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ABSTRACT

The dwarf mistletoe occurring on shore pine (einw.
contorta var. contorta) 10 Coastal British Columbia
is classified as Arceuthobium tsugense, a mistletoe
that principally parasitizes western hemlock (T5ug3
huerophyllal. Shore pine is considered its secondary
host.

A detailed study of infestations on S.E. Vancouver
Island indicated that dwarf mistletoe intensity on
the shore pme was extremely high. An average of
85% of trees over 1.4 m were infected and the average
stand infection intensity ranged from 0.7 to 5.1 on a
6-c1ass system.

Most infection centers were located in the Coastal
Douglas-fir Zone on mountain tops consisting of a
mosaiC of plant communities of forest on lithosals
and rocky knolls. Vegetation was dominated by firuu
contorta var. contorta, Pseudotsuga menziesji.
Arbutus menzjesij. Sill.!. scouledana, Gaultheria
X!.l!!2.D, Arctostaphvlos columbiana. HolodiS2Js
Qill:212.r and ArctoS1aphylos ~1illi.

The study showed that A tsugense on shore pine
flourishes on habitats separated from A tsugense
on hemlock. Separation of the two would favor
maintenance of the physiological differentiation
indicated by earlier cross·inoculation experiments.

FIG. 1. Cross.tlalched atM Indialtft dlstribullon of
Arceulhobium lli!!I.I!!H: on weSlem hemlock. Number' refer
to ar., where !,.~ hal bHn found on short pine:
1. • Vletoria.sooke area; 2· PtrkS\lilla·Horne Lake area;
3· Sprout Lake; 4- eourltnav; &- Texada 1,lInd; 6- s.chelt;
7- Malcolm I,land, 8- Terrac:.; 9- Port C~.nu;10- Lund arM;
11· Savory I.llnd; 12- Mautelle 1'lInd 13- cones hlend;
14- Orcas Island. Box Ind":a1ft study area.
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L'auteur identifie Ie Faux-qui habitant Ie Pin tordu
I.e contorta var. contortal Ie long de la cote de la
Colombie-Britannique comme iltant Arccuthobium
llugens. parasite principal de la Pruche occidentale
(Tsuga heterophyllal mais secondaire du Pin tordu.

Selon des releves detailles dans Ie sud'est de I'ile de
Vancouver, ce Faux'QUi se revele extremement fre
quent sur Ie Pin tordu. En moyenne, 85% des arbres
mesurant plus de 1.4 m etaient infectes et I'intensite
moyenne d'infection dans les peuplements variait
de 0.7 Ii 5.1 selon Ie systeme de la classe 6.

La plupart des centres d'infeetion se situaient dans la
zone des Douglas latifolies cOtiers au sommet des
montagnes et consistant en une mosaique d'associa·
tions de plantes en foret sur Iithosols et sommets
rocheux. La vegetation etait dominee par Pinus
contoaa var. contona. Pseudotsuga menziesii.
Arbutus menziesii, Salix scouleriana, Gaultheria
shallon, Arctostaphylos columbiana. Holodiscus
discolor et Arctostaphylos uv....ursi.

8: tsugense sur Ie Pin tordu se trouve dans des habitats
differents de ceux de ~. tsugense sur I, Pruche.
La separation des deux favoriserait Ie maintien de la
differentiation physiologique indiquee par des
experiences anterieures d'inoculation croisee.



INTROOUCTION

Hemlock dwarf mistletoe. Arceuthobium tsugense
a parasite of considerable importance (2). ranges
from near Haines, Alaska to central California
and is found throughout the coastal hemlock forests
of British Columbia IFig. 11. The principal host in
British Columbia is western hemlock (lluga
heterophylla) but several other tree species are
attacked when they grow in association with infected
hemlock; namelv. shore pine (fi..!::!l.!j cootQrta var.
conton,). amabilis fir (Abju amabilis), alpine fir
(AhW lasjocaroal. grand fir lAb.iu 9WlW1l,
Engelmann spruce~ eogelmaoojil. Sitka spruce
(~ sjtchens;s) and white pine (finw montjeola)
121.

In their classification of Arceuthobjum. Hawksworth
and Wiens (18) premised that a species must remain
morphologically distinct when occurring on any of
its hosts. They recognized that the dwarf mistletoe
on shore pine occurred in mixture with non·infected
or very lightly infected western hemlock, but they
did not have sufficient reason to classify this species
other than as A. wgense.

In the Parksville area (Fig. 1. No.2), Kuijt (23) found
several mixed stands where either western hemlock
or shore pine were heavily infected, but infections
were not found on the other host. Smith and Wass
(40) quantitatively studied the disease intensity on
both hosts, confirming Kuijt's earlier observations.

Smith (39) shOW«! that inoculation of A. tsugenSC
from shore pine on western hemlock produced only
one definite swelling and no shoots (abortive type of
infection). In contrast, 22.5% of seed of A. tsugense
from western hemlock resulted in infections on
western hemlock and all swellings produced aerial
shoots. On other hosts, A tsugense from shore pine
generally produced more globose swellings than
A. tsugense from western hemlock. Field inOOJlation
experiments, presently underway (381. have produced
the same results as the plantation inoculations.

Dwarf mistletoe on shore pine was first reported in
1906 by Rosendahl and Butters on Vancouver Island.
It was reported by Kuijt (23) on the eastern side of
Vancouver Island, as far north as Comox, and near
Sed'lelt on the mainland and by Hawksworth and
Wiens (18) on Orcas Island, Washington. A tsugense
occurs on shore pine in less than half of the latitudinal
range of A lSugense, being absent south of the San
Juan Islands and in Alaska (15, 18).

Most of the infested stands occur in elevations of
up to 5OO·m a.s.1. in the Coastal Douglas·fir
Biogeoclimatic Zone (22). Infestations in the Coastal
Douglas·fir Zone consist of extensive pine stands
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FIG. 2. Brooms end btench swellings eeused by ~ 1M"'.
on shore pint et Malcolm Islend.

with no, or onlY lightly, infected western hemlock
present. In contrast, within the Coastal Western
Hemlock Zone (Fig. 1, Nos. 7, 8 and 91, stands
consist mainly of western hemlock, western red cedar
and stunted shore pine (Fig. 2). The western hemlock
trees are heavily infected. The few shore pine infected
have a very high infection intensity rating and are
dlaracterized by well-defined fusiform (spindle
shaped) swellings.

On the southern tip of Vancouver Island, heavily
infected stands of shore pine are found on rocky
knolls and mountain tops even though the major
host, western hemlock, is either not present or
not infected. Is A. tsugense on shore pine an ecotype
physiologically adapted to a localized habitat? To
aid in answering this question, a survey was designed
to determine the distribution of A. tsugense on shore
pine and to define the ecological d1aracteristia of
the dwarf mistletoe infested stands and their habitats.
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FIG.5. Logging 01 Douglas-fir on rocky terrain near Soake.

METHODS

Mountains, located on topographical maps and aerial
photographs, were visited to observe whether infec
tion of dwarf mistletoe oa:urred on shore pine. As
infection foci were identified, the search radiated
outward to new areas. Shore pine and western hemlock
along the route to the mountain tops were checked for
p:,. tsugense. Shore pine stands in bogs were also
examined for the presence of A. tsugense. The
boundaries of infestation centers were transferred to
aerial photographs (1; 15,840) and areas were calcu
lated using a planimeter.

Once a shore pine stand was located, the following
data were collected: location, elevation, age of
stand, whether infected with dwarf mistletoe, and
the extent of infestation. Eleven infestation centers
and one non·infested area in shore pine, and one
infested area in western hemlock were selected for
more intensive study (locations 1-13, Appendix 1).

A representative 0.04 ha plot was established in each
of these stands.

Soils were described from one or more pits. dug at
each plot. Profile descriptions follow the Canadian

Soil Classification System (6). Soil texture was
obtained using the Booyoucos hydrometer method
(4). A field pH meter lCorning Glass Works, Model 7)
was used to determine the pH of soil horizons using
Htl and CaCl2 (271. Munsell color charts were used
for soil color t29l.

Species cover and abundance was an estimate using
the scale of Braun-Blanquet (Appendix 1111 (5).
Rocky knolls within the plot were examined as part
of the plot, and by themselves as a separate sub-plot.

Air temperature was measured in standard Stevenson
screens with two max-min thermometers in Plou
6 and 7. Max -m in thermometers were also placed
below the litter layer and on an open grassy slope
between these plots. Records were taken once a
week from July 23 to Nov. 5, 1973. Relative humidity
was recorded in the two plots for 8 12- hour period
(6 a.m. to 6 p.m.) on July 31, 1973.

Each host tree taller than 1.4 m was rated for infec
tion intensity by visually dividing the crown into
thirds and scale rating each third (17). Trees less
than 1.4 m were excluded because of the slight
chance of infection of such a small target. The
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A stand infection index for each 0.04 ha plot was
then calQllated by summing individual tree ratings
and di .... iding by the total number of host trees.

bare bole was included in the bottom third of the
crown. Each third was rated as follo~:

o "' No mistletoe signs or symptoms present
1 • 1%·50% of the crown third infected
2 • 51% or more of the crown third infected.

An infected bole was counted as one infected branch.
Brooms were rated on the basis of the crown area,
with a "2" rating given if more than 50% of the
crown third was involved.

7

Stand Infection Index

o
0.1·2.0
2.1·4.0
4.1·6.0

healthy
light
moderate
se....ere

The rating for each third was summed and infection
classes were determined for each tree. as follows:

Summation

Where residuals occurred in the plot. they were
excluded from the stand infection index. The inci·
dence of infection was based on the number of li.... ing.
infected trees as a percentage of the total number of
live trees over 1.4 m high.

o
1-2
3-'
5-6

healthy
light
moderate
severe

A simple linear regression analysis using the least
squares method was employed to test various
relationships between average plot mistletoe rating.
average age of stand and percent of trees infected.
The regressions presented (Figs. 15. 16, 17) were
the best among those tested.

RESULTS

FIG. 6. X.ie habit flllloribl. for snore pil'lfl succeWon.
lCirky Hill. Plot 13.

Soils

Shore pine stands studied in detail were located in
top or upper slope positiQrls, with the exception
that Plot 4 (Appendix I) occurred on a mid slope.
The land type was mainly rock outcrop with a few
plots on colluvial slopes. Slope ranged from 1 to
34% in the shore pine plots and 40% in the western
hemlock plot. Hygrotope class ranged from mesic
to very dry for the shore pine stands studied in
detail (Appendix I). The western hemlock plot had
a hygrotope class of wet.

A thin mantle of glacial till, colluvium or a mixture
of both covered most plots (Table II). Aeolian
deposits were found on Ragged Mtn. In the western
hemlock plot on Glinz Ck.. the parent material was
colluvium over coarse alluvium.

Two soil great groups were encountered· Sombric
Brunisols and Dystric Brunisots (Table Ill. Subgroups
of the great groups found in the study were Drthic,
Degraded and lithic.

All the soils examined were medium to coarse
textured, ranging from gravelly sandy clay loam to
very gravelly loamy sand. The soils were strongly to
very strongly acid, the acidity usually increasing with
dePth.

Soil profile 1Ob, classified as a lithic Sombric
Brunisol, lacked a Bm layer, the C horizon directly
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underlaying the Ah. Because of the lack of a 8m
layer, this soil might be classified as a Lithic Regosol.
It was developed under a grass cover. Representative
soil profile descriptions are included in Appendix II.
Including Lithic soils (bedrock within 50 em),
bedrock was located close to (within 1 m) the surface
of 13 out of 18 of the profiles studied.

Vegetation

Shore pine on mountain tops occurred in a mosaic of

forest communities on lithosols intermingled with

rocky knolls. Two plots jNos.12 and 13) were in the
Cladonia·Douglas·fir association of the Western
Hemlock 8iogeoclimatic Zone. The western hemlock
plot (No.6) was located in the Sword fern association
and the remaining 10 plots were in the Salal·lichen
association of the Coastal Douglas·fir Biogeoclimatic
Zone (9).

Lithosols were characterized by a tree cover, heavy
shrub layer and moderate herb-moss layer (Fig. 7).
The lichen layer increased in abundance with decrease
in density of stand and increase in exposure. In
contrast, the rocky knolls were characterized by a
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FIG. a. Ro<:k.y Knoll dominatld bV moSS8S 8l'1d liehenl,
Bluff Min. {Plot 91. V

lack of tree cover, a scant shrub layer and ground
vegetation dominated by moss, grasses and lichens
(Fig. 8).

The shrub layer in the forest on Iithosols ranged
from 1(}.8Q% cover and was characterized by
Gaultheria shallon. Arctostaphylos columbiana.
Berberis nervosa. Arctostaphylos .l.I!lI:..!.!.!. &u:iI.

>
FIG. 7. FOl"est on lithotol with .."I groul'ld coYIt".

R899Id Mtn. (Plot 5).

Structure of the forest commumtles depended on
the stand history which IS dominated by fire. The
tree stratum was three structured. The upper layer,
overmature Douglas-fir (over 200 years old), occurred
scattered throughout the area. Below this was a
layer of mature shore pine and Douglas-fir, varying
from an equal mixture to the complete absence of
Douglas-fir. The immature tree layer was dominated
by shore pine with Douglas·fir. Arbutus menzies ii,
and Si.!ils. scouleriana. The stands differed greatly
in their stage of succession.
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FIG.9. Heavy growth of lichens on infected shore pine. Aerie] stloon of~.. tlU9!nse I.rrowl.

gymnocarpa. Pachystima myrsinites and Holodjscu$
discolor (Appendix III). Salal growth was poor (30-60
em taU) in all plots except 12 and 13. which were
in the Western Hemlock Biogeoclimatic Zone. In
these, salal was 90 to 120 em high and Arctostaphylos
columbiana was replaced by vigorous Vaccjojum
Qll.tl.lm. Herbs included Goodyer3 obloogjfQlia
Trientit1is lat,folia, Erythroniurn oreganum, Hjeracjum
albjflorum, DodecatheQD hendersooji. Habenaria
unalascensis, Listera cordata and ~ J.l..W.ni.
Mosses in the forested area were abundant, but less
diverse than on the knolls.. Eurhvnchjum oreqanum.
RbytidiadelphU$ tTiquetris and Dicranum howel!jj
were most common. A lichen characterizing these
shore pine stands was Pelt,ger, aphthosa. Shore pine
were heavily covered with lichens (Appendill IV)
(Fig. 9), predominantly Alectorja sarmentosa.

Rocky knolls, which ocwpied from 2 to 70%
of the plots, were characterized in the shrub layer
by Gaultheria shallon, Holodiscus discolor and
Arctostaphylos uva-ursi (Append ill II). The herb
layer included an abundance of grasses, mainly
£l:i!lli.u ~, Festuca !!.!.!2!:J and .A.i!iI praeCOII,
with Achj!Jea milljfolium, Cryptogramma .k£.imi
and Selaginella wallacei. Mosses included

Rhacomitr!um canescens, Dicranum fUsceSCfOS.

Polytrjchum junioerjnum and Rhacomltflum
lanuginosum. In comparison to the forest on lithosols,
there was a greater variety and abundance of lichens;
namely, Sterocaulon tomentosum, Cladon!a~
Cladonia bellidiflora, Parmelia saxatilis, Parmelia
~ and Umbilicaria hirsuta.

The western hemlock infected plot was represented
in the tree layer by Tsuga heterophylla, Thuja
plicata and Taxus brevifolia. Gaultheria shallon,
Rubus spectabili$ and Vaccinium parvifolium were
the most prevalent shrubs. Herbs included
Polystichum munitum, Pteridium aguilinum, Tiarella
trifoliata, Achlys triphylla, lactuca biennis and
Mitella oentandra. Moss layer was represented by
Rhizomnium glabrescens.

Shore pine was ellamined in lowland bogs developed
on deep material deposited during the retreat of
glaciers. They were in the fin..!.!j·Gaultheria-Ledum
association (34, 35) dominated, in the understory,
by ledum groenlandicum, Gaultheria shallon,
Sphagnum capillac:eum, Vaceinium oxycoccus and
Empetrum nigrum.
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Temperature and Relative Humidity

Maximum temperature averaged 2.2'lC nigher in the
shore pine stand than in the western hemlock stand.
The Iverage minimum was ,oC higher in the shore
pine stand. Maltimum litter temperatures averaged
GOC higher in the shore pine stand than in the
hemlock stand. Maximum temperatures averaged
noe higher for liner on open rocky slopes than on
fore$ted slopes. The average minimum temperature
was a.SOc higher.

Absolute millimum and minimum temperatures
reached at Glinz Ck. and Hill 22. between July 23
and October 26, are shown in Table t' I.
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TABLE III. Temperature data from shore pine
forest, western hem lock forest and
open slope sites. "

H£""'-Oell "....c ----
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Figure 10 shows air temperature and relative humidity
in relation to time during a 12· hour period on July
31,1973. Maximum temperature was reached at 1600

Stevenson screen
maximum
minimum

Below litter
maximum
minimum

27
1

24
4

30
4

40
4

54+

6

01·00 0f000 '0.00 '1'00 "'00 "'00 ",00
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FIG. 10. Aeletive nurniditv end tlllTlperlilure lor west.n
hemlock end shore pine silMOn JulV 31. 1973.

hr for both sites, with a difference of 20 C. Relative
humidity was 96% for both sites in the morning.
The minimum relative humidity was reached at
1500 hr in the shore pine stand, an hour earlier
and 10% lower than in the western hemlock stand.

TABLE IV· Distance between infested shore pine stand and nearest infested western hemlock stand.

W. hemlock infestation centers

Glinz Ck. (No.6) Jjl
Bamberton Provincial Park (No. 26)
Iron Mine Hill (No. 27)
West side of Sooke Lk. (No. 29)
Mile 6 Boneyard Lk. Ad. (No. 37)
2 miles north of Sooke A iver Rd.
and Boneyard lake Rd. crossing (No. 38)
Junction of Phillips Rd. and
Soake Rd. (No. 50)
3 miles north on Phillips Rd.
(No. 51)

aJ location numbers from Figure 11.

Nearest shore pine
infestation center

Hill 22 (No.7)
Jocelvn Hill (No. 24)
Mt. Matheson (No. B)
Mt. Healy (No. 281
J!2 mile N.W. of Boneyard Lk.
Hill 25 (No. 36)

Mt. Manual Quimper
(No.4)

Mt. Manual Quimper
(No.4)

Horizontal Vertical
distance elevation

difference difference
(km) 1m)

0.3 91
7.7 335
7.6 213
2.3 536
1.6 243
0.8 213

5.5 512

4.5 490
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Dwarf Mistletoe Distribution

Main study area

Fifty-one localities were examined within the 789 km2

study area (Appendix V and Fig. 11).

Twenty·seven infestation centers on shore pine
were found in the study area, 24 on mountain tops,
1 on an island (Fig. 11, No. 19) in the center of
Shawnigan lake, 1 in a bog (Fig. 11, No. 471 and
1 on a rocky knoll on the edge of Matheson Lake
(Fig. 11, No. 451. Eight infestation centers on western
hemlock were located, all in valley bottoms (Fig. 11).
Seven stands of shore pine on mountain tops, 3 in
bogs and 1 on a gravelly outwash plain (Fig. 11, No.
33) were examined and found to be non-infected.
Area of infested stands ranged from a small area
(few individual shore pine) to 165 ha (Appendix VI.

Infested shore pine stands located on mountain
tops ranged from 722 m a.s.l. (Mt. Healy) to a low
of 274 m a.s.l. at Mt. Matheson. The three infested
areas not found on a mountain top had elevations
of 116 m (Memory Island), 351 m (Charter's bog)

and 24 m (Matheson Lake). Western hemlock stands
that were infested ranged from 24 m a.s.1. at Sooke
Rd. and Phillips Rd. Junction to 244 m a.s.1. at
Glinz Ck.

Of all these areas examined nOt once did A. tsugense
on western hemlock grow in association with or
close to infected shore pine. Except for two coilPC'
tions (Memory Island and Matheson Lake) there was
no elevational overlap between the two host/species
combin... tions. The dist ...nce and elevation differences
between the two host/species combinations are
shown in Table IV.

Five bogs were examined for A. tsugense on shore
pine (Appendix VI. They ranged in elevation from
30 m to 488 m and tree ages ranged from 55 to 127
years. Dwarf mistletoe was found in only one bog,
on two trees only. These were heavily infected and
stunted (Fig. 121. The age of shore pine averaged 81
and 127 years for infected and non·infected trees,
respectively. All four western hemlock trees present
(153 years oldl were found to be non·infected. All
trees had fire scars and burned bark.

T

SUAVEYEOPOINTS
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.. IN'ECTED ...ESTEIlN >!IMLOC"
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FIG. 11. Survey poInts checked for dwarf miJtI~oe. LOClllions••1_lions and lill! of inf,slecl area for individual survey poInts
.re given In Appendix V.



FIG. 12. Infected ,horl pinl hlrrowl in Chart.'s bog.

Orcas Island

The only recorded parasitism of shore pine by
A. tsugense in the U.S.A. occurs on Mt Constitution,
Orcas Island. Mt. Constitution consists of Triassic
Jurassic sandstones and siltstones (26) and has been
altered by glaciation, both by contouring and deposi
tion of glacial drift.

Because of the rain shadow effect of the Olympic
mountains, the summers are dry and relatively
0001. the winters wet and mild; the frost-free period
is long. Mean annual precipitation is 46 an. The
coolest month has a mean min temperature of OCc
(January) and the warmest month (July) a mean max
temperature of 22.50 C. Elevation has a primary
effect on the local climate 1111.

Franklin and Dyrness (ll)51ate that plant communities
found on the east coast of Vancouver Island are

13

FIG. 13. Stunted infected shorl pinion summit of
Mt. Constitution, Oreal Island.

sim Har and that the Coastal Douglas-fir Zone is related
to the Puget Sound Area. Shore pine and western
hemlock stands are located on Mt. Constitution,
where the higher elevation results in a greater supply
of moisture. The shore pine are found in the xeric
sites on shallow gravelly soils of glacial and colluvial
origin.

A tsugense was found on the upper slopes of
Mt. Constitution from 671 m to 734 m (the wmmit).
The stand oonsisted of mainly shore pine, 70·BO
years old, with scattered secondary growth Douglas·
fir. Shore pine on the summit were stunteti (3mto
5 m tall) due to heavy mistletoe infestation, shallow
soils and exposure to high winds (Fig. 13). The
stand oonsisted of a mosaic community similar to
the main study area, although knolls were less exposed.
Vegetation was similar, except for a higher cover of
Chimaphita umbel lata
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FIG. 14. Infected _lItern hemlock .mong h_ily infected
$hor, pine. Mt. Constitution, Oren Island.

One young western hemlock was found in the
infested shore pine stand. Although surrounded by
heavily infected shore pine, it had only a single
branch swelling (Fig. 14). A small patch of moderately
infected. 58-year-old western hemlock was found
bordering the pine stand in a hollow at mid·slope.

Other areas

Some mountains located north of the study afea
have similar vegetation communities. Mt. Benson
(1019 m) and Mesachie Mtn. (396 mi. containing
shore pine to the summit, were examined. Kojima
(21) found an Arbutus menziesii community similar
to the study area, containing shore pine on the
extremely dry sites in the Coastal Western Hemlock
Zone, on the east side of Buttle Lake. Shore pine
were checked in the above locations but were found
to be non-infected.

Dwarf Mistletoe Infection Intensity

Thirteen stands were studied in detail, 11 of infested
shore pine, 1 of infested western hemlock and 1 of
healthy shore pine. The composition of shore pine
in the plots ranged from 40% to 96% !Table VI.

TABLE V SI¥Id compC)iilion Ind ~rc.nlof U", Infected 10.04 heCl:..e ploul.

p,,, Location ,,,... .,.,..- _w.
WRC~ Weswrn ..... y- ""'" """. Weslern Western TOlil

~. ",. I" """..... pM PM """..... """Ioc' .-• infecled • ;nfllCled

• •
MI. H,lmck,n ,as , , 96.' 77.S ,.,

, MI. W,1l1 S! ,. .. 42.9 43.8 '", Ml W,III ., \I , 68.' 6J.' ..
• Ml Menu,1 26 IS 63,4 96' ..

QuimPlf, RIIPd MIn. SS JO ".7 100.0 6S, Glin2 Ck, ., 95.9 61.1 ..
7 Hill 22 ., 11 , 61.7 976 6', MI. Mllheson ., 6' ".0 100.0 '05

9 81ulf Min. " 1J 81.9 100.0 "
" Ml Work 71 " " 49.0 88.6 'OS

\I .".. 100 52 .... 100.0 '"
" Ml MIlIU'" '52 ,. 7 .. , 00 J9'

1J K"byH,lI ,., , , 93.5 49.2 'J9

" WRC • WIlI"n rid cedar
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TABLE VI. Infection intensity rating and age data for each plot.

Plot Avg. infection rating Avg. Infection Avg. Avg,
no. by crown class total class age of age of

rating immature residuals
0 Co S stand

2.7 2.5 2.7 1.3 2.1 Muderate 40.2 96.0

2 1.8 1.5 0.3 0.2 0.7 light 23.0 98.3

3 3.4 5.1 3.3 0.0 '.0 Moderate 79.6 19,6

• 3.6 5.1 5.9 3.5 5.0 Severe 61.0 61.0

5 5.2 5.3 '.6 5.' 5.1 Severe 62.7 62.7

6 4.0· 3.0 1.4 1.1 1.3 light 39.0 113.0

7 5.4 4.7 3.7 3.2 4.4 Severe 62.0 62.0

8 6.0· 3.5 3.6 4.5 3.6 Moderate 41.7 66 + rot

9 4.9 5.0 4.1 4.3 4.6 Severe 57.3 99.0

10 2.7 2.2 2.2 2.6 2.4 Moderate 27.8 68.0

11 4.8 '.6 4.7 5.0 4.7 Severe 78.5 78.5

12 0.0 Healthy 64.6 64.6

13 1.0 1.0 0.9 0.2 0.9 Light 41.0 41.0

·Contains residuals only; therefore, no dominant trees included in the Ivg. total rating.

Average age of stands ranged from 23 to 80 years
(Table VI). The stands were even-aged (age range
tess than 5 years) though. in most cases, residuals
were scattered throughout the immature stand.

The average age of stand correlated significantly
with the percentage of trees infected IPcO.ooli.
with 84% of the variation accounted for by the
regression (F ig. 15). Based on the regression
obtained, 69% of the stand would be infected at
age 30. 86% at 50 years and 100% at age 76.

Since residual infected shore pine were present
at the formation of new stands. the duration of
infect ion is considered the same as the stand age.
A significant correlation (P< 0.0011 occurred
between average age of stand and average plot
mistletoe rating, with 79% of the variation accounted
for by the regression (Fig. 16). Stands at 35 years
would have an average rating of 2.2 and at 70 years, a
rating of 4.8 (Fig. 161. The time for the plot mistle·

toe rating to increase by one class averaged 15 years.

There was a rapid increase in the percentage of trees
infected with increasing average plot mistletoe
rating . 46% of the trees were infected in plots
having an average mistletoe rating of 1.0, and 100%
infected for those with a rating of 5.5 (Fig. 17).
Correlation between percentage of trees infected
and average mistletoe rating was highly significant
{p~0.00' J, with 95% of the variation accounted
for by the regression.

The western hemlock infected stand had an
average stand infection index of 1.3 with 61.7%
of the trees infected.

Plots having a tight stand infection index showed
a trend of infection rating increasing with tree
crown class (Table VI). Once stands reached a
moderate or severe index, infection rating for
suppressed and intermediate was as high as the
dominant and co-dominant trees.
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Site Index and Stand Condition

Site index (height in meters at 100 yearsl for
Douglas·fir ranged from 15 to 30, with an average
of 20 (poor growing site) (9). The 3Yerage site
index for shore pine was less than 18 (poor
growing sitel.

Because of the poor sites and the damage inflicted
by mistletoe, the shore pine stands were very
"ragged" in appearance (Fig. 181. Dead trees ranged
from 1.5% to 29.2% of all trees within the plot.
The highest mortality occurred in Plots 5 (Ragged
Mtn.I, 9 (8luff Mtn.) and 11 (Mt. Jack). Blowdown
and broken tops ocwrred extensively in the
infested areas studied.

FIG. 18. Smellftt tree lound infect.:! In tn. study .... was
51 em tIIll (from root col"r lalTowll, glOWing on I rock
outUl:lP with its roots ...,b«id.:! in ,hi rock O"ft'icft. It w.
38 V_S of liCL
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Damaging Agents on Dwarf Mistletoe

Of the 27 infested areas studied, hyperparasites
were found in two areas..

A fungus, Cylindrocarpon qillii (28), was found in
Plot 7. Aerial shoots of dwarf mistletoe were heavily
infected, many being girdled and killed. This host!
hyperparasite combination on shore pine has been
previously reported by Kuiit (24).

A fun~s, ~ macrosoora, was found on
A, tsugense swellings 0f1 western hemlock on the
west side of Soake lake (Fig. 11, No. 29) and is
widespread throughout the range of western hemlock
dwarf mistletoe in British Columbia 1121. Symptoms
are resinosis, cankering and girdling of infected host
branches.

$hare pine dwarf mistletoe swellings were gnawed
by red squirrels lTamiasciurus hudsoniQJS
lanugino$Us). Feeding was restricted to the bark in
the vicinity of the infection. Squirrel feeding has
been previously reported by Baranyay (1) on lodge
pole pine attacked by A americanum in Central
British Columbia and in the Rockies of Alberta,
but not on infections of A tsugense on shore pine.
Infections on western hemlock showed no signs of
squirrel feeding.

DISCUSSION AND CONCLUSIONS

A tSU9!!nst on shore pine is more extensive than
previously~ealized but is restricted to certain habitats
where shore pine is essentially the climax species.
Infected shore pine occur in a lithosol -rocky knoll
mosaic and in xeric habitats, both in the Coastal
Douglas·fir Biogeoclimatic Zone and the dry subzone
of the Coastal Westef"n Hemlock Biogeoclimatic
Zone. The he3YY concentration of A. tsugense on
shore pine in the study area reflects the abundant
climatically and edaphically xeric habitats which,
with the help of fires and logging, are favorable
to continuitY of shore pine.

Geographic distribution and habitat are different
for A WRense on shore pine than those for the
parasite on western hemlock. Microclimate, mainly
temperature, is different between hemlock and
shore pine infested stands. In the Coastal Douglas·fir
Zone and the dry subzone of the Coastal Western
Hemlock Zone, western hemlock develops only as an
edaphic species on subhVgric habitats and does not
aeon on xeric habitats (22).

The size of the infested area reflects the stand history
and topography of the area. Where fire was severe and



the terrain less of a mosaic (forested and rock
outcropsl. very few residual infected shore pine were
found that could re-infect the secondary growth.
Where the moontains were broken up with many
subpeaks and where a patchy burn occurred, more
infection centers were found, and a larger area was
infested.

The older and more extensively infested forest
stands were found on moontain tops having a mosaic
community of rocky knolls and forest on lithosols
on glacial till, colluvium or a mixture of the two.
Shore pine could have been more extensive in this
area during the early post glacial period, as it is able
to thrive on recently disturbed terrain. Thus,
A. nugense on shore pine may have been more
extensive, and only in later years largely restricted
to mountain tops.

Current spread of A. tsugense on shore pine has
been from the mountain top to lower elevation
areas adjacent to the stand. This spread probably
has accelerated with man's intelVention by logging
and with increased fires. Infection in isolated locations
sum as Memory Island, Charter's bog and the edge
of Matheson lake could indicate a long distance
dispersal, beyond the normal dispersal distance
of the dwarf mistletoe, for which birds could have
been responsible.

An average of 15 years is requ ired for the stand
infection index to increase by one class. This is
very close to the 14 years determined by Hawksworth
and Hinds (16). The percentage of stems infected
at the younger ages is much higher than that found
by Hawksworth (14) on lodgepole pine infected
with A. americanum. Intensification of dwarf
mistletoe in shore pine stands is very rapid. A
survey carried out by the Canadian Forestry Service
gives an average infection rating for infected western
hemlock of 2.95 for stands having an average age of
62 years. In the present study, shore pine infected
with A tsugense had an average infection rating of
4.08 at the same age.

Dwarf mistletoe causes volume loss and mortality
in moderately and severely infected forest stands
(21. and control measures may be considered
worthwhile for those shore pine stands on deep,
relatively productive soils in the study area and
for other infected shore pine stands in the Coastal
Douglas-fir Zone with a potential for commercial
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wood production (e.g.• Parksville-Horne lake area).
The rapid intensification of mistletoe in the shore
pine stands studied means that sanitation measures
(removal of infected trees) can not be applied success·
fully to stands over 20 yeats of age. Over this age,
insufficient healthy trees are available to form the
stand after sanitation. For heavily infected older
stands on productive soils, eady salvage, with removal
of all infected understory, is recommended to return
the land to full production.

In most cases. the sites supporting infected shore pine
in the study area are on rocky hilltops and are more
suited to recreation (hiking, nature study) than to
commercial forestry. Even for recreational purposes,
however, dwarf mistletoe will have to be considered
an important factor affecting the appearance and
general health of the stands.

The particular habitat requirements of shore pine has
isolated a unique gene pool of A. tsugense from the
common western hemlock host. Inoculation experi·
ments by Smith (38) indicate some degree of genetic
differentiation, although the seed source. unlike the
study area, was from an area where infected shore
pine and infected western hemlock forest stand
habitats were adjacent.

8efore a decision can be made on its taxonomic
position, a wider spectrum of host/parasite relation·
ships, morphological and physiological characteristics
of the dwarf mistletoe and its historical development
has to be studied. Field inoculations of dwarf mistle
toe seed collected from shore pine from the mountain
tops onto western hemlock and from hemlock to
shore pine, and measurements of quantitative
characters for morphological differentiation of the
two races would be helpful in clarifying the taxonomic
status of A. tsugense on shore pine.
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APPENDIX II. Representative soil profile descriptions

Plot 1 - Degraded Dystric BrunilOl

Horizon Depth lcm)

L 2-1

F-H '-0
A,]} 0'

Bmce, 1·10

Bmcc2 10-42

BC 42·61

BCg 61-85

Bedrock B5+

Description

Undecomposed conifer needles and salalleal/es

Friable duff mull like

Trace

Reddish brown (5.0 YR4/41 moist, dark brown 17.5 YR4/4)
dry, gravelly loam, pH 5.2, large roots I> 10 mm) abundant

Reddish brown (5.0 YR4/4) moist, dark brown (7.5 YA4/41
dry. gravelly sandy loam, pH 5.1

Brown (10 YR 4/3) moist, pale brown (10 VAG/3) dry.
gravelly sandy loam, pH 4.7

Mottled brownish yellow 110 YR 618) and pale red (2.5
y 6 f21 mOiSt, gravelly sandy clay loam. pH 4.7

1/ Ae was 7 em thick in soil Sa

Plot 8 - Orthic Dynric Brunilol

Horizon

L

F-H

Bm,

BC

IIC

Bedrock

Depth (em)

7-'
4-0

07

7·17

17·28

28-50

50·67

67·69

69+

Duc:ription

Undecomposed conifer needles

Very friable. duff mull like, containing high charcoal content

Dark vellowish brown (10 YA3/41 moist, brown to dark
brown (7.5 YR3/41 dry, gravelly loam to sandy loam, pH 5.5

Brown to dark brown (7.5 YR4/4) moist. brown 17.5 YA5/4)
dry, gravelly loam, pH 5.4

Dark yelloWish brown (10 YR4/41 moist, yellowish brown
(10 YR5/41 dry, gravelly sandy loam. pH 5.5

Olive brown (2.5 y4/4J moist, light yellowish brown (2.5
y6/41 dry, very gravelly sandy loam, pH 5.0

Olive brown (2.5 y4/41 moist, light vellowish brown (2.5
Y6141 dry, very gravelly sandy loam·loamy sand, pH 4.7

Root layer contact with bedrock



Plot 7 . lithic Dynric Brunitol

Horizon

L

'-H

Ah

Bm,

BC

Bedrock

Depth (cml

4-2

2-0

0-'

'-7

7·19

43'

Description

Undecomposed moss material

Very friable mull

Trace

Dark yellowish brown flO YR3/4l motst. brown to
dark brown (7.5 YR4/41 dry. gravelly loam. pH 5.3

Dark reddish brown 15 YR3/41 moist. brown to dark
brown t7.5 YA4/4) dry. gravelly loam. pH 5.3

Dark reddish brown 15 YR3/4) moist. dark yellowish
brown (10 YR4/4) dry. very gravelly sandy loam.
pH 5.0

Dark yellowish brown (10 YA4/41 moist. yellowish
brown (to YA5/41 dry, very gravelly sandy loam
pH 5.0

Plot 6 • Drthic Sombric Brunisols

Horizon

L

'-H

Ah

BC

Bmb

C,

C2

Depth (em)

3-'
1.()

O-g

9-32

32·49

49·66

66·81

81·103+

Description

Undecomposed needles and sword fern fronds

Friable mull

Dark brown (7.5 YR3/2) moist. dark yellowish brown
(10 YA4/41 dry, gravelly sandy loam, pH 5.4,charcoal
present, earthworms

Dark yellowish brown (10 YA3/4) moist, dark
yellowish brown (10 YR4/4) dry. very gravelly
sandy loam. pH 5.5

Dark yellowish brown (10 YA4/4l moist, light
yellowish brown (2.5 YR6/4) dry. very gravelly
sandy loam. pH 5.7

Dark yellowish brown (10 YR4/41 moist, yellow
brown (10 YA5/4) dry, gravelly sandy loam. pH 5.7

Olive brown (2.5 y4/4) moist, light yellow brown
(2.5 y6/41 dry, some mottling, gravelly sandy loam
to loamy sand, pH 5.8

Olive brown (2.5 y4/4) moist. light yellow brown
(2.5 y6/4l dry, gravelly loamy sand, pH 5.8



Plot 4• . lithic Sombtic Brunisol

Horizon Depth (em)

L 4-2

F-H 2'()

Ah 0-6

8m 6·15

Bedrock 15+

25

Deu:ription

Undecomposed dead moss and pine needles

Fibrous mor

Dark reddish brown (5 YR 2 /2) moist, dark brown
(10 VR3/3) dry, very gravelly loamy sand, pH 4.9

Dark brown (10 VA3;3) moist, brown to dark brown
(10 YR4/31 dry. gravelly loam, pH 4.6
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APPENDIX IV Some lichens found on shore pine

AleClorla sarmentosa

Cladonia pllVrea

Cladonia theiophila

Hypogvmn1a enteromorpha

Hypogymnia physodes

lecldea sp.

Mycoblastus sangulnanu5

Ochrolechia oregonensis

Ochrolechia upsaliensis

Pertusaria sp.

Platlsmatia glauca

Sphaerophorus globosus

Usnea dasyjX)9a
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APPENDIX V. location, elevation and size of infested area for individual points surveyed
(numbers match survey points on Fig. 11).

No. Location Elevation Size of Infested
1m) Area (ha)

Mt. Helmcken 305 '3

2&3 Mt. Wells 335 2

4 Ml Manuel Quimper 536 2

5 Ragged Mtn. 57. 12

6 Glinz Creek 244 < 0.5

7 Hill 22 335 3

8 Mt. Matheson 274

• Bluff Mtn. 54. 165

10 Mt. Work 427 32

11 Mt. Jack 646 •
12 Mt. Maguire 244 Healthy

13 Kirby Hill 457 13

14 MI. Braden 467 2

15 Hill 26 518 6

16 Mt. McDonald 42.

17 Hill 36 610 23

18 Empress Mtn. 673 -:: 0.5I. Memory Island 116 -:0.5

20 Waterloo Mtn. 1055 Healthy

21 Redflag Mtn. 305 Healthy

22 Mt. Bhnkhorn 244 Healthy

23 % mile N.W. of Boneyard Lake 427 0.5

24 Jocelyn Hill 396 15

25 Mt. Jeffrey 57. Healthy

26 Bamberton Provo Park 15 0.5

27 Iron Mine Hill 31 35

28 Mt. Healy 722 24

29 West side of Soake lake 186 •
30 Mt. Finlayson 40. 0.5

31 Trap Mm. 711 17

32 Mt. Newton 244 Healthy

33 Area "8" Muir Ck. 76 Healthy




