundred attempts, the Phytophthera sp. could be viewed as an uncommon

component of the mycoflora in stands of Alaska-cedar, The ef ficiency

of this baiting technique is not known for this Phytophthora sp., but
this prccedure has worked suceessfully for isolating P. lateraljs from

soil around dying Port-Crford-cedar (Hansen et al. 1977). The
Phytophthora sp. isolated in the present study has not been isolated
directly from Alaska-cedar tissues even though several hundred attempts
were made using media selective for Phvtorhthoras thus, Alaska-cedar
-may not even be a host for this fungus. Future studies will involve
the taxonomy of these Phyvtophthora isolates, their pathogenicity on
Alaska-cedar, and the efficiency of various sampling techniques to
determine the frequency of occurrence of this fungus in different
forest stands.

Root-feeding nematodes were neither prevalant encugh nor
sufficiently asscciated with dying cedars to be primary inciters of
Alaska-cedar decline. Initially, Apkelenchoides sp. was of interest

since it was isolated from the fine roots of dying cedars during
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attempts to isclate fungi, and because it is closely related to
Bursaphelepchus xvlophilus (Nickle 1970), which is the cause of pine
wilt disease of conifers {Mamiya 19€3). The latter species has nct
been reported from Alaska, however. Aphelenchoideg sp. Was recovered
from beneath only one Alaska-cedar tree. Little is known of tre role
that nematodes have in forest declines, however. A species of
Sphaeronema was recently recovered from declining spruces in the
eastern United States (Eiserback and Hartman 198%5) which suggests that
these nematodes should receive future study (Hennon et al. 1086).

The lack or dysfunction of beneficial mycorrhizae could
potentially contribute to Alaska-cedar decline. In this study,
however, vesicular-zrbuscular mycorrhizae were common in the cortical
cells of live fine rocts on both declining and healthy Alaska-cedars,
as long as their fine roots were living.

In conclusion, Alaska-cedar decline is probably not incited by a
pathogenic agent. Our stucies, by necessity, have not included 211
types of plant pathogenic agents. Bacteria, myccplasms, and viruses
were not studied since none has been shown to cause significant
mortality to conifers in natural staznds. Known pathogenic fungi were
found (e.g., Cylindrocarpon didvmuum, Arrillaria sp., and Dermea sp.),
but none proved capable of killing unstressed cedar seedlings.
Necrotic lesions on large roots and boles of declining cedars are
probably not the result of pathogens killing tissue at their leading
margins; similar-appearing lesions were produced by mechznical
wounding.

This conclusion is, and must, be tased upon cumulative negative

results., My approach to test the hypothesis of whether or not a
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biological agent is the primary czuse c¢f Alaska~cedar mortality has
been to exhaustively search for such a pathogen. 1In the absence of
finding such an erganism, some other cause is assumed to be more
likely. These results suggest abiotic factor(s) as the primary stress
affecting Alaska-cedars. Pathogenic fungi, along with the Phloegsinus
bark beetle, czn cnly be concluded to have Secondary or contributing
roles in Alaska-cedar decline. The distribution, magnitude, and timing
of mortality in southeast Alaska is not typical of familiar disease
epidemics. Tt now seems most likely that the primary cause of

Alaska-cedar decline is some abiotic factor,
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CHAPTER VI

CAUSES OF BASAL SCARS ON ALASKA-CEDAR

ABSTRACT

Scars on the lower boles cf Alaska-cedar (Chamaecvparis
nootkatensis (D. Don) Spach) trees in southeast Alaska are common in
some stands, but their cause has not been determined. The assceiation
of these basal scars with an extensive decline and mortality of unknown
cause that affects Alaska-cedar also has been unclear. Data from
ground transects indicate that over one-half of the Alaska-cedar trees
in some stands are scarred, even though other tree species are
unaffected, Scars generally face upslope, are limited to portions of
the bole circumference, average 1.5 m in height, and are most common on
the best drained, most productive sites. Recent scars consistently
have teeth marks in the exposed wood--evidence that bears cause this
damage. Such basal scars are common on islands in southeast Alaska
inhabited by brown bears (Ursus arctos), but not on islands inhabited
by black bears (Ursus armericanus). Callus tissue slowly forms over
these basal scars, but decay columns develop in the woed, which results
in losses of wood volume from the valuable butt 1og. The fungi that
occur on scars of varying ages are described. Decline occurs on
several islands not inhabited by brown bears and where cedars are not
scarred, and decline usually is associated with poorly drained sites:

thus, basal scars are not associated with Alaska-cedar decline.
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INTRODUCTION

Alaska-cedar (Chamaecyparis nootkatensis (D. Don) Spach) is a

long-lived, slow growing tree that ranges from Prince Williams Sound in
Alaska, south tkrough British Columbia, to near the Cregon-California
border (Harris 1971). This conifer grows from sea level to timberline
in southeast Alaska (Harris and Farr 1974) where it can occur in nearly
pure stands, but more commonly exists in scattered greups cr as
individual trees mixed with otker conifers (Harris and Farr 1974), Its
narrow annual rings, extreme decay resistance, and bright yellow,
aromatic heartwood make Alaska-cedar wood valuable and useful (Frear
1982).

Scars, or cat faces, are common on the lower bole of Alaska-cedar
trees in southeast Alaska (Anderson 1959) (Fig. VI.1) where stands of
Alaska-cedar heve been dying since before the turn of the century
(Chapter II, Shaw et al. 1985). Ruth and Harris (1979) note that bears
may cause this damage, but this has not been substantiated, Presently,
there is no information on tree species affected, the geographical
extent of the problem, or, except for the idea proposed by Ruth and
Harris, what may be causing these tree scars, Also, the question arose
as to whether death and decline of cedar was associated with basal
scarring since scars were commonly observed on dead and dying trees
(Chapter III, Shaw et al. 10885),

The objectives of this study were to: 1) determine the cause(s)
of scarring, 2) determine if there was an association between the
oceurrence of scarring and Alaska-cedar mortality, and 3) describe scar

characteristics and tree responses to scarring,
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Figure VI.1. An old basal scar on Alaska-cedar
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MATERIALS AND METHODS

Study areas were located on Chichagof and Baranof Islands, about
5C km KE of Sitka, Alaska. The occurrence and size of basal scars were
noted for 779 Alaska-cedars and all other conifers present on 280 plots
along 21 survey lines (Chepter III). Individual trees were selected on

eack plot with a 2 or 6 m2

/ha basal area factor prism. Most sampling
sites were alcrg Peril Strait (Fig. VI.2), but survey lines were also
located in Slocum Arm near Vaterfall Cove and Kernel Creek, both on
Chichagof Island. Scar heights and orientation with slope were
measured from an additional 490 Alaska-cedars at three sites in Peril
Strait, 1In total, 1269 Alaska-cedar trees were examined. A Chi-square
analysis (p=0.05) was used to test if the incidence of scarring
differed with location (Peril Strait, Slocum Arm, and Kennel Creek).
Frequency distributions were drawn for scar height and orientation and
the latter was tested using a chi-square analysis (p=0.05) to determine
if scars faced any particular direction.

An understcry plant gradient technique (Chapter III) was used to
determine if the occcurremnce of basal scarring was correlated with
fcrest type. Fifty-five plant taxa were recorded on each of the 280
plots anc a gradient of plot scores calculated from a computer
ordination technique--Detrended Correspondence Analysis (DECORANA)
(Gauch 1982, Hill and Gauch 1980). These plot scores represent the
gradient from bogs to plart communities with better drainage (Chapter
ITI). DECORANA plot sceres were visually compared to the proportion of
Alaska-cedars with basal scars and the proportion of plots having

scarred trees,
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Three Alaska-cedars with scars were dissected transversely with a
chain saw to allow for examinations of decay characteristics and tree
responses to wounding. 3Single discs were cut from the boles of 16
other Alaska-cedars with basal scars and similarly examined.

Fruiting bodies of fungi were collected from fresh and old basal
scars to determine the species present on scars of different ages. The
general appezrance of these scars (e.g., depth of wound in relation to
amounts of callus tissue, condition cof exposed wood, presence of fungal
fruiting bcdies, and presence of moss or higher plants growing on
scars) were also recorded. In addition, fungi were isolated from basal
scars (Chapter V), Most of the scars from which fungi were isolated

were less than five years old.

RESULTS

Occurrence of Scars

Basal scars occurred orn 49% of the Alaska-cedar trees sampled.
Scars were common at Waterfall Cove (62%) and along Peril Strait (51%)
but were significantly less frequent at Kennel Creek (16%). BRasal
scars were common throughout the study area at Peril Strait with over
30% of the Alaska-cedar trees from each of the 16 transects having
scars. Except for trees less than 10 cm dbh, all size classes were
scarred. Scars on Alaska-cedar had a significant upslope orientation
at each of the three sites where orientation was measured (Fig. VI.3).
Most scars were abcut 150 cm tall, but scar heights of U450 and 800 cm

were also common (Fig. VI.4).
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Marks, apparrenly made by animals, were present on nearly all
fresh scars (Fig. VI.5). Some Alaska-cedar trees had several adjacert
basal scars usually with different depths of callus folds as if they
occurred et different times {Fig. VI.6). Scars were more common in
better drained forest types than on bog or semi-bog forest types (Fig.
VI.7). Very few basal scars were found or conifers other than
Alaska-cedar, and the few cbserved did not resemble the Scars on
Alaska-cedars in size or sheage.

A different type of basal scarring was found on 11 Alaska-cedars
along Peril Strait. These scars were distinguishable from others by
the presence of a distinct horizortal cut across the top, and often the
bottom, of the scars; they were also taller than the scars described
above (Fig. VI.8). These scars were on some of the largest
Alaska-cedars in the stand, almost all were found close to the beach,
and scars did not show any trend for occurring on the upslope side of

trees.

Responses to Wounding

The first noticeable tree response was evident the first spring
after wounding when callus tissue began to develop along the sides,
bottom, and top of the wound. Cross sections cut through tree wounds
showed that changes in the sapwood on the edges of the wound occurred
within several years. Sapwood directly berind the wound was dead (Fig.
VI.S), but live sapwood adjacent to both sides of the wound turned
bright-yellow. This color was more intense than normal Alaska-cedar
heartwood. As callusing sapwood slowly engulfed the sides of the

wound, it also developed this bright yellow color. Cross sections cut
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Figure V1.5, ska-cedar caused by brown
bears. B) Note the teeth

marks in exposed wood caused by bears
tearing bark from these trees.

A) Fresh basal scar orn Alas
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Figure VI,9, Croscs sections through an Alaska-cedar tree with
multiple basal scars. Below: note the callus tissue that grows over
the wound and the relative restriction of decay to only the sapwocd
killed during the Scarring event., Above: note the incipient decay
in this section which was removed from the bole above the scar,
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through clder wounds suggested that these reactions confined decay to a
narrow crescent-shaped band of the sapwood exposed during the scarring
event. Heartwood behind the killed sapwood has a great degree of decay
resistence due to anti-fungal ccmpounds (Rennerfelt et al. 1958) and
inhibited decay fungi from advancing into the bole. Decay around the
stem was confined by adjacent, live sapwood and callus tissue, both of

which have the bright-yellow color of heartwood.

Fungi on Scars

Stain and decay were not cornfined in the wood above scars. One
decay column extended 2.2 m above the top of the scar, with advanced
decay occurring in all but the top 0.2 m of this column. Leptographium
Sp., probably saprophytic on Alaska-cedar .(Chapter V), was the fungus
most frequently isclated from the teops of these stain columns.

Dead sapwood within the wound changed from its original near-white
cclor to a tan, and then to a greenish-black or black within several
years after scarring. Leptographium sp. was the most common fungus
isolated from the tan-colored stain (Chapter V), Fungi isolated from
the black-colored stain included: Sporedesmiur sp., Phialophora sp.,
Fycelium radicis atrovirens, and Leptogrephium sp. (Chapter V)

Phloem (inner bark), freshly exposed through wounding, was bright
and creamy white in color. This phloem, which was stripped away from
the sapwood, but still attached at the top and bottom of the wound,
changed color to a cinnamon brown within a few hours after wounding.

Several Alaska-cedars with very fresh scars, still with white

phloem, were revisited cne and two years after being scarred;

Ceratocystis sp. and Pistillaria sp. were the only two fungi found



201

sporulating on these one- and two-year old scars. Ceratocystis Sp. Was
found only on one-year old scars and only sporulated on the bark and
sapwood located where these two tissues were killed, but not
permanently ceparated (Fig. VI.10). After a year or two, the stripped
bark fell off, leaving the sapwood fully exposecd.

The diversity of fungal species increased as the scars aged,
reached a peak as the sapwood began to decay, but decreased once most
of the sapwood was decayed and eventually missing (Table VI.1). Furgi
found on older scars were alsn found growing as saprophytes on other
dead tissues of Alaska-cedars (e.g., dead twigs, 1imbs, and snags)
(Chapter IV). Nore of the fungi collected cr isolated from basal scars

is capable of causing these scars or killing trees (Chapter V).

DISCUSSICN

Scars with teeth marks were almost certainly made by brown bears
(Ursus arctos). These marks in sapwood zre made by canine teeth as the
bears attempt to pull bark from trees with their mouths (J. Shoen,
pers. comm.). A hair of a brown bear was found in the bark of a
one-year old scar (J. Shoen, pers. ccmm.). Fresh scars were most often
found in clusters of five or more closely grouped trees, all or most
with their scars facing upslope--perhaps for easier pulling cf bark
from trees by the bears. T found such groups of cedars with fresh
scars every spring for four consecutive years, suggesting that basal
scarring is an event repeated every year. Some Alaska-cedars had been

receatedly scarred, a dozen or more times around the base of tree
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Figure VI,10. Fruiting bodies of Ceratocystis sp. (arrow) cn a
recent basal scar.
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TABLE VI.1. Fungi collected (C) or isoclated (I) from basal sears on
Maska-cedsr. Six classes are based on wood deterioration and plant
colonization to shew relative age of scars.

Scar Conditiony

1 2 2 Yy 5 6
Fungal species fresh sapwood sapwood  sapwocd sapwood heart-
to 1- sound, un- stained soft but decayed wood

yr old stained but firm intact partislly ex-
missing posed

Ceratocystis sp. c,I c
Pistillaria sp c c
Stietis radiata c
Dothidia sp. ¢I
Herpotrichia sp C C
Bertia i c o c c
Auricularja aurieulis o
Skeletocutis amorphs o o
Hyphodontia sspera o
Dacromvees deliguescens c C c
Eplyperus elegans c,I c
Ammillaria sp. ¢, C o
Galeripa sp. c c
Xeromoheling sampanella c
Lygoperdon sp. C
Lactarjus i o
Lyathus olla : . c
Lgntggtaphiun jo.
Sporedesmium s;. T i
Phiglovhora sp I

- 2] 1
Seiridiur cardinale I

J-’fFresence of lichens, moss, or higher plants on the surface of bassl scars
are indicators of six classes of recent and old scars: 1-—no rlants, 2--no
plants, 3--mcss on bottems and sides, Y--moss covering, 5--moss covering and
higher plants (e.g. Rubus pedatus or Cormus capadensis), 6--no higher plants,

moess uncommon, some crustose and fruticose lichens,
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boles, showing a range of scar ages, These multi-scarred trees were
most often adjacent to well-established bear trails. Brown bears are
the only animals on these islands capable of such tree damage (J.
Shicen, peré. comr.), Their hair, scat, trails, and our sightings are
evidence of their common occurrence in areas where Alaska-cedars are
scarred,

The heights of 24 fresh scars with noticeable bite marks were
measured to determine how they compared tc the heights of the primarily
older callusing scars mezsured or the 229 Alaska-cedars. Heights of
scars with bite marks averaged 164 cm (s=72 cm, range=26-270 cm) which
corresponded closely with the peak frequency of scar heights from all
measured scars (fresh and old) in Figure VI.4.  Actual teeth marks in
the wood on these scars averaged 44 cr in height (sz20 cm, range=12-88
cm).

The distribution of bears on the islands and mainland of southeast
Alaska may allow testing the hypothesis that brown bears cause most of
the scars., Significant brown bear populations are restricted to
Admiralty, Baranof, and Chichagof Islands and the mainland with the
greatest densities on the three islands (Meehan 1974, Alaska Department
of Fish and Game 1977)., Most other islands are inhabited by black
bears (Ursus americapus) but not brown bears, Both bear species occcur
on the mainland. We also sampled Alaska-cedars for mortality and scars
cn Prince of Wales Island, which has black but not brown bears. There
were very few scarred Alaska-cedar trees, and even those with scars did
not resemble the shape of the scars described above. Thus, scars on

Alaska-cedar were infrequent in the absence of brown bears; however,
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scars were not necessarily frequent wherever Alaska=-cedar and brown
bears coexist.

Scars were infrequent at Kennel Creek, on Chichagof Island, were
brown bears are common. Large areas of nearly pure stands of
Alaska-cedar, however, do not occur in the Kennel Creek area, as they
do at Peril Strait and Slocum Arm. Perhaps brown bears scar
Alaska-cedar trees only where they are more ccmmon., Although the
proporticn of old, callusing scars that were caused by brown bears is
urknown, fresh scars with teeth marks were encountered frequently
enough along Peril Strait and Slocum Arm to account for most old scars.

Why brown bears scar Alzska-cedars is not clear. Freshly scarred
trees (i.e., within hours to a few days) were fcund only in May or
June, These dates coincide with the time when brown bears emerge from
their winter dens located at high elevations (Shoen et al., Unpublished
manusdript). By autumn, even the most recently caused scars had aged,
suggesting that scarring was only a springtime activity for bears.

The bark of Alaska-cedar is thin, offering relatively little
protection from mechanical injury (Anderson 1959), Bark is more easily
pulled from trees in the spring, just prior to the initiation of
cambial growth when the barks "slips" over wood (Kozlowski 1971).

Also, after twig elongation begins in the spring, translocation of

carbohydrates (primarily sucrose) greatly increases in the stem phloem
of temperate gymnosperms (Nelson 1964). Perhaps bears lick the phloem
or cambium for sugars or other nutrients. The bite marks produced when
bears pull bark away were the cnly obvious marks on the scar; once bark

was pulled away, bears did not use their teeth or tear at exposed wood
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with their claws. The upslope orientation of most scars may be due to
easier removing of the bark by approaching trees from £he upslope.
Bear damage to conifers has been frequently reported, but only
once noted on Alaska-cedar (Ruth and Harris 1979). Girdling of young
Pouglas-fir (Pseudotsuga menziesii (Mib.) Franco) by black bears is a
serious problem in portions of western Washington and Oregon (Lawrence
et al. 1961). 1In cne tree farm in Washington, 51% of the Douglas=-firs
were injured bty black bears (Lenvin 1954)., On the Kenai Peninsula in
Alaska, scars interpreted to have been caused by black bears were
common cn white spruce (Picez glauca (Moench) Voss) and guaking aspen
(Populus tremuloides Michx.) (Lutz 1951). The exposed sapwood usually
had shallow groves made with either teeth or claws. These spruces and
aspens were damaged by black bears in the spring and early summer.
Scars csused by black bears usually occur at the base of trees, but can
alsc be found up to B0 cr 50 feet up the bole (Childs and Worthington
1955). Numerous vertical grooves, caused by black bears scraping the
sapweod with their lower jaws, were characteristic of black bear-caused
injuries (Lawrence et al. 1961)., These vertical feeding marks are in
sharp contrast to the hcrizontal bite marks I found on Alaska-cedars.
The 11 scars with horizontal cuts on Alaska-cedar trees were
likely caused by humans. Such human-caused scars have been reported
previously on Alaska-cecdar and western redcedar (Thuia plicata Nonn ex
D. Don) (USDA Forest Service 1982, Hicks 1984, Stewart 1984). They
were probably the result of Alaska Natives collecting bark for making
hats, baskets, and clcthing (Frear 1982). All but one of these scars

was less than 100 m above the beach, where these large pieces of bark



207

could have been easily gathered and transported. Today, some Alaska
Native people still collect and use cedar bark (I. Jimmy, pers. comm.)

Fuman-caused scars were not commcn, and this impact will probably
be less consequential in the future. No recently caused human scars
were found in the study areas. One of the 11 scars was made 102 years
agc. Similar scars were fourd in Prince William Sound, Alaska and were
dated to 1EC years ago (C.G. Shaw III, unpublished data). The major
impact of human-caused scars is that they occur cn the largest
Alaska-cedar trees and, because cf the scar size and age, they are
probably associated with extensive decay columns found in these trees.

Basal scars are not the primary cause of Alaska-cedar mortality in
scutheast Alaskz. Numerous Alaska-cedar trees die with nc basal scars
(Shaw et al. 1985). Basal scars were more common in the well-drained,
high veclume ferest type where mertality was least commen (Chapter
III). Extensive mortality of Alaska-cedar occurs on Prince of Wales
Island where brown bears are absent and basal scarring was rare. A
fresh basal scar on a declining, weakened Alaska-cedar could, however,
contribute to its death. In only a few cases did I observe where
repeated basal scarring had girdled and killed Alaska-cedar trees.

Tree responses to scarring seem to slow the advance of fungi and,
thereby, retard decay. The bright yellow color present in surviving
sapwood probably is a reaction to wounding and likely retarded fungal
advancement. A significant decay column may develop vertically above
the scar, however. The concept of tree responses to wounding is not
new and has been discussed previously for many other tree species

(Hepting and Blaidsdell 1936, Shigo and Marx 1977).
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Basal scars cause significant defect and may reduce the value of
the butt log of scarred Alaska-cedars to cull, BRole sections adjacent
to scars may be salvageable unless the scar is very old, in which case
decay fungi have decomposed most of the bole's wood. Additional work
is needed to gquantify volume losses on trees with basal scars and
determine which are the most impcrtant fungi responsible for causing
the vertical decay column. Several of the dark colofed fungi we
isclated from basal scars {(e.g., Phialophora, Sporidesmium, and
Vvcelium radicis atrovirens) may be the same fungi causing a black
stain in the heartwood of Alaska-cedar described by Smith (1970).

The common scarring of Alaska-cedar trees on the better drained,
productive sites may affect revenues from future timber sales in these
areas. These sites have the tallest trees, the most volume, and the
highest proportion of spruce and westerr hemlock (Chapter IIT). As
such, these stands are among the most likely to be harvested. A high
degree of defect or cull of Alaska-cedzr, the most valuable wood in
these stands, shoulc be expected in stands where basal scarring is
common.,

Many of the observations from this study may also apply to logging
scars on Alaska-cedar. The bark of Alaska-cedar is very thin, even on
large, old trees. Because of its thin bark, trees left after logging
(e.g., from partial cuts or commercial thinning) will easily scar
during the logging operations., Logging scars will probably closely
resemble the basal scars caused by brown bears; they may be about the
same tcize, have the same complement of stain and decay fungi, and tree

responses to scarring may be similar. Logging during the summer, fall,
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or winter may reduce the incidence of scars on Alaska-cedar since its
bark is most easily damaged in the spring,

In conclusion, we believe brown bears and, to a much lesser
extent, huians are primarily responsible for the basal scarring on
Alaska-cedar on Chichagof and EBaranof Islands. These basal scars were
not consistently associated with dying Alaska-cedars and are not the
primary cause of mortality. Cther ccniferous species growing near
scarred Alaska-cedars were rzrely affected. The volume and value loss

through basal scars is considerable and needs to be quantified,
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CHAPTER VII

FOLIAGE AND SOIL NUTRIENT CONCENTRATIONS
ASSOCIATED WITH ALASKA-CEDAR DECLINE

ABSTRACT

Alaska cedar (Chamaecyparis nootkatensis (D. Don) Spach) is a
valuable, slow-growing tree that has been dying since before the turn
of the century on boggy sites throughout southeast Alaska. The primary
cause of decline and mortality is unknown. Foliar and soil nutrient
concentrations were analyzed to determine whether nutrient deficiency
or mineral toxicity could be important causal factors. Foliage
nutrient concentrations of 23 elements did not differ significantly
between foliage collected from live cedar saplings growing on sites
with and without severe mortality. Cedars growing nezr roads had
higher levels of several nutrients, however. Soil adjacent to both
healthy and dead roots on dying Alaska-cedars was collected and
analyzed for pH and six elements: soil adjacent to dead roots had
higher pH, higher total N, and less P. Differences in soil
characteristics could be due to death of cedar roots. These data
suggest that nutrient deficiency and mineral toxiéity are probably not

primary causes of Alaska-cedar decline.
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INTRODUCTION

Extensive mertality of Alaska-cedar (Chameecyperis nootkatensis
{D. Don) Spach) has been occurring in southeast Alaska since before the
turn of this century (Shew et al. 198€, Chapter III). This forest
decline has nct yet received adequate study and the cause of tree death
1s unknown. This report is pert of a larger effort to evaluate the
potential causes of Alaska-cedar decline, Rflaska-cedar trees have very
slow radiel growth 5 to 20 or more years prior tc death (Shaw et al.

1685

-1

Chapter V) that could be interpreted as symptomatic of these
trees derleting a limited soil nutriert., Fcliar and soil nutrient
concentrations were analyzed to determine if nutrient deficiencies or
texicities are asscciated with, or perheps cause, this decline problem,

Deficient levels of sulfur and boron are factors in another
decline of Pinus radiate Den. in New Zealand (Lambert and Turner
1977). Nutrient deficiency or toxicity are petential causes of
Alaska~cedar decline, particularly because most mortality has occurred
on boggy sites (Downing 1960, Chapter III) where rutrients may be
limiting or toxic compounds accumulating due to anaerobic soil
conditions. The nutrient or toxicity status of bog scils has not been
determined fer bogs in southeast Alaska, but elsewhere they been
ceronstrated tc be acidic and nutrient impcverished,

Folizge or soil nutrient analysis has not been previously
conducted for Alaska-cedar in southeast Alaska, or, to the best of our
knowledge, anywhere else for Alaska-cedar. Therefore, foliar nutrient

levels were compared fcr Alaska-cedars growing in bogs having high
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levels of mortality with Alaska-cedars growing in bogs with little to
no mortality. Also, soil adjacent to both living and recently dead
roots of declining Alaska-cedars was collected and analyzed for
nutrient cAncentrations to determine if soil near dead roots was
particularly nutrient deficient.

The objective of this paper is to determine if deficient soil
nutrients or toxic levels of soil nutrients are responsible for the

widespread decline problem.

MATERIALS AND METHODS

Foliage Nutrients

Foliage samples were collected at 12 sites along Peril Strait on
Baranof and Chichagof Islands and from single sites near Kennel Creek
on Chichagof Island and Thorne Bay on Prince of Wales Island (Figs.
VII.1, VII.2, and Table VII.1). Since Alaska-cedar mortality is most
severe near bogs, all foliage sampling was conducted on bog~-fringes or
cedar-scrub stands (semi-bog forest types with stunted trees).
Fourteen sites ranged in degree and timing of mortality, and elevation
(Table VII.1) and were designzted as either mortality (11) or
non-mortality (3), based on the presence of surrounding dead cedar
trees. Bog and semi-bog stands lacking appreciable mortality could
only be located above 150 m elevation.

Foliage samples were taken at each site from two sides of five
healthy Alaska-cedars, 5 to 8 m tall, Sapling-sized trees were sampled

because trees of this size are more sensitive indicators of some
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Figure VII,1, Map of sampling locations in southeast Alaska for
collecting foliage of Alaska-cedar used in nutrient analysis
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Figure VII.2, Map of sampling locations in the Peril Strait area for
collecting foliage of Alaska-cedar used in nutrient analysis
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Table VII.1. Characteristics of Alaska-cedar foliage sampling sites.

Plot Date Elevation Forest Mortali
_No, (€1983)  _Locetion m) —Tvpe ]
1 6/20 Poison Cove, 262 bog fringe healthy
Chichagof I. (860')
2 6/22 Nixon Shoal, <50 bog fringe mortality
Baranof 1I. (165*) (old only)
3 6/23 Waterfall Cove, <50 cedar scrub mortality
Chichagof I. (165') {intermediate
level)
y 6/23 Waterfall Cove, <0 cedar scrub mortality
Chichagof I, (165') (current
only)
5 &/24 Poison Cove, <50 cedar scrub mortality
Chichagoef 1I. (165') {old and mod-
erately old)
6 6/25 Thorne Bay, Prince <50 bog fringe mortality
of Wales I, (1651') (old and
current)
7 7/19 Arthur Site <50 cedar scrub mortality
Chichagof I. (165') (old only)
8 8/23 Patterson Bay, <50 pole size mortality
Chrichagof I. (1651) cedar (very old
only)
G 8713 Bear Bay 75 bog fringe mortality
Chichagof I, (250") (old and
current)
10 8713 Bear Bay 275 bog fringe healthy
Chichagof I. (go5')
11 8719 Poison Cove 320 bog fringe healthy
Chichagof I. (10401)
12 8/28 4 mi. inland (E. ) 260 cedar scrub mortality
from Poison Cove (860') (current
Chichagof I, only)
13 8728 4 mi., inland (E. ) 215 cedar scrub mortality
from Poison Cove (710') (old and
current)
14 9/07 Kennel Creek, <50 bog fringe mortality
Chichagof I. (1681) {old and
intermediate)
YV

Timing of mortality based on snag foliage, twig, and branch
retention (Chapter II)
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environmental stresses than are larger trees (Waring and Cleary 1967).
Foliage was collected from approximately the 20 cm terminal portion of
branches by hand-stripping only green foliage (Zobel and Liu 1979).
Foliage samples were bulked for each tree, oven-dried, bulked for each
site, and ground before analysis., Nutrient concentrations were
determined using spectrometer analysis and tctal Kjeldahl nitrogen
analysis by the Plant Analysis Laboratory, Oregon State University.
Student's t (p=0.05) was used to test differences in foliage nutrient

concentrations between mortality and non-mortality stands.

Soil Nutrient
In a preliminary attempt to evaluate soil nutrients, eight soil
samples were collected from Alaska-cedars, Small roots (approx. 1 cm
diam) of declining trees were frequently found dying or dead in a
water-saturated black organic muck; live roots from the same trees were
most often in a drier, lighter-brown organic duff (Chapter V). The
root system of Alaska-cedars, even of large trees, is primarily
confined to the upper 15 cm of the soil profile (Chapter V), The soil
in this rooting zone appeared to be nearly all organic, lying above the
mineral layer. Paired soil samples were made from each of three
declining cedars growing in the Peril Strait area; one light-brown
sample taken adjacent to small live roots, the other black sample
adjacent to small dead roots. An additional sampling pair was taken
from two separate dying trees. All soil samples were oven dried and
analyzed for pH and six soil nutrients by the Soil Testing Laboratory,

Oregor. State University. Differences in pH and nutrient concentrations
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between the two soil types were tested by a Student's t test (p=0,05)

for paired samples,

RESULTS

Foli Nutrient
No significant differences were found in concentrations of 23
different elements from foliage collected at sites with and without
mortality (Table VII.2). Nutrient concentrations were relatively
constant from site to site regardless of mortality rating. The values
of some elements (Mn, Al, Na, As, Cd, Ni, Si, Ba, and Sr) were
substantially higher for either or toth of the Kennel Creek and Thorne
Bay sites, however. These relatively high values may reveal road dust

influences since these were the only sites near roads,

=Sodl Nutrients

The drier, brown organic soil near live roots had significantly
lower pH, higher concentrations of P, and lower concentrations of N
(all p=0.05) than the wetter black organic soil (Table VII.2). The
concentrations of K, Ca, Mg, and Na did not differ significantly

between the two soil types,
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Table VII.2. Mutrient concentrationéj of Alaska-cedar foliage gathered from sites
with and without appreciable mortality. Port-Orford-cedar foliage nutrient
concentrations are included for comparison,

CEDARS N

: ALASKA-CEDAR — PORT-ORFORD-CEDAR = _TJAIWAN 5/

Nutrient Mortality Non-mortality All Sites (Imper and (Zobel and (Zobel and
— &  _ Sites?, 3/ __Sites2, ¥  _(pocled)3y/ i

K1 0.72 ¢0.11) 0.69 (0.0B) 0.88 (0,09 0.9 - 1.¢ ¢.B8 0.73-1.45
P % 0.089 (0.010) 0,083 (0.0%0) 0.09 ¢0.01) 0.11 - 0.23 0.1 0.07-0.15
K % 0.52 (p.02) 0.5% (0.08) 0.52 (0.0M) 0.6 - 1,20 0.52 £.47-0.60
Ca % 1.58 (0.24) 1.49 (0.33) 1.54 (0.30) 0.8 - 1.9 1.11 1.12-1.52
¥g % 0.088 {0.026) 0.108 (0.020) 0.10 (0.02) 0.11 - 0.2 0.25 0.17-0.24
s % 0.998 (0.074) 0.09% (0.013) 0.10 ¢0.01)
Mn ppm W.9  {9.1) 13.4  (8.0) 12.9 (6.0) ups, 913 1269
Fe ppm 52,6 (B.4) 57,2 (25.7) 50.6 (30.1) 20. 211 = 440
Cu ppm 1.76 {0.39} 1.89 (0.33) 1.81 (0.35) 8.7 T- 15
B ppm 16,0 (2.2} 15.0 (1.4) 15.2 (1.76) 23, 1M1 - 16
Zn ppm 8.25 (1.56) B8.02 (1.26) ~ 8.03 (1.28) 49, up - 56
Al ppm  26.8 (11.1) 27.0 (9.9) 25,7 (7.2) 179, 168 - 409
Ko ppr 0.071 (C.011) 0,076 (0.006 0.07 (0,01}
Na ppm 96,5 (41.1) B0.C (29.1) 8B.0 (1.6}
Se ppm 0.046 (0.002) 0.04 (0,01 0.0 (0.01)
As ppm .16 (0,300  t.22 (0.22)  1.16 (0.22)
Ba ppm 2.5 (0.9 4.1 (4.6} 2.5 {0.99)
Cd ppm 0.016 (0,010} 0.024 (0,006} 0.02 (0.01)
Co ppm 0.062 (0.008Y 0,13 (0.19) 0.11 {0.16)
Li ppn 22,6 (12.4) 46,9 (31,0) 43.1 (25.6)
Ni ppm 0.41 (0.0%) 0.38 (0.03} 0,39 (Q.04)
Sippm 41,0 (15.1)  41.8 (12,9) 40,3 ¢(10.6)
Sr ppm 23,5 (5.8} 26.8 {13.2) 2u.1 (6.8}

v Mean values followed by standard error in parentheses

&/ Sites 1,8,10, and 11 (Table VII.1) were classified as non-mortality; sites
2,4-7,9,12, and 13 were classified as mortality; sites 3 and 1& were excluded from
comparison due to intermediate levels of mortality (see Table VII.1).

x4 Sites 6 (Thorne Bay) and 14 (Kennel Creek) excluded due to possible effects of road
dust.

L Nutrient concentrations reported in % of dry weight or parts per million (ppm)

=4 Chargecyparis taiwanenzis Masamune it Suzukl and (. formosensis Mets,
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Table VII.3. Comparison of nutrient concentrations and pH from soil
samples ¢ollected adjaciyt to live or dead roots (approx. 1 cm diam.)
on dying Alaska-cedars.

pH &/ 3.93  (0.17) 4.78 (0.25)
Total N (%) &/ 0.88  (0.16) 1,48 (0.33)
P (ppm) &/ 1.0 (3.4) 8.8 (1.5)
K (ppm) 376 (131) 161 (47)

Ca (meq./100g) 1.6 (4,3) 7.8 (7.1)
Mg (meg./100g) 6.2 (3.0) 2.8  (2.5)
Na (meq./100g) 0.59 (0.23) 0.36 (C.10)

v Values are means followed by standard error (in parentheses).

4 Significant (p= 0.05) differences between soil collected adjacent
to live versus dead roots.
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DISCUSSION

The similar concentrations of foliar nutrients between
Alaska-cedar trees growing on sites with and without mortality suggests
that nutrient deficiency or toxicity are probably not the primary cazuse
of Alaska-cedar decline. The use of foliar nutrient values may be a
more sensitive indicator than soil nutrients when testing for
deficiency, since the former gives a direct measure cf the nutrients
the plant has derived from the soil (Mead 1984). The average foliar
nutrient concentrations from all plots, excluding the two plots near
roads, were below values found in Port-Orford-cedar (Chamaecyparis
lawsoniapa (A. Murr.) Parl.) by Imper and Zobel (1983) in southwestern
Oregon for N, P, X, and Mg but not Ca. Also, the nutrient vzlues were
generally lower for Alaska-cedar than for rutrients from the foliage of
C. teiwanensis Masamune et Suzuki and C. formosensis Mats. Erowing in
Taiwan. The relatively low nutrient concentrations of Alaska-cedar as
compared to those of Port-Orford-cedzr are not unexpected on these bog
and semi-bog sites, however. The soils of these sites are considered
to be anaerobic, acidic, and nutrient poor, Alaska~-cedar has long been
suspected of being a slow-growing conifer that tolerates poor sites
(Harris 1971), but can grow at faster rates on better soils

Results from scoil sampling are preliminary due to the small sample
size, but suggest that the two soil types were very different
nutritionally. Many, but not all, dying roots of excavated declining
Alaska-cedars were found in the black mucky soil. The effects of dead
and dying roots on the nutrient status of the black organic soil must

be considered when comparing it to the brown organic soil supporting
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live roots. The increased level of nitrogen in the black soil where
dead roots were found could result from nitrogen released from decaying
fine rocts, mycorrhizae, and larger roots.

The rutrient data suggest that P and K may be deficient in the
black soils where roots were dying. Interestingly, bog soils elsewhere
have been demonstated to be poor storers of P and K, while nitrogen
concentrations vary widely (Holmen 1968). Despite possible
deficiencies of P and K, entire patches of prostrate Alaska-cedars were
growing in this soil type in bogs (Chapter VIII), yet had green, full
crowns., Foliage nutrient levels did not suggest that a deficiency of P
or K was responsible for cedar mortality since their concentrations
were very similar in mortality and non-mortality sites.

The selective mortality to Alaska-cedar, compared with other tree
species, should be accounted for when evaluating a potential nutrient
deficiency or toxicity as the primary cause of Alaska-cedar decline.
Western and mountain hemlocks (Tsuga heterophvlla (Raf.) Sarg. and I.
mertensiapa (Bong.) Carr.), Sitka spruce (Picea sitchensis (Bong.)
Carr.), and shore pine (Pinus contorta Dougl.) also grow on sites where
Rlaska-cedars are dead or dying, but are not affected to the same
degree by this problem (Chapter III).

Little is known of the particular nutrient deficiency or texicity
levels that may affect the growth of Alaska-cedar., Alaska-cedar must
be shown to be more sensitive to a hypothetical nutrient deficiency or
toxicity before either could be demonstrated to be an important factor
in causing Alaska-cedar decline. This study has not ruled out complex
organic toxins as a cause of mortality. OQur data, by comparing the

nutrient status of Alaska-cedars growing in bogs with and without
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mortality, does suggest that nutrient deficiency and strictly inorganic
toxicity are probably not primarily resporsible for Alaska-cedar

decline.
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CHAPTER VIII

REPRODUCTION OF CHAMAECYPARIS NOOTKATENSIS
IN SOUTHEAST ALASKA

ABSTRACT

Alaska-cedar (Chamaecyparis nootkatensis (D. Don) Spach) is a
valuable tree species that has been suffering from a decline and
mortality of unknown cause throughout southeast Alaska for the last 100
years. CStudies were initiated on its natural reproduction to provide
information on how to reforest affected areas. The occurrence of
seedlings and of a low-growing, shrubby form of Alaska-cedar were
recorded from 280 plots along 21 transects across areas of mortality.
Fifty-five taxa of understory plants were also recorded; community dzta
were analyzed by Detrended Correspondence Anzlysis to provide forest
type information on each plot. Reproduction from seed is failing on
most sites, although small germlings of Alaska-cedar are common on
well-drained sites where cedar reaches its best development. Shade
intclerance is suspected as the primary reason for germling death. The
low-growing form of Alaska-cedar spreads by the rooting of lower limbs
(vegetative reproduction) and is confined to bog and semi-bog sites.
Germlings and small seedlings are less common on bogs than on better
drained sites, but occasionally do establish on bogs where they develop
into the low-growing form. Stems of these low-growing Alaska-cedars
often turn upright and slowly grow into trees. Mature trees share

several characteristics with the low-growing form, ineluding boles that
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have a downslope sweep and root systems that extend upslope and
terminate in a very shallow, long-dead end. These similarities suggest
that most Alaska-cedar trees may originate through vegetative
reproduction, These studies will aid with the development of
strategies for reforesting different sites with Alaska=-cedar (Hennon

and Shaw 1985),

INTRODUCTION

Alaska-cedar (Chamaecvparis pootkatensis (D. Don) Spach) is a
slow=growing, long=lived, and potentially important ccmmercial tree
species in the forests of southeast Alaska. Its reproductive ecology
is poorly understood here, but Antos and Zobel (1986) recently
discussed natural reproduction of Alaska=-cedar in Washington, Oregon,
and California.

Alaska-cedar is currently suffering from an extensive decline and
mortality throughout southeast Alaska (Frear 1982, Shaw et al. 1985)
that began around 1880 (Chapter 1I). Alaska-cedar trees of all size
classes can be found dead or dying-(Shaw et al. 1985), particularly on
bog and semi-bog forested sites (Downing 1961, Chapter III). The cause
of this cedar decline is not clearly understood, nor are the
implications for management. Recent research suggests, however, that
no biotic agent (e.g., insect or pathogen) is the primary cause of
decline and that there has been no contagious spread from site to site

(Chapter IIT).
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The large volume of dead and dying Alaska-cedar throughout
southeast Alaska has prompted interest in logging operations designed
to salvage dead cedars. Such interest raises the question of how
Alaska-cedar could be re-established on these sites and whether or not
natural reproduction (unplanted) would be a sufficient socurce of this
replacement. On many decline sites, a low-growing, shrubby growth form
of Alaska-cedar (Fig. VIII.1) occurs, which contributes to replacing
the dead overstory. Reproduction of Alaska-cedar in areas of mortality
may be feasible, particularly if the nature of this prostrate form and
cedar reproduction, in general, is better understcod. Furthermore,
information on reprodutive ecology weuld be useful for the artificial
establishment of Alaska-cedar in managed, young-growth stands on
cut-over areas,

Alaska-cedar dces regenerate vegetatively, but the relative
importance of vegetative and sexual reproduction is not known.
Surprisingly, it is not even knecwn whether old-growth stands of
Alaska-cedar originated primarily from seedlings (sexual reproduction)
or vegetative reproduction. Establishment of natural seedlings is
unsuccessful in some Alaska-cedar stands in southeast Alaska (Shaw et
al. 1985, Harris 1971). Several reports note that vegetative
reproduction does occur in Alaska-cedar. Harris (1971) noted that root
sprouting and rooting of buried branches were common for Alaska-cedar;
however, Anderson (1959) considered vegetative reproduction uncommon,
but mentioned that details were lacking. Adventitious rooting was
ncted on Vancouver Island (Schmidt 1955) and, new stems were observed
arising from the base of damaged Alaska-cedars (Perry 1954), Arno

(1966) observed the low-growing, prostrate form of Alaska-cedar at
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Figure VIII.1. Low-growing, prostrate patch of Alaska-cedar in a
bog.
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timberline in the Clympic Mountains of Washington and interpreted their
development to be the result of root sprouting or layering. Antos and
Zobel (1986) describe layering of Alaska-cedar in the southern portion
of its range. Although this literature on the natural occurrence of
vegetative reproduction in Alaska-cedar is sketchy and lacks details,
techniques for using vegetative reproduction of nursery stock for
reforestation with Alaska-cedar are teing used in British Columbia
(Karlsson 1974).

The purpose of this paper is to: 1) describe the origins,
development, and forest type azsscciztions of shrubby, prostate-growing
Alaska-cedar; 2) determine forest type associations for Alaska-cedar
seedlings; 3) discuss the possible origins of Alaska-cedar stands; and

4) identify necessary future research needs.

MATERIALS AND METHCDS

All studies were located in or near stands exhibiting decline and
mortality cn Baranof and Chichagof Islands cof scutheast Alaska. A
forest survey was conducted to determine the abundance of Alaska-cedar
regeneration in different forest community types. Alaska-cedar
germlings (seedlings less than three years old with immature foliage
and cotyledons still attached), established seedlings, and patches of
prostrate cedar were counted in 280 3 m radius (28 m2) plots along 21
transect lines. Understory plants were used to classify plant
communities; the presence and abundance of 55 understory plant species

were recorded from these plots. Understory plant data were analyzed by
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Detrended Correspondence Analysis (DECORANA) (Gauch 1982), Plot
ordination scores represent the gradient from boggy sites to those with
better drainage (Chapter IITI). Here, we relate these plot ordination
scores to the average number of cedar seedlings or germlings per plot
and to the incidence of prostrate cedar. Also, the basal area for live
Alaska-cedars, the basal area for all tree species, and the ordination
plot scores were compared for plots having cedar seedlings (or
germlings) vs. plots without seedlings {or germlings) and for plots
with prostrate cedar vs, plots without prostrate cedar. These
comparisons were evalutated with Student's t test (p= 0.C5).

The roots of two separate patches of prostrate cedar were

excavated to determine their origin and growth habit.

RESULTS AND DISCUSSION

Prostrate Cedar Patches

Both patches of prostrate cedar that were excavated consisted of
several small upright stems, all of which were sweeping downslope, with
their short crowns (e.g., 1 m tall) fully intermingled. The main,
shallow root was progessively smaller in diameter upslope from each
upright stem and was usually dead where it tapered to about 1 cm
diameter. These main roots were never deeper than 10-1% cm and often
occurred in a black, organic muck (Chapter VII). Tissues beyond the
live/dead margin were sometimes long-dead and nearly rotted away.

Other times a living prostrate stem branched off beyond a section of

dead root, leading to another system of interconnected stems.
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In one case, the main stem of a prostrate cedar was found attached
to a dead, fallern cedar (Fig. VIII.2) where an old branch cluster had
apparently rooted adventitiously. The main stem of the fallen cedar
was partially decayed, indicating that it had been dead for decades
(Chapter I1). Callus tissue was evident at the live-dead interface
where the branch cluster had rooted. This layered stem with its short
cancpy had, in turn, layered with another upright stem connected by a
thin, but leng (1 m), shallow root (Fig. VIII.3),

Some smell, isolated, and upright stems of cedar were emergent in
begs. These small cedars clearly developed from seedlings (Fig.
VIII.4) as their root systems could be followed distally tc ends of
fine roots and did not attach to other roct-stems, as was the case with
layering. Several of these seedlings, however, had adventitious roots
along more than one upright stem, as if they were beginning tc develop
into patches of vegetatively-reproduced cedar.

Thus, these prostrate patches of cedar may originate from the stem
of a fallen or broken cedar, a lower limb of an existing tree, or a
seedling established in the bog. As the prostrate cedars develop and
sweep downslope (even on a gradual slope), lower branches root
adventitiously and elongate to enlarge and perpetuate the layering
pateh. Eventually, connections between stems die and decay, while the
process of lower limb layering continues.

Comparison of the presence of prostrate cedar patehes with the
understory plant ordination scores for each plot demonstrates that
layering prostrate cedar patches are common in bogs, but less common to
absent in better drained forest types (Fig. VIII.5). The better

drained sites without cedar layering have higher total basal areas,
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Figure VIII.2. Prostrate patch of Alaska-cedar that originated from
a fallen tree (arrow).

Figure VIII.3. Prostrate patches of Alaska-cedar spread by rooting
of lower limbs (vegetative layering). Note the green crowns
(arrows) separated by lower branches that have roots.
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Figure VIII.4,

Seedlings of Alaska-cedar found in an open bog
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with species other than Alaska-cedar (primarily western hemlock)
contributing most of the basal area (Table VIII.1). Plots with
prostrate layering had significantly lower (boggier) scores than did
plots lacking the prostrate form. The low-growing cedar form was
observed to be abundant in the subalpine where the only species growing
in a tree-like form is mountain hemlock (Tsuga mertensiana (Bong.)
Carr.).

The rarity or absence of cedar layering on better drained sites
may be explained by environmental factors or cedar growth habits,
Light, which is readily available in bogs, is greatly reduced in high
volume forests. Inadequate light could restrict layering on the floor
of high volume forests on better drained sites. Also, cedars become
taller on better drained sites (Chapter III)}, and lower limbs, which
are important for perpetuating layering, are self-pruned. On bog
sites, ceder remains stunted and bushy with many lower l1imbs available

for layering. By contrast, Antos and Zobel (1986) found abundant

layering in fcrests.

Cedar Cermiings and Seedlipgs

The density of Alaska-cedar germlings closely paralleled the
amount of live cedar basal area basal area (compare Fig VIII.b with
Fig. II11.10). The distance of seed dispersal for Alaska-cedar was
normally short (less than 120 m) (Fowells 1965), perhaps because of its
small seed wings (Owens and Molder 1984). The relatively short seed
dispersal could account for the close association of cedar germlings
and live cedar basal area. Plots having at least one germling or

seedling tended to have higher cedar basal srea, higher total tree



Table VIII.1. Basi} area (mefha) and understory vegetation

ordination scores

vegetative reproduction (layering).

for plots with and without Alaska-cedar
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Layeringaf No Layeringa/

Number of Plots 101 173
Live Basal Area for 5.1 £ 19.2 45.0 4+ 22.1
all tree species
Live Basal Area for WM.0 + 4.5 19.2 + 16.1

Al aska=cedar
Dead Basal Area for 7.3+ 11.6 8.3 + 10.7
Alaska=-cedar

Ordination scorel/ 23.4 + 15.7 64.6 + 14,6

v Ordination scores are based on Detrended Correspondence Anzlysis

of 5 understory plant taxa. Scores represent the gradient from open

bog (scores approach zero) to communities with better drainage (scores
approach 100). Means differed significantly (p=0.05)

4 Basal areas and forest type scores are means followed by standard

deviations,
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Figure VIJI.6. Average number of seedlings per plot from plots
occurring along the bog to better drainage forest gradient as rated
by DECORANA plot ordination scores from 280 plots (Chapter III).
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species basal area, and were less boggy (lower ordination score) (Table
VIII.2).
Most seedlings we found were in the germling stage (Fig. VIIL.7),

' distinguisaed from all other conifers in this region by having only two
cotyledens (Franklin 1961). Larger, established seedlings (Fig.
VIII.8), but still with juvenile foliage, were less common than
germlings; still larger seedlings with mature foliage were rare, except
where found occasionally establishing on bogs. Sapling stage cedars
were rare or absent in forests with high basal area. The few found and
aged were always over 100 years in age. Established seedlings have
been found on:

1) bogs

2) creek outwashes

3) road cuts

4) exposeed s0il near windthrown trees

5) earth slides

6) cutover areas {clearcuts)

Seedling development on creek outwashes and road cuts are
inconsequential to stand development, Alaska-cedar appears to be
out-competed by faster growing Sitka spruce (Pigcea sitchensis (Bong.)
Carr.) or Sitka alder (Alpus sinuata (Regel) Rydb.) on revegetating
earth slides. Seedling establishment near windthrown trees could be
important in stand development, but no sizeable cedar seedling were
observed on these sites.

Therefore, seedlings are not establishing where germlings are the

most abundant--in mature, high volume stands of Alaska-cedar. The
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Table VIII.2. Basal ares (mefha) and ordination scoreslf for plots
with and without Alaska-cedar seedlings or germlings.

Gennlingsaf No GermlingsZ/
Number of plots 125 155
Live Basal Area for 49,9 + 21.7 28.7 + 20.2
all tree species
Live Basal Area for 24.2 + 16.2 11.9 + 13.1
Alaska-cedar
Forest type scoreV 60.9 + 16.7 46.8 4 22.2

v Ordinatior. scores are based on Detrended Correspondence Analysis

of 55 understory plant taxa. Scores represent the gradient from open
bog (scores approach zero) to communities with better drainage (scores
approach 100).

2/ Basal areas and crdinaticn scores are means followed by standard
deviations.



241

— N,

Figure VITI.7. Germling of Alaska-cedar. Note its two cotyledons
which distinguishes germlings of Alaska-cedar from those of other
many conifercus species. The germling on the left emerged from its
cone.

Figure VIII.8, Seedling of Alaska-cedar
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factors limiting successful establishment of cedar seedlings on most
non-bog sites are not currently understood, but a requirement for light
and perhaps site disturbance is suggested. Studies are currently being
conducted to follow the development of germiings to determine why so
few germlings become established seedlings.

The occurrence of established seedlings on open bogs was somewhat
surprising. My data suggest that bcgs are the sites that have the
fewest number of germlings (Fig. VIII.6); however, 2 higher proportioen
of these must successfully establish, even in what appears to be the
worst of edaphic conditions.

Successful establishment of seedlings has been observed cn the
edges of some cutover sites where seeds were probably dispersed from
large, adjacent Alaska-cedar trees. These seedlings have, in some
cases, grown into saplings that are now growing as rapidly in height
and diameter as adjacent western hemlocks and Sitka spruces.

Seedling establishment, both on open bogs (poor soils) and on
cutover areas (good soils), suggest that adequate light may be
necessary for successful establishment and that edaphic requirements
are less important. Seedlings may be failing in mature forest simply

because light intensity is too low.

_ - s o _
The origin of mature Alaska-cedar trees in the high volume stands
of southeast Alaska is not clear because seedling regeneration is
currently failing. Possibly, these trees began as seedlings during a
time when the climatic or soil factors (e.g., major soil disturbance)

were more cenducive for their establishment.
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It is also conceivable, however, that these cedars are primarily
the product of vegetative reproduction. Pole-size, and even larger
cedars, commonly share two important characteristics with the
bog-prostrate layering: & downslope sweep to the bole and an upslope,
very shallow root with a long-dead, decaying end. The root systems of
34 cedars ranging from small to large trees were excavated and examined
for root symptoms in order to determine the cause of Alaska-cedar
mortality., Of these trees, 82% (28 of 3U) had a downslope sweep to the
main bole (Fig. VIII.Q) and 85% (29 of 34) had an old, long-dead
upslope root with a rotted end (Fig. VIII.10)., Larger diameter and
taller trees had the downslope bole sweep less frequently, suggesting
trat this characteristic may be lost over time through continual radial
growth of the bole.

The patches of prostrazte layering in semi-bog stands commonly had
several erect tops of varying heights. These stems were apparently
growing into a tree-like form (Fig. VIII.11), often in the presence of
numerous dead Alaska-cedar snags. Alaska-cedar may be uniquely adapted
tc regenerating on bog and semi-bog sites where it reproduces primarily
by vegetative layering. The abundant patches of prostrate cedar on
sites with numerous dead cedar trees may serve as a source for a new
cedar stand.

Most Alasks-cedars affected by decline die standing and remain
standing for 100 years or more. Although certain microenvironmental
changes may develop after cedars die (e.g., increased availability of
light and nutrients), soil mixing or churning does not occur because
trees die and remain standing. Soil mixing is probably beneficial in

the establishment of seedlings of all conifers in this region (B.
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Figure VIII.Q, Mature Alaska-cedar tree with sweep in lower bole
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Figure VITI.10. Roct systems of Alaske-cedar trees suggest that
these trees developed through layering. Note the aerizl, long-dead
primary root (arrow).
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Figure VIII.11. Prostrate Alaska-cedar in a bog with some stems
turning up into tree form,
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Bormann, pers. comm.), particularly on bog and semi-bog sites where the
extensive Alaska-cedar mortality problem occurs. Thus, Alaska-cedar
may have a distinct advantage, by its successful and extensive
vegetative reproduction, over other conifers for colonizing sites
afflicted with extensive mortality.

The lack of sexual reproduction would tend to limit genetic
diversity in stands of Alaska-cedar that primarily reproduce
vegetatively. Limited genetic diversity and restricted recombination
suggests a species that is slow to develop genetic resistance to
changing envirormental threats, whether they be biotic or abiotic.
Alaska-cedar is one of the longest-lived of conifers, and it may be
slow to respond with changing frequencies of genes resistant tc
changing enviromnmentzl factors.

Vegetative reproduction is suggested as a potential origin for
extensive and sometimes nearly pure stands of old-growth cedar in
southeast Alaska. Future work on the genetic relationships of adjacent
trees and stands (i.e., isozyme studies) may address this hypothesis
and even determine clone sizes, if they exist. Information is also
needed for determining the best manner of regenerating both cutover
areas and sites where salvage logging has been conducted.

Autecological studies on Alaska-cedar, particularly on shade tolerance,
along with other results on the effects of animal browsing (e.g., deer,
voles, etc.), may suggest reasons for failing Alaska-cedar seedling
regeneration in old-growth forests. This informatior could best be
utilized to improve techniques of using Alaska-cedar to reforest

cutover areas or sites with intensive decline.
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CHAPTER IX

SUMMARY

This chapter summarizes the results of this thesis on Alaska-cedar
decline., It also compares this forest malady with other diseases and
declines, suggests several opportunities for forest management to
reduce losses, and clarifies future research needs.

Chapter I discusses the characteristics that make Alaska-cedar a
valuable tree species and outlines what is known about the species!
ecology. The scant literature on Alaska-cedar mortality is discussed,
including our preliminary examination of the problem in 1981 (Shaw et
al. 1985). In that stucy, we characterized the symptoms of dying
cedars, described the extent of the problem in southeast Alaska, and
discussed several potential causes; however, we did not determine the
primary cause,

M so in Chapter I, the known pests of Alaska-cedar are summarized
to allow me to predict which, if any, may cause Alaska-cedar decline.
The setting for field studies, primarily in the Peril Strait area of
southeast Alaska, is described. Then, the primary objective of the
study is stated: to determine if the primary cause of Alaska-cedar
decline is some biotic agent,

Chapter II indicates that extensive mortality began around 1880,
or about 10C years ago. I established this date by determining the
time of dezth for numerous individual, dead Alaska-cedar trees. This

date was supported by examining aerial photographs of mortality areas
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taken in 1927 and by reviewing comments made during earlier botanical
explorations (i.e., in the late 1700s, 1800s, and early 1900s). These
data and observations also suggest that decline was initiated about 100
years ago;

Many Alaska-cedar trees thzt died in the 1880s remain standing
today, slowly decomposing. Time since death for more recently killed
cedar trees was also determined; in Chapter III, this information is
used to help interpret the temporal, spatial, and forest type
relationships of this decline.

Chapter III, an investigation of epidemioclogical aspects of
decline, adds data in support of mortality being initiated 100 years
ago. Transects were established on 32 sites with mortality. Each dead
Alaska-cedar on the 427 plots was placed intc one of six classes of
snags, based on degrees of retention of dead foliage, twigs, branches,
and deterioration of the bole. Five classes of dead trees were
relatively commor on each mortality site, but snags in the sixth class,
Wwith no branches retained and boles deteriorating, were uncommon and
not associated with any particular forest type; their death probably
predates the onset of extensive mortality. By contrast, dead
Llaska-cedar trees in the fifth snag class, with branches absent but
boles intact, were present on all sites with mortality and, I believe,
represent the onset of mortality. These trees, on average, died 81
years ago, but variation on either side of this mean suggests that
extensive mortality began about 100 years ago.

Chapter III also provides information on spreading patterns of
mortality. Spread was documented on seven sites by mapping from aerial

photographs the boundaries of dying trees in 1927, 1948, 1965, and
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1976. These maps clearly show that mortality has spread, but this
local spread has been confined to within 100 m of where trees died
about 100 years ago. Ground transects confirm the spread of mortality
as more recently killed snags were most frequently encountered near the
current edge of mortality. The spread of mortality may suggest a
contagious organism; however, I analyzed the distribution of understory
plants that occurred along the same transects and showed that mortality
has spread along an ecological gradient from bog types to more
productive forest types with better drainage. This strict ecological
pattern of spread is not consistent with the epidemiology ¢f mzny
forest pathogens,

Although mortality has spread limited distances along known
ecological gradients, it has not spread to new sites. All declining
stands that were grcund surveyed or observed from the air also have
dead cedars in the fifth snag class, the original mortality. The lack
of any spread of mortality to new sites in the last 100 years suggests
that the problem is rot contagious, and is strong evidence in support
of an abiotic cause of decline.

Fungi associated with Alaska-cedar are reported in Chapter IV, A
literature review of pathogens on Alaska-cedar and other species of
Chamgecyparis suggests that few recorded organisms could be capable of
causing this extensive mortality. Two fungi, neither known to occur in
southeast Alaska, are destructive pathogens to other species of
Chamaecyparis in locations outside of southeast Alaska--Phytophthora
lateralis on Port-Orford-cedar and Seiridium cardingle on several
species of Chamaecyparis and Cupressus. In general, relatively few

fungi, pathogenic or saprophytic, were reported on Alaska-cedar prior
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to my study, particularly in southeast Alaska where the extensive
mortality is occurring.

Over 50 taxa of fungl were isolated or collected from Alaska-cedar
during the coarse of these studies; 37 are new reports on Alaska-cedar
and 26 are new fungi from Alaska (on any host).

Chapter V is an investigation of the symptoms of dying trees and
the isolation and pathogenicity testing of fungi from Alaska-cedar.
Crowns of dying Alaska-cedars are characteristic of trees suffering
from root disease, as the entire crown dies as a unit, Necrotic
symptoms on the roots, including dead fine roots, dead small diameter
roots, and necrctic lesions on larger diameter roots, also suggest a
possible root disease., Dead fine roots are probably the initial
symptom of declining cedars. These dead roctlets decompose quickly and
are frequently not replaced, which results in many coarse roots lacking
fine roots. Small diameter coarse roots are fregquently dead. Necrotic
lesions on larger coarse roots appear to spread proximally towards the
root collar. As crowns are in the final stages of decline, narrow,
vertical lesions spread far up the bole on many affected trees.

Although dead fine roots and lesions on roots are suggestive of
root disease, the fungl most commonly isoclated from these symptomatic
tissues lacked the ability to kill inoculated seedlings of
Alaska-cedar. Only one fungus, Cylindrocarpon didymum, caused necrotic
lesions in the cambium on inoculated seedlings, but the fungus was
unable to sustain these lesions and seedlings eventuzlly developed
callus and survived. Necrotic lesions of the cambium on large roots
and boles are probably not caused by an organism. Such lesions did not

herbor an aggressive pathogen, did not advance in a girdling manner
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(lesions were long and narrow), and tended to be associated with cedars
in advanced stages of decline. Similar lesions developed from the
mechanical wounding of coarse roots.

The most likely location for the primary cause that initiates tree
decline is where fine rocts and small diameter coarse roots die.
Although many fungi were isclated from dead and dying fine roots, none
was strongly pathogenic. Vesicular-azrbuscular mycorrhizae were common
in cortical cells of fine rcots on both healthy and declining trees.
Therefore, Alaska-cedars are probzbly not dying because of the
degeneration of mycorrhizae, a hypothesis for the cause of decline in
other species suggested by Manion (1981), Cortical cells were also
infected by & dark-colored fungus, prebably Mycelium radicis
atrovirens. It is not likely responsible for the death of fine roots
since it was common in in these fine roots on healthy, as well as
declining, trees (see below).

Small, nearly imperceptible, crown galls are common but are not
assoclated with decline since they were found on healthy, as well as
dying, Alaska-cedars and occurred in trees some distance from mortality
areas. Since phlcem, cambium, and sapwood tissues remain alive, these
galls are probably not very harmful to infected trees. Dermea sp. was
consistently isclated from these galls and is the most likely cause of
this bark malformation,

The involvement of Armillarija sp., Phytophthors sp., Myceliur
radicis atrovirens, other potential pathogens, mycorrhizae, and

nematodes are discussed in Chapter V. These organisms are present in
stands of Alaska-cedar, but none appears to be the primary inciter of

mortality., One test of an organism's role as the primary cause of
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decline is its incidence on dying versus healthy Alaska-cedar trees.

An aggressive pathogen should be consistently associated with dying
trees, and present within that tree in a population or distrubution
capable of greatly reducing tree vigor. On the other hand, the
organism should occur less frequently or be absent in healthy stands of
Alaska-cedar. A potential pathogen should have a high degree of
associztion with trees in early stages of decline and might be expected
to occur on some trees nct yet expressing crown symptoms.

None of the fungi isclated in this study met these criteria and,
thus, none appear to initiate mortality. Mvecelium radicis atrovirens
and several other fungi were common on dying cedars, but they were as
commen on healthy trees. Armillaria sp. was absent on most dead and
dying trees and, when present, was primarily saprophytic. When
Armillaria sp. was present on healthy trees, it was usually restricted
to dead wood (e.g., basal scars and long-dead roots). Inoculations of
Armillaria onto the roots of mature trees failed to cause lesions.
Nematode species were either equally common on healthy Alaska-cedar
trees or occurred in populations too low to cause significant damage.

The Fhytophthora sp. is unlikely to be the major inciter if
decline. Necrotic lesions on roots and boles of Alaska=-cedar trees,
somewhat similar to symptoms caused P, lateralis on Port-Orford-ceder,
do not girdle large roots or boles and are most likely not the direct
result of pathogen activity. Phvtophthora sp. was never isolated
directly from tissues of Alaska-cedar even though over 500 attempts
were made using media selective for them. Four isolates of
Phytophthora sp. were recovered from organic material collected beneath

Alaska~cedar trees using cedar foliage as baits. . Future work on
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Phytophthora should clarify the taxonomic classification of these four
isolates, test their pathogenicity on Alaska-cedar and determine their
frequency and distribution in stands of Alaska=-cedar.

Large scars are very common at the base of Alaska-cedar trees and
could be interpreted as symptoms of decline. Chapter VI treats the
causes of these scars, their association with decline, and the future
effects of scars on timber quality. Most basal scars are old; they
have exposed and decaying woocd, and callus along their sides, top, and
bottom. Some scars, however, have been produced more recently; they
have bark torn away from the bole and teeth marks in the exposed
szpwood. These fresh scars most likely result from the activity of
brown bears (Ursus arcteos). Such scars on Alaska-cedar trees occur on
islands with large populations of brown bears but not on islands
uninhabited by these bears. The reason that bears scar Alaska-cedar
trees is unknown. Fresh scars are produced c¢nly in the spring;
perhaps, bears lick the cambium for sugars at that time. Taller scars,
with a straight cut line across their top, are far less abundant and
were produced by humans who collected large pieces of cedar bark, a
practice common among people native to southeast Alaska.

Basal scars are not associated with decline; in fact, they are
most abundant on well-drained, productive sites with the least
mortality. These are the sites most likely to be harvested for timber,
however. 3Since trees with old scars have associated columns of wocd
decay, a significant number of decayed butt logs should be expected if
stands with a high incidence of scars on Alaska-cedar trees are

harvested.
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Bear-caused basal scars provide a good model for the effects that
basal scars caused by logging activities have on log quality. The bark
of Alaska-cedar is among the thinnest of conifers, even in old age
(Anderson 1959, Bones 1962). If stands of Alaska~cedar ever receive
commercial thinning or partial cuts (bcth require the removal of scme,
but not all, large trees), then a high incidence of wounding to the
cedars left may be expected. Logging scars may closely resemble the
appearance and dimensions of bear-caused scars. If so, tree response
to wounding, fungi on scars, and the columns of wood decay may be
similar to bear-caused scars réported in Chapter VI. Future work on
scars caused by bears could estimate losses if volume and value with
scars of different ages: this information could aid in our
understanding of how best to manzge commercial stands of Alaska-cedar.

Chapter VII provides a rreliminary examination of the nutrient
status of Alaska-cedar trees. There were no significant differences in
the concentration of 26 elements between cedars growing on sites with
extensive mortality and sites lacking mertality. Although these
results should be viewed as preliminary due to the limited number of
samples, the lack of any significant differences, or even trends, in
the nutrient data of cedars growing on sites with and without decline
suggests that nutrient deficiency is probably not the primary cause of
mortality.

Crapter VII] discusses natural reproduction of Alaska-cedar on
different forest types. Although this information does not directly
aid in determining the cause of decline, but it will be useful to
managers interested in using Alaska-cedar to reforest cutover areas and

sites of mortality that have been salvage-logged. Alaska-cedar is
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presently failing to reproduce from seeds in the well-drained, most
productive forests in southeast Alaska. Seeds germinate and begin to
establish in stands with a cedar overstory, but seedlings usually die
before they are 10-15 cm tall. Shade intolerance is suspected as the
primary reason for this failure.

Alaska-cedar is regenerating successfully on bog and semi-bog
sites by the rooting of lower limbs, however. Alaska-cedar may be well
adapted to reproducing on these poorly drained sites. Such sites are
where concentrated mortality occurs; thus, vegetative reproduction may
be important to the refcrestation of sites that are salvage-logged,

The extent of asexual reproduction in the origin of mature
Alaska=-cedar forest is not known, but mature trees have evidence of
originating from vegetative reproducticn since they share
characteristics with prostrate cedar forms that are layering: a
downslope sweep to their bole and their primary root ending in a
long-dead, shallow end. The lack of sexual reproduction would tend to
limit the genetic diversity of this species and could make cedar
populations more susceptible to forest pests and changing environmental
conditions. Such genetic rigidity may be particularly detrimental for
Alaska-cedar, one of the longest-lived conifers (Harris 1970). The
other conifers that are neither as long-lived as Alaska-cedzr, nor
suf fering mortality in the same proportions in declining stands, are
reproducing primarily from seedlings and, therefore, may be more
adaptable to the changes in pests or enviromments,

The objective of my study was to determine the primary cause of
Alaska~cedar decline. My approach was to test the hypothesis that some

biotic agent (organism) is the primary cause of decline. All
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pathological, ecological, and epidemiological evidence gathered in
these studies suggests that no organism is the primary inciter; an
abiotic cause is more likely.

Alaska~cedar decline is similar to other declines that occur in
forests throughcut the world. Pathogens have been found to be the
primary cause of such declines in only a few cases. Most declines are
presumed to have an abioctic cause, but, typically, the etiolegies of
these declines are poorly understood (Shigo 1985) because very few
declines have received adequate pathological and epidemiological study.

Cecline syndromes affect meny hardwood tree species. For example,
birch dieback, ash dieback, maple decline, cak decline and sweetgum
blight all occur in the eastern United States or Canada (Manion 1981).
A variety of diebacks or declines affect a single genus of trees,
Eucglvtpus, in Australia (Palzar 1981). Frequently, the term "cieback"
is applied interchangeably with decline. I prefer to reserve "dieback"
for the symptom of the death of tissue back from a growing point (e.g.,
shoot dieback). There are also declines of conifers: pole blight of
western white pine, little leaf disease of pines (Manion 1981), and
wave mortality of true firs in the eastern U.S. (Sprugel 1976) and
Japan (Iwaki and Totsuka 1959), to name several. Waldsterben, or the
general forest decline of central Europe, has similar symptoms to the
declines mentioned above, but differs in that many tree species, and
even herbaceous plants, die (Schutt and Cowling 1985).

These declines have several characteristics in common. They have
weak pathogens or secondary insects as contributing factors, climatic
or site factors that may lead to predisposition, feeder roots or

mycorrhizae that degenerate prior tc the development of above-ground
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symptoms, depletion of reserve carbohydrates, and the presence of
Armillaria sp., (Manion 1981),

Pole blight of western white pine (Pinus monticola Dougl,) had
several symptoms similar to Alaska-cedar decline, Leng, narrow lesions
on the boles of white pines were probably a secondary symptom since
lesions cdeveloped only after trees experienced a reduction in height
and radial growth rates, Crown decline was probably a secondary
reaction follcwing decline of the root system (Leaphart 1958, Leaphart
and Stage 1971), McMinn (1956) discussed the difficulty in determining
if dying fine roots were the cause of declining tree crowns or if dying
fine roots were also a secondary symptom and merely the result of the
general physiological decline that these trees were experiencing, The
species of Leptographium that frequently were isolated from lesions on
pines, when inoculated into healthy pines, caused lesions that
eventually callused, Fungi were not primarily associated with fresh
lesions and were more common in older lesions. Leaphart and Stage
(1971) concluded that a 25-year drought probably triggered pole blight,

Eecause the mortality of Alaska-cedar that T have described in
this thesis shares many characteristics with other declines, it seems
appropriate teo refer to this forest problem as a decline, The term
"decline" is broad and has several implications. First, the cause is
unknown or incompletely understood., In fact, some suggest that those
maladies for which a biotic cause is found shculd no longer be referred
to as declines or diebacks, For example, littleleaf disease of
shortleaf pine, is associated with the presence of Phvtophthora
cinnamomi, which may be the primary cause. Perhaps this may be

referred to as a root disease, but one in whick trees die slowly.
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A similar array of symptoms and the poorly understood etiology of
declines may suggest that many of the declines throughout the world
have a similar cause. I suggest, however, that the characteristics
commen to m;st declines, such as the presence of Armillaria, imply that
the common denominator for declines is that declining trees lose vigor
and die slowly. All of the previously mentioned characteristics should
be expected in such slowly dying trees. FPodger (1981) states that the
type of causal agent (i.e., incect, pathogen, or envirormental factor)
should not classify a forest problem as a decline. Far more important,
he ccncluces, is the set of symptoms and protracted death., The primary
cause of slowly dying trees can be difficult to determine, as has been
the case for declines., Pathogens that may be involved would be
expected to be less virulent or abundant (since they are unable to kill
trees quickly), and thus, pathogenicity may be more difficult to
establish. Careful pathological and ecclogical study of declines may
determine that each has a distinct etioclogy.

Cne unique aspect of Alaska-cedar decline is that humans have
protably not been a significant factor in its development. Decline and
mortality of Alaska-cedar occurs extensively throughout southeast
Alaska, an area with numerous islands and many remote, sparsely
inhabited locations., It is difficult to imagine that the direct
activities of humans (e.g., logging or mining) have influenced the
development of decline. The location of the decline in remote Alaska
and its onset before 1900 also provide evidence that factors such as
industrial pollution are not directly responsible for tree death, The
effects of a general climatic change on a global scale since the

Industrial Revolution is a factor that cannot be ruled out, however.
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It may seem feasible that some pathogen was introduced onto
Alaska=cedar which could cause decline, but the lack of such a
virulent, widespread pathogen in my studies as well as the nearly
simultanecus appearance of mortality about 100 years ago extensively
scattered throughout southeast Alaska refutes a potential introduction.

The lack of human involvement distinguishes the etiology of
Alaska-cedar decline from factors associated with most other declines.
Forests currently in trouble elsewhere are mainly those on tops of
mountains and ridges, near mining and smelting areas, or areas that
have been repeatedly cut-over (Shigo 1985). Many of these tress are
growing with minimal energy reserves (Shigo 1985). They are stressed,
and any new destructive agent--insects, fungi, or pollution--can easily
accelerate stress to strain and then finally, to death (Shigo 1985),
Alaska~cedzr declire can serve as a model, or even as a control, for
studies on declines suspected to be caused by such human activities.
It demonstrates that declines can occur as a natural part of a forest
ecosystem.

Subtle variations in climate may be responsible for initiating
some declines, such as those of maple, birch and ash (Weaver 1965).
Since climate is not static, and presumably is continually changing,
vegetation may be constanty adjusting to reflect its new environment
(Smith 1970). Interestingly, by examining weather records from five
locations, Hamilton (1965) concluded that most of Alaska has
experienced a warming trend of 0.6 to C.8 C from the late 1800s (which
roughly corresponds with when Alaska-cedar decline began) to 1950. By
examining radial growth of white spruce (Picea glauca (Moench) Voss)

growing at treeline in the Brooks Range, Garfinkel and Prubaker (1980)
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indicated a warming trend from 1829. They calculated that the
twentieth century has been approximately 2.1 C warmer during the
May-July months than those menths for the nineteenth century. Juday
(1982) speculates that this warming trend may have begun about 200
years age end may have been initiated at the end of the Little Ice Age
and the beginning of the Industrial Revolution with high 002
production. The effects of a gradual warming of 1 or 2 C may have on
stands of Alaska-cedar is not clear. It seems unlikely that a slightly
warmer temperature over a period of one or two centuries would be
damaging directly to Alaska-cedar. However, the indirect effect of
increased precipitation, or the physical, chemical, or microbial
changes in bog soils could alter the growth of Alaska-cedar trees on
sites with poor drainage,

My study documents the associatior of Alaska-cedar decline with
lew=-quality, bogpy sites, Local spread of mortality is also initiated
from bog and semi-bog sites. Because symptoms suggest a root problem,
and fungal or nematode pathogens or root-feeding insects are not the
primary cause of decline, the effects of soils in bogs and semi~-bogs on
Alaska-cedar trees should be evaluated in the search for the primary
cause,

The expansion of bogs is znother hypothesis for the occurrence of
forest decline in southeast Alaska. This phenemonon could result from
the proliferation of sphagnum moss or tke development of poorly drained
goils, or both. This process is referred to as paludification (Noble
1984) and results in the death of surrounding forest trees as a
consequence of inadequate aeration to the roots and insufficient

rutriert supply (Lawrence 1958; Heilman 1966, 1968). Whether muskegs
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in southeast Alaska are actually expanding, contracting, have done
both, or are static is not currently known. Thorough ecological
studies on the dynamics of these bogs would enhance cur understanding
of Alaska-cedar decline.

Future studies, perhaps involving soil scientists and plant
physiclogists, should critically examine the soil development process
on bog and semibog sites. I hypothesize that some factor, to which
Alaska-cedar is particularly intolerant, developed (or reached a level
to which Alaska-cedar is critically sensitive) on bog sites zbout 100
years ago. Its influence has slowly encroached onto more productive,
better-drained forest types. Poor sc¢il aeration, caused by
water-saturated soils, is a potential causal factor of decline.
Autecological characteristics of conifers in affected stands, such as
the relative tolerance of Alaska-cedar to poorly drained sites, suggest
that poor soil aeration, alone, does not adequately explain the
disproportionate level of mortality to Alaska-cedar. The association
of edaphic and microclimatic changes along this gradient are probably
exceedingly complex (i.e., changes in light, rain, and snow that
reaches the ground; and differences in humidity, soil temperature, pH,
nutrients, microbial populations, toxins, ete.). Determining which, if
any, of these variables may incite decline may prove to be a difficult
task. Since Alaska-cedar, and particularly its roots, have selective
sensitiviy to the factor(s) causing decline, Alaska-cedar could be used
as a bio-assay to screen these abiotic variables.

Because Alaska~cedar decline is probably not caused by a
contagicus, biclogical agent, stands with numerous snags could be

salvage-logged without threat of spreading the problem to new sites.
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The value and decay resistance Alaska~cedar wood suggest that there is
commercial merit in salvage operations (Hennon and Shaw 1985). The
dates of death for five snag classes, discussed in Chapters II and III,
have been determined. A mill recovery study could guantify the
commercial utility cf salvaging snags in each of these classes and
thus, clarify the feasibility of salvage operations.

In surmary, decline and mortality of Alaska-cedar is most likely
caused by an abiotic factor. Data collected during the course of these
pathological and epidemiological studies do not support the biotic
hypothesis that an organism is the primary cause. Future workers
attempting to determine the cause of Alaska-cedar decline should focus
their studies on abiotic factors, particularly those associated with

pecrly drained, beggy soils.
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