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Phenological Aids to Species Identification 

on Air Photographs 

by 

L. Sayn-Wittgensteill1 

INTRODUCTION 

The extent to which tree species can be identified on air photographs is 
determined by a combination of many variable and often unknown causes. The 
weather, the film, the altitude of the sun, the printing and developing, and many 
other criteria control the key characteristics used as aids in recognizing species. 
The result is that sometimes trees, easily distinguishable on the ground, appear 
identical on air photographs. Some species of similar appearance may occasionally 
be identified because normally insignificant differences in their appearance have 
been enlarged through a fortunate combination of film and filter, or through the 
combined effect of other variables. 

It would be a nearly impossible task to prepare descriptions of individual 
species for the unlimited number of such combinations of conditions that may 
prevail at the time of photography, but one can approach the problem of species 
identification on air photographs by dealing separately with each of the important 
factors that determine the appearance of tree species. By understanding the basic 
influences which contribute to the resulting photographs, the photo-interpreter 
will be in a good position to evaluate the complex situations that he will encounter 
during his work. 

The value of crown form and branching habit as identifying marks of different 
species has previously been treated (Sayn-Wittgenstein 1960). This report is a 
::iupplement to that publication, dealing in detail with phenology, the study of 
periodic events brought about by seasonal changes in climate, as an aid to the 
recognition of tree species. 

The commonly used panchromatic summer photographs often show only a 
few or no useful tone variations between species, but spring or fall photographs 
may provide excellent opportunities for distinguishing species or groups of species. 
Often these good results are achieved by accident. The date of photography 
may have coincided with the time when fall colouring was at its peak, or when 
one species was in leaf, while others were bare. 

The extent to which the success of air photography depends upon chance 
can be reduced by investigating and recording the dates of phenological pheno­
mena which help in the recognition of species. In this way it will be possible to 
take air photographs in the future under the same circumstances which prevailed 
when good results were previously obtained. Because many phenological pheno­
mena, such as the flowering of some species, or the difference between the dates 
of leafing of two species, are of short duration, the timing of photographic flights 
should be very exact. Unfortunately this is often impossible because of bad 
flying weather. 

Although this report deals with the interpretation of photographs for forestry 
purposes, the data concerning leafing and leaf-fall may be of use to those inter­
ested in air photography for geological and topographic mapping. In these fields 
photographs taken when the deciduous foliage is absent are generally preferred.2 

1 Research Officer, Forest Inventories Section, Forest Research Branch, Ottawa. 
2 Lacate, D. S. 1960. Seasons for ail' photography. A rc\'icw of specifications and preferences. Canada, Depnrtment of 

Forestry. Unpublished. 
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The phenologic::d data, summarized in this publication came, \\"ith the C'xcep­
hon of Tab le 1, ,\pprndix 1, from records of the Fire Protection Scctioll and 
Experimental Stations of the Departmcnt of ForesLry. Table 1, Appendix ] .  ii-i 
based on the author's phenological obselT;ltions. The ail' photographs u;::ed as 
illustration;.; \\"ere dra\\'n from the collectioll of samp le phot-ogra,phs made by the 
Forest In\"ciltorics Sedioll. 

SPRING PHOTOGRAPHY 

(1) Before the leaves appear 
Photographs taken in thc e�Hly spring, befon� the first trees leaf out, have 

much in common \\'ith late fa l l  and ,,-intcr photographR. Because deciduous 
trees are hare it is caRY to di�tinguish them from the evergrcens. Individual 
e\'crgrl'ens e;tll often be successfully identified becausc the "icw of their crowns 
is not ob:itrueted by dee-iduous foliage. Small and suppre�sed eonifer�, "'hich 
would remain hidden on summcr photographs, ean be detee-ted. Becausc of the 
prominent appearan('e of e\'ergreens there is a tendency to oYerestim;,te t h e i r  
portion i n  a mixed stand. 

1f sharp photographs at relatively large scales a,re used, then the character­
istics of the trunk, the branchillg habit, and the t\\'ig structure are guides to the 
recognition of hard\\'ood speeies. For example the chalk-,,'hite trunks of "'hite 
birch show up cloHrly, and thi� species can therefore be distinguished from the 
tolerant had\\'o()cb, \\'hich hU\'e darker bark, and from aspen with it::; greyish 
baric 

Should colour photographs be a vai l ab le, then many trees can be identified 
hy the colour of their bark. For example various species of poplar could be 
distinguished: tho bark of tremb ling aspen is greellish-grey or \\'hitish , that of 
largetooth aspoll similar, but with an orange touch, while the bark of balsam 
poplar is dark. The t"'igs and the immature catkins of white birch are reddish­
bro\rn; the crO\\"I1s therefore have a d istincti ve colour before leafi ng begi ns. 

Since the ground �urface can be seen ill hard\rood forests, such features as 
small drainage channels and rock outcrops call be noted. Site evaluation is thus 
facilitated and murh indirect o\'idellC'c of the occurrence of species is obtained. 

(2) During the period of leaf developmen t 
As the foliagc appcars on troes, it obscures the trunk and branches and 

dominates the appearance of ("I"O\\'I1S Oil air photographs. It is easy t o  distinguish 
a tree that has leafed out from a bare ono, and i t  i s  therefore important to ascer­
tain whcther species leaf out ill a defillite order that ean be depellded upon for 
photo interpretation. Because foliage (·hanges as it l1l;tture� it is neces"ary to 
describe it at \':uious stages of its development alld to investigat e its rat.e of 
de\ 'elopment . III a few cases the flowers of trees gi\'e the erowns a (·har�\rt-eri;::tie 
appearance. 

(a) The order of leafing 
E\'en a \'ery casual obsen'el' of trees i n  the sp ring \\"i l l  n o ti ce t.hat there are 

large differences bet\\'een the dates when different trees leaf out. It commonly 
occurs that one tree wil l be in full leaf, while the buds on others appear dormant. 
In a year with a long, cold s p r i n g  the timc that elapses bet,,'eCll the leafing of 
different tree" is particularly great. In all effort to inve::;tigate this Ol'der of leafing, 
phenologital records 0\'01' a number of years ha\'e been ::;ummarized for many 
species from se\"Cral parts of Callada (Appendix 1). 

Before dra\\'ing any conclusiOlls from sud1 data, Olle should consider their 
limitations. Phenological e\'ellts are part of a continuous process (as is illustrated 
by Figure 1) a n d  it i� difficult to deseribe their Rtart or end by an exact date. Olle 
must therefore be cautious in ascribillg significanee to differentcs of only a fe\\' 
days that may appear i n  n, phenol ogieal record, he(';\u,.;e the data nre infiucneccl 
by the subjecti\'e judgment of the obsC'l"nr. 
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Figure 1. Illustration of the gradual nature of the development and fall of foliage. The portion of foliage 
developed in the spring and of greAn foliage remaining in the fall is indicated by the dark areas, while the 
light, dotted areas show the part of the foliagp in fall colours. The figure is based on one year's observations 
on a small area and is not intended to show the typical sequence for the various species. (Drawn from 
data collected in 1948 near the Petawawa Forest Experiment Station by C. J. Lowe and D. G. Fraser.) 

A general conclusion reached from Appendix 1, Table 1, is that there is some 
regularity in the sequence in which different spec ies leaf out. Some are consistently 
among the first to leaf, while others are always among the last. In the first group 
we find for example tamarack, trembling aspen (Figure 2), and white birch, while 
beech, oak, and hickory are among the later species. Figure 3, which shows the 
time of leaf development and leaf fall for trembling aspen in various locations, 
could therefore be used as a very rough guide to the dates of leafing and leaf 
fall of other species. 

A very definite relationship exists between the limits of the latitude of the 
natural range of a species and the time of leaf-Rushing. Trees with a natural 
range extending to the far north (e.g. willow, tamarack, white birch) are among 
the first to leaf, while the more southern species (e.g. beech, hickory, yellow 
birch) leaf out later. The very last to flush are exotic species imported from the 
south (e.g. catalpa, Kentucky coffee-tree, sycamore). 

On the other hand, the order of leafing varies from year to year for 
numerous species for a number of reasons including the following: 

(1) Differences in site. 

(2) Variations in temperature between dormancy and the flushing of the 
leaves. 

(3) Genetic differences within one species. 

(4) Age and vigour of trees, incidence of disease. 

Differences in site, that is, mainly differences in local climate and soil, are 
very obvious reasons for variations in the date of leafing. On swampy locations 
and cool, north-facing slopes leafing will occur later than on warm and sunny 
sites. For example, on the same location sugar maple will leaf out earlier than 
red maple, but sugar maple growing on a cold and wet site, will leaf out later 
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Figure 2. Infrared spring photograph showing how aspen, partly in lc::tf. can be distinguished from other 
hardwoods. whirh arc bare. The very light (TOWns are aSp01l, the darker eJ'owns variolls evergreens. Tile 
remainJPI' of the arca is co'· creel by hard woods. (2 X enl:up;c m cnt from an original sen Ie of 1 inch = GGO feet, 

Chalk River, Ont., M" v 6, J9.59.) 
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Figure 3. The portion of the foliage of trembling aspen developed or fallen on a given date is shown for 
various locations. The curves were drawn from data collected by the Fire Protection Section of the 

Department of Forestry. 
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than red maple on a dry and sunny site. Differences up to two weeks between 
the dates of leafing on different sites have been observed. MacHattie and 
McCormack (1960) have observed that, although numerous exceptions exist, the 
trend is for vernal phenological events to occur first on the ridge top, then on 
the south slope, and last on the north slope. The change to fall colours tended to 
occur in reverse order. 

A change in the sequence of leafing of different species is best explained by 
variations in the early spring temperatures. There is a theory that for each 
species a certain summation of temperature (calculated as the sum of the products 
of time X temperature above a fixed minimum temperature) is necessary to 
produce a given phenological event. This theory, which implies a fixed order of 
leafing out, has been criticised in detail by Tamas (1959). The main criticisms are: 

(1) The rate of growth activity does not vary directly with temperature, 
but for each species there is an optimum temperature at which activity 
will be faster than at any higher or lower temperature. Should the air 
temperature remain near the optimum temperature for any one species 
for a significant time, then that species will leaf out relatively earlier. 

(2) The minimum temperature at which growth activity begins varies for 
different species. If this minimum temperature is +5° C. for species A 
and +7° C. for species B, then only A will advance during those periods 
when the temperature fluctuates between +5° C. and +7° C. 

Often one can observe differences between individuals of one species growing 
on the same site that appear to be due to genetic variations. Leopold and Jones 
(1947) report differences in the time of blooming and leafing of trembling aspen 
clones, which were not related to site. In another instance (Anon. 1958) two 
adjacent clones of trembling aspen, in both cases males of similar ages, differed 
by about two weeks in time of leafing. After an intensive study of phenological 
variations in sugar maple, Kriebel (1957) came to the conclusion that the time 
of flushing is under rigid genetic control. 

Age and vigour seem to influence phenology. Seedlings and sprouts leaf out 
earlier than mature trees. In a few cases diseased trees leafed out much later 
than healthy ones; on the other hand it is reported that certain virus infections 
stimulate early leafing. 

(b) Characteristics of spring foliage 

Young leaves are lighter than mature ones and often have a fresh green or 
yellowish colour. According to measurements by Shull (1929), young basswood 
leaves reflect up to three times as much light as mature ones. Differences of this 
kind were less in redbud and cottonwood, the two other native trees investigated. 
The tone contrast between hardwoods and evergreens in the spring is so pro­
nounced that panchromatic photographs taken in that season resemble infrared 
photographs, with the hardwoods appearing almost white, the conifers dark. 
This contrast is further accentuated by the dark green or brownish winter colours, 
that still characterize conifers in the early spring. About three weeks after the 
leafing of hardwoods has begun the difference in tone between hardwoods and 
conifers is much smaller, owing to the darkening of the hardwood leaves and the 
growth of fresh green coniferous foliage (Figure 4). The slightly different colour 
of young spruce and fir foliage may help to distinguish these species. 

The rate of growth of leaves varies between species, although these differ­
ences may be diminished by the sudden onset of very warm weather, that will 
cause rapid growth on all trees. The leaves of basswood and sugar maple appear 
to reach full size rapidly, while those of the oaks, white birth and elm grow 
slowly. 
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Figure 4. Black spruce branches showing the tone rontr�st between young and 
old needles. (Chalk River, Ont., July 18, ]960.) 

Figure .�. Distinction of yellow iJireh nnd sligar maple in the late spring. The darker, large crowns are 
yellow birch, the lighter ones sugar maple. (2 X enlargement from an original scale of 1 inch = 1,000 feet 

near the Goulois niver. Ont., June 4, [g5a.) 
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Spring and cnrly summer photography i s  the best for dist i nguish ing sugar 
maple and yel low b i l' < ' h. In one instance yellow bi rch appeared su fficiently d arker 
than maple to make it possi ble to ident i fy indivi d u a l  t rees at a scale of about 
1 i nc h  = 1,000 fcet ( Figure 5). The tone contrast, greatest  on photographs taken 
in the spring ( Figure 6), has ho\\"ever a lso been observed on late summer 
p h otography. This d ist inction nppears to be caused by pheno logica l  and other 
characteristics of t h e  t wo spec ies . Yellow b i rch has a more open crown and 
smaller leaves than sugn r maple , with the resu I t that it reflects less l ight and 
shows more of t h e  "hado\\·" ("ontained in thc crow ll. In addit ion the leaves of 
sugar maple are l ighter tha n  those of yello\\· birch, pnrt icularly d uring thej [late 
spring, \I·hen they han' a definite yellu\\·ish h ue. 

Figure 6. Stereogram showing the distinction of yellow hirch nnd sugar maple soon after the flushing of 
the leaves. The bright band running from upper left to lower right is sugar maple. Yellow birch. whien 
is slightly darker. grow on the adjoining s lope • .  The darkest patche. on the lower left are partly due to 
small balsam fir and ccdar. (Scale 1 inch =1.000 feet. near Lake Temiskaming. Ont.. May 24 .... 1959.) 

On the basis of ground observat ions it i" conc l uded t h a t  red oak with i m ma­
ture fol iage wi l l  also a ppear in dark t ones, beca use t he very young leaves have 
a purp l ish t inge ( Figu re 7). When mature t hey a re large and glossy and give 
the crown n l ight appeara nce on photographs. 

Figure 7. Comparison of th e  tone of young foliage of red oak (right) and sugar 
maple (left). The oak leaves arc significantly darker. (Ottawa. May 1.5, 1960.) 
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Lal'getooth aspen is easily distinguished from trembling aspen and from 
other hard\\"oods on spring photographs. First, it leafs out much later than trem­
bling aspen, and secondly, it:; lea\"es are co\"ered \\"ith a fine, white do\u1 that 
gi\-es the cro\\"n an almost. \\"hite appearante (Figure 8)" This lightness may in 
part be due to the ('ollspieuous catkins \\"hich appear before the leaves. The 
foliage loses its light colour about t\\"O I\"eeks after leafing. Separation of the t\\"o 
aspen may seem ineonsequf'nt-ial, yet hy positively identifying largetooth aspen 
the photo in terpretf'r may, through his kno\\"ledge of t he forest, obta in evidence 
of the OCCUITente of othcr species. 

Figure 8" The light-toned, youn!!; foliage of largetooth 
aspen. (Ottawa, May 1.5" 1060") 

(c) The flowering of trees 

Because most trees native to Canada have small and inconspicuousflo\\"ers, 
their appearance on air photographs is affected only if the flo\\"ers are very 
abundant and appear before the lea\"es. The date \\"hen flo\\"el'ing begins varies 
o\\"ing tu causes currespunding lo those affecting the timc of leafing. In addition 
there is the difficulty that the end of flo\\"el'ing is subjec't to great irregularities. 
For example, a stroug \\'il1d can hlow the flowers off ,.;oon after they are formed. 

The ,\'hite ( 'atkins of the poplars and \\"i11o\\'s and the red flowers of the red 
and sih'er maple are very distinct alld eould be useful identifying features, 
especially 011 colour photographs" The brownish flowers of white elm add con­
siderably to the mass of the ('.l'o\\"n and should therefore show on panchromatic 
and colour photographs. The Ho\\"crs of elm appear t\l"() or three ""eeks before 
leafing, and usually persist until leafing, although they may fall before the leaves 
appear. The sho\\"y \\"hite fio\\"ers of mountain ash and ehokc cherry, that appear 
after the lea\"es, \\"ill identify these species on large-scale photographs. 

An observer on the ground \\"ill notice ho\\" strongly the abundant yellow 
flowers of jack pine determine the eolour of the cro\\"ns, as seen from a distance. 
Losee (1951) suggests that. this yello\\" colour could be brought out, by the use 
of proper filters, to distinguish jack pille from spruce. With exact timing of 
photography this should he pos;.;ible. hut it is 110t I<no\\"11 \\"hethel' it has been tried. 
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SUM M ER PHOTOGRAPHY 

Summer is a verY II'idely used season for photogra phy because i t  is usua l ly  
easy to  f i nd  good weather for  a ir  photography and a lso one  can be reasonably 
sure that  the  appea ra nce of a si ngle speeies wi  I I  not  vary over a \ ; t rge area,  as i t  
often does in  spring and fal l , 

With th i s  t he advantages of summer photogra phy appear exhausted , for i t  
has nothing to offer tha t  can n o t  be  found o n  photographs taken i n  the l a te spri ng 
when t he foliage i s  im mature and presents many cont rasts betlreen species, As  
opposed to  th is, a n  experiment \\' i th  colour photographs (Aeria l Ektacolor, 

1 i neh = 730 feet ) taken on Ju ly 23 led to fe\I' speeies dist i  I Ict ions, ). !( a t ure hard­
wood fol iage is  darker than young fol iage and as a resul t the  d i fference between 
conifers a n c l  hardll'oods is  so i n sign i ficant  ( Figure 9)  t h a t  i t  is usua l ly necessary 
to resort to i nfrared photography to disti nguish these t wo groups. 

The tone contra s t  on i n frared photographs resu l t s  because conifers reflec t  
less infrared rad iat ion than  broadleaved t rees . Consequent ly  one  of t hese groups 
is ei ther strongly over 01'  under-exposed, which hfls a detrimental effec t  on  the  
qual i ty  of the  pict ure. The tone di fference bet ll'een conifers a nd hardwoods on 
i n frared photographs appears to  decrease gradual ly as the summer advances 
( Figure 1 0 ) .  One would therefore expect tha t  infrared photography t a ken in the 
late  summer is superior to t h a t  t aken in the earl y  summer, bec.:au e excessive 
over or u nder-exposure of hardwoods and con i fers is avoided . A n  anl loyi ng 
chara cterist ic  of infrared photogra phy i s  t hat shad OIl'S are so dark that t hey 
obscure all deta i l .  

The phenologic.:al changes of t rees during the summer are usual ly i ncon­
spicuous or very gmdmd and are unimportant  in t he ident i ficat ion of species on 
a i l' photographs. TII'o mi nor phenomena are the f lowering of t he basswoods and 
the fruit ing of ironwood (Figure 11 ) .  I n  both cases t he bright ness of t he crowns 
i nvol ved increases. On large-sca le colour photography the l ight brown cones of 
white spruce may serve to dist i nguish that  species from balsam fi r w i th  i ts 
purplish green cones. The cones of b lack spruce are purple when immat ure, but 
become brown a t  maturity.  But  ident i ficat ion of most t rees must be based on  
crown form, t he characterist ics of the i r  mature fol iage, and a k nowledge of the ir  
ecological and s ilv ical  characteristics and site requirements .  I dent i ficat ion us ing 
t hese features, especial l y  crown shape, has been d iscussed in  a pl'e \' ious publi­
cation (Sayn-Wit tgenstein 1960) and wil l  not be dealt wi th here. 

FALL PHOTOGRAPHY 

(a) The changing of colour 

The changing of colour i n  the  fal l  is a gradual  process, that  part ly overlaps 
with t he l os� of foliage (see F igure 1 ) .  Drough t tends to hasten the early 
change of colour, and for th i s  reason t rees on rocky and dry s i tes assume their 
fal l  colour� earl ier.  This , however, needs to be qual i fied . For example ,  red maple 
i n  swa mps or depressions usual ly changes colour f irs t  because of frosts. Also, a 
h igh IrateI' table 01' Aooding may cause early change of colour i n  the  sa me species. 
The work of  J\:riebel ( 957) suggests that the t i me of colouring is u nder s trong 
genetic i n A uen ces. It fol loll's that t here is grave danger that one w i l l  establish 
wrong species d is t inctions, because on ly  a portion of t he t rees of one species wi l l  
be  i n  colour. Differences bet ween ind ividuals of one species in  t he t ime of colour 
change usual ly  are too great to make this phenomenon of practical  usefulness i n  
species ident i ficat ion.  

Among the fi rst to  turn colour are some, a lthough by n o  means a l l ,  red maple 
and white e lm t rees. The other species then fol low without any rel iable order. 
Cotton\\'ood,  the oaks, s i lver maple and ha\\,thorn remain green after mos t  other 
t rees have t urned . 
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Figure 9. A comparison of sp" ing, summer, and fall photography. The cireles enclose the same lo("ation on 
the three photographs. Differences in topograph ic detail arc due to erosion of the shorel ine and (·hanges 
in the water level . Not,(, the good contrast between the dark conifer (white spruce) and thp l ight hard woods 
(balsam poplar) on the spring and fall photos (top and bottom,  respect ivel y ) .  (Wood Bufhlo Park. 
N . W . T . ,  top: 1 inch = 2,000 feet, May ii, 1 958. centre :  1 inch = I .320 feet , August �O. H l45. bottom:  1 inch = 

3,200 feet, September 23, 1 955 , )  
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Figure 10. Infrared photographs taken at intervals of approximately one week .  (From top to bott o m :  
July 1 7 ,  2 3  a n d  3 1 ,  1958.) T h e  tone contrast between t h e  coniferous plantfLtions (upper right )  and the 
rcmaining area, which is predominantly covered by deciduous trees nnd shrubs, dccreases as the season 

advances. (Sc:lle 1 inch =330 feet, Chalk ll i'·cr. Ont . )  
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Figure 1 1 . The abundant fruit� or irollwood g i ve the crown a l igh t  colour. 
(Cha lk  H iveI', Ont"  . July 2 1 ,  J900, ) 

(b) The fall colours 

As h a s  been said above,  t h e  sequenee i n  w h i e h  trees c h a nge t o  their fa l l  
colours i s  errati e ,  I n  a d d i t i o n  t here n rC' \'a r i n t i o n s  i n  t he c 'olours t hat o n e  species 
may adop t , owi ng t o  gen e t i c  d i ffere n ces, t he m i n er a l  e o n t e n t  of t he soi l ,  the \\'ea t he r  
a n d  other  fact o r;;,  For example ,  sugar maple  f o l iage ra nges from t h e  usu a l  yel l o \\' 
or orange t o  a deep red , One t ree may a bo pass th rough severa l d i s t i n ctly d i ffere n t  
phases o f  colour i n g ,  as  for exa m p l e  beech,  \\' h i c h  fi rst t l l l'l l S  ye l lo\\' i sh  b l 'o\\' ] 1  
before rea c h i ng a more russet e o l o u r ,  

Yet ,  p rO\'idcd t ha t  hea\'y leaf-fa l l  doC's n o t  oceur ear ly ,  t lwrC' \\' i l l  be  se\'cra l 
days d u r i n g  w h i c'h most deciduous spc( ' ies \\' i l l  be i n  thcir  fa l l  ( 'o lours a n d  \\' i l l  
e x h i  b i  t eha ractcristie d i fferences i n  ( 'olou r t h a  t \\' i l l  a ppea r i l l  t h e cOIT('spond i n g  
grey tones O l l  p a n c h roma t i c p h o t os,  A t  t hat t i mc t he d i � t i n ct io n  o f  deciduous 
t rees a nd C'\'ergrce n s  i s  easy bc( ;ausc ,  as  on ear ly spri n g  pa n c h ro m a t i c o r  summcr 
i n fra red phot os, t he e \'crgreens a rc \'ery d a rk ( Fi g u res 1 2  and \ :5 ) ,  

Thc major i t y  o f  t he dcc iduous spc( ' ies t u r n  yel l O\\' o r  l ig h t  b ro\\'n i n  t hc fa l l .  
I n  t hi s  gro u p  a re t h e c l m s ,  poplars ,  b i rches, i ro n \\'ood, s i l vcr  m a p le ,  suga r m a p l e  
a n d  t :l Ina ra('\.;: ,  Suga r m a p l p  som e t i mcs t urn s  ( )rga ngc-ycl l o\\' or  rpd , T h e  I ('a \'es 
of red mn p l e  t ur n  a b ri l l i a n t  red ,  The l'o n t rai:it bet\\'(;cn ycl l O\\' a n d  rcd t rces ca n 
be i u c reas{'d on p a n c h ro m a t i (' p h o t ogra p h s  hy t he use of f i l t ers, Dcc('h a n d  o a k  
h a \'e t h e i r  0\\' 1 1  c h a ra c tcr ist i (' russct or  redd i sh \ j rO\\'n ( 'o lours ,  a n d  s h o u l d  t herc­
fore a ppca r darker t h a n  other h ard\\'ood", Bass\\'ood a n d  \\' i II 0\\' l o:-c m a l l Y  of 
t hei r l ea n',.; w h i l c  t h ey a rc st i l l  p a rt l y  green,  

Whi le  m a n y  d i ffere n t  specics d i,.;t i l l c t i o l l :'i  c u n  he seen Oil fa l l  p hotogra p hs,  
t he a p peara ncc of t he fol iage \"a rics t oo milch to ma ke h ar d  a l ld fast r u l (',.; for 
i d p n t i fi ( 'u t i ol l  po"si b l !' ,  I n  p ra d i c{' i t  \\' i l l  t hcrefore usu a l l y  bc n c('e,.;,.;ary to  m a k e  
f i e l d  t hed;: s  : 1 I 1d t o  e l ra \\' u p  a l o ( ' a l  key,  :\ 1 1  exa m p le of s u c h  a k e y  is  t ha t  b y  C h a se 
n n c \  Emot e\' ( 1 94 7 ) ,  The su( ;cc,.;"ful i d e n t i fi ( 'a t i ( ) 1 1  of ,,(' vern l sp(' ( ' ies a n d  specics 
group,.; 0 1 1  fa l l  phot ogra p h s  of t he I '( 'h l \\' a \\'n a rea h a ,.;  he( , 1 1  d P"ni hed by Losee 
( 1 94 :2 ) ,  
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Figure 12 .  Fall  colouring at its peak .  Evergreens are dark.  deciduous spec ies l ight. Several fine d i fferences 
in tone between deciduous species can be observed. (Scale 1 inch = 500 feet. Chnlk  H iver, Ont .. Oct.. 0. 1 928 . )  

Figure 1 3 .  Fall photograph showing t h e  light appearance o f  hardwoods in  their fall colours and t h �  r lark 
conifers. (North of Quebec. P.Q. ,  1 inch = 1 ,320 [eet. September 30. 1 948 . )  
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(c) The fallin� of the leaves 

The order i n  which t rees lose their leaves i s  an  u n rel iable guide to their  
iden t ification for ,  al though it  fo l lows some ru les, t here are too many exeeptions. 
Variat ions are oft en due to such causes as si t e, v igour of the t ree, and exposure 
to the elements .  Alternat i ng freezing and tha,,· ing  accelerates leaf-fa l l  ( Busgen 
a nd M unch 1 920) . The extent to \vh i ch  t rees are exposed to wind is one of the  
maj or factors affe(; t ing leaf fal l .  Another factor3 i s  e \· ident 0 1 1  burned areas where 
damaged trees retai n  their  l eaves longer than u ndamaged ones. Ho,,·ever, 
fre C )uent ly,  and for no apparent reaSO I l ,  some t rees are on ly begi nn ing  to lose 
their  leave;;, \\·h i le  others of the same specie::; and gro\\· ing nearby, are a lmost 
completely defoliated . The cro\\·ns of part ly defoliated t rees appear hazy and 
ind is t ind on a ir  photos.  

One of the genera l  observat ions about leaf-fa l l  is that the large and compound 
leaves are t he fir,;t t o  fal l .  Thus bla ck ash al ld but t ernut \\·ere the fi rst t rees i n  
t h e  Ottawa area t o  lose t he ir  lea\·es. Then fol lO\\·ed t h e  maj ority o f  species \\· ith 
no c lear d i fferences bet\veen them.  The lea \·es of the elms and basswood \\·ere 
fal l ing \\"hen cottol1\vood and t he oaks were green . The oaks, beech, aud the  
poplars were among the last to be  defo liat ed . ( Figure 2 shows the  ti me of leaf­
fall  for trembl ing aspen in d i fferen t  locat ions.)  H ed oak kept i t s  lea\·es longer than 
bu r oak .  In most cases whi t e  b i rch lost i ts leaves bf'fore both species of aspe n .  
S o m e  exot i cs such a s  Norway map le and honey lo("u::;t were pecul iarly late i n  
d ropping their foliage . Tamarack \vas the  last species t o  lose fol iage and i t s  
crO\\· l 1 s  retained a d ist i n c t i \·e yel l  0\\. colour ( Figure 1 4 ) \\·e l l  i n to NO\·ember. A 
few oak and beech trees, usua l ly  you ng o nes, kept some of their  fol iage t h roughout 
the \\· inter. 

Figure 14. FaJl photograph of tamarack scattered in a black spruce stand . Tamarack is in its fall colour 
and is ca"ily id("ntificc\ by its l ight tone. Trees at upper right are deroliated aspen and white birch.  (Tri­

camem oblique, average s("ale 1 inch = 200 reet, near Clova, P.Q ..  November 1 , 1948 . )  

W INTER PHOTOGRAPH Y  

Wintrr  photography i s  preferred i n  areas where e\·ergreens are of primary 
interest because t h ey are not h idden by deciduous foliage.  A lso the snow, whi le 
i t  obscu res the fi ne detai l on the ground surface, provides a bright background 
agai nst  which the trees and the ir  shadows appear very c learly (Seely 1 949) , 
(Figure 1 5 ) .  Losee ( 1952) recommends photography taken after the first snowfal l  
a s  excellent for sUITeys of evergreen regenerati o n .  

Dur i n g  the winter the appeara nce o f  trees docs n o t  change a nd i t  is therefore 
more sui t ed than  spring and fa l l  for defin i te  descript ions of the identi fying features 
of the various species. Evergreens \\" i l l  appear almost a l ike i n  winter and summer 

3 Suggested by H. E. Seely, i n  the report on a lneeting to discuss the collection of  phenological data, held in Ottawa 
Novem ber 1 6 ,  1939. 
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Figure 15. Winter photograph i llustrating the prominent appearance of evergreen crowns against 
a background of snow. Note the tree shadows, wh ich often show clearly, revealing crown form. 

(Scale 1 inch =200 feet, February 28, 1949. )  

b u t  the features used to ident ify dec iduous species i n  t h e  w i nt er will be based 
mainly o n  the characteristics of the trunk and the leafless branches and twigs. 

Provided that at least the inedium-sized branches can be seen it i s  poss i ble 
to identify many deciduous species (Sayn-Wittgenstein 1 960) . However, the snow 
o n  the grou nd ofLe n  provides a background that acts as a highly i nten se source 
of reflected light, and excessive halation may follow. As a result of the combined 
effects of halation and i mage motion al l  but the coarsest l imbs and the trunk of 
deciduous trees may then be i nv is ib le on the photograph . A furth er m i n or 
d i sad vantage of w i n t er photogra phs is t hat snow, l ying on the branches of 
evergreens. may rest rict interpretat i o n . Also it may be i mpossi b le t o  distinguish 
bodies of water from open muskeg , and in general soi l  and si t e  ,,, i l l  be d i ffi c u l t  
to i n t erpret . 

CONCLUSIONS 

The fol l o"'ing phe no l ogi cal i nformation is t he most usefu l i n t he ident i  fication 
of species : 

(1) The date of leaf fl ushing.  
(2) Descri ption of the i m mature foliage. 
(3) The dat e of fl oweri ng and fru it ing .  
( 4 )  Descript i on of flowers and fruits.  
(5)  The t ime of fall  colouri ng.  
(6) Descript i on of the fal l colours. 
(7) The t i me of l eaf-fa l l .  

T h e  opport un i t ies presen t ed b y  c ha nges i n  t he appea ra nce of t rees owi ng to 
pheno logical  events  can be exp lo ited t o great adva nt age for the ident i ficat ion of 
species on air phot ogra phs . To do t his ,  t he t imi ng of air phot ography must be 
very exact for often a phenological  phenomenon that m ay present a u n ique 
opport un i ty to iden t ify a species,  wil l  last only a few days. The extra "'ork and 
cost involved in ri gid p l anni ng i s  j ust i fied by the results. 
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The season and t he date of photography ought to be det e r m i ned by the 
purpose fo r which t he photos are taken . Should one be interested in  ra pidly 
loca t i ng and ident ifying evergreens, then \\'inter phot ography is  usual ly best. 
Early spri l l g  a l ld  late fall photography,  \"hen t he deciduous foliage i s absent ,  are 
probably most suit able for sampling phot ographs at  very large scales, such as 
l inch = .50 feet . One may not be able to ident ify conifers as \I'el l as o n  \I' i n t er 
phot ographs, but hard woods ca l l  be bet t e r  recog n i zed , because smal l  bra l lche,.; 
and tll' i gs II· i ll  resolve more c learly,  owi n g  t o  the ubsence of halat ion .  

Photos t a ken d ur i n g  t he period of  leaf fl ush i n g  m ay result i n  the ident i fi ca t io l l  
o f  t he \'ery early or very late l ea fi l l g  species. But  in  general t h e  order of leafing 
i O'i  O'iu bj ect t o  too mal lY  variationi' to  make i t  a rel iable  guide t o  ident i ficat i o n .  
T h e  f lol\'er i ng of t ree:'; i s  o f  m i n o r  i m po rt a n ce i n their recognit ion.  

Probably the best t ime for i d e n tificat i o n  i s  i m m ed iately after al l  deciduous 
species hal'e leufed o u t .  Duri n g  that period i t  is  easy to separat e  evergreens from 
deciduous t rees by tL  s trong tone d i fference. The young fol iage of evergreen::> 
develops more slOldy and the tone of evergreen C),01\' 11S i s s t i l l  determi ned by 
the very dark,  old needles, Il'h i le  young deciduous foliage general ly has a fresh,  
green colour.  Tone d i fferences between various hardwoods, such as between suga r 
maple and yellow birch,  are m uch st ronger during t h i s  period t han during  the 
::>um mer. Colour photography is considered to have a parti c ularly great pote n t i a l ,  
[01' t here are many differen ces betll'een the colours and hues of  t he y o u n g  foliage 
of broadleaved t rees, that are characteristic of certa i n  species. 

Summer i s  a period of fell' phenological  changes and a bad t i me to t ake 
photographs for p u r poses of species i dent i fication . Often hard\\'oods a nd conifers 
can not be disti nguished on panchromatic  photographs, and the tone contrasts 
between various hardwood species are at  a minimum . Should one be i n t erested 
mainly i ll the d istinct ion between hard\\'oods and softwoods, then i nfrared and 
modified i nfrared photography wi l l  serve as wel l  as panchromat i c  spring 01' fal l  
photography. I nfrared summer photography however wi l l  not show good tone 
distinctions between hardwood species. A point in favour of summer phot ography 
is  t hat one can be reasonably certain t hat one species wi l l  present a u niform 
appearance over a large area. 

During the fall the colours of deciduous trees make it easy to d istinguish 
them from evergreens and striking tone differences between various species of 
hardwoods often  occur. A problem with fall  photography is t hat the appearance 
of one species is  often very variable,  for on the same day some trees wi l l  be green,  
while others wi l l  be i n  different  fal l colours a n d  various stages of defoliation .  Yet 
fal l  photography, taken when colouring is at its peak,  may be excellent, provided 
one is aware that someti mes strong d ifferences i n  tone may separate indiv iduals 
of the same species. 
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CONCLUSIONS 

Les donnees phen o l ogi q ues l es plus u t i les ft I ' i dent i fica t i on des pssences sont 
les suivantes : 

( 1 ) la date de la pOllsse des feu i l les 

(2) la desc ri p tion des j e unes fel l i l les 

(3) l a d ate de la floraison et de l a  fru c t i ficat ion 

(4) la  descri pt ion des fle u r::; et des f ru i t s 

(5) la peri ode d e  la col orat i o n  automnale 

(6) l a  descri p t i o n  des rouleurs a u t omn ales 

(7) Ie t emps de l 'ef'feu illaison . 

Les possibil ites q ll 'en t ra inen t les changemen t s  d ' a pparence des arbres par 
s u i t e  d 'eveneme n t s  phenologiq l les , peu " e n t  e t re p x pl o i t ecs a " antageusement 
pour l ' iden t i ficat ion des essen ees sur les photograph ics aerien nes. Pour ce faire, 
l a  p rise de photogra phies aerienncs d o i t  se fai re j uste aux bons moments,  cal' il  
arrive sou vent q u ' u n  phen omEme phen ologique qui const i t ue une oerasi o n  u n iql le  
d ' i denti fier une essence , ne pers i::;te que quelques j ou rs .  Le t ra v a i l  et les  frais  
supplementaires q u 'occas ionn ent des plans prec i s , sont  j ust i fi es par Ics resultats. 

La saison et la  date de La prise de ph otographic devraient etre detenninees 
par Ie but q u ' on se propose en pren ant ces pho t ograph i es .  Lorsq u ' i l  s'agit de 
local isel' rapidemen t et d ' iden ti fier des essences a fe u i l les persistan tes, la photo­
graphie en h i ver est d 'o rd in ai re l a  p lus  efficace. La photographie effectuee au 
debut du printemps et a la fin de l 'a l l t omne , l orsque les feuillus sont depouilles, 
est probablement preferable s ' i l  s 'agit de phot ographies d 'echan t illonnage a tres 
grande echelle, par exemple a l 'echelle de 50 pieds au pouce. I l  peut etre i mpossible 
d 'y reconnaitre les resineux aussi bien que sur les photographies prises en hiver, 
mais on y reconnait plus fac ilement les feu i llus, car les branches et les rameaux 
de petites d imensions s'y d i st i nguent plus clairement par suite de l 'absence de 
halo. 

Les photographies prises durant la peri ode de l a  pousse des feuilles peuvent 
permettre d 'identifier des essences don t la foliation se produit  tres tot ou tres 
tard . Mais de fay on generale, I ' o rd re de la fol iation est suj et a de trop nombreuses 
variati ons pour en faire un gu ide sur d ' identification . La floraison des arb res est 
d 'im portance secondaire lorsqu ' il s 'agit de les reconnaitre. 

Le meilleur temps pour l ' identification est probablement immediatement 
apres la foliation de t o utes les essences feui llues. Il est alors facile de dist i nguer, 
grace a une forte d i fference de ton,  les arbres a feui lles persistantes et les arb res 
feuillus. Le j eune feuillage des arbres a feui lles persistantes a une croissance plus 
lente que celie des arb res feuillus et  Ie ton de leur cime est encore determine par 
la  teinte tres foncee des aigu i lles agees, tandis que Ie feuillage des j eunes feuillus 
est generalement de teint e  fraiche et verte. Les d i fferences de ton entre divers 
feuillus, par exemple entre l ' erable a sucre et Ie bouleau j aune (merisier) , sont 
plus prononcees a cette periode que durant l 'ete. L a  photographie en couleurs 
semble avoir de grandes possi bilites, car il y a chez Ie j e u n e  feuil lage d'arbres 
feu il lus plusieurs differences de couleur et de ton qui  sont caracteristiques de 
certaines especes. 

En ete, on n 'observe que tres peu de changements phenologiques et cette 
saison est peu propice a la photographie a des fins d ' identification d'essences. I l  
arrive souvent que les feuil lus et les resineux ne peuvent etre differencies s u r  des 
photographies panchromatiques et que les contrastes de tons entre les d iverses 
essences feu illues soie n t  m i n i mes. Si l 'on est surtout i nteresse a faire la distinc­
tion entre les feui l lus et les resineux, la  photographie en infra-rouge et la photo­
graphie mod ifiee en infra-rouge seront aussi utiles que la photographie panchro­
matique, au printemps ou a l 'automne. La photographie en infra-rouge en ete 
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ne donne ceppn dant pas de bons contrastes de t on s  en tre Ie!:) essences feu i l lues.  
Un bon point de l a  photograp h ic d 'ete ,  c 'est q u 'on peut et re rel a t i vement sur 
qu'une m€�me e!:)sence aura une apparence un i forme dans u n e  gran de su perfi cie. 

A I 'au t omne, les couleu 1'5 des feu i l lus perme t t e n  t de les d i st i nguer fac i lemen t 
des arbrc!:) a fel l i l le!:) pers istan t e!:) et i l  y a sou vent des d i fferences ma rquees de tons 
en t re les d i verses essences feu i l l ues. Le fai t que I ' ap paren ce d 'u ne essence est 
sou vent \'ari abk , const itue un probleme de la p h o t ograph i e  d ' au t omne,  car Ie 
meme j ou r  certains arb res de eette  essence !:)ero n t  verts ,  alors que d ' a u t res au rOl1t 
des tei nte;:l autom nales d ifferen tes et seron t  a des ph ases d i ffere n t es de defol iation .  
Par a i l leurs, l a  p h o t ogra p h i c  d ' alltomne peu t  (�tre excel len t e  a l ors que les couleurs 
sont a leur  me i l l eu r , a con d i t i o n  q u ' on s ' a ttende q u ' i l  y a it parfo is des d i ffere n ces 
marquees de tons e n t re d i \'ers s l lj e t !:)  de la meme essence.  
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APPENDIX 1 

Table I .- Date of leaf fl ushing (day of the year) 

Spec ies 

W i l low . 
Tamarack . . .  . . . . . . . . . . . . 

7\'l a ni toba maple . . . . . . . . . . . . . . . . . .  
Trembl i l l g  asp"" , 
i Jalsam popl a r .  
Jronll·ood . 

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

Choke cherry . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sugar maple . 
White bi rch . 
Black ehcrry . . . . . . . . . . . . . . . . . 
Silver mapl e .  
Pin cherry . 
Red maple . . 

. . . . . . . . 
· . · . · · . · . 0  . 

Bassll'ood . 0 • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Butternut . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . 
Largetooth aspen . . . . . . . . . . . 

Beech . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

\Yhite cl m . , 
Yellow bi rch . . . . . . . . . . . . . . . 

Carolina poplar .  
Eastern cottonll'ood . 
Bur oak .  
"Vhite oak . 
H awthorn . . . . . . . . . . . . 

W hite ash . . . . . .  
t\orway mapl c .  

. . . . . . . . .  

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

· · · · ' . 0 ·  . 

Bitternut hickory . . . . . . . . . . . . . . . . . . . 
Honey locust . . . . . . . . . . . 
Shagbark hickor.,· . 
Sycamore . . . . . . . . . . .  
Catalpa . . . . .  . . . . . . . . . . . . . 

Kent ucky cofrec trE'e . . . . . . . . . . 

1 958 1 959 

1 00 1 1 1  
1 1 0 1 1 4 
I H) 1 1 6 
1 1 0 1 22 
1 35 1 23 
1 1 5 1 24 
1 1 9 1 14 
1 22 1 23 
1 1 7 I l l) 
1 2H 1 24 
1:12 1 1 5 

1 23 
1 32 1 25 
1 3 1  1 26 
130 
1 43 1 27 
1 28 1 28 
1 20 1 25 
1 28 1 30 
1 42 1 30 
1 33 J 24 
1 32 1 26 
1 30 [ :) 1  

1 2G 
1 32 1 26 

1 28 
1 42 1 35 
1 4 0 1 37 
1 49 1 37 
1 43 

J :l8 
1 50 1 42 

1 9GO 

I J 4 
J lU 
l l 8 
1 1 8 
] 1 8 
1 20 
1 2 l  
1 22 
1 2:� 
]:21 
1 25 
1 2 7  
1 27 
1 27 
1 2 8  
1 29 
1 20 
1 30 
1 30 
1 :;0 
B I  
1 3 1  

1 :12 
1 32 
1 32 
1 35 
1 :1G 
1 37 
1 40 
1 42 
144 

( Species arc l ist.ed i n  t .he orucr of leafing in 1060. The data \\"ere collected in t lw Ottall'a area. )  

23 



Table 2.-Variations in date ( day of the year) of flushin� from year to year 

Plot 

:2 

:1 

4 

Specit,s 

Balsam popl n ,r , , . , 

Tr('mhling aspel l , . . . . . . . . . . 

vV i l lo w " " , . , , '  . . . . . . . . , 
Trembling aspf'  II , 
\\' h i t e  birf'h , . . . . . . . . . . . . . . 
Lodgepole pil le , . . . . . . . . . . . . . . . . . . . 
W h i t-,e spruct' , 
Douglas fir ,  

W i l l o w "  , . . . . . . . . . . . . . . 
Balsam popla r ,  
Trembling aSpl' l l , 
Lodgepole p i l l e ,  
W h ite spruce . , 

. . . . . . . . . . 

0 "  • • • • • • • • •  

Douglas fir . . . . . . . . . . .  

\\'il lo\\, . , . , , , , , . . . . . . . . . . . . . . . . . . . . 
Balsam popla r ,  . . . . . . . . . . 
Tr(' mbling aspen . , 
Lodgepole pine . o • , • • • • • • • 

1 940 1 9-1 1 J 9-12 Plot descri pt ion 

126 1 08 lJ O  Altitude 4,-15U feet., 
slope 1 0 %, 

1 29 1 1 6 J 20 aspect N ·10\\' , 

J09 86 A l titude 4 , 700 f,·,·\" 
1 30 1 07 1 1 5 slope �5%, 
1 27 J09 1 1 0 : lSp, ·(·t. \,; tii) \\" 
1 35 ] 1 2 1 1 8 
1 40 1 2-1 1 -l-1 
1 40 1 25 1 · 1 .:1-

86 96 A l t i tude -1,475 1' . .  1'1" ,  
1 2H 1 1 !l J 25 slope 20 % , 
1 33 1 22 1 25 as p('(. t \,; 70\-r . 
1 32 J l 9  1 1 7 

1 a!l 1 22 1 :18 
155 1 22 1 -1 1  

109 86 87 A l t i tude '1,600 feet, 
12D 1 2 1  1 1 -1 slope 10%, 
13-1 1 � 1  aspect N 1 5W, 

1 3-1 1 22 1 2 1  

( Five trees pCI' spccites, pel' plot , werc ta,gged and ohservations were made on the same trees 
f 'aeh year. The day ,,, hell lear buds were blll'sting is recorded. The datn. \\'pre coi l ( '('tpri : 1 1. 
h:: l na naski�,  AI I)('rta, h." :\, V. Gf'rmn.n, 0, G. Larsson : lnd H .  A, P:lrkf'r,) 

Table 3.-Variations in date ( day of the year) of flushing in the same general area 

Year Species Plot 1 Plot 2 Plot 3 Plot 4 
---

Tamarack - - 129 1 2D 
W h i te birch 1 :,\7 1 35 1 35 1 37 

I D39 Trembl i ng aspen 140 1.:35 1 42 1 42 
Red maple 137 1 35 1 42 1 42 
\\,ire birch 1 40 1 49 156 1 56 

Tamarack - - 124 1 27 

W hite birch 1 �0 ] 32 123 .1 22 
HHO Trembling aspPIl 1 �6 1 30 1 3 4  1 27 

Red maple 128 1 33 1 26 ] � l  

'''irc birch 1 25 nG n·l J �4 

Tamarack - - 1 1 9 ] [ 7 
W hite birch 1 25 1 25 ] 2 1 1 1 7 

1 9-1 1 Trcmbling aspen ] 30 1 22 1 22 1 22 
Red map l e  1 2 1 1 2 1  1 2 1  1 28 
W i re birch 125 1 27 125 1 35 

Plot desf'ript ion l\ f oist, low- i\'f oist, low- D r,v, near top Dry, near top 
lying, slope l ," ing, slope of ridge, slope of ridge, slope 
slight, N . \\'. sl igh t ,  S. \\'. moderate, S. E. moderate, 
exposure. exposure. exposure. i'\ . W .  exposure. 

( Day or the year when lear buds burst 0 1 1  rour plots  i n the area of the Acadia Forest E X j lPri­
Illcnt S t a t io l l ,  1\P\\' Brunswick.  Da t a  col l ec t ed b.\· W. B. :\' r .  Clarke and H. I ) . Long.) 
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Table 4.-Frequency of colouring and leaf fall 
( Number of Times) 

Period 
( Days of the year) 

236-240 . .  . 

241-245 . . . . . . . . . . .  . 

246-250 . . . . . . . . . . . . . . . . . . . . . .  . 

251-255 . . . . . . . . . . . . . . .  . 
256-260 . .  . 

261-265 . . . . . . . . . . . .  . 
266-270 . . . . . . . . . . . . . . . . . . . . . . . .  . 

271-275 . . .  . 

276-280 . 

281-285 . . . . . . . . . . . . .  . 

286-290 . 

291-295 . .  

Colouring 
begins 

3 

3 

1 

Peak of fall Significant 
colouring leaf-fall 
reached begins 

2 

1 2 

1 3 

4 

1 

Most 
leaves 
fallen 

I 
4 
2 

Dates of leaf colouring and leaf-fall during a seven-year period are roughly indicated. This 
table was derived from phenological observatio[)s made at Chalk River, Ontario. The main species 
involved are sugar maple, yellow and white birch, aspen, beech, basswood and red maple. 

The data were collected by members of the Fire Protection Section of the Department of 
Forestry. 

APPENDIX 2 

Conversion of day of the month to day of the year 

Day of the month 

1 .  . . . . . . . . . . . . . . . . . . .  

2 . . .  . . . . . . , . . 
3 . . . . . . . . . .  

4 . . . . . . . . . .  . . . . . . . . .  . 

5 . . . .  . . . . . . . . . .  

6 . . . . .  . . . . . . . . . 
7 . . . . . .  
8 . . . .  

!l . . . .  
10 . . . . .  
l L  . . . . .  
1 2  . . . . . .  
] 3  . .  
1 4  . . 
1 5  . .  

1 6  . .  

1 7  . .  

1 8  . .  
l !l . .  

20 . .  

2 1  . . . .  

22 . . . .  

23 . . . . .  

. . . . . . . . . . .  

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

. . . . . . . . . . 

. . . . . . . . . .  

24 . . . . . . . . . . . .  

25 . . . . . . . . . . . . . . . . . . . .  

26 . . . . . . . . . . . . . . . . . . . .  

27 . . . . . . . . . . . . . 

28 . .  " 
29 . . . . . . . . . . . . . . . . .  

30 . . . .  . . . . . . . . . . 

31 . . . . .  

Day of the year 

April May June 

9 1  1 2 1 1 52 
92 1 22 1 53 

93 123 1 54 

94 1 24 1 55 

95 125 1 56 

96 1 26 1 57 

97 1 27 1 58 

!)8 1 28 1 5!) 

!)!l 1 20 1 60 

J OO 1 30 Hi 1 

101 1 3 1  Hi2 

1 0 2  1 32 1 63 
1 03 n:l 1 ( ;· 1 

104 1 :;4  1 65 

1 05 1 :15 1 6(i  

lOG I :)(i ] 67 

1 0 7  1 :17 1 68 
108 1 :;8 I f ill 

I O! )  1 :l \ l  1 70 

I JO 1 40 1 7 1  

I I I  1 4 1 1 72 

1 1 2  1 42 I n  
1 1 3  143 1 74 

1 14 144 175 

1 15 1 45 1 76 

1 1 6  1 46 1 77 
1 1 7  147 178 

1 1 8  1 48 1 79 

1 1 9  1 49 1 80 

1 20 150 1 8 1  

1 5 1  

( NOTE : For leap-years add 1 t o  day o f  the year figures shown.) 

25 

September 

244 
245 

24.6 

247 

248 

249 

250 

25 1 

252 

253 

254 

255 
25() 

257 

258 
25!l 

260 

2fi l 

2GZ 

26:; 
26- 1 
265 
266 

267 

268 

269 

270 

271 

272 

273 

October 

274 

275 
276 

277 

278 

279 

280 

281 

282 

28� 

284 

285 

286 

287 

288 
289 
:l!)O 

2!l 1 

292 
203 

2!)4 

295 

2!)G 

297 

2!)8 

299 

300 

301 
302 
303 

304 



APPENDIX 3 

Common and Botanical Names of Trees 

Ba lsam fir . . . . . . . . . . . . . . . . . . . .  . 

Balsam popla r . 

Basswood . . . . . . . . . . .  . 

Beech . . . . . . . . . . . .  . 

B i t k r n u t  h i ck ory . .  . 

B l a c k  ash . . . . . . . . . . . . .  . 

Black c herry . . . . . . . . . . . . . .  . 

Black spruce . 

B ur oak . . .  

Eu t tCl'l l U  t . . . . . . . . . .  . 

Carol i n a  poplar . . . . . . . . . . . . . . . .  . 

Catalpa . . . . . . . . . . .  . 

Ch oke cherry . . . 

Douglas fir . 

Eastern cottonwood . 

Hawthorn . . . . . . . . . . . . . . . . . . . 
HOI 1C'y-Iocust . 

J rO I 1 \\·oocl . 

. Ja ck p i ne . . 

Kell t ucky coffee-t ree . . 
Largetooth aspell . 

LodgC'pole p i ne . . . 

Mani toba maple . . . . . . . .  . 

MOll ntain ash . .  . 

X on\':'1y ma ple . .  . 

P i l l  e lwrl'Y . . . . . . . .  . 

l { ( 'd ma pk . . . . . . . . . . . . 

l {ecl oak . .  

Hedbud . . .  

Shagbark h ickory . . . . .  

S i l vcr m a p le . . . . . . . . . . 

Suga r map le . . . . . . .  . 

Sycamore . . . . . . . . . . . .  . 

T: Lmarack . . . . . . . . . . . . . . . . . .  . 

Tremhl i n g  a sp c l l  . . . . . . . . . .  . 

W h i Le a"h . . . . . . . . . . . . . . . .  . 

Whi te birch . . . . . . . . . . . . . . . 

Whi te  e l m . 

Whi t e  oak . . . . . . . . .  . 

W h i t e  ,;pruce . 

W i l lo\\· . . . 

W i re b i rch . 

Yello\\' birch . . . . . . . . . . . . . . . . . .  . 

A bies balsa mra ( 1 , , )  1\ l i l l .  

Pop u l u s balsam �r('ra L .  

'l'il-ia americana  L .  
Fag u s  grand�rolia Ehrh. 

Carga cordUorm il; ( Wang . )  K l\. ( )ch 

Fraxinu s  nigra lV I : lr::ih. 

Pnmus sel'olin a E h rh .  

Picea maria n a  ( lV l i l ! . )  ] 3 S 1' .  

Q uerc us m acl'ocarpa l\ l i chx. 

J llgla ns cin erea L. 

Pop u l u s  X eugcnci S i moll-Loui,; 

Catalpa speciosa Warder 

Prunus vil'gin iana L. 

Pseudotsl/{fa ta:r1Jolia ( Poi I ' . )  Britt . 

Popultis deltoicles M arsh . 

Cmtaegus L. 

Gleditsia triaca nlhos L .  

Ostrga virgin ia n a  O V l i l ! . )  J\.. K och 

Pinus banksia n a  J Jam h .  
Ggm nocladHs dioica ( L . )  K .  l\.( J('h 

Pop u l us gra n d iden tala M i chx. 

Pin u s con torla Doug! .  

.1 eer neg u ndo L .  

SOl'bus am erica na M arsh . 

A eel' pla lano ide s  L.  
J' /, u n lls pen s!JIi 'nn ic{( LJ.  
. t eel' I' uu r u in L.  

Q u e r c u s  I' u u ra L. 
Cacis canadensis L. 

Carga ovata ( :\ l i l ! . )  1\ . huch 

A err sacch arin 11 m L. 

A eel' sacch am In :\ i a r"h . 

Plalan u s  occide n lalil; 1" 

Larix laricina ( D u Hoi ) E .  K oc h  

Pap a l w: !  trem ldo'idc8 :'I l i ehx. 

Fraxin u s  a m erica n a  I , .  

Bel ala papgl' 1j'el'Cl N l a r" h .  

Clm us a m er ica n a  1 . .  

Qucrc u s  alba L .  

P icca gla uca C \ I oe l l c h )  \ '0';'; 

Sal ix L. 

Bet u la pO'jJ lilij'ol ia � I a l'tih. 

Bet u la alleghan iensis lVI ich x . f. 
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