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ABSTRACT: While the importance of selecting a neighborhood size for competition studies has been
documented, the choi ce of pl ot sizeshasreceived littleattention when measuring theinfluence of overstorytrees
on growing conditions of understory seedlings. Based on data from four sites, we show how plot sizes for
measures of overstory cover (usinga“ cone” approach) and basal area (using an angle gauge) were related.
Therelationship was a function of the height/diameter ratio of the overstory trees, with taller treesincreasing
the plot sizesfor “ cone” plots and trees with larger diametersincreasing the plot sizes for basal area plots.
Further, we point out that data derived from measurements of diffuse noninterceptance (DIFN) using the
“ cone”’ approach varied with the choiceof cone opening. Smaller coneopeningsledtoagreater rangein DIFN
values. Linear correlations between these data and 2 yr seedling height pointed out that the optimal plot size,
i.e., coneopening, differsamongthesites. Thelack of any obvi ousstand char acteristicsthat woul d explainthese
differences indicated the need for further investigations. North. J. Appl. For. 19(3):137-140.
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An important component of quantifying growing condi-
tions of plants is accurately assessing the influence of all
competitors. The area surrounding an individual plant that
includes all influential competitors, but excludes other veg-
etation, has been referred to asthe “ zone of influence” (e.g.,
Bella1971) or “neighborhood” (e.g., Wagner and Radosevich
1991). Several studies examining competitive conditions
have used an inverted cone projected above a“target” treeto
incorporate the influence of overtopping vegetation on light
availability and growth (e.g., Howard and Newton 1984,
Puettmann and Reich 1995). However, these studiesfocused
on vegetation of similar height to the“target” tree and/or did
not go into depth about their choice of coneopening, i.e., plot
size (defined asa in Figure 1), and how it relatesto height of
competing vegetation.

The approach to use an inverse cone has the advantage that
it quantifies vegetation of similar size to seedlings (e.g., herbs
and shrubs) and overgtory trees into a single measure. The
increased useof partial-cut silvicultural systems(Puettmannand
Ek 1999) created moreinterestinthisaspect. Inthepast, average
stand-level variableshave commonly been used asindicators of
the influence of overstory conditions on seedling growth (e.g.,
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Minckler 1961). While these measures may be sufficient in
homogeneous stands, the gap-dominated nature of partialy
harvested stands results in a heterogeneous spatial distribution
of environmental conditions(Coatesand Burton 1997) and light
(Canham et al. 1994) and other resources.

Dueto its ease of measurement and high, unbiased corre-
lation with average growing season transmittance (Comeau
et al. 1998, Gendron et al. 1998), diffuse noninterceptance
(DIFN) as determined by the LICOR® LAI 2000 has been
used to quantify competitive conditions, especially light
availability, for trees(e.g., Puettmannand Reich 1995, Comeau
etal. 1998. Machado and Reich 1999, Saundersand Puettmann
1999). For this measure, the impact of overstory leaf areaon
light penetration is measured in a cone upwards from each
seedling (see Puettmann and Reich 1995). Several studies
have related DIFN to understory light conditions (e.g.,
Gendronet al. 1998, Machado and Reich 1999); however, the
implications of deciding which cone opening, i.e., a valueor

Figure 1. o values used by the LAI-2000 Plant Canopy Analyzer
(LI-COR®Inc., 1992) to measure diffuse noninterceptance (DIFN).
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plot size, isappropriate were not considered in these studies.
On the other hand, Pretzsch (1992) compared how various
cone openings (a) related to the ability to predict height and
diameter growth of trees in stands with multiple canopy
layers. Increasing the angle beyond a = 30° (the smallest
coneopening) did not resultinimprovement of model predic-
tionsand Pretzsch (1992) concluded that thequestionregard-
ing the optimal angle needed further investigations.

While severa studies have documented the correlation
between DIFN and overstory measures such as basal area or
leaf area index (e.g., Vaes and Funnel 1988, Jenkins and
Chambers 1989, Gendron et a. 1998, Kuf3ner and Mosandl
2000), sampling criteriafor using these measuresto quantify
understory growing conditions have not been evaluated.
Becausetheplot sizes (determined by a valuesand basal area
factorsfor “cone”’ and basal areaplots, respectively) of these
measures vary with stand characteristics, the zones of influ-
ence defined by these measures aso differ. In order to
accurately incorporate measuressuch asDIFN and basal area
into an assessment of growing conditions of seedlings, plot
size differences between the different measures must be
considered. Thisnote aimsat pointing out (1) how these plot
sizerel ationshipsvary betweentwo commonmeasures(DIFN
and basal area) for different stand conditions, (2) how the
choice of cone openings affects DIFN data, and (3) how this
choice can affect the analysis of seedling growth responseto
understory conditions.

Methods

Site Description

Thisstudy was conducted onfour sitesin northern Minne-
sota, Aitkin (AK), Two Harbors (TH), Cloquet (CQ), and
Itasca (IT). These sites were partially harvested between
19941996 to create a range of overstory conditions. The
residual overstorieson the AK and TH siteswere comprised
of northern hardwoods and dominated by red oak (Quercus
rubra L.) and sugar maple (Acer saccharum Marsh.) and
sugar maple and paper birch (Betula papyrifera Marsh.),
respectively. On the AK site, intermediate and suppressed
trees and dominant and codominant trees with poor form
werefelled or girdled. Harvesting on the TH siteremoved all
merchantable trees, with a preference to harvesting paper
birch. Treatments in both stands resulted in a range of gap
conditionsdistributed randomly acrosseachsite. The CQsite
was occupied by a naturally regenerated red pine (Pinus
resinosa Ait.) stand, whiletheIT sitewas ajack pine (Pinus
banksiana L amb.) plantation. The CQ stand wasfree-thinned
in 1996, and additional red pine mortality created several

larger canopy gaps. The T jack pine stand was strip thinned
with6minthethinned stripand 12 m between strips. Average
stand conditions are presented in Table 1. All sites were
underplanted with bareroot 3-0 white pine (PinusstrobusL..)
seedlings in the spring of 1996.

Field M easurements

The field sites were part of alarger study to investigate the
growing conditions of white pine seedlings. One-hundred-
eighteen square 36 m? plots were chosen for thisanalysis, with
the AK, TH, CQ, and I T study sites contributing 38, 23, 33, and
24 plots, respectively. Plot layout within each stand was strati-
fied to ensure coverage of the full range of overstory densities
present in the stands, but within this constraint locations were
determined randomly. Basal area(m?/ha) wasmeasuredin each
plot center using a2 m?/habasal areafactor (BAF) prism at the
AK, IT, and CQ sitesand a1 m%ha BAF prism at the TH site.
Light conditions were measured with a LI1-COR® LAI-2000
Plant Canopy Analyzer during the summer of 1997 directly
abovetheleader of 24 seedlingswithineachplot, utilizing4rows
(either 1 or 2 m apart) and 6 seedlings (1 m apart) in each row.
Only rows that had received either monthly or annually weed
control (i.e., where no overtopping understory vegetation was
present), were used, ensuring that the readings quantify only the
overstory conditions. The Plant Canopy Anayzer calculatesthe
amount of diffuse light penetrating the canopy and compares
these readingswith valuesfrom asimultaneous measurement in
open conditionsto cal culate diffuse non-interceptance. It usesa
lens containing five silicon ring detectors, each limiting a
different angle(12.3°, 28.6°, 43.4°,58.1°, and 74.1°) (L1-COR®
Inc., 1992) (see Figure 1) and readings may be restricted to
specific angles. Wetook readingsusing al anglesand averaged
the readings for each angle in each plot. Since al white pine
seedlingswerefromthesameseed sourceand nursery operation,
we used 2-yr seedling height measurementsfrom seedlingsthat
received monthly weed control (and thuswerenot influenced by
understory vegetation) to quantify seedling response to over-
story conditions.

Data Analysis

To put the plot sizesin perspective, the average overstory
tree heights and diameters (see Table 1) for each stand were
usedto calculateaverage* cone” plot sizesand basal areaplot
sizes. Theseequationswerecombined and solvedtoillustrate
the relationship between “cone”’ and basal area plot sizes
using the following formula:

4,0 05D U

o= tan" F——0
[(HvBAF O

Table 1. Average stand conditions of the four study sites. Unless labeled otherwise, standard errors in parentheses.

Site
AK CcQ IT TH
Age Uneven-aged 100 50 72
Diameter at breast height (cm) 33.0 (0.67) 38.4 (0.50) 22.4(0.23) 22.9(0.48)
Height (m) 17.1 (0.30) 23.1(0.56) 20.7 (0.33) 17.1 (0.45)
Height/diameter ratio 52 60 92 75
Basal area (m*/ha) 17.9 (1.4) 29.1 (2.6) 20.1 (1.8) 11.3 (1.1)
Major species (% of basal area) Red oak (40%) Red pine (97%) Jack pine (93%) Sugar maple (45%)
Sugar maple (31%) Paper birch (29%)
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where
H = averagetree height
D = averagetreediameter

BAF = basal areafactor
a = coneangle

tan™l = arctangent

[Derived fromthe formulasfor: (1)“cone” plotsize: R=H *
tan (a); and (2) basal area plot sizee R=0.5D /1/(BAF) ,
where: R = plot radius.] To relate the two approaches,
combinations of a and basal area factors that result in the
same plot sizes were plotted for each site.

Linear correlations were made between plot averages of
DIFN, using various a values and plot averages of 2-yr
seedling height. All statistical analyses used SAS (SAS
Institute Inc. 1999).

Results and Discussion

The relationships between plot sizes for “cone” and
basal area plots at the four study sites (assuming average
tree sizes as listed in Table 1) are presented in Figure 2.
Since the size of the “cone” plots is determined by tree
height and the size of the basal areaplotsby tree diameter,
the differences between the relati onships on the four sites
are a function of the average height/diameter ratio of the
overstory trees. For the extreme sites (AK and I T, with an
average height/diameter ratio of 52 and 92, respectively),
thedifferencein coneangle (a) that match a2 m2/haBAF
plot is 39%. For the study sites, a values of 37°, 379, 32°,
and 22° are appropriate anglesthat match “ cone” and basal
areaplotsfor AK, TH, CQ, and I T, respectively (Note that
a1l m?/haBAF was used for TH). Consequently, basal area
and DIFN measurementsonthe AK, TH, CQ, and IT sites
did not match up as intended in the study layout. Instead
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Figure 2. Relationship between basal area factors and o values
for the different study sites. Lines represent BAF-o0 combination
for which the plot sizes for the “cone” and basal area plots are
equal, assuming average tree sizes. BAF-a combinations above
or below the lines represent conditions where the size of the
“cone” plot is larger or smaller, respectively, than the size of the
basal area plot.

the “cone” plots were 20, 20, 32, and 56% larger than the
basal areaplotsusedfor AK, TH, CQ, and I T, respectively.
This example points out that the tools used to measure
percent overstory cover or residual overstory basal area
(e.g., densitometers, prisms) are not generically inter-
changeable, and their choice will influence plot size and
therefore the data collected (see below).

Figure 3 points out how predicted DIFN values differ
for the four sites when different cone openings (a) were
used. As expected, for all sitestheranges of DIFN values
increased asthe cone opening decreased (Table 2). Larger
coneopeningsleadto plot sizesthat could not differentiate
as well between individual gaps and areas with a denser
overstory, but averaged conditions over a larger area.
Also, the results pointed out that a bias due to selection of
plot sizes is larger in areas with more open stand condi-
tions. Figure 3 also indicated that the choice of a must be
considered when using the LAI-2000 Plant Canopy Ana-
lyzer for estimation of available light. Past studies used a
valuesof 58.1° (listed as 60° in Machado and Reich 1999)
and 74.1° (Gendron et al. 1998) to develop relationships
between DIFN and available light. Using light estimates
from improper cone openings (smaller or larger than zone
of influence) may result in biased relationships between
light availability and seedling growth responses.

Asan indication of the implication of choosing “cone”
plot sizes (a) to assess competitive conditions, linear
correlations between DIFN and 2 yr seedling heights are
presented in Table 3. The measurements using an a value
of 58.1° had the highest correlations on the CQ and TH
sites, whereas measurements made with an a value of
28.6° had the highest correlations for the AK and I T sites.
There seems to be no obvious stand characteristic (e.g.,
conifer vs. hardwoods, average tree height, height/diam-
eter ratio, stand age, or spatial patterns of openings) that
would explain these results, pointing out the difficulty in
drawing generalities regarding appropriate o value and
overstory characteristics. The inconsistencies between
sites illustrate that selection of an inappropriate a value
can lead to overestimation or underestimation of the im-
portance of competitive conditions (sensu Welden and
Slauson 1986) for seedlings and points out the need for
further studies.

LiteratureCited

BELLA, |.E. 1971. A new competition model for individual trees. For. Sci.
17:364-372.

CaNHAM, C.D., A.C. Finzi, SW. PacaLa, anp D.H. Bureank. 1994. Causes
and consequences of resource heterogeneity in forests: interspecific
variation inlight transmission by canopy trees. Can. J. For. Res. 24:337—
349.

CoaTes, D.K., AnD P.J. BurTON. 1997. A gap-based approach for devel opment
of silvicultural systems to address ecosystem management objectives.
For. Ecol. Manage. 99:337-354.

ComEau, P.G., F. GENDRON, AND T. LETCHFORD. 1998. A comparison of several
measuresfor estimating light under apaper birch mixedwood stand. Can.
J. For. Res. 28:1843-1850.

GENDRON, F., C. MESSIER, AND P.G. ComEAu. 1998. Comparison of various
methods for estimating the mean growing season percent photosynthetic
photon flux density in forests. Agric. For. Meteor. 92:55-70.

Howarp, K.M, aND M. NEwToN. 1984. Overtopping by successional coast-
range vegetation slows Douglas-fir seedlings. J. For. 82:178-180.

NJAF 19(3) 2002 139



1.0

0.8 ;

0.6 ;

DIFN

0.4 ;

0.8 ;

0.6 ;

DIFN

0.4 ;

0.8—%_.
0.6 { AN

DIFN
/

0.4 | TN .

0.2 ;

0.0
1.0

DIFN

0.0

0 10 20 30 40 50
Basal Area(m?/ha)

Figure 3. Predicted diffuse noninterceptance (DIFN) (see equation
in text and parameter estimates in Table 2) at the(a) AK, (b) TH,
(c) CQ, and (d) IT sites for various a values and residual basal
areas.
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Table 2. Parameter estimates (standard errors in parentheses)
for equations predicting DIFN as a function of overstory basal
area for different cone openings, i.e., a values. Regression equa-
tion: DIFN = ae~b(basal area) gample sizes: AK = 38,CQ =20, IT =33,

and TH = 33. All equations were significant at P < 0.001.

Site o a b 7
AK 58.1°  0.4683 (0.062) 0.0482 (0.0095) 0.53
434° 05026 (0.075)  0.0495(0.011)  0.44
286° 0.7136(0.10)  0.0591(0.011) 050
123° 0.8652(0.14)  0.0557(0.013)  0.61
TH  58.1° 0.9378(0.18) 0.1155(0.023) 038
434° 12339(023)  0.1287(0.024) 031
286" 14342(031)  0.1347(0.027) 033
123° 14254 (038)  0.1215(0.033) 049
CQ  581° 04310(0.073)  0.0264 (0.0069) 053
434> 05760(0.10)  0.0310(0.0076)  0.50
286" 0.8261(0.14)  0.0340 (0.0074) 043
12.3°  0.8657 (0.15) 0.0258 (0.0068) 0.53
IT  581° 05239(0.045)  0.0303(0.0051) 047
434> 05575(0.054)  0.0271(0.0057) 048
28.6° 0.7184 (0.048) 0.0328 (0.0041) 0.31
12.3°  0.8646 (0.068) 0.0320 (0.0048) 0.40

Table 3. Pearson’s correlation coefficients between white pine
seedling height two years after planting and diffuse
noninterceptance (DIFN) detected by plant canopy analyzer us-
ing various cone openings, i.e., a values. All coefficients are
significant at P < 0.01.

a
Site 58.1° 43.4° 28.6° 12.3°
AK 0.2020 0.2087 0.2320 0.1052
TH 0.6266 0.6154 0.6028 0.5596
CQ 0.7508 0.7107 0.7149 0.7108
IT 0.3755 0.3576 0.4860 0.4583
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