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CHAPTER I

INTRODUCTION

Every Douglas-fir tree over ten years of age, and many

which are much younger, supports lichen growth to a greater

or lesser degree. Since this is true, the correlation between

the physiological functioning of the tree and its ever-present

lichen cover should be understood by each forester. Unfor

tunately, however, research in this problem has been far too

limited to adequately answer many of the questions.

Many researchers have noted an apparent correlation be

tween the presence of lichen in excessive amounts on a tree

and the corresponding lack of vigor of that tree, but all

have failed to establish a definite reason for this correla

tion. Various attempts to determine whether lichens common

to trees are parasitic on those trees have generally led to

the conclusion that lichen is neither parasitic nor sapro

phytic on the tree. Nonetheless, even the casual observer

can note some relationship between lichen covered trees and

poor growth.

If there is a correlation between the presence of lichen

on Douglas-fir and the vigor of the tree, as noted above,

then such knowledge would certainly be of value to foresters

in the management of Douglas-fir forests. Complete investi

gation of the problem might permit the development of lichen

tree classes by means of which trees of like vigor could be

grouped together for purposes of planning, or might lead to
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better site classification.

In 1940, Jack Mace (14) conducted an investigation into

the effect of lichen on Douglas-fir. He defined three lichen

tree classes and established, on the McDonald Forest, plots

containing Douglas-fir trees in all three classes. Mace also

made increment borings of eight trees covered with a luxuri

ant growth of lichen and eight trees in the same area which

were only sparsely covered with lichen. One year later Nils

Edin (5) reviewed the data on the borings and re-examined the

lichen plots to determine if, in that short period of time,

there was any noticeable change in the condition of the trees.

Generally his conclusions were that trees with a heavy growth

of lichen are slow growing, but whether this slow growth is

a result of the lichen or whether it is the cause of the pro

fuse lichen development was not apparent. In either case,

definite knowledge that lichen-covered Douglas-firs lack vigor

and may soon die should be sufficient reason for removing

such trees in preliminary cuttings so as to improve the con

dition of the stand. However, the lichen plots established

by Mace did not show any appreciable change in one year, there

fore, no specific conclusions could be reached in this phase

of Edin's work.

This thesis will attempt to present further evidence to

that already recorded by Nils Edin (5) in 1941. The lichen

plots established by Mace were re-examined during April, 1946,

and the changes noted will be indicated herein. There will

also be presented certain new theories relating to the effect

of lichen on Douglas-fir and there will be reviewed the recent
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findings of botanists and foresters working on this problem

throughout the world.

The conclusions reached in this work are by no means the

final answer or the whole story. There is need for a great

deal more study by many men in widely scattered areas so that

the myriad variations in the effect of lichen on Douglas-fir

may be known and so that the effectiveness and accuracy of

the proposed lichen tree classes may be thoroughly tested

under the most varied conditions.



CHAPTER II

THE PHYSIOLOGY AND ECOLOGY OF LICHENS

As early as 1700 Joseph Pitton de Tournefort recognized

lichens as a separate "genus". Prior to that time they had

been included with the mosses. It was not until 1867, how

ever, that S. Schwendener forwarded the theory that lichens

were, in reality, a combination of an alga and a fungus, the

fungus living parasitically on the captured algal cells. This

theory was quickly and repeatedly proven by several different

investigators who sowed pure fungus spores on pure alga spores

with the resultant formation of a lichen thallus. J. Reinke

in 1872 offered the theory of symbiosis—a living together

of dissimilar organisms mostly, though not always nor in equal

degree, beneficial to the participants—and until this day

the idea of symbiosis is almost universally accepted.

If the algal or fungal portions of a lichen are isolated

each will develop as an independent alga or fungus which, in

form, will be wholly unlike the original lichen thallus. When

these two organisms develop together, however, they produce

a new and distinct plant with individual characteristics which

may be passed on to future generations of the lichen. The

symbiotic lichen forms structures not formerly a part of

either the fungus or the alga which make up the new plant.

The development of cortex, the adaptation of the fungal hyphae

to new requirements, the appearance of soredia and other

suecial reproductive organs and the production of certain
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oils and acids are characteristics common only to the lichen

and unknown to either of the symbionts.

The thallus. The lichen thallus, the most conspicuous

part of the plant, consists of a mass of colorless fungal

hyphae in various forms completely surrounding certain green

algal cells or gonidia. The thallus may be crustose, foliose

or fruiticose in form. Crustose lichens fona a crust closely

associated with the substratum or in some cases may even be

wholly or partly within the substratum. Foliose lichens are

horizontal and leaf-like in form, being attached to the sub

stratum at only a few points. Fruiticose lichens are erect

or pendulous and are attached to the substratum at only one

point.

Reproduction. Reproduction of lichens may be accomplished

by means of soredia, fragmentation, rejuvenescence, spores or

sexual reproduction. By far the most common method of repro

duction is by means of soredia. In this method a small mass

of hyphae and algal cells may develop on the upper surface

of the thallus in the form of a soredium, and this vegeta

tive portion of the parent plant may then be blown by the

wind or washed by the rain to a new location where, on a fa

vorable substratum, it will develop into a new lichen. Re

production by fragmentation as the result of bits of the

parent plant being blown by the wind to a new location and

there forming a new lichen is not uncommon. Rejuvenescence

is the name given to the vegetative process of reproduction

in lichen wherein, as the plant spreads, the older portions

die, thus forming new plants at the edges in a sort of "fairy
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ring". Reproduction of lichens by spores is thought to be a

rare occurrence since the spores of the lichen must alight on

a favorable substratum and there come into contact with the

proper alga before a lichen thallus similar to the parent

will be formed. Sexual reproduction in lichens is still a

matter of debate among botanists.

Growth. Growth of crustose and foliose lichens takes

place at or just behind the margin of the thallus. Growth

of fruiticose lichens takes place in a special apical region

near the growing tip of each branch of the lichen. Lichen

growth, however, is exceedingly slow according to most author

ities. Cooper (3) in studies of lichen growth on Isle Royal,

Lake Superior, noted no apparent change in colonies of crus

tose lichens over a period of seventeen years. Bruce Fink

(7) found that lichen becoming established on denuded areas

require two to eight years to produce a thallus and apothe-

cium. Daubenmire (4), however, examined leaves of Thuja

plicata D. Don. collected in northern Idaho and found that

specimens collected in September showed mature lichen thalli

complete with fruiting structures on foliage and twigs pro

duced by the tree that same year. These lichen had evidently

developed in three or four months. He admits that this was

unusual lichen growth and probably the result of abnormal

moisture conditions during the growing season, since speci

mens collected in the same area one year later showed no li

chens on the new growth. It may be concluded, therefore,

that under normal circumstances growth of lichens is exceed

ingly slow. The figures determined by Fink (7), for example,
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indicate foliose lichens increase in diameter at the rate of

0.3 to 3.5 centimeters per year.

Attachment to substratum. Lichen is attached so firmly

to the material upon which it is growing that it is almost im

possible to remove it without leaving a portion still attached

or without also removing a part of the bark or rock. Crus

tose lichens are attached to the substratum by means of the

lower layer of hyphae which enter any crack or crevice in

the bark, wood or rock on which they are growing. Foliose

and fruiticose lichens have special bundles of hyphae extend

ing from the under side of the thallus called rhizoids or

rhizinae which act as rootlets for anchoring the lichen plant

to the substratum. These rhizoids usually penetrate the sub

stratum and are primarily organs of attachment, having little

significance as organs of absorption. Attachment is accom

plished by the wedging action of the rhizoids as they force

their way between the cells of the substratum. They then

expand to completely occupy the space. Further attachment

is effected by a mucilaganeous substance surrounding the rhi

zoids, especially at the growing tip, and by the suction action

of the enlarged tuft of hyphae at the growing tip.

Critical factors. The factors controlling the growth

and development of lichens are the amount of atmospheric mois

ture available, the rate of evaporation, the amount and inten

sity of light, the nature of the substratum and the contents

of the atmosphere. The presence of lichens in abundance in

any area is an indication that during at least one season of

the year there is plentiful atmospheric moisture. Plitt and
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Pessin (17) found that the rate of evaporation was more im

portant than the intensity of light as a factor determining

the distribution and abundance of lichens. On the basis of

ability to withstand dessication they placed each lichen

studied into one of four groups. The various species of

Usnea, which are so noticeable on trees from a position on

the ground, were placed in the group of lichens able to with

stand dry conditions and thus found in regions of high evap

oration. They also concluded that Usnea spp. occur only in

regions of intense light , the high evaporation common to

these regions being no deterrent to their development. Haugh

(12) quotes Gallo as saying that the light available in late

winter and spring is the factor largely controlling the de

velopment of lichen in beech forests, pointing out that lichen

is mostly lacking from young beech forests which hold their

leaves over winter.

The nature of the substratum is important in the estab

lishment of the lichen thallus and its subsequent development.

In order that lichens may become established the surface of

the substratum must be rough enough to permit the young thal

lus to establish a hold, and, if the lichen is to maintain

itself in that spot, the substratum must be permanent enough

to permit complete development of the relatively slow-growing

thallus. For lichens which develop close to the surface a

substratum which retains moisture is conducive to more rapid

and healthy lichen development. This is not so important for

1 See Phillips' findings concerning the light require
ments of Usnea as given on pages 19-22.
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the fruiticose forms because the elongate thallus does not

possess any water-conducting tissue for transporting liquids

from the substratum to the outer extremities of the thallus.

The presence of nitrogen either in the substratum or in

the air seems to favor the development of lichen. Rock out-

croppings frequented by birds and thus covered with bird-

droppings are usually abundantly covered with lichens. G. S.

West2 reported that lichens seem to flourish where they are

covered by the dust from dung-laden roads.

The nature of the soil upon which a tree is growing ap

pears to have some connection with the nature and amount of

lichens growing on the tree. Hartig (11) found that the stems

of beech trees grown on the best soils bear few lichens where

as beeches growing on poorer soils are covered with an abun

dant growth of lichens. Gallo and Haugh (10) found the same

to be true.

2 Annie Lorrain Smith, Lichens (Cambridge: At the Uni
versity Press, 1921), p. 233.



CHAPTER III

HARMFUL EFFECTS OF LICHEN

As early as 1775 J. G. Gleditsch , one of the earliest

writers on forestry, indicated that lichens seemed to have a

harmful effect on trees. Since then various researchers

throughout the world have found evidence of lichen hyphae

actually entering between the living cells of the plant upon

which the lichen is growing. There have also been a few in

stances recorded where lichen hyphae have penetrated the cell

walls and, in a sense, reverted to the parasitic character

istics of their fungal ancestors. Although there has been

much disagreement on the subject of whether lichens are actu

ally parasitic, nearly all observers agree that lichens grow

ing on trees, especially the foliose and fruiticose forms,

may harbor injurious insects, affording them a place to lay

their eggs and providing protection over the winter. F. Kau-

fert (13) found that bark beneath lichen was very moist and

isolations made from such bark yielded a great variety of

fungi, most of which were molds. It is also believed that

abundant growths of lichen impede the intake of air and mois

ture and otherwise interfere with the normal functioning of

the bark.

Orchardists have long recognized the presence of lichen

on orchard trees as unsightly if not necessarily harmful.

1 Ibid., p. 269.
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The well-managed orchard will be without abundant lichen

growth since the sprays normally used to control insect pests

and certain diseases also kill the lichens. The removal of

lichen from forest trees is altogether impractical, but as

will be shown, its development can be limited by proper manage

ment of the stand.

Mechanical effect of lichen. The mechanical effect of

lichen on the substratum has been the subject of intensive

research by many botanists. Their findings indicate, beyond

a doubt, that the wedging action of the growing rhizoids and

the expanding and contracting of the plant as it absorbs and

loses water exert tremendous forces upon the rock, bark, glass

or other substance upon which the lichen is growing.

E. J. Fry (9) in studying the mechanical action of lichen

on a corticolous substratum found that the rhizoids of lichen

do not penetrate the walls of the cork cells.

"Although several hundreds of sections of lichens grow
ing on and in bark have been examined, no case was found of
the perforation of a cork wall by lichen hyphae.... The
hyphae appear to force their way by pressure, due to growth,
between the cell-walls; or it may be that they have the
power to dissolve the middle lamella, and so separate the
adjoining cork cells. Against the second alternative is
the fact that there is no indication of chemical alteration
of the walls in these regions, nor in fact in any region of
the periderm where the lichen is attached."

Fry also noted arching of the periderm layer below the

thallus of crustose lichens with the greatest arching observed

below the fruiting bodies of the lichens as shown in Figure 1.

His experiments proved quite conclusively that this arching

of the outer cork cells is due to the gelatinous nature of the

hymenium layer of the reproductive organs. As the hymenium

layer absorbs moisture it expands enormously, but since it is
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Figure 1. (Semi-diagrammatic) Vertical section
through an apotheciura, showing arching of
periderm cells below the fruiting body.
Note extra pull at "x". After Fry (9).

/Cork walls iHyfht

Figure 2. (Semi-diagrammatic) Vertical section
of thallus of epiphloeodal lichen. The
raised periderm layer has both hyphae and
gonidia beneath it, but the hyphae form a
loose network only. Note that the lower
detached layer of cork walls is broken at
the periphery of the areola at "x". After
Fry (9).

12
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surrounded by the thallus, which does not expand to such a

great extent, there is an arching of the hyraenium and a forc

ing downward at the edges. Since the lichen is so tightly

fastened to the outer layer of cork cells, this arching of

the hymenium results in a similar arching of the outer layer

or outer several layers of cork cells. Growth of the lichen,

and especially the hymenium layer of the apothecium, is ac

celerated during these periods of turgidity, therefore the

arched hymenium even when dessicated does not return to its

original shape. The arch of cork cells immediately below the

fruiting body is then filled with lichen hyphae growing in

from all sides. There is ample evidence to prove that the

arching is not due to the ingrowth of hyphae under the cork

cells since many examples of arched cork cells under apothe-

cia were found with far too few hyphae grown in to account

for the arching. Fry also found that similar arching of the

underlying cork cells takes place beneath the thallus of many

crustose lichens, though to a lesser degree than was found

under the apothecia. Figure 2 shows this.

G. Lindau2 found the lichen Xanthoria parientina grow

ing around pine needles like a cuff with the result that

3such pine needles were withered and yellow. Bouly de Lesdain

found the same species of lichen completely surrounding the

branches of willow thus closing the stomata. He also found

cases where species such as Physcia ascendens, by means of

2 Ibi**» P- 869-

3 Ibid., p. 270.
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the mechanical action resulting from the constant v/etting and

drying of the rhizoids, gradually loosened the outer bark,

thus affording entry to fungi.

Lilian Porter4 found that lichens of the genus Ramalinae

were anchored to the bark by strands of hyphae which entered

the periderm of the tree through cracks or lenticels. By

wedging action these entering hyphae caused extensive split

ting of the cork layer of the tree. She also found that the

living tissues of the tree were actually penetrated, but

there was no evidence of parasitic fungal action on the liv

ing cells, the intruding hyphae only forcing their way be

tween the cells.

Another form of mechanical action, as noted on the sample

areas on the McDonald Forest, is the evident tugging and tear

ing effect of Usnea sp. on the bases of the needles of Douglas-

fir. On several suppressed trees averaging some eight feet

in height were found pieces of Usnea which had obviously fal

len or been blown from the overtopping trees. The Usnea had

become wrapped around the twig as shown in Figure 3 and had

defoliated a portion of the twig by the force exerted when

it was pulled by the wind. In Figure 3 notice that the hair

like strands of the lichen are reaching out the twig and be

coming entwined with the needles. This fibrous lichen is

tough and, under stress, would probably exhibit greater

strength than the needles with which it is associated. Of

particular interest in Figure 3 is the young lichen thallus

4 Ibid*, p. 109.



Figure 3. This example of Usnea sp., as the result
of continuous action of the wind, has scraped
this twig of Douglas-fir from which it is sus
pended partially clean of needles.



16

twining around the spur shoot at the left and the new thalli

developing on the defoliated twig at the center. It appears

that gradually the lichen is taking control.

Lichen as a parasite. In addition to the foregoing ex

ternal mechanical effects of lichen on the supporting tree,

botanists and foresters throughout the world have, at vari

ous times, reported instances of lichen reverting to the role

of the fungal symbiont and assuming parasitic characteristics.

Albert Friederich5 found a particularly vigorous growth

of Usnea with hyphae reaching down to the living tissue of

the tree and even penetrating between the living cells by

dissolving the middle lamella. He found where the hyphae had

pierced the cell walls but was unable to determine definitely

whether the hyphae had attacked the living cells or were

merely preying on dead material. A. Lorrain Smith (19), how

ever, holds that this instance recorded by Friederich is of

rare occurrence. Whether the penetrating hyphae actually

enter the living cells or whether they merely force their

way between the cells, it would appear that possible injury

to the tree might result, and the splitting of the protective

periderm of the tree might, in itself, permit the entry of

insects and disease.

Phillips (16) investigating lichen on Podocarpus spp.

found rhizoids of Usnea sp. penetrating between the cells of

the cork-cambium and even reaching to the tissue inside the

cork-cambium. The cells in the vicinity of these intruding

5 Ibid. , p. 269.
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hyphae were found to be in a state of decay. Entry to the

living tissue was usually gained through the leaf scars, but

once within the tissue the rhizoids developed laterally.

J. Dufrenoy6 reports finding hyphae of a Parmelia which entered

the stomata of a pine needle. The starch disappeared from

the neighboring parenchyma and the cells of the parenchyma

tended to disintegrate.

These examples of parasitic tendencies are considered

by most botanists to be only isolated occurrences. A. Lorrain

Smith (19) believes that lichens are not naturally parasitic

and states:

"Cases have also been recorded of Usnea and Ramalina
penetrating to the living tissue of the tree on which they
grew, and there may be other similar parasitisms; but these
exceptions serve to emphasize the independent symbiotic
growth of lichens."

Bruce Fink (6) also supports the belief that the higher

lichens (foliose and fruiticose forms), at least, are inde

pendent of their substratum except for support. He points

out that hypophloeodal lichens, those growing wholly or part

ly within the bark, may be partially dependent upon the dead

cork cells for nourishment, especially during the early part

of their life, since some forms of hypophloeodal lichens may

live for years within the periderm before "attacking an algal

host"7. The fungal hyphae do not dissolve sufficient mater

ial from the periderm cell walls to be detected by microscopic

6 Ibid., p. 269.

7 Bruce Fink is one of the chief proponents of the theory
that the fungal portion of the lichen is parasitic upon the
algal portion.
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examination, but it is assumed that nourishment is secured

without entering the cells. The epiphloeodal crustose lichens,

those crustose forms which grow mostly externally, whose fun

gal hyphae are in closer association with the algal cells

than are the hypophloeodal lichens, depend less on the sub

stratum for nourishment. Foliose lichens, less closely at

tached to the bark by means of hold fasts which penetrate

only a short distance into the bark, have a greater abundance

of algal cells in association with the fungal hyphae and are

thus less dependent upon the substratum for nourishment.

Fruiticose forms, Fink goes on to explain, are less closely

associated with the bark than any other form and are the

least dependent upon the bark for nourishment. Fink states

this theory concerning the decrease in dependence of lichens

upon the substratum from lower to higher lichens as follows:

"In general, as the proportion of bulk of the lichen
above the substratum increases, the penetration into the
periderm decreases, and the lichen becomes more and more
dependent on its algal host.... The evolution of lichens
has involved a gradual change in food supply, and these
plants have become more and more dependent on algal hosts."

The foregoing would seem to indicete that if lichens are

parasitic upon the tree the instances are rare. It also indi

cates that the hypophloeodal lichens are more likely to be

parasitic or saprophytic than the other forms, and, as Fry

points out, there is more likely to be arching of the peri

derm under the thallus of crustose lichens than under other

forms. Although this is true, very little use can be made

of the fact in the management of timber stands since the pres

ence of crustose lichens within the heavy bark near the base

of Douglas-fir is undoubtedly an unimportant factor due to
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the thickness of the bark, and the detection of crustose li

chens in the crown of the tree where they would be more likely

to do damage cannot be detected from a position on the ground.

It may be inferred, therefore, that either crustose lichens

are not parasitic upon Douglas-fir or they do not play an im

portant part in reducing the vigor of the tree or in killing

the tree. It is the conspicuous forms of lichen, especially

the pendulous Usnea sp., which are most important in indicat

ing trees of poor vigor. With the exception of the isolated

findings of Friederich8 and Phillips9, most botanists agree

that the fruiticose lichens such as Usnea are neither para

sitic nor saprophitic upon the tree on which they are growing.

F. Kaufert (13) in a review of all material on this subject

published prior to 1937 states: "It would appear...that there

is no conclusive evidence that lichens are parasitic on the

bark of trees."

Importance of lichen on forest trees. At various times

efforts have been made to evaluate the importance of lichens

growing on forest trees. Phillips (16) conducting an inves

tigation into the effects of Usnea sp. (near barbata fr.) on

Podocarpus spp. located on the Knysna forests of South Africa,

concluded that trees supporting a heavy growth of lichen

usually lack vigor for one reason or another. Since Phillips*

work is so closely related to this study a rather detailed

summary of his findings is given below:

8 See discussion of Friederich's findings on page 16.

9 See discussion of Phillips' findings on pages 16 and 17,
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1. Increases in Usnea covering are directly correlated

with increasing air temperatures and light intensity, with

corresponding increase in the rate of evaporation and decrease

in humidity. Individuals under fairly close canopy conditions

show little or no Usnea, but within five years of exposure

to severe insolation they show appreciable amounts of lichen.

Their originally entirely fresh leaders and laterals at the

end of three to five years exposure have lost much of their

foliage and appear dessicated and non-vigorous. Trees in the

same area kept free of lichen by carefully removing all thalli

exhibit a healthy crown. It was also found that after arti

ficial infection of trees within a dense stand with Usnea,

the development of the thallus was exceedlingly slow, but

the artificial infection of trees with good insolation, es

pecially between the hours of 11:00 AM and 3:00 PM, resulted

in rapid thallus development.

2. Usnea is more luxuriant on living trees than on dead

trees. Usnea is frequently strongly developed on the most

vigorous trees, including both mature and semi-mature trees

which are showing excellent annual increment and which have

healthy crowns and vigorous young trees, provided that, in

each case, there is sufficient insolation.

3. There is a definite correlation between the degree

of Usnea cover and the poor development of buds and shoots.

Many buds fail to develop, others produce abnormal shoots of
i

small dimension. Development of foliage is thus retarded

with the result that the crowns gradually begin to thin and

appear stag-headed.
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4. Trees in the dry types of the Knysna forest are more

Usnea-clad than trees in either the medium-moist or moist

types. This is believed to be due to the fact that conditions

for tree growth are less desirable in the dry type, thus re

sulting in trees which are naturally poor in vigor, slow-

growing and generally unhealthy. Within the medium-moist

type, Usnea is more abundant on trees growing in shallow soils

than those growing in deep soils, while trees growing in ex

posed, windswept sites are more densely lichen-clad than those

in protected sites.

5. Transpiration of trees supporting a dense growth of

lichens is decreased if the lichen thallus closely covers

the transpiring organs.

6. quantitative comparison of increments leads to the

conclusion that there is a definite reduction in assimilative

capacity in the tree with a dense cover of lichen. Actual

measurement shows that the lichen cuts down the light inten

sity from a normal of 1.0 to 0.1 or 0.04, a decrease probably

sufficient to make an appreciable difference in the amount

of food synthesized by the leaves.

7. There is every indication that crowns damaged by

wind, hail or other causes, or crowns in a low state of vigor

because of unfavorable conditions are more susceptible to the

development of dense Usnea covering; vigorous trees do not

show detrimental effects as early as do poorly grown trees,

because the lichen takes longer to bring about marked effects

on the former.

8. Since Usnea cannot develop luxuriantly under conditions
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which exist in the undisturbed high forest, the forest canopy

should be preserved to inhibit excessive growth of the lichen.

In connection with Douglas-fir forests such a procedure would

be entirely feasible, since clear cutting, at least in strips,

is the usual cutting practice. In any case, a selection sys

tem which opens the forest without removing the entire stand

would surely tend to encourage the growth of Usnea and other

lichens resulting in the attendant undesirable features.

Romell , working in Norway in 1922, investigated the ef

fect of the lichens Alectoria sarmentosa Ach. (Grey Beard)

and JU Fremontii Tuckerm. (Black Beard) on Picea excelsa

Link. (Norway spruce). Contrary to Phillips' findings, Rom

ell concluded that lichens are not parasitic on the support

ing tree and that the presence of lichens cannot be correlated

with light intensity conditions within the crown of the tree.

He found that transpiration is not reduced by the lichen near

ly so much when the lichen thallus is dry as when it is wet.

There is as yet no definite answer for the question of capa

city of destruction of the lichen cover, but at least the

effect is secondary and not primary—spruce is lichen-clad

because it has poor vigor and not poor of vigor because it

is lichen-clad. Romell goes on to say "A rational system of

silviculture would remove the very trees that are lichen-

clad. ..."

10 John F. V. Phillips, "The Influence of Usnea sp.
(near barbata fr.) Upon the Supporting Tree," Transactions of
the Royal Society of South Africa, 17:101-2, 1929.

These species are very similar to Usnea.
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12Liou Tchen-Ngo found that trees in an unhealthy or

backward condition were more covered with lichen than are

healthy trees, for, though lichens are not parasitic on the

trees, they tend to retard assimilation and respiration there

by accelerating the death of already weakened trees. Von

Tubeuf13 points out that lichens may retain moisture, result-

. ing in swelling of the bark.

Gallo and Haugh (10) working in Denmark, came to the

conclusion that a certain relationship exists between the

growth of a given tree and its covering of lichen. They

found that where beech grows straight and tall in proportion

to its age it is almost without lichen while where it is

stunted or grows less vigorously it is covered with lichens.

Edin (5) arrived at similar conclusions regarding Douglas-fir

based on a comparison of increment borings of lichen covered

trees and trees devoid of conspicuous lichen. Hartig (11)

agrees that the presence of lichen on beech is an indication

of slow growth, stating that the more rapidly growing speci

mens of beech are forming periderm at a rapid rate, and the

resultant rapid exfoliation of the outer dead cork cells is

not conducive to lichen development. An outstanding example

of this in the Northwest may be seen in the madrona (Arbutus

menzeisii Pursh.) which, because of its characteristic of

rapidly exfoliating outer bark, is almost devoid of lichen

growth.

12 Annie Lorrain Smith, "Recent Lichen_Literature "
Transactions of the British Mycological Society, 18:103, 194o.

13 Ibid., p. 103.
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An acceptable explanation for the prevalence of Usnea

on conifers such as Douglas-fir is given by Schrenck (18).

He found that this lichen is easily broken off and blown by

the wind, and is commonly not even attached to the bark, but

maintains its position by becoming entangled with the branches.

The branches of such trees as Douglas-fir or spruce with their

stout needles at right angles to the stem afford a good hold

ing surface for the entangling lichen. The broad leaved trees

which are bare of leaves in the winter or the pines whose nee

dles are more limber than those of Douglas-fir or spruce do

not so readily hold the lichen. Schrenck goes on to explain

that the shading effect of the masses of lichen around the

stems interferes with the functioning of the needles so that

they die and fall off. The buds may share the same fate, so

that in time the affected branch will bear no leaves. When

this occurs most of the lichen may be easily dislodged from

the bare limb, thus accounting for Edin's (5) observation

that when a limb dies the lichen drops off.



CHAPTER IV

LICHEN ON DOUGLAS-FIR

Schrenck's (18) theory, as described in the foregoing

section, was that the presence of lichen on the tree shades

the leaves, causing them to die and drop off, resulting in

fewer leaves and, consequently, a shortage of nourishment

for the tree. Romell1 and Phillips (16) had similar theories.

This explanation of the detrimental effects of lichen seems

to present a logical reason for the apparent correlation be

tween the presence of lichen on Douglas-fir and the attendant

lack of vigor and possible early death of the tree. This ef

fect is not so serious on broad-leaved trees since their

leaves are generally longer and since each year they form

new leaves which develop so rapidly that the relatively slow-

growing lichen cannot overshadow them. On the other hand,

the needles of Douglas-fir, for example, are not only shorter

than the leaves of most broad-leaved trees, but they are per

sistent for eight or more years during which time the lichen

can easily overshadow the needles.

Results of re-examination of the plots. If the theory

that the lichen is detrimental because of the shading effect

is sound then a re-examination of the Douglas-fir lichen plots

established by Mace (14) in 1940 should reveal that some of

the trees which were apparently dying when the plots were

1 Phillips, op_. cit. , pp. 101-2.
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established have since died. The more vigorous trees with a

lesser amount of lichen in 1940 should now be more heavily

covered with lichen and should show reduction in vigor.

In the re-examination of these plots the three Douglas-

fir lichen tree classes defined by Mace were used to classify

the trees2. The actual findings upon re-examination, tree

by tree, are given in Table I and summarized in Table II. A

study of these tables will indicate the following points:

1. Betv/een 1940 and 1941 there was no noticeable change

in the condition of the marked trees.

2. Between 1940 and 1941 one Class III tree died.

Death, however, appears to have been due to other causes

than an over-abundance of lichen.

3. Between 1941 and 1946 one Class II tree died.

4. Betv/een 1941 and 1946 nine trees, or 26$ of the

marked trees, showed sufficient increased lichen growth to

cause them to be placed into the next higher lichen class.

The effect of light on the development of lichen has

been mentioned previously. The obvious result of reduced

light may be readily observed by examination of an open-grown

stand of Douglas-fir and a dense stand of Douglas-fir. In an

open-grown stand heavy lichen growth will be found on all sides

of the bole of every tree and will extend onto the branches of

some trees; but in a very dense stand, such as are common to

second-growth Douglas-fir, lichen is almost lacking anywhere

on the stems or in the crowns and may even be lacking from

g
For a description of the Douglas-fir lichen tree

classes see Appendix A.



TABLE I

DOUGLAS-FIR LICHEN TREE CLASSES8- OF
MARKED TREES ON THE MCDONALD FOREST

OVER A SIX-YEAR PERIOD

Douglas-fir lichen

tree cl;issa

Tree Spring Spring Spring
No.D 1940 1941 1946

188 II II II

189 III III III

190 I I II

194 II II II 0
II-195 II II

200 II II II-C
202 II II II

209 II II 11 A
215 II II (IID*
216 (Ill8)d

217 III III III

222 II II II

223 II®
225 I I II

226 II II II

228 I I windthrown

229 II II II

231 I I I

233 I I I

234 II II II

237 I I II

238 I I windthrown

240 I I windthrown

245 II II II

247 I I II

249 II II II

250 IIe
252 II II II

253 I I II

254 II II II

256 II II II

257 I I I

258 II II II

260 I I II

262 II II II

27
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TABLE I (cont'd)

DOUGLAS-FIR LICHEN TREE CLASSES8 OF
MARKED TREES ON THE MCDONALD FOREST

OVER A SIX-YEAR PERIOD

Douglas-fir
tree cl*

lichen

assa

Tree

No.b
Spring
1940

Spring
1941

Spring
1946

266

270

272

273

280f

I

I

III

I

I ,
(III)d

II

(IIl)d
II6
He

28l£
282f
300S

(He)d
lie

l

i

i
301S
302S

303^
304?
305n

.1 i -i_i » i 'liaa

i
i

i

a For a definition of the Douglas-
fir lichen tree classes see Appendix A.

" For a description of the location
of these trees see Appendix B.

c These two trees given a II- classi
fication because they were considered to
be approaching Class III.

d Parentheses indicate tree is dead.

e Data for previous years not available.

f Girdled trees.

g Trees artificially infected with lichen.

11 Trees left as controls near artifi
cially infected trees.

1 Trees less than 15 years old, there
fore they have not been given a lichen tree
class.
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TABLE II

SUMMARY OF CHANGES IN THE DOUGLAS-FIR LICHEN TREE CLASSES
OF MARKED TREES ON THE McDONALD FOREST OVER A SIX-YEAR PERIOD

1940 1941 1946

No. of
trees

Per cent

based on

35 trees

No. of
trees

Per cent

based on

35 trees

No. of
treesa

Per cent

based on

32 trees13

Class I 14 40 14 40 3 9

Class II 18 51 18 51 25 78

Class III

(Total)
3 9 3 9 4 12

Class III
(Alive)

3 9 2 6 2 6

Class III
(Dead)

0 0 1 3 1 2 6

Windthrown — — 0 0 3 9°

No. trees

from Class

I - II

—— —— 0 0 8 23

No. trees

from Class

II - III

—— —— 0 0 1 3

No. Class
II trees

which died
since last

examination

0 0 1 3

No. Class
III trees
which died

since last

examination

1 3 0 0

a Does not include trees 216, 233, 250, 273, 280, 281,
and 282 since data prior to 1946 is not available.

13 Per cent based on only 32 trees since 3 trees were
windthrown and therefore have no lichen class.

e Per cent based on 35 trees.
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the soil. This again emphasizes the proposition that a prop

erly controlled forest with an uninterrupted canopy will not

be affected by lichen.

Re-examination of girdled trees. On the theory that

only trees which were already weakened from one cause or

another bear an abundant growth of lichen, two Douglas-fir

trees on the McDonald Forest were girdled in 1941 so as to

artificially reduce their vigor. These trees were free of

lichen growth at the time of girdling. A re-examination of

these girdled trees in 1946 revealed that one of the girdled

trees had died, probably as a result of the girdling, and

was broken off about 35 feet from the ground. The other

girdled tree showed signs of increased lichen growth having

progressed from a state of no appreciable lichen to one where

the tree bore sufficient lichen to place it in Lichen Class

II. A third girdled tree (exact time of girdling unknown)

was examined and classified as Lichen Class II. All three of

these girdled trees were assigned numbers and were tied to

the centers of the nearest plot center. Their location is

given in Appendix B.

This very limited data concerning girdled trees seems

to lead to the assumption that the amount of lichen on Douglas-

fir does increase with reduced vigor of the tree.

Artificially infected trees. As has been previously

noted, several authorities have recognized that trees are

lichen-clad because they are poor of vigor, not poor of vigor

because they are lichen-clad. To test this fact Plot H was
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established in a meadow near Plot B on April 27, 1946.3 Three

young Douglas-firs were artificially infected with fragments

of Usnea collected from nearby Oregon white oaks (Querous

garryana Dougl.). Care was used in "planting" the lichen on

the fir so that it would not be dislodged by the wind. When

ever the strands of lichen were of sufficient length they

were tied in a knot around the twigs of the fir. Examination

of these trees at a future date should reveal whether the

lichen has had any appreciable effect on the firs. Figures

4, 5, 6, 7 and 8 show the trees on Plot H at the time the

lichen was "planted" on the trees. Unfortunately the pictures

were taken shortly after the trees had produced new needles

and, as a result, the lichen is difficult to distinguish from

the new growth; but close examination of the pictures of the

infected trees will reveal the presence of the lichen.

The evidence thus far gathered is exceedingly meager

and based on far too few trees in too limited an area to be

taken as conclusive proof that the presence of lichen in

profusion on Douglas-fir is an absolute indication that that

tree is dying. Nonetheless, it does point toward a certain

trend.

3 For a description of the location of Plot H see
Appendix C.
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Figure 4. General view of Plot H
showing trees which have been
artificially infected with
Usnea sp. lichen.

Figure 5. Tree No. 300,
Plot H. Taken from
center of plot.

Figure 6. Trees 305 and
301, Plot H. Taken
from Tree No. 300.

Tree No. 305 is a
control and was not
infected.



Figure 7. Tree No. 302,
Plot K. Taken from
Tree No. 301.

Figure 8. Tree No. 303, Plot H. Taken
from center of plot. This tree was
not infected, thus will act as a
control on Plot H.

33



CHAPTER V

SUMMARY

Findings of the botanists. In this thesis an attempt

has been made to review all available, pertinent material on

the effect which lichen has upon the tree. As has been shown,

botanists throughout the world disagree to some extent on

the question of parasitism of the lichen on its substratum,

and even as to the harmful effects which lichen might have

on trees. Their views might be broadly summarized as follows:

1. Corticolous crustose lichens may penetrate the bark,

and, by various mechanical actions, may split the bark, thus

permitting entry of disease and insects.

2. The rhizinae of foliose and fruiticose lichens pene

trate between the cells of the outer layers of cork only

enough to maintain a firm hold. Since lichens have no con

ducting tissues as do higher plants they cannot transport

water or dissolved matter from the substratum to the more

remote portions of the lichen plant.

3. There are instances of lichen actually penetrating

the living cells of leaves and stems, but such occurrences

are rare and considered by most botanists to be the exception

rather than the rule.

4. There is a definite correlation between the profusion

of lichen on a tree and slow growth of the tree.

5. Lichen may harbor injurious insects and also serve

to foster the development of harmful fungi diseases by tending
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to maintain the bark immediately under the lichen in a moist

state.

General conclusions. With these views of the botanists

in mind an attempt was made to correlate the presence of abun

dant lichen on Douglas-fir with the probable early death of

that tree. Mace (14) established sample plots on the McDon

ald Forest in 1940 for this purpose. The findings upon re

examination of these plots have been summarized in the pre

vious section.1 As the result of reviewing the writings of

botanists and foresters and on the basis of the information

gathered from the plots located on the McDonald Forest the

following conclusions have been reached:

1. Lichen is probably neither parasitic nor saprophytic

upon Douglas-fir to any appreciable extent; its harmful ef

fects being largely limited to the following:

a. Shading the leaves of the tree so that normal

photo-synthetic processes cannot be carried on in the leaf.

As a result the shaded leaf may drop off, thus reducing the

total food-manufacturing facilities of the tree with the re

sult of reduced vigor.

b. Retarding respiration by the leaves.

c. Competing with the leaves for available mois

ture and air.

d. Harboring injurious insects, especially over

winter.

e. Facilitating the establishment of fungus growths

1 See page 26; and Table I, page 27, and Table II, page 29.
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on the tree by tending to keep the bark beneath the lichen

moist.

f. Mechanical action on the bark resulting in

cracking and splitting, thus affording entrance to diseases

and insects.

g. The long pendulous lichens such as Usnea sp.

as they are blown by strong winds, may scrape needles from

the twigs.

2. Trees with a minimum of lichen are generally fast

growing and, as a result, retard the development of lichen by

keeping a dense crown which shades the inner crown where li

chen first becomes established. The normal, vigorous stand

will maintain such a dense canopy that abundant lichen growth

will not be possible.

3. Trees with a profusion of lichen in the crown are

generally slow growing and of poor vigor. This slow growth

tends to encourage the lichen, for the poor vigor leads to a

relatively open crown which allows light to the inner crown,

thus aiding the development of the light-demanding lichen.

The result is an increase in the amount of lichen in such

trees.

The combination of the increased growth of the lichen

and the retarded growth of the tree and its individual branches

means that the lichen tends to catch up with the tree growth.

Thus, the tree which is attacked by disease or insects may

be further handicapped by profuse lichen growth.

Application of lichen classes to forest management. The

application of this information in cruising or in marking
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timber may be limited since the length of time before a tree

within a given lichen class will be dead is not yet known.

However, a few very broad rules may be stated.

1. Presence of lichens in abundance growing more than

one half way out on living limbs is often a sign of lack of

vigor, and may possibly be an early indicator of disease or

insect attack.

2. Trees in Lichen Classes II and III are more likely

to die within five years than trees in Lichen Class I.

3. If the stand is not vigorous any cutting which opens

up the stand and lets light into the crowns for a period of

five years or more before the crowns close in again to form

a dense canopy may lead to heavy lichen development in the

crowns.

This study of lichens and their effect on Douglas-fir

must be considered only begun, for, as indicated in the in-

troduction to this work, definite conclusions cannot be drawn

until information from a wide variety of sites and types of

stands has been compiled over a period of many years. During

the six years that this study has been carried on and from

the limited area examined only the most general conclusions

may be reached. Further study may reveal that certain results

indicated thus far are unrelated to the problem, i.e., cer-
r

tain trees may have died in the normal course of events per

haps without even showing an appreciable increase in lichen

growth. But, the answer to the many questions that are at

once apparent can only be found by continuation of the work

done thus far, and by careful expansion of the project, as
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time goes on, so as to be able to answer more and more of the

questions which arise.
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APPENDIX A

DOUGLAS-FIR LICHEN TREE CLASSES

The three Douglas-fir lichen tree classes on the basis

of the outward appearance of the tree as defined by Mace (14)

are given below:

CLASS I. A few heavy strands of lichen on the outside

of the crown. Heavy lichen growth on the inside of the crown

close to the trunk. Lichen can be plainly observed but the

tree is not conspicuous on that account.

The tree has few dead branches. The crown is dense and

normal in appearance.

CLASS II. Fifty per cent of the crown is white in ap

pearance when viewed from a distance. Lichen extends out

ward along the limbs almost to the ends of the branches.

Tree has a white spotted appearance from a distance.

Many dead branches in the lower crown. Crown not so

dense as in Class I and has a rather flat top.

CLASS III. Tree looks white from a distance. Long

hanging strands of lichen extend along the branches to the

ends of the limbs.

Many dead branches. Uneven, scraggly, partly dead

crown—not dense.



APPENDIX B

LOCATIONS OF SAMPLE TREES

Sample trees were marked in the spring of 1940, examined

in the spring of 1941 and examined again on April 12, 1946.

The results of these three examinations are tabulated below.

The locations of the trees on each plot are also given. Plot

H was established April 27, 1946, as described on pages 30

and 31.

TABLE III

LOCATION AND DOUGLAS-FIR LICHEN TREE CLASSES
OF MARKED TREES ON THE McDONALD FOREST

Bearing Distance

to tree to tree Douglas-fir lig.

Tree

from

center

from cen

ter of plot
tree class"

Plot8 Spring Spring Spring

no. no. of plot (chains) 1940 1941 1946

A 188 N 17 E 0.50 II II II

189 N 38 0.66 III III III

190 N 32 E 0.70 I I II

B 272 S 32 W 1.06 III (III)C (HI)C
194 s 82 E 0.55 II II II

202 s 60 E 1.32 II II

h195 N 86 E 1.12 II II

200 s 88 E 1.15 II II ii-
iie f

280 N 18 W 1,83 IIe»i
(IIe»f281 N 13 W 2.30

C 270 s 4 E 0.17 I I II

266 8 75 E 0.42 I I II

262 S 51 W 0.72 II II II

260 8 48 W 1.12 I I II

258 S 54 w 1.40 II II II
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TABLE III (cont'd)

LOCATION AND DOUGLAS-FIR LICHEN•TREE CLASSES
OF MARKED TREES ON THE McDONALD FOREST

Plota Tree

no. no.

F

HS

256

252

253

254

249

257

247

245

250

228

240

238

237

234

226

223

282

273

222

233

231
229

225

217

216

215

209

300

301

302

303

304

305

Bearing
to tree

from

center

of plot

N 77 W

S

S

s

82 W

55 W

9 W

N 65 W
N 87 W

S 78 W

86 W

61 W

s

s

29 W

55 E

S

s

S 12 E

S 2 W

S 40 W

N 20 W

50 E

29 W

S

S

S

s

s

3

s

s

s

s

62 E

31 E

25 E

30 E

21 E

12 E

2 E

2 E

S 55 W
S 52 W

N 16 E

N 6 E

N 36 E

N 43 W

N 18 W

N 1 W

Distance

to tree

from cen

ter of plot
(chains)

0.25

0.39

0.58

0.66

1.01

1.03
1.37

1.37

1.59

0.14

0.34

0.30

0.47

0.32

0.70
0.19

0.65

1.40

1.02

1.80
1.85

1.95

2.00
1.20

1.28

1.15

1.50

0.28

0.53

0.43

0.22

0.41
0.59

Douglas-fir lichen
tree classb

Spring
1940

I

I

I

I

II

II

I

I

II
I

III

II

II

Spring
1941

Spring
1946

II II

II II

I II

II II

II II

I I

I II

TI II

Ilf

I windthrown

I windthrown

I windthrown

I II

II II

II IXf
II *Iie,f

11^
II II
I I

I I

II II

I II

III 1IJ+ „(IIIf)c

II (III)C
II II

a For a description of the traverse to locate each plot
center see Appendix C.
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' For the definition of the Douglas-fir lichen tree
classes see Appendix A.

c Parentheses indicate that tree is dead.

d These trees classified as II- since they are approach
ing Class III.

e Girdled trees.

Data for previous years not available.

6 Trees on this plot are less than 15 years old, thus
have not been given a lichen tree class. Trees 300, 301 and
302 were artificially infected with lichen; trees 303, 304
and 305 were left uninfected as controls.



APPENDIX C

LOCATION OF PLOTS

Tables IV, V and VI which follow give a description of

the traverse to locate the centers of the plots of marked

trees on the McDonald Forest. Each tree is marked with an

aluminum tag bearing the number. The tags are fastened to

the trees by a single nail and are located about breast

height, usually on the side of the tree facing the center

of the plot.

To aid in locating the plots at a future time, a sketch

map of the area is given as Figure 9, page 48, a map of the

traverse to Plot A is given as Figure 10, page 49, and a

map of the traverse to Plots B through H is given as Figure

11, page 50.

TABLE IV

DESCRIPTION OF TRAVERSE FROM SE CORNER
OF SCHREINER MONUMENT TO PLOT A

Distance

Station Bearing (chains) Remarks

I
N 27 E 1.80

II

N 5 E 2.00

III

N 2 W 2.00

IV

N 4 W 2.00

Y

N 3 W 1.48

VI

N 9 E 2.00

VII Center of Plot A



TABLE V

DESCRIPTION OF TRAVERSE FROM NW CORNER OF
CEMENT CULVERT ACROSS CALLOWAY CREEK

Station Bearing

Distance

(chains) Remarks

I
N 58 E 6.75

II
N 15 W 2.00

III
N 30 W 2.00

IV

N 5 E 2.00

V
N 30 E 4.00

VI

VII

N 54 E

N 36 E

3.50

2.00

Center of Plot B

VIII
N 8 E 2.00

IX
N 2 E 4.00

X
N 1 E 10.00

XI

N 57 W 2.00

XII
S 69 W 2.00

XIII
S 36 W 2.00

XIY

XV

S 66 W 3.75
Center of Plot C

XVI

N 87 W 3.50
Center of Plot D

XVII

N 89 W

N 15 W

4.00

2.00

Center of Plot E

XVIII

XIX

S 70 W 4.00.
Center of Plot F

XX

S 50 W 2.00
Center of Plot G
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TABLE VI

DESCRIPTION OF TRAVERSE TO PLOT H FROM: STATION VI
ON TRAVERSE FROM NW CORNER OF CEMENT CULVERT

ACROSS CALLOWAY CREEK

Distance

Station Bearing (chains) Remarks

a
I

N 36 W 0.94
IX Center of Plot H

47

a Station I on this traverse is the same point
as Station VI on traverse given in Table V.
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Figure 9. Sketch map showing general location of
lichen nlots on the McDonald Forest.
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PLOT A

Schre/ner Monument

Figure 10. Map showing traverse to Plot A.
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Figure 11. Map showing traverse to Plots B through H.




