A Spherical Densiometer For Estimating
Forest Overstory Density

ForesTeRrs, coologists, range seientists and
many others recognize that forest averstory
is important to the plant coonmunity, Tt af-
fects such basic habitat factors as light, mois-
ture, wind and temperature.

Light is requived for the growth of most
plants and is characterized by four attri-
butes: quality, direction, intensity, and dura-
tion (Weaver and Clements, 19629).
When a forest overstory is present it may
alter one or more attributes of the Tight that
peneirates into lower portions of the tree
crowns, to the understory plants, and to
the forest floor,

A forest overstory may intercept snow
and rain causing a loss of potential seil
moisture due o evaporation from exposed
and greatly increased surface areas. Tt may
have an important influence upen the ac-
cumulation and melting of snow and e
(Craddock, 1954),

Interceprion of rainfall by a forest over-
story and increased evaporation result in a
conling effect on the temperature. Insula-
tion against direct radiation from the sun,
mederation of wind currents, and cooling
due to shading, reduce transpiration from
plants and evaporation from bath seil and
plants, .

Many instruments and methods have
been used to study the influences of forest
overstory. Examples of such instruments
and methods are: photometers (Weaver
and Clements, 1929; Massz, 1953), light
meters { Jackson and Harper, 1955), pho-
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tographic  methods  (Suzuki and  Saton,
1955), densibmeters  and  ceptometers
{Rebinson, 1947; Ingeho, 1955), vertcal
crown projection methods, and ocular csti-
mations of overstory density. )

Studies of forest overstory density are
made by foresters to establish spacing stand-
ards in forest thinnings and to determine
light requirements for regeneration.  Sail
Conservation Service technicians  record
measurements of overstory density during
field studies made w relate soit and other
environmental factors to growth of trees
and grasses. The anthor designed an in-
strument to make measurements of over-
story density easily and accurately. This
paper describes the instrument and gives
some data on its reliability in use.

Development and Description of
Instrument

Ocular estimations of overstory density
were used in preliminary work, These were
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lism M. Johnson, Prineipal 8oil Correlator,
Berkeley, Californiz; and many other Soil
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ount the West,

intended to estimate rclative arez of crawn
coveriage by vertical crown projection meth-
eds. The first instrument used by the au-
thor was a densiometer patterned after that
described by Rabinson (1947). A flat mir-

ror was used in this instrement which lini-

ited the size of the overstory sample being
measured. A large number of measure.
ments was therefore needed 1o get a relinble
estimation. The instrument was also large
and jncenvenient to carry. Swudy and dis-
ctussion of the problem suggested the nge
of a curved or sphevical mirror o reflect a
larger sepment of the overstory.  [ngeho
(1935) employed this principle in his Eep-
tometer, An improved methed of delfineat.
Ing ar area of overstory on the mirror for
density estimatinns was sought. After much
study and trial, spherical densiometers de-
scribed briefly in a discussion of Tngeio’s
paper were devised.!

, 'wo models, A (Fig. 1) and B (Fip.
2), have heen adopted s standard. Each
employs a highly polished chrome mirror
2}z inches in dizmeter and having the
curviture of a H-inch sphere, The convex
side of the mirror is used in Model A and
the concave side in Model R, Eack has

lThc first spherical densiometer was 2 G-inch
hemisphere with & mirror surface and a fange
at the base fike the brim of 2 hat. It was fixed
W camera tripod. Many kinds of grids for
cstimating area were tested. One was z wire
hoop with square cros-sectional markers held
about one to two feet above the hemisphere in
Sl.lch a way that its reflection foll preciscly on a
circle marked on the surface of the wmirror,
This grid could be superimposed at will op
the BHIFOT 4t any point representing changes
in direction of incoming light throngh the
oversiory, "This grid is perhqum the most accu-
rate and has several interesting  possihilities
However, there are some mochunical problems
of sapport and the instrument js cumbersome.
In fzct, the hemispherical mirror ieself is larger
than necessary bercause it reflects side and even
ground areas a5 well a3 overstory, Only a smal
part of a-spherieal mirror is needed 1o reflect a
large enaugh area of overstory for measurg.
ment.

some advantages over the other, Concave
tnirrors invert the reflected image. The re-
flection 35 less clear thanm in tonvex mirrors
unless the viewer closes one eye, The ill'E.'.l
nf' averstory being measured vhy i concave
mirrorican be more nearly overhead he.
cause the head of the viewer may he ecasily
kept ousside the angle of reflectipn, Tden-
tification of reflected objects is more diffi-
cult in.thc concave mirror dae mainiy 1o
Hnage inversion,

N ] R .

Tioune 1. Spherical demsionieter, Model A,
wwith estimating grid scratched on the strface
of the convex mirrar.

" re ,

l"lGU:ru-: 2. Spherical densiometer, Modd 1,
with estimating grid superitposed hetiecer
Mf’ eve and the surfece of the concave
miirror,
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TABLE 1. Analysis af varianca: test of spherical deusioneter,

Source of variation

Degrees of freedom  Sums of squares

Mean sguares Variance rativs ()

3.38
Ifmru"w"u :i 63,:;3 1();?2. 7(‘:».73;'”
gl::ril:u I 3 308 103 ‘J.q -
I“:I::::::Em and forests [ 1,017 :::;(3) ;.;.:;
Forests and operaters 18 3,;{:2 o o
ot & sgsrstos lg 2,582 142
:'[l:":;:: 33 71,351

#sGienificant at 9996 level,

The mirrers are mounted in smlali
wooden recessed hoxes with hinged 11{15
similar to compass hoxes. The over-all di-
mensians are abaut 334 3 314 X 114
inches. A circular spirit level is '114101.1111.(3(1
{recessed ) beside the mirrors. Paositive slfdc
fasteners are provided in Model B which
allows the Tid 1o open to an angle of about
45 degrees. .

Cross-shaped and circular -grids with
squires and dots are used to estimate cjv'cr-
story coverage by tree crowns. Grids are
of twe kinds: (1) those scratched upon the
surface of the mirror, Model A, fm(l (2}
those superimposed berween the mirrer and
the eye, Model B.°

The crosssshaped grid seratched upon
the convex surface of the mirror i{l Model
A has 24 quarter-inch squares .(Flg. 3A).
Tnstructions for using the densiometer and
cumulative values for the squares on the
grid are shown on a chart that is nttnchefi
to the inside of the box lid (I'ig. 3B). IF is
easier and [aster to estimate the rel'atl‘ve
amaount of overstary coverage with this in-
strument by assuming the presence of 4

egui-spaced  dots in E:zFiz square :m.d by
counting dots representing openings in t!w
canopy. The percentage of overstary density

“Grids superimpesed hetween the mirror
and the overstory have been used by I?gcbo,
1935 and Rabinson, 1947, and were tried by
the author, (Sec footnote 1),
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is then nssumed to be the cnmpiemeflt of
this number. Each assumed dot is asmg‘ncd
a value of one percent in this case. A sllght
discrepancy cxists hctwelcn estimasions using
the squares and estimations by counting as-
sumed dots, because there are nnl-y 96 dots
in the entire grid area. Cumulative values
of the squares shown in l.he chart th.lll"ll]'] to
100 percent for the entre area within the
grid. If desived, one may caleulate the ex-
act percentage values for each assumed dot
and thereby make the two methods of usg
exactly comparable. Tam prcsentc_d for this
instrument were based on cumulative values
the grid squares, - '
o I\’Iacélge] B ?ms a circular grid. The circle
is one and one-half inches in diameter su-
perimposed over quarter-inch squares. Each
seare has four equi-spaced {lot? .(.l* iz. "Iul‘\}.F
This grid s made from a positive print of
a photographic film mounted betw_ec:n thin
sheets of plexiglass and fitted into the
window of the box lid. Instructions [or
vperating Madel B are given on a chart
mounted on the battom of the instrument
box (Fig. 4B). The operator estimates
overstory density by countng the dots rep-
resenting overstory openings and assuming
this to represent the percentage of non-
covered overstory area. Here again a slight

discrepancy exists because there are only

96 dots included within the arca of the

circular grid. Exact percentage values fm'.
each dot may be caleulated to estimate }}hc
entire circular area as 100 percent. This
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Figung 3, A, Cras~shaptd grid scratched on
the convex surface of the mrirror i Model
A, Eech sguare i Y inch o pa side. B. In-
strictions for niing Model A, This i fast-
ened to the inside of the Iid of the mount-
ing kox,

refinement s not considered necessary for
ordinary use of the instrument.

The kind, size, and shape of the grid
may be designed to meet the needs. Such
things as amount of lateral coverage, desire
for sampling specific overstory areas from
a point, and ease in making the estimation
are considerations in designing the grid.
Small zherrations in the cross-shaped grid
scratched on the surface of the curved
mirror are thought to be within the ac
curacy of the instrument and are not fm-
portant sources of error.

The degree of carvatre of the mirrar
may be sclected within limits to meet the
needs of the investigator, It seems im-
portant, however, to have mirrers with
known physical properties of curvature.
Mirrors with curvature of a -inch sphere
have been satisfactory in work with Douglas
fir, ponderosa pine, lndgepole pine and
ather western conifers, They reflect an
area of overstory large enough for accurate
estimations of covered and non-covered
areas. Curvature has not caused appreciable
inaceuracy due tn scratching a grid on the
surface, veading the instrument, or fitting
it into small compact portable units, Stand..
ardization of mirror curvature, grid size
and design and methods of using the in-
strument are necessary to provide com-
parable information that can he duplicated,
Operators need a fitde training to become

I
Ficune 4. A, Cirenlar grid superimposed be-
frwoen the eye and the comease mirror i
Model B, Each square i Y inch o ¢ side,
B. Insiructions for wsing Model B, This

is fastened to the bottom of the mounting
box,

consistent in the use of the instrument.
Judgment and experience § needed ta
differentiate between overstory areas that
are considered completely covered by the
overstory and those that have thin hut wnj-
formly distributed coverage. In the latter
case it may be necessary to estimate the
area of many small frregular openings and
reduce the percentage overstory density by
the sum of these. Training and experience
are needed for each different forest species
of type because of the differences in over-
stary characteristics. The season of the year
is important when making measurements in
forests containing deciduous species,

Experience has shown that sufficient ac-
curacy can be attained with the spherical
densiometer by holding it as nearly level
as possible in the hand. This is made possible
by installing a circular spirit level 3n the
mounting box. No  mechanical support,
such as a tripod, is needed, This adds to the
practicability of the instrument in use,

Using the spherical densiometer, Soil
Conservation Service technicians-measure
averstory density facing each of the four
cardinal directions at each sample point,
Since the overstory area measured by the
spherical densiometer s not directly over-
head, this gives added information ahout
overstory  density in different  directions.
Slope percentage and aspect are always
measured by supplementary equipment. Tt
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has.not been necessary to install compasses
in the densiometers currendy in use al-
though this could casily be done if desired,
Variations in Qverstory Density
Overstory density measurements were made
in several pondernsa pine forests in south
central Oregon and south central Washing-
ton... Each of four different operators used
both Model A and B instruments. Each
operatar measured the overstory density at
four points, north, east, south, and west
around a reference tree. The reference
tree in cach case represented a typical dom-
inant or codominant in the stad. The
points selected around each reference uee
were far enough away so that the crown of
the reference tree was just outside the over-
story. area being estimated, This b equiva-
lent to 28 forest measurements made by
cach of four different operaters hy each of
twe different instruments. Care was taken
to prevent one operator fram knowing the
results of any previous measurement dur-
ing the work, .

The datn were subjected to an analysis
of variance by standard procedures (Table
1}. There praved to-be no significant dif-
ference among measurements. made by
different operators or with different instru-
ments,-None of the interactions were sig-
nificant, The only variable showing sig-
nificance was that of forests, All other
sources of varintion were therefore pocled.
When - the error term was thus increased
to 49 degrees of freedom, the variance ratio
due ta forests was 60.9, a value significant
at the 99 percent level,

Fiducial limits of the-mean of total means
were set up for different fevels of probability
based on this latter analysis. These fiducial
Himits were based on means of feur measure-
ments.” Division by four would show ex-
pected variations at-the different probability
levels for actual overstory density measure-
ments. For instance, the oveistory in forest

FThe limits are == 5.3 at theo70% level,
st Ok at the 5% level, and ==-12.5 at the
196 level,
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42 (instrument A, divection N and in-
strument 11, direction N) was measured 8
fmes with the follewing results: 71, 71,
67, 67, 71, 65, 74, and 66, The mean
of these messurements is 69 percent. At
the 70 percent level of probability results
are reliable within 2z 13 percent—a co-
efficient of variation of 2 percent of the
mean. At the 95 percent level of prob-
ability the results are relizble within = 2.4
percent—i coeflicient of variation of a little
over 3 pereent, At the 99 percent level of
probability the reselts are reliable within
== 3.1 percent—a coeflicient of variation of
a Hule over 4 percent. Both instruments
apparently give consistently accurate meas-
urements of [orest overstory density, re-
garilless of operator. The spherical densi-
ameter is therefore a practical and relable
instrument for obtaining comparative in-
formation about farest overstory density for
whatever purpose this information may be

sought,

In the past, oversiory density usually has
been estimated and assigned to classes, hath
in accumulating feld information and in
analyzing results, With the spherical densi-
ometer this is not necessary, for overstory
density can be menasured easily, quickly
and aceurately. If overstory density classes
are needed to simplify caleulations and
analyses the class interval can be more
narrowly defined by data abtained with
this instrument, 1

Tests have been made to show reliability
when forests are assigned to 5 percent over-
story density classes by the spherical densi-
emeter. Data used in computing Table 1
have been combined with additional data
far this test (Fig. 5). Each of the 416
single measurements was allocated o a
density class established by the average of
the 4 measurements of each individual
forest overstory sample. These included
measurements by four different operators.
Tar instance, forest 42, instrument B;
direcsion N the measurement 71 by oper=
ator | was placed into density class 68 to 70
estabished for the averape (69) of 71, 65;
74, and 66, the measuréments of operators
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Ficune 5. Relstion af stendard deviation ond

variafion cocfficient te  coerstory density
clasres, ’

‘] » 2, 3, and 4, respectively. Variation shown
in Fig. S has been caleulnted arcund the
mean of all the measurements within each
class and not from the centeal class value,
The dat include all 224 single measure-
ments used in Tahle | and 192 additional
measurements all made with instruments
of the Model A type. These additinnn]
measurements were equally divided among
four different operators and incladed, as
hefore, readings facing N, E, 8, and W at
each point in 9 additional forests, These
Forests included coast Douglas fir in western
\‘Vzl.shingtnn, ponderosa pine and mixed
_comferous forests in northeastern Wash-
ngton,

The standard deviation and coeflicient
of varfation of the mean of all measure
menis within each class were plotted against
the mean {IMig. §). Harmanized, free-
llilﬂd curves were drawn among the paints,
These curves indicate that variation among

measurements increases as the overstory
density decreases, This seems ta agree with
the findings of Jackson and Harper
(1955). There is litele significant change
i consistency of measurements  above
about 60 percent overstory density, Actu-
aily, the reliability of measurements in
forests of only 50 percent overstory density
i entirely satisfactory for most purposes, In
use, the refiability would be reflected by that
Eortion af the curves to the right of the
50 pereent overstory density class becanse
an aperator will naturally tally the arens
that are covered with m‘urstnrx;' instead of
the areas that are not covered when mensu -
ing forests of low overstory density.

) When assigning forest uverstory to den-
sity cinsses by means of the spherical densia
ometer some loss in accuracy resuls, 1§ 5
percent classes are used as in Fig. 34, re-
liability of measurements of about the arder
of = 5 percent can be expected (with a
probability at abour the 68 percent level)
E\zr'ai‘} density clisses above 50 pereent,
Phis is in contrast to a reliability of ahout
& 1.3 percent when actual measurements
)vﬂith the spherical densiometer are tabulated,
Fhe coeflicient of variation (Fig. 3B,)
amounts to ahout 5 percent for all density
classes above 70 percent and increases to
zbout 13 percent for classes down to 50
pereent overstory density.

Sunmmary

’l;hc spherical densiometer has heen de-
signed as a pocket type, casily used, highly
accurate and practical instrument [or de-
termining from a point the relative amount
af light that is cut off by specific arens of
the forest overstory. It can be used equally
well by the scientist doing highly techaical
sesearch work, or by the practicing fovester,
range conservationist or plant ecologist,
Two models of the spherical densiometer,
A and B, have been standardized. Both are
based on the wse of curved (spherical)
mirrors which reflect the mverémrv con-
ditions at a point and make possible the
estimation of velative amounts of ares
cavered amd not covered, Measurements
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arc.made by means of various kinds of grids,
Model A has 2 cross-shaped grid with -
inch squares scratched upon the surque of
the mirvor. Model B is provided \Vlt.ll a
circular grid superimposed aver '/.-/;—mc.h
squares, each of which containg 4 equi-
spaced dots. This is mounted m.thc lid
of the mounting bex to be superimposed
between the mirror and the eye of the
aperator. )

Trials by different operators Wll.‘h‘h()th
instruments have shown that there i no
significant difference among measurements
GEO\'E[‘SUH‘}" density made by different aper=
ators or with different instruments. Dif-
ferences in forest overstory density, how-
ever, can he nagsegsed with an unusuaily
high degree of fidelity. Fm; instance, at
the probability levels of 70, 95 and 99 per-
cent, average measurements of the same
overstory area can be expected to be within
= 1.3, & 2.4 and = 3.1 percent respec-
tively. These variations are about 2, 3,
and 4 percent of the average overstory
density miecasurements vespectively (the co-
efficients of variation.)

Tests were made to show the influence
upnn expected variahility of measurement
when assigning overstory density to cass.
Twa conclusions are ohvious: (1) Varia-
tion amang replicated measurements in-
creases with a decrease in the overstory
density.  This is kmportant in forests with
overstory densisy varying from 1(‘}0 down
to about 50 percent. In forests with lower
nverstory density the operator nntur;l'll_v
tallys the arca covered with overstory in-
stead of the area not covered. The variation
in reliability, therefore, never exceeds that
shown for about 50 percent overstory den-
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sity, (2) There s a loss in reliabilicy of
measurements when  forest overstory i
assigned to an overstory density class .hy
the spherical densiometer over that of using
each measurement directy.
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Germination o f Slash Pine Pollen in Vit

For mawy spreres of plants, tests of pollen
germination fr witro are used to indicate
their poilen vizbility, Variation in germina-
tion percentage may be caused by facrors
such as drying methods, methods of extrace
tion, conditions during pollen extraction,
starage conditions, germination techniques,
temperature, relative humidity, and arganic
and inorganic nature of media (Lidforss,
1899; Brink, 1925, ’Connar, 1927,
Dengler and Scamoni, 1939; Smith, 1939,
1942; Saarnljoki, 1941, O'Kelley, 1954,
Duffield, 1954). Different tree species
show o much varfation in chemical re-
quirements for germination of their pollen
that a given medium can be considered
standard for only a few, Twe widely used
mediz are 5 t0 10 percent sucrose solutions
(or sucrose-agar blocks), and distilled wa-
ter (liquid or vapor). In view of the fact
that many species respand to varying media
combinationg, a study of the effect of vari-
ous inorganic and organic additives on
germination of pollen i of interest from
both a physiological and cytological point
of view,

In this study, the stimulation or inhibitan
effect of different concentrations of inap-
ganic and organic compounds, the e¢ffect of
a flower extract, and the effeit af o short
storage period on the germination of slash
pine {Prus elliottii Engelm.) pollen were
investigated, .
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Investigations into the phenomena of pol-
fen germinatdon and pollen-tube  growth
were nitiated prior 10 1900 { Lidfross,
1899).  Brink (1925) inzroduced  the
hanging drop method of growing pollen i
witro, He reparted that potassium, sodium,
and lithium salts prevented germination ar
concentrations near M/100, whereas mag.
nesium and harium sales were equally toxic
at M/i500. Calcium sales considerahly
enhanced growth of pollen tubes at concen-
trations of M/50 to M/500,

Dengler and Scamani {1939) used su-
crose solutions for germination of pollen
from twelve tree species. They reported
aptimum  concentrations ranging from 35
perceat for Piws, to 40 percent for Tilig
and other species, The addition of 1 ppm
of 3-indoleacetic acid to germination media
was found by Smith (1939) to praduce fa-
vorable effects. He later tested four addi-
tional organic compounds and concluded
that auxins in concentrations weaker than
20 ppm were [avorable additions ta a cul-
tire medium,  All stronger concentrations
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