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ABSTRACT

Nineteen 1/h-hectare reference stands have been established in the central
western Cascade Mountains of Oregon to represent widespread and important
portions of the vegetation continuum, Their species diversity, cover, and
structure are described here. The stands provide points of reference for
visiting scientists and researchers who wish to design experiments around the
natural stratification of vegetation provided by the differing habitat types.
Several studies have tested theory about certain plant community-environment
relations and given credence to the classification of habitat types in use

in many northwest forests. Thls work reviews the methods for establishment,
mapping, and collection of data on vegetation and the six-year history of

use of the reference stands for 1972-1977.



TABLE OF CONTENTS

Introduction

1
Methods L
Analysis 6
Soil Descriptions 15
Reference Stands
Reference Stand 1:  Pseudotsuga menziesii/Holodiscus
discolor (Psme/Hodi) 15
Reference Stand 8: Pseudotsuga menziesii-Tsuga
heterophylla/Corylus cornuta
var. californica (Psme/Tshe/Cococa) 16
Reference Stand 6: Tsuga heterophylla/Castanopsis
chrysophylla (Tshe/Cach) 17
Reference Stand 16: Tsuga heterophylla/Castanopsis
o chrysophylla (Tshe/Cach) 17
Reference Stand 10: Tsuga heterophylla/Rhododendron
macrophyllum~Gaultheria shallon
(Tshe/Rhma-Gash) 18
Reference Stand 2: Tsuga heterophylla/Rhododendron
macrophyl lum=~Berberis nervosa
(Tshe/Rhma~Bene ) 19
Reference Stand 17: Tsuga heterophylla/Rhododendron
macrophyl lum~Berberis nervosa
(Tshe/Rhma~Bene) 19
Reference Stand 9: Tsuga heterophylla/Acer circinatum/
Polystichum munitum (Tshe/Acci/Pomu) 20
Reference Stand 15: Tsuga heterophylla/Polystichum
munitum (Tshe/Pomu) 21
Reference Stand 7: Tsuga heterophylla/Polystichum
munitum-Oxalis oregana (Tshe/Pomu-
Oxor) 22
Reference Stand 19: Tsuga heterophylla/Polystichum
. munitum-0Oxalis oregana (Tshe/Pomu~
Oxor) 22
Reference Stand 11: Pseudotsuga menziesii/Acer
circinatum-Berberis nervosa
. (Psme/Acci~Bene) 23
Reference Stand 5: Tsuga heterophylla-Abies amabilis/
' Rhododendron macrophyllum=-Berberis
nervosa (Tshe-Abam/Rhma~Bene) 24
Reference Stand 3: Tsuga heterophylla-Abies amabilis/
Linnaea borealis-Tsuga heterophylla-
Abies amabilis/Rhododendron
macrophyllum/Linnaea borealis (Tshe-
Abam/Libo-Tshe-Abam/Rhma/Libo) 25
Reference Stand 18: Pseudotsuga menziesii/Acer '
circinatum/Whipplea modesta (Psme/
Acci/whmo) 26
Reference Stand 12: Abies amabilis/Vaccinium alaskaense/
Cornus canadensis (Abam/Vaal/Coca) 27




vi

Refer
Refer
Refer
History of

References
Appendix

ence Stand 13:

ence Stand bL:

ence Stand 14:
Use

Key to Stem Maps
Stem Maps of Reference Stands

Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference
Reference

Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand
Stand

Abies procera/Clintonia uniflora
(Abpr/Clun)

Abies amabilis/Tiarella unifoliata
(Abam/Tiun)

Abies amabilis=-Tsuga mertensiana/
Xerophyllum tenax (Abam—Tsme/Xete)

W oSl ONVVVT W —

10

12
13
14
15
16
17
18
19

27
28

29
29
53

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79




Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

W ool OVNUT B-W N —

o

11

N

W oSNNI W N —

LIST OF FIGURES

LIST OF TABLES

11
12
30
32
37
38
10
i1
42
43
il
45

47
52

vii



INTRODUCTION

Reference stands within and around the H. J. Andrews Experimental Forest
have been established to provide well-defined examples of many major
plant communities commonly found in the Tsuga heterophylla, transition,
and Abies amabilis zones of Oregon's central-western Cascade Mountains.
The sites will serve as references for scientists of many disciplines

in their future studies of these and similar forest communities.

The H. J. Andrews Experimental Forest is a 6,050~ha watershed located

in the central-western Cascade Mountains of Oregon east of Eugene

(Figure 1). The area was declared an experimental forest in 1948 and

is representative of dense coniferous forests of Douglas-fir, western
hemlock, and common true firs of the west slope of the Cascade Mountains.
In 1969 the site was selected as one of the intensive study sites of

the Coniferous Forest Biome Project of the International Biological
Program. During the field seasons of 1971 and 1972, 19 reference

stands were established as a part of the IBP studies.

Carpentar M.

Figure 1. Location of 19 reference stands in and around the H. J.
Andrews Experimental Forest. Major roads are numbered. ‘




Phytosociological studies by Franklin et al. (1970) and Dyrness et al.
(1974), based on a reconnaissance level sample of 300 plots in and
near the H. J. Andrews Experimental Forest, identified 23 major forest
communities (Figures 1 and 2). Of these 23 communities, 10 were in
the Tsuga heterophylla zone, 4 within the transition zone, and 9
within the Abies amabilis zone. One of the goals of the study was

to devise a workable classification system for the complex forest
communities of Oregon's central-western Cascade Mountains., The

study generated hypotheses concerning the causes of community distri=
bution across a variety of gradients. Ordination showed the distri-
bution of plant communities over gradients of temperature and moisture
(Figure 2).
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Figure 2. Diagrammatic representation of the vegetation ordination of
Dymess et al. (1974). Reference stands are numbered in the lower corner
of community boxes (Zobel et al. 1976).




By the classification system of Dyrness et al. (1974), near modal
representatives of major plant communities were established as reference
stands (RS). Twelve reference stands are within the boundaries of the
H. J. Andrews Experimental Forest, two are in the Wildcat Mountain
Research Natural Area to the north (Figure 1), four are within Water-
sheds 9 and 10 adjacent to the southwestern tip of the Andrews Forest,

and one is located 1 mile west of Blue River, Oregon.

The reference

stands include most vegetative and environmental gradient variation
known to occur in the area represented (Table 1).

Table 1.

Forest community represented in reference stands,

Ref.
stand
no.

Forest community name

Abbreviation

13
14

15
18

Pseudotsuga menziesii/Holodiscus discolor

Tsuga heterophylla/Rhododendron macrophyllum
Berberis nervosa

Tsuga heterophylla~Abies amabilis/
Linnaea borealis

Abies amabilis/Tiarella unifeoliata

Tsuga heterophylla-Abies amahjlis/Rhododendron
macrophyllum=Berberis nervosa

Tsuga heterophglla/CastanopsiS chrysophylla

Tsuga heterophylla/Polystichum munitum-
Oxalis oregana

Pseudotsuga menziesli~Tsuga heterophvlla/
Corylus cornuta var, californica

Tsuga heterophylla/Acer circinatum/
Polystichum munitum

Tsuga heterophylla/Rhododendron macraophyllum=—
Gaultheria shallon

Pseudotsuga menziesii/Acer circinatum~Berberis
nervosa

Abies amabilis/Vaccinium alaskaense/Cornus
canadensis

Abies procera/Clintonia uniflora

Abies amabilis~Tsuga mertensiana/Xerophyllum
Cenax

Tsuga heterophylla/Polystichum munitum

Pseudptsuga menziesii/Acer circinatum/
Whipplea modesta

Psme/Hod i

Tshe/Rhma-Bene

Tshe~Abam/Libo

Abam/7Tium

Tshe=-Abam/Rhma=-
Bene

Tshe/Cach

Tshe/Pomu=-0Oxor

Psme~Tshe/Coccoca

Tshe/Acci/Pomu

Tshe/Rhma~Gash

Psme/Acci/Bens

Abam/Vaal,/Coca

Abpr/Clun

Abam~Tsme/Xete

Tshe/Pomu

Psme/Acci/Whmo




Establ ishment of reference stands in these major vegetation communities
focuses research in a limited area on species diversity, density,
biomass, leaf area index, structure, and succession. The stands will
also serve as reference points for other studies of ecosystem patterns
and processes on similar sites.

METHODS

Reference stand sites were chosen as near modal examples of common
plant communities., They often included areas originally sampled in
the reconnaissance survey of Franklin et al. (1970).

Stands were of sufficient size to include 50- x 50-m plots with as

large a buffer as possible. Each reference stand was surveyed and
slope-corrected to a 1/4 ha area (Figure 3). Metal stakes were installed
at 10-m intervals on the perimeter of each plot and at the corners of

an interior 30- x 30~-m plot. The entire reference stand was then

divided into a 10~ x 10-m grid, and all trees greater than 5 cm dbh
(breast height = 1.37 m) were mapped and tagged with aluminum number
tags.

Data recorded on each reference stand included location by X and Y
coordinates, sequential tree tag number, species alpha code (Garrison

et al. 1976), and dbh in cm. Vigor, crown condition, and bole condition
were recorded for each tree with a three-digit code: vigor by l--good,
2--moderate, 3--poor; crown by l1--broken, 2--~forked, 3--dead top,
lb--dying top, 5--half crowned, 6--suppressed; and bole by 1--swept

butt, 2--leaning tree, 3-~layering observed, 4--rot present, 5--split
butt, 6--generally suppressed.

The location of downed logs and stumps was also included on maps of
each stand. Stem mapping was completed by at least two men, and most
trees were accurately mapped to + 1 m (Appendix),

Saplings (> 0.5-m tall and < 5-cm dbh) were tallied within the 30~ x 30-m
interior plot by a total count or by a count of representative subsections
of the interior plot. Seedlings (< 0.5 m tall) were tallied in a

120-m? area inside the 30- x 30-m plot in four 1- x 30-m strip tran-

sects (lines A, B, C, and D in Figure 3).

Cover and frequency of shrub species were tallied along 60 m of line
intercept at the top and bottom of each 30- x 30-m plot (lines A and D
in Figure 3). Cover and frequency of herb and moss species were
tallied in 60 microplots (2 x 5 dm) placed at 1-m intervals along the
inside of the two central lines.
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Figure 3. Plot diagram of 50 m x 50 m reference stand showing 10=-m
wide buffer strip; 30 m x 30 m central block; strip~ and line- sample
areas on lines A, B, C, and D; location of 60 microplots within lines
B and C; and location of permanent aluminum stakes (@).

Data were collected for index estimates of understory biomass and leaf
area. Not all understory species were sampled with equal intensity.

The eight plant species sampled intensively were Acer circinatum,
Rhododendron macrophyllum, Castanopsis chrysophylla, Gaultheria shallon,
Berberis nervosa, Polystichum munitum, Taxus brevifolia, and Xerophyllum
tenax. Data were also collected for many locally important understory
species when growth-form similarity to one of the eight major species
permitted good estimates. The measurements for this part of the

study are listed in Table 2, Each of the species was sampled by

total count within one or more of the representative 10~ x 10-m

sections within the inner 30- x 30~m plot,




Table 2. Parameters measured for estimating leaf area index and biomass of
selected species within the H. J. Andrews Experimental Forest reference
stands.

Species Data wllected

Polystichum munitum number of fronds = average frond length (dm}.
number of plants = number of leaves (first
digit = new; second digit = old) = average,
length of leaves (dm).

Berberis nervosa
Gaultheria shallon number of plants - average height of plants

number of stems - average length (m) - average
basal diameter (cm)

Rhododendron macrophyl lum

Taxus brevifolia same as Rhododendron macrophyllum
Castanopsis chrysophylla same as Rhododendron macrophyllum
Acer macrophyllum same as Rhododendron macrophyllum
Vaccinium parvifolium same as Rhododendron macrophyllum
Rosa gymnocarpa same as Rhododendron macrophyll]um
Rubus parviflorus same as Rhododendron macrophyllum
Amelanchier alnifolia same as Rhododendron mgcrophyllum
Rhus diversiloba same as Rhododendron macrophyllum

Rhamnus purshiana same as Rhododendron macrophyllum

Xerophyllum tenax number of clumps = length of compacted leaf

cone (dm) - basal diameter of cone (cm).

Each reference stand was monitored with a two-pen, 30-day thermograph
equipped with air and soil probes. Air probes were located at I m
above ground surface, or at 3 mor 5 m where snowpack is heavy during
winter months. Soil probes were buried at a depth of 20 cm,

Analysis

Collected data have been analyzed for a baseline description of
vegetation structure within each reference stand. A series of tables
of vegetation cover and frequency within each reference stand was
completed and reduced to a table including trees (mature and immature),
shrubs, and herbs or mosses (Table 3), Table 4 includes other charac-
teristics of each reference stand and a summary of cover values by
stratum. Size-class distribution on each reference stand is given in
Table 5.




Table 3.

Cover table of species within

reference stands of the H. J. Andrews Experimental Forest area associations,

Species

Tsuga

heterophylla

Transition

Abies amabilis zone

8 6 16 10

2

17

19

5 3

12 13 4 1y

Pseudotsuga menziesii

Acer macrophyllum
Pinus lambertiana

Tsuga heterophylla
Thuja plicata
Calocedrus decurrens
Abies amabilis

Pinus monticola

Abies procera
Tsuga mertensiana

Cornus nuttallii

Acer circinatum

Berberis nervosa

Rubus ursinus

Vaccinium parvifolium
Rhododendron macrophyllum
Taxus brevifolia
Castanopsis chrysophylla
Gaultheria shallon
Holodiscus discolor

Rhus diversiloba
Amelanchier alnifolia
Lonicera ciliosa
Ceanothus intergerrimus
Symphoricarpos mollis

Corylus cornuta var, californica

Acer macrophyllum

Rosa gymnocarpa
Rhamnus purshaina
Pachistima myrsinites
Vaccinium membranaccum
Vaccinium alaskaense

ATV ITRDIDIVNININIIITII
N -

0.2
21.2
L.
0.2
1.3
3.0
2.7
0.4
0.1

4.7
6.5
2.1
0.5

50.0
20.0
15.0

35.0
5.0

3.0
7.0
3.0 5.0
1.0 3.0

t ————

1.0

t -——

55.0
15.0

2.0

55.0
20.0

1.0

5.0 15.0 15.0
5.0 30.0
---- 8.0

1.0

3.6
.1 15.9
2.8 6.0
2 0.4 0.3
Io~=--- 0.1
1 46,0 32.8
.2 0.8 0.4
7 31.7
.2 26,3 26.8
t —_———
t

t -_——
t -————

t t me--

50.0

3.0

50.0
3.0
2.0

50.0

2.0

35.0
25.0
5.0
5.0

5.6
i

-
N~

1 w=— |t WwW—=00w

1
. o .
LW DRI 0O WO NN

[}

I

I e B
[ |

30.0

20.0

35.0
25.0
20.0
15.0

o
.

[adiadx)

0.1
3.7

25.0

55.0
30.0
30.0
10.0

60.0
5.0
20.0

5.0
35.0

1.0

t
0.4
0.5

75.0
7.0

20.0
30.0

1.0
5.0
1.0

7.0
12.3
244

5.3

1.3

10.7

0.h

0.2

35.0

20.0

3.0
7.0
20.0
3.0

30.0
30.0
k5.0
20.0

5.0
20.0

1.2
0.7
0.2

70.0
3.0

10.0
20.0

0.9

bs.0

45.0

55.0
5.0

15.0
20.0

8.0
20.0

50.0
30.0

20.0
25.0

5.0
1.0

ho.o

15.0
65.0
2.0

5.4 t
5 t t
6 0.2

9 - t
2

t -——

0.5

t ame —emee amaa

0.3

8.3

2.3

t
.5 b2
7



Table 3. Continued.

Tsuga heterophylla zone Transition rfone Abies amabilis zune
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Table 3. Continued.

Species

Tsuga heterophylla zone

Transition zone

Abies

amabilis zone

10

2

17

9

15

19

5

3

18

12

13

4

14

Vancouveria hexandra
Blechnum spicant
Streptopus amplexifolius
Smilacina racemosa
Monotropa uniflora
Adiantum pedatum
Allotropa virgata
Eburophyton austineae
Pyrola aphylla
Smilacina stellata
Tiarella unifoliata
Rubus nivalis
Campanula scouleri
Pyrola picta

Aralia californica
Asarum caudatum
Pteridium aquilinum
Corallorhiza mertensiana
Osmorhiza chilensis
Athyrium felix-femina
Stellaria palustris
Cornus canadensis
Pyrola asarifolia
Rubus lasiococcus
Pyrola secunda
Clintonia uniflora
Valeriana sitchensis
Senecio harfordii
Pedicularis racemosa
Viola glabella

Lilium columbianum
Listera caurina
Anemone oregana
Aranaria macrophylla
Arnica latifolia
Streptopus roseus
Veratrum viride
Eurhynchium oreganum
Dicranum fuscescens
Hypnum circinale
Isothecium stoloniferum
Polytrichum juniperinum
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1.3
2.4
2.6
4.

0.2
0.1
0.2

5.3

0.2

0.4
0.6
9.3

0.1

0.1



Table 3. Continued.

------------------------------------------------ Reference stands-——=—====c == oo e e e
Tsuga heterophylla zone Transition zone Abies amabilis zone

Species 1 8 6 16 10 2 17 9 15 7 19 1 5 3 18 12 13 4 14

Tortella tortuosa ———— [ B e
Antitrichia curtipendula ———— De3 —-== mmmm meme dcre e mmme cmmm emmm meee e mees mmma e meen e e
Homalothecium megaptilum 2.6 === a-ua 0.4 0.4 0.l ==cm mmmm cmim e mdee mmme meme cen m—— t ceme mmem ceew
Aulocomnium androgynum 0.1 ---- 0.1 t B e t mme=  mmee mmmm mtos cmem mmee meee mmem came em—=
Rhacomitrium heterostichum —— 0.1 [ B e
Dicranum tauricum ———— ———- 0.1 0.] ==== cion ccms mmac aen cmme mcmm cmee mmee ccmm mmee m——— t ———— m———
Dicranum howellii (or scoparium) 4.6 =---- 0.2 t 0.] ==em  meee t  mmmm meme cmme mmmm ;s mmme mcce e mmme meee -
Rhytidiadelphus triquetrus 1.3 0.1 ~mo=e e 1.0 0.1 ---- 2.4

Hylocomium splendens 0.5 ==-- -mo=e —-e- 1.6 1.0 3.6 04 =---= 1,4 1,0 =--- =—cce cmme cmmc ccee mcee acce ceae
Leucolepis menziesii 0.2 =--== =-== -ees cces cme aeea 0.6 =-e= —u- 2.6 =mm= mmem mmen chcr cvee mmmm emea -
pPlagiothecium laetum ) R S i STy, o (U, SO TP S SR t 0.5 -~=--
Mnium sp. mmes smes mmem eeee N t 0.2 t 1.7 t  =em== m=e= 0.1 t  mme= mmes scen cee-
Claopodium bolanderi e L i 0,2 ==== ;meec  ;mes esme mmes meem cmem mmee eeem mem——

e N B B

Plagiomnium insigne e mess meen emee eces aame mmem mems —men t t t meme mmee cmee emee cmme mmmm e
Rhytidiadelphus loreus TUS=s mTme mmes mees mses cees cees cmme ccce mmee 0,3 seme meme cmes cdme mmmm e aeme e—ee
Plagiothecium undulatum e el L i L e L t mmes  meme smee cdee ccen meme amee e———
Rhytidiopsis robusta TTTT TTTT STTS SesSs smess smes msee mees mmee cmem mom emee esee 0 e 127 meem eeem el
Bryum sandbergii Sm=m mmss mems mese ccmm mmme stee meesd mmee mmme meeee meee B e T t 0.1 t

0T



Table 4, Characteristics of reference stands sampled.
Specific epithet of plants in the community names are gl

ven in Table 1,

Percent cover is for a 50 x 50 wm area at each stand,
(From Zobel et al. 1976).

Percent cover

Ref, Eleva- Tree
stand tion As-"  Slope Ma- Repro-
Zone no,  Community {m) pect  {°)  ture ducing Shrub Herb
Tsuga hetercphylia ' Psendotsuga/Holodiscus 510 SW 35 50 20 LT3 36
2 Tsuga/Ifhododendron/Berberis 520 W 20 105 10 3 2%
6 Tsuga/Castanopais 710 S 40 83 30 123 14
7 Tauga/Polys tichun-Oxalis 490 W 18 110 42 17 i)
8 Pseudo tsuga-Tsuga/Corylus 500 W Lo 81 25 2 27
9 Tsuga/Acer/Folystichun 490 WhW 45 100 35 72 8
10 Tsuga/Rhododendron/Gaul theria 670 SSW 5 89 60 118 7
11 Pseudotsuga/Acer/Berberis 1,060 SSE 25 96 35 62 10
15 Touga/FPolysticlaen 720 NW 45 108 43 1Y 18
113 Teuga/rastanopsis 870 W 40 107 48 108 7
17 Tsuga/Rhododendron/Berberis 530 NNW i8 102 437 43 37
19 Tsuga/Tolystichum-Oxalis 380 WSW 17 85 55 76 54
Transition 3 Tsuga-Abies/Linnaea 950 SW 1] 120 88 38 24
5 Tsuga-Abies/Rhododendron/Revberis 920 N 8 90 27 125 5
18 I'sewdotsuga/Acer /Whipplea 1,080 SE 30 81 24 92 23
bies amakilis b Abies/Tiarella 1,440 SW io 116 50 9 39
12 Abies/Vacciniun/Cornus 1,020 w 5 103 31 56 33
13 Abtes/Clintoniu . 1,480 S 15 93 20 12 32
& Abies-Tougn/Xerophyl Lum 1,570 Y 15 100 27 3 33

1T
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Table 5. Size class distribution (10 cm increments) of major tree species found within reference stands of the H. J. Andrews Experimental
Forest, Blue River, Oregon. (Trees per hectare.)

RS 0- 10- 20~ 30- ho- 50- 60- 70- B80- 90- 100- 110- 120~ 130~ 140- 150~
No. Species Seedling 10 20 30 Lo 50 60 70 80 90 100 110 120 130 140 150 160 160+

I  Pseudotsuga menziesii 334 136 96 52 16 12 16 12 i 12 16 I 8 8 I L eee aea
Taxus brevifolia 334 103 §o mm=m mme e —em -
Castanopsis chrysophylla - 100 ——— === —-—- ——— —=- -—= ——— a=a - - ———— ———— -—- ~—— - ——-
Acer macrophyllum ———— _——— 4 - ——— ——— —— —_——— —_— - - ——— —~— ——— —— ——— — ———
Tsuga heterophylla -—- L T T T e O T I T
Pinus lambertiana --- - - ——— - - o -—- —— - L _—— - —— ——- ——— ——— ——

8  Pseudotsuga menziesii 1670 492 148 36 me- ——- 4 4 8 4 4 4 8 16 8 8 8 ---
Taxus brevifolia 90 27 16 —— - ——— - ——— - e —— —— - [ —— _— —— ———
Acer macrophyllum —_—— 12 24 24 20 _——— ———— ——— - - —— _—— ——— _——— ——— —— — ——
Thuja plicata - I L e L L e S ol b
Libocedrus decurrens - 4 —m— e ——— —-- —— ——- -—— _—— ——— ——— _— - —— —— — _———
Tsuga heterophylla 340 - fh  eem o mmm mme mem mem mem mmm mme mmm mes mem o ame eee mme ——-
Castanopsis chrysophylla - 34 § == mme mem mmm mme eme emm eee mme smm emm mme mme eme mee

6 Pseudotsuga menziesii 1670 885 24 8 8 ——— 8 4 ———- 20 12 20 12 4 4 —— —— ——
Tsuga heterophylla 2000 79 8 8 4
Taxus brevifolia 930 90 === mme mmm mmm mmm mme mmm e mmm mem mee e ame mme cme eee
Pinus lambertiana 500 135 I 8 mew mmm mee eee eee e TS LT
Thuja plicata 260 56  ~-- b
Castanopsis chrysophylla - -—- 116 96 L e T L L L et

16  Pseudotsuga menziesii 340 92 12 == == e 4 8 A y Y 12 A I 12 4 I
Tsuga heterophylla 1260 8 12 16 32 B mum  mme mmm mmm mme e mme ;e mme e eem —ee
Taxus brevifolia 1260 8 32 12 N —— —— ——— ——— _— ———— —_— ——— ——— ——— ——— —— —
Pinus lambertiana ——— —— - -—— 1} ——— ——— g R — —— ——— —-—— I ——— —— ——
Thuja plicata - 20 ——— - ——— —_— -—— —— _—— _—— ——— —— - ——— ——— - ——— ——
Castanopsis chrysophylla ——— 284 140 32 4 ——— ——— mm- -— --- _—— ——— ——— e — -, ——

10 Pseudotsuga menziesii - [ io8 96 80 112 Ly 20 mem m=m mme eme e h  mme mem mme e
Tsuga heterophylla 1000 260 28 8 12 8 —— ——— —— ——— —— _—— - _— —— —— [
Taxus brevifolia 500 119 8 em= ee- -—— -— ——— _—— —-- ——— _——— -— _——— e ——— - ——
Pinus lambertiana - —— |} ——— ——— - -—— ——— _— —— ——— —— ——— —— _— ——— —— ———
Thuja plicata ——- 72 8 4 8§ e e eae mee een e cme mme me e e mem =
Castanopsis chrysophylla - 33 - 12 === mse ame emm cee smm mme em= mme mme mmm mme mee
Abies grandis -— i ewe  me= mmm mm= mme mme mme mme | dme em= mmn eme me= mm= me— o

2  Pseudotsuga menziesii --- L 4 8 i2 b 12 12 8 12 L 4y -
Tsuga heterophylla 422 134 96 8o 80 20 4 4 4
Taxus brevifolia h22 256 --- | e T L e TR T L I L D L B L L
Thuja plicata ] 166 - 16 === === —em me- —me meo mme mme mme mme mmm mme me-e ees ees
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Table 5. Continued.

RS
No. Species

Seedling

0-
10

10~
20

20~
30

30-
4o

4o-
50

50-
60

60-
70

70~
8o

80-
90

90-
100

100-
1o

110-
120

120-
130

130-
140

140~
150

150-

Castanopsis chyrsophylla
Acer macrophyllum

Pseudotsuga menziesii
Tsuga heterophylla
Taxus brevifolia
Thuja plicata

Acer macrophyllum

Pseudotsuga menziesii
Tsuga heterophylla

Taxus brevifolia
Castanopsis chrysophylla
Acer macrophyilum

Pseudotsuga menziesii
Tsuga heterophylla
Taxus brevifelia

Acer macrophyllum

Thuja plicata
Castanopsis chrysophylla

Pseudotsuga menziesii
Tsuga heterophylla
Taxus bdbrevifolia

Thuja plicata
Castanopsis chrysophylla

Psendotsuga menziesii
Tsuga heterophylla

Taxus brevifolia
Castanopsis chrysophylla
Acer macrophyllum
Librocedrus decurrens

Pseudotsuga menziesii
Tsuga heterophylla

Taxus brevifolia
Castanopsis chrysophylla
Abies amabilis

Abies grandis

Pinus monticola

760
170

1180

2500

7690

170

34

133
276
34

333

23

516

126
34
23

-

48
16

28

24

4o

112

138



Table 5. Continued.

RS
No. Species

Seedling

0-
10

10~
20

20-
30

30~
Lo

4o-
50

50~
60

60~
70

70~
80

80-
90

90-
100

100-
110

110-
120

120-
130

130~
140

140-
150

150~
160

160+

5 Pseudotsuga menziesili
Tsuga heterophylla
Taxus brevifolia )

3 Pseudotsuga menziesii
Tsuga heterophylla
Taxus brevifolia
Thuja plicata
Abies amabilis

18  Pseudotsuga menziesii
Tsuga heterophylla
Taxus brevifolia
Abies grandis

12 Pseudotsuga menziesii
Tsuga heterophylia
Taxus brevifolia
Thuja plicata
Abies amabilis

13  Pseudotsuga menziesii
Abies amabilis
Abies procera

b Pseudotsuga menziesii
Tsuga heterophylia
Abies amabilis
Abies procera
Tsuga mertensiana

14 Abies amabilis
Abies procera
Tsuga mertensiana

590
255
1088
89
1088
3422

760

170

116
74

486
72
87

376

151

]

12
48
132
52

4
16

28

32

20

108

24
4
4y

12
8

12

32

aA]I Tsuga heterophylla found

at original sampling were dead by 1976 summer season.

VAl




Soil Descriptions

Field work was conducted from June through September, 1972. The
reference stands were part of a larger study to describe and interpret
soil-landscape patterns on the Andrews Forest. The soil survey techniques
included air photo-interpretation and description of preliminary shallow
pits. No walking or digging was done in the reference stands, but from
preliminary reconnaissance, pedons were selected at or near the periphery
of the stands in positions thought best to characterize the soils
underlying them. At least one pedon was selected for morphologic

study and sampling at each reference stand. Sometimes, in order to
characterize the range of soil variability, two to four pedons were
selected. A total of 32 pedons were chosen to characterize the

soils of 19 reference stands. Field methods, laboratory chemical and
physical methods, classification scheme, and profile descriptions are
further described in Brown and Parsons (1973).

REFERENCE STANDS
The soils and vegetation of each of the 19 reference stands are described
in this section in the order of their position along environmental
gradients of dry to moist and warm to cool. The low-elevation xeric

stands are described first, the cool high-elevation stands last.

Reference Stand 1: Pseudotsuga menziesiT/Holodiscus discolor (Psme/Hodi)

RS 1 occupies a portion of the interfluve on the northwest boundary
of Watershed 9 (Figure 1). Pediment backslope grades upward to the
double-convex shoulder of a ridge spur. Slope aspect is generally
southwest, and slope gradients vary from 30% to more than 65%. Soils
on the pediment backslopes are deep, well drained, very gravelly
loams and sandy loams developed in colluvium from breccia and basalt.
A dark brown to dark reddish-brown A horizon overlies a brown to
reddish-brown B horizon., Highly fractured bedrock underlies these
Dystrochrepts at depths of 1.5 to 2.5 m. Soil on the interfluve is a
-shallow, somewhat excessively drained Xerochrept. Depth to bedrock
on the interfluve is 50 cm or less, and rock outcrops are common.

The tree canopy of this reference stand is typically open. The stand
is dominated by Pseudotsuga menziesii in both mature and immature size
classes (Table 5)., Size-class distribution data taken in 1972 show
Tsuga heterophylla saplings, all of which had died by the 1976 summer
season. Taxus brevifolia is an abundant understory tree species which

maintains a shrubby growth habit in this and most other Andrews Forest
- plant communities throughout their succession,

The shrub layer is dominated by Acer circinatum and Pseudotsuga menziesii.
Corylus cornuta is secondary in the tall shrub layer. Symphoricarpos
mollis and Berberis nervosa are the most abundant low shrubs. A
diagnostic shrub species of the community, Holodiscus discolor, occurs
with >2% cover (Table 3).
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The herb layer, with high species diversity, is dominated by Whipplea
modesta and Polystichum munitum. Synthyris reniformis and Linnaea
borealis are common to abundant in patches.

This stand contains 4 tree, 15 shrub, 30 herb, and 8 moss species.

The bryophytes are good indicators of site character. Eurhynchium
oreganum is the dominant moss in most other communities but is greatly
reduced here and of about the same cover as typical dry-site Dicranum
spp. Other dry-site moss indicators are Polytrichum juniperinum and
Homalothecium megaptilum. This reference stand conforms to most of

“ the parameters of Dyrness et al. (1974) in site characteristics,
vegetation species, cover, and dominance.

Reference Stand 8: Pseudotsuga menziesii-Tsuga heterophylla/Corylus
cornuta var. californica (Psme/Tshe/Cococa)

RS 8 is on a pediment backslope and ridge shoulder near the headwall

of Watershed 9 (Figure 1). The slope is generally convex, with a
westerly aspect and gradients ranging from 60% to 75%. Soils are
shallow, well-drained, dark brown and dark reddish-brown very gravelly
loams and very gravelly sandy loams developed in colluvium from breccia
and basalt. Depths to bedrock vary from 15 to 50 cm, and the soils

are classified in Lithic subgroups of Dystrochrepts and Haplumbrepts.

RS 8 has a partially open canopy which varies markedly in height and
depth due to the dominance of old-growth Pseudotsuga menziesii over
emergent Pseudotsuga menziesii, Tsuga heterophylla, Taxus brevifolia,
Calocedrus decurrens, and Acer macrophyllum in large openings.
Immature trees are dominated by Pseudotsuga menziesii. Tsuga hetero-
phylla is second in importance.

In addition to the immature conifers, the shrub layer contains an
abundance of the dominant shrub, Acer circinatum and Corylus cornuta
var. californica and moderate amounts of Rhododendron macrophyllum,
Cornus nuttallii, and Taxus brevifolia. Low shrubs are also well
represented. Berberis nervosa is the most abundant species.

The richness of the herb layer, with 30 species, is second only to

that of RS 4. PpPolystichum munitum, Whipplea modesta, Linnaea borealis,
Synthyris reniformis, Achlys triphylla, and Vancouveria hexandra make
up most of the cover. The other 24 species are far less abundant.

This reference stand, like RS 1, is a good representative of the

habitat type described by Dyrness et al. (1974). Both RS 8 and RS 1
differ from an 'laverage'' habitat type in development of the low shrub
species. Gaultheria shallon has less cover in both the reference stands
than in descriptions of the habitat type based on the reconnaissance
plots. Berberis nervosa is also less developed here than usual for

the community from previous descriptions. In both instances, however,
these stands fit within the range of variation given by Dyrness et

al. (1974).
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Reference Stand 6: Tsuga heterophylla/Castanopsis chrysophylla (Tshe/Cach)

RS 6 is on a shoulder and pediment backslope below the ridge spur

forming the northern boundary of Watershed 10 (Figure 1) which was
clearcut in 1975 as part of the IBP/Coniferous Forest Biome research.
Slope gradients on this generally convex landform vary from 55% to

80%. Slope aspect is south. Soils are predominantly deep, well-drained,
dark yellowish-brown to dark brown gravelly loams developed in alluvium-
colluvium from breccia, tuff, and andesite. The A horizon has numerous
small rounded pebbles, and depth to saprolite is generally about 90

cm. Most of the stand is underlain by this Dystrochrept, but a localized
pocket of a deeper, redder Paleudalf underlies the extreme southwest
corner.

The tree layer of this stand was diverse but relatively open. Old-growth
Pseudotsuga menziesii, Pinus lambertiana, and occasional Castanopsis
chrysophylla dominated the overstory of more open areas. Understory

tree species indicative of the climax included not only Tsuga heterophylla
and Castanopsis, but also Pseudotsuga menziesii and Pinus lambertiana.

The shrub layer was dominated by the tall shrubs Rhododendron macrophyl lum,
Castanopsis chrysophylla, and Acer circinatum, which formed often
impassable shrub thickets., The dense low shrubs were dominated by
Gaultheria shallon. Berberis nervosa was present in minor amounts.

The herb stratum was moderately developed for a submesic site and was
dominated by Xerophyllum tenax which is characteristic of low-elevation
xeric to submesic forests in the Andrews Forest region. Mosses were
common but not abundant in the stand. Eurhynchium oreganum was the
most abundant representative species of this layer with 3.2% cover
(Table 3).

RS 6 conforms closely in landform and vegetation to the Tshe/Cach
habitat type described by Dyrness et al. (1974). The stand was more
representative of this habitat type than is RS 16,

Reference Stand 16: Tsuga heterophylla/Castanopsis chrysophylla (Tshe/Cach)

RS 16 is on a slightly convex shoulder/backslope below the ridge crest
on the northeast side of Watershed 2 (Figure 1). Slopes vary from

60% to 70% and aspects from south to southwest. This Hapludalf has a
surface horizon of brown to dark brown gravelly silt loam over an
argillic horizon of dark yellowish~brown silty clay loam. The depth
to saprolite is 120 cm. Parent materials are mostly colluvium derived
from breccia and andesite. '

This stand replicates the RS 6 community (7she/cach). |t is dominated
by old-growth Pseudotusga menziesii, with occasional Pinus lambertiana.
Tsuga heterophylla makes up part of the tree canopy and most of the
immature tree layer. Pseudotsuga menziesii also occurs in the smaller
size classes in the more open portions of the stand.
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The shrub layer, dense and often impassable, is dominated by Castanopsis
chrysophylla, Rhododendron macrophyllum, Acer circinatum, Taxus brevifolia,
and Pseudotsuga menziesii in the tall shrub layer. The low shrub '
layer, also dense, is dominated by Gaultheria shallon. Berberis

nervosa 1S quite common.,

The herb layer is sparse. Linnaea borealis cover is 3.3% and Xerophyllum
tenax cover is much less than on RS 6. Moss cover is lower than on
other reference stands but is higher than that on RS 6.

Several attributes indicate that RS 16 is not a good representative
of the Tshe/Cach habitat type. Tree cover is denser than usual,
shrub cover is lighter than usual, Xerophyllum tenax is greatly
reduced in the herb cover, and moss cover is three times greater than
in the more modal RS 6. Fungi collections indicate a more mesic site
(R. Fogel, personal communication), old-growth Pseudotsuga menziesii
are unusually tall (W. Emmingham, personal communication), and soil
development is more advanced than in a typical Tshe/Cach community
such as RS 6. Almost all species characteristically dominant in the
Tshe/Cach habitat type are abundant in RS 16 except for Xerophyllum
tenax. The stand appears to be a mesic variety of the Tshe/Cach type.

Reference Stand 10: Tsuga heterophylla/Rhododendron macrophyl lum=-Gaultheria
shallon {Tshe/Rhma-Gash)

RS 10 is located on a pediment surface associated with a gently to
moderately sloping ridge spur (Figure 1). The contour is convex on

the upper portion and concave on the lower portion; slope gradients
range from 10% to 25%. The surface is radially convex, with an aspect
generally south-southeast. The soil is well drained and deep. A
surface horizon of dark brown gravelly silt loam with numerous rounded
pebbles overlies an argillic horizon of brown to dark brown and dark
reddish~brown clay loam. The parent material of this Glossoboralf

was alluvium-colluvium from breccia and basalt. Depth to the saprolitic
substratum is 1.5 m,

The canopy of RS 10 is dominated by old-growth Pseudotsuga menziesii.
Emergent Pseudotsuga, Tsuga heterophylla, and Thuja plicata are
secondary. The only conifer species abundant in the understory,
however, is Tsuga heterophylla. The contribution of Tsuga heterophylla,
Taxus brevifolia, and Castanopsis to the tall shrub layer is large.

The shrub stratum is exceptionally well developed. A tall shrub

layer is dominated by Rhododendron macrophyllum and Acer circinatum.
Cover of Cornus nuttallii is relatively high for this habitat type.

The low shrub layer is also well developed and is dominated by Gaultheria
shallon with smaller amounts of Berberis nervosa.

The number of species and cover of the herb layer is greatly reduced

as a result of the dense shrub cover. Xerophyllum tenax, Chimaphila
umbellata, Linnaea borealis, and Polystichum munitum are the most
common herb species. The moss layer, moderately weil developed but
patchy in distribution, is dominated by Eurhynchium oreganum (Table 3).
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This reference stand is an example of a young stand in the Tshe/Rhma-Gash
habitat type described by Dyrness et al. (1974), but it differs slightly
in having unusually high tree cover by immature Pseudotsuga menziesii.

RS 10 could thus be interpreted as marginal Tshe/Rhma-Gash tending

toward the Tshe/Cach habitat type described by Dyrness et al. (1974).

Reference Stand 2: Tsuga heterophylla/Rhododendron macrophyllum-Berberis
nervosa (Tshe/Rhma-Bene)

RS 2 is on a pediment surface between backslope and footslope (Figure 1).
The north side of the stand occupies part of a fan terrace emanating

from a draw on the hillslope. Slope gradient is about 35%. Slope
aspect is west-northwest. The soil is a deep, well~-drained, brown to
dark brown loam over silt loam developed in colluvium and alluvium

from tuffs and breccias. Pebbles in the A horizon are rounded, and

the pumice content of the soil matrix increases strikingly with depth.
Depth to the saprolitic C horizon ranges from 90 to 100 cm. The soil

is classified as a Dystrochrept.

The tree stratum is dominated by a mixture of old-growth Pseudotsuga
menziesii and emergent Tsuga heterophylla, a late seral species.
Climax is evident in the density and the cover of understory conifers,
both dominated by Tsuga heterophylla. The site is mesic, and Thuja
plicata will undoubtedly be codominant in the mature forest.

The tall shrub layer is dominated by Taxus brevifolia, Acer circinatum,
and Rhododendron macrophyllum. Berberis nervosa dominates the low
shrub layer. Vaccinium parvifolium is also common.

The herb stratum consists primarily of patches of large amounts of
Linnaea borealis, Coptis laciniata, Viola sempervirens, Polystichum
munitum, and Chimaphila umbellata, and a scattered variety of other
herbs. The moss layer is extremely well developed. More than 50% of
the cover is Eurhynchium oreganum.

RS 2 appears representative of the Tshe/Rhma-Bene habitat type of
Dyrness et al. (1974) with a well-developed canopy, little shrub

layer development, and moderate herb cover. Characterisitic species
of each stratum comply with the descriptions of Dyrness et al. (1974).
This reference stand replicates the Tshe/Rhma-Bene habitat type.

RS 17, the other stand of this type, is more moist and much less

modal than RS 2,

Reference Stand 17: Tsuga heterophylla/Rhododendron macrophyllum-Berberis
nervosa (Tshe/Rhma-Bene)

RS 17 is located on a concave pediment footslope (Figure 1). Slope
gradients vary from 20% to 40% and slope aspects from northwest to
north. The soil is a deep, well-drained, dark brown loam, with many
small rounded pebbles over brown to dark brown gravelly silty clay
loam. Depth to the saprolitic C horizon is approximately 100 cm.
This Dystrochrept has developed in alluvium-colluvium from breccia,
tuff, and andesite.
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RS 17 is the same habitat type represented by RS 2, The tree canopy is
mature and dominated by several old-growth Pseudotsuga menziesii and
abundant large Tsuga heterophylla and Thuja plicata. Tsuga heterophylla
is the only abundant immature conifer in the understory of this mesic
habitat type.

Tsuga heterophylla, Taxus brevifolia, and Acer circipatum dominate
the well-developed tall shrub layer. Rhododendron macrophyllum and
Cornus nuttallii are also important. The low shrub layer is sparse.

The herb layer, dominated by Linnaea borealis, is unusually well
developed for this habitat type. Coptis lacinitata and Oxalis
oregana are common. Mosses are abundant in RS 17 and are dominated
by Eurhynchium oreganum. Hylocomium splendens is also common.

RS 17 appears to be a more mesic site than RS 2, Both represent the
Tshe/Rhma-Bene habitat type, but the size-class distribution in RS
17 indicates a more youthful community than RS 2, and typically seral
species such as Acer circinatum, Cornus nuttallii, and Rhododendron
macrophyllum cover more of RS 17. The diversity and abundance of
herb species also indicate a more mesic site (Linnaea borealis cover
is 26% and oxalis oregana cover is >3%).

RS 17 may thus differ from RS 2 merely in seral stage. RS 17, a

younger stand, has a more developed shrub layer. This same relation

is seen between subclimax and climax stands of the northwestern Siskiyou
Mountains of southwestern Oregon (Franklin et al. 1972, Hawk 1977)

and between the two reference stands which represent the Tshe/Pomu~-Oxor
habitat type in this study.

Reference Stand 9: Tsuga heterophylla/Acer cirgi
munitum (Tshe/Acci/Pomu)

RS 9 is on a slightly convex pediment surface on the northwest-facing
slope near the mouth of Watershed 10 (Figure 1). Slope gradients vary
from 70% to 80%. Soil is well-drained, dark brown, very gravelly
loam. Upslope, the soil is underlain by gravelly clay loam saprolite
at a depth of 1 m, but rock outcrops occur, and the soil becomes
shallower on the lower portions of the stand near the creek. Small
rounded pebbles are numerous in the A horizon and occur in moderate
amounts down through the solum and into the underlying saprolite.

This reference stand was completely logged in 1975 with the rest of
Watershed 10.

The tree stratum of RS 9 was well developed. Tsuga heterophylla and a
few old-growth Pseudotsuga menziesii were dominant. Immature trees
were dominated by Tsuga heterophylla, and occasional Pseudotsuga
occurred in openings left by larger trees falling out of the canopy.

The shrub stratum was also well developed. Acer circinatum and
Cornus nuttallii were dominant in the tall shrubs and Berberis




nervosa and Gaultheria shallon were common and abundant in the low
shrubs. Taxus brevifolia and Rhododendron macrophyllum were
important within portions of the stand.

The herb layer, clearly dominated by Polystichum munitum, also had
large patches and high cover of Coptis laciniata. Many other herb
species typically associated with moist Pacific Northwest forests
were common: Blechnum spicant, Oxalis oregana, Aralia californica,
Vancouveria hexandra, and Smilacina racemosa. The moss layer was
well developed and was dominated again by Eurhynchium oreganum.

RS 9 occupied typical landform and aspects for this habitat type but
was an example of a variant after disturbance. As the stem map shows,
the stand was smaller than others (only 20 x 40 m). It was disturbed
by existing trail systems, investigator perturbations, and instability
of the streamside location which caused massive trees to fall into

and out of the stand. Vegetation conformed to descriptions of the
habitat type by Dyrness et al. (1974).

Reference Stand 15: Tsuga heterophylla/Polystichum munitum (Tshe/Pomu)

RS 15 is on a slightly concave pediment backslope on the northwest
side of Watershed 2 (Figure 1). Slope gradients are 60% to 80% and
slope aspect is north. The soil is deep, well-drained, dark brown

to black gravelly loam over dark brown gravelly silt loam, which
developed on alluvium=colluvium from andesite. Depths to the very
gravelly silt loam C horizon range from 70 to 80 cm, and pumice is
very evident throughout the profile. The A horizon contains many
small rounded pebbles, but larger angular pebbles, stones, and cobbles
dominate the lower solum and substratum. Fine earth is insufficient
to fill all interstices between coarse fragments, therefore, this
Dystrochrept is placed in a fragmental family.

RS 15 is an old-growth community dominated by Pseudotsuga menziesii, with
Tsuga heterophylla and Thuja plicata emergent or codominant in the
canopy. Tsuga heterophylla and Thuja plicata, abundant in immature

size classes, indicate that the habitat type is mesic.

The shrub layer is dominated by immature trees. Moderate amounts of
Taxus brevifolia, Acer circinatum, and Cornus nuttallii are in the
tall shrub layer. The low shrub layer is dominated by Gaultheria
shallon and Berberis nervosa.

The herb stratum is dominated by 16.5% cover of Polystichum munitum.
Other species have low frequency. Eurhynchium oreganum is dominant
among the relatively common mosses.

This reference stand is similar to the Tshe/Pomu habitat type,

described by Dyrness et al (1974), in having a less prominent shrub
layer and a greater Polystichum munitum cover than the less moist
Tshe/Acci/Pomu habitat type. The tree canopy also contains considerable
cover of Thuja plicata, which is characteristic of moist stands at

21



22

low to middle elevations in the Cascade Mountains (Franklin and Dyrness

1973).

Reference Stand 7: Tsuga heterophylla/Polystichum munitum=Oxalis
oregana (Tshe/Pomu-0xor)

RS 7 is on a generally concave pediment backslope having a complex
pattern of local relief (Figure 1). Slope aspect is north. Gradients
vary from 50% to 60%. The soil is deep, well-drained, dark brown
gravelly loam overlying brown to dark brown clay loam. The A horizon,
with numerous small rounded pebbles, thickens toward locally concave
areas. Parent material was alluvium~colluvium derived from breccia,
tuff, and andesite. Depth to saprolite varies from 80 to 130 cm.

The high base status of the lower B horizon causes this soil to be
classified as a Eutrochrept rather than Dystrochrept.

This is one of the two most moist reference stands among low=elevation
communities of the Andrews region. The tree canopy is dominated by
old-growth Pseudotsuga menziesii. Tsuga heterophylla is emergent

and Thuja plicata is common throughout. Tsuga heterophylla and

Thuja plicata comprise the great majority of immature trees and

most of the tall shrub stratum in this reference stand.

The tall shrub stratum contains 8.3% Acer circinatum as well as
abundant Taxus brevifolia and Cornus nuttallii. The low shrubs
are poorly developed and scattered.

The herb layer is dominated by wide patches of Oxalis oregana and
scattered clumps of Polystichum munitum. Linnaea borealis, Coptis
laciniata, and Tiarella unifoliata are also common. The moss

layer, extremely well developed, has seven species and more than 50%
cover dominated by Eurhynchium oreganum,

This community is also represented in a seral stage by RS 19, located
west of the town of Blue River, Oregon. RS 7 is well representative of
the Tshe/Pomu-Oxor habitat type of Dyrness et al. (1974). Reduction
in the shrub layer is characteristic of low-elevation communities

with abundant moisture in this area. High cover by the two herbs,
Polystichum munitum and Oxalis oregana, conclude the classification

of this reference stand. The Tshe/Pomu-Oxor community at the warm-
moist end of the existing gradients remains fairly constant throughout
the Pacific Northwest, though the overstory vegetation may change
(Franklin and Dyrness 1973, Bailey 1966, Bailey and Poulton 1968,

Hawk and Zobel 1974, Hawk 1977).

Reference Stand 19: Tsuga heterophylla/Polystichum munitum-0xalis
oregana (Ishe/Pomu=Uxor)

RS 19 is on a convex/concave pediment backslope/footslope bisected by
an east-flowing stream. Slope gradients vary from 45% to 60% and
aspects from east to east-southeast. The deep, well-drained soil is
classified as a Hapludalf. Dark brown gravelly loam with rounded
pebbles overlies an argillic horizon of dark reddish-brown and reddish-
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brown clay loam. Depths to the saprolitic ¢ horizon vary from 120 to
130 cm. Parent material is alluvium=-colluvium from breccia and andesite.

Size=class distribution of trees on RS 19 indicates that the stand is
much younger than RS 7 in the same habitat type. More heterogeneity

of landform, aspect, and age classes of trees yields a less dense

tree canopy dominated by middie-~sized Pseudotsuga menziesii. Small
amounts of Tsuga heterophylla are emergent. Acer macrophyllum is

also common in the tree layer, Tsuga heterpphylla dominates reproducing
conifers of the understory.

The shrub layer, denser than that in RS 7, is dominated by tall Acer
circinatum, low Gaultheria shallon, and Berberis nervosa. These
species have greater cover on RS 19 than on RS 7.

The herb layer is basically the same as on RS 7, but most species are
more abundant. Mosses are well developed. Eurhynchium oreganum
dominates the more than 40% cover.

This stand has greater species diversity than the more mature RS 7 in

all but the tree stratum. Whether this is the product of successional

or site differences is difficult to tell. However, other northwest

climax communities have been preceeded by much shrubbier associates

in their seral development. Though RS 19 is shrubby and may not be
representative as a mature forest, it meets the criteria for classification
as a Tshe/Pomu-Oxor community. As on RS 7, the dominance of the herb

layer by Polystichum munitum and Oxalis oregana precludes other
classification of the stand.

Reference Stand 11: Pseudotsuga menziesii/Acer circinatum-Berberis
nervosa (Psme/Acci-Bene)

RS 11 is on a complex pediment backslope in Watershed 7 (Figure 1).

Slope gradients on the upper, concave area of the stand and on the

lower shoulders are L40% to 50% but diminish to 20% to 30% on convex
portions in the southeast corner. Slope aspects vary from south-
southeast to south. Soils are deep and well drained. A very dark

brown gravelly sandy loam A horizon with rounded pebbles overlies a

dark brown gravelly sandy loam B horizon. Depths of solum range

from 90 to 110 cm. The soils have developed in alluvium-colluvium

from andesite, flow breccia, and a significant component of volcanic

ash. Soils on the steeper portions appear to be more strongly influenced
by coarse fragments than by ash, and they are classified as Dystrochrepts.
The reverse is true of the soils on the gentler, more stable portions,
which are classified as Dystrandepts.

This reference stand represents a high-elevation (transitional) example
of the second-growth community Psme/Acci-Bene. The overstory is
dominated by middle-size classes of Pseudotsuga menziesii (with
occasional remnant old-growth). Tsuga heterophylla is subemergent.
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Immature conifers are dominated by Tsuga heterophylla but include
Abies amabilis and Abies concolor (Abies grandis or A. concolor,

Zobel 1973, 1974, 1975).

The tall shrub layer is dominated by scattered patches of Acer circinatum
and occasional Vaccinium parvifolium and V. membranaeceum. The low
shrubs are well developed and are dominated by Berberis nervosa.
Gaultheria shallon and Rubus ursinus are also common.

The herb stratum is diverse but sparse. The most abundant herb (4.5%
cover) is Viola sempervirens. The other species cover % or less

and are found in most other reference stands as well, such that this
habitat type has no diagnostic herb (Table 3). The moss layer is
poorly represented, which is typical of upper elevation stands.

RS 11 represents an upper elevation example of the Psme Acci-Bene
community of Dyrness et al. (1974), but contains abundant cover of

Abies amabilis in both mature and immature tree strata. The shrub

layer has more than the usual cover of Gaultheria shallon for the

habitat type, but Acer circinatum and Berberis nervosa are dominant.
Rhododendron macrophllym is lacking (Dyrness et al. 1974). Though

RS 11 is probably near modal for high elevations, it is not representative
of the Psme/Acci-Bene community 'in general because elevation influences
the vegetation composition. The wide elevational range of this community
makes location of a modal site difficult.

Reference Stand 5: Tsuga heterophylla-Abies amabilis/Rhododendron
macrophyllum-Berberis nervosa (Ishe-Abam/Rhma-Bene)

RS 5 is on a broad, undulating bench with a complex pattern of gently

to moderately sloping ridge spurs, saddles, and pediment surfaces
(Figure 1). Slope gradients vary from 0% to 30%, and slope aspect is
generally northwest. The soil pattern is complex, with both Dystrochrepts
and Haplumbrepts in proximity to the reference stand. Depth variations
of coarse-fragment content, and the absence of coarse fragments below

1 m on the east side of the stand, show the complex geomorphic history
of this bench area. Parent material appears to have been andesitic
alluvium=colluvium overlying a layer of silty material. Soils are

deep, well-drained, dark brown gravelly loams over silt loams and
gravelly silt loams, except on the high southern portion of the stand
where the texture is loam throughout. The A horizon, except in the high
area, contains numerous rounded pebbles. Pumice and charcoal frag-
ments vary unpredictably with depth.

The tree canopy of this stand is composed of old-growth Pseudotsuga
menziesii and emergent Tsuga heterophylla. |mmature trees are
dominated by Tsuga heterophylla and the ever-present Taxus brevifolia.
Both species contribute greatly to the cover of the tall shrub layer.

The tall shrub layer is dominated by Rhododendron macrophyllum and Acer
circinatum, which combine to create a nearly impassable shrub layer.
Beneath the tall shrubs is a well developed low shrub layer dominated
by Berberis nervosa.
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The herb stratum is poorly developed. Cover is only about 4%, and
no species is dominant. Chimaphila umbellata is the most abundant
herb species. The moss layer is nearly nonexistent.

This reference stand has fewer species than all other stands except
for the abam-Tsme/Xete community (RS 14) with which it is tied.

Each has only 23 plant species in all layers combined. The stand is
a fair representative of the Tshe-Abam/Rhma-Bene habitat type of
Dyrness et al. (1974). It is shrubbier than indicated by the vegetation
tables, but overlap of species yields a less dense shrub layer in the
field. Most of the characteristic species of the habitat type are
within the limits discussed by Dyrness et al. (1974). However,

Acer circinatum is more abundant than in the descriptions. The

tree layer in RS 5 lacks Abies amabilis, but the species has been
recorded in plots adjacent to the stand within the same habitat type.

Reference Stand 3: Tsuga heterophyl la-Abies amabilis/Linnaea borealis-
Tsuga heterophyl la-Abies amabilis/Rhododendron
macrophyllum/ Linnaea borealis (Tshe-Abam/Libo-Tshe-
Abam/Rhma/Libo)

RS 3 is on an extensive, slightly concave pediment footslope (Figure 1).
Slope gradients vary from 15% to 25%, and slope aspect is west-northwest.
The solum is a deep, well-drained, dark brown gravelly loam over a C
horizon of cobbly silt loam. Parent material was alluvium=colluvium

or glacial till, derived from andesite. Depth of the solum is about

1 m. Pumice is abundant throughout the A3, B, and C horizons of

this Dystrochrept.

The overstory canopy of this community is nearly closed and is dominated
by mixed old-growth Pseudotsuga menziesii and emergent Tsuga heterophylla
and Thuja plicata. These overlie a layer containing the smaller Abies
amabilis. Reproductive trees of all three emergent species are

abundant, which shows that this community is transitional in the
vegetation gradient,

The shrub stratum is dominated by immature individuals of Tsuga, Abies,
and Thuja but includes large amounts of Taxus brevifolia and
Rhododendron macrophyllum in the tall shrub layer. The low shrubs

are dominated by Berberis nervosa.

The herb layer consists of patches dominated by Coptis laciniata,
Linnaea borealis, Chimaphila umbellata, Cornus canadensis, and Viola
sempervirens. The moss layer is poorly developed, as it is in most
other high-elevation stands.

RS 3 is representative of the Tshe-Abam/Libo and the Tshe-Abam/Rhma/Libo
communities. Different workers have used both designations as a

result of confusion over the degree of difference between the two
communities. The two typically occur in a mosaic of shrubby and
nonshrubby phases (the major shrub determinant is Rhododendron
macrophyllum). This reference stand is classified by the dichotomous
key of Dyrness et al. (1974) as Tshe-abam/Rhma/Libo because of the
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high Rhododendron cover (21.5%). The herb layer is less dense than
that common for the Libo or the Rhma/Libo communities. However,
most of the characteristic species of the Libo and the Rhma/Libo
communities are abundant in this stand. Dyrness et al. (1974) state
that further climatic measurements may reveal clearer differences
between the two communities. At present, RS 3 is thought to be near
modal for the two community types.

Reference Stand 18: Pseudotsuga menziesii/Acer circinatum/Whipplea
modesta (Psme/Acci/Whmo)

RS 18 is on a concave pediment backslope/footslope (Figure 1). Slope
gradients vary from 20% to 50%, and aspect is generally south. The

soil is moderately deep, well-drained, very dark brown gravelly silt

loam over very dark brown and dark brown gravelly silt loam. The A,

B, and C horizons contain rounded pebbles. This Dystrochrept has
developed in alluvium=colluvium derived from andesite with a significant
component of volcanic ash. Depth to a saprolitic bedrock is approximately
70 cm.

This stand represents a transition-zone seral community. |ts canopy
is dominated by a dense stand of Pseudotsuga menziesii over immature
size classes of dense Tsuga heterophylla.

The tall shrub layer is dominated by Acer circinatum which covers
over half of the reference stand. Tsuga heterophylla follows in
importance in the tall shrub layer. Low shrubs are dominated by
Berberis nervosa. Other shrub species have low cover and low
frequency.

The herb layer is well developed. Patches of Linnaea borealis,
. clumps of Polystichum munitum, and several other species are frequent,
Mosses are generally lacking.

The youth of this community, which is seral in most instances to the
Tshe-Abam/Libo or Rhma/Libo communities, is shown by the dense
Pseudotsuga menziesii overstory and the size-class distribution of
all trees. This stand is exemplary of the Psme/Acci/Whmo community
because of the high cover of Acer circinatum and Berberis nervosa and
the exclusion of Rhododendron macrophyllum, Most characteristic
species of all strata are present and abundant, with the exception of
Whipplea modesta.

This stand appears seral to the typical Tshe-Abam/Libo community as
described by Dyrness et al. (1974). The Psme/Acci/Whmo community

is regarded as seral to different transition-zone communities, depending
on site characteristics. Southerly aspects will probably develop a
Tshe-Abam/Acci Bene habitat type (previously represented by older
reconnaissance stands of the Psme/Acci/Bene community of Dyrness et

al. (1974). Westerly slopes and protected south slopes appear to
develop the Tshe-Abam-Rhma Libo or Tshe-Abam Libo habitat type,

and more northerly slopes develop the Tshe-Abam/Rhma/Bene habitat

type of Dyrness et al. (1974).
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Reference Stand 12: Abies amabilis/Vaccinium alaskaense/Cornus
canadensis (Abam/Vaal/Coca)

RS 12 is on an undulating, slightly concave pediment footslope varying
from 15% to 30%, with an aspect generally west (Figure 1). The surface
is somewhat dissected by draws trending west or northwest. The soil
has developed in deep alluvium-colluvium, and possible glacial till,
derived from andesite. A dark reddish~brown, sandy loam A horizon
with varying amounts of coarse fragments is underlain to a depth of

80 cm by dark brown to darker reddish-brown loam and sandy loam with

a mixture of stones, cobbles, pebbles, and boulders. The C horizon

is a very stony silt loam with a similar mixture of coarse fragments.
This soil is well drained and contains varying amounts of pumice. It
is classified as a Dystrochrept.

The tree layer of this dense stand is composed of mature, old-growth
Pseudotsuga and Tsuga heterophylla. The understory trees are
dominated by a mixture of Tsuga. Abies amabilis is next in importance
and some Thuja plicata is also present,

The tall shrubs are dominated by acer circinatum, medium shrubs by
Vaccinium alaskaense, and low shrubs by Berberis nervosa. Diversity
is relatively high with 18 shrub species, but the cover of the layer
is low for species other than those mentioned.

The herb stratum is dominated by Cornus canadensis and Clintonia

uniflora. Linnaea borealis, Chimaphila umbellata, Smilacina stellata,
Tiarella unifoliata, Viola sempervirens, Achlys triphylla, and Xerophyllum
tenax are also common. Rhytidiopsis robusta is the dominant moss with

a frequency of 56%. It covers an average of 12.7% in microplots.

RS 12 is near modal for the Abam/Vaal/Coca habitat type. A roadside
location has led to some disturbance, but most of the strata agree
with those discussed by Dyrness et al. (1974) for the Abam/Vaal/Coca
habitat type.

Reference Stand 13: Abies procera/Clintonia uniflora (Abpr/Clun)

RS 13 is on a concave pediment backslope with gradients between 30%
and 45% and a southwest aspect (Figure 1). The soil is deep, well-
drained, very dark brown silt loam over dark brown silt loam and
gravelly silt loam. Depth to the very gravelly silt loam C horizon
is 120 cm. Parent material was colluvium derived from pink and gray
porphyritic flow rocks and a significant mixture of volcanic ash and
pumice. The soil is a Dystrandept.

The tree canopy is dominated by almost equal numbers of 135-year-old
Pseudotsuga and Abies procera. The only common understory tree
species is Abies amabilis, which has not yet attained diameters
greater than 25 cm.

The shrub layer is poorly developed. Major species are Acer circinatum,
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Vaccinium membranaceum, and Rubus lasiococcus. The herb layer is
patchy but well developed. It is dominated by Smilacina stellata and
contains high cover of Achlys triphylla and Clintonia uniflora. The
moss layer is virtually absent.

This reference stand is a good fit with the Abpr/Clun community
discussed by Dyrness et al. (1974). Seral relationships of overstory
and understory trees evident in this stand are characteristic of the
habitat type and indicate the probable direction of development towards
the climax Abam/Tiun community. The dense tree canopy dominated

by early seral species of medium-large diameter, the sparse shrub
cover, the high herb cover and its frequency as well as richness are
characteristic of the Abpr/Clun community. Density and size class

of the Abies amabilis indicate a middle seral stage in which Abies
amabilis has yet to penetrate the tall tree canopy.

Reference Stand 4: Abies amabilis/Tiarella unifoliata (Abam/Tiun)

RS 4 is on a smooth pediment backslope near the origin of McRae Creek
(Figure 1). Slope gradient is 50% and aspect is west. The soil is
deep, well-drained, dark brown to brown gravelly silt loam over cobbly
silt loam. This Haplumbrept has developed in alluvium-colluvium or
glacial till derived from andesite. Thickness of the solum is 110

to 120 cm. Pebbles in the A horizon are rounded, and the solum and
substratum contain moderate amounts of pumice.

This stand has a moderately dense overstory canopy of old Pseudotsuga
and Abies procera. Abies amabilis and Tsuga heterophylla are emergent.
The stand also harbors an occasional understory Tsuga mertensiana.
Immature trees are dominated by Abies amabilis and Tsuga heterophylla is
secondary.

Most of the cover within the shrub layer is immature conifers. Tall
shrubs are rare and unimportant. Vaccinium membranaceum, an abundant
low shrub, dominates the shrub layer that exists.

The well-developed herb stratum is rich in species and cover. No
single herb is dominant, but Achlys triphylla, Cornus canadensis,
Xerophyllum tenax, Tiarella unifoliata, Clintonia uniflora, and
Valeriana sitchensis make up most of the cover. The other 27 species
in the layer are more scattered and less important. The moss layer
is poorly developed.

RS 4 is representative of the Abam/Tiun habitat type and is an
excellent site for comparison with its early seral associates in RS
13 (the Abpr/Clun community). The decreased cover by mature Abies
procera and increased mature cover by Abies amabilis again show the
succession of tree species of high-elevation forests in the Andrews
region and in most of the western Cascade Mountains of Oregon and
Washington. The shrub layer remains poorly developed, but in RS 4
Pachistima myrsinites is exceptionally well developed. However,

the herb layer shows the characteristic decrease in Rubus lasiococcus
and Pteridium aquilinum and increase in Tiarella unifoliata in
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transition from the abpr/Clun to the Abam/Tiun communities described
by Dyrness et al. (1974).

Reference Stand 14: Abies amabilis-Tsuga mertens iana/Xerophyl lum
tenax (Abam-Tsme/Xete)

RS 14 is a predominantly concave backslope beneath the crest of a
ridge spur (Figure 1). Slumping appears to be an active factor on
this surface, and most of the stand seems to constitute a slump headwall.
The south corner of the plot is a convex shoulder from a minor ridge
spur extension. Slope gradients range from 35% to 55% and slope
aspects from northwest to north-northwest. Soils are shallow, well=-
drained, dark brown sandy loams developed in alluvium-colluvium from
gray and pink porphyritic flow rocks, and a significant but varying
mixture of volcanic ash and pumice. Depth to bedrock ranges from 50
to 70 cm., Size-range distributions and total-volume percentages of
coarse fragments vary laterally and down through the solum. The
soils are classified as Cryandepts and Cryochrepts.

The tree layer of this stand is closed. It is composed of old Abies
procera and middle-aged to young Tsuga mertensiana and Abies
amabilis. The understory tree layer is dominated by Abies amabilis,
though Tsuga mertensiana seedlings are abundant.

The composition of the tall shrub layer is patchy, with the exception
of Abies amabilis reproduction, and of low diversity. Vaccinium
membranaceum is the only common species.

The most distinctive vegetation in this reference stand is the herb
layer. It is dominated by a dense cover of Xerophyllum tenax.

Other species are scattered, scarce, and unimportant. As is typical
for high-elevation stands, the moss layer is nearly lacking. Total
plant diversity in this stand is lower than in most other reference
stands.

RS 14 is a good example of the Abam-Tsme/Xete habitat type. Species
of all strata conform to the description of Dyrness et al. (1974).
Xerophyllum tenax is the dominant plant of all understory species,
though it is less abundant in RS 14 than in the stands described by
Dyrness et al.

HISTORY OF USE

Environmental and vegetational data from the buffer strip around the
reference stands of the H. J. Andrews Experimental Forest or in the
adjacent stands of the same habitat type have been widely used. The
reference stands have functioned as bench mark areas.

Abee and Lavender (1972) completed a comparative study of nutrient
concentrations (nitrogen, phosphorus, potassium, calcium, and magnesium)
found in canopy throughfall and litterfall in six oldgrowth Pseudotsuga
menziesii stands. The stands were representative of common forest
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communities spanning much of the temperature-moisture gradient of
Dyrness et al. (1974) in the central-western Oregon Cascade Mountains.
The reference stands and communities sampled by Abee and Lavender are
listed in Table 6. Their study yielded the following conclusions:
(1) Nutrient concentrations of all elements in throughfall samples
are essentially the same for low-elevation stands | through 4 (their
numbering) for each season. (2) Water sample concentrations are
highest in summer months when precipitation is highest. Throughfall
nutrient concentration is high in the fall months at the beginning
“of the precipitation season. (3) No difference apprears in net kg
ha=! yr~! among low-elevation stands 1 through 4 for each element, with
the exception that stand 3 has more potassium and less calcium than
stands 1, 2, and 4. (4) Total litter production, which averages 5.98 MT
ha=! yr=! (1970-71 year), varies little among stands. Most litter
falls in the winter months, but different components peak at different
times. (5) Nutrient concentration of litterfall components varies
greatly among plots and by seasons. (6) Nutrient return through
litterfall is greatest in the needle component. (7) More nitrogen,
phosphorus, and calcium are transferred to the soil from litterfall
than from throughfall, though more potassium and magnesium are added
from throughfall.

Table 6. Reference stands used by Abee and Lavender (1972) for nutrient
cycling study. )

Abee Ref,
Lavender stand a
no. no. Community name
} i Pseudotsuga menziesii/Holodiscus
discolor
2 2 Tsuga heterophylla/Rhododendron
- macrophyllum/Berberis nervosa
3 7b - Tsuga heterophylla/Polystichum
munitum
N 10 Tsuga heterophylla/Rhododendron
macrophyllum—-Gaultheria shallon
5 3 Tsuga heterophylla-Abies amabilis/
Linnasa borealis
6 4 Abies amabilis/Tiarella unifoliata

a

bAbbreviations in Table 1,

1970, now void.

Fogel et al. (1974) studied terrestrial decomposition immediately

east of RS 2. The objectives of their study were to estimate frequency
and distribution of major fungal populations and to develop decomposition
models for further research in decomposition.

The area studied was identical to and adjacent to RS 2 (Tshe/Rhma-Bene).
The standing crop of the forest floor (excluding large woody litter)
was estimated to be 55,65 MT ha~!, This estimation ignores the




heterogeneity of forest floor depth, which increases greatly at the
base of larger Pseudotsuga menziesii boles (Figure 4, Table 7).

Figure 4. Classification of forest floor depth on a

20 m x 30 m area near Reference Stand 2 (Tshe/Rhma/Bene

community): 0-25 mm, 25-50 mm, and 100+ mm. P

Pseudotsuga menziesii. * = Tsuga heterophylla.
= standing dead tree (Fogel et al. 1974).
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Table 7. Dry weight of forest floor on reference stand 2.

Depth class (mm) % cover m? ha~! kg m~? MT ha™}
0 to 25 21.3 2130 3.54 7.54
25 to 50 56.3 5620 5.60 31.47
50 to 75 18.0 1800 7.60 13.68
75 to 100 1.8 180 10.40 1.87

100 + 0.7 70 16.00 1.09

Fogel et al. (1974) found more than 3,321 epigeous fungal sporocarps
in their established grid, 356 probably produced by mycorrhizal fungi
(4.9 kg ha™! yr~!, including the 3.87 kg ha~! yr~! for fruiting bodies
of probable mycorrhizal fungi). A preliminary estimate of the hyphal
biomass of soil fungi was 4.04 MT ha~! dry weight. Root biomass was
41.11 MT ha™!, excluding roots less than 0.5 mm in diameter.

In a series of papers, Zobel (1972) and Zobel et al. (1973a, 1973b, 1974,
1976) discuss the relation to forest communities of variation in soil

and air temperature, plant moisture stress, phenology, foliar nutrition,
and snowpack. Climatic and physiological data were taken on reference
stands beginning in 1970.

In their studies, plant moisture stress of coniferous saplings 1l to2m
tall was measured. The measured value is the pressure potential of

the xylem sap, which in most instances is close to the water potential
of the xylem sap. Values of sap-pressure potential are negative, and
as moisture stress of the plant increases, the values further decrease.

Throughout the growing season, stress determinations were made between
midnight and dawn (when plant moisture stress most closely approaches

the moisture condition of the soil) in order to estimate minimum stress
for a given date. At some sites, daily stress patterns were obtained
also. Early studies included reference stands 1 through 10, with the
exception of 4, Later studies included all reference stands and two
other sites in the Andrews Forest area. Three to seven saplings of

the most important understory conifers were used at each site. Over-
story species were preferred, but if they were sparse in the reproductive
layer, Taxus brevifolia was sampled.

The locations of two reference stands were changed between the 1970
and 1971 sampling periods. Reference stands 6 (rshe/cach) and 7
(Tshe/Pomu-Oxor) were newly established in 1971; data for RS 6 and

RS 7 were obtained at different locations in 1970. The first RS 7
(rshe/Pomu) was located at the junction of the upper road to Watershed
3 with the Lookout Mountain road in the Andrews Forest. RS 7
corresponds to Abee's and Lavender's site 3 (1972).




The yearly maximum of predawn moisture stress for communities of the
Tsuga heterophylla zone is highly correlated with their vegetational
composition, especially in the drier years 1970 and 1972. In Figure

5, maximum yearly predawn stress is plotted against the median X-axis
coordinate of each community from the Dyrness et al. (1974) ordination
of the Tsuga heterophylla zone. The correlation is best in the two
drier years. One transition-zone community (RS 3) fit the relationship
only in 1972. The change of its position from 1970-71 is perhaps due
to a spring 1972 salvage cutting within 70 m of the stand, which
increased north-northwest exposure and, somewhat, the west exposure.

The only replicated community in measured stands, Tshe/Rhma-Bene, is
represented by RS 2 and RS 17. In 1972, a dry year, maximum values
of plant moisture stress in those stands were similar, 8.9 and 8.1 bars.

- Except for RS 4, communities in the Abies amabilis zone (Figure 6:

RS 4, 12, 13, and 14) were seldom sampled. At RS 4, greater stress
developed than at some communities of the Tsuga heterophylla zone,
specifically RS 3 and 7 in 1970 and 1971, and RS 7 in 1972. In two
comparisons, RS 14 was drier by 1 and 3 bars than RS 4, which agrees
with community ordination (Dyrness et al. 1974). These four stands
were compared only in August 1971, All had stresses of 3.6 to 4.5 bars,
which allows no useful comparison of moisture stress and vegetation

type.

In the Tsuga heterophylla zone, the correlation of maximum plant
moisture stress with the '"moisture' axis of the vegetation ordination
was excellent in the drier years 1970 and 1972, and fairly strong in
1971. There is little doubt that vegetation variation on the X axis

of the ordination of Dyrness et al. (1974) is related to moisture stress.

Most plant species occur over a wide range of temperature and moisture;
many occupy a wider range of environments in the western Cascade
Mountains than they do in the eastern Siskiyou Mountains of southwest
Oregon. Differences between vegetation zones are reflected in a
temperature index; within zones, communities are distinguished by
moisture stress and, to a lesser extent, by temperature. In two
instances vegetation differences appear to be related to low nitrogen
content in needles.

Species diversity (total number of vascular species) increases and
dominance (Simpson's Index) decreases with change from moderate envi-
ronments to warmer-drier and colder environments (Figures 7 and 8).
Diversities of different strata are unrelated. Dominance appears in
fewer strata of the vegetation on the colder sites (Figure 8). However,
some discontinuities in the relation of diversity to environment are

not related to major differences in our measured environmental indexes.
Evergreen shrubs are more prevalent in stands with the lowest foliar
nitrogen levels,
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Figure 5. Relationship of maximum yearly predawn moisture stress to position
of the Tsuga heterophylla and transition zone communities on the x-axis of

the vegetation ordination of Dyrness et al. (1974). The community represented
by each reference stand (RS) is listed in Table 1. Linear regressions: (1)
1970 + 1972 - Y = -33.96 + 0.319 X, r? = 0.95; (2) 1971 - Y = -20.00 + 0.207
X, r¥ =0.83; (3) 1973 - Y = =24.31 + 0.241 X, r? = 0.82. (Data from
Reference Stand 3 were excluded from the regression equations.) (Zobel et al.

1976).
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Figure 6. Position of reference stands in a two=dimensional environ-
mental field. Temperature Growth Index is computed by the method of
Cleary and Waring (1969). Moisture is assessed as the late-summer

predawn moisture stress on conifer saplings. Most data are for 1972.
The community represented by each reference stand is listed in Table

1: Psme = Pseudotsuga menziesii, Tshe = Tsuga heterophylla, Abam =
Abies amabilis (Zobel et al. 1976).
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Figure 7. Diversity of vascular species

in relation to temperature and moisture
conditions of the stands representing each
community. Number of species in the
composite sample is above; average number

of species per stand is below. The reference
stand at each position is identified in
Figure 6 (Zobel et al. 1976).
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Figure 8. Dominance (Simpson's index) in
relation to temperature and moisture
conditions of the stands representing
each community. The figure calculated
for all vascular species is above; the
figure calculated for shrubs and herbs is
below. Percent cover is the measure of
importance (Zobel et al. 1976).
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McKee (1973) used the reference stands (1 through 14) for sampling
the phenological character of vegetation in the Andrews Forest region.
The phenology program began with two objectives. The first was to
examine the possible relation between easily observed phenophases

and more obscure but interesting phenophases. The second objective
was to provide additional data for the ordination of communities.

Stands were visited weekly during May and June, less frequently there-
after. Phenophases, such as initiation of vegetative activity and
flowering, were noted and recorded with the hope that a correlation
could be established with other more important phenophases, such as
initiation of root growth or cambial activity. Conspicuous correlations
between such phases were noted. The study also permitted an examination
of the potential suitability for phenological analysis of a wide

range of species, ~

" Table 8. Suitable and suitable but restricted-use spécies observed in
phenology study (McKee 1973). )

Suitable Suitable but restricted

Understory trees and tall shrubs

Taxus brevifolia Libocedrus decurrens

Thuja plicata Abies grandis

Abies amabilis Pinus lambertiana

Pgeudotsuga menziesii Corylus cornuta var. californica
Tsuga heterophylla Castanopsis chrysophylla

Acer circinatum Holodiscus discolor

Cornus nuttallii
Rhododendron macrophyl lum

Low shrubs and herbs

Chimaphila umbellata Oxalis oregana
Vaccinium membranaceum Cornus canadensis
Vaccinium parvifolium Vaccinium alaskaense

Linnaea borealis

McKee concluded that 12 species appear to be suitable for phenological
analysis. These species (Table 8) are found on a wide range of sites
and have distinct and easily recognized phenophases. Species that
are suitable for phenological analysis but restricted to a few sites
are valuable for comparing sites within the community types. Cornus
canadensis is an example of a species that would be valuable for
comparing communities at high elevations. It has clearly definable
phenophases and is locally abundant. A wide range of species has .
been examined, and the suitability of species for phenological studies
can be stated with some confidence. Chimaphila umbellata, Linnaea
borealis, Rhododendron macrophyllum and the conifers offer promise

of the most information return for hours invested.



Table 9. Stands ordered by phenophases.?

8¢

Species Phenophase Order (earliest to latest)
Libo First pair leaves expanded, parallel (1, 8), ab, 2, (6,'9), (10, 7), 5, 11, 3, 12
to stem; initiation of flowering (1, 8, A), (7, 9, 2, 6), 10, (5, 11), 3, 12
Chum Leaves fully expanded, perpendicular 1, (8, 2), 7, (5, 12), 10, 11, 3), 4, 13
to stem
Acci First pair leaves out of bud, still folded (1, 8, 2, 9), (6, 10), 5, 1
Conu Vegetative bud break | {1, 8, A, 2), (6, 9, 10, 73, N
Rhma Vegetative bud break, leaves 174 to 1/2 8, (2, 6, 10), 5, 3, 12, 14
expanded
Tshe Budbreak 8, 8), 7, 6, 10), (2, 9), (5, 11), 3, 12, 4
Psme Budbreak 0,5, 8,7
Abam Budbreak 3, 12, &
Thpl Budbreak 6, {7, 10, 9)
Tabr Budbreak 7, {2, 10), 9, 3
vapa Initiation of flowering (1, 8, &), (2, 6, 9), 7, (11, 3), 12

aStands enclosed in parentheses show no differences in time or the phenophase.
bA (Delta) represents a stand on the McKenzie River terraces.
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The value of the data for ordinating communities is yet to be examined.
Table 9 gives some information on the potential for separating stands
by different species' phenophases; the degree of resolution is an
artifact of the number of data collected. Field experience suggests
that stands may be ordered from specific phenophases.

Zobel et al. (1974) established the correlation between forest communities
and environment and phenology of the H. J. Andrews Experimental Forest
through McKee's (1973) phenology study and data from Zobel (1972) and
Zobel et al. (1973a, 1973b).

Air and soil temperature, leaf nutrient content, plant moisture stress
in late summer, and phenology were measured on 14 of the 23 forest
communities recognized in the study area by Dyrness et al. (1974).
The three vegetation zones identified (Franklin and Dyrness 1973)
differ considerably in a temperature index (Cleary and Waring 1969).
Comparisons of an existing vegetation ordination with ordinations
made in the Zobel et al. (1974) study showed that the X axis of the
vegetation ordination of Dyrness et al. (1974) represents a moisture
axis. Although both temperature and nutrition correlate to some
extent with the Y axis of their ordination, they are not simply a
response to any one or two factors studied. The yearday of selected
phenological stages correlates well with the temperature~growth index
used, but not with ordination axes.

The maximum predawn moisture stress and the calculated temperature
index effectively separate the previously classified communities in
the study area. The range of the environmental indexes measured in
this area is similar to that in the eastern Siskiyou Mountain forests
studied by Waring (1969).

Wiens and Nussbaum (1975) used a simulation model developed in the
Grassland Biome Program of the US/IBP to estimate the magnitudes and
patterns of energy flow in breeding bird populations of coniferous
forests of the Northwest.

Data gathered in their study were taken at five reference stands (RS 1,
2, 3, 13, 14) and at an alluvial landform community (Delta) on the
McKenzie River. These stands support breeding avifaunas of 7 to 15
species and standing crops of 223 to 526 g ha~' (Tables 10 and 11).

Total energy flow through these avifaunas during the April to October
breeding season was estimated at roughly 10 kcal m~2 season™! in the
low-elevation, moderately xeric stands; 12 kcal m~2 season™! in the
high-elevation stands; 17 kcal m~? season™! in a mesic floodplain
stand; and 21 kcal m~2 season™! in a middle-elevation (transition)
stand (Tables 12 and 13),




Table 10. Some features of the coniferous forest stands considered by Wiens and Nussbaum (1975).

oy

a Elevation Vegetive bud break, 1972
Site code Community type (m) Understory conifersP Linnaea borealis
} Pseudotsuga menziesii/Holodiscus discolor 488 19 May 15 March
2 Tsuga heterophylla/Rhododendron - 488 7 June 29 March
macrophyl lum/Berberis nervosa
at Tsuga -heterophylla/Acer circinatum/ 360 13 May absent
Polystichum munitum-Oxalis oregana
3 Tsuga heterophylla-Abies amabilis/ 945 17 June 16 May
Linnaea borealis
i3 Abies procera/Clintonia uniflora 1,31 7 July 19 June
14 Abies amabilis~Tsuga mertensiana/ 1,433 13 July absent

Xerophyllum tenax

Tree dominant/shrub dominant/herbaceous understory dominant.
“Includes Pseudotsuga menziesii, Tsuga heterophylla, Abies amabilis, and Abies grandis; individuals
c< 3 m tall.

A {Delta) represents a stand on the McKenzie River terraces.



Table 11. Avifaunal characteristics of six coniferous forest stands.
where pj = the proportion of all individuals belonging to the ith species. Equitability = H'/In S, where
S = number of species. (Wiens and Nussbaum 1975).

Species diversity (H')

~Lp; 'ne Pi,

Standing crop Species
Number of species® Total density biomass (g ha™1) diversity
Stand Permanent Seasonal % (individuals «m~2) on | July {H?) Equitability
I 7 5 12 . 1,779 262.8 2.0 0.82
2 8 y o 12 1,380 275.8 2.21 0.89
aP 8 4 12 2,619 424.3 2.13 0.86
3 10 5 15 2,887 526.1 1.89 0.70
13 3 1 7 1,910 223.3 1.64 .84
TR 7 6 13 1,229 361.9 2.22 0.87

Mipermanenttt and "'Seasonal' refer to residency,
A {Delta) represents a stand on the McKenzie River terraces.

%



Table 12. Magnitudes and patterns of energy flow through the breeding bird populations of six coniferous
forest stands, from model output (Wiens and Nussbaum 1975).

Stand
1 2 A2 3 13 1%
Seasonal enérgy demand
(kcal m~%)
Egg production 0.01 0.01 . 0.02 0.02 0.01 06.01
Nestlings 0.27 0.23 0.35 0.43 0.27 0.21
fledgings 1.10 i.10 1.66 2,03 1.23 1.02
Adults and juveniles 9.35 9.15 14,62 18.28 10.75 10.91
Total 10.73 10.49 16.65 20.76 12.26 12,15
Peak daily energy demand
{kcal m~? day™!)
Amount 0.08 0.08 0.13 0.15 0.10 0.09
Dates 14 July 9-19 July 24-29 June 29 June-3 July L4-9 July 4 July
Seasonal energy allocation
{kcal m~2)
Production 0.11 0.10 0.19 0.23 0.1% 0.12
Excretion 3.2% 3.12 4,94 6.17 3.64 3.61
Respiration 7.49 7.28 11.54 14.39 8.49 .
Allocation to thermoregulation
{kcal m~?)
Amount 1.4 1.40 2.43 3.09 2.34 2.10
Percent of seasonal I 13.1 13.3 14.6 4.9 19.1 17.3
Percent of seasonal L allocated
to reproduction
Egg production 0.1 0.1 0.1 0.1 0.1 0.1
Nestlings 2.5 2.2 2.1 2.1 2,2 1.7
Fledglings 10.3 10.5 10,0 9.8 10.0 8.4
Total 12.9 12.8 12.2 12,0 12.3 10.2

a ]
A (Delta) represents a stand on the McKenzie River terraces.

(A4
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Table 13. Energy flow (kcal m™2 season™!) from animal and plant (seed)
resource pools into permanent and seasonal (migratory) resident bird
populations in six coniferous forest stands (Wiens and Nussbaum 1975).

Energy source

Stand Residencya Animal Plant
(keal) (%) (kecal) (%)
1 P 7.21 86 1.19 14
S 1.78 76 0.56 24
z 8.99 84 1.75 16
2 P 6.02 68 2,82 32
S 1.46 88 0.19 12
b L 7.48 71 3.01 29
A P 12.00 84 2.37 16
S 1.91 84 0.36 16
T 13.91 84 2.73 16
3 P 14,44 76 L.59 24
S 1.15 66 0.58 34
L 15.59 75 5.17 25
13 P 9.63 83 1.95 17
s 0.58 85 0.10 15
T 10.2% 83 2.05 17
14 p 4,32 51 Loio 49
S 2,65 71 1.08 29
Stz 6.97 57 5.18 43

% = permanent, S = seasonal.
bA(Delta) represents a stand on the McKenzie River terraces.

About 1% of the seasonal energy flow was channeled into production,
and reproduction-related processes accounted for 15% to 16% of the
total energy intake. Thermoregulation required 13% to 19% of the
seasonal total. The higher costs were associated with cooler, higher
elevation stands. Foliage-gleaning species accounted for the greatest
proportion of the energy intake at most stands. The importance of
granivorous species generally increased through the stand sequence

(RS 1, 2, Delta, 3, 13, 14) as the growing season became shorter and
environmental conditions more severe.

In a study of the comparative rates of CO, production from the

forest floor in the Douglas-fir ecosystem, Phillips (1976) found
seasonal and yearly totals of mineralized carbon were similar for
three habitat types. First year totals for the Tshe/Rhma-Bene (RS
2), rshe/Cach (RS 6), and Tshe/Pomu-Oxor (RS 7) associations

were 77.36, 75.67, and 78.86 mg C g=! litter (Table 14), Spring

and fall mineralization accounted for approximately 62% of this total
on all three reference stands. The lowest rates occurred during the
winter months, Carbon mineralization rates for the second fall

of the study were similar to those of the first year. However,
carbon mineralization during the second winter of the study increased
unexpectedly to 88%, 123%, and 142% for reference stands 2, 6, and 7.
Presumably, this was due to warmer temperatures during the second
winter,
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Table 14. Carbon mineralization (mg C g~! litter) from the forest floor
(01 + 02) of old-growth forest communities (Phillips 1976).

Reference stand no.

Date 2 6 7

08/16/73 - 11/30/73 24,67 25.05 26.62
12/01/73 - 02/28/74 12.53 9.97 12.09
03/01/74 - 05/31/74 24,94 22.29 23.15
06/01/74 - 08/15/74 15.22 18.36 17.00
Yearly totals 77.36 75.67 78.86

Peaks in CO, production on all sites closely followed increases in
moisture content, particularly during the early fall months. Clear-~
cutting increased the rate of carbon mineralization, the magnitude of
the increase related in part to the age of the clearcut. Broadcast
burning after clearcutting reduced the rate of carbon mineralization
of residual litter. The reduction was probably due in part to an
increase in resistant substances, particularly lignin and charcoal.
Carbon mineralization under snow cover was higher than on uncovered
sites, possibly due to a stabilized litter temperature that might
stimulate the growth of fungal populations. '

Decomposition was significantly correlated with litter moisture content
or litter temperature on a seasonal basis., In general, ljtter moisture
content was the dominant factor during the summer and fall months.
Litter temperature was the dominant factor in the winter and spring
months. Inadequate means of estimating litter temperature under
snowpack may be the reason for fewer significant correlations during
these periods.

In their study of leaf area differences associated with old-growth

forest communities in the western Oregon Cascade Mountains, Gholz et

al. (1976) had two objectives: to develop techniques to assess foliage
areas for a wide variety of common plant species in the Cascade Mountains
of western Oregon, and to ascertain whether leaf-area differences

among major vegetational units are associated with measured moisture

and temperature gradients (Dyrness et al. 1974, Zobel et al. 1974).

To assess possible differences in leaf area, six reference stands
representing a broad spectrum of environments were selected (Table

15). In all stands, Pseudotsuga menziesii was the major overstory

tree, constituting from 55% to 98% of the total tree foliage biomass.
Easily measurable independent variables were selected for each shrub
species. Destructive sampling was conducted in the neighborhood of
reference stands 5 and 7, data were plotted, and an appropriate function
was selected to relate foliage weight and the given measurement (Table 16).
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An average tree sampling procedyre was followed for other species ‘in
one or two reference stands where similar growth forms and sizes
appeared over the range of sites investigated.,

Table 15. Description of reference stands uysed by Gholz et al. (1976) for
leaf area study,

Ref.
stand ]
no. Community Elevation Description
(m)
1 Pseudotsuga menziesii/Holodiscus 490 ho?, dry, Douglas-fir
discolor (Psme/Hodi) climax
2 Tsuga heterophylla/Rhododendron 490 modal, hemlock climax
macrophyllum/Berberis nervosa
(Tshe/Rhma/Bene)
4  Abies amabilis/Tiarella unifeljata 1310 su?alpine, silver-fir
{Abam/Tiun) . cl imax
5 Tsuga heterophylla~Abies amabilis/ 885 mid-elevation: hemlock=
Rhododendron macrophyllum/Berberis silver-fir climax

nervosa (Tshe-abam/Rhma-Bene)

6 Tsuga heterophylla/Castanopsis 610 dry, hemlock climax
chrysophylla (Tshe/Cach)

7 Tsuga heterophylla/Polystichum 490 very wet, hemlock
munitum-Oxalis oregana (Tshe/Pomu~ climax
Oxor)

Table 16. Understory folijage hiomass equations (from Gholz et al..1976).

Species Sample size Equation® ’ r?

acer circinatum® 132 X =9.03 (DL ) 0.90
Derberis nervosa 32 X = 14,218 + 1,984 (% cover) v , 0.80
Rhododendron macrophyl lum ko In(X} = 0.067177 + 0,60981 1In (D,L ) 0.90
Gaultheria shallon 32 In(X) = 1.5137 + 0.70263 In (% cover) 0.83
Xerophyllum tenax 22 X =18,873 + 0.0;798 (DzLan) 0.94
Polystichum munitum 4y X = -2,5695 + 0.06429 (Lavg « # fronds) 0.90

Oxalis oregana 10 X = 0,.4625 (% cover) Sx =.2,2

aAH equations are significant at the 0.99 leve]. D, diameter at litter surface (cm);
L, length (cm, except Acer = m).
From Russel (1973).
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Figure 9. Right: total leaf area (m* m™2, upper values), total
foliage biomass (MT ha™!, parenthetical values), and percentage of

the total surface area in the shrubs and herbs (lower values) for

the six reference stands. Projected leaf areas, one side with no
cross-section corrections, are as follows for reference stands circled
on the left: RS 1, 8.7 m? m™%; RS 2, 14.3; RS 4, 14.4; RS 5, 18.6;

RS 6, 9.1; RS 7, 12.0. Sugar pine (Pinus lambertiana Dougl.) would add
about 0.4 MT ha™! to RS 1 and 0.9 MT™! to RS 6 but is not included
because no surface area conversion is available (Gholz et al. 1976).



Herbaceous cover was assumed to be directly related to foliage surface
area, so that 10% cover on a 1 m? plot was equivalent to a one-sided
surface area of 0.1 m®. This assumption appeared invalid only at

high cover values not.commonly encountered.

Total foliage biomass, surface area, and percentage of the surface

area in the shrub and herb layers for each of the six stands studied
are shown in Figure 9. Their locations in this figure correspond to
the locations within the environmental framework discussed by Zobel

et al. (1974, 1976). Surface area coefficients of conifer needles

show that area per gram of needle decreased with increasing age.
Substantial error may be made by not treating age classes separately;
however, leaf areas were computed by age classes for only a few species
other than Pseudotsuga. Abies amabilis and A. procera had a

greater surface area per gram in the understory than in the overstory.
This suggests that a variety of coefficients may be obtained from
different crown areas of taller overstory trees. Broadleaved species
show a greater range of coefficients than do coniferous species, and
often a wide range exists even within one species. Thus compar ison

of leaf areas of old-growth forests in six communities show differences
that have been attributed primarily to variations in the environment.

In the study of the influence of vegetation type and decomposition on
cation exchange properties of forest litter, Warner (1977) looked at a
variety of forest floor materials from different forest types in
eastern North America and Oregon. L, F, and H layers were used to
determine the effect of decomposition on cation exchange capacity
(Table 17). Samples from Oregon showed significantly increased cation
exchange capacity magnitudes with increased decomposition, and litter
samples from the various forest types differed significantly in cation

exchange capacity between vegetation types, Litter from more productive

timber sites had greater cation exchange values for L and F layers than
did litter from less productive sites (Figure 10).

Table 17. Cation exchange capacity values for reference stands ranked by
sums of L, F, and L + F layers (CEC megq 100 g~1).

Ref.
Vegetation type’ S;ZTd L F L+F
Tshe/Pomu-0Oxor 7 66.3 74.8 140.6
Tshe/Rhma=-Bene 2 53.1 60.5 113.6
Tshe/Rhma-Gash 10 51.9 56.2 107.8
Tshe /Abam/Libo 3 50.7 sh.6 104.4
Tshe/Cach 16 k6.8 53.7 1 98.6
Tshe-Abam/Rhma-Bene 5 44,9 50.0 95.6

9See Table | for full community names,

L7
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Figure 10. Cation exchange capacity (mg 110 g"*) of L, F, and H
layers of the forest floor at six reference stands (Warner 1977)

Warner's samples included those from reference stands 2, 3, 5, 7, 10
and 16 within the H. J. Andrews Experimental Forest. The ranking of
cation exchange capacity in the L, F, or L + F layers was in decreasing
order: 7, 2, 10, 3, 16, and 5 (Table 17). Warner also has provided
figures of the cation exchange capacities, pH values, and base
saturation by layer (L, F, and H) for each reference stand (Figures 10,
11, and 12).
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Figure 11. Reaction (pH) of L, F, and H layers of the forest floor

at six reference. stands (Warner 1977).

Fogel and Cromack (1977) used reference stands in their study of the
effects of habitat and substrate quality on Douglas-fir litter decom-
position in western Oregon. They studied decomposition of Douglas-

fir needles, female cones, branch, and bark segments within mature

stands of four habitat types of western Oregon. In addition to deter-
mining the effects of environment and substrate quality on decomposition,
they estimated the turnover time of Douglas-fir needles, cones, branches,
and bark. Habitat differences were recognized by changes in vegetation
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Figure 12. Percent base saturation of L, F, and H layers of the
forest floor in six reference stands (Warner 1977).

that reflect the relative depletion of soil water reserves during the
summer dry period.

The habitat types that were studied include: pPsme/Hodi (RS 1),
Tshe/Cach (RS 16 and RS 6), Tshe/Rhma-Bene (RS 2 and RS 17), and
Tshe/Pomu-0Oxor (RS 7). This choice of stands includes the driest
and most mesic of the low-elevation habitat types as well as the
climatic climax community.
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Linear regression models were developed for decomposition of substrates.
The decomposition constant had a negative linear correlation, significant
at the 1% level, with maximum plant moisture stress and temperature
growth index of the seven stands sampled., They also compared substrate
quality of needle and woody litter components and found that potassium
was more closely correlated with lignin content than with carbon/
nitrogen ratio,

Some other studies that have been or are now being conducted in or
near the reference stands of the H. J. Andrews Forest are given in
Table 18. Many studies have supplied supportive data for studies
not yet published, and many that have continued for the last several
years are only now being prepared for publication.
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Table 18. Other completed and ongoing studies using reference stands of the

H. J. Andrews Forest.

1. An index of photosynthesis for comparing forest sites in western
Oregon (Emmingham and Waring).

2. Ecological indexes as a means of evaluating climate, species
distribution and primary production (Emmingham).

3. Effect of environment on litter decomposition in six western Oregon sites
(Cromack, Fogel, and Emmingham).

L, Comparison of litter decomposition in coniferpus forest environments in
the western United States (Cromack and Emmingham).

S. Dew point comparisons across a 6000 hectare watershed in the Cascade
Mountains of western Oregon (Emmingham and Lundburg).

6. Comparison of microclimate of clearcut and virgin forests in the Cascade
Mountains of western Oregon (Emmingham and Lundburg).

7. Ecosystem process modeling as a means of evaluating distribution of primary
productivity (Emmingham).

8. Climatic and physiolpgical data summaries for the H. J. Andrews reference
stand network. (Emmingham and Lundburg).

9. Comparison of cambial growth as measured by conventional dendrometer bands
and by xylem pinning methods (Tesch and Emmingham).

10. Analytic verification of reconnaissance survey of central western Oregon
Cascade Mountain plant communities (Hawk and Franklin).

11. Assessing stress in Rhododendron macrophyllum through an analysis of
leaf physical and chemical characteristics. (Gholz).

12. Envirormental control on the accumulation of leaf area by coniferous forests
in Oregon (Waring, Emmingham, Gholz, and Grier).

13. Evaluating stem conducting tissue as an estimator of leaf area in four wood
angiosperms. {Waring, Gholz, Grier, and Plummer).

th, Mapping and structure description of Watershed 10 plant communities
(Hawk) .

15, Organic litterfall in Watershed 10, 1971-1972 (Deni;on and Rossman).

16. Litter decomposition rates in Watersined 10 (Denison and Rossman).

17. Sapwood water storage: its contribution to transpiraticn and effect upon
water conductance through the stems of old~growth Douglas-fir (Waring and
Running).

18. Leaf area differences associated with old-growth forest communities in the

western Oregon Cascades. (Gholz, Fitz, and Waring).
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APPENDIX

Stem Maps of Reference Stands, H. J. Andrews Experimental Forest Area

(A Sequential Listing by Reference Stand Number)
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KEY TO STEM MAPS
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