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SYNECOLOOICAL LIGiT VAU1£S COMPARED WITH PER CENT OF FUll SUNLIGHT READINGS. 

LITERATURE REV1EW 

Ught is one of the most iq:>ortant factors in the growth of plants. It is 

probably the most important single faetor governing the activities of organisms, 

insofar as any factor is capable of exerting an independent effect (Parle ·1931). 

The intensity and quality of light received at any point on the earth's sur-

face depends upon the solar constant, the distance of the sun from the earth, the 

angle at which the sun's rays strike the earth's surface, and the absorption and 

diffusion of light by the atmosphere(Shirley : 1935, 1945). He believed that the 

humidity of the atmosphere and the amount of cloudy weather are among the -most 

important factors causing variation in light intensity• Shirley (1935) stated 

further that the variation in light conditions to which plants are subjected can 

be grouped into two classeaa 

1. Those variations which are caused by differences in altitude, latitude, and 

climate. 

2. lhose variations which are caused by local obstructions such as forest canopies. 

Park (1931) reported that the annual intensity cycle for deciduous forest cover 

types is in general the reverse of the annual intensity cycle for unshaded open 

areas, since the period of greatest light intensity for the latter comes at the 

time of maximum foliage cover of the forest canopy, and consequently of relative 

mini.mum light intensity on the forest floor. Shaded regions of the conifer forest 

cover types have a less variable light intensity. It should be noted, therefore, 

that the annual light intensity as admitted to the forest floor, has a character

istic range and pattern for each well-defined forest cover type. Daubenmire 

(195912:23) pointed out that light intensity is constantly· fluctuating under a 

canopy of vegetation. The movements of le1rVes by the wind, together with variation 
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in movements of sunflecks and shadows across the ground, results in rapid and 

- ,_ wide variation in the amount of light energy received at a given point. The 

... .. -, _ . . · .. 

highest values of light measured at the surface of the earth are about 12,000 

foot candles on high mountains and 10,000 foot candles near sea level (Shirley 

1935, Park 1931). 

Shirley (1935) reported that reduction in the light available for plants 

on the forest floor frequently amount to as much as 90 to 99 per cent of full 

sunlight. Shrubs beneath a closed canopy will generally receive an intensity 

of around 20 per cent of full sunlight but the light intensity of the forest 

floor may be reduced to from one to five per cent of full sunlight. Buell and 

Gordon (1945) found definite correlations between the amount of ground cover 

and the light factor while working in the hardwood conifer contact zone in 

Itasca Park. An abrupt increase in the number of herbaceous and woody plants 

was observed after the light penetration exceeded 5 per cent of full sunlight. 

This suggests that the limiting point for the ground cover is near this value. 

Autotroph1c plants ·can be found in hardwood stands where the intensity of light 

is belos five per cent, but it has been noticed that with many of them photo-

synthesis exceeds respiration only in the spring baf ore the leaves of the over-

story are developed (Shirley 1935). Shirley (1929) noted that many plants could 

survive for a period of from three to six months if they received one per cent 

of full summer sunlights however, none of the plants were able to make any 

appreciable increase in their dry weight at this intensity. The real shade 

plants are not so much the ones which can grow under conditions of low light 

intensity (Shirley 19~), but rather those which can exist for a long period 

under conditions whic:h are unfavorable for photosynthesis. Light has a dominant 

role in plant succes•ion (Shirley 19~ and Lee 1924). The chief reason why a 

given species of forest tree fail• to succeed itself is often due to the 1nabi-

<~> Hty of its seedling to grow under the shade of parent tree. 
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Shirley (1943} stated that symptoms of inadequate light can easily be re

cognized. 'Oley include thin leaves. often deep green color, in which the pali

sade layers are reduced in number and often weakly developedf thin weak stems 

and a poorly developed root system. High light intensities are detrimental to 

plants in SQID8 instances by prC1Dotin9 rapid transpiration (Daubenmire 19591232). 

Light shade is sometimes beneficial (Shirley 1935). especially if the plants are 

grown in xeric conditions, since transpiration loss tends to be directly cor

related with light intensity. 

Not only is the intensity of light lower under the forest canopy {Shirley 

1935), but the quality is also changed due to differential absorption and re

flection by leaves. lbe change in light under conifer canopies is slight, but 

beneath broad leaved canopies the light is relatively higherin percentages of 

green. However, even though the quality is changed the light still contains a 

sufficient percentage of the various Wavelengths to induce approximately normal 

growth cf plants. Daubenmire (19591218) stated that the variations in light 

quality affect plant processes differently, but has never been demonstrated to 

be a critical environmental factor for land plants growing under natural condi

tions. 

Bakuzis and Hansen (1959), stated that all plant species have certain en. 

vironmental requirements for moisture, nutrients, heat, and light, When compet

ing with other species in the community the requirements of a species .for these 

envircnmental factors are of primary concern. Species which grow in full sun

light are commonly believed to have high light requirements. Knowledge, which 

is gained primarily by wide observation under forest conditions, has been used 

widely in rating trees on a scale of relative tolerance to shade. BakU%is (19!19) 

has reviewed the previously published infOl118t1on on most of the important trees, 

shrubs, half shrubs, and herbs of central Minnesota. lbe relative values for 
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these species has been c~iled and converted into a uniform scale of relative 

values from one to five in increasing order of the apparent requirements for 

moisture, nutrients, heat and light. For exa~le, jack pine (Pinus . banksiana 

Lamb_.) is comonly found growing in comitions of full sunlight and has bean 

assigned a synecological light value of ~. At the other extreme sugar maple 

(Acer saccharwn Marsh.) is typically found under shaded conditions and was 

assigned a synecological 11,Qht value of 1. The original sources of information 

did not necessarily refer to Minnesota conditions. In order to correct these 

originally assigned values, 356 Minnesota forest cClllD'RJnities, which covered a 

broad range of ecological conditions, were examined systematically. Community 

values were determined as averages of the synecological values assigned to the 

individual species. The value originally assigned to an individual species was 

then corrected on the basis of the average of the caJmJnity value of those com

mnities in which the species occurred. In the sum:ners of 1960 and 1961 additional 

forest ccnmunities we.re examined and the syneeological values for moisture, nutri-

ents, heat and light for each individual species in the community is being cor-

rected in the manner described above. 

Trenching experiments have shown that the survival of plants under forest 

canopies is often determined by other factors than the light conditions among 

these, soil conditions and ground cover appear to be the most important (Shirley 

1929). On the margins of great climax formations, as for example the Itasca Park 

area (Lee 1924), forest successions are greatly affected by edaphie and biotic 

factors. Articles by Buell and Gordon (1945), and Spurr (1954) pointed out the 

influence of glacial history and the various glacial deposits, moisture, fire, 

and overgrazing upon plant eCX111Unities of Itasca Park. However, the scope of 

present study has been narrowed to include the following objectives• 

00.JECIIVES 

1. To determine the per cent of full sunlight present below the mature 
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tree canopies, below the brush canopies, and below the herbaceous 

canopies of five forest cover types. 

2. To compare synecclogical light values, as dete:rmined by the method 

described by Bakuzis and Hansen (1959) and explained in the literature 

PRCCEQURE 

review, with light values obtained from dire~t light measurements bela.i 

the mature tree canopies, below the brush canopies, and below the 

herbaceous canopies of five cover types. 

Five forest cover types which cover a broad range of ecological conditions 

were selected near Itasca Park, Minnesota. Aspen (Populus tremuloides Michx.}, 

tamarack (Larix laricina Koch) and red pine (Pinus res1nosa A.T.) cover types 

were S<lnt'led with three stands each. The maple-basswood (Acer saccharym Marsh., 

Iilia americana L.), and jac:k pine (Pinus banksiana Lamb.) oover types were 

sampled with two stands each. A species presence list was obtained by placing 

tl\re•t sixty-four square meter plots, at mechanically spaced intervals of ~.,. 

chain, in each stand. -The minimum size stand sampled was approximately five 

acres and no plot was placed within one chain of the stand border. A community 

synecological value for light was obtained in each stand by averaging the syne

oological values of the individual species present in the stand. 

Direct light readings were obtained in each stand with a Norwood Director 

exposure meter, equipped with a hemispherical exposure lid over the aperture. 

Twenty stations were placed at mechanically spaced intervals of 15 feet 1n a 

parallel sampling technique around the species presence plots. Three light read

ings were taken at each station, °"'7,ach, below the tree canopy, below the brush 

canopy and below the herbaceous canopy. If canopy movement cauaed variations in 

light intensity at the point where a reading was taken, an average of the varia

tion was recorded. Caza was taken not to move windfalls, traq:>le shrubs, or 

' ·~· -_,: disturb the natural conditions within the sampled area. All data were collected 
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in mature, fully stocked stands. Tile light readings were taken between lla30 

· ··. A.M. and laOO P.M. C.S.T. from August 28, 1961 to September 8, 1961 on clear 

days only. Full sunlight readings were taken in a nearby area approximately 

ten minutes before and after the light readings were taken in each stand. The 

full sunlight reading& were taken in openings which were large enough to minimize 

the effect of buildings, trees, and poles that would reduce the light intensity. 

Each reading taken in the stand was converted to per cent of full sunlight by 

the following formulaa reading in ·stand X 100 equals per cent of full sunlight. 
readings in full sun 

Correlation coefficients were calculated for the average per cent of full 

sunlight value above the brush canopy and the synecological light values indivi-

dually for tree species, brush species, and herbaceous speaiesJ the average per 

cent of full sunlight value below the brush canopy and the average synecological 

light values individually for tree species, brush species and herbaceous speciesJ 

and the average per cent of full sunlight value below the herbaceous canopy and 

the average synecological light values for tree species, brush species and herba-

ceous species. This was done separately for the five forest cover types considered. 

These cort"elation coefficients were Ct'lllputed in the manner described by Snedecor 

(19571160). 

RESULTS 

The per cent of full sunlight• which filtered through the tree, bl'\Jsh, and 

herbaceous canopies, of the five forest cover types varied considerably from one 

cover type to another. The lowest average per cent of full sunlight values were 

recorded in the climax maple-basswood cover type. They were 4.8 above the brush, 

1.8 below the brush and 1.0 below the herbs. The highest average per cent of 

full sunlight valuesJ 34.2 above the brush, 29.7 below the brush. and 18.3 below 

the herbs1 were obtained in the jack pine cover type. The secondary success1onal 

.' · types, tamarack, aspen and red pine, had average per cent of full sunlight values 
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which were between the extremes obtained in the maple-basswood and jack pine 

cover types (Table I). 

The amount of variation in the correlation coefficients between synecological 

light values and per cent of full sunlight values was so great that valid compari-

sons were prohibitive. However, a relationship does exist between these two 

measurements of light (see Figures 1, 2 and 3). In all five cover types the 

synecological light values increased from the herbaceous canopy to the brush 

canopy and the per cent of full sunlight values increased in a similar manner. 

For example, the per cent of full sunlight in the maple-basswood cover type in-

creased from a value of 1.0 below the herbaceous canopy to a value of 1.8 below 

the brush canopy. The synecological light values for the same cover type were 

2.6 for the herbs and 2.7 for the brush. A relationship between the synecological 

light and per cent of full sunlight values was also obtained by ranking the five 

forest cover types on the basis of relative magnitude of light values. The order 

in which each forest cover type ranked was the same for synecological light and 

per cent of full sunlight measurements. Starting with the lowest and going to 

the highest they are as followaa maple-basswood, red pine, aspen, tamarack and 

jack pine. The average per cent of full sunlight values recorded in the jack 

pine and tamarack cover types were radically higher than those recorded in the 

other three cover types. The fact that the average synecological light values 

also increased radically for the jack pine and tamarack cover types over the other 

three cover types seems to suggest that there is a relationship between synecolo-

gical light values and per cent of full sunlight values. 

In future work of this nature the author suggests that stand senaity data 

be secured. -It was also felt that 30 light stations should be used to sample 

each stand and that more than three stands be sampled per type. 

SYMMARX 

Direct light measurements, with a Norwood Director Exposure meter, were 
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obtained in the Itasca Park area from five forest cover types, maple-basswood, 

red pine. aspen, tamarack and jack pine. One objective was to determine the per 

cent of full sunlight which actually filtered through the mature tree, the brush, 

and the herbaceous canopies of these five forest cover types. Tilere was a broad 

variation in the average per eent of full sunlight present at the three levels 

of canopy in the cover types considered and they ranged from an average of 1.0 

per cent of full sunlight below the herbaceous canopy in the maple-basswood cover 

type to an average of 34.2 per cent of full sunlight above the brush in the jack 

pine cover type. A second objective was to c~are synecological light values 

with light values obtained from direct light measurements. A species presence 

list was obtained in each of the five forest cover types. Using this species 

presence list a synecological light value was determined for each of the three 

levels of forest canopy, the tree, the brush, and the herbaceous canopies. The 

variation that existed in the correlation coefficients, which were computed between 

the average synecological light values and the average per cent of full sunlight 

values, was so great that valid comparisons were prohibitive. However, it was 

felt that a relationship did exist between the two different methods of light 

measurements. 
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Appendix 1 

-, TABLE I. SYNECOLOGICAL LIGHT VALUES AW PER CENT OF FULL SUNLIGHT VALUES 
__ , 

·-- •I ._ 
- - I ~ 

AT VARIOUS CANOPY LEVELS IN FOOR FOREST COVER lYPES. 

Cover type Synecological light value Per cent of full sunli.ght 
canopy level canopy level 

Above Below Below 
Trees Brush Herbs Brush Brush Herbs 

Maple-basswood 2.6 2.1 2.6 4.8 l.8 1.0 

Red pine 3.5 3.1 2.8 11.5 4.1 1.2 

Aspen 3.4 3.7 2.8 13.9 3.1 1.5 

Tamarack 3.7 4.0 3.4 24.4 18.0 7.4 

Jack pine 3.8 4.4 3.9 34.2 29.7 18.3 

·-... ~ -. ~ ·, ~ .. ~ 
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Appendix 5 

TABLE II. SPECIES PRESE!CE LIST FOR FIVE FOREST COVER TYPES A?f:> THE 

SYNECOLOOICAL LIGHT VALUEs!f ASSIGNED TO INDIVIDUAL SPECIES 

Maple-basswood cover type 

Trees 

Abies balsamea L. 

Acer rubrum L. 

Acer saccharum Marsh. 

Betula papyrifera • Marsh. 

Fraxinus nigra Marsh. 

Ostrya virginiana Mill. 

Pinus strobus L. 

Populus balsamifera Le 

Populus tremuloides Michx. 

Prunus serotina Ehrh. 

Quercus macrocarpa Michx. 

Quercus rubra L. 

Tilia americana L. 

Shrubs 

Acer spicatum Lam. 

Amelanehier sp 

Cornus alternifolia L. 

Dirca palustria L. 

Lonicera canadensis Marsh. 

Lonicera hirsuta Eaton. 

P1·unus virginiana L. 

Rub~• allegheniensis Porter 

Synecological 
Light value 

2 

3 

1 

5 

2 

1 

3 

3 

4 

3 

5 

3 

1 

l 

5 

l 

1 

1 

3 

4 

5 

Viburnum rafines quianum Schult 3 

Herbs and ferns 

Amphicarpa bracteata L. 3 

Anemone quinquef olia L. 4 

Herbs and ferns (cont'd.) Synecological 
Light value 

Aralia nudicaulis L. 3 

Asarum canadense L. 1 

Aster ciliolatus Lindl 4 

Aster macrophyllus t. 3 

Athyrium Filix-Femina L. l 

Botrychium virginiana L. 1 

Carex Pennsylvania Lam. 4 

Clintonia borealis L. 2 

Cornus canadensis L. 2 

Desmodium glutinosum Muhl. 1 

Fragaria virginiana Duchesne 4 

Galium triflarwn Michx. 1 

Hepatica americana o.c. 2 

Lathyrus cenosus Muhl. 

Maianthemum canadense Desf. 

Mitello nuda L. 

Oryzopsis asperif olia Michx. 

Osmorhiza claytoni Michx. 

Pteridiwn aquilinum L. 

Pyrola asarif olia Michx. 

Pyrola secunda L. 

Rhus radicans L. 

Rubus pubescens Ra. 

Sanicula marilandica L. 

Streptopua roseus Michx. 

Tilalictru.m dioicum L. 

4 

1 

3 

4 

2 

3 

4 

1 

3 

1 

3 

1/ as found in Bakuzis and Hansen (1959) 



• Appendix 6 

TABLE II. SPECIES PRESEOCE LIST (Cont'd.) 

Red pin& cover type 

Trees Synecological 
L1aht value 

Abiea bal&amea L. 2 

Acer rubrum ~ 3 

Betula papyrifera Marsh. 4 
)>"" 

Fraxinua .Pennsylvanica Marsh. 4 

Ostrya virginiana Mill. 1 

Picea glauca Moench, 2 

Pinus banksiana Lamb. 5 

Pinua re1inoaa Ait. 4 

Pinus strcbus L. 3 

Populua tremuloidea M.ichx. 4 

Quercua &11crocar~ Michx. 5 

Quercua rubra L. 3 

Shrubt 

Acer apicatum Lam. 

Alnus crispa Ait. 

AMlanehi•r sp. 

Cornua altern1fol1a L. 

Cornu1 rugosa Lam. 

Corylus amer1cana Walt. 

Cory lua eornuta M.lrah. 

Diervilla lonicera Mill. 

Lonicera canadensia Marsh. 

Prunua virginiana L. 

Rosa blanda Ait. 

Rubus pubescena Raf. 

Rubu1 strigosus Michx. 

1 

4 

5 

1 

2 

5 

3 

3 

l 

4 

4 

ShttJbS (cont'd.) Sy,,.cologisal 
Light yalue 

Sympboricarpoa albus L. ~ 

Viburnwa rafinesquianum Schult 3 

Herbs and f erna 

Actaea rubra Ait. l 

Aqaatache f oen1culum pursh 4 

Anemone quinquefolia L. 4 

Apocynum androsaemifolium L. ~ 

Aralia nudicauli• L. 3 

Aster macrophyllus L. 3 

Athyrium filix-femina L. 1 

Botryeh!um v1rginiana L. 1 

Clintonia borealis Ait. 2 

Ccmrua c:anadensis L. 

Fragaria v1rgin1ana Duchesne 

Galiun boreale L. 

Galium triflorum Michx. 

Hepatica amer1cana o.c. 
Lathyrua ochroleucus Hook. 

Linnaea boreall1 L. 

A&aianthemua eanadens• Deaf. 

Oryzopaia aaperifolia Michx. 

Cryzopah pungent Torr. 

Parthenccissusquinquefolia L. 

Pteridium aqu111num L. 

Pyrola asarifolia Michx. 

Pyrola aecunda L. 

2 

4 

1 

2 

3 

4 

3 

4 

3 

4 

2 

3 



Appendix 7 

TABLE II. SPECIES PRESEN:E LIST (Cont'd.) 

Red pine cover type (cont'd.) 

Herbs and ferns (cont'd.) Synecolog1cal 
Light value 

Rhus radlcans L. 4 

Rubus pubescens Raf. 1 

Sanicula marilandica L. 3 

Streptopus roseus Michx. 1 

Thalictrum dioicum. L. 3 

Uvularia grandlflora Sm. 1 

Uvularia sessilif olia L. 1 

Vaccinium angustifolium Ait. 5 

Viola pubescens Ait. 3 
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Appendix 8 

TABLE II. SPECIES PRESE?CE LIST {t;ont 'd•) 

Aspen cover type 

Trees Synecological Shrubs (cont'd.) 
Light value 

Abies balsamea L. 2 Lonicera dioica L. 

Acer rubrum L. 3 Lonicera hirsuta Eaton. 

Betula papyrifera Marsh. 5 Prunus virginiana L. 

Fraxinus pennsylvanica Marsh. 4 Rosa blanda A.T. 

Ostrya virginiana Mill. 1 Rubus strigosus Michx. 

Picea glauca Moench. 2 Salix humilis Marsh. 

Pinus strobus L. 3 Symphoricarpos albus L. 

Populus balsamif era L. 

Populus tremuloides M!chx. 

Populus grandidcntata Michs. 

Prunus serotina Ehrh. 

Quercus macrocarpa Michx. 

Quercus rubra L. 

Ulmus americana L. 

Shrubs 

Acer spicatum Lam. 

Alnus crispa A.T. 

Amelanchier sp. 

Cornus racemosa Lam. 

Cornus rugosa Lam. 

Corylus americana Walt. 

Corylua cornuta Marsh. 

Crataegus sp. 

Diervilla lonicera Mill. 

Dirca palustris I.. 

3 

4 

3 

3 

5 

3 

2 

1 

4 

5 

3 

2 

5 

3 

4 

3 

1 

Herbs and ferns 

Actaea rubra Ait. 

Amphicarpa bracteata L. 

Apocynum androsaemif olium L. 

Aquilegia canadensis L. 

Aralia nudicaulis L. 

Asarum eanadense L. 

Aster macrophyllus L. 

Athyrium filix-femina L. 

Botrychium virginianum L. 

Clintonia barealis Ait. 

Fragaria virginiana Duchesne 

Galium boreale L. 

Galium trif lorum Michx. 

Lathyrus venosus Muhl. 

Maianthemum canadense Desf. 

Oryzops!s asperif olia Michx. 

Oryzopsis pungens torr. 

Sy nee ol ogica 1 
Light value 

5 

3 

4 

5 

4 

4 

5 

1 

3 

5 

4 

3 

1 

3 

1 

1 

2 

4 

5 

1 

5 

4 

3 

4 
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TABLE II. SPECIES PRESENCE LIST (cont'd.) 

Aspen cover type (cont'd.) 

Herbs and ferns {cont'd.) Synecological 
Light value 

Petasites palmatus Ait. 3 

Phryma leptostaehya L. 3 

Pteridium aquilinum L. 4 

Pyrola asarif olia Michx. 2 

Pyrola secunda L. 3 

Rhus radicans L. 4 

Rubus pubescens Raf. 1 

Sanicula marilandica L. 3 

Smilacina racemosa L. 1 

Solidago gigantea Ait. 4 

Streptopus roseus Michx. l 

Thalictrum dioicum L. 3 

Uvularia grandif lora Sm. 1 

Uvularia sessilifolia L. l 

vaccinium angustifolium Ait. 5 

Viola adunca Sm. 4 

Appendix 9 
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Appendix 10 

TABLE II. SPECIES PRESEtX::E LIST (Cont'd.) 

Tamarack cover type 

Abies balsamea Mill. 

Acer rubrum L. 

Bctula papyrif era Marsh. 

Fraxinus nigra Marsh. 

Larix laricina Koch 

Picea mariana B.s.P. 

Shrubs 

Alnus rusosa Spreng. 

Amelanchier sp. 

Betula pumila L. 

Cornus stolonifera Michx. 

Lonicera hirsuta Eaton 

Lonicera oblongifolia Hook. 

Rhamnus alnifolia L'Her. 

Rosa blanda AH. 

Salix bebbiana Sarg. 

Salix discolor Muhl. 

Serbus decora Sarg. 

Sy nee ol ogica 1 
Liaht value 

2 

3 

5 

2 

5 

3 

4 

5 

3 

3 

3 

4 

5 

4 

5 

l 

Herbs Synecological 
Light Value 

Cornus canadensis L. 2 

Eupatorium maculatum L. 5 

Fragaria virginiana Duchesne 4 

Galium triflorum Michx. 1 

Ledum groenlandicum Oeder 5 

Linnaea borealis L. 3 

Maianthemum canadense DesF. 4 

Menyanthes trif oliata L. 4 

Mi tell a nuda L. 1 

Meneses uniflora L. 5 

Potentilla palustris L. 5 

Pyrola asarifolia Michx. 2 

Pyrola rotundifolia L. 3 

Pyrola secunda L. 3 

Rubus pubescens Ra. 1 

Typha latifolia L. 5 
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Appendix 11 

TABLE II. SPECIES PRESEl'CE LIST (Cont'd.) 

T:rees 

Abies balsamea L~ 

Betula papyrifera Marsh. 

Picea glauca Moench •. 

Pinus banksiana Lamb. 

Pinus resinosa A.T. 

Quercus macrocarpa Michx •. 

Shrubs 

Amelanchier sp. 

Corylus cornuta Marsh. 

Diervilla 1 onlcera Mill.· 

Lonicera canadensis Marsh. 

Prunus virginiana L. 

Rosa acicularls Lindl. 

Rubus strigosus Michx. 

Salix humilis Marsh. 

Herbs and Ferns 

Achil l ea lanulosa Nutt. 

Anemona quinquef olia L~ 

Antennaria canadensis Greene 

Antennaria neodioica Greene 

Apocynum androsaemifolium L.-

Aralia nudicaulis L. 

Arctoataphylos uva-ursi L. 

Aster laevls L. 

Aster lateriflorus L. 

Jack pine cover type 

Synecological 
Light value 

2 

5 

2 

5 

4 

5 

5 

3 

3 

1 

4 

5 

4 

4 

2 

4 

5 

4 

5 

3 

4 

Herbs and ferns (cont'd.} Synecological 
Light value 

Campanula rotundif olia L. 4 

Chimaphila umbellata L. 4 

Cornus canadensis L. 2 

Cypripedium acaule Alt. 3 

Epigaea repens L. 5 

Fragaria virginiana Duchesne 4 

Galium boreale L. 

Galium trif lorum Michx. 

Gaultheria procumbens L. 

Hieracium canadense Mihhx. 

Lathyrus ochroleuscus Hook. 

Lithospermum canescens Michx. 

Maianthemum canadense Desf. 

Oryzopsis asperifolia Michs. 

Oryzopsis pungens Torr. 

Pedicularis canadensis L. 

Polygala paucif olia Willd. 

Prenanthes alba L. 

Prunus pumila L. 

Pteridium aquilinum L. 

Pyrola rotundif olia L. 

Pyrola secunda L. 

Rubus pubescens Raf. 

Solidago hispida Muhl. 

Solidago nemoralis Ait. 

5 

1 

5 

4 

5 

5 

4 

3 

4 

5 

3 

3 

5 

4 

3 

3 

1 

4 

5 
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TABLE II. SPECIES PRESENCE LIST (Cont'd.) 

Jack pine cover type (cont'd.) 

He;i2a anci ferns (cont'd.) Synecological 
Light value 

Thalictrum dioicum L. 3 

Vaccinium angustifoliuro Alt. 5 

Vaccinium myrtilloides Michx. 4 

Vicia americana Muhl. 3 

Viola adunca Sm. 4 

Zizia aurea L. 5 
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