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Abstract 

A qualitative and quantitative study ofbird communi­
ties was made in forest stands of six different types. Censuses 
were made by the spot-mapping technique. The precision of 

- thé results was tested by drawing a cumulative variety curve 
. and by applying the performance test Lü the results compiled 
in each of the six quadrats. 
. The influence of specîes composition of the vegeta-

.' tion on avifauna within a given habitat is only indirect. The 
species composition affects the physiognomy of the vegeta­
tion which, in turn, influences the composition of the avian 

_ community. In the initial stands, which are open, mOSl of the 
oc. avifauna is found al ground level and in the shrubs, whereas 

in the denser growth of the older stands the majority is found 
.';" in the canopy. "rhe distribution ofbirds, therefore, follo\vs 
,- the development of plant strata and the abundance ofbirds 

depends on the physiognomy of the forest, that is, on the 
'.-' number ofgro\vth-foflTIS and distribution oftrees. 

The number of permanent resident species (mostly 
.'- 'omnivorous) tends tü Încrease during succession. This Îs 

probably attributable to the greater permanence of the cli­
max forest, and its wider and more regular distribution which 

, has permitted species to adapt their feeding habits to exploit 
.:-; "a seasonally changing food supply, thus permilting them tü 

remain resident throughout the year. 
The diversity of an avian community, as calculated by 

the Shannon-Wiener formula, is influenced more by species 
variety than by equitability of abundance. Equitability (and 
indirectly diversity) of avian communities seems to depend 
mostly on the physiognomic diversity of the plant commu­
nity.Thus, the more complex the physiognomy is, the 
greater the equitability value of the avian community tends 
to be. 

Résumé 

Une étude qualitative et quantitative des com­
munau~és d'oiseaux a été effectuée dans six peuplements 
forestiers différents en utilisant la technique des plans qua­
drillés. La précision des résultats a été contrôlée en traçant 
une courbe de variété cumulée et en appliquant le test de 
rendement aux données compilées dans chacun des six 
quadrats. 

La composition végétale d'un habitat n'a qu'une 
influence indirecte sur la composition de l'avifaune. C'est par 
l'intermédiaire de la physionomie végétale qu'elle affecte, 
que la composition spécifique de la végétation influence la 
composition des communautés aviennes. Dans les forma­
tions claires des peuplements initiaux, la plus grande partie 
d~ l'avif;:mne se situe au niveau du parterre et des buissons, 
alors que dans les formations plus denses des peuplements 
plus âgés, elle se trouve au niveau de la strate supérieure. La 
distribution de l'avilaune suit donc l'étagement de la végéta­
tion et son abondance dépend de l'état physionomique de la 
végétation forestière, c'est-à-dire du degré de développe­
ment et de l'arrangement des arbres dans l'espace. 

Le nombre d'espèces sédentaires (omnivores pour la 
plupart) a tendance à s'accroître dans la succession. Ceci 
semble attribuable à la plus grande permanence de la forêt 
climacique, ainsi qu'à sa répartition plus vaste et plus 
régulière. Ces espèces peuvent donc plus facilement adopter 
un mode d'alimentation qui leur permet de demeurer en ces 
lieux l'année durant. 

La diversité des communautés aviennes, calculée à 
partir de la formule de Shannon-Wiener, varie davantage en 
fonction de la variété des espèces qu'en fonction de leur 
équitabilité d'abondance. L'équitabilité (et indirectement la 
diversité) des communautés aviennes semble dépendre en 
majeure partie de la diversité physionomique des peuple­
ments forestiers. Ainsi, plus un peuplement présente une 
physionomie végétale complexe, plus la valeur d'équitabilité 
de sa communauté avienne tend à être élevée. ' 

/, 
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Plate 1 
(A) whil e sp ruce pla n ta lio n : (6) \d lil e b irch s l ~ n d: (C) sug;u ' TOJplc-)'el low b irch s l ~ nd : 
(D) Illi xed stand : (E) l'cd spruce s l;m cl: (l' ) li,. s i and 

Introduction 

ln lh e las l fe\I' \ ea r~, eco logisls haH.' beco me aware of 
lh e cl ose li es belween the complexil)' o f vege laLion in fo res l 
sland s and lhe stru clure of lhe bird co rnmunili es lhev shel­
ler. Thanks lo lhe work of MacAnhur and ivl acArthur (196 1), 
MacA rthur ( 19(4), Recher (1969) and Karr and ROlh ( 197 1), 
among o lhe rs, we now have a ben er undcrs landlllg of lhe 
fac lo rs lhal govern lhe spati al and lempora l di stribuli on or 
birds 111 a comlllunilv, HOll'eve r, lhese nell' lheories ha ve 
rare lv been PUllO the lest. 1 il1lendlO ve ril)' lhem in lhis 
slud v, 

From 7 May lo 19 Augusl 1972, an d l'rom 30 ,\pril lO 
JO Augusi 1973, av ian comlTIunilies in six habila ls al vario us 
success ional slages \Iere slUdi ed in delail (Plale 1),1 consicl ­
ercd such aspecls of an cco lo giea l communIly Slructure as 
similaril Y, fce ding nich es , do minance, equilab ilil )' and diver­
sil v, A s ludv oflh ese aspecls \l'as lO help clarify the slabilily 
and ecologiea l success ion o r av ian comm unities in lh is pan 
ofLhe lemperate cold fo res l zone (Grandlne r (966), 

The study area 

Loca tecl 10 km nonh orl he lO\I'n ofS hallini gan 
(46°5 I'N; 7~t4 3'W ), La Mauricie Na tion,ll Park cm'ers;m area 
oLlp pro ximalcl y 500 km 2 , bouncled on lhe eaSl b~; lh e 
St. 1v,lauri ce river vall ev, The [Jark lies in the soulhe rn pan 
o rth e Ca nadian Shield and au s as a link belllTen lhe 
Laurenlian plaleau <l ndlhe 10 11 lands o r lhe St. La llTence 
Ri ver. The highcs l peaks bare lv exceed4 50 m, 

T ll'e illy-lhree rOreSI speei es ha\'e been co unled in 
La Ma uri cie Nalio nal Pa rk , lhe mOS l comm on o f\I'hi ch are: 
balsam fir (,-l bies bafsawa, 23%), vellow bi rch ( Be/I/fa rdfpg!ial/­
il'llsis, 23%), red sprllce ( Pirea II/bPI/S, Il %), and red maple 
(,..Jmwbn/lll, 10 ,5 '10) (Da rvea u 197 1), 

These variOll s species fo rm a se ri es of di stinct fo res l 
âssoc ialions, irregularl y di slribliled accordin g Lü allilud e, 
lopograph y and so il compos ilion, Sugar maple- ~ cl 1011' birch 
slancl s predominalc in lh e soulhern sen ion o rlhe park, 
It is an assoc ia lio n of deciduous mesophil ic fores l in ac id 
ancl heavil y podzo li zed moraine so ils (G ranchn er 19(6), 
i 'hi s association fo rms a climax 1Il places litaI are \l' e ll dralllcd, 
we lil il and o frn eclium allilUdc.1t is, lherdo rc, often \'CT\' 

abunda nl on sleep slopes, In lh ese loca lio ns, associa ti oll s of 
res ino us trees such as ba lsa ll1 hl' ancl l'l' cl spruce, occu p' Ihe 
10\I'e r, more humid areas, 

Allhe nonhern end of the pa rk, lh e h igher allitude 
hâs prod uccd an ill\'ersioll, Ililh lhe ba ls alll hr stand s OCC upY­
mg lhe SUI11IlltlS ane! a [CIl' sug,lr t11 aplc -\'C ll o \I' birelt slands 
10CJ led 0 11 tll ou lllain slopes lltal LI ce soulh (Dansereâu 1 !)44 , 
1959, Grandlncr 19(6), The rcgenc rali\ c ;lClion orro res l 
hres, WOodculling and insen inICsl<l lions h;l$ res ull ed in lhe 
emergence hcre <I ndlhere of SOI 11e sla nds 01 wh ile birch and 
lrelllblill g aspell ( Po/mfIlI Irelllllfoidl's J, \Ihich laler beco lllc 
mos tl )' fi l' slands, 

7 
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Methods 

1. Avian synecologyl 

Forests stands in various stages of succession were 
selected according to their extent, topography, homogeneity 
and accessibilit y. During the summer of 1972, two forest 
slands, one of while birch and one of balsam fil' were selected 
and studied in detai!. In 1973, 1 made an inventory of four 
stands: sugar maple-yellow birch, mixed, red spruce, and a 
white spruce plantation. 

A qU<ldrat me<lsuring 305 m (1000 ft) on each side 
was delimited in each stand. The area thus defined was 9.3 ha 
(23 a). In a foresl environment, an area of approximately 
JO ha (25 a) makes an acceptable compromise between smaller 
quadrats, in which the perimeter-area ratio is too high, and 
larger-sized quadrats that would take too much time to coyer. 
Thus a greater percentage ofbirds' territories is contained 
entirely wilhin the quadrat and it is possible to coyer the 
wholc quadral while the birds are most active (Blondel 1969b). 

ln addition 10 being as homogeneous as possible, the 
chosen locations should be endosed (as much as possible) on 
ail sides by an idenlÎcal environment so as to avoid a fringe 
em~ct that could modily the nature and density ofbird popu­
lations. With the help of a compass and a metal measuring­
tape, 1 marked out paths at an equal distance of 61 m (200 ft) 
apan in each quadrat, which would allow me to pass within 
30.5 m (l00 ft) or any point in the quadrat. Control points 
were set up ail along the paths with red marker tape and yel­
low painl. 

Sampling was done by the spot-mapping technique 
described notably by Pough (1950) and reviewed by Blondel 
(1969b). This technique allows us to determine the number 
of males occupying a territory within a quadrat. 

During the month ofJ une and at the.beginning of 
J uly, 1 covered each quadrat 10 Limes, that is to say, eight 
times in the morning and twice in the evening, taking care to 
record graphically ail sightings o[ birds and aIl other signs of 
the presence ofa pair, such as a nest, on a copy of the quad­
rat map, using a new copy for each visil. 

Each quadrat was inventoried in turn, and 1 tried to 
complete each series of 10 censuses in as sho.n a time as püs­
sible. This was necessary because terri tories change during 
the breeding season because of predation, competition and 
desertiün of nests (Enemar 1959; Hall 1964). 

Visils Lo the quadrats took place in the morning soon 
aner sunrisc and in the evening shortly befo~e sundown, 
when weather conditions were favourable. 1 chüse davs when 
the sky was clear and thcre was !iule or no wind for the visits, 

1 Syllecolof()' is 1 he silldy of the ecology of a f(roup of organisUls associated 
together as a lIuit. 

since rain, high winds and extreme temperatures reduce the 
intensity and length ofbird song (Armstrong 1954). Need­
less to say, sampling done under such conditions would 
result in under-estimation of the number of breeders. 

1 al ways did two consecutive censuses to coyer the 
song period of birds that are active at dawn, as weil as those 
that become active once the day has definitely begun. The 
evening censuses proved useful in clarifying the slatus of the 
more common species. 1 thereby departed from the conven­
tional method based on a study of the daily activit y of birds 
(see DesGranges 1974, DesGranges et al. 1977). ' 

1 tried to main tain as steady a walking pace as possible 
during each visil. On the average 1 walked through the 
quadrat paths at an approximate speed of21.3 m (70 ft)'per 
minute, which makes comparisons between the diflerent 
visits easier. 

If the exact location of aIl contacts with Ihe various 
individuals of each species is indicated on a different map for 
each species, each couple's territory appears as a cloud of 
contacts. The number of clouds corresponds closely tü the 
number of territories, or, in other words, to the number of 
pairs present within the quadrat's perimeter. When the !imits 
of a certain territory reach outside the quadrat, the [l'action 
of terri tory within the quadrat has been evaluated and 
included in the total of the other terri tories. 

The sampling method described above is by far the 
suresl. Properly applied, the margin of error is 10% at mosl 
(Blondel 1969b). 

2. Forest synecology 

The results of a systematic sampling of breeding bin;! 
populations on a designalcd plot ofland would make very 
liule sense, and would be dilficult to interpret if the environ­
ment was not carefully chosen and described. 

1 therefore chose quadrats that were as homogeneous 
as possible and typical of a stage of succession. In each of the 
stands studied, 1 chose II environments that were represent­
ative of the vegetation. These environments were ail at30.5-m 
(lOO-ft) intervals and lined up along a transect passing per­
pendicularly through the quadral. In each of these locations 1 
marked out a quadrat of9.1 rn (30 ft) each way and identified 
the plant species within the quadrats. The coyer index of 
each species of the three plant strata (trees, shrubs and 
herbs) (Smith 1973) was then evaluated by a method derived 
from Braun-Blanquet·(l932). 

The average height of the various species was noted 
along with information on the lücation, date, topography, 
exposure, drainage and soil conditions, as suggested by 
Emlen (1956) and Dansereau et al. (1966). 

1 

j 

J 

In addiLion, a system üf quadrants was drawn around 
each of the Il central points (represented by a tree). In each 
quadrant, 1 identified the tree c10sest lO the centre and meas­
ured its distance l'rom the centre. 1 alsü measured its diame­
ter at chest height, and the height of ilS lowest branches. 
This technique was devcloped by Cottam et al. (1953) and has 
been described in detail by Shimwell (1972). 

The forest stands 

1 intend tü follüw the probable order of successiün in 
presenting botanical descriptions, so as Lü bring out more 
c1early the reIationships between each of the stands studied. 
The initial stage assüciatiüns are described first, followed by 
the transitional stands and the climax associations. Figure 1 
shows the order of succession chosen. The spruce plantation 
i5 not an initial association but an artilicial stand. IL is very 
uns table and has already begun tü be replaced by an initi~1 
assoc:iation. The polygonal layout used (Fig. 1) has the 
advantage of grouping together stands of a simiIar physiog­
nomic type. 

Figure 1 
Ecologicalsuccession offorcsl stands siudied. Arrows indical!: slIccc"ioual 
trends (G. LeRoy. pers. comm.) 

White spruce 
plantalion 

Maple sugar 
yellow birch sland 

/ 

White birch 
stand 

Mixed 
stand 

/ 
Fir Red spruce 

stand stand 

1. White spruce plantation 

Although the trees had been planted in a line sorne 
2 m apan in about 1930, the plamation's layout is Ilot as neat 
today. The average distance between the trees has increased 
slightly and shows a large standard deviation (2.4 ± 1.3 ml. 

White spruce is dominant in the tree stratum as a 
whüle, while trembling as pen and occasionally white birch 
are found where the plantation was deliberately c1eared, and 
also beside the two forest paths passing through the stand. 
This stratum rises to 10 m above the ground. 9 
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The shrub stratum is very sparse. Conifers form a 
dense plant biomass from tree crown to ground Ievel and 
leave little space for the growth ofnew shoots. However, a 
secondary felling in the eastern sector of the quadrat during 
1968 and 1969 has allowed young trembling aspenand white 
birch to become established. Helped by such disturbances, 
they could eventually supplantthe white spruce as dominant 
species in the stand and re-establish the normal ecological 
succession. The shrub stratum rises lo approximately 6 m 
above ground level. 

While several trembling aspen, white birch, red maple 
and balsam fir seedlings occur in the herbaceous stratum, 
white spruce are virtually absent. To those species are added 
such plants in the undergrowth as bunchberry (Cornus cana­
densisj and wild lily-of~the-valley (Maian/hemum canadense). 
Since the herbaceous straLUm is oflittle significance, the 
moss co ver, in contras t, is uninterrupted. 

2. White birch stand 

This stand covers the western slope of a mountain 
with rairly good exposure to the sun and good drainage, 
although the soil is welter in some depressions. 

White birch predomina tes in the tree stratum on the 
whole, but trembling aspen is more abundant in the wetter 
spots. Red maple is quite plentiful at the foot of the moun­
tain. South of the quadrat, balsam fir displaces the white 
birch's dominance. The tree stratum rises to about 15 m 
above the ground. 

These species are also found in the shrub stratum, 
which also includes striped maple (Acerpens)'lvanicum), moun­
tain maple (Acer spicatum) and beaked hazelnut (Corylus cor­
nuta). Balsam fir is also very abundant in this stratum and will 
probably eventually replace whiLe birch as the dominant 
species in the tree straLUm. The shrub stratum reaches 7 m 
above ground level. . 

The herbaceous stratum is greatly varied. Il includes, 
among others, American bracken (Pteridiurn aquiÜnum), wild 
sarsaparilla (Aralia nlldicalllis) and large-Ieaved aster (Aster 
fnacroph)'llusJ. On the ground are found rocks covered with 
moss and lichens, rolten tree trunks and a large accumula­
tion of dead leaves. Traces of the fire that ravaged this sector 
in 1923 are still present. . 

Dansereau (1959) c1assified stands of this type under 
the term BETULETUM PAPYRIFEREA. It is a variable and 
very wide-spread sub-climax. In the northern part of the 
St. Lawrence valley, and particularly in Mauricie, it seems to be 
evolving mainly towards ABIETUM BALSAMEAE, although 
it can very often lead to ACERETUM SACCHAROPHORI 
BETULOSUM. 

3, Sugar maple-yellow birch stand 

This stand is located on the eastern slope of a moun­
tain. The quadrat's drainage is good, and a system of springs 
runs through il. 

Sugar maple dominate the tree stratum, but beech 
and yellow birch are nonetheless very abundanL At the cen­
tre of the stand, a steep slope is covered with white cedar 
(Thuja occidentalis) and balsam fir. Black ash ( Fraxinus nigra) 
and wild red cherry (Prunus pensylvanica) grow near the 
springs and along the road that crosses the quadrat. The tree 
stratum rises about 18 m ab ove the grollnd. 

In addition to the above-mentioned species, striped 
maple and mountain maple occur in the shrub stratum. 
Sugar maple and beech dominate in this stratum too, which 
reaches approxima tel y 9 m above ground level. 

The herbaceous species are greatly varied. Shining 
club-moss (Lycopodilunlucidulum), spinulose shield-fern 
(Dryopteris sPinulosa), wild sarsaparilla, large-Ieaved aster, 
acuminate aster (As/el' acurninalus), yellow clintonia (Clin/allia 
borealis) and wild lily-of-the-valley are found in great quantity. 
A deep carpet of dead leaves covers the ground, and the wet­
ter depressions are fiUed with 11105S. The lack of rouing 
trunks and branches on the ground suggests that this stand 
has not been exploited by forestry for man y yeàrs. 

According to Dansereau (1959), this stand fonns an 
ACERETUM SACCHAROPHORI BETULOSUM associa­
tion. It is considered ta be a climax in the area under 
study. 

4. Mixed stand 

This stand takes up the whole eastern slope of a 
mountain. The quadrat's drainage becomes more and more 
rapid as the altitude increases and this encourages the 
growth of a great variety of trees. 

At the foot of the slope, where drainage is only aver­
age and the till is deeper, balsam fir and yellow birch are 
most common in the tree su·atum. Higher up, the more rapid 
drainage and shallower till favour the growth ofred spruce, 
beech and sugar maple. This stratum rises to about 15 m 
ab ove the ground. 

The shrub stratum is also varied. In addition to the' 
• trees ofthe canopy, it includes themountain maple, which is 

dominant. This stratum reaches about 7111 above the ground. 
Most common in the herbaceous stratUIn are the spi­

nulose shield-fern, wood-sorrel (Oxalis mon/ana), yellow c1in­
tonia and wild Iily-of-the-valley. Mossesare not plentifuI, but 
the ground is liuered with dead leaves, branches and bare 
rocks. 

Forest exploitation, added to considerable variation 
in moisture levels, accounts for the heterogeneity of this 
stand and the surrounding forest. Until recently (1952-
1954), periodical cutting was done in these forests, alternat­
ing from softwood to hardwood. According to Heimburger 
(1941), the variety of species and age classes so characteristic 
oflocal forests was due to that constant exploitation. 

5. Red spruce stand 

Situated at the top of a mounrain, this stand has a 
slight northeasterly exposure. The soil is weil drained, 
but has some wet depressions. 

Although red spruce is common in the tree stratum, il 
is only dominanr in the middle of the quadrat. In the north­
em section, balsam fir is just as common and, in the southern 
part, the presence of a spring has led to the growth of yellow 
birch and red maple. This stratum reaches a height of 12 m 
above the ground. 

The two coniferous species also take precedence in 
the shrub stratum. Here balsam fir is even more common 
than it is in the canopy. In the southem end of the quadrat, 
mountain maple makes up most of the middle straLllm, which 
is gene:rally less developed and reaches about 6 m above 
ground level. 

The great range ofherbaceous plants, in addition to 
balsam fir and red spruce seedlings, includes su ch shrubs as 
glabrous shadbush (Amelanchier laevis) and mooseberry 
(Vibumurn alnifolium), The most common underbrush plants 
are Clavton's t'em (Os7llunda clal'tomana), American bracken, 
yeUow ~lintonia and wild Iily-of-tpe-valley. The wet depres­
sions contain moss along with dead leaves and branches 
strewn on the ground. 

. 
1 

Î 
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This association corresponds to the PICEETlIM 
RUBEl\TIS of Dansereau (1959). As evidence ofa past in 
which the c1imate was warmer and dryer, it is liow an unsta­
ble pre-climax. The lire in 1923 and l'cHing in 1939-40 have 
certainly helped to establish balsam fir in this stand and its 
graduai evoluLÎon towards an ABIETUM BALSAMEAE asso­
ciation. 

6. Fir stand 

This stand is located near the top of a mountain and 
has a slight easterly cxposure. The ground is quite weIl 
drained and has a fe\\' slight depressions. 

Most common in the tree stratum is the balsam fir. 
Some red spruce, white birch, red maple, yellow birch and 
cedars mingle with balsam fir, especially in places c1eared 
during the selective cutting of red spruce in ] 939 and 1940. 
The tree stratum rises about 12 m above the gTound. 

The shrub stratum is poorly developed and contains 
the sa me species. Here, too, the balsam fir predominales; the 
stratum reaches about 6 m above ground !evel. 

The herbaceous stratum Îs rebtively under-developed 
and is made up ofbalsam fir seedlings mixed moslly with 
bracken, yellow c1intonia and wild lily-of-the-valley. The 
ground is almost completely covered with moss and with 
scattered branches left by feUing and old fires. 

According to Dansereau (1959) this stand is of the 
ABIETUM BALSAMEAE association. He considers it a near­
climax that will never arrive at the climax stage because of 
continued inhibition by, perhaps, topographical, edaphic or 
microclimatic factors. This association is found ail along,the 
lower slopes orthe Laurentians. 
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Assessing the data obtained with 
spot mapping 

To assess the accuracy of data obtained with the spot­
mapping technique, 1 have ploned cumulative variety curves 
and applied the performance test to the data collected l'rom 
each quadrat. 

1. Cumulative variety 

The first count done wilhin a quadral shows only a 
limiled number of species. The second survey shows a cer­
tain number of new species in relation to the preceding visil. 
The cumulative variety of the second visit is the total number 
of different species contacted during the two visils, and so 
on. As the cumulative variety Încreases with the number of 
counts, it gets doser and c10ser to the actual variety. This can 
be shown by a cumulative curve. The cumulative variely 
curves obtained in each of the quadrats studied are collecled 
in Figure 2. 

As we can see, the increase in the number of new 
species is only significant during the first visilS, and rapidly 
slows down to less than one species per visil. Thus, the 
observer encounters new species in proportion to the loga­
rithm of the number of counts when the number is low; on 
the other hand, for a greater number ofvisits (six or more) 
the increase in the number of new species is further reduced, 
showing that the cumulative variety is probably doser to the 
actual variety (Frochot 1971). 

For a' more representative curve, the elfects of alea­
tory Auctuations alfecting the observed variety should be 
eliminated. One should combine the 10 counts several times 
at random and retain oniy the average values of the cumula­
tive variety at the second and subsequent counts. This is ail 
the more important since, in our case, counts taken.in the 
evening yielded fewer species. 

Unfortunately this technique requires a lot oftime. 
1 therefore plotted an approximate curve for each series of 
counts based on the diHerent cumulative variety points 
obtained by considering the counts in the order in which they 
were made. Ordinarily, these curves would be dose to those 
obtained otherwise and could be used to show that the meas­
ured variety is certainly close Lü the actual variety. 

Figure 2 
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2. Performance test 

Performance (Enemar 1959, Blondel 1969b) 
expresses the observer's chance ofnoting a pair by some 
kind of contact each time he passes near its territory. Il gives 
a percentage of the number oftimes the observer made con­
tact. in relation Lü the possible number of cases. 

1 considered a pair's performance to be the percent­
age of visits during which 1 recorded il. Only those whose 
territory was completely encJosed by the quadrat boundaries 
were taken into account. 

A satisfactory performance calculation requires con­
siderable uniformity in the counting technique. '1'0 be repre­
sentative, the COUlUS should be made by the same observer. 
In addition, the time of day and weather conditions should 
be similar. Finally, the walking pace should not be too rapid 
and be as constant as possible during all the counts. 

1 tried to follow these requirements as best 1 could. 
However, 1 decided to make some visits in the evening. Aiso 
weather conditions were not always similar from one count 
to another. Nevertheless, 1 did not think it necessary to take 
these irregularities into account in calculating the perform-
ance. 

Not having established the dilference on the data 
sheets between short-term contacts near a pair's territory 
and those made away from the territory, 1 took a maximum 
of only one contact per pair into consideration for each 
visit. This has led to under-estimation of the pair's 
performance; in facr, on some days 1 had no contact with a 
pair, while on other days 1 made contact several times in 
locations that were some distance from their territory. 
The species performance is the average performance of ail 
pairs of the same species nesting in a certain quadrat. 
The overall performance of the community, or perform­
ance for the environment, is I.he average performance of 
the total reproductive avifauna of a certain quadrat. 
The specifie performances and overall performances 
of the quadrats studied have been published elsewhere 
(see DesGranges 1974). 

ln the six quadrats studied, the overall performance 
values lie belween 38.3% (mixed stand) and 57.8% (sugar 
maple-yellow birch stand). The average is 47.6 ± 6.8%. 

One can use overall performance to assess the mini­
mum number ofvisits needed in a quadrat to ensure counts 
ofat least 90% orthe population. Seeing that the average 
performance in the environments studied is 47.6%, one can 
draw the following conclusions: on the first visit to a quadrat, 
the observer should note about 47 .67Q of the population 
and, according Lü the laws ofprobability, on the second visit, 
should record 72.5% of the population. By continuÎng in this 

manner, the observer will have noted 92.5% of the popula­
tion by the fourth visit, and 99.8% by the tenth. 

3. Conclusions 

In view of the results of the cumulative variety curves 
and performance tests, 1 consider the data gathered through 
the spot-mapping technique to be significant. 

Although the results orthe cumulative variety cmve 
and the performance test have been successflllly monilored, 
a warning should be given about their real significance. 

These results refer to a particular situation and apply 
to specific quadrats during a single nesting season . 
It would be unwise lo apply these values to the who le of the 
forest associations studied. In addition, an nuai fluctuations 
must be expected even within the quadrats sllldied 
(Brewer 1963). 
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Bird counts have been the subject of a considerable 
number ofworks. We need only look at bibliographicallists 
(Lack 1937, Kendeigh 1944, Blondel 1969 b, Erskine 1977) 
to see this. The authors of many of these works have 
described bird 'communities based on the presence of distinct 

_ species groups (Adams 1908, Pilelka 1941, Kendeigh 1945, 
1946,Johnston 1947, Snyder 1950, Odum 1950,Johnslon 
and Odum 1956, Bond 1957, Martin 1960, Haapanen 
1965, 1966, etc.). Kendeigh (1948) even went so far as to 
propose a system of community nomenclature based on the 
dominant bird species and type of vegetation. Unfortunately, 
in general, the parts of habitats studied have often been cho­
sen under the impression that they conlained a particular 
bird community. This subjective selection assumes a prion' 
the existence of types ofbird communities and tends to dem­
onstrate this. If parts of the habitats had been chosen at ran­
dom, the authors would perhaps have found atypical or 
mixed bird communities (Krebs 1972). 

1 do not want to stir up an old debate (Gleason 
1926, Clements 1936). Suffice it to say, as did Whittaker 
(1970), types of associalions and communilies are concepts 
created by man. They make excellent abstractions of the 
complex species groupings found in nature. In reality, 
communities comprise species with similar ecological 
requirements. Each one has its own particular ecotope 
(Whiltaker et al. 1977), which is kept appreciably different 
from those of other species by a state of partial 
competition (Svardson 1949, MacArthur 1958, Cody 1968, 
Fretwell 1969, Terborgh and Diamond 1970, Brown and 
Orians 1970, Diamond 1973). The result is a weil 
structured bird community (Hairston 1959) that reappears 
whenever the appropriate ecological conditions are met. 
Communities do exist. Their classification in intermittent 
groups along a continuous gradient (Bond 1957, 
Terborgh 1971) may prove useful in the search for a bel ter 
underslanding of community structure. It was with this in 
mind that 1 undertook this study of avian communities, 
while recognizing that each community forms a weil 
orgànized ecological whole and, by the same token, that 
each has definite characteristics suited to itself. 

The firsl aspect 1 will deal with is the similarity 
belween each of the communities. 1 will compare in turn lhe 
avian communities and planl communities (physiognomic 
and taxonomic) and will draw conclusions by making an 
overall comparison of the lhree groups of communities 1 
have studied. 

Several measures of similarity and many graphic lay­
oul techniques are available for lhis kind of study (Bond 
1957, Beais 1960, Kikkawa 1968, Vernon 1970,James 1971, 
Power 1971). 

1 have chosen a taxometric method, Taxmap classifica­
tion program (CarmichaeI1970). This program includes nota­
bly the calculation of relative similarity between each of the 
communities, as shown by values for a certain number of var­
iables. In my case, the variables are the specific abundance of 
birds (Table 1), the measurements of the physiognomic char­
acteristics of the vegetation (Table 2) and the specific tree 
and shrub covers (Table 3). Before calculating the similari­
ties, one transforms each variable to a value belween ° and 1. 
Then, if the operator wishes, the variables can be weighled in 
relation to the importance of the information they contain. 
To do this, we take the logarithm to the base of2 of the num­
ber of classes (confidence interval of 95 %) plus 1 included in 
the range of variation of each variable. The coefficients 
obtained are then muiliplied by the similarity values 
obtained from the comparison between each variable of the 
different communities. This restores the relative importance 
of the different variables during the overall calculation of 
similarities between each of the communities. 

1 thought it best to make use of differential weight­
ing in the specific case of avian communities because 
the presence (or absence) of a common species probably 
differentiates two communities more than the presence 
(or absence) of a rare species. In the case of planl communilies 
(physiognomic and taxonomic)1 considered each variable 
uniformly, since none seems more important than lhe 
others. 

The calculation of similarity, or rather dissimilarity 
(i.e., 1 - similarity value) is done in the following manner. 
The relative dissimilarity between the values (V) of the i lh and 
lh communities for a single variable (dy) is obtained by using 
the formula: 

ln other words, il is the difference between lhe values 
observed divided by the value of the maximum inlerval 
obtained for the communities as a whole. 

The relative dissimilarity between the i lh and l" 
communities, based on a large number of variables (dij) , 
is obtained through the weighled arithmelical average (W) of 
lheir relative dissimilarities for each variable (dij). 
Thus, for n variables, we have: 

Dij = 'ï.( dy)k • Wk/'ï. WH 
k = 1- n 

Ifwe use equal weighting lhe formula is.reduced to: 

D = 'ï.(d)/n y y 

1 
t 

i 
l 
! 
1 

The dissimilarity values obtained for the different 
community groups are shown in Table 4. They have been 
converted into Cartesian co-ordinates by the M-D-Scal 
(Kruskal and Carmone 1969) for use in preparing the stereo­
graphic models of Figure 3. 

This progTam, while transforming muili-dimensional 
co-ordinates inlO a space with reduced dimensions, includes 
the calculation ofa stress value. This value allows us tojudge 
the quality of the configura lion obtained, since il represents 
the extent of the gap between lhe original dissimilarities and 
those obtained with the new confIguration. The slress values 
calculated are: 0.0255 for the stereogram ofavian communi­
ties, 0.0092 for the physiognomic planl communities and 
0.0080 for the taxonometric planl communilies. These 
values ail correspond to a "perfect" confIguration (Kruskal 
and Carmone 1969). 

If we study these stereograms, we see that both lhe 
avian communities and the physiognomic plant communi­
ties divide into two large groups. At the boltom of the 
confIguration one fInds the communities of stands thal are 
predominantly deciduous, while at the top of lhe models 
we fInd communities that are predominantly coniferous 
stands. ln addition, in lhese lwo examples, the red spruce 
and fir communities proved lo be cQmbined. However, 
the taxonomic plant communities are more scattered; it is 
difficult to delecl their associations. There seems lo be a 
correlation between the avian communities and physiog­
nomic plant communities. 1'0 ascertain lhis, 1 ranked the 
dissimilarity values of each. of the community groups and 
applied the Spearman correlation lesl (Sokal and Rohlf 
1969). 

This test has shown that there is no significanl correl­
ation between the avian communities and lhe taxonomic 
plant communities. On the other hand, lhere is a stalistically 
significant correlation (rs = 0.55, P < 0.05) between the phy­
siognomic and taxonomic planl communities, and an almost 
signifIcant correlation (rs = 0.51, P < 0.10) between the 
avian communities and physiognomic planl communilies. 

From two very different perspectives, one allowing for 
the numbers of birds of differenl species in certain forest 
stands, and the olher using the planl physiognomy characler­
istics of lhese stands, such as lhe cover indexes of various 
Slrala, lhe lype ofunderbrush and linear measuremenls 
(average distance between trees, average diameler oftrees 
and average heighl oflowesl branches) 1 made two similar 
classifIcations of lhe communities. With numerical variables, 
which 1 hoped described lhe three lypes of communilies ade­
quately, 1 showed lhal lhe planl composition of a habilat had 
only an indirecl effecl on the composition of lhe avifaima. Il 
is by means of lhe plant physiognomy it affects lhallhe spec-

ies composition of the vegetation influences the composition 
of avian communities. 

Sorne ornithologists have pointed out previously that 
plant physiognomy is one of the most important factors of 
those influencing birds in their choice of nesting habitat, 
and that floral criteria are only of secondary importance 
(Lack 1933, Svardson 1949, Bond 1957, Hilden 1965). 
ln showing that a connection exists between bird variety 
and stratum diversity, a number of authors have reached 
the same conclusion (MacArthur and MacArthur 1961, 
MacArthur et al. 1962, Recher 1969, Cody 1970, Karr and 
ROlh 1971, Blondel etaI. 1973, Morse 1976, Terborgh 1977). 
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GrayJay 
B1ueJay 
Black~capped Chiekadec 
Boreal Chickadee 

_nr'''~'Ir'r1 NlIlhatch 
Red-breasted Nuthatch 
Brown Creeper 
Win ter Wren 
American Rübin 

HermÎl Thrush 
Swainsün's Thrush 
Veerv . 
Gold~n-crowned Kinglet 

Cedar Waxwing 
Solitary Vireü 
Red-eved Vireü 
Black ànd White Warbler 
Tennessee Warbler 

Nashville Warbler 
Nürthern Warbler 
Magnülia Warbler 
Cape May Warbler 
Blaek-throated Blue Warbler 

Yellow-rumped Warbler 
Black-throated Green Warbler 
Blackburnian Warblcr 
Chestnut-sided Warbler 
Ko,v_lwF'"cl',," Warbler 

Ovenbird 
Nünhern Waterthrush 
Mourning Warbler 
Canada Warbler 
American Redstart 

Redwinged Blackbird 
Commün Grackle 
Brown-headed Cowbird 
Searlet Tanager 
Rose-breasted Grüsbeak 

Evening Grosbeak 
Purp1e Finch 
American Güldfinch 
Dark-eyedJunco 
Chipping Sparrow 
While-throated Sparrow 

Total species (9.3 ha) 
Total species 

censused (9.3 ha) 
Tolal individuals (9.3 ha) 
TOlal individuals (100 ha) 
Males (100 ha) 

p 

p 

3 

5 

13 

3 
1 

10 

P 
12 

6 

6 
1 
6 

5 

l' 
.1' 
l' 
1 

l' 
4 

5 
9 
7 

30 

22 
123 

1324 
662 

7 

7 

4 

2 

14 

16 

p 

p 

II 
2 

6 
P 
P 

12 

p 
p 

25 

p 
l' 
2 

2 

l' 
1 

6 

6 

27 

18 
125 

13·4'1 
672 

• List of bird names in Latin and English given in Appendix 1. 
"" P = Present 

2 
2 
2 

p 

p 

7 

9 

6 

lB 
2 

P 

20 

B 

2 
12 

6 
4 

P 
l' 

24 

17 
103 

1108 
554 

2 

1 
2 
p 

p 

2 
2 

2 
4 
P 

12 
1 
P 

P 
15 

5 

2 
10 

6 

5 

17 
4 

4 
6 

4 

P 
2 
4 

l' 
2 

p 

37 

28 
124 

1334 
667 

2 

2 
2 
3 

7 

15 

5 

4 

2 
2 
3 

2 

10 

6 

P 

l' 

l' 
2 

5 

2 

21 

18 
81 

872 
'136 

Fil' 
stand 

P 
1 

2 
2 

2 

3 

6 
7 

12 
1 

3 
3 

5 
7 
9 

4 

6 
9 
9 

15 

2 

l' 
5 

7 

6 

27 

25 
146 

1570 
785 

l 
J 

i 
J 

Table 2 
Measurements üf sürne physiognomic eharaclerislÎcs of vegetation 
in studied ' 

Sugar 

White White 
ma ple-
yellow Red 

·spruce birch bircb 
charaClerislÎcs 

Mixed spruce Fir 

Deciduous (tree stralllm) 0.4 5.7 7.8 4.2 3.8 2.3 
Coniferous (tree stratum) 3.4 0.5 0.0 2.2 4.2 4.1 
Deciduous (shrub stTatum) 0.0 4.0 4.8 4.6 1.6 1.6 
Cünilerüus (shrub stratum) \..', 1.2 0.2 1.3 3 . .5 3.0 
Oeciduous (herb stratum) 0.5 2.8 6.6 2.3 1.8 0.1 
Coniferous (herb stratum) 0.0 0.1 0.8 0.4 2.4 2.6 

Extent"· 
Herb stratum 1 3 3 3 3 2 
Moss stratum 3 1 2 1 2 2 
Dead leaf cüver 1 3 3 3 3 2 
Dead branch liller 2 2 1 3 3 3 
Bare süil and rocks 1 3 3 3 1 2 
Humidity in süil 2 1 2 1 2 1 

Dimensionst 
Av. dist. between trees (m) 2.4(1.3) 2.6(1.0) 4.2(2.1) 3.2(1.4) 2.7(1.3) 2.2(0.9) 
Av. diam. oftrees at breast height (cm) 12.2(3.6) 13.7(7.6) 17.0(9.4) 18.8(16.3) 15.0(8.9) 14.0(73.7) 
Av. ht. üflowest branch (m) 0.2(0.9) 5.6(2.9) 4.2(2.9) 3.5(2.1) 3.3(2.7) 3.1(2.4) 

"These cover indexes represent the tütals of average indexes for the various 
species of the type considered. Species indexes have been allocated in the 
füllowingmanner: 5 100% w81% covered, 4-80% tü61;70,3 60% l041%, 
2-40%tü2I%,1 20%w 1%,0-0;70. 

•• I-light, 2 average, 3 - extensive. 
t Standard deviatiüns shüwn in parentheses. 

Figure 3 
Stereographie models üf the similarity of avian cümmunities (A), physio. 
gnümic plant communities (B), and taxonomie plant communities (C).l·he 
symbols arc givcn in Figure 2. 'lne similarity eüefficient used takes positive 
as weil as negative cürrelations into accüunt (e.g., simultaneüus presence 
as weil as absence üf a These are three-dimensional 
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representations of the many similarities and dissimilarities amüng fürest 
stands whose bird and plant communities have been described by numeri­
cal variables. This taxometric technique makes it possible to determine 
visually the stands which resemble each üther because the püints repre-
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Table 3 
Average species cover indexes * of trees and shrubs present in botanical 

studied 

Tree stratum 

Belu/a alleghaniemis 
Abies ba/samea 
Pirea rubens 
Betula papyrifera 
Arerrubrum 
Populus Iremuloides 
Populus grandidenlala 
Acer saccharum 
Pagus grandifolia 
Thuja occidenlalis 
Pinus slrobus 
Picea glauca 
Praxinus 

Total 

Shrub stratum 

Relula alleghaniensis 
Abie, balsamea 
Picea rubens 
Betula papyrifera 
Acerrubrum 
Populus tremu/aides 
Acer saccharum 
Pagus grandifolia 
Thuja occidmlalis 
Picea glauca 
Praxinus 

Total 

Herb stratum 

Retula alieghanù!Ilsis 
Abies balsamea 
Picea rubens 
Arerrubrum 
A cer saccharum 
Pagus grandifol;a 
PraxinuJ nigra 
Arer spica/um 
Arer pensylvamrum 
Corylus carnuta 
Cornus stalanifera 
Amelanchier faevis 
Viburnum alnifolium 
Sambucus cunadensis 
T axus canadensis 
Diervilla lonirera 
Kalmia llnk'1L\lllm", 

Total 

White 

OA 

3.4 

3.8 

1.5 

1.5 

0.4 

0.1 

0.5 

White 
birch 
stand 

0.5 

2.9 
0.7 
1.4 
0.3 
0.3 

0.1 

6.2 

1.2 

0.9 
0.6 
0.3 
0.4 

1.2 
0.5 
0.1 

5.2 

0.1 

0.2 
0.2 

1.2 

1.1 

0.1 

2.9 

Yellow 
birch 
stand 

1.0 

0.2 
0.5 

3.0 
2.5 

0.3 
0.3 

7.8 

0.2 
0.2 

0.7 

1.5 
1.4 

0.1 
0.1 
0.5 
0.3 

5.0 

0.4 

0.5 
2.7 
0.4 
0.1 
1.0 
0.7 

0.8 

0.8 

7.4 

* These cover indexes represent the totals of average indexes for the various 
species of the type considered. Species indexes have been allocated in the 
following manner: 5 -100% to 81 % covered, 4 -80% to 61 %,3 - 60% to 41%, 
2 40%t021%,1 20%to1%,0-0%. 

Table 4 
lJl!;SllnllanLy values from comparison of avian, physiognomîc plant and 

communÎties 

Avian communities 

1" l 
.552 2 .604 2 
.634 .349 3 .720 .351 3 
.612 .448 . 317 4 .648 .193 .374 
.301 .412 .427 .409 5 .457 .469 .517 
.397 .457 .562 .471 .279 6 .449 .460 .668 

* 1 white spruce plantation, 2 - white birch stand, 
3 - sugar maple-yellow birch stand, 4 - mixed stand, 
5 - l'cd spruce stand, 6 - fil' stand. 

Mixed 
stand 

2.2 
1.5 
0.6 

0.4 

1.6 

0.1 

6.4 

0.7 
1.1 
0.2 

0.3 

1.0 

2.6 

5.9 

0.4 

0.2 
0.5 

1.3 

0.3 

2.7 

communÎties 

4 
.399 5 
.417 .244 

Red 
spruce 
stand 

6 

1.2 
2.3 
1.9 
1.0 
l.l 

0.2 

0.3 

8.0 

0.5 
2.3 
1.2 

0.5 

0.5 

0.1 

5.1 

1.4 
0.9 
0.5 

0.3 

0.1 
0.1 
0.4 
0.3 
0.1 
0.1 

4.2 

Fir 
stand 

2.2 
1.4 
1.0 
1.3 

0.4 
0.1 

2.4 
0.5 
0.5 
0.9 

0.1 

0.2 

4.6 

2.5 
0.1 
0.1 

2.7 

Taxonomie communities 

1 
.359 2 
.487 .515 3 . 
.270 .302 .404 4 
.388 .461 .548 .300 5 
.325 .389 .550 .298 .308 6 

Stratigraphic feeding niches 

As we have seen, the make-up of avian communities 
can vary considerably from one forest stand ta another. The 
ecological requirements of certain species are sometimes so 
restrictive that sorne ofthem frequent only one stand. 
According to Hilden (1965), the distinctive feeding niche 
and nesting niche of each species are among the most impor­
tant factors in the differential selection ofhabitat. In fact, 

Figure 4 
Corn paris on of the relative importance of the variety, density and 
consuming biomass ofbird species of eaeh stratigraphie feeding niche of 
the quadrats studied. The symbols are given in Figure 2 and in Table 5. 
The stands are arranged in order Ironl the most deciduous to the most 
eoniferous stand 

we can predict that a certain species will frequent a particular 
habitat according ta whether it feeds in ftight or at ground 
level, or whether il nests in the bushes or the tops of trees. 
Dunlavy (1935) and Colquhoun and Morley (1943) were the 
first to note the vertical zonation ofbirds within forest stands. 
During the same period, Adams (1941) showed the existence of 
an identical stratification in certain Forest invertebrates. 
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To gain a betler understandiilg of variations in the 
number of birds of a species in each stand, 1 decided to study 
the stratigraphic feeding niches. 

From my own observations, as weil as data provided 
by Cruikshank (1956), Bond (1957), MacArthur (1958), 
Godfrey (1967), \10rse (1967,1968) and Power (1971), 
1 allocated a main stratigraphic feeding niche to each of 
the species identified, and a second niche to sorne species 
when they fed there regularly (Table 5). The table also 
gives the average individual weight for each species. With 
a few exceptions, they make up the arithmetical average of 
the weighted measurements of six specimens of the species 
(three males and three females). To the measurements 
provided by my specimens, 1 added those resulting from 
specimens col!ected during the nesting period from 
various locations in southern Quebec by researchers from 
the National Museum of Natural Sciences and the 

TableS 
feeding niche", average weight and consuming biomass"· 

in studied 

SI ra tigraphic 
niche 

G 533.33 
G .160.20 
S 5'L25 
G 715.82 

University of\10ntreal. In cases where 1 did not have 
sufficient data, 1 ca\culated the average individual weight 
for each sex and then determined the average individual 
weight for the species. The low values for the standard 
deviations indicate that the measurements obtained are 
probably fair approximations of the average individual . 
weight for each species. The consuming biomass of each 
species, calculated according to the formula: B W 7 

(BlondeI1969a) is also given in Table 5. This measure­
ment takes into account the difference in metabolism due 
to the difference in the size of birds. It is directly 
proportionalto the amount of energy taken from the 
environment (Blondel 1969a). 

In Figure 4,1 show the proportional distribution of 
variety, density and consuming biomass ofbird species of 
each of the main stratigraphie feeding niches in the quadrats 
studied. The latter ranged from the most deciduous to the 

Consuming 
biomass 

81.08 
34.9,1 
16.37 
99.62 

Ruffed Grouse 
American Woodcock 
Black-billed Cuckoo 
BarredOwl 
Common Flicker TG 139.00 . 31.63 

Pileated Woodpecker 
Yellow-bellied Sapsucker 
Downy Woodpecker 
Crested Flycatcher 
Least "'<r~'. rh .... 

Eastern Wood Pewee 
GrayJay 
BlueJay 
Black-capped Chickadee 
Boreal Chickadee 

White-breasted l\uthatch 
Red-breasted Nuthatch 
Brown Creeper 
WinterWren 
American Robin 

Solitarv Vireo 
Red-eved Vireo 
Black ànd White Warbler 
Tennessee Warbler 
Nashville Warbler 

Northern Parula 
Magnolia Warbler 
Cape May Warbler 
Black-throated Blue Warbler 

Warbler 

Black·throated Geen Warbler 
Blackburnian Warbler 
Chestnut-sided Warblcr 
Bay-breasted Warbler 

Northern Watcrthrush 
Canada Warbler 
American Redstart 
Ke,O-\\im"eO Blackbird 

Kose·ihrf'astf'{j Grosbeak 
Purple Finch 
Dark-eyed J unco 
Chipping Sparrow 
White-throated Sparrow 

T 
T 
T 
F 
F 

F 
0 
0 
S 
S 

T 
T,C 

T 
S 

S,G 

G 
G 
G 
C 
C 

C 
C 
T 
S 
S 

C 
S 
C 
S 
S 

C 
C 
S 
C 
G 

S 
S 

F,S 
S 
C 

C,S 
0 
G 
G 
G 

318.38 
47.00 
26.70 
36.39 
10.00 

14.90 
74.12 
90.92 
10.70 
10.50 

22.00 
10.53 
8.00 
9.27 

84.55 

28.22 
32.55 
31.03 

6.15 
6.67 

15.07 
17.02 
10.10 
10.30 
8.10 

7.85 
8.23 

10.90 
9.64 

12.02 

9.67 
9.78 
9.82 

12.28 
18.83 

17.38 
10.20 
8.25 

55.70 
28.20 

47.62 
25.75 
17.77 
13.02 
24.52 

• F - insectivorous birds that feed in flight, T - insectivorous birds that feed 
on tree trunks, 0 - omnivorous birds which feed in diffcrent locations, 
C - insectivorous birds feeding at the canopy level, S - insectivorous birds 
feeding at the shrub stratum level. G - species (most ofthem Însectivorous) 
feeding al ground level. 

15.75 56.50 
1.44 14.81 
0.67 9.97 
1.88 12.38 
0.28 5.01 

0.50 6.63 
0.98 20.37 
2.01 23.50 
0.29 5.25 
0.23 5.19 

0.70 8.70 
0.14 5.20 
0.32 4.29 
0.35 4.75 
3.91 22.33 

1.05 10.36 
2.24 11,45 
0.77 11.07 
0.24 3.57 
0.17 3.n 

0.73 6.68 
0.78 7.27 
0.16 5.05 
0.52 5.12 
0.19 4.32 

0.05 4.23 
0.21 4.37 
0.53 5.32 
0.03 4.88 
0.52 5.70 

0.45 4.90 
0.24 4.93 
0.37 4.95 
0.52 5.79 
0.81 7.81 

0.18 7.38 
0.21 5.08 
0.30 4.38 
5.56 16.68 
0.80 10.36 

± 1.23 14.94 
± 1.73 9.72 
+ 0.46 7.50 
f 0.69 6.03 
+ 0.77 9.39 
•• B = 11'.7 

t Scientific Dames are given in Appendix 1. 

Figure 5 
Comp;Jrison of the relative importance of the variety, density and 
consullling biomass oCbird speeies oflhe quadrats studied, in relalion to 
the stratigraphie feeding niches. The symbols arc given in Figure 2 and 
Table 5 
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Table 6 
Relative percentagcs ofvaricty. density and consuming biol11ass ofbird 
species in cach stratigraphie leeding niche of quadrat5 ,tudieu 

Stand F* T 0 

Sugar maple-yello" birch 23.50 17.@ 0.00 
White birch 11.10 16.70 5.60 
Mixed 10.70 14.30 7.10 
Red spruce 000 IUO 11.10 
Fil' 0.00 8.00 8.00 
White 0.00 4.50 

Sugar maple-yellow birch 17.48 :\.88 
White bireh 7.20 5.60 
Mixed 7.2(j 5.65 
Red spruce 0.00 4.94 
Fil' 0.00 2.05 
White 0.00 2.44 

Sugar maple-yellow bireh 11.44 9.26 0.00 
White bireh 3.96 6.92 0.88 
Mixed 3.93 9.27 5.86 

. Red spruœ 0.00 3.64 Il.55 
Fil' 0.00 1.92 9.03 
White spruee plantation 0.00 1.69 4.20 

• F inseclÎvorous birds that feed in flighl. T - insectivorous birds that feed 
on tree trunks. 0 omnivorous birds which reed in dirIcrentlocations. 
C ~ inst'ctivol'Ous birds feeding atthe canopy levcl, S - inseclivol'Ous birds 
ft't'ding atthe shrub straltlm leve!, G speeies (most of them insectivorous) 
feeding al ground Ievel. 

most coniferous stand. In Figure 5, 1 show the proportional 
distribütion ofvatiety, density and consuming biomass of the 
bird species of each quadrat Studied in relation to the strati­
graphic feeding niches, The graphs are set out according to 
the order' of succession adopted in Figure l. The values used 
to draw the curves are given in Table 6. 
· Exainination of these figures reveals the following 
trends in the stands studied: 

• The insectivores feeding in f1ighl (e.g., Tyrannidae) 
only freqüent the predominantly deciduous stands. These 
forests, geherally composed of taIl and weil spaced treès, 
are sparse enough to provide room for birds feeding 
in f1ight. 

• Insectivores feeding on tree trunks (e.g., Picidae, 
Sitiidae, Ceithiidae) mainly frequent deciduous stands, probably 
beêaüse the trunks are bigger and easier to explore. In fact, 
unlike the evergreens, which frèquently have closely packed 
branéhes. most of the branches ofhardwood trees are usually 
concentrated near' the top of the trunk. The lower trunk is 
usùally quite open and easily exploited by climbing birds. 

• Omnivores that feed in varioùs locations (e.g. 
Corvidae, Fnngillidae) are particularly corn mon in coniferous 
stands. Ahhough they eat a lot of insects during the repro­
düction period, these species are mostly sedentary grani­
vores which, when win ter cornes, feed on conifer seeds. 
Since they probably evolved in the conlfer forest (May 1946, 
Snyder 1950) il is natùral that these species should be more 
varied and that they nest there in larger numbers. Ferry (1960) 
has noted a siinilar correlation between this generalized way 
of feeding and the sedentary character of the species in ques­
tion. He also mentioned that bird populations become more 
sedentary as the forests approach the cliinax stage, since 
within a stable environment, species could more easily adapt 
their feeding habits ta ali seasons of the year. The lesser 
iinportanée of these birds in artificial stands, such as the 

22 white spruce plaI'ltation, bears out this theory. 

c S G 

17.60 11.80 29.40 
11.10 22.20 33.31l 
25.00 21.40 21.40 
27.80 22.20 27.80 
32.01l 24.00 28.00 
31.80 31.80 27.30 

27.18 21.36 30.10 
10.40 ~ 1.60 54.40 
27.42 22.58 33.87 
46.91 13.58 29.63 
41.10 18.49 33.56 
3·1.96 26.02 33.33 

biomass 

28.76 12.26 38.28 
9.94 15.00 63.30 

22.00 18.81 40.H 
'1.1j.42 9.99 39.40 
30.16 12.17 46.72 
23.32 25.65 45.15 

• Insectivores that feed al the canopy level (e.g., Vireonidae, 
Parulidae) tend to be more common in coniferous stands. 
This tendency is shown less in the number of species than of 
individuals: the latter reach up to 46.9% of ail birds in red 
spruce. This population density, greater in the upper stratum 
of coniferous stands, coincides perfectly with the heavier 
mass of vegetation found at this level, which must surely con­
tain a larger number of insects, at least during periods of 
infestation (Odum 1971, Krebs 1972). In fact, while hard-
wood stands are generally sparse enough to allow abundant 
second growth, the tree stralUm of softwood stands forms an 
opaque screen that hinders the growth ofnew seedlings. The 
only noticeable grciwth of shrubs is found in places cleared 
by cùuing or the death of old trees (e.g., the white spruce 
plantation). The small number of these birds within the white 
birch stand is also notable. This is a young stand in which the 
tree stratum is not yet l'ully developed and the shrubs, enjoy­
ing plenty oflight, make up inost of the vegetal bicimass. 

• Most insecLÎvores seel<ing food in the shrub stratum 
(e.g., Paridae, Parulidae) are fOllnd in initial and disturbed 
stands. They generaIly avoid softwood stands. This tendency 
accords with the preceding category and the same explaha­
tioh applies. Although 1 have attributed this niche to species 
that usually concentra te at the base of trees (in addition ta 
shrubs), the population is very poorly represented in the 
middle stratum of coniferous stands, because the low 
branches of the conifers are usually stunted and often dead. 

• The species (mosdy insectivores) that feed on the 
ground (e.g., Troglodytidae, Turdidae, Fringillidae) predomina te 
in the white birch stand. The tree and shrub strata of this 
young stand are still developing and arè of only minor 
importance in the energy balance of the stand. In contrast, 
recent disruptions (fire, éutting) and the annual deposit of 
dead leaves have turned the ground into a very rich environ" 
ment in which a myriad of small invertebrates recycle energy 
(Wallwork 1970). They form an invaluable source offood at 
ground level and explain the concentration of birds thefe. 

., Only a few species, generally rare. feed in f1ighl, on 
lree trunks or omnivorously. On the other hand, several gen­
erally common species feed in the tree or shrub strata or on 
the ground. Food sources and exploitation methods are 

. probably more limited within the firs[ three niches. They can 
only be shared among a smaU number of species, while the 
last three niches probably offer a greater variety of food 
sources and exploitation techniques. The small number or 
sedentary omnivores can be attributed to the severe climate 
of the Laurentian winter. 

• A positive and statistically significant correlation 
exists between the relative importance ofthe variety, density 
and consuming biomass of the first three niches (F, T, 0), 
but there is no such correlation between the relative impor­
tance or density and consuming biomass for the last three 
niches (C, S, C). Several species found at the shrub level (S) 
add little to the density and consuming biomass, while the 
species at the tree (C) and ground (C) levels are less varied, 
but more corn mon and often larger. 

The vegetation of the shrub stratum is very intermit­
tent. Where it exists, it is made up of clumps of shrubs and 
isolated trees. Because it is heterogene~us, it provides a 
great variety of niches scattered sporadically throughout the 
stands. It can therefore support a varied but not numerous 
avifauna. l should mention that most "endemic" species 
of the various stands consist of species that feecl within 
this stratum. 

In contrast, the tree stratum and ground level are 
much more uniform. The canopy rarely lacking, .usually 
forms a vegetal screen with trees of similar heighl and phys­
iognomy. As with the ground level, its niches are less varied 
but greater in number. The firmness of the ground and the 
greater strength of the tree branches probably explain the 
presence ofheavier birds at these two leve\s. The branches 
also hide the bigger prey hunted by larger birds (Schoener 
1969,1971). 

The preceding factors clearly show that the division of 
the plant biomass, and therefore of the invertebrate biomass 
(Adams 1941) causes the differential division of the varietv, 
density and consuming biomass ofbirds within a stand. > 

The greater the relative density of the foliage ofa stratum, the 
greater the proportion ofbirds in this stratum as a whole. 

In initial stands, the vegetation is denser near the 
ground and becomes sparser as it approaches the crowns of 
the trees. On the other hand, coniferous stands have a verv 
dense canopy with thinner foliage near the ground. There~ 
fore, initial stands have a high bird densit.y near ground level 
and low populations at the tree stratum level, while decidu­
ous stands usually have the opposite distribution, with a high 
density in the upper stratum and a lower one near the 
ground. 

Ferry (1960), Bock and Lynch (1970), Pearson (1971) 
.and Karr (1971) obtained comparable results. This can be 
eXplained by the greater carrying capacity of the denser plant 
environments. In fact, the greater their productivity, the 
more insects they contain (Murdoch et al. 1972); they can 
therefore support a greater density ofbirds. 
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Dominanc~ and diversity 

Calculation of the dominance and diversity ratings of 
a community takes into account both the va ri et y of species in 
the community and their respective densities. 

The taxonomic variety, or if you prefer, the total num­
ber of spccics, varies according to the habitat, geographical 
location and abundance of avifauna (MacArthur 1972). It is 
an important clement in the community structure and may 
sometimes indicate a dilference between bird communities 
living in two stands with similar physiognomies.Just recently 
it was used as a measurement of the diversity of a community 
bv Ferrv and Frochot (1970), while for Whiltaker (1972) it is 
the "alpha" diversity ofa community. 

Wl)ile the variety values (Table 7) may be fair approx­
imations of the real variety (cf. p. 12), these values are none-

- theless under-estimated. It is not only that ail of the species 
obscrved were not included in the calculation of varicty 
(Ileft out the species not censused), but 1 also omitted sorne 
that may have nested in the stands without having a territory 
inside my quadrats. 

Howevcr, 1 bclieve their number ta be rclatively low 
judging by theremarkable agreement with the results 
obtained by Martin (1960) in comparable habitats of Algon­
quin Park in Ontario. 

Even if the calculations of variety prove rather similar 
in sorne of my stands, we must not forget that the specîes 
composition of each is dilferent, as shown by the study of 
similarities, 

The total density (Table 7) cornes from the sum of the 
species densities. This scale of abundance varies according to 
the environment and goes as high as the amount of food and 
the number of available nesting sites will permit. In this way, 
il depends mostly on the variety of species that can nest 
there. Thus, the forest environment can supportthat many 
more birds when they belong to a large number of dilferent 
species, probably because species with dilferent needs com­
plement each other rather than compete (Ferry and Frochot 
1970) . 

Table 7 
Values for the variety (S), densily (N). dorninance (C) equitability (E), 

diversity (D) and Shannon diversîty (HI) ofavian cornrnunities in 
studied 

Stand S N C 

White spruce plantation 22 123 0,067 
Whitebirch 18 125 0,101 
Sugar rnaple - yellow birch 17 103 0.1 II 
Mixed 28 124 0.063 
Red spruce 18 81 0.088 
Fir 25 148 0,063 

A study of Table 1 shows that the importance of the 
number ofbird species in dilferent quadrals varies greatly. 
A certain percenlage ofthese specîes, comprising the most 
corn mon ones, are said to be dominant. They have a greater 
em~ct within the communit y since they take up most of the ' 
nesting sites and consume a large part of the fo~d resources. 
Besides these species, a still greater percentage of the whole 
consists of rare species. Although 'they do not have as rnuch 
impact within the community as.lhe dominant species, they' 
should not be overlooked. In fact, they add to the diversity of. 
species, another important aspect ofcommunity structure, . 

In order to find out the extent of dominance among' a ... 
greater or smaller number of species, 1 calculated the domi­
nance index (C) (Table 7) of each community, This index, 
developed by Simpson (1949), i5 found by adding the relâ­
tive importance index of each species belongingtü a commu­
nity. This can be formulated as follows: 

Where ni = population density of il" species, 
N = total number of individuals 

The dominance index values for each community are 
given in Table 7. While the bird communüies of the sugar 
maple-yellow birch and white birch stands are made up 
mostly of common or rare species, those of the l'cd spruce 
stand, white spruce plantation, mixed stand and fil' stand 
contain a greater number of species with average popula­
tions. The generaltendency is for dominance to be shared 
among more species as the environment becomes more sta­
ble (Odum 1971). Initial environments have an evolving 
plant physiognomy that causes some' instability, attracring , 
species with generalized niches at the expense of those with 
specialized niches. We therefore arrive at two groups: the 
first made up of common species and the second of rare . 
ones. However, as succession progresses, the plant phys-

E D 

0.926 0,933 2,861 
0.8ï2 0.899 2,520 
0.862 0.889 2.443 
0.899 0,934 2,995 
0,918 0.912 2,654 
0.919 0,937 2.957 

l­
I 

iognomy stabilizes and the species divide into niches of more 
equal she through interspecific competition (Orians and 
Willson 1964, Siobodkin and Sanders 1969). 

The avian c~mmunities of the sugar maple-yellow 
birch stand and the white spruce plantation do not seem to 
follow the same trends. ln fact, the sugar maple-yellow 
birch forms a climax and should normally act as a stable 
sland, while the white spruce plantation is a monoculture and 
should behave as an uns table stand because of its great vul­
nerability to insect infestations. 

We should remember, however, that La Mauricie 
National Park is at the northern limit of distribution of sugar 
maple-yellow birch stands. It is therefore possible lhat the 
stand under study iii more unstable than other stands of the 
same association farther south. The elfect of this instability 
on the composition of the avifauna would be aIl the more 
pronounced, with the sugar maple-yellow birch stand as the 
on Il' climax plant association, predominantly deciduous, to 
establish itself so far north in this part of North America. 

Conditions in the white spruce plantation are proba­
bly temporary. The infestation of the spruce budworm 
created a surplus of food and lessened competition between 
the various bird species (Pianka 1971). Because of ttle 
greater overlap of niches, species that would otherwise have 
been rare within the plantation have been able to increase 
their numbers and reduce the dominance ofusually common 
species. However, the situation was dilferent in 1972, when 
the infestation was not so widespread, and it i5 reasonable to 
believe that dominance will reassert itself once the insect 
infestation has passed. 

While the dominance index shows the degree to 
which the majority ofindividuals of a corn munit y are concen­
trated within a few very common species, the equitability 
index shows the degree to which individuals of a community 
divide into equal proportions for each species (Lloyd and 
Ghelardi 1964). Although these two notions are complemen­
'tary, they are not reciprocaI. The equitability index (E) can 
be calculated with the following formula: 

E = HI1Hmax = - 'L(P) (logcP)llogA 
where HI = Shannon and Wiener diversity index, 
S variety, 
Pi n/N (cf. dominance index) 

The equitability index for each community appears in 
Table 7. As might be expected, there is greater equilability 
within the white spruce plantation, fil', red spruce and mixed 
stands, but less within the sugar maple-yellow birch and 
white birch stands. 

It is weil known that communities dilfer considerably 
in the number of species they contain. For example, the taxo­
nomie variety is generally greater in a tropical environment 
than in a temperate one, at the foot of a high mountain thàn 
al the summit, on a large island than on a smaller one, and on 
an island near a continent than on one isolated l'rom conti­
nental masses. Also, in some communities, the species are 
about equally common, while in others most species are 
either verv common or very rare. 

This is not a coincidence; the variety andequitability 
of species in a community are based on certain ecological 
principles, and it was in order to facilita te their study that 
ecologists introduced the principle of community diversity. 

There are several indexes for calculating the diversity 
ofa community (Simpson 1949, Shannon and Weaver 1949, 
McIntosh 1967). 1 chose those of Simpson (D) and Shannon­
Weiner (HI) The former is influenced to a greater degree by 

-the more common species, while the latter fluctua tes on the 

basis of the number of species and the equitability of their 
populations. In mathematical form, il is expressed as follows: 

D C 
and HI = E • Hmax 

The diversity index values for each community are 
given in Table 7. Except for avian communities of the mixed 
and fil' stands, the two indexes lead to diversity values that 
group communities in a comparable order. In fact, most div­
ersity indexes are linked to each other by very precise correl­
ations (DeBenedictis 1973, Hill 1973). In the case under 
study, a significant positive correlation exists between the 
two diversity indexes (with a threshold ofprobabi!ity of 
99%). If the order of the avian communities of the fir stand 
and the mixed stand is inverted, it is because the Shannon­
Weiner diversity index dilferentiates between two stands 
with comparable dominance values but wilh significantly dif­
ferent variety values, while the Simpson index does not. In 
the following discussions, only the Shannon-Weiner diver­
sity index values are taken into consideration. 

Use of a formula to calculate the diversity of a number 
of bird communities does not give us much. lt is only when 
we compare the resulting values with each other, and with 
those derived l'rom studying other aspects of the structure of 
ecosystems, that we can reach interesting conclusions. 

1 decided, therefore, to ca\culate the diversity values 
for the taxonomic and physiognomic plant communities of 
each stand. 1 applied the Shannon-Wiener index to the spec­
ies cover indexes of the (rees and shrubs of each quadrat 
(Table 3) to obtain the diversity values of taxonomic plant 
communities. However, the data concerning plant physiogn­
orny do not lend themselves to such a formula; 1 had to 
dev'elop my own diversity index for the study of physiog­
nomic plant communities. 

1 began by grouping the data l'rom Tables 2 and 5 into 
seven classes: coyer factors of the three forest strata, com­
plexity of underbrush, average distance between trees, aver­
age diameter oftrees and average height offirst branches. 
Then, in each class, 1 assigned a value of 1 ta the most heter­
ogeneous stands and a value of 0 to the other stands. Finally 
1 gave each stand a diversity index equal to the sum of the 
values obtained by that stand for ca ch of the classes consid­
ered. 

The heterogeneity was measured in three dilferent 
ways. For the co ver factors, 1 gave a value of 1 to stands in 
which deciduous lrees and conifers each formed at least one­
third of the vegetation of the stratum studied. The complex­
itv of the underbrush takes into account the herbaceous and 
~oss strata, the layers of dead leaves and branches, and the 
extent ofbare earth and rocks. 1 added up the indexes allot­
ted to each stand according to these characteristics (Table 2), 
and calculated their averages, as weil as the standard devia­
tions. A value of 1 was assigned to stands with the less signifi­
cant standard deviations 

Sx/X ~ (Sx/X)min + [( Sx/X)max - (Sx/X)min ]12 

- since it is in these stands that the characteristics under 
consideration are most equitably represented (see Roth 
1976). Finally, in the last three classes, 1 assigned a value of 1 
to the stand ~ith the larger standard deviation -

Sx/X ~ (Sx/XJmin + [ (Sx/X)max - (Sx/X)rnin 112 

- since it is in the latter that one finds the greatest hetero­
geneity among these characteristics. The values assigned and 25 
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Table 8 
Measurements of helerogeneil y of fures! slands and diversi!~" rati'lgs of t he 
plant physiognomy of each 

While 
spruce 

planlalion 

White 
Physiognomic 
characteristics 

birch 
,tand 

Covel" faclor 
(tree stralum)' 
Cover factor 
(shrub stratum) 
Cover factor 
(heTb slratum} 

o 

o 

o 

Heterogeneity ofunderbrush o , 0 

Dis!. between lreest 
Diam.oftrees 
H!. of hrsl branches 

Physiognomic diversity 

1 
o 
1 

2 

0 

0 

0 

0 
0 
0 

, Cover factor = cover index of coniferous or deciduous trees! 
0- 0 < cover faclor < .5 or cover factor> 2; 
1 -.5 $ cm'er faclor $ 2. 

0' 0, SiX > (S/'\/min + 1 (S/\1rnax - (S/X)min 1/2; 
l, SiX $ (S/X)min + 1 (S/X)max-(s/·\1rnin 1/2· 

t 0, SiX < (S/X)min + 1 (S/.\/max - (S/·\1min 1/2: 
l, SiX ~ (S/X)min + 1 (S/XJ max - (S/X)rnin 1/2· 

Table 9 

Sug"ar 
maple-
yellow 

birch 
sland 

0 

0 

0 

1 
0 
0 

2 

Values for physiognomic plant community diversily ("H") and taxonomie 
plant community diversity (HI) of quadrats studied 

Stand "H" HI 

White spruce plantation 2 
White birch 1 
Yellow birch 2 
Mixed 4 
Red sprucc 6 
Fir 3 

1.102 
2.663 
2.809 
2.523 
2.755 
2.286 

Table 10 
Spearman correlation coefficienls (r )0 for comparison of values ofvarious 
aspects of lhe slruclure of communities sludied. Avian communities: 
populalion densily (1), variety (2), Shannon diversily index (3), equilabilily 
(4), dominance (5). Plant communities: ecological succession (6), physiog­
nomic "diversily" (7), Shannon taxonomie diversily (8). Homogeneityof 
distribution ofvarious stratigraphie feeding niches: variely (9), density 
(10), consuming biomass (II). Percentage of insectivorous birds feeding 
in flight: varielY, density and consuming biomass (12). Percentage of 

1 
.714 2 
.672 .929 3 

.658 4 
- -.700 -.900 -.600 5 

6 
.615 .672 7 

-.657 -.600 -.729 .843 8 
-.600 .557 9 

lO 
.557 11 

.748 .648 .796 

.624 .648 .863 
.596 .772 -.562 .643 .796 

.943 -.757 -.671 -.742 

.900 .600 .729 -.585 
.672 .643 .729 .643 -.742 

-.600 -.785 -.814 -.642 
-.757 
-.728 -.642 .686 

.686 .557 
.829 

-.792 -.635 -.592 
-.671 .772 

• Note: r > 10.557 1 P: 0.01, rs = 0.917; P: 0.05, rs = 0.811 s -

Mixed 
Red 

sprucc 
sland sland 

12 
.943 

0 

0 

1 
1 
0 

4 

1 
1 
o 
6 

o 

o 
o 
o 
3 

insectivorous birds feeding on tree trunks: variety, densily and consum­
'ng biomass (13). Percentage of omnivorous birds feeding in various 
locations: varielY, densily and consuming biomass (14). Percentage of 
insectivorous birds feeding at the canopy level: variely (15), densily (16), 
consuming biomass (17). Percentage of insectivorous birds feeding at 
the shrub lev el: variely (18), densily (19), consuming biomass (20). Per­
centage of species (mostly insectivorous) feeding at ground level: variely 
(21), densily (22), consuming biomass (23). "Endemism" (24) 

13 
14 

15 
.710 .829 16 

.600 .829 17 
18 

19 
.958 20 

21 
22 

.886 23 
-.600 .900 .958 .615 24 

the diversity' index computed for each quadrat are given in 
Table 8. Table 9 shows the diversity values of the physiog­
nomic and taxonomic plant communities in the quadrats 
studied. 

Application orthe Spearman correlation test to the 
diversity values of the three types of communities (Table 10) 
does not provide any statistically sig'nificant correlations. 
However, it does allow us to confirm that the diversity ofbird 
communities varies more according to the physiognomic 
than the taxonomic diversity ora stand. We may suppose that 
with more extensive community samples we would probably 
have obtained a significant correlation between the diversity 
ofbirds and the physiognomic diversity of the stands. More­
over, as 1 said before, several authors have already demon­
strated that a correlation exists between avian diversity and 
the diversity of plant stratification. 

Discussion and conclusions 

Since the first studies of MacArthur (1955, '1.957, 
1960) and Hutchinson (1959), research on the biology of 
communities has dealt mainly with the extent of the diversity 
of organisms forming these communities. The interdepen­
dence of the diversity, stability and productivity of communi­
ties, in particular, has been the subject of much speculation 
and ev en a few generalizations. These subjects were dis­
cussed in detail during a recent symposium (Woodwell and 
Smith 1969). 

Margalef (1968), Whittaker (1969) and Odum (1971) 
have suggested that the diversity increases during ecological 
succession, and often stabilizes or even diminishes slightly 
near the end of the succession. Whittaker (1965) and Pielou 
(1966) have shown that, in some cases, the diversity may 
even diminish during an ecological succession. 

The work done by MacArthur (1955) and the study 
of stable environments (Connell and Orias 1964) suggest 
that greater stability is associated with greater diversity. 
However, we do not know the relation of cause and effect 
between the two. On the other hand, some works have 
led to different conclusions. Hurd et al. (1971) found an 
increase in diversity during a succession, but a simultaneous 
reduction in stability, while Futuyma (1973) showed that 
a negative correlation could exist between diversity and 
stability. 

According to Margelef (1968), the higher the annual 
primary productivity of communities, the greater their diver­
sity. Whittaker (1965), Odum (1971) and Krebs (1972) rec­
ognize this connection, but sugg'est that there could be some 
exceptions. 

Figure 6 is a graphicallayout in which correlations 
between certain aspects of the communities studied served to 
combine or divide the latter into groups with positive or neg­
ative correlations between them. The aspects studied can be 
divided into five types. In the first group, wc consider the 
variety, density, dominance, equitability and diversity of bird 
communities. In the second, the taxonomic and physiog­
nomic diversity offorest stands come into play. The third 
covers the variety, density and consuming biomass of bird 
species in each stratigraphic feeding niche. Lastly, 1 have 
studied the number of endemic species and the ecological 
succession of the various stands. 

For each of the aspects studied, 1 arranged the result­
ing values in order and assigned a corresponding ranking of 
values to the appropria te stands. The values 1 matched were 
either rough measurements, index values, significance rat­
ings (%) or homogeneity values (Sx). 1 then applied the 
Spearman correlation test, only retaining the most significant 
values (positive or negative) of the correlation coefficients 
(rs) (Table 10). For each of the aspects studied, 1 used the 27 
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Figure 6 
Graphicallayout of the Spearman correlations ofvarious structural aspects 
of the communities studied. The symbols are given in Table 10. This taxo­
metric map is a two-dimensional representation placing aspects of the 
commumtles studled m relatIOn to each other by using the two most signili­
cant values ofthelr co~relatlon coefficients as measures ofsimilarity bet­
ween the aspects consldered. This taxometric technique makes it possible 
to determine visually the variables displaying the closest correlation as weil 
as the strongest correspondence to ail other aspects, because the points 
representmg those van ables are closely grouped in such figures. See text 
for more details 
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two most significant values of the correlation coefficient as ' 
measurements of similarity between the aspects under con­
sideration. These similarity measurements were converted .. 
into dissimilarity measurements (d) with the following formula: 

d = 1 - rs 

to be used in preparing Figure 6. In this way, a dissimilarity 
value of 0 is assigned for a perfect positive correlation, and a­
value of2 for a perfect negative correlation. Thus 1 obtain~d . 
two measurements of the interval (between 0 and 2) for e~~h 
aspect studied, which allowed me to place each of the asp-eçt~ 
studied on the figure by simple triangulation. ,,: ' 

ln this way, 1 defined the three principal groups 6(' 
aspects with positive correlations between them. The first 
group includes the aspects that seem to be mainly governed , 
by the physiognomic diversity of stands (lower left). The sec­
ond group is madeup of aspects associated with the domi-'" 
nance of avian communities (lower right). The third group 
comprises the aspects that show an important negative cor­
relation concerning the ecological succession of the stands 
(upper right) . 

By analyzing this figure, 1 deduced the following 
points: 

• The diversity of avian communities, calculated with 
the Shannon-Weiner formula, depends more on thevariety 
of species than on the equitability of their numbers. Tramer 
(1969) and Kricher (1972) arrived at the sa me conclusion. 

• The equitability (and indirectly diversity) of avian 
communities seems to depend mainlyon the physiognomic 
diversityofforest stands. Therefore, the more complex the 
plant physiognomy of a stand, the greater the equitability of 
its avian·community. The stand then provides a large variety 
of niches,whiéh, for the most part, are comparable with one 
another. The bird species are distributed in roughly equal 
proportions, and so the stand has a high equitability index 
(and indirectly a high diversity index). 

• The homogeneity of the distribution of variety in: bird 
species and their density and consuming biomass between 
each of the stratigraphic feeding niches do not seem to have 
significant effects. This situation cou Id be foreseen, as sorne 
niches are more lirilited than others and cannot shelter as ' 
man y species and individuak(cf. p. 23). " 

• _ The physiognomic diversity offorest stands tends to 
increase with ecological succession. The tree stratum 
becomes more complex and the stand mayes progressively 

towards a definitive plant physiognomy. This permailence of 
climax forests, as weil as the size of their upper stratum, 
explains the increase in omnivorous species and species 
which feed in the tree stratum during the ecological succes­
sion leading to climax (cf. p. 22) 

• A negative correlation exists between the dominance 
and diversity of avian communities. However, a positive cor­
relation has been established between the taxonomic domi­
nance and diversity of forest stands (threshold of statistical 
probability of95%). Vuilleumier (1972) found similar results 
in South America. 1 studied forests of two very different phy­
siognomic types, as he did. Whereas he studied mesic and 
hydrophic forests, 1 compared coniferous with deciduous 
stands. Although he gave an ecological explanation for his 
observations, 1 do not believe that the taxonomic diversity of 
the stands 1 have studied would have a direct influence on 
avian diversity. The number of deciduous species is much 
greater than that of conifers. However, we know that the bird 
is a poor botanist, whatever the plant species in question; it is 
only interested in the physiognomy. Therefore, even if the 
deciduous forest is more varied than the coniferous, in the 
eyes ofthe bird it offers a comparable number ofphysiog­
nomic forms. The lower diversity ofbird communities in 
deciduous stands arises from other reasons (cf. pp. 24-25). 

• The most dominant avian communities are those 
with the most species that feed in flight and on tree trunks. 
As with the previous characteristics, 1 think this is a coinci­
dence. Earlier (cf. p. 22) we saw that these niches were more 
numerous in deciduous stands. But 1 also pointed out that 
deciduous stands contained avian communities with the 
highest dominance because these stands were uns table 
(cf. pp. 24-25) It is therefore logical that a correlation should 
exist between these two feeding niches and the dominance 
of avian communities. 

• Species that feed in the shrubs (most ofwhich are 
endemic species), as weil as those that feed at ground level, 
are weil represented in the initial stands, but their numbers 
diminish during the ecological succession leading to climax. 
1 have already discussed this phenomenon in detail 
(cf. pp. 22-23). 

ln conclusion, ·it seems that the structure of avian 
communities depends largely on the plant physiognomy of 
the forest stands sheltering them. Very often the plant phys­
iognomy becomes more complex during ecological succes­
sion until it reaches an almost definitive state. The result is a 
greater stability and diversification of feeding niches. In con-

junction with this increase in stability (permanence of vegeta­
tion), the equitability of the population and the variety of 
species increasè (Kricher 1972) and produce the greater div­
ersity of older and more stable stands. 
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Appendix 

Appendix 1 
ScientiflC and English names ofbird species mentioned in the text 

Scientific name English name 

ACCIPITRIDAE 
Buleo plalyplel1ls 

TETRAONIDAE 
Bonasa IIInbellus 

SCOLOPACIDAE 
Phi/ohe/a mi'lOr 
Aclilis marulan'a 

CUCULIDAE 
Cocry:us e1)'lhroplhaltt/us 

STRIGIDAE 
Sln~'( varia 

APODIDAE 
Chaelura pe/agira 

PICIDAE 
ColaPles auralus 
Dr)'ompus pilealus 
SphyraPirus vari'is 
Piroide" pu besrens 

TYRANNIDAE 
l\'h'iarr!tus rTinilus 
Elnpidonax minimus 
Conlopus virens 
NUllallomis boreahs 

H1RUNDINIDAE 
Hinmdo ruslica 

CORVIDAE 
Perisoreus (anadensis 
Cwltlorilla crislala 

PARIDAE 
Parus alri((/pillus 
Parus h udron iClis 

SITTIDAE 
Si lia carolinensis 
Silla canadensis 

CERTHIIDAE 
Cerlhia Jamiharis 

TROGLODYTIDAE 
l'mglodl'Ies lroglodyles 

TURDIDAE 
Turdus II11gmi0/7us 
Calhmm gullalus 
Calharus uslulalus 
CalhanuJuscencell5 

SYLVIIDAE 
Regulus salrapa 
RegullLl ra/endu/a 

BOMBYCILLIDAE 
BOtt/bl'cilla cedrorum 

VIREONIDAE 
ViTeo soli/arius 
Vireo olivaceus 

Broad-winged Hawk 

Ruffed Grouse 

American Woodcock 
Spolled Sandpiper 

Black-billed Cuckoo 

Barred Owl 

Chimney Swift 

Common Flicker 
Pileated Woodpecker 
Yellow-bellied Sapsucker 
Down)' Woodpecker 

Crested Flvcatcher 
Least Flyc~tcher 
Eastern Wood Pewee 
Olive-sided l'lycalcher 

Barn Swallow 

GrayJay 
BlueJay 

Black-capped Chickadee 
Boreal Chickadee 

White-breasted Nuthatch 
Red-breasted Nuthatch 

Brown Creeper 

Winter Wren 

American Robin 
Hermit Thrush 
Swainson's Thrush 
Veery 

Golden-crowned Kinglet 
Ruby-crowned Kinglet 

Cedar Waxwing 

Solitary Vireo 
Red-eyed Vireo 

Scientific name 

PARULIDAE 
,~lniolilta varia 
Vemivora peregrùw 
flemâvora ruji((/pilla 
Paru/a amerÎcuna 
Dendmira magl/olia 
Dendroi((/ ligril/a 
Dendmira raeru lesrens 
Dendroica romnala 
Dendroir(l virens 
Del/dmira Jusra 
Del/dmica pensylval/ica 
Dendroi((/ ((Isl,mm 
Sfiurus al/rocapillus 
Sei urus noveborarensù 
Oporol1lls PhiladelPhia 
Wilsonia ((/nadensls 
Selophaga rulirilla 

ICTERIDAE 
Agelm'us Phoeniceus 
Quiscalus quisrula 
J'violai/mIS aler 

THRAUPIDAE 
Pira IIgo o/ivacea 

FRINGILLIDAE 
Pheurlirus ludoviri'II/us 
l1espenPhona vesperlina 
CmpodaClls purpureus 
Cardue/is Irislis 
JUllro hvemalis 
Spizella passerina 
ZOllolrirhia albirollis 

English name 

Black and White Warbler 
Tennessee Warbler 
Nashville Warbler 
Northern Warbler 
Magnolia Warbler 
Cape May Warbler 
Black-throated Blue Warbler 
Yellow-rumped Warbler 
Black-throated Green Warbler 
Blackbnrnian Warbler 
Chestnut-sided Warbler 
Bav-breasted Warbler 
Ov:enbird 
Northern Waterthrush 
Mourning Warbler 
Canada Warbler 
Alllcrican Redstart 

Red-winged Blackbird 
Common Grackle 
Brown-headed Cowbird 

Scarlet Tanager 

Rose-breasted Grosbeak 
Evcning Grosbeak 
Purple l'inch 
Alllerican Goldflllch 
Dark-eyedJunco 
Chipping' Sparrow 
White-throated Sparrow 
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