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Properly recorded and 

correctly interpreted, there 

is nothing perhaps to equal 

the records of the dates of 

periodical events in plants 

and animals as indices to the 

bioclimatic character of a 

place or local area, because 

such events are in direct 

response, not to one or a few, 

but to all the complex 

elements and factors of the 

environment, which no 

artificial instrument, or set 

of instruments, yet available, 

will record. 

A.D. Hopkins, 1918, p. 35. 
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Abstract 

Phenology, the study of the timing of life cycle events, has a long 

history in Europe where networks of observers provide data on growth 

of native and crop plants to agro-meteorological departments. It has 

much potential for Alberta. 

For this thesis, two phenological studies were carried out over the 

growing seasons of 1987 and 1988. Both concentrated on the 

phenophases (growth stages) of native perennial plant species. 

The intensive study described the flowering phenology of 127 vascular 

plant species along a 1.5 km transect in Edmonton’s Whitemud ravine 

(aspen parkland). In general, flowering times were earlier in 1987 

and 1988 than average, corresponding with higher than average 

temperatures. Temperatures fluctuated more in the bottom of the 

ravine, and flowering was generally earlier at the ravine top. 

Phenodynamic strips illustrate species’ development over time and 

plant wheels show the growing season divided into subseasons marked 

by the start of indicator species’ phenophases. 

The extensive study involved volunteers across Alberta to record 

three flowering phenophases - 10%, 50%, and 90% flowering - for up to 

15 species of native "wildflowers". Flowering dates were received 

from 60 observers in 1987 (1300 dates), and 190 observers in 1988 

(approximately 3000 dates). Linear contour mapping using SPANS on a 

microcomputer illustrated flowering progressions for each species in 

colour. Trends in flowering were generally from SE Alberta to the 

NW, continuing on to the foothills, mountains and the north, with a 

heat island effect causing earlier flowering at cities. Plant 

species and phenophases were evaluated with respect to their value 

for phenology. The data from this ongoing survey have large 

potential benefits for agriculture, forestry, climatology, medicine, 

tourism and environmental education. 
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1. Introduction 

The broad goal for this thesis is to explore the potential of 

phenology in Alberta, and to test the suitability of some European 

techniques in this area of short growing season and sparse 

population. Two phenological studies were done in 1987 and 1988: the 

first a detailed phenological investigation of flowering in a 

mixed-wood forest community; the second a survey of flowering times 

for fifteen plant species across Alberta. 

The word phenology comes from the Greek "phaino" meaning "to appear"! 

or "to show''. Phenology is thus the science of appearances and has 

been concisely defined as "the study of the seasonal timing of life 

cycle events" (Rathcke and Lacey, 1985). The International 

Biological Program Phenology Committee created this detailed 

definition: 

"Phenology is the study of the timing of recurring biological events, 

the causes of their timing with regard to biotic and abiotic forces, 

and the interrelation among phases of the same or different species. 

The unit of study may vary from a single species (or variety, clone, 

etc.) to a complete ecosystem. The area involved may be small (for 

intensive studies on all phenophases of entire ecosystems) or very 

large (for interregional comparison of significant phenophases). The 

unit of time is usually the solar year with which the events to be 

studied are in phase. The events themselves may cover variable time 

spans, often much shorter than the solar year." (Lieth, 1974, p.4) 

Phenology has historically focused on autotrophic plants, examining 

the timing of development of reproductive and vegetative structures 

(Lieth, 1974). This development is subdivided into "phenophases", 

distinctive and observable phases in the life cycle of a species. 

Examples include the timing of first shoots, leafing, flower bud 

formation, first flowering, full flowering, fruit set, ripe fruit, 

and leaf colouring. The duration of phases for a species can be 

graphically illustrated using a "phenodynamic strip" (Figure 1). 
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Figure 1: "Phenodynamic Strip" diagram illustrating the stages of a 
herbaceous plant’s development. The patterned strip at the top of 
the figure illustrates a phenodynamic strip, one technique to 
present phenological observations. The numbers in the patterns 
correspond to the numbered phenophases below. The sketch 
illustrates the life cycle of a perennial herbaceous plant, and the 
curve above shows the total dry matter built up during its life 
cycle. Source: Lieth, 1969, Figure 1, p.72. 
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Phenological research using animals has included the timing of 

regularly occurring biological phenomena such as the arrival, nesting 

and migration of birds (Lauscher, 1988) and hibernation of animals. 

Phenology attempts to clarify the influence of climatic factors on 

seasonal phenomena. Plants are sensitive weather instruments, 

responding to a combination of meteorological conditions (heat, solar 

radiation, precipitation, wind, etc.), and reflecting this 

integration in their growth (Caprio, 1966; Hopp, 1974). In this 

respect plants have advantages over meteorological equipment. They 

are widespread, and provide an inexpensive way to increase the 

density of climatological observations. Plants also provide a 

measure of the conditions close to the ground, whereas the standard 

weather station is 2 m above the ground where conditions are quite 

different (Baum, 1949; Geiger, 1965). In addition, mapped 

phenological data can provide an interpretation of climate conditions 

that is more readily understood than the various physical 

measurements (Kreeb, 1977). 

1.1. History of Phenology 

1.1.1. Europe and Asia 

Phenology has ancient roots. Thousands of years ago, in both China 

and Rome, agricultural calendars were made using phenophases such as 

blooming of cherry trees (Hopp, 1974). ‘Twelve centuries of cherry 

bloom dates are available for Kyoto, Japan (Arakawa, 1955). The 

father of modern phenology is Carolus Linnaeus, who published in his 

Philosophia Botanica (1751) instructions for recording phenophases 

and weather observations "so as to show how areas differ". In 1780, 

over two centuries ago, the first international phenology and 

meteorology observer network was established in Europe (Hopp, 1974). 

From 1883 to 1941 Ihne of Germany was the greatest promoter of 

phenology. He was also the first to use a single species (Syringa 

vulgaris) for mapping (Ihne, 1885), and published his records 

annually for about 60 years. Schnelle (1955), Caprio (1966), 
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Rosenkranz (1951) and Hopp (1974) have reviewed the history of 

phenology. 

Networks of volunteer observers have collected phenological data on 

both native and cultivated plants in most European countries in 

recent decades (Hopp, 1974). National meteorological departments 

generally coordinate these networks and use the information gathered 

to assist agriculture. This linking of a phenology survey toa 

govermment agency ensures continuity and uniformity of observations 

and their analysis. Once the phenology program and its benefits are 

described to potential observers, recruitment is relatively easy. 

These volunteers appear to draw much satisfaction from making regular 

observations and being part of an important national project. The 

long term data collected in Europe by volunteers has permitted 

fine-scale mapping of vegetation zones which show how areas differ in 

potential for agriculture and horticulture (Ellenberg and Ellenberg, 

1974 a,b; Schreiber, 1969). (Definition of "vegetation": "the total 

plant life or cover of an area" (Lincoln et al., 1982, p. 259.) 

In Germany, a selected subset of phenology observers who form an 

instant reporting system mail their reports on the occurrence of 

important phenophases on the date the phenophase first appears. 

These results are published in monthly agro-meteorological reports, 

and are also used immediately by plant protection departments (Hopp, 

1974). School children form an important part of this network, whole 

classes submitting phenology reports as part of their studies in 

ecology and biology. 

Hopp (1974) lists twelve European countries as well as Argentina, 

Australia, Japan, India, South Africa and the United States as having 

phenology networks. In Switzerland, the Swiss Meteorological 

Institute has operated a network of 120 stations at a variety of 

altitudes since 1951, which record up to 70 phenophases and 36 

species (Defila, 1986). In Poland, the phenology survey data have 

permitted dividing even the mountainous regions of the country into 

pheno-climatic zones and have supplemented weather records in areas 
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where they are missing (Obrebska-Starklowa, 1981). The Royal 

Meteorological Society in England had an observer network which 

averaged about 200 people annually for the period 1891-1948, and 

published extensive phenology reports. Long-term averages of this 

58-year span are summarized by Jeffree (1960). 

In 1959 an International Phenological Garden program was established 

in Europe by Schnelle and Volkert (1974), which uses clones of tree 

and shrub species, thus eliminating genetic variability. Ata 

phenology conference in Vienna, Henhappl et al. (1986, p.76) stated 

that "genetically identical plants can be considered as essentially 

improved "biological measuring instruments", and that their 

"measuring accuracy" is a decimal point preciser than through the 

observations of conventional phenology". In 1987, 62 gardens were 

reporting observations on vegetative and reproductive phases of these 

cloned plants, as well as weather records and some observations of 

perennial wild plants to assist with generalizations to broader areas 

(Freitag, 1987). 

This centuries - old European interest in phenology characterizes a 

population that is very knowledgeable and interested in native 

plants, as compared to North American society. 

1.1.2. United States 

As in many other countries, individuals in the United States, of 

their own motivation, have invested years of personal observation and 

amassed considerable phenology records for specific sites. Much of 

this remains unpublished. Huberman (1941), Caprio (1966), and Hopp 

(1974) review some of the published work. Henry David Thoreau was 

the American father of phenology, according to Aldo Leopold, who 

himself contributed an extensive analysis of phenological methods in 

the publication of a decade of phenological records for two Wisconsin 

counties (Leopold and Jones, 1947). The regional interest he created 

later led scientists to form the Wisconsin Phenological Society in 

1959. This group still has over 400 members who are annually 
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encouraged to observe phenophases of native plants and animals 

(Lettau, 1987). 

The first American network of phenological observers began in the 

1950’s, through regional agriculture departments. The goal was to 

develop phenology as a climatic tool to characterize seasonal weather 

patterns and improve predictions of crop yield. Dr. J. M. Caprio at 

Montana State University started the first survey in 1956. By 1961 

his volunteer network of 1000 observers covered eleven western states 

and used existing lilac (Syringa vulgaris) plants (Caprio, 1966). 

Later two honeysuckle cultivars were added as indicator plants. By 

1972, 2500 observers were submitting annual reports (Hopp, 1974). 

Similar projects began in the 1960’s in the central and eastern 

states using cloned plants of the Syringa vulgaris cultivar ’Red 

Rothomagensis’ and two honeysuckle cultivars: Lonicera tatarica 

‘Arnold Red’ and Lonicera Korolkowii var. Zabelii. These two 

projects were combined in 1970, and in 1972 all surveys pooled their 

expertise in the Phenology Satellite Experiment, using imagery from 

the first Landsat satellite (Hopp, 1978). 

The northeast project also recruited observers in the six eastern 

Canadian provinces. It was renewed in 1980 as NE 135 and coordinated 

by Vittum of Cornell until 1985. Unfortunately this project has not 

been funded to continue. M. Schwartz, who has used the accumulated 

data to test models of atmosphere-plant interactions (Schwartz and 

Marotz, 1986, 1988) has taken over this observer network and is 

currently seeking funding to expand it. The data 1961-1988 for the 

central and eastern states is available in PC-compatible form 

(Schwartz, 1989, pers. comm.). 

Caprio’s network in the western United States is active with almost 

500 participants, though more funding is needed to support the 

project (Caprio, 1990, pers. conmm.). These U.S. networks have 

contributed to agriculture in many ways, including providing both 

predictions of the timing of insect pest development and early 

predictions of crop yield (Hopp, 1978; Caprio, 1966). 
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As part of the International Biological Program, Bliss (1967) issued 

a call to ecologists to undertake intensive (covering a small area) 

or extensive (covering a large area) phenological studies. He listed 

goals for phenology research and also listed organisms (plant and 

animal) which would be most suitable, having both wide geographic 

distribution and narrow ranges of genetic diversity. As part of this 

program, Lieth and his graduate students established phenology 

networks using developmental phases of dogwood (Cornus florida L.), 

redbud (Cercis canadensis L.), red maple (Acer rubrum L.) and tulip 

poplar (Liriodendron tulipifera L.) ( Noggle, 1978; Radford, 1971; 

Lieth and Radford, 1971). The status of phenological studies in the 

United States in the late 1960’s and early 1970's, including 

information on biomes, specific locations, species and chosen 

phenophases, is summarized in the report of the US/IBP Phenology 

Committee (1972). 

a. e367 canada 

There was considerable early Canadian interest in phenology. In 1890 

the Royal Society of Canada passed a resolution requesting affiliated 

natural history and scientific societies to: 

"obtain accurate records in their individual localities of 

meteorological phenomena, dates of the first appearance of 

birds, of the leafing and flowering of certain plants, and 

of any events of scientific interest for collation and 

publication in the ‘Transactions of the Society’" 

(Royal Society of Canada, 1893, p. 54). 

The following year, 1891, the Botanical Club of Canada was formed, 

affiliated with the Royal Society. One of its departments was 

responsible for promoting the nation-wide phenology survey, which 

included observations on fifty events. At first, most observers were 

from the Maritimes, but by 1895 prairie observers were contributing 

records. In that year, 25 reports were received from nine 

provinces. The secretary of the Botanical Club, Dr. A. H. MacKay, 
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coordinated the survey up until 1910. The phenology survey was then 

coordinated by F.F. Payne of the Meteorological Service until 1922. 

Observations for 1892-1922 were published annually in the Proceedings 

and Transactions of the Royal Society of Canada. 

Dr. MacKay, who was also Superintendent of Education for Nova Scotia, 

promoted phenology very successfully. In 1898, 800 sets of 

observations were submitted by school classes (MacKay, 1899). 

Observations by Nova Scotia schools continued until at least 1923 

(MacKay, 1927). 

Table 1 lists some Canadian phenology records, compiled in part from 

Minshall (unpublished annotated bibliography, 1975). A brief review 

of Canadian phenology research is given by Minshall (1947). In 

addition, Glendenning (1943) summarizes some methods, history and 

uses of phenology and recommends certain species as suitable across 

Canada. Based on his own 34 years of British Columbia observations, 

he suggests phenological events to observe in each month of the year 

for the coast. Erskine (1985) lists many phenology references 

previously published in the Canadian Field Naturalist. Criddle 

(1927) observed 400 prairie species over 20 years and produced 

flowering and seed-ripening times valuable for present-day use in 

reclamation work. Budd and Campbell (1959) compared their flowering 

sequence to Criddle’s using regression and correlation analyses, and 

found high correlation between the two data sets. 

The only large phenology network in Canada was established in Quebec 

in 1971. Observations were made until 1977 at over 300 stations of 

which 51 were adjacent to meteorological stations (Dubé and 

Chevrette, 1978). This survey was affiliated with the United States’ 

NE-69 project, and used the same lilac and honeysuckle cultivars 

previously described in section 1.1.2. By 1977 observers in the six 

eastern provinces were involved. Quebec had the largest number of 

observers by far: with 268 active observation sites in 1977 versus 

New York State, the next largest, at 84 sites (Vittum and Hopp, 

1978). BP. Dubé of Laval coordinated the Quebec participants and also 

computerized results for the whole project. 



nai? oew yaveue yeclonerey ant geet teem 

gent idea solve (salpoieameyem) oO te" | ad | | 

apntieremed ont s. vitsunme Pere niciay Bae ac ereabstenraeds ©” 
oy 7 

ebis 26 iheabooe as ae a 

% 

pitas sve sot reiteacts-to JaShigan ae alls asi cae Sto x01 . 

20 atom QGe, ,ueat i Livesscpbies tow ypalonanig: pagent - _ 

NotneM) easenio 1 ae ek Poctehieedins enion eciteviex 7 

rene wel Se fet Satriisnc al Saris si too8 sant wd aeottevreedO 
/ — 

C0ReL yet) 

noses Soa. 02 ‘iaanient afrenss. vpo forenie fSLLENED onhy atail t older _ 

waive: Tscaat A a ii ali Lach efron bratio Estrus) {inion _ 

at ane (rth of yl georten: } Gouscmers Yuclereiy nelhaney te ’ 

bos yravain, aborted gets Bee: SS 23) pectrimstrie lp Moitibbs 7 

2 OME afdestive es en a ie ree 3 aie bis ore lracrartg to wea. 

praise yeas sic ip 44: satay) ‘Bt ep aid me feast eben 

jeov ‘sit To vbenait thes (PA pS od este Ceo ipradioneetg siege ed 

asonsrotey, yo lonarky yates (2900) sont  .tanco edt 20% | 

Slnbins Silesuecd Hist nethedss <tt) nt Geeky eerie 

neaubouy Bis sway 06 qeve es faage nicesehevingte qvser) 

cli penr’y ee er Teg) vetees 
3 f . 

Due swols + (ag9. Cente: 

iris eS5eNt ee fOr ta ifs 

TeeiSt) sk oan 13 beret e | a 

Jo anoles 90% sey toe is i ig | 
RNPx as aed ub 

: Fong nage — 



*yISL]e4NIEN 
2J4Aaq)}Vn 

243 
UL 

A} ]eNUUe 

sp
so
oa
u 

AB
o)

ou
su

d 
ue
ip
eu
e)
 

au
io

s 

Pe
ys
t}
qn
d 

~y
xJ

OM
Ja

U 
49
9a
}U
N]
}0
A 

Aq
 

pa
ps
oo
se
4 

‘’
sj

Ue
}d

 
as

AL
}Z

eU
 

JO
} 

Sp
yo
de
d 

B
U
L
a
M
O
}
4
 

21
49
q)
V 

€8
6L
-7
26
L 

‘P
ul

a 
OL

 
F8

61
 

-S
J6
L 

"e
1q

un
j}

O9
 

YS
ti
l4
g 

0}
 

4S
aM

 
Ja
eq
an
y 

‘U
OL
}e
90
] 

JU
dJ
aJ
JI
P 

B@ 
UL

 
SU
OL
Je
AJ
aS
GO
 

$,
4e
aA
 

yo
eq

 
*s
at
oe
ds
 

ps
ig

 
62
 

jo
 

sj
ye

At
us

e 
Bu
lu
ds
 

‘s
ai
za
ds
 

yu
e}
d 

49
 

Jo
} 

Bu
ls
aM
o}
} 

Ys
4t

4 
uo

tB
au

 
je
av
0g
 

G8
6L

 
‘a
uL
ys
4y
 

S 
GZ

6L
-L

Z6
L 

ue
mM
ay
oz
ey
se
s 

6S
6L

 

*s
at
ga
ds
 

yu
ej
d 

al
ut
eu
d 

aa
tz

eu
 

Gy
L 

Jo
 

Bu
ls

am
o}

s 
Ys

ul
y 

‘y
ua
si
ng
 

3y
1m
Ms
 

 ‘
')
}e
qQ
dW
eQ
 

pu
e 

po
ng
 

cl
 

8S
6L
-S
76
L 

L9
61

 
‘A

ey
oe

w 
pu
e 

*S
UO
1}
e}
3a
44
09
 

su
Nn

jz
es

ad
ui

e,
 

‘s
at
oz
ad
s 

yu
ej

d 
9¢
 

Jo
 

Bu
ls

am
o}

} 
YS

ul
4 

"j
ug
 

‘e
mM

e2
30

 
‘s

aw
}o

H 
‘}

Je
SS

eg
 

42
 

09
61
-9
56
1 

*s
al

oa
ds

 
aa

4}
 

sn
o}

 
yo
 

Bu
ls
am
o}
} 

3S
J1

4 
"j
ug
 

‘e
Me

}3
0 

2
7
6
 

“1
 

)e
4S
UL
W 

6 
S7
61
 

-9
S6
1 

"A
BA

IN
S 

a
s
e
a
s
i
g
 

u
e
}
d
 

u
e
l
p
e
u
e
j
 

ay
2 

yo
 

sz
yu
od
es
 

ut
 

A
}
]
e
N
 

"e
l}

y 
‘
u
o
J
U
O
U
p
y
 

-u
ue

 
pa

ys
i}

qn
d 

~A
6o

)0
y,

ed
g 

JU
e}

d 
JO
 

Sa
ls
oJ
es
og
e]
 

ai
nj
}N
d1
4u
By
 

ep
eu
ej
 

yo
 

yy
ey
s 

Aq
 

“y
se

s 
‘U
oO
Je
yX
Se
S 

SU
OL

}J
EA

UI
SG

O 
*j
UA
ai
do
]a
Aa
p 

}e
Ea
yM
 

pu
e 

‘s
qu

e)
d 

al
st
eu
d 

as
Ai
je
u 

QG
 

JO
 

Bu
ls
am
Mo
}}
 

Ys
ul

y 
su
ew
 

‘B
ad

iu
ul

y 
29

6L
 

“1
}e
SS
NY
y 

G2
 

L9
6L
-9
S6
L 

$U
O0

1}
@]

9s
I0

9 
au
nj
ze
sa
du
ie
, 

‘s
ju
ej
d 

aA
tz
eu
 

Bu
lu

am
Mo

)}
-B

ul
sd

s 
¢2
 

yo
 

Bu
lu
em
o)
} 

})
N4

 
"e

i)
y 

‘u
o 

JU
OU
Dg
 

09
61

 
‘S

SO
W 

c¢
 

8S
6L
-9
26
1 

sj
ue
}d
 

Bu
lo

np
oi

d-
Aa

uo
y 

Oy
 

40
 

Bu
lu
am
Mo
)}
 

3S
Jt

4 
eq

o}
lu

eW
 

87
6,

 
*
J
e
u
a
4
I
3
 

I
W
 

S2
 

L2
96

1-
2e

26
l 

e
q
o
 

i
 

LU
eW

 

sj
ue
}d
 

aA
l3

eU
 

QO
¥ 

JO
} 

pa
as

 
Ua
di
s 

0}
 

sA
ep
 

jo
 

Ja
qu
nu
 

‘B
ul

Ja
MO

}}
 

3S
IL

4 
uo

pu
es

g 
JO
 

3S
 

22
6L

 
‘F
1P
P!
4D
 

(0
2 

26
1-

70
61

 

$]
00
Y9
S 

22
e6

L 
S$
ju
ar
d 

}e
91
60
)}
oU
aU
d 

QO
] 

UO
 

sU
uO

L}
eA

Ja
Sq

O 
@1
30
9S
$ 

eA
ON
 

"6
6R

L 
‘A

en
oe

w 
92

 
2
6
1
-
2
6
8
1
 

“e
pe
ue
) 

jo
 

Aj
al
d0
s 

ye
Ao
y 

ay
} 

JO
 

Su
oL

Ie
sS

Ue
I|

 

pu
e 

sB
ul
ps
as
os
g 

ay
y 

ut
 

A}
]e
NU
uU
e 

pa
ys

i}
qn

dg
 

-u
ol

Je
wW

sO
},

 
pu
e 

Me
y}

 
99
1 

pu
e 

S
a
l
z
L
A
L
}
e
 

ep
eu

ey
 

wi
e}

 
‘s
ps
iq
 

‘s
ju

e}
d 

aA
ij
ze
u 

Bu
ls
n 

‘s
ju

aA
a 

je
91

6o
}o

Ua
Uu

d 
Gg
 

UO
 

SU
OL
Je
AJ
aS
GO
 

pa
jO

WO
Id

 
ep

eu
e)

 
$O

 
Qn
})
 

]
e
9
1
U
e
0
g
 

o¢
 

22
61

-2
68

1 

YO
H 

LN
W 

(
S
u
v
a
)
 

SL
NA
WW
OD
 

NO
I9
34
 

/Y
OL
VN
IS
TY
O 

NO
TL
VY
NG
 

QO
1d
3d
 

e
e
 

a
 

e
e
 

S
S
 

e
e
s
 

=
 

e
e
e
 

e
e
 

e
e
 

|
 

e
e
 

e
e
 

e
e
 

ZL 
a1ge1 



‘
a
 

¢ 

' 
=
e
:
 

% 
a
 

a
e
 

7 
2
.
 
a
 

. 
w
e
t
 
eittc 

f
e
a
t
 
avites 

M
i
e
s
 
w
i
n
e
s
 

featgo l
o
g
 

O° 
n
o
 e
n
l
i
g
v
-
e
a
d
s
 
b
e
t
a
 

e
e
 
a
i
e
 

t
t
 

ery 
E
i
l
e
e
n
 

Rawle 
R
T
 
o
p
i
 

eto) 
fee 

walt 
ext 

tow 
eatriviess 

: 
o
e
?
 

Te 
yrelsed 

Janke 
are 

Ye 
enobiqeunet 

a
i
r
e
s
 

J
a
s
h
o
s
t
o
r
s
@
 

O6f 
oo 

e
n
4
é
t
e
v
v
e
s
 

; 
Einsiq 

a
v
 ite 

Foe 
40? 

bese 
nasal 

of 
z
e
d
 

Yo 
secon. 

g
a
r
d
e
n
 

a
e
 

a
 

o
e
;
 G
i
 d
t
r
 
S
o
w
 

e
a
e
 

i
a
 
t
o
 
e
r
y
 

ii 
y
a
a
t
 
:
 

p
a
i
s
a
 

w
h
 

rougs) 
Gr! 

ute 
E
S
 o
a
r
 y
 ronal) 

1 fNT 
=# 

s
 

ce. 

- 
-
 

2
n
o
F
 
e
p
i
 

; 
Ss oi

c
t
e
y
e
)
 

: 
- 

- 
a 

a
 

a
 

- 
e
r
e
r
i
a
v
 

(seco 
S
t
o
r
a
 

lsvst 
; 

m
9
 

i
n
e
 

iqhc 
t
a
t
e
r
 
e
v
a
p
.
 

> 
Sort? 

t
t
 t
7
 
t
a
r
t
.
 

z 
h
a
l
e
 

At 
s
e
 l
v
a
i
a
,
 

Pires 
i 
a
l
 

S
s
.
 

vectatiis? 
30819 

to 
R
e
t
h
o
l
e
d
e
)
 

sm 
A
F
 
e
e
 

16 
Fieta 

vi, 
. wea) 
e
r
 

: 

c
a
 

? 
a
v
w
t
 

Sez9at 
L
e
l
S
 

pe totes 
2
D
 

e
r
e
s
)
 

1 
Yl iae 

e
7
t
A
 

Fe 

Stace 
Bet? 

40eTt 
7 

mii 
asugt? 

to! 
9 

c
e
,
 
n
g
a
 

ceel 
i
e
d
a
n
e
 

¥
 

tre 
.veadsU 

 
e
n
o
g
a
s
e
s
 

=
 

g
a
9
7
 

W
e
 a
o
n
y
 
<
7
 

Afrewal>® 
70714 

corramicy, 
2 
t
e
 

of j
i
b
e
 
T
i
e
 

e
a
e
 

2
 

’ 
_
 

(g25 
teet02 

e
s
a
 
a
n
t
e
s
 

2
c
 
t
a
m
)
 

’ 
td 

o
S
 

l
a
w
l
 

P
T
,
 

P 
o
x
 

3
 

4
 

7 

" 
o
e
 

: 
phlei 

r 
reader 

in 
{
t
a
p
n
e
s
e
y
 

piel 
cyviyen 

aut 
& 

1 
6) 

e
n
t
s
 

Z
e
v
 
v
o
r
 
w
e
 

~ 
O
F
 

(ePew3ey 
are 

h” 
wily 

ni 
YJ 

isuen 
>
 
a
e
 

a
 

4
 

.
 
>
.
 



More recently, a smaller scale survey of short duration has been 

carried out in Southern Ontario (Beschel, 1969) using seven 

phenophases on each of four plant species and one bird species. In 

British Columbia, a survey launched in 1984 calls for 16 phenophases 

of up to 50 native species of the observer’s choice (B. Merilees, 

1988, pers. comm.). 

1.1.4. Alberta 

For native peoples, phenology was a well-honed tool. The Blackfoot 

Indians in Alberta used the flowering time of Thermopsis 

rhombifolia, Golden Bean (Buffalo Bean) ,to indicate the brief period 

when bison bulls were prime for the spring hunt (Johnston, 1987). 

The late Dr. Ezra Moss, formerly of the University of Alberta’s 

Botany Department, recorded "height of bloom" dates for 25 

spring-blooming shrubs and trees for the years 1926-1958. These 

flowering data were correlated with degree-days to determine the 

average amount of warmth the plants were exposed to before flowering 

(Moss, 1960). 

In 1973, Dr. Charles Bird, a botanist at the University of Calgary 

and an active naturalist, started a ten year phenology survey through 

the Federation of Alberta Naturalists. For the first few years he 

requested dates of blooming for 100 species of Alberta wildflowers. 

This number was reduced over the years to twelve "key phenology 

species". These plants were all native perennials, easy to 

recognize, had a reasonably consistent flowering period, and were 

relatively widespread across the province. These ten years of dates 

for locations around Alberta were published annually in the spring 

issues of the "Alberta Naturalist" (Bird, 1974 to 1983). The goal of 

his phenology survey was to determine the average flowering period of 

these native plants, and to use the data in the following ways: to 

identify the relative earliness or lateness of each spring, to 

provide start-up dates for both natural history and agricultural 

activities, to compare areas of the province, and to test bioclimatic 
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theories. In the peak year of participation, 1977, Bird had 180 

participants, who reported dates for a total of 71 species (Bird, 

1978). In the latter years of the survey, observations requested 

were "first date", "other dates", and "last date in flower". He 

calculated first flowering dates for the six best-reported areas of 

the province and published nine year averages (Bird, 1982). 

The "May Species Count", which is a count of wildlife including 

plants, birds, mammals, etc., has been held in Alberta on the last 

weekend of May since 1976 (Weseloh, 1976). It has been coordinated 

by the Federation of Alberta Naturalists and the plant records have 

been compiled since 1978 by Derek Johnson. All past records are 

stored at the Provincial Museum of Alberta. Plant species in flower 

are recorded across the province by naturalists, and the numbers of 

species flowering from year to year in different areas are compared 

to see the relative earliness or lateness of each spring. Results 

are published annually in spring issues of the "Alberta Naturalist". 

This Alberta research in phenology by Moss, Bird, and Johnson 

represents a start toward understanding the phenological behaviour of 

Alberta’s flora. (Definition of "flora": "the plant life of a given 

region", Lincoln et al., 1982, p. 94.) Considerable research is 

still needed to describe phenological sequences and to identify the 

best phenology species for the major ecoregions of the province 

(parkland, montane, subalpine, alpine, and the different grassland 

and boreal ecoregions (Strong and Leggatt, 1981). 

1.2. Applications of Phenology 

Phenological observations can be used in a number of fields. Some of 

the potential applications for Alberta in the sciences and renewable 

resource-based industries, as well as education and tourism, are 

covered here. 

Once information for an area is available on the average timing of 

plant development, then one can recognize the arrival of subsequent 

springs as early, average, or late. By overlaying a phenological 

Lt 
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calendar on a Civil calendar, seasons can be delimited by groups of 

phenological events. This provides the best way to compare the 

timing of a stage of biological development with the same stage in 

other years. 

While phenology serves as a check of season against season, it also 

provides a comparison of region against region. Caprio (1957) 

describes plants as "measuring sticks of local environmental 

differences" (p. 1344). Phenology of individual species, or groups 

of species, reflects the local microclimate differences, for example 

hilltops versus valley bottoms, or north-facing versus south-facing 

Slopes (Jackson, 1966). Ona larger scale, maps of agricultural 

areas can be made based on phenological data to indicate early and 

late growth zones (Ellenberg and Ellenberg, 1974 a, b; Dubé and 

Chevrette, 1978). 

In temperate areas of the world, which have pronounced seasonal 

changes, the sequence of development of organisms over the course of 

the year follows a predictable pattern. Pfau (1964, in Lieth, 1974, 

p.8), calculated correlation coefficients between twenty-one 

consecutive phenophase events (eg: first flowering of snow drop 

(Galanthus nivalis) and coltsfoot (Tussilago farfara) from indicator 

plants used by the German weather service. Averages of thirty years 

data yielded coefficients ranging from 0.70 to 0.99, with the 

majority above 0.80. 

Lechowicz (1984) found good concordance in leafing sequences between 

species when examining data for North America and Europe. This 

predictability applies across trophic levels - a plant’s phenological 

stage can act as a timing indicator for subsequent growth stages in 

other organisms (Waggoner, 1974; Straub and Huth, 1978). 

In ecological research, phenology provides useful information on the 

timespans of the foliated and reproductive phases in plant species in 

communities around the world, and the effects of weather on these 

events (Larcher, 1983). This information can assist us to 
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manage vegetation resources better, to estimate productivity and to 

understand the interactions between land and atmosphere (Lieth and 

Radford, 1971; Justice et al., 1985). 

Climate Change: 

Climate monitoring is an important application for phenological 

research, especially with the recent awareness of increasing carbon 

dioxide concentrations in the atmosphere. Baseline information from 

phenology studies would allow us to monitor future changes in climate 

through changing phenological patterns (T. Goos, 1989, pers. com.) 

and to track the extremes of weather. In 1980, an examination of 17 

years of phenological records from European phenological gardens and 

observer networks revealed a slight lengthening of the growing 

season. lLeafing was occurring on average 0.36 day/year earlier, and 

flowering 0.33 day/year earlier. Autumn phenophases were 0.20 

day/year later (Lauscher and Roller, 1980). Species-specific 

information on phenology and physiological tolerances for heat, light 

and CO, would help us predict species’ movements resulting from 

future climate warming. 

Agriculture: 

Phenology can assist agriculture, Alberta’s second most important 

industry, in understanding and adapting to an extreme and variable 

climate. In the past, for native people on this continent, phenology 

was essential "common sense" for agriculture. In 1605 Samuel de 

Champlain was told that the best time to plant corn in Cape Cod was 

when the leaf of the white oak was the size of a red squirrel’s 

footprint, advice that had spread north from the Aztec’s ancient 

maize fields (Molitor, 1987). With increased size of farms and 

dependence on technology much of this early wisdom has been lost. 

Specific agricultural applications are numerous. The following will 

be elaborated here: defining bioclimatic zones, maximizing range and 

crop production, protecting crops from insects and weeds, and timing 

horticultural activities. 

13 
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Phenological data can be used to divide agricultural land into 

bioclimatic zones. In Quebec, using five year observations of three 

indicator plants species from 300 observation sites, the province’s 

agricultural zones were mapped (Dubé and Chevrette, 1978) and 

boundaries for taxation refined (Dubé, 1991, pers. comn.). 

To maximize production of grasses and forbs on native rangeland, the 

land should be protected from grazing until approximately early 

June. Budd and Campbell (1959) determined that first flowering of 

Rosa woodsii is the best indicator of the optimal "start grazing" 

time and that this plant generally starts flowering 50 to 55 days 

after first flowering of Anemone patens. In Montana, Caprio 

determined that alfalfa is usually ready for its first cutting 30 

days after lilac starts to flower (Caprio, 1966). 

Many studies have shown the usefulness of phenology in crop 

protection. One or more indicator plant phenophases are used to 

predict the emergence of a specific insect "x" days later. Research 

in this area includes predictions for the European corn borer, 

Ostrinia nubilalis, (Straub and Huth, 1978); the cabbage maggot, 

Hylemya brassicae, (Pederson and Eckenrode, 1981); and the elm bark 

beetle, Scolytus multistriatus. The appearance of the latter can be 

predicted using the flowering of four plant species (Kapler, 1967). 

By making an early cut of alfalfa, up to ten days after the common 

purple lilac starts to flower, farmers can control the alfalfa weevil 

(Hypera postica Gyll.) by removing eggs before hatching (Caprio, 

1966). Phenology of native species as well as lilac and honeysuckle 

cultivars has been used to predict grasshopper development (Hewitt, 

1980). Caprio (1966) describes the phenological indicators for 

optimal timing of herbicide control of big Sagebrush (Artemisia 

tridentata) on Montana rangeland. 

In Alberta, once the correlations between development of our key 

plant species and the insect pests are developed, a rapid-reporting 

volunteer network could feed information to an instant crop yield and 

14 
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pest prediction system. Experts in international agriculture predict 

that increasing droughts resulting from climate warming will mean 

increased problems due to crop pests. For example, the Furopean Corn 

Borer would spread farther north (Downing and Parry, 1991). 

In a given spring, early or late, local phenology can indicate the 

best time in spring to plant vegetables and flowers to get optimal 

growth. Bird and Marsh (1979) suggested that rather than using a set 

date such as May 24 in Alberta, the key phenology species provide the 

"go ahead" times. Radishes, lettuce and such early seeds should be 

planted when Viola adunca (Early Blue Violet) flowers, and other 

seeds such as beans are best delayed until Amelanchier alnifolia or 

Prunus virginiana begin flowering. Molitor (1987) summarizes 

horticultural applications. 

Other agricultural applications include predictions of the following: 

timing of seeding and fertilizer application, timing of flowering for 

apiculturists, crop yields (Blair, 1978), and labour requirements 

(Taylor, 1969). Further agricultural applications are summarized by 

Caprio (1966). 

Phenology studies of in situ native plant species at reclamation 

sites can assist in the subsequent timing of seed collection forays 

and can thus improve the availability of native plant material 

(Currah et al., 1983). 

Remote Sensing: 

Phenology has proved effective in ground truthing satellite images. 

A phenology satellite experiment analysed Earth Resources Technology 

Satellite imagery to detect the "green wave" of spring growth and the 

"brown wave" of fall senescence across the United States. To do this, 

phenological observations from 3200 sites were used in ground 

truthing (Dethier et al., 1975). Presently remote sensing is being 

used to identify vegetation cover and communities and indicate their 

phenological progress (Justice et al., 1985). 
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Forestry: 

Knowledge of tree species’ phenology assists in recognition of 

species on air photographs (Sayn-Wittgenstein, 1961). Also, timber 

managers and tree breeders need timing details of cambial activity, 

flowering, and seed production (Ahlgren, 1957). The forest 

entomologist needs tree development timing to predict insect activity 

and plan effective insect sampling and control (Morris et al., 

1956). Finally, for efficient herbicide application a knowledge of 

the phenological spectrum of forest communities is necessary (M. 

Fairbarns, 1988, pers. comm.). 

Medicine: 

In the field of human health, doctors counselling allergic patients 

would benefit from local phenology charts. The pharmacological 

industry also needs to know when to collect pollen types to produce 

desensitization extracts. (This industry presently uses pollen traps 

for wind-born pollen, a technique which may be useful for phenology 

as well.) A knowledge of climates and phenology worldwide would help 

doctors advise patients (climatherapy) . 

Tourism and recreation: 

Knowledge of both the local flowering sequences and also the timing 

of peak wildflower bloom in the current year would help parks and 

communities plan programs for the public. Phenology can also help 

the tourism industry in planning for: holidays with wildflower 

photography opportunities, fishing trips without biting flies, and 

back country trips with minimal bear encounters! Adults, for mental 

health benefits, need to maintain contact with the natural world, and 

phenology can provide this opportunity as a lifetime hobby. 

Phenological events can translate into tourist dollars - a major 

portion of the economy of the Great Smokies in the eastern states 

depends upon sight-seeing trips to see dogwood (Cornus florida L.) 

flowering each spring (Stearns, 1974). 

Table 2 outlines some applied and research areas in the sciences. 

Numerous applications including law and literature are also 

summarized by Schnelle (1955). 
16 
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Environmental Education: 

Education is one of the most important benefits. Phenology studies 

are an ideal way to teach ecological concepts through hands-on 

experiences and are useful at all levels in education to make the 

interactions between organisms, the observer and the environment 

relevant. Phenology also raises awareness and appreciation for the 

plant kingdom and can lead to habitat protection. As the stresses of 

resource consumption and population growth increase on the prairies, 

environmental education becomes even more important. The production 

of a joint phenospectrum for plants and animals would "give the best 

guarantee for the understanding of our environment" (Lieth, 1969, 

p-80). 

There is an important precedent for phenology in Canadian schools; 

the largest phenology network in Canada’s history was composed of 

Nova Scotia students. In the 1890’s phenology observations were 

promoted by that province’s Superintendent of Education, Dr. A. H. 

MacKay, who was also secretary of the Botanical Club of Canada. Ona 

voluntary basis, school classes completed schedules of observations 

on over 100 items including the flowering and leafing of 44 species 

of native plants, the arrival and departure of 17 species of birds, 

crop seeding and harvest, and freezing and thawing of water bodies. 

The goals of this project were to assist the teacher in the nature 

study part of the curriculum and to gather valuable data on the local 

area and province. Participation in the survey increased rapidly: in 

1897 over 200 schedules were received, and by 1899 almost 800 were 

submitted. Teachers verified the accuracy of observations, and 

students who first noted an event for that year were recognized by 

the whole school. The benefits were obvious: 

"Inspectors report it as being the most valuable stimulus yet given 

to direct teachers and pupils to the active study of nature - to 

the elements of the natural sciences underlying the industrial 

development of the country. It also tends to develop the habit of 

accurate observation, as necessary to a successful literary or 

professional career as to the industrial occupations" (MacKay, 

1899) . 

18 
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Over 25 years later, almost 300 schedules were still being submitted 

annually by Nova Scotia schools (MacKay, 1927). Schedules for each 

year were sent to the Provincial Museum and Science Library in 

Halifax, and selected averages were published annually in the 

Transactions of the Nova Scotian Institute of Science. Some of the 

averaged data is also published in the Proceedings and Transactions 

of the Royal Society of Canada. 

The benefits of phenology for students and society are summarized by 

Stearns (1974) and Beaubien (1991). 

2. Phenological Methods 

For this thesis, two approaches to phenology were investigated over 

two growing seasons. The first was an intensive study of a large 

number of species in a forest community, and the second, an extensive 

study of 15 plant species across the province. Both concentrated on 

flowering, since this phenophase facilitated species recognition and 

observation and provided the best potential for comparison with 

previous Alberta research (Moss, 1960; Bird, 1982). 

2.1. Abiotic and Biotic Factors Influencing Phenology 

There is a close correlation between phenological events and certain 

climatic factors. Three major abiotic factors have been identified 

as initiators of flowering: temperature, photoperiod and moisture 

(Rathcke and Lacey, 1985). 

Temperature: 

In the world’s temperate zone, the "time of onset of phenophases of 

the first half year depends primarily on the passing of certain 

temperature threshholds" (Larcher, 1983, p. 64). This applies to 

certain types of plants. "Most temperate woody species and some 

perennial herbs flower in response to temperature, which usually acts 

through cumulative heat sums above some threshold level" (Rathcke and 

Lacey, 1985, p. 190). Many researchers have found temperature to be 
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the most important factor for spring development and flowering 

(Bassett et al., 1961; Jackson, 1966; Caldwell, 1969; Anderson, 

1974). Lindsey and Newman (1956) found that temperature data were 

highly correlated with flowering data, when they examined a 32 year 

phenological record from Indiana and compared it with temperature 

data for that period. They calculated the requisite heat sum for 

each perennial herb species. 

To correlate well with phenology, growing season temperatures should 

be measured close to the ground (Baum, 1949). Hopp (1974) 

determined, from a nine year study, that the freeze-free period was 

thirty days shorter at 7.5 cm above the ground than at 150 cm above. 

Air temperatures correlate better with flowering than soil 

temperatures, and microclimate around plants has a major influence on 

their phenology. Aspect can make a larve difference; Jackson (1966) 

found that flowering dates of nine plant species in a large gorge 

were six days later on the north-facing slope than on the 

south-facing slope. 

Various heat summation methods have been used in correlation analyses 

with flowering times. Daily heat sums have been calculated by simply 

multiplying the average daily temperatures (maximum temperature plus 

minimum divided by 2) by 24 hours to give degree hours (Anderson, 

1974). Degree-days, as currently used, are equal to the average 

daily temperature less a threshhold temperature. Alberta Agriculture 

uses 5°C as a threshold (Dzikowski and Heywood, 1990). It is more 

accurate to estimate the durations of temperatures between the daily 

maximum and minimum. To do this, Lindsey and Newman (1956) developed 

a statistical-graphical method for determining the temperature 

threshhold for physiological flowering activity. 

Caprio (1971) used ten years of lilac data to devise "solar thermal 

units" (STU), combining heatsums above a threshhold of -0.5° C with 

solar radiation, to calculate the amount that plants needed to 

flower. Lilacs, no matter whether grown in Norway, Montana or on the 

west coast of the United States required 380,000 STU to flower. 

20 
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Moss (1960) and Anderson (1974) summarize some of the literature on 

heat accumulation models to predict timing of phenophases. 

Photoperiod: 

In most plants, photoperiod is obviously not the cue responsible for 

flowering time, since flowering does not occur at the same time every 

year. Plants which do initiate flowering in response to day length 

include mainly annuals (Rathcke and Lacey, 1985). Beddows (1968) 

found that, for grasses, the initiation of flowering was in response 

to increasing photoperiod. For many perennial species, early 

development phases are controlled by temperature and later phases by 

photoperiod (Anderson, 1974). 

Moisture: 

Rainfall is an important factor influencing the timing and spacing of 

flowering of tropical plants. In Costa Rica, phenological and 

meteorological research by Opler et al. (1976) showed that aseasonal 

precipitation in a normally dry period (December to April) was 

closely linked to the start of flowering. In deserts however, 

flowering can be induced in annuals by drying of the soil, an 

environmental cue which signals the end of the growing season 

(Rathcke and Lacey, 1985). 

Biotic Factors: 

Besides temperature, light, moisture and other abiotic influences, 

biotic factors also play a role in inducing flowering. 

Within-species variation in flowering time has been observed in some 

species using uniform garden experiments. In general, populations 

from higher altitudes flower earlier than do those from lower 

altitudes, when they are planted together at low altitudes. Clausen 

et al. (1940) demonstrated this ecotypic variation in the flowering 

time of Potentilla glandulosa. McMillan and Pagel (1958) compared 

phenology of clones of a summer-flowering species, Symphoricarpos 

occidentalis, between field conditions and a common garden. They 

found that genetic or clonal effects were stronger than environmental 
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effects in influencing flowering time; clones which flowered 

unusually early in the field also flowered early in the common 

garden. Studies of spring-flowering species have yielded different 

results, however. The spring-flowering Cornus stolonifera showed 

that its flowering time was environmentally controlled: cuttings from 

clones in 21 locations (from a latitudinal gradient of 40-65 degrees 

north) flowered within a 10 day period when grown in a uniform plot 

in Minnesota (Smithberg and Weiser, 1968). Reader (1975) also found 

that the flowering time of Cornus florida was environmentally 

controlled. 

The perennial grass species Deschampsia caespitosa was collected from 

twenty sites from Colorado north to Montana, and placed in three 

gardens of varying altitude in Colorado (Pearcy and Ward, 1972). 

Populations from high elevations developed earlier and flowered 

faster in all gardens than those from low elevations, illustrating 

genetic control in this species. 

In aseasonal tropical forests, biotic pressures from consumers, 

competitors, dispersers and pollinators may select for phenology 

patterns. Aide (1988) found that in these forests herbivory 

influences leaf phenology, and that leafing tends to occur in 

synchronous peaks. 

The ploidy levels of species can influence phenology. Lewis (1976) 

in studies of Claytonia virginica found that in southern populations 

polyploids flowered later and longer than diploids. 

In summary, biotic influences including ecotypic or genetic variation 

as well as pressures from herbivores, competitors, and pollinators 

can all influence plant phenology. 
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2.2. Study Designs 

Phenological studies vary along a continuum of size of area and 

duration of observations, but basically can be divided into three 

types: 

a) the "snapshot" study, where many observers survey phenology over 

a large area at one point in time. An example of this "synchrone" 

study (Kreeb, 1977) is the Alberta May Species Count, held annually 

on the last weekend of May. 

b) The intensive study (Bliss, 1967) where one or a small number of 

people survey a small area (less than 1000 kn? : Kreeb, 1977) over a 

period of one or more growing seasons. 

c) the extensive study - which involves a network of observers, who 

survey a large area over a period of years. 

2.3. Species and Phenophase Selection 

To be practical for phenological studies, species should fulfil most 

of the following requirements (Kreeb, 1977). 

a) The species should be abundant where observed, as sufficient 

individuals are necessary to determine average values of 

development. An exception would be individual plants with numerous 

flowers such as Syringa wulgaris (lilac) or Prunus virginiana 

(Chokecherry) . 

b) Chosen phenophases should develop in response to temperature, and 

other factors should have minimal effect. For this reason, 

spring-flowering perennials should be observed (Rathcke and Lacey, 

1985) . 

c) Plants whose inflorescences do not remain open (eg: dandelions) 

should be avoided. 

a) To gain information about the climate close to the ground, 

low-growing herbs should be chosen. Trees react to temperatures at 

the height of their branches (Lechowicz, 1984). 

e) If dioecious species are selected, development of male and female 

plants should be observed. 

f) The location of observed plants should be away from buildings or 
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artificial sources of heat such as buried steam pipes. In choosing a 

planting site for lilacs to be observed for phenology, the minimm 

distance recommended from the base of an obstacle should be at least 

twice the height of the obstacle (Dubé et al., 1984). 

Recently flooded areas should be avoided (Leopold and Jones, 1947). 

g) Flowering observations should be discontinued on plants where 

inflorescences are consumed by herbivores. 

The number of species observed is determined by how much of the 

growing season data is required for, available time and manpower, and 

the number of phenophases recorded for each species. For the 

purposes of an extensive study, a small number of species facilitates 

accurate data collection by volunteers. However, limiting a 

phenological survey to one or two species, as done by the large 

United States surveys, has disadvantages. Blair (1978) noted that 

lilac flowered for too short a period to predict crop yields, and he 

therefore established a phenological garden network in Indiana to 

provide flowering dates from April to September. 

The next consideration is which species to select. Blair et al. 

(1974) provide a list of characteristics of species chosen for 

phenological gardens, including ease of establishment over a range of 

climate and soil conditions and rapid propagation of cuttings or 

clones from parent plants. Various extensive survey networks have 

used cultivars (U.S.A.), or a combination of native and crop plants 

(Europe). Both have certain advantages. Cultivated or crop plants 

have the benefit of increased genetic consistency, and of course, 

Cloned plants are optimal. Ommnamental cultivars can be planted in 

the vicinity of homes and observed easily. Native species have the 

advantages of low cost, and wide availability for observers with 

access to park or natural areas. These plants are already adapted to 

a region’s climate and soils. As well, phenology using native plants 

provides education opportunities, increasing awareness and future 

stewardship of native flora and the environment. The problem with 

using native species is genetic variability, the extent of which 

could be determined for species using common garden experiments. 
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Phenophase selection: 

For extensive surveys using already-established plants, species 

selected should be widespread and easily recognized by volunteers. 

Chosen phenophases should be distinct and occur rapidly, and an 

easily recognized "first flowering" is important. Phenophases need 

to be "sharp" so that two independent observers would give the same 

date (Leopold and Jones, 1947). They should also recur every year, 

unlike flowering in some species of the Liliaceae or Orchidaceae. 

For intensive studies, the points above are still valid. Phenophases 

should be selected following observations of species’ development 

during the first field season (West and Wein, 1971). Site visit 

frequency can then be planned to match suitable phenophases. Some 

challenges in surveying a plant commmmity’s phenological 

characteristics are described by Dierschke (1972): "the chief problem 

in recording the phenological state lies in the recognition of all 

species before and after flowering time" (p. 7), and "rare and small 

growing species are often first visible because of their flowers and 

can hardly be found again after they cease blooming" (p.10). 

2.4. Intensive Studies 

The results of intensive studies (which cover a small area and use a 

low number of observers over a restricted time period) have been used 

in a variety of analyses, of which three are reviewed here. These 

include investigations of flowering patterns to reveal evolutionary 

trends, correlations of phenology with abiotic and biotic factors, 

and descriptions of community phenological characteristics. 

(Definition of "community": " Any group of organisms belonging to a 

number of different species that co-occur in the same habitat or area 

and interact through trophic and spatial relationships" (Lincoln et 

al., 1982, p. 53.) As well, some past intensive studies in Alberta 

are reviewed. 

A popular current trend in phenological research concerns 

evolutionary causes and effects of phenological patterns. Rathcke 
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and Lacey (1985) review literature on selective factors, 

environmental cues, genetic effects, interspecific and intraspecific 

synchrony, and ecological and evolutionary constraints affecting the 

phenological patterns of germination, flowering and fruiting. 

Primack (1985) examines flowering patterns at levels from the 

individual plant to the conmunity, and reviews theories relating to 

possible controlling environmental factors such as competition for 

pollinators. 

Many authors have correlated phenological development with 

temperature accumulation, as previously reviewed in the section on 

abiotic factors. As well, Auroi (1975) compared microclimatic 

factors to phenological development in a Swiss peat bog. Jackson 

(1966) installed 16 microclimate stations 15 cm above the ground in a 

heavily dissected gorge area of Indiana, seeking stands of spring 

wildflowers and maximal topographic and vegetation differences. 

Plants were marked in 1962 and observed in 1963, when intensive 

records were kept during the spring. "First shooting, leafing, 

budding, petal colour first showing, time of first flowering, time of 

full flowering, petal abscission, fruit set, seed dispersal, and 

death of aboveground portions were recorded for as many common 

species as was practicable" (Jackson, 1966, p. 409). 

Biotic relationships can also be investigated in intensive studies. 

The relationships between floral phenology and pollinator behaviour 

in tropical environments is reviewed by Frankie et al. (1974). 

Brundrett and Kendrick (1988) explore relationships between observed 

patterns of plant phenology and mycorrhizal colonization of vascular 

plant roots in a hardwood forest. 

Lastly, intensive studies permit descriptions of the phenological 

spectrum of communities: the seasonal characteristics of each 

species’ development and how these interrelate. Average calendar 

dates can be established for phenological events - a process called 

"benchmarking" (Lieth, 1969). Examples include work by Leopold and 

Jones (1947), a comprehensive 10 year record of two Wisconsin sites 
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with old field, forest and marsh communities. Phenophases observed 

included stages of plants, vertebrates, and insects, as well as lake 

ice records. Years were compared with respect to deviations of these 

events from average dates. Taylor (1969) describes first flowering 

of 225 vascular plants observed for a 6 year period in Tennessee. 

Brown et al. (1985) looked at intra- and interspecific variation in 

two co-existing plant species, Aster acuminatus and Clintonia 

borealis, and reviewed the literature on forest herbs. Malaisse 

(1974) compiled phenological information on the Miombo ecosystem of 

the Zambezian woodland area, including primary and secondary 

producers, decomposers and aquatic communities. Ellenberg and Strott 

(1988, fig. 46) describe the phenological development of about 80 

species from the tree, shrub, and herb layers of an Oak-Hornbeam 

forest in Europe. 

Dierschke (1972) reviews past workers who have used quantitative 

symphenological flowering diagrams. These diagrams provide 

information on species combinations, timing of appearance and 

disappearance of plants above ground, flowering sequences, floral 

colour dominances, and relationships between timing of vegetative and 

generative development, and are important in the evaluation of 

competitive relationships. Dierschke (1983) describes about 400 

species from European summergreen deciduous forests and reviews 

phenological research on plant communities in Europe. 

In Alberta, little intensive phenological research has been done. 

Prairie studies which may be of value here include Budd and Campbell 

(1959) for Swift Current, Saskatchewan; Criddle (1927) for southern 

Manitoba; Stevens (1973) for North Dakota; Dickinson and Dodd (1976) 

for the shortgrass prairie of NE Colorado; Russell (1962) for 

Winnipeg, Saskatoon and Edmonton; and Moss (1960) for Edmonton (aspen 

parkland). Flowering periods of southern Alberta prairie species of 

potential use in reclamation were studied 1981-1983 (Currah et al., 

1983). Boreal studies are few (Erskine, 1985; Flanagan and Moser, 

1985) . 
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The alpine zone has received slightly more attention in Alberta. 

Hegazy (1987) reviews literature on arctic-alpine phenology and notes 

the lack of phenological studies on alpine cushion plants. Other 

relevant studies include the phenology of tundra plants of NE 

Greenland, described in a comprehensive monograph (Soerensen, 1941). 

Holway and Ward (1965) studied 75 species in the Rockies of Colorado 

and determined that snow depths were the primary factor affecting 

their phenology. Ratcliffe and Turkington (1989) explored the 

effects of aspect and habitat on the phenology of alpine vascular 

plants in southern British Columbia. A phenological spectrum for 

each of Alberta’s major plant communities is a worthwhile goal for 

the future. 

2.5. Extensive Studies 

Extensive studies in Europe and the United States have been 

previously described in the section on history (1.1). The following 

is a further discussion on plant species used, observer networks, and 

ways to analyse and visualize data received. 

Species selection: 

Few researchers have commented on the relative merits of using native 

species versus cultivars. Literature on the effects of ecotypic 

variation in the phenology of native species has been previously 

discussed under biotic factors. In a comparison of phenological data 

from cloned plants in phenological gardens in Europe versus in situ 

native plant data from observer networks (for 40 plant species), 

Lauscher and Roller (1980) found that both were equally valuable for 

predicting the influence of changing weather conditions on the timing 

of plant development. The clones provided valuable information for 

theoretical problems related to those species, but the observer 

networks were still indispensable for providing information on the 

characteristics of native plants, which is important in practical 

applications. 
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Volunteer network of observers: 

Reader et al., (1974) provide an example of the composition of their 

volunteer network. Instructions to observers need to include 

adequate information on recognition of species and phenophases to 

permit accurate records. Examples of instructions to observers 

include: for the German network, Hopp (1974); for the Swiss network, 

Primault (1971); for the Western U.S. lilac network, Caprio et al. 

(1970); and for the NE-135 (eastern North America) network, Dubé et 

al. (1984). 

2.6. Data analysis 

Correlation with Geographic Variables: 

Flowering time varies with geographical location and researchers have 

attempted to quantify this variation. Huberman (1941) and Caprio 

(1966) review research on the relationship between periodical 

phenomena in plants and variability in elevation, latitude and 

longitude. Hopkins (1918, 1938) developed a bioclimatic law which 

includes the following: 

"Other conditions being equal, the variation in the time of 

occurrence of a given periodical event in life activity in 

temperate North America is at the general average rate of four 

days to each 1 degree of latitude, 5 degrees of longitude, and 

400 feet of altitude, later northward, eastward and upward in the 

spring and early summer, and the reverse in late summer and 

autumn" (p. 7, 1918). 

Caprio (1966) reviews studies which test this bioclimatic law. Lieth 

and Radford (1971) compared phenological data from the SE United 

States to Hopkin’s model and found it agreed well for the coastal 

areas but not for more continental inland areas. Using regression 

analysis, Reader (1975) found that the variation observed in the 

temperature summation required for Cornus florida flowering in the 

eastern states was significantly correlated with altitude and 

longitude but not with latitude. Dubé and Chevrette (1978) in their 

five year study of phenology in Quebec’s agricultural zones, found 
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that all the geographic variables were significant in multiple 

regression analysis, and were increasingly important in this order: 

altitude, latitude and longitude. Reader et al. (1974) conclude that 

the effects of the three geographical coordinates on phenology varies 

with the species studied. 

Mapping: 

Mapping is the most efficient way to visualize and summarize 

spatially oriented information from extensive surveys of any size. 

Phenological data is generally mapped by drawing lines through 

"jsophenes" or "isophanes". These "lines of equal bloom" are made by 

joining geographic points which enter a particular phenophase at the 

same time. 

A map of a province of Germany (Baden-Wurttemberg) was produced based 

only on Ellenberg’s phenology observations, recorded 1950-1953 (20 

phenological stages of 50 different species including native plants, 

crops, and horticultural species) (Ellenberg, 1974a). These data are 

converted to heat or growth zones on the map, indicating the best 

areas for cultivation of grapes, planting of orchards, grains, root 

crops, etc. 

Caprio (1966) manually mapped lilac survey data, producing different 

maps for different elevations. Lieth and Radford (1971) review the 

history of computer phenological mapping in North America. Reader 

and Lieth (1984) describe the theory behind computer-assisted 

mapping. ‘The advantages of computer mapping include objectivity in 

placing isophenes and the ability to handle large amounts of data 

rapidly. One of the persistent problems in mapping phenological data 

is the inconsistent density of the observer network. Inevitably, 

there are areas with little or no data (Caprio et al., 1974). Most 

programs contain an interpolation routine to estimate values of 

missing data points between actual points supplied in input. The most 

popular computer program to map phenological survey data has been 

SYMAP (Reader and Lieth, 1984; Caprio et al., 1974). 
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Correlations with Climate: 

Caprio (1967) found his isophenal maps of lilac phenology of the 

western United States were very similar to isothermal maps of the same 

time period. Schwartz and Marotz (1986) used twenty years of data 

from the NE 135 survey of NE North America on first leaf emergence of 

Syringa chinensis (a total of 906 station-years of information), to 

describe and test a simple model using surface and upper air 

temperature and radiation data. The model developed is valuable to 

predict the arrival of the "green wave" of spring. 

Western Canada would also benefit from an ongoing extensive survey. 

With the current rapid developments in geographic information systems 

and mapping using microcomputers, data analysis is potentially rapid 

and inexpensive. 

2.7. Thesis Objectives 

Two studies to explore the potential of phenology in Alberta were done 

for this thesis. An intensive study over two years, and an ongoing 

extensive study have allowed testing of many phenological techniques. 

The goals of the intensive phenology study were the following: 

a) to describe the flowering phenology of vascular plants in an 

Alberta mixed-wood forest community; 

b) to test the suitability of phenophases and phenological methods 

developed in Europe, and to determine the required frequency of 

observation; 

c) to document the effects of location on temperature and phenophase 

timing, along a 40 m elevation gradient; and 

da) to identify species of this plant community well-suited for future 

phenological studies, and to learn development details for the 15 "key 

phenology species" used in the extensive study. 
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The goals of the extensive study were: 

a) to establish a continuing provincial phenological survey using a 

network of volunteer observers to record three flowering phenophases 

on 15 native "wildflowers"; 

b) to assess the suitability of species and phenophases; 

c) to find appropriate techniques to map the flowering dates and to 

establish the pattern of phenological development across the province; 

and 

da) to examine applications of phenological research in Alberta. 
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3. Intensive Study: Whitemud Ravine 

3.1. Materials and Methods 

3.1.1. The Study Site 

The site chosen is a forested ravine about .5 km wide in Southwest 

Edmonton (Latitude 53° 28’ N, Longitude 113° 33’ W, altitude 666 m at 

top of ravine) in Alberta, which is easily accessible on foot from 

the author’s home. At the base of the ravine (629 m asl) is Whitemud 

Creek, a tributary which joins the North Saskatchewan River four km 

north of the study site. The study site (approximately .6 kn?) 

includes the east side of the creek from approximately 39 Avenue 

south to Westbrook Drive (Figure 2). The site is within the aspen 

parkland ecoregion, an ecotonal zone between the prairie to the south 

and the boreal forests to the north which has been identified on the 

basis of coexisting aspen/grassland vegetation and Chernozemic soils 

(Strong and Leggat, 1981). As in other parts of the Whitemd ravine, 

this site has riverine forest beside the creek and boreal mixedwood 

components on north facing slopes (Hardy, 1967). 

The climate of Edmonton reflects the continental influence which 

affects the whole province, with cold winters and hot summers. On 

the longest day of the year, the city receives 17 hours of sunlight, 

with the midday sun at 60 degrees above the horizon. At the winter 

solstice however, the solar angle is only 13 degrees at noon. The 

city has a "heat island" effect on its climate: temperatures are 

warmer in winter, and humidity and wind are reduced compared to the 

surrounding countryside (Olson, 1985). 

Figure 3 is a climate diagram for Edmonton International Airport 

(Ecoregions Working Group, 1989). Note that only the five months 

from May to September have mean monthly temperatures above 0 °C. 

Most precipitation falls in midsummer, with less than 30 mm per month 

the rest of the year. 
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Whitemud 

p 

-—-—-— — 

1000 feet 

0 100 200 300 metres 

Figure 2: Map of Transect Trail, Whitemud Ravine, in southwest 
Edmonton. The trail (total length approximately 1.5 km) is divided 
into numbered sections. Note that thermometer locations at #1la, #8, 
and #15a are circled. Contour lines are every 1m, and are 
discontinuous on the source map this figure was redrawn from. 
Source: Orthophoto 925 + 32, 2nd ed., November 1984, City of 
Edmonton Transportation Department. 
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ecoclimatic region; 

name of climate station; 

elevation of climate station above sea 

level (m); 
mean annual temperature (°C); 
number of observation years (where two 

figures are given, the first indicates 
temperature and the second precipitation); 

mean annual precipitation (mm); 
mean daily minimum temperature of coldest 

month (°C); 
lowest recorded temperature (°C); 
curve of mean monthly temperature (°C); 
curve of mean monthly precipitation (mm); 
period of relative drought (dotted 
pattern); 
period of relatively humid climate 

(vertical pattern); 
mean monthly precipitation, scale reduced 

to 1/10th for values greater than 
100 mm per month (shown in solid black); 
months with mean daily temperature below 

0°C (shown in solid black); 
months with mean daily temperatures above 

O0°C but mean daily minimum temperatures 
below 0°C (diagonal pattern); 
months with mean daily temperatures above 

0°C; and 

division of the year (January through 

December, left to right, respectively; 
monthly temperature and precipitation 

means are noted at the mid-point of the 

‘bar' for the respective month). 

Key to Climate Diagram in Figure 3 

Source: Ecoregions Working Group, 1989, p. 2 
Climate diagram concept from Walter and Lieth, 1967 



Gt inet 
EDMONTON INT'L A, ALTA (715m) 1.6 
[20] 467mm 400 

Figure 3: Climate Diagram for Edmonton International Airport 
(based on 20 years data) 

Source: Ecoregions Working Group, 1989, p. 65. 
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The area of Whitemud creek is underlain by bedrock of the Edmonton 

Group (Gibson, 1977), of late Cretaceous age (70 million years). 

This bedrock is mainly made up of fine-grained bentonitic sandstone 

and siltstone. Above the bedrock is a layer of glacial till made up 

of sand, silt and clay with pebbles and boulders. Within this layer, 

lenses of disturbed bedrock, or outwash gravel or sand are common. 

The top layer, which underlays the residential areas, is composed of 

Pleistocene glaciolacustrine deposits (10,000 years). These are 

bedded silt and clay with minor sand from glacial Lake Edmonton 

(Kathol and McPherson, 1975). 

To date, Whitemud Ravine is the least developed of Edmonton ravines. 

Settlers arrived in the Edmonton area in the late 1800’s, with 

hunting and later, coal-mining, occurring in the ravine (MacGregor, 

1967). The mining tunnels were closed in the mid-1900’s. In the 

section of the ravine surveyed, a history of cattle grazing is 

indicated by fallen fences within the forest, and a small meadow. 

The surrounding area was farmed until residential areas began to be 

developed in the 1950’s. An established residential area now skirts 

the east boundary of the ravine and the west boundary has a rapidly 

growing housing development (Bulyea Heights). The ravine is used by 

Edmontonians for recreational walks and exercising pets as well as 

skiing in winter. 

3.1.1.1. The Transect 

Phenological observations were made along a 1.5 km trail which 

descended 37 m from the top of the ravine, in two main stages to the 

creek level. The transect trail width ranged from narrow footpaths 

with closed canopies to wide old cart tracks 3 m wide. Slope, 

aspect, and drainage varied along this transect. Aerial photos 

(scale 1:5000, flown October 1986) and a contour map of the same 

scale were used to map the area and the transect. At first, 

observation sites were noted on copies of this map. Then, in July 

1987, a standardized map was developed, with the transect divided 

into numbered sections. These sections were chosen on the basis of 
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generally equal size as well as uniform floristics, slope, aspect, 

and apparent microclimate. 

3.1.1.2. Vegetation Sampling 

Vegetation sampling was done at three elevations along the transect 

(at la, 8, and 19). A 10 by 10 m plot was selected at each 

elevation, in an area of minimal slope. Plots were oriented N - S, 

and were at least 2 m away from the transect trail. Tree species and 

dbh (diameter at breast height) of all woody plants over 2.5 cm in 

diameter were recorded at 1.35 m above ground level, using calipers 

or diameter tape. Within this 10 by 10 m plot, a corner nested 2 by 

2 m plot was sampled for shrub species and cover. Shrubs with 

heights of 0.3 m to 5 m above ground, and stem diameters less than 

2.5 cm dbh were measured. Slope was measured using a clinometer. 

Herbaceous and shrub vegetation was sampled in each of the three 

zones by running a 25 m tape along a N compass bearing through the 10 

by 10 m tree plot. Three 1 m? plots were sampled at 5 m intervals, 

on alternating sides of the tape. Species composition and % cover 

for shrubs and herbs were sampled (see Table 3 for cover classes) for 

two strata: under and over 0.5 m. 

3.1.1.3. Temperature Measurements 

In early June of 1987, four standard mercury "Taylor" maximum-mini 

thermometers were placed at four elevations along the transect. 

Thermometers were hung on nails on the north sides of trees and 

attached so that the thermometer bases were 10 cm from the ground, to 

reflect the growing conditions for much of the herbaceous 

vegetation. Baum (1949) found an appreciable change in the average 

temperature with height above the ground, especially during the 

growing season. Readings were taken June 11 to July 21, at each 

field visit (approximately three times a week). In 1988, the top 

thermometer from 1987 was moved slightly downhill (25 m distance) to 

an area (#1a, at 664 ma.s.l.) more representative of the sampled 

transect. Two thermometers were replaced in the same spots as in 
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Table 3: Modified Braun-Blanquet cover classes used to describe 
plant species within each vegetation plot, Whitemud Ravine, 1988. 
Source: Mueller-Dombois and Ellenberg, 1974. 

Cover Classes Range of Cover (%) 
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1987, at #8 (639 m) and #15a (633 m) on the transect (see circled 

locations on Figure 2). The fourth thermometer used in 1987 was 

omitted as it was not functioning well and its relief above the creek 

was roughly the same as location 15a. Temperatures were recorded May 

4 to October 4 (five months), at each field visit. Thermometers were 

not installed earlier as the vegetation had few leaves to hide these 

instruments from public view. 

The max-min thermometers were standardized using an electronic 

thermometer in a growth chamber and field readings adjusted 

accordingly. 

3.1.2. Phenological Observations 

3.1.2.1. Selection of Species 

Phenological data were recorded for all species of trees, shrubs, and 

herbs that were easily observed along the trail (127 species listed 

in Table 4). Grasses, sedges, mosses and lichens were omitted. Some 

plant specimens were collected and four species of Salix and six of 

Ribes were tagged to assist in identification. Plant identifications 

follow the Flora of Alberta (Packer, 1983). Once a week, an extra 

loop of transect was followed to observe riparian species by Whitemud 

creek (#’s 11 to 13 on Figure 2). Herbivory by manmals and insects 

was noted. 

Particular attention was paid to the fifteen species of the extensive 

survey (see chapter 4) to determine their development 

characteristics. Occasional trips to areas near Edmonton provided 

habitat and phenology information on some prairie species eg. Anemone 

patens, and Thermopsis rhombifolia. 

In 1988, individuals of 21 plant species found along the transect 

were tagged with numbered plastic markers and their development 

recorded at each field visit. These species included 11 of the 15 

key phenology species used in the provincial survey. The three key 

species not occurring at this site were Anemone patens, Thermopsis 
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Table 4: 
Whitemud ravine, 1987 and 1988. 

Plant species for which phenological observations were made, 
Information listed includes: the 

plant family; an abbreviation which is formed from the first two 
letters from each of the genus and species names; the latin name with 
authorities; and one or more common names. 

PINACEAE 

PIGL Picea glauca (Moench) Voss 
ALISMATACEAE 

SACU Sagittaria cuneata Sheld. 
LILIACKAE 

DITR Disporum trachycarpum (S. Wats.) B.& H. 
LIPH Lilium philadelphicum L. 
MACA Maianthemum canadense Desf. 
SMST Smilacina stellata (L.) Desf. 

IRIDACEAE 

SIMO Sisyrinchium montanum Greene 
SALICACEAE 

POBA Populus balsamifera L. 
POTR Populus tremiloides Michx. 
SABE Salix bebbiana Sarg. 
SADI Salix discolor Muhl. 
SAEX Salix exigua Nutt. 
SAPL Salix planifolia Pursh 

BETULACEAE 

ALTE Alnus tenuifolia Nutt. 
BEPA Betula papyrifera Marsh. 
COCO Corylus cornuta Marsh. 

URTICACEAE 

URDI Urtica dioica L. 
POLYGONACEAE 

POLA Polygonum lapathifolium L. 
CARYOPHYLLACEAE 

MOLA Moehringia lateriflora (L.) Fenzl. 
STLO Stellaria longipes Goldie 

RANUNCULACEAE 

ACRU Actaea rubra (Alt.) Willd. 
ANCA Anemone canadensis L. 
ANRI Anemone riparia Fern. 
AQBR Aquilegia brevistyla Hook. 
(a Goes Clematis occidentalis (Hornem.) DC. 
RAMA Ranunculus macounii Britt. 
THDA Thalictrum dasycarpum Fisch. & Ave-Lall. 
THVE Thalictrum venulosum Trel. 

FUMARIACEAE 

COAU Corydalis aurea Willd. 
CRUCIFERAE 

DESO Descurainia sophia (L.) Webb 
ERCH Erysimum cheiranthoides L. 
THAR Thlaspi arvense L. 

White Spruce 

Arrowhead 

Fairy Bells 
Western Wood Lily 
Wild Lily-of-the-Valley 
Star-flowered Solomon's- 

seal 

Common Blue-eyed Grass 

Balsam Poplar 

Trembling Aspen 
Beaked Willow 
Pussy Willow 
Sandbar Willow 
Flat-leaved Willow 

River alder 

White Birch 
Beaked Hazelnut 

Common Nettle 

Pale smartweed 

Blunt-leaved Sandwort 

Long-stalked Chickweed 

Red Baneberry 

Canada anemone 
Tall anemone 
Blue Columbine 
Purple Clematis 
Macoun's Buttercup 
Tall Meadow Rue 
Veiny Meadow Rue 

Golden Corydalis 

Flixweed; Tansy Mustard 
Wormseed Mustard 

Stinkweed; Pennycress 
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Table 4, continued: 
SAXIFRAGACEAE 

HERI Heuchera richardsonii R. Br. 
MINU Mitella nuda L. 

GROSSULARTACEAE 

RIAM Ribes americanum Mill. 
RIGL Ribes glandulosum Grauer 
RIHU Ribes hudsonianum Richards. 
RITA Ribes lacustre (Pers.) Poir. 
RIOX Ribes oxyacanthoides L. 
RITR Ribes triste Pall. 

ROSACEAE 

AGST Agrimonia striata Michx. 
AMAL Amelanchier alnifolia Nutt. 
CRRO Crataegus rotundifolia Moench 
FRVE Fragaria vesca L. 
FRVI Fragaria virginiana Duschesne 
GEAL Geum aleppicum Jacq. 
GEMA Geum macrophyllum Willd. 
GESP (Geum species) 
POAN Potentilla anserina L. 
POAR Potentilla arguta Pursh 
PRPE Prunus pensylvanica L.f. 
PRVI Prunus virginiana L. 
ROAC Rosa acicularis Lindl. 
ROWO Rosa woodsii Lindl. 
ROSP (Rosa species) 
RUID Rubus idaeus L. 
RUPU Rubus pubescens Raf. 

LEGUMINOSAE 

ASDA Astragalus dasyglottis Fisch. ex Dc. 
GLLE Glycyrrhiza lepidota (Nutt.) Pursh 
LAOC Lathyrus ochroleucus Hook. 
LAVE Lathyrus venosus Muhl. 
MEAL, Melilotus alba Desr. 
MEOF Melilotus officinalis (L.) Lam. 
TRPR Trifolium pratense L. 
TRRE Trifolium repens L. 
VIAM Vicia americana Muhl. 
VICR Vicia cracca L. 

GERANIACEAE 

GERI Geranium richardsonii Fisch. & Trautv. 
ACERACEAE 

ACNE Acer negundo L. 
BATSAMINACEAE 

IMNO Impatiens noli-tangere L. 

Alum-root 
Bishop 's-cap 

Wild Black Currant 
Skunk Currant 

Wild Black Currant 
Bristly Black Currant 
Wild Gooseberry 
Wild Red Currant 

Agrimony 
Saskatoon 

Round-leaved Hawthorn 

Woodland Strawberry 
Wild Strawberry 
Yellow Avens 

Yellow Avens 

Silverweed 
White Cinquefoil 
Pin Cherry 
Choke Cherry 
Prickly Rose 
Wood's rose 

Wild Red Raspberry 
Dewberry 

Purple Milk Vetch 
Wild Licorice 
Cream-colored Vetchling 
Purple Peavine 
White Sweet Clover 
Yellow Sweet Clover 

Red Clover 

White Clover 
Wild Vetch 
Tufted Vetch 

Wild White Geranium 

Manitoba maple 

Touch-me-not 
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Table 4, continued: 

VIOLACEAE 

VIAD Viola adunca J.E. Smith 
VICA Viola canadensis L. 
VIRE Viola renifolia A. Gray 

ELAFAGNACEAE, 

ELCO Elaeagnus commutata Bernh. ex Rydb. 
SHCA Shepherdia canadensis (L.) Nutt. 

EPAN Epilobium angustifolium L. 
OEBI Oenothera biennis L. 

ARALTACEAE 

ARNU Aralia nudicaulis L. 
UMBELLIFERAE 

HEIA Heracleum lanatum Michx. 
SAMA Sanicula marilandica L. 

CORNACEAE; 

COCA Cornus canadensis L. 
COST Cornus stolonifera Michx. 

PYROLACEAE 

ORSE Orthilia secunda (L.) House 
PYAS Pyrola asarifolia Michx. 
PYEL Pyrola elliptica Nutt. 

MONOTROPACEAE 

MOUN Monotropa uniflora L. 
PRIMULACEAE 

LYCI Lysimachia ciliata L. 
LYTH Lysimachia thyrsiflora L. 

CONVOLVULACEAE 

COSE Convolvulus sepium 
BORAGINACEAE 

MEPA Mertensia paniculata (Alt.) G. Don. 
Lappula occidentalis (S. Wats.) Greene 

AGFO Agastache foeniculum (Pursh) Ktze. 
GATE Galeopsis tetrahit L. 
PHPA Physostegia parviflora Nutt. 
STPA Stachys palustris L. 

SCROPHULARIACEAE 

LIVU Linaria vulgaris Hill 
LENTIBULARTACEAE 

UTVU Utricularia vulgaris L. 
PLANTAGINACEAE 

PIMA Plantago major L. 
RUBIACEAE 

GABO Galium boreale L. 
GATR Galium triflorum Michx. 

Early Blue Violet 
Western Canada Violet 
Kidney-leaved Violet 

Silverberry; Wolf Willow 
Canadian Buffalo-berry 

Fireweed 
Yellow Evening-primrose 

Wild Sarsaparilla 

Cow Parsnip 
Snake-root 

Bunchberry 
Red Osier; Dogwood 

One-sided Wintergreen 
Common Pink Wintergreen 
White Wintergreen 

Indian Pipe 

Fringed Loosestrife 
Tufted Loosestrife 

Wild Morning-glory 

Blue-bells, Tall Lungwort 
Blue-bur 

Giant Hyssop 
Hemp Nettle 

False Dragonhead 
Marsh Hedge-nettle 

Butter and Eggs 

Common Bladderwort 

Common Plantain 

Northern Bedstraw 

Sweet-scented Bedstraw 
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Table 4, continued: 

CAPRIFOLIACEAE 
LIBO Linnaea borealis L 
LODI Lonicera dioica L. 
LOIN Lonicera involucrata (Richards.) Banks 
SYAL Symphoricarpos albus (L.) Blake 
SYOC Symphoricarpos occidentalis Hook. 
SYSP (Symphoricarpos species) 
VIED Viburnum edule (Michx.) Raf. 

VIOP Viburnum opulus L. 

ADOXACEAE 
ADMO Adoxa moschatellina L. 

CAMPANULACEAE 
CARO Campanula rotundifolia L. 

COMPOSITAE 

ACMI Achillea millefolium L. 
ACSI Achillea sibirica Ledeb. 
ASCI Aster ciliolatus Lindl. 
ASCO Aster conspicuus Lindl. 
ASHE Aster hesperius A. Gray 
ASIA Aster laevis L. 
ASUM Aster umbellatus Mill. 
BICE Bidens cernua L. 
CHLE Chrysanthemum leucanthemum L. 
CIAR Cirsium arvense (L.) Scop. 
ERPH Erigeron philadelphicus L. 
GAAR Gaillardia aristata Pursh 

MAPE Matricaria perforata Merat 
PEPA Petasites palmatus (Alt.) A. Gray 
PESA Petasites sagittatus (Pursh) A. Gray 
SOCA Solidago canadensis L. 
SOUL Sonchus uliginosus Bieb. 
TAOF Taraxacum officinale Weber 

Twin-flower 
Twining Honeysuckle 
Bracted Honeysuckle 

Moschatel 

Harebell 

Common Yarrow 
Many-flowered Yarrow 
Lindley's Aster 
Showy Aster 
Western Willow Aster 
Smooth Aster 
Flat-topped White Aster 
Nodding Beggar-ticks 
Ox-eye Daisy 
Canada Thistle 
Philadelphia Fleabane 
Brown-eyed Susan; 
Gaillardia 

Scentless Chamomile 
Palmate-leaved Coltsfoot 
Arrow-leaved Coltsfoot 
Canada Goldenrod 
Perennial Sow Thistle 
Common Dandelion 
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rhombifolia, and Gaillardia aristata. Viola adunca was not found on 

the transect, though it does occur in the area. 

3.1.2.2. Timing of Observations 

Phenological observations were carried out over two growing seasons. 

The first season (1987) permitted familiarization with the species 

present, their pattern of flowering, and distribution along the 

ravine transect. In 1987, the ravine transect was visited weekly from 

April 12-26 and July 19- Sept. 6, and two to three times weekly from 

April 27 to July 18. 

In 1988, data were collected approximately weekly from Feb. 28 to 

April 17, twice weekly to July 17, then once every two weeks until 

Sept. 11, 1988, with a final visit on Oct. 4. Field visit dates are 

listed in Table 5. 

3.1.2.3. | Phenophase Selection 

Reproductive and vegetative phenophases of the plants were noted 

along the transect, with particular attention to flowering. In 1987, 

observations regarding plant development were recorded, and reference 

photos were taken of some species and phenophases. In 1988, data 

sheets were developed (see Appendix 1), to record observations on 

about 110 plant species and 34 locations (numbered sections) along 

the transect. 

To simplify phenophase recording an alphabetic code was used (Table 

6), based on Ellenberg’s system (Dierschke, 1972), and reduced to a 

smaller number of phenophases to simplify observing many species at 

each field visit. The 15 phenophase codes selected are listed under 

"Field Codes 1988" in Tables 7a,7b. 
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Table 5: Frequency of Field Visits, Whitemud Ravine, 1987 and 1988 

Calendar dates on which phenological observation were made, in 

Whitemud Ravine, in 1987 and 1988. 

1987 

April? @eit50621, 27, 30 

May ApeO Om 11, loylowelS 217025, 27,229, 31 

June 1,3, Dens, 11 iG .e18> *22, 24) 26, 29 

July i Se delO; 145617 t21,.28 

Aug. AG STS (9 

Sept. IA 215 74 26 

1988 

March ayy, SRA ieaks or eye 

April 2p eOpcoyecorec? 

May Za Oreo e178 0), 24. 27,. 30 

June 2a EO sie 162023 627, 130 

July eae) wih Gish vate ely 

Aug. 9, 25, 28 

Sept. 2) 

Oct. 4 
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Table 7a: Phenophase codes for reproductive phases (R) used in 
field work (1988, Whitemud ravine) and in data entry. 

FIELD CODES 1988 

symbol 
meaning 

flower buds 

(if stage noted:) 

flowering, % noted 

past full bloon, 
noted % of petals 
remaining 

fruit setting 

fruit ripe, % noted 

seeds shedding 

no flowering 

flower buds 
flower buds recognizable 
buds strongly swollen, catkins 
lengthening on amentiferous trees 

general flowering 
up to 10% flowering 
10 to 25% flowering 
25 to 50% flowering 
50 to 75% flowering 
75 to 100% flowering 

general: past full bloom 
(catkins: pollen shed finished) 
50% to 100% petals remain 
0% to 50% petals remain 

fruit setting 

0% to 50% of fruit ripe 
50 to 100% of fruit ripe 

fruit or seed dispersal 
dispersal finished 
fruit never developed 
(insect or weather causes) 
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Table 7b: Phenophase codes for vegetative phases (V) used in field 
work (1988, Whitemud ravine) and in data entry. 

symbol 
meaning 

Av(0) 

shoots with furled 
leaves, regreening 
of wintergreen spp. 

unfurling, general 
2-3 leaves unfurled 

half leaves unfurled 

all unfurled 

up to 5% faded 

up to 50% coloured colouring up to 50% 
over 50% coloured over 50% coloured 
bare branches dead 

(same) 

(% consumption 
noted) 

weather effects 

(snow or frost 
damage) 

flowers or fruit 
lost 
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3.1.2.4. Data Collection (Estimation of phenophases) 

For both years, a field assistant was available from May to July. 

Due to the large number of species at each field visit, flowering 

observations received the most attention. The average flowering 

stage for individuals of a species within the numbered section of the 

transect was recorded. For each, the flowering estimate took into 

consideration three levels: individual development, progress of 

individuals in a group, and relative progress of other groups. If 

only one or two plants of a species were seen, this was generally 

noted. 

In most species, flowering % was estimated by comparing proportions 

of buds, flowers, and fading flowers. This worked best for species 

with multiple inflorescences such as Cornus stolonifera, Viburnum 

edule and Prunus virginiana. In plants where flowering progressed 

acropetally, ie. from the base of the inflorescence towards the tip 

of the stem (eg: Agrimonia striata, Agastache foeniculum, Mertensia 

paniculata, Mitella nuda), full flowering or 90% was interpreted as 

meaning that 2/3 of the flowers on the stem had opened. One special 

case of a flowering raceme was Epilobium angustifolium, for which 

more precise definitions had been established for the provincial 

survey (see "Alberta Wildflowers", p. 18, Appendix 2). For flowers 

with petal-like bracts, such as Cornus canadensis, and Viburnum 

opulus, flowering was considered to have begun only when the small 

central flowers opened. For plants with single flowers (eg: Lilium 

philadelphicum, Anemone canadensis), a patch of plants of one species 

was sought so that development could be averaged. 

For dioecious species, the sex was noted (eg: Thalictrum, Shepherdia, 

Aralia). As male flowering or pollen shed is easier to observe than 

female stigma receptivity, male flowering was emphasized. In 

catkin-bearing plants (Populus, Betula, Salix, Corylus, Alnus), the 

approximate % of male catkins shedding pollen was recorded. "Pollen 

will show on an object if the catkins are hit lightly by snapping 

one’s fingers against them or by hitting them with a piece of wood 

over black paper" (Dierschke, 1972, p. 21). 
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"Fruit setting" meant that flowers were faded or gone and fruit was 

developing. "Fruit ripe" meant some fruit was full colour or that 

fruits or seeds were easily removed from the plant. 

3.1.3. Data Analyses 

Phenophase symbols and location numbers for 1987 and 1988 were 

synchronized and converted to Ellenberg’s codes to facilitate 

database entry and analysis (see Tables 7a and 7b). dBASE III PLUS 

(Ashton-Tate, 1986) was the program chosen and data entry included 

date, species, sex of plant (if applicable), location, and stage of 

reproductive or vegetative development (Appendix 3). Information on 

herbivory and weather effects such as frost or snowstorms on the 

plants, was also entered. Specific details on interpretations of 

reproductive development for different species were noted 

separately. The 1987 database has 1170 observations, and the 1988 

database, 4077 observations. These files were sorted by species, 

date, and location and then each species was charted out to show 

development at each ravine transect location over the growing 

season. 

3.1.3.1. Flowering Sequence for Whitemud Ravine 

The 1988 data set was selected on the basis of optimal detail, and 

species were graphed using phenodynamic strips (Figure 1), showing 

the durations of green leaves, flower buds, flowering, and fruiting, 

and arranged in the order of 1988 first flowering. 

3.1.3.2. Flowering Times: 1987 and 1988 

Species charts were examined to determine first flowering dates in 

the ravine in each year. Unusually early dates, far in advance of 

general first flowering for a species, were omitted. Generally, 

observations of 1 to 10% flowering at one or more locations signified 

"first flowering". If only 30-50% flowering had been noted, the date 

of first flowering was estimated. 
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For each species, the timespan of full bloom (r9 = 75% to 100% 

flowering) was determined, including all ravine locations where the 

species occurred. The midpoint of each timespan was selected as the 

"full bloom date" for that species. 

Species were listed for both years, in order of their first flowering 

in the ravine in 1988. First flowering was chosen to order species, 

as it seemed to provide more precise dates than full flowering, which 

was often difficult to estimate. The 1988 data were used to rank 

species, as these were recorded after a year of familiarization with 

species’ development. 

3.1.3.3. Relationship between Temperature, Location, and 

Flowering 

Temperature extremes were compared for the three ravine elevations 

(top, middle and bottom). The species charts for 1988 were examined 

to determine which species were found at a number of locations of 

varying altitude along the transect. First flowering dates at 

different locations were compared for thirty-six widespread species, 

and differences of more than three days in time of first flowering 

were sought. Of these species, four which showed a trend of earlier 

development at the top of the ravine were graphed to demonstrate the 

difference in flowering times from the top to the bottom of the 

ravine. 

3.1.3.4. Indicators of the Seasons - Plant Wheels 

One way to chart seasonal progress which has great visual 

effectiveness is through phenological circle diagrams (Winkler and 

Menneweger, 1977), or "plant wheels". The growing season can be 

divided into spring, summer and fall subseasons using plant 

phenophases to indicate when they begin. Figure 4 shows data for 

Innsbruck, Austria. Using plant wheels, comparisons between years 

and locations can quickly be made. 
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Key to Figure 4: 

Months: January 
February 
March 

etc. 

a, 
2 
3 

Inner circle describes monthly temperatures: average, maximum, and 

Species: 

Common name Latin name 

snowdrop Galanthus nivalis 
elderberry Sambucus nigra 
horse-chestnut Aesculus hippocastanum 
cherry "Kirsche"=no latin name given 
apple "Apfel" -no latin name given 

Length of Seasons: 

Pre-spring: 54 days High Summer: 69 days 

Early Spring: 7 days Early Fall: 12 days 

Full Spring: 49 days Mid Fall: 30 days to Late Fall 

Early Summer: 13 days 



Mid fall 

Horse- 
“vice chestnut ripe 

22.4°/10.7° 

Full spring 
\ 
\ 

Elderberry 
blooms 

Figure 4: Phenology diagram (Plant wheel) for Innsbruck (Botanical 
Garden), Austria, 1973 

Source: Winkler et al (1977), p. 212. 

54 



eT ,. eee fT toindeatt to? (leat oriess 



A plant wheel was produced for 1988, describing three spring 
Subseasons, four summer subseasons, and four fall subseasons. The 

Species selected as "indicators of the seasons" were those which were 
appropriately spaced in time, widespread, and easy to recognize, and 
the chosen phenophases had relatively sharp onsets. 
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3.2. Results 

3.2.1. Plant Communities 

At the top of the ravine (location #la, Figure 2, 664 m above sea 

level) there is a relatively dense regrowth of Populus tremuloides. 

Table 8a shows species composition and cover estimates. (See Table 4 

for full species names and Table 3 for cover class definitions.) The 

10 by 10 m tree plot had a slope of 8°, with a SW aspect. Taller 

shrubs within the corner nested plot included Amelanchier alnifolia, 

and Prunus pensylvanica, with lower shrubs: Rosa species, and Rubus 

idaeus. The three vegetation plots were dominated by Prunus 

virginiana in the layer above 0.5 m, and by Aralia nudicaulis in the 

layer below 0.5 m. There were 17 other herbaceous species. 

The middle location #8 (elevation 639 m) is a level area of more open 

forest than # la, with scattered spruce (Picea glauca) and Populus 

balsamifera (see Table 8b). Dominant species in the plot were as 

follows: tree - Populus tremuloides, large shrub - Amelanchier 

alnifolia, and lower shrub - Viburnum edule. In the vegetation 

plots, Viburnum edule dominated above 0.5 m, with the herbaceous 

layer consisting mainly of Rubus idaeus and V. edule. 

The lowest area sampled, location # 19 (631 m), is fairly level and 

lies about 2 m above the creek floodplain. This area has occasional 

large trees (Populus balsamifera, scattered Picea glauca, and again 

mainly Populus tremuloides (Table 8c). Tall shrubs in the plot 

consisted mainly of P. tremuloides, and Cc. stolonifera. In the 

vegetation plots the upper layer was dominated by C. stolonifera, 

while the lower level had as its most abundant species: Cornus 

canadensis, Equisetum spp., and Petasites palmatus. 
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Table 8 - a: 

top plot in Whitemud ravine (elevation 664 m). 
See Table 4 for full species names. 

10 m? Plot 

species # of stems 
Trees 

(over POTR 22 
2.5cm AMAL 6 

dh) PRPE 2 

2 m* Plot (shrubs) 

species: ROSP 
cover: 

om 

under 

POs 

4 

m Plots 

species 

PRVI 
ROSP 

(bryophytes) 
THVE 
COSP 

Results of Vegetation Sampling, area #la, the 

(field work: July 29, 1988) 

average dbh 

(cm) 

NN OV oo 0 oO 

RUID POTR PRPE- AMAL 
3 

Plotsl 

(nine 

PRPRPRPRPIPNINEPS! 

brPRPrP++ I 

= Cotoneaster spp., SOSP = Sorbus spp.) 

2 Z 

Plot 2 

Ire POA 

trRNHOWO 

iPiPirprys 

2 

range of dbh 

(cm) 

4.6 -23.9 

245 6.3.0 

222 .— 5.0 

(field work, Aug. 8, 1988) 

Plot 3 

twin 

fRPWNHRNIRP & obs 

1! inure i 

a 

+ 

Sum of 

Cover Constancy 

PPO OO WwW 

bh 

+tRRPRPRPRPRPNNNNNNWWWWAUSDA 

PRPRPPNNW 

PRPRPPPPNPNNNNNENNNNWW 
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Table 8 - b: Results of Vegetation Sampling, area #8, the 
middle plot in Whitemud ravine (elevation 639 m). 
See Table 4 for full species names. 

10 m* Plot (field work: July 29, 1988) 

species # of stems average dbh range of dbh 

(cm) (cm) 
Trees: POTR 9 De TS Sas) 8} 

POBA Z 2D el PREYS SE) SP) Se 

AMAL S 36D Paay EE SS 

(large shrub) 

2 m Plot 

species: VIED POTR  VIOP LOIN PRVI_ SYAL 
cover 4 2 2 (a 2 i, 

1m Plots field work: Sept. 3, 1988 
Sum of 

species Plotil Plot 2 Plot 3 cover constancy 

3 3 10 
5 a 7 

= 2 

2 

Zz PENNA 

i 

PRPRPNW 

Under RUID 
-5 m VIED 

a: ~— 

Pritinit&é 

PRPNNWRrRWH 

aa 

PNVP+RPNRPIPRPAPR : 

PRPRPRPRPRPRPNIFPNP 1 

1 1 

tFRPRPRPRPRPRPRPEPNPNNNWWUWAAIYUD PRPRPPPPPPPEPNNNNNNNNWNW BE 
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Table 8 - c: Results of Vegetation Sampling, area #19, the 
lowest plot in Whitemud ravine (elevation 631 m). 
See Table 4 for full species names. 

10 m* Plot (field work: July 29, 1988) 

species # of stems average dbh range of dbh 

(cm) (cm) 

19.6 15.0-26.7 
54.5 
RS oi, 

fs 5 

1m Plots (field work: Sept. 3 and 9, 1988) 

Asp oul 

Sum of 
Species Plot le Plot. 2 — Plot.3 cover Constancy 

12 WwW COST 
ROSP 

+ru wp Nw 1 oO es NO NO 

ttrRPrtiPrRPINF IT RPNWNNDNW 

trRPrttiPtlrPIlIl PNINWNHERRPRPWNE ime 

oO x 

ttrertitrPtiPrPrPtRrPR+tRPRPRPRPNRFPW)HND ++tRPRPFERPNNNHNNWWWA AA MUO ~) NNR PNNYNNMNWNNH WN WOW WW WW + + + 
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In summary, the plots sampled consisted mainly of Populus 

tremiloides, with a small component of P. balsamifera and Picea 

glauca. The plot at the top of the ravine had a much greater density 

of trees than the lower plots. The understory flora includes about 

21 species in each location sampled, with the lowest location, #19, 

as least well-drained, shown by the presence of species such as 

Petasites palmatus and Equisetum which are restricted to wet-mesic 

soils (Corns and Annas, 1986). 

3.2.2. Weather and Insect Factors 

On May 19, 1987, a heavy snowstorm lasted most of the day, followed 

by a frost that night of -2.5°C (H. Turchansky, Atmospheric 

Environment Service, 1990, pers. comm.). As a result, many trees and 

branches broke under the weight of snow. Shrubs were bent, growing 

tips killed (eg: Picea glauca, Rosa species), and flowers frozen. 

This led to greatly-reduced fruit crops on Amelanchier alnifolia, 

Acer negundo, and Sorbus species (Mountain Ash) in the Edmonton 

area. 

On July 31, 1987, tornado winds struck Edmonton, killing many people, 

destroying houses and felling countless trees. The combined effect 

in 1987 of the snowstorm and the tornado opened the forest canopy in 

many ravine locations (personal observation) . 

Forest tent caterpillars (Malacosoma disstria Hubner) were present in 

1987, but were not as numerous as in 1988, when much of the transect 

canopy ( e.g. sections #’s: la, 8, 14, 15, 17 on Figure 4) was 

completely defoliated for the period May 30 - June 15. 

In only one area of regular Populus observations were the trees not 

defoliated, this being the edge of the mowed urban park at the ravine 

top. The city parks department sprayed the trees with insecticide to 

kill the tent caterpillars, and as a result these poplars kept their 

leaves all summer. 
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3.2.3. Phenology 

3.2.3.1. Flowering Sequence for Whitemud Ravine: 1988 

The developmental sequence for 77 plant species is shown with 

phenodynamic strips (Figure 5), in order of first flowering in 1988. 

The development for each species illustrated reflects the average for 

the ravine. Developmental stages illustrated include: flower buds, 

flowers, full bloom, flowers continuing past full bloom, fruit 

setting and ripe fruit, and when the data are available, green 

leaves. For diagramatic purposes I have assumed that fruit set 

begins shortly after full bloom. 

Note that the time scale has been adjusted to provide maximum detail 

during the rapid spring development period, and also to reflect the 

level of accuracy available from varying frequencies of field 

visits. Therefore, the period of May 10 to June 30 is expressed in 3 

day intervals and the period before and after, by 6 day intervals. 

Some species were quite uncommon along the transect (e.g. Viola 

adunca, Corydalis aurea, Aquilegia brevistyla, Erigeron 

philadelphicus) and/or were almost impossible to locate once bright 

flowers had dropped (Viola renifolia, Stellaria longipes, 

Sisyrinchium montanum) and thus of the reproductive phenophases only 

flowering was recorded. Because the main focus of the study was on 

flowering phenology, vegetative development was not recorded for many 

species and these species lack a vegetative line on the diagrams. 
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3.2.3.2. Flowering Times: 1987 and 1988 

First and full flowering dates are presented for 87 species 

representing 65 genera and 32 families (Table 9). Species are listed 

in order of their 1988 first flowering. Calendar dates and Julian 

dates are given for 1987 and 1988 for standardization, as 1988 was a 

leap year. (In the Julian calendar, Jan.1 = day 1, Feb. 1 = day 32 

and so on up to 365 days.) 

Of 72 species for which first bloom comparisons could be made, 78% 

flowered earlier in 1988. Full bloom dates for 68 species show 66% 

being earlier in 1988. 
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3.2.3.3. Temperature, Location and Flowering 

In general, there was a minor trend from the top to the bottom of the 

ravine (from #1a to #8 to #15a, Figure 2) towards more extreme 

temperatures. At the bottom site, #15a, maximm temperatures were 

higher with more peaks above 30 °C, and minimms were lower with more 

peaks below 5 °C. These trends were consistent for 1987 and 1988 

(Figures 6a and 6b). However, the thermometer at #15a was noted May 

12, 1988, to be receiving some direct sunshine at noon, so maximm 

readings may be artificially high. Comparisons of sites for the 

timespan of Julian day 133 to 143 on Figure 6b (1988) shows clear 

differences between sites. The lower the site, the lower the minimm 

temperatures. Table 10 shows the number of temperature extremes for 

the three locations. 

A summary of 1987 and 1988 weather records for the Edmonton 

International Airport, 18 km south of the Whitemud study site, is 

shown in Table 11. In 1987, growing degree days in April were double 

the average; they were also above normal for May and June. 

Conditions were somewhat dryer than average in April, much wetter 

than usual in May, and then dry again in June. July and August were 

wetter than usual and had average temperatures. In 1988, 

temperatures were again unseasonally high in April, and growing 

degree days were above average for the whole of the growing season. 

Precipitation was considerably below average in March and May, and 

then above average for the rest of the summer. 

ee) 



stil 20 ORAS TH 9 yo ¢ 
F . 

Ee neh FS é 
a), 
@¢ 

srs saceisqieg, 

sian * towards 

VAM Bador aGw eat ee 2evewsH (fa tvs BS 

PLT CEST fits acca witvieoes ed of eset , S 

yl siofktisie ed Yau 2 hee 

me Che me 62s yad nelivt So aeqeas 
bs are 

@ecin caewled esos a 

° 2 
~ J siap oe 

- ~ vr * Poel iy 
(AeAD BWOne: 

rot 2ansiaxe 
5 of 

* 
7 

od “**+ 

mnogo. Sf 

eT < +h ree 13 et ‘= Esso te 

o | od § te > at LJ r “tr s 

s 

ort 

cn ye a J 
~etjaw rau. Lia 

joy feat. or ‘lUG 

“i cy baa Re wi i ant a nee 

lei 
NbRat Gta: eee eee aerurts 

: t morn B IHRE a 

pet ySasss<:.:
 

ree ges Gc 



Location #1q (664 m asl) 

35.0 

— 30.0 
O 
2S 25.0 
© 
S = 290,0 
=) 

—_~ 

Oo 15.0 
es 

eG) 
= = Be 
fe 

0.0 

—5.0 
152 157 162 167 7 lob? 182 187 192 197 202 
June July 

Location #8 (639 m asl) 

Temperature (°C) 

on ee) 

Location = boa (633 m asl) 

Temperature (°C) 

June July 

Figure 6a: 1987: Maximum and minimum temperatures at three locations in 
Whitemud Ravine, for June 3 to July 21 (in Julian dates). Closed circles 
represent maximum temperatures; open circles - minimum temperatures. 
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Location #1aq (664 m asl) 

Temperature (°C) Temperature (°C) 

Temperature (°C) 

Figure 6b: 1988: Maximum and minimm temperatures at three locations in 
Whitemud Ravine, for May 4 to October 4. Note that the Julian date scale 
is compressed for August to October. Closed circles represent maximum 
temperatures; open circles - minimum temperatures. 
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Table 10: Number of temperature readings above 30°C and below 

5°C for three ravine locations, (top is #1a, middle is #8, 

bottom is #15a), for 1987 and 1988. 

Number of readings at Location: la 

or above 30°: 

(June-July) T9873 

(May—October) 1988: 

Number of readings at 

or below 5°C: 

1987 (2) 

1988 a2 

foe) 

L3 5 
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Table 11: Weather summary for Edmonton International Airport, which 
is 18 km south of the Whitemid Ravine study site. Brackets () indi- 
cate months which were drier or cooler than average. The remaining 
differences show months which were wetter or warmer than average. 
Source: Alberta Agriculture (1987, 1988) 

1987 

March April May June July Aug Year 
(in mn:) 
Precipitation Came O96. 8 6767.5) 124.46 9507 479.6 
30 year normal LOCOMM~ECO; MmeG2.2 5 976.7 Ol 608782 466.6 
difference a teeme 982) meo7 50 (910)5 32286 175 1520 

Ghee ety) 
Mean monthly temp. ee +20.) ©) 15.820. melo.O a 
30 year normal On eee LO ee eed, ibepge: wists) 16 

difference v6 4.0 1.4 he I 6) (36) 3,6 

Total degree days 
(above 5 °C:) 75 201 316 335 249 

30 year normal 38 164 272 336 304 
difference 37 57, 44 (a) (55) 

1988 

March April May June July Aug Year 
(in mm:) 
Precipitation 1.0 2208 1672 12070 ee ee LOZ eS 500.4 

30 year normal 16eOmme 20.2) 42.2 76.7 _91.6 _78.2 466.6 
difference (TON MeO (26-0). 044.154 es 

Cilia. Gs) 
Mean monthly temp. 2.0 6.4 12.9 16.0016. 0 melo.) 4.7 
30 year normal =e, Ser Neel 14.0 15.8 14.8 an6 
difference 4.7 Jae 2.8 2.0 2 a) Sauk 

Total degree days 
(above 5 °C:) 68 246 330 340 326 

30 year normal 38 164 272 336 304 
difference 30 82 58 4 22 
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Flowering was slightly earlier at the top of the ravine than at the 

bottom. Twenty-two of the 35 species, or 63%, showed this trend. 

Four of these are illustrated (Figure 7). No species showed a 

progression to later flowering at the top of the ravine. 

Full bloom (1988) was earlier at location #la than location #15a by 

the following number of days: A. alnifolia: 7 days, P. virginiana: 4 

days, and Smilacina stellata: 14 days. For Galium boreale, full 

flowering at #1la was about 10 days earlier than at #16b. 
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Amelanchier alnifolia 

Location Dates REPRODUCTIVE PHASES 

May 3 Flower buds 

10014-12135 14.15.1617 18119-20 21.22.2324 5S 1% to 10% flowering 
Pps” PC ga SS Sa Ie a aie 6 10% to 25% flowering 

a 9 13 13 7 25% to 50% flowering 

#5 7h 8 50% to 75% flowering 

#14b kB BE ot et 9 75% to 100% flowering 
3 9 ane 13 11 more than half petals are left 

#15a 9 12 less than half petals are left 

Pp Teer 13 Fruit set 

BARE Ee 1 Buds Flowers Fruit set 
Location Dates _-—- Se oo ST 

May 

13 16 17 12 1S) GO 2) BR QBS 225 QO 27 22} ZI) GOS 

#1a Snr rere or ene 

#15b Oe 

Smilacina stellata 

Location Dates 

May 

23. 04,25/26 2.2820, 80 lelene ec: 45 -Geal coe 9d0 115 12e)13014 beI6 

#1la i” ee ah eo ee 

#3 6 7 9 2 
#15a Ja ee) eee tt 

Galium boreale 

Location Dates 

June 

5 60% 8 9 Idi 2el Sal 4151617 18.19) 20.21.2223 24°25,26)27 28 29 30 

#1a WR 5 5 i 9 11 

fe SamaeA: 3 paar (>, 5 5 0 ae ao emia 
#16b ney eae YL eee 

Figure 7: Comparison of 1988 flowering times at locations from 

the top (#1a) to the bottom (#15a, #15b, or #16b) of Whitemud 

ravine, for four plant species. See Figure 2 for a map of 

transect locations. 
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3.2.3.4. Indicators of the Seasons: Plant Wheels 

Figure 8 illustrates the 1988 "Plant Wheel", where certain Whitemud 

ravine species have been selected as natural indicators of the 

seasons. It gives the durations of ten phenological subseasons in 

Whitemud Ravine in 1988, and spans 166 days from April 9 (full bloom 

of Populus tremuloides) to the height of leaf colour in the same 

species. The chosen flowering phenophase is first bloom for all 

species except P. tremuloides. Moss (1960) found, through his poplar 

studies, that "the fully elongated staminate catkin" was the best 

"criterion of anthesis". 

The first spring indicator is P. tremuloides flowering. First 

flowering of Prunus virginiana indicates the onset of early summer, 

and flowering of Aster laevis indicates the start of early fall. For 

1988, durations of seasons were as follows: spring, 34 days; summer, 

73 days, and fall, 59 days. 

The subseason indicators following Solidago canadensis (July 11) are 

based on rough estimates of timing, as field readings were taken only 

every two weeks after July 17. These indicators should be refined 

after a number of years of summer and fall phenological data 

collecting. 
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Key to Figure 8: This figure shows the growing season divided into 

subseasons. The start and end of each subseason is marked by the 

occurrence of a phenophase. Phenophases and species were selected 

from the available Whitemud data. Plant wheels are useful to compare 

phenology between years or locations. 

Common Name Species name 

Poplar Populus tremuloides 

Violet Viola adunca 

Saskatoon Amelanchier alnifolia 

Chokecherry Prunus virginiana 

Bedstraw Galium boreale 

Wood Lily Lilium philadelphicum 

Buffaloberry Shepherdia canadensis 

Goldenrod Solidago canadensis 

Smooth Aster Aster laevis 

Bunchberry Cornus canadensis 

Fairy Bells Disporum trachycarpum 



Poplar: 

leaves dropped 

Late fall 

Poplar: 
height of leaf colour 

4/09] Poplar: 
full bloom 

Chokecherry: 
height of leaf colour 

Violet: 

Fairy bells: fruit ripe 

Chokecherry: fruit ripe 

Bunchberry: fruit ripe 
summer 

Shon 
Bedstraw: first bloom 

Wood lily: first bloom 

Aster: first bloom 
6/30 

Goldenrod: 
first bloom Buffaloberry: 

fruit ripe 

Figure 8: Plant wheel for 1988, Whitemud Ravine, a circular phenological 
diagram showing the subseasons of the year marked by selected plant 
phenophases. 
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3.3. Discussion 

3.3.1. Flowering Sequence for Whitemud Ravine 

The flowering sequence illustrated by the phenostrips in Figure 5 

establishes an initial estimate of the phenological pattern in this 

aspen parkland community. Ultimately, a sequence should be based on 

at least 10 year averages. 

This phenological sequence for Whitemud Ravine provides an overview 

of timing for many species, but has not focussed on the specific 

timing of both sexes in dioecious species. Phenological information 

on some dioecious species is available in the literature, for 

example, Aralia nudicaulis is one of the few species where females 

flower earlier than males (Flanagan and Moser, 1985). Similar 

research on other dioecious species such as Populus tremuloides, 

Shepherdia canadensis, or Acer negundo would greatly assist future 

phenological investigations. 

Species with short flowering times (Populus tremuloides, P. 

balsamifera, Shepherdia canadensis, Ribes spp., etc.) are the most 

useful for phenological studies. Less useful species seen here 

include: Fragaria spp., Viola canadensis, Mitella nuda, and Vicia 

americana, where full flowering is hard to estimate. Note that in 

general, later-flowering species tended to have longer flowering 

periods. "Best" species for phenology studies in the aspen 

parkland/mixed-wood boreal ecoregions of Alberta are listed in 

Appendix 4. 

In Whitemud ravine there was no flowering peak of spring ephemerals 

as one sees in the eastern deciduous forests, where spring is a time 

of abundant resources; light, moisture and soil nutrients are higher 

on the forest floor than during the summer (Muller, 1978). In these 

deciduous forests, two major flowering peaks occur, before and after 

leaf expansion in the canopy. Canopy species include maples, oaks, 
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and other hardwoods which leaf out over a six week period in 

southwestern Quebec (Lechowicz, 1984). In Alberta, restricted 

deciduous tree diversity (Hosie, 1973) is most likely caused by lack 

of moisture and extreme winter temperatures. Populus tremuloides 

leafs out very early (May 1-12 in 1988), and light levels on the dry 

forest floor are thus reduced early in the spring. In the Edmonton 

area, almost all species flowering before the middle of May are woody 

(Moss, 1960). Shrubs such as Ribes and Shepherdia flower early while 

frosts are still occurring. 

Recommended frequency of observations: 

In Alberta, the growing season is compressed into a short period. 

Edmonton’s frost-free period is 148 days long (Olsen, 1985). The 

vegetation grows rapidly, with flowering of poplar (Populus) and 

hazelnut (Corylus cornuta) occurring in April. For information on 

the whole growing season, phenology observations should be done at 

least every 3-4 days during the height of the growing season (mid-May 

to mid-August), and once a week before and after this period. Daily 

visits are necessary as Populus is starting to flower. Frequent 

visits are especially important during the first season of 

observation when individual development patterns for different 

species are being learned. Even with this frequency, first flowering 

will be missed for some species, and this can be overcome by using % 

flowering phenophases or with a bit of experience by noting "first 

bloom plus 2 days, or full bloom less one day". 

Time permitted only a limited number of analyses for this Whitemud 

data. However, many other comparisons are possible. Mahall and 

Bormann (1978) divide nine common herbs of the hardwood forest of New 

Hampshire in four phenological groups : vernal photosynthetic, 

summer-green, late summer, and semi-evergreen. Future analysis of 

phenological data for Whitemud Ravine could also identify similar 

groups. Dierschke (1983) described symphenological groups and 

classified plants of the central European deciduous forest using 

a) Raunkiaer’s (1934) classification based on position of 

overwintering perennating parts (geophyte, phanerophyte, etc.) and 
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b) whether flowers appear at the same time, earlier or later than 

leaves. Once similar analyses were made here of the ravine species, 

questions such as "do all low evergreen species such as Linnaea 

borealis leaf out relatively early yet flower late?" could be 

answered. 

3.3.2. Flowering Times: 1987 and 1988 

In general, flowering was earlier in 1988 than in 1987 (Table 9). In 

April, full bloom of Populus tremuloides and P. balsamifera was about 

a week earlier in 1988. In early May, however, flowering times were 

about the same, or 1987 was slightly earlier than 1988 (e.g. first 

flowering for Ribes triste, Ribes glandulosum, Prunus pensylvanica, 

Amelanchier alnifolia). This corresponds well with weather data from 

Table 11: in 1988, March was 4.7°C warmer than the 30-year average, 

whereas in 1987, March was only 1.6°C warmer. The month of April was 

roughly similar in the two years (1987 slightly warmer) but in 1988, 

May was 2.8°C or 82 degree-days warmer than average, as compared to 

May of 1987 which was 1.4°C or 37 degree-days warmer than average. 

The snow and frost of May 19, 1987 seems to have delayed flowering, 

so that 1987 continued to be consistently later than 1988 for the 

rest of these flowering records (ends mid-July), by about a week. 

Herbaceous and shrubby species were compared to see if herbaceous 

species were more affected by this 1987 cold snap (i.e. had later 

flowering times) than shrubby species. No appreciable difference 

could be found between these two growth forms, for species flowering 

within two weeks after the storm. 

Tent caterpillars defoliated Populus tremuloides in the second half 

of May, 1988 (Figure 5). Leaves grew back in June, but meanwhile it 

can be assumed that transect areas were exposed to more light and 

heat than usual. Therefore, flowering times for forest floor 

perennial species after defoliation would be expected to be somewhat 

earlier (Rathcke and Lacey, 1985) than the long-term averages. This 
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herbivory also meant a steady rain of caterpillar frass (excrement) 

which may also have enhanced growth by providing nutrients for the 

herbaceous plants below. 

As a basis for comparing phenology between years, first flowering 

appears to be the best parameter. Full flowering is harder to 

estimate in the field for many species (Moss, 1960), especially in 

indeterminate inflorescences such as Epilobium angustifolium, 

Agrimonia striata, or Mertensia paniculata, in which the 

inflorescence keeps growing at the tip and developing new buds. 

In the first field season (1987), familiarization with the locations 

and identity of species was occurring. Flowering of some species 

(especially inconspicuous ones such as Adoxa moschatellina) was most 

likely not recorded until their first flowering was past. Because of 

this, intensive phenology studies on large numbers of species require 

a minimum of two field seasons. 

In studies of similar ecosystems, this data set will provide 

guidelines for the most efficient timing of field studies. The 

flowering sequences can help botanists locate rare species in the 

following way: if rare species "a" flowers 5 days after common 

species "b", then "a" can be sought effectively at the correct time. 

A future extension of this study could also examine insects with 

respect to pollination: which of the plants have concurrent or 

overlapping flowering periods, and how does this affect competition 

for resources such as pollinators? Which plant species develop and 

flower concurrently, thus competing for nutrients (Primack, 1985)? 

3.3.3. Temperature, Location and Flowering 

The relationship between location and flowering is consistent for 

most species, with earlier flowering occurring near the top of the 

ravine (Figure 7). Some exceptions to this trend include: Anemone 

canadensis, Epilobium angustifolium, Geum aleppicum, and Vicia 

americana. 
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The greater number of low minimum temperatures at #15a corresponds 

with later flowering as shown by the illustrated flowering 

sequences. The thermometer at #15a was on a poplar tree at the edge 

of a small meadow of Rosa and Symphoricarpos shrubs. This area often 

showed the latest flowering for species on the whole transect, 

possibly due to cold air drainage from a coniferous ravine nearby. 

This location also had the highest maximum temperatures, and there 

are possible explanations for this. This meadow was open to sunshine 

and heated up more than the shadier forest locations of #la and #8. 

Air circulation was perhaps reduced in this bowl-like low meadow. 

While all thermometers were shaded by surrounding trees, they lacked 

any protective covers. 

A more extensive measurement of microclimate conditions in a wider 

range of conditions (e.g. north versus south-facing slopes) would 

likely show more sharply-defined differences between sites in both 

temperature and flowering times. Jackson (1966) found that though 

the flowering phenology of each species varied considerably in 

diverse microclimates, the temperature sums required for flowering 

for that species in each location varied little. 

3.3.4. Indicators of the Seasons: Plant Wheels 

In a comparison with Figure 8 (the 1988 plant wheel), Figure 9 

illustrates some of the same subseasons using long term average data 

from Edmonton (Russell, 1962; and Moss, 1960). The first bloom date 

for Viola adunca was estimated by subtracting 10 days from Moss’ 

(1960) full bloom date. This number of days was based on average 

blooming periods as seen in the provincial data (see chapter 4). 

Most 1988 subseasons (Figure 8) have a longer duration than the 

corresponding periods in Figure 9, with the period of full spring 

being the single exception. The period from early spring to early 

fall in 1988 lasted 107 days, compared to 96 days on long term 

average. As well, every species began flowering earlier in 1988 than 

expected from average dates. This earlier development corresponds as 
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Key to Figure 9: 

Source: Moss (1960), Russell (1962). 

Indicator Latin name 

Plants 

Poplar Populus tremuloides 

Violet Viola adunca 

Saskatoon Amelanchier alnifolia 

Chokecherry Prunus virginiana 

Bedstraw Galium boreale 

Goldenrod Solidago canadensis 

Aster Aster laevis 

Months of the Year: 

1= January, 2= February, 3= March, 4= 

calendar 

date 

April 25 

May 13 

Julian 

date 

a5 

133 

Source 

Moss (1960) 

Moss (1960) -his 

full bloom date minus 10 days was 

used as an estimate. 

May 17 137 

May 28 148 

June 21 2 

Tulvecie 202 

July 30 211 

April, etc. 

Russell (1962) 

Russell (1962) 



oe ceMBe® 

Poplar: 

high summer 

Goldenrod: first bloom YULY 

Bedstraw: first bloom 

Figure 9: Plant wheel for Edmonton, using flowering dates averaged from long-term phenology studies for many of the same plant species as in Figure 8, for comparison. 





one would expect with Edmonton airport climatic data which show 

increased temperatures in 1988. 

Comparing Figure 8 to Figure 4 (the plant wheel using Innsbruck data 

of Winkler and Menneweger, 1977), the timespan from first spring 

flowering to the end of fall phenophase is much shorter for Edmonton 

(166 days) than for Innsbruck (244 days from bloom of Galanthus 

nivalis to leaf fall). The growing season is obviously much more 

compressed in Edmonton than in Innsbruck. In fact, the "only other 

region of the world that has a climate similar to Edmonton’s is on 

the West Siberian Plain in the Union of Soviet Socialist Republics"! 

(Olson, 1985, p.42.) 

Climatologists define a season as that "distinct portion of the year 

with uniform climate characteristics" (Olson, 1985, p.4). In 

Edmonton there are two consistent periods or seasons, winter and 

summer, and two, spring and fall, which are very variable in 

temperature (Table 12). 

Phenologists could similarly define a season as "that distinct 

portion of the year with uniform plant development characteristics". 

Using indicator plants provides a much more reliable measurement of 

the seasonal progress of the biota than using the calendar date, as 

the timing of this seasonal progress can vary considerably from year 

to year. Over the decades of his Edmonton study, Moss (1960) found a 

spread of four to five weeks between the earliest and latest dates of 

full bloom for many of the spring-flowering species. 

Summer-flowering species seem to show less year to year variation 

(Criddle, 1927). Both Moss and Criddle agreed that the "seasons vary 

enormously and the influences of an early or late spring are 

frequently felt throughout the entire flowering period of the year" 

(Criddle, 1927). Certainly the earliness of development in the 

spring of 1988 continued for the rest of the season. 
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Table 12: Climatological definitions of the four seasons of the 
year, as defined for Edmonton. "Starts" below refers to the average 
starting date when the mean daily temperature reaches the matching 
temperature definition (eg: drops below 0°C). Source: Olson, 1985, 
ae the 

season starts duration temp. definition 

winter Nov.16 121 days drops below 0°C 
spring Mar.17 63 days rises to 0°C 
summer May 19 111 days rises to 18°C 
fall Sept .6 70 days drops below 18°C 
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3.3.5. Comparisons With Other Data 

First Flowering: 

Russell (1962) summarized phenological records collected by Canada 

Agriculture at Edmonton for the 25 year period 1936-1961. A summary 

of these first flowering dates (earliest records and average dates) 

and the 1987 and 1988 dates from Whitemud ravine are shown in Table 

13. First flowering dates for both 1987 and 1988 are consistently 

earlier than the long term average dates, as seen in the row of 

differences in this table. 

This trend of early flowering in the two years recorded in Whitemud 

Ravine corresponds with the greater than usual number of growing 

degree days as shown in Table 11. 

Bird (1982) averaged first flowering data for 12 key phenology 

species in Edmonton, from 1973-1982. Of the six species in common 

between Bird’s and the Whitemud study, the four which flowered before 

mid-June were earlier in 1987 and 1988. In 1988, these species 

showed earlier flowering dates than Bird’s averages by the following 

number of days: Populus tremloides: 21, Amelanchier alnifolia: 4, 

Smilacina stellata: 8, and Prunus virginiana: 5. 

Note that Bird’s averages, which are from a more recent decade, are 

all (except Smilacina stellata) earlier than Russell’s averages. 

There are other factors to consider which may influence this trend 

towards earlier flowering over time. Firstly, Russell’s long-term 

averages are affected by the variability between years. A few 

isolated cold springs and subsequent delayed flowering may have 

greatly affected the average. As well, the expansion of the city of 

Edmonton over the years has most likely increased the "heat island 

effect", such that local plants now enjoy greater growing 

degree-days. There are many possible factors besides the "greenhouse 

effect" that must be considered. 
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Full Flowering: 

Moss (1960) recorded full flowering data on spring-flowering woody 

species for 32 years (1926-1958) (Table 14) . Most of his 

observations were made near the University of Alberta in Edmonton, in 

or near the North Saskatchewan River valley. He recorded the 

phenophase full bloom because he found this worked best as a measure 

of flowering in his earlier studies of poplar species (Moss, 1960). 

However, he noted that "though satisfactory for most amentiferous 

species, full bloom as a criterion is not so readily used for many 

other plants" (Moss, 1960, p. 113). First flowering seems to yield 

more consistent results in many species, therefore this phenophase 

has been used in most of the analyses of the Whitemud data. 

Comparing Moss’s average full bloom dates (Table 14) to 1987 and 1988 

full bloom dates, it is evident that years 1987 and 1988 show earlier 

flowering. However, this earliness is within the range of 

variability noted by Moss, as seen by comparing the 1987 and 1988 

ravine records with the earliest dates that Moss noted for full 

flowering over his decades of observations. Only three species were 

earlier than his records: Populus tremuloides , Populus balsamifera, 

and Viburnum opulus, and these by less than five days. 

One potentially important but unknown factor is the exact location of 

Moss’s observations, described as "in or near the river valley and 

close to the University of Alberta, Edmonton". This can refer to two 

very different microclimates. The first is the steep North 

Saskatchewan River valley near the University, which is coniferous, 

northeast facing, and cool. The second is very warm: the forest edge 

at the top of this river valley runs along the north side of campus 

(Saskatchewan Drive) and faces southwest. Most of the woody species 

he observed can be found there and this forest edge is one of the 

earliest flowering locations in the city (personal observation) . 
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If Moss’s observations were made mainly in this second, warmer 

location, then these dates should be early compared to the cooler 

Whitemud ravine location. This is shown by the following data. Full 

flowering of Amelanchier alnifolia in 1987 and 1988 was five days 

earlier at the top of the valley along Saskatchewan Drive than it was 

at the earliest Whitemud Ravine location. Similarly, full flowering 

of Populus tremuloides in 1988 was about 6 to 8 days earlier along 

Saskatchewan Drive than in Whitemud Ravine. So, if Moss’s 

observations were at the top of the valley, and five days are 

subtracted from the Whitemud flowering records to better match them 

to the University area, the earlier nature of these 1987 and 1988 

Populus records becomes even more apparent. The other species still 

fall into the range of variability found in Moss’s long-term study. 

While the 1987 and 1988 data show consistently earlier first 

flowering dates than either Bird’s or Russell’s longer-term averages, 

they do not show consistently earlier full bloom dates. Long-term 

phenology records do provide a useful climatic tool, and as more 

years of flowering data become available in the future, comparisons 

with previous long-term averages may provide meaningful evidence of 

the climate warming caused by the human-enhanced greenhouse effect. 
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4. Extensive Study: the Phenology Survey of Alberta 

General Physical Environment of Alberta: 

Much of Alberta was extensively glaciated in the last ice age. This 

ice receded by 8000-9000 years ago, leaving behind surficial till and 

moraine, and deposits of clay, sand, and silt from ancient lakes. 

The province’s natural regions are illustrated in Figure 10, and maps 

of the major vegetation types and the soils of Alberta are 

illustrated in Packer (1983). 

Alberta’s climate is largely continental, influenced by air masses 

from the north which bring intense periods of winter cold. But warm 

weather systems from the Pacific moderate the climate, thus Alberta 

is warmer than provinces farther east at the same latitude. The most 

important controlling factors of Alberta’s climate are the altitude 

and width of the Canadian Rockies which act as a barrier, and the 

direction of the prevailing winds (generally west, southwest, and 

northwest (Longley, 1967). Warm Pacific winds (chinooks) often 

displace cold Arctic air, causing rapid winter temperature increases 

especially in southern Alberta. 

Temperature changes in spring and fall are rapid. On average, the 

temperatures on the prairies rise .3° C per day between mid-March and 

mid-May. Summers can be hot, with maximm temperatures over 30° C to 

be expected annually. The solar angle is low even in summer, but 

long days and the relative lack of moisture and dust in the air means 

that Alberta absorbs much heat from sunlight. 

Two thirds or more of annual precipitation falls in the sumer. In 

southeast Alberta, lack of precipitation has produced an area of 

steppe or semi-desert, and none of the agricultural areas of the 

province receive more than 480 mm of precipitation annually (Longley, 

1980). 
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4.1. Materials and Methods 

4.1.1. Survey Establishment 

This survey asked volunteers around the province to observe and record 

three flowering dates (10%, 50%, and 90% flowering) for up to 15 

native plant species (Table 15). A previous provincial survey had 

collected information on general flowering times of 12 "key" phenology 

species for the period 1973-1983 (Bird, 1983). The present survey 

used these same species and added three more species which had the 

four important qualities necessary for a public phenology survey. 

These qualities are: ease of recognition, wide distribution, a 

relatively short and consistent flowering period, and lack of 

subspecies. The three additional species, Elaeagnus commutata, 

Linnaea borealis, and Epilobium angustifolium, have a distribution 

which includes northern Alberta. They were selected to enhance the 

phenological knowledge of this area. 

Three flowering phenophases were selected for this survey: first 

flowering, defined here as 10% of flower buds open; mid flowering, or 

50% of buds open; and full flowering, 90% of buds open (Kreeb, 1977). 

This sequence of development dates was requested to ensure that the 

plants would be observed over a period of time, thus increasing the 

accuracy of phenophase estimation. 
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Table 15: The 15 "key" phenology species used in the provincial 
survey 

Latin name 

Anemone patens L. var. 
wolfgangiana (Bess) Koch 

Populus tremuloides Michx. 

Viola adunca J.E. Smith 

Thermopsis rhombifolia (Nutt.) 
Richards. 

Amelanchier alnifolia Nutt. 

Smilacina stellata (L.) Desf. 

Prunus virginiana L. var. 
melanocarpa (A.Nels.) Sarg. 

Elaeagnus commutata Bernh. 

ex Rydb. 

Lathyrus ochroleucus Hook. 

Galium boreale L. 

Linnaea borealis L. 

Achillea millefolium L. 

Lilium philadelphicum L. var. 
andinum (Nutt.) Ker. 

Gaillardia aristata Pursh 

Epilobium angustifolium L. 

Common name 

Prairie Crocus 

Aspen Poplar 

Early Blue Violet 

Golden Bean 

Saskatoon 

Star-flowered 

Solomon’s-seal 

Choke Cherry 

Wolf Willow 

Yellow Pea Vine 

Northern Bedstraw 

Twinflower 

Common Yarrow 

Western Wood Lily 

Brown-Eyed Susan 

Fireweed 
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4.1.2. Promotion in 1987 and 1988 

In 1987, material sent to potential observers included: a) a one page 

description of the survey, b) a three-page "Wildflower Guide" which 

provided black and white sketches and descriptions to help observers 

identify the plants; c) a data sheet which included space for dates 

and remarks, and which provided information on recognition of 

flowering and site selection. 

Address lists were obtained from Dr. Bird for his previous volunteer 

network, and from the Federation of Alberta Naturalists’ membership 

list. Material was sent to about 200 potential volunteers. 

Early in 1988, a 22-page four-colour booklet entitled "Alberta 

Wildflowers - A Flowering Date Survey" was produced and a total of 

3500 copies were printed, of which 3000 were distributed by July of 

that year. The booklet (Appendix 2) provides information on how to 

recognize plants (colour photos and text), how to observe flowering, 

and how to select areas and plants for observation. As well, notes 

on the species’ habitats, ecology, ethnobotany and importance to 

Wildlife are included. 

Overall, promotion of this survey required a large time commitment. 

From 1987 to the spring of 1990, the following were done. Articles 

varying in length from a few paragraphs to several pages have 

appeared in the newsletters or special publications of 12 

organizations (societies, foundations, government departments), and 

in at least eleven newspaper articles. Two radio interviews, two 

papers presented at conferences (Regina, Toronto), four poster 

sessions and 13 public talks have also promoted awareness of the 

survey (Appendix 5). As well, answering correspondence and enquiries 

about the survey (especially in spring), about plant taxonomy, and 

about issues related to native plants was a continuous process. 
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4.1.3. Data analysis 

Information submitted by observers for 1987 (1285 flowering dates) 

and 1988 (2970 flowering dates) was processed with GBASE III PIS. 

This database program was selected because it offered the capability 

of handling several data files at the same tine. 

4.1.4. Mapping 

Ade 4 ole BPLOCLING 

One avenue in the search for a suitable mapping technique led to the 

Crop Protection Branch of Alberta Agriculture, noted for its computer 

mapping capability. Plotting of data was done using their Geographic 

Data Processing and Plotting system, and different techniques were 

explored to find trends in the progression of flowering across 

Alberta. Files were checked before mapping and a total of 89 

inconsistent records with unusually early or late dates were 

eliminated. Large 1:2,000,000 scale maps were produced showing the 

distributions of 1987 and 1988 observers. As well, observation 

locations for a few species with relatively large data sets, Achillea 

millefolium, Anemone patens, Prunus virginiana and Epilobium 

angustifolium were plotted. To show the pattern of development, maps 

of one flowering phase of a species were done plotting different 

colour and symbol combinations for each successive 4 day interval. 

This was done for three species: Prunus virginiana (10% flowering), 

and Epilobium angustifolium and Amelanchier alnifolium (10 and 90% 

flowering). At this point it was realized that trends in flowering 

were difficult to see using this method and plotting was therefore 

abandoned. 

Alberta Agriculture also assisted later by adding the latitude and 

longitude coordinates to the existing legal descriptions (section, 

township, range, meridian) in the 1988 data file, which permitted 

further mapping at other institutions. 
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4.1.4.2. Area Averaging and Mapping by Hand: 

The plotting revealed a lot of variability in the data. A possible 

solution (in the search for trends in flowering across the province), 

was to average the data by area. Because the 1987 data represented 

much fewer observers than the 1988 set, as well as having very little 

representation from northern Alberta, the 1988 data set was used for 

further analysis. 

Previous Alberta phenology data for these species, collected 1973-1981 

had been averaged for the six most-reported areas of the province 

(Bird, 1982). To delimit areas for averaging the 1988 data set, the 

province was divided into 29 rectangular areas defined by township and 

range. These were selected by enclosing observation locations, by 

approximating the areas previously described (Bird, 1981), and by 

restricting areas to one ecoregion where possible (Strong and Leggat, 

1981). The designated areas were selected from the database, and then 

* the 1988 records were sorted in order of species, phenophase, and 

dates. The data were seen to be quite variable even for the same 

species, phase and location. Often a one month range in dates was 

found within one area or city (e.g. Calgary), in the estimates of 10% 

flowering for a species. Dates which appeared very unusually early or 

late with respect to other dates from a certain location or observer, 

were eliminated. 

A GBASE program was developed to convert data to Julian dates and 

average them (Appendix 6). Since data had to be checked and some 

inconsistent data removed, it was as quick to average it by hand for 

each area, species and phase. Averages for areas were then 

transferred to maps, to portray by patterned intervals the progression 

of flowering for 10% and 90% flowering for each species. 
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4.1.4.3. Computer Mapping 

One very useful way to map flowering trends is through computer 

contouring programs. For phenological data, the contours are 

isophanes, or lines which join points of equal blooming time. The 

maps then show which areas are at the same stage of development at a 

given time and show the progression of flowering. While "SYMAP" has 

been the favoured mapping program of many phenologists (Reader and 

Lieth, 1984), the Alberta mapping experts that were consulted felt 

that it was less useful than some more modern programs. Two avenues 

were explored: two surfacing methods with the University of Alberta’s 

Geography Department, and a contouring package with Agriculture 

Canada in Lethbridge. 

At our University’s Geography Department, the Amelanchier alnifolia 

first bloom data set (selected for large size and consistency) was 

mapped using two surfacing techniques: exact fitting, and trend 

surface analysis. The latter is a polynomial program capable of 

fitting global trends from 1 to 7 degrees of freedom for up to 1000 

observations (Dr. Eyton, 1989, personal communication). 

Another mapping technique tried was a microcomputer-based geographic 

information system (GIS) called SPANS (TYDAC Technologies, 1989), 

equipped for colour map production, at Agriculture Canada, 

Lethbridge. 

An initial series of linear and non-linear contour maps were made 

using SPANS of all 15 species and flowering phases, to illustrate the 

progression of flowering across the province. The contour maps 

connect points of equal blooming with isolines and shade the areas 

enclosed with a specified colour. Data sets selected for further 

refinements in mapping included species and phases with a greater 

number of observations, and more consistency in observer estimates as 

determined during the area averaging. These included: Amelanchier 

alnifolia 10, 50, and 90%; Smilacina stellata 10%; Prunus virginiana 

unl 
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10 and 90%; Elaeagnus commutata 10%, Galium boreale 90%; and 

Epilobium angustifolium 10% and 90%. 

Many series of maps were done with improvements including changes to 

the colour palette to clearly show the flowering sequence, and the 

reduction of interpolation by SPANS to earlier dates at the east and 

west observation boundaries. 

4.1.5. Synchronization of Species 

It is useful to have a set of flowering predictions for areas of the 

province, such as "species A = species B + 4 days". These can act as 

a gauge of the season’s progress, and show up accelerated or retarded 

plant development. 

The dates averaged by location for 29 areas of the province were used 

to examine time intervals between flowering phases of species 

sequential in their order of flowering. These intervals were averaged 

for 10 areas. The number of days difference between phenophases for 

three intervals was calculated: for full bloom of a species (A) to 

first bloom of the next species (B), for first bloom of A to first 

bloom of B, and for full bloom of A to full bloom of B. 

4.1.6. Statistics 

The revised 1988 data set (89 records removed as previously described 

under "Plotting") was analysed using SAS (1985) while on the VAX 

mainframe computer of Agriculture Canada. The following descriptive 

statistics were produced. 

a) Frequency bar charts of the numbers of observations versus 

midpoint Julian date (5 day intervals) were created for each of the 

three flowering phases of the 15 species. 

b) The total number of observations, mean Julian date, range of 

dates, and standard deviation for the 45 data sets were determined. 
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c) Moran’s I statistic: This spatial autocorrelation coefficient was 

recommended (Dr. Johnson, 1990, pers. comm.) as potentially valuable 

for analyzing the degree of dependence of flowering dates. It 

expresses the ratio of the spatial covariance to the observation 

variance (Sokal and Oden, 1978), and varies from -1 to +1. If values 

are close to 1, points are highly correlated, that is flowering dates 

are dependent on the values at neighbouring sites, but if close to 0, 

poorly correlated. 

To test this statistic for future use with annual phenology data, one 

species was selected. The Moran’s I coefficient was calculated for 

pairs of observation points 0-10, 10-20, etc. up to 90-100 km apart, 

using the data set for Amelanchier alnifolia, since it had both 

relatively large size and small standard deviations. 

a) Regression: Linear and/or quadratic regressions of Julian date as 

a function of latitude were made for the less mountainous part of 

Alberta (110 to 116 degrees longitude and 51 to 60 degrees latitude), 

to see if there was a clear relationship between latitude and 

flowering time. The data sets for Amelanchier alnifolia, Prunus 

virginiana, and Epilobium alnifolium were chosen on the basis of large 

size and wide geographic distribution. 
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4.2. Results 

Data received: 

In 1987, 60 observers sent in 1285 flowering dates for a total of 76 

observation locations. In 1988, 209 data sheets and 2970 flowering 

dates were received. This represented 190 observers and 231 

different locations. Thirty-three of the 226 volunteer weather 

observers initially contacted in 1988 returned flowering dates (15%), 

as did 22 of the 143 fire towers contacted (15%). This corresponds 

with the Wisconsin Phenological Society, which receives a maximm of 

15% response from its membership (Lettau, 1987). Reminders to send 

in flowering dates were sent out to observers in the fall of 1988. 

This does increase the amount of data received, and should be done 

annually. 

Observer distribution in 1988 showed the greatest density in south 

central Alberta which is the most populated part of the province 

(Figure 11). The areas with few observations included the southeast 

corner (Lethbridge - Medicine Hat and south), the foothills NW of 

Calgary to Grande Prairie, and north of a line drawn from the Peace 

Country to Fort McMurray. 

4.2.1. Statistics 

4.2.1.1. Summary 

Frequency distributions of flowering dates show that the 

distributions are all approximately normal (Appendix 7). 

In the summary of descriptive statistics (Table 16), species are 

listed in the order of their mean 10% flowering date. 
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Source: Mapping by Alberta 

Alberta, 1988, provincial 

Agriculture, Edmonton. 

Figure 11: Map of 
observer locations in 

phenology survey. 

1: 5,000,000 
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Table 16: 

KEY: N = number of observations (* indicates values greater than 70); 
min. value = minimum Julian date for this flowering phase of this species; 
* under standard deviations indicates values smaller than 8; 

Summary of descriptive statistics for the 1988 Provincial Survey results 

Rate in days is the rate of flowering, = 90% mean date - 10% mean date. 

Species 

Anemone 

patens 

Populus 

tremuloides 

Thermopsis 

rhombifolia 

Amelanchier 

alnifolia 

Prunus 
virginiana 

Smi lacina 

stellata 

Flower- 

Ing 
phase 

10% 

50% 

92* 

61 

56 

Mean 

Julian 

date 

98.3 

104.2 

110.7 

101.8 

106.9 

109.1 

123.6 

130.0 

136.5 

123.6 

128.8 

133.7 

130.8 

134.1 

138.0 

139.2 

142.5 

145.6 

140.7 

145.4 

1Sie5 

106 

119 

107 

113 

108 

108 

116 

127 

122 

127 

132 

121 

128 

133 

Max. 

day 

139 

144 

147 

136 

137 

153 

143 

150 

168 

136 

140 

147 

148 

153 

162 

162 

Standard 

devia- 

tion 

8.62 

8.34 

10.42 

14.35 

12253 

Rate 

in 

days 

13 

11 

Lily 
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Table 16, continued: 

Species 

E Laeagnus 

commutata 

Lathyrus 

ochroleucus 

Galium 

boreale 

Linnaea 

borealis 

Gaillardia 

aristata 

Achillea 

millefolium 

Epi lobium 

angustifolium 

Flower- 

ing 
phase 

10% 

50% 

90% 

10% 

50% 

90% 

10% 

50% 

90% 

10% 

50% 

90% 

10% 

50% 

90% 

10% 

50% 

90% 

10% 

50% 

50% 

90% 

45 

76* 

Mean 

Julian 
date 

145.6 

148.7 

(YA 7¢ 

148.6 

153.9 

161.5 

163.0 

169.8 

172.9 

164.5 

171.6 

175.8 

165.2 

170.8 

175.8 

165.7 

174.7 

181.0 

169.2 

Aare 

183.3 

Wie> 

185.6 

194 .6 

Mean 

calendar 
date 

May 25 

May 28 

June 1 

May 28 

June 2 

June 9 

June 11 

June 18 

June 21 

June 12 

June 20 

June 24 

June 13 

June 19 

June 24 

June 14 

June 23 

June 29 

June 17 

June 23 

July 1 

June 25 

July 4 

July 13 

Min. 

day 

127 

131 

138 

135 

140 

140 

142 

149 

152 

138 

141 

146 

142 

149 

159 

142 

149 

ils 

134 

146 

147 

151 

162 

DiC 

Max. 

day 

200 

193 

215 

229 

61 

72 

Standard Rate 

devia- 

tion 

Poli 

9.71 

9e05 

8.93 

10.63 

VAS 

10.11 

11.34 

11.44 

esr 

13.85 

12.46 

Weer 

ete 

Toekihe? 

10.19 

in 

days 

fh 

11 

iD 

14 

118 





The most reported species (over 85 observations) include Viola 

adunca- 90%, Amelanchier alnifolia- all phases, Achillea millefolium- 

10%, and Epilobium angustifolium - 10%. Least-reported species 

(under 50 observations per phase for all phases) include Elaeagnus 

commutata, Linnaea borealis, and Gaillardia aristata. 

Rate of flowering across Alberta is calculated by subtracting the 10% 

mean date from the 90% date. This gives a figure in days with which 

to compare species. The fastest pulse of flowering is shown by 

Populus tremuloides, Amelanchier alnifolia, Prunus virginiana, and 

Elaeagnus commutata. 

Standard deviations range from a low of 5.58 (Amelanchier alnifolium 

10%) to a high of 14.77 (Epilobium angustifolium 90%). 

4.2.1.2. Moran’s I coefficient 

The spatial autocorrelation (Table 17) is very low, indicating that 

the variation is considerable even over a short distance. There is 

no obvious geographic pattern for the scale under examination. One 

would expect the correlation to be highest for the closest points 

(0-10 km, 10-20 km), and decrease as space between sites increased. 

This is shown only by the 10% Amelanchier alnifolia data, but even 

here the correlation figures are not significant. As the flowering 

progresses from first to full or 90% bloom, there is some increase in 

autocorrelation, perhaps reflecting the slightly larger size of the 

90% data set (112 observations) versus the 10% set (90 observations) 

or the 50% set (85 observations). Ease of recognition of the full 

bloom phase by volunteers may be a factor in the increased 

correlation. 
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Table 17: Moran’s I statistic, used to test spatial autocorrelation 
for 1988 dates of three flowering phases of Amelanchier alnifolia. 
Data from Alberta observers. 

Note: Range refers to the distance between two points; # of pairs the 
number of data pairs this distance apart. The standard error is 
shown in brackets after the Moran’s I statistic. 
significant", * means significant at a=0.05, and ** means significant 
at a=0.01. 

10% or First Flowering: 

psc (km) # of pairs Moran’s I 
= 10 12 0.289 

i aa 30 0.186 
20e=130 35 0.296 
30 - 40 43 -0.024 

40 - 50 ofl 0.021 
50: =160 63 -0.036 
C0270 50 0.040 

1/07=—50 58 =U so 

SOF="90 60 0.024 
90° —100 61 -0.040 

50% or Mid-Flowering: 

Sate (km) See oa Moran’s I 
=n10 -0.006 

st PAD — -0.034 
20s U 34 0.048 
30 - 40 42 -0.022 
40 - 50 a7 0.042 

50 - 60 60 0.084 

605=2870 45 0.021 
ZOs=260 41 -0.328 

S0a=790 47 -0.064 

70s—100 50 0.027 

90% or Full Flowering: 

Dates (km) # of pairs Moran’s I 
mt a) 28 -0.094 

cc —320 59 0.210 
20a-850 44 0.435 
30 - 40 73 0.139 
40 - 50 66 0.215 
505700 115 0.168 
60 - 70 85 0.085 
TAO) ee 28) 95 0.293 
S0s—590 95 0.152 
90 -100 105 0.143 

(0.278) 
(0.177) 
(0.162) 
(0.146) 
(0.134) 
(0.121) 
(0.135) 
(0.126) 
(0.123) 
(0.123) 

(0.398) 
(0.180) 
(0.164) 
(0.148) 
(0.158) 
(0.124) 
(0.143) 
(0.151) 
(0.141) 
(0.136) 

(0.182) 
(0.125) 
(0.146) 
(0.112) 
(0.119) 
(0.089) 
(0.104) 
(0.099) 
(0.098) 
(0.094) 

NS means "not 
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4.2.1.3. Regression 

Regressions shown in Figures 12: a-l were calculated using data from 

the less mountainous area of Alberta, and show flowering dates as a 

function of latitude. A subset of species was selected on the basis 

of large sample size and wide distribution of observations. Linear 

regressions (y=atbx) of all phases of Amelanchier alnifolia and 

Prunus virginiana (Figures 12:a-f), and quadratic regressions 

(y=atbxt+cx?) of all phases of Prunus virginiana and Epilobium 

angustifolium (Figure 12:g-l) are shown. The linear regressions 

appear to fit the data as well as the quadratic regressions, but the 

p values show that while the slopes (b) of all the linear regressions 

are Significant at .01, many of the quadratic regressions are not. 

In particular, the slope of the regression of Prunus virginiana 10% 

is not significant once the quadratic term is added. 

The r“ value is the proportion of the variance of the flowering 

date which is accounted for by the latitude. It is relatively large 

in some cases (e.g. linear regressions: Amelanchier 10%, Yr =42%, 

and Prunus 90%, r= 36%) , considering that many other factors such 

as altitude, longitude, proximity to cities, aspect, etc. should also 

be considered. While in general the flowering date increases with 

increasing latitude, it is not a direct relationship. 
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Figure 12: Linear (a-f) and quadratic (g-1) regressions of flowering dat 

and latitude for the non-mountainous parts of Alberta, 

(ie: 110 to 116 degrees W longitude, and 51 to 60 degrees N latitude), 

for selected plant species from the provincial survey. 
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Figure 12-a: Linear regression for Amelanchier alnifolia, 10% flowering 
for flowering date and degrees N latitude. 

=.36; y=atbx where a=34.31 (p=.0390) and b=1.81 (p=.0001) 
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Figure 12-b: Linear regression for Amelanchier alnifolia, 50% flowering 
for flowering date and degrees N latitude. 

=.28; y = atbx where a=46.78 (p=.0107) and b=1.64 (p=.0001) 
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Figure 12-c: Linear regression for Amelanchier alnifolia, 90% flowering 
for flowering date and degrees N latitude. 
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Figure 12-d: Linear regression for Prunus virginiana, 10% flowering 
for flowering date and degrees N latitude. 
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Figure 12-e: Linear regression for Prunus virginiana, 50% flowering 
for flowering date and degrees N latitude. 

=.34; y = atbx where a=28.88 (p=.2685) and b=2.14 (p=.0001) 

60 

peda 





180 

170 

160 

150 

Julian date 
140 

130 

120 

110 
50 51 52 53 54 55 56 57 58 

N. Latitude 

99 

Figure 12-f: Linear regression for Prumus virginiana, 90% flowering 
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Figure 12-h: Quadratic regression for Prunus virginiana, 50% flowering 
for flowering date degrees N latitude. 

=.35; y = atbx where a=537.39 (p=.3909) and b=-16.68 (p=.4708) 
and c=0.17 (p=.4163). 
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Figure 12-i: Quadratic regression for Prunus virginiana, 90% flowering 
om flowering date (y) and degrees N latitude (x). 
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Figure 12-j: Quadratic regression for Epilobium angustifoliun, 
13 flowering, for flowering date (y) and degrees N latitude (x). 
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Figure 12-k: Quadratic regression for Epilobium angustifoliun, 
50% flowering, for flowering date (y) and degrees N latitude (x). 

=.18; y = atbx where a=1721.60 (p=.0457) and b=-58.43 (p=.0639) 
and c=0.55 (p=.0552). 
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4.2.2. Maps 

4.2.2.1. Mapping by Hand 

Data were averaged for each of 29 rectangular areas, for the 3 phases 

and 15 species. The clearest trend in this "flowering wave" was 

shown by Amelanchier alnifolia- 10% and 90%, Prunus virginiana- 90%, 

Elaeagnus commutata- 90%, and Epilobium anqustifolium- 10% (Figures 

13:a-e). Every species and phase shows a different pattern, with 

greatest similarity between phases of a species. 

For the first plants in the flowering sequence (Anemone patens, 

Populus tremuloides, Viola adunca, Elaeagnus commutata), flowering 

began in the major cities: Calgary, Red Deer and Edmonton. After 

mid-June, this heat island effect is no longer noticeable, in fact 

for 1988 Lilium philadelphicum and Gaillardia aristata were later in 

Red Deer and Edmonton than in some nearby areas. 

In general, southern areas were earlier than areas north of then. 

For example, Calgary was earlier than Edmonton in 15 out of 22 cases 

(68%) , despite the fact that Calgary lies at a higher altitude (1049 

m) than Edmonton (668 m). Frequent chinook winds warm Calgary in 

winter. The Lethbridge - Medicine Hat area was earlier than the 

Drumheller - Oyen area in 6 out of 8 cases (75%). 

Some adjacent blocks at the same latitude showed a consistent 

difference in earliness. The Grande Prairie - Fairview area was 

earlier than the High Prairie - Slave Lake area in 10 out of 11 cases 

(91%). The Athabasca block was earlier than the Cold Lake - Lac 

LaBiche area (adjacent block to the east) in 11 out of 15 cases 

(73%) . 
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Figure 13-a: Map of Amelanchier alnifolia, 10% or first 

flowering dates averaged within blocks, 1988, Alberta. 
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Figure 13-b: Map of Amelanchier alnifolia, 90% or full 
flowering dates averaged within blocks, 1988, Alberta. 
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Figure 13-c: Map of Prunus virginiana, 90% or full 
flowering dates averaged within blocks, 1988, Alberta. 
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Figure 13-d: Map of Elaeagnus commutata, 90% or full 
flowering dates averaged within blocks, 1988, Alberta. 
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4.2.2.2. Trend Surface Analysis 

The data set used at the department of Geography, University of 

Alberta, was 1988 - 10% flowering of Amelanchier alnifolia. No 

pattern could be seen using two surfacing methods (exact fitting and 

trend surface analysis). One problem seemed to be the heat island 

effect of the cities which produced unusually early flowering and 

confused the flowering pattern across the province (R. Eyton, 1989, 

pers. comm.). 

4.2.2.3. Linear Contour Maps- G.I.S. 

At Agriculture Canada in Lethbridge, computer-generated contour 

maps of selected species were produced (Figure 14:a-m). (See 

Appendix 8 for a 1988 Julian calendar.) The linear contour maps 

appeared to smooth the variability in the data more accurately 

than the non-linear maps which showed some unwarranted 

extrapolations of data. Non-linear contouring was not pursued 

further. 

The maps are discussed as follows. 

Amelanchier 10, 50, and 90% (Figure 14: a-c): the earliest 

locations are in a band from SE Alberta (Drumheller) to the NW 

(Grande Prairie area). The latest locations are in the 

mountains and in the north. Jasper shows unusually early dates 

for the 10 and 50% stages, and then late dates for the 90% 

stage. 

For each data set a larger-scale window was also mapped of the 

area enclosing Athabasca, Drayton Valley, Red Deer, and east to 

the Alberta border (Figure 14:d-f). On the 90% window map 

(Figure 14-f), the dark blue colour in the NE corner is due toa 

late date at Cold Lake (day 156 = June 4). 
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Figure 14: a-m : Computer-generated (SPANS) linear contour maps, 

full colour, showing the flowering progression of selected species 

and phenophases from the Alberta 1988 provincial phenology survey 

The following linear contour maps follow: 

a: Amelanchier alnifolia 10% flowering 

b: Amelanchier alnifolia 50% flowering 

c: Amelanchier alnifolia 90 

d: Amelanchier alnifolia 10 

e: Amelanchier alnifolia 50% flowering, larger scale window 

: Amelanchier alnifolia 90% flowering, larger scale window 

oe flowering 

oe flowering, larger scale window 

0 

: Prunus virginiana, 10% flowering 

f 

g 

h: Prunus virginiana, 90% flowering 

i: Smilacina stellata, 10% flowering 

j: Smilacina stellata, 10% flowering, larger scale window 

k: Elaeagnus commutata, 10% flowering 

1: Galium boreale, 90% flowering 

m: Epilobium angustifolium, 10% flowering 

Note on the maps that black dots indicate location of one or more 

observers. This program does not extrapolate beyond the outermost 

observations (thus the colour ends and grey begins) . 

To translate from Julian dates to calendar dates, see Appendix 9. 
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Prunus 10 and 90% (Figure 14-g,h): The same pattern is seen in 

Prunus as is seen in Amelanchier, of earliness along a SE-NW 

line, and subsequently flowering progressing NE and N and also 

SW to the foothills and then the mountains. 

Smilacina 10% (Figure 14-i): Earliest flowering is in the major 

cities (Calgary, Red Deer, and Edmonton). The areas of 

Beaverlodge, Ft. McMurray and Vermilion are also early. The 

Window on central Alberta shows more detail for the area around 

Edmonton. 

Elaeagnus 10% (Figure 14-k): This data set is smaller than most 

of the others, as seen by the lack of observations in northern 

Alberta. Again the major cities show earliest flowering. 

Galium 90% (Figure 14-1): The earliest areas include the 

central part of the province east to Vermilion and Wainwright. 

Note the green tongue of later dates spreading east from the 

mountains just NW of Calgary (which is outlined in black near 

the bottom of the map). This matches the location of a band of 

the cooler montane zone (Natural Regions of Alberta map - Figure 

2). The late blooming date shown by the dark blue area in the 

NE corner of the map is the Ellis River fire tower in the Birch 

Mountain foothills at 555 m. 

Epilobium 10% (figure 14-m): The earliest areas include SW 

Alberta and the Stettler area. This pattern is what one would 

expect, except that Athabasca and Jasper seem unusually early. 

More data are needed for the mountains. 
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In conclusion, the pattern observed in this 1988 phenology data 

is not a simple south - north trend. It is roughly similar 

among species, and shows much more similarity among phases of a 

species. 

The distribution of observation points on these maps shows 

immediately where plants were observed. This reflects the 

distributions of the species (Packer, 1983) and the distribution 

of observers (Figure 11). 

This pilot project to map the 1988 data has served to test and 

refine a suitable GIS mapping method for future use. Further 

mapping with larger data sets including averaged multi-year data 

will provide a better understanding of the "green wave" in 

Alberta. 

4.2.3. Synchronization of Species 

An examination of timespans between phases for 10 of the best 

reported blocks in the province revealed that the intervals in 

Table 18 appeared to be most consistent and to hold promise for 

future use in phenology. These are 1988 averages in numbers of 

days for the province as a whole. Once refined over the years, 

these timespans between species can quickly reveal the relative 

earliness or lateness of the current stage of the growing 

season. 
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Table 18: Synchronization of Species: average timespan between 

flowering phases of plant species in the flowering sequence, for 

Alberta, 1988. 

Species, phase to Species, phase 

tremuloides 90% 

rhombifolia 10% 

alnifolia 10% 

alnifolia 90% 

alnifolia 10% 

alnifolia 90% 

virginiana 10% 

virginiana 90% 

boreale 10% 

adunca 10% 

alnifolia 10% 

stellata 10% 

stellata 10% 

virginiana 10% 

virginiana 90% 

commtata 10% 

commutata 90% 

IQ Ito Ito Ip > D> IP ia tt I> Ibd It Iho td IN In Ip I< millefolium 10% 

timespan 

20 days 

6 days 

10 days 

4 days 

7 days 

8 days 

5 days 

7 days 

6 days 

# of areas 

averaged 

(Oe lle CON 

10 

fey) 
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4.3. Discussion 

433e0. eStatistics 

The responses from observers do not represent a random sample, which 

restricts the meaningful use of statistical analysis. 

The observer distribution is also not even (Figure 11). 

Concentrations of observers occur in cities, which are also heat 

islands with earlier flowering dates than surrounding areas. 

Distributions of the 15 key phenology species across the province are 

each different, though most are relatively widespread (Packer, 

1983) . 

Most observers sent data on a selection of the 15 species, and often 

fewer than three dates for each species were submitted. This limits 

the types of statistical analysis possible. Concordance of rankings 

to compare the similarity of species sequences between locations, is 

a possibility for future analysis (Mark Dale, 1989, pers. com.). 

Frequency distributions: 

1988 was hotter than average (Alberta Environment, 1989), and species 

such as Amelanchier alnifolia, Prunus virginiana, and Smilacina 

stellata flowered rapidly and show narrow distributions (Appendix 

7). Ina cool year the width of their flowering distributions would 

be greater. Some distributions show scattered late flowering dates, 

which generally are from areas at high altitude or latitude. 

Summary Chart: 

The plants listed in Table 16 are in the order of their mean 10% 

flowering across the province. This order varies slightly from the 

order given on the data sheet sent to observers (Appendix 2). This 

order still needs to be corrected for the differing range of the 

species by restricting comparisons to data from the same area. Once 

many years of data for first flowering have been collected, an 

accurate estimate of the average sequence can be calculated. The 
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order may vary slightly from area to area. In Finland and northerm 

Sweden, Sorbus aucuparia (Mountain Ash) generally flowers before 

Syringa spp. (lilac), but from the south of England down through 

France and east to Hungary, Syringa flowers first (Schnelle, 1955). 

(However, this represents a 20 degree latitudinal change, whereas 

Alberta covers only 10 degrees of latitude from the south to the 

north boundary.) In Alberta, the results of the hand-mapping 

averages showed that the average 1988 date for 10% Viola adunca was 

later than 10% Thermopsis rhombifolia in Calgary, Red Deer and 

Stettler, but earlier in Wainwright. The sequence in a given year 

and place can sometimes vary depending on local weather conditions. 

An unusual hot air mass can cause a "phenological inversion" 

(Schnelle, 1955), where the usual flowering order for two species can 

be reversed. 

Species showing a standard deviation greater than 11 in 1988 include 

Populus tremuloides- all phases, Lathyrus ochroleucus- 90%, Galium 

boreale- 50%, 90%, Linnaea borealis - all phases, Achillea 

millefolium- all phases, Gaillardia aristata- 50%, 90%, and Epilobium 

angustifolium- 50% and 90%. There is a trend to later flowering 

species having larger standard deviations. This reflects more 

variations in the flowering date for a certain phase, and could mean 

that flowering happened more slowly across the distribution of these 

later species, or that there was more difficulty experienced by 

observers in phase estimation. The exception to this trend is the 

fast flowering Lilium philadelphicum, with an average s.d. for the 

three phases of 7.4. Large standard deviations may in fact indicate 

species that are more sensitive to climate change. But one factor to 

consider in a comparison of standard deviations between species is 

the geographic distribution of observations which changes for each 

species. Once many years of dates are reviewed for one area of the 

province where all species occur, better conclusions can be drawn 

about relative merits of species based on variability in the data. 
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The coefficient of variation (cv) was also calculated for each 

species/phase, but this coefficient depends on the value of the mean 

Julian flowering date: cy = (Standard deviation x 100) 

mean 

which increases with each sequentially flowering species. Thus this 

is not a useful coefficient to compare species. 

Moran’s I statistic: 

The lack of significant spatial autocorrelation for phenophases of a 

species is probably the result of a sparse data set (Table 17). More 

data are needed to fill in between the known sites, and the 1988 

database represents a more detailed surface than this program can fit 

at present (Johnson, 1990, pers. comn.). 

Regression: 

More factors are involved in spatial variation in phenology than 

Simply latitude, as shown by the regression graphs (Figure 12). In 

the future with more years of data, one could find out how much 

spatial variation within a year is accounted for by latitude, 

longitude, altitude, slope, aspect, accumulated temperature, etc. 

using multiple regression. 

Reader et al. (1974) had about 300 participants reporting flowering 

dates for two woody species over 3 years. They found using linear 

regression that the averaged Cercis canadensis L. (redbud) - Corus 

florida L. (dogwood) flowering date was equal to a combination of 

these independent variables: latitude, longitude, and altitude plus a 

random error term. When they considered the total range of eastern 

North America for these two species, all three of these location 

variables contributed significantly to the regression equation. 
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4.3.2. Mapping 

While mapping by hand is a low-cost method which has clearly 

illustrated the trends of flowering from the southeast to the 

northwest, it is a time-consuming technique and prone to 

subjectiveness with respect to area delimitations. Computer mapping 

is the preferred method. 

The linear contour maps show a general progression of flowering 

development from south central Alberta (with Edmonton, Red Deer and 

Calgary as early flowering "heat islands"), to the Peace country and 

SE corner of Alberta, to the northeast and foothills, mountains and 

northern Alberta (Figures 14 a-m). As Russell (1962) noted in 

phenological studies of native plants at Winnipeg, Saskatoon and 

Edmonton, isothermal lines run from the southeast to the northwest 

across the Prairie Provinces, rather than east-west. 

The maps reflect known natural region and vegetation boundaries as 

seen in Figure 10. The map of the larger scale window of Amelanchier 

alnifolia 10% (Figure 14-d) shows a tongue of later dates from north 

of Edmonton to SE of the city. This corresponds fairly closely to 

the location of a lobe of cooler mixedwood forest in the surrounding 

central parkland. 

The Prunus virginiana 10% map (Figure 14-g) has a very similar colour 

(flowering) pattern to Amelanchier alnifolia 90% (Figure 14-c). The 

mean flowering dates for these species are nearly identical; May 17 

for Amelanchier alnifolia 90% and May 18 for Prunus virginiana 10%. 

Exposed to the same weather conditions, it is not surprising that 

these two shrubs which share similar habitats should have similar 

development across the province (personal observation) . 

The contouring program (SPANS) still needs some refinement for use 

with this phenology data. There is some unwarranted extrapolation to 

earlier dates along the northeast border in the map of Galium boreale 

90% (Figure 14-1), and along the mountainous west boundary in 
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Epilobium angustifolium 10% (Figure 14-m). 

In mapping the data we assume that our sample of flowering timing 

accurately represents a large population. However, one problem is 

areas of the maps with little data, for example the maps of 

Amelanchier alnifolia show gaps in observations in north central 

Alberta. The mountains within these zones could actually have quite 

late flowering. Lack of data can also be due to gaps in plant 

distribution, or to loss of habitat due to agriculture (for example 

A. alnifolia south and east of Calgary). 

In Alberta, the growing season ranges from a maximum of 190 days SW 

of Medicine Hat to less that 160 days north of Peace River (Dzikowsky 

and Heywood, 1990). The A. alnifolia 10% map (Figure 14-a) reveals 

that first flowering occurred across much of the province within a 

two-week period. This fast pulse of flowering was speeded by greater 

than average temperatures in the months of April and May (Alberta 

Agriculture, 1988). But the 30-year normals for the dates for start 

of the growing season (average daily air temperatures reach 5°C for a 

5-day period) show that it crosses the province in a period of one to 

two weeks (Figure 15). Spring arrives quickly in this province. 

Alberta’s growing season is short, and phenology studies can help 

subdivide this growing season and clarify the zones of relative 

warmth and earlier plant development. 

The data for some species (eg: P. tremuloides, L. ochroleucus, L. 

borealis) are difficult to explain. For example, for L. borealis 

10%, flowering occurred in Edson at the same time as Fort Smith. For 

Linnaea 90%, Fort McMurray was reported as earlier than Calgary and 

Red Deer. Perhaps the longer days of sunshine compensate for the 

higher latitude. Bird (1978) found in his Alberta study that while 

flowering in northern areas was slower to start due to later snow 

melt, the increased spring day length at those greater latitudes soon 

caused them to catch up to the south. In general, plants at higher 

latitudes or altitudes have more compressed growing seasons, starting 

growth later and finishing earlier (Hopkins, 1938). 
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The linear contour mapping represents a very useful technique to 

illustrate these flowering data. As the numbers of observers and 

years of observations increase, the mapping of average dates will 

reveal a "green wave of spring" which is relatively consistent 

between years. Future mapping possibilities include: correlating 

flowering dates with climatic (e.g. temperature or degree-day data), 

topographic, or latitudinal variables; overlaying zones of equal 

flowering with vegetation zones, ecoregions, or even tourist zones; 

and combining species flowering times on one map. 

4.3.3. Synchronization of Species 

The intervals in Table 18, with refinement (minimally using 10 year 

averages), could be used to measure the progress of the season in 

different areas. They could help us see whether spring is advancing 

faster or more slowly than usual. This would have immediate use in 

agriculture (planting times, crop protection), medicine (allergy 

season prediction) and many other fields. As well it would give 

survey observers an indication of when to anticipate the next 

phenological event. Regional averages for phenophases would be more 

useful than provincial averages, as time intervals between species 

and even sequence of species can vary across large distances 

(Schnelle, 1955). 

4.3.4. Suitability of Species 

The 15 plant species used in the survey all have the characteristics 

of ideal phenology species as outlined in the introduction, to 

varying degrees. Examining the data reveals that some of the 15 

species are better suited to this survey than others. For instance, 

some species have a faster pulse of flowering. To compare species, 

one can look for those with a shorter timespan between the 10% and 

90% flowering stages. 

A small standard deviation would also indicate a faster pulse of 

flowering across the province. The best way to compare this in 
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future would be to use one area of the province where all species 

occur, and compare standard deviations of one phenophase (eg. 10% 

flowering) among species and among years. The problems of differing 

observation sites within that area and the amount of data per 

species, still remain. 

The following conclusions are based on the 1988 data. In this year 

spring was early everywhere, and there was drought in the south. For 

each species, some of the following parameters are considered: 

quantity of data, variability of data (standard deviations), 

distribution across the province (Packer, 1983), and ease of 

recognition of species and phenophases. Volunteer observers should 

be canvassed in future for their suggestions and comments on these 

species. 

Anemone patens (Prairie Crocus): Well-distributed, especially across 

the southern half of the province, this plant was well-reported with 

over 70 observations for most phases. This is a very popular plant 

with the rural public, as it is a harbinger of spring and symbolizes 

the prairie. It is easy to recognize, though early blooms can be 

hard to find unless one is standing over them in the dead grasses of 

early spring. Estimating % bloom is a challenge since new flowers 

continue to emerge from the ground. A technique to help observers is 

recommended in Appendix 2: "Alberta Wildflowers", p. 4. 

The 90% phase of Anemone patens shows some unusually late dates. 

Some flowering in late summer or fall is often reported by 

naturalists in Alberta, and is possibly linked to locally abundant 

moisture (Coupland, 1980; Scotter and Sommerfeldt, 1988). 

In Minnesota, A._patens flowers bloom on average 7-9 days, and the 

whole development cycle from mature flower bud to seed shed averages 

38.5 days (Ordway, 1985). Knutson (1979), who describes the flowers 

as solar-collectors, measured internal temperatures up to 10°C above 

the ambient temperature. This species is well adapted to natural 

disturbances. Provincial survey observers occasionally reported in 
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1987 and 1988 that buds and flowers had been consumed by ground 

squirrels or ungulates. This plant’s reserve of dormant buds is 

added to annually, allowing the plant to grow new branches if the 

terminal buds are damaged. The largest, most highly-branched 

individuals are found at sites which are regularly grazed or burned 

(Wildeman and Steeves, 1982). Unfortunately this plant has 

disappeared from many areas in Alberta due to plowing. 

Populus tremuloides (Aspen Poplar): A successful pioneer, this 

species produces multi-stemmed clones. It is the most widely 

distributed native tree on the continent (Brissette and Barnes, 

1984). In Alberta, six weeks elapses between flowering and seed 

shed, on average (Moss, 1938). 

Most of the literature on the phenology of P. tremuloides deals with 

leafing. While heat accumulation after a required cold period 

controls leaf flush in this species as in most temperate deciduous 

trees (Lechowicz, 1984), ecotype greatly influences leafing phenology 

(McMillan, 1957, Brissette and Barnes, 1984). 

This early-flowering species has a wide distribution in Alberta but 

was less well reported. It has a fast pulse of flowering, as noted 

previously, but large standard deviations indicate much variability 

in the data. One factor affecting its flowering phenology could be 

forest tent caterpillar (Malacosoma disstria Hubner) infestations. 

Lechowicz (1984) notes that leaf emergence in Populus tremuloides can 

be advanced a few days by defoliation the previous year. 

In instructions to observers, flowering was defined for this species 

as pollen shed by male catkins. Many late dates were received, which 

perhaps indicates that some observers were observing female trees. 

The best time of year to "sex" trees (to borrow a little jargon from 

our zoological compatriots), is in late winter when grey catkins 

emerge first on male trees. Just before flowering, identification of 

female versus male is difficult without a magnifying lens, though 

many male trees start shedding pollen before the majority of female 
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catkins appear receptive. After the male trees’ pollen shed is 

complete, recognition is simpler: only the female catkins lengthen 

and turn green. This recognition problem was addressed in the spring 

1990 newsletter, when sketches of male and female flowers and an 

indication of their timing were sent out (Appendix 9). 

Another source of confusion may be the similar species Populus 

balsamifera which flowers later than P._tremloides and has male 

catkins that are larger and brighter red. Sketches or photos of 

these two species would help observers in future. Some observers 

indicated that their poplars were tall and that observing flowering 

required binoculars! Full flowering (complete elongation of the 

staminate catkin) may prove to be the best phenophase for this 

species, as Moss (1960) found in his studies of the genus. 

Viola adunca (Early Blue Violet): This species was well-reported, 

and variability of the data was average. Widely distributed in 

Alberta, this violet ranges from the prairies to the lower alpine 

regions (Mauer, 1977). Three chromosome races (2n=20, 230, and 

2n=40) occur in the province, of which the diploid and tetraploid 

forms are most common (Packer, 1983). Davis (1980) found that 

tetraploids were hardier (survival of unhardened seedlings at -6 °C) 

than diploids. It would be interesting to see if flowering phenology 

varies between the two races, which grow together in some locations 

such as the Cypress Hills. 

Thermopsis rhombifolia (Golden Bean): This species has a more 

restricted distribution than most of the key species, being found 

only south of the North Saskatchewan River. It was less 

well-reported, though it is easy to find and recognize, adding a 

blaze of gold to roadsides in spring. The data were fairly 

consistent (s.d. less than 8). This is a useful phenology species 

for southern Alberta. 
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Amelanchier alnifolia (Saskatoon): This is probably the best species 

of the fifteen. It has a wide distribution in the province. It was 

very well reported, had a fast pulse of bloom, and showed good 

consistency in dates for each phase. All phases seem fairly easy to 

recognize. It shares one problem for phenology with Populus 

tremiloides and Prunus virginiana - it is a preferred food plant for 

tent caterpillars. 

A. alnifolia has been domesticated on the prairies as a native fruit 

crop with the development of cultivars over the last decade. In this 

"extremely cold-resistant taxon" (Junttila et al., 1983), 

bud-dehardening proceeds slowly under natural conditions, and the 

diameter of florets before flowering is linearly correlated with the 

cumulative heat sum above 5°C. 

Prunus virginiana (Choke Cherry): This plant has a wide distribution 

except for extreme northern Alberta and it is easily recognized. 

Variability in dates was small, and it had a fast pulse of flowering 

across the province. It was less-well reported (10% and 90% phases 

had about 65 observations each), but overall it is one of the best 

species for phenology. 

Smilacina stellata (Star-flowered Solomon’s-seal): This species was 

less well- reported though it is widely distributed. This may be due 

to recognition problems, as the plant is physically variable 

depending on the habitat (see Appendix 2, Alta. Wildflowers, p.9.) 

The standard deviations show a fair amount of variability - over 10 

for the 50% and 90% phases. 

The extensive rhizome systems in this species produce long and short 

shoots, affording flexibility in exploiting the forest environment. 

Yearly increments mean that individuals can be aged - the lifespan of 

a genet can be several hundred years (Antos and Zobel, 1984). 
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Elaeagnus commutata (Wolf Willow): Low numbers of observations 

probably reflects observer difficulty in recognizing this species 

which has small inconspicuous flowers. Once people cue in to its 

powerful odour they have no further problems! It has a wide 

distribution especially south of the boreal forest, and is common. 

It had a fast pulse of flowering in 1988. 

Lathyrus ochroleucus (Yellow Pea Vine): This legume is only missing 

in Alberta in the dry southeast. The standard deviation for the 90% 

phase was 11.7, which shows considerable variability in estimates. 

Full flowering can be hard to recognize in this indeterminate 

inflorescence, as I observed while doing my Whitemud study. This may 

explain other odd results - the averaging by area revealed that 

flowering in the Porcupine hills was later than Cold Lake, and though 

farther south, Lethbridge and Waterton were later still. 

Galium boreale (Northern Bedstraw): This well-distributed plant is 

easy to recognize. It was also well-reported and had a fast pulse of 

flowering (9.9 days). 

Linnaea borealis (Twinflower): This plant is found in mixed 

coniferous forest and occurs everywhere except the prairie 

southeast. It occupies a broad spectrum of poor to rich soils, dry 

to wet conditions, and elevations from about 600 m to 2000 m (Corns 

and Annas, 1986). It was poorly reported in 1988, and the wide 

variation in dates received for single locations would indicate that 

recognition of this species might have been a problem. This problem 

was addressed in the 1990 reprinting of "Alberta Wildflowers", by 

adding a sketch of L. borealis to illustrate its small size. Its 

blooming period seemed well-defined, as determined during the 

Whitemud Study. This species’ prevalence in the mixedwood and boreal 

forest make it a valuable phenology species for the northern half of 

the province. 

In Europe, this plant has been found to be strongly dependent on 

conditions of high relative humidity, long snow cover, and cold air 
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flows (Kohlhaupt, 1963). The widespread stolon system in this 

species gives it a larger capacity for expansion in favourable 

conditions than certain rhizomatous species (Antos and Zobel, 1984). 

Roots are relatively small, however, and this plant can be displaced 

by taller herbs. 

Lilium philadelphicum: The Wood Lily has a large showy inflorescence 

which is easy to recognize. It is most common on black soil in open 

or cleared areas of the aspen parkland and can be locally abundant in 

suitable habitats of the prairie and boreal forest. Its distribution 

thus includes most of Alberta except for the southeast and north. 

However, where the soil is plowed or broken this species is lost, and 

it is also negatively affected by mowing or heavy grazing, herbicide 

spraying, and picking for bouquets. 

Phenologically, this is an early summer species which flowers over a 

two week period beginning on average in the last half of June (Bird, 

1983). Numbers of observations in 1988 were low (under 60 per 

phase), but showed good consistency with an average standard 

deviation of 7.4. This is a suitable phenology species only in areas 

where it grows in patches, as individual plants may not flower every 

year. 

Gaillardia aristata: Brown-eyed Susan is limited to the southern 

half of Alberta, and perhaps for that reason was less well reported. 

It is showy (inflorescence up to 10 cm across) and easy to recognize 

even at highway speeds. The large standard deviations for 50% and 

90% flowering would indicate that these phases are hard to estimate. 

Perhaps only 10% data should be analysed in future years. 

Achillea millefolium (Yarrow): This was well-reported and is very 

common in Alberta. The 90% phase appears to lack "sharpness", with 

two peaks in the frequency distribution and a high standard deviation 

(15.08). This is most likely due to the fact that some flowering 

continues until freeze-up (Leopold and Jones, 1947). The 10% phase 

may be the most useful for this species as well. 

L721 



abou? rua: ra my 

ol ctetovel) rh ts . 

= 

_ {eet _jeoos fis a a) 

= 

mits 

mnt ties ania rma See Ma 7 es ie ab ake 

a at io amen heteaio so: 

; xt aldecive 

Ps . mtu forth asxtt 

af = per Coo ocaiw raved 

fot .rexbser veal said Sea ices \ ievieepet celeb 

fee i 2 inhi Ge eng 

7 
7 

f T rie] 

ote 
att 6.8 oD moltsivab > 

[ ar 3h esate 

r ' a 
> seery 

_ 

« f 

lagers of yar OR 

fpa8 4 : i | 

eheanltaa a 

> jeore!) Oi 

O06 eiY . 



A member of the Composite family, A. millefolium is self-incompatible 

and insect-pollinated. The species is very complex, consisting of 

tetraploid and hexaploid races occurring across Canada (Warwick and 

Black, 1982). . 

Epilobium angustifolium (Fireweed): Well-reported, this member of 

the evening-primrose family is easy to recognize and is 

well-distributed in the province. It is found across much of North 

America from 25° to 70° latitude (Mosquin, 1966). It forms 6 to 8% 

of the tall herb strata in Alberta’s poplar association, and its 

rapid appearance after a fire is less likely due to dissemination by 

seed (which is abundant) than to the presence of dormant woody roots 

which produce vigourous shoots when provided with adequate nitrates 

(Moss, 1936). 

However, this species is unsuitable in some ways for phenological 

studies. Ungulates such as deer seek out the edible flower heads, 

removing buds or flowers. Because the indeterminate inflorescence 

blooms slowly from the bottom of the spike to the top, the 50% and 

90% stages even as defined in "Alberta Wildflowers" seem to lack 

sharpness. The 1988 90% data have an odd frequency distribution and 

the smallest number of observations of all three phases. This plant 

needs further phenophase refinement using the techniques outlined by 

West and Wein (1971) to achieve reasonable standard deviations. 

Until that time the 10% data are most valuable. 

Future studies should investigate the effects of ramet size in E. 

angustifolium’s flowering phenology. Larger ramets of Aster 

acuminatus and Clintonia borealis tend to emerge earlier, mature over 

a longer period, and senesce later (Brown et al., 1985). 

With future development of the survey, more species could be added in 

certain areas to improve the complement of phenological information. 

The present span of species covers the period from spring to 

midsummer (early August). It could be expanded to include later 

flowering species eg: Solidago canadensis, Aster conspicuus, though 
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identification of the fall composites is fairly difficult for 

amateurs. 

One gap in the present span of species was apparent from the 

flowering predictions data. It shows that there was an average of 20 

days between full bloom of Populus and first bloom of Viola, the next 

species in the sequence. This indicates that a plant species with 

full bloom time intermediate between these two species should be 

sought to fill this gap. It would also be possible to improve the 

phenological sequence for different parts of the province. In SE 

Alberta Phlox hoodii is one of the first plants in flower. In 

mixedwood and boreal forests Cornus canadensis would be an excellent 

phenology species. Other useful phenology species for parkland 

habitats are identified in Appendix 4. 

To reduce the effects of within-species variation in native species’ 

genotype, the survey could be supplemented with a cloned cultivar. 

Lilac is hardy in much of Alberta, or a cultivar of Amelanchier 

(Saskatoon) could be used. 

A different approach to the survey’s future might be to simplify the 

survey by requesting dates for a much smaller number of species. 

This would make it easier to recruit and effectively train a large 

number of volunteers. 
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4.3.5. Phenophase Selection 

The three phases 10%, 50%, and 90% are better suited to some species 

than others. Kreeb (1977) notes that the 50% and 90% flowering 

phenophases can be difficult to observe. As pointed out under 

suitability of species, the 90% phase of Gaillardia, Achillea, and 

Epilobium yielded more variable dates in 1988. If this large 

standard deviation continues for single locations over subsequent 

years, then only the 10% phase should be analysed. It may still be 

valuable to request the other phases to enhance the reliability of 

estimates by ensuring that plants are observed over a period of 

time. The full bloom phase (90%) may provide the best data for 

species such as Populus, and Prunus. 

First bloom needs to be well-described, with cautions against 

recording early flowering of individual plants in unusually warm 

microclimates. MacKay’s forceful instructions for observation are 

equally valuable today: "Better no date, NO RECORD, than a WRONG ONE 

or a DOUBIFUL one. Sports out of season, due to very local 

conditions not common to at least a small field, should not be 

recorded except parenthetically" (MacKay, 1899, p.74). 

Amelanchier and Prunus have clusters of small flowers. Observers may 

find it even easier to recognize distinct phenophases if the 

definitions used for the eastern lilac and honeysuckle survey (Dube 

et al; 1984, p.6) were used: "First bloom for lilacs is the date 

when at least 50% of the flower clusters have at least one open 

flower (shows photo of stage). "Full bloom for lilac is the date 

when 95% of the flower clusters no longer have any unopened flowers, 

but before many of the flowers have withered" (photo is shown). For 

herbaceous species being observed in the vicinity of a microclimate 

or weather station, Jackson (1966) defined 90% or more as a 

"subjective evaluation of the time when practically all (90% or more) 

of the individuals of a species had flowered that were within a 10 

foot radius of the station". This would most likely yield slightly 

later dates than Dubé’s definition above. 
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4.3.6. Sources of Error 

In one growing season, variations in phenology between individuals of 

a species in an area are due not only to weather differences, but 

also to differences in site (microclimate, soils, etc.) and genotype. 

The effects of genotype are difficult to measure. Schnelle (1955, 

p.45) emphasized that when using native plants "each observation from 

any one station, if at all possible, should be considered in relation 

to a neighbouring station". Caprio (1966) notes ecotypic responses 

in phenology: plants growing in the north do not bloom early despite 

periods of warmth and thus avoid frost. They then develop faster and 

mature before fall. If one moved specimens of Achillea millefolium 

from Lethbridge to High Level, would they survive? Survey results 

will tell us the average phenological behaviour of species in 

different areas. The extent of ecotypic variation in their flowering 

phenology could be determined in future for each of the 15 key 

species by using common garden experiments, as described by Flint 

(1974). 

Another source of variation which is difficult to quantify is the 

factor of observer error. One way to quantify human error would be 

to compare the results of 2 or more independent observers who record 

dates for the same species in the same location and time period. 

Leopold and Jones (1947) compared 39 observations taken over four 

years of phenology records with those of an independent observer in 

their area, and found that on average the difference between dates 

was only 2.6 days. 

Better instructions to observers will reduce variability, and as time 

goes by the error should diminish. The more species, observers, 

years, and locations behind any average, the more the errors balance 

each other out (Russell, 1962; Leopold and Jones, 1947). 

Leopold (Leopold and Jones, 1947, p. 103) notes that "a developmental 

record for any given species, to be valid through a term of years, 
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should either a) embrace the entire gamut of site and of genetical 

constitution, or b) it should be limited to certain individuals which 

have been selected in advance, and in which site and genetics remain 

constant. Alternation or mixture of the (a) and (b) types is 

fatal." For this reason the Alberta survey asks observers to select 

a patch of plants for each species and to follow these plants through 

the season. 

How much were the observation dates influenced by volunteers’ choices 

of when to observe? If observers were observing only on "days off", 

one would expect to see a greater number of observations on the 

weekend (presuming a high proportion of observers have Monday to 

Friday jobs). A frequency list of observations for each date from 

mid-March to mid-August was checked and there was not an increased 

number of observations on weekends. This would indicate that 

generally, people were observing plants on a more frequent basis. 

More than half of the observations occurred before May 25th. Bird 

(1979) noted that he also received most data for early flowering 

species, and speculated that later in the season volunteer observers 

were too busy with gardening, farming or holidays. 

4.3.7. Comparisons with other Studies 

The 1988 Edmonton data from the provincial observers were compared 

with the 1988 Whitemid Study results and with the following long-term 

Edmonton data: 

Bird, (1982) - 9 year period, 1973-1981, for first flowering. 

Russell, (1962) - 25 year period, 1936-1961, for first flowering; and 

Moss, (1960) - 32 year period, 1926-1958, for full flowering. 

Table 19 shows first and full flowering Edmonton data from three 

previous phenology studies as well as the averaged 1988 data from the 

provincial observers and the 1988 Whitemud study data. 
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First Flowering Comparison: 

Russell (1962) published first flowering dates averaged from a 25 

year study (1936-1961) done in Edmonton by three sequential observers 

(staff of Agriculture Canada: M.W. Cormack, S.G. Fushtey, and W.P. 
Campbell). This data includes seven of the key phenology species. 

1988 had earlier flowering than this long-term data for all species, 

by three weeks for the first two to flower (Anemone patens, Populus 

tremiloides), by 1 week for Amelanchier alnifolia, and Smilacina 

stellata, and by 2-3 weeks for Prunus virginiana, Elaeagnus 

commutata, and Galium boreale. Russell found that the average range 

in dates received over the 25 years for different phenophases was 

about a month. 

Bird (1982) published 9-year averages of first flowering dates from 

his phenology survey of the province (1973-1981). Comparisons of the 

Edmonton data show that most species flowered earlier in 1988: 

Anemone patens and Populus tremuloides by 2 weeks, and the others by 

about a week. Achillea millefolium and Epilobium angustifolium were 

exceptions, where the 1988 dates were later than average. Bird 

received general flowering dates from members of the public over the 

years, thus these data are much more likely to contain errors than 

the studies by Russell and Moss. The data is valuable in that it 

covers locations all over the province, and in future this database 

should be combined with the current survey’s results for analyses 

such as determining the required degree-days to induce flowering, 

regression analyses, etc. 

The Whitemud data show good agreement with the averaged 1988 

Edmonton dates for 10% flowering from the provincial survey 

observers. Populus tremuloides is an exception, being 9 days earlier 

than the provincial average. I suspect that problems in observer 

identification of male versus female catkins is a factor here. 
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Full Flowering Comparison: 

Moss (1960) published average full flowering dates based on his 

observations during the 32 year period 1926-1958. The species he 

studied include six of the phenology species. 1988 dates were 

earlier for all species except Lilium philadelphicum. Anemone patens 

and Populus tremuloides were earlier by 2-3 weeks. 

The Whitemud Ravine dates were later than the Edmonton averages 

(provincial observers’ data) for almost all species. The only 

notable exception was Linnaea borealis which was 12 days earlier in 

Whitemud ravine. 

Density of observers in other networks: 

To determine the density of observers desirable in the future for 

this extensive survey, it is useful to look at other studies. The 

federal Atmospheric Environment Service has about 300 volunteer 

observers in Alberta. In the 1970’s, the U.S.A. weather service had 

6000 observers, which represented 1 person per 1500 km* (Hopp, 

1974). The German Weather Service had one phenological observer per 

90 km? (Hopp, 1974). For a projected expansion of their phenology 

survey from the eastern United States to the whole country, Lieth and 

Radford (1971) suggested that an optimal density would be 500 

observers per U.S. state producing a total of 25,000 data points, 

which they felt would be easy to achieve with good promotion. 

In Alberta, the lower 60% of the province contains most of its 

population, and this represents about 390,000 km? of land (Alberta 

has 644,392 km? excluding fresh water). If we could achieve 1000 

observers in this partly settled area and we assume an even 

distribution, this would represent about 400 km? per observer, an 

area of about 20 km by 20 km (4 townships). This provides a target 

to work toward over the years ahead. 
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5. Conclusion 

Phenology has a long history starting in the Orient and developing 

considerably in Europe from the 1700’s onward. The United States and 

eastern Canada have benefitted from extensive phenology studies, and 

the potential for similar programs in Alberta is great. 

Two phenology studies, intensive and extensive, were carried out 

1987-1988. The intensive phenology study established a flowering 

sequence for vascular plant species in the Whitemud ravine of 

southwest Edmonton, an aspen parkland habitat with some 

boreal-mixedwood species. The timing of reproductive phenophases was 

illustrated using phenostrips for 77 vascular plant species, arranged 

in order of first flowering. A plant wheel (phenological circle 

diagram) illustrated the subseasons of spring, summer and fall 

delineated by phenophases of selected species. 

Flowering in 1988 was earlier than 1987, and both years were earlier 

than long-term Edmonton averages. Flowering was generally earliest 

for each species at the top of the ravine, and temperatures measured 

at three elevations showed that the greatest number of high and low 

temperatures were recorded at the bottom of the ravine. Species and 

phenophases were evaluated and the necessary frequency of 

observations determined to be twice per week during the main growing 

season (mid-May to mid-August). This intensive study has provided 

basic phenology for many parkland and boreal species, for which there 

is little autecological information presently available. 

In the extensive study, volunteers across Alberta were recruited to 

record three flowering dates (10%, 50%, and 90% flowering) for 15 

native perennial plant species. Flowering observation data received 

numbered 1300 (dates) in 1987 and 3000 in 1988. The greatest density 

of observers was in south-central Alberta. Suitability of species 

(distribution, speed of flowering, etc.) and phenophases were 

assessed. The best species were Amelanchier alnifolia and Prunus 
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virginiana, followed by Anemone patens, Viola adunca, Galium boreale 

and Lilium philadelphicum. The most useful flowering phenophase was 

first flowering (10% flowering). 

Mapping techniques and statistical techniques were tested, and SPANS 

mapping on a microcomputer was most successful. Both manual- and 

computer- produced maps revealed a flowering trend with 1988 

flowering starting in south central Alberta and progressing to the 

east, west and north. A heat island effect (earlier flowering) in 

cities was evident until mid-June. A pilot regression of selected 

data sets indicated that while flowering dates increased with 

latitude in the non-mountainous areas of Alberta, other factors were 

also involved. 

In general, phenological techniques developed in Europe appear to 

work well in Alberta. A minor problem is the compressed growing 

season, such that flowering of early species happens rapidly across 

the province, making a progression harder to see. As well, Alberta’s 

population is relatively sparse compared to Europe, and this means 

that greater efforts must be made to attract volunteers to fill in 

the data gaps in the province. 

Fields which can benefit from phenology include agriculture, tourism, 

recreation, climate studies, forestry, entomology, medicine, and 

environmental education. 
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Appendix 1: Example of a data sheet for phenological observations, 

Whitemud ravine 

See table 4 in thesis for full names of these species. The genus 

name only was used when the species was being identified. Numbers at 

the top refer to locations on the map (Figure 2). Two pages were 

needed to cover all locations, and 4 pages to hold all the species 

encountered = 8 pages for each field visit to Whitemud ravine. 

The data sheet was used to flag which species were in which location, 

which helped to remind observers to look for inconspicuous species. 

On this data sheet, a dot in the square meant the species was present 

at that location and a smaller square in the top left corner 

indicated a tagged plant. 
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Appendix 3: Two files from GBASE III PIUS are shown. The first file 

is the data as it was entered for June 13, 1988, and the second file 
shows some of these records sorted by species (in this example 
Linnaea borealis), date, and location. (See ravine map, Figure 2, for 

Location #25 was used when the observation location was 

Codes are explained below: 
locations. 
unknown. ) 

Field Meaning 

Date Date 

Spec Species name 

Where Location 

E> 4 Sex 

No tagged plant 

Str structure 

Ph phenophase 

Notes details 

Used for: 

calendar date of field observations 

4 letter code, =first two letters genus + 
first two letters species name (Table 4) 

number for each location 

Sex of individual plant observed 

number of tagged plant, or simply "t" if 
only one tagged plant at that location 

vegetative (leaves, shoots) 
reproductive (flowers, fruits) 

= insect consumption (herbivory), % of 
ee leaves consumed noted 
(See Tables 7-a and b) 

Vv 

is 

pa II 

numbers indicate stage of development 

extra information on-for eg: species 
identification, the exact stage of 
flowering, pollination vectors, fruit 
ripening, whether observation refers to a 
single individual, what type of insect is 
consuming the observed plant. 
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Appendix 6: GBASE III PIUS program to average 1988 dates for 10% 

flowering of Anemone patens, for the Edmonton area. The data used 

is from the 1988 provincial phenology survey; 88JJBLO is the name 

of the database file. The program first converts calendar dates to 

Julian dates. 

Close All 

Public MLEAP 
Public MNORM 
Public MMONTH 
ReUUD Lime LZ 

MLEAF= ‘ JANOOOFEBOS 1 MARO6OAPRO91MAY 121JUN1S5S20UL182AUG21 3SEP2440CT274NOV3S0SDECS335 
MNORM= ’ JANQOOFEBOS 1MAROSIAPROIOMAY 1 20JUNL51JUL181AUG212SEP2430CT273NOVS04DEC334 
MMONTH="M'+" LEAP" 
USE S8JGBL0 
fet filter to spec="ANEFA" 

Average Val (Substr (&MMONTH, (At (Upper (Left (CMonth ays 32) ) 5 &MMONTH) +3) 4&9) SE shee Ss 
ay) ALL FOR spec = "ANEPA" .and. ph = " 1" wand. township>=50 .and. township<=55 

sand. range %#=22 .and. range <=28 .and. meridian = 4 to Z1Z 
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Appendix 9: Spring 1990 newsletter sent to flowering date survey 
observers 

University of Alberta Department of Botany 
A , Edmonton 

Canada T6G 2E9 B414 Biological Sciences Centre, Telephone (403) 492-3484 

ALBERTA FLOWERING DATE SURVEY 

Spring Newsletter 1990 

Greetings and thank you to all wildflower watchers, and welcome to new 
observers! 

This survey, which collects flowering dates for 15 Alberta wildflowers, 
began in 1987 and will continue over the years ahead through the Botany 
Department, University of Alberta. The survey uses plants as weather 
instruments - an effective way to gather information on current climatic 
conditions and the potential for plant growth in different regions. 
Understanding the normal timing of plant development for areas of Alberta 
can help us make better decisions in agriculture, horticulture, forestry, 
recreation, tourism and human health. Most European countries have had 
observer networks gathering these phenology dates for years - 200 years in 
some countries! Here in Alberta we hope to expand our network to 1000 
observers within 10 years. 

Please keep the enclosed “Alberta Wildflowers" booklet for use in future 
years. Soo Shae Cir Soot aa reobe aii pepenaiomt hacia! If you let 
me know names and addresses of other potential observers, I'll be delighted 
to send them a booklet, too. 

Here are a few tips to help you in observing flowering. The sketch on page 
14 shows how tiny Twinflowers really are. It is best for the survey if 
your flowering dates reflect conditions over a broad area (eg: 10 by 10 
km). Full flowering, or 90%, should be recorded when almost all of the 
flowers are open, and before they have started to wither. 

Poplars are tricky; we need to know the difference between male and female 
trees. Only the male trees should be observed for flowering. Here's a 
great suggestion from the McKinstrys in Oyen, Alberta: in early spring, 
bring a small branch from your poplar tree(s) (label with tape if more than 
one) into the house and set in a jar of water. Soon the grey tufts 
(catkins) get longer, turning pinkish and then pale yellow as they shed a 
yellow powder (pollen) at the slightest touch. (Place a dark paper or cloth 
under jar.) If you see pollen, then you have a male tree branch. 
Outdoors, the wind quickly blows pollen away, so try this to be sure of 
your tree. The sketches on the back of this page give approximate outdoor 
times for stages of catkin development. Note: if catkins turn green, the 
tree is female. 

Thanks very much to all wildflower watchers. It is only through your 
dedication to recording each season's progress that we gain an 

understanding of our Alberta "green wave of spring"! 

Elisabeth Beaubien (office: 492-5520, home: 438-1462) 
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Appendix 9, continued: 

Aspen Poplar -——- Populus tremuloides 

Catkin development 

Male tree Female tree 

late winter early spring 

week 2 

week 1 female flowers 
pink pollen also pink; 
sacs can be fertilized by 
seen with wind-carried 
magnifying pollen 
ens 

week 3 

week 1-2 after 

flowering: fertilization, 

sacs open, catkins turn 

release pollen green and 
lengthen 

—- eck 6 we 

oo ee green seed 

fall off pods, ; 
leaves opening. 

later 
white fluffy 
seeds 
released 

by pods 
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A flowering date survey 

Do you enjoy the outdoors? Do springtime walks 
and wildflowers appeal to you? How would you 
like a chance to learn more about the secret life of 
plants? Keep your finger on the pulse of nature 
by joining Albertans who record when some of out 
native wildflowers bloom. We need your help to 
chart the ‘“green wave” of spring across Alberta. 

Why watch wildflowers? 

By watching these plants, you'll gain a new 
interest and awareness of living things. These 
observations take little time and help you learn 
about wildflowers while you enjoy the outdoors 
on a regular basis. It’s addictive! You'll find 
yourself looking forward to this spring ritual every 
year. As one of a network of observers, you'll be 
kept informed of results of the survey every year, 
and you'll be able to compare your area with the 
rest of the province. Students can have fun and 
learn through observing wildflowers, measuring, 
recording, and making hypotheses. They can 
compare their dates with other schools, and also 
use them in science fairs. 

Others who may enjoy the survey include 
farmers, ranchers, acreage owners, highway 
workers, foresters, gardeners, naturalists, retired 

people, and those who walk in city parks or the 
countryside. 

How are the dates used? 

This is a phenology survey. Phenology is the study 
of the timing of events that happen every year in 
the lives of plants or animals. In this survey, we 

want to know the dates when certain Alberta 
wildflowers start to bloom. We put the flowering 
dates on maps to show zones of equal flowering 
and climate. The dates from each year are compared 
to ten-year averages to determine whether that 
spring was early, average, or late. This information 
is used to predict the best time to plant vegetables, 





or crops, in order to get greatest yields and 
accurately predict insect outbreaks. This information 
has uses in many areas including climate studies, 
forestry, satellite sensing and human health. 

The survey will also show us the remaining 
areas where some of our disappearing wildflowers, 
such as Prairie Crocus and Wood Lily, are still 

found. These pockets of natural habitat are 
important to wild plants and animals. Your 
contribution may help us keep such areas ina 
natural state. 

What should I observe? 

Check through the flowers shown here to see 
which ones occur near you and that you can 
observe every 2 to 3 days as they are starting to 
bloom. You may not have all these plants in your 
area. Even if you can only record a few dates, this 

will be very useful. 
The flowers are listed here in the approximate 

order in which they bloom. The earliest spring 
flowers, like Prairie Crocus and Aspen Poplar, are 
shown first. For most plants “flowering” means 
that flower buds are open and petals can be seen. 
Shedding of pollen (yellow powder released in a 
small cloud when the branch is moved), is a useful 

sign of flowering, especially in the aspen poplar 
tree which has no colourful petals. Record the dates 
when 10%, 50%, and then 90% of the flower buds 
are open. See the descriptions of Prairie Crocus, 
Aspen Poplar and Fireweed for important details 
on how to observe and record flowering dates. 

Where do I look for the flowers? 

Pick a location you can visit regularly. The flower 
habitat descriptions will tell you where you might 

look for each type of plant. Choose plants, if 
possible, that are growing on relatively flat ground. 
Those on a north-facing cool slope will often 
flower later and those on a south-facing warm slope 

generally will flower earlier than those on level 
ground. 

2 

For the smallest plants, observe an area of 
about 2 metres by 2 metres (6 ft by 6 ft) which 

contains these plants. For larger plants (Solomon’s- 
Seal, Wood Lily, Brown-Eyed Susan, and 

Fireweed), an area of about 5 m by 5 m (5 yd by 
5 yd) is best. For bushes and trees, please observe 
at least 2 plants from different stands. Use the 
same group of plants (e.g. a patch of crocuses) for 
your first, mid-, and full flowering observations. 

When should I be out looking? 

Prairie Crocus and Aspen Poplar sometimes start 
flowering as early as late March in southern 

Alberta. Visit your site frequently during and 
after snow melt so that you will see the plants 
start to flower. In general, if you check your site 
at least every 2 to 3 days you should catch the 
important dates. 





Prairie Crocus 
Windflower, Crocus Anemone 

Anemone patens L. var wolfgangiana (Bess.) Koch 

These blue purple flowers, up to 4 cm (1% in) in 
diameter when open, appear in very early spring. 
The hairy stem grows up to 10-40 cm (4-16 in) after 

flowers open. Later, grey green leaves appear. The 
habitat includes sandy soils on the prairie and dry 
open woods. Regular burning seems to encourage 
this plant but plowing eliminates it. Because the 
plants can cause blisters, in some Indian groups it 
was used for practical jokes. The plant was called 

‘crocus’ by English settlers because it reminded 
them of the crocus at home in England. Now it 
is the floral emblem of Manitoba. 
How to observe: 
Use small rocks or sticks to mark off an observation 
area of 2m x 2m. Count the flowers every few 
days until the number of flowers stops increasing 

(full bloom). 

Aspen Poplar 
Trembling Aspen 

Populus tremuloides Michx. 

These trees have light green or whitish bark. Large 
trees can be blackish at the base. The height of the 
trees ranges from 3-25 m (10-80 ft). Look beneath 

the tree for last year’s leaves, to make sure they 
match the leaf shape shown here. The trees are 
either male or female. The male flowers or catkins 
appear before the new leaves, grey and woolly 
like miniature lamb’s tails. The catkins lengthen to 

4-6 cm (1%2-2% in) long and 3 mm (% in) wide. As 

they lengthen, their colour changes from grey to 
pinkish to pale yellow, as pollen is dropped. 
How to observe: 
Watch for the first date when the catkins release 
a small cloud of yellow pollen when the branch is 
touched slightly. Flowering can be over in 2-3 
days, so watch your trees carefully in early spring! 
Aspen habitat includes any reasonably moist area. 

Our native people ate the inner bark, which is very 
nourishing, sweet and tender, when cooked. The 

bark contains an active ingredient found in aspirin, 

and was used to treat fevers. Elk and beaver are 

very fond of this inner bark. 

2) 





Early Blue Violet 

Viola adunca J.E. Smith 

These bluish purple flowers are up to 2 cm (% in) 
across. Note the purple lines on the three lower 
petals and the white beards on the two side petals. 

The stems which support the flowers also have 
leaves attached. The plant grows 4 to 10 cm 
(14-4 in) tall. The leaves are 1 to 3 cm (%-1" in) 

wide. Its habitat includes open woods and prairie. 

Similar species: 
Do not confuse with Bog Violet (Viola nephrophylla) 
which prefers wetter areas than Early Blue Violet. 

It has a similar flower, but blooms later and the 

flower stem has no leaves. Violets were the 

favourite flowers of Napoleon and Mohammed. 

Our Blackfoot Indians used the blue colour to 

dye arrows. 

6 

solden Bean 

suffalo Bean, Prairie Bean, Golden Banner 

"hermopsis rhombifolia (Nutt.) Richards 

“hese bright yellow flowers, each 12 mm (4 in) 
ross, together form a dense spike. The plant is 
-50 cm (6-20 in) high and has dark green leaves 

vith 3 leaflets, each leaflet 2-3 cm (*%4 to 1% in) long. 

‘s habitat is open sandy areas in prairie and aspen 
orest where the water table is high. The name 

uffalo Bean shows us the Indians’ knowledge of 
shenology. They used its flowering time to indicate 

iat buffalo bulls were now fat and ready for the 

pring hunt. Flowers and seeds (beans), which form 

iter, should not be eaten. This plant benefits from 

partnership with fungi and bacteria in the soil 
- the fungus provides minerals and the bacteria 
ike nitrogen from the air and enrich the soil. 

Te 

5 





Saskatoon 

June-berry, Service-berry, Shadbush, Indian Pear 

(N.S.), Chuckly Pear (Nfld.) 

Amelanchier alnifolia Nutt. 

These showy white flowers (9-12 mm or %-! in 
wide), have 5 petals. This shrub or small tree 

grows 1-8 m (3-26 ft) tall. The leaves are oval, 
2-5 cm (*4-2 in) long. Its habitat includes poplar 

forest and moist ravines in prairies. Our Indians 
used an eyewash made from the inner bark to cure 
snow blindness. The branch tips are a good winter 
food for deer, elk and moose. The sweet, edible 

berries were regarded as the most important 
vegetable food of the Blackfoot Indians, and were 

used for making pemmican. 

star-flowered Solomon’s Seal 

solomon Plume, Wild Spikenard 

»milacina stellata (L.) Desf. 

“he white flowers have six petals which form a 

oose spike at the end of a leafy stem. Each flower 
s up to 6 mm (4 in) wide. The plant has erect, 

‘ften curved, stems 15 to 20 cm (6-8 in) long, 

sccasionally up to 45 cm (18 in). The size and shape 

f the leaves are very variable depending on where 
re plant is growing. In bright light the leaves are 
‘iff as in this photo. In shade they are limp and 
irger, as in the sketch. The berries are greenish 
‘ith dark stripes, and turn red in early fall. The 
abitat includes woodlands, open meadows, and 

1ores of sandy marshes. The berries were eaten 
y some Indian tribes, but they are sickly sweet 

nd were not highly prized. However, bears are 
ery fond of these berries and livestock readily 
raze on the plants. 
ee sketch on back page. 





Choke Cherry 

Prunus virginiana L. var. melanocarpa [A. Nels.] 

Sarg. 

These white flowers, each 1-1.5 cm (%%-% in) across, 

hang in dense popsicle-shaped clusters up to 15 
cm (6 in) long. This bush or small tree has a trunk 

up to 4.cm (1% in) wide and a height, generally, 

of 2-4 m (6-13 ft). The berries are red to bluish black. 

Its habitat includes aspen groves, ravines, and the 

edges of creeks. 
Similar plants: 
Do not confuse with May Day Tree, P. Padus 

commutata, a domestic species planted near houses. 
It has very similar flowers but blooms earlier than 
Choke Cherry. Do not confuse with Pin Cherry, 
P. pensylvanica, which has flowers in flat-topped 

clusters. 
Choke Cherry sticks were used by Plains Indians 

for roasting game. The wood didn’t burn easily 

and added spice to the meat. The dried berries were 

used to make a tea, said to be especially good for 

coughs or colds. More recently a “‘cherry” 
toothpaste made from this plant was available. 

10 

Yellow Pea Vine 

Cream-coloured Vetchling, White Pea Vetch, Wild 

Sweet Pea, Vetchling 

Lathyrus ochroleucus Hook. 

These flowers are yellow to white, each 1.5 cm 
(% in) long. Five to ten pea-like flowers form a 
cluster. The plant has climbing stems which are 

up to 1 m (3 ft) long. Seeds form in pods 4 cm 
(1% in) long. Its habitat is moist forest and clearings. 

The Ojibwa Indians used the root as an “Indian 

potato.” Livestock readily eat this plant. It comes 
back quickly when protected from livestock. Some 
indian groups ate the peas, but in large quantities 
they cause a headache due to a narcotic. 

See sketch on back page. 





Wolf Willow 
Silverberry 

Elaeagnus commutata Bernh. ex Rydb. 

The flowering time of this shrub is announced by 
a strong sweet scent. The small flowers are yellow 
on the inside and silvery on the outside. The leaves 
are 3-8 cm (14-3 in) long, and the shrub height is 

usually under 2 m (6% ft) high. The fruit is a dry 

silvery berry. Wolf Willow’s habitat includes 
moister edges of prairies, dry hillsides and open 
fields in aspen forest. Like Golden Bean, this plant 
has a partnership with nitrogen-fixing bacteria and 
enriches the soil. The berries were used by 
Blackfoot Indians to make seed necklaces. Children 
suffering from frostbite were treated with a strong 
solution made from the bark. Our native people 
discovered the bush had a bad smell when 
burned. Those who used it for firewood were 
chided for being lazy. 

Northern Bedstraw 

salium boreale L. 

The fragrant flowers are white, 3 mm ('% in) 

vide, and shaped like a cross with 4 petals. The 

slant stands 20-60 cm (8-24 in) tall. The leaves 

ire arranged in groups of 4, each group encircling 
he stem. The habitat includes forest, roadside, 

ind moist prairie. The plains and northern Indians 
ised a purple or red dye from the roots to colour 

»orcupine quills. Settlers used dried bedstraw 
slants to stuff mattresses. Tea made from this 

lant was even used as a wash to “remove” 

reckles! 

Ww 





Twinflower 

Linnaea borealis L. 

The bell-shaped flowers are pinkish white, small 
(3 mm or % in across), and fragrant, especially 
towards evening. The stem is 5-10 cm (2-4 in) 

high. The low, creeping plant has leaves which stay 
green all winter beneath the snow, and are 1-1.5 
cm (%-% in) wide. Its habitat is rich moist woods, 

coniferous or mixed, in open or semi-shaded 

areas. This was the favourite plant of Carolus 
Linnaeus, the father of our scientific naming system 
for plants. It is found in northern forests around 

the world. 
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Common Yarrow 

Milfoil, Yarrow 

Achillea millefolium L. 

These flowers are white (or rarely, light pink). 

Many small flowers form a roundish-topped dense 
cluster about 4 cm (1% in) across. The plant is 

about 30-70 cm (12-28 in) tall and strongly scented. 
The leaves are fern-like, hairy, and blue-green. 
Its habitat is mainly where the soil has been turned 
over (disturbed areas). Yarrow is very common 
and known around the world. In ancient times it 

was frequently used in wars to stop the bleeding 
of wounds. In Greece it is a symbol of war. Achilles 

is said to have used it to staunch his soldiers’ 
wounds. Our Rocky Mountain Indians used the 

mashed roots as a local anaesthetic. 





Western Wood Lily 
Western Red Lily, Tiger Lily 

Lilium philadelphicum L. var. andinum (Nutt.) Ker. 

These orange flowers are 6-10 cm (2%-4 in) across. 
There is usually one flower per plant, but two or 

three are not uncommon. The leaves are narrow 

and pointed. The plant is about 30-60 cm (12-24 in) 

tall. Its habitat includes moist meadows, edges 

of aspen groves and roadside ditches. This is 
Saskatchewan’s floral emblem. We must protect our 
remaining lilies! When the flower is picked or 

mowed the food-producing leaves are removed and 
the plant dies. This beautiful flower has 

disappeared in many areas. 
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Brown-eyed Susan 
Wild Gaillardia, Blanket Flower 

Gaillardia aristata Pursh 

The golden rays surround a purplish brown centre, 

forming a flower head up to 10 cm (4 in) across. 
The plant grows to a height of 20-80 cm (8-32 in), 
and is covered by greyish green hairs. The lower 

leaves are lance-shaped, the others toothed. Its 

habitat is grassland, dry open woods, roadsides 
and railway grades. The Blackfoot Indians rubbed 
these flower heads on rawhide bags to waterproof 
them. They also used the large flowers as absorbant 
spoons to feed soups to the sick and invalid. 

See sketch on back page. 





Fireweed 

Great Willow-herb, Narrow-leaved Fireweed 

Epilobium angustifolium L. 

Many large pink to light purple flowers form a 
long terminal spike. Each flower is 1.2-3 cm 
(‘4-14 in) wide. The plants are tall, 90-180 cm 

(3-6 ft) and often form large colonies. The leaves 

are long and narrow. Each seed released from the 

long pods has a tuft of hairs to carry it on the 
breeze. Fireweed’s habitat includes burned areas 

and other disturbed areas, gravel bars, roadsides, 

and open woods. This is the floral emblem of 

Yukon. Indians used the young shoots as a cooked 

vegetable, and combined down from seeds with 

duck feathers or mountain goat wool to make 

blankets. The flower buds are “ice-cream food” for 

deer in summer. 

Sketch: flower spike with two seed pods, 

(see last page) 

How to observe fireweed: 

10% flowering: 10% of the plants with flower buds 
have at least one flower open. 

50% flowering: almost all the flowering plants 
have a few seed pods forming at the bottom. 
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90% flowering: most of the flowering plants have 
equal numbers of pods and open flowers. 

Where can I get more help identifying 
these plants? 

These field guide books are very useful: 

Wildflowers Across the Prairies by F.R. Vance, J.R. 

Jowsey, and J.S. McLean. 1984. Western Producer 
Prairie Books, Saskatchewan. 

Wildflowers of the Canadian Rockies by G.W. Scotter 
and H. Flygare. 1986. Hurtig, Edmonton. 

Wildflowers of Alberta by R.G.H. Cormack. 1977. 
Hurtig, Edmonton. 

Naturalists and gardeners within your community 
may be able to help you. 

Questions? 

Please write or call with any question or comments 
you have. Don’t hesitate to send pressed plants 
or photos for identification. 

Address: 
Wildflower Survey 
Department of Botany 
University of Alberta 
Edmonton, Alberta 

T6G 2E9 

Phone number: 

Botany Office 
(403) 492-3484 





Acknowledgements: 

Thanks to the following for making this project 
possible: 

The Recreation, Parks and Wildlife Foundation for 

financial support of this brochure. 

The Boreal Institute for Northern Studies for 

financial support. 

Drs. Walter Moser, Keith Denford, and Charles 

Bird, for inspiration and advice. 

The Natural Sciences and Engineering Research 
Council of Canada, for support of K. Denford. 

The University of Alberta Devonian Botanic 
Garden for artwork (sketches by John R. 
Maywood) on pages 21, 22. 

Diane Hollingdale for Twinflower sketch, page 14. 

Nada Zeljkovic for design and layout. 

Photo credits: Cover, Prairie Crocus by Lorna 

Allen; page 4, L. Allen; page 5, E. Beaubien; page 
11, P. MclIsaac. 

All other photos by Halle Flygare, from 
Wildflowers of the Canadian Rockies, by G.W. 

Scotter and H. Flygare, 1986, Hurtig Publishers, 
Edmonton. 

2nd edition, “Alberta Wildflowers, a Flowering 

Date Survey” by Elisabeth Beaubien. 

February, 1990 

20 

Star-flowered Solomon’s Seal 

Yellow Pea Vine 
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Alberta Wildflowers - Flowering Date Sun 

Observer's name(s) 

Mailing address 

Posta 

Location of observations: 
Legal description or closest roads, so that location c: 

other locations, please note which dates and describ 

Section: Township: 

Species Flowering date: 

First Mid 

10% 50% 

flower buds open: |}1in 10 | half : 

Prairie Crocus * si 
Anemone patens 

Aspen Poplar * 
Populus tremuloides 

Early Blue Violet 
Viola adunca 

Golden Bean 
Thermopsis rhombifolia 

Saskatoon 

Amelanchier alnifolia 

Star-flowered Solomon's-seal 

Smilacina stellata 

Choke Cherry = 
Prunus virginiana 

Wolf Willow r 1 

Elaeagnus commutata 

Yellow Pea Vine a 

Lathyrus ochroleucus | 

* See "how to observe" in Alberta Wildflowers book 

Even a few dates recorded above will be valuable. 

form continues on the other side 



shaded areas for office use 4 

Observation year 

pointed on a map. If some observations were from 

ocations too. 

nge: Meridian: 

Remarks 

Any observations, e.g. effects of insects or weather, 
sunny or shady locations, etc. 



Species Flowering dates 

First Mid Full 

10% 50% 90% 

flower buds open: |1in 10 | half almost 

Northern Bedstraw | 

Galium boreale 

Twinflower 

Linnaea borealis 
r 

Common Yarrow 
Achillea millefolium 

Western Wood Lily 
Lilium philadelphicum 

Brown-Eyed Susan 
Gaillardia aristata 

Fireweed * 
Epilobium angustifolium 

* See "how to observe" in Alberta Wildflowers booklet. 

Even a few dates recorded above will be valuable. 

Please mail by September 30 to: 

Department of Botany 

University of Alberta 

Edmonton, Alberta T6G 2E9 

Thank you for this contribution to our understanding of v 





Remarks 

Any observations, e.g. effects of insects or weather, 

sunny or shady locations, etc. 

flowers. 
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