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INTRODUCTION 

There has been considerab1edisagreement among systeJIJLtieta as to 

the. taxonomic status and the orig1n of' the b1ue birches Betula 

caerw.ea Blanchard and Betula caera..!lea-grandis Blanchard. Blanchard 

(1904&) f'irst described these whit .. stelDlled birches as b1ue birches 

due to a b1uish tint in the f'oliage and treated. them as separate 

species. In a second publication in the same l'ear, Blanchard (1904b) 

ref'erred to Betula caerulea as a good species but ref'erred to Bfiul& 

caeru1ea-grandis as a variety of' Betula caerulea, that ia, "Betula 

caeru1ea variety grandis". Subsequentl1', there bas tmaued a great 

dea1 of' ccmtl'Oversy over the actua1 statua of' these two taxa. 

Sargent (1922) considered bath ta_ to be hybrids. Later Fernald 

(1945) trea;ted Betula caerulea-gra.ndis as a good species and considered 

onq Betula caerulea as a hybride Ch the other haDd, Gleason (1952), 

in bis flora, listed BetulA caerulea as a good species, and in a 

footnote, stated that Betula caerulea-grandis was a hybride More 

recent workers (Erskine, 1960; Braysbaw, 1966; Brittain and Grant, 1967) 

agreed that the origins of' Betula caerulea and Betula caerulea-g:ra.ndis 

were pl'Obab~ comp1ex invo1ving interspecitic hybridization but the;r 

did not agree on the parental species invo1ved. 

With disagreement over the or1gin and statua of the b1ue birches 
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so evident :in the literature, it wae thought; worthwhile to stud1' the 

blue birches and the other birch species associated with these taxa 

:ln order to further examine and, Y possible, clarifJ' the statua of 

Betula caerulea and Betula caerulea-grandis. Betula corditolia and 

Betula populifol.:la bave bem considered as putative parente of the 

blue birches. Therefore, a comparative study of tour species of 

birches, nam~, Betula caerulea, Betula caerulea-grandis, Betula 

corditolia, and Betula populitolia, from two localities :in Quebec, 

one :in Hel>! Brunswick, and one in Vermont, was carried out. 

It was thought tblot a detaUed ana:qsis of these populations would 

reveal any possible eftect of geographical location 'œ the expressian 

of variabil1ty :ln quantitativel1' measured characters. In additiœ. to 

conventional morphological studies, the grow:ing interest in chemo

taxonODij" prompted the use of thin-layer chromatograpb;r to provide 

biochem1cal characters for the recognition of ditf'erences between 

these taxa. The development of the thin-lqer chromatographic technique 

for the analTsis of secondary phenolics from leaf extracts in this 

laborator,y for species of Lotus (Grant and Whetter, 1966; Grant and 

Zandstra, 1968) _s used in order to see it these techniques which 

have been success~ developed tor the identitication of Lotus 

species could be equa~ applied to the analTsis ot species recognition 

in Betula. ItàUccessful, it vas thought that this technique would 

be of use in resolving the ditficulties associated vith elassit,ying 



Betula taxa from herbarium specimens based on morphological and 

cytological infomation alone. In maDy cases, from data provided b;r 

the latter techniques, it has bes impossible to provide decisive 

answers to the questions of· relationships, and therefore, it is hoped 

that by' providing additicmal characteristics in the form of biochemical 

narkers, relationsbips between Betula taxa :m&y' be established. 



Lrl'ERATURE REVIJiW 

A number of white birch species, so call.ed because of their white 

hark, are found in eastem Canada. Those of particular interest are 

the followmg: Betula. populifolia )(arsh., grq birch, ]. pap.yrifera 

Marsh., paper, canoe, or white birch, and its varietT, !. papuifera 

var. cordifolia (Regel) Fem., the heart-leaved or mountain white 

birch, ~. caerulea Blanchard, the blue birch and jl. caeru1ea-srandis 

Blanchard, the blueleaf or large blue birch (Femald, 1950). 

The discoveI7 in 1901+ by' William H~ Blanchard (1904&, 1901tb) of 

the blue birches, :ln Vermont and Quebec, bas touched oft a deb~te cm. 

the origin of the b1ue birches which is most cœfusing due to the 

misunderstanding and misinterpretation of the recorded tacts. Bince 

the first description of these species was published (Blanchard, 19(4), 

some of the subsequent published cletai1s conceming these species have 

been found to be :incorrect, and thi:s too bas ful"ther complicated 

:investigations to detezmine the orig:in of the blue birches. 

CD MaT 7, 1901+, in a private publicatiClb callee! Il Betula" bl' 

William He Blanchard, he first reported the cliscave17 of two new white 

birch species, which he callecl b1ue birches because of a b1uish tint 

:in the fo11&ge. TheT were founcl grow::lng near the townhouse :ln Stratton, 

Vermont. He called them Betula caeru1ea and Betula caerulea-gra.nclis, 
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the blue and the large blue birch, respectively. He described !. 

caerulea as bemg a sm;).ll tree, although it was larger than the grey 

birch with which i t is sympatric. The leaves were thin, long pointed 

and somewha.t cmeate at the base. They were quite regular in outline, 

glabrous on both sides and usu.a.lly without tutts of tomentum. The 

petioles were long and slender. The catldns were one inch long by 

three-eighlis of an inch in width. Although he stated the fruiting 

bracts were very distinc~ive in shape he did not describe them. 

Blanchard (1904&) described~. ca.erulea.-grandis as being a tree 

larger than l!. caerulea. though in baxk and foliage the,y resembled 

one another. The leaves of]. caerulea-grandis were described as 

being nearly truncate. The catkins were much larger than for ]. 

caerulea. Agam Blanchard did not descr.i.be the bracts although he 

stated they had a distinctive shape. 

Ch May :1.3, 190Lt., in i·Betula.", Volume l, No. 2, BLanchard once 

more reported]. caerulea and ~. caerulea-gzandis as new species of 

birch. He proposed Betula caerul. as the name for the small blue 

birch and for the large blue birch .. ~. caerulea variety grandis", the. t 

is, a variety of the sma.ller taxon. In his second publication it 

appeared that he no longer believed that the large blue birch was a 

good species but rather that it was a va ri et y of ]. caerulea and 

merely larger in morphology. Apparmtq this interpretation is not 

what he finally concluded sinee at the bottom of a copy of this article 
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which he sent to the Gray Herbarium of HaNard University, he wrote a 

note reaffirming his original conclusion. This stated, "I believe 

these are two good species", which 18 his original interpretatiœ of 

these two b1ue birches as published in his first paper. 

Before he published either article, Blanchard was examining 

herbarium specimens which he had made from these trees and on one 

sheet dated June 7, 1903, he stated tbat !. caerulea might be a IVbrid 

of !. pendula Rot;h., the Ebropean white birch, and l!. populifolia. 

Femald (1922) interpreted!. pendula in this context as equivalent 

to!. caerulea-grandis 'and stated that Blanchard had considered!. 

caerulea to be a l\vbrid of~. caerul.ea-grandis and!. populifolia. 

On another specimen dated Mq 17, 1904, alter publication of his second 

art.ic1e, Blanchard wrœe tbat ~. caerulea-grandis is "not a variety of 

l!. caerulea but a distinct species". It would appear certain that 

Blanchard did consider both l!. caerulea and!. caerulea-grandis to be 

good species. 

The first collectiœ of ~. caeru1ea.-grandis in Canada was made 

by Blanchard :in 19Q4. at Sherbrooke, Quebec, and he deposited the 

specimens in the Gray Herbarium.. Femald (1922) found~. caerulea

grandis growing in Prince Edward Island, Nova Scotia and Gasp' 

Peninsula of Quebec. 

Sargent (1922) renamed!. caerulea-grandis as!. caerulea var. 
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Blanchardii Sarg. He considered~. caerulea to be a "natural. }q:brid 

between .B. pawrifera and.B. populitolialJ. At the same time he 

considered.D. caerulear-grandis to be mere4" a larger fom. of .D. 

caerulea. Therefore, it m1J.y be concl.uded trom Sargent's statement 

that he considered !. caeml.ea-grandis aJ.so to be a b;ybrid of a cross 

between !. paplrifera and !. populifolla. F~mal.d (l.922, l.945, l.950), 

on the other band, believed that .§. caerul.ea.-grand1s was f;. good 

species. In l.922, he suspected that !. caerul.ea 1I&s a b;ybrid between 

.§. caerglea-grandis and ! •. popul.itolia but iD l.945 he actuaJ.q listed 

.§. caerulea as x]. caerul.ea, a b;ybrid beliween j. caerul.e&-g1'8ndis 

and!. popul1folla.. Rahder (l.940) concurred with this interpretatian. 

Woodworth (l.929, l.9,3l.) al.so agreed with Femal.d's interpretatica for 

cytol.ogical. reasons. He detetmined the chromosome numbers for the 

white birches as follows~ 

Species Haploid ilumber Dipl.oid n'Ulllber 
(n) . (~ -

B. - cael'l1l.ea 14 28 

!. cae l'I1l.ea-grandis 14 28 

j. popuillolia l4 2S 

Il. pawrifera var. corditol.ia 28 56 

j. l!!:;pzritera 35 70 

He fel.t tlat neither]. caerul.ea, nor.§. caerul.ea-gl9.ndis, coul.d bave 

arisen trom a cross of !. papxrifera and j. popul.itolia because 
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".§. papYrifera is a pentaploid species and .§. populifolia is a diploid. 

!. caerulea is a diploidu • Since he reported meiosis to be normal in 

!~ caerulea and!. caerulea,-grandis, he listed!. cae1'l1lea as a lv'brid 

of.§. çaerulea-grandis and!. populifolia. Johnson .(1939), in listing 

birch b1brids, states tbat !. caerulea is a J:vbrid between!. caeru1ea

grandis and .§. populifolla. 

Little (1953), who also described.§. caerulea as a b7brid betwec 

.§. caerulea-grandis and!. popul.ifolia, stated tbat Blanchard :in 

giving!. caerulea-srandis :tull specifie status lIapparentq (made) a 

typographical error for a large variet;y of !. caerulea". It was not 

clea.r from wbat Little stated wba.t he considered as the true origin 

of .§. caerulea. One parent could not be!. caerulea-grandis as Little 

stated, beca.use l.a.ter in this article he considered. this species to 

be onq 8: variet;y of !. caeralea (Little, 1953). 

With the exception of Blanchard who considered both!. caeru.lea 

and~. caerulea-grandis to be good sptICies, and Sargent who considered 

them both to be hybrids, the other authors (Femald, Reheler, Jomson, 

Woodworth and Little) considered.§. caerulea to be a ~rid of .§. 

caerulea-grandis and ~. populifolia. 

As will be detailed below, treatment of thes e taxa b;y certain 

other authors failed to recognise.§. caerulea.-grandis as warranting 

specifie status and recognized!. caerulea as a good species, whereaw 



9 

others considered both taxa ta he b;,ybrids. 

Gleason (1952), in his flore., listed!. caerulea as a good species • 

. In a footnote, he stated that~. caerulea-grandis was a b;,ybrid which 

ia !. caerulea in part and !. pendula in part. In 1960, Erskine 

suggèsted that.D. caerulea-grandis vas of hybrid origin from a cross 

between 11. papxrifera and~. populifo1ia. He did not mEl'ltion ,B. 

caerolea. The specimEl'l upon which he based his commEnts was found 

groving at the Eltperimental Farm at Cba.rlottetown in Prince Edward 

Island. Bra;yshaw (1966), reported in a study' of 11. caerulea and 11. 

caerulea-grandis "that the blue birches, in their diverse foms, are 

morpho10gically indist:inguishab1e tram a l\Ybrid swarm between white 

and greY' birches". He reaffirmed Sargent's opinion tlat both!. 

caerolea and 11. caerulea-grandis vere hybrids between !. papnifera 

and 11. populifolia. Brittain and Grant (1967) described !. caerulea 

and 11. caerulea-grandis found in the three Maritime provinces, in 

Eastem Quebec, and in New H9.mpshire and M:l.ine. TheY' found no 

evidence to suggest that 11- papxrifel9. was invo1ved in the blue birch 

comp1ex. Theya1so reported (Brittain and Grant, 1967) that seed-

1:ings of artif'icia1 crosses which the;y had made between 11. papmfera 

and 11. populif'olia did not resemb1e seedlings of 11. caeru.lea-grandis. 

They stated that the situation might be clarif'ied if the relatiemship 

of the mountain white birch, !_ cordifolia Hegel, was taken into 

considel9.tion. 
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While j. cordif'olia. Regel ws origina~ given specifie status, 

Femald (1922) considered this species not to warrant specifie rank, 

and accolÙing~J named. it a variet)" of' I!. papzrifera. This. taxon bas 

been known, as I!. papzritera var. cordif'olia (Regel) Fern. Femald 

(1945) reconsidering I!. papzrif'e16 var. cordif'ol:1a based his argument 

against specif'ic status f'or tbis taXon an the discove17 of' l. 

pap:y;rif'era var macrostachY! Fem. which "exactq bridges the gap 

between it (l. cordif'olia) and typical l. papxritera'!. 

Evidence against Femald 1 s vi. f'or varietal statua ot "cordif'0l1a" 

came f'rom Brittain and Grant (1965b) who showed that I!. papmf'era 

var. macrostacbp. ws closer to l. papzrif'era per.!! tban to cordif'olia 

bot.h .'rphologically', and in somatic chromosome number. The)" re

instated cordifolia to specifie status &s l. cordifolia Regel. 

Evidence for specifie status f'or cordif'olia came f'rom Woodworth1s 

(1930) cytological studies. He not.ed that cordifolia is a tetraploid 

(2!! = 56), whereas papyrifera is a hexaploid (2!! = 70). But he 

stated. that in spite of the f'act ttat he treated cordif'olia as a 

variet)" of' pawrifera, tbat is l. paPlrif'era var. cordif'olla, the 

"dif'ference in chromosome number ls certainq adequate evidence f'or 

considering the two plants of' specif'ic rank". Also in f'avor of' 

specifie status f'or cordifolia is Rosendahl (1928) who studied 

cordif'olia in Ontario and concluded tœ.t it should be remstated to 

specif'ic status as~. cordifolia Regel. 



u 

Although Woodworlih (19.30) determined the somatic chromosome 

number of !. cordifolia to be 56, furliher investigations b)" Brittam 

and Grant (1965b, 196'7b) have shown tbat near~ aU of the individua1s 

of this taxon which they have exaudned are diploid '(2B = 28) and 

only a few possess the tetraploid nmnber (2a = 56). These authors 

consider this infonnaticn as f'urther evidence to distinguish the 

diploid cordifo1ia (2a = 28) from the hexaploid p!.pxrifera (~ = 70) 

by giving it specifie statua as'~. cordifolia Regel. 

As ean be seen from the review of the literature the investi

gations into the origin and taxonomie status of ]. caernlea and ]. 

caerulea-grandis have passed through three successive phases. The 

first phase ineluded the studies of Blanchard and Sargent who 

considered. morphological charaeters to be the main criterion in their 

investigations. Blanchard. concluded that l!. caerulea and!. caerulea

grandis were good species, wherea.s Sargent considered them. both to be 

hybrids. In the second phase, Woodworth basing his conclusions on 

cytologieal evidence in addition to morphologieal evidenee, considered 

]. eaerulea to be a hybrid in which]. caerulea-grandis, a good 

species, was invo1ved. The third. phase has employed IIOrpho1ogica1, 

cytologieal, chemical and eeo10gical criteria and las subjected the 

resulting data to statistical analysis. Brayshaw, and Brittain and 

Grant', basing their conclusion on a number of the above criteria have 

considered]. caerulea-grandis to be a Ivbrid. 
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The present study was stimulated by the efforts ot the latter 

investigators in their studies to furliher eD.mine and if possible, 

to further clarif)' the origin ot ~. caerulea and ~. caerulea-grandis. 

This investigation is an ~ftorl; toclarit.Y these taxa utUizing the 

. methods ot mo~l)ology, cytology, and chemotaxonomy, and subjecting 

the data to' detailed analysis. 



HATERIAIS AND METHODS 

In order to analyse different populaticas of birch, collections 

were made in late August 1966, at Va1cartier, Quebecjin August, 1967, 

at Grand Manan Island, ~ew Brunswick, and at Lac Carr~, Quebec. AU 

the specimens had twigs of the current years growth, nature 1eaves 

and mature fema1e catldns. The specimens vere given. accession numbers 

560 to 613 for Valcartier, 420 to 559, 660 and SOl to 804 -for Grand 

Manan Island, and 700 to 762 for Lac Carré~ Two specimens, accessiOll 

numbers 394 and 398, collected at Valcart.ier :in September 1964, vere 

inc1uded in the Va1cartier group. 

Herbarium specimens of Ea.ste~ North American species of Betula 

were borrowed from the following herbaria: Amold Arboretum, Harvard. 

University (AAH), National Museum of Canada, œtawa (CAN), Phanerogamic 

Herbarium, Department of Agriculture, Ottawa (DAO), and the Herbier 

Marie-Victorin, Institut Botanique, UniversiteS de-Montr4al (MT). Two 

specimens collected by Blanchard in 1904 in Vermont and borrowed f'rom 

the Pring1e Herbarium of the University of Vermont (VT) were a1so 

studied. These were Blanchard's accession numbers 6 and 7 which 

appeared to be isotypes of j!. caerulea and 1!. caerulea-grandis, 

i:13spectively (BlanChard, 1904a,b). AltC)gether, over three hundred 

specimens were examined. 

-13-



Morphological cha.1'6cters. 

Each specimEn was identified as to species and measurements of 

the following cha,1'6cters were made: attenuation factor of the lea.f 

tip, number of serrations per side of a lea.f, number of veins per 

side of a leaf, length of the mature female catlcin, length of the 

bract, length and width of the achene, lengt;b/width ratio of the 

achEile and the 181gth of the styles. The attenua'tion factor is 

gene19.l.l.y reterred to as the.!lm ratio (BraYShaw, 1966) where .! equals 

one-ha.lt thé apical segment, that is, the distance trom the widest 

part of the leaf blade to the leaf tip and m equals the width of the 

leat bJa.de at the midpoint of the apical segment (Figure 1). The 

lengt;h of the guard cells was determined by the methOd of Celarier 

and Mehra (1958) substituting collodion for the cellulose nitrate

acetate mixture. An eyepiece micrometer was used to measure the 

181gt;h of the guard ceUs imprinted on the 'collodion after the 

collodion ha.d been peeled off the epidennis of the leaf. In addition, 

the torm of the Js.teral lobes of the bracts was cl.assified as being 

either ascending, spreading, or recuIVed (Figure 2). 

Due to insect damage and disease on some specimens, it was found 

impossible to use leaves from a standard' positiœ an the specimens. 

Therefore, five mature leaves chosen at random for each individual 

were used in the calculation of the morphological cha.1'6cters of the 
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Figure 1. Key to the attenuation factor of the 1eaf tip. 

Figure 2. Different bract shapes in Betul.a species. 

Figure 2A. Bract with ascending 1a.teral lobes. 

Figure 2B. Bract with spreading 1a.teral lobes. 

Figure 20. Bract withrecuzved lateral lobes. 
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1eaves. Ten guard cella vere measured for each of five 1eaves naldng 

a total of fifty measuremants for each individual. live mature 

fema1e catldns were also measured to obtain the mean catldn length 

for each accession number. For the determination of bract length. 

1eng1;h and width of achene, length/width ratio. and. a1so style 1ength, 

tan individuals for each accession number were measured. A table _s 

prepared comparing hypothetical hybrid mean values obtained when mean 

_lues of ~. papxrifera and ~. populifolia were added and averaged 

and mean values of !!. cordifolia and!!. populifolia were added and 

averaged (Table 4). Values of !. caerulea-grandis were also presented. 

A comparison of the morphology between taxa was made by draw.lng 

to scale the leaves, brac'Gs and achenes of each specimen with the aid 

of a camera lucida. They were grouped according to species and 

arranged according to the hybrid index value of the specimen. 

Sonatic chromosome number detenn:ination. 

The chromosome number was determined using l'Oct tips obtained 

from progeny grown from seed of each accession number, where possible. 

Seeds from specimens collected the previous August weregerminated 

from December 1966, to July 1967, on moist filter paper in Petri 

dishes and transplanted to pots filled with sand. The plants were 

grown in cold frames during the summ.er and where possible with 

artificial lighting to lengthen the photoperiod to twenty-four hours 
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per day. A better growth rate was found whm long days vere maintained 

rather than under nOrm:Ll day length. 

The root tips were pretreated prior to fixation, ~.vaShing than 

thoroug~ in tap water to relaave particles of sand and then plac1ng 

them in 0.002H S-hydro:x:yqu:lnoline for one hour. Fixation _s by means 

of Camoy's fluid (6:3:1 ethano1-chloroform-glacial acetic acid). 

staining was carried out by the Feulgen technique according to the 

schedule given by Darlington and La Cour (1962). Af'ter staining, the 

root tips vere pla.ced in 4% pectinase for three to three and a baU 

hours to break down the pectic salt in the mid.d.1e l.amella of the ceU 

valls so that the cells would become well separated. Slides were 

prepared for cytological examination by squashing the root tip 

meristems in 45% acetic acid after which they vere made semi-permanent 

by sealing the coverslips with paraffin wax. Photographs of chromosome 

complements vere taken using phase contrast optics. 

In some cases, in order to determine the chromosome number for 

plants when good metaphases were not available, the dEllsity of nuclear 

deoxyribonucleic acid (DNA) ws calculated and compared with the 

density obtained for plants of lmown chromosome number. A Barr and 

Stroud Integrating MicrodEilsitometer was used in this procedure. 

Root tips were collected and washed as usual, but the pretreatment 

with S-hydroxyquinoline was omitted as it was not necessar.y to arrest 
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mitosis at metaphase. The root tips were then tixed in 10% tormalln 

at a pH ot 7.1 tor twe1ve hours. 

In preparation tor staining, the l'Oot tips were washed thoroughly 

:in distilled water for fort;y-five m:inutes, and hydro~ed with lN Hel 

tor thirteen minutes at 60°C. Hy'drol;ysis ws arrested with cold 

(4-6°C) distilled. water. The root tips were stained in basic tucbsin 

for two hours and parM.al.q decolorized with potassiœn metabisulphite 

for seven minutes. Aft.er be1ng washed thoroug~ the l'Oot tips were 

placed in 4% pectinase tor tWEIltt-tour hours, washed and stored in 

70% alcohol. Boot tips trom a plant with the knOlm chromosome nUDlber 

were processed in the same vial with l'Oot tips for which the cbromosOJlle 

number was to be determined. Individual birch trees belonging to the 

same species presumably should have the same genetic makeup and 

preliminar;r experiments have shom that the density ot DNA is similar 

for such individua1s. Considerable dii'terences in DNA densities bave 

beensbown for close~ related species which differ in ploidy' 

(Hughes-Schrader, 1958) and prel1mina17 experim81ts carried os :in 

tbis laboratory between individuals ot birch which ditter ~ ploidy' 

also give ditter81ces in DNA densities which are, in general, 

proportional to the number ot chromosomes possessed by the species. 

Boot tips ot plants belonging to the same or closeq related species 

were sta:ined together. Boot tip meristems trom the plants ot knoWll .

and unlmown chromosome number were squashed on the s&me slide at 



di1'1'erent locations, the length 01' the root t1p distinguishing ~Gwa 

from unlmown. Late interphase 4C nucle1 contain twice t~e ŒA as 

late telophase or ear~ interphase 2C nuclei due to ch~~~ome 

duplication prior to mitœ1c div1à1cm. According~, nuclei of cells 

in late telophase or ear~ interphase vere measured. Three readings 

par nucleus and three corresponding backgroœd read:1ngs vere talc_ 

and the readings averaged. Tm nucle1 vere e .. mined. per root .t1p. 

The di1'ference betveen the background reading and that obtained 1'or 

the nucleus is the estimated density ot the DNÂ. The ciénsity of the 

DNA 1'ram the plant ot unknown chromosome number should. be the same 

as that obtained tor the plant with the lmown chromosome number, tb1.t 

is, if the chromosame nUDber i6 the same tor bœh individuals and 

pl'Ovictlng theyare members of the same spec1es. Spacies or ind1viduals 

which are tripl01d, tetraploid or ot higher ploidy, that 1s, with a 

greater number 01' chromosomes, have greater densities, and hence, the 

ditterent levels 01' ploidy could be distinguished from one another. 

Karyœypes. 

Karyotypes 01' metaphases 1'or each species vere drawn 1'l'Om l'Oot 

tip cells with the aid 01' a camera lucida. 

Polygonal graphs. 

Davidson (1947) and UNe and Nadeau (1961) used the po~gonal 

graph 1'irst devised by Hutchison (1940) to simultaneous~ portiray 
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saveral variables in population anaqsis. Froiland (1952) applied 

this method in an analysis of a lqbrid birch population. 

The pol;vgona1 graph is a circ1e with numerous radii, the 'lU'lits 

on each radius representing the measurements of one character. Bach 

accession number is represEllted by the mean measurement:.s of the 

characters being plotted.. Since each measuremEllt is plotted along a 

differEllt radius, when all the points representing ~he measurements 

of one individua1 are plotted and joined together, a poqgon is 

formed. This permits the visual comparison of members of a population 

on the basis of saveral characters at the same time. 

H;vbrid index. 

Anderson (1949) described the q,brid index as a meatls of 

illustrating visua.ll.y' the presEllce or absence of h1b ridizat ion :in a 

natural population. A character which varies in the population 

studied, is assigned values of "zero", "one", or "two" or more, 

depending on the number of states the character displais. Characters 

associated with one parEl'lt are rated as "zero", whereas those 

associated with the other parent are rated as "t'WO". Intermediate 

situations are assigned the value of "one". When this type of rating 

is carried out for a number of characters then the members of one of 

the two parental populations would lave a total or lv'brid index value 

of "zero" aven if we assume eighti characters were use d, as in the 



the populations studied. The ot.her parental population, with a value 

ot "t'WO" tor each character, would have a total or b;ybrid index value 

ot Il sixteentl it we assume eight. characters were used. Total values 

which are intermediate :indicate that bybridization might have 

occurred or be expected. Bar graphs have been constructed plotting 

bybrid index values against the trequenc7 with which the7 ·occur in 

the population. A visual indication ot the absence, or presence of 

hybridization, the degree ot hybridization, the direction in which 

bybridization and backcrossing is occurring between species, ma7 be 

obtained trom this procedure. 

Pictorialized scatter diagrams. 

This method ot population analysis (Anderson, 1949) bas been used 

to illustrate character-association and the etf'ects ot h1bridization 

:in a natural population. It has besn used to illustrate the ettects 

in a mixed parental and hybrid population of birch. The ~lationship 

between two charactera was plotted tor each specimen in a two

dimensional field. Each spot :in the field repreaEllts cme specimen. 

The spots were then modified ta include the analysis ot addi tional 

chara.cters s:imultaneously. For example, wen the lEDgth ot the catldn 

is less than 2.5 cm it was represented b7 "0", between 2.5 and 3.49 cm 

b7"Q-", that is a Une at three o'clock, and over 3.49 cm b7 a 

triangle 1I():l1l. The association ot several characters rra7 be observed 
J 

and the eftect ot hybridization on this association it l\rbridization 



has occurred, may also be observed. 

Thin-layer chromatographI. 

Secondary phenolic compounds have been useful as a basis for 

species identification in some plant genera (Alston and Turner, 1962; 

Hamey and Grant, 19(4) •. In. order to extend the use of tlUn-layer 

chronatograplv of fluorescent compounds to Betula systematics, tbe 

. procedure of Grant and Whetter, (1966) was followed with some 

modifications as described below. 

An analysis of individual specimens from the Valcarliier collection 

was carried out as follows: 0.05 grams of fresh leaf material which 

bad been rinsed in .distilled water and dried at 80°C for 1.5 hours, 

and which had been chosen at random from the progeny of the accessioned 

trees, was placed in a vial with 1.0 ml of freshly prepared 1% 

b;.v'drochloric acid in metœ.nol. Grant and Whetter (1966) in their 

study of the secondary phenolics of different IDtus species found no 

difference if lea.ves were chosen from different positions on the plant. 

Extraction was allowed to take place for ':l6 hours. Chronatographic 

plates were coated with s11ica gel G, 25 microns thick, and spotted 

with 20 lambda. aliquots. The plates were run in different two

component solvents. The first two-component so],.VEllt consisting of 

cyclohexa.ne and etbyl-a.cetate (1:1 v/v) was run up the plate to a 

distance of 15.0 cm, twice, to remove a number of .larger spots away 
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from the more numerous definitive smaller spots between R.r 0.0 and 0.5. 

The second two-component solvent consisting ot methanol and c~roform 

(30:70 v/v) -,sallowed to run up the plate to a distance of 7.0 cm. 

The plate was kept in a tank with methanol and chloroform while it 

was viewed under long-wave ultraviolet light.. At other times the 

plate ns dried with a cool air jet and spra.yed with concentrated. 

sU+Phuric acid •. More spots became visibl.e under long-wave ülf.raviol.et 

light. and visible l.ight. after spre.yiDg with sulphuric acid. A 

CQmpa.rison of spots was tm.dertaken in an attempt to differentiate the 

species according to the pres~ce, or absence, of the fluorescent 

compounds. Photographs were taken of the plates to aid in the 

comparison of the spots. Drawings were made of the pla.tes while they 

were viewed under visible and long-wave ultraviolet; light. 

PollEll grain viability test. 

Branches of different species of birch with immature male catldns 

were collected in ear4r May. The branches were kept in water at 

20°0 until t he pollen grains were shed. PollEll was placed on a slide, 

mixed with one drop of fast green in laatophenol, cavered with a 

caver slip and then allowed to stand for eight hours before being 

exa.mined. At least :rive hœdred pollen grains were examined for each 

slide before the percent stainable pollen ns detennined. Although 

this test gives an estimate of the percentage viable poUen, no 

actual germination tests were perfor.med. 
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Statistical anallses. 

The standard. deviation of the :individual mean to the mean of the 

species was calculated for the following measurements: attenuation 

factor (!lm), number of serrations ClIl one side of a leaf, number of 

veins on one side of a leaf, guard ceU length, lengt.h of the catldn, 

1ength of the bract, lEllgth and width of the achene, length/width 

ratio of the açhene, and sty-le length. The means of the species were 

subjected to a 1 test employing an IBM computer to determine if the 

mea.ns were significant:q different at the 5% and 1$ levels. 

Geogra.phical distribution of the species. 

A distribution map was prepared by mapping the locaJ.ities givan 

by the herbarium specimEllS exarnined. 



RESULTS 

Morphological eomparison of the speeies. 

Mea.surements of ten phenotypie traits of ~. eordifolia, ~. 

caerulea-grandis and §.. popu1ifolia from Valearliier are presented in 

Table 1. These measuremEllts are the me&n measuranents for eaeh 

accession number and are based CIl herbarium naterial. 

From the leaf traeings whieh were made of leaves from eaeh tree 

studied in the Valcarl#ier population, morphologieal differenees were 

evidEnt between §.. cordifolia, §.. caen1l.ea.-grandis and ~. popuJ.ifolia 

(Figure :3). A simila.r eOJr.parison of shapes and dimensions in braets 

and aehenes are shawn in Figures 4. and 5. 

For aU the eharaeters measured, the mean values for ~. caerulea

grandis rra:l' be seen to be intermediate between those of ~. populifolia 

and §.. eordifolia. The me&ns for the ten traits in ~. populifolia are 

usually smaller tian the means for~. eaerulea-grandis whereas the 

means for~. eordifolia are usually larger tban· the means of ~. 

caerulea-gra.ndis. For example, the mean lengt,h of the styles in !l. 

populifolia is 0.606 Dm whereas in!!. eordifolia the mean style length 

is 1.440 mm. The mean style length for~. caerulea.-grandis is 

intermediate at 1.170 mm. 
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Table 1. Results of measurements of herbarium na teria1 for severaJ. characters of Beliula species. 

Achene Achene Achene Style 
]. E2Eulifo1ia .;- Serrations Veins Catldn Bract Guard 1ength width L/W 1ength 

(cm) (mm) Celi (mn) (mm) ratio (mm) 

561 2.31 35.6 6.4 1.9 3.12 39.24 1.43 0.82 1.74 0.51 

562 1.79 28.4 5.6 2.1 2.80 39.59 1.34 0.78 1.72 0.65 

570 1.64- 43.0 7.4 1.8 1.50 36.25 0.89 0.52 1.67 0.32 

589 1.39 33.8 7.6 2.4 4.45 30.03 1.70 0.96 1.77 0.81 

590 1.41 46.0 8.0 1.9 3.61 30.18 1.59 0.81 1.96 0.52 

596 1.64 41.0 8.0 2.2 2.97 33.45 1..69 0.85 1.99 0.60 

604 1.33 42.8 8.8 .2~3 3.15 32.45: 1.57 1.14 1.37 0.83 

Table 1 - Cont1d. 

1\) ...., 



Table 1 (Cont1d) 

Achene Achene Achene Style 
~. caerulea- af4 Serrations Veins Catkin Bract Guard length width L/W length 

grandis (cm) (mm) CeU (IIIIl) (mm) ratio (IIIIl) 

560 0.93 34.2 8.2 3.1 4.33 36.75 2.32 1.26 1.84 0.91 

563 1.07 51.8 8.0 3.0 4.99 28.60 2.02 1.03 1.95 0.98 

564 1.16 42.2 8.2 3.0 5.07 29.68 1.84 1.14 1.61 1.at. 

565 1.02 44.4 7.6 3.3 5.13 35.10 2.40 1.12 2.14 1.21 

566 1.01 49.4 8.4 2.9 5.55 30.69 2.28 0.92 2.37 1.20 

567 1.22 46.8 9.0 2.9 4.65 38.90· 2.11 1.12 1.88 1.12 

568 1.08 51.6 8.2 3.0 5.42 28.90 1.98 1.05 1.88 1.at. 

569 1.20 39.6 9.6 3.6 5.47 39.78 3.38 1.21 . 1.88 1.28 

571 1.16 37.2 10.2 3.2 6.01 36.36 2.56 1.36 1.88 1.4.3 

572 1.57 49.4 9.8 3 • .3 4.90 .32.79 2.16 1.23 1.76 0.87 

574 1.49 39.2 6.8 2.1 4.46 .38.78 2.00 0.8.3 2.05 1.06 

575 1.00 41.6 9.6 2.5 4 • .38 .38.27 2.26 1.26 1.79 1.28 

Table 1 - Cent'd. .~ 



Table 1 (Cont 'd) 

Achene Achene Achene Style 
l!. caerulea- .;. Serrations Veins Catldn Bract Guard 1ength width L/W 1ength 

glQndi_s (cm) (Dm) Cell (mm) (Dm) ratio (mm) 

578 1.20 50.4 9.0 3.4 4.90 29.91 2.01 0.99 2.03 1.15 

579 1.06 45.2 8.4 4.4 6.97 29 .. 30 2.25 1.26 1.79 1.34 
-

580 1.18 34.4 10.0 3.4 6.15 37.90 2.43 1.42 1.71 1.35 

582 1.11 46.8 9.2 3.0 5.26 39.40 2.02 1.16 1.74 1.23 

585 1.66 49.0 8.8 3.2 5.85 39.44 2.49 1.21 2.06 1.12 

586 1.26 47.0 9.2 3.2 6.11 39.97 2.58 1.17 2.21 1.29 

591 1.45 50.4 8.4 2.7 5.22 29.49 1.53 1.02 1.50 0.94 

593 1.1.3 52.8 8.6 3.3 6.00 33.06 1.87 1.09 1.72 1.l3 

597 1.02 45.0 9.4 3.1 7.14 32.79 2.19 1.07 2.05 1.18 

598 1.10 38.0 7.4 2.3 4.88 30.33 2.17 1.07 2.03 1.09 

599 1.0; 42.2 10.0 2.8 4.87 29.20 2.29 1.26 1.82 0.98 

600 1.05 43.0 7.6 2.1 5.66 30.19 2.38 1.26 1.88 0.98 

Table 1 - Cant'd. ~ 



Table 1 (Cant1d) 

]. caerulea.- a/m Serrations Veins C&tkin Bract 
grandis (cm) (Dm) 

601 1.08 36.6 8.6 2.3 5.71 

606 1.14 40.0 8.2 3.1 5.31 

607 1.01 44.2 7.6 6,01 

608 1.09 51.0 9.6 2.5 3.48 

609 1.43 58.0 10.4 2.9 4.77 

AchElle Achene 
Guard 1ength width 
Ce11 (mm) (mm) 

30.50 2.68 0.95 

31.82 2.43 1.27 

35.21 2.13 1.21 

32 .• 79 1.56 0.90 

33.71 1.78 1.05 

Achene Style 
L/W 1ength 
ratio (DIIl) 

2.84- 1.60 

1.91 1.08 

1.77 1.85 

1.73 1.16 

1.69 1.06 

Table 1 ~ Cant 1 d. 
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Table 1 (Cont'd) 

Achene Achene Achene Style 
~. coroifolia a/iD. Ser.rations Veins Catk1n Bract· Quard 1ength width L/W 1ength 

(cm) . (mn) CeU (imn) (mn) . ratio . (DDIl) 

394 0.85 46.0 10.4 4.68 5.37 39.10 241.56 1.57 1.62 1.37 

398 0.80 69.0 1l.2 5.30 7.47 30.62 2.97 1.96 1.51 2.1.3 

576 0.82 49.8 JO.O 4.20 7.29 34 .• 41 2.51 1.50 1.67 1.15 

577 0.95 49.6 9.4 3.90 7.41 39.63 2.89 1.61 1.80 1.74 

581 0.99 45.6 8.6 3.90 6.03 37.70 2.08 1.26 1.65 1.25 

583 1.00 59.4 9.6 3.50 5.49 36.00 2.31 1.41 1.64 1.21 

584 1.20 34.0 9.6 3.50 6.22 37.63 2.98 1.31 1.88 1.63 

587 0.85 53.0 9.8 3.60 5.53 34.90 2.46 l.~O 1.60 1.48 

588 0.75 54.4 9.0 3.50 5.43 40.44 2.34 1.22 1.92 1.40 -
592 0.89 53.6 12.2 3.10 5.59 33.41 2.34 1.50 1.56 1.26 - '.- . 

594 1.25 42.6 8.2 3.80 5.40 34.59 2.28 1.43 1.59 1.24-
.1 -, ",. 

595 0.91 45.9 8.6 3.30 6.82 32.06 2.$0 1.62 1.54- 1.64 

Table 1 - Cant' d. ~ 



Table 1 (Cont 1 d) 

~. cordifolia al- Serrat ion s Vems Catldn Bract 
(cm) (mm) 

605 0.S4 41.S 9.0 3.40 7.20 

611 0.83 49.6 9.4 4.30 7.33 

612 0.92 38.0 S.4 3.30 7.09 

6]3 0.80 53.0 8.4 '!'" 

Achene A.chene ' 
Guard 1ength width 
CeU (mm) {mm} 

31.18 2.65 1.70 

32.91 2.90 1.S1 

30.97 2.31 1.41 

29.0S 

Achene 
L/W 
ratio 

1.56 

1.60 

1.64 

Style 
1ength 

{mm} 

1.36 

1.37' 

1.40 

U) 
II.) 
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Figure 3. Representative leaf tracings of ~. populifolia, ~. 
caerulea.-srandis and ~. co~:f'olia t dra'Wn aotual size. 

Figure 3A ••••••••••••••••••••••••••• ~. populi:f'olia 

Figures 3B, C, Dt E ••••••••••••••••• ~. oaerulea-grandis 

Figures 3F, G, H •••••••••••••••••••• ]. cordi:f'olia 
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Figure 3B. 
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Figure 3D. 
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Figure 4. Drawings of representative bracts of là. populifolia, ~. 
caerulea.-grë.ndis, and B. cordifolia illustratingbract 
shape, x 10. 

Figure 4A ••••••••••••••••• ~ •••••••• ~. populifolia 

Figures 4B, C, D, E, F, G •••••••••• ~. caerulea-grandis 

Figures 4H, l, J, K •••••••••••••••• ~. co~ifolia 
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Figure:4D. 
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Figure 4J~ 
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Figure 5. Drawings of representative achenes of 1!.populifolia, 1!. 
ca.erulea-gràndis and 1!. cordifolia illus1;.rating achElle 
shape, X 10. 

Figure 5A •••••••••••••••••••••• 1!. populifolia 

Figures 5B, C, D ••••••••••••••• 1!. caerulea-grandis 

Figures 5E, F •••••••••••••••••• 1!. cordifolia 
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In order to see if differences such as those cited above. con

ceming style length are significant~ different when .!!. populifolia, 

]. cordifolia and.!!. caerulea-grandis are compared, a i test was 

conducted on the mean values. The results are shown in Table 2. 

Inspection of Table 2 shows that when.!!. cordifolia and 12. caerul~ 

grandis are compared, in a11 characters except the length of the 

guard cells, the mea.ns of the two species are significantly different. 

SimUarly", when 12. populifolia and]. caerul.~gra.ndis are compared, 

in eight characters the means are significantly diffennt. In guard 

ce11 length and the length/w.i.dth ratio of the achenes, the two species 

do not differ significant:ty. 

In order to determine whether location affects the variability 

of one cha.racter in the same species, a compa.rison of means was under

taken for the same species in tw different locations (Table :3). For 

eJG:i.mple, the mean !lm ratios in.!!. caerulea-gra.ndis fram one location 

to another do not differ significantly. However, the mean mmber of 

ve:ins per side of a leaf does differ significantly fram Valcartier to 

Grand Manan Island. 

The results of a compa.rison of hypothetical hybrl.d mean values 

computed for.!!. papzrifera and.!!. populifolia, and &lso for .!!. 

cordifolia and !!. populifolia are shown in Table 4. The values of 

the hypothetical hybrid of a cross of 12. cordifolia. and 12. populifolia 



Table 2. Mean value, standard deviation, and 1 test for ten morphologica1 characters in Betula 
populifolla, ~. caerulea-grandi.s and~. cordifolia. ' 

No •. of No. of 2 Confidence 
Cha ra cters ~. cordifol1a plants ~. caerulea-g~dis plants. t value df 95% interva1 -
a/m ratio1 0.92%0.1190 16 l.l7:lO.1816 29 3 5.020. . 43 0.2510.10 

.. 

No. of serrations on 49.11:1:7.6000 16 44. S7:1!6. 2160 29 2.0614 
43 4.~.16 

one side of a 1eaf 

No. of veins on one 9.50:1:1.0900 16 8.75~.8660 2!J 2.5304 43 0.75:1:0.60 
side of a leaf 

-nali 
Length of stomata (11) 34.66%3.3500 16 33.780%3.9700 29 0.750 43 significant 

Length of catkin (cm) 3.82:1:0.5907 15 2. 9910.4800 2S 4.9703 . 4J. 0.8310.34 

Length of bract (m) 6.3S±O.8660 16, 5.3310.7815 2!J :3 4.071 42 1.05:0.52 

Length of achene (mm) 2.54:0.2723 15 2.2ldD.3630 29 3.0893 42 0.33:0.22 

Width of achene (mm) 1.5~.2097 15 1.13:!O.2008 29 4.46s3 42 0.39%0.13 

Achene length/achene 1.65:!O.3769 15 1.9l±O.2560 29 3.7253 42 0.26%0.34 
width (ratiO) 

Length of styles (m) 1.44:0.2500 15 1.17*'>.2100 29 3.7723 42 O.27.J!J.15 
-

Tab1e.2 - Cant1d. ~. 

1\) 



Table 2 (Cont 1 d) 

No. of No. ot 2 Confidence 
Cbaracters ~ ;eo;eulito1ia plants 1!. caerulea-sra.ndis plants ! value dt 95% interva1 

a/m I9.tio 1.65%0.1066 7 1.17-!!).1.816 29 5 • .315.3 .34 0.~.18 

. No. of serrations on .38.66%6.2.390 7 44.87:6.2160 29 2.4404 .34 6.2ld:5.20 
one side of a leaf 

No. of veins on one 7.40:10.9700 7 8.7~.8660 29 3.6203 34 1..35%0.76 
side of a 1eaf 

-::'DOt 
LEIlgth of stomate (11) 34.4~. 9800 7 33.78%3.9700 29 0.406 34 significant 

Length of catldn (cm) 2.09%0.2190 7 2.99%0.4800 28 4.561.3 3.3 o.86:lO • .38 
-

Length ot bract (mm) .3.09~.0890 7 5 • .3.3:0.7815 29 6.65.3.3 34 2.24M>.69 
-

LEIlgth of achene (mm) 1.45%0.3000 7 2.2lM> • .36.30 29 5~fY;J9.3 34 0.76:tO • .30 - " .. " -

Width of achene (.) 0.8410.1400 7 1.13~.2008 29 .3.59.3.3 .34 0.29:1.0.16 

Achene 1E1lgtbjachene 1.7S!lO.21OO 7 1.9lœO.2560 29 1.595 .34 - net 
width (ratio) signifi~t - . ~'.. --

Length of styles (mm)' 0.6ll!J •. 1'J70 7 1.17~.2085 2.9 6.57r .34 0.~.18 

T<ab1e 2.- Cont1d. f!). 

--s:;- -.. -._-



Table 2 (Cont Id) 

1 a/m ratio: a == half the distance f':mm leaf' tip to widest parl of' leaf'; m == width of' leaf' at balf' the 
distance f'rom leaf' tip to widest parl of' leat {see ten). 

2 
T-values: 

dt 
33, 34 
41, 42, 43 

T .05 
2~042 
2.021 

3 Highly signiticant 

4 Signif'icant 

T .01 
2~750 
2.704 

~. 



Table 3. Results of comparison of the same species in different locatiClls. 

a/m No. of No. of Length Length Length Length Width :LjV ratio Length of 
Species ratio serrations Veins of of of Guard of of of Style 

Catldn Bract Oells Achene Achene Achene 

~. gâ§.tlal~â- NSl NS DS2 ,3 NS nSJ NS NS NS NS NS 
grandis 

~. cordifolia NS NS nS3 NS DS4,5 NS NS NS NS NS 

~. POPulifolia NS NS NS NS NS DS5 NS NS NS 003,6 

1. NS == no significant difference between locations. 

2. DB == defmite difference between locations. 

3. Difference occurs when populations from Valcartier and Grand --Manan IslAnd a-re comparecl. 

4. Difference occurs whEl'l populations tram the Laurentians and Valcartier are compared. 

5. Difference occurs whEll populations from the Laurentians and Grand Jfanan Island are compared. 

6. Difference occurs when populations from Valcartier and Vermont are compared. ~ 

'" 



Table 4. Comparison of means among ~. EaPYrlfera, ~. EOEulifolla, ~. cordifolia, and]. caeru1ea-srandis. 

]. p!wrifera j. populifol:la mean j. cordifolia j!. poJ?Ulifolia m!!!! .§.~erulell-grandis 

a/m ratio 0.77 1.65 1.21 0.92 1.65 1.28 1.16 

No. of veins 8.08 7.40 7.70 9.10 7.40 8.50 8.70 

No. of ser.rations 31.64 38.66 35.15. 46.26 38.66 42.46 44.58 

Guard celi 1ength 40.13 34.45 37.30 34.48 34.45 34.47 33.81 

Bract 1mgth 5.68 3.09 4.39 6.40 3.09 4.75 5.30 

Catldn 1ength 3.58 2.13 2.86 3.84 2.13 2.99 2.97 

Achene 1ength 2.05 1.45 1.75 2.52 1.45 1.99 2.17 

Achene width 1.41 0.84 1.13 1.46 0.84 1.15 1.:14 

L/tl ratio of 1.45 1.75 1.60 1.65 1.75 1.70 1.91 
achene ~: 

~ 

Style 1ength 0.73 0.61 0.67 1.44 0.61 1.02 1.17 
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are seen ta be very close ta the values obtained for !. caerulea

grandis. For example, the mean catldn lengt,h of the hypothetical 

b;ybrid of !. papYrlfera and ~. populifolia is 2.86 cm. The mean 

ca.tkin lengt;h for the h1Pothetical b;ybrid of 1:!. cordifolia and ~. 

popullfolia is 2.99 cm. The actual value determined for :là,. ca.eru.lea

grandis is 2.97 cm. 

Somatic chromosome number determinations. 

The chromosome complements of !. cordi1'olia, !. caerulea-grandis 

and~. populifolia are shown· in Figures 6-8 and photographs of 

complements mcludmg 1:!. papyrifera, are shawn in Figures 9-12 • 

. Betula co rdifolia, ~. caerulea-grandis and !. populifolia for a11 the 

.populations studied had a soma.tic chromosome nunber of 28. Betula 

papzrifera ha.d a somatic chromosome number of either 70 or 84. 

Hybrid index. 

The characters used ta construct the index and the values 

assigned ta the characters are gi.ven in Figure 13. The value of ItO" 

is typical of one extreme and "2" is typica.l of the other extreme. 

With eighti characters being ana4rsed, the arbitrary range of 0-3 wall 

selected for:là,. populifolia, and a range of 13-16 was selected for 

!. cordifolia. The index values for each character were added 

together ta give the total h;y'brid inxex for each accession nl.1llber. 

A bar graph ws constructed plotting the index values against the 
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Figure 6. Camera 1ucida drawing of the somatic chromosome complement 
of li. populifolia, Acc. No. ~l, 2a = 28. 

Figure 7. camera. 1ucida drawing of the somatic chromosome complement 
of li. caerulea-grandis, Acc. No. 578, 2n = 28. 

Figure 8. Camera lucide drawing' of the somatic chromosome canplement 
of li. cordifolia, Acc. No. 441, 2n = 28. 
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Figure 9. 
Somatic chromosome 
complement of 
g. populifolia 
Ace. No. 561, 2U = 28 

Figure 11. 
Somatic chromosome 
complement of 
B. cordifolia 
Ace. No. 394, 2U = 28 

Figure 10. 
Somatic chromosome 
complement of 
]. caerulea-grandis 
Ace. No. 578, 2U = 28 

Fieure 12. 
Soma tic chromos orne 
complement of 
!!. papyrifera 
Ace. No. 610, ~ = 70 

70 
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Figure 1.3. P'requency ,distribution of hybrid index'va1ues for]. 
populi.:f;olia, !. cae::w-ea-grandis and !. cordifol.:i.a. 

Key to ~brid in~ex. 

a/m ratio value Bract 1en~h (mil) value 

greater than 1.33 0 1ess tban 3.6 0 

1.00 - 1.33 1 3.6 - 5.49 1 

1ess than 1.00 2 greater than 5.49 2 

No. of serrations Bract form 

1ess than 40.0 0 spreading or,. 0 

40.0 - 47.0 1 reflexed (s) 

greater than47.0 2 ascending, (a) 2 

No. of veins A.chene 1ength (,mm) 

1ess than 8.1 0 1ess than 1.7 0 

S.l - 9.0 1 1.7 -, 2.3 1 

greater tba.n 9.0 2 greater than 2.3 2 

Catldn J.ength (cm) Style 1ength (Dm) 

1ess than 2.5 0 1ess than 0.S5 0 

2.5 - 3.49 1 0.S5 - 1.J.5 l' 

greater than 3.49 2 greater than 1.1? 2 
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i'requEllc7 oi' it s occurrence in the population. In Figure 13, it -7 
, 

be seen that three peaks are present; one within the .D. populifolia 

1'6nge, one with:in the ~ corditolia range, and a group of intemediate 

individuals which have hybrid index values frem 4 to 12. These 

latter individuals have aU been morpbologicalq identified as ~ 

caerulea-g~dis. 

Poluonal graphs. 
i 

Polygonal g1'6phs were constructed for each tree anal7sed :!n the 

Valcartier population. The values of cha1'6cters, as seen :in Figure 

14, show the range oi' the measurem.ents used to consliruct the polnonal 

g1'6phs. In Figure 15, the g1'6phs we~ groupai accord:ing to species. 

Within ea.ch species the graphs were arranged. according to the ~r.l.d . . 

index value of the individual accessicm number. Extimination of 

Figure 15 shows that the measuremEllts in.D. populitolia are' Usuall.7 

smaller than those for~. caerulea-grandis and. tba.t the measurements 

of .D. cordifolia are usuà.:lJ.y larger than those of .D. caerulea.-grandis. 

Figure 16 illustrates the graphs or theaverall mean measurements for 

.D. cordifolia, .D. caerulea.-grandis and.D. populifolia. Betula. 

caerulea.-grandis is shown tô be :1ntemediate in all char8.cters 

measured between.D. cordifolia and!. populifolia. 

Pictorialized scatter diagrams. 

Two scatter diagrams were prepared. The characters used as 
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Figure 14. Bange of values for cbaracters used :in the pol.nonal 
graphs. 
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Figure 15. 

Figure 15A. • 

Representative polygonal. graphs among J. pepulifolia, j!. 
caerulea-grandis and j!. cordifolia. x 1/2. 

••••••••••••••••••••• , ~. populifolia 

Figures 15B, C, D, E •••••••••••• ~. caerulea-gr.andis 

Figures 15F, G, H ••••••••••••••• ~. cordifolia 
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Figure 16. Polygonal graphs or the mean values or (1. to r.) ~. 
corditolia, j!. caeru.l~grandisand~. populitolia. 
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coordinates in F.l.gure 17 were bract length and stTle lengt;h. The keT 

to the characters 1s g1ven in Figure 17. Each indiv1dual 1s 

represented bT a spot on the graphe As 111ustl9.ted in Figure 17, j. 

popul1f'ol1a d1f'ters Darkedq f'rom j. cordif'olia not onlT :in bract 

lmgth and style lmgth hut alao in the other cbaracters repreaented 

bT the appendages to the spots on the graphe Mul& caeru.lea-grandis 0 

bridges the gap between j. corditol1a and j. popul1tol1a. In the 

second scatter diagram (Figure 18), stTle l.ength and catldn lEDgth 

are used as the coordinates. Betula. popul1tol1a .. &nd j. corditol1a 

are again eas1q ditferentiated using style length ·and catldn 1ength 

as the coordinat es. Bet.ul& caeru.lea-g1'&ndis 1s :intermediate betveen 0 

j. popul1folia and j. cordifolia. 

Pollen grain sta:inab1litl. 

The percentage of stainable pollen 0 for the accession numbers 

tested 1s listed :in Table 5. It is shown tl'at in °all cases over 85% 

of thè pollen grains Q@omi.ned. were stainable. 

Geograph:lcal distribution of the spac1es. 

Three collections of Beliula spec1es f'rom. eastem Canada and one 

from Vel'Dlont were lIBpped (Figure 19). The species collected were j. 

populifolia, j. caerulea, j. caerulea.-grandis and j. cordifolia. 
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Figure l.7. ~ictor1a.lizedscatter diagram t;>t !!. POpulitolia, !!. 
caerul.ea-grandis andl!. CGrditol.:1a, usmg bract 
l.ength and styl.e 1ength as coordinates. 

Key to pictorial scatter diagram. 

Species SYmbol. Catld.u l.en~h (cm) S:vmbol 

!le corditol1a • l.ess tban2 .,5 0 
~. caerulea-grandis @ 2.5 - 3.49 cr 
!!. populltolia O' greater tban 3.49 O<J 

a/m ratio A.chene l:engt;;h (mn) 

greater than l..33 0 l.ess than 1.7l. 0 
1.00 - 1.33 -0 l..71j~ 2.3 9 . , 

1ess than 1.00 l>() greater than 2.3 g 
Achene width (mn) Mean values 

1ess than .97 0 .§. cOlÙitolia ., 
.97 - 1.40 6 !!. caerul.ea-srandis + 
greater than 1.40 ,0 .§. populitolla 0 
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~gure 18. Pictorialized aca.tter diagrsm of.:§~ populltalia, 1. . 
caeru].es-grandis .and !. eordifolia, uBing style length 
and catldn length as coordinates. 

Key ta pietonal seatter diagrsm. 

Species S •• l : .. ct 1~1;~ (Dm) . S~l 

.B. cordi.to;Lia • less 'than 3.6 P 

.B. caemea.-grandis ® 3.6 - 5.49 0-

~. populitolia 0 gr~ater than 5.49 ,0<] 

a/m ratio Ao~erie lens,ih (um) 

greater than 1.33 0 less than 1.71 0 
-0 9 1.00 - 1.33 1.71 - 2.3 

.. 

less than 1.00 . \X) grea. ter tha.n 2.3 ~ ~·f 

Achene width (mm) Hea.n. values 

less tban 0.97 0 !. cordifo1ia + 
0.97 - 1.40 6 .B. caerulea-gr&ndis -+ greater than 1.40 èS 1· P2DI111fol:ia 0 
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Table 5. PercElltage stainab1e pollEll with fast graea··la.ctophenol. 

~. populifolia ~. caerulea-grandis ~. cordifo1ia~. paplrife:ra. 

Percent. 
sta:inable 
pollEll 

87.95 98.10 

Table 6. DNA dènsity ratios for~. populifolia, ~. caerulea-gmndis, 
and B. corclifolia. Two ratios were obta.ined for each 
c~isCll fl'Om different accession nUDbers for the glven 
speci~s. 

Species comps. rad 

~. populifolia and l!. caerulea-grandis 

l!. cordifolia and l!. caerulea-grandis 

l!. populifolia and l!. cordifolia 

Rà.tios 

1.01:1 
1.02:1 

0.94:1 
0.8711 

1.07:1 
1.10:1 
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Figure 19. Geog~phical distribution of birch populations. 

A. tac Carré,. Quebec. 

B. Valcartier, Quebec. 

C. Grand Manan Island, New Brunswick. 

D. Vermont. 
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QYtophotametr.ic observations. 

1 

The results of the studies an the dmsit7 of DN~ amœg closelT 

re1ated birch species :1ndicate that j. populifol1a, j. caerUlea

grandis and!. cordifo1ia have verr similar genetic makeups. Table 

6 presents the results of the comparison of the relative densities of 

DNA among j!. populifolia, ~. caerulea.-grandis and Jl. cordifolia. It 

ma:y be seen that the relative densities of the three species are 

almost identica1. 

Thin-layer chronatographr. 

The results of the thin-layer chromatography are shown in Figures 

20, 21 and 22. - Figure 20, a photograph of the fluorescent compound~ 

in 1eaf enract.s, shows the ditferences in spot intensity among j. 

cordifolia, 1!. caerulea-grandis and ~. popu.li:to1ia. Af'ter spraying 

the plates with concentrated sulphuric acid JD&IlY more spots were 

visible œder ,long-wave ultraviolet ligbt than on the nonsprayed 

plates especia1ly between Rr 0.5 and 0.8. At the same time there was 

some deterioration in the spots between Rt 0.0 and 0.,3 with the 

spraying. However, the increaaed number of easily visible spots 

betweEll Rf 0.5 and 0.8 under ultraviolet after spraying more than 

compensated for the deterioration :in those close to the origin _tien 

trying to differentiate between the species (Figure 21). In Figure 

21 the dif'f'erences among the species under long-wave ultraviolet 



Figure 20. 
Chromatogram showing pattern 
of fluorescent compounds for 
(1. to r.) 11. cordifolia , 
!à. caerulea-grandis and ]2. 
populifolia 
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Figure 21. Patterns and spot col.orsof chromatograms of l.eaf 
extracts under long-wave ul.travio1et ·l.ightatter 
Sp19.ying with cOncentrâ'ted sul.phuric acid. 

A. !. caeru1ea.-grandis, Acc. No. 601 _ 

B.!. populitolia, Ace. No. 596 

c. jà •.. cordifolia, Ace-. No. 581 

Spot co1ors: 

P, pink 

B,b1ue 

W, white 

Y, yellow 

m, black 

b, bright 

f, faint 

v, very 
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Figure 22. Patterns and spOtcolors of chromatogramsof leaf 
extracts ÙIldervisible light. atter spray:1ng with 
concentrated sulphuric acid. ' 

A. j!. caerulea.-srandis 

B. B. populif~lia -
0 .. ]l. corditolia 

Spot colore s 

P, pink 

Br, brown 

W~· white 

Y, yellow 

V, violet 

R, red 

G, green 

b, bright 

t, taint 

l,. light 

v, very 
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light after spraying with con cent rate . sulphuric acid ma.y be seen~ 

One of the two consistent difterences between B. corditolia and B. - -
populifolia is the very brighti pink spot at Rt 4.0~. populifoliA 

which is not seen in 11. cordiEQlia. The other difference is :in a 

tiny white spot at Rr 9.5 which is s.een :in!. corditolia and not iD 

!. populitolia. Therefore, it is possible to identify ~. 'populifolia 

by the presence of a bright pink spot at Rf 4.0 and the absence of a 

white spot at Rf 9.5. The reverse arrangement of spots characterizes 

~. corclitolia. It is seen in Figure 21 that 11. caerulea-g18.ndis bas 

a bright pink spot at lit 4.0 and also a white spot at Rf 9.5. 

When the plates were sprayed with concentrated sulphuric acid a 

number of spots became visible aven under normal light conditions. 

Figure 22 is a tracing of the pattem which appeared under visible 

light arter the plate ws sprayed with concentrated sulphuric acid. 

This is in contrast to the limited n~er of spots seen under visible 

light on a nonsprayed plate. The differences noted above between ~. 

populifolia and 1!. cordifolia under ultraviolet light were also noted 

under visible light. In this case, there is a bright red spot in l!. 

populifolia and]. caerulea-grandis at Rt 4.0 which bas no counterpart 

in 1!. cordifolia.. Betula cordifolia has a faint brown spot at Rf 

9.5 which is missing in 1!. populitol1a but which is present :in !

caerulea-grand1s. 



DISCUSSION 

~he b1ue birches, Bet.ula caerulea and j. caerulea-grandis, first 

discovered and named by WiJJiam H. Blanchard :in 19ot., have been the 

objeœ of controvers7 conceming their origine m.&nchard (190lt&, 

1901t.b) considered j. caerulea and §. caeralea-grandis to be two 

distinct species. Sargent (1922) considered them bath te) be hybrids 

and he considered j. caerulea-grandis to be a larger variet.7 of Je 

caerulea. SargEilt conc1uded that the parental species involved 1B 

the production of these h1brid taxa were !. pawrifer&., the paper 

white birch, and j. populifolia, the grey birch. WhEil Woodworth 

(1929) published the diploid chromosome numbers of different birch 

species he listed. j. pawrife19. vith 2n = 70, j. cordifo1ia with 

~ = 56, j. caeru1ea with 2s = 28, j. caerulea-grandis with 2s = 28 

and!. popul:ltolia with ~ == 28. Britta:in and Grant (1965b) in their 

study of j. paprrifera and j. cordifolla fomd that the souatic 

chromosome number of !. pa.pzrifera was gene16lly 70 or 84, though 

some individua1s were foœd with ~ == 56. With few exceptions, j. 

cordifolia 'Ws found to have a diploid chromosome complElllEilt of 28. 

If the proposal of Sargent .~1922) ls correct, namely', tbat j. 

caerulea and 11. ca.eru1ea-grendis are both h1brids betweEll !. papmfera 

and !. populifolia, then the chromosome numbers of the postulated 

-10~ 



parmts are important factors to be considered. In the case of Betula, 

it one parEl'lt of a b;vbrid w.t.th 28 chromosomes, itselt bas 28 

chrOmosomes, thEll the other parEllt should also bave 28 chromosomes. 

Betula. papzritera bas never been reported to have a somatic 

chromosome number ot 28. Nevertheless, Braysbaw (J.<]66) apparentl1' 

not fUJ.4r considering the cytologicaJ. implications ot his concJ.usions 

regard:ing the orig:ln ot the blue birches, considered~. caeruJ.ea and 

j. caerulea-srandis to be a h1brid swarm between the white and grq 

birches without distinguishing bet;weEll !. papuitera. and!- cordifoJ.:ia. 

For Dan)" years the white birches werenot tull.y distinguished 

one from another. Betula.. corditolia was considered to be a variet)" 
-

of ]. pa.pmtera as it close1y resembled it :in many characters. 

Certain features were ditferEllt enough for Rosendahl (J.928) to propose 

that J!. corditolia be given full spe~ific statua. From their studies 

on]. papzritera and j. corditol:ia BrittaJn and Graal; (1.965b) also· 

believed that ~. corditolia was a species distinct t:mJlll!. pamitera. 

If ~. cordifolia ia substituted for ~. pawritera in the proposal 

that l!. caerulea and~. caerulea-grandis are hybrids betMean j. 

!. paprrifera and~. populitolia, thEll the cytological probl.em ot 

chromosome number ia solved, as a11 tSJœ hav~ ~ = 28. Mula. 

cordifolia has the features of white birch which are found in modified 

form in the hybrid]. caerulea. and]. caerulea-grandis. From Table 4 

it is seen that when the hypothetical hybrid mean values for a cross 



ot ~ papllitera and!. populitolia are compared" to theb1:pothetical 

mean values tor a cross if.!_ corditolia and.!. populitolla the means 

detennmed tor the cross ot ~. corelitolia and j!. j?opulitolia are more 

similar to the actual values ot 1. caerulea.-granelis. It is tor these 

reasons tbat it is p~posed that ]. caerulea-grandis is a hybrid traD. 
'"1" 

a cross between .!. "populitol1a and.!. corditolia. Prel1m1na17 

axperiments With ~., caerw.ea inelicate that it is also ot ~rid 

origin but no detinite conclUliicm.s have bec reached. 

Further evidmce to support the proposal that ~. corditolia is 

a JBrental species in the production ot .!. caerule&-grandis come trom 

comparisons ot the morpholDgical cha16cters b;y the pol1gonal graph 

method. In tan quantitativet16ita measured in !. p!p~~4it~at.§. 
.•... 

caerulea-granelis and]. corditolia it mA7 be sean (Figure 16) that 

.!. caeru1ea.-grandis is intermediate in all characters between .§. 

populitolia and!. corditolia. 

In the tour locations studied, lAc carré, and. Valcartier, Quebec, 

Grand Manan Island, New Br1.mswick, and Vermont, the tour species 

~. pap:yritera, ~. populifolia, !. caerulea-grandis, and 1. cordifolia, 

vere found together. Although the production of IVbrid seed is not 

1mcamnon, the production ot a b;ybrid swa:nn at trees is more rare. 

WhEll.!. corditolia and.!. populifolia hibr'.l,dize to produce hibrid 

saad, the survival rate of seed1ings 'WOuld p1'Obab~ be quite low. 

However, when the habitat has bem disturbed, gene~~ b;y farming, 



ecological situations :intezmediate to those which ara suitable ter the 

parental species become available (Heiser, 19lt9). IVbrid seeds, 

germinating :in these areas, generall7 have a much-beliter chance of 

sul'V'1val. In all four locations. studied, the habitats œve been 

altere~ by man. In southem Vermont, in the Laurentians and on Grand 

Manan Island, farm:ing has clearad. aWaY the forest coyer and ch.aneed 

the ecology of these areas. In Valcartier, the land has be. farmèd 

and, in addition, military manoeuvers have been carried out for at 
.. 

least thirty y&9-rs cr&9-t:ing differences :in the habitat. 

When the species were exam:lned to delierm:i.ne if the location 

affected the variability of the cha~ctera studied, the mean guard 

cell lengths were significantq difforent in a comparison of !

populifolia populati~ns fram the Iaurentians and, Grand MananIsland. 

This would indicate that the mean gua.rd ceU lengths were at 

opposite ends of the range obtained for this character. The guard 

ceU lengths did nœ differ significantq fl'Om œe location to 

another in other species. 

It is not kncn-m if this difference in guard ceU length between 

the Iaurentian and Gnnd Manan Island populaticms is caused by the 

influence of the clim::Lte, or if there is an inherent plasticity 

within the species for that character. For~. cordifolia and also for 

~. caerulea-srandis the bract length and the number of veins varied 

s1gnifica.ntly, although the two populations at variance were not 
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necessarily the same. It appears then that bract length and the number 

of veins on a side of a leaf are more variable :in]. cordifoliA and 

]. caerulea-grandis tban are the other characters. 

The morphological variation exhibited by some herbarium. specimens 

presented problems of classification by morphological studies alone. 

When the bybrid index. values were calculated for individuals which 

were difficult to morphologically classity, it was found that they 

were within the range indicative of hybridization. But they tended 

to cluster near the extreme ends of the range either nearer to the !. 

cordifolia parental range or to the ~. populitolia parental range. 

It was thought that these individuals were possible backcross 

individuals accounting tor the clustering of their bybrid index values 

at the extremes nearest the range of those of their parental 

populations. 

From the pictorialized scatter diagrams it may be seen that ~. 

populifolia and ~. cordifolia are well difterentiated and do not 

overlap. Betula caerulea-grandis bridges 1Ihe gap betwe~ the two 

parental species and also displays quite a range of variation in 

character association. There are some individuals classified as ~. 

caerulea-grandis which nay be backcrosses to the parental specieS. 

The relative densities of the DNA of the different birch species 

ax:a.mined have been shawn to be essentially identical (Table 6). This 



indicates that the genomes which comprise ~. caeru1ea-grandis did not 

come from a parent of higher chromosome number as this woulcf have 

shawn up as a higher dansity. The cytophotometric method.has made it 

possible to reliably estimate the number of chromosomes in an 

individual and to save considerable time in maldng a greater number 

of prepa~tions that would havebeen necessar,y in order to aet~ 

find and det.ermine the number of chromosomes in the conventHm.al 

manner. 

The results of the chromatography' as seen in Figures 20, 21 and 

22 gi ve very direct evidence to support the view that ~. eaerul.ea.

grandis is a hybrid of a cross between j!. eordifolia and ~. populifolia. 

The pink spot whieh oeeurs in ]. populifolia and not in~. cordifolia 

and the white spot whieh oeeurs in ~. eordifolia and not in ]. 

populifolia are both present in thechromatogram of B. caerulea-grandis. - . 

The chromatographie pattern shown for each species is a start; at 

presenting a biochemical picture of the species in order to identify 

and differentia te them. More chromatographie patte ms must be 

studied before the spots characteristic of each condition cari be 

conclusive~ determ1ned but the results with Jà. saerulea-grandis, ~. 

cordifolia and ~. populifolia :indicate that with further studies 

chromatQg~phy' will be of great value in differentiating birch species 

and hybrids. 



StJMHARI ' AND "CONCLUSIONS 

1. Collections of Bet~ . cOrdifolla,' !l. caeruJ.e&, ~. caerulea

grandis, .§. popul.ifolla, and !l. papxrifera.were made :ln 1966 and 
. . ,..... i".' ~:. 

1967 from four local1ties, name11', Valca,rtier, Quebec; Lac CarrtS, 
• • .,..... ,-r'-.' ~".':-' . 

Quebec; Grand Manan Island, New Brunswick; and Vermont. 

2. Sttliies were made on leaf characters includ:1ng leaf tip, ' 

attenuation, number of veins and serrations on one side of a leat, 

prd cell lengths, and on fruiting characters :lncluding the length 

of the mature temaJ.e ca~, the lengthand shape of the bracts, 

the length and width of the 'achene, the lengthjwidth ratio ot th~ 

achene and the style lengt;h. The measurem.ents were s\1lJj:,ectecl to II. 

statistical ana11'sis. 

3. Thesomatic chromosome numbers for the folloldng species 

were reported: !. cordifolia, 2a = 28; l!. caerulea-grandis, 2a = 28 

and~. populifolia, 2a = 28. Karyotypes of chromosome complements 

were presented. 

4. From a statisticaJ. analysis of the populations, and usmg 

hybrid index values, polygonal graphs and pictorialized scatter 

diagrams, it was ccmsidered tbat j!. caeru1ea-grandia ia a hybrid 

of a cross between.§. popul.ifolia and B. cordifoJJa. 

-108-
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5. Th:1n-lqer chromatographie pattems of visib~e· and f~uoreseent 

compounds ia leaf extracts were presented. Specifie differences were . 

found which dist:inguish ~. cordifolia .trom.D. popul1folia' and which 

show tha t ~. caeru.:t.ea-grandis is a h1brid of l. cordifolia and l. 

populifolla. 

6. More spots beéame visible on the plates under ultraviolet 

and visible light when pla.tes were sprayed with .concentrated 

sulplm.ric acid. 

7. The relative dansity of the DRAin .root tip cells of l~ 

caerulea-grandis, ~. cordifolia and ~. populifolia was reported. 

Comparisons among the three species indi~ated that there was no 
- ,-

significant difference in the dansi ty of· the DNA. 

8. The den.sity of the DNAas determined for individuals of 

lmown chromosome n'llDber, was used as a standard in a comparison with 

the density of, the DNA from individuals of undetemined chromosome 

nUJlÏ:)er. In this way the cytophotometric method provided a reliable 

estimate of the chromosome number. 

•. i 
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