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TAG     SP     GX     GY   DBH  HA  genus      species      family      grform
192506  LAFOPU 286.6  306  137  33  Lafoensia  punicifolia  Lythraceae  T









Climate Curves Based on Floral Data from Dorf (1964)





Incertae
       Sedis

Angiosperms

Ginkgophyta

Cycadophyta

Conifers

Pteridophytes

100200300400500

Number of Described Species

Percentages of Described Species
in Each Mophological Class

100

50 50

100K

T

Neocomian

Miocene

Barremian
Aptian

Albian

Cenomanian

Campanian
Maastrichtian

Paleocene

Eocene

Oligocene

Quaternary

Pliocene
0

Santonian
Coniacian
Turonian

0 1500

Data on modern species abundances
taken from Raven et al. (1999) 

Angiosperms

Pteridophytes
Other Gymnosperms

Angiosperms

D

E

Angiosperms

10%

Data on fossil species
abundances traced

from Figure 3 of
Niklas et al. (1985) 

Number of
described
species in
the Com-
pendium
Index

C
onifers

Cycadophyta

Other
and Incertae
Sedis

Ginkgo-
phyta

Ginkgo-
phyta

Incertae Sedis

Cycadophyta

Conifers

O
ther

Pteridophytes

Pteridophytes

B C
Data on fossil mopho-

logical classes
from the Com-

pendium Index,
aggregated by epoch

Data on fossil mopho-
logical classes
from the Com-

pendium Index,
aggregated by smallest

currently available
chronological division.

10%

Ma
Note that if this curve were
not truncated by the frame,
it would continue about
five meters to the left at
this scale before reaching
modern levels.

A



m00M0M

0

2020M20M

20

4040M40M

40

6060M60M

60

8080M80M

80

100100M100M

100

m00M0M

0

55M5M

5

1010M10M

10

1515M15M

15

2020M20M

20

2525M25M

25

Comparison of StudiesMComparison of StudiesMPercentage of Untoothed leaves (P)MPercentage of Untoothed leaves (P)MCelsius Mean Annual Temperature (MAT)MCelsius Mean Annual Temperature (MAT)M

MMMMMMm00M0M55M5MMMMMMMMMm00M0M55M5MMMMM

0
5

10
15

20
25

	            Wolfe    Jacobs   Gregory   Kowalski         Total
Slope	 	 0.28	 0.13	  0.36	      0.37		 0.25
Intercept		 1.3	 11.3	  [-2.5]	      [-8.6]		 2.1	
p	 	 <10-16	 0.02	  ~10-7	      ~10-5		 <10-16

r2	 	 0.78	 0.18	  0.93	      0.46		 0.80
n	 	 173	 30	  12	      30	 	 245
    bracketed values are not significantly different from zero at 10% level
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Figure 1 Correlation between leaf lifespan and leafmass per area across 218 species from

several habitats and continents. Regraphed from Reich et al. (1997); data kindly provided

by the authors. SMA= Standard Major Axis; CI= confidence internal.

most common and general-purpose form of defense (Coley 1983, Cunningham

et al. 1999), but long leaf lifespan may also be correlated with greater relative

allocation to tannins, phenols, or other defensive compounds (Coley 1988). Slow

leaf turnover should favor strength against wear and tear for the same reason it

favors defense against herbivores. For both these reasons, defense against herbivory

can be regarded as part of the LMA-LL spectrum.

Leaf Economics and Theory for Leaf Lifespan

A leaf represents an investment on the part of a plant. Kikuzawa’s theory for leaf

lifespan (Figure 2) can be understood through the curve of cumulative return

from the investment. This return is expressed as net dry-mass gain per unit leaf



entire range of either axis, but the subtrends are subparallel. All but the

Central American subset are primarily either above or below the trendline,

which reflects some combination of differences in primary data collection

and real variation among forests. For example, the low MlnAof the West

Indian samples may result from the drying and destructive effects of high

winds. The overall trend is probably not linear for the driest or the wettest

climates, where biological stresses are maximized. At the dry end, MlnA

appears to decline abruptly off the regression line (Fig. 2). Very wet climates

typical of cloud forests were not sampled. Cloud forest leaves can be much

smaller than leaves at lower and drier elevations in the same region (e.g.,

Howard, 1969). The lack of extreme values of MAPin our data set should

therefore be noted by ecologists, but this omission is probably unimportant

in the context of paleoprecipitation because desert and cloud forest floras

are very rare in the fossil record.

The scatter in the regression (Fig. 2) mandates that leaf-area analysis

be used with caution. Estimates based on several contemporaneous fossil

samples are preferable to those from single samples. We strongly advise the

use of supplemental data, including the distributions and characteristics of

coals, clays, red-beds, and evaporites and the judicious analyses of fossil

flora and fauna belonging to large extant clades with narrow moisture toler-

ances. Care must be taken with samples of fossil leaves to account for

taphonomic removal of large leaves prior to deposition (Greenwood, 1992).

EOCENE EXAMPLE

Geological data have long indicated that the early to early middle

Eocene of the U.S. Western Interior was much warmer than today, with gen-

erally frost-free winters (e.g., Roehler, 1993). Proxy paleoprecipitation data

are critical for improving understanding of this unusual time period. Wing

and Greenwood (1993) presented MAPestimates based on the CLAMPdata

set for six early and middle Eocene floras from the Western Interior and one

from the West Coast, using two predictors, the percentages of species having

(1) drip-tips and (2) leaves in the mesophyll 2 category (Fig. 1). The size cat-

egorizations were made from a data set of length and width measurements of

the fossil leaves. Using these same data, we derived MlnAand reestimated

paleo-MAP for the fossil samples with leaf-area analysis.

All seven revised estimates are lower (Table 3). The greatest change is

for Bear Paw, which drops by more than half and is the only case where

standard error bars of the original and revised estimates do not overlap; Bear

Paw has the highest percentage of species with drip-tips (50%). The revised

estimates rank in a logical fashion. Chalk Bluffs, California, emerges as the

wettest sample, which is consistent with its being the only site near the

coast. Green River, the youngest sample, ranks driest in both analyses, in

accord with floristic evidence and vast evaporitic deposits in parts of the

Green River Formation indicating intermittent dry periods (MacGinitie,

1969; Roehler, 1993). The Bear Paw, Sepulcher, Kisinger Lakes, and Wind

River samples are intermediate both in age and in estimated MAPbetween

GEOLOGY, March 1998 205

Figure 1.Two systems of leaf-
area classification, shown on
natural log scale: Raunkiaer-
Webb (Webb, 1959) and
CLAMP (Climate Leaf-Analy-
sis Multivariate Program:
Wolfe, 1993). CLAMP sizes
were measured from Wolfe
(1993, p. 25) using digitizing
tablet. Abbreviations: Le =
leptophyll, Na = nanophyll, Mi
= microphyll, No = notophyll,
Me = mesophyll, Ma = macro-
phyll, Mg = megaphyll (Le1 =
“leptophyll 1,” etc.). Cutoff
values (in mm2): 25, 225,
2025, 4500, 18225, 164025
(Raunkiaer-Webb);19, 91, 392,
1420, 3516, 6226 (CLAMP).

Figure 2. Mean natural
log leaf area (MlnA) as
a function of mean
annual precipitation
(MAP): MlnA = 1.39
ln(MAP) + 0.786, r2 =
0.760, standard error
= 0.572, F (1,48) = 152,
p = 10–15. Data from
Table 2.

Figure 3. Regressions of mean annual precipitation (MAP) vs. percent
of species with large leaves for CLAMP data set (Wolfe 1993) and leaf-
area analysis data set of this paper (Table 2). For CLAMP: MAP =
6.18(%mesophyll 1 + %mesophyll 2) + 47.5, r 2 = 0.439. For leaf-area
analysis: MAP = 3.77(%mesophylls + %macrophylls + %megaphylls) +
47.0, r 2 = 0.554. Difference in slope is significant at p < 0.001 level, using
equality test of Sokal and Rohlf (1995,p. 498).









Histogram of perimeter controls

Perimeter of scale bar in cm.; nominal is 10

F
re

qu
en

cy

0 50 100 150 200 250 300

0
10

0
20

0
30

0
40

0

Histogram of area controls

Area of scale bar in sq. cm.; nominal is 4

F
re

qu
en

cy

0 50 100 150 200

0
10

0
20

0
30

0
40

0



●

●
●

●

●
●
●

●

●

●

●●
●

●

●

●●

●
●●
●●
●
●

●●
●

●

●

●
●

●
●●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●●
●

●

●

●

●

●
●●●

●

●

●

●

●

●

●

●●

●
●

●●

●●
●

●

●

●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●●

●

●

●●

●●

●●●●

●

●
●
●

●
●
●
●
●

●

●

●
●
●
●

●

●

●●
●
●●

●●
●

●●

●
●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●
●

●
●

●

●

●

●

●●●●●

●

●

●

●

●

●
●

●
●

●
●

●

●

●

●●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●●

●
●

●●

●

●
●

●

●

●

●
●
●
●

●

●

●

●

●

●

●
●

●

●

●
●

●●●
●

●●

●
●

●

●●●

●
●

●

●

●●

●

●

●
●●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●
●

●●

●

●

●

●

●

●
●

●●

●●

●

●●

●

●

●
●

●

●

●

●
●
●

●

●

●

●

●

●

●

●●
●

●

●
●

●
●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●

●

●
●

●

●

●

●●

●●

●

●

●
●

●

●

●

●

●

●

●
●

●

●
●

●●
●●●●●

●●
●
●
●
●
●●
●
●●●●
●

●

●

●●
●
●
●●
●●
●
●●
●●

●

●●●

●

●●
●

●

●

●●
●
●●

●

●
●●
●

●

●

●
●●

●
●●●●

●
●●●
●
●●
●
●●
●
●

●
●

●●●●
●

●

●

●
●
●

●

●●

●

●

●
●
●

●
●

●●●
●

●

●
●

●

●

●
●

●●

●

●

●
●●

●
●

●

●●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●●

●

●
●

●●
●●●●●

●●
●
●
●
●
●
●
●●
●●●●
●

●

●

●●
●
●
●
●●
●

●
●●

●

●●●

●

●●
●

●

●

●●
●
●●●
●

●

●

●
●●

●
●
●●●
●
●●
●
●●
●

●

●
●
●●●●
●
●

●
●
●
●
●
●
●●
●

●
●
●
●
●●
●
●

●

●
●
●
●●●

●

●
●
●●
●
●
●
●●
●

●
●

●
●
●●
●
●

●

●
●
●

●●●

al
lm

et
er

ed

al
lim

ag
ed

m
et

er
su

bs
et

im
ag

es
ub

se
t

m
et

er
m

at
ch

in
g

im
ag

em
at

ch
in

g

0

500

1000

1500

2000

2500

3000

Area (sq.cm.)

●

●

●●

●
●

●

●
●

●
●

●

●
●

●●

●

●●

●
●

●●●

●

●

●
●

●

●

●
●

●

●
●●
●
●

●

●●

●

●●●●
●●●●●
●●

●

●

●

●●●●
●●●●●
●●

●

al
lm

et
er

ed

al
lim

ag
ed

m
et

er
su

bs
et

im
ag

es
ub

se
t

m
et

er
m

at
ch

in
g

im
ag

em
at

ch
in

g
0

2

4

6

8

ln(Area) (sq.cm.)



Leaf areas from area meter, n = 3662

Area in sq. cm.

F
re

qu
en

cy

0 100 200 300 400 500

0
10

0
20

0
30

0
40

0
Leaf areas from processed images, n = 712

Area in sq. cm.

F
re

qu
en

cy

0 100 200 300 400 500

0
20

40
60

80
10

0

Leaf areas from area meter also imaged, n = 515

Area in sq. cm.

F
re

qu
en

cy

0 100 200 300 400 500

0
10

20
30

40
50

60
70

Leaf areas from images also metered, n =  651

Area in sq. cm.

F
re

qu
en

cy

0 100 200 300 400 500

0
20

40
60

80
10

0

Leaf areas from metering, matching to 10%, n =  313

Area in sq. cm.

F
re

qu
en

cy

0 100 200 300 400 500

0
10

20
30

40
50

60

Leaf areas from imaging, matching to 10%, n =  313

Area in sq. cm.

F
re

qu
en

cy

0 100 200 300 400 500

0
10

20
30

40
50

60



h.s

0 200 400 600 800

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●
●

●●

●

●

●

●

●

●

●●

●

●

●

●
●●

●

●
●

●

●

●

●

●●●

● ●

●
●

●

●

●

●
●
●●

●

●
●

●

●
●

●
●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●●

●

●

●

●
●●●

●●

●

●

●

●

●●

●

●

●
●
●
●●●●●●

●

●●●
●

●●

●

●
●
●
●●●

●

●

●●
●●

●

●●

●
●

●

●

●
●

●●

●●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●
●●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●

●

●●

●

●

●
●

●

●

●

●

●

●●
●
●

●

●●
●
●
●

●

●

●
●
●●

●

●
●

●

●
●

●
●
●

●

●
●●

●●
●

●
●

●

●●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●●

●
●

●

●

●

●

●
●

●

●

●

●●

●●
●

●
●

●

●● ●

●

● ●

●●●

●

●
●

●
●
●

●

●

●
●
●●

●

●

●●●

●

●

●

●●

●
●●

●

●

●

●

●

●

●

●

●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●●●●●

●
●
●

●

●

●

●

●

●

●
●●

●●
●

●

●

●
●

●

●

●

●

●

●●
●

●●

●
●

●●

●

●
●

●
●

●

●

●

●
●

●
●

●

●

●●

●●
●●

●

●

●

●

●●
●

●

●

●

●●

●

●

●

●●

●

●

●●●
●

●

●

●

●

●

●●
●
●●

●
●
●
●●
●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●
●
●
●

●●
●●

●
●

●

●

●
●

●
●

●●●

●●●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

● ●●

●

●

●

●

●
●

●

●

●●

●●

●●●●●

●
●

●

●

●

●

●
●
●

●
●●●

●

●
●●●

●

●
●

●
●

●●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●

●
●●

●●

● ●

●●

●
●

●●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●●
●

●

●

●
●

●
●
●

●

●

●

●

●

●
●

●
●●

●

●
●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●

●● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●●●

●
●

●● ●
●

●●

●

●
●

●

●
●●

●
●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●
●

●●

●

●

●

●

●

●

●●

●

●

●

●
●●

●

●
●

●

●

●

●

●●●

●●

●
●

●

●

●

●

●
●

●

●
●

●
●
●

●

●

●

●

●
● ●

●

●

●

●

●

●

●

●●

●

●

●

●
● ●●

●●

●

●

●

●

●●

●

●

●
●

●
● ●●●●●

●

●●●
●

●●

●

●●
●●●

●

●

●●
●●

●

●●

●
●

●

●

●
●

●●

●●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●●

●

●
●●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●

●

●●

●

●

●
●

●

●

●

●

●

●●
●
●

●

● ●
●

●
●

●

●

●
●
●●

●

●
●

●

●
●
●
●
●

●

●
● ●

●● ●
●

●

●

●●

●

●

●

●

●

●

●

● ●

●

●

●●

●

●

●●

●
●

●

●

●

●
●

●

●

●

●●

●●
●
●

●

●

●●●

●

●●

● ●●

●

●
●

●
●
●

●

●

●
●

●●

●

●

●●●

●

●

●

● ●

●
●●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●●●●●

●
●

●

●

●

●

●

●

●

●
● ●

●●
●
●

●

●
●

●

●

●

●

●

● ●
●

●●

●
●

●●

●

●
●
●
●
●

●

●

●
●

●
●

●

●

●●

●●
●●

●

●

●

●

●●
●

●

●

●

●●

●

●

●

●●

●

●

●● ●
●

●

●

●

●

●

●●
●

●●

●
●
●
●●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●
●

●
●

●●
●●

●
●

●

●

●
●

●
●

●● ●

●● ●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●●●

●

●

●

●

●
●

●

●

●●

●●

●●●●●

●
●

●

●

●

●

●
●
●

●
● ●●

●

●
●● ●

●

●
●

●
●

●●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●

●
●●

●●

●●

●●

●
●

●●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●●
●

●

●

●
●

●
●
●

●

●

●

●

●

●
●

●
●●

●

●
●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●

●●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●●●

●
●

●●●
●

●●

●

●
●

●

●
●●
●

●●

●

●

0 100 200 300 400 500

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●
●

●●

●

●

●

●

●

●

●●

●

●

●

●
●●

●

●
●

●

●

●

●

● ●●

●●

●
●

●

●

●

●

●
●

●

●
●

●
●
●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●●

●

●

●

●
●●●

●●

●

●

●

●

●●

●

●

●
●

●
●●●● ●●

●

● ●●
●

●●

●

●●
● ●●

●

●

●●
●●

●

●●

●
●

●

●

●
●

●●

●●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●
●●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●

●

●●

●

●

●
●

●

●

●

●

●

●●
●
●

●

●●
●

●
●

●

●

●
●
● ●

●

●
●

●

●
●
●

●
●

●

●
●●

● ●●
●

●

●

●●

●

●

●

●

●

●

●

● ●

●

●

●●

●

●

●●

●
●

●

●

●

●
●

●

●

●

●●

●●
●

●
●

●

●●●

●

● ●

● ●●

●

●
●

●
●
●

●

●

●
●

●●

●

●

●●●

●

●

●

● ●

●
● ●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●●● ●●

●
●

●

●

●

●

●

●

●

●
● ●

●●
●
●

●

●
●

●

●

●

●

●

●●
●

●●

●
●

●●

●

●
●
●

●
●

●

●

●
●

●
●

●

●

●●

●●
●●

●

●

●

●

●●
●

●

●

●

● ●

●

●

●

●●

●

●

●●●
●

●

●

●

●

●

●●
●

●●

●
●

●
● ●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●
●

●
●

●●
●●

●
●

●

●

●
●

●
●

●● ●

● ●●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●●●

●

●

●

●

●
●

●

●

●●

●●

●●● ●●

●
●

●

●

●

●

●
●
●

●
●●●

●

●
●● ●

●

●
●

●
●

●●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●

●
●●

●●

●●

●●

●
●

●●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

● ●
●

●

●

●
●

●
●
●

●

●

●

●

●

●
●

●
●●

●

●
●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●

●●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

● ●●

●
●

●●●
●

●●

●

●
●

●

●
●●
●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●
●

●●

●

●

●

●

●

●

●●

●

●

●

●
●●

●

●
●

●

●

●

●

●●●

●●

●
●

●

●

●

●

●
●

●

●
●

●
●
●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●●

●

●

●

●
●●●

●●

●

●

●

●

●●

●

●

●
●
●
● ●● ●●●

●

●●●
●

●●

●

● ●
●●●

●

●

●●
●●

●

●●

●
●

●

●

●
●

●●

●●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●
●●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●

●

●●

●

●

●
●

●

●

●

●

●

●●
●
●

●

● ●
●

●
●

●

●

●
●
●●

●

●
●

●

●
●
●

●
●

●

●
● ●

●● ●
●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●●

●

●

●●

●
●

●

●

●

●
●

●

●

●

●●

●●
●

●
●

●

●●●

●

●●

●●●

●

●
●

●
●
●

●

●

●
●

●●

●

●

● ●●

●

●

●

●●

●
●●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●●
●● ●

●
●
●

●

●

●

●

●

●

●
●●

●●
●
●

●

●
●
●

●

●

●

●

●●
●

●●

●
●

●●

●

●
●
●

●
●

●

●

●
●

●
●

●

●

●●

●●
●●

●

●

●

●

●●
●

●

●

●

●●

●

●

●

●●

●

●

●●●
●

●

●

●

●

●

●●
●

●●

●
●
●
● ●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●
●

●
●

●●
●●

●
●

●

●

●
●

●
●

●●●

●●●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●●●

●

●

●

●

●
●

●

●

●●

● ●

●●●●●

●
●

●

●

●

●

●
●
●

●
●●●

●

●
●●●

●

●
●

●
●

●●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●●
●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●●

●

●
●●

●●

●●

●●

●
●

●●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●●
●

●

●

●
●

●
●
●

●

●

●

●

●

●
●

●
●●
●

●
●

●

●

●

●

●●
●

●

●

●

●

●

●

●
●

●● ●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●●●

●
●

●●●
●

●●

●

●
●

●

●
●●

●
●●

●

●

0
50

10
01

50
20

02
50

30
03

50

sUTSM

0

200

400

600

800

● ●●

●

● ●●
●●

●
●

●
● ●● ●●

●●
●● ●●

●
●

●● ●●
●

●●●

●
●

●

●

●
●

●

●●●

●

●

●
●

●
●●●● ●●●

●●
●●●●

●●
●● ●● ●●

●●
●●

●● ●●

●

●

●

●●●●●●●●

●●

●

●

●●

●●

●●●●●●●●●
●

●●●●

●● ●●
● ●●
●●

●●●●●●

●
●●●●●● ●●●●

●●
●

●

●● ●● ●●
●●
●

● ●● ●●
●

● ●●

●●
●

●● ●● ●●

●

● ●●●●
● ●● ●●●●

●
●

● ●●

●

● ●●● ●●
●

●●

●●

●
●

● ●

●
●●

●●●●

●●
●● ●●

●
●●●●●● ●●

●●●● ●●
●

●
●●●●●●

●
●

●●

●

●

●●
●

●

●

●●●

● ●●●● ●●●●
●●

●
●● ●●

●
●

●●●●● ●●
●

●●

●
●

●
●

●●●

●
●●●●● ●● ●● ●● ●●●●●
●

●

●

●

● ●●●

●●

● ●● ●● ●●●●
●● ●

●

●

●

●

●

●●

●

●
●

●●

●

●
●●
●●●● ●● ●

●

●
●●●●

●●● ●●●● ● ●●●
●

●

●●
●●●●●

●●

●●●●●●
●

●
●●●●

●●
●●

●●●● ●●
●●

●

●●● ● ●●
●●●

●

●
●

●● ●

●

●●●●
●

●

●

●

●

●●● ●●
●●●●●● ●●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
● ●● ● ●●●

●

●
●●●

●

●●

●● ●●●●●
●

●

●

●
●

●

●

●
●

●●

●

●

●●●
●

●●●
●●

●

●

●

●
●● ●●●● ●●●●●●●

●
●

●

●●
●

● ●● ●●●●
●

●

●

●●

●

●●
●●●●●●

●

●●

●

●

●

●●
●●

●●

●
●

● ●

●

●

●● ●●

●

●

●
●

●
●●●●● ●●

●●
●●●

●● ●● ●●●● ●●
●● ●

●

●●
● ●

●
●

●

●
●●

● ● ●
●

●
●●

●

●

● ●

●
●●●● ●●●● ●

●
●●

●●●
●

●●

●●●● ●●●● ●● ●●
●

●●●● ●●
●

● ●●●
●

●●

●

●● ●●
●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

●
●

●

●

●●● ●●●● ●●

●
●
● ●

●
●

●
●●

●
●●●●●●

●
●

h.p

●●●

●

● ●●
●●

●
●

●
●●●●●

●●
●● ●●

●
●

●● ●●
●
●●●

●
●

●

●

●
●

●

●●●

●

●

●
●

●
●● ●

●●
●● ●●

●●●●●●●●
●●

●●

●●●●

●

●

●

●●●● ●●●●

●●

●

●

●●

●●

●●●● ●●●●●
●
●●●●

●●●●
●●
●●
●●●●●●

●
●●●●●●●●●●

●●
●

●

●● ●●●●
●●

●
● ●●

●●
●
●●
●

●●
●
●●● ●●●

●

●●●●●
●●●●●●●

●
●

●●●

●

●●●●●●
●

●●

●●

●
●

●●

●
●●
●●●●

●●
●●●●

●
●● ●●●● ●●

●●●●●●
●
●

● ●●● ●●
●

●
●●

●

●

●●
●

●

●

● ●●

●●●●● ●●●● ●
●

●●●●

●
●

●●●● ●● ●
●

●●

●
●

●
●

● ●●

●
●●●●●●●●● ●●●●●●●

●
●

●

●

●●●●

●●

●●●●● ●● ●●
●●●

●

●

●

●

●

●●

●

●
●

●●

●

●
●●

●●●● ●● ●
●

●
●●●●

●● ● ●● ●●●●●●
●

●

●●
● ●●●●

●●

●● ●●●●
●
●
●●●●
●●
●●

●●●●●●
●●
●

● ●● ● ●●
●●●

●

●
●

●●●

●

●● ●●
●

●

●

●

●

●●●●●
●●●●●

●●●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
● ●●●● ●●

●

●
●●●

●

●●

●●●● ●●● ●
●

●

●
●

●

●

●
●
●●

●

●

● ●●
●
●●●
●●

●

●

●

●
●●●●●●●

●●●●●●

●
●

●

●●
●
●●●●● ●●

●
●

●

● ●

●

●●
●●●●●●

●

●●

●

●

●

●●
●●

●●

●
●

●●

●

●

●●●●

●

●

●
●

●
●●●●●●●
●●

● ●●
●●●●●●●● ●●

●●●
●

●●
●●

●
●

●

●
●●

●●●
●
●
●●

●

●

●●

●
●●●●●●●●●●
●●

●●●
●

●●

●●●●●●●●●●● ●
●

●●●● ●●
●
●●
●●

●
●●

●

●●●●
●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●
●
●

●

●●● ●●●● ●●

●
●
●●

●
●
●
●●

●
●●●●●●

●
●

●● ●

●

● ●●
●●

●
●

●
● ●●●●

●●
●● ●●

●
●

●●●●
●
● ●●

●
●

●

●

●
●

●

● ●●

●

●

●
●

●
●●●

●●
●●●●

●● ●● ●● ●●
●●

●●

●● ●●

●

●

●

● ● ●●●● ●●

●●

●

●

●●

●●

●● ●●●●● ●●
●
● ●● ●

●● ●●
●●

●●
●●●● ●●

●
●●●● ●●●● ●●

●●
●

●

●● ●●●●
●●

●
● ●●

●●
●
● ●●

●●
●
● ● ●●●●

●

●●●●●
●●● ●● ●●

●
●

●●●

●

●●●● ●●
●

●●

●●

●
●

●●

●
●●

●● ●●

●●
●● ●●

●
●● ●● ●●●●
●● ●●●●

●
●

●●● ●●●
●

●
●●

●

●

●●
●

●

●

● ●●

●●●●●●●●●●
●

●●●●

●
●

●● ●●● ●●
●

●●

●
●

●
●

● ●●

●
●●●●●●● ●● ●●●●●●●

●
●

●

●

● ●● ●

●●

●●● ●●●● ●●
●● ●

●

●

●

●

●

●●

●

●
●

●●

●

●
●●

●● ●● ●● ●
●

●
●●● ●

●● ●●● ●●● ●● ●
●

●

●●
●●● ●●

●●

●●●●●●
●
●
●●●●

●●
●●

●●●●●●
●●

●

●●● ●●●
●● ●

●

●
●

●● ●

●

●●●●
●

●

●

●

●

●●● ●●
●●●● ●

● ●●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●●●●● ●●

●

●
●●●

●

●●

●● ●● ● ● ●●
●

●

●
●

●

●

●
●

●●

●

●

●●●
●
●●●

●●

●

●

●

●
●● ●● ●●●●●●● ●●

●
●

●

●●
●
● ●●●●●●

●
●

●

● ●

●

●●
●●●●●●

●

●●

●

●

●

●●
●●

●●

●
●

●●

●

●

●● ●●

●

●

●
●

●
●● ●●●●●

●●
● ●●

●●●●●●●●●●
●●●
●

●●
●●

●
●

●

●
●●

●●●
●
●
●●

●

●

●●

●
●● ●● ●● ●● ●

●
●●

●●●
●

●●

●● ●● ● ●●● ●● ●●
●

● ●● ●●●
●
●●
●●

●
●●

●

●● ● ●
●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●
●
●

●

● ●●●● ●●●●

●
●
●●

●
●
●
● ●

●
●●●● ●●

●
●

●●●

●

●●●
●●

●
●

●
●●●●●

●●
●●●●

●
●

●● ●●
●
● ●●

●
●

●

●

●
●

●

●●●

●

●

●
●

●
●● ●

●●
●● ●●

●●●●●● ●●
●●

●●

●●●●

●

●

●

●●●●●●●●

●●

●

●

●●

●●

●●●● ●● ●●●
●
●●● ●

●●●●
●●

●●
●●●● ●●

●
●●● ●●●●● ●●

●●
●

●

●●●●●●
●●

●
●●●

●●
●
●●●

●●
●
● ●● ●●●

●

● ●●●●
●●● ●●●●

●
●

●●●

●

●●●●●●
●

●●

●●

●
●

●●

●
●●

●●●●

●●
●●●●

●
●● ●●●● ●●

●●●● ●●
●
●

● ●●● ●●
●

●
●●

●

●

●●
●

●

●

●●●

●●●●●●●●● ●
●

●●●●

●
●

●●●● ● ●●
●
●●

●
●

●
●

●●●

●
● ●●●●●●●●●● ●●● ●●

●
●

●

●

●●●●

●●

● ●●●● ●● ●●
●●●

●

●

●

●

●

●●

●

●
●

●●

●

●
●●
●●● ●●●●
●

●
●●●●

●●●●●●●●
●●●

●

●

●●
●●●●●

●●

●● ●●●●
●
●

●●●●
●●

●●
●●●● ●●

●●
●

●●●●●●
●●●

●

●
●

●●●

●

●●●●
●

●

●

●

●

●●● ●●
●●●● ●

● ●●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●●● ●●●●

●

●
●● ●

●

●●

●●●●●●●
●
●

●

●
●

●

●

●
●
●●

●

●

●●●
●
●●●

●●

●

●

●

●
●● ●● ●●● ●●●●●●

●
●

●

●●
●
● ●● ●●●●

●
●

●

●●

●

●●
●● ●●●●

●

●●

●

●

●

●●
●●
●●

●
●

●●

●

●

●●● ●

●

●

●
●

●
●●●● ● ●●
● ●

●●●
●●●●●●●●●●
●●●
●

●●
●●

●
●

●

●
●●

●●●
●
●
●●

●

●

●●

●
●●●●●●●●
●
●
●●

●●●
●

●●

●●●●●
●●●●● ●●
●
●●● ●●●
●
●●
● ●

●
●●

●

●●●●
●

●

●

●

●

●
●

●

●

●

●

●

●●

●

●
●
●

●

●●●●●●● ●●

●
●
●●

●
●

●
●●

●
●●●●●●

●
●

● ●●

●●

●●

●●

●●

●●

●● ●●

●● ●●

●●

●●

●●

●● ●●

●●

●●

● ●●

●

●

●
●● ●●● ●● ●●

● ●●

●●

●●

●● ●● ●● ●●

●●

●●●● ●●
●● ●●●●●

●●●● ●●●

● ●●●●

●●●●

●●●

●● ●●●●●

●●

●●
●●●● ●●●●●● ●●●●●●● ●●●● ●●

● ●

●●

●● ●●

●●

●●

●●

●● ●● ●●●● ●●● ●

●

●●

●●

●●●● ●
●● ●●●●

●● ● ●● ●● ●●● ●● ●
●●●●

●●● ● ● ●●●●●● ●●

●●

●● ● ●●

●●

●●

●● ●●●● ●● ●●

●

●●

●

●●●

●●●

●● ●● ● ●●

●

●●

● ●●●●
●●●●

●● ●● ●● ●●
●●●●

● ●

●
●

●●●● ●●

●

●● ●●

●●●● ●●
●●

●●

●●●●● ●● ●●

● ●●●

●●
● ●●

●●

●●

●●

●●

●●
●● ●●

●●

●●●

●●

●●
●●
●●
●

●

●●
● ● ●●●●●

●●

●
●●

●●
● ●●●

● ●

●●

●

●●

●●
●●●●

●●●● ●● ●●●● ●● ●●

●●

●●

●● ●●●

●

●●
●

●●
●●

●

●● ●
●● ●

●●●
●●

●
● ●● ●●●●

●● ●●●●
●● ●●

● ●● ● ●●● ●

● ● ●●●

●●

●●

● ●

●●

●●

●●

●●

●● ●●
●●

●●●
●● ●● ●● ●●● ●● ●● ●

●●

●●●●●● ●● ●● ●● ●●
●● ●●●●●

●●

●●

●

●● ●●

●● ●●

●●

●●

●●

●

●

●●

●●

●●●●

●

●●

● ●●

●● ●● ●● ●● ● ●●●●● ●

● ●● ●

●●
●●●●

● ●●

●

●●

●● ●● ●● ●●●●
●● ●● ●●●●

● ●

●● ●●

●●
● ● ●●● ●●● ●● ●●●●●● ●●●● ●● ●● ●●●●

●●●●●● ●●●● ●●

●

●●
●●●

●

●●
●● ●●

●● ●●
●●● ●●● ●● ●● ●●

● ●● ● ●
● ● ●●

●●

●●●●

●●●●

●●

●●● ●●● ●●●●

●●●●

●● ● ●

●●●

●●

●●

●●

●●

●●

●●●●

●● ●●

●●

●●

●●

●● ●●

●●

●●

● ●●

●

●

●
●● ● ●● ●● ●●

●●●

●●

●●

●●●●●●●●

●●

●●●●●● ●● ●●●●●

●●●● ●●●

● ●●●●

●●●●

●●●

●● ●●●●●

●●

●●
●●●● ●●●●●● ●●●●●●●●●●● ●●
● ●

●●

●●●●

●●

●●

●●

●● ●●●●●●●●●●

●

●●

●●

●●●●●
●●●●●●
●● ●●● ●●●●●●● ●

●●●●
●● ●●●●●●●●● ●●

●●

●● ●●●

●●

●●

●● ●●●●●● ●●

●

●●

●

●●●

●●●

●● ●●● ●●

●

●●

●●●●●
●●●●

●● ●●●● ●●
●●●●

●●

●
●

●● ●●● ●

●

●● ●●

●●●●●●
●●

●●

●●●●● ●● ●●

●●●●

●●
●●●

●●

●●

●●

●●

●●
●● ●●

●●

●●●

●●

●●
●●

●●
●

●

●●
● ● ●●●●●

●●

●
●●

●●
●●●●

● ●

●●

●

●●

●●
●●●●

●●●● ●● ●●●●●●●●

●●

●●

●● ●●●

●

●●
●

●●
●●

●

●●●
●●●

●●●
●●

●
● ●● ●●●●

●●●●●●
●●●●

● ●● ●● ●● ●

● ●●● ●

●●

●●

●●

●●

●●

●●

●●

●●●●
●●

●●
●

●● ●●● ●●●● ●● ●●●

●●

●●●● ●● ●● ●● ●●●●
●●●●●●●
●●

●●

●

●●●●

●●●●

●●

●●

●●

●

●

●●

●●

●●●●

●

●●

● ●●

●●●●●● ●● ●●●●●●●

● ●● ●

●●
●●●●

●●●

●

●●

●● ●●●●●●●●
●● ●●● ●●●

●●

●● ●●

●●
●●●●●●●● ● ●●●●●●●●●●●●●●● ●●●●

●●●●●●●●●●●●

●

●●
●●●

●

●●
●●●●

●●●●
●●●●●● ●● ●● ●●

● ●● ●●
●● ●●

●●

●●●●

●●●●

●●

●● ●●●● ●●●●

●●●●

●● ●●

GX

●● ●

●●

●●

●●

●●

●●

●●●●

●●●●

●●

●●

●●

●● ●●

●●

●●

●●●

●

●

●
●●●●●●● ●●

● ●●

●●

●●

●● ●● ●● ●●

●●

●●●● ●●
●● ●● ● ●●

●● ●●●●●

●●●●●

●● ●●

●●●

●● ●● ●● ●

●●

●●
●● ●● ●●●● ●● ●●●●● ●●●● ●● ●●

●●

●●

●●●●

●●

●●

●●

●● ●● ●●●● ●● ● ●

●

●●

●●

●●●● ●
●● ●● ●●

●● ●●●● ●●●● ●● ●
●●●●●● ●● ● ●●●● ●● ●●

●●

●● ●●●

●●

●●

●●●● ●●●●●●

●

●●

●

●● ●

●●●

●● ●●●● ●

●

●●

●●●●●
●●●●

●●●●●● ●●
●● ●●

● ●

●
●

●●●●
● ●

●

●●●●

●●●●●●
●●

●●

●●●●●●●●●

● ●● ●

●●
●●●

●●

●●

●●

●●

●●
●●●●

●●

●● ●

●●

●●
●●

●●
●

●

●●
●●●●●● ●

●●

●
●●

●●
● ●● ●

●●

●●

●

●●

●●
●●●●

●●●●●●●●●●●●●●

●●

●●

●● ●● ●

●

●●
●

●●
●●

●

●●●
●● ●

● ●●
●●

●
●●●●●●●

●●●●●●
●● ●●

●●●●●● ●●

●●●●●

●●

●●

●●

●●

●●

●●

●●

●●●●
●●

● ● ●
●●●●●●● ●●●●
●● ●

●●

●●●●●●●●●● ●● ●●
●●●●●●●

●●

●●

●

●● ●●

●●●●

●●

●●

●●

●

●

●●

●●

●●●●

●

●●

●●●

●● ●●●● ●●●●●● ●● ●

●●●●

● ●
●● ●●

●●●

●

●●

●● ●●●●●●●●
●●●●●● ●●

●●

●● ●●

●●
●●●●●●● ●●●●● ●● ●● ●● ●● ●●●●●●●●

●●●● ●● ● ●●● ●●

●

●●
● ●●

●

●●
●●●●

●●●●
●●● ● ●● ●●●●●●

●●● ●●
●● ●●

●●

●● ●●

●● ●●

●●

●●●●●●●● ●●

●●●●

●● ●●

●●●

●●

●●

●●

●●

●●

●●●●

●●●●

●●

●●

●●

●●●●

●●

●●

●●●

●

●

●
●●●●●● ●●●

●●●

●●

●●

●●●●●● ●●

●●

●●●●●●
●●●●●●●

●●●●●●●

●●●●●

●●●●

●● ●

●● ●●●● ●

●●

●●
●●●●●●●● ●●●●●● ●●●●● ●●●●

●●

●●

●●●●

●●

●●

●●

●●●●●●●●●● ●●

●

●●

●●

●●●●●
●● ●●●●
●●●●●● ●●●●●●●

●●●●
●●●●

●●● ●●●● ●●

●●

●●● ●●

●●

●●

●● ●●●● ●● ●●

●

●●

●

●●●

●●●

●●●●●● ●

●

●●

●●●●●
●●●●

●● ●●●● ●●
●●●●

● ●

●
●

●●●●
●●

●

●●●●

●●●●●●
●●

●●

●●● ●●●● ●●

●●●●

●●
● ●●

●●

●●

●●

●●

●●
●●●●

●●

●●●

●●

●●
●●
●●
●

●

●●
●●●●●●●

●●

●
●●
●●
●●●●

●●

●●

●

●●

●●
●●●●

●●●● ●●●●●●●●●●

●●

●●

●●●●●

●

●●
●

●●
●●

●

●●●
●●●

●●●
●●

●
●●●●●●●

●●●●●●
●● ●●

●●● ●●●●●

●●● ●●

●●

●●

●●

●●

●●

●●

●●

●●●●
●●

●●
●
●●●●●●●●●●●
●●●

●●

●●●●●● ● ●●● ●● ●●
●●● ●●●●

●●

●●

●

●● ●●

●● ●●

●●

●●

●●

●

●

●●

●●

●●●●

●

●●

●●●

●●●●
●●●●●●●●●●●

●●●●

●●
●●●●

● ●●

●

●●

●●●●●●●●●●
●●●●
●●●●

●●

●●●●

●●
●●●●●●●●
●●●●●●●●●●●●●●
●●●●●●
●●●●●●●●
●●●●

●

●●
●●●

●

●●
●●●●

●●●●
●●●●●●● ●●● ●●

●●●●●
●● ●●

●●

●●●●

●●●●

●●

●●●● ●●●●●●

●●●●

●●●●

0
20

0
40

0
60

0
80

0
10

00

0

100

200

300

400

500

● ●

●

●
●

●●
●● ●●

●●

●● ●●

●● ●●

●●

●●

●●

●●

●●

●●

●●

● ●●

●

●

●

●● ●●● ●

●

●●

●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●●
●● ●●●

● ●●●●

●●

●●

●●

●

●●
●●

●●

●

●●

●●

●●

●●

●●●●
●●

●●

●●

●

●● ●●

●●

●●

● ●

●●

●● ●●

●●

●●

●●

●●

●●
●●●●

●●

●

●

●

●●

●●

●●●●

●

●●

●●

●●

●●

● ●● ●

● ●●●

●●

●

●●●●
●●

● ●

●

●●●●

●●

●●

●●

●●

●

●●
●●

●●

●●

●●
●● ●●

●●

●

●●

●

●●

●

●●●

●●

●● ● ●
●

●

●●

● ●●●●

●●●●

●●
●●

●●
●●

●●

●●

●

●

●

●
●●●●

●

●

●

●● ●●

●●

●● ●●

●●

●●

●●●
●●

●● ●●

●

●●

●

●●

●

●●

●●

●●

●●

●●

●●

●● ●●

●●

●●

●

●●

●●

●●
●●

●

●

●●

●

●
●●●●

●
●●

●

●●

●●

●
●●

●

● ●

●●

●

●●

●●
●●●●

●●
●●
●● ●●

●● ●●

●●

●●

●●

●●

●●

●

●

●●

●

●●

●●

●

●● ●

●●

●

●

●●

●●

●

● ●● ●●●●

●● ●●

●●

●●

●●

● ●● ● ●●

● ●

● ● ●

●●

●●

●●

● ●

●●

●●

●●

●●

●●
●●

●●

●

●
●

●● ●● ●● ●
●● ●● ●●

●
●●

●●

●●●●

●

● ●●

●●

●●

●●

●

●●

●●
●●

●●
●

●●

●●

●●
●●

●●

●●

●●

●

●

●●
●●

●●

●●

●
●●

● ●●

●●

●●

●●

●● ● ●●●
●●

●

● ●● ●

●

●

●●

●●

● ●●

●

●●
●●

●●
●● ●●●●

●● ●● ●●
●●

● ● ●●

●●

●●

● ● ●●● ●●

●

●● ●●

●●

●●
●●

●●
●●

●● ●●●● ●●●●

●●

●
●

●●

●●

●

●●

●

●●

●

●●

●● ●●

●●

●●
●●

●

●

●●

●

●

●●

●●

● ●●

● ●

● ●
●●

●●

●●

●●

●●

●●

●●
●●● ●

●● ●●

●●

●●●●

●●

● ●

●●

●

●
●

●●
●● ●●

●●

●●●●

●● ●●

●●

●●

●●

●●

●●

●●

●●

● ●●

●

●

●

●● ● ●● ●

●

●●

●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●●
●● ●●●

● ●●●●

●●

●●

●●

●

●●
●●

●●

●

●●

●●

●●

●●

●●●●
●●

●●

●●

●

●●●●

●●

●●

● ●

●●

●●●●

●●

●●

●●

●●

●●
●●●●

●●

●

●

●

●●

●●

●●●●

●

●●

●●

●●

●●

●●● ●

●●●●

●●

●

●●●●
●●

●●

●

●●●●

●●

●●

●●

●●

●

●●
●●

●●

●●

●●
●●●●

●●

●

●●

●

●●

●

●●●

●●

●●● ●
●

●

●●

●●●●●

●●●●

●●
●●

●●
●●

●●

●●

●

●

●

●
●● ●●

●

●

●

●● ●●

●●

●●●●

●●

●●

●●●
●●

●● ●●

●

●●

●

●●

●

●●

●●

●●

●●

●●

●●

●● ●●

●●

●●

●

●●

●●

●●
●●

●

●

●●

●

●
●●●●

●
●●

●

●●

●●

●
●●

●

● ●

●●

●

●●

●●
●●●●

●●
●●

●● ●●

●●●●

●●

●●

●●

●●

●●

●

●

●●

●

●●

●●

●

●●●

●●

●

●

●●

●●

●

● ●● ●●●●

●●●●

●●

●●

●●

● ●● ●● ●

● ●

● ●●

● ●

●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●

●
●

●● ●●● ●●
●● ●● ●●

●
●●

●●

●● ●●

●

● ●●

●●

●●

●●

●

●●

●●
●●

●●
●

●●

●●

●●
●●

●●

●●

●●

●

●

●●
●●

●●

●●

●
●●

● ●●

●●

●●

●●

●● ●●●●
●●

●

● ●● ●

●

●

●●

●●

●●●

●

●●
●●

●●
●●●●●●

●● ●●● ●
●●

●● ●●

●●

●●

●●●●●●●

●

● ●●●

●●

●●
●●
●●

●●

●● ●●●● ●●●●

●●

●
●

●●

●●

●

●●

●

●●

●

●●

●●●●

●●

●●
●●

●

●

●●

●

●

●●

●●

● ●●

●●

●●
●●

●●

●●

●●

●●

●●

●●
●● ●●

●● ●●

●●

●●●●

●●

●●

●●

●

●
●

●●
●● ●●

●●

●●●●

●●●●

●●

●●

●●

●●

●●

●●

●●

●●●

●

●

●

●●●●●●

●

●●

●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●●
●●●●●

●●●●●

●●

●●

●●

●

●●
●●

●●

●

●●

●●

●●

●●

●●●●
●●

●●

●●

●

●●●●

●●

●●

●●

●●

●●●●

●●

●●

●●

●●

●●
●●●●

●●

●

●

●

●●

●●

●●●●

●

●●

●●

●●

●●

●●●●

●●●●

●●

●

●●●●
●●

●●

●

●●●●

●●

●●

●●

●●

●

●●
●●

●●

●●

●●
●●●●
●●

●

●●

●

●●

●

●●●

●●

●●●●
●

●

●●

●●●●●

●●●●

●●
●●

●●
●●

●●

●●

●

●

●

●
●●●●

●

●

●

●●●●

●●

●●●●

●●

●●

●●●
●●

●●●●

●

●●

●

●●

●

●●

●●

●●

●●

●●

●●

●●●●

●●

●●

●

●●

●●

●●
●●

●

●

●●

●

●
●●●●

●
●●

●

●●

●●

●
●●

●

●●

●●

●

●●

●●
●●●●

●●
●●
●●●●

●●●●

●●

●●

●●

●●

●●

●

●

●●

●

●●

●●

●

●●●

●●

●

●

●●

●●

●

●●●●●●●

●●●●

●●

●●

●●

●●●●●●

●●

●●●

●●

●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●

●
●

●●●●●●●
●●●●●●

●
●●

●●

●●●●

●

●●●

●●

●●

●●

●

●●

●●
●●

●●
●

●●

●●

●●
●●

●●

●●

●●

●

●

●●
●●

●●

●●

●
●●

●●●

●●

●●

●●

●●●●●●
●●

●

●●●●

●

●

●●

●●

●●●

●

●●
●●

●●
●●●●●●

●●●●●●
●●

●● ●●

●●

●●

●●●●●●●

●

●●●●

●●

●●
●●

●●
●●

●●●●●●
●●●●

●●

●
●

●●

●●

●

●●

●

●●

●

●●

●●●●

●●

●●
●●
●

●

●●

●

●

●●

●●

●●●

●●

●●
●●

●●

●●

●●

●●

●●

●●
●●●●

●●●●

●●

●●●●

●●

●●

GY

●●

●

●
●

●●
●● ●●

●●

●●●●

●●●●

●●

●●

●●

●●

●●

●●

●●

●●●

●

●

●

●●●●●●

●

●●

●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●●
●●●●●

●●●●●

●●

●●

●●

●

●●
●●

●●

●

●●

●●

●●

●●

●●●●
●●

●●

●●

●

●●●●

●●

●●

●●

●●

●●●●

●●

●●

●●

●●

●●
●●●●

●●

●

●

●

●●

●●

●●●●

●

●●

●●

●●

●●

●●●●

●●●●

●●

●

●●●●
●●

●●

●

●● ●●

●●

●●

●●

●●

●

●●
●●

●●

●●

●●
●● ●●

●●

●

●●

●

●●

●

●●●

●●

●●●●
●

●

●●

●●●●●

●●●●

●●
●●

●●
●●

●●

●●

●

●

●

●
●●●●

●

●

●

●●●●

●●

●●●●

●●

●●

●●●
●●

●● ●●

●

●●

●

●●

●

●●

●●

●●

●●

●●

●●

●●●●

●●

●●

●

●●

●●

●●
●●

●

●

●●

●

●
●●●●

●
●●

●

●●

●●

●
●●
●

●●

●●

●

●●

●●
●●●●

●●
●●

●●●●

●●●●

●●

●●

●●

●●

●●

●

●

●●

●

●●

●●

●

●●●

●●

●

●

●●

●●

●

●●●●●●●

●●●●

●●

●●

●●

●●● ●●●

●●

●●●

●●

●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●

●
●

●●●●●●●
●●●●●●

●
●●

●●

●●●●

●

●●●

●●

●●

●●

●

●●

●●
●●

●●
●

●●

●●

●●
●●

●●

●●

●●

●

●

●●
●●

●●

●●

●
●●

●●●

●●

●●

●●

●●●●●●
●●

●

●●●●

●

●

●●

●●

● ●●

●

●●
●●

●●
●●●●●●

●●●●●●
●●

●●●●

●●

●●

●●●●●●●

●

●●●●

●●

●●
●●
●●
●●

●●●●●●
●●●●

●●

●
●

●●

●●

●

●●

●

●●

●

●●

●●●●

●●

●●
●●

●

●

●●

●

●

●●

●●

●●●

●●

●●
●●

●●

●●

●●

●●

●●

●●
●●●●

●●●●

●●

●●●●

●●

●●

● ●●

●

●

●●

●●

●●

●●

●● ●●

●● ●●

●● ●●●●

●●

●●

●●
●●

● ●●

●

●

●

●● ●●● ●

●

●●

●
●●

●●

●●

●● ●●

●●

●●

●●

●●
●●

●●

●●
●●

●

●●

●●●●
●●●

● ●●●●

●●●●

●●

●

●●

●●

●●

●

●●

●●

●●
●●

●●●●
●●

●●●●

●
●● ●●

●●
●●

● ●

●●

●● ●●

●●

●●

●●

●● ●● ●●
●●

●●
● ●

●

●●

●●
●●

●● ●
●●

●●
●●

●● ● ●● ●

● ●

●●
●● ●

●●

●● ●●● ●
●

●●

●●

●●

●●
●●

●● ●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●

●●

●

●●●

●●

●● ● ●

●

●●●

● ●●●● ●●●●

●●

●●

●●

●●

●●●●

●

●

●

●●●●● ●●

●

●● ●●

●●●● ●●
●●

●●

●●●

●● ●●

●●

● ●●●

●●

●

●●

●●

●●

●●

●●

●● ●● ●●

●●

●●●

●●

●●●●●●●

●

●● ● ● ●●●●●

●●

● ●●●● ● ●●●

● ●

●●

●

●●

●●

●●●●

●●

●●

●●

●●

●●
●●

●●

●●●●

●●

●●
●

●●● ● ●●
●●

● ●● ●●● ● ●●●●● ● ● ●● ●●●●

●● ●●●●

●●

●●

● ●●

● ●●
● ●

● ● ●
●●●●

●●

● ●

●●

●●

●●

●●

●● ●●
●●
●●●●●

●● ●● ●
●● ●● ●● ●●●

●●

●●●●
●

● ●●

●●

●●

●●

●

●●

●●

●●

●● ●

●●
●●

●●

●●

●●

●●

●●● ●

●●

●●

●●

●●

●●●

● ●●

●● ●● ●● ●● ● ●●●●● ●

● ●● ●

●● ●●●●

●

●●

●

●●

●● ●● ●● ●●●● ●● ●● ●●●●

● ●

●● ●● ●●● ● ●●● ●●● ●● ●●●●●● ●●●● ●● ●● ●●●● ●●●●●● ●●●● ●●

●

●● ●●●

●

●● ●● ●●

●● ●●

●●

●
●

●●

●

●

●●

●●

● ●● ● ●

● ●

●●

●●

●●

●●

●●●●

●● ●●● ●

●●

●●
●●

●●

●●●●

● ● ●●●

●

●

●●

●●

●●

●●

●●●●

●● ●●

●● ●●●●

●●

●●

●●
●●

● ●●

●

●

●

●● ● ●● ●

●

●●

●
●●

●●

●●

●●●●

●●

●●

●●

●●
●●
●●

●●
●●

●

●●

●●●●
●●●

● ●●●●

●●●●

●●

●

●●

●●

●●

●

●●

●●

●●
●●

●●●●
●●

●●●●

●
●●●●

●●
●●

● ●

●●

●●●●

●●

●●

●●

●● ●●●●
●●

●●
●●

●

●●

●●
●●

●●●
●●

●●
●●

●● ●●● ●

●●

●●
●● ●

●●

●● ●● ●●
●

●●

●●

●●

●●
●●

●● ●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●

●●

●

●●●

●●

●●● ●

●

●●●

●●●●●●●●●

●●

●●

●●

●●

●●●●

●

●

●

● ●● ●●● ●

●

●● ●●

●●●●●●
●●

●●

●●●

●● ●●

●●

●●●●

●●

●

●●

●●

●●

●●

●●

●● ●● ●●

●●

●●●

●●

●●●●●●●

●

●●● ● ●●●●●

●●

●●●●●●●●●

● ●

●●

●

●●

●●

●●●●

●●

●●

●●

●●

●●
●●

●●

●●●●

●●

●●
●

●●●●●●
●●

● ●●●●●● ●●●●●● ● ●● ●●●●

●●●●●●

●●

●●

● ●●

●● ●
● ●

● ●●
● ●●●

●●

●●

●●

●●

●●

●●

●●●●
●●
●●●●●

●●● ●●
●● ●● ●●●●●

●●

●● ●●
●

● ●●

●●

●●

●●

●

●●

●●

●●

●● ●

●●
●●

●●

●●

●●

●●

●●● ●

●●

●●

●●

●●

●●●

● ●●

●●●●●● ●● ●●●●●●●

● ●● ●

●● ●●●●

●

●●

●

●●

●● ●●●●●●●●●● ●●● ●●●

●●

●● ●●●● ●●●●●●●● ● ●●●●●●●●●●●●●●● ●●●● ●●●●●●●●●●●●

●

●● ●●●

●

●● ●●●●

●●●●

●●

●
●

●●

●

●

●●

●●

● ●● ●●

●●

●●

●●

●●

●●

●●●●

●● ●● ●●

●●

●●
●●

●●

●●●●

●● ●●●

●

●

●●

●●

●●

●●

●●●●

●●●●

●●●● ●●

●●

●●

●●
●●

●●●

●

●

●

●●●●●●

●

●●

●
●●

●●

●●

●●●●

●●

●●

●●

●●
●●
●●

●●
●●
●

●●

●●●●
●●●

●●●●●

●●●●

●●

●

●●

●●

●●

●

●●

●●

●●
●●

●●●●
●●

●●●●

●
●●●●

●●
●●

●●

●●

●●●●

●●

●●

●●

●●●●●●
●●
●●

●●

●

●●

●●
●●
●●●●●

●●
●●

●●●●●●

●●

●●
●●●

●●

●●●●●●
●

●●

●●

●●

●●
●●

●●●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●

●●

●

●●●

●●

●●●●

●

● ●●

●●●●● ●●●●

●●

●●

●●

●●

●●●●

●

●

●

● ●●●●●●

●

●●●●

●●●●●●●●

●●

●●●

●●●●

●●

●●●●

●●

●

●●

●●

●●

●●

●●

●● ●●●●

●●

●●●

●●

●● ●●●●●

●

●● ●●●●●●●

●●

● ●● ●●●●●●

●●

●●

●

●●

●●

●●●●

●●

●●

●●

●●

●●
●●

●●

●●●●

●●

●●
●

● ●● ● ●●
●●

● ●●● ●●● ●●● ●●●●●●●●●●

●●●●●●

●●

●●

●●●

●●●
●●

●●●
●● ●●

●●

●●

●●

●●

●●

●●

●●●●
●●

●●● ●●
●●●●●

●●●●●●● ●●

●●

●●●●
●

●●●

●●

●●

●●

●

●●

●●

●●

●●●

●●
●●

●●

●●

●●

●●

●● ●●

●●

●●

●●

●●

●●●

●●●

●●●●●●●●●●●●●●●

●●●●

●● ●●●●

●

●●

●

●●

●●●●●●●●●● ●●●●●●●●

●●

●●●● ●● ●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●

●●●●●

●

●●●●●●

●●●●

●●

●
●

●●

●

●

●●

●●

●●●●●

●●

●●

●●

●●

●●

●●●●

●●●●●●

●●

●●
●●

●●

●●●●

●● ●● ●

●

●

●●

●●

●●

●●

●●●●

●●●●

●●●● ●●

●●

●●

●●
●●

●●●

●

●

●

●●●●●●

●

●●

●
●●

●●

●●

●● ●●

●●

●●

●●

●●
●●

●●

●●
●●

●

●●

●● ●●
●●●

●●●●●

●● ●●

●●

●

●●

●●

●●

●

●●

●●

●●
●●

●●●●
●●

●●●●

●
●●●●

●●
●●

●●

●●

●●●●

●●

●●

●●

●● ●● ●●
●●

●●
● ●

●

●●

●●
●●
●● ●

●●

●●
●●

●● ●●●●

●●

●●
●● ●

●●

●●●● ●●
●

●●

●●

●●

●●
●●

●● ●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●

●●

●

●●●

●●

●●●●

●

● ●●

●●●●●●●●●

●●

●●

●●

●●

●● ●●

●

●

●

●●●●●● ●

●

●●●●

●●●●●●
●●

●●

●●●

●●●●

●●

● ●● ●

●●

●

●●

●●

●●

●●

●●

●● ●●●●

●●

●● ●

●●

●● ●●●● ●

●

●● ●●●●●● ●

●●

●●● ●●● ●● ●

●●

●●

●

●●

●●

●●●●

●●

●●

●●

●●

●●
●●

●●

●●●●

●●

●●
●

●●● ●●●
●●

●●●● ●● ●● ●●●● ●●●●●●●●

●●●●●●

●●

●●

●●●

●●●
●●

●●●
●● ●●

●●

●●

●●

●●

●●

●●

●●●●
●●

● ● ●●●
●●●●●

●●●●●● ●●●

●●

●●●●
●

●●●

●●

●●

●●

●

●●

●●

●●

●● ●

●●
●●

●●

●●

●●

●●

●● ●●

●●

●●

●●

●●

● ●●

●●●

●● ●●●● ●●●●●● ●● ●

●●●●

● ●●● ●●

●

●●

●

●●

●● ●●●●●●●●●●●●●● ●●

●●

●● ●●●●●●●●●●● ●●●●● ●● ●● ●● ●● ●●●●●●●●●●●● ●● ● ●●● ●●

●

●●● ●●

●

●● ●●●●

●●●●

●●

●
●

●●

●

●

●●

●●

●●● ●●

●●

●●

●●

●●

●●

●● ●●

●● ●●●●

●●

●●
●●

●●

●● ●●

●●

DBH

0
50

0
10

00
15

00
20

00

0 50 100 150 200 250 300 350

s

U

T

S

M

0 200 400 600 800 1000 0 500 1000 1500 2000

grform



0 200 400 600 800 1000

0
10

0
20

0
30

0
40

0
50

0
Location of sampled stems

Easting in 50−hectare plot

N
or

th
in

g 
in

 5
0−

he
ct

ar
e 

pl
ot

●
●●

●

●

●

●●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

● ● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●●

●●

●

● ●

●
●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●
●

●●
●●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

● ●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●●

●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●●

●

●

●
●

●

●

● ●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●



0 200 400 600 800 1000

0
10

0
20

0
30

0
40

0
50

0
Location of stems with processed images

Easting in 50−hectare plot

N
or

th
in

g 
in

 5
0−

he
ct

ar
e 

pl
ot

●
●●

●

●

●

●●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

● ● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

● ● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●●

●●

●

● ●

●
●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●
●

●●
●●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

● ●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●
●

●●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●

●
●

●

●

●
●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●
●

●

●

●

●●

●

●
●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●●

●

●

●
●

●

●

● ●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●
●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●●

●●

●●

●●

●●

●●

●●●

●

●

●

●●

●●●●

●

●●

●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●●

●●

●●●

●●●●●

●●

●●

●●

●

●●

●●

●●

●

●●

●●

●●

●●

●●●●

●●

●●

●●

●

●●●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●

●

●

●●

●●

●●

●●

●

●●

●●

●●

●●

●●●●

●●

●●

●●

●

●●
●●

●●

●●

●

●●

●●

●●

●●

●●

●●

●

●●

●●

●●

●●

●●

●●

●●

●●

●

●●

●

●●

●

●●●

●●

●●●●

●

●

●●

●●●●●

●●●●

●●

●●

●●

●●

●●

●●

●

●

●

●

●●

●●

●

●

●

●●

●●

●●

●●
●●

●●

●●

●●●

●●

●●●●

●

●●

●

●●

●

●●

●●

●●

●●

●●

●●

●●●●

●●

●●

●

●●

●●

●●

●●

●

●

●●

●

●

●●

●●

●

●●

●

●●

●●

●

●●

●

●●

●●

●

●●

●●

●●●●

●●

●●

●●●●
●●●●

●●

●●

●●

●●

●●

●

●

●●

●

●●

●●

●

●●●

●●

●

●

●●

●●

●

●●●●

●●●

●●●●

●●

●●

●●

●●●

●●●

●●

●●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●

●

●

●●

●●●●●

●●

●●

●●

●

●●

●●

●●●●

●

●●●

●●

●●

●●

●

●●

●●

●●

●●

●

●●

●●

●●

●●

●●

●●

●●

●

●

●●

●●

●●

●●

●

●●

●●●

●●

●

●

●●

●●

●●

●●

●●

●

●●●●

●

●

●●

●●

●

●●

●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●
●●

●●

●●

●●●●●●●

●

●●

●●

●

●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●

●

●●

●●

●

●●

●

●●

●

●●

●●

●●

●●

●●

●●
●

●

●●

●

●

●●

●●

●●●

●●

●●

●●

●●

●●

●●

●●

●●

●●

●●●●

●●●●

●●

●●
●●

●●

●

●



●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●
●●

●

●

●

●
●

●●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●●

●

●
●

●
●

●● ●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

● ●

●

●

●

●●

●

●●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●
●●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●●

●

●

●●
●

●
●

●

●
●

●

●

●
●

●

●

●

●●

●●

●

●

●

●

●

●

●●

●
●

●
●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

● ●

●
●

●

●
●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●
●

● ●
●

●

●

●

●

●

● ●

●

●

●

●

● ●

● ●

●
●

●

●

●

●

●

●
●

●

●
●●

●●

●
●

●●

●
●

●

●

●
●

●
●

●

●

●
●

● ● ●●● ●●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●
●●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

5 10 20 50 100 200

10
20

50
10

0
20

0
50

0
10

00
20

00
ln(Leaf Area) for 541 leaves measured by both image analysis and area meter

Measured by image analysis (sq.cm.)

M
ea

su
re

d 
by

 a
re

a 
m

et
er

 (
sq

.c
m

.)



●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●
●

●

●

●
●●

●

●

●

●
●

●●●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●●

●

●
●

●
●

●● ●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

● ●

●

●

●

●●

●

●●

●

●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

● ●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●
●●

●
●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●●

●●

●

●

●●
●

●
●

●

●
●

●

●

●
●

●

●

●

●●

●●

●

●

●

●

●

●

●●

●
●

●
●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●

● ●

●
●

●

●
●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●
●

●
●

●

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●
●

●

●
●

● ●
●

●

●

●

●

●

● ●

●

●

●

●

● ●

● ●

●
●

●

●

●

●

●

●
●

●

●
●●

●●

●
●

●●

●
●

●

●

●
●

●
●

●

●

●
●

● ● ●●● ●●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●●

●

●

●

●

●
●●

●

●

●
●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

5 10 20 50 100 200

10
20

50
10

0
20

0
50

0
10

00
20

00
ln(Leaf Area) for 541 leaves measured by both image analysis and area meter

Measured by image analysis (sq.cm.)

M
ea

su
re

d 
by

 a
re

a 
m

et
er

 (
sq

.c
m

.)

Red points are 313 points less with less than 10% difference
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ln(DBH) in cm.
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slope = −0.13, n = 3437, r^2 = 4%, p < 10^−16
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> anova(lm(h.s ~ family + grform + DBH + HA, data = foo))
Analysis of Variance Table

Response: h.s
           Df  Sum Sq Mean Sq F value    Pr(>F)    
family     50 1601083   32022 13.7097 < 2.2e-16 ***
grform      3   21223    7074  3.0288   0.02893 *  
DBH         1   46392   46392 19.8624 9.893e-06 ***
HA         37  254629    6882  2.9464 3.683e-08 ***
Residuals 614 1434113    2336                      
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

> summary(lm(h.s ~ grform, data = foo))
Call:
lm(formula = h.s ~ grform, data = foo)

Residuals:
   Min     1Q Median     3Q    Max 
-82.32 -42.94 -23.68  13.25 320.72 

Coefficients:
            Estimate Std. Error t value Pr(>|t|)    
grforms       86.505      4.725  18.308  < 2e-16 ***
grformS        2.573     10.130   0.254    0.800    
grformT      -30.409      6.034  -5.040 5.94e-07 ***
grformU       -9.487      7.797  -1.217    0.224    
---
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Residual standard error: 67.65 on 702 degrees of freedom
  (6 observations deleted due to missingness)
Multiple R-Squared: 0.04301, Adjusted R-squared: 0.03892 
F-statistic: 10.52 on 3 and 702 DF,  p-value: 8.995e-07


