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indicating that once established, exposed trees have at advantage.

Several herbaceous plants appeared useful as indicators of low or

high light regimes, but most plant species occurred across the

complete light gradient.
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CONIFER GROWTH AND PLANT DISTRIBUTION UNDER
DIFFERENT LIGHT ENVIRONMENTS IN THE SISKIYOU

MOUNTAINS OF SOUTHWESTERN OREGON

INTRODUCTION

Solar radiation warms the earth, sustains life through photo-

synthesis which converts electromagnetic energy to chemical free

energy, and controls numerous other plant processes. The great

importance of light in plant growth and development has long been

recognized, but field studies designed to quantify the relationships

between light and plant responses are rare.

The direct influence of light is difficult to determine, because

many factors parallel variations in light, and plants themselves

respond to numerous factors. Adequate instrumentation is still

relatively costly and tethered to a reliable power source. Fortunately

both of these difficulties can be partly overcome in areas where

diurnal variation in radiation is consistent.

The objective of this study was to assess the influence of light

on tree growth and plant distribution under restricted moisture and

temperature conditions, and to describe these relationships in

acceptable mathematical and biological form. I designed a field study

to accomplish these objectives with the aid of past ecological investiga-

tions in the Siskiyou Mountains of southwestern Oregon. In that

region of generally clear skies both the vegetation and its relationship
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to general environmental gradients of temperature and moisture have

been interpreted by Waring (1969). Variations in tree growth are due

in part to their position along the temperature or moisture gradient,

and in part to differences in soil fertility, genetic make-up, selective

biological pressures, and light. The same factors operate to affect

plant distribution.

Kershaw (1964) points out Hif water and nutrients are in ade-

quate supply, then light will become the limiting factor controlling

rate of growth and production of dry matter" (p. 75). To determine

the influence of light without undue confoundling from other factors, I

restricted my study to a small part of the environmental region

reflecting relatively minor variation in temperature, moisture and

soil fertility. The sampling zone was also restricted physiogiaph-

ically to an elevational range from 4, 800 to 5, 800 feet.

Because the growing season begins with soils at field capacity,

and summer precipitation is infrequent, the spring moisture reserve

and seepage water represent the total available for the growing

season. For uniformity I sought areas with similar soU. depths and

avoided rocky areas. I assumed that biotic factors operate largely at

random, and that mechanical factors along with genetic variation in

a taxon are similar within the zone studied. This should leave solar

radiation to account for major differences in plant growth and

distribution. These differences may be a direct effect of light as in



the accumulation of photosynthate, or indirectly linked to radiation

which affects plant temperature and moisture loss.

My specific objective was to analyze the distribution of

vegetation and the growth of four conifers in relation to a light

gradient within three forest types. I sought biologically valid

statistical models relating tree growth to light received. I also

wished to analyze plant cover and floristic richness with respect to

light.
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Rationale for Selection

Plants intercept solar energy from all parts of the spectrurn,

absorbing some wavelengths while transmitting or reflecting others.

The 400-700 nanometer (nm) region is the most important area for

photosynthesis, and many other plant responses. The light received

during the growing season is of critical irnportance, but conifers

utilize light or photosynthesis during the dormant season as well

(Hodges, 1967; Larcher, 1969). For most plant studies, therefore,

the ideal instrument integrates energy received in the 400-700 nm

band for long periods of tirne (Anderson, 1964). Measuring the energy

received throughout the year or even the growing season is both expen-

sive and laborious. Also, for valid comparisons ecological studies

require large numbers of samples. As a compromise I chose to

record light at various micros ites throughout clear summer days,

assuming such measurements would be an index to the light regime

for the entire growing season at least in a region with predominantly

clear days. This scheme is supported by Vezina and Pech (1964) who

found that the scatter of values around the rnean daily solar radiation

decreases on clear days, and that the ratio of solar radiation in the

METH ODS

Inst r urn e nt at ion
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open to solar radiation in the stand does not change with sky con-

dit ion.

The Instrument

1 chose an ozalid paper technique of integrating light described

by Friend (1961) because of its simplicity for field use and low unit

cost. It yields a single value representing the light energy received

in the ultra-violet and violet wave bands. Through calibration the

value read from the instrument can be used to predict the energy

received in the 400-700 nm band. With this technique 1 measured

light at every sample tree and vegetation plot, making more than

350 light evaluations in all.

The ozalid paper light inte:grator is made up of several sheets

of ozalid paper which are bleached by energy in the 200-475 nm

wavelength band, having maximum sensitivity between 325 and 425

nm. When a small booklet of sheets is exposed to light the first sheet

bleaches, followed by the second, third, and so on. The intensity

and duration of the radiation determines the number of sheets

bleached. A one-square-inch booklet of 15 sheets is placed in a

glass petri dish and exposed to radiation through a one-square-

centimeter hole cut in a black construction paper cover. 1 After

exposure the ozalid paper is placed in ammonia vapor; the unexposed

'Note: Glass absorbs little energy in this wavelength range

5
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portion turns purple and the exposed portion stays white. After

development, the number of sheets bleached, or fraction thereof, is

easily determined. Friend (1961) provides detailed description of the

ozalid paper integrator technuique0

Calib ration

Calibration was accomplished by taking simultaneous readings

with the ozalid integrator and several other light measurement

instruments, including a Weston light meter, Kipp solarimeter, and

an Instrument Specialties Company (ISCO) spectroradiometer.

Calibrat ion was done on a clear day in June just prior to making field

measurements. Exposures of ozalid integrators were made at log-

arithmically increasing time intervals from one minute to an entire

day. Five ozalid integrators were used for each exposure time.

Variation between the five replications was small. Periodic readings

were taken with a Weston light meter, and at 400, 500, 600, and 700

nm on the spectroradiometer A Kipp solarimeter recorded continu-

ously. The observations from these three instruments were inte-

grated for the time intervals taken with the ozalid integrators and

regression equations determined. The regression equations allow

prethction of the energy received in a certain spectral range from the

number of sheets of ozalid paper bleached. The prediction equation

is of the form:



*
Bainbrigde, Evans and Rackham, 1966.

Y+C1
logX-

C
2

where log X is the common logarithm of the light energy received, and Y

is the number of sheets bleached. Constants C1 and C2 are different

for each instrument or unit of energy. The constants may also vary

with type of ozalid paper and possibly with different batches of the

same type paper. The correlation coefficient (r) and the coefficient

of determination (R2) between the number of sheets bleached and the

energy recorded on the various instruments were all, in excess of 99%.

Table 1 summarizes the values of the constants for different instru-

ments, wave bands arLd units. In this study I used the Llumber of

langleys in the 400-700 nm band to determine a pet centage of full

light scale.

Table 1. Summary of prediction equation parameters for the ozalid integrator.

7

Instrument
Spectral sensitivity

(wavelengths)
x

Units
Constants

Cl C2

Weston light meter 400-700 nm* foot candles 6.96 2. 2516

ISCO Spectroradio-
meter 400-700 nm

microwatts 7.822 2.2529
cm2

ISCO Spectroradio-
meter 400-700 im langleys -2.716 2.013

Kipp Solarimeter 300-3, 000 nm langleys -1.7617 2.0454



Limitations
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Any user should be aware of the nature of the above calibra-

tions. Since the ozalid paper is sensitive to only a small part of the

spectrum, any shift in the energy distribution from that of the calibra-

tion conditions will lead to errors in estimating light in a wider

spectrum

Federer and Tanner (1966a) showed that the spectral distribu-

tion of diffuse light is fairly independent of sky condition, but various

plant canopies including oak, pine, and spruce forests were selective

filters of diffuse light. Freyman (1968) reported similar results

under Douglas-fir, alder and lodgepole pine stands. They shielded

the sensor of the spectroradiometer so only diffuse radiation was

meas ured.

On the other hand, Atzet and Waring (1971) showed that when

both direct and diffuse radiation were integrated under dense stands

for daily periods there was little shift in spectral distribution in the

region from 400-700 nm. Hodges (1967) found that under a dense

Douglas-fir stand net photosynthesis was primarily dependent on

occasional sun-flecks, a conclusion which lends credence to using

unshielded instruments for estimating the ecologically important light

received. Brown (1970) recorded incident radiation under a dense

Douglasfir standby moving a Kipp solarimeter along a metal track at
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a slow rate. From these data I calculated that 63% of the energy

reaching the forest floor came as sun flecks. Therefore, I do not

believe the restricted spectral sensitivity of the ozalid integrator is

as serious as Federer and Tanner (1966b) indicated when they stated

the diazo (ozalid) papers are useful only for order of magnitude

estimates. At very least the energy values estimated with the ozalid

integrators are useful as an index of light received

Rough calculations show that in the extreme case, where the

forest canopy is so dense that no direct radiation could reach the

forest floor, the integrators could give estimates of photosynthetically

active light as much as three times the actual value. However, in

such case few plants of any kind can survive.

Another possible limitation is the subjective estimation of the

number of sheets bleached, particularly those sheets not fully

bleached. For this reason I maintained a set of standards represent-

ing full, three quarters, one half, one quarter, and no bleaching.

CaIdwell (1969) removed subjectivity by using a densitometer to

measure transmission of light through partially bleached sheets

I do not feel that any of the above limitations seriously restrict

the use of the ozalid integrators for ecological studies, as long as they

are taken into consideration. Further, in studies requiring large

numbers of observations, the integrators represent one of the few

feasible methods in terms of cost and field efficiency.



An Environmental Index for Light

The total radiation on a clear day varies depending upon

humidity, turbidity, particulate matter and length of the day.

Because of the travel distance involved, sampling was conducted over

a series of days (July 17, July 31, and August 20, 1969). Thus for

comparison the recorded values of light received were converted to a

relative light scale. At a selected open area, the recorded total daily

radiation (400-700 nm) was assigned a relative value of 100%. All

other readings were compared to this reference and expressed as a

percentage of full light (% FL). Because the bleached sheets were

estimated to only the nearest one-fourth, a discontinuous series of

values from 1.4 to 177% FL resulted.' Obviously the reference

sampling area did not receive as much light as some more exposed

slopes where higher reathngs were recorded.

Study Area

Two locations in the Siskiyou Mountains (R1E, T4OS) near

Ashland, Oregon were selected for study. In the first area (centered

around Bull Gap, two miles northeast of Mount Ashland) mixed

conifer and white fir types have developed on granitic soils.. Six

clear-cuts, two thinnings, and undisturbed forest were chosen for

sampling. All of the cut areas were logged from five to seven years

prior to the study and had been planted one or more times in an

10
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attempt to re-establish timber species. A second area was on meta-

volcanic parent material near Wrangle Camp, 12 miles east=

southeast of Mount Ashland. Here Shasta red fir (Abies magnifica A

Murr. var. shastensis Lemmon) was re-establishing itself naturally

15 years after clear-cutting. Both areas fell within the elevational

limits of from 4, 800-5, 800 feet, Table 2 summarizes the physiography

and sampling distribution in each area.

Sampling

To sample the radiation incident on a particular plant, ozalid

integrators were placed on hand-leveled platforms in the upper crown

of small trees, or above the herbaceous layer. In this way, no direct

shade was cast upon the integrators by the plant under study Tests

showed that leveling errors of up to 5% slope did not measurably

affect the light readings0 By starting the sampling period in the

evening, and collecting the integrators the following night, equal

exposure throughout daylight hours was assured Integrators were

preloaded and platforms pre-sçt so that 100 integrators could be

distributed in a half-hour period.

After collection, the exposed ozalid papers were removed from

the petri dishes, marked and developed, or stored in opaque boxes for

later processing. Ozalid booklets were developed by exposure to

ammonia vapor in a four-quart wide-mouthed jar. After about 20



Table 2. Summary of physiography and sampling.
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Abma = Abies magnifica A. Murr. var. shastensis (Lemmon)
Abco = Abies concolor (Gord. & Glend.) Lindl.
Psme = Pseudotsuga menziesii (Mirb.) Franco
Pipo = Pinus ponderosa Dougi. ex. P. & C Lawson

No. ofForest lighttype samples

Slope
(degrees) Aspect Condition Species

measured*

Shasta red fir
45 10-20 NNE-NW open &

forested
Abma

14 7-21 N forested Abma
14 20-25 WSW-NW forested Abma
12 15-17 W-NW thinned

forest
Abma

White fir-Shasta red fir transition
12 13-21 NNE-WNW forested Abma,

Abco
16 25-30 NW open &

forested
Abma,
Abmo
P sm e

White fir
24 25 NNE open &

forested
Abco

9 25 NNE open &
forested

Abco

Upper mixed conifer
13 22-30 5W-WNW thinned

forest
Abco,
Psme

16 26-30 SW open &
thinned

Abco,
Psme

Mixed conifer
30 22-30 NE-NNE open &

forested
Psme

36 17-24 NE-NW open &
forested

Psme,
Abco

Lower mixed conifer
8 15-20 5 open &

forested
Abco,
Pipo

30 19 S-SSE open &
forested

Abco,
Pipo



minutes in the ammonia fumes, the paper is no l.onger sensitive to

light.

Several clear-cuts, three thinned areas and uncut forests were

sampl.ed, offering a range in light as well as in tree growth and vege-

tation. Low density of trees in the forest understory discouraged a

random sampling design. Instead, samples were taken across a range

of light conditions where trees were established. Growth measure-

ments consisted of leader elongation for 1968 and 1969 and total height

on nearly 400 trees. Trees between 10 and 150 cm tall were measured

to the nearest quarter cm. All measurements were taken at the end

of the 1969 growing season.

Four tree species were measured: Pinus ponderosa Dougl. ex.

P. & C. Lawson., Pseudotsuga mensiezii (Mirb.) Franco, Abies

concol.or (Gord. & Glend.) Lindi.., and Abies magnifica A. Murr. var.

shastensis Lemmon. Shasta red fir established itself in both shaded

and open situations. Most open-grown Douglas-fir, on the other hand,

were planted, whereas those under a stand were established naturally.

AU surviving ponderosa pine were planted in areas with greater than

10% FL. White fir occurred naturally in shaded and sunny locations,

but those in the open were established before overstory removal.

Many of these trees were 50 years old and onl.y one meter hi.gh with

very little annual growth even after rel.ease. Perhaps such trees need

several years for root extension and crown development before a

13
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growth response can be expected.

Herbaceou.s and shrub species were identified on 256 (SOxlOO cm) plots:

48 plots in four vegetation transects, and 208 plots at points where light

measurements were taken on trees. After noting the species present,

I estimated their cover using a modified Braun-Blanquet technique

where each plant was placed into one of the following cover classes:

Class 6, covering 75-100% of the area,

Class 5, covering 50-75% of the area,

Class 4, covering 25-50% of the area,

Class 3, covering 5-25% of the area,

Class 2, covering 1-5% of the area,

Class 1, present but covering less than 1% of the area.

I measured slope in degrees with a Suunto slope meter, and aspect

to the nearest quarter cardinal direction (corrected for declination)

with a pocket compass.

Data Analysis

Twelve items of information were punched onto IBM cards:

plot number, tree species, total height of the trees, 1968 and 1969

leader elongation, percent full sunlight, radiation per day (400-700 nm),

the location of the plot, the total plant cover, aspect, slope and total

number of plant species. Length measurements were entered it2

centimeters, while tree species, aspect and area were coded
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numerically. I coded aspect to increase from north to south so that

a southwest and a southeast aspect received the same numerical code.

These areas may be ecologically similar, especially in terms of their

light environment, Frank and Lee (1966) show equivalent yearly

potential solar radiation on east and west aspects. Slope was entered

in degrees.

All observations were subjected to a general statistical analysis

to determine means, standard deviations, ranges and simple correla-

tions between variables. With multiple linear regression analysis,

relations between growth and the other variables were studied. These

statistical operations as well as the plotting of growth and cover data

were accomplished on the Oregon State University Control Data 3300

computer system.



RESULTS AND DISCUSSION

Leader Elongation

Graphic Comparisons

Within the area studied the growth of all species showed a

general increase with the amount of light received. Average and

maximum leader elongation of the four tree species in relation to

percent full light (% FL) are shown in Figures 1 and 2. Douglas-fir

was rarely found below 10% FL, but appears to exceed the growth of

the other species at light levels around 10% FL. The true firs were

much more abundant at the lower light levels than Douglas-fir, which

is consistent with their shade tolerant ecological role in plant succes-

sion. Below 10% FL the true firs were generally growing less than

5 cm per year, and ponderosa pine was not recorded at all. In this

area, ponderosa pine planted at its upper elevational limit showed a

general increase in growth as light increased. Atzet (1968), working

a few miles from my area, but on lower, hotter and dried slopes,

found that ponderosa pine needed about 20 to 30% FL to establish

itself naturally.

Variability in elongation was less at low light levels where the

standard deviations were small, and the maximum elongation was only

about 5 cm greater than the average. At higher levels the maximum

was often 10 or 15 cm greater than the average.

16
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Figure 1. Maximum and average leader elongation of Douglas-fir
and white fir.
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Since maximum growth of a particular species is important for

survival in competition with other species a comparison of maximum

elongations for three of the species is shown in Figure 3. Data for

ponderosa pine were insufficient for comparison.

Again there is a general increase in maximum elongation with

increase in light for all three species except at intensities above

100% FL. At 10% FL Douglas-fir exceeded the growth of both true

firs. In fact, not until light levels exceed 25% FL do the firs appear

to match or exceed Douglas-fir. The best growth for all three species

occurs around 100% FL where Douglas -fir, Shasta red fir and white

fir showed 46. 5, 40 and 26 cm of growth respectively. The maximum

elongations measured at the 100% FL were generally on trees occupy-

ing bare areas where there was little competing vegetation, and/or

seepage water may have been available at some depth.

The decrease above 100% FL suggests the trees were less

"efficient" at extremely high light levels. In fact Hodges and Scott

(1968) found that the highest daily rates of net photosynthesis for

potted Douglas-fir seedlings occurred at the outer margin of the

forest rather than in fully exposed areas. Although there may be

problems associated with their sampling cuvettes, excessive respira-

tion rates could initiate mid-day depression in net photosynthesis and

an overall decrease in efficiency. Looking at the atmosphere-plant-

soil continuum as a system, one can see how high light intensities may
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induce high temperatures, leading eventually to high moisture stress,

and stomatal closure0 If closure occurred for a sufficient period

during summer drought it could reduce yearly growth. Cleary (1970)

found on potted Douglas-fir and ponderosa pine that a drop in net

photosynthesis under high light intensities did occur when plants were
I

at high moisture stress, probably reflecting stomatal closure.

While these studies offer plausible explanations for the drop in

maximum growth at the extremely high light intensities, I feel the

drop in this case is more apparent than real. The number of samples

at high intensities was small, so the chance of finding a rapid grow-

ing tree was lessened. I support, therefore, the analysis of average

growth for a more valid comparison.

From Figures 1 and Z one sees the average leader elongation

of Douglas-fir and the true firs is not reduced at high light intensities.

Because photosynthesis is possible nearly year around, one must

weigh the accumulated advantage of favorable light against unfavorable

moisture stress during certain seasons. Apparently the detrimental

effects of high radiation on water loss or respiration are more than

compensated by a year around advantage in net photosynthesis.

The apparent growth advantage of Douglas-fir at low to

intermediate light levels was unexpected and demands further

investigation. To more readily compare somewhat limited data

collected on different days, analysis was performed by segmenting the



light gradient in the following manner:

Class Description Range (% FL)

1 low 0- 7

2 low-intermediate 7-15

3 intermediate 15-35

4 high-intermediate 35-90

5 high 90-177

Each of these light regimes includes three increments on the loga-

rithmic % FL scale, except for the low regime which contains four

increments. For each species, and each light regime the five top

recorded values were averaged. These averages are hereafter

referred to as "optimum leader elongation" for I feel they represent a

reasonable expectation for leader elongation in the field where compe-

tition exists but mechanical damage has been avoided. The optimum

leader elongations are plotted in Figure 4

The optimum Douglas-f i,r elongation in the low to high-

intermediate range is from 8 to 10 cm, rising to 30 cm at high light

levels. Shasta red fir rises gradually from 1, 2 to 12 cm elongation

between low and high-intermediate, then increases sharply at high

levels. White fir optimum elongation stays around 5 cm up to inter

mediate levels, and rises to 21 cm at high intensities. Surprisingly

Douglas -fir is equal to or greater than the true firs at all but the high

intermediate level. Just as with average elongation there was no

drop in optimum growth at high light levels.

22
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Since the observations for optimum growth were arbitrarily

chosen, no statistical tests were made. In order to make statistical

comparisons, I grouped all leader elongations by light regime by

species and compared them with the 't" test. The results are shown

in Figure 5. Only one Douglas-fir was found below 7% FL, but all

other plotted points are the average of at least nine observations. As

expected elongation of the white fir was significantly greater than

Shasta red fir at low light levels. Douglas-fir elongation was greater

than both true firs at low-intermediate and intermediate intensities,

significant at the 99% confidence level.

I feared that sampling of trees at different % FL levels and then

grouping the data in light regimes may have skewed the data in such a

way as to favor the Douglas-fir in these comparisons. For example,

the intermediate light regime includes trees found at 18, 24, and 32%

FL. For Douglas-fir only one tree was found at 18% FL while two and

six were found at the 24 and 32% FL levels. This skewing could have

an affect on the average leader elongation, since the data for the true

firs were uniformly distributed To test this effect, the same number

of samples from each % FL were randomly chosen from the true fir

data. In the example then, 1, 2, and 6 observations were taken from

the 18, 24 and 32% FL data for the true firs for comparison with

Douglas-fir. These comparisons show exactly the same pattern as

the previous comparisons. The statistical tests were weakened
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however, so that in two cases the significance level was reduced from

the 99 to the 98% level, and in the comparison of the white fir to the

Shasta red fir at low light levels the significance level was reduced

to 95%.

I must stress several limitations of these comparisons. First,

they are based on unequal samples of 57 Douglas-fir, 133 white fir

and 187 Shasta red fir, except as noted above. The trees compared

were often on different areas, and though they are within a 1, 000 foot

elevational zone, the environments may differ except for light. Many

of the Douglas-fir and white fir were side by side, but Shasta red fir

was seldom found with Douglas-fir. At intermediate light levels the

comparisons are between natural regeneration of all three species.

At high light levels the comparisons are between planted Douglas-fir

and natural true firs.

Tree size could affect leader elongation. Though the trees were

all between 10 and 150 cm tall at the end of the 1969 growing season,

there was a significant correlation between tree height and growth.

Eleven percent of the variation in 1969 elongation was accounted for

by variation in 1969 total height. A more valid comparison would be

between 1968 height and 1969 elongationq The average 1968 height of

Douglas-fir trees measured was 57.6 cm while that of Shasta red and

white fir were 64. 4 and 65. 5 respectively. In one case, however, the

average 1968 height of Douglas-fir at the low-intermediate light level
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was 20 cm greater than that of Shasta red fir. In all other cases the

advantage in initial height was with the true firs.

The results of all these comparisons, even considering the

limitations, suggest that at low-intermediate and intermediate light

intensities Douglas-fir has the capability to grow competitively in the

Eastern Siskiyou Mountains. The fact that Douglas-fir competes well

in the open is also confirmed. At low light levels natural regenera-

tion of Douglas-fir is rare, indicating that under such light conditions

establishment is difficult. From a forestry standpoint this pattern is

worthy of further study for it suggests the commerctally valuable

Douglas-fir may be maintained with true fir if stands are carefully

thinned. If natural regeneration cannot be attained, underplanting

in selective cuts could provide the needed growing stock. In the

Siskiyou Mountains area, at least on the dry sites, Douglas-fir is one

of the climax species. Here Douglas-fir regeneration might be

assured by shelterwood sUvculture. This could provide a desirable

alternative to clear-cutting and the associated difficulties with

regeneration, erosion and aesthetic values.

Simple Correlati.ons

The simple correlation coefficients between leader elongation

and various functions of light and physiography as well as to growth of

previous years are presented in. Table 3. The 1969 leader elongation



Table 3. Simple correlation coefficients between leader elongation, functions of light, physio-
graphy, and last year's elongation.

First Second Douglas- White Shasta Ponderosa
variable variable fir fir red fir pine

*A significant correlation at the 95% level of probability.
A significant correlation at the 99% level of probability.

Overall

1969 leader 1968 leader
elongation elongation . 78** 59** 86** . 79** 78**

1969 leader
elongation % FL . 63** . 58** . 70** . 18 . 6 l**

1969 leader
elongation (% FL)2 . 58** . 52** . 6 i**

1969 leader
elongation % FL x aspect . 55** . 63** 74**

1969 leader
elongation Log(% FL) . 58** . 55** . 63** -

1969 leader
elongation slope _.45** -.07 .41 79** .07

1969 leader
elongation aspect -. 17 . 10 .27** - . 17**

1969 leader
elongation tree height . 21* 27** . 48** . 86** 33**

No. of species % FL -O 57** -. 19* . 04 11 -. 16**

Total plant cover % FL 15 . 63** 05 34** 25**
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was highly correlated to 1968 elongation, suggesting the importance of

the individual tree and micros ite For Shasta red fir 74% of the

variation in 1969 elongation could be accounted for by variation in

1968 growth. This type of correlation cou]d be used in predicting

total elongation in subsequent years. For example, the 1970 elonga-

tion would surely be correlated with 1968 elongation, but a few

additional measurements in 1970 would be helpful to determine the

magnitude and direction of the difference.

The correlation of % FL to 1969 leader elongation for all

areas and all species was 0.61, SO 37% of the variation in growth was

explained by variation in % FL. For Shasta red fir 49% of the varia-

tion in leader elongation was accounted for on the basis of % FL.

Log transformations on % FL did not improve the correlation. This

is surprising since plant responses are often considered to be

proportional to the logarithm of light intensity (Anderson, 1964).

Leader elongation was also significantly correlated with s'ope and

aspect for some species, while % FL was sometimes correlated to

number of species present as well as vegetative cover.

Shasta red fir elongation was more directly corre'ated (r = . 70)

with % FL than was any other species. Since samples for this species

were exclusively drawn from natural regeneration in areas undisturbed

for 16 years, this may reflect the true ecological significance of light

better than the data for other species on more recently disturbed
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areas. A complicating factor for Douglas-fir is the probable genetic

differences between planted and natural stock.

Regression

Since numerous interactions are evident from Table 3 multiple

linear regression analysis was used to determine which variables in

combination explain variation in leader elongation. The 1969 elonga-

tion was usually considered the dependent variable while the following

listed variables were available to enter the regression equation:

1968 elongation (cm)

total tree height (cm)
tree species (coded)
area (coded plot location)

slope (degrees)

aspect (coded)

total plant cover (%)
number of plant species present
langleys received per day (400-700 nm)

% FL (percentage of full light)

(% FL4

log (% FL)

log (% FL)Z

(% FL) x aspect

(% FL)Z x aspect
log (% FL) x aspect

A comparison of the factors that explain variation in leader

elongation is shown in Table 4. The order of independent variables in



Table 4. Summary of variables contributing to explanation of variation in elongation, and the final
amount of the variation explained (RZ - coefficient of multiple determination).

Dependent Independent variables RZ
variable One Two Three F our

Douglas - fir

aspect - - . 571969 elongation (% FL)

1969 elongation 1968 elongation % FL slope - .74

Shasta red fir
slope % FL x aspect (% FL) x aspect . 611969 elongation % FL

1968 elongation % FL slope % FL x aspect (% FL)Z x aspect .58

1969 elongation 1968 elongation % FL x aspect area - .79

White fir

aspect - - 441969 elongation % FL x aspect

1969 elongation % FL x aspect 1968 elongation % FL total height 58

Ponderosa pine
- - - .741969 elongation tree height

All species (all areas)
% FL slope tree species .451969 elongation % FL x aspect

Limited area
Shasta and white fir

1969 elongation log % FL x aspect vegetation cover aspect log % FL .75

Ponderosa pine,
white & Doug. fir % FL tree species langleys (% FL) 66
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the table reflects a ranking of variables in their ability to account for

variation. The number one independent variable accounted for the

greatest amount of variation when taken alone. The number two

variable explains more of the remaining variation than any of the

other choices, and so on. The B2 value signifies how much of the

variation in the leader elongation is explained by the independent

variables listed.

When the 1968 leader elongation was allowed in the choices, it

was the first independent variable chosen for all species except

ponderosa pine. In ponderosa pine the greatest amount of variation

was explained by the total height of the tree, followed by 1968 elonga-

tion and slope. Equations with 1968 elongation anda"% FL term" (any

term including % FL or transformation of % FL) accounted for 79

and 74% of the variation in elongation in Shasta red fir and Douglas-fir

respectively. For the three "firs" a % FL term invariably entered
2first when the 1968 elongation was excluded. An equation with (% FL)

and aspect terms accounted for 57% of the variation in elongation for

Douglas-fir. For Shasta red fir, % FL, slope, and two % FL x aspect

interaction terms accounted for 61% of the variation. For a limited

area (one square mile) a regression equation with only % FL x aspect

accounted for 69% of the variation. On the same area % FL, aspect

and total cover terms accounted for 75% of the variation.

Considering the number of factors not measured in this study,
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the percentage of variation explained in the regression equations are

surprisingly high. The micros ite as well as macros ite differences in

available water and nutrients along with genetic variation from plant

to plant and from area to area are surely important in determining

growth. Disease and mechanical damage must also introduce growth

differences. These factors are all subsumed into the error or

unexplained variation.

A comparison of equations with 1968 and 1969 elongations of

Shasta red fir is also shown in Table 4. It is assuring to note that the

same variables entered the equation, and approximately the same

amount of variation iS explained for both years.

In many cases n interaction term with % FL x aspect or simply

aspect entered the equation, emphasizing the importance of aspect.

Slope also enters often so it also indirectly influences growth Both of

these factors influence the amount of light received for the whole

year, and their full affect on the light environment cannot be mea-

sured by a single suthmer measurement of light Frank and Lee

0(1966) show that at 42 north latitude, a 30% north slope received

radiation equivalent to a level area at 58 70 on a yearly basis. This

type of compensation is further complicated by a forest canopy, and

the geometry of the sand boundaries near openings Because this

study did not include all aspects or reasonable slopes, the full

importance of slope and aspect may not be demonstrated,
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Total plant cover and number of plant species (floristic rich-

ness) entered the regression equation only for local areas There-

fore, cover and number of species is of only local utility. This is

probably due to differences in available water near the soil surface.

The inclusion of the langley term as a possible independent

variable was considered a test to see if the % FL scale was more

useful in predicting plant growth than the absolute value for radiation.

The test confirmed the usefulness of the % FL scale, since % FL

better explained variation in elongation than the absolute value. This

does not mean that the absolute values are not important, but for

comparisons between different sites measured on different days the

percentage of full light scale is more desirable.

Vegetation

Of the 256 vegetation plots, 48 were in four transects centered

at the stand border, while the others were near the trees measured

for growth. Ozalid light integrators placed at logarithmically

increasing distances from the stand border effectively sampled the

light gradient. The pattern of daily incident light energy is shown in

Figure 6. The distance from the stand border required to reach

maximum or minimum intensity is a function of the height and density

of the stand. As shown in the lower half of Figure 6 the pattern

holds for both clear and cloudy conditions. Diffuse radiation reflected
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and transmitted by the clouds as well as particulate matter differ-

ences are responsible for the larger total on the partly cloudy day

About half of the more than 90 plant species identified on the

vegetation plots occurred often enough to warrant further examination.

These species are listed by light class in Table 5. Virtually all of the

plants listed occurred at most light intensities. A few were not found

at either the high or low extremes, and may be useful as light

indicators. Anemone deltoidea was never found covering more than

5% of ground area at high light levels. Trillium ovatum,

Adenocaulon bicolor, Pedicularis racemosa, Pyrola secunda and

Synthyris reniformis were never found above 60% FL. On the other

hand, Collomia grandiflora, and Penstemon anquineous were not

found below 25% FL. Also of indicator value are Epilobium minutum,

Pteridium aquilinum and Symphoricarpos mollis which did not occupy

more than 25% of the ground area unless there was more than 25% FL.

Examples of individual species presence and cover are shown

graphically in Figures 7 and 8. As with occurrence, the ranges of

maximum cover are quite broad. Nomenclature follows Munz (1965),

with Peck (1961) as a supporting reference.

A few shrub species are worthy of special mention. Three Ribes

species were found: Ribes lacustre (Pers. ) Poir. , Ribes lobbii Gray.

and Ribes viscosissimum Pursh. Ribes viscosissimum occurred at

values as low as 6% FL, while the other species were not found below



Table 5. Common plant species with maximum cover listed under % FL class.

Species
%FL

0-3.5 3.5-6 6-11 11-25 25-60 60-100+

Trillium ovatum Pursh. 1 5 5 5 5**

Adenocaulon bicolor Hook. 5 25 25 5 25

Pedicularis racemosa Dougl. 1 5 1 5 5

Pyrola secunda L. 1 1 5 1**

Synthyris reniformis (Dougl. )Benth. 5 5 5 25

Chimaphila menziesii (R Br. ex. D. Don) Spreng. 1 1 5 25 25

Anemone deltoidia Hook. 5 5 5 5 1 1

Viola glabella Nutt. 5 5 5 5 5 5

Mitella trifida Grah 5 5 5 5 5 1

Osmorhiza chilensis (Hook.) Am. 5 1 1 1 5 5

Arnica latifolia Bong. 5 50 25 100 75 25

Chimaphila umbellatum (L.) Barton var.
1 1 1 25 1 1occidentalis Rybd. Blake

Fragaria californica Cham. & Schlecht. 1 5 5 25 25 5

Vicia americana MuhI. var. oragana (Nutt.) Nels. 1 1 5 25 50 1

Trientalis latifolia Hook. 1 5 5 5 5 1

Rosa gymnocarpa Nutt. 1 1 5 5 5 5

Galium triflorum Michx. 1 5 5 1 25 5

(Continued on next page)



(Continued on next page)

Table 5. (Continued)

Species %FL
0-3.5 3.5-6 6-10 10-25 25-60 60-100

Campanula scouleri Hook. 1 5 1 25 5 25

Actea arguta Nutt. 25 25 5 25 50 25

Valeriana sitchensis Bong. 5 1 25 25 50 75

Rubus parviflorus Nutt0 5 1 1 25 25 75

Montia siberica (L.) How. 1 1 25 25 1

Hieracium albiflorum Hook. 1 1 5 5 5

Smilacina stellata (La) Desf. var.
5 25 25 5 25sessilifolia (Baker) Henders.

Smilacina racemosa (L) Desf. 5 1 5 1 50

Clintonia uniflora Schutt. 1 5 5 s s

Arenaria macrophylla Hook 1 1 5 5 5

Lathyrus polyphyllus Nutt. 1 1 5 25 25

Chrysopsis oregona Nutt. 1 5 5 5

Symphoricarpos mollis Nutt. 25 25 25 50 75

Microsteris gracilis (Dougi. ex,Hook) Greene 1* 1 1 1

Penstemon nemorosis (Dough ex. Lindl.) Trautv. 1* 5 5

Phacelia mutabilis Greene 1** 5 25 25

Monardella oderatissima Benth. 1* 5 5



Observed only once at that intensity

Observed twice at that intensity.
Maximum cover found in each light class.
Nomenclature follows Munz (1965) and Peck (1961).

Table 5. (Continued)

%FL
Species 0-3.5 3.5-6 6-10 10-25 25-60 60-100+

Pteridium aquilinum (L.) Kuhn. var.
1* 5** 50 75pubescens Underw.

Epilobium minutum Lindl. 5 1 25 25

Collinsia parviflora Dougl. 1 5 5

Collomia grandiflora Dougl. 5 5

Penstemon anquineous Eastw. 25 5
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18% FL. Acer glabrum Torr. varDouglasii Hook.was found at light

values as low as 4% FL. Pachistima myrsinites (Pursh. Raf)

occurred as low as4% FL and as high as 100% FL, but was most

common between 13 and 42% FL. The half shrub Linnea borealis L.

var. americana (Forbes) Rehd. was limited to moist sites and was

found between 5 and 24% FL. Berberis nervosa pursh. was limited

to lower elevations and occupied a range from 4 to 100% FL0

Three plants were noted for their high coverage at low light

intensities. Adenocaulon bicolor, Arnica latifolia, and Symphori-

carpos mollis may cover over 25% of the ground area at 6% FL or

higher. Species of Graminae were found at low cover values on all

areas at all light levels above 3% FL. Pteridium aquilinum was found

at all light levels above 5% FL but only from 60 to 100% FL did it

cover more than 75% of the ground area. Some plants, such as

Viola glabella and Arnica latifolia were found at higher light intensities

only on moist cool sites at higher elevations.

Some plants may be listed at higher light levels than they could

ecologically compete, since the light sensors were set on raised plat-

forms where trees were sampled. Small annuals such as Trientalis

latifolia, Campanula scouleri, Montia siberica and Arenaria macro-

phylla were shaded considerably by the sample tree, or other taller

vegetation.

If one imagines a plant indicator for light as limited to a certain
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range of light intensity by its inherent set of physiological processes,

then an indicator of low light could photosynthesize efficiently only at

low levels. At high light intensities respiration would be exorbitant

or chlorophyll destruction so complete that net photosynthesis would

be negative. A high light indicator would under no circumstances

exist at low light levels. This study shows that the situation is rarely

that simple. Instead the plant is limited by numerous interacting

factors, i. e., physiological limits may not explain ecological dis-

tribution or abundance.

In the Siskiyous Lt is probably a plant-light--water interaction

that is most commonly operative. With a marginal water supply,

light becomes a limiting factor. When there is abundant water, most

plants can occur under a wide range of light conditions. Even where

water is limiting in late summer, annuals can flourish, flower and

fruit early in the season. The perennials have a large enough root

system to tap subsurface water. At the elevations sampled in the

Siskiyous, moisture and temperature are relatively favorable for plant

growth (Waring, 1969), 50 it is not surprising that most plants can

survive at less than 3% FL and up to 100% FL

Likewise, plant cover and floristic richness do not appear

sensitive to light except at extremely low levels. As many as 1Z

plant species with 80% ground cover were recorded at Z% FL Still,

there is a general increase in average cover with increase in light



44

(Figure 9) suggesting the classic relationship mentioned by Anderson

(1964). Also in Figure 9, the average number of species on a plot is

shown in relation to the % FL scale. Only below 3% FL does floristic

richness show a decrease.
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SUMMARY AND CONCLUSIONS

To determine the influence of light upon tree growth and floritic

composition within environmentally defined vegetation types was the

object of this study. An ideal testing area with predictably clear

summer days was found in the Siskiyou Mountains of southwestern

Oregon. There, the vegetation and tree growth have been interpreted

with respect to defined moisture and temperature gradients. An

ozalid paper integrating light meter was calibrated to evaluate light

in the 400-700 nm range critical for plant growth and development.

The growth of four conifers was analyzed with respect to a light

gradient in an area where the moisture and temperature regimes were

similar. The distribution of individual species was also recorded and

analyzed for the same light gradient.

Because the correlation between ozalid integrator meters and

standard photometric instruments proved better than 99%, the ozalid

integrators are recommended for many ecological studies, although

an integrated reading and narrow spectral sensitivity may offer some

limitations, The light index established was useful in explaining the

variation in tree growth and plant distribution.

The maximum, optimum2 and average leader elongation for

trees about one meter tall under a defined temperature and moisture

2ltOptimumn is defined as the average of the five highest recorded
values in a light class.

46



regime at 100% full light (100% FL) were as follows:

47

Maximum growth took place at 100% FL while the greatest

average elongation took place at the highest recorded light values,

which were 177% FL.

Leader elongation varied from year to year, but a strong

correlation between years exists. Douglas-fir had greater leader

elongation than either of the true firs at intermediate light levels.

This suggests that, once established, Douglas-fir can compete at

intermediate light levels, and indicates the need for more broadly

based studies, Where they grew together, white fir grew better than

Shasta red fir at the lowest light levels. Leader elongation was most

highly correlated with the % FL, and less highly correlated with

aspect, slope, and total tree height. When all species and all areas

were included, a regression equation including tree species, % FL,

and aspect terms accounted for 45% of the variation in 1969 leader

elongation. For true firs within a limited area, 75% of the variation

in leader elongation was accounted for by % FL, plant cover, and

aspect terms in a multiple regression equation.

Maximum
(cm)

Optimum
(cm)

Average
(cm)

Douglas-fir 46, Z5 31.6 17.9

Shasta. red fir 40,, 5 Z8. 7 19.0

White fir Z6. 5 Zi. 8 14.5

Ponderosa pine Z8, 5 - 15.0
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Several plants were found to be indicators of low light levels.

Adenocaulon bicolor, Pedicularis racemosa, Pyrola secunda and

Trillium ovatum were never found above 50% FL. On the other hand,

Collomia grandiflora and Penstemon anquineous were not found below

24% FL and Collinsia parviflora was absent below 10% FL0 Certain

plants were found at most light intensities, but required high light

intensities to attain high coverage. For example, Pteridium

aquilinum and Symphoricarpos mollis had high coverage only above

24% FL. Most plants occurred at all light levels.

Vegetative cover and species richness were not strongly corre-

lated with the amount of light. In the study region, cover and number

of species seemed more strongly influenced by available moisture

than by light.
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