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APPENDIX I
SgbUOIA NATIONAL PARK AC-RINGS, 1857-1984 and 1792-1884

Nutriant and trace element concentrations in woody tissues of two
individual Abies concolor. Data are present for annual ring tissues for the
periods 1857-1984 and 1792-1884. Tree cores were collected near the General
Sherman Tree, Grant Forest, Sequoia National Park.
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CONCENTRATION SEQUIDA NATIONAL PARK AC-RINGS»1857-1984 DR, RUNDEL  4-22-85

. DRY TISSUE VALUES ARE I OR PPY (12 = 10,000FPH) 3K2:042285-C1331
i 2 3 4 ] ) 7 8 ? 10
WEIGHT F NA K CA MG IN nl] fE MN B
1857 7.6 101 19.1 1,031 8770 1060 9.38 0.62 104 27 2,06
1858 8.3 11,0 6830 1380 193 &L 63 2.5 9 2.0
- 1657 8.0 3.38 3200 1290 130 4,94 0.37 25.8 367 1
1840 7.4 10.2 2820 1500 193 ] 0:67 28.4 82.6 2i..
1851 744 15.4 2420 1920 165 6.77 0.89 5744 9744 1,97
1862 74 14,3 2780 159¢ 145 5.80 48 317 86,3 1,64
1863 8.3 14.8 1400 2280 204 2.92 0. 1602 13 1,60
1864 743 2644 &00 210 213 3.02 0.78 2649 101 2.08
1865 8.4 7.34 33, 621 1760 201 3.06 0.57 11.9 9.0 1.66
8 7.4 B un 2 34 B 03 132 @4 249
+ ' . Ve It-1) FTs v
1868 8.4 B e o4 % R IH 0 &3 iy LR
1869  B.1 4,01 3.2 13130 1870 4,73 0.76 1847 70.9 226
1870 7.3 18.% 11.8 1440 2440 240 4,11 040 14.) 71.0 2,01
1871 74 S.40 4.4 1260 2930 215 3.08 0. 2640 109 1,83
1872 8.2 42,7 1450 1840 3,75 +68 18.4 79,7 1,28
1873 7.0 0.76 2.3 1250 1190 244 2.97 1.21 163 723 6.87
1874 8.0 15.4 238 1740 2380 255 3.77 0.72 15.3 104 1.77
1875 8.2 29.2 2370 23%¢ 266 .5 0.48 2.4 94.9 1.09
1876 7.9 30.0 1130 2010 2y 3.81 1.7¢ 2840 8%.0 2,03
1877 8.2 42,4 1700 2070 261 3,39 0.41 25.4 101 1,92
UPPER LIMIT 10,02 20.0% 20,02 20,02 9:00% 10,02 1000 1,502 .00 3000
LOMER LINIT 50.0 © 1,00 150 1.00 0.0 5:00 0.20 0. 0.10 1,00
11 12 13 14 15 16 17 18 1% 20
WEIBHT AL sl Ti v NI M0 SR FA
1837 7.4 101 40,2 0.35 0.12 0.72 1,49 48.8 3i.4
1858 8.3 20.9 10.1 0.89 Qi 24.2 12,8
1859 8.0 15.% 14,2 0.10 1412 0.38 15.6 9.24
1860 7.4 11.4 4.43 1.41 0,15 1,23 0. 18.2 12.2
1861 746 44,4 113 1e46 0.16 2496 1,14 842 10.8
1862 7.4 ' 76:2 1.88 N 0.47 15.3 .
1843 8.3 10.8 8,38 0.22 0,20 30,2 11.8
1864 7.3 175 26,1 6.03 0.23 2.48 0.61 27,7 14.4
1865  B.é 4,4 18.7 0.06 0,33 0.18 0.47 24.2 10.2
1866 7.4 0. N 0.03 _ 0.05 0. 29.8 159.8
1847 8.4 854 B.14 0.5 d.i1 0.17 4,89 204t
1868  B.4 41.1 3.2 0.29 0.09 1.53 4.1 ?
1869 Bll 15.9 14-8 0.42 26-0 1‘00
1870 7.3 18.3 26.1 0.31 9.31 i, 14.0
1871 7.4 29:6 3643 9.02 0.84 1.88 0.82 3.9 13.0
1572 802 2333 3401 . 0039 1707 ol
1873 7.0 150 2.1 0.28 S35 0,32 17,2 16.2
1874 8.0 2140 11.9 0.02 0.31 3.1 154
1875 8.2 3. i7.0 8,38 4,84 6.40 4.3 9.94
1826 7.% 20.7 2.7 0.36 2.84 0.80 28.7 13.7
1877  B.2 17.8 17.7 0.31 . 1,14 32.1 15.1
UPPER LIMIT 3.002 10.0% 2.00% 00 2000 2000 2000 300 1000 2000
LOWER LIMIT 1.00 1,00 0,50 1,00 1.5¢ 0.50 0,20 0.20 0.20 0.20
21 2 23 pll 25 26 7
WEIGHT LI A6 SN PB BE [#1] A5
1857 748 0.54 7.21 0.02
1838 8.3 .37
185% 8.0 o 70
1880 7.4 272
1861 7.4 4,38
1862 70‘ 4¢38 0.00
1863 8.3 2.12 0.01
1844 7.5 472
1865 8.4 0.01 9.00 0.03
1866 7.4 0. 4,80 0.04
1867 8.4 3.7
1868  B.4 3.83
s 4 i1
1871 104 0.09 6.01 0.01
1872 8.2 2.73 0.01
o t i o
1675 8.2 ) 1.87 )
igs 7.9 5.07 0,02
1877 8.2 4,82 9.01
UPPER LINIT 2000 100 100 3000 1,007 ioloz 1.002
LOWER LINIT 0.30 0.10 0.30 1.00 0.20 +00 1.00



VALUES ARE X OR FPM

CONCENTRATION
IN DRY TISSUE
WEIGHT
1878 7.8
1879 7.3
1880 9.4
1861 8.5
1982 8.4
1883 8.7
1684 8.4
1885 8.6
1886 8.4
UPPER LINIT
OMER LINIT
MEIGHT
1878 7
1879 7
1880 8.4
188] 8.5
1887 8.4
1883 8.7
1884 8.4
i 5
urpeR LIRLT
LOMER LIXIT
WEIGHT
1878 7.8
1879 7.3
1880 8.4
1881 8.5
1982 8.4
1883 8.7
1884 0.4
1885 8.6
1885 8.4
UPPER LINIT

LOWER LINIT

1
P

4,81

2000
0.30

[ . ot
:m--..!.‘ﬂ%o)bi%.;
- s e &g &
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DK2:042285.C1331
8 9
FE M
23.8 88,6
3.4 197
89,3 105
17.4 87.3
0.3 i1l
2843 9743
2842 8g.1
33.0 72.6
19,4 114
1.501 5.001
0.40 0.10
18 19
¢R SR
0.67 13.4
2:.27 24,0
3,70 22,5
0.34 7.2
1469 .8
vob 31.2
0.78 28,2
0.44 12+
0,38 32,3
300 1600
0,20 0.20

98



CONCENTRATION SEQUOIA MATIONAL PARK AC-RINGS,1857-1984  [R. RUNDEL  4-22-85 99

IN DRY TISSUE VALUES ARE I OR PPN (1% = 10s000FPN) DK2:042285.01353
‘ 2 1 4 3 (] 7 8 9 i0
WEIGHT P NA K Ch ) N Cu FE MN B
1887 7.9 39.2 1760 i810 258 0.14 0.40 30.3 97.7 207
iBBE 73 2044 i%.¢ 47.2 £5.1 0.12 8.25 S.47 38.9
1889 8.9 46,9 32,7 1070 1570 198 Q.07 0.34 8.51 72.7 I
189¢ 7.8 rii3) 969 1570 20 0.08 0.44 41,3 85,4 Loy
1891 7.5 30.7 33.9 k] 2130 248 0.17 1,23 759 105 2
1892 7.7 41,9 3é.4 713 2330 270 0.20 Q.87 32,3 0.9 Py
1893 8.3 12.8 145 113 41.4 4.0 0.14 8.87 32.2 0.32
1894 8.2 45,0 39.0 1240 1820 233 03 0.46 22.7 BS.4 1.71
1895 2.5 13,7 45:4 792 841 207 0,32 0.4 38.1 76.2 1
185 8.2 O T/ T - S |- T B 1 -1 A/ S
* yd 174V ) . ] ™ &%
it ¥l 8 The 6 1456 1 0 o ¥ 2 LS
189 7.7 63.3 134 2340 2610 296 0.24 0.82 3.4 103 1,58
1900 7.8 703 129 1530 2380 % 0.14 1:24 4.3 92.4 2.07
1902 7.1 70.2 B&.9 124¢ 2186 260 0.27 0.50 5.7 87.8 1.75
1903 8.4 31.1 141 1690 2070 240 1.14 0.5 49.1 8l.é 1.86
1904 B35 5.4 103 1140 1740 206 0,26 079 S9ed 656 1,49
1906 7.3 69.5 115 1110 1940 192 0,30 0.88 30.7 74.% 2,85
1907 8.2 16,5 159 1380 2380 189 ¢.02 1.09 3.4 63.8 2,30
UPFER LIMIT 10,02 20.01 20,02 20407 3,007 1G.0% 1000 1.50% v, 002 300
11 v 13 14 15 16 17 18 1§ 20
WEIBHT AL S1 Ti v ¢o NI ] CR SR BA
1887  7.% 19.9 74 0.1 1463 0.87 1.04 2.9 14.4
1888 7.3 3.38 20,1 0.44 1.74 0. 0,39 0.70
1887 8.9 11,7 5436 G.03 0.92 0.21 19.2 13.2
B Y SR
3 . ¥) ] (X ] * ) ] *
i 0 g2 B2 8 PR A B ¥ o T (0
1893 8.3 .54 2,41 0.1¢ 1,54 1.07 0.30 0.50 2
1894 8.2 14.4 S.48 0.03 1.64 0.74 0.46 21.8 14.7
189 7.3 17.4 163 0.4% 0.80 0.80 12.8 12,0
1896 8.2 17:4 20,0 0.23 1.17 1.17 10.3 il
1897 8.3 eleb 2.0 0:33 0.95 0.97 2.4 8.9
1898 7.2 22,7 15.2 0.43 .81 0.38 17.3 1
189% 7.7 2747 18.% 0.19 1.46 0.41 Q.74 2641 1y..
1900 7.8 26,9 16. +36 1.94 .39 0.92 27.4 21,
1901 B.3 327 42.9 0.45 1.15 1.2 1.63 19.9 20.1
1802 7.1 3044 18.9 0.40 2.4 1.2 0.5 2.7 20.7
1903 8.4 3247 374 Geb7 1.05 6. 54 0.88 22.4 20.7
1904 B.5 . 20,5 0.31 0.82 060 18.8 17.1
1M 8. 3.8 12.4 0.18 1,40 1.37 0.34 12,8 11,
1996 7.3 23.4 19.4 0.25 1.71 0.84 0.77 21.3 19.0
1907 8.2 24,2 e 0.26 1-73 24 . 0.64 3.2 20.4
UPPER LIMIT 3.002 10.02 2,002 300 2000 2060 2000 300 1000 2000
LOWER LIMIT 1.00 1.00 0.3¢ 1.06 1.30 0.30 20 0.20 0.20 0.2¢
2 2 23 24 2 26 ki)
¥EIGHT Ll A5 SN FB BE [ ] AS
1887 7.9 0.04 2,80
1888 7.3 0.04 0.0% 0.23 4.21 0.00
1889 8.9 0,04 0.01 P r] 0.01
189¢ 7.8 0,00 2,28
1871 7.5 0.0% 4,21
1892 7.7 0.06 G.04 4.1
1893 8.3 0.04 3.02 0.01
18%4 Be2 0.035 3421
1895 7.3 0.01 3:21
189 8.2 0.02 2436
1897 8.3 G.01 2.34
1898 7.2 0.02 0.01 2.16
1899 7.7 0.03 324
1900 7.8 0.04 118
1901 8.3 0.08 0.02 336
1902 7.1 0.02 2,05
1903 8.4 0.02 219
1904 8.5 0.01 ¢.01 %.59
1905 8.1 0.04 0.24 «28
1906 7.5 0,04 316
1907 8.2 0.05 0.04 3.41
R LINIT 2000 100 100 3000 1,002 1.10% 1.002
LOWER LIMIT 0.30 0.10 0.3¢ 1.00 0.20 3,00 1.00



CONCENTRAYION

VALUES ARE T OR FPM

IN DRY TISSUE
WEIGHT
1908 7.7
199 7.7
1916 B0
UFFER LINIT
LOWER LIMIT
VEIGHT
198 2.7
1909 7.7
1910 8.0
UPPER LINIT
LOWER LIMIT
NEIGHT
1908 7.7
1909 7
1910 ]
UPPER LIMIT
LOWER LINIT

A~ L T
S350
- 5 * g
ogbnmu

SOy

z

O soupgeEn 8s
-3 -

0.24

2000
0.30

2
NA
118
118
119
20,02
1,00

3
K
918
1220
336
20,02
156

0,30

SEQUOTA NATIONAL PARN AC-RINGS)1BS7-1984
(12 = 10:Q00PFH)

4
CA

1280
1340
1330

1.00

14
v

DR, RUNDEL

9
G
170
186
138
9.002
50.0

1,104
3.00

1.00%
1.00

DK2:042285,C13#3

8 4
FE MN
15,3 43,4
1%.9 3.7
30,0 38,7
14302 3.002
0.40 V.10
18 1%

CR SR
0,42 14,9
0.31 15.9
1,12 16.4

300 1000
0.20 0,20



..... . R P T I TR - e e = - e e

CONCENTRATION SEQUOTA NATIONAL PARK AC-RINGS:1857-1984 DR. RUNDEL 4-23-65

IN DRY TISSUE V&LUES ARE I OF PPN (1% = 10+000PPH) : DK2:042383.C1341
1 2 3 4 ] (] 7 8 9
WEIGHT p NA K CA ] N nl] Ft MN
1911 8. 59.3 107 230 1780 997 709 049 330 40,0
1912 B.4 96,2 66,8 1370 1290 741 5.49 0.49 249 331
1913 8.9 707 66.0 1780 1190 Bé.4 4,25 0.47 18.1 0.4
1914 7.3 119 71.% 2000 1200 79.2 417 0.46 14,2 3835
1915 7.3 105 0.1 1780 1330 84.0 7.18 0.36 377 2845
1916 7.3 100 81.2 1740 909 67,0 3.89 0.47 29.0 0.3
197 27 205 4.3 152¢ 981 674 3.58 0.47 8.86 22.0
1718 8.4 107 88,3 1450 1140 48.0 4,27 0.41 20.8 28.3
1919 8.4 973 119 189¢ 1550 754 5.21 0,720 18.9 30.7
%920 B.g 1107 7‘{3 éggg ‘“1. 74.8 ;4.9'66 gv!r? 48,0 2.8
1 09 i gt 10% 1 W R4 O 90 §ig
1923 7.8 120 847 2020 1040 £8:2 2.85 0.4 18.4 k-1
1924 8.8 135 79,4 1840 2130 87.2 364 0,97 18] 1.3
1925 7.9 132 94.9 1370 1030 86,3 2.82 0,462 13.9 333%
1928 5.4 380 38,3 4310 1050 134 .44 212 16¢ 1
1927 8.1 120 88.6 1550 yrll 8.4 1.9 0.49 3.9 81.3
1928 8.7 129 6404 1110 -1420 73.3 2.13 0497 14,4 89.3
1929 8.0 49,4 48.5 B84 S27 1.4 2 0.30 19.6 37.9
1930 4.8 85,9 5.8 1210 1380 81,0 4,30 075 324 63.2
1931 7.2 92.8 5644 921 1280 82, A6 Q.47 33.8 74,8
UPPER LINIT 10.0% 20,01 20.02 20.02 5,00% 10.0Z 1000 1.302 3,002
LOWER LIMIT 0.0 1.00 150 1.0 +0 «00 0.20 0.40 0.10
11 12 13 14 15 16 17 18 19
WEIGHT AL 81 11 v {1} Nl Ho CR
1911 8.1 20.1 1644 0.28 043 15.0
1912 B.4 25.4 0 0.15 0.29 0.41 0.28 2.8
1913 8.9 8.39 24,4 0.65 0.39 11.3
1914 7.3 12.9 6.98 0.38 0.42 . 11.7
1915 7.3 23.2 3542 0.62 0.2¢9 0.19 0.43 11.4
1916 7.3 . 17.9 0.26 0.19 9.70
1917 7.7 12,3 18.4 0.61 0,07 13.7
1918 8.6 14.1 4,00 0019 0018 M 0031 12-9
1919 8.4 33 104 0.08 3 052 14,1
1v20 Ued 171 rz Y 9457 a.m 1.08 Y.l
1721 1.9 13.4 8642 2,4% 1.2 1.07
1922 7.9 7.23 9,11 0.29 0.41 0.17 0.17 10.7
1921 7.8 8,76 Q.44 0.3 0.353 0.63 0.16 10.2
1924 8.8 13.0 7.24 0.35 0.32 0.02 0. 201
1985 7.5 11,3 32.4 0.80 0.43 0,20 -~ 9.3
1926 4.6 40.8 95.9 1.7 0.50 2.23 2.92 14.1
1927 8.1 15.4 1645 0,26 0.32 0.92 0468 23,0
1928 R.7 e.n 0.63 0.39 0,00 13.9
1929 8.0 11.2 40,1 0.41 0.93 0.90 4.9 .49
1930 4.8 12,3 25.3 0.3 1,12 0.77 0.32 11.4
1931 72 1907 - 21,9 0'27 lvl9 1.50 0040 1102
UPFER LINIT J.002 10.01 2,007 300 2000 2000 2000 300 1000
LOVER LIMIT 1.00 1,00 2.50 1,00 1.¥ 0.30 0.20 0.20 0,20
21 2 L] 24 5 26 2
WEIGHT Ll AG SN 4] (W ] (]
1911 8.1 1.47 4,00
1912 8.4 0.10 0.01 3,10
1915 8.9 1,55 1,88 0,06
14 723 0.19 0.02 301 0,12
1915 7.3 0.20 0.02 3.89 0.13
1916 7.3 0.50 4,% 0.25
1917 7.7 0.77 4,34 0.03
1918 8.4 2,42
191% 8.4 0.01 4,21 O.16
1920 Bel 0,53 3.30 .08
1920 7.9 11,2 S.48 Qb4
1922 7.9 1,90 0,01 2.73
R I B -
195 2.9 2.14 0.01 4,16 0.00
1728 beb 1,04 0.02 0.10 4,92
1927 8.1 0.48 0.01 4,43
1928 8.7 Qegi 0;0% 1.58
L} 00 + »
WL R X
UPPER LIMIT 72 2000 o.lg% 100 436(0)% 1.002 1,107 1,007
LOWER LIMIT 0.30 0.10 0.30 1.00 0.20 3.00 1.00



CONCENTRATION SEQUOIA NATIONAL PARK AC-RINGS,1837-1984 DR. RUNDEL  4-23-85 102

IN DRY TISSUE VALUES ARE Z OR PPM  (1I = 10,000PFK) DK2:042385.C1341
2 3 4 o [ 7 8 9 10
WEIGHT P NA K CA ] IN cu FE HN 3
1932 8.3 110 3.4 1040 1380 41,9 3,31 0,78 19.4 40,4 232
1932 7.7 117 61.8 1300 1900 6746 3.49 0,33 23.9 714 2:20
1936 7.6 117 9.9 1350 1820 73,0 3.48 0,36 3.1 98,9 2.0é
UPPER fIHIT 10,02 20,02 20,02 20,02 3,002 10.02 1000 1,502 5+007 3000
LOWER LIMIT 50.0 1.00 150 1,00 0.0 3.00 0,20 ¢80 0.10 1400
11 2 13 14 15 16 17 18 19 20
WEIGHT A SI Tl v co NI L) [ SR BA
1932 8.3 11.0 8,45 0,52 0.85 1.3 0.15 13.2 12,4
10Wa 2.2 11.4 12,4 0.19 0.93 1.17 0.23 17,5 12.4
1934 7.4 1044 4,24 Q.44 0.13 0.31 15.0 11.0
UPFER LINIT 3.002 10,02 2,002 30 2000 2000 2000 1000 2000
LOMER LIMIT 1.00 1.00 0.50 1.00 1.50 0.50 1,20 0.20 0.20 0.20
21 2 a3 24 o] 26 7
WEIGHT LI (-] SN PB BE (Wi} AS
1932 8.3 0.00 0.0? 325
1933 7.7 0.02 4.47
1934 7.4 0.97 G.00 1,8%
UPPER LINIT 2000 100 100 3000 1.00% 1,102 1,001

LOWER LINIT 0.30 0:10 0,30 1.00 0,20 3.00 1.00



CONCENTRATION SEGUOIA NATIONAL PARK AC-RINGS,1837-1984 DR, RUNDEL 4-23-80 103

In DRY TISSUE VALUES ARE ¥ OR PPN (1I = 10s000FFN) DK2:042385,C13i3
1 2 3 4 5 ) 7 8 9 10
WEIGHT P NA K CA G N cu fE N B
1935 5.2 155 139 2430 1670 80.4 7.28 0.75 At 137 2.5
1936 749 121 97.4 1590 1700 85.7 Je2d Q.80 ¥2.3 147 e
1937 7.4 164 2.1 1780 1130 147 0,42 38.9 123 i
1938 7.9 133 85.0 1590 1750 73,5 3,39 0,62 47,3 151 243
1939 8.3 131 72.2 1750 1040 79.1 2,18 0.79 29.4 139 1.96
1940 8.1 12 70.9 1530 1220 70,7 2,76 8,56 44,9 113 2,52
1941 8.1 111 63,5 1560 1290 . 2.87 0.54 3.9 112 2.11
1942 8.1 12 89.8 1540 1990 81,3 3.49 0.70 47.4 174 2,66
1943 8.5 74,7 65,8 1580 1490 81.7 3.5 0.88 55.5 180 2,06
1984 8.0 141 75.5 1400 13&3 ;-.; 3.82 3=g4 Ao,g 180 2,%4
. 90,3 8 124 4 . N . . .
17 % By 4 AW S ¥ B S | B X1
1947 7.8 108 58.0 1590 1080 73:6 5,07 1,16 43,1 201 2,06
1948-49 2.7 122 50,9 987 1210 744 4.47 o.gg 5;.1 §gv 3.5%
1950 5.8 9.0 $7.5 1830 1500 84+ .59 0. 7.1 7 29
1951 7.4 84,1 42.3 1250 940 . 377 0.86 59.5 193 3,062
1952-53 9.9 27 94,7 k1] 903 42,0 8.75 0.77 17.3 141 2,82
1954 8.2 97,6 3%.8 1310 1480 47.0 2 0.42 42,5 250 22
1955-56 8.3 101 2,9 704 - 1260 774 . 0.61 8.3 218 231
195, 7.1 103 20,5 1240 1110 623 2,55 0,47 436 191 4
1958 5.6 177 32.9 1330 1770 81.2 3.50 0.79 55.4 230 3.57
UPPER LINIT 10,02 20,07 26.02 . 20,03  S.002  10.0% 1000 1,502 5.000 3004
LOWER LINIT 50.0 1,00 150 1,00 50,0 s 0,20 0.60 0.10 1,00
- P s
11 12 13 “ 15 16 17 18 19 2%
WEIGHT AL 51 T v co Nl 0 R SR BA
1935 5.7 11,2 14,7 0,51 0.82 1.10 0.33 16.8 13,3
1938 7.5 19,9 8.8 0.56 1.5 2,09 17.4 12,0
1937 7.4 11,9 3046 0,14 0.15 0,14 11,4 9.5¢
};gg 7.; 15.{ 28.4 o.o% 0.57 %.:g o.gg i7': ézii
1940 g.x 51.1 %3.3 8. 2 3.39 0,55 3.68 13.3 11,2
194; 8.1 8.37 32.3 0.6C 0.27 12,4 10.2
1942 8.1 17.3 19.7 0.35 0.62 0,26 0.97 20,1 14,1
1943 8.5 14:6 2,1 0,66 1.34 1.27 140 11.1
1942 8.0 16.5 3.8 0.42 0.98 0,51 15.5 12,4
1945 7.4 9,59 32,4 0.19 0,49 1.49 0.77 9.87 F
1946 7.0 52.3 264 0,69 0.57 0.92 0.21 10.4 i
1947 7.8 41 ky ¥ 067 0.5¢ 0.96 0.58 10.8 9,63
1948‘4? 7«7 1901 5258 2033 0052 1502 1403
1950 5.8 9.69 .4 1.08 0.20 0.2 14,5 4.1
1951 7.4 14,0 11,1 1,79 0,67 1,35 .64 11.8 1.4
1952-53 9.9 7.58 44,4 6.72 0.56 0.27 0.12 7.19 7,74
1954 8.2 144 13,9 917 0.65 1,18 0.55 14,3 1.9
1955-56 8.3 3.95 28.8 0,01 Godd 072 927 14,4 12.4
1957 7.1 8.50 20,1 0.84 0.97 1,11 0.92 10,7 10,7
1958 5.6 12,5 . 20 0,45 0.31 3,04 4,00 1.61 12,0 11.5
UPPER LINIT 3,001 © 10,01 2.00% 500 2000 2000 2000 300 1000 2000
LOWER LIMIT 1,00 1,00 0,50 1.00 1.50 0.56 0.20 0.20 0.20 0,20
21 2 p s 2 el 2 27
WEIGHT L1 4G SN PB BE cn AS
1935 5.7 1.83 0.03 5.17 )
1937 7.6 0.70 073
1938 7.9 0.47 0.01 0.07 3.59
1939 8.3 0.96 0.01 1,56
1940 8.1 0.42 0.00 2.2
1981 8.1 1.44 2.7
1942 8.1 0,73 0,02 0.42 1.3
1941 8.5 0.46 0.02 3.34
194 8.0 0.1 0.02 2.9
1945 7.4 0.01 2,60
1946 7.0 1.57 5.89
1947 7.8 0,01 267
1948-49 7.7 1.84 4.99
195 S.8 2.23 0,02 5. 00
1951 7.4 0.06 0.02 '35
1952'& 9-9 ‘084 0096 1105 0009 0004
i B b i
te Ui 38 06 83
1958 S.é 0.41 0.14 8.71
UPPER LINIT 2000 100 100 3000 oor 1.3 1002
LONER LInIT .30 0.10 0.30 1.00 0.26 3,00 1.00



CONCENTRATION SEQUOTA NATIONAL PARK AC-RINGS,1857-1984 [DR. RUNDEL  4-23-85 104

IN DRY TISSUE VALUES ARE X OR FP (11 = 10,000PFH) DK21042385,C13#3
1 2 3 4 ¥ [ 7 8 4 16
WEIGHT P NA K ta ] IN nl} FE ] B
1957 8.4 15.1 1070 1200 8l.7 2.47 0.94 118 240 1,90
W B I E3 M oue omroiwo b ow & oo
196 76 85.% 10.9 1040 1540 74,2 2.35 0.8/ 76.2 200 2:26
1965-66 9.2 88.4 13.4 1010 1240 &4.6 2.19 1.0 5644 185 272
196 8.2 150 9.47 1330 970 57.1 1,81 0.62 »2 109 1.78
1968-47 9.6 122 14,5 1060 802 47,9 1.69 0.71 o4 134 247
197 7.0 178 17.8 1350 461 48.7 2,23 1.28 67,4 126 3.08
1971 b4 213 15.4 1880 33.0 3.38 0.48 43.6 8.9 .15
1972 4.8 237 13.6 1830 430 316 2,82 0.9 9.4 113 237
1973-74 9.1 232 7.92 1350 268 42,4 1.79 0.77 30.8 BE.4 1.33
1975 7.8 873 19.8 3000 849 135 4,54 +01 9397 179 224
1976=-77 9.9 620 18.4 2030 81,7 3.74 1.07 7 107 L3
19 9.4 99.4 8%.1 1920 1370 é4,1 0.74 0.47 5.9 39.8 3.79
1979-86 8.7 449 42.8 3960 6 148 1.14 1.32 153 90.4 4.44
1981-82 9.9 341 99.3 3560 324 41.3 0. 1.92 182 49.3 86
1983-84 9.6 370 97.8 3490 171 87.2 0.97 1,30 142 23.3 2,33
UPPER LINIT 10.02 20,01 20.02 20,02 3,002 10.0% 1000 1.502 5.001 3000
LOMER LINIT 50.0 1,00 150 1,00 5640 5.00 0.20 &0 W10 1s
1 12 %? b4 E% hg 17 18 19 22
GHT AL S1
1959 “€3.4 13.1 5.6 0.61 0.27 4.00 18.4 11.9 9,84
1960-61 9.1 13.0 41.0 0,29 1.13 2.2 2403 13.4 11.8
1962-63 9.9 16.4 9.7 0,59 0,721 1.06 1.02 14.7 12,8
1964 7.4 18.8 29.6 0,36 + 3y 0.47 1.12 13.4 11,0
19&5‘66 902 1700 3304 0012 0017 0073 1028 1307 11!2
194 8.2 4,86 18.8 1.22 0.33 10.2 9.27
1948-67 9.6 12.7 30.6 2.5 0.94 1.78 1.13 7 B.79
1920 7.0 20.8 V6.4 1.50 0.99 1.33 1.44 §.32 2.8
1971 44 11,3 3844 1.28 0.0¢ 0.96 4.70 .83
1972 6.8 1643 4640 1.44 0.5 0.44 1.22 8,83 19.2
1971-74 9.1 9.41 23.3 0.52 0.43 0,28 0,48 4.24 4.73
197 7.8 30.6 vl.2 1.10 0.05 0.74 1.32 11.7 14.4
1976=77 9.9 20.9 39.4 0.43 0.49 0.48 1,13 4,83 S:.40
1972 9.4 7.42 7.1 1.45 0.48 0452 12.3 13.35
1979’80 B.? 43,1 104 1059 0.95 2.19 3033 1101 1309
1981-82 5.9 47,9 152 10,4 0091 2'22 ‘035 279 9.82
1983-84 9.4 3.1 320 1.46 0.49 3.16 © 7.40 4,38 g4l
UPPER LIMIT 3.002 10.02 2,007 300 2000 2000 2000 300 1000 2000
LOWER LIMIT 1,00 1.00 0,30 1.00 1,30 0.3 0.20 0.20 .20 0.20
21 2 23 24 25 26 Z
WEIGHT W A6 SN PB BE ("] AS
1757 B.4 0,61 §.00 ¢.¢
1960-61 9.1 1.18 0.05 0.46
1962-843 9.9 0.9 - 0.02 220
1964 7.8 0.68 0.01 116
1945-66 9.2 0.93 1.83
1967 8.2 2:12 196
1968-649 9.6 +19 0.03 '
1970 2.0 1.13 02 312
1971 4.4 1.85 3.3
19 6.8 1.33 0.01 Se44
17 7.8 1,39 2,84
1976=71 9.9 1.10 0.01 2,64
197 9.0 1, 9.01 1.2
1979-80 8.7 1.50 0.0 3,35
1981-82 9.9 1.18 0.03 2:69
1983-84 9.4 0.87 0,01 236
UPPER LINIT 2000 100 100 Joo0 100z 101 1,002
LOWER LINIT 0.30 0.1 0.30 1.60 0.20 3.00 1.00



CONCENTRATION SEQUOTA NATIONAL PARK AC-2 RINGS»1792-1984 DR. RUNDEL  4-24-835 105

IN DRY TISSUE VALUES ARE I OR PPM (1Z = 10,000FFN) DK2:042485.01331
1 2 3 4 3 é 7 8 9 10
WEIGHT P ] K CA ] N nl} FE o B
AL 1792-73 Bl 37.3 1143 S400 2040 2064 477 .4 9.0 104 2.8%
AC 1794 8.4 83.7 3.03 3120 1850 374 0.84 45,9 82.1 3
aC 1795  B.7 89,7 3.95 B0 3980 293 4,30 1.47 38.4 115 2.,
AC 1796 7.5 71.3 25.4 4330 2540 8,43 1.13 2642 104 3405
AL 1797 7.2 3.3 © 8.87 S730 2730 14y b.42 1.02 36.¢ 130 0.41
AC 1798 7.7 1,87 6:77 5230 1920 162 D139 3.84 260 87.8 2,33
aC 1799 8.2 30.0 19.4 S44¢ 2430 190 4, 1.10 42,35 9.4 3,66
AC 1800 8.4 75:7 4.3 4030 510 S 1.40 22,7 108 3,27
AC 1801 8.2 1004 140 1010 322 134 293 04l 5.5 244 0.33
AC 1802 843 49,0 270 4470 3760 182 #0392 134 8.3 120 3016
AC 1803  B.3 1,25 9.08 4210 1650 125 4,02 0.86 40.0 v 1.60
AC 1804 7.7 1,91 T4 4980 2610 139 4,41 0.70 18.2 110 0.29
AC 1805 7.6 35.0 14.7 43-;:%% 1870 142% :-%% 16.%2 32?% 9%0% i.gg
1804 7.8 0.24 14,5 1650 1 W02 . . ' '
:E 1807 8.4 15.8 10.0 1660 111 4,15 0.76 24,1 82.8 2,43
aC 1808 8.8 45,1 21,1 3930 2550 182 . 46 20.7 111 271
AC 1809 7.1 1747 43.1 4610 270 170 5.84 1,61 43.2 115 2,73
AC 1B10 4.7 25.0 4360 2240 135 8,11 1.7¢ $2.0 140 3'21
aC 1811 7.1 4.4 28.0 4340 3050 1M 5.97 1.47 4.4 115 3,27
4C 1812 5.8 43,9 21.4 4770 AN 124 739 1e 36.8 183 3.4
£ 8 EL o4 OEO@ B R W R B W
UPPE LIHIT 100 z ahVe L] [ * * L] 1]
LOWER LIKIT 50. 1.00 130 00 . +00 0. 0,40 0.10 1.00
11 12 13 14 15 16 17 18 19 20
Nl ] BA
AC - KI?’{T AL.J . i 0.20 1.1 0+ 3% 2603 33.3
7 & 278 302 L3 0,40 0,09 169 0.4
AC 1795 8.7 48,6 0.1% o7 38.4
AC 1796 745 2.3 23.0 38.0
AC 1797 7.2 20.4 195 21,0
aC 1798 2.7 17.1 6,31 15.9 27.9
#1799 8.2 1%9.0 .37 0.14 0.02 23.5 35.0
1800 B.4 13.3 0.77 0.10 2.1 34,4
A€ 1801 6.2 0247 252 076 088 042 01 0.2 0.25
1802 B+d 18,0 4,99 Q.11 Q.04 2348 KL
AC 1803 8.5 12.4 0.03 13.% 2.
aC 1804 747 13.7 0.29. 14,8 14,2
AC 1B0S 7.6 2.4 1.84 0,91 14.1 3.4
AC 1806 7.8 13.1 0.01 (94 13,7 19.6
AC 1807 8.6 13.3 1,49 14,0 2344
AC 1808 8.8 2044 0.71 0.26 0.02 22,3 33.3
AC 1809 7.1 15.7 3.39 0.13 0.15 1.16 0.06 18.7 &7
aC 1810 b7 15.3 S92 0.13 14.9 2.5
AC 1811 7.1 1641 0.32 0.59 0.01 2.7 29.3
aC 1%12 g-% 126;1 3 %o53 0.73 %c%% %g.g %?.g
I.PPE&CLiHH .032 1 .gz 2,002 ﬁ 2000 2000 2000 300 1000 2000
LOMWER LIMIT 1,00 1,00 0.50 1.00 1.5 0.50 0.20 0,20 0.20 0.20
21 2 3 24 2% 28 2
WEIGHT LI AG SN PB BE cd AS
AC 1792-93 B 0.01 2.18
AC 1794 8.4 1.84 0.04
aC 1795 B.7 Q.06 0.94
AC 1796 7.5 3.08
aC 1797 7.2 3434
AC 1798 7.7 044 2.2 0.03
A€ 1799 8.2 214
AC 1800 B.4 4,09 4,83
aC 1801 8.2 0.78 8.80 0.01 0,01
aC 1802 8.3 0.39 3.47
AC 1803  B.S 0.40 1.
AC 1B04 7.7 3.28
AC 1805 7.4 3.49
gwgz 2 %/
e 88 §:86
g L £y
A 1811 T 0,12 4.9
aC 1812 5.8 3.10
AC 1813 8.3 346
UPPER LIMIT 2000 100 100 3000 1.002 1,102 1,002



CONCENTRATION SEQUOIA NATIOMAL PARL AC-2 RINGS,1792-1984 DR, RUNDEL  4-24-83

IN DRY TISSUE VALUES ARE I OR PPN (12 = 10+000PPK) DK2:042485.C1351
1 2 3 4 3 é 7 ] 9
WEGHT P NA K Ca . M6 N el 13 AN
AC 1814 7.1 10,9 73 4190 1740 122 .99 - 0.87 28.§ 83.2
AL 1813 7.8 il.d 19.3 4020 iv2e 11l S.9% 2.54 15,2 79.2
Al 1816 8.4 89.4 10.3 3550 1230 111 4,59 0.41 9.3 87
AC 1817 8.9 22,3 11.0 2960 1370 86,9 539 0,51 10.4 57,8
AC 1818 8.9 3044 30.0 3570 2170 132 3.32 6,54 0.4 9643
AC 1819 8.3 29.2 20.9 3830 3710 130 4,98 0,46 27,9 94,3
aC 1820 9.0 13.9 27.1 3420 219¢ 117 oA 0,43 23,1 771
UPPER LINIT 10.0% 20.0% 20.0% 20,0% 9.00% 10.02 1000 1,501 5.001
LORER LIMIT 50,0 1.00 150 1,00 30.0 500 0,20 0.40 0.10
il i2 i3 i4 is ié i7 8 i7
WEIGHT AL 81 n v co NI 1] (R SR
AC 1614 74 12.1 1,94 1343
AC 1815 7.8 2.1 0.07 12,1
#C 1816  B.4 17.6 0.31 4,90
AC 1817 8.9 11.4 2431 10.4
AC 1818 8.9 15.2 2:76 0.02 16,5
ot AR ¥ 0.08 oo 1k
- [} o ¢ . . [
UPPER LiHIT s.ODZ 16,04 2.00% 300 2000 2000 2000 300 1000
LONER LIRIT 1.00 1.00 G.50 1.00 1.50 0,50 0.20 0,20 0.20
p3l 2 23 24 o] 26 27
WEIGHT LI AG SN PB BE c AS
A 1814 7.1 0.43 4,03
AC 1815 7.8 2.87 )
AL 1816 8.4 0.54 3.23
fC 1817 8.9 0.42 2.31 0.24
AC 1818 8.9 0.4 2:60
#C 1819 8.5 2.14
aC 1820 9.0 2,26
UPPER LINIT 2000 100 - 100 3000 1.00% 1,102 1,001

LOWER LIAIT 0.30 6.10 0.30 1,00 0.20 .00 1.00

“ -



.

CONCENTRATION SEQUOIA NATICHAL PARK AC-2 RINGS»1792-1984 DR, RUMDEL  4-24-85

IN DRY TISSUE VALUES ARE I DR PPN (1Z = 10s000PFM) DK2:042485.L1343
1 2 3 4 ] é 7 8 9
WEIGHT P M K- CA NG N v FE W
AC 1828 7.3 2.9 28,2 4030 2480 134 4,58 0.42 201 100
aC 1822 8.1 §7.3 27:4 3440 2610 138 3.06 0.80 29.0 83.9
aC 1823 7.1 2,46 3%.1 3890 2670 123 3.80 0.43 5.9 98,1
AC 1824  B.4 S1.9 46,4 3930 4580 pL L 4,05 0.53 28.8 105
AC 1825 7.4 3.8 28.3 3790 4450 140 4,18 0.46 3.1 105
AC 1826 8.3 2906 3630 4520 134 394 0.74 45,2 95.5
AC 1827 b4 61.2 26.7 44680 5470 148 S.31 459 2644 129
AC 1828 4.8 19.2 4370 4720 111 4,27 0.42 28.2 107
AC 1829 8.2 1.38 8.47 711 6,09 8,12 2.70 0.11 4,88 144
183¢ /.8 23.0 4170 4140 122 4,89 0.48 2.7 166
A 1831 8.7 18,8 2.9 4094 ABT0 140 4,0 0.52 13.4 93,7
AC 1832 7.0 40,7 .l 3220 sS200 178 ded4 0,84 39.2 186
AC 1833 7.8 40,1 rr ) 370 1380 134 .22 0.40 3.1 Sé.1
AC 1835  B.4 1, 8.7 4920 2840 240 3.8 0.46 1.8 112
aC 1838 7.2 40, 13,9 4280 3520 128 4,20 0.31 14.7 88.5
aC 1837 7.4 11.9 134 4330 4870 159 4,20 0.55 2.9 155
AC 1838 B.1 8,57 2740 3150 80.9 4,14 0.41 166 88.7
AC 1839  7.¢ 13.9 134 4790 6390 138 3.81 0. .0 132
AC 1840 9.1 4.18 12,9 307G 6040 134 3.3 0, o4 121
AC 1841 8.2 4.86 13.9 4000 5240 193 2,93 0.32 0.0 120
UPPER LIMIT 10.07 20,01 20,02 20.02 3.007 10.0% 1000 1,502 9.00%
LOWER LIMIT 50.0 1.00 150 1,00 .0 3.00 0,20 0. 0.10
11 12 13 14 15 16 17 18 19
AC 1 HE;EI:;T 138 R 1 v © '(4)144 " %Rl' %R 8
] ] . . (¥ ¥4 »
A 13%% B+l 124 g-ig 0.87 0.28 0,04 Q.07 1540
AC 182 7.1 13.5 0.23 18.3
AC 1824 B4 17.1 0.82 0,12 29+
AC 1825 7.4 18.2 1.31 0.45 0.12 21.8
AC 1826 8.3 20,1 3.81 1.07 1.41 221
AL 1827 &4 4.3 0.39 327
AC 1828 4.8 15.4 2,18 . 0.18 23.2
AC 1829 8.2 0.33 1.12 0.14 0.02 0.25
AC 1830 7.8 12.4 0. 22,9
AC 1831 8.7 i4.7 0.19 2.8
A 1832 7.0 12.7 34.4
AC 1834 8.7 13.7 0.85 0.04 13.7
A 1835 8.4 14.7 - 30.4
aC 1836 2.2 10.3 0.483 259
AC 1837 7.4 12.2 0.13 0.02 38.0
AC 1838 8.1 7.66 2646
aC 1839 7.1 9.78 0.135 0.82 0.29 3.4
R R 1% ‘ 1,07 006 93
UPPE&C L}HI'} 3.00Z 10.02 2,002 500 2000 2000° 2000 300 1000
LOWER LINIT 1,06 1.00 0.30 1.00 1.50 0.50 0.20 0.20 0.20
21 2 23 Py ] 26 27
WEIGHT L1 AG SN PE Bt co AS
AC 1821 7. 0.41 2.56
AC 1822 8.1 1.70 4.50
AC 1823 1 3.19
AC 1824 . 3865
AC 1825 7.4 2,90
AC 182 8.3 2.8
AC 1827 6.4 3.33 0.00
AC 1828 4.8 2,60
AC 1829 8.2 630 0,31 0.00
AC 1830 7.8 1.97
AL 1831 8.7 2:38
AC 1832 7.0 0.45 2066
AC 1833 7.8 0.10 3.35
AC %ggg 8.47 0 011 2,00
QE 1836 §.2 0.3; .%% 0.01
£ Bt
3& 1839 ?.1 1.94
AC 1840 9l Jedi
AC 1841 8.2 . 2.43
UPPER LINIT 2000 100 100 3000 1.007 1,107 1,002
LOWER LIMIT 0.30 0.10 0.30 1.00 0.20 3.00 1.00



CONCENTRATION

IN DRY TISSUE

nnnnnn

AC 1864
UPFER LINIT
LOMER LIMIT

AC 1842
aC 1843

AL 1847-48
AC 1849-50
aC 1851-32
AC 1853-34
AL 1835

#C 1834
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v

AWM

AC 1843
AC 1844
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SEQUCIA NATIONAL PARK AC-Z RINGS:1792-1784
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SEGUOIA NATIONAL PARK AC-2 RINGSs1792-1964
VALUES ARc I OK PPN

CONCENTRATION
IN IRY TISSUE
WEIGHT

AC 1847  B.5
£C 1858 8.9
AC 1847 8.2
AC 1870  B.é

UPFER LIMIT

LONER LINIT
an anry *gm(rr
A 1888 8.9
s 82
AC 1870 8.4

UPFER LINIT

LOWER LINIT

WEIGHT

AC 1867 8.3
AC 1868 8.9
aC 1869 8.2
AC %8;0 Beb

UPPER LINIT
LOWER LINIT

[ -0 L
- M\M-u.-
- =
g\‘&l

(=]
(=1
ON

B

2000
0.30
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92.2
77:3
59,2

]
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20,01
1.00
12
3¢
4,00
3.35

04
s

]
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2
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L
0.10

(12 = 10/000PPH)
3 4
K ]
4920 4820
4370 S040
4430 4320
4390 4700
20,01 20.02
150 1.00
13 14
n v
2,002 300
0.50 1,00
23 A
SN PR
1.42
2,29
0.98
100 3000
0.36 1.00
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110
CONCENTRATION SEQUOIA NATIONAL PARK AC-2 RINGSs1792-1984 DR. RUNDEL  4-25-83

IN DRY TISSUE VALUES ARE 2 OR PPH (1 = 10s000FPH) DK2:042585,C1331
1 2 3 4 3 [ 7 ] 9 10
WEIGHT F NA X CA MG N cu FE N &
AC 1871 Bud 1,10 58.8 4000 4230 142 619 LA 158 804 LS
AC 1872 7.3 290 72:6 4190 20 189 913 1.29 2.9 77:7 1417
AC 1873 B.7 30.1 48.1 3520 4520 J.89 1,35 14,6 83.0 2:23
AC 1874 9.0 14,7 59.4 3420 4510 148 6,03 1,48 22,4 81.2 1,61
aC 1875 7.4 3.6 114 5050 4590 158 7.77 1.84 2.0 98,0 1.88
AC 1874 7.9 14,3 1.7 3400 184¢ 115 6.98 1.49 19.7 8643 1537
aC 1877 8.9 39.4 164 6320 5920 305 7437 1,43 31.3 131 2,03
aC 1878 9.0 2.4 2.0 3210 4440 133 4,71 0.89 17.4 107 1.47
AC 1879 8.0 0.4 149 2050 2890 933  S.3% 084 157 959 1%
aC 1880 5.4 2.4 10.3 3380 4140 139 8.14 107 234 163 218
AC 1881 8.8 150 11.3 70 40?0 109 1.99 0.96 19.0 117 1.42
AC 1882 5.8 10.% 10 31/0 133 8.3 1,04 28¢5 120 2:36
AC 1883 4.1 8.58 2840 4250 81.5 7.37 1,27 25,5 135 1.97
Mlm 4 M B2 B &k I8 xR M #i W b
[} * o ¥ * L] ] )7
25 i 7.0 10.6 430 3940 ol 3.67 1,02 55.1 99.2 1.82
aC 1887 7.4 3.9 13.7 2530 4130 117 4,9 1.08 7.1 134 1.99
AC 1888 7.3 19.9 10.% 2930 3630 111 8.1 1.31 32.2 1468 2.27
AC 18 79 24,6 8.76 2040 3140 711 604 Q.81 19.2 98.4 2,07
AC 1890 4.3 7.32 12,2 2940 3870 120 8.57 1,06 1546 160 2,44
4C 1891 8.3 12.2 11.4 3340 2350 127 5.82 1,34 37.6 B6.¢ 1.48
UPFER LIMIT 10.0% 20.0% 20,02 20.0% 5.00% 10,02 1000 1,502 9,002 J00¢
LONER LINIT 50.0 1,00 150 1,00 o0 5.00 0.20 0.60 +10 1.00
11 2 13 14 15 16 17 18 1% 20
WEIGHT AL sI T1 v o NI "0 CR SR BA
1971 306 12.0 1105 0005 0011 0007 2005 2‘“?
AC 1872 7.5 12.8 1642 0.14 1,49 0.23 19.2 23.8
aC 1873 8.7 12.9 21.7 0.24 0.02 0:16 207 24:2
AC 1874 9.0 15.3 12.4 0.08 0.1% 1.59 0.98 2.1 25.8
AC 1875 7.4 203 15,2 1,98 0.34 20:6 26:0
#C 1876 7.9 14,4 19.% 0.57 0.82 0,30 2,18 0.16 12.2 19.2
aC 1877 8.9 29 25.7 0.62 0.33 34,9 36,2
EER B TR 03 oa e % I X
il ¢ " ] . . Ve ’ . . '
AC 1880 5.4 20,9 106 1,04 RT3 B
AC 1861 8.8 19.4 10.1 0.81 0.06 1.14 0.14 26.1 26.8
AC 1862 ~ 5.8 19.9 8,33 0.01 20,0 2644
AC 1883 4.1 16,3 16.2 4.7 2443
AC 1884 4.6 18,1 17.4 0.86 0.12 2345 2644
AC 1885 7.3 2.4 14,4 0.02 066 0,25 25,1 9.1
AC 188¢ 7.0 20,3 8,93 0.1 0.20 0.03 22,5 23,
AC 1867 7+4 23,0 11.9 1.01 1.02 0.14 28.0 2646
AC 1888 7.0 16.2 +36 0.03 2347 23,9
aC 1889 7.3 18.2 16.8 0.39 0,76 21.7 2.1
AC 1890 4.3 25.9 Py 1.38 1,00, 0.10 23.0 281
AC 1891 8.3 21,6 . 14.8 0.04 0,19 1643 2.6
UPFER LINIT 3.002 10.0% 2.002 300 2000 2000 2000 300 1000 2000
LOWER LIMIT 1.00 1.00 0.0 1,00 1.30 0.30 0.20 0,20 0,20 0.2
2 2 23 24 P 26 7
WEIGHT R L] SN FB BE (%] AS
aC 1871 8.6 0.78 309 0.00
aC 1872 7.3 3.20
aC 1873 8.7 0.48 1.23 3.28
AC 1874 9.0 3,42
AC 1875 7.4 9,20 273
AL 1876 7.9 394
aC 1877 8.9 1,12 3.36
AC 1878 9.0 1.89
AC 1879 8.0 o 3,06
AC 1880 5.4 0.18 .00
AC 1881 8.8 2.75
AC 1882 5.8 0,04 3.4
AC 1883 b1 1,95
AC 1884 4.4 2,43
aC 1885 7.3 W79
AC 1885 7.0 312
AC 1887 7.4 0,04 2.49
AC 1888 7.5 1.35
AC 1889 7.3 2.88
AC 1890 4.3 4,77
AC 1891 8.3 1,90 0.00
UPPER LIMIT 2000 100 100 J000 1,00% 1,102 1.002
LOWER LIMIT 0.30 0.10 0.30 1400 0.20 3.00 1,00



CONCENTRATION SEQUOIA NATIONAL PARK AC-2 RINGSr1792-1984 DR, RUNDEL  4-25-8S

IN DRY TISSUE VALUES ARE 1 OR FPH (12 = 10:300PPN) DK2:042585.C1351
1 2 3 4 ] é 7 8 4}
WEIGHT 4 ] K Ca M6 N nl] FE N
AC 1892 Bou 2.8 13.8 750 37i0 102 474 $:76 2147 841
aC 1892 8.3 14.3 2720 2710 5.3 5.30 1,45 2240 80,9
AC 1894 8.8 10,4 14.2 2450 3620 101 4,12 1.16 19,4 86,4
AC 1895 8.7 18.1 2840 2310 122 4,35 0.93 20.1 7940
Al 1896 7.1 13.2 17.8 3210 3560 128 v.87 0.78 17,4 87,5
aC 1898 8.2 20.0 2800 2180 114 4,35 111 8.9 996
AC 1899 8.2 29.4 2.0 3070 2070 12 5.33 1.05 2B.7 54,1
UPPER LINTT 10,00 0,00 0,00 2002 5000 10,00 1000 LS 3.002
LOWER LIMIT 00 1.00 130 1.00 M e 0.20 .60 Qeib
11 12 13 14 15 16 1 18 19
wElGHT AL sl Tl v co NI n R SR
AC 1892 8.3 12,9 8,66 0.63 0.40 0.11 18.4
AC 1893 8.3 25.8 14,9 0.77 0.74 0415 17.1
1694 8.8 20.8 19.8 145 0.20 2.10 0.18 18.7
AC 1B95 B.7 1643 11.4 0.02 0.45 0.01 14,9
A 189 7.1 14,3 8.38 1.48 0.85 0.13 14.8
aC 1897 8.2 0.79 10,9 0,70 '
AC 1898  B.2 21 6,19 1.24 0.11 12,9
R Ml T 2t M 00 e 00 W0 1o
WER L H ) *Vnm . -
LOWER LINIT 1.00 1.00 0.50 1.00 1.50 0.50 0.20 0.20 0.20
2 2 23 24 25 26 rid
WEIGHT LI AG SN PB BE ch AS
&C 1893 8.1 3.02
AC 1894 8.8 3.78
4 1895 8.7 1.48
AC 1896 7+1 W72
AC 1897 8.2 3.8? 0.48
AC 1898 8.2 2:57
AC 1899 8.2 2.4
UPPER LIMIT 2000 100 . 100 3000 1.002 1,102 1,002
LOWER LIMIT 0.30 0.1¢ 0.30 1,00 0.20 3.00 1.00



CONCENTRATION SEQUDIA NATIONAL FARK AC-2 RINGS:1792-1984 DR. RUNDEL  4-25-83

IN DRY TISSUE UALUES ARE % OR PPK (1% = 10,000PPH) DK2:042585.£1343
1 2 3 4 5 3 7 8 9
WEIGHT P NA K CA 5 N o FE N
AC 1900  Bué 28.4 3090 730 124 .23 1,25 8.1 81,2
& 1901 8.5 3 2603 2980 2518 132 .55 0.99 22.3 89.0
AC 1907 8.3 24.4 25,0 2940 2740 130 4,89 1.2 27.7 89.1
AC 1903 7.4 1,56 27.0 2870 3690 116 3,25 0.98 28,4 98,5
AC 1904  B.6 17.4 23.8 3130 3570 122 3.20 0,87 20.8 364l
aC 1905 9.0 14.3 20.1 2250 2430 102 2,36 0465 16,1 75.4
AC 1906 7.9 5.42 11.3 2000 1790 89.3 .50 0,48 10.8 72.1
1907 727 1246 2700 2450 101 2,43 0,86 17,7 [
AC 1908 8.5 2146 6415 1910 2050 78.1 2 0.37 11.5 i)
ac 1909  B.4 54,5 1641 980 4240 104 3.04 0.79 2.4 104
AC 1910 8.5 J4b 12,:¢ 2730 4080 102 1.29 0/ 1Y 0.8
A 1911 2.4 37.5 27.0 2970 3070 12 2,38 06 ol 97,1
g£ar a7 bl e o 8 M g g
l 1 + 1] . LS " i 1]
1914 7.8 67.5 55.0 $450 570 185 28 Q. 7.7 {
AC 1915 7.9 45.8 24,0 0 5280 1 WAl o.%i 42,0 1%3
AC 1916 7.7 124 32,0 3010 5970 183 1,74 0,95 27,0 112
aC 1917 6.5 169 28.5 2920 5140 154 3,30 0,91 25.7 240
AC 1918 8.2 83.5 2.9 3620 5650 195 2.31 1,19 4.0 124
& 175 8.7 $2.1 27,2 310 4810 144 2.16 R 45,5 111
aC 1920 7.5 59.3 29.4 3410 5130 153 2,47 1,08 4.1 122
UPFER LINIT 10,01 20,0Y 20,01 20,02  5.002 10,02 1000 1,501 5.002
LOVER LIMIT 50.0 1,00 150 1,00 50,0 5.00 0,20 0,40 0.10
11 12 13 14 15 14 17 18 19
900 *5827 ?lé 1 ﬂ 3 1 ‘{ e l<:>027 glzo " %R"a ?2 é
M 1 v * 4 v o L] + *h »
AC 1901 8.5 4.g 9.5 g'ié g.gi %'éa ig.g
AC 1902 8.3 14, 16,9 ' 2, . .
aC 1903 7.4 14,5 14,1 0:72 0.33 1.78 0.21 19.4
aC 1904 8.6 14,6 8.5 0,40 0.21 17,5
AC 1905 9.0 14,0 11.7 0.12 1,12 0.05 15.8
AC 1906 7.9 7.97 2,62 0,40 0,04 11.8
AC 1907 7.7 7.34 7.62 }"%
; ) . ) . *
Rl Ly B &Y 0wz 03
AC 1910 8.5 8.11 0,42 0401 Q.44 0.13 19.5
AC 1911 7.4 11,2 14,4 0,16 0.21 20.6
AC 1912 8.7 5.9 5.62 0.19 0,45 0.19 2.2
AC 1913 B.b 9.41 15.4 0.29 1.24 0.32 24.4
AC 1914 7.8 12,4 14,5 0.34 29.4
AC 1915 7.9 13.3 21.8 0,39 25.3
o€ 1916 27 13.9 37,7 0.63 0.54 2,62 0.53 28.5
aC 1917 6.5 .26 20, 0,14 0.02 0.6 0.i5 2.9
AC 1918 8.2 17.9 2.2 8,22 0.02 0.82 0.50 28,2
AC 1919 8.7 11.4 17.3 0.16 2.18 3,01 23,9
AC 1920 7.5 14,4 - 17,4 0,45 1,28 56 29,4
UPPER LINIT 3,002 10.0r 2,001 500 2000 2000 2000 300 1000
LOWER LINIT 1,00 1.00 0,50 1,00 1,50 0.50 0.20 0420 0.20
ol 22 3 p]] pod 26 27
WEIGHT LI AG SN PR BE il AS
AC 1900  B.4 1,39 2,86
aC 1901 8.5 0.13 2.08
aE 1903 9.3 2,49
A€ 1903 b 0.25 4,05
AC 1904 8.4 0.43 004 2,99
AC 1905 9.0 0,49 2.7
AC 1906 7.9 0461 2,01 0.01
AC 1907 7.7 0,15 0.92
aC 1908 8.5 0,14 0,40
AC 1909  B.4 0,09 1040
AC 1910 8.5 0.07 276
aC 1911 7.4 1,59
aC 1912 8.7 2,12
AC 1913 8.4 0,03 2,24
AC 1914 7.8 0,43 2,59
af 1915 7.9 .25 1.71
AC 1914 7.7 2.77
AC 1917 4.5 2,89
AC 1918 8.2 Q.09 2.1
AC 1919 8.7 0.14 1.29
AC 1920 7.5 0.15 34
UFPER LINIT 2000 100 100 3000 1,008 1,101 1,007
LOMER LIKIT 0,30 0.10 0.30 1,00 0.20 3,00 1
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CONCENTRATION SEQUOTA NATIDNAL PARK AC-2 RINGSs1792-1984 DR, RUNDEL  4-25-83 113

IN DRY TISSUE VALUES ARE T OR PPN (1Z = 10+000PFN) DK2:042585.C1543
1 2 3 4 S é 7 8 9 16
WEIGHT P NA K CA He yi | cu FE AN B
AC 1921  B.4 13.9 18,3 17 5140 130 2.28 0.8 4.7 721 1,27
AC 1922 8.1 82.2 22.8 3730 39250 196 1.78 1,10 49.5 82.5 1,14
A 1923 2.0 25.0 19.7 2070 SI50 123 1.54 0.84 32,9 39.3 1,41
AC 1924 8.3 57.9 18.6 3300 4700 124 2,08 0.82 ) ) 385 1.7
aC 19255 8.9 49.8 2.4 2840 3320 153 2,15 1406 3046 65.8 0.
AC 1926 B.é 42,9 2649 3580 4240 200 2,38 1.06 7.7 104 Q.79
AC 1927 8.8 49,5 30.2 50 a0 23 1.79 1,09 39.2 113 1.09
AC 1928 8.8 769 Wb 3020 6310 1.44 1,05 7.2 113 1,34
aC 1929 Bed 52.4 14.4 J140 4740 184 0.91 1,01 33.8 1.4 0.98
AC 1930 B.4 4.4 4.1 3570 6440 0.92 178 2.4 893 171
aC 1931 7.1 7645 37.3 3010 4880 212 1.88 1.58 43,4 $8.3 1.61
me 1738 Deé 57.2 28,2 2619 700 205 1.13 1.08 8.4 S4.3 1,09
AC 1933 8.4 14,4 I5.4 2860 4920 239 0,94 1,29 Rl S4id 0.98
AC 1934 8.7 28.2 2780 4660 207 5e00 0.99 40.3 42,8 0.89
AC 1935 8.8 34,5 33. 2320 4390 31 0.82 0.96 26,0 43.7 1,16
1936 845 el 32.9 2980 261 0.85 1.04 23.7 44,3 1.2
AC 1937 8.8 38,3 294 2620 4250 167 0.87 0,92 32,3 29.4 1.70
AC 1938 B.6 39.2 24,9 3050 4180 157 0,93 1,02 44,1 32,2 1.24
AC 1979  B.4 See2 3. 2680 0 162 0.93 0,94 36,4 38,3 1,82
UPPER LINIT 10,07 20,01 20,02 20,02 5.00% 10,0 1000 1.502 5,002 3000
LOVER LINIT 50,0 100 150 1.00 $0.0 5.00 0.20 0.40 0.10 1.00
11 12 13 14 13 14 17 -~ 18 19 20
WEIGHT AL SI T1 v co NI 1] R SR BA
aC 1721 oh 8.78 16.5 0.30 25:0 26,3
gl oM Wi 5% K B R
+ [} [} (2 [ L] ot
i i &4 108 0.3 81
AC 1925 8.9 21,3 11,1 0.14 0.41 22,0 17.4
AC 1926  B.6 14.7 11.8 0.48 0.49 0.52 27.8 295
aC 1927 8.8 17.7 18.9 ' 0.5 0.80 0.46 274 30.3
AC 1928 8.8 13.7 12.3 0.20 1.94 0.7 32,2 34,3
AC 1929 8.4 13.2 19.0 0,33 0,75 2,02 [ 18] 2943 29.4
AL 1930 8.4 4.1 23.8 0.91 0.89 3.06 1,13 43,2 37.0
AC 1931 241 24.1 24, 0.71 ' 0. 0.84 33.1 35.2
AC 1932 8.4 17.8 . 0.0% . . 0.41 29.3 29.8
A 1933 8.4 A8 5.1 0.70 0.45 2.17 0.64 I5.4 32.4
AC 1934 87 ravyl 178 02 Ved? 1.47 8.42 = 28:7 .2
AC 1935 8.8 15.8 14,0 0.47 0. 1.22 0.28 30.1 3
1936 8.5 8. 8,54 0.42 1.06 0.36 29.5 2y,
AC 1937 8.8 15.0 15.3 0.13 0.32 0.39 0.54 23.1 2.3
A 1938 8.4 19.4 13.9 0.03 0.67 20,6 23
AC 1939 8.4 16,2 1340 0.28 0.57 2,55 0.7% 24,3 25,
UPPEK LIMIT 3.00 10.0% 2,002 506 2000 2000 2000 00 1000 2000
LOWER LINIT 1.00 1.00 0.50 1,00 1.5 0.5 0.20 0.20 0.20 0,20
A & 23 24 po] 6 27
WEIGHT LU R SN PB BE cd AS
AC 1921  B.4 0.23 1.31
AC 1922 o1 0.38 1,54
AC 1923 9.0 0.38 2.02
AC 1924 8.3 0,33 1.397
AC 1925  B.9 0.30 2.3
AC 1924 8.6 0.8% 0.465
2% 1927 8.8 1.04 2.34
1928 8.8 1.92
aC 1929 8.4 0.21 2,35
AC 1930 8.4 0.28 4.58
AC 1931 74} 0.82 2.18
AC 1932 B.é 0.33 0.86
AC 1933 8.4 1.43
AC 1934 8.7 0.37 1.89
A 1535 B8 .10
aC 1934 8ed Q.30 1.8
i oo 4
19?5% 3.4 0.12 . 2.89
UPPER LIMIT 2000 100 100 3000 1.001 1.102 1.001
LOWER LIMIT 0.30 0.10 0.30 1,00 0.20 3.00 1,00



CONCENTRATION SEQUOIA NATIONAL FARK AC-2 RINGS»1792-1984 DR, RUNDEL  4-26-84 114

IN DRY TISSUE VALUES ARE 1 OR PPN (1% = 10,000PPM) : 1X2:042485.C1351
1 2 3 4 5 b 7 8 9 10
WEIGHT P NA K CA 6 1 cu FE N B
AC 1940 8.2 91.8 52,6 3620 4340 185 6.53 1.30 54,9 48,4 1.16
aC 1941 8.5 91.0 45.8 2550 2640 135 3.34 1.05 38.8 41,9 0.02
AC 1942 8.1 5.97 11.3 1180 177 30.7 3.93 0.53 14,0 15.8
AC 1943 8.5 97,6 42,9 2840 4620 132 3.82 1,44 41,8 48,5 0.95
AC 1944 9,0 110 a7 2630 4480 148 03 1,28 434 59,1 1,39
AC 1945 8.7 137 43,0 3020 5350 159 626" 134 54,5 0.0 1,72
aC 1946 8.8 102 1.8 2630 5400 113 . . 2642 52.3 1,10
AC 1947 7.3 102 46.8 3110 5790 131 5026 1,23 51.3 5.2 1.00
AC 1948  B.6 125 58,9 2510 5810 98.1 4,93 1,34 u,7 50,9 1,03
K40 dE ®g o [g om0 me By L gs M0 L
AL 1851 8.6 140 4.0 2500 4736 81,2 511 0.97 2.8 45,3 1.22
AC 1952 8.0 90,0 41.8 2550 4910 68,1 5,49 1,02 A7 38,5 1,14
AC 1953 8.0 154 67,3 30 4820 103 71 1,01 50,1 8.1 1,49
6 1954 7.7 7,48 8,28 450 115 0.5 3.38 0.18 7,04 b.72 0.0
A 1955 6.7 244 84.1 3030 4820 4.18 1.10 50,5 33.3 1,49
aC 1956 7.9 147 66,9 270 4380 87.4 3.6 1,09 3647 31.9 1.26
A€ 1957 8.1 195 105 3400 4430 94,4 4,18 0.91 42,9 276 1.1
aC 1958 7.5 179 72.9 3120 4570 . 4.79 0.85 1.1 28.1 1.1
A€ 1959 7.5 172 102 1290 4470 105 4,38 1.21 S04 32.7 1.3
aC 1940 8.3 166 94,6 3130 4100 85.3 3,68 0.82 46,1 25.7 1,42
UPPER LINIT 10,02 20,0z 20,0z 20,027  5.001 10,02 1000 S0 5,007 3000
LONER LINIT 50,0 1,00 150 1. 0 5.00 0,20 0+ 0,10 1.00
11 12 13 14 15 14 17 18 19 26
NETGHT AL s 131 v co NI ) R SR BA
AC 1940 8.2 20,8 19.3 0.78 9,78 2.7 23.3
AC 1941 8.5 19.1 10.8 0.09 1.12 0.49 15.3 14,5
AC 1942 8.1 3,24 0.51 0.97 0.18 0,97 0,56
o i’ﬁ 8.5 w.?> 140 0.2 ‘{ﬁ %.47 213 %33
e 3 ﬁa 0.3 §:4 I 56,0
AC 1946 8.8 8,58 8,12 0.29 24,7 24,5
o 1947 7.3 14,6 11,3 1,69 30. 28,7
AC 1948 B.6 15.5 8.79 0,35 0.3 0469 31,0 29.0
aC 1945 4.0 19.3 0.7 0.61 ) 9,2 35.8
a0 1950 7.4 14,8 12.1 0.28 0,62 25,9 26.9
AC 1951 B.6 15.5 11,9 0.18 0.68 24.9 25.7
AC 1952 8.0 . 12,0 0.85 0.87 25,0 24.8
A 1953 8,0 19.3 12,9 0.11 0.00 0.53 0.9 20,7 2.2
AC 1954 7.7 1.00 1.16 0405 0,65 0.14
aC 1935 8.7 18,5 18,2 0.06 0.9 . 24,1
aC 195 7.9 14,5 7.3 0.42 0,75 23.7 2.9
aC 1957 8.1 14.5 8.83 0,00 0.89 0.61 15,2 20,9
AC 198 7.5 11,5 5,83 0,73 0.31 20.8 2.7
AC 1939 743 20.4 20,7 0,72 Ge0b ﬁo? 23-0'
AC 1960 8.3 13.9 11.5 0.2 0,46 2.2 2.1
UPPER LINIT 3,002 - 10,01 2.002 500 000 2000 2000 300 1000 2000
LONER LIKIT 1,00 1.00 0,50 1,00 1,50 0.50 0420 0,20 6420 0,20
21 22 px 24 pe 26 7
VEIGHT & AG SN PB BE €D AS
aC 1940 8.2 0.34 2,47 _
AC 1941 8.5 0.21 4,24
AC 1942 8.1 4,49
AC 1943 8.5 .33
AC 1944 9,0 0.05 3.3
AC 1945 8.7 0ebd
AC 1945 8.8 0.39 1.2
A 1947 7.3 24 1.49
AC 1948 8.6 0.05 3.8
AC 1949 4.0 0,28 42
AC 1950 7.4 0.3 2.32
AC 1951  B.é 0.49 2,26
AC 1952 8.0 2,33
AC 1953 8.0 2.38
AC 1954 7.7 . A8l
AC 1955 8.7 0,97
AC 195 7.9 3.01
A §9s7 B'é 188
() []
e I 18 -
AC 1960 8.3 1,34 -
UPPER LINIT 2000 100 100 3000 1,001 1,102 1,002
LOMER LINIT 0.30 0.10 0,30 1,00 0.20 3 1,00



CONCENTRATION SEQUOIA NATIONAL PARK AC-2 RINGS»1792-1984 DR. RUNDEL  4-26-84

IN DRY TISSUE VALUES ARE % OR PPH (12 = 10+000PPK) DK2:042685.01351
1 2 3 4 b 6 7 8 9
WEIGHT P ] X CA H6 N cu FE ]
AL 1941 7.7 247 180 4530 3890 91.6 9.98 1.03 9647 28,2
AC 1962 6.9 39.4 49.5 1740 207 14.4 3427 0.9% i8+6 5.77
AC 1963 7.9 192 642 7020 4240 83.2 387 114 89.5 4.6
SE G B B o B oW f
v M L . toh od .
AC 1967 9.0 171 2643 1B%0 2440 L /0 4,46 0.89 39.1 4.2
AC 1968  B.8 163 2935 2130 2280 9.1 4,87 0.98 48.2 19.8
aC 1969 5.9 369 347 3010 3720 7.9 8.80 1,47 48.2 37
AC 1970 8.9 227 27.9 2120 1990 86,9 4,01 1,14 Hed 147
AC 19M1-72 8.1 40 3386-;{ %Tl'% %;8?) 5%.1 :';’; 1.24 76.3 20,3
[ * . . 1. +0 ig.8
EBR ¥ 8 3 5 B R AR B B
AC 1975 5.7 372 372 21720 45,8 8.62 1,32 §7.3 17.1
UPPER LINIT 10.01 20.02 20.01 20,02 5,002 10,02 1000 1,502 5.001
LOWER LIMIT $0.0 1.00 1.00 0. _ 200 0.20 0.40 0.10
11 12 11 14 15 16 17 18 19
WEIGHT AL §1 11 v co NI M0 CR SR
aC 1961 7.7 18.7 18.3 0.21 0.30 0.87 1,23 18.4
AG 1962 &9 LTLH] 8.13 0.82 0.16 1,32
A 1983 2.9 25.3 26.8 0.16 1.18 1.12 244
A 1964 7.5 73.9 48.3. . 334 1,37 33,1
AC 1945-66 Bé 32.1 41.8 . 1.22 1.18 21.0
AC 1967 7.9 10.4 11.6 0.22 6.38 13.2
AC 1948 8.8 11.5 10,1 0.37 14.%
AC 1949 5.9 19.3 21.8 0.44 24,2
A 1970 B.9 7,44 9.9% 0.07 0.18 1.41 1%»0
aC 1971‘72 501 14,8 2005 0.61 0091 14!3
AC 1973 7.1 16.7 2.4 0.16 0.27 1.14 0.96 14,4
AC 1974 7.6 1640 4.5 0,29 0.53 1.29 11,2
AC 1975 547 21.2 28,3 0.469 0460 1.17 0.50 0,51 12.9
UPPER LIMIT 3+002 10.02 2:00% 500 2000 2000 2000 Jo0 1000
LOWER LIMIT 1.00 1.00 0.3 1,00 1.50 0.50 0.20 0.20 0.20
2 2 2 24 Yo 26 riy
301 S B ] PR 3 o AS
A 1981 7.7 3.40
AC 1962 4.9 4.79
A€ 1963 7.9 0.05 3.18
AC 194 7.5 Q.15 3.16
AC 1945-66 B.é .35 0.77
gcc ig% 9.% 0.11 2,20
R K W -
AC_1970 §.9 1.83
aC 1973 1 2:36
AC 1974 2.6 - 2.8
A 1978 57 1.06 7.60
UPFER LIMIT 2000 100 100 3000 1.00% 1.10% 1,002
LOWER LINIT 0.3¢ g.1¢ 0.30 1,00 0.20 3.00 1,00
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CONCENTRATION  + SEDUOIA NATIONAL PARK AC-2 RINGS+1792-1984 DR. RUNDEL  4-26-85 116
IN DRY TISSUE VALUES ARE Z OR PFM  {1Z = 10,000PPH) : X2:042485,L1333

1 2 3 4 5 & 7 8 9 10
WEIGHT P NA K £a NG N ] FE N B
AC 1976 4.5 261 52.2 3190 2070 63,7 6456 1.87 127 23.0 2.22
AC 1977 Bed 312 0.1 2600 1700 83.3 2:71 1edd 7401 1% 1.24
AC 1978 8.9 348 48,7 2520 803 63.1 3.35 1.39 82,9 17.1 1.67
AC 1979 8.2 565 4.6 2430 741 49,4 2,60 1.01 42,1 15.4 1,50
AC 1980 6.5 730 15.5 3100 536 8.6 2,19 1,19 72,9 18,7 2,03
AC 1981 8.1 430 59.8 2496 329 46,5 170 1,28 77.4 15.0 1,37
AC 1982 4, 504 66.9 2500 21 52,6 1,47 1.66 72,5 17.0 1,14
AC 1983 ' 635 8046 3580 28 3.4 233 1,45 94,6 15.2 .92
AC 1984 8.4 2.0 9.35 755 2,20 1,31 0.83 0.12 3.4 1,02
UPPER LINIT 10,01 20.0r  20.0x  20,0r 5,001 10,02 1000 1,502 S.002 3000
LOWER LIMIT 30.0 1.00 130 1.00 30,0 3.00 0.20 060 010 1400
11 12 13 14 15 16 17 18 19 20
WEIGHT AL sl 191 Y o ANl 0 0] SR BA
AC 1976 645 2.1 Jo.4 0,16 0.45 0,39 1,50 12,2 14.2
AC 1977 Be2 18.7 31.0 0-25 0087 1072 10‘5 10-6 12,4
AC 1978 8.9 1646 B0 0,23 1042 6.74 9.89
Lan s W3 B,y 0m oF oA
-5 » . * . [ o .
:E %981 3.1 11,7 240 . 0.70 0,54 1,02 1,57 534 10.8
AC 1982 8.4 12,5 23.0 0.5% 0.76 1.5 1,61 4,80 9,89
AC 1983 8.4 13,2 25.4 0,05 0:37 0464 3,51 4,54 9,64
AC 1984 8.4 0.88 0,01 0,00 0,04
UPPER LIAIT 3.000 10,01 2.00% 500 2000 2000 2000 300 1000 2000
LOWER LINIT 1,00 1.00 0,50 1,00 1.50 0,50 0.20 0,20 0,20 W20
21 2 3 ) 25 26 7
NEIGHT L AG SN PB BE o AS
AC 1976 6.5 0.23 0.02 2,24
AC 1977 8.2 0,03 0.08 2,73
aC 1978 8.9 0.54 2.78
AC 1979 8.2 0,49 .
aC 1980 4.5 0.47 334
1981 8.1 0.27 0,00 3,59
1982 . 8.4 « 0.02 371
AC 1983 8.6 0.18 2,36
AC 1984 B4 2,93
UPFER LINIT 2000 100 100 3000 1,002 1.102 1,002
LOWER LINIT 0,30 0,10 0,30 1,00 0:20 3,00 1.00



APPENDIX I1

Appendix [ Regressione deased on 12 individuals of Abjes concolor and 11 of Abyes

masnifics 1 Sequoia National Forest Regressicteare of the form in v= A+ Elin X

The intercest A has beent adjucted so that the antln Y is corracted for tias due 10 uce

of In-in regressiion. The correcuon is of the form A=A+ (lg = 5123). SEE 15 the

standard error of estimete in arithmetric units SDis the standerd deviauen of Yin ln

unite.  ris the coefficient of correiaton for the logarithmic regression. (T is the

factor by stuch antiln Y hss been incressed vy itncorporating the correction facwor

for ln-1n diee Current twag and leaf producnon eguatons are the same as those for

current twig and lesf dry weight. The proportion of current twigs and lesves onlyis

6% for A _concolor 6847 for A magnifics

On DEH. 2 (emw)

Dimensions ¥ 4 _concolor

Tree hesght, (<Im'J

A 440671
b4 0.840743
r 0.9%9
sI GpgThe
SEE 1.241:
CT 1.024

-

Stem volume (om -

A 422124
B 28954
T 0954
£D 2.0214
SEE 1.2645
93 1.02¢

. A megnifics

4 53148
0 8962¥
0.227

3.78075
2.7817
8973
098482
1.2881

1033

A _coacolor

A meznifics

On stem parsbolic wlums y Lom<

0 988u L
0.93047
9.995
¢.0214
11174
1.000

602554
0.9955¢
0 294
0.984192
1.1eed

1.00?

117



2.
Stem wood volume (cm <)

A

B

o
sD
SEE
¢t

Surface aree

2
. ¥ {em*®)

Stem gurfacs

A

b

T
SD
SEE
CrF

Brancth surtece vy

o

[

w3
<

Leaf errrisce

wy
™
[ /]

o
o

Leof puzrtocs
.ﬂl-

E

projected

Cadl-giged

3.91409
2.7158
0.9%94
2.037%
1.277
1.030

557214
1.7744
0.9%7
1.3413
1.2722
1.209

?.22¢19
1.9041
0.96%

R
LA 2

LY

H
1.57

1.10¢

oo

e

b 92947
18855
04653
14738
1.619¢
1123

349869
2.7821
0.968
0.9895%
1.3149
1.038

5.2559¢
1.8262
0.94¢

0.6634¢

1.2634
l.0¢e

3.935577

3.2307:
293113
0.934
1.0802
1.5309
1.09%

a3
~D2
-
(=]

2.9a10

0.6504¢
0.93786
0.999
£.0375
1.1212
1.007

On ztem coruc gurface, x (cm)

0.99803
0.93741
0.99¢
1.3413
1.0854
1.002

3.20389
0.95172
0.919
14702
1.8927
122%

On eapweod x-gec sres. & (em™)

-0 82053
084254
0.9%¢
14738
1.5018
1.08t

.
o
R =g
L=
"

1]

=
.
£
n
-

-0.28427
099862
0.99:2
0.9895¢
1.1439
1.005

0.06697%
1.014¢
¢.991
8.66%4¢E
1.1014
1.00%

“1 45574
1.286¢
0.27%
G.952408

-1.6655

1.13¢

026724
(L el
(O HA
1 neds
16919
113

118



119

I C 954 0.024 0.96¢ 0.90%
3] 14733 1.0803 1473 1.0803
SEE 1.6190 1.5305 1.5018 1.6€19
CF 1.13% 1.095 1.086 1.137
Megs, ¥y (@
Stem wood dry weight
A 3.1184°7 2.3724% -0.1349¢ =1.230¢5
P 2.7011 o2.9%2 0.93316 - begger
r 0.994 0 9s8 9999 0990
SC 2.0272 0.984¢c? 2.0272 ' 0.9895?
SEE 1.2848 1.3150 1.1175 1.14%1
CF 1.052 1.03¢ 1.000 1.000

Stem park dry weight

A 236182 { 46077 -0 7528 -3.17775
B 2 6201 2.8464 0.90326 1.007¢
r 0.994. 0.945 0.947 0955
$D 1.9564 1.03%¢ 1.9664 1,037
SEE 1.2747 14570 1.192° 14087
cr 1.05¢ 1073 1.01% 1.060

Stem sapwood dry wesgh!

kN

A 2.6430° 28383k “B.ECTS <1.1905%
E 29002 2.7e37 1.0007 1.014%
Y 09% 0.804 0.99¢ 0.94°
L 2.17M7 1.0555 21767 10955
SEL 1.3097 1 628F 1.1844 1462
3 1057 1.12¢ 1.014 1.07¢
Live branch wood snd bark. dry weigh?

A 2.828%% <1 8235% 046201 +5.30124
B 23418 35880 0 78467 1.1842
T 0.926 0937 0.93¢ 0.901

St 1.8150 1.293% 1.8150 1.293%



STZ
CF

Current twige snd leaves, dry weight

A

B

t
sD
SEE
Cr

Current snd older

leaves 41y weigh!

Total sbeweground mass

1.7187
1158

447181
1.3140
0.935
1.0482
1.5035
1.087

3.81047
1.8855
0934
14733
1.618%
1123

4.
2.5043
0997
1.873¢
1.1830
1.014

Lad

hés

[ A

0.839
0.6609¢
14877
1.082

~0.12667
2.930¢
0934
1.0e02
1.5300
1.095

2E1886
2.9121
0.951
1.0228
1.24%u
1025

1.9919
1.26¢

31737
043735
0.905
1.0482
1.6287
11286

145087

0.86016

0.9%¢
1.8738
1.2016
1.01°

0.841
0.6609¢
14854
1.081

-3.1699¢
0.99419
0.90%
1.08062
i.

t

618
37

- o

+1.08411
1.0295
0.9910
1.0225
11723

1013

120



®

Or. DB x {em)

¥t production. % (¢/vs)

Stem wood production

A
B

Stem bark production

"n
L ]

144979 1.60616
.47 2.176¢
0.930 0.62?
1.7415 1.9149
20129 2.7975
1.277 1.697

0 67501 0.21110
20830 2.2418
0.933 0.704
16701 1.0109
19315 2.0570
1.34¢ i.207

Live brynch wood el bark produstion

A

E

3
ST
SEZ

cr

o fiad
1.738¢%
0.94:
1.27%7
16542
1155

Older les! productics

=a.1622
2.8840
0.857
11593
§.9362

1.244

3
h
o
-1

oy
w
-3

(=2
[ 3]
-3

[~ T ¥

AA = WD L=1
L7
-3

- [ L
o
&
N

On ftem peradolic volurme.

x {em¥)

A M.&lor

-1.16634
0.2507?
0.935
17415
19635
1.255

-1.80511
0?2016
8.936
1.6701
1.90%1
1.232

0.70744
0.58414
0921
1.3757
?96¢
1.1¢7

A mageifscs

-0.930:9
0.78523
0622
1.1%49
2.814%
1.70¢

-2.18297
0.76417

121

OUn #2tem wood parsbolic
volume snnusl sncremer:t

{emolyr)
A conrelor

-1.06180
1.0340
0.9%4
1.7241°%
1.2514
1.022

-------

0.855%6
0.902
15501
2.07¢0

1.30°

A magnifics

-0.53954
0.8817¢C
0995
1.1949
1.1285
1.00¢

14250
1.06%

045853
0 8448
0.8e8
1.1383
1.e032
1.197

0 2€€:
V&S
0.20327
0.772

1.1025

21729

1.351



Totel aboveground production

A
B

-t

el

4.31329
1.6860
0.95¢
1.3119
1.5074

1.0e7

44735
N.57%43
0.94¢
1.3119
1.5777
1.10¢

-0.72449
8879

o
~3

<>
~3
LN ]
n

2.107¢0

1.320

2.77544
7315
0.9¢7
1.3119
1.2643
1.92¢

122
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APPENDIX 1I1. Seasonal change in foliar concentrations of nutrients at Log Creek during 1984,

K CONCENJTRATION IN NEW FOLIAGE (PPM)

AY LOG CREEK, SEQUQIA NATIONAL RARKs DURING

PINUS LAMBERTIANA

ABIES CONCOLOR

ABIES MAGNIFICA
SEQUOIADENDRON GIGANTEUM
CEANOTHUS CORDULATUS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREY1
ARCTOSTAPHYLOS PATULA
QUERCUS KELLOGOII

HERBS

LURTNUS LATIFQLIUS
ATHYRIUM FILIX-FEMINA
PTERIDIUM AQUILINUM
HIERACEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENQCAULON BICOLOR
PYROLA PICTA A

PYROLA PICTA B
PTEROSRORA ANDRQMEREA

JUNE 26

16800.00
18266,66
14433.33

JUNE 28

18066.66
17333.33
10196.66

JULY 26

17333.33
27266.66
23700.00
29866.66
25800.00
36100.00
16333.33
20033.33
15633.33

HULY 3

10766,66
30466.66
21400.00

JULY 2

11033.33
9456,66
9863.33

Juby 9

22700.00
12533.33
12166.66
18966.66
14866.66
11300.00

9976.66

JULY 10
18433.33

11733.33
12866.66

JUuLy 31

10666.,66
16166.66
14700.00
16666.,66
6376.66
8566,66
8010.00

AUG 3
12800.00

10700.00
9003.33

1984

AUG 15

85%0.00
11733.33
15400.00
15333.33

7216.66

6893,.33

7480.00

AUG 13

12966,66
10090.00
4680.00

AUG 28

SEPT 4

12600.00 12966466
12433433 14100.00

AUG 27

14066.66
9593&033
11600.00

SEPT )9

9980.00
B8206.66
9133.33

g2l


https://14100.00
https://11600.00
https://12866.66
https://10090.00
https://11733.JJ
https://l56JJ.JJ
https://20033.JJ
https://l6JJJ.J3
https://36100.00
https://2saoo.oo
https://29866.66
https://23700.00
https://27266.66
https://17JJJ.3l
https://10196.66
https://11333.33
https://1406,.66
https://12966.66
https://12aoo.oo
https://18433.JJ
https://110JJ.JJ
https://18066.66
https://ltl76.66
https://12433.33
https://15333.33
https://1~666.66
https://11300.00
https://14866.66
https://18966.66
https://21400.00
https://12966.66
https://l26oo.oo
https://15400.00
https://1,100.00
https://12166.66
https://30466.66
https://11233.JJ
https://13100.00
https://11733.33
https://l~J66.66
https://12533.33
https://10766.66
https://10666.66
https://22100.00
https://e1c;o1,.0R

PINUS LAMBERTIANA

ABIES EQNCOLOR

ABIES MAGNIEICA
SEQUOJADENDRON GIGANTEUM
CEANOTHUS CORDULATUS
CORYILUS CORNUTA

CORNUS STOLONIEERA

PINUS JERFREYI
ARCTOSTAPHYLOS RATULA
QUERCUS KELLOGGI1I

HERBS

LURINUS LATIFOLIUS
ATHYRIUM FILIX-FEMINA
PTERIDIUM AQUILINUM
HIERACEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENOCAULON BICOLOR
PYROLA PICYA A

PYROLA PICTA B
PTERQSPORA ANDRQMEDEA

M6 CONCENTRATION IN NEW FOLIAGE (PPM)
AY LOG CREEKes SEQUQIA NATIONAL RARKs DURING

JUNE 26  JULY 2 JULY 9 Juiy 31

2140.00
4683.33
2703.33

JUNE 28

1296.67
1776.67
2913.33

JULY 26

4843.33
B8016.66
297333
2710.00
3503.233
3343,.,33
2366.67
2740.00

289.67

205,67
1773.33
2803.33

JULY 2

248,00
233.00
375.67

1573.33
345.67
173.33

3033.33

2856,.,67
832.67
477.67

JUuLYy 10

1646.67
2123.33

2960.00

647.67
1623.33
1200.00
2093.33
1058.33
1663,33
1360.00

AUG 3

856.00
1320.00
914.33

T R ey v

1984

AUG 15

607.00
1533.33
1220.00
202¢.67

855.00
1370.00
1586.67

AUG }3
854467

1303.33
922.33

AUG 28

1156.67
991,67
2186.67

AUG 27

86“1' 33
1180.00
1620.00

- —— .

SEPT &

1290.00
1170.00
2120.00

SEPT 19

1213.33
11593.33
1120.00

vel


https://1620,.00
https://1180,.00
https://202ti.67

CA CONCENTRATIQN IN NEW FOLIAGE (PPM)

AT LOG CREEKs SEQUQIA NATIONAL PARK, DURING

PINUS LAMBERTTANA

ABIES CONCOLOR

ABIES MAGNIFICA
SEQUOIADENDRON GIGANTEUM
CEANQTHYS CORDU)ATUS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREYI
ARCYQSTARMYLOS RATULA
QUERCUS KELLOGGIIX

HERBS

LURTNUS LATIFQLIUS
ATHYRIUM FILIX=FEMINA
PTERIDIUM AQUILINUM
HIERACEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENOCAULON BICOLOR
PYROLA PICTA A

PYROILA PICTA 8
PTEROSPORA ANDROMEQEA

JUNE 26

13133.3)
21133.33
20466.66

JUNE 28

333.00
4253.33
9336.,66

JULiY 26

21233.33
4990.00
4763.33

12433.33

27933.33

14966.66
7973.33

17566.66

267.00

JULY 9

1643.33
1250.00
384433

10216.66 12133,32

13566.66
2206.67
2396467

JUuLy 2 JuLy 10

681.33

701,33 11633,33
847.00 12700.00

JULY 31

496.33
11933.33
8793.33
9950.00
6376.66
19333.33
18100.00

AUG 3
548.00

7010.00
@9%06.66

1984

AUG 15

460.00
12700.00
10050.00
11633.33

2173.33
12366.66
22866.66

AUG 13
459.00

6383.33
6986.66

AUG 28

10410.00
7506.66
11166,66

AUG 27

523.00
6346,66
11466,66

SEPT 4

10833.3)
7826466
12833.33

SEPT 19

726.00
6046.656
10200000

sel


https://10200.00
https://12833.JJ
https://10833.33
https://22866.66
https://18100.00
https://12306.66
https://li333.J3
https://13566.06
https://11160.66
https://11633.33
https://12133.33
https://10216.66
https://10050.00
https://10�10.00
https://12100.00
https://11933.33
https://17566.66
https://14966.66
https://l79lJ.J3
https://124.JJ.Jl
https://21233.33
https://20466.61
https://AJMYL.OS
https://CORY~.us
https://CONCOl.OA

PINUS LAMBERTIANA
ABIES E€QNCOLOR

ABIES MAGNIFICA
SEQUOTADENDRON GIGANTEYM
CEANOTHUS CORDULATUS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREY1
ARCTOSTAPHYL.0S RATULA
QUERCUS KELLOGGII °

HERBS

LUPINUS LATIFOLIUS
ATHYRIUM FILIX~FEMINA
PYERIDIUM AQUILINUM
HIERAGEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENOCAULON BICOLOR
PYROLA PICTA A

PYROLA PICTA B
PTERQSROQRA ANDROMEDEA

NA CONCENTRATION IN NEW FOLIAGE (PPM)
AT LOG CREEKs SEQUOIA NATIONAL PARKs DURING 1984

JUNE 26

85.83
287.67
55.6’7

JUNE 28

9.)2
27.27
47.97

JULY 26

47.57
311.33
Sl1.13
S07.33
36.50
A7.10
35.10
85.17
12.27

JUuLy 3

1.17
21.43
15.20

JUuLy 2

0.57
5,39
15.83

JULY 9 JuLy 3]

118.37
17.10
- 0.0
19.17
38,90
27.07

7.84

JULY 10
16.17

2le43
61470

Se16
8.65
71.93
1.62
8480
22480
10.25

AUG 3
T455

8.65
10.35

AUG )5S

T.25
4,25
4.40
2.18
13.40
22.170
13.37

AUG 13

8.8l
8.74
11.10

AUG 28

7.23
2.93
0.0

AUG 27

19.30
13.63
82.30

QEPT 4

5.30
9.50
T+32

SEPT 19

1.32
10.8]
38.23

921


https://ARCTOSTAPHYl;.OS

PINUS LAMBERTIANA

ABIES CONCOLOR

ABIES MAOGNIFICA
SEQUOIADENDRON GIGANTEUM
CEANOTHUS CORDULATUS
CQRYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREYI
ARCTQSTAPHYLOS PATULA
QUERCUS KELLOGGII

HERBS

LUPINUS LATIEQLIUS
ATHYRIUM FILIX~FEMINA
PTERIDIUM AQUILINUM
HIERACEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENQCAULON BICOLOR
PYROLA PJICTA A

PYROLA PICTA B
PTERQSPORA ANDRQMEDEA

MN GONCENTRATION IN NEW FOLIAGE (PPM)
AT LOQG CREEX, SEQUQOIA NATIONAL RARKs DURING 1984

JUNE 26

238.33
459.67
79.90

JUNE 28

147.00
26437
379.33

JULY 26

125.00
105.57
116.13
162.67
111.67
34.27
52.87
62.80
0.0

JuLy 3

21.53
166.00
251.33

JuLy 2

38.97
0.67
w473

JULY 9 JuLy 31

126.67
63.23
17.77

286.00

186.33
29.00

2099

JUuLY 10
212.33

4437
481.67

$5.60
218.67
#34.67
293.67
76.60
262.00
clea?

AUG 3
89.73

18.80
119.57

AUG 15

4%.50
242.00
352,00
38%.00

T3.93

90.13

18.37

AUG 13

57.17
17.80
166,00

AUG 28

20%.33
166,00
147.67

AUG 27

$1.03
12.83
271.33

SEPT 4

239.33
305.00
283400

SEPT 19

254,467
20457
144.00

Lzl


https://l611t.oo
https://BICOL.OR
https://CQR~U.TA

PINUS LAMBERTIANA

ABIES EONCOLOR

ABIES MAGNIFICA
SEQUOIADENDRON GIGANTEUM
CEANQTHUS CORDULATUS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREYI
ARCTOSTAPHYLOS RATULA
QUERCUS KELLOGBII

~ HERBS

LURINUS LATIRQLIUS
ATHYRIUM FILIX~FEMINA
PTERIBIUM AQUILINUM
HIERACEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENOCAULON BICOLOR
PYROLA PICTA A

PYROLA PICTA B
PTEROSBORA ANDROMEDEA

AL CONCENTRATION IN NEW FOLIAGE (PPM)
AT LQG CREEKs SEQUOIA NATIONAL PARKs DURING 1984

JUNE 26

293.33
1256-‘67
25h.33

JUNE 28

79.83
62.60
157.00

JULY 26

136.43
328.33
77.83
340.67
74.03
58.57
151.00
165.67
10.35

JULY 3

' 14,43
133,33
12,43

JULY 2

10.39
11,37
19,43

JULY 9 JULy 31

4023.67
26.63
18.17
20.03

136.00
32.63
11.07

JULY 10
120.67

116.30
299.33

6647
146,00
213.33

6.57

24460
226.00

67.93

AUG 3.

87.87
32.07
61.900

AUG 15

58.67
88.77
110.00
18.67
41.47
158.67
123.07

AUG 13
67.83

38,37
75.93

AUG 28

160.33
86070
ﬂu13

AUG 27

111.83
81.37

446.33

SEPT &

92.83
110.67
10.80

SEPT )9

115.33
36.03
181.67

82l


https://l6C11.JJ
https://BICOL.OR

PINUS LAMBEREIANA

ABIES EQNCOLOR

ABIES MASNIFICA
SEQUOTADENDRON G1BANTEUM
CEANOTMUS CORDULATYS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREY1
ARCTOSTAPHYLOS PATULA
QUERCUS KELLOGGII

HERBS

LURTNUS LATIFOLIUS
ATHYRIUM FILIX-FEMINA
PTERIDIUM AQUILINUM
HIERACEUM ALBIFLORUM
OSMQRHIZA CHILENSIS
ADENQCAULAGN BICOLOR
PYROLA PICTA A

PYROLA PICTA B
PTEROSPORA ANDRQMEDEA

FE CONCENJRATION IN NEW FOLIAGE (PPM)
AT LOG CREEK, SEQUOTA NATIONAL RARK, DURING 1984

JUNE 26

290,33
753,33
212,33

JUNE 28

39.10
125,33
216,00

JULY 26

145,00
305,00
167.67
260.67
110,67
118.00
97.83
159.00
9.66

JuLy 3

0.0
70.83
82.70

JuLY 2

0.0
7,38
31 05‘0

JULY 9 JuLy 31

BT.77
11.62
0.0
B8l.23
215.33
39.07
18.83

JULY 10
T4.77

109.00
€85.67

#0.80
57.87
78.20
45.60
64450
200.00
87.60

AUS 3
56.63

T4,%3
114.13

AUG 18

38.27
46.2)
46,93
59.43
82.30
138.67
112,83

AUG 13

46.20
67.60
113.00

AUG 28

58.37
38,67
36.97

AUG 27

112.00
TTe4?
313.67

SEPT 4

46,80
51453
46.53

SEPT 19

102.87
69.73
214,00

€2l


https://ARC:t.os

SI CONCENTRATION IN NEW FOLIAGE (PPM)
AT LOG CREEK, SEQUQIA NATIONAL RARKe: DURING 1984

JUNE 26 JULY 3 JULY 9  JULY 231 AUG 15  AUG 28 SEPT 4

PIMLIS LAMBERTIANA 831.33 434,00 442.33
ABIES CONCOLOR 64,67 130.00 298,33 256,00 348,33 303,67
ABIES MAGNIFRICA 76.90 34413  510.67 192400 168,33 251.33
SEQUOIADENDRON GISANTEUM €33.67 205.00 244400 311433  109.30 436.33
CEANOTHUS CORDULATUS 1069,33 572633 452400 744467
CORYLUS CORNUTA 2336.67 211.33 1793.,33 1503.33
CORNUS STOLONIFERA 814,00 136,67 1040,33 1356,67

JUNE 28 JULy @ JuLy 10 AUG 3 AUG 13 AUG 27 SEPT 19

PINUS JEFFREY1 57,10 20,10 288,67 260,67 164,33  464,6T 617.33
ARCTOSTARHYLOS RATULA 301.67 129,33 438.00 325.67 443,67 317.00 659.33
QUERCUS KELLOGGII 589,00 240.67 933.67 904467 1008.00 1596.67 968.33
HERBS JULY 26
LURPTNUS LATIFQLIUS S14.00
ATHYRIUM FILIX-FEMINA 11200.00
PTERIDIUM AQUI| INUM 7063.33
HIERAEEUM ALBIFLORUM 993.67
OSMORHIZA CHILENSIS 412.67
ADENOCAULON BICQLOR 315.33
PYROLA PICTA A 353.33
PYROLA PICTA B 3023.33

PTERQSRQRA ANDRQOMEDLA 8%.73

oel
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PINUS LAMBERTIANA

ABIES EONCOLOR

ABIES MAGNIFICA .
SEQUOTABENORON GIGANTEUM
CEANQTHUS GORDULATUS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREY1
ARCTOSTARMYL 05 PATULA
QUERCUS KELLOGOII

HERBS

LURINYS LATIFOLIUS
ATHYRIUM FILIX-FEMINA
PTERIDIUM AQUILINUM
HIERAGEUM ALBIFLORUM
OSHORWIZA CHIILENSIS
ADENOGAULON BICOLOR.
PYROLA PICTA A

PYROLA PICTA B
PTERQSPORA ANDROMEDEA

ZN CONCENTRATION IN NEW FQLIAGE (PPM)
AT LOG CREEKs SEQUOIA NATIONAL RARKs DURING 1984

JUNE 26

14.57
19.17
12.73

JUNE 28

264.87
21.47
15.40

JULY 26

1447
13.73
11.71
1500
Te61
795
1377
9.49
15.53

JULY 3

3.82
31.33
17.63

JULY 2

14.53
S. 0"0
‘0.5‘3

JULY 9 JULY 31

17.67
6.13
6.87

14.30

10.51
0,49
0.47

JUuLY 10
21.93

14.47
16.77

20.53
25.80
19.97
17.30
13.90
22.90
15.47

AUG 3

19.60
15.83
19.80

AUG 15

10.87
18.47
27.50
13.07
15.57
18.23
13.20

AUG 13
18.60

15,33
19.43

AUG 28

21.00
19.73
17.97

AUG 27

19.13
13.13
2920

SEPT 4

13.53
21.00
13:40

SEPT 19

16.23
10.76
15.17

LEL



PINUS LAMBERTIANA

ABIES CONCOLOR

ABIES MAGNIFICA
SEQUOIADENDRON GIGANTEUM
CEANQTHUS CORDULATUS
CORYLUS CQRNUTA

CORNUS STOLONIFERA

PINUS JEFFREYI
ARCTOSTAPHYLOS RATULA
QUERCUS KELLOGGII

HERBS

LURINUS LATIFOQLIUS
ATHYRIUM FILIX~FEMINA
PTERIDIUM AQUI|, INUM
HIERACEUM ALBIFLQRUM
OSMORHIZA CHILENSIS
ADENQCAULON BICOLOR
PYROLA PJCTA A

PYROLA PICTA B
PTERQSPORA ANODRQMEDEA

J1 CONCENTRATION IN NEW FOLIAGE (PPM)
AT LOG CREEK», QEQUQIA NATIONAL PARK» DURING 1984

JUNE 26

12.67
S4.,10
10.53

JUNE 28

0.0
2o 14
S.04

JULY 26

7.51
19.60
13.43
29.53

2.38

8.52

8.00
13.83

6.0

JULY 3 JULY 9 JULY 31

2.60
0.0 0.0
1.31 0.0
l.26 1.99
9.16
0.0
0.0

JULY 2 JULY 10

0.0 1.45
0.0 S.10
0.0 11.28

170
1.32
2436
0.640
3.30
17.80
493

AUG 3
2.72

2e72
S5.71

AUG 15

2.30
0.51
0.54
1.39
§.25
14.87
7.66

AUG 13
0.76

2443
7.29

AUG 28

2.09
0.22
0.0

AUG 27

2.65
3.07
25.90

SEPT 4

0.97
Q.82
be27

SEP® 19

1.82
2405
11.69

eel
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PINUS LAMBERTIANA

ABIES CONCOLOR

ABIES MASNIFICA
SEQUQIADENDRON GIGANTEUM
CEANQTHUS CORDULATUS
CQRYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREY1
ARCTOSTARPMY(0S PATULA
QUERCUS KELLOGGII

HERBS

LURINUS LATIFQLIUS
ATHYRIUM FILIX=FEMINA
PTERIBIUM AQUILINUM
HIERACEUM ALBIF|,ORUM
OSMORHIZA CHILENSIS
ADENQGAULON BICOLOR
PYROLA RICTA A

PYROLLA RICTA B
 PTERQSRORA ANDROMEDEA

CU CONCENTRATION IN NEW FOLIAGE (PPM)
AT 1LOG CREEKs SEQUOIA NATIONAL PARKs DURING 1984

JUNE 26

6€.80
16.83
.18

JUNE 28

4.95
6.60
9.16

JULY 26

3.38
9.91
5.29
12.57
4.40
6.32
6.84
9.29
0.31

JULY 3

1.19
11.73
10.93

JULY 2

1.49
0.71
3. 00

JULY 9 JuLy 31

T.81
3.07
1.53
9.%1
Te72
2454
0.64

JULY 10
S.94

3.26
10.24

304
467
5.36
5.75
3,05
5.%6
255

AUG 3
2.48

2.05
3.45

AUG 15

2.69%9
3.20
6.13
.20
2.25
%.19
2.12

AUG 13

2440
2.33
3.13

AUG 28 SEPT 4

hel7 253

3.60 4.00

o 68 3.79
.

AUG 27 SEPT 19

2.22 1.79
1.79 1.66
7,00 3.63

°el
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PINUS LAMBERTIANA

ABIES ODNCOLOR

ABIES MAGNIEICA
SEQUOTADENDRON GIGANTEUM
CEANQTHUS CORDULATUS
CORYLUS CORNUTA

CORNUS STOLONIEERA

PINUS JEPFREYI
ARCTOSTAPHYLOS RATULA
QUERCUS KELLOGGII

HERBS

LURINUS LATIROLIUS
ATHYRIUM FILIX~-FEMINA
PTERIDIUM AQUII. INUM
HIERACEUM ALBIFLLORUM
OSMORHIZA GHILENSIS
ADENOCAULON BICQLQR
PYROLA PICTA A

PYROLA PICTA B
PTERQSPQRA ANDROMEDEA

8 CONCENTRATION IN NEW FOLIAGE (PPM)
AT LQG CREEK, SEQUQIA NATIONAL PARKs DURING 1984

JUNE 26

28,90
40.17

21.53

JUNE 28

9.22
17.23
22.73

JULY 26

23.10
22.87
J2.80
36.27
14.97
29.10
24453
39.07

279

JULY 3

6.13
24,90
39,70

JULY 2

.93
6.36
13.97

JULY 9 JULY 31

28.47
Tebe
T.09

36.70

43,70

15.97
.88

JULY 10
19.13

17.33
“%}.20

22.87
18,67
36,90
39.40
25,70
44457
10.83

AUG 3
12.07

2l.63
62.97

AUG 15

16.90
Qhk.6T
39.57
41.23
40.87
43.27

9.78

AUG 13

13.37
11.25
5%.03

AUG 28

28.53
23.83
3497

AUG 27

19.77
19.33
61.67

GEPT 4

20.93
2413
38.33

SEPT ]9

17.]0
8.43
0607

el
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PINUS LAMBERTIANA

ABIES CONCOLOR

ABIES MASNIEICA
SEQUOTADENDRON GIGANTEUM
CEANOTHYS CORDULATUS
CORYL.US CORNUTA

CORNUS STOLONIPERA

PINUS JEFFREYI
ARETOSTAPHYLOS RATULA
QUERCYS KELLOGGII

HERES

LUPINUS LATIFQL IUS
ATHYRIUM FIUIX-PEMINA
PTERIBIUM AQUIL INUM
HIERAGEYM ALBIFLORUM
OSMORRIZA CHILENSIS
ADENQCAULON BICOLOR
PYRQLA PJCTA A

PYROLA RICTA B
PTEROSRORA ANDROMEDEA

V CONCENTRATION IN NEW FOLIAGE (PPM)
AT LOG CREEK, SEQUOIA NATIONAL PARK, DURING 1984

JUNE 26

090
0.29
1.39

JUNE 28

l.16

1.05

1.96

JULY 26

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
8.29

JULY 3

oo®
.
coe o

JuLy 2

9.63
10.36
9.59

JULY 9 JULY 31

0.0

8,29
9.62
0.0

0.09
8.13
8.92

JULY 10
137

0.41
l1.12

0.0

0.94
0.08
0.0}
0.0

1.27
0a46

AUG 3

0.0
0.0
0.07

AUG 28

1.08
1.39 -

0.24

AUG 27

0.0
0.0
0.0

SEPT &

}.J2
150
0.36

GEPT |9

lell7
0.0
0.0

GeEl
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PINUS LAMBERTTIANA.

ABIES CONCOLOR

ABIES HAGNIFEICA
SEQUOIADENDRON GIGANTEUM
CEANOTHUS CORDULATUS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREY1
ARCTOSTAPHYLOS RATULA
QUERCUS KELLOGGI1I

HERBS

LURPINUS LATIFOLIUS
ATHYRIUM FILIX=FEMINA
PTERTDIUM AQUILINUM
HIERACEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENOCAUL.ON BICOLOR
PYROLA PICTA A

PYROLA PICTA B
PTEROSPORA ANDROMEDEA

SR CONCENTRATION IN NEW FOLTAGE (PPM)
AT LOG CREEK, SEQUOIA NATIONAL PARK, DURING 1984

JUNE 26

93.40
169,33
134.67

JUNE 28

0.65
23.60
30.27

JULY 26

152.00
95.27
170.33
65,97
161.00
103.07
62,20
102.37
2elb

JuLy 3

3.85
11.77
81.93

JULY 9 JuLy 31

3.33
6.03
2.4]
98.63
120.67
11.07
1067

JULY @ JuLY 10

1.97
3.60
3.27

] 1099
8l.43
40.67

2424
126,33
52.67
198.00
78.20
179,67
237,33

AUG 3

260
59,50

26,97

AUG 15

3.3]
119.00
41,83
211.33
52.10
122.67
364.00

AUG 13
1.92

39.17
36.50

AUG 28

110,33
.80
4207.67

AUG 27

3,00
43.73
S2.23

SEPT 4

92.713
36.20
298.67

6EPT 19

3086
35.93
36.8¢0

9tlL



PINUS LAMBERTIIANA

ABIES CONCOLOR

ABIES MAGNIFICA
SEQUOIADENDRON GIGANTEUM
CEANOTHUS CORDULATUS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREY]
ARCTOSTAPHYLOS PATULA
QUERCLIS KELLOGOGII

HERBS

LUPINUS LATIPOLIUS
ATHYRIUM FILIX=FEMINA
PTERTDIUM AQUILINUM
HIERACEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENOCAULON BICOLOR
PYROLA PICTA A

PYROLA PICTA ®
PTEROSPORA ANDROMEDEA

BA CONCENTRAVION IN NEW FOLIAGE (PPM)
AT LOG CREEKsy SEQUOIA NATIONAL PARKs DURING 1984

JUNE 26

34.83
109,00
33.07

JUNE 28

0.72
49.27
29,70

JULY 26

62.17
268,00
208.67

33.23

59.40

39.50

47.07
106.80

0.68

JUuLYy 3

8,80
6,87
11.17

JuLy 2
0.0

5.78

JULY 9 JuULY 31

3.90
20.30
0.49
15.07
44.70
16.43
7.08

JULY 10
207

8%.60
46.30

1.54
91.13
14.50
26,60
32,40
73.23
37.07

AUG 3

1.97
80.23
14.97

AUG 1%

2.02
117.67
13.93
2he73
17.30
80.40
48.73

AUG 13
1.88

72.87
20.73

AUG 28

86.07
13.23
37.023

AUG 27

3.37
60.]0
38.73

8EPT &

86.70
13.17
36.77

SEPT 19

2443
44497
2677

LEL
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PINUS LAMBERTIANA

ABIES CONCOLOR

ABIES MAGNIFICA
SEQUOIADENDRON GIGANTEUM
CEANOTHUS CORDULATUS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFRREYI
ARCTOSTAPHYL0S PATULA
QUERCUS KELLOGGII

HERBS

LURTINUS LATIFOLIUS
ATHYRIUM FILIX~FEMINA
PTERIBIUM AGUIL INUM
HIERACEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENOCAULON 8ICOLOR
PYROLA PICTA A

PYROLA RPICTA &
PTEROSBRQRA ANDROMEDEA

LI OONCENTRATION IN NEW FOLIAGE (PPM)
AT LOG CREEKs SEQUQOIA NATIONAL PARKs DURING 1984

JUNE 26

lel2
1.75
2¢34

JUNE 28

0.36
0.87
0.8%

JULY 26

J.68
25.47
1.28
177
3.40
2.18
ledb
2«80
2+36

JULY 3

6.39
0.91
0.79

JUuLy 2

1.59
5.81
6.30

JULY 9  JuLy 31

0.%2
T.56
4ok
0.97
0.85
14.97
13.23

JUuLy 10
0.68

0.79
l.18

0.10
1.03
0.48
0.86
1.09
1.75
2014

AUG 3
0.93

1.03
0.86

AUG ]S

0.00
0.95
0.79
0.73
0.56
1.67
2.79

AUG 13
0.9%0

1.03
l.16

AUG 28

1.01
0s46
0.81

AUG 27

0.74
0.93
1.51

GEPT 4

0.73
0.52
0.80

| ]
8EPT 19
0.74

1.07
loj]

8El
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PINUS LAMSBERTIANA

ABIES CONCOLOR

ABIES MAGNIFICA
SEQUOTADENDRON GIGANTEUM
CEANQTHUS CORDULATUS
CORYLUS CORNUTA

CORNUS STOLONIFERA

PINUS JEFFREYI
ARCTOSTAPHYLOS PATULA
QUERCUS KELLOGOII

HERBS

LURPTNUS LATIFQLIUS
ATHYRIUM FILIX-FEMINA
PTERIBIUM AQUILINUM
HIERACEUM ALBIFLORUM
OSMORHIZA CHILENSIS
ADENCCAULON BICOLOR
PYROLA PICTA A

PYROLA PICTA B
PTEROSPORA ANDROMEDEA

PB CONCENTRATION IN NEW FOLIAGE (PPM)
AT LOG CREEK, SEQUOIA NATIONAL PARKs UURING 1984

JUNE 26

7.31
9.36
13.13

JURE 28

4.38
535
8.70

JuLy 26

T.67
13.53
9.31
10.59
B8+34
B8.61
7.35
9.91
9.82

JuLy 3

7.09
3.88
5,22

JuLy 2

3.89
14,83
35,67

JULY ¢ JuLY 31

5.49
10.99
baTh
S.50
Te61
S6.77
26.07

JULY 10
4135

6.57
8.99

Be44
Gell
4,71
2.42
11.37

12.93.

10.02

AUG 3

0.0
1.36
7.89

AUG 1%

9.33
1.93
§.15
0.98
12.63
10.49
11.73

AUG 13
0.03

0.77
6€.39

AUG 28

3.61
3.21
0.42

AUG 27

0lr02
1.56
4,07

SEPY 4

2oded
3.48
he3B

SEPT 19

1.22
110
28]

6E|



CD CONCENTRATION IN NEW FOLIAGE (PPM)
AT LOG CREEKy» SEQUOIA NATIONAL PARK, DURING 1984

JUNE 26 JuLy 3 JULY 9 JULY 31 AUG 1% AUG 28 SEPT ¢4

PINUS LAMBERYIANA : 1.84 0.49 0.58
ABIES CONCOLOR 0.0 0.0 0.%1 0,36 0.63 0.33
ABIES MAONIFICA 0,46 0.0 0.98 0.08 0.28 036
SEQUOTADENDRON GIGANTEUM 0.01 0.0 0.0 0.0 0.0 0.0
CEANOTHUS CORDULATUS 1.69 0.50 0.0 0.11
CORYLUS CORNUTA 4.99 0.0 1.17 l.08
CORNUS STOLONIFERA . 0.89 0.0 0.21 0.74

JUNE 28 JULY 2 JULY 10 AUG 3 AUG 13 AUG 27 SEPT 19

PINUS JEFFREYI 0.76 0.0 0.91 0.64 0.82 0,86 0.73
ARCTOSTAPHYLOS PATULA 0.27 0.0 0.49 0.0 0.14 0.02 0.02
QUERCUS KELLOGGII 0.81 0.0 1e46 0.37 0.69 2.00 0.87
HERBS JULY 26

LUPINUS LATIFOLIUS 0.74

ATHYRIUM FILIX-FEMINA 2.07

PTERIOIUM AQUILINUM 0.36

HIERACEUM ALBIFLORUM 1.52

OSMORHIZA CHILENSIS 0.50

ADENOCAULON BICOLOR 0.23

PYROLA PICTA A 0.44

PYROLA PICTA B 0.86

PTEROSPORA ANDROMEDEA 0.0

vl
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The Plane Intercept Method

The plane intercept method is a way of measuring newly-produced roots in the
field during a known interval. A series of screens of appropriate mesh size is
inserted in the soil. At harvest the number of penetrations by roots through
the plane of the screens can provide an estimate of length of new root produced
during the time the screens were in the ground. The theory and a number of
refinements to the method were treated in detail in the original proposal. A
review of some of the important details, and new information gathered during
this and related projects, will be summarized here.

Preparation of the screen "planes": The size of the mesh openings shouid be
matched reasonably well to the diameter of the new growing root tips. I[f too
small, roots may be turned aside rather than penetrate the screen. I[f too
large, they may be easily dislodged in withdrawal or during subsequent handling
of the screens. The potential problems of mesh size did not materialize,
however, and the system seems to be rather flexible in this regard. More
serious difficulties arose from unexpected sources, Quality sievecloth is
expensive and difficult to obtain at times. We were able to locate only one
national supplier, and on one occasian had to wait several months for a
shipment. Nylon, the least expensive material for quality sievecloth,
absorbed the phenol used in staining mycorrhizal hyphae and became unpleasant
to work with., Fiberglass window screen worked well for roots in spite of its
large mesh size, but apparently has a coating that supports the growth of
fungi. Testing finally indicated poiyester as the material of choice beascause
of its strength and resistance to chemicals.

Installation: Insertion of the screens into the soil has turned out to be one
of the most challenging aspects of developing the technique. The simplest
method, which was successful when the soil was moist, was a two-step procedure
of making a2 slit in the soil with a long, narrow blade, then doubling the
screen around the blade, re-inserting it into the slit in the soil, and
withdrawing the blade. As the soil dried out, and as the method was used in
other soils, it became clear that this simple approach would only work in the
most favorable c¢ircumstances. The method that has been successful in the
widest variety of conditions involves a tool comsisting of two plates (Figure
17). A wider .lower. plate accepts most of the stress of driving the assembly
into the soil, while an upper plate protects the screen from tearing and holds
it in place as it moves downward through the soil. The upper plate is removed
from the soil first, and rails on each side of the screen guide a tab on the
upper plate over the screen. The successful installation if the screen is
sensitive to the width of the tab, the angle at which it is bent, and the
placement of the side rails, The assembly is driven into the soil with a
series of glide hammers made from galvanized pipe. The slide hammers keep the
exposed portion of the insertion tool from bending, and must cover most of its
length. This means two or three slide hammers of different lengths are used
during the insertion of each screen. ' The repeated blows on the insertion tool
guickly put it out of business if it is made from inferior steel. We found
that a machine shop was unwilling to use steel of the required quality and had
to fabricate them ourselves from machetes and large saw'blades.
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Disturbance effects: The observation of helow ground procasses necessarily
requires disturbance to the system. We would argue that the relatively minor
disturbance generated by inserting the screens represents is one of the
method's strengths. However, any roots in the path of the insertion tool are
severed. Removing root apices is known to result in the appearance of laterals
that would not have grown on an uncut root. Because of this potential problem,
an elaborate sampling schedule was devised that involved harvesting an extra
set of screens after each insertion. The first count was to be subtracted from
the sece~d, and the difference used to calculate production. We now believe
that any error introduced by cutting the roots is minimal or non-existent. The
roots cut during insertion would not have been represented at that plane in the
soil because their growing tips were already somewhere else. Any new laterals
that arise as a result of cutting those roots will be oriented on average at
right angles to the original root axis, meaning most would not pass through the
screen. All of these arguments are academic, however, as they are overwhelmed
by the distinct seasonality of root growth. In this and other studies using
the plane intercept technique it has become clear that root growth rate changes
so rapidly with season and abiotic factors that it is meaningless to subtract a
value found during one period from that found during another period. We thus
dismiss the compensation period as worse than useless: it directs resources
away from the main sample, introduces unnecessary compiexity into the schedule,
and may lead to serious underestimates of production.

Collection of screens: Withdrawal of the screens from the soil was another
anticipated difficulty that failed to materialize.The roots adhere rather well
to the screens, and we are convinced that the great majority of the roots that
penetrated each screen are represented in tne intercept counts. Attamnts to
cut roots near the screen before removing it ended in damage to the screen,
dislodging of at least as many roots as would have been lost without cutting,
and more extensive disturbance to the plots than was necessary. An experiment
was carried out in Fall of 1984, at a different study site, to specifically
test for loss of rcots during screen withdrawal (Table 28). Half of a Jarge
set of screens was withdrawn in the manner used during most of the study. The
other half was excavated carefully with a shovel. The lack of a significant
difference in root intercepts supports my belief that withdrawal without
cutting preserves most or all root intercepts.This may depend to some extent
upon the characteristics of the roots under study and perhaps on the texture of
the soil.

Calculations and conversion to biomass: The plane intercept method was derived
from a principle of geometric probability that allows estimation of the total
length of 1ines per cubic volume from the number of intersections of the lines
per unit area of a face of the cubic volume. Baldwin et al. (1971) discussed
the determination of root length in embedded soil blocks, the application that
suggested this method for determining productivity. The calculations are the
same: the probable length per unit volume of seil is estimated by 2 muitipliied
by the number of intercepts per unit area. The screens are inserted in the
soil at a 459 angle, randomly oriented with respect to each other, to .
approximate the condition that non-randomiy oriented lines can be estimated by
averaging the intercept counts at three mutually perpendicuiar faces of the
cubic soil volume.



The data provided by the calculation are length, and must be converted to
weight. In this study a data set from the fall, 1984, cores provided the basis
for the conversion factors.

Accuracy: The accuracy of any method can only be judged when the true value is
known. This was done for the plane intercept technigue in two laboratory
experiments reported in the original proposal, where excellent agreemant with
the known value was obtained in both experiments. In the field, the true value
is not known, and the comparison is made with an estimate of unknown
accuracy.The discussion of the results must rest on theoretical

considerations,

LITERATURE CITED
Baldwin, J.P., P.B. Tinker, and F.H.C. Marriott. 1971. The measurement of

Tength and distribution of onion roots in the field and laboratory. Journal of
Applied Ecology 8:543-554.
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Table 28 .
COMPARISON OF TWQ PLANE WITHDRAWAL METHODS
Dug with Wi thdrawn
s0il intact from surface-
Mean no. intercepts 4.9 5.3
951 cont. interval I.7-6.1 4.4-4,2

Saaple size 180 {70



. Lower plate

Toure 17, dereen msertion oo

Syl



VEGETATION PROCESS STUDIES
EMERALD LAKE,
SEQUOIA NATIONAL PARK

VOLUME 1B
Contract Number A3-097-32

24 May 1984-23 August 1985
Date of Report: March 1, 1986
Revised August 1, 1987

Dr. Philip W. Rundel
Dr. T.V. St.John
Dr. Walter Westman

Laboratory of Biomedical and Environmental Sciences
Unjversity of California
900 Veteran Avenue
Los Angeles, California 90024

FINAL CONTRACT REPORT
Prepared for
CALIFORNIA AIR RESOQURCES BOARD






ABSTRACT
ACKNOWLEDGEMENTS
DISCLAIMER
SUMMARY AND CONCLUSIONS
RECOMMENDAT IONS
INTRODUCTION
Project objectives
Study area
LITERATURE CITED
STAND DATA AND DYNAMICS
TREE RING ANALYSIS
ABOVE-GROUND BIOMASS AN
NUTRIENT POOLS
APPENDIX

L



These investigations were undertaken to supply baseline data about ecosystem
processes that might be affected by acid deposition and air pollution, The
project encompasses seven subtopics: .stand data and dynamics, tree ring
analysis, above ground biomass and production for several species, and
analytical work related to nutrient pools.

Field studies delineating and describing the floristic and ecological structures
of the major plant communities of the Emerald Lake Basin are in progress, but

not yet completed. Current data bases on tree population structure are available
from National Park Service studies. Tree-ring chemical analyses of samples
collected by Arizona State University are also in progress. Appropriate
regression equations have been selected from the literature to estimate above-
ground production and biomass in tree species. These equations will be applied
to total tree census data collected in the second year of the project.

Comparative data on tissue concentrations of nitrogen, phosphorus, cations and
trace elements have been collected for dominant woody species in the Emerald
Lake Basin. Despite the skeletal soils and acidic pH characteristic of the
Emerald Lake Basin, foliar nutrient levels tended to be as high or higher than
those of woody species from Log Creek in Giant Forest. No unusually high or
low concentrations of cations or potentially toxic trace metals were found.
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SUMMARY AND CONCLUSIONS

The short and long-term effects of acid deposition are thought to be one of the
most critical environmental issues of the day. California has a great deal at
risk in the losses to forest resources that potentially could result from acid
deposition and other forms of poiiution in the next few years, Evaluation of
this risk and development of a plan for manaqging the resources is properly a
matter of high priority for responsible State agencies. The present study is
part of an integrated watershed study, the most appropriate approach toward
developing the required understanding of the influences of acid deposition in
the Sierra Nevada. The work described in this report provides one element in
a group of interrelated, continuing projects on the effects of acid deposition
in Sequoia National Park.

During this research we have felt strongly that the most important areas for
study are baseline values of above- and below-ground production. Future
efforts by the staff of the Air Resources Board and cooperating scientists

to develop mass flow budgets for phosphorus, nitrogen, aluminum, cations and
trace elements through terrestrial ecosystems within the watershed will depend
on a data base of production studies.
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RECOMMENDATIONS

CJ
It has been stressed throughout the communications of this project that the
collection of baseline data is intrinsically a long-term task. Some of the
most important measurements, especially above- and below-ground production,
can be guite variable from year to year. An example is evident in this first
year of work., The conventional soil core method for determining below-qround
production, when used only over one or two growing seasons, leaves doubt about
whether the estimated production rates are artifacts of year-to-year variations
in standing crop. The quality of future research and regulatory policy will
depend strongly on the accuracy and representative nature of the data being
generated now. The data base will be in an increasingly stronger position as
more years of data are collected,

The biological effects of acid deposition and pollution may be expressed ‘in
ways that are not anticipated by the rather Timited database generated by these
early studies. Other kinds of data are required for fullest utilization and
interpretation of the baseline production estimates:

Nitrogen fixation is a vital ecosystem process that is known to be sensitive
to pH and toxic materials. Both Teguminous and non-leguminous nitrogen
fixation should be quantified, and the responses to poliutants studied.

The po]]ution respon
reennou

t e primary producer species should be studied under
----- itions.
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The response to po11utants of decomposition, which like other important
ecosystem processes is mediated by sensitive microorganisms, should be studied.
The dynamics of litterfall are an important component of decomposition
processes.

Mass flow budgets of nutrient and toxic elements should be prepared as an aid
in understanding the potential effects of perturbation at the ecosystem and
watershed levels,

Meeting these objectives will require extensive integration of past, present
and future research by many workers, The integration of our biomass and
productivity data, and related nutrient pool and flux sizes, with other
elements of the Integrated Watershed study will be a critical task for the
overall success of this project.

A final concern we raise here is the difficulty in establishing causality for
any b1o1og1ca1 effects of reduced product1v1ty which we _may find by the end of
our project (or on a longer time scale). Regulatory policy related to
pollution effects on natural ecosystems requires a clear link between cause and
effect. The challenge will be to separate potential effects of acid deposition
from effects of oxidant pollutants,  The present structure of the Integrated
Watershed study is not adequate to establish the nature of such links.



This report covers the first year of work on vegetation processes at Sequoia
National Park, carried out between July 1 1984 and July 1 1985. OQur work was
undertaken as a study of the base level processes of growth and nutrient
dynamics that may be influenced in coming years by acid deposition. This is.
part of a continuing project, and the first year's findings are difficult to
interpret fully if isolated from the continuing work. For this reason,
frequent reference will be made to aspects of the project that are still under
study. :

Detrimental effects have been documented elsewhere, and have been described in
reviews and symposia by Mudd and Kozlowski (1975), Hutchinson and Havas (1980),
Miller (1980), and Smith (1981). The impacts of air pollution and acid
deposition on forest growth is emerging as on of the most significant
environmental issues of the decade. Of the economic JTosses to be suffered from
acid deposition in this country, the forest industry in the Eastern United
States is expected to bear a substantially larger share than agriculture
(Crocker and Regens 1985). The effects will be felt as both localized
mortality and lass of wood production, perhaps as much as 5%.

Although experimental work to date has been primarily in Europe and the
Eastern United States, acid deposition has been shown to occur in California
(Lawson and Wendt 1982). The Sierra Nevada lie in the path of pollutant-laden
air from major metropolitan areas, and include the most sensitive regions of
Califarnia. Past effects of acid deposition on terrestrial processes in the
granitic soils of the Sierra Nevada cannot be assessed because of a lack of
relevant baseline data. However, there is ample reason fo expect future
effects on tree growth and vigor, phenology, soil chemistry, soil microbiology,
and nutrient cycling processes {Alexander 1980, McColl 1981b, Hutchinson and
Havas 1980).

Understanding and documentation of both the short and long-term effects of acid
depasition is an essential goal of the State of California. A broad ecosystem
study in the form of an integrated watershed study is the mest appropriate
approach toward this goal, and will provide a basis for future evaluation of
the influences of acid deposition in the Sierra Nevada.The work described in
this report provides one element in a group of interrelated projects on the
effects of acid deposition in Sequoia National Park.

Project objectives

The goal of this project has been the determination of both above- and
below-ground production as a data base against which future changes may be
assessed. The research reported here has centered a2 small headwater drainage
within the watershed of the Marble Fork of the Kaweah river. This subalpine
site (Emerald Lake) has only scattered vegetation and skeletal soils with
Tittle organic matter content to adsorb atmospheric inputs of nitrate or
sulfur,

The objectives of this study are as follows:

1. Species/Community Studies



a. Vegetation. Collection and integration of existing vegetation studies
of the Emerald Lake site, as well as comparable sites outside these drainages,
from a large data base assembled by independent researchers at UCLA, San Jose
State University, and UC Berkeley, as well as by National Park Service Staff.
These studies were to include quantitative interpretations of understory
coverage and species diversities for all groups of vascular plants.

2. Tree Growth

a. Tree rings. Analysis of sample cores from dominant tree species at
Emerald Lake; analysis of tree ring materials to identify potentially toxic
trace elements which might be related to annual growth response.

b. Above-ground production. Examination of published regressions for
estimating net annual above ground production in dominant trees.

During this research we have felt strongly that the most important areas for
study are baseline values of above- and below-ground production.Future efforts
by the staff of the Air Resources Board and cooperating scientists to develop
mass flow budgets for nitrogen, sulfur, phosphorus, and aluminum through
terrestrial -ecosystems within the watershed will depend on a data base of
production studies.

Study area

This study is being carried out in cooperation with the National Park Service.
The park is an International Biosphere Reserve, and the National Park Service
specifically provides research areas for cooperative work. National Park
Service personnel carry out related research activities under their own
funding, and help coordinate outside and Park Service researchers. This
coordination strengthens the total program and minimizes duplication of effort.
The park has been the site of an acid rain monitoring station for the National
Atmospheric Deposition Program (NADP) since 1980. The NADP station, located at
Giant Forest, has established that summer pH values are normaliy beiow 5.0, and
occasionally can drop as low as 3.5. Summer and fall storms usually carry less
precipitation than winter storms, when the pM is usually between 4.5 and 5.5.
Nitrate is thought to be more significant, relative to sulfate, at Sequeia
National Park than in the Northeastern U.S.

Emerald Lake at 2800 m elevation is the subalpine site used by this and related
studies. It occupies a granitic drainage about 125 ha in size. Vegetation is
sparse and much of the basin is exposed granite. Coniferous trees occur in
scattered clumps. The species include Pinus contorta var. murravana (lodgepole
pine ), P. monticola (western white pine ), P. ]effre¥1 (Jeffrey pine), and

P. balfouriana (foxtail pine). Locally common shrubs are Phyllodoce breweri,
Cr,”5Gf§=?§‘§§hn.pu1rnng, and Salix orestera.” The Emerald Lake watershed,
shown in Figure 1 prepared by the National Park Service, includes permanent
vegetation plots, a gauging station. rain gauges, and a meteorolagical
station. .

Most of the terrain at Emerald Lake consists of variously jointed exposures of
granodiorite. Most of the soils have formed in localized regions defined by
rock joints. A1l have a cryic temperature regime and sandy or or coarse-loamy
textures. Most are c¢lassified as 1ithic cryumbrepts and entic cryumbrepts.



Soil depths to underliying rock range from 10 to 50 cm. Late Snring to Fall
access is on foot or horseback by way of an 8 km hiking trail, while winter
access is limited to skiing. The Pear Lake cabin, located 1 km away, is
available for occasional winter use.
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STAND DATA AND DYNAMICS

The primary objective for this portion of the work was to collect data from the
above activities and from older data bases, such as those summarized by Rundel
et al. (1977), and prepare an updated, detailed description of the vegetation
types under study. The final summaries of the data can be expressed in the
following form for most stands:

a) distribution of dbh (diameter at breast height) classes for each tree
species

b) demographic data on tree population structure
¢) relative assessments of tree baselines
d) quantitative assessments of understory coverage

Both small 0.1 ha and 1.0 ha or larger permanent reference stands have been
established by the National Park Service in key forest communities (see Figure
1). Every tree in these plots has been tagged, mapped, and measured for dbh
and vigor. Shrubs, herbs, and litter accumulation were recorded in subplots.
These stands are planned to be periodically resampled by the National Park
Service, providing a basis for evaluation of long term growth, mortality, and
demography. -

The data contributing to these analyses were for the most part generated by NPS
personnel. While it is within the scope of this project to summarize all
sources of existing data, the different schedules and short term objectives of
NPS researchers make it inappropriate to include their database in our present
analysis. The data generated through NPS and other efforts is an important
component of the summaries, and must await publication of each unit of research
according to the schedules of the individual research efforts.

LITERATURE CITED
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11

TREE RING ANALYSIS

Multivariate regression analyses have proved to be a useful technique in
dendroclimatology to describe the growth responses of trees to specific
environmental variables (Fritts 1977). The general approach has been to study
tree rings in relation tu variablies in historical records of temperature and
precipitation with the assumption that other environmental factors remain the
same. The problems of adding possible variables in atmospheric poliutants to
these types of multivariate analyses is that long-term records of poliutant
levels are generally not available. The approach in such studies has been to
assume that if relationships of tree-growth to ciimate (i.e. temperature and
precipitation) differ from an established pattern, then some other
environmental variable, such as pollutant level, must be changing. Extreme
caution must be used in statistical design of these approaches, since
autocorrelation of rings with previous-year's growth can complicate
interpretations.

Dendrochronological analyses have proved particularly effective in assessing
the effects of point-source pollution on tree growth. Fox and Nash {1980)
utilized tree-ring anaiyses to investigate the growth response of Larix
occidentalis (western larch) to SO, emissions from a lead-zinc smelter at
Trail, British Columbia. Their study benefitted from a good documentation of
S0, emissions in space and time since smelter activities began in 1896 and thus
was able to examine the interrelationships of air pollution, climate, and tree
growth, .

Nonpoint-source pollutants such as ozone, NO,, or acid deposition (in the broad
sense) are much more difficult to deal with in tree-ring studies because of the
lack of long-term records. Dendrochronological approaches can be used,
however, as an indirect method of assessing the effects of hypothetical changes
in levels of atmospheric pollutants. Ashby and Fritts (1972) used this
approach to sugaest that decreases in tree growth near LaPorte, Indiana, during
the 1940's may have been attributable to air pollution. Other examples of this
approach are studies by Strand (1980) in Norway, Roman and Raynall (1980) and
Puckett (1982) in New York, and Johnson et ai. (1981) in New Jersey. These
more recent studies have all documented characteristic decreases in

tree-growth over the past two and one-half decades which were not attributable
to drought, fire, pests, and oxidant air pollutants. They suggest that this
change in growth patterns could be the result of physiological stress induced
by components of acid deposition. Cogsbill (1977), however, was unable to find
any indication of regional effects in a broad tree-ring study in the
Northeastern United States.

Ongoing tree-ring studies by the staff of Qak Ridge National Laboratory in the
Great Smoky Mountains Natianal Park {Baes and Mclaughlin 1984) have
demonstrated that trace elements in tree rings can provide evidence of recent
and historical air pollution. These tree-ring analyses have revealed decreased
growth and greatly increased concentrations of Fe, Al, Cd, Cu, Ti, and Zn in
rings formed during the last 20-25 yéars in relation to values for the previous
half century. These increased concentrations of trace elements, in some cases
approaching toxic Tevels, result from increased solubilization of soil elements
as well as from anthropogenic origins. Whe interpretation of trace metal
patterns in tree rings rests on the critical assumption that lateral
translocation subsequent to initial incorporation into xylem tissues does not
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occur. Recent studies with Finus virginiana and Abies balsamea suggest that
this assumption appears to be valid (Hagan in Baes and MclLaughliin 1984),
although this evidence has not been critically assessed.

The objectives for this portion of the work were to work with the Arizona State
Researchers, who have been developing a tree-ring chronology from which
possibie pollutant effacts on growth can be recognized. The chronology is
being developed from sample cores from three dominant tree species in the
Emerald Lake area- Pinus contorta var. murrayana, P. monticola, and P.
balfouriana. The other objective was to analyze tree rings for concentrations
of potentially toxic trace elemerits which might be indicative of inputs of
atmospheric pollutants to this system. In addition to the subalpine tree-ring
studies, we have also analyzed cores from Abies concolor and A. magnifica at
Giant Forest to test for any long-term trends in trace element concentrations
in woody rings. Because the tree-ring material for the subalpine species was
received from Arizona State at the end of this funding period, we will report
the results of these analyses in a separate progress report.
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ABOVE-GROUND BIOMASS AND PRODUCTION

Equations exist in the literature for biomass of some of the Emerald Lake
species. They are useful in that they take into account the form of the tree
species, and supply a basis for at least an approximate estimate of biomass.
We were able to find no suitable regression equations for some of the species.
In these cases we attempted tc find equations for species with similar form.
0f course, the use of such equations is complicated not only by probiems of
geographic area, but by whatever differences in form exist between the species
of interest and the species for which the regression was intended. Some
equations for conifer species of interest to this project are presented in
Table 1, based largely on data summarized by Goltz et al. (1979).

Production regressions exist for some conifer species, but production is more
dependent than biomass on site characteristics, and the equatiaons based on
other geographic areas are untikely to provide satisfactory estimates in our
study area. Biomass estimates can be made at intervals, however, and
production estimated from bjomass increments.

We are utilizing a set of dimensional analysis data from comparable or
identical species in the Pacific Northwest or Rocky Mountains (Table 1). These
existing regressions (see Gholz et al. 1979) which substitute
Chamaecyparis/Thuja for Calocedrus, Pinus ponderosa for P. jeffreyi, and P.
monophylla for P. balfouriana (this will be checked with data for P.
albicaulis- see below) and old growth Pseudotsuga menzeisii for

Sequoiadendron giganteum. Some data on biomass distribution with branches of
Sequoiadendron has been collected by T. Stohlgren of the Natianal Park
Service.

During the current year we have been working with the National Park Service to
make parabalic volume measurements of conifers in the Emerald Lake watershed.

We now have a complete census of stem diameters for all conifers in the basin,
and the National Park Service is measuring paraboiic stem volumes on a subset

of these.

Dimensional data on woody biomass fractions of Pinus contorta var. murrayana
(as well as P. albicaulis and Tsuga mertensiana) in the Sierra Nevada were
presented by Davilla (1876). He presented equations for estimating stem, bark,
and branch dry weight from measurements of either DBH, parabolic volume, or
conic stem area. These equations will be useful for calculating above-ground
biomass for the Emerald Lake watershed (with the estimation of foliage
biomass), but they are not very helpful in making estimates of productivity.
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Tahle |
REGRECSION EQUATIONS FOR ESTIMATING
RIOMASS DF SELECTED CONIFERQUS SPECIES

1= DBH in cn
Total atove-ground biomass is sus of cosponents giver

Species A B authority

i¥=ln DBH. 0= crown dia in % and G4 steas breast height!
Milier et al. 196

-1,423 1.24¢ 0.347#:0C-0. 274108

F. contartz var. surrayan: based an

F. Zontorta Gholz at al. 1979
tcliage -3.6187  1.832
branches -4,6004 2.3533
ster -2.984%  2,4287

P. jeiireyi saset on

. ponderposs : Bholz at al. 1979
foliage -8,2412  2.0947
branches -5.383% L7183
stee -4,4507  2.7%67

bark -4.2063  2.2342

E. monticoig based cr B, laedert
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NUTRIENT POOLS

During 1984-85, we collected preliminary data on concentrations of various
nutrients and trace elements in tissues of dominant woody species from the
Emerald Lake Watershed. OQur focus in these analyses has been to collect
appropriate nutrient and trace element data relevant to hypothesized effects of
acid deposition on forest trees. At this stage ocur data has focused on
nutrient concentrations, with calculations of pool sizes, an ongoing project
this year.

Sampling and Methods

A data set for nutrients and trace elements was collected from dominant woed
species at the Emerald Lake site in October 1980.The National Park Service
staff collected samples of the same nine tissue types from six dominant species
in the watershed and analyzed these for total nitrogen and phosphorus. OQur
anaiyses were made on new foliage samples collected on seven dates over the
summer and fall of 1984 from five of these species. Again, we used optical
emission spectroscopy for analysis, with each sample replicated three times.

Nitrogen and phospharus concentrations in tissue pools at Emerald Lake are
shown in Tables 2 and 3. Despite the more skeletal soils at this site, feoliar
nutrient levels in these species were as high or higher than those in Log Creek
species. The highest foliar nitrogen levels occurred, as expected, in Salix
orestera, the only deciduous species studied.

The major portion of nutrient studies at Emerald Lake are part of our 13985-86
work plan. We will thus discuss these data in more detail in our project
report next year. We present an appendix of nutrient and trace element
analyses for new foliage of dominant species at Emerald Lake with minimal
discussion. The pattern of change is variable. No unusually high or low
concentrations of cations or potentiaily toxic trace metals were found.



Table 2, Nitrogen concentrations (mg g'l dry wt,) in tissue parts of dominant woody species at the
Emerald take site, Sequoia National Park. Values are for pooled samples collected from ten

individuals of each species in October 1983, by the Sequoia National Park staff,

Heartwood Sapwood Bark Branchwood 0ld stems Current O01d Current Reproductive
stems needles/ needles/ tissues
leaves leaves

Pinus contorta | ND ND ND 3.7 6.6 13.4 11.8 12.6 ND
sSp. murrayana :

Pinus monticola , 1.0 1.5 2.5 3.0 6.3 12.0 11.3 11.1 ND

Ables magnifica " ND ND ND 23 5.5 1.8 10.3  13.0 ND

Salix orestera - - - 5.3 10.5 15.8 - 19.3 12.7

Chrysolepis sempervirens - . - 3.7 8.0 12.3 13.7 15.4 ND

Phyllodoce breweri - - - 5.0 6.5 12.6 10.6 14.1 12.3

91



Table 3. Phosphorus concentrations (mg g‘l dry st.) in tissue parts of dominant woody species at the

. Emerald Lake site, Sequoia National Park.

Values are for pooled samples collected from ten

individuals of each species in October 1983, by the Sequoia National Park staff

Pinus contorta
SSp, murrayana

Pinus monticola

Abies magnifica

Salix orestera

Chrysolepis sempervirens

Heartwood Sapwood Bark

Branchwood 01d stems Current

01d

Current Reproductive

Phyllodoce breweri

stems needles/ needles/ tissues
leaves leaves
‘ND ND ND 0.8 1.2 2.0 1.2 2.0 ND
0.6 0.8 0.7 1.0 0.9 2.2 1.8 2.0 ND
ND. ND ND 1.0 0.7 2.9 1.6 1.8 ND
- - - 0.9 1.3 1.5 - 1.7 1.6
- - - 1.0 0.3 1.4 1.4 2.0 ND
- - - © 1.0 1.3 2.0 1.4 1.8 2.1

L1



APPENDIX: Seasonal change in concentration of foliar nutrients at Emerald Lake during 1984,

K CONCENTRATION IN NEW FQLIAGE (PPM)
AT EMERALD LAKEs SEQUOIA NATIONAL RARK, DURING 1984

JUNE 9
PINUS MONTICOLA 9T4be 66
PINUS CONTORTA SSP. MURRAYANA
PYLLODOCE GREWERI 13766.66

CHRYSOLEPSIS SEMPERVIRENS
SALIX ORESTERA {MALE)
SALTX ORESTERA (FEMALEL

JUNE 2}

L

JULY 6 JULY 23 AUG 7

7043.33 17300.00 10263.33 7800.00

6676.66 6733.33

5660.00 1283333 9280.00 9460.00

16433.33 11366,66 14333,33
1303333 10766.66 18766.66 11900,00 10113.33
15200.00 9256.66 8926.66 11333.33 9693.33

MG GONCENTRATTON IN MEW FOLIAGE (PPM)
AT EMERALD LAKE» SEQUOIA NATIONAL RARKs DURING 1984

JUNE 9 JUNE 21

PINUS MONTICOLA 905.33
PINUS EQNTORTA SSP. MURRAYANA
PYLLODOCE BREWERI 1290.00
CHRYSQLERS1S SEMRERVIRENS

SALIX ORESTERA (MALE) 1260400
SALTX ORESTERA (FEMALE}. 1328.67

535,67

900,67
769,67

JULY & JULY 23] AUG 7

1866.67

440.00
1723.33
2323.33
2896.67
1157.33

903.33 727.33
589.00

1363.33 1580.00
1210.00 989.233
1493.33 1190.00
937,33 979.00

AUG 2] 0CT «

10073.,33
6186.66
8340.00
9140.00 6216.66
10966.66 10140.00
10033.33 8510.060

AUG 21 OCT 4

872.67
564.00
1336.67
801.67 78).33
1483.33 1656467
1180.00 1843.33

1 XION3ddY
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https://11801.00
https://121Ci.00
https://1336,.67
https://7'l.7.J3
https://10033.Jl
https://11333.33
https://10140.00
https://10966.66
https://10113.JJ
https://11900.00
https://18766.66
https://10766.66
https://13033.33
https://14333.33
https://11366.66
https://16433.33
https://12833.33
https://13766.61
https://6186,.66
https://10073.33
https://10Z63.33
https://17300.00

CA CONCENTRATION IN NEW FOLIAGE (PPM)
AJ, EMERALD LAKEs SEQUOTA NATIONAL RARK, DURING 1984

JUNE 9 JUNE 21

PINUS MDNTICOLA 445.00
PINUS CONTORTA SSP. MURRAYANA
PYLLODOCE BREWERI 2750.00
CHRYSQLERSIS SEMPERVIRENS

SALIX ORESTERA (MALE) 1120.33
SALIX ORESTERA (FEMALE) 3613.33

J28.67
T173.33

JULY &

3780.00

288.00
3386.67
$673.33

1¢70.00 10273.3)

1636.67

1816.67

JUuLy a3

1109.00

378.33
8606.67
§360.00
4633.33
1540.00

NA CONCENTRATION IN NEW FQLIAGE (PPM)
AT EMERALD LAKE, SBQUOIA NATIONAL RARK, DURING 1984

JUNE 9 JUNE 21

PINUS MONTICOLA 11.84
PINUS CONTORTA SSP. MURRAYANA
PYLLOROCE WREWERI] 40.53
CHRYSQLEPSIS SEMPERVIRENS

SALIX ORESTERA (MALE) 49,63

SALIX ORESTERA (FEMALE] 29217

4,61
6.16

6,80
9.32

JULY 6

55.30
1.91
111.33
98.%3
25.83
6.07

JULY 23

11.25

5.19
58437
99.70
21450
2247

AUG 7
79%.67

4283.33
5166.66
3893.33
2123.33

AUG 7
10.45

196.47
4217
22.33
19.72

AUG 2]

1850.00

188.00
4£783,33
T073.33
4413433
2243,33

AUG 21

10.70
6.37

T3.47.

18.60
11.57
16,70

oCcT 4

8073.33
9280.00
10543.33

OCT &

14.17
23.70
316.00


https://10543.Jl
https://10273.Jl
https://70731.33
https://478~1.JJ
https://185(11.00

'MN CONCENTRATION IN NEW FOLIAGE (PPM)
AT, EMERALD LAKEs» SEQUQIA NATIONAL RARKs DURING 1984

JUNE 9 JUNE 21

PINUS HDNTICOLA 95.17
PINUS CONTORTA SSR. MURRAYANA
PYLL,ODOCE @REWERI 109.67
CHRYSQLERSIS SEMPERVIRENS

SALTX ORESTERA (MALE) 129.17
SALIX ORESTERA (FEMALE) 175.00

101,07
19.77

109,20
1$9.33

JULY 6 JULY 23

477.00
146.57
274467
529.00
274433
138.93

191.33
152.00
346.33
#32.33
249,67
186.33

AL GONCENTRATION IN NEWw FOLIAGE (RPM)
AR EMERALD LAKEs SEQUOIA NATIONAL PARKs DURING 1984

JUNE 9 JUNE 2]

PINUS MONTICOLA 51.87
PINUS CONTORLA SSP. MURRAYANA
PYLI,OBOCE BREWERI 61.07
CHRYSOLEPSIS SEMRERVIRENS

SALTX ORESTERA (MALE) 1ae40

SALIX ORESTERA (FEMALE). 30.17

17.27
13.87

11,09
14,57

JULY & JULY 23

262.67
41.93
e66.00
158440
23.173
19.40

104,13
67.63
180467
J0T.67
16.37
8,57

AUG 7
129.33

433,00
55%.67
222.33

99.20

AUG 7
S4.67

228.33
9%.73
18.43

9.53

AUG 2)

184,67
111.00
352.33
803.33
248,33
283.00

AUG 2}

J48.40
84.10
196.00
.23
36.40
£0.53

0oCT 4

1079.33
529.00
632.67

oCY 4

40.20
110.80
173.00

0e



FE CONCENTRATION IN NEW FQLIAGE (PPM)
AT EMERALD LAKEs SEQUOIA NATIONAL RARK, DURING 1986

JUNE 9 JUNE 21 JULY & JULY 23
PINUS MONTICOLA 32.33 16,33 64,60 60,93
PINUS CONTORTA SSP, MURRAYANA 32.17 34,87
PYLLODOCE BREWERI 76.8% 35.10 224.00 2461.67
CHRYSOLERSIS SEMPERVIRENS 157.00 224.00
SALTX ORESTERA (MALE) 7207 48.6T 124467 84,07
SALIX ORESTERA (FENMALE) 115.23 61,20 60,37 61.93

Y ZN CONCENTRATION IN NEW FQLIAGE (PPM)

AUB T
38.10

181.67
128.00
68.30
50.03

AT EMERALD LAKE» SEWUOJA NATIONAL RARKs DURING 1984

JUNE 9
PINUS MONTICOLA 29.8)
PINUS GONTORTA SSR. MURRAYANA
PYLLODOCE WREWERI 20470
CHRYSOLEPSIS SEMRERVIRENS
SALIX ORESTERA (MALE) 34,97
SALTX ORESTERA (FEMALE). 50.83

JUNE 21

34,00
20.90

65,43
60.60

JULY & JULY 23

30.77
J2.87
2l.]10
26.27
.77
Sh.40

22457
2l.87
11.03
2l.20
$6.50
32.03

AUG 7
18.77

13.93
12.53
38.53
31.67

AUG 21

68.37
57.87
143.33
105.83
68.60
80.43

AUG 21

21.83
11.36
13.20
12.70
46,77
22020

OCT ¢4

103417
155.00
218.00

OCY &

.62
5250
57467

12



CU CONCENJTRATION IN NEW FOLIAGE (PPM)

AT EMERALD LAKEs SEQUQIA NATIONAL RARK, DURING 19864

JUNE 9 JUNE 2] JULY & JULY @3

PINUS MONTICOLA 6.81 3.51 9.38 529
PINUS CONTORTA SSB. MURRAYANA 2.31 3.34
PYLLODOCE WREWERI 10.57 3.84 7.23 Seél
CHRYSOLERSIS SEMPERVIRENS 21.47 13.90
SALTX ORESTERA (MALM) 11.80 6.19 7.90 T7.79
SALTX OREBSTERA (FEMALE). B8.52 S.8h 5.72 6e45

B CONCENJRATION IN NEW FOQLIAGE (PPM)

AUG 7
4. 74

6.39
12.70
6.88
3.21

AT EHERALD LAKE» SEQUOIA NATIONAL RARK, DURING 1984

) JUNE 9 JUNE 2] JULY & JULY 23
PINUS MONTITOLA 26.00 20.17 27.73 21450
PINUS CQONTORTA $3P. MURRAYANA 15.00 12.80
PYLLODOCE BREWERI 12.37 17.60 18.93 14.03
CHRYSPLEPSIS SEMPERVIRENS 32.63 29.63
SALTX ORESTERA (MALE) 10.31 18,60 e5.23 20.93
SALIX QRESTERA (FEMALE) - 10.90 12,07 15.83 15.47

AUG 7
18.50

14.93
31.43
28,63
36.37

AUG 21

4,99
3.10
B.16
8.7
T.92
45062

AUG 21

16.40
18.60
19.07
31.07
4l.10
24.00

oCT 4

8.19
658
9.2d

ocT 4

23.80
24.90
331! 17

2e



51 CONCENTRATION IN NEW FOLTAGE (PPM)
AT EMERALD LAKE» SEQUOTA NATIONAL RARKs ODURING }984

JUNE 9 JUNE @1 JULY & JuLY 23 AUG 7 AUG 2] OCT 4

PINUS MONTICOLA 63.13 75,07 317.00 82.43 84.00 139.5%0
PINUS CONJORTA SSB. MURRAYANA 47.10 25457 $8.37
PYLLOBOCE. WREWERI 473.00 290,67 1343.33 1414.00 2326G.67 453,33
CHRYSOLEPSIS SEMPERVIRENS 2273467 175667 602.67 426.00 #17.33
SALTX QRESTERA (MALE) 145.67 2642.00 200.67 137,33 178,00 223.33 651.00
SALTX ORESTERA (FEMALE) 250,00 J310.33) 304.67 66.33 123.00 133.33 811.33

T1 CONCENTRATION IN NEW FOLIAGE (PPM)
AT EMERALD LAKE, SEQUOIA NATIONAL PARK, DURING 1984

JUNE 9 JUNE 21 JULY 6 JuLY 23 AUG 7 AUG 21 OCT &

PINUS MONTICOLA 0.0% 0,0 0.49 0.52 1.56 2.04
PINUS CONTQRTA SSP. MURRAYANA 0.94 0.05 1.21
PYLLODOCE WREWERI 2.01 1.0% 6.27 7.77 9.05 6.11
CHRYSOLEPSIS SEMPERVIRENS 3.50 11.28 85.76 5.00 4.33
SALTX QRESTERA (MALE) 2.23 0,73 0.62 049 2.15 2.81 8.l8

SALTX QRESTERA (FEMALE} 2ol 1.05 0.62 037 0.87 1.25 1100

€2


https://NURAAYAt.lA

V  ODNCENFRATION IN NEW FQLIAGE (PPM)
AT EMERALD LAKE» SEQUQIA NATIONAL RARK, DURING 1984

JUNE 9 JUNE &)

PINUS MUNTICOLA 0.0 0.0

PINUS CONTORTA S8P. MURRAYANA

PYLLOBOCE WREWERI ‘ 0.03 0.lé
CHRYSOLERSIS SEMPERVIRENS

SALTX ORESTERA (MALE) 0.0 * 033
SALIX ORESTERA (FEMALE]L 1e17 0.0

JULY 6 JULY a3

1.07
0.58
1.86
0.50
0.92
0.44

0.75
0.0
0.29
0.0
l1.34
0.16

SR CONCENTRATEQN IN NEW FOLIAGE (PPM)
AT EMBRALD |LAKEs SEUUOIA NATIONAL RARKs DURING 1984

JUNE 9 JUNE 2]

PINUS MONTICOLA 2.08 1.68
PINUS CONTORTA SSP. MURRAYANA

PYLLODOCE @REWERI T«24 71.3%
CHRYSQLERPSIS SEMRERVIRENS

SALIX ORESTERA (MALE) 5.09 23.40
SALIX ORESTERA (FEMALE) 14.21 25.53

S.08
1.43
T.31
7.27
37.63
30.40

JULY & JULY 23

2.56
0.99
9.38
4.65
2033
13.20

AUG T
0.0

0.38
0.0
0.03
0.0

AUG 7
2.76

12.33

6,43
14.40
13.20

AUG 21

0.5%
0.0
0.49
0.28
0.08
0.0

AUG 2]

6.67
0.0
12.67
11.17
J4el0
17.77

0CY &

0.54
0.17
0.16

OCT 4

17.47
21.73
66.03

¥



BA CONCENTRATIQN IN NEW FQLIAGE (PPM)
Af. EMERALD LAKEs SEQUOIA NATIONAL RARK, DURING 1984

JUNE 9 JUNE 21 JULY & JULY 23 AUG 7

PINUS MONTICOLA 1«50 0.54 6.04 2.27 23
PINUS CONJORTA 3SP, MURRAYANA 0.42 0445

PYLLODOCE. BREWERI 15.67 17.07 J8.83 34.57 41.97
CHRYSOLEPSIS SEMPERVIRENS 12.8] 9.61 11.93
SALIX OREBTERA (MALE) 157 9.%% 10.9% 10.04 Q10

SALTX ORESTERA (FEMALE) 6.40 6.% 10.13 3.73° 855

LI CONCENTRATION. IN NEW FOLIAGE (PPM)
Al EMERALD LAKE» SEUWJOTA NATIONAL RARK, DURING 1984

JUNE 9 JUNE 2] JULY & JuLy 23 AUG 7

PINUS MONTICOLA 0.55 0.0 0.72 0.49 0.41
PINUS CONTORTA <SR, MURRAYANA 0.22 0,34
PYLLODOCE BREWER] 0.22 0.37 0.01 0.0 0.17
CHRYSQLEPSIS SEMPRERVIRENS 0.69 0.02 0.0
SAL'TX ORESTERA (MALE) 0.63 0.71 le.06 1.22 1.21
SALTX ORESTERA (FEMALE). 0.7% 0.69 0.93 1.0} 0.96

AUG 21

4.5
0.49
%3.33
8.63
17.97
4eTh

AUG 21

0.74
O.hb
0.11
0.69
1.86
1.0%

OCT 4

3

1257
17.53
17.610

0CT «

0«15
0.12
0.28

S¢


https://OR!SH.RA

PB CONCENTRATION IN NEW FQLIAGE (PPM)
AY EMERALD LAKEs SEQUOTA NATIONAL PARKs DURING 1984

JUNE 9 JUNE 21

PINUS MONTICOLA 5.63

PINUS CONTORTA 39SP. MURRAYANA
PYLLODOCE AREWERI 1.21
CHRYSOLEPSIS SEMPERVIRENS

SALTX QORESTERA (MALE) 10.53
SALIX ORESTERA (FEMALE)}. 13.97

9.12
7.59

11.10
14,07

JULY 6 JULY 23

8.07
6.92
9.42
9.37
T.69
8.39

7.86

6.92
2.99
3.77
15.00
13.43

CD CONCENJIRATION IN NEW FOLIAGE (PPM)
AY EMERALD LAKEs SEQUOIA NATIONAL RARK, OURING 1984

C JUNE 9 JUNE 21

PINUS MONTICOLA 040
PINUS CONTORTA 3SP, MURRAYANA
PYLLODOCE AREWERI 0.07
CHRYSOLFPS]S SEMPERVIRENS

SALIX ORESTERA (MALE) 0.0
SALIX ORESTERA (FEMALE) 00

0.0
0.0

0.0
0.0

0.70
0.11
0.90
0.92
0.0
0.0

JULY 6 JULY 23

0.21
0.38
0e43
1.63
6.0
0.0

AUG 7
%.18

$.49
1.79
9.13
9.645

AUG 7
0.02

0.91
0.31
0.0
0.0

AUG ¢l

6.47
3.70
het2
4.56
6.63
8.67

AUG 21

0.18
0‘05‘!
1.0%
0.36
0.0
0.0

oCcT 4

S.08
4.58
$+30

OCT 4

0.16
0.60
0.97

9¢









