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ABSTRACT

LOW_TEMPERATURE AS IT AFFECTS THE SELECTION OF WOODY

ORNAMENTALS IN BRITISH COLUMBIA: by Hubert L. J. Rhodes

:Lof.ﬁintéf'temperature was taken as the
most 1mportanthfact§r influencing the_sélectién of
ornaﬁental:tfées‘ahd'shrubs for”different.aréas of
British.Coiumbia. The locality around a metéorologicai'.
station was made the pnit bf investigation,‘ﬁith the
mqteorological station aélg reférencgzpoint.“Average
extreme lowest temperatureuof the y§af for eﬁch
British Columbia meteorological staﬁion wasbcalcuiated
from figures compiled for the ten yeﬁr.period»l?ho-h9.

Certain methods were used to interpret .
low temperaturg information 4in an original way: the
use of the winter rather than tﬁe,calendar>year as the
unit in considering low temperature,Vthe-application
of statistical analysis to express»fariatioh in low
temperature between winters, and the conversion §f
statistical estimates to temperatures corresponding
to a convenient probability ratio“éaéilj ﬁnderstood by
practical workers. Average‘eitreme lowest tgmperatﬁre
of the winter based on the ten-winter period from 1940«41
to l9h9-50; standard deviation, and‘the ninety percent
point were calculated for selected B, C. meteorblogicai

stations.



ABSTRACT -~ Cont,.

‘The ninety percent point is that temperature
above which the extreme lowest temperature of a station
will fall in approximately nine out of ten winters, and
below which the extreme lowest temperature will fall in'
approximately one oﬁt of ten winters,'according to
mathematical expectancy based on statistical analysis
of temperatures observed over a period of winters. This
concept combines the information to be obtained from the
average extreme lowest temperature and the standard
deviation, The ninety percent point is found by sub-
‘tracting the standard deviation multiplied by 1;3 from
the average extreme lowest'temperature of the winter.
| A survey was conducted to obtain an estimate
'of‘the injury té ornamental trees -and shrubs in British
Columbia following two severe winters. The information
was used to test the usefulness of low temperature data
as a guide in selecting woody ornamentals for hardiness
in a locality, and to get accurate low température
limits in the Pacific coastal region for a number of
ornamental species. Low temperature information was
found useful within limitations as an indication of the
amount of winter injury to woody ornameﬁtals to be
expected in a locality of British Columbia after a

severe winter,
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LOW _TEMPERATURE AS IT AFFECTS THE SELECTION OF
© WOODY ORNAMENTALS IN BRITISH COLUMBIA

INTRODUCTION

- One of thg impo?tant steps ih the development
6f horﬁiéulture iﬁ"any régidn i§hthé obtaining of infor-
mation on suitéble-orhamental plants for difféfent
parts of the country. The accumulation of such infor-
mation is usﬁally»thevrésuit of considerable experience‘
involving a large amount of trialfand error with a
range of plant materials. ”

'In the older parts of the world ﬁhq‘behaviour
of ornamental plants and their suitability for
different areas is well known. As little knowﬁ or
newly discovered plants are introdﬁcéd.to'gardéne‘
their suitability for particular districts i§“déteré
mined with the help of‘information:abOut pléntg which
have been long in cultivation in these districts.;
 Great Britain is an example of a country which has a
well developed horticulture in connection with its
long period of éivil;zation. ﬁgyailed.information on
suitabié ornahentalsvis generally available fpr,all
the different iocalities ffom the southwéstern'coaat
to the northern‘islandé.

;In'the‘aettlement of the.new world immigrants
customarily brought with them the plénps with which
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they had been familiar in their old surroundings. -They
soon found which Qf~these would survive in the new
land where they haﬁpene& to éettle; ~ People have fended
‘td'relyAon'thosejiﬁiroduced'trees’and‘shrubs which
.have proved sucéesznl, rather than explore the_pogsi;
bilities of natii@ species or other plants which they
had not known in their old surroundings. Nﬁraeriqs
have made a practice of growing oniy'the plants for
which there is considerable démand;  Consequently
there has béenvalconservatiie trend in the planting
of ornamentals. | | »

There are usually a few species of good
ornamental plants which are pafticularly vell'suited
to theicliﬁ;te of an area. Thége species may be
overlooked unleés a well organizéd;scheme of triéisris
conducted. Before our surroundings can be‘#atis-
factorily landscaped, a thorough knowledge of the
best existing plant materials must be attained.,

\In'Britiéh Columbia there is a definite
need for better“ofganized and more readily #vdilaﬂle
information aé to which‘plants‘may bé grown i#
different localities. Even in the well settled
districts érounthancouver there are few gardens:
'whére pbssibilities in planf materi#lb are exploited.

-Most gardeners have to make a choice of plants with-
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out any real knowledge of the’wide'array of god@v
ornamentals whicﬁ‘might be used. Some plants which
are particularly/#dapted to local conditions are not
readily,afgilable at ihe local nurseries, and con-
sequently they are not widely growﬁ. .Others‘which are-
available haveibéén avoided beCausq.theyﬂhavé'been
thought to be not hardy enough. Many of these plants
could be grown succéssfullj if given a suitaﬁie 1ocation
and adequate care. | | |

Better practical horticulture in British
Columbia must depend primarily on the appiication of
the best scientific methods of obt#ining information
that are at our disposal. In this investigation every
'attemﬁt-has been made tb use the tools of sciences
related to horticulture invattécking a'hortiénlturalb'
problem., Climatoibgical;methods, especially the atatis-
tical analysis of temperature data, have been found
most useful.,

of the'nuherous_factors which determine the
auitability of ornamental trees #nd shrubs_ror>par-
ticular localitieé, low winter temperature is uhdoﬁbtedly
very import#nt. This is ;qucially true if, as in this
investigation, the area under study is characterized.
by marked climatic diversiiy.' In British Columbia |

there.is a wide range in the severity of winter tempera-
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ture in'differept localities.llﬁfound Victoria on the
southern tip-éf Vancouver Island the winters‘are géneraliy
' fhildAenoﬁgh;to p§rﬁi£ the outdoor culture of nearly ény
 woody plant from the temperatekionés of.tﬁe'ﬁorld.l At
- Prince Géérge, to#ard_the other_extfeme,‘only a few notablyi
cold resistant trées and shrubs will survive.

‘The puipoae_éf thia-investiggtion”isito provide a
foundation for a sound appraisaluofvlocalitieﬁ_§f Bfitish
Columbia as ta suitability for the growth of differenir
species of ornamental trees and)shrabs‘: Aiﬁhpngh‘the,
problem has a number of important,éspécts; in§e§tigation
is confined here to the study»of 1owvwinter'£emperature

as it affects the selection of'woody ornamentals.,.
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REVIEW OF LITERATURE

One would expect that‘an;apprqciablé‘amount of in-
vestigation on trees and shrubs suitable for British
C@lumbia‘would be under way, considering the youth of the .
province as a settled area. Unfortunately.there has been
little detailed work for specific purﬁoses.'

The DominiodiExperimental Farms Service have taken
thé lead in trying out ornamental plants fqr different
climatic regions in Canada. Their work has been quite
valuable for Canada as a whole, especially the cold regions
which occupy the majority of the country.A'Sﬁch work
-applies to the cold interior of British Coluﬁbia, but
not to the warm coastal region éf the provinée, wﬁere the
- population is concentrated. Some detailed local work has
been done at branch farms and stations, but little of
this is published. From Ottawa h#ve:eomevbnlletins‘on'
hedges (Macoun, 1931), trees (Qliver, 1945); shrubs and
climbérs (Oliver, 1944), and perennials (Preston, 1946).
Oliver's bullétiﬁs give tébles showing h#rdinesg_of the
trees and shrubs which have been tried at different branch
farms and stations,. | |

In thelHorticulturai Branch of the Provincial T
Department of Kgrieulture the major attention has been
directed towa?d fruit crops fathef than qrnamentais.
Interest in the suitability of ornamentalé hgs beén con-

fined chiefly to answering queries from the publie. Distriect
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'Herticulturiéts undéuﬁtédly have accumulated séhe~good‘in-‘
formation relating tq‘individﬁal diétricts. This infor-
mation would be‘mofe,ﬁseful if it were compiled and
published for the use of people who are not familiar with
the profinée.' - o _

There has been some attempt at‘The Univefsity of
British Columbia to recommend piants suitable for the : |
province., The 1list of ornament§1 trees,and‘éhrubs com-
piled by F. E. Buck (1946) has been useful, but it makes
no dietinctioh between different areas of the province.-
Brink and Farstad (1949) in an approach to the problem of
recommending suitable crop plants, have summariged the
physiography of thé agricultural aréas of British Columbia,
and Brinkq(1950) has organized"somelclimatological infor-
mation fér»the uée of agriculturaivinvestigators in‘the.v
first of a series of four publications. Muirhead (unpub.)
has done some original work in his in#estigation of suitf
‘able street trees for Vancouver. There is promise of aa“
increased interest in loc§1 problems'of this ﬁaturé.

In the American‘states.soutﬁ of British Columbia :
the.exploratiOn of local poseibilities has_prqgrésséd more
rapidly. 4Grantlénd Grant (1943) h#ve given a good summary
of the newer ideas in a book on trees and shfubs foé the
Pacific Northwest. Snyder's (no date) list of shrubs for
Washington is appiicable to paffs”of B;C., but it does nbt

give any details of climatic suitability. Graham and
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McMinn (19h1) have considered shrubs and v1nes for the
,Pacific coast. McMinn and Maino (1935) include ornamentals
in their account of trees of the Pacific coast.

Numerous articles in semi—popular gardening
magazines contain valuable but scattered fragmentc:of in-
formation on the culture of trees and shrubc in the ‘
Pacific Northwest. Grant (19&&), for example, has written
on rhododendron culture in the area.

The study of climate in relation to,the growth
of plants has attracted wide attchtion in the 1ast'twenty~
fi#c years, owing to the stimnlus-of the new scicnce'of
plant ecology. . The first comprehcnsive Qﬁantitaﬁive
classification cf-climate by Thornthwaite-(l931)via well
'kncwn.' The appllcation of Thornthwaite's system to a
;?particular problem such as the selection of trees and
‘shrubs should be.preceded by careful consideration of the
factors involved, Any one factor such as tampcrature_is_”
dealt with very generallj in-such a ccmplex'clacsification;\'
onc'tempefatufc_category includes almost all the'British.
Columbia sistiaﬁsl» Sincc_dirferences.iﬁ wintcf'tempefature
are very imporcant in the selection'cf £rees and shrubc,-
»Thornthwaite'a classification has a 1imited use in this
kind of work., A new classification by Thornthwaite (19h8)
has appeared, and this has been applied to a ‘classification

of the climates of Canada by Sanderson (1948).
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-Anether development-infthe science of climatology
is the statistical apprcach.‘ Although statistical methods
have not been used as extensively as they might 1n clima~
‘tological work there hae been an increased(attempt to
apply such methods to climatic studies in the last decade,.
: particularly for military purposes. An authoritative“
text covering fundamentals and recent applications of
statistical climatology by Conrad (19hh) has stimulated a
wider use of ‘these methods, especially in relation to
agriculture. ‘Foster (1948) has demonstrated.the.possi- |
bilities of the statistical approachvin his book enuhydrdLQy.

Brink (1950) emphasizes the'ralue.of a-thcrough |
appraisal of the climate of British Columbia for improving |
the efficiency of agricultural production. Quoting |
Landsberg-(l9h6) he shows that climate is in essence an
inexhaustibleinatural resource‘which’ since it ie fairly
constant over a period of years, can. be treated as a
calculable risk.

Writings with specific reference to the ‘B, C.
climate have been rather numerous. Connor dealt with.
temperature andrprecipitation in an*early publicationr
(1915), and more. recently (19h9) has - discussed the frost-
free,period. A eummary of the ‘B. C.- Climate by Denison

‘(1925) is found in the Monthly Weather Review. ‘Koeppe

(1931) included some detailed remarks about the climates of ,l
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districts of British Columbia ih his book on the Canadian
climate., The work of Brink (1950) is mentioned above.

Characteristics of mountain climates of Western
}North America have been discussed by F. S. Baker (1944).
The behaviour of temperéture in mountains has been treated
fully by Peattie (1936).

The history of the development of methods of
classifying plants according to climatic requirements and
of classifying climates according to their suitgbility to
plants is a long one dating into antiquity and aésociated
with the origin and development of botanical gardens. Yet
only during the twentieth century have attempts been made
to put thése‘climatic studies on a quantitativé basis.

The development of a plant growth region map by
F. L. Mulford of the United States Department of Agriculture
was an early attempt to classify the United States for
plants. Originally intended as a basis for recommending
roses and street trees, Mulford!s system was modified and
refined with the #id of many speclialists in the U.S.D.A.
The original thirteen regions were increased to thirty-two
(Mulford, 1926). Van Dersal (1938) gives a detailed
aécount of Mulford!'s system, with characterizations of the
different regions ﬁnder (a) climate according to Thorn-
thwaite's Classification, (b) length of growing season; and
(c) average annual snow cover. These descriptions reveal

the complexity of Mulford's system and the difficulties
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‘thetbwoul& be‘invelved in epplyingethis,system to British
Columbia. The clim&tes of the regiens ocCupying mountainous
areas are very diverse, sometimes defying description.
-Mulford's‘syetem undoubtedly has rrectical value for areas
of regﬁlar climate, but it is too complex to be useful in
disfinguiehing‘growth,regions in British Columbia. Van
Dersal (1938, l9h2) has epplied Mulfordfs growth regione
to his work with American woody plants, lietlng the regions
for which each plant is recommended.

Another quantitative approach to the_claaeificaﬁioh'
of plante fer climate wasrthe~deveiopmen£ of'e~syetem ef
winter hardiness zones_for cultivated'treee qu shrube'by'
Alfred Rehder of the Arnold Arboretum. Information about
the.herdiness:of different species had been eteedily
accumulating as‘a result of the'intrbductien aeeltesting
of plants from the East ﬁhrough the botanical gardens of
Europe and America. Rehder (1927) made this information
available in his manual on cultivated trees and-ehrubs.

He divided North America into eight cllmatic zones based on
the "lowest mean temperature of the coldest month" The
numeral for the’ corresponding zone (I-VIII) was given with'
the description of.each species in the ménﬁel; A plant of
.Zone I11 yonld”be,hardy ig Zones III~to;YIII;‘buffnot in
ZonesalrtoVJI;V'Iﬁ the second edition of hie'manuei‘(19a0)
Rehder explainedlﬁhe‘basis of;hie.cleseifieetien somewhat

dirferently. 'The:nuﬁber ef zones was reduced te seven, and
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these zones weré based on the “annuél.mihimumvtemperaturé";
The average annual minimﬁm temﬁeraiure listed‘for‘the 
different}zdneg is as follows:
Zone I:  exceeding =50°F
II:  =50° to -35°
III:  -35° to =20°
IV: =20° to =10°
V: -10° to =59
VI: =5°  to 45°
VII: 45°  to $10°
A map shéwing:the approximgte,locatién of these
gones in North.AﬁeriCa is inciuded with the manual, This

map is adapted from a.mapuof:avérage annual;minimum‘tem-

peraﬁufe'in'the g&;ggvgg American Agriculture (0. E. Baker,
A1936).. The\uaefulness.of‘Rehder‘s map. for detérmiﬁing the
zone of a place is limited by the small scale and the lack
of detail in outlininé the zones. It is clear from Réhdérfs
explanationﬂof'his‘systemrihﬁt he believes méﬁy other .
factors beéides winter'températﬁre‘have_an important bearing’
on the hardinéss Of.plants. |

' 1The general recognitiqn_of Rehaer's taxonomiec
work on cﬁltifated~trees and shrubs has"beéﬁ-acdompanied
by a wide,accepﬁance of his wipter hardines§ ioﬁes as. a
basis for classifying woodj ﬁlantd accordiné to climate.
'Wymanf(1938)‘réferred ﬁo Rehder's winterlhardiness.zones‘

as standard fqr the United Statés.. He gssigned_somewhat
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_modifigd‘ratings based'oﬁ Réhdgr's system to eaéh species
in his 1ist of hedge plénfs. ‘Gfént'and Grant (l§b3)
zhave»extended his zones froﬁ seven to ten to include the
'hiid;caastal areas of the Pécific Northwest, and‘ihey'
‘assigned hardiness ratings to.each épecies_ih their list
of.plahté for this area, -The qu§ntitative'ba§is-tqr-the:
extended‘zoneg.is'not given ih'their'explanation of
their.modifiégtion. | | |
Writingq describing_investigationa of the
nature of winter injury andvthé factors infiuencing
winter hardiness have been verj extensive (Imperial ’
Bureau of Plant Breeding and Geneticé, 19393 Levitt,
l9h1); Some discussions of.the‘probiém of winter hardi-
ness in reiation'to brnamehtal-planﬁs are ‘those bfr‘ | G
thefs (1947), Crane (1947), Skinner)(19hh), andvfeﬁshhef
(1941). | | |
_The assessment of iinter‘injﬁry'to ornéméntal :
plants after particularly extfeme winters hgé’béén':'
given some attention in recent»yéarS»by the'Boyai Horti-
‘cultural Sociéfy.v:Reports were published aftéi the
winters of 1939§h0>(R.H.S.; 1941), 1940-41 (Balfour, 1941)
and 1946=47 (Harrbw, 1948; R.H,S., 1948); 'Thé-Frost-- |
4Damage;Surveyﬁcondﬁcted‘after'the[19hé-h7.winter was used
as & guide for the_sﬁrvey conducted in conneétion with

this investigation,



ANALYSIS OF THE SUBJECT

Development of the Method

The interacting factors which determine the
relation of a plant to its environment are known to be
extremely complex. Even the study of climatic effects
involves many factors, none of which acts by itself. Never-
theless, these different factors must be separated forn
purposes of investigation. A general approach to a com-
plicated problem is unlikely to bring about material
progress in any field of science, A specific approach
allows the selection of the most vital factor for investi-
gation, and consequently leads to a thorough knowledge of
one important phase of the problen.

The environmental factors influencing the growth
of cultivated plants may be grouped under two main headings:
edaphic factors and climatic factors. While soils can be
modified greatly when plants are grown under close culti-
vation, the climatic factors are much mofe difficult to
control, | |

The groups of climatic factors affecting
cultivated plants include moisture, light, temperature,
and the movement of air, Moisture in the soil is
relatively easy to regulate, especially when it is
naturally in short supply during the growing season., At-

mospheric humidity usually is not important if the amount
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of soil moisture is properly adjusted. The effects of
wind can be reduced by sheltering arrangements, although
adequate shelter often involves the growing of wind
resistant plants where they will protect the more sus-
ceptible ones. Light can be increased only with some
difficulty, But it is easily reduced by shading measures,
Temperature is difficult'to modify unless plants are grown
in some type of structure.

Light is not usually a limiting factor in the
growth of ornamental woody plants, except in special
circumstances. Temperature remains the most critical and
the least easily modified environmental factor affecting
the growth of woody ornamentals,

Within the temperate zones differences in winter
temperature between areas have a great influence on the
kinds of woody plants which can be grown successfully.
Although the extent of winter injury is often determined
by many complex factors, extremelj cold temperatﬁres in
severe winters are primarily responsible for the serious
economic losses which limit the number of species of
ornamental woody plants it is practical to grow in a
specified locality. . |

A climatic study of an area such as British
Columbia where the topography is extremely varied and
‘irregular involves certain problems which do not assume

importance in a study of a more gradually changing and
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fairly uniform area like the continehtal plhihé. Meteoro-
logical stations are not representétive ofvireaé bgtﬂeen
them when they are separatedvby extenaive ranges of
moﬁntaina. For this reason, broad zones in reépeét‘téia
meteorologicalvelement such as température are difficult
to determine in mountain regions. However, siﬁde-the
meteorological stations usually are located at lower
elevations in the-géneral,vicinity.of ag:icultural l;nds
and urban settlements, they may be quité‘valuablewin‘the
climatic assessment of limited areas around them. Brink
(1950) discusses the literature dealing with moqntain
climates and the caution which is necessary in‘usingvdata
relating to mountainous areass,. |

In view of the,problems discussed above; ﬁhq
following approach was adopted in this'invéstigation:

Low winter temperature was taken-as»tﬁebmost:
important factor influencing the selectién of ornamental.
trees and shrubs for a locality, and:a recognized ex- .
pression of this climatic element was determinedrforymoét
meteorologlcal stations of the province.

The locality surrounding one or more meteorologicdl
stations was taken as the unit for investigation, and the
meteorological-station was used as a rgfereneq point,
Little attegpﬁiwﬁébmade to indicate relationships broader

than between different localities.
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Certain.methods,were uéed to interpreﬁfthe in-
formation on low winter temperatures in'gn original way.
These methods are the use of the winter rather than the
calendar year as the unit in considefingrlow temperature,
‘the application of statisticai analysis to‘expresa the
amount of variation in low temperatﬁré from one winter to
#nother,‘and the conversion of statistical estimates from
mathematical values to convenient probaﬁility ratios
- easily understood by practical workers’without scientific
training. | | | »

A survey was conducted to obtain an estimate of
the injury to ornamental trees.andkshrubs following two
severe winters. The information obtaine&,was used to
test the usefulness of low temperature data:as a guide in
seleéting woody ornamentals for hardinéss in a locality, .
and to get accurate low temperature 1imits‘in'the Pacific

coastal region for a number of ornamental species.

- Extreme Lowest Temperature

Extreme lowest temperature of the year
The lowest recorded temperature dﬁring'a
calendar year atja particular meteofological staﬁi@n is‘*‘;
called the annual minimum temperatuie by Baker (1936).
Rehder (1940), using Bakerts map of average ahnnél minimum
temﬁératureaof the United Statés aéiafbagis for his winter

hardiness zone map, follows the nomenclature used by
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Baker, “Average'annuai minimum temperéture" corresponds
to what is called "annual averages of extr§me lowest
temperéture"'by the Canadian“Meteorblogical Service (19#6).
For the sake of clarity the éxpression "extreme 16&eat
temperature of the year" is used here instead of the ex-
pression "annual minimum témpprature".

Rehdert's welléknowh"winter hardiness zones were
to be determined for British>columbia loca1ities, and if
it should prbfe feasible, a map showing the distribution
of theseﬁéones was to be constructed. -EXceptiﬁgAsbme
'lohg;term averages for the more important stationé; the
basic data; averagQS_ofiextreﬁe lowééﬁ_tqmparature of the
year, was not avéilaSle. To get averages Ior'ali stations
it was necésééry to search through metéorological pﬁbli—
cations fqrgextreme ldweSt temperafu;eS'fbr a ten-yeaf
period (19hd4i9h9); and to #vefage these readings. Infor- B
mation for the year 1940 wa;'extracted from daily‘minimum

temperatures invthe Monthly Record of Meteorological

Observations (1940); for the years 1941-1948 ffqg~monthly

minimum temperathres in the Climate of British Columbia

(l9hl-l9b8)}'and for 1949 frqﬁ monthly minimuﬁ iemperatnres
in‘ﬁhe Monthly Weather Map of the deini;n MeteQrological
Service (l9h§). The information cdllected‘andbthg a#er#ges»
 ¢a1cu1ated frém these figures have Been compiied,ihto a -
table, which is on file at the ﬁepartment of ﬁorticuifure,

The University of British Columbia. Figures fér the lowest
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tempergtures reéorded &uring the record cold*épell of‘
January, 1950; have been includedvﬁith the table for
purposes of comparison,

Average readlngs for the different statlons,
with the number o£'years.for which figures were avgilable
duringﬂthe périod,-are given in Table 1. These averages
are also shown on;; map of British Colﬁmbia'included‘
with the'Aprhdix.* Fiéures for those stétipns for which
information was;noﬁ av;ilable for ten copsecutive»years
are circled on the map,‘since averages for 5hoftéf'periods
would noﬁﬁbe‘reliébiévin makingvcohparisons betwéej
averages of neighbouring stations, Averagés Covering short
periods were 1ncluded with the tables in order to give a
rough estimate for stations from which no- information could
botherwlse be includede Longeterm averages for some
stations were found in the‘Caﬁadian ﬁeteofblogical Service
Summary (1946), are given in Table 1 as figures in bracketé_
#fter thé name of the station. The lﬁng-term,averagés are
generally somewhat lower than the avér#ges fof“the téh-».
year period 1940-1949. \ ,

A definite pafte:n is evident in.the ;xtreme iéw—
est temperature of‘lowland_stations in thé coastal'fegion.
-Stations close-to £he-open Paéific 6n Vancouyef'IslandAand
the Queen-Chérlottes‘h;ve,the‘highest averageé, over_20°F¢
Oh eastern Vancogver:ISIand averageS«range frbm‘ofer ZO° 1n

the south around Victoria to less than 15° in the middle part
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TABLE 1

Ten Year Averages of Extreme Lowest Temperatures of the
Year at British Columbia Meteorological Stations for the
Period 1940-1949. Long Term Averages are given in brackets
after names of Stations for which they are available.
(Degrees Fahrenheit).

STATION YRS. AV, STATION YRS. AV,
Abbotsford 10 11 Clayoquot (21) 9 25
Agassisz 10 14 Comox (A) 5 13

Alberni (Beaver Creek) 10 11 Coquitlam Lake 10 14

Alberni, Port 10 13 Cowichan Bay 10 19
Alliford Bay 4 20 Cowichan Lake 8 16
Armstrong 10 -14 Cranberry Lake 10 =35
Ashcroft 3 «18 Cranbrook (A) (=28)10 -23
Atlin (~-38) 6 =34 Crescent Valley 10 =8
Baldonnel 10 =39 Creston 10 -5
Barkerville (-26) 9 =28 Cultus Lake L 12
Bella Coola (1) 10 1 Cumberland 9 1
Big Creek 9 =30 Departure Bay 10 21
Blue River 3 -31 Dome Creek 10 =30
Bralorne 10 -13 Dpominion Obser- -

vatory 10 21

Britannia Beach 10 18
Duncan 10 10

Bull Harbour 10 22
Estevan Point 10 23

Cape St. James 3 20
Fauquier 10 -2

Carmi 0 13
‘ Fernie 10 <21

Chinook Cove 7 <16
_ Finlay Forks 3 =54

Chute Lake L, =23

Fort St. James 10 <32
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TABLE I - Cont.

- STATION Yrs. Av. STATION Yrs., Av.
Ft. St. John (A) (~38) 9 =42  McCulloch 10 =23
'Ganges 8 19 Masset (14) 10 15
Gerrard 9 =7 Merritt 10 «13
Glacier ‘ (=19) 10 <16 Mill Bay (Nass R.) 9 4
Golden 10 =27 Hissi§n Creek 6 -lh.
Grand Forks (=17) 10 =14 Mission Flats 8 b
Greenwood 10 =16 Nanaimo 10 '16
Haney L 14 Nelson (=4) 10 3
Hedley - ' 10 «6 Newgate 8 23
Hedley (N.P.M.) 10 =17 New Hazelton (=29) 10 =24
Hope (Little Mt,) 9 7 New Westminster 10 14
"Hope (A) 10 11 Ocean Falls 10 15
Invermere 7 =25 Okanagan Centre 10 3
James Island 10 22 oQliver 10 «3
Jordan River 5 21 Osprey Lake: 10 =22
Kamloops - («13) 10 =8 Pachena Point 9 22
Kaslo . 10 o Patricia Bay 7 17
Kelowna 10 =1 Pemberton Meadows 10 =8
Keremeos 10 =2 Penticton (=2) 10 =3
Kimberley 5 =21 Port Hardy (A) 5 19
Kleena Kleene 7 =34  Powell River 10 23
Langara 7 20 Premier 9 -2
Lytton 10 «2 Princeton (A)(~26) 10 =17

 McBride 8 =27 Prince George (=40) 5 =25
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TABLE ; - Cont.

STATION  _ Yrs. Av. STATION Trs. Av.
Prince George (A) 7 =36 Tappen 8 4"
Prince Rupert (11)-10 13 ~ Tatlayoko Lake 10 -19
Quatsino 10 20 Telkwa 10 =20
Quésnel 10 =22 Tqrraée-’ 10 =2
Revelstoke (#1&).'.10 -11 Ucluelet - 3 20“
Rock Creek 8 =13  Ucluelet (A) = 4 22
Rossland 9 w2 Vananda ’ 10 18
Salmon Arm 10 =5 'Vancouver (13) 5 16
Shawnigan Lake 10 14 Vancouver (A) 10 ’lh”. "
Sidney 10 21 Vavenby (-30)" 10 =20~
-Sinclair Pass 9 =19 Vernon 10 =4
Smithers 10 =24 = Vernon(Cold- | .

, ' stream) -9 =6
Smithers (A) 6 =25 R o B

\ : Victoria (20) 10 23
Sooke 8 19 I ' ]
‘ . Warfield (Trail)l0o = 2
South Slocan 9 b - , . T
' Westwold -9 18
~Stave Falls 9 14 P o - '
o White Rock =~ 10 15
Steveston 3 9 c _ o s
» . Williams Lake 7 =18
Stewart (-6) 10 =5 | L o
' o _ Wistaria 10 =24
Summerland 10 2 : :

at Comox, There is a gradual decrease on the Lower Mainland

from over 15°'near the Gulf of Georgia to’iess thén‘109 at- 

Hope,
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In the interior of British Columbia the irregular
_mountéinous topogréphy causes abrupt differences in averages
of dirfprentrstgtions. Near tﬁe:OkanaganQ Arrow, and
Kootenay Lakes at 1ow~altitﬁdes,vhowever, thg,averages-are
all negf 0°. In central Britiah Columbia the atations
represented have averages below -25°F;

A hap shéwing the approximate location of lowb
temperature zones in the settléd part of fhe,cogstal region
was drawn up. The areas represented in thé‘fOur gones are
roughlj those areas in which arable iahdyis'found‘accqrd-
ing to Brink and Farstad (l9h9) The average éxtreme lowest
temperature of the year for the meteorological stations
:within these areas was used as the chief,bgaiﬂ‘for the zoﬁes;‘
. Each zone includes stations with avefageé within a 59 range;
for example, 5% to lO°, "This map (Figure 4) follows the
account of the winter injury survey.

The soundness of using a ten year period to get
a representative average of a climat1c éiement such és
temperature is not now disputed. The‘ten»&ear period is
widely used in climatological work, ginde a longer period
usually involves an appreciable amount of climatic change.

Extreme lowest temperature of the winter

For practical purposes the extreme lowest temw
pératufaztaken for'each calendar year provides.a satis-
factory basis for the calculation of averages. However,

this basis would not be satisfactory for a study of variation
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in low temperature between different winters. The reason
for the error is that the calendar year splits the winter
_into two halves, so that any winter may be represented
twice or not at all in the data. Since a measure of the
actual variation from winter to winter was required in
order to get a statistical estimate of extreme lowest tem-
peratures for important stations in British Columbia (see
below), data which would represent each winter as a unié
had to be obtained.

Figures for extreme lowest temperature of the
winter at selected B. C. Meteorological stations for the
ten-winter-period from 1940-41 to 1949~50 were compiled.,
Sources of information were the same as for figures based
on the calendar year. Averages were calculated for those
stations from which information was available for the ten
winters. A table giving this compiled information is found
in Appendix 1. Incomplete series of figures are included
with the table.

Since the record low temperatures of the cold
spell of January, 1950, are included in the figures based
on the winter, but not in those based on the year, the
averages from the former figures are élightly lower than
those from the latter figures.

Analysis of extreme lowest temperature variations

The actual.variations in extreme lowest tempera~

ture from winter to winter can be represented by means of
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simple bar graphs, examples of which are seen in Figure 1.
The ‘average for ten winters is used as the base, and the
deviation of the minimum temperatures from this mean is
shown by a darkened column above or below the line of the
mean, the length of the column depending on the size of
the deviation., Since the mean is shown in relation to the
temperature scale, comparison of the graphs for different -
stations reveals differences in the average as well as in
the amount of variation. Although such graphé.convey a
cle;r picture of the actual variation, they are of little
use in making quantitative predictions. The only quantie
tative generaligation to be made is the greatest spread of
the deviations., The spread at Vancouver during the period
was 21°; at Summerland it was 32°; at Quesnel A44°.
Differences in the amount of variation are indicated by
this information, but a satisfactory method of approxi-
mating these differences is necessary.

Statistical analysis provides the method which
is required. A calculation of the standard deviation,
though expressing no actual differences, constitutes é
reliable statistical measure of the amount of variation,
The probable size of future déviations can be readily pre-
dicted from the standard deviation by the use of mathe-
matical tables.
| Standard deviation from the éverage extreme

lowest temperature of the winter was calculated for
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Figure 1. Variation in extreme lowest temperature of
the winter during the ten winter period from 1940-41 to
1949-50 at four British Columbia meteorological stations.

(to follow page 24)
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‘selected B, C, meteorological stations from which'figures
were available for the ten winters. Machine calculations

were made with the use of the following formula:

Standard deviation= S 8 ,
ne-1"
.S 5 = xz - (i x)z
; =
whére S S = the sum of the squares;
= = the sum of
X =  any variate

and n = the total number of variates,
e.g. Abbotsford.

v‘SySf x2 i &x )2

-?ﬁé-saos

St. dev, \/ £80.5 \/

Thefhéan and standard deviation of each station
.is given in Table II. The standard deviation fbr coastal
"statlons was found to be appreciably smaller ‘than that of
‘interior stations which are not affected by the moderating
influence of bodies of water., It is evident that areas

where the winters are more sevefe generailylhave_a gfégtef

amount of variation in the extreme lowest temperature of



- 26 -~ .
the winter than areas where the-winters'#re'more mild. The
gradual increase in ihevdtandard deviation as the averdge~
extreme lowest temper#ture decreases is shown in Figure 2,‘
which illustrates graﬁhically the mean and stand#rd
deviation for ten selecﬁed B. C. statidns._ |
On theoretical grounds a calculation of the
-standard deviation is considered reliable if based on a
random sample ofvsufficient'ﬁumbéhs from a population or
group which is normally distribntéd. The ten winter series
here taken at raﬁdom5 though small in numbers, is similar
to the ten year periods from which statistic eétimateStof
various elehénts‘aré méde iﬁ c1imato1ogy (Conrad, 1948).
There is, however, some evideﬁ§e that the diétributiOn-of
exfremg lowesfiteM§eratures is not completely normal. In
regions with a’ciiméte similar to that of Western Europe
there is some akéwiﬁg;to the left, cguséd by occasional
extremely cold periods which are.the result of»a partiéulgr
combination offwéaﬁﬁer conditions. These conditions are
arctic'airvpenetrafions associated with cléar skioé and an
effective snoﬁ cover, Clear ;kies and a snow édver»inten-
sify the cold periods initiatéd by arctid ai; pénétrgtions,
causing:phendmenallyflow.temperatﬁrés well dut of the‘ndrmal
range fo occur. These conditions prevailed at Vancouver
during the cold spell in January, 1950, | v.
" Despite the fact that the distribution of extre;e

lowest temperatures over a period of winters is not quite
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Figure 2. Statistical expression of extreme lowest
temperature of the winter at ten British Columbia

meteorological stations. The bar represents two standard
deviations, one above, and one below the mean.

(to follow page 26)
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normal, calculations rolating to the ceotrai pafts.of the
curve are expected to be reliable'enough for practical
purposea; N | n

The ninety gerceot point

Applicotion of statistical methods in'énalysis
of:temperature data permits an approximation of the relation
.of the mean (or average) to‘ihe range of deviations on ’
which it is based. The standard deviation of the extreme
lowest temperature of the winter is a reliable index of
ohe amount of variation from the mean to be expected.
Consequently, if the mean and standard doviation~are known,
the probability of'any particular low temperafure‘occurring '
at a station can be‘fOund by using statistical'tables..

However, this techpioal-approach would confuse
the nnrserymon or practio#i gabdenor'who is not familiar
with statistical oonoep§s. In addition, th;ré is a dis-
-advantage in findihg the probabiiitonf a given tomparéturé 
rather than selectihg.d probability and caloulétingvﬁhe
temperature corroéponding to‘it; if a selected pfobabiiity
is employed, comparable‘temporatufe information oan be
calculated for all the stationa,being studied. A proba-
bility which is oonvenient fof studying the problem of
selecting woodjzofnamehtois would be £he one choson. .A:
simple mothod'of expressing the statistical information as
a‘probability appropriate for the application was desired;

For these reasons a concept known as the:ninetx
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gercenp.ggggg wég“formulated. The ninéty‘bercent point is
that temperature above which the extreme lowest temperature
will fall in-épprqximately nine out“of'ten.winters,-and
below which thg 9Xtréme lowestrtemﬁeiéture will fall in
approximately one out of ten‘winters,,according-to
mathematical expectancy basedion statisfical analysis of
temperatures_obsefved over a period of winters.

A one to nine ratio was chosen because satis-
factory survival in nine out of-ten winters is a reasonable
_levél‘of_success_for woody orpamental plants. Many of the
.most béautiful shrubs are on'the‘borderline of hardiness
for most_British Columbia localities; an enthusiastic
gafdener.wou1d b§ satisfied with a one to nine'fiék,ip_ﬁnyi
~particular winter. Species which are nﬁt injured at the
ninety percent point.for,aklocglityva:e»expected-tOv:emainf
unharmed in nine Outjof ten wihters when'plantéd’with;due
regard for horticultural requiﬁements. When fully hafdy
treéa.or shrubé are desired, species with‘low temperature
limits well above the nineﬁy percent .point should be
selectéd. | »

- The ninety pergent point is offered"as.é-prgctical
and convdnientJmethod of-providing’a‘feliéble_expressibn o
of the low temperatures to bé'expected at_a particular'
place. Whenever the approximate low temperatﬁra.limii of
a plan§ species is known, a knowledgé of the ninety percent

point of the locality will be useful in estimating the
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risk involved in growing the plant,

‘A method of converting information in terms of
standard deviation to information in terms of the ninety
percent point was developed. The ninety percent point is
found by subtracting the standard deviation multiplied by
1l.3 from the average extreme lowest temperature of the
winter., The factor 1.3 is based on a calculation of the
deviation which divides a series so that greater deviations
will represent twenty percent of the total number of
observations (i.e. ten percent in each of the tails).
According to a table given by Simpson and Roe (1939), a
deviation of approximately 1.3 times the standard
deviation divides a normally distributed series in the
above proportion., Part of this table is given below in
rearranged form:

Areas of the normal curve

% area outside % area inside deviation
: st. dev,

23 17 l.10

19 81 1.30

For practical purposes the factor 1.3 is sufficiently
accurate to correspond to the value where twenty percent
of the area if outside the limits, The division of the
normal curve at the ninety percent point is shown by a
Ndiagram in Figure 3.

The following example indicates how the ninety



percent point is calculated:

Abbotsford, B. C. Mean = 9.5°F,

St. dev. = 8,7
'90% point = Mean ~ (1.3 x St., dev.)

9.5° - (1.3 x 8.7)
- 905 - 1103
- - 0.80 Fo

The ninety percent point for éxtremé_léwest
temperature of the winter was éalculgted for seléctpd'B. C.
meteorological'étationé. The mean, standard deviation,
and ninety percent point for each station is fpund in
Table 1II.

TABLE II. Analysis of Low Temperature Data. Average
extreme lowest temperature of the winter for the ten-
winter period from 1940-41 to 1949-50, standard deviation,

and ninety percent point for selected B. C. Meteorologieal
Stations. . -

station . ‘Mean | Sﬁ. Dev.  90% Pé.»:llm;ﬁ-"ile
Abbotsford 9.5 8.7 1.8
Agassiz S 132 ',;110.5 © =0k
Alberni (Beaver Creek) 8.0 10.4 =545
Alberni, Port 10.5 8.3  =0.3
Arﬁstrong _ - =17.9 | iﬁ.2 ;36.h '
Bella Coola 0.3 10.4  =10.5
Coquitlam Lake‘; 12.4 10.0 ;,-ao.ér”
Cowichan Bay 17.8 | 6.3 9.6

Cranbrook (A) . w2L.0 14.9 -I+30h
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TABLE II - Cont.

90% Point

15.1

Station Mean  St, Dev.
Cfeston | <-6;2 “ 9.0 -17.8
Duncan | 10.2 TS5t Ouk

- Fernie ‘-22.2‘ 10.2 -35.5
Golden -28.3 10.5 '-gz.o
Grand Forks -16.0  10.0 -29.0
Hope | 6.8 10.7 = 7.1
James Island 21.1 8.0  $10.7
Kamloops -11.0 4.2  ;29.5
Kelowna - 146 12,8 -18,.2
Lytton - 43 . 10.3 -1?,7
McBride 250 1246 -41.8
Masset C1h.9 7.9 $ bob

| Merritt S17.7 16 =36.7

. Nanaimo B lh58~4. 6.7 | C o bel
New Westminster L 12,0 8.1 1.5
Ocean Falls 16.3 9.7 3.7
Okanagan Centre $ 0.5 12,1 -15.2
Oliver -5.0 11.8  -20.3
Peﬁticton ’6.& ; 943 ”-11.7
Princeton (A) 219.3  11.7  "-34.5
Prince Rupert 13.4 9.8 $ 0.7
Quesnel 2448

“blods
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" TABLE 11"5 Cont.

"Station

Mean st DeY; 90% Point
Revelstoke -11.8 10.3 . =25.2
Salmon Arm - 7.6 12.9 -éh.h
Sidney . 20.0 7.2 10.6
Summerland 0.1 11,0 -lk.2
Terrace -3.9 104 -17.4
Vancouver (A) 12.8 7.9 F 2.5
'Vernon 6.7 12,5 -23.0
Victoria 21.2 - 8.8 9.8“.
White Rock 13.9 7.8 |

3.5

ma—

The Winter Injury Survey

Purpose of the survey

iow temperature :Ani se#e:eAwihters.had been selected

as the chief factor limiting the number of épecies of

orhaméntal woody plants which may be grown in a locality,

and the degree’ of low temperature ih differght locaiities

had been escertained by certain methods., In order‘tq

test the value of this climatic data as a‘guide in the

selection of plants for different localities, information

on injury'tovornamentals following severe winters was

needed; - This information could also be used to get

accurate low temperature limits in the Pacific coastal
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region for a number of important species of ornamental
treen and shrubs, ‘ S | | |

The last two winters were well suited to a survey
of Winter injury. Thé-Winter of 1948«49 wuq the:coldestj
in six years in most parts of the Province, and the Winter
of 1949-50 was the‘coldest on record in Western Canada,
. Consequently, there was a good opportunity to check the
.hardineSS‘Qf'thuse treés and shruBsbwhich were uxpected‘to;'
be‘badiy inJured or killed iniseyere winters, as well as
those whicn afe:onlybslightly'ten&ér in some areas,

Description of methods

The fonmgl winter'injury Survey.waé'preceded by
preliminary letters to District Horticulturiéts and the
principal nurseries of‘the province, Replies to thesé'
letters indicated sufficient interest in the subject of
winter injury to ornamental plants to justify compiling a
form which: would facllitate;rgpiieq.and the subsequent '
analysis of information received.

A list of one hundred and four species was gompiléd |
by choosing from Render's Manual (1940) the nore'commnn |
:species of ornamental trees and shrunsAlikeiy'tb'be injured
during severe winters in the settled aréan oijritish’
Coiumbia. Almost nll of these species are in‘Zoné,V, Vi
or VII according to Rehder's winter_haréineSS ciasnification;
The zone number, scientifin name and common nam§~ueré given

in the list., Columns were provided for information on the
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number of years plahted, damage after the winter of 1948-
49 and after the winter of 19#9-50, and other remarks.
The system offsymbols used by the Royal Horticuitnral
Society (1948) ﬁas used to indicate the amount of injury.
A form letter explaining the rg#soh for the sufvsy was
enclosed with each liét sent out. A list of the species
included on the snfvej,is found in Appendix iI.

Sur#ey férﬁs wefe sent to sixty-five addresses in
British Columbia, including the béminion Experimental
Farms and Stations, the District Horticulturists, and most N
of the nurseries. In order to cover settled 1§cali£iés
which were not represepted by‘the»above addresses, a
number of forms were sent ;o,florists, growers, and amateur
gardehers; or if>n§’inf6rmation as to a suitable recipient
‘ﬁas avaiiable,.thelfbrhvwas.addfessed to the local péste |
master. |

The iﬁformatiop"receivé&'in‘réply was transferred
to a master form. The ﬁaster form listed the localities
in geographiéal‘order and the species in the order they
appear on the list. This method of compiling the data.
éllowed comparisons of thé behaviour of any species in
different 1§q§lities'to bé hade a£ a glance,

‘Results |

Twenty-five winter:injury’snrveyvforms were re-
_tufned with the requested information filled in. A few

forms were returned with no information. The response
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varied chiefly accprding to the paft of the-province from
thch the reply came, ‘Rgplies_from»the interior districts
wgfe less complete than those f;om coastal districts,
sincevthe majority of the species‘on the list are not
usually grown in the interior. The thoroughness of the
reply also depended on how close to the'subjeét'bf study
the interests and tréining of thelrecipiént were; Kéan
amateurs gave ﬁhe.most adequate infofmatiqn.on less common
ornamentals. Experimental Farms were able to‘give accurate
planting dates 6f mature specimens., -Nuréerymén provided
informatioglqn Eoﬁparative damage to a number of species
growniundef simiiar conditions in thetéame lécatiOn.b
Details of ihjuryfaffer“thé winter of 1948-b9 were in-
cluded in soﬁe3pf‘the.feplies. | |

A comprehensive _x;fepor‘t on the information accumulated
‘by means of the winter injﬁry survéy is beyond the scope of
this iﬁvestigation; The findings of the survey are ex-
ﬁecﬁed to be #glugble for future réference,‘since the in-
formation constifutes the'beginning of a pérmahent record
of the behaviour of ornamental species in severe winters
in British Columbia., The letters of reply,'reﬁurnéd |
survey fofms, and the master for@ have been filed at the
Department of Horticulture, The Univérsity qf~Bfitish
Columbia, Examp;es of the reports which were ﬁsed as the
basis of the cénclusions are presented below. .

The extent of injury to woody ornamental plants
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in differen; ioc#lities Qf»British Columbia after the
winter of‘1§h9-50 was related more or less closely to the
lowest temperatnréa recorded during the winter at the
nearest meteorological stations. Injury to some species
correspondgd”closely with the low temperatufes to which the
piahtﬁvha&7be§n sﬁbjected;  Injury to other species did
not appear to be correlated with low temperature exéept

over a wide range.

For,éxample, Cedrus atlantica was reported un-

ihjufed at Sidﬁéy‘(8°F.), slightly injured at New Westminster
(;lo), and killed at Nelson (=16°); Wistaria sinensis‘was'
reported uninjured at Hope (uilo), slightly injured Qi
Keremeos (-23°) and badly injured at Vernohv(—3l°). On the
~other hand,‘Crxgtomeria Jagéniéa was reported unihjured at
Porf Alberni‘(éég), slightly injured at Victoria (6°), and
slightly to b#dly injured at Vancouver:(oo); Mahonia
‘aguifolium was reported slightly injured at‘Victoria‘(éo);
uniﬁjured at Hope (=~11°), and slightly injqred‘at Keremeos
(-23°). The abqfé temperatures are the iowgét recbrded |
during the winter of 1949-50. |

The amoupt of injury to ioﬁ-growing shrubs dépendeﬁ

on the depth of snow around the plants during the cold

wedthqr. At Vancouver the leéves of Cotoneaster microphylla
were burnéd where they were exposed, but completely un- .
~touched where the snow covered them. Most injury to broad-

leaved evergreens was directly related to the amount of
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exposure to the bright sun during the cold weather. At

the coasﬁ, Prunus Laurocerasus, Prunus lusitanica,

Camellia japonica and many other specieé often showéd
severe scérching on the sunny side of the plant, but ﬁq
-daﬁage on the shaded parts, Injury to conifers, on the
other hand, was widely distributed over the plant,‘br
gongéntrated on the side exposed‘tq wind. Injury related :

to exposure~toVwind was evident in'iarge‘specimens of

”Crthoﬁeria Jjaponica and'Seguoiadendron‘gigapteum’ai
Vaﬁcouvér. |

Conclusions

The general extent of injury in certaih ldgaliti§s 
ﬁgs greater-than the extreme lowest témperature of'thq
ﬁinﬁeg, coméared with that of other localitiés, would
indicate, Victoria with 6° F., Vancouver with 0°, a‘x’;d: Port
" Alberni with -7° all received dppr§ximat¢ly the same
amount of damage. Along the east coast of Véhcouver
Island, although temperatures lowerithan at Victoria were
regorded, little-generél injury was nétiéégble{ Modifyihg.
.fagtOrs such as exposure to wind, amount of sunshine_  o
during the’coid weather, and dépfthf“the snow cover are
jgdged responsible, In the intefior of'British‘Colﬁﬁbia "
goﬁewhat lower temperatures thaﬂ fhose at the éoast“wefe”1
required in producing similar injury for the sahe §pecies.
An approximate egtimate‘of the low temperé£ur9

-limits was made for fifty-six spgciesvof»orhémentai.trees
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and shfubs in the Pacific coastal area. Even though
numerous discrepancies are evident in the information
provided by this survey, a general conclusion as to the
approximate temperature at which a plant is reasonably
safe from damage can be made. This was done by comparing
reports of injury to each species with the lowest tem-
peratures recorded at the corresponding stations. The low
temperature limits determined are given with the list of

species in Appendix II,
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Figure 4. Approximate low temperature zones in the settled coastal

region, based on average extreme lowest temperature

(ten-year period

194,0-49); areas zoned are arable lands as defined by Brink and Farstad.
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DISCUSSION

Discussions of the différent’methods which were
employed have been~given with the explahatiéns of the
methods, For this section there remains a general
discussion of conclusions.

Certain modifications should be made in Rehder's
system of winter hardiness zoﬁes when this system is
applied in British Columbia. According to the figures
calculated here, averages of extreme lowest temperature
of the year for stations in the coastal area of B. C.

(see Figure 4) are above the raﬁge given for Zone VII by
‘Rehder., Yet informationvfrdm‘the winter injury survey

and general observations indicate tﬁat most species lisfed
as Zone VI or VII by Rehder are not fully hardy in this
area. One way of overcoming the difficulty would be to
alter the scale used by Rehdefg localities with extreme
lowest temperature averages above;?OPF. would be includéd
in'Zone VII and those with averages between 10° and 20°

in Zone VI. Another method would be to use the ninety
percent point of a station, instead of averages, to
correspond with averages given in the scale used by Rehder.

In addition to modifications in the scale for
the zones, however, modifications are necessary in many of
the hardiness zone ratings assigned to species by Rehder,:
The necessary modifications could be made by checking the

zones assigned by Rehder with the information on low
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temperatnre limits of species inlthé Pacific coastgl-regibn;
.as‘giveﬁ in Appénd;xﬂII.

. . Low témpefatufé zones in British Columbia and
IOW»températﬁre limits for_speciés~in this area are not
_ stated here in terms of Rehder's zones because this infér;
mgtion is considered more valuable if expressed in terms
of temperatﬁre; Caution was found ngéesSary.sincé Rehder's
.system did not fit into the pattern in.British Columbia, o
If temperature information for B. C. were stated.in>£he
symbols of Rehder's syétem, theyaqéura&y of some. of the
information would be lost, owing‘to;ﬁhe imperfectioﬁé of
that system when applied‘ﬁo B. C.

- The utility of the niﬁéty péféent~point'con§ept
depends on how important a factpf low ﬁémperatufe"ié-as~a
cadse'of winter injury, on how fepresentative:the low
_femperature'informétion‘is for a,locality;~éhd-op-h§w
: precisely low temperature limits of plahfvspeéies'can-be‘
determined, ,The results of the winﬁer injﬁry'survey ’
indiéate that low temperature may be modified by a number
of othervfactors in its effects on plants. 3Never£heless,
foriﬁoﬁt;woody ornamental plant Spécies,'the‘amsunt.of
damﬁge fdllowing a severe winter corresponds approximatély
to the low temperatures which have been'endured.A‘ |

- The low temperature limits determined are gtatéd

Awithin five degrees for host species. Plants will not
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alw#ys survivevtemperatures at or above the low temperature
limits, ﬁnléés,they are grown with due regard for horti-
cultural réqﬁifemeﬁts. They may survive lower temperatures
if they afe'given SPeEial proteciion, or if other factors
modifying temperature are in favour of their survival,
Thus, the low temperature limits must be considered
approximate, and the method used to determine them a rough
one, |
The statistical methods used in the analysis of

temperéture data, on the other hand, are relati§ely ekact.
The temperature data on which the statistical analysis
is based,'however, is taken to féprésent a rather éxtensife j
area (the locality around a meteorological station).
Although there may be many slight differences-within'é
locality, theseﬁdiffereﬁces can be accounted for by an
experienced person who is familiar with the>1déal topography.
 Minor.corrections in ihe ninety percent point to account |
for these differences could be made by adding or subtracting
five to ten degrees, according to tﬁe amount of the
difference expected. |

“Consequently, the main limitation in the
practical application of the ninetyvpercént point in
selecting-WOody ornamentals is the difficulty in-getiing
precise low temperature limits for the plant sﬁécies
conqefned. The ninety percent point would be difficuit

to use with species which have ill-defined low temperature
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limits. It must be admitted that many ornamental species
do not have as well-defined limits as had been expected.
Nevertheless, witﬁin its limitations the ninety percent
point concept provides a reliable method of estimating
the chances of survival in a partiéular rlace for most
of our important ornamental trees and shrubs.

Other applications of the ninety percent point
are suggested by a glance at fields of study relaﬁed to
this investigation. The idea behind the ninety percent
point is to express the mean and standard deviation of a
series in terms of the deviation which corresponds to a
selected probability. This idea should be applicable to
any study of low temperature, and possible to other series
of a similar nature.

Within horticulture, commercial fruit growing
involves many'factors gsimilar to those studied here in
relation to the selection of woody ornamentals. The low
temperature limits of woody fruit plants are well known.,
If the risks involved in growing a certain type of tree
fruit in a given location were calculated, the investment
of large sums of money in new plantings could be made
with a fuller knowledge of the chanﬁes involved. The risk
in regard to low winter temperature, an important factof
in orchard culture, could be estimated by combaring the
low temperature corresponding to a selected probability for

this location with the low temperature limit of the plant

to be grown, '
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SUMMARY
To meet‘the.need for feliable information on
the su;tabiiiﬁj of settled areas of British Columbia
for differentfsﬁecies.of ornémehtalytrees and shfﬁbs, a
study of lbw.yiptéf'temperature #s it affecté.the selection
ofrwoody érnamantals for localities of the province was
madé. |

Average threme.lowest temperature of the year
for each B. C. Meteoroiogical'station was calculated from
figures compiled;for the ten-year period‘l9h0-h9.‘ Averagé -
figures were arf#ﬁgéd'on_a mapvof»BritiQh Columbia. for
gedgraphicai éomparisbh. A map showing approximate low
temperature gzones for settled parts‘of the coastal region
was constructed.,

Average extreme lowest températura df:the;winter_
for each of sélécted meteoroldgicalvstatiohs was cal- |
culated from figures compiled for £he teaninter period
from 1940-41 to 1949-50. The amount of variation in
extreme lowest temperature from winter to wintér was
approximated statistically by calculating the standard
deviation for each station. As expected, the coastal
staiions were found to have a generally lower standard
ééviaiion than interior stations. |

A‘new concept called the ninety percént point

was employed to provide a statistical expression of low
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temperature in simple terms. The’nineﬁy percent'point is
that temperature abov§ which the extreme lowest te@perature
of a statiohlwiil fall in appr&ximately'nine out of ten
winteré, and below which the extremé lowest temperature

- will fall inlaﬁprdximately one out of ten ﬁinters;‘according'
to mathematicﬁivexpecﬁancy based on statistical analysis

of teﬁperatufes:obserVed,over a period of winters. This
concept combinesvthe'infqrmation to be obtained from the
average extreme,ioﬁest temperature and the standard
deviation._ The ninety percent point is found by'subtrgcting
the standard dévi;tion multipiied‘by 1.3 from théﬁavefage‘
extreme lowesfbtemperature of the winter for'ﬂhe station,

A survey was conducted to obtain aniestimate of
the injury to ornamental trees and shrubs in British
lcdiumbia followingvtwo\Severe‘winters. The iﬁformation.was
used to teét the usefulness of low temperature data as a
guide in selecting woody ornamentals for hardiness in' a
locality, and to get accurate low temﬁerature limits;in the.
Pacific coast#l region for a number of ornamental sbecies.

Low temperature information was found useful
within limitations as an indication of the amount of winter
injury to woody ornamentals to be expected in a ;oéality‘in
British Cplumbié. Many species react to given temperatures
in a predictable way undervmostlconditions. Some species
behave as though factors other than low temperatupé are

mainly responsible for the extent of injury.
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APPENDIX

APPENDIX I. Extreme Lowest Temperature of the Winter at Selected B. C.
fleteorological Stations for the Ten-Winter Period  from 1940-41 to
1949-50. Averages are given for stations from which information was
available for all ten winters. (Degrees Fahrenheit).

Station 1940 41- m =T - B Iverage
-41 42 43 45 46 47 48 438 50

Abbotsford (A) 21 1§ =1 22 11 9 7 8 9 .-6 +9.5
Agassis ) S22 18 -4 25 20 19 3 19 12 -2 13.2
Alberni (Beaver (k)19 9 =3 17 8 17 5 16 6 ~14& +8.0
Alberni, Port 20 12 9 17 13 20 2 12 ?7 =7 10.5
Armstrong -8 h =30 =12 =5 ~6 =16 ~17 =27 44 -~17.9
Asheroft -23 =26 ~156 =22 =35
Barkerville 23 =23 45 =17 -22 =20 =52 =26

Bella Coola 5 ? =5 1B 9 4 ~10 4 ~12 =20 +0.3
Comox 19 9 13 1 -6
. Coquitlam Lake 22 14 5 2¢ 20 19 4 18 &4 -6 12.4
Cowichan Bay 24 18 11 26 21 2¢ 13 20 15 6 17.8
Cranbrook (A) =12 =22 41 -12 -19 =16 =22 -20 ~35 41 ~24.0
Cregtom . . 4 0 -18 4 ~4 -5 -10 -3 ~13 =20 =~ 6.2
Cultua Lake 8 15 11 -5
Cumberland 17 13 -3 22 16 156 3 15

DPominion Obger-

- vatory 25 24 7 28 26 23 14 21

Duncan 15 9 9 19 13 19 7 14 2 =5 10.2
Pernie ~18 <17 ~30 =9 ~18 -12 -20 =21 -38 -39 ~22.2
Golden -5 =31 -40 -~18 -26 =17 =30 -23 =36 -47 -28.3
Grand Forks -6 -7 =30 ~12 -10 ~8 ~18 -11 -2 ~33 ~16.0
Haney . 9 18 9 -5

Hope - 17 13 -8 20 12 12 =3 12 4 ~-11 +6.8
James Island 26 25 7 29 27 27 17 28 20 8 2.1
Jordan River 26 17 20 19 4
Ramloops 2 0 -27 2 2 -2 -20 -10 -20 ~37 -l1.0
Kelowna 9 ¢ -18 9 10 10 =9 2 «12 24 -l.6
Keremeos ? 0 -17 6 2 %7 <5 1 =10 =22 =3,1
Kimberley -8 ~18 -18 ~32 ~40
Lytton 0 1 =158 6 4 6 <11 0 =9 -25 -4,3
¥MeBride -20 =19 43 -8 -20 -12 35 -28 -23 -46 -25.4
Hasgset 20 21 B 26 22 19 4 12 14 6 14,9
Herritt -2 =8 =33 =8 =2 ~11 -2] ~«16 ~-30 -~46 -17.7
 Nanaimo 24 13 6 22 19 20 13 15 13 3 14,8
Nelson 10 l -1 12 6 10 0 6 2 =16 +1.7
Yew Wegtminster 20 16 -1 21 17 18 ?7 11 12 <=1 12.0
Ocean Falls 18 2% -1 26 27 22 3 22 17 5. 16.3
Okanagan Centre 9 6 =16 15 11 9 =5 2 =4 =22 40,5
Oliver 11 3 =21 3 3 0 ~-10 1 -17 =23 <5,0
Penticton 10 9 -10 711 0 ~4 4 -7 =16 +0.4
Port Hardy (A) 23 14 22 17 &

Powell River . a7 25 11 30 28 28 13 26
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1940 41~ 42- 43~ 44~ 45~ 46~ 47- 48- 49~

Station ~41 42 43 44 45 46 47 48 49 5o  Average
Princeton (A) -9 ~16 =37 ~11 ~11 -9 =22 wl4 =22 =42 =19,8
Prince George (A) -28 -26 52 =39 -46 -58
Prince Rupert 16 22 1 26 26 2 -3 10 12 3 13.4
Quasnel =17 =13 =38 -10 «12 =10 =43 =23 =33 =52 ~24.8
Revelsgtoke -3 =12 -3 0 =6 =1 <14 -10 =15 =27 11,8
Salmon Arm 6 ~-1-26 5 0 3 =16 =5 -13 -30 =7.6
Sidney 26 22 10 28 24 26 13 24 19 8 20,0
Smithers -20 =21 -32 -1l -17
Stave Falls 17 10 =3 20 18 19 12 14
Steveston 11 2 21 13 -2 16
Summerland 10 ?7 -1310 9 7?7 -2 2 =9 =22 +0,1
Tarrace 3 -3 =1014 6 -3 =17 -6 =2 =2} =3.9
Vancouver (A) 20 18 321 & 18 6 18 9 0 12.8
Vernon 1l 2 =26 4 4 2 -7 =4 =13 -31 -6.7
Tictoria 28 25 7 31 28 25 17 26 19 6 2l.2
Warfield (Trail) 11 S -1613 6 6 -2 4 <5
%hite Rock 21 17 222 19 18 8 19 12 1l 13.9
Williams Lake <15 <13 =42-12 ~10 -24
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APPENDIX II

Species of Trees and Shrubs Included in the Winter Injury Survey, 1950.
Approximate low temperature limits in the Pacific coastal region, as
determined from information obtained by means of the survey, are

given for certain species. (Degrees Fahrenheit).

_iow ]i'rem. iow Te@o
Botanical Hame Limit Botanical Name bimit
Paxus baceata -5 to +6 Cotoneagter Francheti +10 to+l5
T. cuspidata -10 to +6 0. miorophylla +6 to +15
Cephalotaxus drupacea Pyracantha coccinea
var. fastigiata P. crenato-gerrate
Araucaria araucana 0 to +6 Photinia serrulata +15 to +20
Abies pinsapo Stranvaesia
A. concolor Davidiana +5 to +10
Cedrus atlantica -5 to +5 Rosa vars.
C. deodara +5 to +10 Prunmus triloba
Pinus radiata Prunus lusitanica +10 to 4156
Sequoia sempervirens +5 to +10 Prumus Laurocerasus +15 to +20
Sequoiadendron Cercis Siliquastrum +10 to +15
giganteum +5 to +10 Spartium junceum +10 to +15
Cryptomeria Jjaponica -5 to +10 Laburnum anagroides
Cunninghamia lan- Indigofera spp.
ceolata Wistaria sinensis +5 to +10
Thujopsis dolobrata Choiaya ternata +16 to +20
Cupressus arisonica Skimmia japonica +56 4o +10
C. macrocarpa +10 to +15 Sarcococea Spp. +5 to +10
Chamaecyparis Pachysandra terminalis
lawsoniana 0 to +10 Buxus sempervirens +5 to 410
Juniperus sppe. B. mierophylla
8alix bablonica Ilex aquifolium +5 to +10
Garrya elliptica I. opaca
Juglans regia -5 to +6 Euonymus Fortunei var.
Carya Pecan radicans 0 to +10
Quercusg virginlans E. japonica +5 0 +10
Peonia suffruticosa Pachystima myrsinites
X Clematis jaclkmani Acer palmatum
Mahonia aquifolium X Ceanothus Delilianus +15 t0+20
Berberis buxifolia C. velutinus +5 to+l0
X B. stenophylla -5 t0 +6 Vitis vinifera -5 to +5
B, Garwini +5 to +10 Hibiscus syriacus +5 to +10
B. Thunbergi Camellia japonica +15 to +20
X Magnolia Soulangeana Camellia Sasanqua
¥M. grandiflors +5 %o +10 Hypericum ealyecinum +5 to +10
M. stellata Pamarix anglica 0 to 46
Carpenteria californica Cistus ladaniferus +5 to +10
Umbellularia californica Opuntia app. : '
Hydrangea macrophylla Daphne laureola +5 to +10
var. Hortenais 8 to +10 BEucalyptus Gunnii +10 to +15
Escallonia rubra +10 to +15 Fuchsia magellanica
X langleyensis +15 to +20 var, Richartonii +10 %o +16
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APPENDIX I - Cont.
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Tow Temp.) Tow Temp.
Botanical Name Limit Botanical Hame Limit
Hedera helix +5 to 410} Buddleia Davidi +10 to +16
Fatsia jJaponica +10 to +15| Rosemarinus
Aralia chinensis officinalis
Aucuba japoniea +10 to +15| Salvia officinalis
Cormus Wuttallii Lithogpermum
Rhododendron spp.(half diffusum +10 to +16
hardy spp.) Paulownia tomentosa :
Arbutug Menziasil +5 to +10}] Hebe spp. 410 to +20
Arctostaphylos Viburnum Davidi +10 to +15
tomentosa Yiburnum tinus +15 o +20
Vaecinimm ovatum X Abelia grandfflora +15 to +20
Forsythia spp. Olearia Haastii +10 to +15
Ligustrum lucidum Ruscus aculeatus
Osmanthus ilicifolius
Jasminum nudiflorum +5 to +10




128°
126°
124
1zr
1200
1
116
114
1

138° :
136°
v/ FEK
-4 Benmett
. W v
% E o : ‘ !t
N Rairi i AGISH ; ‘ S .
: %Y b “ prsogs TN 5
X / ) ‘ I w. T
o ™ — - ~-—&——-~ s E e
i 1 Sk !
‘ / g 3 | ¥
e : 4 \ < A | \
l- 20 N Mes— i i r " L JE |
i : 1L 4 bl | |
} g R Nelson -
S ‘ Q = p Rgé . D Q el o ’
ey ! ! . . AVER /
; Y ’ ‘I ! os ) : . & RS !\ \V [ r? A(" =
e 6 oY : = = % 4 | NMe 5 i i
< 3 & o & e 0 @ - ¢ /\5«0 iotant A :
s r. i A Z “Nahlin @ B l . 2 Lake h W ay / ] “) !
B L 1 | Ta ‘). :b: vt E:_ o . od \ "\ F “(*N‘] _‘ ! —
» O I > 8 g C’J’ 2 1< ; : - \ 'V | § Q 58
SN oo . ! \ L Lake Turno * N o s R V i )
= : : ) d o ) il —
i = ¥ LRl \ 3; Dease ~ . & R ‘ i“‘r‘; '\,f ”_‘-" (»s)
) ' R & K (,"“04—’\“ e n G 3 ﬂgdg‘/ ﬂ ] ol | [- A } F 1T
: ! i Tela b 1) ; 2 : " “MECIRA L U IR
K n e |/ 0 ° - ¥ . \/ A Fa%g
4 —.-.‘——-;____ : T~ = N\ \ o 2 g QL | 1) -
\ i ’}_apf L & | : (_Qb A ‘Tudhod! \—5*;
) Creek { & = Sl Lakes e : e
5 e o — N L 5 V
e\ — it e . o dor
. = VF _' —
: e % S % Jﬂs \ | T IN \l' | =
Y PSR o = < s 1 - ! =l
%ol ) e T 5 s = EAR PERIOD
3 ¢ 05 . ‘ ¢ \ B 1)
N 5 2 = \ 19 1.0 ‘
3 : - \ 1 u LA < ~ -3 Li (_’ - P
I 2 3 ! B { | A s
L e el ) Vi ® A v ¢ ik e
B Sl il e e + : v
. ; HE = & N . { ._ | o i Sikonﬂ‘ s =
| : ™ G l 0 B 7) II 7 Q‘ E
; ; \ ) : % 2 N : | j ot ik )
VQ: o {0 ' s o >“ L NP | rettatud i 7 e
: 2 T, / - > ve \ <
-~ \ G oundary 5 e hl 2 kéu ade [ gen, =1 ;
; ¥ i T R o e ikg i =\ \ ;
L “ = o
\ S % - | ; R, % ’ m o
e . o % { \ L S | SIS Birkmud. i o
i o ; 5 & i B \i . & — W T G uas ! =
? | 4 & 45
oy RS b o % £ Zo,
3 ; i su? Mesil, .o R /\
’ i i [ & ® A | aCE‘.RNEr
E:‘; G 2 = ) e % Hm&:—- | Pe
p ’ . aN— Fremje 25
(\ -- " = %:’Z Meziadi h . '*L
\ :Y- — 5 IStewart X ——5 —— —7T 2
. -
= \ ~ Ay,
i Pl % ¢ o Fcrks e
) e 9 ‘ ‘ s \ L
a | S \
% | a @
o_ 2&. | ice g4 manson Mocﬁ =il 8 1, S ; ey Q
\ \ N Lol
7 A atvox ) N \ «
‘ / RN ¥ 1 Q; e ¥P \
i S f
o s = o
=\ b s Ry ; '
{ ) Kitwanga m";% CBeame ! ati® Grand &
s Ce ét“\/a!e iRl Seaton . R
: ith A i M ori Y - N_habﬂs
e R't‘:“'j el Ft. McLeod 5
X REssives hDorr eiy N - >
‘A DI = b Kathiyn embileur L < n
XON ENTR iy B itmcax i .._.M!T = A BINE o235 \ : u
] 5 ~
! ANC E { 1 - i rat! Telkwa : ; i o . A\
Lk : % Sitps % ;EerPQCe e spier Hubel: —20 AKE : ] 8 / 0 >
48 .. S 4. L% ot ) Rivi (——Twﬂlcott. :Pero o e : o, = % o
— : FRINCE £ % y . °F' y ~ ; TART 5 . ® . J 54
o '3 %6 stew parrett tdaie ™ - LS Ft ] 9, AN .
S A1 “\g "%%% Naliing. Stllames, - % e |
| ~gese e, iy &) oF ot s 48R . o g 1
GRAH i s ington ll'_.m“ Lgroesl ey Loy o %‘ie & @
Al ih ; : ; Kitimat loric Francols) e B L ~ SHE 12 L cer
- / s ) o) / o sl . Ne LY > e ansard P
L W Bro e | 3 ¢ “Nagina : S - 3 5 a Ao Miw'ot""" _,_M«\\; u"-
SOy 0 > L C Geron M
e : b 4 T 2hers A T T A, JURIN ! g 4 A
| " g o / ot ST 'ﬁia = ; 5!’ S ‘-r\(\\ g it Tl 9 i
L S | =~ AN o F L S dt & TP o L, ¢
: - g i N 6 | Fae S TR 2 v o S W :
4 il 7 \ € NG | & o > o Rock \‘ & Rl % -
: an ) \ tHd Qarngl & i 4&* \ S L o L pam® S 05 \'
i \ oEfiakiete W b { / A Whitesall L. & W g & i & \rder *
/ = s \& / 4 - podpecier : g e © \
| 8 ,‘; 19 ; & 9 £ !L'Jk Uching o Hixon (:G“ o . il "
, " . ; - ' cetratnnaver o B . i
; " itedald pgad =W o ® ~Z} " % NS
: \ i X 5 - 1 b\ L) aush\laﬁe iy “"@ -8 -
i 2 2 ) punst
(\ A § WATSON - o e B tteﬂ‘; \I oa’%‘fb ¢ ]‘f; croydqn SE -"%'\ ~J, @'f k.
a O Ba Sner & r~
A 2 r:wm 5d~ A / Y o~ \)) = -4 1 & asug’r il Jaul ¥ " i
Jan | o esnel : N £ &
3 \ B° & 5, ragot? o 3 , B! Sl &
% el = Karsley Keith\&Y . N g . \d‘
“ % /J pustralian e Creek s ol ol ; i
D , < ; : 4 QUESNEL ‘Albred 2 Rive
: ; \" e g ®A 70 A!e»andr‘a U\ Likely 4LAK = | ) Cmmlna &
. ce a & L castie foc o 2 / Tar
Falta (& el Qa/a R i ME:?:ﬁ;:— P e ’ s2°
2 - Ha \ i ‘- ’ﬁr\ pyramid
= o A\ < i \ {
() A | Coola &l */ ; 50(3"_‘5 - ["..Dr‘ﬂe{ iy orssf rrunaer A7 R
; N =] 118 T
; \ o ¢ A e Lake g
for——— /:‘” T peie” VoG iR TPy ~ ] ?‘;Lif?’
: & o il 1 yancevitie ete TN TR S m”‘"""“‘t’% Veh
B o g 0 2 7 . e
@UEEN i if’frT atla Lake ok o wrigh e 8 : N IS 0
Rivers Inlet. i " { @ 5 o, Pathe ¢ k- . Aujora "
| WL R ! t <
o 5 & 8 ‘é_ (= e i & CraRLe o B Wire g E s m”f #
’ 3 -9 X = sten b 51‘:?0 frvin 2y s;m- 5 i i
ek ) Tath i arack 0 - & O uise
: CHAR o 3 o azj:s o o \_\wf’-:“E‘S:Le e 9 ,hx’iaven S Fiel ' L0 ‘tﬂq . e
. i ; g ¥ q . fiying U Rand cage GJfBades b 2 g i R
5 i { Sf wa dm or CHILHO R 2 - g T i i Golde > A\ @ 5
f : & %o E Gratam, reen L S Chuchua @ Ji =t dl i
;L AKE g ; = : %
T 50 T [ Mile HOUSE, - cnrioak COVE iy A4
SOUND ; % & i L‘ﬁ:l::o Ry gparte = rere dams & i A ) o
= - ! J S
o i 9 EQ:_ o E‘a inton e g ﬂFﬁ ¥ GZGSWAP ‘ 5‘@*& > \’
. i : & ar. ; \ Y S 5 \e L S geriss I : N
by Pines &
i Se g e { S Y Lawe S Creek ﬁ;‘; ‘; ~ &\E o ,”\ .
] 50 / & 5 Morgn - - B ous \
:f = . | s e . Ry S . r creen rrius __l )
L B H%rr-l VS en P o . ﬁy}ﬁﬁmo 15 < e i gin\ SRR S :m R} > ' Q \l\\\
= i T )] e el j 3 5 il { - .
S = i Csin S 0 e o y i And::rg:};nttn ‘;”“ e foncroft @ S Thory 2502 4 ! MGMIP‘"%‘DE l ‘M\'f 5 ; wmd_éf:re \
: 4 ! SIngs Ligo LS j S ! o= 1 i =
| e B 3 o = ; S i hircdtie? ) VR 5 335151; OFS " e </ B 7L N BN A ._
1 g ; 3 Ge. 7o Wt aiice Ry plhan ElrrTe st / o — g, Bire ! g E N Westvold S ENDE | b x L \
e 3| Sayw;f’- e 7 -8l i Groek £° %er‘wges ARM ONG Lake owser A /o -
% 3 L o o Sl g creck Nsaet "4’ e L f‘i’g&gﬂ ~ly EEEN ™ — NN akuSP rgente S ! o 50°
CapeCopl” X Tisaall Hlooet i e S O PR 3 % umy ! \ |ardeat q b f6] o
TIAVE \ ; B | R o L o e T R
B L (e Zevs Ao ot lleow s S v 9 \ = g : —— o : Lo
I = 4 ‘?V' £ fsﬁiu T “i':e’w Keele: Fﬁ:ﬁ;’f : -y I i e enVET | erion . SL0 > ™ ¥ [
O 2 g.yliqlﬁ‘qt\ i Jervis Watm'zo it aldi ?"'L ~arth ¢ ‘ a{;uier | KO T,ENAY 1 wass N Hi—! f‘.s 3
= I § _—— )/
‘ | . ; o 2iplet - AR . Nge B Bgston 8 o 3 Lower SLoCAN | B s lygrtm W
DEPARTMENT ; Y ;{‘g::_:dn;le oa e e, China Bar by Ao e oo N\E\"Y i\ 2\ --l %
or LANDS anp K tha G Eauamish X prosts X Lake v i oL AKE e
Honourabl B RCHEEE . ; o H ) 9 > i stout g \) & (8) ,1 er .
. gl o c
e E. T. Kenney, Minister i L - ﬂaﬂtﬂo Pt b % I"fNE II;ARRISD‘ e 3 JE‘:!; o' el ann%‘" Gallond tHo E'
a0 3 = b { tt e p Beave! & - e Saagn, =L
4 o . Scale . : 3 mﬁ I6 1y el i i i r:: ) é' (& = Bediey ana e Nt i e jraar s Wald? i = 3 i
0 g ) i L?R m\ﬁtape E“ w7 Falls s alme 3 o% (7% &, 49°
= il e proose By ) e g =2 jver 2 -9 ez 3
160, MILES A N e + L E Keremeos Kett‘\e & DL o & res
3 A ; b WES' A LI - cﬂlLLlWACK & L et W Alr 15 Ge 1l HFORKSL s, Z &
‘ : | Q \ X ‘&b\) taford kS . e
' S : : SR T et 3 it Sl > B B
i i S0 e chemain oy e % \ oreville T %é o
e Bamfield ; cho ‘J.J [ : b " f Boﬂ?e:rs h
136 | e 7 Li U e | 7 a 4 e D
L {9 fic) e At ) gellingham \ IS P arcus
o P 2} e bxe{mt i AT X \ | o & ki oia £
A AL b o Colum
Tod et by ¥ UK, 9 5 k > 5 =
t Benf 4 s a 0 - LDy 2
137 L EF- re‘z\'a ‘ o O b ,e g U . Dt,‘ o \,(‘a\.gpe\\
e 1 p L L \ ¢ Gand
128° i Y v* Newport /
Q
126° (4 Cu 4
24 - ‘
122 .
z _— K(pe.urd Alene
i eZ e
1 \
116°




