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APPENDIX I 

S~UOIA 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. 



CONCENTRATION SEDIIIOA NATIONAL PARK AC-RINGS,1857-1984 
,/· DRY TISSUE VALUES ARE% OR PPII 11% = 10,000PPlll 

1 2 3 4 
WEIGHT p NA K CA 

18S7 7,6 101 19,1 .1,031 ano 
t "Pftllt18~ 8,3 11.0 6~0 ,~gy 

1659 8,0 l,38 3200 1290• 1860 7,4 10,2 2820 1500 
1861 7,6 15,4 2420 1920 
1862 7,4 14,3 2780 lSSv 
1863 8,3 14,8 1400 2280 
1864 7,5 26,4 600 2110 
1865 8,6 7,34 33,2 621 1760 
181,li 7,4 30,7 1120 '22'9
1867 8,6 403j•Y.1868 8,4 ,I 1710 20SO 
1869 B,l 4,01 36,2 13SO 1870 
1870 7,S 18,S 41,8 1460 2440 
1871 7,4 S,40 34,4 1260 2930 
187::? 8,2 42,7 14S0 1840 
1873 7,0 0,76 22,3 1250 1190 
1874 8,0 15,4 23,8 1740 2380 
1875 8,2 29,2 2370 2390 
1876 7,9 30,0 1130 2010 
18n 8,2 42,6 1700 2070 

UPPER L1"IT 10,0% 20.0:: 20,01 20,0% 
LOWER LIIIH 50,0 1,00 150 1,00 

DR, RUIIDEI. 

5 
~ 
1060......,., 
130 
193 
165 
145 
204 
213 
201 
m 
~$ 
222 
240 

"21S
244 
244 
2SS 
266 
219 
261 

S,001
S0,0 

4-22-BS 

6 
ZN 
9,38, .... u, .. ,
4,94
6,15
6,n
S,80
2,92
5,02
3,06 
~-~ i''~.~ 
4,73
4,11
3,08
3,79
2,97
3,n
2,29
3,81
3,39
10,0%
S,00 

7 
cu 
0,62,. ... 
v, ... v 
0,37
0,67
0,89
0,48
0,31
0,78
O,S7
9•~l
t1~ 
0,76
0,60
0,68
0,68
1,21
0.12 
0,48
1,70
0,61 
1000 
0,20 

DK2:0422SS,Cllll 
./ 

8 9 
FE IVi 
104 227 

23.5 u.,
25,8 56,9
28,4 82,6
S7,6 97,4 
31,7 86,S
16,2 131 
26,9 101 
13,9 96,0
13,2 §2•~1a,;66, 'U, 
18,7 70,9 
14,1 91,0
26,0 109 
18,4 79,7
16,3 72,3
1S,3 106 
22,0 94,9
28,0 89,0 
25,4 101 
1,50% S,001 
0,60 0,10 

97 

10 
B 
2,06
2r<r~, 
1 
2h,., 
1,97
1,64
1,60
2,06
1,66
i,49
tit 
2,26
2,01
1,83
1,28
0,87
1,77
l,~9
2,03
1,9~ 
3000 
1,00 

,.. 

1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1a.,..
~g/J 

1876 
1877 

UPPER LIIIIT 
LOWER LINIT 

WEIGHT 
7,6
8,3
8,0
7,4 
7,6
7,4 
8,3
7,S
8,6
7,4 
8,6
8,4
8,1
7,5 
7,4
8,2
7,0
8,0 
D -, 
YU, 

7,9
B,2 

11 
AL 

101 
20,9
15,9
11,4
44,6
28,9 
10,8
17,S 
i4,40,1 
6,54
41,1
15,9
18,3 
2S,6
23,3
1s.o 
21,0 
.,.. '..,... 
20,7
17,8
3,001 
1,00 

12 
SI 
40.2 
10,l
14,2
6,45 

113 
76,2
8,38
26,1
18,7
38,9 
8,14
51,2
14,8
26,1 
36,3
34,1
22,1
11,9
n11 .. , ,v 
25,7
17,7
10,01 
1,00 

13 
TI 

0,10 

0,06
0,03 

0,02 

2,001 
0,50 

14 
V 
0,36
0,69 
1,12
1,41
1,46
1,88 

0,03 

o.~ 
0,25 

0,02 

o.59 

500 
1,00 

15 
co 
0.12 

0,15 
0,16
0,09 
0,22
0,23
0,33
0,05 

0,09 

0,31
0,86 

0,28 

0,84 
0,36
0,31
2000 
1,SO 

16 
NI 
0,72 

1,25 
2,So 

2,48
0,18 

0,11 

1,88 

5.35 

2,84 

2000 
O,SO 

17 
110 

2000 
0,20 

18 
CR 
1,69
0,56
0,38
0,37 
1,14
0,47
0,20
0,61
0,47
0,38 
0.1;
l,SJ
0,42
0,51
0,82 
0,39
0,52
0,31 
0,40 
o.ao 
1,14
300 

0,20 

19 
SR 
68,8
24,2
15,6
18,2
25,2
15,3
30,2
27,7
24,2
29,8. ,,,
~•07 
24,1
26,0
31,9 
31,9 
17.7 
17,2
33,1 
24,3
28,7
32,1
1000 
0,20 

20 
BA 
31,4
12,8
9,24
12,2
10,8
8,37
11,8
14,4
10,2
15,8
2.,t.t 
9 
1;.;,o
14,0 
13,0
7,75
10,2
1s.~ 
9,94 
13,7
15,l
2000 
0,20 

1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
ta,-:

li76 
1877 

UPPER LIIIIT 
LOWER LIIIIT 

WEIGHT 
7,6
8,3
8,0
7,4 
7,6 
7,4
8,3
7,S 
B,6
7,4
8,6
8,4 
8,1 
7.5
7,4
8,2 
7,0 
8.o a .,,:~
8,2 

21 
Ll 
O,S4 

2000
0,30 

22 
AG 

100 
0.10 

23 
SH 

0,01
0,21 

0,09 

0,24
0,08 

100
0,30 

24 
PB 
7,21
3,37
::.102.n 
4,38 
4,·:IS
2,12
4,n 
5,00 
4,80
3,76
3,83 
2,91
S,33
6,01
2,73 
4,87
4,21
1.117
S~O? 
4,82 
3000
1,00 

25 
BE 

0,01 

0,03
0,04 

0.01 
0,04
0.01 
0,01
0,01
0,03 
0,02 
0,01
1,00%
0,20 

26 
CD 

1,10%.oo 

27 
AS 
0,02 

0,00 

1,00:Z
1,00 



98 CONCDITRATlON SEDUIOA NATIONAL PARK AC-RINGS,1857-1984 DR, IUJNDEL 4-22-85 
IN DRY TISSUE VALUES ARE I OR PPII tlI = 10,000f'Plll DK2:042285,C13il 

1878 
1879 
1880
1861 
1882 
1883 
1884 
1885 
1886 

!!FPE!! L!!!!T 
LOIIER LIIIIT 

WEIGHT 
7.8 
7,3
8,4
8,5
8,4
8,7
8,4
8,6 
8,4 

1 
p 

4,81 

10,1
10,0%
50,0 

2 
KA 
21.'.' 
36,3
29,8
25,4
44,4
41,7
42,5
37,8 
46,7 
20,0%
1,00 

3 
K 

466 
1220 
1390 
1770 
1450 
2940 
1910 mo 
1630 
20,0%

150 

4 
CA 
1070 
1930 
1890 
1910 
2550 
2290 
2170 
1390 
2570 
20,0%
1,00 

5 
116 

192 
227 
219 
209 
239 
273 
246 
233 
232 

S,00%
50,0 

6 
ZN 
2,56
4,50
4,02
2,89
3,85
3,44
3,27
1,68
3,04 
10,0%
5,00 

7 
cu 
0,43
0,64
0,66
0,56
0,71
0,64
0,66
0,8:i
0,65 
1000 
0,20 

8 
FE 
23,8
53,6
69,5
17,4
S0,3
28,5
26,2
33,0
19,4
1,50%
0,60 

9 
lltl 
68,6
107 
105 

87,3 
Ill 

97,3
88,1
72,6 

114 
5,00%
0,10 

10 
B 
0.19 
2,19
1,66
2,06
2,32
1,92
2,37
1,80
2,90 
3000 
1,00 

1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886UPPER L KIT 

LOIIER LIIIIT 

WEIGHT 
7,8
7,3 
8,4
8,5
8,4
8,7 
8,4
6,6
8,4 

11 
AL 
13,0
28,l 
21,5
16,3
25,S
22,4 
19,8
26,2
14,6
3,00l:
1,00 

12 
SI 
47,2 
32,5
16,9
35,7
26,8
19,8 
52,6
4,45
10,0%
1,00 

13 
TI 
0,49 

0,00 

2.00.; 
0,SO 

14 
V 

0,17
O,S9 

3,63 

soo 
1,00 

15 
CD 
0,28
0,33 

0,32
0,63
0,20
0,33
2,36
0,66
2000 
1,SO 

16 
NI 
0,23
1,84 
0,68 

1,50 

7,15
1,09
2000 
0,50 

17 
IIO 

0,08 

2000 
0,20 

18 
CR 
0,67
2,27 
3,70
0,34
1,69
0,56 
0,78
0,64
0,36

300 
0,20 

19 
SR 
13,6
24,0 
27,S
27,2
34,8
31,2
28,2 
12,6
32,3
1000 
0,20 

20 
BA 
S,88
13,3 
13,3
13,6
18,7
15,9
16,2 
8,47
16,4
200-0 
0,20 

21 22 23 24 25 26 27 

1878 
1879 
1880 
1881 
1882 
1883 
1684 
1885 
1886 

IJ'PER LIIIIT 
LDIIER LIIIIT 

IIEISHT 
7,8 
7,3
8,4 
8,5 
8,4
8,7
8,4
8,6 
8,4 

Ll 

2000 
0,30 

AG 

0,(M 

100 
0,10 

SN 

0,21 

0,27 

100 
0,30 

PB 
1,44 
4,19
3,12
3,37 
5,44 
3,n
4,87
6,3!! 
5,00 
3000
1,00 

BE 
0,00 

0,01 

0,02 

0,03 
1,00%
0,2G 

CD 

1,10%
3,00 

AS 

0,01 

1,00%
1,00 

.•. 



CONCENTRATION 
IN DRY TISSUE 

SEQUOIA NATIONAL PARK AC-RINGS,1857-1984 
VALUES ARE I OR PP" 111 = 10,000PPl!l 

DR, RUNDa 4-22-85 
DK2:04228S,C1Ji3 

99 

1887 
1865 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1;11 98 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 

UPPER Lil!IT 
LOWER Lll!IT 

WEIGHi 
7,9
i.J 
8,9
7,8 
7,5
7,7
8,3
8,2
7,5
8,2
,:~ 
7,7
7,8
8,S
7, 1 
8,4 
8,S
8,1
7,S 
8,2 

1 
p 

~ ,.,.o~
46,9 

30,7 
41,9
12,6
66,0
13,7 

102 
116 

63,3 
47.~i,ii,.,
70,2
31,1 
29,6
47,6
69,5 
16,5 
10,0I
50,0 

2 
HA 
39,2 
·~ ft£7tV 

32,7
24,9 
33,9
36,4
14,5
39,0
45,6
51,0
124

74,6 
134 
129
119 

86,9 
141 
103 
106 
115 
159 

20,0I
1,00 

3 
K 
1760 

1070 
969 
325 
713 

1240 
702 

1no --oo 
~o 
2340 
1590 
476 

1240 
1690 
1140 
595 

1110 
1580 
2fl,OI
150 

4 
CA 
1810 
47.2 
1570 
1570 
2130 
2350 
113 

1820 
861 
·854 
110 
14 0 
2610 
2380 
1630 
2180 
2070 
1740 
1380 
1960 
2380 
20,0I
1,00 

5 
ltG 

2"'.,11 
iS;l 
198 
220 
248 
270 

61,4 
233 
207 
20S••ft 
11 
296 

~I',
260 
240 
206 
194 
192 
189 

S,001
SO,ii 

6 
ZH 
0,14 
0,1.2
0,07
0,06 
0,17
0,20
0,01
0,03
0,52
0,10

i:2 
0,24
0,16
0,42
0,27 
1,14 
0,26
0,08
0,30 
0,02 
10.0.: 
5,00 

7 
cu 
0,40
o.:zs 
0,34
0,44 
1,23
0,87
0,14
0,46
0,43
0,42 
ft L~o:~ 
0,82
1,24
0,92
0,50 
0,95 
0,75
0,70
0,88 
1,09 
1000 
0,20 

8 
FE 
30,3s.~,
8,51
41,3
7S,9 
52,3
8,87
22,7
38,1
50,4 
•C: L

1o:1 
43,4
43,3
64,8
2S,7 
49, 1 
3S,3
18,8
30,7 
33,6 
1,SOI
0,60 

9 
"N
97,7
3B,9
72,7
8:i,6 
105 

90,5
32,2
BS,6 
76,2
67,9

t'U\ 

aS:2 
103 

92,4
76,5
87,6 
81,6 
69,6
60,4
74,9 
63,8 
S,00%
0,10 

10 
B 
2,07 

1,
1.. 
2,0S 
2.9.;
0,52
1,71
0,91
1,06

r:si 
1,98
2,07
2,04
1,7S 
1,86 
1,49
ii,46
2,85 
2,30 
3000 
1,00 

1887 
1868 
1889 
1890 
1;~1 , .. 
1893 
1894 
1895 
1896 
189i 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
10<'11:.. ,..,.., 
1906 
1907 

UPPER Lll!IT 
LOWER Ll"IT 

IIE!Gh1 
7,9
7,3
8,9
7,8 

f:~ 
8,3
8,2
7,S
8,2 
8,3 
7,2
7,7
7,8 
8,S
7,1
8,4
8,S
s.1 
7,S
8,2 

11 
AL 
19,9
5,38
11,7
14,9 
1'31 ,o 
2,94
14,4
17,4
17,6 
21,6 
22,7
2i,7
26,9 
32,7
30,6
3:,7
25,8 
21.B 
23,4
24,2
3,00% 
1,00 

1: 
SI 
27,4
20,1
9,36
11,3 
j·3,2 
2,61
5,48
16,S
20,0 
21,0 
15,2
18,9
16,2
42,5
18,9
37,4
20,S 
12,-4
19,4
is.a 
10,0%
1,00 

13 
TI 
0,11
0,64 
0,03
0,3S
o,s;
0,1 
0.10 
0,03
0,49
0,23 
0,5J
0,43
0,19
0,56 
0,65
0,40
G,67
0,31 
0,38 
0,25
0,26
2,00% 
O,SO 

14 
V 

2,37 

2,46 

500 
l,00 

15 
co 
1,63
1,76 
0,92
0,81
1,96
1,52 
1,54
1,64
0,80
1,17
G,'5 
0,81
1,46
1,94 
1,lS.
1,27
1,0S
0,82 
1,60 
1,71
1,78
2000 
1,SO 

16 
NI 
0,87
0,89 

6,334,8 
1,07
0,74 

0,41
3,59 
1,22 

0,54 

1,37 
0,84
2,36
2000 
0,50 

17 
1111 

2000 
0,20 

18 
CR 
1,04
0,39 
0,21
1,03
3,91
l,00 
0,30
0,46
0,80
1,17 
I\ D'7 
VIII# 

O,SS
0,74
0,92 
1,63
O,S6
0,88
0,60 
0,54o.n 
0,64
300 

0,20 

19 
SR 
22,9 

19,2
19,0 
J&·7,3 
O,SO
21,8
12,8
10,3 
22.~ 
17,3
26,1
27,4 
19,S
21,7
22,6
18,8 
12,8
21,5
23.~ 
1000 
0,20 

20 
BA 
14,4
0,70 
13,2
11,i
17,3
16,1 
2,2C
14,7
12,0
11,S 
18 .. 9 
1r 
1~.-
21,7 
20,1
20,7
20,i
17,l 
11,S
19,0
20,4
2000 
0,20 

1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 

~R LIIIIT
LD R Lll!IT 

WEIGHT 
7,9
7,3
8,9
7,8 
7,S 
7,7
8,3
8,2 
7,5
8,2
8,3
7,2 
7,7 
7,8
8,5
7,1 
8,4 
8,5
A.1,;s 
8,2 

21 
LI 

0,0-'
0,04 

0,06 

0,02 

0,08 

0,01 

2000
0,30 

22 
AG 
0,04
O,OS
0,01
0,00 
o.os 
0,04
0,04o.os 
0,01
0,02
O,Oi
0,01 
0,03
0,04
0,02
0,02 
0,02 
0,01
0,04
0,04 
0,05

100 
0,10 

23 
SH 

0,23 

0,24 

0,04 
100

0,30 

24 
PB 
2,80
6,21
Z,45
2,26 
4,21 
4,·U
5,02
3,21 
3,21 
1-~~..... 
2,16 
3,24 
3,18
3,36
2,0S 
2,15 
1,59,28
J,16 
3,41 
3000
1,00 

25 
BE 

0,00
0,01 

0,01 

1.00;:
0,20 

26 
CD 

1,10%
3,00 

27 
AS 

1,00%
1,00 



CONCEHTRAi ION 
IN DRY TISSUE 

SEQUOIA NATION~ PARK AC-RIHGS,18!i7·1984 
VALUES ARE% OR PPII (1% = 10,000PPlll 

DR, RUNDEL 4-22-135 
DK2:04228S,C1JiJ 

l 00 

1908 
1909 
1910 

UPPER LIIIIT 
LOWER LIIIIT 

WEIGHT 
7,7
7,7
8,0 

1 
p 
56,3 
78.2
53,3
10,0% 
S0,0 

2 
NA 

138 
118 
119

20,0% 
1,00 

3 
I( 

918 
1220 

5Jo
20,0% 

150 

4 
CA 
1280 
1340 
1330
20,0% 
1,00 

5 
IIG 

170 
186 
158 

S,00%
S0,0 

6 
ZN 
0,02
0,37
0,13
10,0%
5,00 

7 
cu 
0,63
O,o3
1,33
1000 
0,20 

8 
FE 
15,3
19, I' 
S0,0
1,50%
0,60 

9 
11H 
49,6
53,9
36,7
5,00%
0,10 

1C 
B 
2.21 
2, ll 
3, 10 
3000 
1.0-0 

1908 
'fGI\D4,v, 
1910 

UPPER LIIIIT 
LOWER LIIIIT 

IIEIGHT 
7,7,.,
8,0 

11 
AL 
20,4.,, - ,,..... ,
31,6
3,00%
1,00 

12 
SI 
15,5
22.0
28,1
10,0%
1,00 

13 
TI 
0,24
0,12
0,67
2,00%
O,SO 

14 .. 

500 
1,00 

15 
co 
0,90
1,13
2,00
2000 
1,50 

16 
NI 

S,09
2000 
o.so 

17 
JUI 

2000 
0,20 

18 
CR 
0,42
0,31
1,12 

300 
0,20 

19 
SR 
14,9
15,9
16,4
1000 
0,20 

20 
BA 
15,i
13,9
16,3
2000 
0,2C 

1908 
1909 
1910 

UPPER LIIUT 
LOWER LIIIIT 

IIEIBHT 
i,7
7,7
8,0 

21 
LI 
0,24 

2000 
0,30 

22 
AG 
0,00
0,02
0,07
100 

0,10 

23 
SN 

100 
0,30 

24 
PB 
:,60
1,79
4,28
3000 
1,00 

r.; 
BE 
0,00 

1,00%
0,20 

26 
CD 

l,10%
3,00 

27 
AS 

1,00%
1,00 
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CONCENTRATION SEQUOIA NATIONAL rARK AC-RIN6S,l8S7-1984 II, RUNDEl. 4-23-85 101 
Iii DRT TISSUE V~LUES ARE I OR PP" <1% = 10,000PPII) DK2:042385,C13;1 

1 2 3 4 5 6 7 8 9 10 
IIEIGKT p NA K CA 116 ZH cu F£ 11N B 

4lH 4,, ,, a 
u .. 

, 59.3 107 2310 1700 99,7 7,09 0,69 33,0 40,0 2,52-1912 6,4 96,2 66,8 1370 1290 74,l S,49 0,49 24,9 33,1 7 
1913 8,9 70,7 66,0 1780 1190 86,4 4,26 0,47 18,1 2S,4 l 
1914 7,3 119 71,9 2000 1200 79,2 6,17 0,46 14,2 38,S 1,80 
1915 7,5 105 50,1 1780 1330 86,0 7,18 0,56 37,7 28,S 2,95 
1916 7,3 100 61,2 1740 909 67,0 5,89 0,47 29,0 29,5 1,66 
1917 7,7 205 5-4,3 1520 981 67,6 S,58 0,47 8,86 27,0 3,38 
191B 8,6 107 68,S 1450 1140 68,0 4,27 O,•U 20,8 28,3 2,31 
1919 8,4 57,S 119 1890 ,1550 75,6 S,21 0,70 38,9 30,7 2,16.....
1920 8,2 17,7 74.6 i590 864 ,-.,a .,,,.v "•a 48.0 28.!! 1,73·- "'""' ,.40 2,04~,9 8930 94,J' o.~1m ,9 1ii Ji',4 1970 1~ ,!:I 2, 4 0, 19,0 1,1 1,71 
1923 7,8 120 84,7 2020 1060 68,2 2,85 0,5-4 18,6 35,9 2,14 
1924 8,8 135 75,4 1840 2130 Bi,2 3,64 0,57 25,5 71,3 2,04 
1925 7,9 132 94,9 1370 1030 66,3 2,82 0,62 13,9 1,78 
1926 6,6 sao 38,S 4310 1050 134 5,44 2,12 160 ~~ 10,7 
1927 8,1 120 B8,6 1550 2240 84,4 3,87 0,69 43,9 81,3 2,04 

73,S 2,13 0,57 14,6 69,3 1,521928 8,7 129 64,4 1110 1420 
1929 8,0 49,6 48,S 841 527 51,4 2,21 o.so 19,6 37,9 
1930 6,8 66,9 85,8 1210 1580 81,0 4,30 0,75 32,4 63,2 2,66 
1931 7,2 92,8 66,6 921 1280 62,2 3,46 0,47 33,8 74,8 2,15 

10,0l 20,0I 20,0I 20,0I 5,001 10,0I 1000 1,501 S,001 3000UPPER LI"IT 5,00 0,60 0,10 1,00LOWER LIIIIT 50,0 1,00 150 1,00 50,0 0,20 

11 12 13 14 15 16 17 18 19 20 
NI BAIIEIBMT AL SI TI u co 1111 CR SR 

1911 8,1 20,1 16,4 0,28 0,43 15,0 13,3 
1912 8,4 25,4 29,0 0,15 0,29 0,61 0,28 12,8 11,S 
1913 8,9 8,39 24,6 0,6:i 0,39 11,3 11,0 
1914 7,3 12,9 6,98 o.sa 0,42 0,06 11,7 10,2 
ms 7,S 23,2 35,2 0,62 0,29 0,19 0,63 11,6 11,S 

9,70 9,05. 1916 7,3 9,53 17,9 0,26 0,19 
1917 7,7 12,3 18,4 0,61 0,07 11,7 13,1 
1918 8,6 14,1 4,00 0,19 0,18 0,31 12,9 11,3 
1919 8,4 23,3 17,4 0,08 0,51 1,23 0,52 14,1 12.5.... , e'-t 1,08 9,091920 ii,2 ii,l ~,,a A 

V19'1 0,01 10,'4 
7,9 13,4 86,2 2,49 1,22 1,07 ~1921 

1922 7,9 9,23 9,11 0,29 0,61 0,17 0,19 10,7 ._.d 
1923 7,8 8,76 0,44 0,36 O,SJ 0,63 0,16 10,2 12.2 
1924 8,8 13,0 7,24 0,35 0,32 0,02 0,34 20,1 17,0 
1925 7,9 11,3 32,4 0,80 0,43 0,20 ' 9,36 10,8 
1926 6,6 40,8 95,9 1,37 0,50 2,23 2,92 14,1 11,6 
1927 8,1 15,4 16,5 0,26 0,52 0,52 0,68 23,0 14,8 
1929 !!,7 9,n 0,6S 0,39 0,00 13,9 11,5 
1929 8,0 11,2 40,1 0,61 0,93 0,90 0,39 3,49 2.~ 
1930 6,8 12,5 2S,S 0,33 1,12 0,77 0,32 11,6 14,0 
1931 7,2 19,7 - 21,9 0,27 1,19 1,SO 0,40 11,2 10,0 

UPPER L1"IT 3,001 10,0I 2,001 500 2000 2000 2000 300 1000 2000 
0,20 0,20LOWER LI"IT 1,00 1,00 o.so 1,00 1,50 0,50 0,20 0,20 

21 22 23 24 25 26 27 
IIEiliHT LI AG SN Pl BE CD AS 

1911 8,1 1,47 4,00 
191" 8,4 0,10 0,01 3,10
1913 8,9 1,S5 1,88 0,06 
1914 7,3 0,19 0,02 S,01 0,12 
1915 7,S 0,20 0,02 3,89 0,13 
1916 7,3 0,60 4;46 0,25 
1917 7,7 0,77 6,34 0,03 
1918 8,6 2,42 
1m· 8,4 0,01 4,21 0,16 
1920 8,2 0,53 3,50 o.oa 
1921 7,9 11,2 5,68 0,64 
1922 1,9 1,90 0,01 2,73 
1923 7,8 1,29 0,01 2,70 
1924 a.a 1,33 0,01 0,13 2,63 
1925 7,9 2,14 0,01 4,36 0,00 
1926 6,6 1,04 0,02 0,10 4,92 
1927 8,1 0,68 0,01 4,43 
1928 !!.7 0,31 0,01 1,58

im !:i 0,73 i:ii 1:!a 
1931 7,2 0,03 4,00 

UPPER LIIIIT 2000 100 100 3000 1,001 1,101 1,001 
LOIIER Ll"IT 0,30 0,10 0,30 1,00 0,20 3,00 1,00 
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DK2:042385,C13il 

102 

1932 
1933 

~1934UPPER IIIIT 
LOWER LIIIIT 

WEIGKT 
8,3
7,7
7,6 

1 
p 

110 
113 
117

10,0%
S0,0 

2 
NA 
51,4
61,8
59,9
20,0%
1,00 

3 
K 
1040 
1300 
1350
20,0%

lSO 

4 
CA 
1380 
1900 
1620
20,0%
1,00 

s 
116 
61,9
67,6
73,0
5,00%
50,0 

6 
ZN 
3,31
3,49
3,48
10,0%
5,00 

7 
cu 
0,78
O,SJ
0,56
1000 
0,20 

8 
FE 
19,6
23,9
31,1
1,50%
0,60 

9 
11N 
60,4 
9i,4
98,9
S,00%
0,10 

10 
B 
2.3: 
2,25
2,00
3000 
1,00 

1932 
1933 
1934 

UPPER LIIIIT 
LOIIER LIIIIT 

IIEIGHT 
8,3
1,7
7,6 

11 
Al 
11,0 
11,4
10,6
3,00%
1,00 

12 
SI 
8,45
12,4
4,24
10,0%
1,00 

13 
TI 
0,52
0,19
0,44
2,00% 
0,50 

14 
IJ 

500 
1,00 

IS 
co o.as 
0,93
0,13
2000 
1,50 

16 
NI 
1,33
1,17 

2000 
O,SO 

17 
IIO 

2000 
'l,20 

11 
CR 
0,15
0,23
0,31

300 
0,20 

19 
SR 
13,2
17,5
15,0
1000 
0,20 

20 
BA 
12,4
12,6
11,0
2000 
0,20 

1932 
1933 
1934 

UPPER LIIIIT 
LOWER LlllIT 

IIEIGIIT 
8,3
7,7
7,6 

21 
LI 
0,00 

0,57
2000 
0,30 

22 
AG 
0,02
0,03
0,00
100 

0,10 

23 
SN 

100 
0,30 

24 
PB 
3,25
4,47
1,85
3000 
1,00 

2S 
B£ 

1,00%
0,20 

26 
CD 

1,10%
3,00 

27 
AS 

1,00%
1,00 

• 



103 CONCEliTi:ATI ON SEGUOIA NATIONAL PARK AC·RINGS,1857·1984 DR, IWHDa 4-23-85 
IN DRY TISSUE VALUES ARE 1 DR PPM 11%: 10,000F'P") DK2:042J85,C13i3 

• 
1935 
1936 
1937 
1938 
1939 
1940 
1'141 
1942 
1943.""' ..'7~ uu 
1947 

1948-49 
1950 
1951 

19""..2-53 
1954 

1955-56 
19Si' 
1958 

UPPER LIIIIT 
LOWER LI"IT 

WEIGHT s~,
7,5
7,6
7,9 
8,3
8,1
8,1
8,1
8,5 
~ " o,v 

s:a 
7,8
7,7
5,8
7,4 
9,9
s.2 
8,3
7,1 
5,6 

1 
p 
155 

12.1 
104 
13'3 
131 
129 
111 
129 

74,7
•••.,. 

9~7! 
108 
122 ~.o 

84,1 
227 

97,6 
101 
103 
177 

10,0%
50,0 

2 
~ 
139 

97,4
n,1
SS,O 
n.2 
70,9
63,5
89,8
65,8 
78.S 
~-8,4 
58,0
50,9
S7,5
42,J 
94,7 
39,8
21,9
20,9 
32,9 
20,01
1,00 

3 
K 
2430 
1S90 
1780 
1690 
1760 
1530 
1560 
154-0 
15B0 
'.aftr.
6"'TVV 

114q4, 
1590 

989 
1830 
1250 
39: 

1310 
704 · 

1240 
1330 
20,0%
150 

4 
CA 
1670 
1700 
1130 
1750 
1040 
1220 
1290 
1990 
1490 
1360 u~ 
•.080 
1210 
1500 

940 
903 

1480 
1260 
1110 
1770 
20,0%
1,00 

s 
"G
80,4
85,7
79,7
73,5 
79,1
70,7
68,8 
81,3
81,7
74,6 
~-7,2 
73,6
74,4
84,9
66,1 
42,0 
67,0n,6
62,3 
81,3 
5.00% 
50,0 

.6 
ZN 
7,28
3,24
3,17
3,39 
2,15
2,76
2,87
3,49
3,25
3,82
!:~ 
5,07
4,47
5,99
3,n 
8,75 
2,68
3,64
2.~ 
3,50 
10,0%
5,00 

7 
cu 
0,75 
0,80
0,42
0,62 
0,79
0,56
0,54 
0,70
0,88
O,S. 
0,4;0,6 
1,16 
0,1!0,
0,86 
o,n
0,62
0,61
0,67 
0,7' 
1000 
0,20 

8 
FE 
41,1 
92.5 
38,9
47,3
29,4
44,9
33,9 
47,4
55,S 
40,1!n·1,0 
43,1 
~-16 ,1
59,5 
17,3
42,5
38,3
43,6 
55,4 
1,50%
0,60 

9 
11N 

137 
147 
123 
151 
139 
113 
112 
174 
180 
180

H! 
201 

ilJ 
193 
141 
250 
218 
191 
230 

5,00%
0,10 

10 
B 
2,9i2 ,,,_ 
1 
2,~J 
1,96 
2,52
2,11
2,66
2,06
2,26
!:I! 
2,06
3,59
2,94
3,0: 
2,82 
2,22
2,31
2,41 
3,57 
3000 
1,00 

1rn 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
19~ 
1945 
1946 
1947 

1948-49 
1950 
1951 

1952-53 
1954 

1955-56 
1957 
1958 

UPPER LIMIT 
LOWER Ll"IT 

11£!6HT 
5,7
7,5 
7,6
7,9 
f·3,1 
8,1
8,1
8,5
e.o 
7,4 
7,0
7,8
7,7 
5,8
7,4
9,9
8,2 
8,3 
7,1
S,6 

11 
Al 
11,2
19,9 
11,9 
15,7 

~tl 
8,37
17,3
14,6
16,5 
9,59 
~2,34,1 
19,1 
9,69
14,0
7,58
14,4 
3,95 
8,50
12,5
3,00% 
1,00 

12 
SI 
16,7
38,8 
30,6
28,6 

i:! 
32,3
35,7
24,1
31,8
32,4 
26,4
37,6 
52.8 
23,4 
11,1
44,4 
13,9 
28,8
20,1

208
10,0% 
1,00 

13 
TIo.:a 
0,14
0,02 

8:1! 
0,60
0,35 

0,19 
0,69
0,67
2,33 
1,08 
1,79o.n 
0,17 
0,01
0,84
0,6:l
2,00% 
0,50 

14 
V 

0,31
500 

1,00 

/

15 
co 
0,82
0,56 
0,15
0,S? 
8:it 
0,62
0,66
0,62 
0,69
O,S?
0,50 

0,20
0,67
0,56
0,65 
0,44
0,87
3,04
2000 
1,50 

16 
NI 
1,10
1,25 

0,98
0,4'1
O,SS 

0,76
1,34
0,98 
1,49 
0,92
0,96 

1,35 

1,18 
o.n 
1,11
4,00.
2000 
0,50 

17 
Ill] 

0,27 

2000 
0,20 

18 
CR 
0,3'3
2,09 
0,14 
0,60 
9.14
11,68 
0,27
0,97
1.21 
0,51 
o,n
0,21
0,58
0,52 
o.n 
0,64
0,12
0,55 . --~ Vt6./
o.92 
1,61
300 

0,20 

19 
SR 
16,8
17,4 
11,6
17,4
lj,4
1 ,3 
12,4
20,1
14,0
lS,S 
9,87 
10,4
10,8
15,2 
14,S
11,8
7,19
14,3.. .,..... 
10,7
12,0
1000 
0,20 

2v 
BA 
13,3
12,0 
9,56
12,3
9,44
11,2 
10,2
14,l
11,l
12,6
p -. 
~ 
9,63
14,3 
14, 1 
11,6
7,74
11,9....
'"•-t10,7
11,5
2000 
0,20 

1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
.. a .....,.., 
1945 
1946 
1947 

1948-49 
1950 
1951 

1952-53 
__l~ 
l~~-~

19.i 
1958 

UPPER LIKIT 
LOWER LIIIIT 

WEIGHT 
5,7 

· 7,5
7,6
7,9 
8,3 
8,1
8,1
8,1 
8,S 
a "o,v
7,4
7,0 
7,8
7,7
5,8
7,4 
9,9
8,2,,J
,1 

5,6 

21 
LI 
1,83
1,03
0,70
0,47 
0,96 
0,42
1,64
0,73 
0,46".,,v••• 
1,S7 

1,84
2,23
0,06 
4,84 
9.~j 
llt~0, 
0,61
2000
0,30 

22 
AG 
0,03
0,01 

0,01 
0,01 
0,00 

0,02 
0,02 
0.02 
0,01 

0,01 

0,02
0,02 

0,02 
0,010,0 
0,14

100
0,10 

23 
SN 

0,07 

0,42 

0,96 

100
0,30 

24 
PB 
5,17
2.24 
O,i3
3,S9 
1,56 
2,24
2,27
3,35 
3,34
2,97
2,60
5,89 
2,67
4,99
5,00
3,35 
11,S
i•M!,v,
,27 

8,71
3000 
1,00 

25 
BE 

0,09 

1,00%
0,20 

26 
Cil 

1.,0%
3,00 

27 
AS 

0,04 

1,00%
1,00 



COHIDTRATIDN 
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1959 
1960-61 
1962-63

1964 
1965-61> 

1967 
1968-69 

1970 
1971 
1972 

1973-74 
1975 

1976-n 
1978 

1979-80 
1981-82 
1983-84 

UPPER LIMIT 
LOWER LIMIT 

IIElGHT 
8,4
9,1
9,9
7,6 
9,2
8,2
9,6
7,0
6,4 
6,!!
9,1
7,8 
9,9 
9,0
8,7
9,9 
9,6 

1 
p 

27,5
123

85,5
88,6
150 
122 
178 
213 
257 
232
873 
620 

99,6
469 
341 
370 

10,0%
50,0 

2 
NII 
15,1
20,0
15,0
10,9
13,4
9,47
14,5
17,8
15,4
13,6
9,92
19,8 
18,6
69,1
42,8
99,5 
97,8
20,0% 
1100 

3 
K 
1070 
1300 

936 
1060 
1010. 
1330 
1060 
1550 
1880 
1850 
1350 
3000 
2050 
1920 
3960 
3560 
3490 
20,0% 

150 

4 
CA 
1200 
1600 
1400 
1540 
1240 
970 
802 
661 
355 
630 
268 
849 
384 

1370n6
324 . 
171 

20,0%
1,00 

5 
116 
81.7 
99,'i
56,5
74,2
64,6
57,1
47,9
68,7 
SJ,O
51,6
42,6
135 

61,7 
64,1 

148
61,5
67,'2. 
5,00%
56,0 

6 
ZN 
2,47 
l, 'i2 
1.sa
2,35
2,19
1,8:
1,69
2,23
3,58
2,82
1,75
4,54 
3,74 
0,74
1,14
0,90 
0,97
10,0%
5,00 

7 
cu 
0,94 
1,18
0,63
0,87 
1,05
0,62
0,71
1,28
0,68
0,90o.n 
2,01 
1,07
0,47
1,52
1,92
1,30 
1000 
0,20 

8 
F£ 

138 
Y3,8
36,2
76,2 
66,4
28,2
42,4
67,4
43,6
59,4 
30,8
95,7 
54,7
33,9

155 
182 
142 

1,50%
0,60 

9 
ltN 

240 
220 
158 
200 
165 
109 
134 
126 

81,9 
113 

88,4
179 
107 

39,8
90,4
49,S
23,3
5,00%
0,10 

10 
B 
1,90 
~ "" ~1/.J

3,00
2,26
2,72
1,76
2,47
3,08 
2,19
2,37
i,33
2,24 
1,SS
3,79
4,46
2,86
2,33
3000 
1,00 

1959 
1960-61 
1962-63 

1964 
1965-66 

1967 
1968-69 

1970 
1971
19n 

1973-74 
1975 

1976-n 
1978 

1979-80 
1981-82 
1983-84 

IFPER LIMIT 
LOIIER LIMIT 

IIEIGHT
8,4
9,1
9,9
7,6
9,2a.2 
9,6
7,0
6,4
6,8 
9,1 
7,8
9,9
9,0 
8,7 
9,9
9,6 

11 
AL
13,1
13,0
16,4
18,8
17,0
4,66
12,7
20,8 
11,5
16,5 
9,41 
30,6
20,9
7,42 
45,1
47,9
33,1
3,00% 
1,00 

12 
SI
35,6
41,0
39,7 
29,0
33,4
18,8
30,6
56,4 
38,6
46,0 
23,3 
51,2
39,6
Ji,1 
104 
152 
320 

10,0%
1,00 

13 
TI
0,61
0,25
0,59
0,36
0,12
1,22
0,59
1,50
1,28
1,64 
0,52 
1,10
0,63 
1,4~ 
1,59 
1,94
1,46
2,00%
0,50 

14 
y 

500 
1,00 

15 
co 
0,27
1,15
0,71
0,55
0,17 

0,94
0,99 
0,09
0,50 
0,43
0,05
0,49
0,48 
0,95 
0,91
0,49
2000 
1,50 

16
NI 
4,00
2,22
1,06
0,47
0,_73 

1,78
1,SJ 

0,44 
0,28 
0,74
0,48 

2,19 
2,22
3,16
2000 
0,50 

17 
KO 

2000 
0,20 

18 
CR
18,4
2,03
1,02
1,12
1,28
0,33
1,13
1,4'4 
0,96
1,22 
0,68 
1,52
1,13
0,52 
3.33 
4,lS
7,40

300 
0,20 

19 
SR 
11,9
13,6
14,i
13,6
13,7
10,2
7,63 
8,32
4,70
8,83 
4,24 
11,7
4,83
12,3 
11,1
7,75
4,38
1000 
0,20 

20
BA 
9,84
11,8 
12,8
11,0 
11,9
9,2i
8,79 
12,8
6,85 
10,2 
4,73 
14,4
5,40
13,5 
13,9
9,82
5,41
2000 
0,20 

i959 
1960-61 
1962-63 

1964 
1965-61> 

1967 
1968-69 

1970 
1971 
19n 

1973-74 
1975 

1976-n 
1978 

1979-80 
1981-82 
1983-84 

llri.ftrft I TV.TT
urrU\ 1..1.n,1,1

LOIIER LIIIIT 

!EIGHT 
8.~ 
9,1
9,9
7,6 
9,2 
8,2
9,6
7,0 
6,4
6,8
9, 1 
7,8 
9,9
9,0
8,7
9,9
9,6 

21
LI 
0.01 
1,18
0,96
0,68 
0,93 
2,12
0,19
1,13 
1,85
1,55
1,02
1,39 
1,10
1,35
1,50
1, 18 
0,87 
-,nnn
a:jo 

22 
AG 
A AAv,vv
0,05
0,02- 0,01 

0,03
0,02 

0,01
0,01 

0,01
0,01
0,03
0,03 
0,01
100

0,10 

23 
SN 

100 
0,30 

24
PB 
0,06 
0,46
2,20
1,16
1,83
1,96
2,98
5,12 
3,56
5,44
3,07
2,84 
2,64 
1.~
3,SS
2,69
2,36 
3000
1,00 

25 
BE 

1,00%
0,20 

26 
CD 

1,10%
3,00 

27 
AS 

1,00%
1,00 
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~ALUES ARE% OR PPII 11% = 10,000PPlll 

DR. RUHDa 4-24-115 
00:042485,ClJil 

105 

AC ii92·93 
AC 1794 
AC 1795 
AC 1796 
AC 1797 
AC 1798 
AC 1799 
AC 1800 
AC 1801 
AC 1802 
AC 1803 
AC 1804 
AC 1805
:E 18061807 
AC 1808 
AC 1809 
AC 1810 
AC 1811 
AC 1812 
AC 1813 

UPPER LIIIIT
LOWER LIIIIT 

WEIGHT 
6,1 
8,6
8,7
7,5
7,2
7,7
8,2
8,4 
8,2
8,5
8,5
7,7 
7,6 
7,8
8,6
9.9 
7,1 
6,7
7,1 
s.s 
8,3 

1 
p 
39.3 
83,7
69,7
71,3 
53.3 
1,67
30,0
75,7
10,4
49,0
1,25
1,91 
35,0 
0,24
15,8
44,1 
17,7 

46,6 
43,9
36,4
10,0%
50,0 

· 

2 
NII.. .
11,v 
3,03
S,95
25,6
8,87 
6,n
19,4
21,3
14,0
29,0
9,08
9,64 
16,7 
14,S
10,0
21, 1 
43,1 
25,0
28,0 
21,4
16,3
20,0%
1,00 

3 
I(...... 
,J"tVV 

5120 
5580 
6JJO 
5730 
5230 
5440 
6050 
1010 
4690 
4210 
4980 
4500 
3530 
3460 
3930 
4610 
4360 
4340 
4no 
3860 
20,0%
150 

4 
CA ......" ,v..v 
1850 
3980 
254G 
2730 
1920 
2430 
2510 
32,2 
3960 
1650 
2610 
1870 
1650 
1660 
2550 
2270 
2240 
3050 
2170 
1630 
20,0%
1,00 

s 
116.,,., .... 

228 
293 
257 
249 
162 
190 
200 

13,4
iS-2 
125 
139 
148 
123 
111 
182 
170 
135 
144 
126 
126 

5,00%
50,0 

6 
ZN. ...,... , , 
3,94
4,30
6,43
6,42
S,15
4,73
5,40
2,93
4,32
4,02
4,41 
4,82 
4,02
4,15
3,99 
5,84 
6,11
5,97
7,39
4,42
10,0%
5,00 

7 
cu....,.,,, 
0,84
1,47
1,13
1,02
0,84
1.10 
1,40
0,41
1.~ 
0,86
0,70 
1.20 
0,84
o.76 
1,46
1,61
1,70
1,47
1,35
1,04
1000 
0,20 

8 
FE 
CD I\ 

"'' ,v45,9
38,4
26,2
36,9
26,0
42,S
27,7
5,56
2&.s
40,0
18,2 
33,3
23,3
24,1
20,7
43,2
62,0
34.6 
36,8
25,6
1,50%
0,60 

9 
11N 

111.tn, 

82,1
115 
104 
130 

89,8
93,6

108 
24,4

120
92,3

110 
102 

92,8
82,8 

111 
135 
140 
115 
163 

75,7
5,00:Z
0,10 

10 
B 
2.ec;
i,
"f I •

3,05
0,41
2,33
3,66
3,2j
0,23.. .,
Jt.&.O 
1,60
0,29 
2,06
1,43
2,43
2,71
2,73
3,31
3,27
3.34 
2, 19 
3000 
1,00 

-

AC Wf741 
AC 1795 
AC 1796 
AC 1797 
AC 1798 
AC 1799 
AC 1800
AC 1801
AC 1802 
AC 1803 
AC 1804 
AC 1805 
AC 1806 
AC 1807 
AC 1808 
AC 1809 
A,,. tOtA 
"" HU,Y 

AC 1811 
AC 1812 

1J>t>EfdiH 
LOWER LIIIIT 

WEIGHT
!•l,6
8,7
7,5
7,2
1.1 
8,2 
8,4
8,2
8,5 
8,S
7,7
7,6
7,8 
8,6
8,8
7,1 
L ~ 

"" 7,1
S,8
8,3 

11 
AL 
~·32 ,8
48,6
22,3
20,4
17,1
19,0 
15,3
0,67
18,0 
12,4
13,7
22,4
13,1 
13,3
20,6
15,7... ,... .,,.., 
16,1
12,1 
1~66% • 
1,00 

12 
SI 
3,02 

6,31
2,37 
o.n 
4,59 

1,84 

1,69
0,71
3,35 
C.Cl'l.,,. ,. 
3,1910, % 
1,00 

13 
TI 

1,39 

2,00% 
0,50 

14 
~ 

2,52 

0,29. 

0.01 

0,13 

0,32
0,53
osi 
1,00 

15 
co 
0,20 

0,76 

0,15 

2000 
1,50 

16 
NI 
1,16
0,40 

0,14 

0,88
O,ii 

0.91 
0,79 

0,26
1,16 

0,59
0,73 

2000 
0,50 

17 
IIO 

0,12 

2000 
0,20 

18 
CRo.JS 
0,09
0,19 

0.02 
0,10
0.11 
ii,04 
0,03 

0.02 
0,06
0,13
0,01
0,02 
0~ 
0,20 

19 
SR
26,3
16,9
25,7
23,0
19,5 
15.9 
23,S 
23,1
0,42
23,8 
13,9
14,8
16,1
13,7 
14,0
22,5
18,7
16,9
21,7
16,S
12,8
1000 
0,20 

20 
BA 
33,5
30,4
38,4
36,0
21,0 
27,9 
35,0 
34,6
0.25
34., 
2. 
14,::i
23,4
19,6 
23,6
33,3
25,7
26,5 
29,S
25,0
21,9
2000 
0,20 

AC 1792-93 
AC 1794 
AC 1795 
AC 1796 
AC 1797 
AC 1798 
AC 1799 
AC 1800 
AC 1801 
AC 1802 
AC 1803 
AC 1804 
AC 1805 

IHI 
AC 1809 
M' , a,n 
ilc iiii 
AC 1812 
AC 1813 

UPPER LIIIIT 
LOWEll"LllllT 

IIEIGHT 
8,1
8,6
8,7
7,5 
7,2
7,7
8,2
8,4 
11,2
8,5
8,S
7,7 
7,6
7,8

l:i 
7,1
J..,
1:i 
5,8 
8,3 

21 
LI 

0,06 

4,09 
0,711
0,39
0,40 

0,35 

0,34 

2000
0,30 

22 
AG 

100
0,10 

23 
SN 
0,01 

0,44 

0,12 

100 
0,30 

24 
PB 
2,18
1,86
0,94
3,08 
3,34
2,29
2,14
4,83 
8,80
3,67
1,58
3,28 
3,69
2.n 
i:3,
3,87
4,76
4,90
3,10
3,46 
3000
1,00 

:ZS 
BE 

0,01 

1,00%
0,20 

26 
CD 

0,04 

0,03 

1,10%
3,00 

'I1 
AS 

0,01 

1,00%
1,00 



CONCEHTRATI ON 
IN DRY TISSUE 

SEQUOIA NATIONAL PARK AC·2 RINGS,1792·1984 
VALUES ARE% OR PP/I 11% = 10,000PPlll 

DR, RUNte. 4·24·8S 
DK2:04248S,C13il 

106 

AC 1814 
AC 1815 
AC 1816 
AC 1817 
AC 1818 
AC 1819 
AC 1820 

UPPER LIIIIT 
LOWER L.IIIIT 

AC 1814 
AC 1815 
AC 1816 
AC 1817 
AC 1818 
AC 1819 
AC 1820UPPER L IIIT 

LOWER LIIIIT 

WEIGHT 
7,1
7,8
8,4
8,9
8,9
8,5
9,0 

IIEI6HT 
7,1 
7,8
8,4
8,9
8,9 
8,S
9,0 

1 
p 
10,5
11.1 
89,4
22,3
30,4
29,2
15,9
10,0% 
S0,0 

ii 
AL 
12,1 
23,1
li,6
11,4 
15,2
14,9 
fi,O,OOI 
1,00 

2
NA;z.~
J7•~ 
10,S
11,0
30,0
20,9
27,1
20,0% 
1,00 

i:2 
SI 
1,94 

0,31
2,31
2,76
1,31
4,38
10,0% 
1,00 

3 
I( 

4190
6"'-"'"~'U'-V 

3550 
2960 
3S70 
3830 
3420 
20,0% 

ISO 

i3 
TI 

2,00% 
0,50 

4 
CA 
1740
.r.,ft•w•v
1230 
1370 
2170 
3710 
2190 
20,0% 
1,00 

14 

" 
0,07 

0,08 

soo 
1,00 

s 
116 

122 
"'•••111 

86,9 
132 
130 
117 

S,00% 
S0,0 

15 
co 

2000 
1,50 

6 
ZN 
S,90
C. oc:
"'' '"'4,59
5,35
S,32
4,98
4,45
10,0:Z
S,00 

16 
NI 

2000 
O,SO 

7 
cu 
0,87
o.so 
0,41
0,51
0,56
0,46
0,43
1000 
0,20 

li 
IIO 

2000 
0,20 

8
FE 
28,8
15,2
19,3
10,4
29,6
27,9
23,1
1,SO:Z 
0,60 

18 
CR 

0,02 

0,04
300 

0,20 

9
/IN
83,2
'7G - ..,

1a:,
S7,8
96,3
94,3
77,1
S,00:Z 
0,10 ... 
H 
SR 
13,5 
12,1
6,90
10,4
16,S
19,4
16,6
1000 
0,20 

10 
B 
2,36
l,99
0,08
1,67
1,93
2,16
1,79
300(, 
1,00 ... 
~v 
BA 
20,4 
21,3
6,54
16,5
24,4
24,4 
~4,2OOv 
0,20 

AC 1814 
AC 181S 
AC 1816 
AC 1817 
AC 1818 
AC 1819 
AC 1820 

UPPER LIIIIT 
LOWER LIIIIT 

WEIGHT 
7,1
7,8
8,4
8,9 
8,9
8,5
9,0 

21 
LI 
0,43 

0,54
0,62 
0,46 

2000 
0,30 

22 
AG 

100 
o. 10 

23 
SN 

100 
0,30 

24 
PB 
4,03
2,87
3,23
2,S1 
2,60
2,14
2,26
3000 
1,00 

~ 
BE 

1,00% 
0,20 

26 
CD 

0,24 

1,10% 
3,00 

27 
AS 

1,00% 
1.00 



COHCEHTRATION SEOUOIA NATIONAL PARK AC-2 RINGS,1792-1984 DR. RUNDa 4-24-BS l 07 
IN DRY TISSUE VALUES ARE 1 DR PPH 11%: 10,000PP"> DK2:042 ◄BS,C13i3 

AC 1821 ..,.. 48,,,,""' ,11... 
AC 1823 
AC 1824 
AC 1825 
AC 1826
AC 1827 
AC 1828 
AC 1829 
AC 1830 
...,.. 4 ft'Y4""''g,i1,l
AC 1832 
AC 1833 
AC 1834 
AC 1835 
AC 1113o 
AC 1837 
AC 1838 
AC 1839 
AC 1840 
AC 1841 

UPPER LINIT 
LOWER L1"1T 

WEIGHT 
7,3 
D 1 v .. 
7,1
8,4 
7,4
8,3
6,4
6,8
8,2
7,8
D '7,.. ,
7,0 
7,8 
B,7
8,4
7,2
7,4 
8,1
7,1
9,1 
8,2 

1 
p 
2.29 
67.J 
2,66
51,9
31,5 

51,2 

1,SB 
'ID D 

""'" 40,7 
60,1 
20,0
41,3
40,1 
11,9 

13,9
6,18 
6,B6
10,0%
50,0 

2 
NA 
28,2
27,6
39,1
46,4
28,3
25,6
26,7
19,2
B,47
23,0 
.,., -0..... 
2i.1 
22,7 
14,5
18,7
15,9 
13,4
6,57
13,0
12,9 
13,9
20,0%
1,00 

3 
K -
◄030 
3640 
3890 
3930 
3790 
3630 
4680 
4370 
711 

4170 
4090 
5220 
3570 
4050 
4920 
4260 
4330 
2740 
4790 
5070 
6000 
20,0%
150 

4 
CA 
2480 
2610 
2670 
4680 
4450 
4520 
5470
•no
6,09
4140 
4830 
5200 
1380 
1580 
5860 
3520 
6870 
3150 
6390 
6040 
S240 
20,0%
1,00 

5 
116 
134 
138 
123 
144 
140 
134 
148 
111 

8,12
122 
160 
198 
134 
163 
240 
128 
159 

90,9 
138 
134 
193 

5,00%
50,0 

6 
ZN 
4,58 
3,06
5,80
4,05
4,18
3,94
5,31
4,27
2,70
4,65
4,o-4
6,44 
3,22 
3,21
3,67
4.20 
4,20
4,14
3,81
3,30 
2,93
10,0%
5,00 

7 
cu 
0.42 
o.60 
0,63
0,53
0,46
0,74
0,59
0,42
0,11
0,48
0,52
0,64 
0,60 
O,SB
0,46
0,31 
0,55 
0,41
0,28
0,38 
0,32 
1000 
0,20 

B 
FE 
27,1
29,0
25,9
28,8 
31,1
45,2
26,4
28,2
4,88
22,7
13,6
39,2
13,1 
,14,6
21.8
14,7 
21,9 
16,6
20,0
20,4 
25,0
1,50%
0,60 

9 
11H 
100 

83,9
98,1

105 
105 

95,5
129 
107 

14,6
166 

93,7
186 

56,1
73,6 

112
88,5 
155 

88,7 
132 
121 
120 

S,00%
0,10 

10 
B 
1,99 
2,11
., =-.. ,
2, 
2.zi 
2,10
3.46 
2,88
0,04
2,35
2,14
3,54
1,57 
1,66
2,46
2,90 
2,83
2,40
2,24
2,19 
2,03 
3000 
1,00 

:El~! 
AC 1823 
AC 1824 
AC 1825 
AC 1826 
AC 1827 
AC 1828 
AC 1829 
AC 1830 
AC iii3i 
AC 1832 
AC 1833 
AC 1834 
AC um 
AC 1836 
AC 1837 
AC 1838 
I( 1839 
AC 1840 

uPPEfdRN 
LOWER LIHIT 

WEIGHT
7,3
8,1 
7,1
8,4
7,4
8,3
6,4 
6,8
8,2
7,8 
8,7
7,0
7..8 
8,7
8,4
7,2
7,4
8,1 
7,1
9,1
8,2 

11 
AL 
lj,81 ,6 
13,5
17,1
18,2
20,1 
24,3 
15,6
0,33
12,4 
14,7 
17,7
14,5
13,7 
14,7
10,5
12,2
7,66 
9,78
9,82
9,96
3,00% 
1,00 

-

12 
SI
tE 
0,25 

1,31
3,81 

2,18 

0,98
0,96 

0,63 

10,0%
1,00 

13 
Tl 

2,00%
0,50 

14 
u 
0,87 

1,12 

0,85 

0,15 

soo 
1,00 

15 
co 
0,28 

0,53 

2000 
1,50 

16 
NI
0,44
0,54 

0,82
0,45
1,07 
0,35 

• 0,18
0,14
0,26 
A - ,a 
,,. 6 # 

0,81·o,ss 

0,13 

o.82 

~o~· 
0,50 

17 
NO 

2000 
0,20 

18 
CR 
v,li
0,07 

0,12
0,12
1,41 

0,02 

0,04 

0,02 

0,29 

0,06
300 

0,20 

19 
SR 
1g,81 ,0 
18,3
25,9
21,8
22,1 
32,7 
23,2
0,25
27,9 
22,!! 
34,4
9,34
13,7 
30,4 
25,0
38,0
26,6
33,4 
30,3
29,2
1000 
0,20 

20 
BA 

.. 
24,!"'f30,8
27,9
28,9
40,0 
33,7
0,11
30,1n~
--!.:!
4'
1.. __ 
23,8 
39,8 
34,5
42,0
30,S 
39,4 
34,1
32,5
2000 
0,20 

AC 1821 
AC 1822 
AC 1823 
AC 1824 
AC 182S 
AC 1826 
AC 1827 
AC 1828 
AC 1829 
AC 1830 
AC 1831 
AC 1832 
AC 1833 
AC 1834I 10351836 
AC 1837 

IIEIGHT 
7,3 
8,1
7,1
8,4 
7,4 
8,3
6,4
6,8 
8,2
7,8
8,7
7,0 
7,8
8,7 
,,4,2 
7,4 

21 
LI 
0,41 
1,70 

0,45 
0,10 

o.~0, 9 

.,.,.... 
AG 

23 
SN 

0,11 

24 
Pf! 
2,56 
4,50
3,19
3,65 
2,90 
2,66
5,33
2,60 
6,50
1,97....,, ..... 
2,66 
3,35
2,00

!:~ 
2,96 

25 
BE 

0,00 

0,01 

26 
CD 

0,31 

27 
AS 

0,00 

11838A 1839 
AC 1840 
AC 1841

UPPP LIHIT
LOW RL1"IT 

,,1,1
Y,i 
8,2 

2000
0,30 

100 
0,10 

100 
0,30 

1,13,94 
3.21 
2,43 
3000
1,00 

1,00%
0,20 

1,10%
3,00 

1,00%
1,00 



CONCENTRATION 
IN MY TISSUE 

SEOUOIA NATIONAL PARK AC·, RINGS,1792-1984 
VALUES ARE% OR rPII (1% = 10,000PPII> 

DR, RUNlla 4-24-85 
DK2l04248S,C13i3 

108 

WEIGHT 
1 

p 
2 

HA 
3 

K 
4 

CA 
s 

116 
6 

ZH 
7 

cu 
B 

FE 
9 

11H 
10 
B 

AC 1842 
HC 16-43 
AC 1844 
AC 11345 
AC 1846 

AC 1847-48 
AC 1849·50 
AC 1851·52 
AC 1853-54 

AC 18SS 
AC 1856 
AC 1857 
AC 11158 
AC 11159 
AC 1860 
AC 1861 
AC 1862 
AC 1863 
AC 186• 
AC 1865 
AC 1866 

UPf'ER LIIIIT 
LOWER LIIIIT 

~·~ 0•7
8,6
6,S 
6,7
7,9 
6,3
8,7 
9,1 
8,2
7,7
6,2 
7,1
8,4
7,6
7,1 
7,9
7,6 
8,2
7,8 
5,8 

~ ~-,).~, 

2,90 

1,92 
27,8 

1,65 

6,57 

14,9 
14,9 

25,9 

10,0% 
sc.o 

!!·~ 
17•~
S,44
14,5 
31,1
49,l 

100 
24,0 
44,4 
53,4
43,6
38,9 
64,S
67,4
7,33
63,2 
68,1
64,6
74,3
76,8 
86,6
20,0%
1,00 

6940 
69i0 

969 
1,05% 
1,52%
1,69% 
noo 
3940 
5300 
5420 
5030 
6130 
6010 
4760 

336 
4910 
4650 
4310 
4320 
4640 
5950 
20,0% 

150 

6070 
"H\1'A
IV.>V 
14,4 
7560 
8810 
9630 
3530:mo 
3990 
5440 
5650 
6020 
6050 
6110 
4,21
5310 
5610 
5460 
5730 
2790 
5760 
20,0%
1,00 

237 
241 

4,41
391 
541 
916 
382 
125 
224 
246 
185 
226 
239 
226

4,44
1n 
183 
167 
180 
181 
204 

5,00%
SO,o· 

4,17 
• Aft
"ttV7 

2,0S
4,97 
4,95 
6,68
4,44
3,31 
2,44 
4,14
3,84
6,14 
4,12
2,63
2,84
3,87 
3,32
2,98
2,72
3,08
5,11
10,0%
5,00 

0,54
A s,vt,g
0,02
0,46
l,jfo. 
1,33
0,60 
0,63 
0,88
0,66
O,SB 
0,91 
0,91
0,49
1,16
1,27
1,39
1,40
0,99 
1,46 
1000 
0,20 

41,1 
~~.,w.,
3,83
30,1 

438 
25,9
28,4
16,2 
19,0
26,8
lS,l
20,S 
28,8 
26,6
S,68
16,8
16,0
29,0
20,S
16,1
22,8
1,50%
0,60 

152 ,c~....,
6,68
233 
234 
260 
155 

94,1 
149 
122 
114 
150 
127 
122

2,09
175 
109 
115 
100

96,9 
lSS 

5,00%
0,10 

2,47 
~ A~ 
VtV.;. 

2,lS 
2,8:
2,96
2,61
1,55 
2,01
2,67
1,75
2,60 
~...,,~-
1,57
0,03
2,44
1,93
2,65
1,48
1,48
2,83
3000 
1,00 

AC 1842 
AC 1843 
AC 1844 
AC ms 
AC 1846 

AC 1847·48 
AC 1849·50 
AC 1851-52 
AC 1853·54 

AC lBSS 
AC 1856 
AC 1857
I ii~~ 
AC 1860 
AC 1861 
AC 1862 
AC 1863 
AC 18&~ 
AC 1865 
AC 1866 

UPPER LIIIIT 
LOWER LIIIIT 

IIEillHT 
6.S 
6,9
8,6
6,S
6,7 
7,9 
6,3 
8,7
9,1
8,2 
7,7 
6,2
7,1
8,4 
7,6
7,1
7,9
7,6
a.·2 
7,8
S,8 

11 
AL
11,4
13,S
0,33
12,9
24,4 
13,3 
16,4 
7,3S
13,4
13,5 
11,7 
12,014,i14, 
3,07 
1,.81 ,4
22,7 
17.9 
15,4
18,6
3,00% 
1,00 

. 

12 
SI 

12,0 
6,12 
9,76 
2,54
2,31
3,08 
2,60 
0,34
2,94 

7,98
S,76
6,27
5,63 
!1.4 

3,52
10,0% 
1,00 

13 
Tl 

0,05 

2,00% 
0,50 

14 
IJ 

0,32
0,03 

500 
1,00 

15 
co 

0,85 

O,OS 

2000 
1,SO 

16
NI 
0,79
0,61 

42,7 

2,11 

0,74
0,39 
0,35 

0,91 

0,63 

0,00
0,!6 
0,13
0,13.
2000 
o.so 

17 
IIO 

2000 
0,20 

18 
CR 
0,00 

221 
0,21 
0,04 
0,02
0,01
0,09 
0,04 

0,13 

0,09 
0,!1 

300 
0,20 

19 
SR 
31,1
39,3 
0,3S
50,8
50,9 
52,1 
28,4 
13,1
29,5
27,4 
28,2 
33,0 
~·43,1 
0,27
38,5
29,1
27,8 
2!!,3 
21,5
31,2
1000 
0,20 

20 
BA 
36,i
44,4 

Sl,8 
56,1 
60,1 
37,0 
17,1 
33,2
33,6 
31,5 
37,4 

U:! 
0,03
37,4
29,3
32,5 
2!!,S 
27,0
36,0
2000 
0,20 

21 22 23 24 2:i 26 27 

AC 1842 
AC 1843 
AC 1844 
AC 1845 
AC 1846 

AC 1847-48 
AC 1849·50 
AC 1851·52 
AC 1853-54 

AC 1855
AC 18~ 
AC 1857 
AC 18S8 
AC 1859 
AC 1860 
AC 1861 

WEIGHT 
6,S 
6,9
8,6
6,5 
6,7
7,9
6,3
8,7 
9.t 
8,2
7,7
6,2 
7,1
8,4
7,6
7,1 

LI 

o.25 
0,01
0,62 

2,38 

0,3_2
1,:io 

0,47 

AG SH 

0,15 

0,45 

PB
2.n 
4,73
6,32
4,60 
2,48 
3.:r.z
3,68
3,11
3,29
1,~2
J,'1'1
1,07 
1,28
2,84
7,75
3,90 

BE 

0,01 

0,01 

CD 

0,37 

0,21 

AS 

AC 1862 
AC 1863 
l!C !864 
AC 1865 
AC 1866 

UPf'ER LIIIIT 
LOWER LIIIIT 

7,9
7,6
8,2
7,8 
5,8 

0,87
0,51
0,42 

0,20 
2000 
0,30 

100 
0,10 

100 
0,30 

2.n 
3,59
3,11
1,93 
3,22 
3000 
1,00 

1,00%
0,20 

1,10%
3,0tl 

1,00%
1,00 



CONIDTRATION 
IN DRY Tl SSUE 

SEQUOIA NATIONAL PARK AC-2 RINGS,1792-1984 
VALUES ARE% or,: PPII (1%: 10,000PPII) 

DR, RUNDa 4-24-115 
DK2:04248S,Clli3 

109 

AC 1!!67 
~!: 1868 
AC 1869 
AC 1870 

Uf'PER LIIIIT 
LOWER LlllIT 

WEIGHT 
8,5
8,9
8,2
8,6 

1 
p 
12,7
26,7 
9,28 

10,0%
50,0 

2 
NA 
92,2
77,J
59,2
83,2
20,0%
1,00 

l 
K 
4920 
4370 
4430 
4390 
20,0% 

lSO 

4 
CA 
4820 
5040 
4320 
4700 
20,0%
1,00 

5 
11G 
174 
174 
149 
188 

5,00%
SO,O 

.-

6 
ZN 
l,16
2,6:i
2,60
3,51
10,0%
5,00 

7 
cu 
1,39
1,Z
1,16
1,52
1000 
0,20 

B
FE 
19,9
20,4
15,9
24,0
1,50%
0,60 

9 
1111 
103 

iiii,O
104 
121 

5,00%
0,10 

1G 
B 
1,66 
' 'Ti 

~.v3 
300•j
1,00 

.,. 49.f"'t 
.... J.DDI 

:E lffl 
AC 1870 

lff£R LIIIIT 
LDIIER UIIIT 

WEIGHT .. ".....
8,9
8,2
8,6 

11 
AL 
fL ",111•v

17,0
13,0
17,1
J,00%
1,00 

12 
SI 
•M,evv

!'85,04 
, .92 
.;i,0%
1,00 

13 
Tl 

2,00%
0,50 

14 
.v 

500
1,00 

15 
co 

2000 
l,S0 

16 
NI 
0,19 

0,39
0,36
2000 
O,SO 

17 
IIO 

2000
0,20 

18 
CR 

0,06
300

0,20 

19 
SR
27,0 
H•4,4 
28,5
1000
0,20 

20 
BA
27,4 
2g,22 ,5
28,8
2000
0,20 

AC 1867 
/IC 1868 
AC 1869 
AC 1870 

UPPEF. LI IIIT 
LOWER LlllIT 

WEIGHTs.5 
8,9
8,2 
8,6 

21 
LI
0,12
1,37 

2000 
0,30 

22 
Mi 

100 
0,10 

23 
SH 

100
O,JG 

24 
PB
1,63
2,2'1
0,98 

· 2,14
3000
1,0(i 

25 
BE 

1,00%
0,20 

26 
CD 

1,10%
3,00 

27 
AS 

1,00%
1,00 



110 
CONCENTRATl ON SEQUOIA NATIONAL PARK AC-2 RINGS,1792-1984 DR, RIJNDEL 4-25-8S 
IN DRY TISSUE VALUES ARE I OR PPK (1% = 10,000PPK> DK2:042S85,C13il 

liC iBii 
AC 1872 
AC 1873 
AC 1874 
AC 1875 
AC 1876 
Ac 1an 
AC 1878 
AC 1879 
AC 1880 
AC 1881 
AC 1882 
AC 1883 
AC 1884 

~ 1ffi 
AC 1887 
AC 1888 
AC 1889 
AC 1890 
AC 1891 

UPPER L1"IT 
LOIIER LIKIT 

WEIGHT 
a.o 
7,5
8,7
9,0
7,4
7,9
8,9
9,0
8,0
5,4
8,8
5,8 
6,1 
6,6
7,3
7,0
7,4
7,5
7,5
6,3 
8,3 

1 
p 
1.10 
29,0
30,1
16,7 
31,6
16,3
39,6 
22.~ 
10,4 
21,6
15,0 

24, 1 
4,88 

23,9
19,9
24,6
7,32 
12,2 
10,0l:
S0,0 

2 
NA 
•A A 
,>O • Cl 

72,6
68,1
S9,6 
116 

91,7 
164 

21,0
14,9
10,3
11,3
10,9 
B,SB
11,8
15,1
10,6
13,7
10,9
8,76
12,2 
11,4 
20,0%
1,00 

3 
K 
4000 
4190 
3520 
3420 
SOSO 
3400 
6320 
3210 
2150 
3380 
3i7010 
2840 
3310 
~90430 
2530 
2950 
2450 
2960 
3340 
20,0%
150 

4 
CA..,.,,., ....,, 
2920 
4520 
4S10 
4S90 
1840 
S920 
4460 
211'10 
4140 
40~31 0 
4250 
4230
4740 
3940 
4130 
3650 
3140 
3870 
2550 
20,0i:
1,00 

5 
11G 
142 
189 
133 
148 
158 
us 
30S 
133 

93,3 
139 
109 
135 

81,5 
108 

J31,1 
117 
111

71,1 
120 
127 

5,00;:
50,0 

6 
ZH 
6.19 
S,13
S,89
6,03
1.n 
6,98
7,57
4,71 
5,36
11,14
3,99
8,36 
7,37 
6,S4
7,25
5,67
4,96
8,31
6,04
8,57 
5,82 
10,0%
5,00 

7 
cu 
1,4-4 
1,25
1,35
1,48
1,84
1,49
1,43
0,11'1
0,84
1,07
0,96
1,04 
1,27
0,87
1,09
1,02
1,08
1,31
0,81
1,06
1,34 
1000 
0,20 

8 
FE 
15,!! 
22,S
16,6 
22,6
26,0
19,7
31,3
17,4
15,7
23,<i
19,0
28,S 
2S,5
17,9 
~·3,1 
27,1
32,2
19,2
35,6 
37,6 
1,50%
0,60 

9 

"" 80,6
n,7
83,0 
81,2
98,0
66,3 
131 
107 

95,9 
163 
117 
120 
135 
112
101 

99,2 
134 
168 

98,4
160 

86,0 
5,00%
0,10 

10 
B 
1. 75 
1,li
2.23 
1,61 
1,88
1,S7
2,03
1,47
1,50
2,18
1,42
2,36 
1,97 
2,12
1,991.s: 
1,59
2,27
2,07
2,-44 
1,48 
3000
1,00 

11 12 13 14 15 16 17 18 19 20 

AC 1871 
AC 1872 
AC 1873 
AC 1874 
AC 1875 
AC 1876 
AC 1877 
AC 1878
AC 1879 
AC 1880 
AC 188i 
AC 1862 
AC 1883 
AC 1884 
AC 1885 
AC 1886 
AC 1867 
AC 1888 
AC 1889 
AC 111'10 
AC 1891 

UPPER Lll1IT 
LOIIEf< LIKIT 

WEIGHT 
8,6
7,5
8,7 
9,0
7,4
7,9 
8,9
9,0
8,0
5,4 
8,8
5,8
6,1
6,6
7,3 
7,0
7,4
7~S 
7,S 
6,3
8,3 

AL 
12,0
12,8
12,9 
15,3
20,5
14,6 
25,3 
15,3
14,5
20,9 
19,6
19,9
16,5
18,1 
22,4 
20,3
23,0
JG,2 
18,2
2:S,9
23,6
3,001 
1,00 

SI
11,5
16,2 
21,7
12,4
15,2
19,9
25,7 
4,59
4,96
10,6 
10,1
8,35
16,2
17,4 
14,6 
8,93
11,9
9,3h 
16,8
13,2
16,8
10,0% 
1,00 

TI 

0,06 

0,57 
0,62 

2,00% 
0,50 

V 
0,05
0,14 
0,24 
0,19
1,88
0,82 

o.~ 
1,114 
0,81 

0,86
0,02
O,JS
1,01 

0,39
1,58
0,04
500 

1,00 

co 

0,30 

0,18 

0,06 

2000 
1,50 

NI 
0,11
1,49 
0,02
1,59 

2,15 

0,57
2,02 

1,14 

0,66 
0,20
1,02 

0,76 
1,00. 

2000 
O,:SO 

IIO 

2000 
0,20 

CR 
0,07
0,23 
0,16 
0,98
0,34
0,16 
0,33
0,12
0,08
0,10 
0,H
0,01 

0,12 
0,25 
0,03
0,14
0,03 

0,10
0,19
300 

0,20 

SR 
20,S
19,2
20,7
22,1
20,6
12,2 
34,9
22,l 
ll·4"'~ 26,1
20,0
24,7
23,S
25,1
22,S
28,0
23,7 
21,7
23,0
16,5
1000 
0,20 

BA 
2~,9
23,8
24,2 
25,8
26,0
19,2
36,2 
25,7 
~·9
.;Ju 

26,8
26,4
24,5
26,4 
29,1
23,9
26,6
23,9 
23,l
26,l
22,6
2000 
0,20 

WEIGHT 
21 
LI 

22 
AG 

23 
SH 

24 
PB 

25 
BE 

26 
CD 

27 
AS 

AC 1871 
AC 1872 
AC 18i3 
AC 1874 
AC 1875 
AC 1876 
AC 1877 
AC 1878 
AC 1879 
AC 1880 
AC 1881 
AC 1882 
AC 1883 
AC 1884 
AC 18BS 
AC 1886 
AC 1887
Ar ,oaa
""'•vwv
AC 1889 
AC 1890 
AC 1891 

UPPER LIKIT
LOWER Ll11IT 

8,6
7,S
8,7
9,0
7,4
7,9
8,9
9,0
8,0 
5,4
8,8
:S,8 
6,1
6,6
7,3
7,0 
7,4 
7,~
7,5
6,3 
8,3 

0,78 

0,48 

0,20 

1,12 

0,18 

0,04 

2000
0,30 

100
0,10 

1,23 

0,06 

100
0,30 

3,05
3,20
3,28
3,42
2,75
3,'J.4
3,36
1,89
3,06 
4,00
2,75
3,54 
1,95 
2,4:S
2,79
3,12 
2,69 
1,55
2,88
.4,n 
1,90
3000
1,00 

0,00 

1,00%
0,20 

0,00
1,10%
3,00 

1,00I
1,00 



111 

. . .... 

CONCENTRATION SEOUDI~ NATIONAL PARK AC-2 RINGS,1792-1984 DR, RUNDEL 4-2S-85 
IN DRY TISSUE VALUES ME 1 DR f'PN 11% = 10,000PPN> DK2:042'585,C13il 

1 2 3 4 5 6 7 8 9 10 

AC 1892 
AC 1893 
AC 1894 
AC 1895 
AC 1896 
AC 1897 
AC 1898 
AC 1899 

lff'ER Llllll 
Lllil£ll Ll/lIT 

WEIGHT 
6,S 
8,3
8,8
8,7 
7,1 

· 8,2
8,2
8,2 

p 
22.a 

10,4 

13,2 

29,4 
10,0%
50,0 

1111 
13,6
14,5
14,2
18,1 
17,8
1,25
20,0
21,0
20,0%
1,00 

I( 

mo 
2720 
2450 
2840 
3210 
927 

2800 
3070 
20,0%
150 

CA 
3710 
2710 
3620 
2310 
3560 
30,6
2180 
2070 

· 20,0%
1,00 

116 
102 

95,5
101 
122 
128 

6,13
114 
122 

S,00%so.o 

ZH.....,. ,.. 
5,50
4,12
4,35 
S,87
4,01 
4,55
S,53
10,0%
5,00 

cu 
An,
Vt70 

1,45
1,16
0,93
0,78
0,14
1,11
1,05 
1000 
ii,20 

FE..... 
~j,t/

23,0
19,6
20,1
17,4
2,78
28,9
28,7
1,50%
0,6ii 

11N....
g-,,i 

80,9
86,4
75,0
87,S
9,30
59,6
64,1
~-92% 
lhlU 

8 
' t.4 

.L .. v;,,
1,19
1,4: 

1,46
1,31 
3000 
1,W 

AC 1892 
AC 1893 
AC 1894 
AC 1895 
AC 1896 
AC 1897 
AC 1898 
AC 1899 

UPPER LINIT 
LOIIER LINIT 

IIE16HT 
8,5
8,3
8,8
8,7 
7, 1 
8,2
8,2 
8,2 

11 
AL 
17,9
25,8
20,8 
16,3 
·14,S
0,79
22,1 
14,B 
3,00%
1,00 

12 
SI 
6,66
14,9
19,8
11,4 
8,38
10,9 
6,19
9,53 
10,0%
1,00 

13 
Tl 

2,00%
O,SO 

14 

"0,63o.n 
1,45
0,02
1,46
0,70
1,24 
1,15 

500 
1,00 

15 
co 

0,20 

2000 
1,50 

16 
NI 
0,60
0,74
2,10
0,45 
0,85 

2000 
0,50 

17 
1111 

2000 
0,20 

18 
CR 
0,11
0,15
0,18
0,01
0,13 

0,11
0,10 

300 
0,20 

19 
SR 
18,6
17,1
18,7
14,9 
16,8
0,S2 
12,9
12,3
1000 
0,20 

20 
BA 
22,3
23,6
25,3
20,5 
19,9 

18,0 
18,8
2000 
0,20 

AC 189: 
AC 1893 
AC 1894 
AC 1895 
AC 1896 
AC 1897 
AC 1898 
AC 1899 

UPPER LINIT 
LOWER LINIT 

WEIGHT 
8,5
8,3
8,8
8,7
7,1
8,2 
8,2 
8,2 

21 
LI 

2000
0,30 

22 
AG 

100 
0,10 

23 
SN 

100
0,30 

24 
PB 
3,11
3,02
3,78
1,48
3,n
3,87 
2,57 
2,4-1 
3000
1,00 

25 
BE 

1,001
0,20 

26 
CD 

0,48 

1,10%
3,00 

27 
(IS 

1,001
1,00 

--



CONCENTRA TIDN SEQUOIA NATIONAL PARK AC-2 RINGS,lm-1984 DR, RUHDEL 4-25-85 112 
IN DRY TISSUE VALUES ARE% OR PPK 11% = 10,000PPNl DK2:04258S,C13i3 

AC 1900 
AC i90i 
AC 1902 
AC 1903 
AC 1904 
AC 190S 
AC 1906 
AC 1907 
AC 1908 
AC 1909 
AC 1910 
AC 1911 
AC 1912f 1913

1914 
AC 1915 
AC 1916 
AC 1917 
AC 1918 
AC 1919 
AC 1920 

U~EF: LIIUT 
LOWER LIKIT 

WEIGHT 
8,6 
8,5
8,3
7,i, 
8,6 
9,0
7,9
7,7 
8,S 
8,4
8,5
7,6 
8,7 
,.6,8
7,9 
7,7
6,5
8,2
8,7
7,5 

1 
p 

13.0 
24,6
1,56
17,4 
14,3
5,42 

21,6
56,S
34,6
37,5 
47,8 
69,56 ,5
45,8 
126 
169 

B3,S
62,3
59,3 
10,0%
50,0 

2 
NA 
28,4~- ~ '-D•J
25,0
27,0
23,8 
20,1
11,3 
17,6 
6,15 
16,1
12,9
27,0 
10,9 
i3,8o.o 
24,0 
33,0
28,5
32,9
27,2
29,4 
20,0%
1,00 

3 
K 
3090 
.oil'U'Ul 
l.7rJV 

2940 
2870 
3130 
2250 
2000 
2700 
1910 
1980 
2730 
2970 
2460 
2750
3450 
3350 
3010 
2920 
3620 
3310 
3610 
20,0%
150 

4 
CA 
3730 
'IC.IA,w.,v 
2740 
3690 
3570 
2430 
1790 
2450 
2050 
4240 
4080 
3070 
4500 
4940 
5570 
5280 
5970 
5160 
5650 
4810 
5130 
20,0%
1,00 

5 
"6 
124,.,,,..... 
130 
116 
122 
102 

89,3 
101 

78,1 
106 
102 
121 
103 
1-43 
165
146 
183 
154 
196 
164 
153 

5,00%
50,0 

6 
ZN 
3,23 
3.55 
4,89
3,25 
3,20 
2,36
2,50
2,63 
2,33 
3,04
1,2'
2,38 
1,60
1,42
!·28,41
1,74
3,30

.2,31
2,16
2,67
10,0%
5,00 

7 
cu 
1,25
o.94J 
1,22
0,98 
0,87
0,65
0,48
0,86 
0,37
0,70
O,Si
1,06 
0,47
0,72 
O,~o. 4 
0,95
0,91
1,19
0,95 
1,08 
1000 
0,20 

B 
FE 
38,1 
27,3
27,7
24,6 
20,8 
16,1
10,8
17,7 
11,5 
21,4
iS,9
30,1 
17,9
25,8
37,7
42,0
27,0
25,7
47,0
45,5
41,1
1,50%
0,60 

9 
NN 
81,2 
89,0
89,198 ...

t,J 

86,1 
75,4 
n.1 
95,4 
71,6 

104:;o.o
97,1
-,.3 

103 
1i~1 .. 
112 
240 
124 
111 
122 

5,00%
0,10 

10 
J 
1,58 
l,~2
1,41
1,9i
1,71 
1,10
1,09
1,15 
0,73
1,79
i.37 
1,40 
1,39
1,01 
1,6~1,4
1,05
1,77
1,2'5 
0,98
1,37 
3000 
1,00 

AC 1900 
AC 1901 
AC 1902 
AC 1903 
AC 1904 
AC 1905 
AC 1906 
AC 1907
:f t;8; 
AC 1910 
AC 1911 
AC 1912 
AC 1913 
AC 1914 
AC 1915 
AC 1916 
AC 1917 
111..,,. <1 ll"lt n 
"~ .17.1.Q

AC 1919 
AC 1920 

UPPER LIKIT 
LOWER LIKIT 

WEIGHT 
8,6
8,5 
8,3
7,6 
6,6
9,0 
7,9
7,7
,.5

,4 
8,5
7,6
8,7
8,6 
7,8 
7,9
7,7
6,S 
a ., 
Q ♦ 4 

8,7
7,5 

11 
AL 
19, l 
14,0 
16,3
14,5 
14,6
14,0 
7,97 
7,64 
;,9,,6~ 
8,11 
11,2
5,96
9,41 
12,4 
13,3
13,9
9,26 
,., a.,.,
11,4
14,4
3,00% 
1,00 

. 

12
SI 
11,3
9,54 
16,9
14,1
9,:r.;
11,7 
2,62
7,60 

l:Et 
0,62
14,4
S,62
lS,4 
14,S 
21,8
27,7
20,l 
'Ill ,..,.. 
17,3
17,4
10,0% 
1,00 

13 
Tl 

0,63
0,14 
0.22 

2,00% 
o.so 

14 
V 
1,72
0,21 
0,10
0,72 
0,40 

0,40 

500 
1,00 

15 
co 
0,27 

0,33 

0,12 

0,01 

0,19
0,29 

0,54
0,02 
0~02 
0,16
0,45
2000 
1,50 

16 
NI 
2,20
0,52 
2,31
1,78 

1,12 

0,44 
0,16
0,45
1,24 

2,62
0,66 
0,!!8 
2,18
1,28
2000 
0,50 

17 
IIO 

2000 
0,20 

18 
CR 
0,23
0,18 
0,28 
0,21 
0,21
0,05 
0,04 

0,02 
O,i3
0,21
0,19
0,32 
0.34 
0,39
0,53
0,15 
0,50 
3,01
0,56 
300 

0,20 

19 
SR 
18,6 
15,7 
16,3
19,4 
17,S
15,8 
11,8 
16,3 
11,51 ,9 
i9,'i
20,6
22,2
24,4 
29,4 
25,3
28,5
42,9 
28,2
23,9
29,4 
1000 
0,20 

20 
BA 
21,3
20,8 
21,5
25,2 
22,5
20,2 
16,7 
19,b 

U:i 
22,2
25,3·
24,3
28,5 
30,4 
30,3
34,6
JS,6 
31,5
26,6
31,3 
2000 
0,20 

IIEIGHT 
21 
LI 

22 
AG 

23 
SH 

24 
PB 

25 
BE 

26 
CD 

27 
AS 

AC 1900 
AC 1901 
A~ 190~A 190 
AC 1904 
AC 1905 
AC 1906 
AC 1907 
AC 1908 
AC 1909 
AC 1910 
AC 1911 
AC 1912 
AC 1913 
AC 1914 
AC 1915 

8,6
8,5 
,.3,6 
8,6
9,0
7,9
7,7 
8,5 
8,4
8,5
7,6 
8,7 
8,6
7,8
7,9 

1,39 
0,13 

0,25 
0,63
0,49
0,61
0,15
0,14 
0,09
0,07 

0,03
0,43
0,25 

0,44 

2,86
2,08
2,49
4,05 
2,99
2,7.!
2,01
0,92 
0,40 
1,60
2,76
1,59 
2,12
2,24
2,29
1,71 

0,01 

AC 191& 
AC 1917 
Al' 10,a 
""" Al,UI

AC 1919 
AC 1920 

~ER LINIT 
LOWER LIKIT 

7,7 
6,S
a ,"' ...
8,7 
7,5 

0.09 
0,14 
0,15 
2000
0,30 

100 
0,10 

100 
0,30 

2.n 
2,85
2,79
1,29 
3,74 
3000 
1,00 

1,00:t
0,20 

t.10% 
3,00 

1,00%
1,00 



CDIICENTRATlDN 
IN DRY TlSSUE 

.SEQUOIA NATlDNAi. PAR~ AC-2 RINGS,1792-1984 
VALUES ARE% OR PPK (1% = 10,000PFKl 

DR, RUNDa 4-25-85 
DK2:0'42585,C1Ji3 

113 

AC 1921 
AC 1922 
A,. 4t,"'I~ 
"" ,, ..-1 

AC 1924 
AC 1925 
AC 1926 
AC 1927
AC 1928 
AC 1929 
AC 1930 
AC 1931 ... ,. •tll""'"" ,1~
AC 1933 
AC 1934 
AC 1935 
AC 1936 
AC 1937 
AC 1938 
AC 1939 

lfPER LIKIT 
LOWER LIKIT 

WEIGHT 
8,4 
8,1
D /\,..,
8,3
8,9
8,6
8,8
8,8
8,4
8,4
7,1
D L..... 
8,4 
8,7
8,8
8,5 
8,8
8,6
8,4 

l 
p 
13,9 
82,2
ss.o 
57,9
69,6
42,9
69,5
76,9
52,6
43,4
76,S,n.,._, ... 
14,4 

3~.5 
:511,l 
38,5
39,2
52,2
10,0% 
50,0 

2 
NA 
18,3
22,8
19,7
18,6
21,6
26,9
30,2
26,6
16,4
34,1
37,3"°-.,•w•• 
35,4 
28,2
33,7
32,9
29,4 
24,9
34,3
20,0% 
1.00 

3 
K 
3170 
3730 
2970 
3300 
2860 
3580 
3150 
3020 
3140 
2570 
3010 
2610 
2860 
2780 
2920 
2980 
2620 
3050 
2680 
20,0% 

150 

4 
CA 
5140 
5250 
S..350 
4700 
5320 
6240 
5750 
6310 
4740 
6660 
6880 
5700 
4920 
4660 
4390 
5040 
42SO 
4180 
4600 
20,0% 
1,00 

s 
116 

130 
156 
123 
126 
153 
200 
213 
223 
186 
173 
212 
205 
239 
207 
231 
261 
167 
157 
162 

5,00% 
so.o 

6 
ZII 
2,28
1,78
1,54
2,08
2,19
2,38
1,79
1,44
0,91
0,92
1,88
1,13 
0,94
••oo 
0,82
0,85 
0,87
0,95
0,93
10,0% 
5,00 

7 
cu 
0,86
1,10
0,86
0,82
1,06
1,06
1,09
1,05
1,01
1,78
1,58
1,0!! 
1,2S
0,99
0,96
1,0'4 
0,92
1,02
0,94
1000 
0,20 

B 
FE 
41,7
49,6
32,9 

· 31,4
30,6
37,7
39,2
39,2
33,8
42,4
43,6
28,6 
53,1 
40,3
26,0
23,7 
32,3
44,l
36,4
l,SO% 
0,60 

9 
!IN 
n.1 
82,5
39,3
38,S
65,8
104 
113 
113 

71,4
69,3
58,3
54,3
54,4 
42,8
45,7
44,3 
29,6 
32,2
38,5
5,00% 
0,10 

10 
B 
1,27
1,14
1,41
1, -
0,
0,79
1,09
1,34
0,98
1,71
1,61
1,09
0,98 
0,89
1,16
1,2S 
1,70
1,26
1,82
3000 
1,00 

AC 1921 
AC 1922 

I i~l 
AC 1925 
AC 1926 
AC 1927 
AC 1928 
AC 1929 
AC 1930 
AC 1931
AC 1932 
AC 1933 
AC 1934 
AC 193S
AC 1936 
AC 1937 
AC ·19J8 
AC 1939 

lFPER L1"IT 
LDll£R LIKIT 

WEIGHT 
8,4 
8,1 
9,38, 
8,9
8,6
B,8
8,8
B,4 
6,4
7,1
8.6 
8,4
8,i'
B,8
8,5 
8,8
8,6
B,4 

11 
AL 
8,78
11,2
10,6
16,6 
21,3
14,7
17,7
13,7
13,2 
24,1
24,1
17,8 
21,5
21,7
1S,8
18,1 
15,0
19,6
16,2
3,00%
1,00 

12 
SI 
16,5
13,5
12,7
11,9 
11,1
11,B
18,9
12,3
19,0 
23,8
24.S 
22,S 
2S,1
17,6
14,0
8,54 
1S,l
13,9
13,0
10,0% 
1.00 

13 
Tl 

0,48 

o.33 
0,91
0,71
0,05 
0,70
0,02
0.47 

0,13 

0,28
2,00%
0,50 

14 
IJ 

S00 
1,00 

15 
co 

0,2S
0.20 
0,75 
0.89 
0,2S
0.35 
0,45 
A ....v.~7 
0.56 
0.42 
0,32
0,03
0,57
2000 
1.~ 

16 
NI 

0,02
0,09 

0,14
0,49
0,80
1,94 
2.02 
3.06 
0,69
0,95 
2,17....,.~,
1,22
1,06 
0,39 

2,55
2000 
O,S0 

17 
110 

2000 
0,20 

18 
CR 
0,30
0,44 
o,po. 4 
0,61
o.s2 
0,46
0,75
0,55 
1,13 
o.~ 
0,41 
0,64" ...v•-
0,28
0,36 
0,54 
0,67
0,75 

300 
0,20 

19 
SR 
2S,O 
28,4 
f·21,1
22,0
27,8
27,4
32,2
2S,S 
43.2 
33,1
29,3 
35,6 

- .,. - .,. •v•,
30,1
29,S 
23,1
20,6
24,3
1000 
0,20 

20 
BA 
26,3
26,9
-,r 3t·3,4 
17,4
29,5
30,3
34,3
29,4 
39,0
3S,2
29,8 
32,4 
31-'
3'.
2\._ 
25,3
23,1
2S,3
2000 
0,20 

AC 1921 
AC 1922 
,c. 1923 
,C. 1924 
AC 1925 
AC 1926 
119271928 
AC 1929 
AC 1930 
AC 1931 
AC 1932 
AC 1933 
,C. 1934 
AC 1935 
AC 1936 
AC 1937 
I I;D

UPPER LIKIT 
LOWER LlltIT 

WEIGHT 
8,4
8,1
9,0
B,3
8,9
8,6
8,8
8,8 
8,4
8,4
7,J
8,6
8,4 
B.7
8,8
ii,5 
a.a 
,.6

.4 

21 
LI 
0,23
0,38
0,38
0,33 
0,30
0,85
1,04 

0,21
0,28
0,82
0,33 

0,37 

0,36 
0,59
0,63
0,12
2000 
0,30 

. 22 
AG 

100 
0,10 

23 
SIi 

100 
0,30 

2-1 
PB 
1,31
1,54
2,02
l,S7 
2,36
0,6S
2,34
1,92 
2,2S 

2,18 ··~0,86 
1,43
1,89
1, 10. ,.,. 
..vv 
1.66 
1,00
2,89
3000 
1,00 

r.i 
BE 

1,00% 
0.20 

26 
CD 

1,10%
3,00 

2.i 
AS 

1,00% 
1,00 



COHCENTRATIOH SEQUOIA NATIONAL PARK AC-2 RINGS,1792-1984 DR, RUHDEL 4-26-84 114 
IN DRY TISSUE VALUES ARE% IJi PPN 11% = 10,000PPNl DK2:04268S,C1Jil 

1 2 3 4 s 6 7 8 9 10 
WEIGHT p MA K CA 116 ZN cu FE IIN B 

AC 1940 8,2 91,8 52,6 3620 4340 165 6,53 1,30 5-4,9 48,4 1,16 
AC m1 8,S 91,0 45,B 2550 2640 135 3,34 1,05 38,8 41,9 0,02 
AC 1942 8,1 S,97 11,3 1180 in 30,7 3,93 O,S3 14,0 1S,8 
AC 1943 S,5 97,6 42,9 2840 4620 132 3,82 1,44 41,B 48,S 0,95 
AC 1944 9,0 110 41,7 2630 4680 168 4,34 1,28 43,4 59,1 1,39 
AC 1945 8,7 137 43,0 3020 5350 159 6,26,I 1,34 54,S 60,0 1,72 
AC 1946 a.a 102 31,8 2630 5400 113 4,63 0,80 26,2 52,3 1,10 
AC 1947 7,3 102 48,8 3110 6790 131 6,26 1,23 Sl,3 59,2 1,00 
AC 1948 8,6 12S 58,9 2510 5810 98,1 4,93 1,34 34,7 so., 1,03 
AC 1949 6,0 153 56,3 3130 6110 88,9 10,S 1,66 61,3 84,0 1,88 
M' tOCII ., J. t -,c: i..1 _., '110ft t;,,IJ,11 OJ._ '1 t;_ 7? £LI /JI.II 1.,R0,99••w 
~ i~i ii"'.6 140 '4>:o ~ '4no ai:2 !:ii 0,97 42;8 46;3 i;~ 
AC 1952 8,0 90,0 41,8 2550 4910 68,l 6,49 1,02 47,1 36,5 1,16 
AC 1953 8,0 154 67,3 ·, 30 4820 103 3,71 1,01 50,1 33,1 1,69 
AC 1954 7,7 7,48 8,28 460 115 10,5 3,38 0,18 7,04 6,72 0,00 
AC 1955 8,7 244 84,1 3030 4820· 111 4,18 1,10 50,S 33,3 1,69 
AC 1956 7,9 147 66,9 2970 4380 87,6 3,63 1,09 36,7 31,9 1,26 
AC 1957 8,1 195 105 3400 4430 94,4 4,18 0,91 42,9 27,6 1,10 
AC 1958 7,5 179 n,9 3120 4570 85,2 4,79 0,85 31,1 28,1 1,17 
AC 1959 7,5 172 102 3290 4470 105 4,38 1,21 SS,4 32,7 1,39 
AC 1960 8,3 166 94,6 3130 4100 8:l,3 3,68 0,82 46,1 25,7 1,42 

UPPER LIIIIT 10,0% 20.0: 20,0% 20,0% S,00% 10,0% 1000 1,50% S,00% 3000 
LOWER LIIIIT 50,0 1,00 150 1,00 so.o 5,00 0,20 . 0,60 0,10 1,00 

11 12 13 14 15 16 17 18 19 20 
IIEIGHT AL SI Tl y co NI 110 CR SR BA 

AC 1940 8,2 20,6 19,3 0,78 0,78 20,7 23,3 
AC 1941 8,5 19,1 10,8 0,09 1,12 0,69 15,3 14,5 
AC 1942 8,1 3,24 0,51 0,97 0,18 0,97 0,56 
AC 1943 8,5 19,5 14,0 0,63 0,47 27,4 26,3

0,26 1.01 ~4,8 29,8:E 1;44 14,9 O,~ 6,1 29,01 45 1:9 H:2 0,3 o. 
AC 1'46 8,8 8,58 8,12 0,29 24,7 26,S 
AC 1947 7,3 14,6 11,3 1,69 30,2 28,7 
AC 1948 8,6 15,5 8,78 O,JS 0,63 0,69 31,0 29,0 
AC 1949 6,0 19,3 20,7 0,61 0.11 49,2 35,8 
let 1950 7.6 14,8 l:?,! 0,28 0,62 2S,9 26.9 
AC 1951 8,6 15,5 11,9 0,18 0,68 24,9 25,7 
AC 1952 8,0 20,1 12,0 o.s::; 0,87 25,0 24,8 
AC 1953 8,0 19,3 12,9 0,11 0,00 O,SJ 0,96 20,7 20,2 
AC 1954 7,7 1,00 1,16 O,OS 0,65 0,14 
AC ms B,7 16,5 18,2 0,06 0,99 22,3 24,l 
AC 1956 7,9 14,5 7,36 0,4:? 0,75 23,7 22,9 
AC 1957 8,1 14,S 8,83 0,00 0,89 0,61 19,2 20,9 
AC 1VS8 7,5 11,5 S,83 0,73 0,31 20.s 21,7 
AC 1959 i,5 20,4 20,ii O,i2 0,66 22,i 23,6 
AC 1960 8,3 13,9 11,S 0,26 0,66 20,2 21,1

UPPO LIIIIT 3,00% · 10,0% 2,00% 500 2000 2000· 2000 JOO 1000 2000 
LOWER LIIIIT 1,00 1,00 0,50 1,00 1,SO O,SO 0.20 0,20 0,20 0,20 

21 22 23 24 2S 26 27 
IIEIGHT LI AG SH PB 8E CD 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 a.~ 3,JJ 
AC 1944 9,0 0,05 3,36 
AC 1945 8,7 0,116 
AC 1946 8,8 0,39 1,24
AC 1947 7,3 0,24 1,49 
AC 1948 8,6 0,05 3,82 
AC 1949 6,0 0,28 4,22 
~ 1950 7,6 0,36 2,32 
AC 1951 8,6 0,49 2,26 
AC 1952 8,o 2,JJ 
AC 1953 a.o 2,38
AC 1954 7,7 4,81 
AC 1955 8,7 0,97 
AC 1956 7,9 3,01 
AC 1957 1,88'·j ,~ l~I l·'1,,.. 
ffl, '7tJ7 ~· I"' ..,v, 

AC 1960 8,3 1,36
UPPER LIIIIT 2000 100 100 3000 1,00% 1,10% 1,00%
LOWER LIIIIT 0,30 0,10 0,30 1,00 0,20 3,00 1,00 



CONC£NTRATI ON 
IN DRY TISSUE 

SEQUOIA NATIONAL PARK AC-2 RINGS,lm-1984 
VALUES ARE %OR PP" 11% : 10,000PPIO 

DR, RIINDEL 4-26-84 
DK2:042685,C13i1 

115 

1 2 3 4 5 6 7 8 9 10 
WEIGHT p NA K CA 116 ZN cu Ft 1111 B 

AC 1961 
AC 1962 
AC 1963 
AC 1964 

AC 1965-66 
AC 1967 
AC 1968 
AC 1969 
AC 1970 

AC 1971-ninn 
AC 1975 

UPPER LIIIIT 
LOWER U"IT 

7,7
6,9
7,9
7,5
8,6
9,0
8,8
5,9
8,9 
!!,! 

1:l 
5,7 

247 
39,6

192 
290 
164 
171 
163 
369 
227 
340 

~~ 
372 

10,0%
50,0 

180 
49,5

642 
1470 
76,7
26,3
29,5
54,9 
27,9
311,2
36,1
40,l 
37,2
20,0%
1,00 

4530 
1760 
7020
1,01% 
2320 
1890 
2150 
3010 
2120 
2570 

i6?8 
2170 
20,0% 

150 

3890 
207 

4240 
6960 
4210 
2460 
2280 
3720 
1990 
2480 
31JO16 0 
2000 
20,0%
1,00 

91,6
14,6
63,2
405 

fl35,6
59,1
74,9 
66,9
58,l 
~;j 
46,8 
5,00%
50,0 

5,98
5,27
5,89
7,78 
S,11
4,66
4,87
8,88 
4,01
4,79 
4,,5,8 
8,62
10,0%
5,00 

1,03
0,59
1,14
1,86
2.22 
0,89
0,98
1,47 
1,14
1,34 
1,B1, 
1,32 
1000 
0,20 

56,7
ib,6
69,6
71,S
93,4
39,1
48,2
68,2 
54,S
76,319,07 ,2 
67,5
1,50%
0,60 

28,2
,.;;
24,6
60,S
32,3
24,2
19,8
'!1,7 
16,7
20,5 

l!:! 
17,1 
5,00%
0,10 

1.n
o,c,:
1,'
9.!J,
5,3C•
1,44
1,65
2,59 
1,27
1,83
i,51
1,29 
2,53 
3000 
1,00 

l . 

AC 1961 
AC 1962 
AC 1963 
AC 1964 

AC 1965-66 
AC 1967 
AC 1968 
AC 1969 
AC 1970 

AC 1971-72 
AC 1973 
AC 1974 
AC 1975 

tfPER LIIIIT 
LDIIER LlllIT 

WEIGHT 
7,7
6,9
7,9
7,5
8,6
9,0
8,8 
5.9 
8,9
8,1
7,1
7,6
5,7 

11 
M. 
18,7
5,45
25,5
73,9
32,1
10,6
11,S
19,3
9,44
14,8
16,7
16,0
21,2 
3,00% 
1,00 

12 
SI 
18,J
8,13
26,8
48,3
41,8
11,6
10,3
21,6
9,95
20,S
22,4
24,S
28,5 
10,0% 
1,00 

13 
TI 

2,00% 
0,50 

14 
y 
0,21
0,82 

0,22 

0,07 

0,16
0,29 
0,69 
500 

1,00 

15 
co 
0,30 

0,16 

0,27 

0,60 
2000 
1,50 

16 
NI 
0,87 

1,18
J,54
1,22 

0,18
0,61
1,14
0,53 
1,17 
2000 
0,50 

17 
Ill) 

0,50 
2000 
0,20 

18 
CR 
1,23
0,16 
1,17
1,37
1,18
0,36
O,'!J
0,44
1,41
0,91
0,96
1,29 
0,51 

300 
0,20 

19 
SR 
18,4
1,52 
24,6
35,1
21,0
13,2
14,2
24,2
12,0
15,3 
14,4
11,2 
12,9 
1000 
0,20 

20 
BA 
21,7
0,74 
21,S
39,S
19,8
13,4
16,3
20,5
13,3
14,3 
13,2
13,9 
14,6 
2000 
0,20 

urtm,,-
...4,v11• 

21 
LI 

22 
AG 

23 
SM 

24 
PB 

25 
BE 

26 
CD 

27 
AS 

AC 1961 
AC 1962 
AC 1963 
AC 1964 

AC 1965-66 
AC 1967 
AC 1968 
AC 1969 
AC 1970 

AC 1971-72 
AC 1973 
AC 1974 
AC 19r.i 

UPPER LIIIIT 
LOWER LIIIIT 

7,7 
6,9
7,9
7,S 
8,6
9,0 
g,8,9 
8,9
8,1
7,1
7,6 
5,7 

0,15 
0,35 
0,11 

2000 
o,3v 

100 
0,10 

0,05 

0,62 

1,06
100 

0,3-0 

3,40 
4,79
3,18
3,16 
o,n
2,20

i:H 
i,i3
1,lt7
2,5'
2,60 
7,60 
3000 
1,00 

1,00%
0,20 

1,10%
3,00 

1,00%
1,00 



116 CONCENTRATION , SEQUOIA NATIONAL PARK AC-2 RINGS,1792-1984 DR, RUNDEL 4-26-85 
IN DRY TISSUE VALUES ARE% OR PPII 11% = 10,000l'f>lll DK2:042685,C13i3 

WEIGHT 
1 

p 
2 

NA 
3 

I( 
4 

CA 
s 

NG 
6 

ZH 
1 

cu 
8 

FE 
9 

IIN 
10 
B 

AC 1976 
AC 1977 
AC 1978 
AC 1'179 
/IC 1980 
AC 1981 
/IC 1982 
AC 1983 
AC 1984 

UPPER !.!!!!T 
LOWER LlllIT 

6,5
6,2
8,9
8,2
6,5 
8,1
8,4
8,6
8,4 

261 
312 
348 
565 
730 
430 so.. 
635 

23,0
10,0%
50,0 

52,2 
50.i 
48,7
43,6
35,5
S9,8
66,9
60,6
9,35
20,0%
1,00 

31'10 
2600 
2520 
2430 
3100 
2490 
2500 
3580 
755 

20,0%
150 

2070 
liOO 
803 
741 
556 
329 
271 
218 

2,20
20,0%
1,00 

63,7
63,3
63,1
49,4
48,6
46,5
52,6
S3,4
1,31
5,001
50,0 

6,56 
2,91
3,35
2,60 
2,19
1,70
1,47
2,23
0,83
10,0%
5,00 

;,~r',.,,,
1,39
1,01
1,19
1,28
1,66
1,65
0,12 
1000
0,20 

127... .
T~tl 
82,9
42,1
72,9
77,4
72,5
9.. ,6
3,11
1,501
0,60 

23,0.....,g.g
17,1
lS,6
18,7 
15,0
17,0
15,2 
1,02
5,00%
0,10 

2.22.~,
4.f'-g

1,07
1,50 
2,03
1,37
1,14
0,92 

3000 
1,00 

/IC 1976 
/IC 1977 
AC 1978 
/IC 1979 
AC 1980 
AC 1981 
/IC 1982 
/IC 1983 
AC 198~ 

UPPER LIIIIT 
LOWER LIMIT 

WEIGHT 
6,5
8,2 
8,9 
8,2
6,5
8,1
8,4
8,6
8,4 

11 
/IL
23,1
18,7 
16,6
11,5
13,5
11,7 
12,5
13,2
0,88
3,00% 
1,00 

12 
SI
36,6
31,0
33,0 
21,1
27,8
22,0. 
23,0
25,~ 

10,0% 
1,00 

13 
TI 

0,23 

0,03 

0,0S 

2,00% 
0,50 

14 
y
0,16
0,25 

0,:53
1,62
0,70 
0,59
0,37 

500 
1,00 

15 
co
0,45
0,87 

0,25 

0,54 
0,76 

2000 
1,50 

16 
. i~:59 

1,72 

0,33 

1,02 
1,51
0,64 

2000 
0,50 

17 
IIO 

2000 
0,20 

18 
CR
1,50
1,48
1,42
0,85
1,30
1,57 
1,61
3,51
0,01 
300 

0,20 

19 
SR
12,2
10,6
6,74 
6,&4
6,35
5,34 
4,60
4,S4
0,00
1000 
0,20 

20 
BIi
1",2
12,0
9,89
8,55
9,37
10,8 
9,89
9,64
0,04 
2000 
0,2C· 

/IC 1976 
/IC 1977 
AC 1978 
AC 1979 

WEIGHT 
6,5
8,2
8,'1
8,2 

21 
LI 
0,23 

0,54
0,49 

22 
AG 
0,02
0,03 

23 
SN 

0,08 

24
PB 
2,24
2,73 
2,78
3,57 

25
BE 

26 
CD 

27 
AS 

AC 1'180I 1981
1982 

AC 1983 
AC 1984 

UPPER LIIIIT 
LOWER LIIIIT 

6,5
8,1 

· 8,4
8,6 
8,4 

0,47
0,27 

0,18 

2000 
0,30 

.. 

· 

0,00
0,02 

100 
0,10 

100 
0,30 

3,34
3,59
3,71
2,36 
2,93 
3000 
1,00 

1,00%
0,20 

1,10%
3,00 

1,00%
1,00 

... 
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APPENDIX II 

Append1x I P.e~re:::ion: ba:ed on 12 individuals of At>1e~ concolor ,md 11 of J.t,1e: 

m~~ m Seq1..101e. Ne.t1one.l Forest R.egrem.:.:-.!' 111re of the form In v=A+ B ln X 

- ,,
of ln-ln r~re:::iion The corr~uon u of the form A=A'+ (111'! st?'-). SI! is the 

2. 

Stenderd error or estimete in erithmetnc unit:: SD is the Stenderd de\iat1on of Y in lrl 

units r i~ the coemc1ent of correlation for the lQierithmi, rerre::Ston. er is the 

curren1_ t~ii arid le5! dry veight The proportion of current t~g~ er1d teeV'E':: only i~ 

Tr.. N1Clt (CIT'~' 

A 

r 
r 

SI' 

S!! 

Ci 

A 

B 

r 

SD 
S!! 

Ci 

Orl DEH, :i: (cm) 
A concolc,r , U..~nllia A concolc•:-

4.406:'1 4 &3140 

o.e,i,43 

1241, 

1 o;:4 

3.?60:';, oaset.~ o o;-:554 

2. ?&17 0.9304? O99559 

0.973 0.999 0 ~q.. 

2.0214 0 98493 2 0214 oa~n 
1 2~5 1.2881 1.11 ?4 1.1.:t,i 

1 OS:. 1.00& 1.007 
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S1tm wood volume, (em3) 

J,. 3. 91409 3.4flS$Q 0.6504~ ·0.2842? 

B 2. ?158 2 1e21 0.93?86 0 9986? 

r 0.994 0 968 0.999 0 992 

SD 2 0375 0 989~~: 2.03?5 0.98958 

st! 1.21?1 1.3149 1.1213 1.1439 

CF 1.030 1.038 1 001 1.009 

Surtact aru. y (cm2} 

Sttm ,urtac~ 011 ,tem eoruc ,urtac,, x (eml 

A 5 5?214 5_255qi, 0.998('3 0 06693 

E 1.??44 1.8262 0.93?41 1 014C 

r c,_9~:7 0 948 0.998 0 991 

SD 1 3413 0.66348 1 3413 0.6634€ 

S!! 1.2?2Z 1.2634 1.0854 1.1014 

CF 1.209 10;:g 1.00; 1 00~ 

Br1111:t, ,urtee• y 

A ? 3~e19 3.93671 3.20389 •1 .4 ~ 5?'4 

B 1 9041 2.,84$ 0,9,1 7: 1.286~-

r 0 9bC- 0 934 0 919 oei'~ 
~~-... A~~-••' , '., .. 0.9~2~9 ·1 4~9~ o 952,~r 

SE:! 15;4~- l 4~68 1.9q~7 -l.~b55 

CF 1 .: OS 1 O??, 1 2:~ 1139 

Lnt lfJ.rar,; pro,+ct.-d 011 tlf·WC•OJ X·tl'C la& ,: (.:m.:, 

" ti 9294, 3.0307 !, -o ezn.53 0 ~t<' ,4 

B l ~r.~~. 2 93M 0 0-!!~l 0 f.:(;'1:: 

r (I ~•••..... 0 934 09M (1 9(1~ 

n 1 47 ~:- 1.0SO?- 1.47.?,3 l f)e(<; 

SE! 1.~19(1 I .530~ 1.501 e 1 6019 

CF l 123 l.09~ l .08~ 1.1 ::· 

Lf11 ,urt.ct •!1 ·siG~•:i 

A "' .,..1 C',"',"'!
I .1, •.•11.•• ., 01 n~•: 

,., -:1• "'•.J ·0.00~1 7 1?4tS~ 

I l~B;,~ ~-Y~I 0 0 94 351 u~,;.-i;:;.: 
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r n nc.A 
" 7,...., 

no,__. .... ,v-.. 0968 0 905 

SD 14n3 1.0803 14:'33 1.0203 

SII 1.6190 1.5305 1.5018 1 6~19 

er 1.1:~ 1.095 l.08~ 1.13i 

Jj111, y <,) 
StPm wood dry w.i~t 

A 3.1184~ ,.,5249 •0.1349~ ·l.Z30t,~ 

p ,. ?011 2. ?$21 0 9331 ~ 0 998~5 

r 0 994 0 91:18 0 (IQ~ 0.99:: 

SD 2_0,n 0 98Ci~? 2.0272 0.9895? 

SEE 1 294; 1 31 ~o 1.11 i'~ 1.1441 

er 1.03: 1.038 1. 01)~ 1009 

Stm1 l:>srk dr? 'ff181'1+ 

A Z 3bl82 l .4t-0~ 3 ·0 ?5~28 -i.1 ?(15 

B 2 6201 2.84t,c: 0 90326 1.0076 

r 0 994 - 0.9"5 0.9~7 O955 

SD 1 9ii64 1.03?8 1.9664 1.03':'€< 

SEE 1.2?4? 1.4570 1.19::~· 1.40b~ 

er 1.03(1 1 073 1016 1 . 0(10 

Sttm 11rwood dr~· 'ffti?',' 

A Z.6430~ 2.s3ne • O. &;:7~,4 • 1.190 1
;';' 

E , 9002 2.?8~';' 1 000? l 0141: 

• (I Q94 0 90~ 0 99~: (I "4 ~ 

st, 2.1 ?,:,? 1 0555 2.1 ?t,? 1 055:-

st! Ut'97' 1.6Zt·c 1.1844 l.4t,:~-

CF 1037 11~~ 1.014 l .07~ 

Ltw bnnct, wr.,c,d md b'IIk. dry w,p1~t,! 

A 2.S285~ ,1 8235~ 0 4t,~01 ·5 301 24 

I: 2 3418 35::10 0 7846'.' 1.1 &4: 

r 0.926 0 93? 0 93f 0.901) 

St1 1 8150 1.2935 1.81 50 1.29~~ 
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St! 1?167 1 6456 1.9919 1 8639 

er 1.150 1.13.: 1.268 1.214 

eurant tY1Q, e!ld l•n•r. dry wi;:-.1 

I,. 4 4?161 2.65541 3.173?6 0.6799& 

i 1.3140 1.6110 0.43?35 0.56509 

r 0.935 0.839 0.905 0.841 

SD 1.04t2 0 6609& 1.046: 0.66096 

sn 1 5035 1.48i'? 1.628? 1 4854 

er 1.oe7 1.os.: 1.126 1.081 

eurai1t e!ld oldu 

ltevts dry 'ftt~l 

A 3.8144 7 ·0.1266 7 193555 ·3.1699t 

B 1.ee~5 2.9308 0 ~30C'i' 0.9941 e 
r 0 954 O934 0.92& 0 90~ 

SI- 1.4133 1.oeo.: 1.4?3J 1.0802 

stt 1.618~ 1.530ti i .12:1 2 i.66i 8 

er 1.123 1.095 1.198 1.13? 

Tc,tal ab,;w~ouiid mau 

J.. 4.369€:~ ;.61S56 1.450E7 •1.08411 

B 2 5043 VH21 0.8601 6 10295 

r 0 qg7 o_qg1 0.996 0.990 

sr, 1.8?3f l .022~ 1.si'3e 1.0225 

St! 1.1830 1.24':'0 UOH 1.1 (~3 

CF 1 014 1 025 1 01 ':' 1 013 
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Or, DBH x (cm) 

A conec,Jc-r A ma~ 

On ltffll penbohC' wtum,. 
x (cm.3} 

A COflColor 6-.m!~ 

On tttm wood p1n.bc•l1c 
,olumt lfllll.!11 UICrt~rJ 

? 
(cm. "/yri 

A eon.;~lor 4...m!~f1C'& 

Jl+t P.TodUC'i!Of1.,.L,(i,:l'.l}. 

Sttm wood production 

A 1.449?9 

B ;.1 ;::t 

r 0 930 

sr, 1.?41 ~ 

SE! 2 (1129 

er 1.27':' 

1.60f,H, 

2.l?H 

0.62? 

1. 9149 

2.19?5 

1 E-97 

·1.16634 

O?50?? 

OC'/35 

1 ?415 

1 9635 

1.255 

·O 930: 9 

0 ?55::. 

0.6:2 

l.194Q 

2.814E: 

1.?0t 

·1.061 €0 

1.0340 

0.9C/4 

l.741~ 

1.2314 

1.0:::: 

·0.53954 

0. QS1 ?C. 

0 99~ 

l.194Q 

1.13f;5 

1.00E: 

Sttm b1rk pr,:,duetior, 

A (I b?~,(11 0 Zl 110 ·1 80511 ·2.18,9'.' ·1.63:,&S 0 693;,. 

f. 2 0896 2.241 & 0 ?2016 O.?t-417 0 9~?17 0 ?90~5 

r 0 q3;; 0. ?11'4 0.936 0.?43 0 990 0.948 
.,., , n,na.,., 1.6701 ...... .., , ! .6701 1.!H (19 l .6?01 l.011'.'9 

Sl:I 1 9~15 :.o~?o 1. 90tl 2.1119 1.3ZO~ 14290 

er 1 ;:4: 1.207 1.23: 1.322 1.0~5 l.OH 

L1" t.ani::t, ~..:,,! atv! b...rk produ;~:on 

A : ~('44 ·2.1 b:39 0. ?0?44 ·5.31191 1 379{'1 0 458~3 

E: l ?38~: 2.884: 0 ~!1414 o.9sn;, 0 (t.(:~7 0S4QE.:, 

r 0.94;; 0 857 0 9:?1 oe~e 0 926 0 8€:~ 

SIi 1.~7~7 l 1593 1.37~i 1.1593 13':'~7 l.1593 

SI! U.5~~ H~bS 1 7968 2.01 :~· 1.?6';'~ 1603: 

er 1.l :,~, 1 ;:44 1.H7 1.:i:-; l.17~, l.l<!C, 

01dtr l~i: prodr1.,,!1,:,:, 

•' 1,.ao,;.,,,_n .._-,,:..,;.--"" _., .,,,~,'. (I ?C:C',::· ~· 
A• -"'·"'·-~·, ·4.6't33( lo,Vli,61"'' '., ..... ., .... -1 4400? .,, .. ,.,·.· ... 
i l Q914 3.00.:7 o666::s 1.01 ~= o e:-536 0.?0~87 

r 0 Q~~- O 93? O933 0 9(17 o.cw: 0.'772 

SIi 1 ~~01 1.103~ 1.,~•0l 1.10:~ 1 ~~•01 l.103~ 

m: I t.;:;t,( 1~30~: 1.84t-1 I 6~3{ ~.0::'99 2.1 7:9.. 
cr l 1"•.· !09~ 1.:?0? 114~ 1.307 1.3~1 
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T ~t•l et,o,,.@,%"o•ind proGuC'tH,r1 

A 4.313?0 1 900?9 '-44?35 -o 724-19 2.??544 2.19563 

B 1.6860 2.2?~7 0 ~?343 0 ?8&?~ O :':'315 0.819 71 

r 0. 9:,t: 0.764 o.94,: A --~I!'u., ~J 0.9t7 ,. "'"-"V,"7VY 

tD 1.311 Q 1.02?6 1.3119 1.0:rn 1.3119 102?6 

SEI 1.50~4 2.08~5 1.5??7 2.1 O?O 1.2643 1.34(11 

CF 1.0f~ 1309 1.1 n.9 1.3:c 1.028 1044 

• 
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APPENDIX III. Seasonal change in foliar concentrations of nutrients at Log Creek during 1984.J 
J 
~ AJ LOG 

K 

.1 
! 

PINUS LAMY!RTU,NA 
ABIES CONCOLOR 
ABIES HAGNJ,.ICA,

,I SEQUOIAOENORON GIGANTEUH 
CEANOTHUS COROUII.A l.USJ 
CORYLUS CORNUTA, 
CORNUS STOLQNIF'ERA 

PINUIS JEP'P'R~YI 
ARCTOSTAl'HYLOS iaATULA 
QUER:cus KELLOGCi,J I 

HERB,S 

LU~'INUS LATIFOL,lUS 
ATHYRIUN Fl~IX-FEMlNA 
P,TE:R:JOIUH AQUIL,JNUM 
Hll!:RIACEUM Al.lUfJ,.ORUM 
OSH01RHIZA CHI&.ENSI$ 
ADENOCAULON e1c;o1,.0R 
PYROILA PICT4 A 
PYR01LA PJCTA & 
PTER:OSllORA ANDJ;tOMe:oe A 
• 

OO.Ne(NJ.RATJON IN HEW fOl,.IAG& IPPM) 
CRf&:K, !!E0VOI•. NAHONAL PIARKt DURING 1984 

JUNE ,!6 ·JULY J JULY 9- JUl,,Y Jl AUG 15 AUG 28 SEPT 1.t 

22100.00 10666.66 8550.00 
10766.66 12533.33 l~J66.66 11733.33 13100.00 11233.JJ 
30466.66 12166.66 1,100.00 15400.00 l26oo.oo 12966.66 
21400.00 18966.66 

H,800.(10 14866.66 
18266.~,6 11300.00 
14433.:ll 9976.66 

JUNE 28 JULY i JULY 10 

1~666.66 15333.33 12433.33 
ltl76.66 7216.66 
8566.66 6893.33 
8010.00 7480.00 

AUG l AUG 13 AUG 27 

18066.66 110JJ.JJ 18433.JJ 12aoo.oo 12966.66 1406,.66 
11333.33 
10196.66 

JULY Z6 

17JJJ.3l 
27266.66 
23700.00 
29866.66 
2saoo.oo 
36100.00 
l6JJJ.J3 
20033.JJ 
l56JJ.JJ 

9456.66 11733.JJ 10100.o~ 10090.00 9593.33 
9d6l.JJ 12866.66 5003.ll 4680.00 11600.00 

14100.00 

SEPT J9 

9980.00 
8206.66 
91JJ.J3 

j N 
w 

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


.... .- ....-------..~~-··---~-,~-

AT 
M& CONCENTRATION IN NEW fQ~IAGE 

LOG CREEK, 5!01)QIA NATIONAL l~RK, 

JUNE 2& JULY 3 JULY 9 

PINU:S LAMi[RTIAl~A
ABit::s eoNCOLOR 205.67 

1573.JJ 
345.67 

ABIE:5 tiAGNlf.lCA 1773.JJ 173.33 
$EQUIO I ADE NORON 16 I 6ANT(UM 
CEAN11)1HUS CORDVIL.A TUS 
CORYII..US CORNU,TA 

2140.00 
4683.Jl 

2803.33 3083.33 
2856.67 

832.67 
CORNIUS 5TQI.ONlfJ~RA 2703.33 477.67 

JUN( 28 Jl)LY l. JULY 10 

PINU:S J[ftFR~VI 
ARCT10SlAPHYlOS IIPAJ,ULA 
QUERICUS KEl.lOGGII 

. 
1296.67 
1776.67 
2913.33 

248.00 
?33.00 
375.67 

l61t6.67 
2123.33 
2960.00 

HERBiS JUl,;Y 26 

LUIUl,-.US LATlfOl,.IUS 4843.JJ 
ATHYIIHUN fU.IX-IPEHINA 8016.66 
PTlRI'DIUM AQUU.INUM 297-J.33 
HIERACfUM A~BIF~ORUM 2110.00 
OSHQRHIZA CHILlNSIS 3503.33 
ADfN,OCAULON BICOLOR 3343.33 
PYROll,.A PICTA A 2366.67 
PYROII..A PIC1iA B 2740.00 
PJERQSP.ORA ANDRQM(O~A 289.67 

CPPH)
OUIUNO 

JUl,,V 31 

647.67 
1623.33 
1200.00 
2093.33 
1058.33 
U,63.33 
1360.00 

AUG 3 

856.00 
1320.00 
914.33 

1984 

AUG l!i 

,01.00 
1533.33 
1220.00 
202ti.67 

ess.oo 
1310.00 
l58i.67 

AUG 13 

854.67 
ijoJ.33 
9zz.33 

AUG 28 

11s,.. ,1 
991 .. 67 

21ee .. 67 

AUG Z7 

864,.33 
1180,.00 
1620,.00 

SE.PT i+ 

1290.011)
1110.011) 
2120.011> 

S&:PT 19 

1213.33 
1153.33 
1120.00 

N 
.p. 

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


CA CONCENTI.ATIQN J-N NIEW f"Ol.lAGE (PPM) 
AT l.OG CREEK, SEQUOIA NAl.H)NAL IPARK, DURING 1984 

PINU!► LAM8£RJIAH• 
ABIE!► CONCOl.OA 
ABIE!i HAGNIF.'ICA 
SlQU(UAOENORON CHGANT.EUM 
CEAN(>TMUS CORDUl,A TUS 
CORY~.us CORNUT A 
CORNLIS ST.Ql,.QNlf'ERA 

P·INU!S Jf;fFRlYl 
ARCT(>STAJMYL.OS l"T.Ut..A 
QUERGUS KE\,l,,OGGll l 

HERB~i 

l.U9.'l'NUS LlTUiOl,,llUS 
ATHYRIUK fl~IX•V,HJNA 
PTERIIOIUM AQUIL,:INUM 
HIER"C~VM ALBlf.].ORUH 
OSMOl~HIZA CHILENSIS 
ADEN<)CAULQN 81Cl)L,OR 
PYROlrA PICTA A 
PYROI.A PICT.A 8 
PTERQ$P.QRA ANOA!DMf.Ol!A 

JUNE 2•f> 

13133.J:) 
21133.3:) 
20466.61& 

JUNt 2,i 

JJJ.o,o 
4253.Jl 
9330.66 

JU~Y 2& 

21233.33 
4990.00 
4763.33 

124.JJ.Jl 
l79lJ.J3 
14966.66 

7973.33 
17566.66 

267.00 

JULY l JULY 9 JULY 31 AUG 15 AUG 28 

164!.JJ 496.33 460.00 
563.67 1250.00 11933.33 12100.00 10•10.00 

2316.61 384.33 8793.33 10050.00 7506.,66 
10216.66 12133.33 9950.00 11633.33 11160.66 

13566.06 6376.66 Zl7J.J3 
2206.67 li333.J3 12306.66 
2396.67 18100.00 22866.66 

JUlY 2 JULY 10 AUG J AUG 13 AUG l7 

243.67 681.33 548.00 lt59.00 523 .. 80 
101.JJ 11633.JJ 1010.00 63133.JJ 6346 .. 66 
847.00 12100.00 (t{,t06.66 6986.66 11466.66 

SEPT ~► 

10833.33 
7826.6~> 

12833.JJ 

S!PT l•~ 

726.00 
6046.6t:> 

10200.00 

N 
U1 

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


NA CONCENTRAflON IN NEW FO~IAGE 
AJ' LOG CREEK, 5,EQUOIA NATIONAL l"ARK, 

JUNE ,:6 JULY J JULY 9 

PiNUS LAM8ERTIANA 
A8IES fONCOLOR 
ABiis· HAGNlfICA 
S~QUOIADENORON GIBANTElJM 
CEANOTHUS CORDIJLATUS 
CORYLUS CORNUTA 
CQRNU$ STQLONlfERA 

85.1!13 
287.6,7 

55.6,7 

1.17 
21.43 
15.20 

118.37 
11.10 
. o.o 
19.17 
38.90 
21.01 

J.84 

JUNE ii:18 JULY Z JULY 10 

PINUS JEl"fRiYl 9.12 0.57 16.17 
ARCTOSTAPHYl;.OS RATUl,.A 2.7 .211 5.39 21.43 
QUERCUS KELLOGGII . 47.rn 15.83 61.70 

HERBS JUL. Y. 216 

LUPINUS LATIFO~JUS 47.!ii7 
ATHYRIUM fl~IX~fEHINA 311 .313 
PTERIDIUH AQUJ~INUM 5.1 • ll 
HIERAGtUM ALBlfLORUM 507.313 
OSHORHJZA CHl~~NSIS 36.S0 
ADENOOAULON BICOLOR 37.1.0 
PYROLA PICTA A JS.JO 
PYROLA PICTA El 85.J.7 
PTEROSlORA ANDROMEDfA 12.;:~7 

(PPM)
OURIHG 

JUl,,,Y 31 

s.16 
8.65 
7.93 
le62 
a.so 

22.ao 
10.25 

AUG J 

7.55 
8.65 

10.35 

1984 

AUG 15 

7.2!:i 
4.25 
4.40 
2.18 

lJ.(t0 
22.10 
13.37 

AUG 13 

a.el 
i.74 

11.10 

AUG Z8 

7.23 
2.53 
o.o 

AUG Z7 

19.30 
13.-63 
82.30 

SEi;tT Ct 

s.Jo 
5.50 
7.32 

SEPT 19 

1.12 
10.81 
38.23 

N 
0\ 

https://ARCTOSTAPHYl;.OS


: 

MN 
At 1;.QG 

PINUS LAHi!A.Jl,~A 
ABIIES CONCOLOR 
ABIES HAGNIVIC,A 
SEQUOIADENOAON GlGANTEUM 
CEANOTMUS CORD!UL.ATUS 
CQR'W'LUS CQR~U.TA 
COANU5 STQLONlf.ERA 

.. 
' PINIIJS JE,FAEYI 

ARC'fOStAl'MYl:,05 PAT.UL.A 
QUEIRCUS KEU,06Cil I 

HtAISS 

LUPlNUS LA:'tlfiOLIUS 
ATHIYRIUM ,u~IK..f.ENINA 
PTEIRIDIUM AQUILINUY 

': HIEIRACEUM AL81F.l,ORUM 
OSH1DRHIZA tHILENSI$ 
AOEINQeAULON BICOL.OR 
PYR,OLA P[CT4 A 
PYROLA PICTA B 
PTEROStORA ANDRQH[OEA 

GONCEN.TRATION IN NEW FOL.IAG! 
CREEK, S~OVQIA NAT''IONAI. RARK, 

JUNt Z6 JULY J1 JULY 9 

126.67 
21.531 .ftJ.23 

166.001 11.11 
251 .331 2d6e00 

238.33 . 186.33 
459.67 29.00 

79.90 2.99 

JUNE 28 JULY c! JUI. Y 10 

147.00 38.9l' 212.33 
26.Jl 0.61' 44.37 

379.33 44.J;li 481.67 

JUI.Y 26 

1zs.oo 
105.57 
116. 13 
162.67 
lU.67 
34.27 
52.87 
62.81) 
o.o 

(PPM) 
DURING 

JUl,.Y 31 

55.60 
218.67 
t.34.67 
Z93.67 

76.60 
c!62.00 

21.47 

AUG J 

89.73 
18.80 

119.57 

1984 

AUG 15 

41.&0 
242.00 
352.00 
385.00 
73.93 
90.13 
lS.37 

AUG 13 

57.17 
.17.80 

166.00 

AUi} 28 

201i.33 
l611t.oo 
14'7 .67 

AU11i l.7 

51.0J 
lil.83 

271 .JJ 

SEPT 4 

239.33 
305.00 
283.00 

51PT 19 

254.67 
20.57 

144.00 

N 
"..J 

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


AL CONCENTRATION IN l~EW fOL.IAG[ 
Al' LOG CPIEE:K, !SEOVOIA NATIONAi. IPARI(, 

JUNE i~6 JULY l JULY 9 

PINUS LAHBERl"l"NA 4oa.,1 
ABIES eoNCOLOR ' 14.4J 24.63 
ABUlS HAGNlfilC" 133.33 1s.11 
SEQUOIADENORON GIOANTEUH 12.43 20.03 
CEAHO.JHUS CORDIJ1.ATUS 293.Jl 136.0U 
C()R1fLUS CQRNUT J~ 
CORHU5 STOl,.ONlfERA 

1256.,6 7 
2Slt.33 

32.63 
11.01 

JUNE 28 JULY l JUl.Y 10 

PJijlJS JEPl'REYI 79.83 10.39 120.67 
ARC1rOSTAPHYLOS I ATUl,.A 62.60 11.37 116.JO 
QU!l~CUS KELt.:OG11H I 157.00 19.43 299.33 

Hf;AljS JULY 26 

1.UllilNUS LAt1,.01i;,:1us 136.43 
ATH'tRIUM Jll;:IX·•F'EHINA 328.33 
PTfRl&IUM AQUlLINUN 77.83 
HIEl~ACEUM Alr8lfl,.ORUH 340.67 
0S.,.l~RHIZA CHll.iENSlS 74.03 
ADElillOCAULQN BICOL.OR 58.57 
PYRIDl,.A PICTA A 1s1.oo 
PYRIDLA PICJA Ii 165.67 
PTEIROS&:ORA ANDROM~Dl:'.A 10.35 

CPPM) 
DUWING 

JUI.Y 31 

66.47 
146.00 
213.33 

6.57 
24.60 

226.00 
67.93 

AUG J. 

87.lH 
3i!.07 
61.00 

1984 

AUG 15 

58.67 
811.77 

110.00
1s.,1 
41.47 

155.67 
123.01 

AUG 13 

6T.83 
38.37 
75.93 

AU<li 28 

l6C11.JJ 
8Ci1. 70 

~► -13 

AU(; Z1 

lllle8J 
51.37 

441~.. 33 

5EPT 4 

92.HJ 
110.67 

10.ao 

lilPT :l9 

115.:33 
36.ll)J 

1a1.1!,7 

N 
CD 

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


• 

FE eONCtHJRATION IN NEW fOl.lAGi 
AT LOG CREEK, SEQUQiA NA'flONAL ltA~K, 

JUNE 26 JULV :3 JULY 9 

PlNIUS LAtil8IRJJ:ANA 87.77 
ABIES eoMCOl,."OR! o.o 11 • 6t: 
ABllS HAaNlf.JC:A 10.s:, o.o 
s.e:c:i1uo I ADENOAOhl O I GANT.EUH 8Z. 110 81.23 
Cij,NQJMUS CORDULA T,US 
CORIYI.US Cj)Rt-lUl'A 
CORINUS STQLQNJ:fERA 

29O.,Jl 
753.,33 
Zl2,.33 

21s.~3 
39.07 
18.83 

JUNE 28 JULY ,i! JUI.Y lO 

Pilt,IUS JE,,,REYll 39,.10 o.o 74.77 
ARC:t.osT.AIIIHYl;;OS p ATULA 125,.33 1.J.e 109.00 
aue:A£US KELI..O,iGI I 218,~OO ll.50 l85.67 

HUIBS JULY 26 

t.Ull!1NUS LAllFCILIUS 145,.OO 
ATHYAIUN flLIX•fEHINA 305,.00 
PU:R10IUM AQUJ:1,.INUH 167,.67 
HU:Rf\CtUM AL,Bl!FLORUM 260,.67 
OS~IQRHIZA CHH,ENSIS 110,.67 
ADE:NOC!AULQN BIi COLOR 118,.OO 
PYR!OLA PICT:A ,1 97.83 
PYRtOLA PIC.tA ll 159.OO 
PH:ROSP.ORA ANDRQME.Oe;A 9.66 

(PPM) 
DURING 

JUl,,Y 31 

40.80 
57.87 
78.20 
45.60 
64.SO 

zoo.oo 
87.60 

AUS 3 

56.63 
74.Sl 

114.13 

1984 

AUG lS 

31.27 
4i.23 
ltlt.93 
59.43 
ea.Jo 

138.67 
112.83 

AUG 13 

46.20 
67.60 

113.OO 

AUIG 28 

5,8.37 
!318 .67 
31i.97 

AUG 27 

u2.oo 
;r7~47 

JJ,J.67 

SEP1' 4 

46,,80 
51 .. 53 
46 .. 53 

SEPT 19 

1O2 .. a1 
69 .. 73 

2141100 

N 
I.O 

https://ARC:t.os


SI 
Af LOG 

9U!IUS I.AMBERT 1'~NA 
ABIES CONCOt,:OA 
Aeu:s HAGNltr.IC:4~ 
$EQUOIAOENDRON Gl6ANTt:UM 
CEANO.TMUS CORDULATUS . 
coR,rLUS CORNU.T J~ 
CQRNUS STQLQNlfl:)~A 

PIN"S JEl'fi'REYI 
ARC~roSTAPHYl,.05 i:tATULA 
OUEHCUS KEl.(;.064:H I 

HEAHS 

LUPlNUS LA.tlfOj:,;IUS 
ATH1fAIUM JJL.U••rl!MINA 
PT!RIDIUM AOU,11.INUM 
HlfHAl?f;Vtd Al,.'BlfLORUl-4 
OSMORHllA CHILENSIS 
ADENOCAULON 814:QI..OR 
PYRC)LA PlCTA A 
PYROLA PICTA la 
PTEl~QSl\lRA A.NDl~OHEDl:.A 

0ONCfN1fAATION IN IIIEW fOl,.IAGli 
CREEK, l,~OUQIA NATIONAL P.ARK, 

JUNE i!6 JULY a JULY 9 

1069.:33 
2336.if> 7 

81(.. 11)0 

64.61 
16.90 

ll3.67 

831.33 
130.00 
34.13 

2os.oo 
572e33 
Zll.33 
136.67 

JUNE ;zs JUL.Y l. JULY 10 

57.10 20.10 288.67 
301.1&7 125.33 438.00 
589.00 l40.67 933.67 

JULY ;Z6 

514.,DO 
11200.00 
7063.JJ 
993.67 
412.&7 
315.33 
353.33 

3023.Jl 
85.73 

CPPMJ 
DURING 

JUl,.Y 31 

434.00 
298.33 
Sl0.67 
244.CJO 
1ts2.oo 

1793.33 
1040.33 

AUG J 

260.67 
325.67 
904.67 

1984 

AUG 15 

44;!.JJ 
256.00 
192.00 
3ll.33 
744.67 

1503.33 
1356.67 

AUG ll 

164.33 
443.67 

10061.00 

AUG 28 

31t8.3J 
168,.33 
1091.JO 

AUCii 27 

46~► .6'7 
311'.00 

159E,.67 

SEPT 4 

303.E,7 
251.~13 
434.33 

S&:PT ll9 

617.:ll 
659.JJ 
968.:ll 

w 
a 

https://159E,.67
https://10061.00
https://11200.00
https://ARC~roSTAPHYl,.05


ZN CQNCEINTRATION IN NEW FQl,.IAGII (PIIM) 
AT LOG CREEi(, S~QUQIA NAT.IONAt,. IARK, DURING 1984 

JUNE Z6 JULY 3 JULY 9 JU\,.Y ll AUG 11 AUG l8 SEPT 4 

Pit.US LAMEIERT [ANA 
ABIIES CONCOLOI~ 
ABllES HASNU'll~A 
SEl~UO I Ae>ENOROI~ GI GANTEUH 
CEl,NO.THUS CORllUJ..A TUS 
COlfYLUS CORNUl A 
COl~NUS STOLONIFERA 

14.57 
19.17 
12.73 

J.8i 
31.JJ 
17.63 

11.,1 
6. 13 
,.e1 

14.JO 
10.s1 

o.tt9 
0.41 

20.53 
25.80 
19.97 
17.30 
13.90 
22.90 
15.47 

11.87 
11.tt7 
z1.so 
ll.07 
li..57 
li.23 
13.20 

.~1. 00 
ll9.73 
ll 7.97 

13,53 
21,00 
13,4(1 

JUNE 28 JVlrY a JULY 10 AUG 3 AUG ll AIJG Z1 SiPT 19 

P11,aus JfFfREYI 
ARl:TOSTAPMYl,.O!S PATUl,.A 
QUl~RCUS KELLOll,(U I 

24.87 
21.47 
15.40 

ltt.5,3 
5.04 
4.S,J 

21.il 
l4alt7 
16.77 

19.60 
15.83 
19.80 

18.60 
11.33 
15.(tJ 

l9.1J 
13.13 
;~9.20 

16.23 
10076 
15.17 

Hfl~BS JULY 2ft 

LUll!NUS LAu,11>1. IUS 
ATliYRllJN flLl:it•fEMINA 
PTERIOIUM A0UlLlNUY 
H·ll~RAO~UM Al,.Blf.l,.ORUH 
OSHORMlZA (JHll~ENSIS 
ADl~NOOAUl.Qt-1 BICOLOR. 
PYl~OLA PJCT,4 ,~ 
PYl~OLA PICT.A II 
PTl~ROSP.ORA ANlllROHEO[A 

14.47 
lJ.73 
11.11
1s.oo 

7.61 
7.95 

13.77 
9.49 

15.53 

w 



.. -- --A 

CPPH)
DURING 

JULY 31 

1-70 
1.32 
2.36
0.40 
J.J0 

17.80 
4.'.,IJ 

AUO J 

2.12 
2.12 
s.n 

1984 

AUG 15 

a.JO
o.s1 
o.r,4 
1.39 
5.25 

14.87 
7.66 

AUG 13 

0.10 
2.43 
7.29 

AUG 28 

2.09 
0.22 
o.o 

AUG, 27 

21 • 615 
31.·01 

25ile90 

SEPT 4 

0. r,17 
o.e12 
l .-;.17 

SEPJ l9 

} .E12 
2.os 

11 • €19 

PlNlJIS LAHBfRTHINA 
ABIE:s CONCOLOR 
ABIE:s HAGNIFic,1 
S~Q\JIOIADENORON GIOANTlUH 
CEAHOJHUS CORDULATUS 
COR'1'LUS CQRNUJ ,1 
CORNIUS SJO.L.QNlf'.fRA 

PINlJIS JEfFReYI 
ARC1'05T.APHYLOS PAT.ULA 
QUEfltCUS KEl.tOG(H I 

Hf:Rl:ltS 

LUiUNUS LAU,OL.IUS 
ATH'1'RIUN ,n:1x..,f!EHINA 
PTEIUDIUM AQUIL,lNUN 
HI Ef1:ACt:UH Al,.Blf'LORUH 
OSMORHIZA CHILENSIS 
ADENOCAULON IHC:Ot..OR 
PYROLA PJCTA A 
PYROILA PIC.t4 B 
PJffltOSP.O.RA ANOlltOMEOf.A 

:U CPNCfN1fAATJON IN IIIEW FOLIAGE 
Al lOG CREEK, 9EQUQIA NATIONAL ,ARK, 

JUNE j~6 JUI.Y, JULY 9 

2.,0 
o.o o.o 
1.31 o.o 
1.2ft 1.99 

12.67 9.16
54. ;ro o.o 
10.!,3 o.o 

JUNE i!8 JULY c! JULY 10 

o.,, o.o 1.45 
z. ll4 o.o s.10 
5.0<. o.o 11.20 

JULY i!6 

1.s1 
19.1,0 
13-••3 
29.SJ 
2.:ia 
s.s2 
s.,,o 

13.aJ 
o.o 

_. 
w 
N 

https://PJffltOSP.O.RA


CU CQNCENJRATIQN IN INEW FOLIAGE 
A' 1;.0G CREEK, :SEQUOIA NATIONAi. ll'ARK, 

JUNE ,~ll JULY 3 JULY 9 

PINUS LAltSEAtlANA 
AHIES tONCOI.OR 
ABU~S HA&NlflC1, 
SEQUOIAOENOHON GIGANTEUM 
CEANOTHUS CORDIJLATUS 
CQR1fl..US CORNUT1, 
CORl'f.US STQL,ONllf.ERA 

6.80 
16.83 
~-18 

1.19 
u.13 
l0.93 

7.81 
3.07 
1.53 
9.Sl 
7.72 
2.54 
0.64 

JUNE 28 JULY c!I JULY 10 

P,lNl~S J[fF'A~Yl 4.9§ 1.4~1 5.94 
ARC'.f05JAl'MYLOS ~ATULA 6.60 0.11 3.26 
QU~l~CUS KELt.06,GI I 9.16 J.oo, 10.24 

HtA18S JULY 26 

LUP.INUS LATIJ101.IUS 3.38 
ATHYRIUM f'lt.Ix~,tHINA 9.91 
PTERIIIUM AQVILINU~ .5.29 
HIEIRACEU"1 &1,.81,-LORUH 12.57 
OSH,()RHJZA CHII.ENSIS 4.40 
AOEN06AULON 81COI.OR 6.32 
PYROLA P.IClA A 6.84 
PYROLA PICT.AB 5.29 
PTfROSlORA ANDRQM~OtA 0.31 

(PPM)
UWHNG 

JULY 31 

l.04 
4e67 
5.36
s.1s 
J.os 
Seib 
2.ss 

AUG 3 

2.48
2.os 
3.45 

1984 

AUG 15 

2.69 
3.20 
6.13 
s.20 
2.2s 
5.19 
2.12 

AUG ll 

2.40 
a.JJ 
l.13 

AUG ZB 

, •• 17 
:1.60 
~... ,a 

AU!i 27 

2.22 
,.19 
·1.00 

5EPT It 

2.!i3 
4.1~0 
J.19
• 

SIPT 19 

l•79 
1.66 
3.63 

w 
l·' 

https://81COI.OR


AT 

PI N\.IIS LAH8ERTU1NA 
ABJt;5 OONCOL.OR 
ABIE:S HAINlf 1c,, 
SEQI.IOIAD[NORON Gl6ANTEIJH 
CEANOJHVS CORD~ll,.ATUS 
coR,'LUS CORNUHI 
CORNUS STOLONIEERA 

PINUS JEP'fAEYI 
AReirosTAPHYL.O5 RATULA 
QU[flCUS KEL.LOGCH I 

HEAHS 

LU911NUS LATlliQl~IUS 
ATHYRIUN FILIX-fEHINA 
PTERIOIUM AQUILINUM 
H•JEHAtEUM ALBffl.O~UM 
OSMORHJZA ~HIL[NSIS 
ADENOCAlJLQH Bii;Ol.,QR 
PYROl,.A PICTA A 
PYROLA PICTA B 
PTEl~QseoRA ANDIROMEDfA 

' 

B CONCfNJrRA'rJON IN HEW FOLIAGE 
LOG CREEK, !IEOVQIA NATllONAL RARK, 

JUNE c!6 JULY l JULY 9 

28.(tl 
6~ 13 7.42 

Zit.SO T.09 
39.70 J6.70 

ze.i~o 43.70 
40.l7 15.97 
21.!i!3 t..88 

JUNt i~8 JULY i JULY 10 

9.;~2 4.93 19.13 
17.,23 6.36 11.33 
22.·73 13.57 41 .20 

JULY ;~6 

23.10 
22.a1 
32.80 
J6.27 
14.97 
29.10 
24.53 
39.07 

2.19 

(PPM) 
DURING 

JUI.Y 31 

22.87 
18.67 
36.90 
39.40 
25.70 
44.57 
10.83 

AUG 3 

12.01 
21.63 
6Z.97 

1984 

AUG 15 

16.90
z1t.,1 
39.57 
41.23 
40.87 
43.21 
9.7i 

AUG 13 

1,.31 
11 .2s 
Si.OJ 

AUG i:8 

28.SJ 
2J.B3 
34,.97 

AUG, 27 

l§ii.77 
HI-.JJ 
61,.67 

6EPT 4 

20 • c,,3 
24-13 
38.313 

6EPT J,9 

17• 110 
8-i!J 

50-~•7 

w_.,. 

https://AReirosTAPHYL.O5
https://OONCOL.OR


- ~ 

V CONCe;N;rRATION IN INEW fOt.lAGl 
Af LOG CREEK, SEQUOIA NATIONAL ,ARK, 

JUNE ;~6 JULY J JULY 9 

P,JNUS LANBERfl~INA o.o 
ABIES eoNCO~'OA 
ABIE:S HA&Nlf.1"1 

8.t»0 
o.o 

a.29 
9.62 

SEQt,IOIADENOAON GIGANTiUM 
CEAMOfHUS CORDllt..ATUS 
cOR'l'I.US co1mur" 
CORMU$ ST.OLONlf~RA 

o.•1)0
o.;~9
1.:39 

o.o o.o 
0.09 
8.13 
9.9z 

JUNE ;~8 JULY 2 JUl.Y 10 
Pl"41.1S Jfrf'R[YI 1.16 9.6J 1.• 31 
ARt~~os T ,,HY~OS ff ATULA 1.105 I0.36 0.41 
QUEfitCUS KEL~OG(j 11 1. 11)6 9.59 1.12 

HEAE1S JUl;.:Y i~6 

LUPl:NUS LATlll'Q,,Jus 0. 11> 

ATHYRJUN fl~IX-,EHINA 0. 11) 

PTf;fitIDIUH AQU(l,INUM 0.1D 
HIE:FtAOEtJM ALBifLORUH 0.11) 
OSHORHIZA CHILENSIS 0.1[) 
ADENOCAULON Bl(tOLOR 0.11) 
PYRCILA PJCT.A A 0. 11) 

PYR(ILA PICTA 8 o.,o 
PJE~tOSllQRA ANDHOMEDEA 8.,29 

(PPHl 
DURING 

JUl,,Y 31 

o.o 
0.94 
o.oe 
0.01 
o.o 
1.21 
0.46 

AUG J 

o.o 
o.o 
0.01 

1984 

AUG 15 

o.o 
1.16 
0.84 
o.o 
o.o 
o.o 
0.60 

AUG 13 

o.o 
o.o 
o.o 

AUc:l, l8 

1.oe 
1.• 39 
~I• 2ft 

AU~i 27 

(1.0 
(1.0 
(1.0 

SEPT 4 

1-~•2 
J .!>0 
0.:16 

&EPT 119 

1 • 117 
o.u 
0 .I) 

w 
lT1 

' 

https://Pl"41.1S


SR CONCENT~IATION IN NE:W FOl,lAGf 
AT LOG CREEK, SEUUOIA NATIONAL PARK, 

JUNE 2E1 JULY 3 JULY 9 

PINUS l:AM8[RT-1ANIA · 
ABIES CQNCOLOA 
ABIES l4A8NI,ICA 
SE QUO I AOfNORON G, I GANTEUM 
CEANOTHUS CORDUL,ATUS 
CORYLUS CORNUTA 
CORNUS 5TOLONIFERA • 

93.4(1 
169.J:I 
134.61r 

J.85 
11.11 
81.93 

3.33 
6.03 
2.41 

98.63 
120.,1 

11.01 
10.67 

JUNE 20 JULY 2 JULY 10 

PINUS, JEP:FR6:Y1 o.6!ii 1.97 le99 
ARCTCl1STAPHYLOS fllATULA 2J.6C) l.60 - 81.'tl 
QUERC:US KELLOGGJI J0.2ir J.27 40.67 

HERBS, JULY 24, 

LUPlNIUS LATIFOJ,.IUS' 152.0I) 
ATHYRIUM flLIX-FEMINA 95.2'.r 
PTERlDIUM AQUll.J:NUH 110.3:3 
HIERA,CfUH ALBlfL,ORUM 65.9"7 
OSHORHIZA CHILENSIS 161.0I) 
AOENetCAU\..-ON BI CCll..QR 103.0·1 
PYROL.A PICT.A A 62.21~ 
PYROL.A PICTA 8 102.3·7 
PTERos,oRA ANDROMEOBA 2.1 41t 

(PPM) 
DURING 

JUl.,.Y 31 

2.24 
126.JJ 
52.67 

198.00 
78.20 

179.67 
2J7.J3 

AUG 3 

2.60 
59.SO 
26.97 

1984 

AUG 11 

S.Jl 
119.00 
41.83 

211.JJ 
s2.10 

12i.67 
304.00 

AUG 13 

1.92 
39.17 
Ji.SO 

AUG 28 

110.JJ 
Jl.80 

,:l0T •,7 

AUG 27 

:,.oo 
43.73 
52.i!l 

' 

IEPT 4 

92.73 
36.20 

298.67 

51PT l'il 

leOf:1 
35.931 
36.8(1 

(..J 

°' 



/ 

&A eC,NCENfRATJON IN NE 1111 FO'-IAG! 
All' tOG CREEK. !E!~l)OI& NATIOINAL PARK• 

JUNE 26 JULY 3 JULY 9 

PINUS LAMBEA'itJAtiUI J.50 
ABIES CONCOl,.OR e.eo 20.JO 
ABIES HAGNlf'ICA 6.87 o.49 
SEQl)OlAOENORON GIIGANTEUH 
CEAN01'1iUS CORDUL'I TUS 34.83 

11.17 15.07 
44.70 

CORYLUS CQRNUTA 
CORNUS STOI..ONlfEFIA 

109.00 
J3.07 

16.43 
1.08 

JUNE 28 JULY 2 JULY 10 

PINU~ Jl!l"FREYI 0.12 o.o 2.01 
ARCTOEITAPHYLOS P,~TUL'A 49.27 14.40 8S.eo 
OUERCLIS KELLOGG I l[ 29.70 5.78 46.30 

HERBS JULY 26 

LUPlNl!S LATIF~llJS 62-17 
ATHYRIUM flLIX-JEHINA 268.00 
PTER1DIUM AQUII..INUH 208.67 
HIERACEUM ALBlfLORUH 33.23 
OSHORt'II Z A CH I l.ENS IS 59.40 
ADENOC:AULON BICOL.OR 39.50 
PYROU1 PICTA A 47.07 
PYROU1 PICTA i 106.80 
PTEROSPORA ANDROHEOEA 0.68 

(l>PH)
DUAINIJ 

JULY 31 

1.54 
91.13 
14.50 
26.60 
32.40 
73.23 
37.07 

AUG 3 

1.97 
10.23 
14.97 

1984 

AUG 15 

a.02 
111.,1 
13.93 
Zlt.73 
17.30 
80.40 
41.73 

AUG 13 

1.aa 
7Z.IT 
zo.73 

AUG c!8 

81.(17 
l l. c13 
37.(13 

AUG c~7 

l.:t7 
,0.110 
Ji. ir3 

IEPT 4 

86.70 
llel7 
36.77 

SIPT 19 

2.43 
44e!i7 
24.77 
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LI ftQNCENfAATt()N IN NEW FOLIAGE 
AT LOG CREEK, SEQUOIA NATIONAL PARK, 

JUN[ 26, JULY l JULY 9 

P·INUS LAH8fR1'1ANA o.si 
ABIES CONCOLOR 
ABIES HAGNl,ICA 
SEQUOIAOENDRON GJGANTEUH 
CEANOTHUS CORDULATUS 1 • Iii!( 

6.39 
0.91 
0.79 

7.5(, 
4.42 
0.,1 
o.as 

CORYLUS CORNUTA 1.7ii 14.97 
CQRNUS STO~ONlfERA 2.3~► ll.;!3 

JUNE 2!1 JULY 2 JULY 10 

PINUS: JEP'f'REYI O.Jl1 1.59 0.68 
ARCTOSTAPHYl;;OS f'ATULA o.air 5.81 0.1, 
OUERCUS KELLOGGII 0.8!i 6.30 1.18 

HERBS: JULY Zf, 

l,:UP,tNIUS LAT.I,Ol,.lUS J.6Ei 
ATHYR:JUM ,1LIX•ll'EHINA 25.4ir 
PT~RlfUUH AQUIL.lNUM 1.2H 
HIERA,CEUM ALBlr,J..ORUH 1.1;r 
OSHOR:HlZA CHILt;IIISI$ 3.40 
ADfNOIOAUl.ON d I COl,.OR 2. 113 
PYROL.A PICTA A l .4•b 
PYROL.A PICTA If 2 • 81) 
PTERCISP.ORA ANDROHEDl!'A 2.31& 

Cl'PH) 
DURING 

JULY 31 

0.10 
1.03 
o.4a 
o.a6 
1.09 
1.1s 
2.14 

AUG J 

o.93 
1.03
o.a& 

1984 

AUG 15 

o.oo 
0.iS 
0.19 
0.73 
0.1, 
l .67 
2.19 

AUG 13 

o.,o 
1.03 
1.1, 

AUG ;~8 

1.01 
o.t.6 
o.e1 

AUG 27 

o.74 
0.93 
1.s1 

IEPT 4 

0.11 
o.sz 
o.ao 

• 
l[PT 19' 

o.11t 
1.01 
1.jJi 

..... 
w 
()0 

https://ADfNOIOAUl.ON


/ 

PB tONCENTFIATION IN NEW fOLIAG! 
AT LOG CREEK, SEQUOIA NATIONAL ,.ARK, 

JUNE 26 JULY J JULY 9 

PI NUS LAt4aERT I ANIA 5.49 
ABIES CONCOLOR 7.09 10.99 
ABIES MAtlNIFICA J.88 4.74 
SEOUO I A DENDRON G, I GANTEUH s.22 s.so 
CEANOTHUS CORDUL.ATUS 7.311 1.,1 
CORYLUS CORNUTA 
CORNUS 5TOLONIPERA 

9.J«) 
1J. I it 

S6.77 
21t.01 

JURE 21:t JULY 2 JULY 10 

PINUS, JEP'f.~EYI 4.31~ l.89 4.35 
ARCTOSTAPHYLOS PATULA s.J!i 14.83 ,.i7 
QUERCUS KELLOGGII 8. 71) 35.67 a.99 

HERBS, JUL:Y 21, 

LUPlNIUS LATIJOl,.J:us 7.6'1 
ATHYIHlJH flLIX-f'EMINA 13.5'.3 
PTERieIUM AQUILINUH 9.Jl 
HIERACEUM ALBIFLORUH 1o.s-~ 
OSHORHIZA CHILENSIS a.Ji+ 
ADEN0tCAULON BICCILOR 8.6l 
PYROL.A PICT.A A 1 • l!i> 
PYROL.A PICTA 8 9.91 
PTEROSIIORA ANDRCIMEDl!A 9.8.~ 

(PPM)
UURING 

JULY 31 

8.44 
4.11 
4.71 
2.42 

11.37 
12.93. 
10.02 

AU& 3 

o.o 
1.36 
7.89 

1984 

AUG 15 

9.33 
1.93 
1.1s
o.9e 

12.63 
10.49 
)l.73 

AUG 13 

o.ol 
0.11 
,.39 

AUG 28 

J.61 
J.21 
o.42 

AUG 27 

0 •. 02 
1., 5.6 
4.,07 

SiPT '4-

2,wt31 
J.41:1 
4ell!I 

llPT l~I 

1•24~ 
1-10 
2o4ll 

w 
\0 
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CO CONCENTRATION IN NEW FOLIAGE 
AT LOG CREEK, SEQUOIA NATIONAL ~ARK, 

JUNE 21:t JULY l JULY 9 

PlNUSi LAMBERTIAHA 1.§4 
ABIESi CONCOlOR o.o o.o 
ABIES MABNIFICA 0.46' o.o 
SEQUOIAOENDRON fllGANT!UM 0.01 o.o 
CEANCIJHUS COROUl,ATU5 1.69 o.so 
CORYL.US CORNUTA 4.9'~ o.o 
CORNllS !TOLONIPt~RA o.s•~ o.o 

JUNE 2111 JULY 2 JULY 10 

PINUS JErFREYI o.u, o.o 0.91 
ARCTOSTAPHVLOS PATUL'A 0.21 o.o o.49 
OUERCUS KELLOGUill o.a1 o.o 1.46 

HERAS JULY 2 1ft 

LUPINUS LATIFOL1US 0.14 
ATHYIHUM FILIX•fl!:MINA 2.01 
PTERIDIUH AQUILINUH o.J& 
HIERACEUM ALBIFLORUM 1.sz 
OSHORHIZA CHl~ENSIS o.so 
ADENOCAULON BICOLOR 0.23 
PVROI.A PICTA A 0.44 
PVROLA PICTA i 0.86 
PTEROSPORA ANDROMEDEA o.o 

(PPH)
DURING 

JULY 31 

0.49 
O.il 
0.98 
o.o 
o.o 
1.11 
0.21 

AUG J 

0.64 
o.o 
0.37 

1984 

AUG lS 

o.ss 
0.36 
o.os 
o.o 
0.11 
1.01 
0.74 

AUG ll 

O.!iZ 
o. 14 
0.69 

AUG 28 

0.63 
0.21 
o.o 

AUG 27 

0 .. 86 
0 .. 02 
2 .. 00 

SE.PT· ti, 

O.J~I 
0. Jf1 
o.o 

SIPT llJ 

o. 1:1 
0.0i! 
o.a·, 
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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 ·.,ere 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 should be 
matched reasonably well to the diameter of the new growing root tips. If too 
small, roots may be turned aside rather than penetrate the screen. If 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 occasion 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 finaiiy indicated polyester as the material of choice because 
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 a slit in the soil with a long, narrow blade, then doubling the 
screen around the blade, re-inserting it into the slit i~ 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 circumstances. The method that has been successful in the 
widest variety of conditions involves a tool consisting 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 slide ha'!!!!ers 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 
quickly 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 faericate them ourselves from machetes and large saw·blades. 
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Disturbance effects: The observation of below ground processes 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 sec~"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 complexity 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 the intercept counts. Attempts 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 roots during screen withdrawal (Table 28). Half of a large 
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 lines 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 soil is estimated by 2 multip~ied 
by the number of intercepts per unit area. The screens are inserted in the 
soil at a 45° angle, randomly oriented with respect to each other, to 
approximate the condition that non-randomly oriented lines can be estimated by 
averaging the intercept counts at three mutually perpendicular faces of the 
cubic soil volume. 

• 
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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 technique in two laboratory 
experiments reported in the original proposal, where excellent agreement 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 
length and distribution of onion roots in the field and laboratory. Journal of 
Applied Ecology 8:543-554. 
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T.abll 28 
COflPAR!SON OF TWO PLANE WITHDRAWAL METHODS 

Dug 11i th Ni thdrn1n 
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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 
ana·lys is. 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 colllllunities 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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We acknowledge with thanks the continuing cooperation and logistic support of 
the staff of Sequoia and Kings Canyon National Parks, particularly 
Dr. David Parsons and Thomas Stohlgren. This support has been an essential 
element in the success of our research orogram. Our work could not have been 
carried out without the field assistance of a number of individuals. 

This report was submitted in fulfillment of ARB contract number A3-O97-32, 
"Vegetation Process Studies," by the Laboratory of Biomedical and Environmental 
Sciences, University of California, Los Angeles, under the sponsorship of the 
California Air Resources Board. Work was completed as of 23 August, 1985. 
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The statements and conclusions in this report are those of the contractor and 
not necessarily those of the California Air Resources Board. The mention of 
cu,111111:~r~idl pr-oducts, theii source, or their use in connection with material 
reported herein is not to be construed as either an actual or implied
endorsement of such products. 
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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 managing 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. 



RECOMMENDAiIONS 

-It has been stressed throughout the conmunications of this project that the 
collection of baseline data is intrinsically a long-term task. Some of the 
most impo~tant m~asurements, especially above- and be~ow-g~ound ~rodu7tio~, 
can be quite variable from year to year. An example 1s evident 1n this first 
year of work. The conventional soil core method for determining below-ground 
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 pol1utioti may be expPessed in 
ways that are not anticipated by the rather limited 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 ~aterials. Both leguminous and non-leguminous nitrogen 
fixation should be quantified, and the responses to pollutants studied. 

The pollution responses of the primary producer species should be studied under 
controlled, greenhouse conditions. 

The response to pollutants 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 biological effects of reduced productivity 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. 
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INTRODUCTION 

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. Our 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 losses 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 loss 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 
California. 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 to 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 doeurnentation of both the short and long-term effects of acid 
deposition is an essential goal of the State of California. A broad ecosystem 
study in the form of an integrated watershed study is the most 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 a 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 
little organic matter content to adsorb atmospheric inputs of nitrate or 
sulfur. 

The objectives of this study are as follows: 

1. Species/Connunity Studies 
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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 resear~hers 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 De,osition Program (NADP) since 1980. The NADP station, located at 
Giant Forest, has established that summer pH values are normaiiy below 5.0, and 
occasionally can drop as low as 3.5. Summer and fall storms usually carry less 
precipitation than winter storms, when the pH is usually between 4.5 and S.S. 
Nitrate is thought to be more significant, relative to sulfate, at Sequoia 
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 f.i!!.!!! contorta var. murrayana (lodgepole
pine), f. monticola (western white pine), f. jeffreyi (Jeffrey pine), and 
f. balfouriana (foxtail pine). Locally common shrubs are Phyllodoce breweri, 
Chryso1epis sempervirons, 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 meteorological 
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. All have a cryic temperature regime and sandy or or coarse-loamy 
textures. Most are classified as lithic cryumbrepts and entic cryumbrepts. 



7 

Soil depths to underlying rock range from 10 to 50 cm. Late Spring 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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STANO DATA ANO DYNAMICS 

The primary objective for ~his portion of the work was to collect data from the 
above activities and from older data bases, such as those su1T111arized by Rundel 
et al. (1977), and prepare an updated, detailed description of the vegetation 
types under study. The final sull'lllaries 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 

c) 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 co1T111unities (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 sull'lllarize 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 su11111aries, and must await publication of each unit of research 
according to the schedules of the individual research efforts. 
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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 to variables 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 pollutants to 
these types of multivariate analyses is that long-term records of pollutant 
levels are generally no~ available. The approach in such studies has been to 
assume that if relationships of tree-growth to climate (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 analyses to investigate the growth response of Larix 
occidentalis (western larch) to S02 emissions from a lead-zinc smei'terat 
Trail, British Columbia. Their study benefitted from a good documentation of 
so2 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, NOx, 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 suggest that decreases in tree growth near LaPorte, Indiana, during 
the 1940's may have been attributable to air pollution. Other examµ1es of this 
approach are studies by Strand (1980) in Norway, Roman and Raynall (1980) and 
Puckett (1982) in New York, and Johnson et al. (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 physio_logical stress induced 
by components of acid deposition. · Cogsbi 11 ( 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 Oak Ridge National Laboratory in the 
Great Smoky Mountains National 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 years in relation to values for the previous 
half century. These increased concentrations of trace elements, in some cases 
approaching toxic levels, result from increased solubilization of soil elements 
as well as from anthropogenic origins. -;he 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 Pinus virginiana and Abies balsam@a suaaest that 
this assumption appears to be valid (Hagan in Baesaiici McLaughlin 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 
possible pollutant effects on growth can be recognized. The chronology is 
being developed from sample cores from three dominant tree species in the 
Emerald Lake area- fi!l!:!! contorta var. murrayana, ~- monticola, and E­
balfouriana. The other objective was to analyze tree rings for concentrations 
of potentially toxic trace elements 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~- 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 to find equations for species with similar form. 
Of course, the use of such equations is complicated not only by problems 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 l, 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 equations based on 
other geographi"c areas are unlikely to provide satisfactory estimates in our 
study area. Biomass estimates can be made at intervals, however, and 
production estimated from biomass increments. 

We are utilizing a set of dimensional analysis data from comparable or 
identical species in the Pacific Northwest or Rocky Mountains (Table l). These 
existing regressions (see Gholz et al. 1979) which substitute 
Chamaecyparis/Thuja for Calocedrus, Pinus ponderosa for~- jeffreyi, and~­
monophylla for~- balfouriana (this will be checked with data for~­
albicaulis- see below) and old growth Pseudotsuga menzeisii for 
Seguoiadendron giganteum. Some data on biomass distribution with branches of 
Seguoiadendron has been collected by T. Stohlgren of the National Park 
Service. 

During the current year we have been working with the National Park Service to 
make parabolic 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 parabolic stem volumes on a subset 
of these. 

Dimensional data on woody biomass fractions of~ contorta var. murrayana
(as well as~- albicaulis and Tsuga mertensiana) in the Sierra Nevada were 
presented by Davilla (1976). 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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Table I 
REGRESSION EQU~TIONS FOP. ESTINATIN6 

BIONASS OF SELECTED CONIFEROUS SPECIES 

I= DBH in Cl 

Total atove-ground bio1aes is su1 of coapor.ents given 

Species A B authority 

P. baifouriana based on 
f. !9.hilH 
(Y=ln DBH. C= crown d1a in~ and S=4 steae breast r.eigh~i 
Nilier e! al. 198: 
-1.42'3 1.241 0.347t:nC-(i,274lnS 

f. ~2~~1r!! var. !~rr!tj~j based on 
E• ;2n!2t!! 6holz at al. 1979 

fcli age -3.6187 I.S3cZ 
branches -4.6004 2.3533 
st" -2.9849 2.4287 

f. j,!:!!!1! oued on 
e. ~~t!lfm.a Sholz at al. 1979 

foliage -4.2612 2.0967 
branches -5.3855 2.7185 
stn -4.4907 2.7567 
bark -4.2063 2.2312 

E, 111onti coi a based or E_, Jarber~ia~a 
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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. Our focus 1n 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 our 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 wood 
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. Our 
analyses were made on new foliage samples collected on seven dates over the 
surrmer 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 phosphorus concentrations in tissue pools at Emerald Lake are 
shown in Tables 2 and 3. Despite the more skeletal soils at this site, foliar 
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 1985-86 
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 potentially toxic trace metals were found. 



Table 2. Nitrogen concentrations (mg g-l drJf wt.) in tisi:rne parts of dominant woody species at the 

Emerald take site, Sequoia Nationa·1 Park. Valu1es are for pooled samples collected from ten 

individu.tls of each species in October 1983, by the Sequoia National Park staff. 

Heartwood Sapwood Bark Branchwood Old stems Current Old Current Reproductil'e 
stems needles/ needles/ tissues 

leaves leaves 

Pinu! contorta ND ND ND 3.7 6.6 13.4 11.8 12.6 ND 
ssp. murrayana 

Pinu! monticola 1.0 1.5 2.5 3.0 6.3 12.0 11.3 11.1 ND 

Abie!_ magnifica ND ND ND 2.3 5.5 11.8 10.3 13.0 ND 

.....
Sa11!_ ores tera - - - 5.3 10.5 15.0 19.3 12.7 °' 
Chrysolepis sempervirens - - - 3.. 7 8.0 12.3 13.7 15.4 ND 

PhX,1 lodoce breweri - - - 5 .. 0 6.5 12.6 10.6 14. l 12.3 



--

Table~- Phosphorus concentrations (mg g-1 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 Octo,ber 1983 1 by the Sequoia National Park staff 

lleartwood Sapwood Hark Branch\llOod Old stems Current Old Current Reproductive? 
stems needles/ needles/ tissues 

leaves leaves 

Pinu~ contorta ND ND ND 0. El 1.2 2.0 1.2 2.0 ND 
ssp,. murrayana 

Pinus~ monticola 0.6 0.8 0.7 1.0 0.9 2.2 1.8 2.0 ND 

Abies'- magni fica ND ND ND 1.0 0.7 2.9 1.6 1.8 ND 
..... 

Sal h~ ores tera - - - . 0. !) 1.3 1.5 - 1. 7 1.6 
-..J 

Chrysolepis sempervirens - - - 1.0 0.3 1.4 1.4 2.0 ND 

Phyllodoce brewerii - - - 1.0 1. 3 2.0 1.4 1.8 2.1 



APPENDIXz Seasonal change in concentration of foliar nutrients at Emerald Lake during 1984. 

IC CONCEN;t'HATION IN NIEW FOl,.IAGE CPPH) 
AJ EMERALD !,..AKI, se<.iuQIA NAflONAL PAR~, DURING 1984 

JUNE Ii JUNE ll- JULY 6 JUl,.Y 23 AUG 7 AUG Zl OCT 4 

P•l NUS HO.NT I COl,.A 9746.61~ 704J.3J 17300.00 10Z63.33 7800.00 10073.33 
PINUS eoNT.ORTA !i$5'. HURRAYANA 6676.66 6733.33 6186,.66 
PYLl,.01DOCE iREWfJ;t I 13766.61& 5660.00 12833.33 9280.00 9460e00 8340.00 
CHRY!:j,QLEPSIS Sf}'IIPfRVIReNs 16433.33 11366.66 14333.33 9140.00 6216.66 
SALIX ORESifRA 1NA~f1 13033.33 10766.66 18766.66 11900.00 10113.JJ 10966.66 10140.00 
SAi.Ili, OREST.~RA .ll,ENALEl. 15200e01G 9l56.66 8926.66 11333.33 9693.JJ 10033.Jl 8510•00 
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MG l!IC)NCENJRAltON' IN t.lEW fOI.IAGE (PPM) 
AJ EMeAAl.0 LAKt, SEQUOIA NAl'.JONAL AARK, DURING 198lt 

JUNE 9 JUN6 c!l JULY 6 JUl,,Y al AUG 7 AUG 21 OCT 4 

P•lNU!J t40NT ICOl,.A 905.J-l 515.67 1866.67 903.33 7'l.7.J3 872.67 
P·lNU~» !QNTJAiA iss,. MURAAYANA 440.00 S89.00 s,.1.00 
PYL'-()l)OCE iRflllll!lfH 1290.00 620.33 1723.33 1363.Jl 1580.00 1336,.67
CHRYSOLEPSIS SEH~(RVIRINS 2323.J3 121Ci.00 98•.33 801.b7 181.:13 
SAl.ll( ORESTERA (NALE) 1260.0,0 900.67 2~96.67 1~93.33 1190.00 14t831.J) 1656.t,7 
SAl,:ll( ORESTERA (Ff;htAt.E!. 1328.6,7 769.67 1157 .33 937.33 979.oo 11801.00 1843.:tJ 

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 C0NCENJRATl0N IN HEW fQl,.IAGE (PPM)
Al, EHEIIIAl;.:D LAKE, SEQUOIA NA1rlONAL AARK, DURING 1984 

JUNt; 9 JUNf 21 JULY 6 JULY al AUG 7 AUGi 21 OCT 4 

PINUS H0NTIC0l.,A 445.00 J28.67 :nso.oo 1109.00 791.67 185(11.00
PlNUS tONTORTA SSP. HURAAYANA 288.00 378.33 l8BI.00 
PYLLODOCE iREwERI z1so.oo 773.3:t J3S6.67 '&ltt>.67 4283.33 478~1.JJ 
CHRYSOLE,SIS SEM9ERVIRfNS 5673.:J) 5360.00 5166.66 70731.33 807J.:33 
SALIX ORESTERA (MAL.f> 1120.]3 1470.00 10273.Jl 4633.33 389,.33 ft41~1. 33 9280.!)0 
SAL.IX OREST~RA lftMAL~> 3613.:13 1636.67 HH6.67 1540.00 2123.Jl 2243.33 10543.Jl 

• 

,.....• '° 

NA CONCENTRATION IN NEW f01..IAG£ (PPM)
AT EMERALO LAK(, SiQU0lA NATIONAL iARK, DURING 1984 

JUNE 9 JUNE ll JULY 6 JULY 23 AUG 7 AU1G 21 OCT 4 

PlNlJS H0NTIC0I,.,, 11.84 4.61 55.JO 11.zs 10.45 10.10 
PINUS C0NT0RTA SSI'. MURRAYANA 1.91 s.19 &.37 
PYLL0GOCf WREWfRI 40.53 6.u. 111 .33 513.37 l9•• lt7 73.47. 
CHRY50LEPSIS StMPERVIRtNS 98.il 99.70 4i.11 }i.60 14.17 
SALIX 0RESJERA (M~LEJ 49.63 6.8(11 25.83 21.so 2i.33 11.57 21.10 

16.70 316.00SALIX 0RESTERA lrlMAL.£1 c9.27 9.3~! 6.07 22.47 19.72 

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


HN CQNCENlrRATION IN NEW fOl,.IAGE U'PM) 
Al fMfllAl;.D '-AKE;, SEQUOIA NA'UONAL PARK, DURING 1984 

JUN~ 9 JUNE 21 JULY 6 JUl.,Y 23 AUG 7 AU(i 21 OCT 4 

P·lNUS t4DNT 1co1..•, 95. lll 101.01 477.00 191.33 ll9.JJ 18it.67 
PlNUS tONJORTA sse. MURRAYANA 146.57 152.00 llll.00 
PYLI..OOOCE ilREWE:R I 109.i,7 19.11 l74.67 346.33 4t3J.oo 35i!.33 
CHRYSOLEPSIS S£MPERV1WINS 529.00 lt32.33 55!5.67 803.33 1079.33 
SALiX ORESTERA (NALfl 129.lll 109.20 274.33 Z49.67 222.33 241~.33 529.00 
SAL~X ORESl~RA ('EHALEl 175.t~O li9.JJ 138.93 186.33 99.20 ze1~.oo 632eb7 

N 
0 

• AL OONCENTRATJON IN NEW FOLIAGE c,PM) 
All t'.M!RAL:.D \.AKE, SEC.IUOIA N,1tlONAL PARK, OURiNG 198• 

JUNE 9 JUNE c!l JULY 6 JULY c!l AUG 7 AUG 21 OC1' 4 

P{NIJS Hf>NT ICOl.,,I Sl.87 17 .21r 262.67 104.13 Slt.67 l(e8.40 
PJNIJ5 CONTOR:EA SSP • MURPtAYANA 41.93 b7.63 8,4. 10 
PYL.1.0lOCE iREWIER l 61.07 13.Blr 266.00 1130.67 22S.3J 1916.00 
CHRYSOLEPSIS SfMBERVIH~NS 158.40 307.67 94.73 4-5.2J 40 .. 20 
SALIX ORESTlRA (MAL~I 14.40 11.0~~ 2l.7J 16.37 18.43 3161.~0 110 .. eo 
SAL:U ORESTERA 'f'EtitAt.£.1' JO., 17 l4.51r 15.4t0 8.57 9.53 i!0.53 173 .. 00 



,t !0NCtNJ'flA!l't0N· l"N NE:w f'Ol.lAGE c,PH} 
AJi IH!RALD LAKI;;, S!QUOfA NAJJ:ONAL AARIC, DUR1NG l98lt 

JUN~ i;i, JUNE al JULY. JU~Y 23 AUG 7 •AUG 21 OCT t, 

PlNUS HDNTJCOLA 32.331 U,.ll 64.60 60.93 Jl.10 ,a.37 
PlNUS CONJ.ORTA SSI. MURRAYANA 32.17 34.§7 57.87 
PYl.(.:Oli>OCE liRtWiR I 7'h8!11 JS.10 22'6.00 l41.67 181.67 l(tJ.JJ 
CHRYSIOLEfa5 I'S SEMPERV JR(;NS 157.00 l24.00 1za.oo lOS.83 103.11 
SALIX OREST~AA (MALf> 12.01' lt8.67 124.67 84.07 68.JO 68.60 155.00 
SALIX OREST,EAA lll':ENALtl us.2:i1 61.20 60.J7 61.93 SO.OJ 80.43 218.00 

--·-·--• ------ ,---•-·· -------· - .. --
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'' ZN CONCENJJIATION IN NEW f01.,IAG£1 CPPM) 
AJ. EMERALD I.AKE, ~iEI.IUOIA NATlONAL It.ARI<, OUR,ING 1984 

JUNE ~~ JUNE c?l JULY 6 JULY 23 AUG 7 AUG Zl OCT 4t 

PINUS HONTICO\.A 29.83 )4.00 30.77 22.57 li.77 4!l .. 8J •
P·I NUS CQl,U_t,RJA SSlt. HURRAY-ANA 32.87 21.87 11 .. J6 
PYLI.OOOCE W~fWf,R: I 20 • 74) io.9o 21.10 11.03 13.93 13 .. 20 
CHRYSOLEPSIS SEHRERVJR~NS. 26.27 21.ao 12.53 12 .. 10 9.b,~ 
SALIX ORESIERA {NALE) 34.9'.r 65.(tJ Jl.77 S6.SO Ji.SJ 46 .. 77 s2.s1l 
SALI'X ORES,TiRA !P'(MALEl. 50.8:3 60.bO 54.C.O 32.03 31.67 22 .. 20 57.67 



CU CONCENJr.RATION IN l~EW FOI.IAGi'. CPPM)
A1. [MEAAl.0 LAKt,:, SfOUOIA NA;JIONAL BARK, DURING 1984t 

JUN~ 9 JUNE 2,J. JULY• JULY al AUG 7 AUli 21 OCT 4 

PlNUS HONTICOl,,A, 6alU J.Sl 9.38 s.a9 4.74 4.99 
P~NUS CONTeRfA sse. MURAAYANA 2.31 3.34 3.10 
PYLl,0.00CE: jREwe:R I 10.!H 3.8ft 7.23 5.41 •• 39 i.16 
tHRYSOL~IPSIS &&iMli'jAV IR(NS 21.47 13.90 1a.10 a.11 a. lY 
$Al.II OREST(RA (MA~!~ llal!O 6.19 7.90 1.19 ,.ee 7.92 o.St, 
SALT.it 0Rf$,l;ll;RA {1'.EMALEI. 8a!i2 s.e1t s.1z 6e45 3.21 ••62 5.21:1 

N 
N 

~ CONCENJ~AJJON IN NEW FOLIAGE CPPM) .. 
A1 lHERAl.D LAKE, SEQUOIA NA1TIONAL PARK, DURING 1984 

JUNE 9 JUNE 2], JULY 6 JUl,.Y 23 AUG 7 AUG Zl ocr 4' 
PINIJS HON;l'ICOl.;l 26.00 20.llr 27.73 21.§0 11.so l•.40 
PIN\JS CONT.OIHA SSfe MURRAYANA 1s.oo 12.eo 18.60 
PYLLOBOCE iREWIEM I 12.37 17.6(1 18.93 14.03 14.~3 1,.01 
CHRYSPLEPSIS SEMP!RVIR,NS 32.63 29.63 31.43 311.07 23 .. 80 
SAi.I X ORESlERA (HALI!:) 10.Jl 18.6(1 Z!i.23 20.93 l8.63 4,1.10 24 .. 50 
SAL1K OREST~RA (F(HALE> 10.90 12.oir 15.f:13 15.47 36.37 t!4.00 33,.17 



SI CC)NCENfl~A,-IQN IN NfW fOl,.IAGI CPPH, 
Al l!H!AAl,,ID l,.AKf, :SEQUQIA NATIONAL 51ARK, DURING 

JUN~ '9 JUNE Zl JULY• JUl.,Y al 

Pl NUSi MOMJ.1 COL• 63.19 75.0J JlT.OO 82.ltl 
PU:IUS OONJORfA !lSJ. 
PYLLC► &OCE, lifREWERI 

MURRAVANA 
473.00 l90.67 

41.10 
1J4le33 

25.§7 
1414.00 

CMRYSOLfP9lS SfHPERVIR~NS 2273.67 1756.67 
SALU1 
SAl.h( 

ORESTERA 
OR!StERA 

0-tAl.E) 
•lfEMAl.[l 

145.67 
zso.oo 

2,z.00 
JlO.lJ 

Z00.67 
J01h67 

137.33 
66.33 

Tl CONCENTRATION JN NEW fOl,.IAGi CPPM) 
AJ EM[RAL'O 1,.AK~, SEQUOIA NA1'.JONAL PARf<, DURING 

JUNE 9 JUNE 21 JULY 6 JULY 23 

PI NU:S HONT l COLA O.Cl1S o.o o.(t9 o.sz 
P•INU:S eoNTORTA SSP. NURAAYAt.lA o.94 o.os 
PYLLODOCE iREWERI z.cu 1.0, 6.27 1.11 
CHRYSOLEPSIS SEMPERVIH~NS J.SO 11.28 
SALtX ORESTERA (HALE> 2.,iJ o.1J 0.,2 o.49 
SALIX OREStERA (FEMALE) 2.11 1.os 0.,2 o.J7 

1984 

AUG 7 

Bit.GO 

2326.67 
602.67 
111.00 
1z,.oo 

l981t 

AUG 7 

1 .56 

9.0~ 
15. 7t> 
2.1,
o.a1 

AUG Zl 

139.!iO 
S8.37 

1451.33 
426.00 
223.JJ 
133.33 

AUG Zl 

9,.04 
1.21 
, .• 11 
!i,.OO 
2:.a1 
1..zs 

OCT 4 

417.33 
651.00 
811 .33 

N 
w 

OCT 4 

4 .:13 
8e ll8 

11 .oo 

https://NURAAYAt.lA


V ftDNC.NJ',RATIQN JN NEW fOl,.IAGS CPPM) 
Al. EM!RALD l,.AK~, SEOUQIA NA,T"IONAL &ARK, OUR'ING l981t 

JUNE 9 JUNE ll, JULY 6 JUI.Y 13 AUG 1 AUG 21 OCl' 4 

Pf NUS HtlN:rtec,LJ' o.o o.o 1.01 0.75 o.o 0.55 
PIN~J$ ~oN:r:ORJA .s1,. MURlltAYANA O.ii8 o.o o.o 
PYLl,OIOCE IIIAEWl~RI' o.oa 0.1111 1.a, 0.i9 0.38 0.lt9 
CHRVSOLEPS IS Sl~HP..lRV l HINS' o.so o.o o.o 0.28 o.s4 
SALlX ORE5.U.)R~ ,(NAL.f I o.o ' O.l~I 0.92 1.34 0.03 o.oa 0.17 
SAL1[X ORE ST.ERA :'l,.fMALt l 1.11 o.o 0.44 0.1, o.o o.o 0.16 

N 
.p. 

SR CONCEN1l.RATIQN IN NEW FOLIAGE'. CPPH) 
Al EMelAL(> l.,AKt, SEUUOIA NAl:tIONAL JlARIC, DURING 1981t 

JUNE 9 JUNE ill JULY 6 JUl,.Y ll AUG 7 AUIG 21 oc,r 4 

PINUS MONTICOl,.,l 2.08 1.oe1 s.oa 2.s, 2.16 6.67 
PlNUS CONTORTA ss,. MURRAYANA 1.43 0.99 o.o 
PYll.OOOCE iREWIERI 7.24' 7 .l!i ,.31 9.38 llell 12.67 
CMRYSOLEPSIS StMPERVIR~NS 1.21 4.65 6.43 11. 17 17 .. lt7 
SALIX ORESTERA (MALf) 5 ■ 09 c!3.iCl 31.63 20.33 14.40 .314. lo 51 .. 73 
SALIX ORESt~RA (FEMALEJ. 14-21 ZS.5:t 30.{fO 13.20 lJ.20 )7.77 66 .. 03 



BA CONCINJ'.RATI·QN IN NIEW fO'-•IAGE (PPM) 
Air. JMERALD 1,.AKI;., SSOUOIA NA,tlONAL PARK, DURING 1984 

JUNt 9 JUNE c!l JULY 6 JUl,.Y 23 AUG 7 AUG ll OCT -♦ 

PlNUS Hbff'.UCOl,.A 1.515 O.Slt ,.01. z.a1 l•23 4t. Sit 
P]NUS CQNJORlA 91S1', MURRAYANA o.42 0.45 o.49 
PYL~OOOCE iMEWfRI 15.67 17.07 38.83 34.57 41.IH 43.33 
CH~YSOL[PSIS SEMPERVIReNs 12.83 9.61 ll.93 8.63 '12.57 
SALIX &RE6TERA CNALf) 1.57 9.S!j 10.95 10.04 5.10 17.97 17 .S.3 
SAl.'fX OR!SH.RA !:f.l;.MALE) 6.40 6.91t 10.13 3.73 · s.ss 4.7ft 11.01() 

N 
01 

LI CQNCENTlitATION. IN NEW fOl.,IAGi CIJPM) 
A,T. EMl!RAt,,,D 1,.AK!, SEUUOIA NAtlONAL &ARK, OUR1NG 1984 

JUNE 9 JUNE 21 JULY 6· JIUl.,Y i!3 AUG 7 AUG Zl OCT ft 

PINUS HONTICOl.t o.ss o.o 0.12 0.4t9 o.a1 0.111-
PINUS CONJ.ORTA ~1511, NURAAYANA 0.22 o.34 O.ltlt 
PYLLODOCE iREWfAI 0.22 o.J7 o.a1 o.o 0.11 0.11 
CHRYSOLEPSIS SfHR(RVIHENS o.,9 0.02 o.o o.69 o.n, 
SAL1X ORESTERA (MALf) 0.1,J 0.11 l•4t6 1.22 1.21 1.86 0.12 
SALIX ORESflRA .~,EMAL~). 0.1s o.&9 0.93 1.01 0.96 1.05 o.ae 

https://OR!SH.RA


PB 
A'.f EMERALD 

PINUS MONTICOI.,& 
PINUS, CONTORT~ !ISP. NUlilRAYANA 
PYLLODOCE IAEWERI 
CHRYSiQLEPSIS SE.iPERVIRfNS 
SALlX ORESTERA (MALE) 
SALIX ORESTE~A crENALE~ 

CO 
AT. EMERALD 

PINU!i MONTICOLA 
PINU!i CONTOAfA 15SP. NURRAYANA 
PYLLODOCE iHEWERI 
CHRYSOLfPSlS SEMPERVIR~NS 
SALIX ORESTERA (HAL~)
SALIX ORESTERA CfEHALE) 

CONCENJl~ATION IN NEW fQl,IAGE (PPM)
l.Akt, SEOUOIA NATIONAL 'ARK, DUR'ING 

JUNE 9 JUN! al JULY 6 JUl,Y iJ 

S.6:l 9.12 a.01 7.86 
6.92 6.92 

1.z1 7.59 9.42 2.99 

10.53 11.10 
9.37 
T.69 

J.77 
1s.oo 

13.97 14.07 8.39 13.43 

CQNCENJ.IUTJOh iN NIEW fOLIAGt. (PPM)
l,.Al(f, SEOUGIA NATIONAL PARK, OUR·ING 

JUNE 9 JUNE 21 JULY 6 JUl,.Y ZJ 

o.o o.o 0.10 0.21 
0.11 o.Je 

0.0,1 o.o o.9o 0.43 
0.92 1.63 

0.01 o.o o.o o.o 
o.c1 o.o o.o o.o 

1981t 

AUG 1 

1.18 

1.79 
9.13 
9.45 

'·"' 

1984 

AUG 1 

o.oz 
o.,n 
0.31 
o.o 
o.o 

AUG ll 

,.47 
l.70 
4.42 
4.56 
6.63 
8.67 

AUG 21 

0.1a 
0,.54 
1.05 
o.J& 
o.o 
01 .o 

' OCT 4t 

5.oa 
4•5H 
5.30 

N 
a, 

OCT 4 

o.u, 
0 •i»O 
0.97 
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• 


