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ABSTRACT 

Hecords of pollen dispersal and meteorological dat" were collected over three 
seasons along an clcvational tran�cct. Primnry emphasis was on Douglas Fir, but 
pollen di�penm.l characteristics of associated �pecies were also investigated. Pre
liminary information was obtained concerning the relationship between temperature 
and t he production and maturation of male cones. l\lulliplc regression amliysis was 
employed to cv>tluate the relationship between meteorological factors and pollen 
dispersal. The following subjects arc treated at some Icngth:-weathcr controls, 
dllration of pollen rclease, dispersal diRlancc, lapse rates and diurnal cycle. The 
!-inal section is concerned with the application of the results, stressing several 
,,'peets of value to the tree breeder. 

RESUME 

Des donnees ont etc rasscmb!6es, au cours de trois annces, sur In. dispersion 
c1u pollen et les facleurs mctcorolo�iques, ;1 diverses altitudes. L'ctudc portait 
�urtout sur Ie sapin de Dou,las, mais on a uussi etudi6 les caract.eristiqucs de la 
dispersion du pollen d'essences apparentecs. On s'est d'abord renseigne au sujet de 
la correlation de la temperature avec Ia. production et Ie murissement des cones 
m:des. On s'est servi de la rl1cthode analytique regressive :l.f-in de chiffrer Ie rapport 
entre les clements mct6orologiqucs et I:L dispersion du pollen. L'autcur s'etend 
asscz longuement sur les sujcts suivanls: l'influence des conditions mcteorolobriques, 
la duree de Ia dissemination de pollen, lao distance de dispersion, la durce des inter
valles d'inactivitc et l'infiuence du cycle journalier. Lc dcrnicr chapil rc a trait.. a. 
I'npplicabilit..e des resultats de 1 '6tude, surtout sous diven;;; aspects qui int6ressent 
I'ameliorateur d'arbres. 
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Meteorological Factors Affecting 

Conifer Pollen Dispersal on Vancouver Islandl 
by 

L. F. EBELL' and R. L. SCHMIDT' 

INTRODUCTION 

This report is the result of a study conducted jointly by the British Columbia 

Forest Service and the Department of Forestry, Canada, during the period 1958 

to 1960. The study was undertaken to obtain phenological data on pollen dispersal 

of several native conifer species in  rclation to altitudinal climatic variation, and 

to supplement physiological studies of cone crop production in Douglas fir. 

Special mention for technicnl as 'istance is due J .  H. Marshall and B. O. 

Myhre, for field and laboratory phascs of the study, respcctively. Other assistants, 

studcnt and seasonal, have contributed grcatly during the course of the tudy. 

Appreciation is expressed to A. R. Fraser and R. E. Foster for guidance in the 

application of biometric methods to our data, to J. A. Tumer for his advice on 

meteorological matters, and T. C. Heimburger for his editorial suggestion . 

The study was also aimed at providing data conceming the pollination aspects 

of Douglas fir seed production above 2,000' elevation on Vancouver Island. 

Experiences in cone collecting at elevations exceeding j ,,�OO' or 2,000' have becn 

somewhat cOlltradictory. Some agencies maintain that viable Douglas fir seed is 

seldom produced in quantity at such locations, and this i probably through 

insufficient pollen production. However, seed with good viability was collected 

in abundance by the authors along a transect between 1,000' and 4,000' elevation 

on Vancouver Island in 1957, which was reported as a very poor seed year for 

Douglas fir by Garman'. 

In studies conducted over mallY years in Finland, San'as (1955) found that 

quality and quantity of the seed crop of Betula verrucosa, Betula pubescens, 

P'inus silvestris, and Picea abies were closely related to the amount of polien 
production. His observations also support the general view that annual variations 

in the numbers of staminate and ovulate cones are closely proportional. By mean 
of 7-day rccording pollen samplers, he was able to relate diu mal and seasonal 

Huctuations in polien flight within stands to prevailing weathcr conditions. Many 

pollen sampling studies have been primarily concemcd with polien dispersal 

IDcpnrtment of Forestry, Cftnll.du, Forest. Re8ClHCh Brunch Contribution No. 573. Technical Publication T.M, B.C. 
}�orest Service. 

'Re!lCtirch Officer, Forest Research Brunch, Dep!lrtrnent of Forestry, Victoria, B.C. 

'Forester, nC6eSrch Division, British ColumbiH. Forest. Sec\·ioe, Victoria, B.C. 

tC;"rman, E. H. 1957. Unpublished data. British Columbia Forest. Service, Victoria, B.C., Experimental Project. 274. 
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Figure 1. Map showing location of sampling areas. 
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distances rather than phenological aspects. The interested reader is referred to 

a recent collection of papers, many with comprehensive literature reviews, 

published in Volume 4 (4/5): pages 107-152 of Zeitschrift fur Forstgenetick und 

ForstpAanzenzuchtung. Wright (19.52) and Strand (1957) have reviewed the 

literatllre and discussed theoretical aspects of pollen dispersal. 

Hecent studies, by Silen' of pollen di. persal from individual Douglas fir 

trees in large clearings support both Wright's findings of short median dispersal 

distances for species with large pollen grains, and Andersson's (1955) and Sat·va. ' 

(1955) reports of large pollen dispersal distances. The literature on the phenology 

of flowering in pines has been revie,,·ed by Bingham and Squillace (1957). They 

found a delay in Aowering of five days per 1,000' increase in elevation for Pinus 

?l!onticola in northern Idaho, and cited Duffield's findings of an eight-day delay 

per J ,000' in elevation for P·inus )Jonderosa in Cnlifornia. Strand (1957) noted an 

average delay equivalent to nine days and a range in delay from six to fifteen 

days per 1,000' increase in elevation for Pinus silve�t,.is in Norway, and mentioned 

Scamoni's findings of about 12 days delay per 1,000' in elevation for this species 

in Germany. Millett (1944) observed that similar soil and air temperatures 

prevailed during the onset of anthesis in Pinus md'iata at t,,·o wid Iy separated 

locations in Australia differing by 1,800' in elevntion. 

DESCRIPTION OF STUDY AREA 

The main study area was located near the centre of Vancouver I.-land in 

the Elk Valley nenr the divide between the Elk and Heber rivers. This valley is 

a deeply incised, narrow trench oriented east and west, and bordered by mountains 

exceeding 5,000' in elevation. 

Weather conditions in the Elk Valley vary considerably from year to year 

at the same stage in the growing season. This variability is related to the type 

of broad scale weather pattern at a given time. In general, the occurrencl' of cool, 

moist air ma�ses and moderate temperature lapse rates, are associated with 101V 
pressure areas off the coast. Conversely, very warm, dry weather normally 

develops when a high pressure area has moved in, either directly from a continen

tal source region, or when air masse associated with the north Pacific high cell 

undergo extensive modification by subsidence and by passage over the continent 

prior to recirculation over Vancouver Island. 

Freezin" temperatures, as low as 28° F., OCCUlTed periodically during the 

pollination periods of most species at all elevations. Sporadic snowfall also occur

red during the pollination period of most specie. at higher elevations. Snowfall 

may a!. 0 occlir during April and early May at low elevations, when certain species 

pollinate . 

Most of the study area is occupied by even-aged forest that originated after 

a severe forest fire which denuded the area approximately 300 years ago. The 

ISilen, n. R. 1959. Pacific N. W. Foreet and Range Exp. ta., Portland, Oregon. Personal Communication. 
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altitudinal distribution and relative abundallce of the t ree species are indicated 
in Figure 2. 

Pollen sampl i ng was also conducted i n  immnture foretits ilt Langford, which 
is locilted near sea level ilt the outskirts of Victoria, Brititih Columbia. 
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Figure 2. Altit.udinal di:striuUlion of ('one-he:lring trec:; in the Elk Valley area, Crest Mtn. (southern 
aspect) nnd Puzzle !II til. (nort Ilern :1Spcct). 

STUDY METHODS 

(1) Collection of pollen da ta 

Two bnsic illstruments were employed, a clock-drivell pollen recorder which 
provides a chronological record of airborne pollen, and a dowel or block sampler 
from which a periodic pollell record can be obtained. The pollen recorder, i l lus
trilted in Figure 3, was patterned after a model developed by Sarvas (1952). 
Vertical and horizontal lines photographically printed on the celluloid sampling 
bands, which were made up from lithographic sheet film, facilitated microscopic 
identification and counting on an accurate time basis (Figure 4). 

Two models of the second i nstrument were designed and built. The dowel 
sampler, consisting of a wooden cylinder with a vaseline-coated cellophane sleeve 
taped to the surface, was used in 1958. This model was replaced i n  1959 by a 
square block sampler that was shaped to support a vaseline-coated microscope 
slide on each of 4 vertical sides. A longitudinal hole drilled through the centre of 
the dowel or block served to admit a bolt which supported the sampler and a 
rainshield (8-inch aluminum disc). 
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Figure 3. Scven-day recording pollen sampler. 

Figure 4. Vaselinc-coated sampling band exposed at Langford April 24-30, 1959. Band shows 
interruption of pollen release by shower activity on the second and third day, by a three-day 
period of continuous rain, followed by voluminous Abie8 orandis pollen release on the seventh day. 
Compare with the :same period on Figure 15. 

With the exception of the instrument at 1,500' elevation on Puzzle Mt., all 
recording samplers were installed at meteorological stations situated in forest 
clearings. In most instances dowel or block samplers were installed in groups of 
three at each station: one in the forest below the clearing, one in the clearing and 
one in the forest above the clearing. All samplers were exposed between 15 and 
20 feet above ground level. 

The sampling schedule in the Elk Valley was as follows: 
(a) 1958. Dowel samplers: 3 at each of the following stations-valley bottom 

1,000', Crest Mountain 1,500', 2,500', 3,500', 4,100' and 4,600' elevation 
(subsequently referred to as VB-1,000', C-1,500' to C-4,600' respec
tively). 
1958. Recording samplers: one at C-l,500' and one at C-3,500'. 

5 

72701-6-3 



(b) 1959. Block samplers: as in 1958 plus 2 additional ones at VB-l,OOO' 

and at J ,500' and 2,.500' elevation on Puzzle Mountain (P-l,500' and 

1'-2,500'). 

1959. Recording samplers: one instrument at each of the following

VB-l,OOO', C-2,500', C-3,.500'o C-4,lOO', C-4,600', and P-l,.500'. 

(c) 1960. Two recording samplers in the valley bottom. 

A pollen recorder was installed at Langford in 1959 and 1\)60. 

The annual sampling period differed from station to station due primarily 

to accessibility as afTected by snow depth, and also as knowledge was gained of 

pollen dispersal periods of different species. Phenological observations of male 

cone development were made periodically to supplement the pollen record. 

(2) Collection of meteorolo�ical da ta 

The meteorological instruments were attended at wcekly intervals. All times 

mentioned in this report refer to Pacific standard time. Latent evaporation at 

four feet above the ground was measured periodically in 1958 using a black Bellani 

atmometer. Subsequently, a recording eva pori meter using a crystolon disc was 

designed and built. Tcmperature and relative humidity records at four feet above 

the ground were obtained from a Fuess hygrothermograph mounted in a Steven

son screen which contained maximum and minimum Zeal thermometers. Pre

cipitation instruments werc of two types, an instrument of original design which 

yielded a continuous record, and an accumulating gauge attended periodically. 

A wind-direction recorder (Schmidt & Marshall 1960) was mounted 15'-20' 

above the ground. Supplementary data were obtained from observations of 

cloud conditions, local winds and snow depth. 

1t is evident that meteorological measurements obtained within a few feet 

of the ground are not necessarily representative of conditions in the layer occupied 

by the tree crowns, which varied from approximately ;30 feet in height at C-4,600' 

to over 200 feet at VB-I,OOO'. 

(3) Laboratory techniques 

To ensure positive microscopic identification of pollen grains, male cone

bearing branches of each species were collected in early spring, placed in water at 

room temperature, and the pollen was extracted. For reference purpose� pollen 

grains of each species were permanently mounted on microscope slides, and 

photomicrographs were produced (Figures 5- 14). Reference was also made to the 
excellent descriptions of tree pollen published by Wodehouse ( 1935) (1942). 
Nevertheless it was found necessary to combine the counts for species with similar 

pollen, such as the thrce species of Abies, two of Pinus, as well as red and yellow 

cedar. 

The cclluloid sampling bands exposed by the recording samplers were placed 
vaseline surface down on a glass plate that \\'as coated with mineral oil. Little 

displacement of pollen occurred in the process. This permitted the use of the 

bands as cover slips during microscopic examination. To allow increased vertical 
scanning, a special mechanical stage was fabricated and fitted with a plexiglas 

carrier to support the glass plate. 
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Pollen counts were made at a magnification of 1 50X and a field diameter of 

1.05 mm. Sixteen vertical fields, a total area of 13.85 mm.' were examined for 

each two-hour interval. Total pollen counts for daily or seasonal periods were 

obtained by summation of the relevant bi-hourly counts. Division by a factor of 

13.85 reduced any such summation to total pollen grains recorded per square 

millimetre. 

The cellophane from the dowel sampler was inverted on a glass slide coated 

with mineral oil; four vertical fields were examined microscopically in each of 

eight directions of exposure. Twelve fields were examined on each of the four 

microscope slides exposed on a block ampler. 
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Figures 5-8. Photomicrographs of conifer pollen, mounted in glycerine jgHy, stained with methyl green. 
S. red cedar; 6. yellow cedar; 7. Douglas fir; 8. western hemlock. 
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11 I' 

13 14 
Figures 9-14. Photomicrographs of conifer pollen, mounted in glycerine jelly, stained with methyl 

green. 9. mountain hemlock; 10. grand fir; 11. am.abiUe fir; 12. Alpine fir; 13. lodgepole pine; 14. western 
white pine. 
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BASIC DATA 
(I) Pollen dispersal records 

The enormous amount of data resu lting from this study precludes any 
detailed presentation in this report. Nevertheless, to familiarize the reader with 
the type of data available, excerpts from the Douglas fir pollen records for selected 
periods are presented in Table 1. 

(l) Meteorolo�ical records 

(a) Air temperature and relative humidity 
Mean daily temperature was calculated i n  two ways: first, by the customary 

averaging of minimum and maximum values, and second, by averaging tempera
ture readings for every four hours. Temperature readings were also t ransformed 
into accumulated temperature values indicating degree-hours above various 
thresholds. In a similar manner, relative humidity (R.H.) values were t ransformed 
into percent-hours below various thresholds. 

Values of temperature and relative humidity could be read from the hygro
thermograph sheets for any desired time and were al 0 t ransformed into equivalent 
values of vapour pressure deficit (v.p.d . ) .  The vapour pressure deficit is defined 
as the difference between the actual vapour pressure and the vapour pressure of 
a saturated atmosphere at the same temperature. This expression of atmospheric 
humidity is regarded by Anderson (1936) as being more applicable to analyses 
involving physiological interpretations, mainly because identical relative humid
ity at different temperatures may indicate widely differing vapour pressure 
deficits. While vapour pressure deficit may be applicable to many processes affected 
by the evaporative power of the air, relative humidity is a more appropriate 
measure of responses controlled by the degree of wetness of the air. In this respect, 
Michelmore (1947) stresses that various expressions of air humidity should be 
tested for applicability t o  each biological situation. 

Station 

Langford 
100' 

Elk River 
Valley Bottom 
1,000' 

Crest Mtn. 
2,500' 

Crest Mtn. 
3,500' 

TABLE I-Bi-hourly Pollen Counts of Douglas Fir on Five Consecutive 
Days During Peak Periods of Pollcn Dispersal at Four Stations in 1959 

No. Pollen Grains per 13.85 sq. mm. at the'Following Times: 
Date 

2 4 6 8 10 12 14 16 18 20 22 

April 
1 6  0 2 0 I 43 31 305 228 131 1 1  4 
1 7  0 0 2 8 181 283 312 154 51 34 2 
18 6 3 7 56 79 242 178 174 14 3 1 
19 2 4 2 24 171 152 199 266 16 5 3 
20 2 0 4 1 1  213 129 85 440 25 2 0 

May 
6 I 0 0 0 39 32 73 56 6 0 1 
7 1 0 0 0 7 63 108 124 4 0 0 
8 1 0 I 0 2 8 6 154 235 155 116 
9 2 1 0 6 18 102 89 191 34 13 2 

10 0 0 0 10 43 100 157 160 20 0 0 

May 
1 7  3 5 4 17 120 66 40 42 9 9 10 
18 8 6 0 5 142 231 197 1 13 56 29 6 
19 4 2 37 67 68 68 65 63 44 4 5 
20 3 12 23 36 64 44 40 29 8 10 7 
2 1  0 0 0 1 69 129 53 18 13 14 4 

May 
24 7 7 2 19 68 280 255 119 5 0 3 
25 0 0 2 14 52 10 3 9 7 1 5 
26 0 0 0 3 2 4 14 10 0 0 0 
27 0 0 0 I 77 67 125 32 I I 0 
28 1 0 4 91 222 346 175 60 1 1  6 I 
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(b) Evaporation 

The daily amount of latent evaporat ion expressed in mil l i l i tres was divided 
into three parts, the amounts occurring from 00 Ius. to 1 ,000 hours, from 1 ,000 
to 1 ,800 hours, and from l,800 t o 2 ,400 hours. This permitted the rat ing of con
ditions during the day wh('n maximum pol len dispersal usually occurs. 

(e) Wind direction 

Relat ive calm lind windy periods according to d irection were compiled, and 
wind roses were dr-aim to assist i n  recognizing topographic modifica tions. 

(d) Preeipitat?:on 

Periodic rainfall  i n tensit ies were obtained from the precipitat i on recorder. 
Observations of brief shower periods proved of value when a trace of rain was 
too small to show up on the recording chart. 

ANALYSIS OF RESULTS 

(1 )  The influence of temperature on initiation of reproductive primordia 

The 1 958 data from the Elk Val ley i n dicated a good yield of pollen for white 
and lodgepole pine, a fair one for red cedar and western hemlock , and an almost 
complete failure for Douglas fir, mounta in  hemlock and three species of Abies. 
I n  1 959 there was an almost comple te reversal as large quant i t ies of pollen were 
recorded for Douglas fir, westcrn and mountain hemlock, and the three species of 
Abies. Smaller quant i t ies were recorded for red cedar, perhaps because pollen 
dispersion of this species had a lready commenced prior to April 1 5  when the first 
pollen recorder was exposed i n  the field. I n  1 960, pollen product ion was again high 
for the pines and for red cedar, but an almost complete failure for the other 
species . The pollen studies were augmented by phenological examinations of 
Douglas fir stands throughout Vancouver Island during the spring of 1 96 1 .  

The collect ion of data for only a four-year period scarcely permits a compre
hensive assessment of t he faetors control l ing i n i t ia tion of reproduction primordia. 
However, examination of temperature records indicates the possibility of a 
relationship between h i gh July temperatures and i n i tia tion of reproductive 
primordia i n  abundance for Douglfls fir, mountain hemlock, and t he three species 
of Abies. 

This i n terim observation is in agreement with Tircn's ( 1 93:i) work on Nor
way spruce. Similar observat ions have l i n ked high summer temperatures in  
general with subsequent cone production of  black and white spruce (Fraser 1 958), 
and ponderosa pine ( Daubenmi re Hl(0). (JVIaguire 1 95G) correlated h igh spring 
temperatures with in i t iat ion of reproduct ive primordia in ponderosa pin e, but 
this is di fficult to visualize si nce, according t o  Gifford and M i rov ( 1 960), ovulate 
primordia of th is  species are not difTerentiated u n t i l  la te summer. 

1 n  t he Elk Valley the low J U ly temperature of 1957 was followed by a cone 
crop fai l u re of Douglas fir, mountain hemlock,  and Ab£es spp. the following year, 
whereas the ext remely h igh July t emperat ures of 1 !)'�8 were followed by abundan t  
formation of reproductive primordia .  I n  ] 960 high J u l y  temperatures were again 
followed by the abundant production of Douglas fir reproduct ive buds. One 
exception to this apparent relat ionship occurred during the study period . High 
July t emperatures in 1 959 did not i nduce format ion of reproductive primordia in 
quantity, presumably  because a heavy cone crop was maturing in 1 959. Garman 
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( 1955) found that cone crop failures in Douglas fir usually followed a good crop 
year. I n  the present study no consistent relationship could be established between 
induction of primordia and tempcrature conditions in May and June. 

A consistent correlation between weather and init iation of primordia could 
not, be found for the other species. The production of red cedar and western 
hemlock pollen during each sampling year suggests that primordia differentiation 
i n  these species is less dependent upon weather conditions than in the aforemen
tioned species. 

(2) The influence of temperature on maturation of male cones 

Favourable weather conditions in the spring arc required to initiate the 
maturation of t he dormant male cones. Table 2 indicates the relative times at 
which pollen dispersion in quantity commenced for different species at VB- l ,OOO'. 

TABLE 2-Commencement Dntes of Pollen D ispersal for 
Several Species at VB-1 ,DOO', 

Red cedar . . . .  
Douglas fir . .  

Tree Species 

Western hemlock . . . . . . . . . . . . . . . . . . . . . . .  . 
Grand fir . . . . .  
Amabilis fir . .  
Lodgepole pine . .  
White pine . .  

Commencement date 
of pollen dispcrsul 

April 10, 1959 
May 2, 1959 
May 13,  1959 
May 13-15, 1959 
May 20, 1959 
May 20, 1958 
June 4, 1958 

Pollen dispersion of mountain hemlock and alpine fir commenced around June 12,  
1959, at  elevations exceeding 3, 500'. 

The influence of temperature upon maturation of male cones was evaluated 
using daily minimum, maximum and mean temperatures. When use of these 
expressions failed to provide precise determinations, accumulated t emperatures 
were used. This expression combines intensity and duration of heat units and 
is calculated in degree-hours above various thresholds. Considerable success has 
been reported by Moss (1960) in relating various value of aqcumulated tempera
ture with phenology of flowering of many species in the Edmonton area. 

In both 1959 and 1960 male cones of red cedar at VB-1,000' were mature after 
exposure to between 1 00 and 200 degree-hours in excess of 50° F. In the same 
years, male cones of Douglas fir in the same locality required from 800 to 900 
degree-hours above the same threshold value before pollen dispersal commenced. 
Grand fir in 1959 at both Langford and VB-1,000' required from 1,000 to 1 , 1 00 
degree-hours, and amabilis fir at VB- l ,OOO' from 1 ,300 to 1 ,400 degree-hours 
above 50° F. Lodgepole pine at C-1,500' required around 2,000 degree-hours in 
1958. Alpine fi r  and mountain hemlock at C-4, lOO' required from 500 to 600 
degree-hours above 50° F. in 1959. 

These degree-hour data do not necessarily indicate absolute requirements 
for a pollen dispersal in a given species, as shown by reference to other station s ;  
e . g .  i n  1959, Douglas fir male cones at Langford and a t  C-2,500' a n d  C-3,500' 
reached maturity after exposure to only 400 degree-hours in excess of 50° F. as 
compared to about twice this value for the same species at VB-1,000'. If one 
disregards the possibility of genotypic variation, the most likely explanation of 
this wide discrepancy is offered by selection of the wrong temperature threshold 
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or by i mperfect ions ill  t he t ech n iq ues used t o  obtain meteorological data, Tem
pera t u re r('eords w('re obta i ned i n  Stevenson screens at four feet above the ground 

i nstead of in the l r('e crowns ",here t h e  male cones arc exposed to temperatures 

which coul d  d i ffer from t hose near t he ground,  On the m o u n t a i nside in early 

spring an i n verted tempera t u re stra ti ficat ion may occur because the sno w is 

l ike ly t o  cool the air n ca r t he grou nd consid('ra bly, whi le  h igher temperatures 

prevail in t he t ree tops 120' t o  1 ::;0' above, On t h e  o t her hand,  t em pera t u res 

recor-dcd a t  t he 8no,,'-free val ley-bottom stal ion may be too high i n  comparison 

with conditions i n  the tree crowns which in many cases are 200' above the grou n d ,  

(3) The influence of meteorological factors on pollen dispersal 

Even a superficial  study of the data i nd i cates t h a t  rain-free days with h ig h  

a i r  t ('mpcrn t ur( 's  a n d  l o w  h u m i d ities a r c  favourable t o  po l l en dispersal, o nce t h e  

male cones h a v e  reached maturity,  Xevertheless, i t  is d i fficult  to obtai n  h i g h  
corrcl n t ions bet"'een weat her cond i t ions and po l le n  d ispersa l . Pollen records arc 

�ubj('ct t o  error, c::tused by i nclusion of pollen grains tra n sport ed for some di .. tance 

from ot her areas, This "background cou n t "  complicates the analysis, especia l ly  
ncar t lw begi n n i ng and end of  t he pollen period ",hen e v en small  amounts of 

outside po l len w i l l  h inder accu rate determ i n ations of the pollen period for a par

t i c u l a r  stat ion,  

�imilar  met eorological cond i t ions occurring on d i fferent days during the 

pollell  period arc not necessa rily reflected by similar amounts of d a i ly pol len 

dispersal. in the very early part of the period many pollen sacs are not yet 

m a t u re, When the majorit y  of the male cones become m a t u re, favourable weat her 

conditions wil l  cause considerable pollen dispersal. To,,'ard t h e  end of t h e  pollen 

period nearly all of the pollen sacs arc empty, and the " dep let ion effect" sets i n ,  

where ('\'en the most favourable environmel l t a l  condit ions w i l l  produce o n ly 

i nsigni ficant amou n t s  of po l len,  

The i nA uence of rainy periods upon pol len d i spersal is well  i l l ustrated by the 

pollen r('cord of gra nd fir i n  1 050 at Langford (Figure 1 5) ,  Considerable pol len 

d i spersal occurred bet\\'een showers on April  25 and 26, I nsign i fica n t amou nts of 

pollen \\'ere recorded d u ri ng t he next t h ree days when rai nfall was almost contin

uous, The moderately h igh temperatures during the ra iny period m a t u red a l a rge 

proportion of t h e  available male cones, Volumi nous amounts of pollen were then 

recorded on the first favourable day, after which depletion effec ts set i n ,  

Concern has been ex pressed t h at prolonged periods of r a i n y  weather may 

adversely affect poll ination (Garman 1 95,5 ) ,  With t he exception of pine pollen 

i n  1959, h owever, all pollen records in the presen t  study indicated that only a 

few favourable d ays , i ntersperscd t h roughout t he pollen period, were required 

for mass release, Approx i mately 80% of t h e  total po l len was recorded during 

fou r  or five days, e\'en when cond i t ions were not cont i n uously favourabl e , It was 

evident from the patterns for red cedar i n  1 960, that  pollen release may be deferred 

for a considerab l e time ( Figure 16) ,  If recept ivity of ovulate cones follows the same 

response it i s  l i ke ly t h a t  poll i n at ion wou l d  be l ittle  affected by short i n termittent 

periods of adverse weather, This view has been previously taken by Sarva ( 1 952) 

( I 956), 
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R a i n f a l l  I n t e nsity and Durat ion 

Temperature 

Abies grandis Pollen 

F'igure 15. The influence of meteorological factors on the course of Abies orandia pollen 
dispersal at Langford in 1959. 
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(a) Statistical analysis oj effect oj lemlJerature and humidity on pollen dispersal 

A st at istical  a n a lysis was undertaken to assess t he eITec L  of t em pernture 

a n d  a t mospheric h u mi d it y  on po l len d ispersion . A sq uare root t ra n sform ation 

was u 'ed t o  normalize t he pollen COL lnt  dat a w h ich were ch a rnc ter i zed by a wide 

range i n  values w i t h  a prepo ndera nce of sma l l  counts.  Ot her vari ance-st abi l iz ing 

transformat i ons m ight h ave been em p l oyed , b u t  it  is  t he op i n ion of thc w ri t crs, 

based on close cxa m i nat ion of t he da t u , that these wou l d  nut ma t eri a l ly alter 

the conclusions. Regress ions of b i-h ou rl y counts of Douglas fir pollen u po n  s i ng le 

fac t o r ' for a 1 3-d ay period at Langford were s ign i fica n t  at t he 0. 1 % le\'el for 

bot h  ( ('mpera t u re a n d  v<lriou ' ex press ions of h u m i d it y . Com parison of " t "  

v a lues i ndicated t h il t po l len release could be p rcd ict ed eq u a l ly well  from rc ln t i \'(' 
humidities as from \'apour pressu re deficit s. Similar comparisons rC\'ea led the 

pol len counts  to  be more closely co rrela t ed w i t h  cu rrent r(' l a t ivc h u m id i t y t ha n  

w i t h h u m i d i t y  readings for t h c prcvi oll . t wo-hou r period . Thi� rcsl I l t ,  ( ogpt, h er 

w i t h  t h(' observ:l t ions t h at pollen was d ispersed bet ween ra in showers, i nd icat es 
a rap id respons(' of pol len release t o  sudden ch anges i n  at mosph e ric moi:t u re, 

In t h is regard, Sharp and Chisman ( J ! ) ( j l )  observed t h a t  pollen rclease i "  t h ree 

spec ies of oak occurred o i l ly when t h e  relative h u mid i l;y waS below - 1 :, % .  

The occu rrpnce of consecu t i  \'e days w i  t h  very f a  vou rab le well t her for \.>o l len 

releilse was m ost u n usual  in t h e  prese l l t st udy . Ac t ua l ly, i t  OCCUlTed o i l ly once, 

for lodgepole pi ne at C-l ,:;00' i n 1 9.�8 ( l' igl l l'e 20) .  L ' sua l l y , fa vou ra ble, u nfn \'ou r

abIe, and i ntermediate weat her cond i t ions were fou nd to be i n t erspersed d u ring 

the po l len period . Consequen t ly , i n  the fo l lowing a na ly"is, o n ly t he foul'  peak-days 

of a po l len d ispersa l period \\'erc included. 'fhi; appronch rpdueed t he possibi l ity 

of confou nding t he t rue effp('\ of the t \\'O factors u nder st u d.v w i t h  othcr fnctors 

such as m i n fal l ,  per iod ic \' ari a t ion in a mo l l nt s of : ]  vai l ab le pollen and degree of 

conta m i nat i ng drif t , w h ich could be m ask i ng i n  effect and m ight be i n t roduced 

if  the ent i re pol l en period wcre st ud ied . For t h e  prpsen t purposes t h esc fOl l r-day 

per iods were cons idered adeq u at e  because of the a m p l itude in d i l l r l l u l  rang!) of 

both t c m (Jerat u rc and h u m i d i t y  and or t h e  pol len cOl l n t s .  

:' Iu l t ip le regressio n a na lyscs (Snedecor 1 9.'j(j) were used t o  det erm i ne \" hether 

tempera t ure h ad a d irect effect on pol l en d ispersa l o r  an i nd i rcc t effect t h rough 

modificat ion of relat ive hu m i d i t y . Such a n a lyses have been used w i t h  success 

by i\larvin a n d  Erickson ( 1 9;'jG) t o  e\'a l u at p t h e  cffeet s  of se\'cra l environ mental  

fac t o rs on sugar maple sap-flo\\'. 

The resu lts of t he a na lyses for a n u m ber of spec ies and st a t ions arc sum

marized i l l  Tab l e 3. If c va l u a t ed i ndividua l ly, most of the a l l alyses lead to el'l'O

neous cOI1! ' lus ions : namely, t ha t  e i t her t e m pera t u re or hu m i d i ty had period ical ly 

exerted pri m a ry contro l  on pol len d ispersa l , :wd that this con t rol  varied charac

teristically by spec i es. Whel l co nsidered co l lect i ve ly , however, t he roefficients 

Crable 3 :  col u m ns b ,  a nd b,) i n d icatp on ly whir h fac t o r was most l i m i t i ng for 

a gi ven set of data a n d  t hat bot h t em perat ure and humid it y could be ( ' I'i t i c a l  

factors. For exa m p \(', i n  ( hI' fOllr ppak days of t he lodgepo \ (' pi nl' po l len p riod 
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at C-1 , 500' i n  1958, humidity was never too high to be limiting , and as a C O I l 

sequence temperature became the controlling factor. During the four peak days 
of the Douglas fir pollen period at Langford, humidity was the critical factor, but 

for the pollen period as a whole both temperat ure and humidity al ternat ively 

exerted primary control. Rather surpr is ingly, humidity appeared to be the pri

mary factor during the peak days of the alpine fir pollen period at high elevations 

in the Elk Valley. It is possible t hat the pollen release of individual species may 
depend on different threshold requ i rements for each meteorological factor. 

TABLE 3-11esults of Multiple Regression Analysis for 1959 Pollen Counts ( V  Y + 0.5 transformation) on 
Fahrenheit Temperature (Xd llnd Relative Humidity (X2): Coefficients for the Multiplc llegression Y """ bo + b . X. + b2X2; Coefficients for Standard Measure (b/• and b'2); and Coefficients of �'luJtiple 
Correlation (R'). Analysis Conducted on Data for Hi-hourly Periods over Four Peak Days of Pollen 
Release for each Species at each station and also for Douglas fir at Langford over 11 Thirteen-Day Period 

Species and Station 

DoUOlas fir 
Langford-13 day period . . . . . . .  
Langford- 4 day period . .  . . . . . . . . . 
VB-I ,000' .  

C-2,500' . . .  
C-3,500' . 

Western Hemlock 
VB-I,OOO' .  . . . . . . . . . . . .  

C-2,500' . . . . . . . . . . . . . . 
C-3,500' . . . . . . . . . . . 

Mou1Itain hemlock 
C--4,600' . 

Alpine fir C--4 ,OOO' . . . . . . . . . . . .  . . . . . . . . . . . . . .  

Grand fir 
Langford . . . . . . 

Lodoepoie pirie 
C-1,500' (1958 ) .  

· . 05 } 
".01 levels (or t tests of significance. 

j.OOI 

bo 

4 . 1 7  
23 . 28 
1 7 . 03 
1 3 . 60 
1 6 . 20 

- 1 3 . 80 
-20. 1 7  

- I .  91 

- 7 . 28 

14.40 

-24 . 65 

-20 . 12 

b, h, b', b/! W 

. 205 1 " - . I l24t . 3223 - . 4166 . 500 

. 0520 - . 2423'- . 0665 - . 6750 . 539 

. 0024 - . 1639j . 0037 - . 7955 . 638 
. 0240 - 1 146- . 0505 - . 4147 . 208 

- . 0286 - . 1373 - . 0526 - . 6090 . 3 13 

. 5248· - . 0413 . 5840 - . 1 1 66 . 479 

. 7575j - . 0932 . 7526 - . 1456 . 787 

. 24 1 4j - . 08041 . 4713 - . 3599 . 662 

. 2385·· - . 0093 . 6001 - . 0542 . 420 

. 4016· - . 3 1 2 1 j  . 3143 - . 5998 . 763 

. 6477j . 0209 . 6361 . 0209 . 346 

. 4599j - . 0511 . 7 197 - . 1 282 . 7 19 

The relative contributions of each factor t o  the observed pollen counts may 

be estimated from the coefficients of standard measure, (Table 3 :  columns b/\ and 

b',). These coefficients indicate relative humidity to be a better criterion on which 

to predict Douglas fir pollen release than temperature, while, conversely, western 

hemlock pollen release appeared to be bctter correlated with temperature changes. 

The coefficients of mUltiple regression, R', indicate i n  most cases t hat a large 

proportion of the observed variation in pollen counts during the peak pollen 

days was accounted for by consideration of only t he two meteorological factors. 

Other factors which were not i n tensively investigated in the present study, such 

as the physical effects of strong winds, may at times be important. However, 

most of the unaccounted variation must be attributed to the experimental errors 

previously discussed. 

Ching and Ching ( 1 959) have tested the inftuellce of temperature and rela

tive humidity on pollen extraction from male cones on cut branches of Douglas 

fir under controlled environmental conditions in the laboratory. The earliest 
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relcase and highest yield of pollcn II":1S ohtai lH'd at about iO° F. ,  and 66% relative 
h u midity.  Disregard i n g  pol lcn viabi l i ty,  cqual ly good yields were obtai n ed at 
both 4 4 %  and 90% rel a t ive humid i t y, when temperature was held at 90° F. At 
t his high t e m perature, hOll"ever, a relat ive hu midity of 90% st i l l  i nd icatcs a 
vapour pressure deficit  of 3 . 6  m m . ,  a valuc which "'as not found l i mi t i n g  i n  the 
present study. 

(b) Weather rontrols 

Thc foregoing stat ist ical  ana lyscs providcd additional i nformat ion on t h c  
effect o f  somc nwt eorological factors o n  pol lcn releasc. The most favourable 
weathcr for pol lcn dispersal occurs whcn a h i gh pressure system prevails over the 
area ; t hc most u n favourable conditions arc associatcd with low prcssure systems 
and frontal activity. 

During pc riods when meteorological condit ions are opti mum for pollen 

rclcasc a nocturnal tempcrature i nvcrsion charact eristically dcvclops i n  t hc Elk 
Yallcy. Thc noct urnal relative humidity t hcn usually cxceeds 80% in thc valley 
bottom, but scldom exceeds 50% at h ighcr elcvations 011 the mountain slopes. 
The most common air flow pattern is downh i l l  at night caused by cold a i r  drainagc, 
and u ph i l l  duril lg t he day caused by i n t ensive heating 011 sunl it  slopcs. 

Thc pollen data suggest t hat a convection cell i s  operativc somc days. For 
example, mountain hemlock pollcn was rccordcd d u ri l l g  t he day at V B- .1 ,000', 

which i s  a least 1 , 500 fcct below t hc nearcst stands of this spccies on Puzzle 
:'I'rou n t a i n .  This cou l d  result from the updraft of the convection ccll being over 
the sout h-facing slope and t he downdraft ovcr the m iddlc of the valley 01' t h e  
north-fac i n g  slope. l\fou n t a i n  hemlock pollcn at V B- l ,OOO' w a s  record cd i n  
quant ity only ,,· hen a i r  tempera t u res exceed cd 70° F . ,  and ,,·hcn a west 01' north
"'cstcrly flow of air  occurred at t hc 5,000 levcl. 

I n tcrpretation of pollen cou n ts on the block and dowcl samplcrs may i n d icate 
another pecu l iar ty pe of �,ir c i rculation , namely a westcrly flow of a i l' along the 
slopes of Crest :'I [ o u n t a i n ,  while t he ,,· ind is from t he east across the vallcy on 
Puzzle Mountai l ! .  Jt is true that eddy effects could dist ort the pol len cou nts on 
thcse k i nds of pollen samplers, and thc a i r-flow t h us i l ldic�\ t ed m u s t  bc qu('st ioned 
u n t i l  confirmed by observation or mf'asurement.  

A considerable proportion of t h c  prccipitation fal ls  as snow in thc carly 
part of t he pol l e n  period, espec ia l ly  at h igh elcva L iol ls .  Snowfal l h as becn observed 
above 4,000 feet as late as .June 1 5 . Duri n g  precipitat i o n  t hc w i n d  at V B- l ,OOO' 
is predominantly from t h e  wcst, t h e  rclat ive humidity is over 85%, temperat ures 

vary from 30° to 40° F. in A pri l  to the mid 50's in J u ne,  and they arc considerably 
lower at t he higher elevat ions, since a normal temperature lapsc rate i s  c haracter
istic of this  mari t i me a i r. A l l  of t hese meteorological cond i t ions associated w i t h  a 

pronounced low pressure system arc u n favourable to pollen dispcrsal. 

(e) Duration of pollen release 

A knowledgc of t h e  d u ra t ion of po l le n  release is of part i c u l a r  value i n  t h e  
present study t o  assist i n  t he detcrmination of cond i t i ons affec t i n g  pollen dis
persal distances and of lapse rates. S i l lC"e t he mat urat ion of male  cones is depen
dent u pon cert ain weather condit ions, i t  i s  evident t hat the bcg i n n i ng of the 
pollen period w i l l  \·a.ry from place t o  place and year t o  year in rcsponse t o  these 

condit ions. 
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Lall'so l l  ( 1 909 ) reporl s t h a i  l Iw pol l i l l a t i o l l  prriod of Douglas f i r  lasl s from 

b\"o t o  t h rec ,\"oeks. A l le n  ( 1 9� 2 )  found I h at pol lc l l  di spersal from an i nc l i " id ual  

t ree contin ues for  a bout a ,\"cck i n  fine lI'cal h cr, and t ha t  ab out  I ,wo wech are 

requi rcd for a given s l a n d .  Orr- E w i ng ( 1 9.56) also found considerable varia t io l l  

in  t i mc of m a t u ra t ion of male  a l ld  fema lc COIlCS on lwd betll'cell i l ld ividual  l rees. 

Resu lts  i n  t h e  E l k  Val ley i l l d i c a t e  variahlc Icngl hs of I hp pol len pf'riod lI· i t h i l l  and 

between t recs of a given spec·ips. M ost of the v:uint ion can prohably he ac("ou l l te d  

fo r  by \':11" iable wpu t her cond i l ions, by wi l h i n-t l'ce a nd betwec n-t ree variation 

in t i me of mnle conc m a t u ri t y,  a n d  possibly for cerlain species by c ro w n  posi t ion .  

W i t h  rcferellce t o  the l a t t e r nlria t io l l ,  i t  was reported by C a rman ( 1 9.5 1 )  I hat 
western hemlock and red (;edar u nderst orey trees produce concs.  The shaded 

environ men t of t hCf;e t recs mf ty p'(tend t he pollen period hy c lP lay i l lg  pol lel l  

release from t he n o rmal  t i me for t rpcs i l l  I he u pper canopy. 

T n  t h e  p rpse nt st udy t he d u ra t i o l l  o f  pol len rclcasc lI'as i l l i t ia l ly  based U pO I l  

t h e  math ematical approach as o u ti i l led by Sarvas ( 1 !).56) .  This  method defines 

t he begi l l l l i n g  of the pollel l  period as t h e day whcn t hc c u m u la t i " e daily pollel l  

count exceeds .5% of t he t o t a l ,  a n d  t iH' Pl ld of t he pcriod as t hc day whell  t he 

cumulat i \'c  dai ly polkll  count  rcadl(�s t hc 9.5% level, (Table 4 ) .  T h i s  arbil l"Ury 

met hod te nds t o  exclude vcry carly 01' late pol lel l  relpa8e, and some of t he back

ground counts of pollcl l  t ral lsporled from o t her arcas. H o wever, i t  aSSll iTIPS t he 

same amounts of background c o u n t  a t  a l l  s t a t ions.  C n fortllnately,  t h is i s  1 I 0 t  

real istie, especia l l y  for mou n t a i l lside s t a l ions exposed t o  a i rf l Q\\" con d i t i ons d i f

fering from t h ose a t  eoast al plains or v:ll ley floors. 

1 1 1 Table 4, the pol len periods for t he .5 to 9.5% levels at C-3,.500' :lIld C-4 , l OO '  
are m u c h  longer t h al l  t hose a t  101l'er elevat ions.  This  is at least pa rt ia l ly a t t ri

butable to u nfavourable ,\"eal her w h ich was more f requent d u ring po l l i n a, t i o n 

at t he h i gher elevat ions. Wea t her condit ions I I nfavourable to pollen release 

occurred on M ay 25, 26, 27, . J u l le 2 and from J u n e  4 t o  \ .5. H o wever, i t  w i l l  be 

shown below t ha t  a considerable por t i o n  of t he pollen caught at t hese h i g h  eleva

t ion s t a t ions had been t ra n sported u p.-Iope from lower ele\"flt ions.  W i t h  the 

except ion of C-3,.500' and C-' J , J OO' , t he calculat e d  (Co l u m n  1\ ,  Table 4)  a,nd 

correct ed pol len periods (Col u m l l  B, Table 4) a,re in I'ea,sonably close a,greel T lent .  

TABLE 4-Duration o f  Douglas fir pollen release in 1959, flS calculat.ed ( A )  for Periods between t h e  5% t o  
95% cumulative counts. a n d  (B) for Corrected Periods. llascd o n  Meteorological 

Station 

Langford . . 
VB-I .OOO' . 
C-2,500' . . . . . . . . . . . . 
C-3.500' . . . . . . . . . . . . 
C---4.IOO' . .  . . . . . . . . 

. . . . . . . .  
. . .  . . . . . . . 
. . . . . . . . . . 

. . . . . . . 

Data and Phenologica'! Bccor-cls. 

(A)  5% to D5% levels 

Duration 
Pollen period (days) 

;\ pril 10-24 15 
May 2-17 IG i\-' ay 7-23 1 7  
May I I-Junc 2 n 
M a y  9- Junc 8 31 

(B) Corrected periods 

Duration 
Pollen period 

(days) 

April 10-24 1 5  
M ay 2-13 1 2  
May 1 1 -23 1 3  
May 23-Jullc 3 1 2  
May 2 - June 3 7 

As a subst i t u t e  for t he calculat ion method, t he duration of pol len release 

was subj ec t ively determined by i n t erpret ing sim u l t aneous pollen a nd meteorolo

gi cal data and by u t i l iz i ng ficld observa t i o ns o n  the developme n t  of male cones. 
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Thi� m('t hod appl icd t o  Douglas fir i n  t h(' 1� lk Valley d u ri n g  1 959 i� as follow,.;; 

VB- I ,OOO' 

During t he last t ly o  w(,C''' '  of A p r i l  m i n o r  amou n t s  of Douglas fir poll(, 1 1  wNe 
1'( ' I 'ordpd at a l l  st at ions ('qui pp('d w i t h  r('('orders at t h a t  t i me (Table !i ) ,  

April  Iii . .  
Hi .  . .  17  . .  
18 , .  , 
1 9  . .  
20 . .  
2 1 .  22 . .  2:1 . .  
24. 2.1 . .  
2G . .  
27 . . .  
2S . .  
29 . .  
:10 . .  

.\fay I ,  
2 . .  

T,\RU: 5- H('('ord� of Douglas Fir Pollen for Early I 'art of I O:,)!}. 
( l 'ollen Gr:lins per 13.85 mm�) 

Date 

. . . . . . . . . . 

. . . . . . . . . . . . . . .  

\"D-I .000' 
0 
(I 
U 
0 
I 
I 
0 6 
2 
0 

:J8 
I 
I 
0 2 
4 
i 

1 72 

P-I ,5OO' 

0 
0 
0 
0 2 
0 
I n 
0 
0 i 
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C--4 ,IOO' C-4,noO' 

:'\ 0 ret'ofd at t hf's(' 
t wo sL: lt ioll:i this 

('arl,\" in the season .  

I f  t he pollcn d u r i  IIg A p r i  I origi 1 I :: I I ('d 1 1 (':11' \ " B- 1 ,000', o l le  lYOl l l d  ('xpeet a 
high rccord of pol lclI  grains  at t h i s  stat ion w i t h  decrcasi n g  l I u m b('l's r('cordcd 0 1 1  
t IlP mUlinta i l lsidc �tat i olls, 0 1 1 0  \I'ol i id a \ ,;o ( 'xp('ct at  Icast somc pol l ('n r('corded 
at t h is s t a t i o l l  O i l  any d:LY wh('n polkn was r('corded at higher ( ' I ( ' \'a t i ons, " [ ore-
01'('1', a t  t h i s  s t a t ion opt i m u m  cOlldit  ions 1'01' rclcase occu rred dai ly from ,\pri l  18 
t o  ,\pri l  24,  \I" i l h  d a i ly m i n i m l l m  r('la t i vc h l l m i d i t v  v a l ll!'s rangi l lg from 1 5% t o  
40% and dai ly maxi m l l m  t c m p('l'al u res frum 600 1'. t o  7 1 0  1-'. Th(' ('I'mt ic pollen 
r('('ords and ia( 'k of dcpcnd(,IIC(,  of t hc daily counts 011  ci ('va t ion suggest t ha t  t he 
poll(, 1 1 rc('orded a t  a l l  st at i o l l s  was t ra l lsported i n  t h e  general \I' i l ld  f low, I t  i s  
probable t ha t  t h i s  pol le l l  w a s  t nwspo r t ed from 1001'i :lJ Ids borderi l lg t he cast. coast 
of \'a l l('ol l \"cr I s l a  l i d ,  s i nce i l l  t h is  period t lw Elk Yal \('y w i nd �  \I"CI'(' c[(s ( Nly at 
S to 1 2  m i lcs pCI' hou r du ring daylight hOIl I':';, 

From t hp. fOJ'('goi ng, i t  is a�su med t hat at \" B- 1 ,000' t he pol l ( , 1 1  period for 
DOllglas f ir  d i d  not start u n t i l  M ay :2 \I'hel l  t he pollen (,Ol l n t  \\'as subst a l l t i a l  and 
considerably great cr t han :1t t hc mou l l t a i l l  st a t ions, 

The I[(st datc of effec t i vc pollen release for Douglas fir i n  the \'all( 'y bot t o m  
\I'as :\ I ay 1 3 ,  Thc pollen c o u n t  subsequent t o  t h is date displays an (,I'('at i l '  relat ion
�hip to wca t her condit ions, and most of i t  I\'as probably from t he moun t a i nside, 
t mnsported dow n h i l l  by cOl l l'cet iol l  cel l  ( ' i n 'ulat ion dming t hc day, :1nd to a 
I('sscr extent by cold air  drai nage a t  nigh t ,  

C-2,SOO' 
A('cordi l lg  t o  t he mat hema t ical  met hod pol len di spersal of Douglas fir a t  

C-2,500' com menced o n  :\ ray 7 ,  J f  t h i s  \I'('re i ndeed t h(' ('ase, t hen pol lel l  should 
have been dispersi l lg in q u a l l t i t y  d u r i l l g  opt i m u m  wcat her cond i t i o l l s  Oi l  ]\ f ay I I  
and 1 :2 , The relat i ve h u m i d i t y  0 1 1  " I ay 1 2  rp.mai ned I leal' 40% for fO l l r  hours 
with tempera t u res over 650 V ,  a n d  d u r i n g  t he n i g h t  t he relat ive h u m i d i t y  did 
not exceed 55% w h i l e  tempem t u res cxcecded 520 F, Despi te  t hesp opt i m u m  
weat her condit ions, only 4 %  o f  t h  t o t a l  pollen w a s  counted on .\ Iay 1 2  w i t h  but 
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a few gra i ns recorded at n i g h t ,  Consequently, i t  i s  very l i kely t hat pol len d i spersal 
was i n i t i a t ed at t h i s  date, and t he po l len recorded up to '\fay J \ had pro bably 
heen t ran spo rted u pslope by rising a i l' cu rre n t s  d uri ng t h e  day, 

S i m i larly,  toward the end o[ L he period , favourable weather c o n d i t ions [01' 
po l l c n re lease occ u rr i ng on M ay 24 we re reflected by o n l y  a m i n o r  po l len cou n t ,  
T h i s  i s  e i t her a n  indication o f  a p m n o u n ced deplet io n effec t ,  01'  i t  represe n t s  
po l l en t ra n sport ed from upsl ope, T n  e i t her casc i t  marks t he e n d  of t he effect i ve 
po l l en period at t h i s  sta t i o n ,  1'11(' d u ra t ion of pollen rclease at C-2 ,500' was 
t h i rteen d ftys, from '\ I ay 1 1  to 23, 

C-3,500' 
A l t hough '\ f ay I I  was the commel wement daL e [01' pollen release as i nd icated 

by the mftt hemat ical  met hod, only m inor amou n ts o[ pollen were recorded on 
i\ l ay 2\  a n d  22,  ",hen exceed i ngly fa\'ourftble cond it ions existed ( m i n i m u m  rela
t i \'e h u m i d i t ies 20% to 40% ft n d  t em perat u res u p  to 67° F , ) ,  I t ,,'as not u n t i l  
,\ [ a,v 23, ho ,,'e\'er, t h at t he pollen record rC'flrcled weather conditions, On t ha t  
date, considerable pol len was recorded d u r i n g  t h e  day, a n d  a smaller b u t  signi
ficant am o r r n t  at n igh t , The p rcse n C 'c of a nocturnal pollen co u n t  f u rt her con f i rms 
l\ l ay 23 as the ( 'ommenccment date,  si nce i t  is un l i ke ly t ha t po l len would be 
carried u pslope at n igh t whcn :t i l' current:; normal ly m ove dO\\' I lslope, :I n a i l  
pmhabi l i t y, t h i s  pollen origi na ted a t  3,500' 0 1' a t  sl i l l  h igher elev a t ions,  

:\f t.er ,\ f a y  23 t he dai ly po l len ('ount aCr-L rrately reAects t he weat h er I I n t i l 
i\ l uy � I ,  ,d10n t he po l l e n  COU l i t  d ropped sharply despi t e opt i m u m  wcat hcr 
cond i t ions ,  This  lack of conform i t y  bet ween the pol len and m e t eorological records 
i s  an i n d i c a t i o n  of a deple t io n  effect ,  and by . J u ne 3 pol len release ceased a t  t h is  
s t a l i o l ! ,  The d u ra t ion of Dong l as f ir  pollen release at C-3,500' ,,'as 1 2  days,  from 
,\ l ay 23 t o  . J u ne 3, 

ny a pp l y i ng t h is k ind of i n l erprelat ion, po l len release for Do ug las fir at 
C- 4 ,  1 00' ,,'as sCl'en days, [mm '\ I ay 28 to . J u ne 3 ,  The dep leti on effect plus cold 
,,'ca t h er w i t h  ra i n ,  a n d  one snOld'a l l  d u ri ng l he per iod from June 4 to 1 4 ,  brough t 
a h a l t  t o  pollen d i spersal in q l l a n t i t y  at t h is stat iol l ,  The star l i l lg date was COI I
f inned by f ield exa m i nation o n  .\ I ay 26, when only u l lo pe n ed male eo l ies could 
be 1'01 1  I I c I  , The resu l t s  for pollen periods of ot'her "peci es studied arc prese n ted i l l 
Tablp 6, 

The pollen dat a fo r each spec i es at ear h stat i o n  are p resen t ed as cumula t ive 
e u n'es i nd i cat i ng perc e n t ages o f  the t o tal  recorded cou n t s  d u ri ng a t i me i n t erval 
( Fi gures 1 6-2 1 ) , The rela t i ,'e  n u m bers of pollen grains on w h i c h  the c u rves a re 
based are also i ncluded,  Characterist ics of t he subject under st udy and t h e  l i m i 

l a t i o n s  n ecessari ly i m posed b y  sa mp l i ng mel hods m u s t  b e  carefu l ly consi dered 
i n the i nt erpretat i on of t hese figures, 

The begi n n i ng a n d  end of the pol len pcriods for Douglas fir i l l  the J� l k  

\'al ley during 1 959, calculated by t h e  abo,'c met eorologi ca l  and pheno logica l 

approaeh ,  are shown as hea\'y poi n t s  on t he cu rves of F igu re 1 7 , The points t h u s  
i nd icat ed e 1ea rly s h o w  t he a l t i t u d i n a l  progression o f  pol len release, a n d  their 

pos i ti o ns o n  the c u rves provide some in fo rmati on 011  t he proport i o n a n d  probable 

or igi n  of t he background cou n t. For Douglas fir, it w i l l  be n oted t hat t h e  true 
d u ra t i o n  of pol lcn release at a gi ven st a t ion commonly coi n c idcs w i t h  the period 
bet"'cen the i n flex i o n s  o f  t he s igmo id cu rves, This  re l a t i o n sh i p also appl ies t o  a 

great er or lesser extent, t o  t he other species, but i n te rpret ati o n  is com pl icat ed 



where a high degree of pollen transport was indicated, as in the case of westel'll  
hemlock pollen, and where the c u rves are based on the combined counts of more 
than one species with similar grains. 
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Figure IG .  Cumulative curves for red cedar pollen in lauO. illustrating how phenological 
events nt widely separated locations may converge. In t.his case pollen release was retarded 
by unfavourable weather conditions at Langford . A resumption of favourable weather 011 a 
regional scale caused heavy pollen release at both locations towards t,he end of the pollen 
period . 

The duration of pollen release i s  very m u c h  i n fluenced by cu rrent weather 
conditions. I t  is especially variable in species which pollinate very early i n  the 
spring when unfavourable weather commonly occurs, in species i n h abiting the 
sub-alpine forest zone where prolonged periods of unfavourable weather call occur 
at any time of t he year, and in species which require extremel y  favourable con
ditions for pollen release. I n  t he first category is red cedar, which begins to pol-
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l i naie i n  early Apri l  in t h e  Elk Val ley. 1 n  1 960 t he pollen period for t h i s  species 

exceeded 30 days, due to cold, wet lI'eather w i t h SIWII' fal l i ng each day from Apri l  

9 to 20 . .\ r ou n t a i n  hemlock and alpine f ir  arc specie, of t h e  second category as 

indicated in Table 6, where t he pol len periods in 1 959 were 33 and 22 days 

respect i \'cly at C-4 , 600'. 1 n  t he last category arc t he pi nes w h ic h  did not release 

pol len i n  a bu ndance u n less t he t e m pera t u re exceeded 70° F. w i t h  a rela t ive hu m id

ity belo\\' ' J5%, These req u i rements were f u l f i l led daily for lodgepole pine at 

C- l ,500' in 1 9;:;8, d u ri n g  t h e  pollen period which \ras a dura tion of only seven days, 

The presellt study i n d i cates t h at such ideal cond i t ions arc rare . 
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Figure 17.  Altitucl inul progression of Douglas fir pollen release in 1959. The heavy points on the curves 
mark the beginning and end of the pollen periods at nHious stations as calculated from meteorological and 
phenological considerations (see text), Earlier and later portions of the curves can be at tributed to outside 
/Sources of pollen, as can the counts at C- 4,GOO' which is abo" c the clcvational l i m its of t h is spec ies 011 Crest 
M t .  

TABLE 6- Durat ion of Pollen Periods. Deri\'ed from Meteorologicul Data and Phenological Records. 

Species 

Recl ceoar. 
Jted cf'dar. 
Grand fir . 
Arnabilis fir 
Alpine fir. . . . . . . . 
Alpine fir . . . . . . . . . . . . . . . . . . .  

Mountain hemloc k .  
WesLern hemloc k .  

. . . . . . . . . . . . . . . 
. . . . . . . 

WesLcrn hemloc k . . . . . . . . 
Lodgepole pine. 
Lodgepole pine. White pine. 
White pine . .  

l.Hlion Ycnr 

J.llllgford H.l59 
Langford 1%0 
V B- 1 .0oo' 1959 
P- I .500' 1959 
C-4,loo' 1 959 
C-4,6OO' 1 959 

,600' 1959 
VB- I ,ooO' J959 
C-2,5OO' 1959 
C- I ,5OO' 1958 
C-3,5OO' 1958 
C-I .500' 1958 
C-3,5OO' 1958 

2 1  

Beginning 

April 1 
�I arch 
�lay 1 5  
May I f)  
June n 
June 19 
June 1 5  
Mny 1 3  
�lay 1 8  
�Iay 20 
.June 4 
JUlie 4 
June 1 6  

1 8  

rollen Period 

End Duration 
(days) 

April 13 14 
April 2n 43 
.May 25 I I  
June 1 1 4  
June 22 10 
July 10 22 
July Ii 33 
May 24 1 2  
J u n e  3 1 7  
:M n y  26 7 
June 16 13  
June 16 13 
JUlie 26 I I  
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Figure 18 .  Western hemlock pollen recorded in W5S und 1959. The heavy points on the respective curves 
mark the true duration of the pollen period at the valley bottom and C-2,500' in 1959. Greater mobility 
of hemlock pollen compared to that of DOll�las fir is ind icated by the poor separation of the early portions 
of the curves and by the high counts recorded at C--4 ,600', where the species is of rare occurrence. 
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Figure 1 9 .  Cumulative curve:; for the combined counts from three species of Abies in 1959. Only 
A. {)raruiis occurs at Langford . The points on t he curves represent. the calculated duration of pollen release for 
A .  orurldis aL V B-1 ,000'.  A .  a Tnubilis at P-J ,500', A .  iosiocarpu at C--4, 100' and C-4.000', providing sonte cSLi
matl; of the proportions of the counts contributed by each species. The central portions of these curves 
contain A .  auwbilis drift. from thc sloJ}Cs of Puzzle M t.. where this species is abundant. while the pollen 
trapped at ( ;-2.500' and C-3.500', where pollen-producing individuals of Abies S1"'1), are rare, is wholly repre
scntative of drift. The large amounts of high elevation pollen recorded in the valley bottom are suggestive 
of the occurrence of a convection cell circulation in the Elk Yalley during weather conditions favouring 
pollen release (see also Figure 2 I ) . 
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(d) Dispersal distance 
Heference has al ready been made to t h e predom i n a n t  k i nds of pollen t rans

port: namely, u pslope t ransport d u r i ng I he day accentua t ed by i n tense hea t i ng,  

and dow nslope a t  n igh t ,  as a i l' i n  contact lYi t h  t he soi l loses heat and flows 

downsl ope. 1 ; p h i l l  t ra n sport is espec ial ly \I'e II i l lust rated by pollen records of 

gra nd fir, Douglas fir and \I'estem hemlock. During t he day, pollen of these 

species lYas t ransported from 1 ,000' t o  over 4 ,000' eleva t i o n .  Act ually,  t he pollen

recording stat ions lYere not  loc a t ed a t  sufficiently h i gh elevations to detect t he 

f u l l  e x t e n t  of al t i t u d i n a l  t ransport . The pollen records ind icate that noct urnal 

downslope tr:wsport of pol len i n vo l ves much smaller q u a n t i t ies and shor t e r  d is

t ances t ha n  u p h i l l  t ra nsport d u r i n g  t he day. This is especial ly t ru e  of Douglas fir 

pol le n  \I' here very few grains \I'ere t ra nsported at n ight. 

Pollen in quantity was t ranspo rted over a mile  as i n d icated by a block sam

pleI '  located in an extpnsive logged area. This stat i o n  s i te  is more w i ndy t han 

normal ,  especial ly during daylight hours when a h igh pressure area has moved i n .  

Therefore, t hese resu l t s  may n o t  apply i n  another val ley. 

Large scale downslope t ransport of mou n t a i n  hemlock and al p ine fir pollen 

by convec t i o n  cell c irculat ion has a l ready been ment ioned. Aided by t hi s  peculiar 

t y pe of c i rc u l a t i o n ,  pollen of t hese sub-a l pi n e  species i s  carried in quan t i t y  over 

4,000' down, and at least a mile  horizontal ly.  

The transport of pollen in  quan t i ty over dista nces greater  t han t\l'O or three 

m i l es lYas not i ndicated in t he prpspnt study. 

(e) Lapse rate 
The pollen data for Douglas fir ,"re more com plete a n d  dependable t ha n  fo r 

t he o t her species. Accordingly, only t h i s  species lY i l i  be discussed i n  connection 

w i t h  t he delay i n  time of pol l i nat ion as a f-rected by elevation.  

Because o f  t heir  dependence 0 1 1  ,,"cat her condit ions, l apse rates arc subject 
to considerable varia t i o n  from place to place and from year t o  year. To determine 

pollen lapse rates for a gi ven species, i t  is necessary to establish at each station a 
cert a i l l  d a t e  represen t i ng a given phenological stage of a given species popu lat ion.  

When t he dai ly pol len cou n t s  arc used t o  determine t hese dates, t he records can 

be confounded by pol len t ransported from o ther areas. Consequently, use was 
made of the i n terpre t i ve method previously o u t l i ned in the section, "Duration 

of pol len release" (see page 1 6 ) .  The dates \I· hen Douglas fi r  pollen d ispersal first 

occu rred i n  quan t i t y  in 1 959 arc as follolYs : Langford (April 1 0) ; VB- l ,OOO' 

(May 2) ; C-2,500 ' ( l\ Ia y  J l ) ;  C-3,500' ( ]\ f ay 23) ; and C-4, 100' (�'[ay 28) . 

From Langford neal' sea level t o  V B- 1 ,000' t here was an i nd i cated lapse of 

22 days i n  t he t i me t h at Douglas fir pollen fl ight commenced. I n  t h e  Elk Valley 

t h e  average lapse rate ,\'US 8 days per J ,OOO' of elevation. Phenological studies of 
Douglas fir by S i len ( 1 95!J ) '  indi cated :1 l apse rate of J 2  to 14 days per 1 ,000'. 

However, t h e  average slope along his t rallsects was less t h a n  10 per cent ,  whereas 

i n  t he present study t he a\'erage degree of slope exceeded 40%. These results 

clearly i nd icat e that genera l i zations concerni ng lapse rates can be misleadi ng .  
U nt i l  more i llforma ti o n  is  avai lable, forecasts of lap e rates must b e  based u p o n  

phenologica l a n d  meterorological data obtai ned w i t h i n  t he area i n  question. 
1 See footnote on page 3. 
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Figure 20. Pinus spp. pollen recorded in 1958 and 1959. The two intervals delineated by the heavy points 
on the 1958 curves show the calculated pollen release periods for the earlier pollinating lodgepole pine and 
the later white pine. At C-l,500' where lodgepole pine is particularly abundant on dry, rocky outcrops, 
most of the pine pollen could be attributed to that species and only a minor amount to whit.e pine. This 
situation was reversed at C-3,500'. The curves for 1959 arc typical of those obtained during long periods of 
marginal weather conditions. combined with a seasonal scarcity of male cones . 
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Figure 2 1 .  Cumulat.ive curve� for mountain hemlock pollen in 1959, Part of the large quantity of pollen 
transported from the sub-nlpinc stands to t h c  valley bottom originated frOID pollina.ting sources earlier 
than the stands sampled at C-l.l00', and C- 4,GOO'. N inety per cent of the total count at C--4.600' was 
recorded between the start and finish dates. as calculated from meteorological data indicated by the heavy 
points. 
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(f) Diurnal cycle 
W i t h  few exceptions, over 90% of t he pollen of a l l  species was recorded 

from 0800 to 2200 hours, with t h e  maximum release period occurring between 
1 000 and 1 600 hours. This normal d istr ibution pattern is direct ly related to 
d i u rnal fl uctuations o f  t emperat u re and humidity.  Patterns departing from the 
normal often are caused by brief changes in t he lI'eather during t he day, such as 
rain showers or gusts of lI' ind.  The pattern may also cha nge during pronounced 
i nversions when favourable conditions at n ight fa vour nocturnal pollen release 
w i t h i n  the t hermal zone. 

With one exception,  the daily paLtern of pollen release is  too inconsistent 
from station to stat ion t o  lI'arrant a determination of the average time at which 
the dai ly peak occurs for a given specics. T h is exception refers t o  t he pines whcre 
the daily peak occurred later i n  the afternoon t h a n  for o t her species, in response 
to more exact i ng meteorological requirements. 

DISCUSSION 

The col lection of relevant data for only a few years l i m i t s  a precise deter
m i na t ion of rcla L ions which exist between t he i nteracting meteorological clements 
and t he complex physiological p rocesses associated w i t h  pollen production, 
release :1I1d dispersal. l\'ever t heless, a n u mber of poi n t s  have arisen from t h i s  
1V0rk, a n d  a l t hough addi tional verificat ion is  required, t hey have some application 
to ecology and forest genetics. 

There appears to be a relati onsh i p  between J u ly tem peratures and the 
i ni tiation of reproductive primordia in Douglas fir, mountain hemlock, grand 
fir,  amabili  fir and alpine fir. 1f t his relat ionship is  confirmed, i t  w i l l  aid in t he 
forecasting of cone crops. 

The primary di fference between species in t heir  reactions t o  meteorological 
factors l ies in t h e  t im e  at w h i c h  pollen release commences. At one extreme, male 
cone matura t ion of red cedar req u i red only 1 00 to 200 degree-hours in excess of 
500 V ,  while  at t h e  o t her extreme, lodgepole pine required about 2,000 degree
hours. These data are of value for forecast i ng t h e  t i me available for natural and 
con t rolled cross-pol l i  nation.  

The species concerned did n o t  exhibit  a great range in weather requirements 
for pollen release, and only for t he p i nes was t here a clear indication of a need for 
more favourable condit ions. 

Alt hough the entire pollen periods varied betwecn 7 and 43 days, 80% of the 
pollen was released in only 4 or 5 days, regardless of whether these were consecu
tive. The study also i ndicated t h at pollen dispersion occu rred between rain 
showers on a given day and t hat t he pollen period could be prolonged by lengthy 
periods o f  ra i n .  The pollen period for red cedar in 1 960 was abnormally prolonged 
by cool, wet weather. For some species i t  is suspected t h a t  t he pollen period was 
termi nated by abnormally extended periods of u n favourable \\·eat her. In 1 959, 
after a long period of unfavourable weather, many u nopened male cones of 
Douglas fir were observed a t  C-3 ,500' a f t er the pollen period had termi nated at 
t hi s  stat ion.  

To determi n e  whether the amount of pollen d ispersed has been adequate for 
t he product ion of a good seed crop req u i res i n forma t i o n  beyond t he scope of t h e  
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prcsen t st udy . HOW(,V(,I', t h e a mou n t of Doug l as f i r  pol le n recorded at C- 4 , 1 00' 
suggest s t h a t ,  at least in n peak year such as 1 959, t he avai lahle su ppl i es of pol len 
a r(' ad('q u :l, t e : L t  t he u pper : l l l i t ud i na l  l i m i t  of this specics. 

' 1 ' 1 1 ( '  st udy demon s t ra t ed t h e  extensive u ps lupe transfer of Dougl:LS fi r pol le n 
i n  t l1(' r :: l k  Yn I ley O,'cr vert iUII  d i,t anccs u p  t o  3,000'. When com hi ned \\· i th  da t a  
con cc rn i ng " i :l,hi l i t y of po l l en i n  t ra n sport and f e m a l e  rO I 1 ( ' I ( ' t  recept i v i t y , t h is  
i n form:Lt i o n  may be of va l uc i n  ex p lo l' i ng t h e possi b i l i t i e s  of  I'ac(' formn t i o n .  

T h e  rcsu l t s o f  t h i s  s t l ldy arc o f  " a lue i n  assessi n g  t he degree of pol len eon
l am i na t ion a t  : L  pot e n t i a l  s<' < 'd ore h a rd ,.;i t c. I n  t h e pre"en t st udy t h ere was l i t t le 
c h a ncc fo r co n t a m i n a t ion from u ps l o pe sou rres of Douglas f ir ,  si nce pra c t i ca l ly 
a l l  of t h e  t ra nspo r t ed pollPn of t h is  spee ics moved upslope. As a gen era l rule one 
sh ou l d  be C:Lut ioncd agai n st (,st abl i s h i n g  seed orchards of t h i s spec i es o n  mou n t ai n 
slope s i t es locat ed above Douglas fir s t a nd s , especi a l ly s ince  t here was a n  o verl ap 
of several days i n  t h e  po l l( ' n pNi ods at two s t a t io n s  1 ,500' a part i n  e levat i o n . 
There c a n  also be considerable po l len t ra n sport along a val ley floor, a n d  probably 
also alo ng coa st a l p lai n s 0 1 '  ('ven alo ng; t he co n t ou r of a h i l l .  To assess t he p ro ba b le 
degree of con t a m i n a t i on , r('cords of w i n d  d i rect i on and of po l le n  d ispersa l at t he 
c ri t ical  per iods ar(' i m pcr:1 t i ,·c. I n  t l r is  co n nec t i o n con t a m inat ion studies were 
carried O l l t  at t h ree sced o rch ard sites o n  V:1I Icouvcr I sland d u ri ng t h e  spring 
of 1 9G 1  (S c h m i d t  and l la mblett ,  ] 962) . 

The va riati o ns i n  po l l e n  d ispersa l  la pse ra t es II" h i e h orcu r from place t o  
place poi n t  out t he i l iadequHl'Y of regard i ng elevat ion as bring synonymous w ith 
cl imate,  e,'ell  over res t rict ed l a t i t u d i na l  dist a n ces. I t  is t rue t h a t  elevat ion i n fl u 
ences t he c l i mate considerably, b u t  i t  docs s o  at d ifferen t rates and i n t en si t ies 
i n  difTere l l t  areas \\' i t h i n  t h e roast a l  forest 7-one. I f  these effects vary so m u c h  from 
place to place w i t h  regard t o  one plwno logical ch aracter,  s i m i la r  variat ion is to 
be an t i c i pated i n  respect t o  other ch aracte rs . This ra ises a q uest i on about the 
prese n t  usc of e levat i on i n  IHo ,'enance regu lat io n s t o gu i de t he t ra nsfer of seed or 
seed l i ngs i n rdorest a t ion p ract ice . 
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APPEN D I X  1 

� omenclatUl'e of Tree Species .\ ren tioned 

Com mon Na me 

Amabilis fi r  
Grand fi r  
Alpine fi r  
Western red cedar 
Yello\\' cedar 
Douglas fir 
K orway spruce 
Black spruce 
White spruce 
Lodgepole pine 
White pine (western) 
Ponderosa pine 
Monterey pine 
Scots pine 
Western hemlock 
Mountain hemlock 
Birch 

White oak 

Botan ical Name 

A b'ies amabilis ( Doug! . )  Forb. 
A bies gmndis ( Doug! . )  Lind! .  
A bies lasiocarpa ( Hook. )  Kutt,  
Th uja plicata Donn  
Cham aecypaj'is nootkatensis ( D .  Don ) Spach 
Pseudotsuga menziesii ( .\ l i rb . )  Franco 
P icea abies ( L. )  1\:n rst. 
PiCe(! mariana ( M i l ! . )  1 3 .S . P .  
Picea glauca (Moench) Voss 
Pi nu s  contorta Doug!. 
Pinus monticola Doug ! .  
P i n u s  ponderosa Laws. 
Pinus mdiata Don D. 
P'in u s  silveslj'is L. 
Tsuga helerophyUa ( H af.)  Sarg. 
Tsuga merlen siana ( Bong.) Carr. 
Betula pubescens Eh,·h. and Betula verrucosa 

Ehrh. 
Q uercus spp. 
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