RESULTS ANRD DISGUSSIOR

Plant Communities

Only two non-arboreal communities, T-3 and T-l were
described., Since only the non-arboreal vegetation eontigu-
ous to the Lost Forest was sampled. In both Eckertts (60)
and this study, sagebrush is the dominant plant although in
the Lost Forest area the assocliated grass is Sitanion

hystrix rather than 3tipa sp, Festuca idahoensis or Agro-

pyron splecatum. Eckert also described Artemisla tridentata

var. arbuscula as the dominant element of one cormunity
while this shrub appeared oinly in the arboreal communitles
in the Lost Forest area, Type T-l, Lake Bed sage, in the
Lost Forest study contained some stands whore the dominant

shrub was A. cana rather than A. tridentata. However these

stands were on severely disturbed goils and are probably
not elimax. In ovoth studies, epiphytes were the most
common plants oi the understory. Eckert's Artenisia

tridentata - Festuca ldahoensis community, superficlially

resembles the Lost Forest Festuca idahoensis community but

the latter has an overstory of Juniperus oceidentalisg and

Pinus ponderosa.

Dyrness (59) describes six separate communities, all
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of them arboreal. In all these Purshia tridentata is the

only plant other than Pinus ponderosa, found in both study

areas 1in sufficient quantitiss to be used in chsracterizing
communities. Dyrness's study shows the cover in his study
areas to be much heavier than that of the Lost Forest.
Species found by Dyrness are alsc more mesic as could be
expected since the mean elevation 1z approximately twelve-
hundred feet higher then in the Lost Forest and the rain-
fall is approxlimately twice that of the latter area.

The sight plant communities studied in and adjacent
to the Lost Forest are described in the following sixteen
tables (Tables 5-20)., For most of the communities the
only plents which oceurred with suffilcient regularity within
each communlty were those which were used as basia for
original stratification. With the exception of the Idaho
fescue in the T«5, "Idaho Fescue® zone the only plants whieh
occurred with sufficient frequency, coverage or constaney
To characterize a community were either trees or shruba.
This again 13 to be expected where the unstable nature of
the soll is considered. The larger perennlal shrubs and
trees are not as susceptible to complete dominatlion by the
shifting sanés as the smaller short-lived specles.

The Idaho fescue and the bitter brush communities
appear relatively stable and have ths appearance of being

c¢limaxes., The T=0, "Dense Ponderosa Pine" community is



Table 5

CHARACTERISTICS OF T-0, DENSE PONDEROSA PINE
COMMUNITY: GRAS3 AND FORE3

Coverage Frequency Constancy
e

Species
Bare. Ground L45.89 92.05 100.00
Litter 34.70 97.10 100,00
Stire thurbiasaa 69 3.73 100.00
Poe secunda A1 2.54 50.00
Lichen 033 1.16 66.67
Small early annuals .23 87 100,00
Bryophytes $17 2.46 100.00
Apropyron cristatum « 16 29 83.33
Sitsnion hystrix .13 .71 33.33
Iupinus sp. (Tourn.) L. .07 45 100,00
Oryzopsis hymenocides (R. & S.) « 05 1.16 33.33
Ricker
Stipa comata « 06 o 79 16.67
Eriogonum ovalifolium Wats. o O 12 100.00
Achillea lanulosa « Ol} 29 100,00
Townsendia florifer (Hook.) .03 o5l 66.67
Eriophyllum lanatum (Pursh.) .03 17 33.53

Forbes




Table 6
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CHARACTERISTICS OF T-0, DENSE PONDEROSA

PINE COMMUNITY:

SHRUB3 AND TREES

Coverage Frequeney
Species By All By 411 Consteney
Hets. Hegts. Hgtse rdgtse
Artemisia tridentate 0.7T5% Iy, 84% 100.00%
0=6" 0.11 13.80
L2l ? 0.43 2040
24" 4+ 0.23 21.70
Chrysothemnus naunseosus 0.58 38,30 100.00
2-S£" 0.97 8.80
- 0043 19020
2"+ 0.08 3.80
Pursnla tridentata 0.20 9.17 664,67
0"6" T 3.30
b=21" 0.05 1.20
au" o+ 0.15 0.80
Artemlisia tridentata
arbuseula 0.50 20.00  33.33
O=6" 2.12 6.0
b=2) 0.31 12.10
24" + 0.07 5.0
Purshia tridentata 0.20 9,17 (6.67
3‘6" "J 3-30
6=24" 0.05 1.20
2L" + C.15 0.80
Leptodactylon pungens
(Torr.) Nutt. 0.11 0.50 50.00
0-6" OOOL'- 2.50
6-2“." Oo 07 2. 80

2"+



Table 6 (Continued)
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—

Coverage Frequency
Speeies By All By 411  Constaney
Hgts, Hgtse Hgta. Hgtse

Chrysothemnus viscidl-
florus

-
-2hF
2}4_!5 o+

Pinus ponderosa

Juniperus ocecidentalls

*Traca

o

0.01%
0.01

-em

4036
0434

3.75% 33.33%

0.02 83.33

T+ 50.00
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Table 7

CHARACTERISTICS OF T-l OCCASIONAL PINE AND JUNIPER
COMMUNITY: GRASS AND FORBS

Gove?age Freq%ency Constahcy

Species
Bare Ground 55.27 93.40 100.00
Litter 23483 95.38 100.00
Bryophytes 4.80 2.68 100,00
Lichens 0.66 1.00 100,00
Townsendla lorifer 0.45 0.25 66,67
Stipa comatae Jel)2 2.08 50.00
Jitanion hyetrix 0.33 L5k 100.00
Oryzopsls hymenoidss 0.32 2¢2G 100.00
Achillsa lanulosa 0.17 0.16 66.67
Farly annuals 0.17 1.17 8333
Erigonum ovalifolium 0407 0.45 100.00
Poa secunda 0.07 033 50400
Agropyron cristabtum J. 0L 0.25 50.00
Eriophyllum lanatum 403 0e25 83433

Erigeron filifolius (Hook.)
Nutt,. G.03 0.21 66.67

Carex rossii Bott. T T 16.67




Table 8
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CHARACTERISTICS OF T-1, OCCASIONAL PINE AKND JUNIPER

COMMUNITY: SHRUBS AND TREES
Coverage Frequency
3pecies By All By All Constancy
Hgts. Hgts. Hgts. Hgts.
N N Z
Chrysothamnus nauseosus 1.68 50.00 100.00
gogz‘ 0.22 u2.u1
b ' 100 3. 00
24" + 0.34 25.00
Artemiaia tridentata 0.83 33.80 100,00
O‘%:w 0.12 L}..53
Hu2lL® 0.33 17.50
4" + 0.38 10.00
T.eptodactylon pungens - 0.40 15.00 100.00
06" 0.09 10.42
6=2L" 0.30 15.15
24" + 0.01 3.75
Artemisla tridentata
arbugscula 0.31 15¢81 66.67
0=-06 0.07 2632
6=-21." 0.22 .58
2L + 0.02 7.50
Chrysothamnus viscidi-
florus 0.06 6.25 50.00
0=-6" 0.03 1.67
=2l 0.03 2.91
2" + 0 1.67
Purshia tridentata 0.02 1.25 16,67
0-6™ 0 0.00
é"ZL{." 0-01 O. 83
24" + .01 1.67
Artemisgia cana 0.01 0.42 16.67
Tetradymia glabrata Gray 0.01 1l.25 50.00
Pinmus ponderosa 1.3k T 16,67
Juniperus occidentalis 2.1 0.01 33.33
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Table 9

CHARACTERISTICS OF T2, JUNIPER--LOW SACE
COMMUNITY: GRASS AND FORBS

Covgrage Prequency Constancy

Speciles 7 )
Bare Ground 55,15  100.00 100,00
Ilter 7.80 100,00 100.00
Bryophytes 9.59 5.16 100,00
ILichen 2.56 5.81 100,00
Stipe thurberilane 0.96 0.87 83.33
Sitanion hystrix 0.82 1.25 33.33
Stipa cometa 0.23 0.91 33.33
Rarly ennuel plants 0.22 0116 50.00
Oryzopsis hymenoldes 020 1.50 66.67
Erigonum ovalifolium 0.10 0.20 66.67
Iurpinus ap. 0.10 0.08 16.67
Erigeron filifolius 0.06 0.25 83.33
foa secunde 0.03 0.20 33,23
Azropyron cristatum 0,02 0.08 16.67
Friophyllum lanatum 0.02 0.20 33.33
Achillea lanulosa 0.01 0.08 33.33

Tovmsendis florifer 0.01 0.16 33.33




Table 10

CHARACTERISTICS OF TQE, JUNIPER=-=-LOW SAGE
COMMUNITY: OSHRUBS AND TREES
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Coverage Frequeney
Species By All By All Gonstancy
Hgts. Hgts. Hgts. Hgtse
Artemlisia tridentata
erbuscula 1.40 15.51  33.33
G"’ 0013 ) 6.25
6"‘21‘4-" loOl 36.?
2L" + 0.26 27.12
Chrysothamnus viscidi-~ -
florus 1.04 625 B3.33
0=6" 0639 16.25
6-2)4." 006’.‘. L‘Q.OO
2)_]." + 0.01 3.33
Chrysothamnus nauseosus 0.6C 50,09 66.567
O=6" 0.20 6.25
b=21L" 0.29 1h.31
2h" o+ J.11 11.67
Artemisia tridentaha N.EL 33.80 100.00
g_g:" 7 0016 L’--gé
- Oo?—i.l- 13! 3
2"+ 0.11 12.50
Leptodactylon pungens G35 15,00 83.33
0=6" 0.16 Lhael7
=21 " 0.21 Le17
24"+ 0.01 2.08
Phlox diffusa Benth. var, 0.31 4456  33.33
0-6T 0.31 L.56
o - -
Artemisia cana 0.03 3.33 15.67
0=6" 0.01 g2
6=2," 0.02 3.8L4
2)4“ - - -
Juniperus occidentalis 597 C 0
Pinus ponderosa 0.92 C 00.67




Table 11
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CHARACTXRISTICS 2F THE PONDEROSA FINE--BITTER BRUSH

COMMUNITY T-0BBs

GRASS ARD FORB3

Covorage Fre%ueney Cons%aney

Species il
Bare Ground Ly.03
Litter 45.17
pryophytes Q.72
Cryzopsls hymenoldes Q.19
Lichens 0.18
Foa secunda Uell
Festuca idahoensis 0.10
S>itanlon hystrlx 0.09
Zarly anauals 0.09
biigeron filifolius 0.09
Eiymus triticoides 0. 04
Foa nevadensis J. 0l
Townsendia {lorifer 0.0l
Eriophyllum lanatum 0.03
Achilles lanulosa 0.02
Agropyron cristatum 0.02
stipa thurberiana 0,01
Calamagrostis rubescens Buckl. T
Psoralea lanceolata Frursh, T

75.05
90.00
3.00
Ce29
0.29
0.7
050
Oe {9
1.03
C.28
0.29
0.12
0.28
0.33
0.20
0.08
0.17
0.13
0.12

100,00
100,00
100.00
83.33
50400
83.33
50400
83433
33433
66.67
50.00
3333
83.33
66.67
£0.00
33.33
33.33
33.33
16.67




Table 12

CHARACTERISTICS OF THE BITTER BRUSH (PURSHIA
TRIDENTATA) T-0BB COMMUNITY:
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TROES AND SHRUBS

GCoverage

Frequency
Species B All By All Constancy
' Hgta. Hgts. Hgtas. Hgts.
% % % % %
Purshia tridentsata 3.79 56.28 100.00
0-67 0.02 2.04
6-2}1‘." 0038 (?-OOL‘-O
a2L" + 3.39 40.00
Leptodactylon pungens 0.21 12.08 66.67
0_6‘"’ 0003 50 00
6"‘2L|." 0018 6.25
2Lt + T 0.83
Chrysothamnus viscidi~
florus 0.09 7.50  33.33
) 0.05 T
6‘&3}4." an3 7018
2"+ 0,01 6.67
Artemisla tricdentata
arbuscula 0.06 4.58 16,67
0= 0.01 0.50
6=l " 0.04 1.75
Zu" + 0.01 25
Chrysothamnus nauseosus 0.03 3.33  83.33
0-6 ODOO OO.)—‘-Z
6-2 " 0.01 00.83
au" + 0.02 .58
Artemisia tridentata 0.01 2.50 16.67
0=6" 0,00 0.2
6-214." T 0. 83
2L 4 T } .68
Pinus pondeross L.50 0.01 100.00
Juniperus occidentelis 1.00 0.01 66.67




CHARACTERISTICS OF THE T-3 UPLAND SAGE COMMUNITY:

Table 13

GRASS AND TORBS
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Coverage I'requency Constancy

Species pd
Bare ground Sk.19 95,75 100,00
Iitter 8.04  62.50 100,00
Bryophytas 20.99 .37 100,00
Sitanion hystrix 1.50 3.92 100,00
Stipa comata 1.50 1.70 33.33
Small early annuals .92 2.21 83.33
Psoralea lanceolata 0.69 2,13 50.00
Poa secunds 0.33 1.08 50,00
Lichen 0.27 0.88 66,67
Friophyllum lanabtum 0.22 0.33 66,67
Festuca idahoensis 0.18 W67 16,67
Agropyron cristatum (var.) 0.17 013 164,67
Oryzopsis hymenoides 0.06 0.25 33.33
Townsendia florifer 0.05 0.25 16.67
Erigonum ovalifolium 0.03 0.12 33,33
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Table 14
CHARACTERISTICS OF THE UPLAND SACE
T=3 COMMUNITY: SHRUBS
Coverage Frequency
Specles By All By All Consteney
Hgts, Hgts. Hgts. Hgts,.
A A A %
Artemisla tridentata 11.23 _ 82.00 100.00
6-21" W11 5.83
2" + 10.99 79.65
Chrysothamnus viscidi-
florus 1.10 31.90 83.30
- " ) 03 lo 67
N 70 18187
+ [ ] L]
Leptodactylon cenescens «29 1343 66,87
0- .06. 2-50
S 08 3
+ e [ ]
Phlox dirfusa var. 09 2.92 33.33
g'g}:" %09 3’]-? 75
Cnrysothamnus nauseosus «09 «18  33.33
O-6v Y 06 ° 06
giéh" .02 «02
+ e 01 [ ] Ol
4. tridentata srbuscula .06 33.33
0=6T .02 6
gl_’:%u . 03 2
+ T 1l
Tetradymia canescens D.C. T T
0=-6T T T
6=2i " T T




CHARACTERISTICS OF T«li LAKE SAGE COMMUNITY:

Table 15

GRA3S AND' FFORBS
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Coverage I'rsqguency Lonstancy
7 5

70

Species 7
Bare Ground 50.70 95,00 100
Litter 10.10 5l 00 100
Bryophytes Salt2 22.95 100
uhlenbergia asperifolia 1.76 2,60 67
~ {Hees & Mey.) Faradt.

Sitanion hystrix 1.7 2.06 6T
710 on dasystachiyum |
(Hook.) Scribn. .81 2+20 83
Lichens L9 .38 83
Psoralesa lanceolata .28 1.33 50
Stipa comata 023 1,90 50
Frigeron filifolius .07 o Ol 17
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Tablo 16

CHARACTERISTICS OF Tel LAKE SAGE
COMMUNITY: SHRUBS

Coverage Frequency
Species By All By A1l Constancy
Hgts. Hgts. Hgts. Hgts.
2% % % %
Artemisia tridentate 3.96 3L.8 87.5
0‘6‘7 .10 3.3
6-12" .58 25.7
1z2* + 3.28 292
Artemisia cana 3.83 39.6 87.5
0-6" 002 002
6'"12" 008 701
12" + 3.73 3343
Chrysothamnus nauseosus 3.32 72.8 100.0
Deb™ <06 6.3
6-12“ .86 32-5
12" + 2.40 51.7
Chrysothamnus viscidi-
florus 2.85 33.3 100.0
O"G .23 8.3
6"12“ ’ o73 16.5
12" + 1.89 25,90
Leptodactylon pungens 12 5.8 33.3
0- .O]. 0.1 .
6"12“ . 08 )-'»cé
127 + .03 Oel
Tetradymia canescens «G7 2.9 33.3
06" . Ol 0.1
6=12" .03 Le7
12" + - Deli




CHARACTERISTICS OF T-5 IDAHO FR3CUE COMMUNITY:

Table 17

GRASS AND FORBS
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Specles

Coverage Frequency Constaney

Bare ground
Litter
Bryophytes

Fegtuca idahoensis

Stipa thurberisana

Small annuals

Sitanion hystrix

Stipa comata

Foa secunda

Lupinug (sp.)

Eriophyllum lanatum

Eriogonum ovalifollum

67.55
14.07
5.50
4B
oL
32
.30
30
<13
.11
<06
.03

87.55
23433
2.70
577
.83
3.80
1.33
.04
A6
79
«33
<33

100.0
100.0
100.0
100.0
67.7
100.0
100.0
33.3
100.0
37.5
33.3
100.0




Teble 18

CHARACTERISTICS OI' T-5 IDAHO FESCUE COMMUNITY:

SHRUBS AND TREES
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Species

Coverage Fre%uency Conspancy

Artemisia tridentats var.
arbuscula

A. tridentatea

Chrysothamnus vizcldiflorus

Tetradymia canescens

Leptodactylon pungens

Phlox diffusa var.

Chrysothamnus nauseosus

Juniperus occidentalis

Pinus ponderosa

0.6l
055
0.45
0.1h
0.06
0.05

0.22
0.08
0,11
0.07
0.02
0.01
0.83
0.02
0.0

83.3
66.7
33.3
50.0
50.0
16.7
33.3
83.3

0.0




CHARACTERISTICS OF PONDEROSA PINE-DUNE T=6
GRA3S AND FORB3

COMMUNITIE

Table 16

Q
> 3
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Specles

Coverage Frequency Constaney

Bare ground
Litter
Bryophytes

Sitanion nystrix

Poa secunda

Orvzopais hymenoldes

Early annusals

Calamagrostis rubescens

Tupinusg sp.
Stipa thurberiana

Psoralles lanceolata

3tipa comata

Townsendia florifer

Achillsa lanulossa

30.02
36.23
0.60
0.17
0.11
0,08
0.05
0.05
0.05
0.04
0.02
0.02
0.02
0.02

95,00
85.72
1.00
1.58
0.50
0.79
0.5k
0.12
0.45
0.25
0.12
Del1
0.12
0.20

100.00
100.00
100.00
100.00
83.33
66.67
656,67
33.33
50.00
16.67
33.33
50.00
33.33
50,00




Table 20

CHARACTERISTIC PONDEROSA PINE-DUNE T-6
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COMMUNITIES: SHRUBS AND TREES
overage Frequency
Species By All By All Constaney
Hgts. Hgts. t8. Hgts.
NS Nl N %
Leptodactylon pungens 0.45 25.19  83.33
0-6.“ 0.0 7.08
b=2 " 0.4.0 20.00
24" + 0 1.67
Tetradymia glabrata 0.35 1.25 66.67
2-21: 0.00 | o.ﬁo
- 0009 O’o 2
24" + 0.2¢ 1.25
Purshia tridentata 0.27 2.40 66.67
O=b" 0,00 1,25
6“2}-{-" 0026 1025
20" + 0.00 .58
Artemlsia tridentata 0.31 Je33 66,67
Q=6 0.83
G-2L" 0.03 5.62
24"+ 0.28 3.33
Chrysothamnus neuseosus 0. 7L 8433 66.67
0«6 0.01 0.83
6=2l" 0.06 5.00
ap" + 0.67 2.92
Chrygsothamnus vigeldi-
Tlorus 0.0l 7.92  50.00
Q- T 0.83
6:%" 0003 3033
T 0.01 3.75
inus ponderosa .06 0,02 100.00
Juniperus occidentalis 0.46 0.00 66,67
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also climax as far as the overstory is concerned. The
understory vegetation, however, is again charscterized by
considerable variation due to sixifting sands,.

The "Upland Sage" community appears rclatively stable
where the ratio of dead sagse to live sage ic concerned.
It ia probeably not a true climax in the association al-
though as indicated in Tables 11, 12, 13, li it dominates
the site. As Poulton (135) postalates, Artemisis tridentats

is probebly & subordinate member of most of the associations
in which it oceurs and without grazing pressure or other
disruption it will give way to competing climax grasses.
Figure 35 shows the dominance of Idaho fescue in the Loat
Forest "Idaho Fesoue" community over other understory

vegetatlon. Artemisiaes tridentata is almost entirely absent

in the Idaho fescue stand association except where it
appears as fragments of a sagebrush stand. Flgure 36 shows
an area approximately twenty-five miles north of the Lost
Forest. This area has been fenced and grazing restricted

to the summertime. The grass is Agropyron spicatum,

Nearby lands upon which early seasonal grazing 1s practiced

ere dominated by Artemisia tridentats.

Poulton (135) has suggested the possibility of using
the ratio of dead Artemisia to 1live Artemisia as an index
to the shrub's status in a stand. He does not claim that

the data from his few macroplots establish a typical ratio,
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They do indicate a trend. He found that the mean ratio for
& relatively stable stand based on frequency 1s 0.378. For
an increasing stand it was 0.028.

The ratlo for a decressing stand i1s 1,415. Table 21
shows the status of live to dead Artemlsia in the Lost
Forest., These ratios are based on coverage data rather
than frequencies. Although Poulton used frequency data
for his ratios, thlis wes not {easible in the Lost Forest
area. Many s8ltes there contain large numbers of young
Artemisia plants which have succumbed to drought while
older plants continue to thrive. Tie uvse of frequency data
in this case would require a subjective elimination of large
nﬁﬁbers of young plants and seedlings from the data. For
this reason coversage was used since it provided a more
objective criteria. The criteria appear to be applicable to
the Artemisia elements in most of the Lost Forest communi-
ties, Table 21 indicates that in only the T-0 and T-2
c§mmunities 18 the sage decreasing. In all others it is
a#ther stsble or increasing.

i When viewing the Lost Forest for the first time, trees
aépear to dominate all otner vegetation. This external
aﬁpearance is not borne out by coverage data. As can be
seen in Tables 5 to 20, the shrubs, forbs and grasses
afford approximaetely the same amount of cover in the forest

types. Shrub cover in the sage type 1s considerably greater

|



Table 21
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STATUS OF ARTEMISIA TRIDENTATA BY VEGETATION TYPES

Type Ratio Status

~ dead/alive
T-6 Pine-sand dunes 0 Jot yet established
T-5 Idaho fescue 0 Very little but stable
TOBB Pine-bitter brush O Very little but stable
T-1 Pine- juniper «129 Increasing
T-ly Lake hed sage 176 Increasing

T-3 Upland sage +190 Stable
T-0 Dense pine .612 3enescent
T-2 Juniper-low sage » 706 Senesecent
Table 22

TREE~-STEM BASAL ARTA FOR ARBOREAL COMMUNITIES

Community ~ 5q. ft./acre

Pine Junlper Total

T-6 Ponderosa pine dunes 784 %‘ 7.9 3643
T-5 Idaho fescue 5 48.4 Slie2
TOBB Bitter brush-pine 33.4 19.2 43.6
T-0 Dense pine 32.3 Seli 377
T=1l Occasionsl pine-juniper 13.3 21.0 34.3
T-2 Juniper-low sage 7.1 9.6 16.7
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than tree cover in the arboreal zones,
fne only plants other than the epiphytes showing a
high constancy throughout all communities were Sitanion

hystrix and Artemisia tridentata, Chrysothamnus nauseosus

and Leptodactylon pungens. Constancies of these and other

plants are shown in Table 23,
The only plants showing nigh fidelity were Muhlen-

bergia assperifolia snd Agropyron dasystechyum which were

both limited to the T-l Lake Sage area. Erigonum ovali-

folium was the only other plant showing any indication of
fidelity for a community or group of communities. It was
not found in the Lake Sage, Ponderosa Pine - Dune or Bitter
Brush and Pine communities, It had a high constancy for
the remsining communities (T'sble 23).

During the sccond susmmer a number of small dead
annuals were tound in most of the plots examiried, These
were not noted tne previous year. Most ol these plants
were unidentifiable but were recorded and shown in the
community description tables as early annuals. They were
probably the result of the heavy May precipitation in 1960
whieh was followed by weather extremely favorable for
germination. The subsequent hot dry weather destroyed them
belore maturity.

The status of the arboreal species is, lilke that of

the other nlants, determined to a great extent by the



Teble &3

CONSTANCY OVER ALL COMMUKNITIES

Species Constancy

%

Bryophytes 130
3itanion hystrix 91
Artemisia tridentata 79
Chrysothamnus nauseosus 73
Leptodactylon pungens 66
Lichens 58
Chrvsothamnus viscidiflorus 58
#Juniperus occidentalis 58
#Pinus ponderosa 56
Poa secunda . 56
Farly annuals sk
Townsendla florifer 5
Oryzopsis hymenoides L
Eriogonum ovallfolium L6
Artemisia tridentata var. arbuscula L2
Eriophyllum lanatum Lo
Stipa thurberlana Lo
Stipa comata 35
Lupinus sp. 33
Erlgeron filifolius 33
Agrogggon eristatum 2
Tetradymlia canescens 23
Fegtuca ldshoenais 21
Achillea lanulosa 20
Psoralea lanceolata 7
Purshia tridentatsa 17
Phlox diffusa var. e
"0 on dasystachyum 10
Calamagrostls rubescens 8

Muhlenbergzla asperifolia 8
Elymus utriticoides L
Poa sp. L

Iy

Carex rossii

#Based on the slx arboreal communities only
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shifting sands. This is particularly true of reproduction.
Reproduction occurs readlly in a few particularly favorable
microsites but not at 21l in most of the forest (Figure 37),
In twenty-four 50! x 100! macroplots esteplished in the

8ix arvoreal communities there were only elght ponderosa
pine seedlings found. In these same plots there were
sixteen Jjuniper sesdlings. All of thne pine seedlings were
under gray rebbit brush plants.

The ponderosa pine stands are very sparse when evalu-
ated by commercial forest standards. Meyer (122) "Yield of
Evea~Aged Stands of Ponderosa Pine" shows that for stands
of two-hundred years the anormal basal area for the poorsat
site is ninety square feet per acre., The highest mean
basal area for any strata in the Lost Forest was that
found in the T-6, Zonderosa FPine-Dune community. It was
only 78.4 square feest per acre. Tihe Ponderosa-Pine-Duns
sltea were selected Tor vegetation analysis Lecause they
were occupled by relatively dense stands of pine treocs and
therefore do not reflsct density of tiie over-all stands.,
However one macroplot (50' x 100') located on a deep sand

une Iincluded a dense close-growing group of ponderosa
pine which measured fiftyethres square feet of basal area.
This is 461 square feet por acre which is considerably
higher than the highest mean value glven by Meyer (122)

for the best ponderosa pine sites. (These were also the
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tallest trees in the forest; one was 115 feet high).

Table 22 smhows stem basal-areas for all the srboreal
communities, Only two arboresl communities appear to have
the appearance of a true climax, These are the T-(OBB
ponderosa pine-bitter brush zone and the T=-5 Idaho fescre
zone. The most distinct plant community is thet of_T~u
or "Lake Sege." It is the only one containing plants of
high fidelity and also contains the fewest numbers of
species. The sage, 1ts principal vegetative criterion, 1s

to a large extent Artemisia cana rather than Artemisis

tridentata or A. tridentata var. arbuscula as found in

the other communities. (Tables 5 to 20). Its character-
1stics would probably bhe even more distinct were it net for

invagion of wind eroded areas by Chrysothamnus nauseosus

and G. viseldirlorus.

The vegetation of the Lost Forest and vicinity is in
a state of flux because of the continuous movement of the
suri'ace sands. Only two communities are relatively stable
al the present time. These are T-0BB Ponderosa Pine-Bitter
Brush and the T-5 Juniper-Idaho Fescue associations.

Fxcessive grazing counld have a considerable effect
upon the plant communities. In Tact, it probably did since
historical evidance indicates a falrly heavy usage, particu-
larly in thne period before 1920. The greater distance to

water may uccount for thes fact that two relatively
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undisturbed communities still exist in the eastern end of
the foreat. These areas may neot have received as high a
grazing pressure ss those closer to the wabtesr supplye.

It is doubtful that even heavy grazing could have as
profound an effect upon vogetation as the constantly
shifting sands or the long dry pericd during the 1920's
and the 1930's. A large number of ponderosa pine trees
died during this drought period anéd at present are being
replaced by seedlings gt the foot of the small sand dunes,
Most of the trees which dled Auring the drought period were
within the communities designated as T-1 "Occasiocnal Pine
and Juniper," T-2 "Juniper-Low 3ege," and T-5 "Idaho
Fescuve,"

Recent harvesting of ponderosa plne in the forest
has had econsidsrable impset upon the vegetation. This is
particularly noticeable around mill sites. OFf much more
extsnsive effect haé been the numerous skid trails estab-
1lished during the harvesting operation. Yone nf these
forces sre of the magnitude of naturasl influences existing
in the forest,.

Crested wlieat grass has besn seeded In the skid trails
and around portable mill sites where 1t appears to be maine-
taining itself. It does not appsar to compete well with
native svecies on undisturbed sites.

The lack of species fidelity in most types, in ad-
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dition to the hish over-all constancy of most species,
Table 23) reflects the instability of the vegetatlion
complexes. This is particularly true of the smaller plants.
The macroplots were subjectively located to ineclude the
species which had been selected as characteristic of an
arbitrarily chosen soil-vegetation strata. Fragments of
other smaller vegetativé elements were present, absent or
digstriovuted more in sccordance wlth the vagaries of sand
erosion and movement. For these reasons, the statistics
pertaining to ostensibly dominant plants e.g. ponderosa
plne-bitter brush, Indicate merely how well these species
define the original strata, The balance of the vegetation
reflects the stabillty and variability of the so0il, the
continuous movement of the sands and other dlsturbances.
Figure 38 shows the distribution of the soil-vegetation
types adjacent to and within the Lost Forest. Over the
underlying soll types indicated on the figure are imposed

small sand dunes too nmumerous to permit mepping.

Solls - The Lost Torest is on the Boundary between the
Brown and the Slerozem (93) zone. Soils in the immediate
area of the forest 1f classifled according to currently
accepted nomenclatvre should be placed among the Regosols
which are formed from unconsolidated parent materials other

than alluvium., Regosols normally have weakly developed
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horizons or name at all, Lost Forest soils display
horizons upon exrosure of thelr cross-sectlons but these
are usually not the result of normal development.

Most of the horizons are totally unrelated from the
standpoint of soll genesis. The horizones for the most part
are the result of lake sediments, aeclien deposits and
alluvial materlials deposited in the pluvial and post-
pluviel lakea by streams. The timing of these deposits
has procduced a polyglot pattern of sedimentary strrta; some
of whieh heave undergone soll forming processes in place.
Many such soils have beoen covered later with aeolian sands
and atill another soil forming proecess has begun. This
pilcture has been further confused by lalke levels which
varied as much as several hundred feet in depths during
the glacial and posteglacial period. Low pfecipitation
and temperature have slowed the so0il forming process whiech
might otherwlse have obacured the nature of the varied
parent materials. TFor these reasons chearacterization of
the soils by conventional deseription of profiles is not
sppllcable and s0il atrata must be referred to by their
parent materials or by their depths.

One exception to the above is the welledefined caliche
layer which underliss most of the soils. This strata 1s
very distinctive and well=defined but to determine whether

it is a product of s0il genesis nor is the result of fluctu~
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ating lake levels was not within the scops of this study.
The gbsence of zones in solls at some elevations which
are above the pluvial lake levels indicste that the latter

may be the case,

Porent Materiesls Parant materiasls of the Lost Forest

solls are lake zediments, pvmice, basalts, pyroclastle
breccis snd sands., In some areas a mixture of all five
mey be foundi in others only the sands are significent.

On the o0ld lake bed the surface six to ten inches is
primarily of sand including ruch fine pumice and some
dietems from eroding portions of the bed of Fossil ILake,
"he second layer one foot to 2.5 feet 1s composed prima-
rily of pumlce and dlatoms. At from three feet to six
Tfeet 8 layer of coarser ssnd is found.

Along the rmltlple shores, which represent meny levels
of the nluvial lakes, water-worn cosrse fragments of basalt
are found. These areas are consplcuously barren of vege~
tation (see barren areas in aerial view Figure 12). Most
of the plants which do grow there are able to survive only
because of a shallow topping of fine sand and s8ilt which
nng been deposltsd by the winda. These ecarse gravelly
30ils are found in the T-2 or Occasional Pine and Juniper
comuunity.

Another distinect soll type, slthough very limited in
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area, 1s that formed from the weathering pyroclastie
breccla outcropping in the south central portion of the
Torest (figure 1l4). It supports a number of a fairly
thrifty pine trees and the usual sage, rabbit brush and
juniper. It 1s uniform to considerable depths but appears
to retain moisture only in 1ts upper levels., The root
system deplcted in Figure 39 illustrates this character-
istiec.

Pumice sands from either Mt. Mazama or Newberry
Crater or both appear in the surface of nearly all the
soils. The {ine asa from Mt. Mazama ls also found in many
localities. It occurs in deposits as mucih as twelve to
slxteen inches deep. The purity, the silt size particles,
and the dlatom ékeletons 1n the material indicate that
it was deposited in a lake of conslderable depth (see
Figure 33).

The solls ol the T=3 (Upland Sage type), are the most
uniform of all the soils in the Lost Forest area. They
have & high sand content (seventy-five per cent) in all
horizons. The soils in the timber type designated T-0,
Dense Pine, or "Plne-Coarse Loamy Sand" appear to be
simllar to those of the upland sage but have a surface
horizon econsisting of a mixture of fine wind blown sand
and coarse basaltic sands. These have & much higher clay

content in the second horilzons than most of the area on
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Figure 39.' éhallow ponderosa pine root system on
loose deep sand.
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Figure L0O. TUprooted juﬁiper.



179

which pine trees are found (see Table 21)., The T-1,
Occasional Pine and Juniper soils are midway between the
T-0 and T-3 soils with regards to boti clay content of the
second horizon and the fine wind blown sand content of the
surface,

Sand dunes of varying depths are found throughout the
area occupied by other soils. Wherever these are present
the characteristics of the sand completely override the
influence of the\underlying soll, Some of these dunes
are still moving and support no appreciable vegetatlon.
Others have remained fixed for a considerable period of
times

Other dunes previously stabilized are now moving with
the persisting winds. Some large areas of the forest are
almost completely covered by sand dunes (Figures 1l and
15).

The sands occur in two distinct size classes (see
Figure L1). The finer sand includes approximately fifteen
per cent pumice sand. The balance of the latter sand is
mostly glass and crystalline material with some broken
fragments of dlatoms. The coarser sand is made up mostly
of darker minerals and has no pumice sand. The latter
sands arevfound In the northwestern portion of the forest
and for the most part are of fairly recent origin as deter-

mined from the poorly rounded fracments.
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Caliche - Underlying the soils everywhere in the Lost
Forest 1s a dense deposit of calcium carbonate or callche.
The pan thus formed ls almost as hard as the native basalt.
In some places it 1s 1n an unbroken sheet from a few to
several inches in thickness. It 1s high in sodium salts
and 1ls rarely penetrated by the roots of planta. Roots of
the pine trees upon descending to this layer proliferate |
and form massive horizontal systems. (See Root Patterns
Flgure 57).

Frequently a shallow layer of sand is found above a
fossll soil underlain by one of these callche layers
(Figure 42 right). The upper white band in the ﬁhotograph
is paint whleh amarks the bottom of loose, unconsolidated
surfaeé materizl; the lower whlte marker the top of the_
fossll soll; the 1light colored material at the bottom of
the photograph 1s the top of the caliche zone. Figure 42
(left) 1llustrates the fragmented type of caliche., The
upper photograph in Figure 43 also i1llustrates thia
phenomenon. Immedlately below the latter photograph is
shown the platy structure of what appears to be an 1ln-
ciplent calliche layer formed in almost pure pumice in the
T-4, Lake Bed 3age, type. This latter material contalns

23,0 me, of Na per 100 gnm.

gtructure -~ Except in the ealiche layers, structure as
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commonly thought of in well developsed soils is practically
non-existent. This is due to the relatively short perioed
of tlme which the s0il forming processes have had to oper-
ate and to the overriding influence of shifting sands and

changing lake levels.

Qther Zhysical Properties -~ The texture of some repre-

sentatlve solls is shown in Table 24, Also shown are.the
moisture equivaelents and the bulk dehsitles and wilting
coefficlents of sand soils. Since molature equivelents of
sands are sometimes poor indilcators of a fleld capacity,
the two sends llsted were also submitted to a 0,1 atmos=
phere test to obtaln an additlonal estimate of fleld
capacity. Thls proved to be the 3.99 per cent for the
coaraser sand and 9.02 per cent for the finer sands, The
laboratory 0.1 atmosphere test for the coarse sands also
appeared to be inadequate since under fleld conditlions five
days after heavy ralins and melting snow they ebntained 5.2
per cent moisture, As for the fine sands, on July 13,
approximately elght weeks after the last rain, the mean
molsture percentage at the elghteen inch level in a four-
foot dune wes 10.3 per cent. Two days after an August raln
the surface six inchea averaged 14.9 per cent. Both the
molsture equivalent and the 0.1 atmosphere test appeared

to be poor estimates of field capaclity of elther sands.



Table 24

PHYSICAL, CHARACTERISTICS OF REPRESENTATIVE SOILS

Plant Com. Soil Tepth % % S Molst. Bulk wWilt,.
Sand Silt Clay Eqguive.e Density Coef,

Sand Surface 85.9 4.9 5.2 1l.6 1.4 = .o

T Coarse

Pine Coarse Loamy 16" 75.9 10.9 13.2 19.0 1.54 10.3
Sand

T-0, B3, 3and, fine Surface 93.1 3.1 3.8 9.8 1,56 # 4.0

Pine

Bitter brush  Sand, fine 2" 90.0 6.2 3.8 7.6 1.67 % 4.0

Te2, Sand, fine Surface 37.6 T.6 L.8 9.7 1,35 # 4.0

Juniper

Low Sage Sand, fine 7 9.0 2.1 3.6 6.0 1,61 # 4.0

T"B,, Lﬁam'y sand Surface ?L'-oé) 1702 802 15.2 1.30 8.3

Upland

S&ge LOm:f sand 15" 76.14- 12.9 1017 16,0 10“-5 8.?

T=li, Loamy sand Surface Th.6 216 3.8 13.2 1.22 Tel

Lake

Sage Sandy loam 20" 664 14.8 18,8 2h.5 «37 13.1

#Dirsct estimate from Oregon State University Solls

notes

Department unpublished

S81
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Soll Chemical Analysis (gge_ﬂggandix 9) In the upper Zzones

of the solls on whieh trees are found growing, pH's range

from 7.1 to 8.4, The highest pH was in the type which has
the poorest pine growth, The lowest pHs are found in the
area in which Idaho fescue is the dominating character-
lstle. The pH of the calliche layer in the Idaho fescue
type is only 7.4. 1In the upland sage 2zone, alkalles alone
would not prohiblt trees growth., The pH of the upper levels
of both fine and coarser sands are above 7.5. Hydrogen lon
concentrations of the sands do not exceed pH 8.0 except at
depths of four feet or greater.

The sodiux content of the upper portiens of most of
the solls 1s well within the tolerable limits for trees.
The lower zones, however, show & relatively high content of
the base. In the seven to ninc inch zone the T-1 "Occa-
gional Pine and Juniper" type has 1l.15 me/100g. At thirty
inches it is 2.22 me/100g. The caliche in the "Upland
Sege” nas 12,37 me/100g. The highest 18 in the caliche
zone of the‘Lake Sage soll which has 23.0 me/100g.

In general, all essentlal macro-nutrients except
nitrogen appear adequete for most plant growth. Nitrogen
also appears adequate for tree growth in all soils except
pure sand. (See Appendix 9).,

Nitrogen percentage in the surface horlzons 1is from

1/5 to 1/6 of that found Ain the same zone by Dyrness (59)
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in his study of Ponderosa Pine types on Pumice aocils in

Lake Countys The Upland Sage type (T-3), wich the highest
nitrogen percentage stlill was lower than the lowest pere
centage found by Dyrness in the surface horizons (,099%

as compared to 0.105%). The pk valuea for tie soils
described by Dyrness were approximately 1.0 units lower than
those at similar soil levels in the Lost Forest and
vieinitye

Exchangeable potassium, calcium and exchangeable
magnesium were considerably higher in the Lost Forest solls
than in soils described by Dyrness althougn the latter showed
a slight superiority in phosphorus content. The pumice
solls examined by Dyrness also had from about six to twenty-
five times more total organic metter in thelr surface
horizong.

Cation exchange capacities of the surface solls in the
two study areas are slmost ldentieal although in vhe lower
soil levels the Lost Forest scils show a superiority of
from approximately three to four times. Since Dyrnesa did
not inelude Na in his analysis, base saturation cannct ve

compared for the two areas.

Moving Sand Dunes - 3and, in the Torm of dunes and sand

sheets, is found taroughout the forest. Several square

miles of shifting sand dunes are found on tne adjacent
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Fossil Lske bed. Since soils as well as topography are 8o
well characterized bv these sands a discussion of their
origin, thelr characteristics and their behavior in dunes
is warranted,

Bagnold (15) states that the origin of most sands 1s
in the decomposition ol granitic ;nelsses and granltic
rocks. Larger rock fragments are probably broken down %o
sand slze particles by belng asbraded in streams between
surfaces of heavier stones and that rounding is mostly
accomplished by wind movement (15). The overwhelming bulk
of the sands in the Lost Forest area are of ths fine pumice-
contalning type as previously deacribed. DNiscussion of
movement, therefore, 1ls concerned only with these sands.

The direction of dune movement as postulated by
Bagnold (15) is determined by the vector-sum of all winds
strong or of moderately strong velocities acting upon them.
Thus the ultimate direction of movement is determined by
the algebraic sum of the angular velocity of winds., In
the Fossll Lake dunes the general direction of movement is
North 75° east. The strong winds blow from approximately
South 45° West. The changing direction 1s due to a strong
northwest wind which blows for much shorter periods of
time than the southwestern component. Evidence that a
strong wind blowing at sngles of 90° or more from the pre~

valling wind is involved can Le seen in the teardrop and
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whaleback shape of the dunes (Figures 5 and 8). Bagnold
(15) states that such shapes are due to multi-directional
winds. Other evidence that additional winds are inveolved
is apparsent in the abruptness with which the dune fields
terminate on their northern boundaries. Thals phenomenon
is also noted on the northern boundary of the forest
where both forest and dunss end abruptly (Figure Ll).

The latter phenomencon also provides excellent evidencs
that the existence of the forest is linked primerily to
the distribution of sand.

An estimate of the rate of movement of the individual
dunes or dune fields c¢an Le no more than speculastive.
There is no way of determining whether sand movement began
during early atages of lske recession or later, nor is it
posaible to determine the rate at which the lake receded.
It is reasonable, however, since such large quantities of
sands are Involved, to assume that the bulk of 1t mest
likely came from the dried up bed of e large portlon of the
lalkte much as have the dunes today.

There are only twe methods svallable for making an
objective estimate of the veloclty of these sand fields.
One of these involves measurements reported by Zagnold
(15). He estimates that individual dunesz of 30 meter's
high move 10.9 m. or 37! per year; 17 meter's high, 10.8m

or 36! per year; 11 meter's high, 16.2 m. or 55! per year.
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Velocities are based upon winds which persisted for 173
days of the year at 13-22 mph; ninety days at 13-30 miles
per hour; thirteen days at 30-35 miles per hour. Assuming
that the northeasterly wind vecstor in the Lost Forest area
parsisted one fourth of thls time and assuming e seventeen
meter dune we arrive at an estimats of nine feet-per-year
dune velocity. 1In order to travel the approximstely fivs
miles from the pressnt lake site toc the east end of the
foreat 1t would require 26400/3 fesct per year or 2933 years.
Another estimate was mades by comparing serisl plhoto-
graphs taken in 1954 with aerial photczraphs made in 1960
(Pigure 15)., A mean advanca for the large dunes in the

-

east end of the forest was 5.8 feet per ysar. Using this
flgure an estimated l,500 years would be reguired for
advanco of the duneg to the east ond of tlie forest. Ho
correction for the effect of slope upon ths over-all ve-
locity wes made. HNsilther is there avalladble an objective
maans by whieh the ratarding effect of vegetation or
molsture upcn the over-all movement can be taken iate
account. Althougn the basls upon which these estimates are
mede i1s edmittedly weak, each 1s of the same order of

megnitude,

301l Moisture

The problem of describing moisture relationships is
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best solved in an empirical manner. One of the signifi-
cant Tactors 1s the penetratlion of precipitation into the
201l mantle. Retentlon of the precipitation whieh has
penetrated the soll mantle is also an essential factor in
permitting pondercsa pine to survive in a climatie prov-
ince in which 1t does not ordinerily exlst., Location of
available moisture ls well illustrated in the lateral
development of root system throughout the sand zone wilth
little or no penetration into the fossil soils beneath.

"Sands are sometimes thought to have some miraculous
power of drawing water up and from an underground water
table to an unspecified heights by capillary attraction.™
(15) Bagnold (15, p. 2l45-2446) states "there 1s no evidence
whatever for this idea. An experiment showed that if a
column of sand either enclosed in a tube or exposed as an
open heap is supplied at its base with an unlimited amount
of water the surface tension of the grains is unable to
cause any moisture to rise higher than 4O em. at the
most." The 1dea could also be refuted by the fact that such
lifting of water could require the expenditure ol energy
whieh is not avallable.

Bagnold states further that the presence of much
moisture in sand cannot be accounted for by evaporation
from below and recondensation above since this also would

require work to be done and that in the case of evaporation
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and recondensation only thermal changes within the body of
the dune could provide energy. He also states that since
sand is such a poor conductor of heat even the extreme
temperature changes whieh occur in the desert do not
affect appreciably the temperatures to more than 20 cm.
below the surface. This ecompares well with the author's
measurements of temperature at 15 c¢m. depths during the
sunmer of 1959, Although surface temperatures changed
from as high as 59°C during the day to as low as =5°C at
night, the temperature at the 15 cm. level remained con-
stantly =t 21°C.

Bagnold (15) remarks that in reality it is the uni-
formity of temperature within the dunes which prevents
evaporation and thus retains water under the surface. He
reports that such moisture may remain under the surface
for many years, for water ecan only evaporate if the air in
contact with it is unsaturated with vapor. Further evapo-
ration could not take place as long a3 the saturated air
between the grains remains in place. It is only in the
upper 15 to 20 em. that ailr is constantly being changed by
the expansion and contraction of the air with the changing
temperatures. Although Bagnoldt!s explanations appear
oversimplified the water retention phenomenon is spec-
tacular in the TLost Forest Fossil Lake dune areas. The

upper six to ten inches of sand appears as 1f freshly oven-
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dried, while a ioot or so below the surface coocl damp sand

can be found even in the most barren appearing dunes.

Underground Molsture - A perched water table or the emer-

gence of underground water over an lmpervious strata have
often been suggested as the sources of water essential for
support of pines in the Lost Forest., This idea 1s given
soms credence by the shallow forﬁ of root systems. To
investigate this possibility pits were dug below root zones
in several sectors of the forest. Most of the pits were
completely extended through an impervious layer into
loose, unconsolidated material below. The presence of tne
impervious layer and the layer of dry unconsolidated
material velow indicates that molsture does not rise to the
root zones from arteslian sources, |

There are, however, some elements of the perched water
table theory at work. The source of the water is not an
underground one but is the direct result of precipitation
entering the sand dunes in too great quantitles for the
water to be firmly retained by the sand, Molisture de-
scendine to the fossil soll beneath moves ocutward a few
feet over the relatively impervious materlsl in the fossil
soll. It is in the zone directly above the impervious
materials that optimum development of the roots of pines

and other plants occurs. The low moilsture content of same~
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ples taken below the saturated horizons help to substantil-
ate these conclusions. At the foot of one dune within

the forest Juncus were found thriving after a summer reain,

Moisture Relations in Dunes - In 1908, Waring (158) after a

visit to Fossil Lske stated that the appearance of plne
trees on Pine Ridpe (Lost Forest) seemed a unique occurrence
end remarked, "It seems closely related to the soll condi-
tions and moisture as affected by the drifting sands from
the valley." Waring made no ecomments as to the mechanisms
involved in the phenomenon but he had hit upon the one
essentlal factor which made existence of the pine forest
possible. That the pines are fundamentally linked to the
movement and development of the sand dunes is particularly
apparent in observations of the area from the air. (Figures

6, 12, 15 and l4).

General Moisture Depletion Pattern

The first ssmples were taken for molsture depletion
determinations at nine localities in March 22, 1960, five
days after a heavy warm rain which melted tne remaining
snow. The molsture nercentage at the molsture depletion
statlons was determined again on July 6 and at two-week
intervals thereafter until September 26, Immediately after

the July 29 samples were taken, a rain of l.1l2 inches
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occurrsed. On August 1, soil molshure was regssessed,
Pinal measurements were made 3Jeptember 26, The results of
301l moisture denletion studles are briefly summarized by
vesetation types as follows: (3ee Figure 49)

T~0 Dense Pine-Coarse Loamy Sand -~ (Molisture Depletion

Plot No. 3)

This soil is a very cosarse loamy sand occasionally
with & shallow surface layer of pure sand. Although the
moiature content of the surface layer was s8till relatively
high two days after the July rain, the examination five
days after the rain in March indicates that very little
molsture was present in the surface. This indicates
falrly efficlent absorptlion and retention of avallable
precipitation., One fsature of this s0il, which no doubt
aids pine growth, 1s the high c¢lay and sillt content of its

secondé horizon,

T-1 Oecasionsl Pine and Junipsr - Moisture Depleticn

Plot No. 2

The molature profiles two days and again two weeks
after precipitation indicate no better permeabllity or
moisture retaining characteristics in these soils than in
those supporting less arboreal vegetation. On the contra-
ry, the solil molsture percentage remains consliderably lover

in the soils of the T-l1 community than most of the other
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T2 Juniper-Low 3ace - Moisture Depletion Plot No. 5

The vegetation zonse characterized by juniper and low
sage shows a surface situation somewhabt similar to the two
sage types except that the molsture conditlons in the lower
zone appear considercibly more favorable than the molsture
conditicn in the T-3 Upland Ssge. It 1s also probable that
molsture in lowar zone of the T-2 "Juniper Low Sage" soil
i3 more readlly avalleble than from the pumice 311t of the
T-l} Lake Sage ares. Considersble puddling was evident
irmediately after the rain but tne rapidly drying surface
indlecated that most of the loss througa evaporation ceased

considerably sooner than in the sage types.

T=-3 Upland Ssge ~ Moisture Depletion Plot Noe. 1

Although the unsurfaced rosads were sufficlently dry to
permit auto travel on March 22, 1960 the surface soil in
tils vegetatlonal zone was s3till well saturated. 1In fact,
free water atlll stood on the surface in some of the low
depresasions. The skles at the time of observation were
clear, the temperature in the low 70's with a strong wind
of twenty=flve to thirty miles per hour. It was obvious
that the molature loss under these conditions was very

raplid.
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In March the surface soll molsture exceeded the molg=-
ture equivalent by 1.5 per cent. The other horizons were
approximately at the moisture equivalent percentage. At
no polnt during the balance of the year did the lower
horizons of the "Upland Sage" solls exceed more than one-
half the moisture equivalent.

By July 6, although several rains of unknown quanti-
ties had occurred early in May, the surface slx to eight
inches was considerably below the estimated wilting coeffi-
clent of sunflower and by July 18 and 29 had reached this
polnt at even lower depths. Between July 29 and August 1,
1.12 inches of raln fell., Again the surface elght inches
of soll was well saturated but not as high a molsture per-
eentage as 1in March. Seven days after the July raln the
s0il surface still appeared molst particularly 1n the early
mornling hours before the rapld evaporatlion exceeded the
upward movement through soll caplllaries. Two weeks after
the July rain, soll molsture was the same as on July 6
desplte the heavy rain. Molsture continued to decresse

untll the last sample was taken on September 26.

T-4 Lake Sage - Moisture Depletion Sample No. 6

The surface moisture regime of these soils resemble
the Upland 3age type. Soll moisture at approximately six
inches below the surface was simllar to that of the Upland
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Sage at the time of examination in Mareh. However, at
greater depths the parallel trends disappesred. Ths lake
bed soils have developed upon a pertielly cemented layer
of sllt-snd-clay sizeu pumlce. This material has & nuch
higher moisture retalining ability than the fine sands end
coarse s8ilts in the T=3, Upland Sape cOﬁmunity.

Molsture depletion plot 6, (Fipure L9}, exaggerates
the total molsture rotention capacity of the pumice zone
since the bulk density of this meterial is approximstely
.87 grams per cubiec centimeter as opposed to l.45 grams per
cubiec centimeter at simlilsr depths in the Upland 3age soils.

The rapid loss of rmoisture from the surface of the
soil 1s gpparent for several days after & rain. Figure
32 shows damp soil ten days after the raln of July 29 and
30; in all but two of the ten days which elapsed after the
$u1y storm, the weather was characterizsd by high tempera-
tures and eoxtremely low humidity (7-12%).

That molsture in tlie pumlce laysr is retained with
great capacity is obvious from tho appearanse of asoll
moisture profiles (Figrurs 4j9). The pumice layer i3 well
cemented but not entlrsly impervious to roots. Scome sage
roots were found to psnstrate to depths of 2,5 feet al~
tnough none extended completely tnrough the layer. This
may be due either to the low molsture content or the high

salinity of 1ts lower portion {ses Anpendix 4)s. In Mareh
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the sand immediately below the pumice zone had less than
two per cent moisture content and remained this way

throughout the sampling period.

T=5 « Idaho Fescue

Because of its inaccessibility molsture depletion

stations were not established in this zone.

Te6 Ponderosa Pine Dunes - Coarse Sand - Molisture

Depletion Plots La and 4b

The moisture percentage in the pure, coarse sands
remains very low throughout the season. The molsture con-
tent was slightly higher than the upper levels eighteen
days after the Jvly 29th rain. Figure 49 also indicates
that the moisture at tie surface was somewhat higher under
the trees than on barren dunes. This was due to the re-
duction of evaporation by the heavy mantle of partially
decomposed needles under the trees (Figure 48).

Soil molsture percentages in the coarse sands remain
so low throughout the season that survival of pine trees
under such conditions appears almost impossible (Figure L49).
The bulk density of the coarse sands 1s not suffieciently
different from those of the other soils to chenge thelr
caleculated moisture percentage values in relation to

absolute moisturs content., Mean bulk density of thes fine
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gsands at the molisture depletion sltes was 1,39 grams per
cublc centimeter and of the coarse sands l.,0 grams per
cublie centimeter. |

The influence of forest tree cover on the molsture
regime can be noted in Figure 49, in the difference between
soil moisture in plot A, which was located 1n the open,
and plot 7B which was locateé under the treses. The differ-
ence 1s characterized by considerably higher moisture con-
tent in the open as would be expected. This may be due to
interception of precilpitation by tree crowns as well as

to uptalrte by roots.

T-6 Ponderosa Pine on Dunes = Fine Sand = Moisture

Depletion Plot No. 7a and 7b

As in tiie coarse sands the surface of the fine sand
under the pine trees shows considerably higher molsture
content than in the open. This 1s the result of the thick
duff bencath the trees. As in the case of the coarse
sands, total moistuﬁe was considerably less under the pine
trees than in the open. In the deeper portions where sands
are not underlain by an impsrvious fossll soll, moisture
content decreased slightly with depth to approximately the
five-foot levels Beyond this there was a sharp drop where

the sand became too dry to 1lift with an auger.
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Soil Permeability ~ The results of an experiment to deter-

mine the relative permeabllity of some Lost Forest soils
are shown in Figure 50. Differences of greater magnitude,
6+Lsy between T=-3 and T-0, T-0 and T-6 etc., appecar real
and were confirmed by direct obgservations after rains.
Except for the tyves T~l, "Occasional Pine and Juniper"
and T-2 "Juniper Low Sage," the order of permeabllity is
the same a8 the order of density of the respective pine
stands, This exception could be accounted for quite
readily by the fact that the "Juniper-Low Sage" is on a
soll containing a mueh higher proportion of gfavel than
any of the other soils. The gravelly nature of the latter
permits rapid loss as well as rapid permeability.

The relatively slight advantage, in permeability
which the T-6 "3and Under Pine" appears to have over tie
"Barren Dune" may be due to the somewhat lower moisture
content of the former. There data, and the direect svidence
so apparent following rains, point out the tremendous ad-
vantage of unconsolidated sands in admitting and congerving
moisture for plant growth. This obviously is one of the
essential mechanisms permitting the Lost Forest to survive

in so unfavorable a c¢limatic province.

Gray Rabbit Brush Moisture Depletion 3tudy

No resl diffesrences were found in the moisture content
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with respect to dirsctions from the rabbit brush plant
(Pigure 51). Also, there were no obvious differences in
moisture content among the statlons at distances of two
feot or more from the shrub (Figure 52).

There was a dlstinet difforence between the station
immediately under the shrub and the mean of those two feet
or more distant from it. The profiles in Figure 52 show
mean percentage of soll moisture for July and August for
the station lmmediately under the shrub asnd the means of
the mere distant stations. This does not indicate a more
favorablas moisture regime for the estaclishment of ponder-
osa pine since the moisture content 1s distinetly lower
under the shrub at all depths than in the soils more
distant., However, on July 6 (Pigure 50) the molsture con-
tent of surface soll immediately under the shrub was slight-
1y higher than in the more distant stations.

The relationship of moisture content at varying depths
waa consistent throughout the sampling polnts ezcept for
gome minor variationz, Figures 51 and 52 portray the
detalls oi these relationships. The composite rounded
curve of Figure 53 reflects the mean o soil moisture de-
pletion for all depths. This does not fully express the
significance of the difference as far as seedling estab-
lismment 1is concerned., Figure 5l shows this much better

1n the moisture profile "July 6" for "Shrub Station."
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This shows the effect of shade and the light surface litter
in preventing the complete loss of available moisture from
the surfece soll sarly in the growing season., This could
be a significant factor in determining the survival of
ponderosa pine seedllings since bare sand exposed to sun,
wind and low humidities is reduced in a day or two to

near ovean dry; moisture content. The slight advantage pro-
vidad by the moist upper layers of soil when accompanied

by a reduction in soll surface temperature, higher numidi-
ties, and protection from the wind more than compensate

for the somewhat drier soll at lower soil levels under the
shrub,

As described in a previous section, gray rabbit brush
roots appeared to extend outward for considerable dlsgtances
in the sand even though soil moisture may be adequate in
the irmediate area of the plant. Thus water, although less
abundant immediastely under the shrub is still adequate for
survival and growth of ponderosa pine seedlings even after
the esasntial period of germination and establishment,

These rooting characteristies are not found in most
of the other shruvs. The one exception is bitter brush.
The root system of bitter brush could provide a somewhat
gimilar advantage as far as scll molsture is concerned but
untll it hes completely dominated tie site it does not

provide the shade and litter which prevents surface
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evaporation, In any event, penderosa pine seedlingas were
not found assoclated with any of the shrubs other than
gray rabbit brush, The dense crown of the rabbit brush
also offers considerably more protection from wind than do
most of the other shrubs,

It 1s interesting to see many trees of sapling and
pole size, both juniper and ponderosa pine, growing fron
the clumps of dead rabbit brush which apparently had
nortured them (Iigure 55).

Depletion of soil moisture throughout the growlng
season follows the expected pattern as can be observed In
Figure 54, 1In the chart the solid line, which represents
molsture conditlons directly under the shrub, drops wesll
below the broken line which represents the moisture cone
tent at more distant points, The chart also showa that
precivitation occurring in storms produsing 1.12 inches or
less 1s not as effectlve lmmediately under the shrub as ln
the open. Thls 1s due to interception of precipitation by
the aerial portions of the plant and by the surface litter.
This factor is probably not as signlificant during the
pericds when seeds are germinating as are the other favor-

able influences.

Ponderosa Pine Molsture Depletion Study - Samples were

taken on July 6, August 1 and August 31. The results are



Figure 55. Young ponderosa pine growlag from crown ~f gray
rabhit brush,

St1e
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surmarized in Pigure 56 in which mean molsturs percentages
for all thres depths are plotted with respect to the
atation “rom whlch the dats were ootained,

It is significant to note that although the last re-
rorted rain occurred in May, the 1,12 inch storm of Tuly
23 ralsed the molsture percentage above the July & level.
By August 31 molisture was considerably below the July 6
level., It should be noted that the send has & higher
moisture content directly under each of tne two trees
than twenty feet away. This 13 not as mlght be expected
due to nrotection from evaporatlon by litter or duff wvnder
pine trees since the sand under both trees was develd of
organic litter.

It 1s probable thet the higher molsture content of
the sand under the trees after the rains was due to water
flowing down the trunk from the crown during the storm.
Horizontal rains during the high winds which usually
accompany summer reains are intercepted by the crowns snd
draln off more under the trees than would normally be
deposited on the same srea in the oper. Flow of water
down the trunk was observed on several trees during the

storm of July 29, 1960,
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3nluble Salta and Water

One factor which has not been discussed 1s the erfect
of the soluble salts on the water uptake of the plants.
Tne non-rorested soils 1n tne study area are considerably
higher in totsl salts than the forested soils, at least
in their upper zones. Kelley (107, p. 1liy) states that
soluble salt content of the soil water grester than .5 per
cent afrects the water uptake of plants. This is due
primerily to an increase on the osmotic pressure of the
80ll solution.

Some significance may be found in the fact that
ponderosa pine roots penetrate the caliche zone in ths T«C
"Coarse Loamy Sand" soils whnile in other areas root pene-
tration ceases at the surface of the caliche (Figure 57).
For exemple, the sodium content ot the T-0 - "Coarse Loamy
Sand" caliche is only 0.87 me/100 gm. while some of the
others have from 3.21 me/100 gm. to 23 me/100 gm. (appendix
9)s Only an analysis of salts in the soil solutlon could
determine their significanece in preventing the growth of
trees on non-i'orested soils. This ecould involve an ex-
tensive sampling since salt content is extremely variable

in alkaline soils.

Summary of Moisture Relationships -~ The critlcal character-

istics of the Lost Forest solls with respect to their
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Ponderosa pine root adaptability.
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water relationships 1s their ahility to permit rapid
penetration of the infrequent precinitation and to retain
it against the influences of high water.vapor gradients.

For the most part tho moisture absorption and retene
tlon characteristics of the solls are determined by the
amount and location of more or less nure sand covering the
older fossll soil or lake sediments. Although the sands are
unable to retain great quantities of water on a nercentage
basis they frequenfly exist in sufflclent depths to permit
a large over-all water retaining capaclity. As a shallow
layer ovar less penetrable soils they act as an excellent
muleh whiech readlly admits precipitation and restricts
evaporation,

The.total amount of water retsined by the fine sands
common to the Lost Forest can be estimated from the three
constants: bulk density, permanent wilting percentage and
field capacity. The mean bulk denslty for the sand at the
gite of the fine send molsture depleticn experiments was
1.39. A conservative estimste of fleld capacity 1s 1L.9
per cent (taken from the wmoisture content st elghteen
ineches depth in a four foot-deep dune eight weeks after
the last rain). The wilting eoefficlent for fine sand is
estimeted at I per cent (127).

Total water storage available to plants
= (Bulk density) (Depth) (Ficld cepacity--wilting coef=-

ficient)
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= (1-39) (12) (1“..9-1,{-'0) = 108 inCheg
Water storage in the topmost six iiches of [ine sand

«

must be discounted since moisture 1s rapidly depleted Trom

-

most of this zone by evaporation. Bach sdditlionel foot of

™

sand, can store l.8 inches. Thuas a I

-

ive and one-nalfl foot
dune will retain approximately nine inches of preciplitatlon,
This is considerably more than the net molsture which could
be expected from a year's raein end snow in the Lost Forest.
Tne advantage of sand as a surface mulch Lecomes even more
signiticent when it overlies fossil soils with higher
meisture holding capacities thus providing a one-way path
for percolating rain and snow waters. This advantege 1s
further enhanced by the high moisture content of the sende
fossll soll interface. In some situations six to eight
inches of sand was found to vz completely saturateds It
was on the periphery of ons sucihh site that rushes were
found growing. These gituations were rare but coneeivebly
could occur more Ifrequently if additional precipitation

were availiabia.

Impact of Land Use

The effect of harvesting poles, firewood and sawlogs
within the forest has made some changes in the overstory,

particularly in tae portions most heavily cut, but appear



222

to have made no profound changes in the understory vege-
tetion except near portable mill sites. Disturbance of
the soil by loggers, ranchers and the U, 3. Army on battle
maneuver nave left conspicuous evidence of disturbance but
when compared to the effects of shifting sand dunes these
are negligible.

Overgrazing and attempts at farming abetted by drought
have caused considerable erosion from portions of the bed
of Fossil Lake immediately to the west of the forest. Thils
has resulted in a new series of sand dunes encrosching upon
the western end of the forest.

Overgrazing within the forest may have accelerated
wind erosion and may have caused a change in understory
vegetation. The stable Idahc fescue community in the
eastern end of the forest has remained relatively undis-~
turbed probably because of a differential grazing pressure
brought about by the greater distance from the only water
supply and a partial barrier provided by a series of largse
sand dunes.

In the sdjacent areas not affected by ahifting sands,
the heavy early grazing practiced in the early 1900's may

have caussd a change from the Agropyron splcatum to the

present dominant grass, 3itanion hysterix, as has happened

in other areas, but there is no direct evidence to support

sueh a conclusione.
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Root Patterns of Common Species

Numerous uprooted pine trees are found throughout ths
forest. These trees have succumved to drought, insects or
other agencies., As soon as small root and rootlets have
decayed, trees are easlly tipped over by wind. Although
the system of fine roots has been destroyed, the more
massive roots remain to provide distinctive patterns which
characterize soil conditions at the site. Many of the
roots are semi-permanently preserved by a heavy lmpreg-
nation with resin (Figure 57). The tremendously varied
root patterns of the ponderosa pines indicate their great
ability to adapt to varied soil conditions. Figure 57
shows examples of adaptation to different sites and adeap=-
tation by individual trees to root growth conditions et
different denths,

Juniper trees are seldom uprooted in tiie manner of
the pine trees, but thelr root systems are very susceptible
to uncovering by persistent winds. A few seedlings of both
ponderosa plne and juniper were excavated to determine root
patterns during the seedling stage. Specimens of big sage,
bitter brush, and rabblit brush were also excavated.

One Jjuniper tree approximately eighteen inches in
diameter was uprooted by road building equipment and 1s

shown in Figure 4O.



Figure 58,

Wind exposed roots of
ponderosa pine,

ez
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Climatic Observations 1959-1960

Summer maximum temperatures aspproximating 100°F
oceurred several times during the author's residence in
the Lost Forest. Summer minima falling below freezing are
common particularly in June and in August. Temperatures
did not remain much below freezing for extended perlods
during the night (see Fizure 59). On July 23, 1959 a
temperature of 23°F was recorded, It was sufficiently
cold to freeze Russian thistles growing on sand dunes in
the western portion of the forest (Figure 32).

The effect of sueh temperatures on newly germinated
seedlings 1s not known since none of tae 1959 germinants
were found. However, several seedlings of 1958 origin
which had been previously under observations were not
harmed. Some of these seedlings were in depressions which
could have served as frost pockets so that it l1ls apparent
that temperatures of 23°F for short periods of time do not
necessarily destroy older seedlings, at least during the
latter part of the growing season. More detailed infor-
mation as to the occurrence of minima may be found in
Appendix 2.

Taytime humidities as determined by wetbulb and dry-
bulp thermometers were frequently‘below seven per cent.

A comprehensive study of the humidity was not attempted.
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A number of samples made turoughout the sumer of 1959 and
1960 indicated & relative humidity during the day of from
seven per cent during clear weather to twenty-five to thirty
per cent during overcast periocds. In fact thirty-four per
cent humidity was measured during a llight thunder shower.

Yo direct measurements of wind velocitles were made
but daytime winds of sufficient force to move sand were
observed frequently during the summer., Winds were partliecu-
larly strong in March 1960 when & dense cloud of fine sand
was observed over the dunes flelds. Winds were sufficiently
strong and persistent during the month of June to be a
gerlous factor 1n desicecation of nine seedlings.

Direct measurements of precipitation were limited
to the summer months. A storm yielding .62 inches of rain
occurred in August, 1959 and another provided 1,02-1,12
inches in late July, 1960. On November 9, 1958 there was
2,25 inches of snow on the ground. There was no difference
in snow depth between the interior of the Losat Foresat and

the surrounding non-forested area,

The Tree Ring Record

The greatest uniformity and the c¢losest relationship
betwsen growth rate and precipitation among the samples
was found in the Lost Forest tree ring data. This was

partially due to the fact that fourteen individuals were
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sampled there whereas only five trees were sampled at the
I'remont weather station and five at The Poplarsg station.
The precipltation measurements obtained from The Poplars
station showed the poorest agreement with tree ring growthe.
This is to be expected since with only five individual
stems present most of the criteria used in selecting sample
trees (see Methods) were not applicable. In fact, two of
the individuals at The Foplars were growing on the same
roct system; the others were growing on widely differing
sites. The individusl showlng the nearest to normal
appearance 1s shown in Figure 63.

Figure 60, whieh shows the growth rates of five

individual trees at Fremont, serves to illustrate that all
trees do not respond exmctly the same to changes in
precipitation. Individusgl varlatlon 1s especially common
on severe sites and slight differences in mierosites may
produce differential responses among individuasl trees.
This is particularly true when comparing annual fluctuations
(7, 58, 106). Two individuals failed to show the same
growth response to higher levels of preelpitation even as
late as 1955. The response of these two individuals is
very simlilar to that of the mean for the five trees at The
Poplars which 1s also a very severe site (Figure 61),

However the general agreement among individual trees

for both annual growth fluctuations and long term trends
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and the general agreement with the three-year mean precipl-
tation suggest that the mean radial srowth responses of

tlie five trees shoulc provide a reliable reflection of
precipltation trends at the Fremont weather station, That
this is the case is illustrated in FPigure 6l,

The mean radlal growth rates of the Lost Forest and
The Poplars trees as expressed in units of standard measure
are also shown in Figure 61l. The curve representing the
mean of three years! precipitation has been superimpossd
upon the figure. This mean ls based upon the precipitation
of the ecurrent October-3eptember year and the two previous
years. The agreement of this mean with annual growth
fluctuations 1s readily spparent.

Agreement for the long-term trends is very good be-
tween mean growth rates of Lost Forest and Fremont trees.
The mean growth rate of the Lost Forest and ?remont trees
also agree well with mean precipltation. This is additional
evidence supporting the reliabllity oi the sssumptlon that
Fremont precipitation records reflect similar climatic
trends in the Lost Forest,

It i1s interesting that there is a noticeable lsack of
agreemant ol Tlae Poplars radlal growtia data with the longe
term precipiltation trends (Figure 61). This departure is
most apparent following periods of severe drought and may

reflect a lack of ability to recover induced by the ex-
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tremely severe soll molsture conditions under which these
trees are growilng., It was noted that cone production was
extremely rere under all of The Poplars trees whlle trees
from the other localities were abundant cone producers,
Other indications of low vigor were evident as well
(Figure 63).

Regardless of the spscifie mechanism responsible for
the poor recovery, 1t aeppears probable that the poor agree-
ment of tie Poplar trees is related to a deterioration of
vigor and to a subsequent inabllity for & rapld recovery
when more adequate precipltation does oceur. This indi-
cates that althiough trees growing in xeric situations are
excellent indicators of past climatical trends the ex-
tremely severe sites may be undesirable when choosing
samples i'or such work. This may be the reason that Antevs
found sueh a lack of agreement among the samnples whicin he
obtained near Lsakeview (9).

Keen has expressed his growth rales in terms of de-
parture from the mean but the tree ring growth data from
the Lost Foresat, Fremont, and The Poplars can be compared
although the latter are expressed in another measure.
When such a comperison is made for annual fluctuetions
during the perliod which the author's study 1s concurrent
with Keen's, excellent agreement 1a found with both the

Fremont and the Lost Forest data (Figure 62). A general
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agreement with the smmuel fluctustions of The Poplars 1s
noted but tiue long term trends failed to coinelde, probably
because of the extreme severity of the growing site cf the
five spscimens analyzed at The Poplarse.

Considering the agresment among the tree ring data
and agreement of the latter with recordsd precipitation,
lake levels and stream flow, 1t can be assumed that the
tree ring record characterizes the changes in the eclimate
for the Lost Forest as well as the rest of the Great Basin
for the past six~hundred years, Keen states that the years
1900-1919 are normael for the period which his study covered.
The period 1G00-1919 a2lso includes the period during which
the United States Weather Bureau's statlon, Cliff was
maintained. We can say, therefore, that the 9.62 inches of
the mean precipitation recorded in Cliff from 1508-1616

approximates the normal for the past 600 vesrs.

Isolated Ponderosa Pines

Twenty isolsted pines were investigated. These were
located from Zlve to as much as twenty miles inbto the
"sagebrush desert" away from the ponderosa pine foresta.
Most of them were not reproducing but indicate that
ponderosa pines can survive for long periods oi time where
the climatic conditions are too severe for maintenance as

a forest. Two 1lsolated individuals are shown in ¥Figure 63.
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Germinatlion Charsascteristics of Pine Secds

Standard Germination Test -~ Germination of seeds from the

Lost Forest with seeds from three other socurces at the
normal temperature regimes used for testing ponderosa pine
‘seede in the Oregon 3tate Farm Crop Seed Laboratory indi-
cated a Gefinite supsrlority in the germinative energy of
the Loat Forest seesds,

At the end ot the fourth day 89.l per cent of tune
Lost Forest.seeds had germineted. The five lots of one-
hundred seeds each showed 95.0, 94.0, 88.0, 80.0 and 90.0
per cent respectively. While the next best germination
occurred in the "wet Site" lot with a mean of 63.0 per cent,
the other two seed lots showed 51.0 per cent and 50,2 per
cent eaciis OCerminstion emong the individual replicates of
the other sources were also very uniform. This left 1little
doubt that the Lost Forest seeds were capable of more rapld
germination at the temperatures (20° and 30°C) employed in

the germinating oven,

Experimental Germination The rssults of an experimsnt

designed to compare germinative energy of Lost Forest sesds
wlth seeds from other sources under conditlons more nearly
approximating those found in the general area of the Lost

Forest also indicated superiority of Lost Forest seeds.
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- Figure 6li and Table 23 show this superiority very cleerly.

o unsound seeds were found conssquently the percent-
ages are based on the total number of seeds. The last
entry for each treatment was the date of germination o the
last seed. The untreated-geed test was terminated at
twenty-elzght days or seven days after the last seed had
germinated, Unldentilied fungus or fungl besame very
active aftsr approximately twelve cays 1n the germinator.
It is probable that the lower Lomperatures are responsible
for this. rungl are probably responsible for some of the
irregularity of the germination curves in Figure 6.

In no instance does the final germination percentage
of any of the other sourees sxceed that of the Lost orest,
nor does the accumulated germinatica percentage of other
sources at any point in time exceed that of the Lost Forest
seeds.

Germination at 5° - 159C of seeds whieh had been pre-
treated by stratifieation showed that the Lost Forest and
the other two dry-site sources were all superior to the
wet~slte soures in speed of germination. Where the only
pretreatment applied to the seeds consisted of soaking for
twenty-four hours hefore germination, the wet-slite and the
Lost Forest seeds were dlstinetly superior. When seeds
were placed dry in a petri dish without pretreatment, the

Lost Forest snd one of the dry sites displayed superioritye
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Table 25

PERCENTAGE OF 3EEDS GERMINATELD: BY TAYS IN GERMINATING OVEN

Eime Lg;thg§§8geeds %C§§h3022§e§eeds i g?eggEZl#%eeds % §§e¥ggzl#geeds
oven Strabt. 3Soak T'ry Strat. Soak Dry Strat. 3oak Dry 3trat. Soak Dry
5 .8

6  33.6 3.2 12,0 17.6 15.2

7 624 15.2 181 4.8 36.0 0.8 37.6

8 76.8 38.4 3.2 28.8 20.0 504  L4.8 56,0

9 85,6 L7.2 8.0 LL.O 35.2 2.4 64.8 16.8 3.2 72.0

10 B86.4 5S04 15.7 50.L LeO 72.8 19.2 104 73.6 16 1.6
12 Sl 304 59.2 36,0 6.4 T79.2 20.8 14 The4  L.O 3.2
17 56.6 36,8 36.8 16.0 2.8 12.8 11.2
21 T 2546 13,2 24,0

6¢c
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The wet site and the remaining dry site seed lots ﬁere not
signiflecantly different from ons another.

Discussion s to the signiiileance of =zuperior germine-
ative ability cr gorminative encrgy can be only speculative.
The results deflaitely indlecate a physiolcogleal superlority
of tihe seeds as expressed by germinative enersy. This
superlority could be due to conditlions exiating during the
jears when the sced3 were collectad, or 1t ceuld bhe the
result of physiclogical characteristics of the sseds pro-

-

cuced by the peculiar environment of the Lost Forsst. Some
differences could be accounted for by difference 1ln seed
handling such as maturity when collected, but the seads of
the Lost TForest site and the "woet sit:" were collected by
the author snd treated identically from ths time the cones '
were gathered. The only diifference, other than the sourece,
wag the fact that the wet site conea were taken from
squirrel caches while cones were hand plecked from the Lost
Forest trees. OCutting and storage of comes by squirrsls
cculd have & deleterious effect on germinstive energy
slthough Levender end Engstrom {(108) found no svidence nf
such effect in their work with Douglas fir seeds,

There ere two broad g prilori reasons why this superior
germinative energy may be a selective factor. TFirst, there
1s a general advantage to the indivlidual which producss

seed of superior germinstive abllity, and second an
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explanation can be glven to show why superior germinative
energy caen be a posltive survival facter under condlitions
existing in the Lost Porest. The explanation consiste of
taree baslc elements: (1) an adequate moisture supply
exiating throughout most of the yesar from gix inches to
one foot or more below the sand surfacs. (2) the moisture
present in the upper layers of sand to whleh seedling
roots can penetr.t: only during very limited perrlods of
time. Usually thls only amounts to a few days after a rain,
(3) temperatures sufficiently high to provide encugh heat
Tor germination exlst during the time when molsture is
adequate at the most for only a few days durlng esch year.

",

Thersfore, the abillity to braak dormency end to germinate
rapldly is obvlously s dlatinet advantasge since circum-
stances suitable for zermination and survival occeur but
rarely.

In summery, ebllity of seeds to germinate quickly and
thus penetrate the loose scil with the greatest possible
speed glves them a definite survival adventage. Since the
Lost Forest has heen assoclated with gands for many thou-
sands of years and since 1t has probably been lsolated for
most of 1ta’ existence elther by lakes or by asagsbrus
desort, 1% is quite possible that thls characteristlic has

become fixed in the population.
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Prought Resistance Study

The one~hundred and twenty Lost Forest seedlings sur-
vived a mean of 23.1 days af'ter the soil had reached ths
wilting point as determined phytometrically. Seedlings
from one source in the Fremont National Forest survived a
mean of 29.7 days after tue wilting point had been resached.
One lot from a mixed Douglas fir--white fir--ponderosa
pine site survived a mean of 29.3 days. The remaining site
from the Fremont National Forest survived a mean of 28.8
days. The differences in survival time after the soil
moisture had reached the wilting point were not statisti-
cally significant, An analysis of variance for the Lost
Forest and the best Fremont site also faliled to show a
significant difference at the 5% confidence level,

Considerable variation in the length of survival wes
manifest within each pot and among the pots in which the
seedlings were planted. The large variance was probably
due to the failure to recognize the point at which death
of the seedlings occurred as well as to individual plant
varlation. Although it cannot be said from the results of
this experiment that the Lost Forest seedlings are either
more drought resistant or less drought resistant than the
other sources tested, it does give a good indication that

the abllity of seedlings to extract molsture from tne soil
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at high tensions 1s not alone responsible for maintenance
of the present stand of pines in the Lost Forest.

The following data show the mean root, the mean top-
weights, and the root-top ratioa for each source. The

differences were not significant.

Table 26
DROUGHT STUDY, SEEDLING WEIGHT3 IN GRAMS

Loat Forest Cache Creek Fremont #3 Fremont #4
Root Top Root Top Root Top Root Top =

.198 156 «193 «159 «208 .166 183 132

Ratio 1.27 1.21 1.25 1.20

These results, when considered with the results of
the seed germination experiments described on the preceding
péges, point out the danger of over-simplification of
genetic adeptation, This is particularly true with respect
to securing seeds from a mown "difficult" site and ex-
pecting them to grow in some other spot also adjudged to be
"difficult." Since ponderosa pine as a species has already
become adapted to xeric conditions, genetic development of
a specifie mechanism for drought avoidance 1is just as
logical as genetic changes whici permlt internal physio-

logical adaptation to still lower moisture conditions.



Pollen Identlfication

Pine as well as other pollens were found in tne
sediments af all intervals examined from 29.0 inches to
}0.0 inches. ¥No pollen was found in one sample collected
at 0.5 inches, None were detected in the samples from
21,0 to 28.0 inches. No samples were taken from materials
above 21.0 inches., This established with a reasonable
certainty that ponderosa pilne, chenopods, grass, sagebrush
and possibly juniper were present nearby about 6,400
years ago at the time of eruption of Mt. Mazama., It is
unlikely that pollen from pine as distant as those of
today would provide as high a proportion of the pollen
types found in the sediments, since there was nearly as
many pine pollens present as all the others together,
Although pines are normally over-represented in the
pollen spectra it appears probable that most of these

pollen were from a local source.





