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July 1, 1972. This copy is forwarded to you with the compliments of the
Coniferous Forest Biome directorates.

As you look at the table of contents and its associated color codes, you
will see that the text of the proposal progresses from general to more
detailed information. The resultant repetition is necessary to accommodate
the broad spectrum of interest of our readers. The figures are at the end
of each section for easy reference.

The introduction in Volume I presents overall research strategy, adminis-
trative features, and brief research site descriptions. The proposed
research is subsequently discussed in two ways: first, in the general
terms of the annual task objectives of the Biome, and then in more detail
by the various subsystem research committees with reference to relevant
past and ongoing work.

Finally, in Volume II (Appendix), you will find a detailed progress report
of the work accomplished during the past two years, brief subproject
descriptions of research proposed by the principal investigators, research
site and coordination program descriptions, and the vitae of our participants.

Please incorporate the following list of visiting scientists that was
inadvertantly omitted from Volume It, section 11.1.3, p. 43
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ABSTRACT

Introduction

This proposal by the Coniferous Forest Biome investigators requests support
for the third and fourth years of a highly integrated series of investigations
within the Ecosystem Analysis program of the United States effort under the
International Biological Program. The program for the Coniferous Forest Biome
has been approved by the U.S. Executive Committee for the IBP as an integrated
research program in cooperation with other programs in progress or under develop-
ment for the Ecosystem Analyses program. The proposed study is one of five
that will collectively form a reference modeling system to cover the important
ecosystems of North America.

Coniferous forests occupy about one-third of the land area of the western United
States, including Alaska. The products from this land area, such as wood,
water, forage, fish, and wildlife, are most important to the physical and
economic well-being of the nation. In addition, large areas are used for diverse
recreational purposes by increasing numbers of people.

The capacity of coniferous forest land to produce various goods and services
varies greatly from area to area. Arguments about the management of these
lands have been prominent in the literature of land management sciences (such
as forestry and fisheries) and ecology for many years. These debates highlight
problems such as single- versus multiple-purpose use, the balance between various
uses, the land's basic productive capacity, and management procedures best
suited to maintaining and increasing productive capacity. More recently,
fundamental questions have been raised about the impact of widespread and
previously accepted practices, such as clearcutting in forest harvesting, on
environmental quality and long-term productive potential of coniferous forest
land. Urban spread is also affecting rather large acreages of coniferous
forest and the best way to combine people and forests must be answered.

We believe that a better understanding of the forest ecosystem, which is the
goal of this proposal, will provide a basis for more intelligent management
and use of these lands and thereby will have important social consequences.
In light of the seriousness of the questions raised, the research proposed can
therefore claim an urgency as well as scientific and practical values. The
total ecology of the coniferous forest is rather poorly understood, and conif-
erous forest ecological theory is not well developed. Certainly more theory
must evolve from Coniferous Forest Biome research in order to provide a sound
base for solving current and future problems and for basic education purposes.

Objectives

We seek a basic understanding of coniferous forest ecosystems, including both
terrestrial and aquatic components, in order to develop new theoretical
approaches and to recognize and define ecological limitations on management
and opportunities for increasing production of fiber, food, water and wildlife.
The overall strategy includes identification of the major components and
processes, both physical and organic, and definition of how they are inter-
related. The definitional interrelationships will be accomplished through a
system analysis and modeling program. As an overall guide for this and future
Biome proposals we have identified the following general objectives for our
research work:
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1. Determine major factors, both components and processes, that control the
productivity and distribution of organisms in coniferous forest ecosystems.

2. Examine terrestrial and aquatic linkages in coniferous forest ecosystems
with respect to water, elements, and energy.

3. Determine how manipulations influence the structure and function of
coniferous forest ecosystems.

4. Understand population dynamics of major components of each trophic level
that apparently influence the sustained productivity and stability of various
ecosystems within the Biome.

5. Produce models of temporal and spatial variation in coniferous forest
ecosystem components, which will include factors affecting system productivity
and stability and the land-water linkages, and will predict the behavior of
these systems after various manipulations.

6. Apply specific models in the solution of major use problems in the Biome
area and assist other groups or agencies to do likewise.

In the orderly development of the total program, research objectives for the
year-3 and -4 research program have been formulated as follows:

1. Elaborate and refine initial models and field studies of processes and
total systems developed in 1971 and 1972.

2. Explore the potential for extrapolating these models by attempting their
generalization spatially and temporally, specifically: (a) to systems of
different environment and structure (such as along environmental gradients
or across the Biome), (b) to systems at different scales of resolution (such
as from watersheds to drainages), (c) to manipulated or stressed systems
(such as clearcut areas), and (d) over long time spans (such as long succes-
sional gradients).

The specific research tasks planned for 1973 and 1974 are:

1. Complete initial program in terrestrial production process measurement
and modeling. Begin developing data for the production process models for
other species and environments and for different age classes important in the
Biome.

2. Develop elemental cycling models of forest stand level ecosystems based
upon process and transfer functions such as decomposition, ionic leaching,
weathering, organism uptake, storage and return, and meteorological and biological
additions.

3. Begin describing paths of energy and material flow through consumers (food
webs) in coniferous ecosystems.

4. Complete initial nutrient, water, and energy flow models for unit water-
sheds and begin their refinement with particular attention to incorporation
of process models.



5. Quantify and model paths and rates of material and energy transfers across
terrestrial-aquatic interfaces, specifically including quantification of trans-
fers in and comparisons between: (a) undisturbed small streams and small lakes,
(b) lakes of various topology and climate, and (c) undisturbed and clearcut
watersheds with stream systems.

6. Evaluate and model the trophic dynamics of four lakes of significantly
different nutritional status, topology, and climate.

7. Examine responses of coniferous ecosystems or subsystems to selected
stresses (manipulations) in terms of material and energy flows and of productivity.

8. Examine long-term (successional) behavior of coniferous ecosystems specif=...;.

ically including: (a) development of a successional model for prediction of
forest composition and biomass changes, primarily by cooperation with the Eastern
Deciduous Forest Biome; (b) descriptions of selected subsystem structures and
processes across different forest age classes to test successional hypotheses
regarding (i) complexity and redundancy of detritus subsystems, (ii) ratio
of gross production and respiration, and (iii) conservation of nutrients within
the system; (c) examination of eutrophication processes in lake systems using
a series of lakes of varying "ecological stage" (nutritional status).

Current and proposed studies at the research sites are designed to complement
each other and capitalize to the maximum extent possible on past research.
At Andrews Forest the research work will concentrate on older forests and
cycling in unit watersheds. At the Cedar River--Lake Washington site studies
will emphasize young forests, detailed process studies, lake systems, and
interface studies.

The coordination program investigators will be developing a cooperative research
program and strategy oriented to the validation of models developed by the
intensive site scientists. Already considerable input from investigators
studying aspects of modeling and site-independent process studies elsewhere in
the Biome have been incorporated in the current proposal, including work by
visiting scientists on the two intensive sites.

Research sites

Both intensive study sites, the Cedar River--Lake Washington drainage basin
and the H. J. Andrews Experimental Forest, are located in the dense coniferous
forests of the coastal Northwest, specifically the Douglas-fir--western hemlock
forests, which are the most productive in the Biome. Each contributes unique
features of past research programs, facilities, involved personnel, and princi-
pal natural resources that we have combined into a single comprehensive investi-
gation of a conifer forest ecosystem. The considerable institutional contri-
butions in manpower, existing facilities, maintenance, and new developments at
these locations will enable the research programs to develop rapidly and pro-
duce results rather quickly.

The Cedar River--Lake Washington drainage extends from the Cascade crest in
northern Washington to salt water on Puget Sound. It includes, therefore, a
variety of aquatic and forest environments. The principal aquatic system is
Lake lashington and the major drainage into it is the Cedar River. A large
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part of the Cedar River is administered by the City of Seattle. Biome study
sites and proposals will include both aquatic and terrestrial habitats, with
emphasis on young-growth forests (i to 100 years) originating from past
harvests of old growth. The maritime climate has rainfall ranging from 102
to 254 cm over the drainage area.

H. J. Andrews Experimental Forest is a 6080-ha drainage in the western Oregon
Cascades, administered for research by the USDA Forest Service Pacific Northwest
Forest and Range Experiment Station. Old-growth (450-year-old) Douglas-fir--
western hemlock forests dominate although younger forests (1 to 130 years)
are also present. Streams provide most of the aquatic habitat. The mature
mountainous topography ranges from 457 to 1615 m in elevation and 229 to 254
cm of rainfall is characteristic.

Coordination program

During the first six months of 1972 Dr. William Laycock has been on loan to
the Biome from the USDA Forest Service with the express purpose of developing
a coordination program. The research proposed and described attempts to take
advantage of specific strengths in current programs at a number of centers
across the Biome to provide literature or specific data for model input, or
to develop necessary research not being done at the intensive sites. In this
effort we are also attempting to establish data exchange and acquisition with
other Biomes. A list of projects planned for the coordination program and
the associated institutions follows:

1. Missoula, Montana--Lubrecht Experimental Forest, University of Montana

2. Fort Collins, Colorado--Little South Fork of the Cache LaPoudre River,
Colorado State University

3. Fort Collins, Colorado--San Juan Ecology Project, Colorado State University

4. Flagstaff, Arizona--Southwestern Ecosystem Projects, Northern Arizona
University and Rocky Mountain Forest and Range Experiment Station USDA
Forest Service

5. Logan, Utah--Northern Wasatch Forest Ecosystem Study, Utah State
University and Intermountain Forest and Range Experiment Station USDA Forest
Service

6. Moscow, Idaho--Cedar-Hemlock Ecosystem Program, Intermountain Forest
and Range Experiment Station USDA Forest Service, University of Idaho, and
Washington State University

7. Intermountain Aquatic Consortium--University of Utah and other western
universities

8. Logan, Utah--Survey of Hydrologic Watershed Data, Utah State University
and Intermountain Forest and Range Experiment Station USDA Forest Service

9. Longview, Washington-- The Weyerhaeuser Company
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10. Missoula, Montana--The role of fire in forest ecosystems, University
of Montana and USDA Forest Service

11. Moscow, Idaho--The influence of plant diseases on forest ecosystems,
University of Idaho and Intermountain Forest and Range Experiment Station
USDA Forest Service

12. Logan, Utah--Primary production environmental model, Utah State
University and Intermountain Forest and Range Experiment Station USDA Forest
Service

13. Berkeley, California--Photosynthesis process model validation, Universityof California

Collaboration

This proposal will involve nearly 130 professional participants at 15 insti-tutions in nine states. A list of the institutions by states follows:
Institution

USDA Forest Service
Northern Arizona University
University of California
Colorado State University
University of Idaho
University of Montana
Oregon State University
University of Oregon
Utah State University
University of Utah
Brigham Young University
University of Washington
Western Washington State College
Weyerhaeuser Company

State

All
Arizona
California
Colorado
Idaho
Montana
Oregon
Oregon
Utah
Utah
Utah
Washington
Washington
Washington

Management and Services

The major function of the Biome director and his staff will be direction and
supervision of the research efforts, facilitation of communication among all
participants, and provision of necessary operational services. Research
development and direction has been improved by reorganization of Biome
committees and employment of additional personnel. Present Biome organization
is shown in Figure 1.4. The Biome has established an office in Bloedel Hall,
University of Washington. Accounting and purchasing services are provided
through the College of Forest Resources accounting office. The data manage-
ment service will be expanded and integrated with other Biome efforts. The
development of inter-Biome committees has aided many aspects of our operation
during the year.



vi
CONIFEROUS FOREST BIOME
Proposal 1973-1974

Vol. I

(Blue) 1. INTRODUCTION 1.1
1.1. General Biome Objectives 1.1
1.2. Specific Annual Objectives 1.2
1.3. An Overview of Modeling Strategies 1.5

1.3.1. Process modeling 1.5
1.3.2. Ecosystem modeling 1.5

1.4. Biome Organization and Administration 1.8
1.5. Biome and Research Sites Description 1.10

1.5.1. H. J. Andrews Experimental Forest 1.12
1.5.2. Cedar River--Lake 14ashington drainage 1.12
1.5.3. Coordination program 1.13

1.6. Services 1.14
1.6.1. Administration 1.14
1.6.2. Communications 1.15
1.6.3. Publications 1.16
1.6.4. Laboratory services 1.16
1.6.5. Taxonomic services 1.16
1.6.6. Florkshops 1.16
1.6.7. Visiting scientists 1.16
1.6.8. Nonobligated consulting services 1.16
1.6.9. Information center 1.16

(Yellow) 2. PROPOSED RESEARCH AS RELATED TO YEAR-3 AND
YEAR-4 OBJECTIVES 2.1
2.1. Introduction 2.1

2.1.1. Research design 2.2
2.1.2. Year-3 and year-4 tasks and integration

of work 2.3
2.2. Research Program as Related to Year-3 and

Year-4 Tasks 2.5
2.2.1. Task 1: Terrestrial production process

measurement and modeling 2.5
2.2.2. Task 2: Elemental cycling models for

forest stands 2.7
2.2.3. Task 3: Energy and material flows through

consumers 2.P
2.2.4. Task 4: Material flow mode!s_for

unit watersheds 2.9
2.2.5. Task 5: Terrestrial-aquatic interface 2.11
2.2.6. Task 6: Trophic dynamics of lakes 2.12
2.2.7. Task 7: Response of coniferous ecosystems

to perturbation 2.13
2.2.8. Task 8: Successional behavior of coniferous

forests 2.15



vii

(Buff) 3. RESEARCH PROPOSED AS RELATED TO RESEARCH COMMITTEES 3.1
3.1. Modeling Management 3.1

3.1.1. Past and current research 3.2
3.1.2. Proposed research 3.73.2. Terrestrial Primary Production 3.10
3.2.1. Past and current research 3.11
3.2.2. Proposed research 3.13

3.3. Food Chain Processes 3.15
3.3.1. Past and current research 3.15
3.3.2. Proposed research 3.16

3.4. Biogeochemical Processes 3.1q
3.4.1. Past and current research 3.19
3.4.2. Proposed research 3.20

3.5. Physical Processes 3.26
3.5.1. Hydrologic component 3.26
3.5.2. Biometeorological component 3.2`?

3.6. Aquatic Lake Systems 3.32
3.6.1. Past and current research 3.34
3.6.2.. Proposed research 3.34

3.7. Aquatic Stream Systems 3.39
3.7.1. Current research 3.40
1.7.2. Proposed research 3,40

3.'2. Coordination Program 3.44
3.8.1. Specific research 3.44
3.8.2. Literature and data reviews 3.45
3.8.3. Role of fire and disease in

forest ecosystems 3.46
3.8.4. Coordination with ongoing

ecosystem studies 3.48
3.8.5. Other coordination programs 3.50

3.9. Ecosystem Chart of Individual Projects 3.52



viii

Vol. II APPENDIX

(Green) 4 PROGRESS REPORT OF THE YEAR-1 AND YEAR-2 PROGRAMS 4.14.1. General
4.1

4.1.1. Objectives
4.1

4.1.2. Accomplishments and new developments 14.1
4.1.3. Impacts on Biome community 4.2
4.1.4. National and international cooperation 4.3
4.1.5. .!orkshops and symposia 4 4

4.2. Subsystem Programs and Subproject Reports
(Abstracts)

.

/I, 5
4.2.1. Integration division 4.5
4.2.2. Terrestrial division 4.`1
4.2.3. Aquatic division 4 16
4.2.4. Services division

.

14.194.3. Reports of B i one Investinations 4 22
4.3.1. F3iome contributions

.

4 22
4.3.2. Internal reports

.

4.26

(Buff) 5. SUBPROJECTS
1

5.1. List of Study Proposals
5.

5.2
5.2. Individual Subprojects

5 9
5.2.1. Modeling management

.

5.9
5.2.2. Terrestrial--Primary production 165
5.2.3. Terrestrial--Food chain processes

.

5.38
5.2.4. Terrestrial--Biogeochemical processes 5.46
5.2.5. Terrestrial--Physical processes 845
5.2.6. Aquatic--Lake systems

.

10255.2.7. Aquatic--Stream systems
.

5.133
5.2.8. Ecosystem integration--Coordination program 5.139
5.2.9. Services--Technical committees 5.173

(Blue) 6. DETAILED RESEARCH SITE DESCRIPTIONS 6.16.1. H. J. Andrews Experimental Forest 6 16.1.1. Administration .

6.16.1.2. Resources 6.16.1.3. Past and current research 6.36.1.4. Physical facilities at the H. J. Andrews
Experimental Forest 6.56.1.5. Active research projects 6.56.1.6. Bibliography 6.8

6.2. Cedar River--Lake
'. !ashington Drainage 6.116.2.1. Administration 6.126.2.2. History 6.126.2.3. Environment 6.126.2.4. Resources 6 136.2.5. Terrestrial studies in the Cedar River

.

research area 6.146.2.6. Aquatic studies in the Lake Washington
basin 6.146.2.7. Interface program 6 5

6.2.8. Bibliography 6.16



ix

6.3. Coordination Programs 6.20
6.3.1. Berkeley, California 6.20
6.3.2. Flagstaff, Arizona 6.20
6.3.3. Fort Collins, Colorado 6.21
6.3.4. Fort Collins, Colorado 6.22
6.3.5. Intermountain Aquatic Biome

Consortium 6.26
6.3.6. Logan, Utah 6.27
6.3.7. Logan, Utah 6.28
6.3.8. Logan, Utah 6.29
6.3.9. Logan, Utah 6.29
6.3.10. Longview, !!ashington 6.31
6.3.11. Missoula, Montana 6.31
6.3.12. Missoula, Montana 6.40
6.3.13. Moscow, Idaho 6.40
6.3.14. Moscow, Idaho 6.42

(1hite) 7. LITERATURE CITED 7.1

(Yellow) 8. PARTICIPANTS ".1
C.I. List of Participants 8.1
8.2. Vitae P.8



x

LIST OF FIGURES

Figure At end of
dumber section:

1.1 Composite view of the Biome research program 1

1.2 Total ecosystem model diagram 1

1.3 Illustration of the perceived hierarchical form
of the ecosystem I

1.4 Coniferous Forest Biome organizational structure 1

1.5 Coniferous Forest Biome region, intensive sites,
and coordination program sites 1

1.6 Map of the H. J. Andrews Experimental Forest 1

1.7 Spatial division of watershed 10, H. J. Andrews
Experimental Forest 1

1.8 Location map, Cedar River--Lake Washington drainage 1

1.9 Principal components and p,-thways of transfer in
the Lake Washington drainage basin

2.1 Research phasing diagram
2.2 Interrelationships among the Biome's year-3

and year-4 tasks

2

3.1 Biome organizational diagram 3
3.2 Ecosystem model diagrams 3

3.3 Terrestrial biotic subsystem 3
3.4 General model of primary production 3

3.5 Vegetation analysis of the H. J. Andrews Experimental
Forest along moisture and temperature gradients 3

3.6 Partial representation of old-growth Douglas-fir
-sampled by climbing techniques 3

3.7 Process-to-stand model resting upon plant
response indexes 3

3.8 Terrestrial biotic subsystem 3
3.9 Terrestrial food chain processes 3
3.10 Terrestrial food chain process subsystems 3
3.11 Terrestrial biotic subsystem 3
3.12 Structural model of elemental cycling as linked

to the flow of water in the ecosystem 3
3.13 Hydrologic subsystem 3

3.14 Organizational structure and approximate annual
hydrologic budget for watershed 10, H. J. Andrews
Experimental Forest 3

3.15 The energy budget of a forest volume 3
3.16 Aquatic lake biotic subsystem 3
3.17 Water column processes subsystem 3
3.18 Higher consumer dynamics subsystem 3
3.19 Aquatic stream biotic subsystem 3

3.20 Aquatic stream biotic subsystem for the Andrews
Forest site 3

3.21 Diagram of coordination programs and their
relation to the intensive research 3

2



Figure
Number

xi
At end of
section:

3.22 (I) Ecosystem studies chart--Large drainage 3
3.22 (11) Ecosystem studies chart--Small watershed 3
3.22 (III) Ecosystem studies chart--Community 3

6.1 Map of the H. J. Andrews Experimental Forest 6
6.2 Experimental watersheds 1 to 3, H. J. Andrews

Experimental Forest
6.3 Location map, Cedar River--Lake 14ashington

drainage 6
6.4 Principal components and pathways of transfer

in the Lake Washington drainage basin 6



Table
?'umber

LIST OF TABLES x i i

ane P<so.

1.1 Specific research tasks planned for the Coniferous
Forest Biome in years 3 and 4 1.4

2.1 Specific research tasks planned for the Coniferous

2 2

Forest !dome in years 3 and It 2.4
. Major relationships between year-3 and year-4 tasks

and study sites and level of study and responsibilities
of research committees

2.6

3.1 List of assembled model programs in the Coniferous
Biome

3.2 Summary of mod li
3.

4

3.3
e ng studies

Summar of ter i l

3 .99

4

y restr a primary production studies 3.14
3. Summary of food chain processes studies 3.l^
3.5 Summary of terrestrial biogeochemical processes

6

studies
3.24-3.25

3. Diurnal energy budget components at Cedar River 3.303.7
8

Summary of the physical processes studies 3.31
3. Physical characteristics of lakes in the Lake

Washinnton drainage basin 3.32
3.9 Summary of aquatic lake systems studies 3.37-3.383.10 Summary of aquatic stream systems studies 3.43
3.11 Summary of coordination programs 3.51

6.1 Major research projects at the H. J. Andrews
Experimental Forest 6.6-6.7



BUDGET SUMMARIES BY RESEARCH COMMITTEES

1973

MODELING MANAGEMENT

PRIMARY PRODUCTION
Processes
Biomass & Structure

FOOD CHAIN PROCESSES

BIOGEOCHEMICAL PROCESSES
Geochemical
Biological

PHYSICAL PROCESSES
Hydrology
Meteorology

LAKE SYSTEMS

Water column
Benthic zone
Higher consumers

STREAM SYSTEMS

COORDINATION PROGRAMS

CENTRAL OFFICE
Administration, accounting
Communications
Travel, workshops

INFORMATION BANK

H. J. ANDREWS STUDY SITE

LAKE WASHINGTON DRAINAGE
STUDY SITE

1974

$ 188,727 $ 189,176

$ 175,392 $ 178,602
91,546 266,938 81,352 259,954

115,102 113,937

154,920 165,912
124,469 279,409 94,351 260,263

70,653 74,845
64,980 135,633 45,057 119,902

103,959 137,487
43,294 42,281
63,379 210,632 54,081 233,849

124,367 120,445

150,162 134,336

138,040 212,622
75,000 90,000
62,000 275,040 90,000 392,568

57,017 86,017

97,581 97,718

90,000 123,648

GRAND TOTAL $ 1,990,608 $ 2,131,813
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27 Rotary shaker 500
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Refrigerator

1,000
4oo

28 Incubators (2) 1,800
Microcosm chamber 500

29 12-mm-increment borers 380

32 Extraction soil columns 1,000



Project
Number

LIST OF EQUIPMENT FOR 1973 (Continued)

Item

xv

Estimated cost
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Replacement logic cards 127

43 Preamplifier A6A 660
Scanner card 158
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50 Outboard motor 900
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59 100-hp outboard motor 962
Vertical gill nets and buoys 2,650
Horizontal gill nets 350

60 Microscope and attachments 1,700

61 Electric fish shocker 1,000
Outboard motor 700

75 Climatological stations 4,000
Autoanalyzer components and attachments 10,000



LIST OF EQUIPMENT FOR 1973 (Continued)

xvi

Project
Number Item Estimated co ts

76 Typewriters (2) 1,200
Office desks and chairs (2) 400
Filing drawers (6) 300
Desk calculator 1,000
Tape recorder and playback equipment 500

77 High-speed computer terminal and key punch 15,000
Neutron probe and scaler 1,500

3

LIST OF EQUIPMENT FOR 1974

Gas exchange chamber $ 3,123
Power and control cables 1,582
Power supply stabilizer 528
Equipment trailer 1,582

5 Siemens gas exchange attachments 6,000
Water vapor infrared analyzer 3,000
Data processing equipment 10 400
Solarimeters (2) '600
Meteorological equipment 2,500
Tree diameter band transducers 586
Crown access towers 2,000
Equipment trailer and power plant 8,500

7 Controlled environment chamber 1,000

13 Insectary
5,560

19 pH and conductivity flow cells (4) 1,000
Data logger components 4,400

25 Nitrous oxide burner 300
Space lamps for atomic absorption 500
Vacuum system 1,200

26 pH meter
500

27 Incubator 200

28 Microcosm chamber 500

29 Incubator
200

36 Constant voltage supply 300
Demodulator

300
Filter elements (48) 960
Vacuum pumps (2)

175



LIST OF EQUIPMENT FOR 1974 (Continued)

xvii

Project
Number Item Estimated cost

39 Snow pillow and recorder 1,200
Stream temperature recorder 400
Waterstage recording equipment 700

42 Data logger expansion and attachments 2,722

43 Preamplifier A6A 660
Scanner card 158

44 Fast-response humidity sensors 1,500

53 Bacteria incubator 400

55 Underwater illumination meter 533

57 Outboard motor replacement 1,200

58 Midwater trawl nets 800

61 Electric fish shocker 1,000

75 Climatological and hydrological stations 7,000
Autoanalyzer attachments 8,000

76 Tape recorder 400
Projector and screen 200
Filing drawers (6) 400

77 High-speed computer terminal and key punch 15,000Climatological stations 5,000



RESEARCH GRANT BUDGET WORKSHEET

INSTITUTION

ME OF PRINCIPAL INVESTIGATOR(S)

Stanley P. Gessel

University of Washington
A. SALARIES AND WAGES

NUMBER OF PERSONS
1. Senior Personnel

a. 13 (Co-)Principal Investigator(s) ............

b.Feculty Associates (Faculty Members).....

Sub-Total ...........................
2. Other Personnel

a. 12 Research Associates (Post-Doctoral-).....

b. Non-Faculty Profes.-Doctorals...........

c. I Non-Faculty Profes.-Other .............. .

d. 33 Grad. Students (Res. Asst.) ..............

e. Prof. School Students.... 0 ..... 0
..........

f. .Pre-Bac.Students....... ......

PROGRAM NAM0

Forest Biome

DURATION

p/1/73-12/31/73

NSF MAN-MONTHS IGRANTEE MAN-MONTHS1 NSF REQUEST

CAL II ACAD

?5.0
SUM I CAL ACADI SUM

PkOPO:AL r1UM.

GRANT NUMBER

GRANTEE SHA

$ 49,905 42,686

49-405

14.0 108,865

6.0 6,000

18.0 147,462

42.686

`. 3 Secroterial-Clerical .............................................................. 27,425

h. 8 Technical-Shop ............ ...................................................,. 83,215

" I. Hourly 37,850}
3. Special Allowances (Office of Antarctic Programs) ..............

Total Salaries and Wages ............... .................. :...................... . 460,722 42,686

B. FRINGE BENEFITS (When Charged as Direct Costs) .................... ..................... 42,880 4,695

Total Salaries, Wages, and Fringe Benefits (A & B) ................................. 5039602 S 47,381
C. PERMANENT EQUIPMENT 91 , 088

2. ........................

Total Permanent Equipment.....................................................S 91,088 S

D. EXPENDABLE SUPPLIES AND EQUIPMENT ................................................... S 72 , 556 S

E. TRAVEL 1. Domestic-U.S. and its Possessions (nci. Puerto Rico), Canada, and Mexico........... 79,495

2. International ...................

............. ......... :..... .................. ............
2,000

Total Travel................................................. .,. .............5 81,495

F. -PUBLICATION COSTS ....................................... .. .........................f 25.000 S

G. OTHER COSTS 1. Computer Costs .................................. 13,250
2. Services, communications, inter-biome developmental, f.....und 67,928..............

3. Other Universities ................. 974,536 64,095

Total Other Costs ............................................................. S1, 055 , 714

TOTAL DIRECT COSTS(A through G) .... .................................................... j ,829,455
I. INDIRECT COSTS (On Campus4 of 243'SQuve) ........................................ 1 14,450

l(Off Campus2l
.5 % of X17' sbiive) ....................................... 46,703

Total Indirect Costs.. 6 ................. ............ .........
I ................ S 161 ,153 S 14,332

608J. TOTAL COSTS .......................:...................................................... 0,990, 1125.808

1.

s 64 , 095

X11,476
9,498

4,834



RESEARCH GRANT BUDGET WORKSHEETn
INSTITUTION

ME OF P

Stan

University of Washington

A. SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. 17 (Co-)Principal Investigator(s) ...........

b. Faculty Associates (Faculty Members)...,.

Sub-Total ...........................
2. Other Personnel

A. 5 Research Associates (Post-Doctoral,).....

b. Non-Faculty Profes.-Doctorals...........

c. 1 Non-Faculty Profess Other ...............

d. 31 Grad. Students (Res. Asst.) ..............

e. Prof. School Students .... ................

f. .Pre-Bac.Students........... ......

RINCIPAL INVESTIGATOR(S)

ley P. Gessel
PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

25.0

GRANTEE MAN-MONTHS NSF REQUEST

CAL 1 ACAD

$ 99.790

99,790

112,490-

6.0

17.0

I

12,600

176,580

PROPOSAL riUMM%

GRANT NUMBER

GRANTEE SHA

38,346

38,346

9,3,SQCretarislCIQriGI ....,..... ............................................,,..,,,. 31 4nn

h. 8 Technical-Shop ......................... .........'.............. ................. 98,565
1, Hourly 45,420

13. Special Allowances (Office of Antarctic Programs) ............................................

Total Salaries and Wages ................. ................:..............:........ 576,845 38,346

'B. FRINGE BENEFITS (When Charged as Direct Costs) ........................................... 54,312 4,218

Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 631 ,157
S 42 , 564

C. PERMANENT EQUIPMENT 1. 74 , 304

2.

Total Permanent Equipment...................................................74.304 S

D. EXPENDABLE SUPPLIES AND EQUIPMENT ................................................... $ 65.859
E. TRAVEL 1. Domestic-U.S. and its Possessions (lacl. Puerto Rico), Canada, and Mexico........... 1 12 , 030

2. International........................5,000
Total Travel .................. ......................... .................. 117,030 S

F. -PUBLICATION COSTS ....................................... .. ........................ S 26,350 S

G. OTHER COSTS 1. Computer Costs ..................... . ............ 14,750
Services, communications, inter-biome development fund 93,5402. ......................

3. Other Universities goc,A9A 53,148......................
Total Other Costs ............................................................. S 1,013,988 S 53,148

O TOTAL DIRECT COSTS (A through G) . ............................................... 1,92 8 9688 05,712
i. INDIRECT COSTS (On C a m p u s 4 7 - of 322, 31{ ve) ....................................... J51,526 9,275

(Of[ Campus 21.5 y. of 'above) ...................................... 54,599 4,284

Total Indirect Costs ............................................................. s 206,125 s13,559

J. TOTAL COSTS ............. ..........:........................ ................,.,.........1 .2.131 .813 log7;11

DURATION

_0 111/1/74-12/3l/74

SUM

S



NSTITL' TION

Oregcn State University

SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. 23 (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members).....

Sub-Total ................ .....
2. Other Personnel

a. L. Research Associates (Post-Doctorals).....

b. Non-Faculty Profes.-Doctorals ...........
c. 2 Non-Faculty Profes.-Other............ .
d. 10 Grad. Students (Res. Asst.) ..............
e. Prof. School Students ....................

f. Pre-Bac. Students ................... .

PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

.-O

48.0

24.0

72.0

GRANTEE MAN-MONTHS

CAL

26.1

ACAD SUM

1-1-73-12-31-731

NSF REQUEST

$ 99,452

g. 2 Secretarial-Clerical ............................... . ...........................
h. 11 Technical-Shop .................................................................
i. Hourly

40,000

18,000

52,744

9,000

75,350

35,670

GRANT NUMBER

GRANTEE SHARE

$ 26,195

3. Special Allowances (Office of Antarctic Programs) .........................................
Total Salaries and Wages....................................................... 330,216 26,195

FRINGE BENEFITS (When Charged as Direct Costs) .......................... .............. 33+021 2,1,00

Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 363,237 $ 28.595
PERMANENT EQUIPMENT 1. 28,462

2.

Total Permanent Equipment ..................................................... $ 2.46 2 - $

EXPENDABLE SUPPLIES AND EQUIPMENT .......................................... .... $ 281846 $

TRAVEL 1. Domestic-U.S..and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 37,942

2. International .. .................................. ..................................

Total Travel ................................. ..... ......... ........... $ 37,942 $

PUBLICATION COSTS .................... ................. ........................... $ 0.60 $

OTHER COSTS 1. Computer Costs ........... ..... ... . ........ 28, 500

2. Consulting, etc. .. ................ 37,130

3.

Total Other Costs .............. . .... ........... $ 65,630 $

TOTAL DIRECT COSTS (A through G) ... ............................................... . $ 524,977 $ 2A 59 5

INDIRECT COSTS (On Campus L73 33016 1148,952 1,8 30of Above) ..................................
(Off Campus Q a of 17,20$ove) ..... ....... .... ............. 5,177

Total Indirect Costs .......................... ... .......... ......... $ 154,129 $

TOTAL COSTS ............................................................................. $ 679,1,-;6 $ 1:1 _5 -

AMOUNT OF THIS A'Y'.'ARD (Rounded) ....................... S

NSF Form 3, Dececrrer 1567 I CHECK I F ADDITIONAL SHEETS ARE ATTACHED

Wages

......................



ISTITUI ION

Oregon State University

SALARIES AND WAGES

NUMBER OF PERSONS
1. Senior Personnel

a. 23 (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members).....

Sub-Total ...........................
2. Other Personnel

a. 5 Research Associates (Post-Doctorals) .....

b. Non-Faculty Profes.-Doctorals ...........

c. 2 Non-Faculty Profes.-Other ...............

d. 13 Grad. Students (Res. Asst.) ..............

e. Prof. School Students ....................

I. Pre-Bac. Students.......................

PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

89.0

60.0

24.0

78.0

GRANTEE MANMrONTHS

CAL

26.0

ACAD SUM

NSF REQUEST

$ 81,777

GRANT NUMBER

GRANTEE SHARE

$ 25,320

53,900

18,000

52,810

g. 2 Secretarial-Clerical ......................................................._..... 9,500

h. 11 Technical-Shop . ........................................................-...... 74,600

L 3 ,62n
3. Special Allowances (Office of Antarctic Programs) ..................................... _ .... .

Total Salaries and Wages........ ..................................... _ . 322,207 25,320

FRINGE BENEFITS (When Charged as Direct Costs) .................. ................ _ .... 32,221 29112

Total Salaries, Wages, and Fringe Benefits (A & B) ................................ S 3541L28 $ 27,iY2
PERMANENT EQUIPMENT 1. 23 , 000

2.

Total Permanent Equipment ..................................................... S 23,000 S

EXPENDABLE SUPPLIES AND EQUIPMENT ................................................. S 22,340 S

TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 29,392

2. International ..........................................................................

Total Travel ................................................. .............. S 29,392 S

PUBLICATION COSTS .......................................... ......................... S 3,06 S

OTHER COSTS 1. Computer Costs ..... ... ........... ... ... ... .. . ... 2g_lfn

2. (rr 1 ant ?aa PF.C

3.

_ 307=0

Total Other Costs .................... ...................................... SS9 X81") S

TOTAL DIRECT COSTS (A through G) ......... ............................................. $ 92 ^3_
27 A3

INDIRECT COSTS (On Campus
004,207

1c_ a(Off Campus 2.1% of18, OOOoove) ........................... .......... g, IL18 .
Total Indirect Costs ........................................ ................. S 10, I ^ S

Tow. rncTc ............. ................................ ................ _ ..... $ $
< l!. i

. AMOUNT OF THIS A7.'ARD (Roun.'c i) ..... . ................ . ... .. .

NSF Fci^ 3, Decer-ber 1967

S

CHECK IF ADD7IGNAL. SHE_TS ARE ATTACHED

/1,i 74-1

__x

................



ESEARCH GRANT BUDGET WORKSHEET

;TITUTION

Utah State University

SALARIES AND WAGES

NUMBER OF PERSONS
1. Senior Personnel

v ...uw., nr ,w, mar, wn. vn.+/

a. ( (Co-)Principal Investigator(s) ............

b.__Faculty Associates (Faculty Members).....

Sub-Total ............................

2. Other Personnel

a. Research Associates (Post-Doctorals) .....

b. Non-Faculty Profes.-Doctorals ..........

c. Non-Faculty Profes: Other ...............

d. Grad. Students (Res. Asst.) ..............
e. Prof. School Students ....................

f. Pre-Bac. Students .......................

PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUMm
GRANTEE MAN.MONTHS

CAL

g. 1 Secretarial-Clerical ........................... ... . .... ...

ACAD

.....

h. Technical-Shop ..............................................

.............

I. Hourly

YVAM 11b1 _-

11 /1/73..12/31/73

NSF REQUEST

r-K%7F1Jb^L nuMloC,cF

GRANT NUMBER

GRANTEE SHARE

3.600

10,400

300

3. Special Allowances (Office of Antarctic Programs) .............................................
Total Salaries and Wages...................... .............. ....... . 27,185

FRINGE BENEFITS (When Charged as Direct Costs) ............................................ T
2,690

Total Salaries, Wages, and Fringe benefits (A & B)................................. S 299875 S

PERMANENT EQUIPMENT 1- Adaption of monochromatic to field.use 530

12. Light guides ...........
Total Permanent Equipment .............. ........... .. ..... .. 3 530 S

EXPENDABLE SUPPLIES AND EQUIPMENT .................................. I............... S 1,875 S

TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico..... ..... 4060
2. International ........................................... .......

.

.. .

Total Travel ......................... .......... .. .. .....;.. .. . . 3 4r 560 S

PUBLICATION COSTS ............. ° ............ ° .................. ..... S 1.096 $

OTHER COSTS 1. Computer Costs .............. ... , ... .. , . 2,000
2. ..... .....

3. ... .....
Total Other Costs .................... ...... .. .. S 2.000 $

TOTAL DIRECT COSTS (A through G) ................... .. .... S39,936 S

INDIRECT COSTS (On Campus 60 % of A above) ............ ... ................ 16.3U
(Off Campus % of above) ... .... ........ .

Total Indirect Costs ............................. .. S 16,311 S

TOTAL COSTS ......................................... ......... ....... ....... $ 56,247 S

4

1

...

.

.

..... .

..

. ........

SUM



ESEARCH GRANT BUDGET WORKSHEET

;TITUT#UN

Utah State University

SALARIES AND WAGES
NUMBER OF PERSONS

1. Senior Personnel
a. 6 (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members).....

Sub-Total ...........................
2. Other Personnel

a. Research Associates (Post-Doctorals).....

b. Non-Faculty Profes.-Doctorals...........

Non-Faculty Profes.-Other...............

Grad. Students (Res. Asst.) ..............

e. Prof. School Students....................

f. Pre-Bac. Students.......................

D
PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

6.0

6.0

x-/1/74-12/31/74

IVr-u.1^ 6;* 04 V-R

GRANT NUMBER

GRANTEE MAN-MONTHS

CAL ACAD SUM

g. Secretarial-Clerical ..............................................................

h. Technical-Shop ..................................................................

NSF REQUEST

10,525

4,700

GRANTEE SHARE

3. Special Allowances (Office of Antarctic Programs) ............................................
.

Total Salaries and Wages ....................................................... 153225

FRINGE BENEFITS (When Charged as Direct Costs) ...... ..... 1,675
Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 16,900 $

PERMANENT EQUIPMENT 1.

I

Total Permanent Equipment.................................................... S

EXPENDABLE SUPPLIES AND EQUIPMENT ............................. S 300
TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... r,nn

2. International ...........................................................................

Total Travel................................................................. .S ,,r,nn $

'PUBLICATION COSTS .................................... .............................. S 60o S

OTHER COSTS 1. Computer Costs .

2.

3.

2,.000

........................

Total Other Costs .............................................................5 2,000 S

TOTAL DIRECT COSTS (A through G) ....................................................... S 21,200 $

INDIRECT COSTS (On Campus 60 % of A abode) . ... 9,135
(Off Campus % of above) .......................................

Total Indirect Costs ............................. ........................... S 9,135 S

30TOTAL COSTS ............................................................................ ,33 5S S

I

C.

d.



AL-h .Mt%--. WVYVi i nvrnrncc.

NSTI , UTION

University of Montana

t. SALARIES AND WAGES
NUMBER OF PERSONS

1. Senior Personnel
a. (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members).

Sub-Total

2. Other Personnel

a. 2 Research Associates (Post-Doctorals) .....

b. Non-Faculty Profes- Doctorals...........

c. Non-Faculty Profes.-Other ...............

d. 1 Grad. Students (Res. Asst.) ...... ..

e. Prof. School Students....................

f. Pre-Bac. Students .......................

PROGRAM NAME

Forest Biome

GRANT NUMBER

NSF MAN-MONTHS GRANTEE MANMONTN$ NSF REQUEST GRANTEE SHARE

CAL ACAD SUM CAL ACAQ SUM

g. Secretarial-Clerical ................ .......................................

h. Technical-Shop................ . . .....................................

I. Hourly 4,000

3. Special Allowances (Office of Antarctic Programs). ...................................
Total Salaries and Wages....................................................... 17,900

FRINGE BENEFITS (When Charged as Direct Costs) ......... ... ........ .... _1,790
Total Salaries, Wages, and Fringe Benefits (A & B)...' ............................. S 690 S

PERMANENT EQUIPMENT 1

............. T

Total Permanent Equipment..... .. ... ... ........

EXPENDABLE SUPPLIES AND EQUIPMENT ....................................... ........... $ 2,1211, $

TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 3l868
2. International ....... .. ....... ..

Total Travel. ... ........... ....... .................,.......... $ 3,868 $

PUBLICATION COSTS . .............................. ... ........... ....... $ 5

OTHER COSTS 1. Computer Costs ............. . ...... .... .
2. Consultants fee & Bibliographic services........................ 12,000 -

.......................

Total Other Costs ............................................................. $ 12,000 $

TOTAL DIRECT COSTS (A through G) ..................... ................................. $ 37,682 $

INDIRECT COSTS (On Campus 40.5 % of A above) . ........................ 70250

(Off Campus % of above) .......................................

Total Indirect Costs . ....... .... . .. ..... . . ............ ...... $ 71250 $

TOTAL COSTS.. ................ . . ...................... .. $ 44,932

i

k

A.0,

...........................

.....

2.

...... .

....

.

. ... ... $



ISTI t UTION
U

University of Montana

SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. (Co-)Principal Investigator(s) . .......... .
b. Faculty Associates (Faculty Members).....

Sub-Total ...........................

2. Other Personnel

a. 2 Research Associates (Post-Doctorals) .....
b. Non-Faculty Profes.-Doctorals ........
c. Non-Faculty Profes.-Other...............

d. 1 Grad. Students (Res. Asst.) ..............

e. Prof. School Students ....................
f. Pre-Bac. Students.......................

Forest Biome
PROGRAM NAME

NSF MAN-MONTHS

CAL ACAD SUM

16,0

6.0

GRANTEE MAN-MONTHS

CAL ACAD SUM

1/1/74-12 /31,"?

NSF REQUEST

GRANT NUMBER

GRANTEE SHARE

12,850

3,000

g. Secretarial-Clerical ........................................ ...............

h. Technical-Shop ............................. ....................

i. Hourly 6, 000

3. Special Allowances (Office of Antarctic Programs)...... .

Total Salaries and Wages ...................... ... 21,850
FRINGE BENEFITS (When Charged as Direct Costs) .......................................... 2,185

Total Salaries, Wages, and Fringe Benefits (A & B)......................... .... $ 9tl' nq _
PERMANENT EQUIPMENT 1.

2.

Total Permanent Equipment ...................... .. ......

EXPENDABLE SUPPLIES AND EQUIPMENT ......... ........................................ $__ 3a 500
TRAVEL

1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 5,368
2. International ...........................................................................

Total Travel........................... ....................
. ... . ....... $ 5068

PUBLICATION COSTS ........................... ......
OTHER COSTS 1. Computer Costs ..... ............. ... ...

. . . . .

2.

3.

..---4-I--S
Total Other Costs ........... .

TOTAL DIRECT COSTS (A through G) . . ..... .... ... $

INDIRECT COSTS (On Campus j+0_5 %, of A above) ......................................
(Off Campus % of above) .......................................

Total Indirect Costs ........................................................... Sg49
TOTAL COSTS .... ................ ...................................................... $ 5,157 $

t.r r;, r T; n In,rnr,;r, al

.... ...........................

$

. ................ ..................

.



RESEARCH GRANT BUDGET WORKSHEET

4STI 7 UTION

University of Idaho
SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. 2 (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members).....

Sub-Total ...........................
2. Other Personnel

a. 2 Research Associates (Post-Doctorals) .....

b. Non-Faculty Profes.-Doctorals ...........
C. Non-Faculty Profes.-Other ...............
d._ 1 Grad. Students (Res. Asst.) ..............
e. Prof. School Students ....................

f. Pre-Bac. Students... .................

PROGRAM NAME

Forest Biorse
NSF MAN-MONTHS

CAL

2.0
ACAD SUM

2.0

1.0

GRANTEE MAN-MONTHS

CAL ACAD SUM

1/1/73-12/31/7

NSF REQUEST

$ 6,200

10,700

4,400

I

arrtvrvML. rvumocr

g. Secretarial-Clerical ................................................. .........

h. 1 Technical-Shop .................. ..... .... .......... .................. 4,000

3. Special Allowances (Office of Antarctic Programs) ................. .

Total Salaries and Wages.. ................................................... 25,900

FRINGE BENEFITS (When Charged as Direct Costs) ......................... .. ..... .. 2To r99

Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 2R,252
PERMANENT EQUIPMENT 1.

2.

GRANT NUMBER

GRANTEE SHARE

$

Total Permanent Equipment ..................................................... $ 1,000 $

EXPENDABLE SUPPLIES AND EQUIPMENT ................................................. $ 600 $

TRAVEL I. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 3,970
2. International .......................... ...............................................

Total Travel ............. ........................ .. ... ............. . $ 3 , 970 $

PUBLICATION COSTS .................................................. ................... $ 300 $
OTHER COSTS 1. Computer Costs ................... . ... ......... 19688

2.

3.

Total Other Costs .................... ...................................... $ 12688 $

TOTAL DIRECT COSTS (A through G) .............. .. , ................................. $ 35,810 $

INDIRECT COSTS (On Campus33 i_6 0 of A above) ................... 8,466

(Off Campus_% of above) .......................................

Total Indirect Costs ........................................................... $ 8,1,.6 6 $

TOTAL COSTS...................................... ........ .......................... $ 44,276 $

......................

000

. ............



RESEARCH GRANT BUDGET WORKSHEET

INSTITUTION

University of Idaho

ME OF PRINCIPAL INVESTIGATOR(S)

A. SALARIES AND WAGES
NUMBER OF PERSONS
1. Seniot Personnel

a. (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Member.).....

Sub-Total ...........................
2. Other Personnel

a. 1 Research Associates (Post-Doctorals).....

b.

C.

d.

Non-Faculty Profes.-Doctorals...........

Non-Faculty Profes.-Other...............

Grad. Students (Res. Asst.) ...o is .... ...
Prof. School Students.... 6 ...... 4.0 ......

f. .Pre-Bac. Students .......................

PROGRAM NAME

I

DURATION PkOPOSAL f1UMi

11/1/74-12/31/74
GRANT NUMBER

I Forest Biome

NSF MAN-MONTHS GRANTEE MAN-MONTHS

CAL

.6

ACAD SUM CAL ACAD SUM

g. Secretarial.Clerical ......................................11.......................

NSF REQUEST

h. Technical-Shop ......................... .........'...... ......................... 4.000

C.1" I.

GRANTEE SHA

3. Special Allowances (Office of Antarctic Programs)

Total Salaries and Wages............... .............. ....:...................... . 14,700

2,033B. FRINGE BENEFITS (When Charged as Direct Costs) ...........................................
Total Salaries, Wages, and Fringe Benefits (A & B) ............................... S

C. PERMANENT EQUIPMENT 1,

S

2. ........................
Total Permanent Equipment..................................................... 5

D. EXPENDABLE SUPPLIES AND EQUIPMENT ........... ....................................... S
E. TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico...........

2. International ........... .......................................... ......................

Total Travel ....... ......... ............................................. S

200

3,370

F. -PUBLICATION COSTS ....................................................................... S

G. OTHER COSTS 1. Computer Costs .............. ............ 988

2. .......................
3. ........................

Total Other Costs ............................................................. S 988 S

( )TOTAL DIRECT
COSTS (A through G) .......... .............................................. 21,291

1. INDIRECT COSTS (On Campus336=46 f. of A above) ....................................... 4,919

(Off Campus % of above) ...................... ..................
Total Indirect Costs........... ....... s , . u a. . , .._... . ... ............... 5 4 , 919 S

TOTAL COSTS ..................... ...............'............ '.............................. >G 26,210J

I

S

S

I



ESEARCN GRANT BUOUI_I WuKhanetI

iTITUTION PROGRAM NAME

.VE2

11-1-73/12-31-7
GRANT NUMBER

University of Oregon Forest Biome

SALARIES AND WAGES NSF MAN-MO NTHS GRANTEE MAN-MONTHS NSF REQUEST GRANTEE SHARE
NUMBER OF PERSONS
1. Senior Personnel

CAL ACAD SUM CAL JACAD I SUM

a. 1 (Co-)Principal Investigator(s) ............ 1.0 $ 1,200

Faculty Associates (Faculty Members).....

Sub-Total...........................

2. Other Personnel

a. 1 Research Associates (Post-Doctorals) ..... 12.0 9,000

b. Non-Faculty Profes.-Doctorals .......... .
c. Non-Faculty Profes.-Other...............

d. 2 Grad. Students (Res. Asst.) .............. 12.0( 7,800

e. Prof. School Students....................

f. Pre-Bac. Students.... ................

g. Secretarial-Clerical .............................................................

h. Technical-Shop ..................................................................

i. hourly 2,400

3. Special Allowances (Office of Antarctic Programs)............................................
Total Salaries and Wages ............................................. ........ 2() ,Iw=Q

FRINGE BENEFITS (When Charged as Direct Costs) ..... ....................................... 2,2(x
Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 22(Qj, $

PERMANENT EQUIPMENT 1.
1.900

2. ........................
Total Permanent Equipment ...................................................... $ 1,900 $

EXPENDABLE SUPPLIES AND EQUIPMENT ......... .............................. .... $ 2,250 $

TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico.......... 1,000

2. International ..................... ............... ....................... .........

Total Travel.............................. ......

PUBLICATION COSTS ...................................................................... $ 300 $

OTHER COSTS 1. Computer Costs ............. ... ...... ....... 100

2. X_ra r flunresrenne k-cieff i ..ion time ......... ............ 18000
3.

Total Other Costs .................... ............. ..... ......... ...1$ 1.100 $

TOTAL DIRECT COSTS (A through G) ......... _ ........................................... $ 29,194 $

INDIRECT COSTS (On Campus 44.8% of A above) ...................................... 9,139
(Off Campus _% of _above) .................... ... ......

Total Indirect Costs ............................................... ..... $ 9 , 139 $

TOTAL COSTS ................ ............................................................$ 38,333 $

AMOUNT OF THIS AWARD (Rounded) ......... ..... ............
NSF Form 3, December 1967 0 CHECK IF ADDITIONAL SHEETS ARE ATTACHED

b.

$



RESEARCH GRANT BUDGET WORKSHEET

STITUTION

University of Oregon

SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. 1 (Co-)Principal Investigator(s) ............

b. - Faculty Associates (Faculty Members)... , .

Sub-Total ........................
2. Other Personnel

a. 1 Research Associates (Post-Doctorals) ... . .

b. Non-Faculty Profes.-Doctorals...........

c. Non-Faculty Profes.-Other ...............

d. 2 Grad. Students (Res. Asst.) ..............

e. Prof. School Students ....................

f. Pre-Bar. Students .......................

c i
PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

1.0

a.2.0

[12.0

GRANTEE MAN-MONTHS

CAL ACAD SUM

1/1/74-12/31/7/

NSF REQUEST

GRANT NUMBER

GRANTEE SHARE

1,200

9,000

7,800

g. Secretarial-Clerical ........ ................ ..... .........

h. Technical-Shop ............................................... ..... ....

I. hourly 2,400

3. Special Allowances (Office of Antarctic Programs) ..... ......................... . ......... .
Total Salaries and Wages...................................................... 20 , 4OO

FRINGE BENEFITS (When Charged as Direct Costs) .......... 2 , 2.1.4.1,.

Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 22, 6 JL $

PERMANENT EQUIPMENT 1. 200

2.

Total Permanent Equipment..................................................... $ 200 $

EXPENDABLE SUPPLIES AND EQUIPMENT ................................................ $ 750 $

TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 1,000

2. International ......................... ................................ .........

Total Travel................................................. .............. $ 1,000

PUBLICATION COSTS ................................ ..... .......... ........... $

OTHER COSTS 1. Computer Costs ..... ... .. ........ ... .. .. .. .... inn
2. _X-r r i re =cence ° de"fr;ctior time ...................... 1,0(0
3.

Total Other Costs ......................' .......... ... ................... $ 1,100 $

TOTAL DIRECT COSTS (A through G) .................. .................................. $ 25,6244 $

INDIRECT COSTS (On Campus!.,'.. % of A above) ........................................ 9,139
(Off Campus % of above) . ....

Total Indirect Costs ........................................................... S 911,19 $

TOTAL COSTS .......................... .. ........................................... $ 34,833 S

AMOUNT OF THIS AWARD (Rounded) ..... ...... ... .....
NSF Form 3, December 1`?67 CHECK IF ADDITIONAL SHEETS ARE ATTACHED

.............................

$

$



RESEARCH GRANT BUDGET WORKSHEET
LVnn . pun

(1/1/73-12/31/7
INSTITUTION

University of California (Berke

A. SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. (Co-)Principal Investigator(s) ............
b. Faculty Associates (Faculty Members).

Sub-Total ...........................
2. Other Personnel

a. Research Associates (Post-Doctorals) .....
b. Non-Faculty Profes.-Doctorals ...........

c. -Non-Faculty Profes.-Other ...............

d. Grad. Students (Res. Asst.) ..............

e. Prof. School Students.......... ...... .
f. Pre-Bac. Students .................. ..

ley)
PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

18.0

GRANTEE MAN-MONTHS

CAL ACAD

g. Secretarial-Clerical .......... ......... .......

h. Technical-Shop ..................... ........... .........

NSF REQUEST

11,362

3. Special Allowances (Office of Antarctic Programs).. ...............
Total Salaries and Wages ................................. ....... 11,362

3. FRINGE BENEFITS (When Charged as Direct Costs) ................. ..... ... ... 1

Total Salaries, Wages, and Fringe Benefits (A & B).................... ......... $
PERMANENT EQUIPMENT 1. 11,710

2.

rnvrvawL numocn

GRANT NUMBER

GRANTEE SHARE

Total Permanent Equipment ..................................................... $ 11,710 $

). EXPENDABLE SUPPLIES AND EQUIPMENT .........._..... .............................. $ 1,193 $
TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 400

2. International ................................. ............................ . .........

Total Travel.................... .......................... ........... $ $

PUBLICATION COSTS ................. .............................................. ... $ $

i. OTHER COSTS 1. Computer Costs . ... .. ......... ... ... ... ... .
2.

3.

Total Other Costs .................... ................ .. .......... ... $ $

1. TOTAL DIRECT COSTS (A through G) ........................... ......................... $ 26,028 $

1. INDIRECT COSTS (On Campus 32 % of A+B above) ....................... .... ...... 4,072

(Off Campus % of above) .......................................

Total Indirect Costs ....................... ........................ ...... $ 4,072 $

1. TOTAL COSTS............ .... ......................... .. ...................... $ 0,100

SUM

K. AMOUNT OF THIS AWARD (Rounded) .............. ............. $
NSF Form 3, December 1967 D CHECK IF ADDITIONAL SHEETS ARE ATTACHED



RESEARCH GRANT BUDGET WORKSHEET

INSTITUTION

A.

kUniversity of California (Ber

SALARIES AND WAGES
NUMBER OF PERSONS

1. Senior Personnel
a. (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members).....

Sub-Total..... .................
2. Other Personnel

a. Research Associates (Post-Doctorals) .....

b. Non-Faculty Profes.-Doctorals ...........

c. Non-Faculty Profes.-Other ...............

d._'Grad. Students (Res. Asst.) ............. .

e. Prof. School Students....................

f. Pre-Bac. Students .......................

I ISIIl VI I nL II, L. I IVM I SJfl. - I UURA I IVn

eley)

PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL

18.0

ACAD SUM

GRANTEE MAN-MONTHS

CAL ACAD

g. Secretarial-Clerical ..............................................................
h. Technical-Shop .......................... .......... .. ...................

rKUrUbAL NUMUtK

1/1,/74-12/31/7

NSF REQUEST

GRANT NUMBER

GRANTEE SHARE

11,362

i.

3. Special Allowances (Office of Antarctic Programs)....... .....................................
Total Salaries and Wages ........................ 11,362

3. FRINGE BENEFITS (When Charged as Direct Costs) ........................ 11,363

Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 12,725 $

EQUIPMENT 6,815

2.

Total Permanent Equipment ..................................................... $ (,.8 15 $

. EXPENDABLE SUPPLIES AND EQUIPMENT ................................................. $ 99
TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... (400

2. International ............. ....... .. ..........
Total Travel ............. ...... .............. $ $

PUBLICATION COSTS ...................................................................... $ $

1. OTHER COSTS 1. Computer Costs ..... .............. . ... ... .. ... .
2. ......... ..........
3. .... .......... ..

Total Other Costs .. ............... $ $

1. TOTAL DIRECT COSTS (A through G) ......................... ........... $ 20,828 $

1. INDIRECT COSTS (On Campus 32 % of A+B above) ....................................... 4,072

(Off Campus % of above) .......................................
Total Indirect Costs ........................................................... $ 4,072 $

1. TOTAL COSTS .............. ................................... $ 2/1 , 90Cr $

SUM

C. AMOUNT OF THIS AWARD (Rounded) .............................. $

NSF Form 3, December 1967 CHECK IF ADDITIONAL SHEETS ARE ATTACHED

PERMANENT

..



ESEARCti GRANT BUDGET WORKSHEET

TITJTION

University of Utah

SALARIES AND WAGES
NUMBER OF PERSONS

1. Senior Personnel
a. (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members).....

Sub-Total ............................

2. Other Personnel

a. Research Associates (Post-Doctorals) .....

b. Non-Faculty Profes.-Doctorals ..........

c. Non-Faculty Profes.-Other ...............

d. Grad. Students (Res. Asst.) ..............

e. Prof. School Students.....................
f. Pre-Bac. Students .......................

VVAA 1IVI\

/1/73-12/31/73

PROGRAM NAME

Forest.Biome
NSF MAN-MONTHS

CAL ACAD SUM

20

GRANTEE MAN-MONTHS

CAL ACAD

NSF REQUEST

3,000

rqu ?.)AL I\IMDL

GRANT NUMBER

GRANTEE SHAR

g. Secretarial-Clerical ..............................................................

h. 2 Technical-Shop ...................................... .......................... 12,000

3. Special Allowances (Office of Antarctic Programs) ............................................

Total Salaries and Wages ....................................................... 1,59000

FRINGE BENEFITS (When Charged as Direct Costs) .......................................... 1 -9m
Total Salaries, Wages, and Fringe Benefits (A & B) ................................ S 16-am 1

PERMANENT EQUIPMENT 1.

2.

Total Permanent Equipment..:..................................................5 S

EXPENDABLE SUPPLIES AND EQUIPMENT ................................................. $ o $

TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 1,851

2. International ......................................................................

Total Travel .................................................. y............... $ 1,851 $

PUBLICATION COSTS ....................................................................... $ $

OTHER COSTS 1. Computer Costs ................... ...... ......... 835

2.

3.

Total Other Costs..................... ....................................... 5 835 S

TOTAL DIRECT COSTS (A through G) ........................................................; 9,886 S

INDIRECT COSTS (On Campus60.2 % of A+B above) ....................................... 10,114

(Off Campus % of above) ......................................

Total Indirect Costs ........................................................... S 10,114 S

TOTAL COSTS ............................................. .............................. S 30,00d S

sum

.. S

.



IESEARCH GRANT BUDGET WORKSHEET

STITUTION .

University of Utah

SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. 1 (Co-)Principal Investigator(s) ............
b. Faculty Associates (Faculty Members).....

Sub-Total ...........................
2. Other Personnel

a. Research Associates (Post-Doctorals).....

b. Non-Faculty Profes.-Doctorals ...........
c. Non-Faculty Profes.-Other...............

d. Grad. Students (Res. Asst.) ..............
e. Prof. School Students....... ..........

1. Pre-Bac. Students.......................

PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

GRANTEE MAN-MONTHS

CAL ACAD SUM

g. Secretarial-Clerical ..............................................................

h. 2 Technical-Shop ..................................................................

3. Special Allowances (Office of Antarctic Programs)............................................
Total Salaries and Wages ......................................................

1/1,/74-12/31/7

NSF REQUEST

S 3,000

12,000

15,000

LL

rnVrJOM L'AliVMDC,

FRINGE BENEFITS (When Charged as Direct Costs) ...........................................BAA--___
Total Salaries, Wages, and Fringe Benefits (A & B)................................ $

PERMANENT EQUIPMENT 1.

........................

GRANT NUMBER

GRANTEE SHARE

S

Total Permanent Equipment .....................................................5 s

EXPENDABLE SUPPLIES AND EQUIPMENT ................................................. S 400 $
TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico...........

1,851
2. International ............................................................................

I
Total Travel................................................. .............$ 1,851 $

PUBLICATION COSTS .................................................................
$

OTHER COSTS 1 Com t C `pu er osts, ................. .... ........ .
........................

........................

Total Other Costs .............................................................
TOTAL DIRECT COSTS (A through G) ...................................I.................... $ 196886 S

INDIRECT COSTS (On Campus In of A+B above) ...................................... 10,111
(Off Campus % of above) .......................................

Total Indirect Costs ........................................................... S 10,11L S

TOTAL COSTS .................................................. ....................... S 30,000 $

2.0



:.. -1-73/12-31-73P-

ISTITUTION

Western Washington State Coll

SALARIES AND WAGES

NUMBER OF PERSONS
1. Senior Personnel

a. (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members)......

Sub-Total ........................
2. Other Personnel

a. Research Associates (Post-Doctorals) .....

b. Non-Faculty Profes.-Doctorals ...........
c. Non-Faculty Profes.-Other ...............

d. Grad. Students (Res. Asst.) ....... .. .

e. Prof. School Students ....................

f. Pre-Bac. Students........................

ege

PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

14-0.

GRANTEE MAN-MONTHS

CAL ACAD

NSF REQUEST

$ 11,400

GRANT NUMBER

GRANTEE SHARE

$ 1,800

g. Secretarial-Clerical ..............................................................

h. Technical-Shop ..................................... ....................

i. Hourly .222

3. Special Allowances (Office of Antarctic Programs) ............................................
Total Salaries and Wages ......................... .......... ........ 14,900 2,022

FRINGE BENEFITS (When Charged as Direct Costs) ............................. .......... 2,379
Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 17,279 $ 2 , 273

PERMANENT EQUIPMENT 1.

2. ........................

Total Permanent Equipment ...................... .......................... $ $

EXPENDABLE SUPPLIES AND EQUIPMENT ................................................. $ 1,(Y' $ ;(?!)

TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 600 1-00

2. International ................................................. ......................
Total Travel.................................................. ,............... $ 600 $ 1.00

PUBLICATION COSTS ............................... ................................ .. $ $

OTHER COSTS 1. Computer Costs ................... ...... ......... 2,000

2.

3.

Total Other Costs .................... $ $f0-
TOTAL DIRECT COSTS (A through G) ......................... ...... . $ 18,-1 1.5 $ 4,g73

INDIRECT COSTS (On Campus?- 63 o of A above) ........................................ 5,905 1'01

(Off Campus o of above) ......_ ........................ .....

Total Indirect Costs ........................................................... S 5,905 S 10,01

TOTAL COST'S ............................................................................. $ 21.,.2:;n S

SUM

AMOUNT OF THIS AWARD (Rounded) ........ .. ................. $

NSF Form 3, Cece ber 1067 CHECK IF ADDITIONAL SHEETS ARE ATTACHED



,{t3Cn11..n v.%n..I .... ..-.............

NSTITUTION

Western Washington'State College

1. SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. 3 (Co-)Principal InvestigatoR(s) ............

b. Faculty Associates (Faculty Members).....

-UP
PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

jj"
Sub-Total ........................

2. Other Personnel

a. Research Associates (Post-Doctorals).....

b. Non-Faculty Profes.-Doctorals ...........

C. Non-Faculty Profes.-.Other...............

d. Grad. Students (Res. Asst.) ..............
e. Prof. School Students ...................

f. Pre-Bac. Students ..................

GRANTEE MAN-MONTHS

CAL ACAD SUM

2-0 $ 12,000

g. 1 Secretarial-Clerical ............................................. ........ ....

h._1 Technical-Shop ................................................................. 8,000

i. Hourly 7,000
3. Special Allowances (Office of Antarctic Programs) ............................................

Total Salaries and Wages ............................. .................. . 27,000

FRINGE BENEFITS (When Charged as Direct Costs) ................. ....................... 4,072
Total Salaries, Wages, and Fringe Benefits (A & B')....... ......................... $ 31,072

PERMANENT EQUIPMENT 1.

2. ........................

G

GRANT NUMBER

GRANTEE SHARE

1,800

222

2,022

251

2,273

Total Permanent Equipment ................................................. . $ $

EXPENDABLE SUPPLIES AND EQUIPMENT ........................ ...................... $ 1,lino $ 4m
TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 1,000 100

2. International ........................... .......................... .......
Total Travel ..................................................%.............. $ 1,000 $ 1.00

PUBLICATION COSTS ........................................... ........................ $ $

OTHER COSTS 1. Computer Costs ....... ... ... ......... 2,000

2.

3. ........................
Total Other Costs .................... ..... ... ....................... $ $ 2 , 000

TOTAL DIRECT COSTS (A through G) ................. ...................... ......... $ 33,472 $ 4,773

INDIRECT COSTS (On Campus 39.45 of A above) ... ............................... 10,700 801

(Off Campus % of above) .......................................
Total Indirect Costs ..... .... ......................... $ 10,700 $ 801

TOTAL COSTS ........................................ ..... $ 1,`14,172 $ 5,571

NSF REQUEST

AMOUNT OF THIS AWARD (Rounded) .............. ............... $
NSF Form 3, December 1967 CHECK IF ADDITIONAL SHEETS ARE ATTACHED

1/1/74-12/31/7

$

.......



RESEARCH GRANT BUDGET WORKSHEET

INSTITUTION

Colorado State University

SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members).....

Sub-Total ......... .....
2. Other Personnel

a. 1 Research Associates (Post-Doctorals).....

b. Non-Faculty Profes.-Doctorals ...........

c. Non-Faculty Profes.-Other ...............

d. Grad. Students (Res. Asst.) ..............

e. Prof. School Students. ...................

f. Pre-Bac. Students .......................

/1/73--12/3/73
PROGRAM NAME

Forest Biome

NSF MAN-MONTHS

CAL ACAD SUM

GRANTEE MAN-MONTHS

CAL ACAD SUM

NSF REQUEST

$ 950

\V. VdI1.L I1 V.V {. 1\

2,250

g. Secretarial-Clerical .......................... ............... .........
h. Technical-Shop .............................................................

GRANT NUMBER

GRANTEE SHARE

i. 1

3. Special Allowances (Office of Antarctic Programs) ............................................

Total Salaries and Wages. _ ....... ............... .......... 3,200
FRINGE BENEFITS (When Charged as Direct Costs) ............................... ......... 271

Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 3 r 1,71_ $

PERMANENT EQUIPMENT 1.

2. ........................
Total Permanent Equipment.. ... .. ................. ............ $ $

EXPENDABLE SUPPLIES AND EQUIPMENT ................................................. $ 200 $

TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 2,970

2. International .... ...... ....................................... ......... ...
Total Travel ................................................. .............. $ 2,970 $

PUBLICATION COSTS ................... ........... .............. $ $

OTHER COSTS 1. Computer Costs .... . .. .. ........ ... ... ........ .
2. Con ultants fees ....................... 11280

3. ... ..... ...
Total Other Costs .................... ................ .. . $ 1T?,+r- $

TOTAL DIRECT COSTS (A through G) .......... .... ........................................ $ 7y 921 S

INDIRECT COSTS (On Campus 64 % ofA+above) ....................................... 2,221

(Off Campus % of above) .......................................

Total Indirect Costs ...................................... ...... $ 2,221 S

....... $ 10,142 $TOTAL COSTS................................................. .....................

AMOUNT OF THIS AWARD (Rounded) ...............................
$

NSF Form 3, Decenber 1967 fl CHECK IF ADDITIONAL SHEETS ARE ATTACHED

L

.6

.5

.............



j tAfl6.r1 Vr%AV4 i OVUt,Gl 1FV1\1%3f1CC1

ASTITUTION
U

Colorado State University

N. SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. 1 (Co-)Principal Investigator(s) ..... .... .

b. Faculty Associates (Faculty Members).....

Sub-Total ...........................

2. Other Personnel

a. 1. Research Associates (Post-Doctorals).....

b. Non-Faculty Profes.-Doctorals ...........

c. Non-Faculty Profes.-Other ...............

d. Grad. Students (Res. Asst.) ..............

e. Prof. School Students.... ..............

f. Pre-Bac. Students..... ..................

PROGRAM NAME

Forest Bi ome

NSF MAN-MONTHS

CAL ACAD SUM

1

GRANTEE MAN-MONTHS

CAL ACAD

g. Secretarial-Clerical . ................................. ..................... .

h. Technical-Shop ............................ ........................ ......

/1/ 74-12 /31,/74

NSF REQUEST

GRANT NUMBER

GRANTEE SHARE

$ 998

2,250

3. Special Allowances (Office of Antarctic Programs) ............................................
Total Salaries and Wages ............... . ................. ...... ..... ?1!

FRINGE BENEFITS (When Charged as Direct Costs) ........................................... 976

Total Salaries, Wages, and Fringe Benefits (A & B) ................................ $ 5 J, $

PERMANENT EQUIPMENT 1

2.

Total Permanent Equipment ..................................................... $ $

EXPENDABLE SUPPLIES AND EQUIPMENT
..................................................

$ 2t7o $

TRAVEL 1. Domestic-U.S. and its Possessions (incl. Puerto Rico), Canada, and Mexico........... 2,970

2. International ................. ................................ ....... ........ .

Total Travel.... ............................. .......... ............ $ 2,970 $

PUBLICATION COSTS ............. ....................................................... $ $

OTHER COSTS 1. Computer Costs .... ...... ........ ... ... ... .. ... .
2- Consultants fee ... .... 1,280

Total Other Costs ........ ......... .............. ........ ...... $ 1, 280 $

TOTAL DIRECT COSTS (A through G) .. ... ............................................... $ 7JO7). $

INDIRECT COSTS (On Campus 61M % of A +B above) ..................................... .. 2, 255

(Off Campus % of above) ................ ..........

Total Indirect Costs ............................................................ S 2,255 S

TOTAL COSTS ......... ..............
.....................................................

$ 10,229
S

SUM

AMOUNT OF THIS AWARD (Rounded) ...................... ...... .
NSF Fonn 3, December 1967 CHECK IF ADDITIONAL SHEETS ARE ATTACHED

3. ........................



ESEARCH URANI K WC.'L I nyntiafCC l

JITUTION

; ederha.euser Corpiry

SALARIES AND WAGES
NUMBER OF PERSONS
1. Senior Personnel

a. (Co-)Principal Investigator(s) ............

b. Faculty Associates (Faculty Members).....

Sub-Total ........................
2. Other Personnel

a. I Research Associates (Post-Doctorals).....

b. Non-Faculty Profes.-Doctorals . ........ .
c. Non-Faculty Profes.-Other................

d. Grad. Students (Res. Asst.) . ...........
e. Prof. School Students....................

f. Pre-Bac. Students.......................

73-12/31/7
PROGRAM NAME
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1. INTRODUCTION

The concept of integrated research as an effective way to conduct and manage
the broad and complex efforts needed to advance ecology has been established
at both the national and international levels. The best example is perhaps
the International Biological Program and specifically the Ecosystem Analysis
component centered around the concept of biomes. These research programs, of
which this proposal represents the Coniferous Forest Biome, are attempting to
achieve what individual researchers working as separate entities cannot.
Specific contributions could be identified as (1) new approaches and theories
in ecology; (2) more direction of research effort toward the understanding of
environmental problems; and (3) new directions in education of both undergraduate
and graduate students, especially in relationship to modeling, systems analysis,
and quantitative treatment of ecological data.

Previous Coniferous Forest Biome proposals have addressed themselves in consid-
erable detail to how our research encompassed these concepts and advanced the
general IBP and ecosystem goals. The current proposal will not review these
but will be more concerned with presenting the present state of development of
Coniferous Forest Biome research, accomplishments, and short- and long-term
objectives. In order to set the stage for the complete proposal this introductory
section will review general and specific objectives, especially those related
to research in this proposal, modeling overview, areas and facilities involved
in the research, and Biome organization and services. Therefore a perusal of
the introductory material will give the reader a comprehensive view of the entire
Coniferous Forest Biome program.

1.1. General Biome Objectives

The goal of our Coniferous Biome research studies is a basic understanding
of coniferous forest ecosystems, including both terrestrial and aquatic com-
ponents, so that ecological limitations as well as the opportunities for
increasing productions of fiber, food, water, and wildlife are recognized.
The overall strategy includes identification of the major components and pro-
cesses, both physical and organic, and definition will be accomplished through
a systems analysis and modeling program. As a guide for this and future Biome
proposals we have identified the following objectives:

1. Determine the major factors, both components and processes, that control
the productivity and distribution of organisms in coniferous forest ecosystems.
Here we include: (a) an analysis of the structure and distribution of the
principal resources; (b) definition of the functional relationships between
abiotic, decomposer, consumer, and producer components of the systems; and
(c) analysis of the forms and degrees of stability in these systems.

2. Examine the linkage of terrestrial and aquatic components in coniferous
forest ecosystems, including: (a) water, energy, and transport of chemicals
(including pesticides); (b) direct transport of terrestrial products into the
aquatic system (e.g., through litterfall and surface erosion); and (c) return
of organic and inorganic material from the aquatic to the terrestrial environ-
ment through movements of fish, birds, and insects.
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3. Determine how various manipulations influence the structure and function
of coniferous forest ecosystems. This will be accomplished by using both unit
watersheds and plot studies. Special attention is directed to the influence of
manipulation on (a) stability and productivity of these systems, and (b) the
linkages between terrestrial and aquatic components of the systems.

4. Attempt to understand population dynamics of these major components of each
trophic level that appear to influence significantly the sustained productivity
and stability of various coniferous forest ecosystems within the Biome.

5. Produce models of temporal and spatial variation in coniferous forest
ecosystems or system components. These models will include factors affecting
productivity and stability of the systems and the linkages between terrestrial
and aquatic environments, and will forecast the behavior of these systems and
their relationships to human manipulation.

6. Advise and assist in the application of specific models by problem oriented
groups or agencies to the solution of major use problems in the Biome area.

1.2. Specific Annual Objectives

The general Biome objectives provide broad guidelines for Biome research. For
more specific direction in planning and integrating the research program, the
research and executive committees have developed annual objectives. These
objectives have been used as the basis for soliciting research proposals, deter-
mining priorities, and integrating large units of work. As a device for focusing

the Biome's research the annual objectives have worked well, and we plan to con-
tinue and expand the use of specific objectives in the future.

In the following section the specific annual objectives used in planning this
proposal have been broadly outlined and those of past years are also outlined.
The year-3 and -4 objectives are discussed in considerable detail in section 2.
The objectives listed for future years will be refined and revised in the light
of program developments, and will be used as a basis for planning future
proposals.

In year 1 we planned a minimum of new research and emphasized use of existing
data, collected over many years, for preliminary modeling objectives. Our
specific objectives were: (1) development of models based on existing data from
past or current studies with specific emphasis on the terrestrial-aquatic
interface; (2) initiation of process studies to elucidate functional relation-
ships between and within terrestrial and aquatic components of the ecosystems
under a range of conditions, including natural and manipulated; and (3) initi-

ation of process and validation studies at the intensive sites. Development
of the program around these objectives provided a broad base for moving into an
intensive effort in the second year of the program, our first year of full-scale
funding.

Efforts in the current research are directed toward the terrestrial-aquatic
interface with emphasis on the understanding of mechanisms maintaining ecosystem
productivity and the definition of limiting factors. Specific task-objectives

that will be accomplished are listed below.



1.3

1. Complete general ecosystem descriptions on the two intensive sites at the
specific locations and with the degree of resolution required to support the
modeling and research work.

2. Develop the necessary additional data and functional models for transfer
mechanisms and pathways of nutrients, particulate matter, water, and energy in
selected intensive site ecosystems. Terrestrial-aquatic interfaces are empha-
sized. The relative importance of different energy and nutrient sources for
production in aquatic systems and structure and function of decomposer sub-
systems are also given special attention.

3. Model assembled information from past and ongoing research on consumptive
and disruptive influences of terrestrial consumers and on environmental influences
on terrestrial primary productivity, and investigate strategies for whole-
ecosystem modeling.

4. Further develop the total Biome strategy of ecosystem study, particularly
the role and a specific operating plan for the coordination research program.

The basic strategy for 1973 and 1974 is to explore the several aspects of
coniferous ecosystem structure and function (flows, cycling, productivity)
at the different levels of resolution, under various stresses (manipulations),
and on short- and long-term (successional) time scales considered essential to
attainment of the Biome's overall goals. The general and specific objectives
for 1973 and 1974 are listed in Table 1.1.

The general objectives for 1973 and 1974 can also be couched in terms of models
and the data needed for their development as follows, bearing in mind that
the purpose of the Biome program is understanding of ecosystems and development
of models only so far as they contribute to this end:

1. Elaborate and refine initial models and field studies of processes and
total systems developed in 1971 and 1972.

2. Explore the potential for extrapolating these models by attempting their
generalization spatially and temporally, specifically (a) to systems of dif-
ferent environment and structure (such as along environmental gradients or
across the Biome), (b) to systems at different scales of resolution (such as
from watersheds to drainages), (c) to manipulated or stressed systems (such as
clearcut areas), and (d) over long time spans (such as long successional
gradients).

Each of the 1973/1974 objectives also has an element of site orientation:
Thompson Research Center, Findley Lake, and four lakes at Cedar River; water-
sheds I to 3, 6, and 10; reference stands and the entire drainage at H. J.
Andrews; and at as yet undesignated coordination sites elsewhere in the Biome.
The diagram of Figure 1.1 presents a composite overview of the subsystems
programs as they are conceptually related to each other to form our "Biome."
The specific research tasks planned for 1973 and 1974 are listed in Table 1.1.



Table I.I. Specific research tasks planned for the Coniferous Forest Biome in years 3 and 4.

1. Complete initial program in terrestrial production process measurement and modeling, using
both physiological and meteorological techniques, and link results to behavior (net pro-
ductivity, transpiration, etc.) of actual stands. Begin developing data for the production
process models for other species and environments and for different age classes important
in the Biome, including linkages of individual tree processes to behavior of stands.

2. Develop elemental cycling models of forest-stand-level ecosystems based upon process'and
transfer functions such as decomposition, ionic leaching, weathering, organism uptake,
storage and return, and meteorological and biological additions. This will include stressed
systems. This fine-resolution work will serve as a basis for development of unit watershed
programs.

3. Begin describing paths of energy and material flow through consumers (food webs) in the
coniferous ecosystem under study, with particular attention to movement and accumulation
of toxic materials and consequent effects on diversity, flow paths, and primary producers.

4. Complete initial nutrient, water, and energy flow models for unit watersheds and begin
their refinement with particular attention to incorporation of process models. For
selected compartments and transfers and in simplified form, begin examining the ability
of the watershed models to describe behavior of (a) larger drainages and (b) strongly
contrasting coniferous ecosystems across the Biome, and to predict (c) system responses
under various stresses and over long time spans in connection with manipulation and suc-
cessional research outlined below.

5. Quantify and model paths and rates of material and energy transfers across terrestrial-
aquatic interfaces, specifically including quantitification of transfers in and compari-
sons between (a) undisturbed small streams and small lakes, (b) lakes of various topologies
and climates, and (c) undisturbed and clearcut watersheds with stream systems. In the
comparisons of interface transfers in undisturbed and altered systems, study consequences
of terrestrial disturbances on aquatic productivity and stability with initial emphasis
on stream systems.

6. Evaluate and model the trophic dynamics of four lakes of significantly different nutri-tional status, topology, and climate. Evaluation and modeling will be by way of three
subdivisions of the aquatic system: (a) the water column, including the rapidly changing
community of phytoplankton, microbes, and zooplankton; (b) the benthos, including the
moderately slowly changing community of larger plants, sediments, and longer life-span
invertebrates; and (c) higher consumers, i.e., long-life-span invertebrates and fish.
Integrate these submodels into a total system productivity model that allows determination
of importance of various internal and external nutrient sources to lake productivity and
suggests methods of management of productivity. Then explore opportunities for validation
elsewhere.

7. Examine responses of coniferous ecosystems or subsystems to selected stresses (manipu-
lations) in terms of material and energy flows and of productivity. This task is largely
structured as validation of models and will utilize existing as well as newly acquired
data. Manipulations may include: (a) clearcutting, (b) fertilization, (c) addition oftoxic materials (pesticides and heavy metals), (d) addition or removal of nutrients inaquatic systems, (e) disease, and (f) fire. Clearcutting research will probably utilize
existing data from watersheds 1-3 and data from the clearcutting of watersheds 10 and 6
planned for 1974. Fertilization efforts will probably use existing data as well as some
plot and controlled experiment work. The lake work will utilize Lakes Washington and
Sammamish, which are undergoing reductions in nutrient additions.

8. Examine long-term (successional) behavior of coniferous ecosystems specifically including
(a) development of a successional model for prediction of forest composition and biomass
changes, primarily by cooperation with the Deciduous Forest Biome, and acquisition of
necessary data base for validation of the Oak Ridge model(s); (b) descriptions of selected
subsystem structures and processes across different forest age classes to test successional
hypotheses regarding (i) complexity and redundancy of detritus subsystems, (ii) ratioof gross production and respiration, (iii) conservation of nutrients within the system,and (iv) role of consumers; (c) examination of eutrophication processes in lake systemsusing a series of lakes of varying "ecological stage" (nutritional status).
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i 1.3. An Overview of Modeling Strategies

The two previous Biome proposals have devoted considerable attention to modeling
in general and to an overall research philosophy. In particular, section 1.3
of the 1972 proposal and section VA of the 1971 proposal emphasize this topic.
An appreciable evolution of concepts has characterized our first two years.
Many of our concerns are now much more ecosystem specific and the evolving
model structures are beginning to influence the strategy and direction of research.
We are also continuing to pursue development of process, models in addition to
the total systems research and modeling programs. This section will explore
both elements (process and total) of the modeling program and present an overview
of our current approach and activities.

1.3.1. Process modeling

A detailed understanding of the important processes, i.e., material and energy
transfers, is essential to an understanding and modeling of the total systems
concerning the Biome. Consequently, a significant portion of the Biome's
modeling effort is involved in developing mathematical descriptions of various
key processes. Most of this work is being done by a small group of discipline-
oriented scientists working with individual modelers. This process modeling
is making a major contribution to our understanding of key processes (e.g.,
photosynthesis, transpiration, soil-water movement) in relation to major environ-
mental and biological variables. It is coordinated with the total systems
modeling outlined in the following section to maximize the contribution of the
process research to the total ecosystem modeling activities, serving either
directly as components of larger models or providing information basic to
construction of larger scale models.

The individual process models already constructed and in conceptual form are
discussed in the various committee reports of section 3. That material will
not be repeated here. It is important, however, that the reader recognize
that the Biome's modeling efforts are proceeding from both process and total
ecosystem viewpoints and that these efforts are mutually supportive.

1.3.2. Ecosystem modeling

The total ecosystem segment of the modeling provides structure and orientation
for the many elements of the Biome program. Our current emphasis is on struc-
ture and organization of the ecosystem (5) as related to the environment (E),
and our model structures reflect, for the most part, conventional perceptions
of the ecosystem (Figure 1.2). These structures are also reflected in our Biome
research organization, so that a direct correspondence exists between research
committee and model subsystems. This correspondence is emphasized throughout
the proposal by figures that indicate the model component of interest.

We view the ecosystem as a coupled collection of subsystems, each of which in
turn is a coupled collection of subsystems. The holistic properties of each
system so defined are emphasized; conceptualization and mathematical definition
of these properties is perceived as an important research goal. Central to our
perspective is the observation that properties of the whole cannot be deduced
from the properties of the parts. The parts and their couplings must be under-
stood in order to "understand" the whole, but the understanding of the parts
and their couplings is in turn dependent on knowledge of the nature (holistic
behavior) of the whole.
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This view is the basis for our concern with models at several levels of organi-
zational resolution. Figure 1.3 is an illustration of our current conceptuali-
zation of ecosystem structures. This figure represents a realization of the
model appropriate to a question, for example, regarding primary productivity of
lake water column processes in subsystem 2 at the fifth echelon or level of
resolution. Thus the hierarchy of the systems model for this question is
explicitly identified in the figure. That is, the entire model is not elaborated
at the level of resolution of the question asked, but rather inputs and outputs
are received and transmitted along hierarchic communication lines and are iden-
tified according to the organizational level involved. These ideas are elabor-
ated in the section on modeling (section 3.1).

This structural form evolved during our first year and was formalized in the
series of workshops called "Modeling, Round One." Round One was conducted at
OSU during the spring and summer of 1971. Workshops were formed around subject
matter groups (as identified by the existing Biome structure). The tasks con-
sidered were: (1) identify the coupling variables between the particular sub-
system and other subsystems, (2) identify internal structures (sub-subsystems)
and the coupling variables among these, and (3) consider the adequacy and
relevance of current projects.

The focus on subsystems (selected processes and compartments combined) allows
uncoupling of the various research efforts in such a manner that each group can
develop its own research independently, subject only to the agreed upon constraints
of coupling specification. That is, once the couplings between two subsystems
are identified and specified, then it is no longer necessary for the scientists
working with one subsystem to consider the internal structure of the other when
developing the internal structure of their own. It is only necessary that they
maintain the integrity of the couplings specified.

This feature allows efficient employment of an organizational hierarchy corres-
ponding to the model hierarchy. Decisions regarding couplings are essentially
decisions regarding boundaries of responsibility and the internal model struc-
tures are efficient guides to project coverage of internal subsystems. As a
result of these conceptual modeling activities we have restructured our consumer
subsystem to a series of food chains, and have identified the soil interchange
and uptake subsystem, which needs specific directed research at the subsystem
level. Details of these specific changes are elaborated in the sections devoted
to food chain processes (3.3) and biogeochemical processes (3.4), respectively.

The focus on subsystems, rather than compartments, has another more subtle effect
on our view of the ecosystems. Compartments are assumed to be internally homo-
geneous with respect to the processes affecting them, so that the transition
from one level of resolution to a coarser level, requiring aggregation of compart-
ments, forces us to think in terms of allowable heterogeneity within aggregates.
There is no concept of change of variable, because the compartments are all expressed
in the same terms with the same kinds of inputs and outputs. This can be vis-
ualized as the aggregation of parallel systems, which are not necessarily coupled
together.
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Characterization by subsystem leads to an entirely different view. It is a
general rule that the greatest gain is achieved by concentrating the closely
coupled structures within the subsystem, which leads to a general strategy of
combining systems in series into coarser levels of systems.

In this manner, if we are concentrating on a question regarding a specific phe-
nomenon (such as the primary productivity of lake water column processes, in
Figure 1.3) we can study this phenomenon in the context of the whole system
(rather than in isolation) but under a coarse resolution that as effectively
as possible eliminates the unnecessary detail. It will be seen (section 3.1)
that our structures involve both parallel and series relations, and the
occasional conflict in the two criteria (uncoupling and homogeniety) is discussed
by Brown (1972). The focus on subsystems has not eliminated the aggregation-
heterogeneity problem, but it has reduced it, hopefully to an acceptable level.

A third value of general model structures, as illustrated in Figure 1.2, is the
generality of the computer program that can be assembled in this form. Our goal
is the development of a general-purpose program reflecting the model structures
we are now using, and such that any specific model can be transformed into thisstructure.

Current model forms are dynamic, but there are as yet no structural provisions
for changes in composition or function as a result of influences such as fire,
disease, animal activity, or man-oriented manipulation. The objective for 1973
and 1974 requires elaborations of model forms to allow for such influences, as
well as forms to adequately account for successional dynamics. In the current
work Overton and Strand are considering the problem of modeling the control function
of consumer species, but no real insights have yet resulted. The prevailing
successional models (e.g., the IBM/Hubbard Brook model) are interesting but not
completely adequate for some of our purposes. Some effort will be made to adapt
these existing models for some specific needs, but additional effort in the
direction of different types of successional models must also be considered a
modeling and research need in the years 3 and 4.
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We recognize a distinction between generalization of a model to accommodate a
variety of environmental and physical conditions (causal models), and such that
specification of the conditions is adequate to adjust the model for a given
circumstance, and export of a model, in which adjustment requires estimation
of the parameters for each circumstance or site condition (associational models).
Obviously, export is a lower form of extrapolation than generalization. It is
possible that an export phase must be endured in order to determine the manner
in which the parameters vary with environmental factors, but generalization
through environmental mathematical structures will be our ultimate goal.

1.4. Biome Organization and Administration

The Coniferous Forest Biome, in common with other Biomes and integrated research
programs of IBP, has a responsibility to administer funds and provide services
for a large number of scientists. A principal achievement of the total program
will be a demonstration that this task has been accomplished efficiently and
has served the interests of scientific advancement. At the same time there is
a responsibility to bring researchers of diverse backgrounds and interests
together and achieve rather specific research goals. Certain essential opera-
tions in data acquisition, data processing, communications, and general opera-
tions must be provided for all participants in order to make the program
effective. In addition to these service functions the Biome organization must
provide a mechanism for inputs from individual researchers into research planning
and program development, with the objective of a properly planned, coordinated,
and complete ecosystem research program.

The Coniferous Forest Biome administrators have been cognizant of the admini-
strative challenge in the Biome program and have been attempting constantly to
improve coordination and administration. To this end we have made many changes
in the Biome organizational structure as different needs and problems have surfaced.
We view efficient administration and management of integrated research programs
as one of the specific accomplishments of IBP, and it is only through such manage-
ment that diverse geographical research programs such as the Coniferous Forest
Biome can generate effective research. What is depicted in this proposal as
current administration and management will be subject, of course, to continual
changes as personnel changes take place and overall program needs evolve. Major
staff additions are scheduled to strengthen areas of specific need and generally
improve the cohesion and integration of our program.

The organizational structure of the Biome (Figure 1.4) reflects our research
strategy. It has been revised several times and wit) probably continue to be
revised, reflecting the inherent ability of the participants to adjust to new
concepts and arrangements as the need for them arises in the research efforts.
The total research effort is subdivided for better manageability and presently
there are the following four categories:

1. Ecosystem integration division
2. Terrestrial division
3. Aquatic division
4. Services division
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The Biome director appointed in December 1968 by the executive committee of the
U.S./IBP is Stanley P. Gessel. The director is assisted by an executive directorate
consisting of three deputy directors, three site directors, and an executive
secretary. The director and executive directorate are supported by an advisory
board consisting of the original Biome steering committee, with representatives
from the intensive and coordination programs. The advisory board functions as
a coordinating and general advising group reflecting Biomewide opinions on the
total research program.

The major role of the Biome director and his executive directorate is to organize,
develop, and coordinate a Biomewide program on the analysis of coniferous ecosystems.
Enhancing and facilitating communication is of high priority within the Biome
director's office; the communication needs are urgent and immediate. There are
many in the coniferous forest area who are interested in becoming involved in
some way in the integrated effort of the IBP, and an effective communications
net is essential to ensure economy of effort and optimum use of manpower and
to reduce the risk of misunderstanding. "Coordination" is the key word in our
program and for this reason we have recommended supplementing the efforts of
the deputy directors by adding positions for full-time program coordinators.
These coordinators will aid in both the formulation and the execution of proposed
research. The Biome director will also be responsible for ensuring effective
contact with other Biome programs in Ecosystem Analysis, with other IBP programs,
and on the international scale. In this he will collaborate with the headquarters
office of the Ecosystem Analysis program and with that of the U.S./IBP in Washington.

The executive directorate designs annual task-objectives and submits these to
the scientific directorate for review and final adoption in order to guide the
Biome research planning. The scientific directorate consists of the executive
directorate and the chairmen of the various research committees, often complemented
by subcommittee chairmen. These research committees acquire a membership from
participating scientists, and build integrated subsystem programs along the guide-
H'nes of the annual task-objectives but firmly footed in past and ongoing research.
The three study site directors with their own interdisciplinary committees then
ensure the proper detailed integration and cooperation in actual field operations
to implement the planned research programs.

The ecosystem integration division is responsible for the ecosystem modeling
management, insurance of cross-divisional interface programs, and the extrapolation
and application of Biome research programs, particularly with the coordination
programs. The integration division operates with an emphasis on "think-tank"
functions, integration, and coordination. The modeling management committee
membership consists of Biome modelers, while the interface committee membership
consists of two members from the above committee plus all divisional research
committee chairmen. The coordination program committee consists of the subsystem
program leaders of the various coordination sites.

Within the services division there are several service functions of which com-
munication and centralization of information are the most important. The central
office is located at the University of Washington, College of Forest Resources,
and is supervised by the executive secretary. General administration, accounting,
and publication of Biome research are the main responsibilities-Technical committees
appointed by the Biome director give advice as to the feasibility and coordination
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of services in the technical subject matter areas. Standardization of methodology,
sampling procedures, analysis, and data management is their major responsibility.
Service functions of the intensive and coordination programs are also channeled
through this division.

1.5. Biome and Research Sites Description

The commercially important coniferous forests of the western United States--those
which compose the Coniferous Forest Biome--occur very largely in mountainous
country. Four main divisions may be distinguished: (1) In temperate coastal
and low-elevation mountain forests of California, Oregon, Washington, British
Columbia, and Alaska, the maritime coastal climates are characterized by heavy
winter precipitation, summer dry seasons moderated by frequent fogs or cloudy
weather, and small seasonal variation in temperature. Important species include
coast redwood, Douglas-fir, Sitka spruce, western hemlock, and western red cedar,
all giant trees attaining 90 m or more in height. (2) In forests of the Sierra
Nevada of California and the adjacent Cascades of southern Oregon, climates are
characterized by heavy winter precipitation and dry summers. Important species
include ponderosa and sugar pines, incense cedar, California red fir, and Douglas-
fir, as well as evergreen hardwoods such as tanoak, chinquapin, and madrone.
(3) Coniferous forests of the Rocky Mountains are characterized in the north
by severely cold winters with precipitation largely concentrated in the summer
months, during which long dry periods often occur. Dominant trees include ponderosa
pine, Douglas-fir, grand fir, western white pine, and large tracts of lodgepole
pine, especially on poor soils and burned-over areas. Here occur the driest
coniferous ecosystems, the pinyon-juniper woodlands, which extend from the central
Rockies into the arid uplands of central Mexico. (4) Subalpine forests, the
montane counterparts of the boreal forests of Canada, have cool, short growing
seasons and often heavy snowfall in winter. Characteristic species include subalpine
fir, Engelmann spruce, mountain hemlock, and limber and bristlecone pines. (5)

In Alaska, as in Canada, the taiga forests, of low commercial value, cover broad
expanses of lowland and grade into the Arctic tundra. Characteristic species
include white and black spruce intermixed with birch and other deciduous forms.

The Biome contains a great diversity of aquatic habitats, intimately linked with
adjacent terrestrial communities. In the high mountains are nearly sterile alpine
cirque lakes and shallow subalpine ponds. Important oligotrophic lakes of inter--!-
mediate and large size are found in the lowland areas of Alaska and Washington
and at higher elevations to the south and east. In the lowlands are oxbows and,
to the south, warm eutrophic lakes. Snow-fed streams of swift water and high
gradient feed into broad meandering rivers supporting endemic organisms as well
as functioning as pathways for anadromous fishes such as salmon and steelhead.

In order to meet the objectives of the Coniferous Forest Biome research, a single
intensive study conducted at two locations has been developed. As a basic under-
standing is acquired and models are developed from the intensive program, research
is extended to coordination programs where validation studies will be initiated
(Figure 1.5). On the basis of criteria established in previous proposals, the
Cedar River--Lake Washington drainage basin and the H. J. Andrews Experimental
Forest were chosen for the intensive studies.



Although both locations are in the dense conifer forests of the coastal North-
west, each contributes to the intensive study unique features of past research
programs, facilities, involved personnel, and principal natural resources.
Each site has a long history of research relevant to the IBP Ecosystem Analysis
program. At the H. J. Andrews Forest the work has focused on hydrologic and
nutrient cycles in unit watersheds and has been concerned with the mature and
old-growth Douglas-fir stands that dominate the experimental forest. Related
aquatic research has dealt with stream systems.

As a complementary contrast, the research within the Lake Washington drainage
basin has focused on comparative studies of primary production within the lake
systems, the population dynamics of resident and migratory fishes, and detailed
studies of terrestrial processes including the transfer of water, energy, and
nutrient elements between components of the terrestrial ecosystem. Terrestrial
studies have been conducted primarily within the extensive areas of second-
growth Douglas-fir that dominate much of the lower elevations at the Cedar
River watershed.

The types of research facilities developed at the two locations are also com-
plementary. At the H. J. Andrews Forest the most important facilities are the
eight smaller (101 to 1018 km2) gaged unit watersheds in three matched sets,
including two sets that have not yet undergone any manipulation. Within the
Cedar River watershed a field research station has been developed, specifically
designed to examine processes of energy, nutrient, and water transfer between
the atmospheric, vegetative, and soil components of the ecosystem. This facility
includes two permanent buildings for laboratory use, storage, and data recording.

The principal natural resources at the two locations again combine to provide
examples of the important conditions in the coastal conifer forests essential
to a complete intensive study. Major study areas in the Cedar River watershed
are occupied by young-growth Douglas-fir forest. These combine with the mature
and old-growth Douglas-fir--hemlock forests dominating the H. J. Andrews site
to provide a full array of age classes. The Cedar River site has topography
and soils typical of a heavily glaciated drainage basin. Mature mountainous
topography and volcanic-derived residual and colluvial soils characterize the
H. J. Andrews Forest. Lakes are a major feature of the Cedar River--Lake
Washington drainage and have a sizable population of migratory salmon. Stream
systems are characteristic of the H. J. Andrews Forest; native trout are the
major fish resource.

Radiation load, of course, is lighter at Cedar River, the more northerly site,
and precipitation is heavier. At the H. J. Andrews site, local variations in
moisture and temperature regimes account for most of the variation in productivity
and composition of communities. At Cedar River the nutrient regime is relatively
more important than moisture in patterns of variation.

The research proposed for the H. J. Andrews Experimental Forest will continue
to focus on mature and old-growth forests and the gaged unit watersheds. Research
on these stable old-growth stands is especially timely in view of their rapid
disappearance at man's hand and their importance in ecological theory, and will
strongly complement the young-growth studies at Cedar River. The unit watersheds
also provide an opportunity for us to proceed quickly toward large-scale manip-
ulative research. Aquatic research will be on stream systems. On the other
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hand, research at the Cedar River--Lake Washington site will concentrate on studies
in younger forests and on the detail of elemental cycling, water cycling, and
other process studies within a unit forest community. Aquatic research will
be on lake systems. Terrestrial-aquatic studies will be stressed, especially
at the interface at Findley Lake.

1.5.1. H. J. Andrews Experimental Forest

The H. J. Andrews Experimental Forest is a 6080-ha drainage in the western Oregon
Cascade Range administered for research and education by the USDA Forest Service
Pacific Northwest Forest and Range Experiment Station (Figure 1.6). The environ-
ment and vegetation are typical of much of western Oregon and Washington. Old-
growth (450-year-old) Douglas-fir--western hemlock forests dominate with mixed-
tree fir-hemlock forests above 900 m; however, extensive areas of 60- to 125-
year-old Douglas-fir and 61 ha of 0- to 16-year-old cutovers are also present.
Mature topography, elevations of 460 to 1615 m, volcanic bedrock, reddish brown
lateritic and podzolic soils, and a maritime climate with 240 cm annual rainfall
characterize the environment. A market evaluation of the resources would rank
wood production, watershed protection, and recreation use (camping, fishing,
and hunting) among the highest management priorities.

The outstanding attributes of this site are (1) a long history of research relevant
to the IBP Ecosystem.-Analysis project, (2) availability of extensive natural
and manipulated coniferous ecosystems including streams and an adjacent reservoir,
and (3) the area "s complete ownership and control by a federal research agency.
Research installations include eight gaged watersheds (ranging from l to 10 ha)
on which detailed in-house studies of the hydrologic cycle and portions of the
chemical cycles have been in progress for as long as 18 years. One set of three
smaller watersheds (each set includes a natural control) has been recently manip-
ulated while two other sets have been calibrated and will be ready for manipulation
during the next three years. Extensive data on climate, soils, geology, flora,
plant communities, mammals, ground-feeding birds, hydrology, and stream biology
are available from past and current studies, focused presently on watershed 10
(Figure 1.7). Nineteen stations have been established in representative communities
as part of the Biome's environmental monitoring grid. These features combined
with the in-house Forest Service research program on the area and the interested
scientists at nearby Oregon State University provide the nucleus for an intensive
study site in the Coniferous Biome.

1.5.2. Cedar River--Lake Washington drainage

The Lake Washington drainage basin is composed of two distinct subdrainages,
the Sammamish and Cedar River Valleys (Figures 1.8 and 1.9). These two drainage
systems are very different in both physiography and the patterns of land use.
The Sammamish Valley drainage system is all relatively low elevation and heavily
subjected to the pressures of urbanization and agricultural practices. Although
a series of restrictive measures has been placed on direct pollution of this
water system, the area still receives a very high input of nutrients through
secondary sources.

In contrast to the Lake Sammamish system, the Cedar River watershed originates
at higher elevation in the Cascade Mountains, and its nutrient input is primarily
from forest ecosystems. This drainage system includes Findley Lake and several
other small lakes above the 1070-m elevation, a large reservoir system (Chester
Morse Lake) at 475 m elevation, and the Cedar River. All of the Cedar River
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watershed above 185 m in elevation is part of the municipal water supply of the
City of Seattle. Consequently this area is carefully protected and access is
rigidly controlled. The forest ecosystems have been systematically harvested
and reforested during the past 60 years, providing a wide range of forest ages
and types.

The Cedar River, with its relatively low nutrient composition, enters Lake
Washington at its outermost point, while the Sammamish Slough, with its high-
nutrient sediment load, enters at the northern end of the lake. The effect of
the input of these drainage systems on the quality and the knowledge of the lakes
has been discussed by Sylvester (1965) and Edmondson (1966). Lake Washington
drains through Lake Union, the ship canal, the Hiram Chittenden locks, and
eventually into Puget Sound at Shilshole Bay.

1.5.3. Coordination program.

During the past year the Coniferous Forest Biome has made a determined effort
to review our entire validation study concept and to develop a program that will
provide a sound basis for extending models to other areas of the Coniferous Biome.
We have also considered the zones in which we overlap with other Biomes (e.g.,
Tundra, Grasslands, and Desert) and have reviewed areas of cooperation that would
bring about Biome interties. Dr. William Laycock, a scientist with the USDA
Forest Service, Ogden, Utah, was loaned to us for six months in order to develop
the program. We are now in the process of employing a replacement for him to
act as permanent director of the Biomewide and coordination programs efforts.

For this introductory statement, areas selected for coordination programs are
listed by name only. Complete details of the activities to be carried on and
the descriptions of the locations are given in other sections of the proposal.
The locations of the coordination programs (see Figure 1.5) are as follows:

1. Berkeley, California. Physiological processes within the mixed conifer
forest of California. Blodgett Forest Research Station, University of California.
Photosynthesis process model extrapolation.

2. Flagstaff, Arizona. Coordination of the Coniferous Forest Biome and the
southwestern ecosystem projects near Flagstaff. Northern Arizona University
and Rocky Mountain Forestry and Range Experiment Station USDA Forest Service.
Ecosystem studies coordination.

3. Fort Collins, Colorado. Coordination of the Coniferous Forest Biome and
the Little South Fork, Cache la Poudre River watershed study, Colorado State
University and USDA Forest Service. Ecosystem studies coordination.

4. Fort Collins, Colorado. Coordination of the Coniferous Forest Biome and
the San Juan Ecology Project. Colorado State University, University of Colorado,
and Fort Lewis College. Ecosystem studies coordination.

5. Intermountain Aquatic Biome Consortium. Aquatic coordination between the
Coniferous Forest Biome and the intermountain area stream-lake studies.
University of Utah and other western universities. Lake and stream systems review.

6. Logan, Utah. Survey and evaluation of available data for modeling forested
watersheds. Utah State University. Hydrologic information and data review.
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7. Logan, Utah. Computer simulation of forest watersheds. Utah State
University. Hydrologic modeling research.

8. Logan, Utah. Test of environmental grid model for primary production in
Wasatch Front Englemann spruce. Utah State University and Intermountain Forest
and Range Experiment Station USDA Forest Service. Specific model extrapolationresearch.
9. Logan, Utah. Coordination of the Coniferous Forest Biome and the northern
Wasatch forest ecosystem study. Utah State University and Intermountain Forest
and Range Experiment Station USDA Forest Service. Ecosystem studies coordination.

10. Longview, Washington. Weyerhaeuser experimental streams study: Modeling
of trophic processes. The Weyerhaeuser Company. Stream biology data review.

11. Missoula, Montana. Influence of fire in coniferous forest ecosystems.
University of Montana and USDA Forest Service. Fire influences information review
and modeling.

12. Missoula, Montana. Coordination of the Coniferous Forest Biome and the
Lubrecht Ecosystem Project. University of Montana. Ecosystem studies coordination.

13. Moscow, Idaho. Coordination of the Coniferous Forest Biome and the Cedar-
Hemlock Ecosystem Program. Intermountain Forest and Range Experiment Station
USDA Forest Service, University of Idaho, and Washington State University. Eco-=
system studies coordination.

14. Moscow, Idaho. Influence of plant disease on functional ecosystems of
western coniferous biomes: A problem analysis. University of Idaho and Inter-
mountain Forest and Range Experiment Station USDA Forest Service. Disease influence
information review and modeling.

1.6. Services

1.6.1. Administration

The central office, located in Bloedel Hall, University of Washington campus,
provides essential services and coordination for the Biome. A branch office
in the School of Forestry Building, Oregon State University, coordinates the
H. J. Andrews site programs in close cooperation with the central office. The
Cedar River--Lake Washington site coordination office shares space and facilities
with the central office.

Principal administrative costs for the Biome are contributed by the institutions
involved in the Biome research, namely, the University of Washington, Oregon
State University, and the USDA Forest Service, through time of the director and
deputy directors.

In order to carry on the day-to-day activities of the Biome operation, Dr. Hans
Riekerk functions as office administrator and executive secretary. He is respon-
sible for efficient operation of the office, and oversees communications, publica-
tions, and services coordination. He has an office staff consisting of an
administrative assistant, a typist, and a part-time editor. The above are all
Biome employees.
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Office space and all necessary services such as light and heat are provided by
the University of Washington as part of the general overhead. Included in this
is office and laboratory space for many individual researchers and technicians.
Similar provisions are made at Oregon State University. The City of Seattle
provides field sites and some services on the Thompson and Chester Morse and
Findley Lakes research sites. The USDA Forest Service provides research areas
and facilities on the H. J. Andrews Forest.

All grant contract negotiate ns and records are handled by the Grant and Contract
Office of the University of Washington as part of the overhead financing. In
addition the Biome office keeps detailed accounts on all research expenditure
and does all requisition processing, employment, and similar routines for all
researchers at the University of Washington. We employ a bookkeeper who works
in the College of Forest Resources accounting office on Biome business.

Travel must be considered from several points of view related to the total manage-
ment and research progress of the Biome. First, there is the need for the Biome
administrative staff to travel to all parts of the Biome to confer with researchers
and plan the orderly development of Biome activity. There is also the need for
the Biome director or his representative to travel to inter-Biome meetings at
the national level. These meetings may be for either administrative or research
purposes. Secondly, the importance and role of intra-biome meetings of research
or administrative committees, including conferences and workshops, has been clearly
demonstrated and must be expaided. Coniferous Biome philosophy is to insist that
each researcher and each research group be aware of research throughout the Biome
and the role of their activity with respect to the total model. Therefore workshops
and conferences will continuelto be a mainstay of Biome operation and must be
provided for. The Biome office will plan these and therefore the fund request
for the total Biome is included in the central office budget.

1.6.2. Communications

The widespread geographic area over which the Biome operates makes adequate
communication of vital import nce. The regular circulation of newsletters,
both of general interest and covering particular specialized needs; the frequent
use of long-distance telephone communication; and, above all, the organization
of meetings of people working in different parts of the Biome in the same field
of specialization all are required. Carefully planned meetings of limited groups
of specialists (workshops) will make possible the exchange of ideas and information
about techniques in a far more effective way than could any other mechanism.

Other essential program services include the provision of technical assistance
or consultation on special problems of wide significance to be coordinated with
research effort, such as data analysis, processing, taxonomy, environmental
monitoring, and chemical analysis. It is expected that program services offered
through the office of the Biome director will promote liaison between investiga-
tors at major study sites.

Program services will be provided in several ways. Special and technical commit-
tees (such as committees on chemical analysis, data processing, and biometrics)
are established and funded soithat they can meet as needed. Special capabilities
and expertise that develop at various sites will be made available to the Biome
by an effective communication net and by employment of special consultants.
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1.6.3. Publications

As the work develops many journal articles, reports, and other documents are
being produced, and the editorial work involved should be taken off the shoulders
of the investigators. It is proposed to expand the duties of the half-time editor
to encompass these requirements. This additional service, together with the
editorial and production services contributed by Oregon State University, should
ease the burden on Biome investigators of publishing or otherwise circulating
their findings.

1.6.4. Laboratory services

Central organization is desirable for certain analytical procedures where expensive
equipment is required, where there are economic savings possible from large-
scale operation or automation, or where uniformity and consistency call for it.
There are in existence at institutions within the Biome a number of laboratories
with excellent capabilities, which are not fully used. As far as possible, arrange-
ments will be made to use such facilities for routine determinations for the
whole Biome, wherever centralization would be advantageous. If facilities are
required that cannot be provided in this way a central unit will be set up for
the purpose under the Biome director.

1.6.5. Taxonomic services

For many groups of organisms in the Biome taxonomic studies have been in progress
for many years, collections and expert advice are available in most institutions,
and difficulties in identification are unlikely to arise. There are, however,
certain groups that are less well known and on which the expertise is more diffi-
cult to obtain. It is not proposed to set up facilities for identification at
the central Biome office, but to concentrate the tasks of identification at
institutions where these difficult groups have been under study for a considerable
time and where valuable taxonomic collections have been built up.

1.6.6. Workshops

Conferences and workshops will continue to be a necessary major activity in the
Biome. In the course of developing the year-3 proposal, each research committee
expressed a need and desire to hold one or more specific workshops or technical
conferences, usually to bring all participating research workers up to the same
level of competence or to explore methodology in specific fields. All workshop
requests have been combined into one organizing activity of the central office
in order to provide the necessary coordination.

1.6.7. Visiting.scientists

Because of concentration of research work at the intensive sites there is a need
to bring scientists from other institutions to participate in various research
programs. These will be researchers who have specific capabilities in certain
critical areas of research or who will be acting as principal investigators of
coordination programs in subsequent years. Scientists in the latter category
will become familiar with research techniques and modeling procedures so that
specific validation studies can be carried out in the appropriate coordination
program.
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1.6.8. Nonobligated consulting services

Because of the large time interval between writing proposals and actual perfor-
mance of research we find it necessary to provide flexibility in our research
design. We are therefore asking that funds be placed in this category to be
used to bring in special consultants, employ researchers in specific areas that
emerge as critical needs, expand programs that are vital to the success of the
Biome, or to develop new areas of research. Plans for use of these funds would
be submitted to NSF for approval prior to any expenditure.

1.6.9. Information center

The Coniferous Forest Biome information center is the unit of the Biome given
the responsibility of managing the large mass of bibliographic and numeric infor-
mation being amassed by investigators. The main objectives of the information
center are to create and maintain an information bank and to coordinate data
processing activities within the Biome. The activities of the information center
in no way preclude the analysis of data by individual investigators. The perma-
nent storage of information in the information bank, however, is the sole respon-
sibility of the information center.

It is the responsibility of each investigator to keep the information center
apprised of his (her) progress in collection or analyzing information, or both.
All information collected as part of an investigator's participation must be
submitted to the information center according to each investigator's contract
with the central office. This information will be dispersed to other investi-
gators in accordance with instructions forwarded by the investigator to the infor-
mation center.

Operations performed on any set of information will be reported immediately to
the participating scientist who collected the information and the approved reports
will be be distributed to participating scientists at frequent intervals.
Listings or copy tapes will be available to participating scientists on request.

Publication of abstracts will continue to be handled by a central group within
the U.S./IBP effort. Investigators within the Coniferous Forest Biome, however,
will have remote computer access to all abstracts submitted to the information
center by other investigators within the Biome. This will allow them to search
a large bibliographic data bank to locate desired references or source documents.
This system will use the generalized bibliographic format developed by the inter-

Biome information storage and retrieval committee and implemented at the Oak
Ridge National Laboratory. In this respect investigators are required to submit
abstracts of progress reports, Biome publications, data sets, or any other publi-
cations written as a result of participation in the iBP. Finally, abstracts
being assembled as parts of bibliographies will also be stored in the information
bank.
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Figure 1.2. Total ecosystem model diagram with second-echelon subsystem
detail, as related to the biosphere environment.
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Figure 1.3. Illustration of the perceived hierarchical form of the
ecosystem. The environment (e.g., climate, geology) is external to
the system, so is not represented in the diagram.
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Figure 1.8. Location map, Cedar River--Lake Washington drainage area, southeast of

Seattle, Washington.
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2. PROPOSED RESEARCH AS RELATED TO YEAR-3 AND YEAR-4 OBJECTIVES

2.1. Introduction

The first year of the program was devoted primarily to conceptualizing the Biome's
long-range plan, reviewing available data, and beginning the most critical long-
term studies, i.e., those requiring the greatest lead time. During year 2, data
acquisition and modeling of total ecosystems and subsystems has been emphasized.
The logic here has been to develop conceptual and preliminary running models
for several relatively static systems and the important subsystems. The next

phase would then be to elaborate these models, study their behavior in contrasting
systems (but at a comparable level of resolution), and study the effects of various
kinds of perturbations on system behavior (Figure 2.1).

Our strategy remains essentially the same although funding has necessitated
stretching some of the work planned for completion in 1972 into 1973. By the
end of 1972 we expect to have completed conceptual models for the various sub-
systems and systems selected for study in 1971. Most of these will have advanced
to the stage of preliminary running models. Similarly, many of the data necessary
for testing these models will be available, and field and laboratory techniques
will have been largely standardized after the 1972 period of experimentation
and refinement.

Therefore the Biome proposes during 1973 and 1974 (a) to complete and refine
the analyses of the systems and subsystems begun in 1971 and 1972 and b at
least to initiate work in all of the major areas considered essential to attain-
ment of the Biome's long-term objectives. but not previously included in the program,
e.g., effects of perturbation, succession, extrapolation. Stated in another way, t
the basic strategy for 1973 and 1974 is to explore the several aspects of coniferous
ecosystem structure and function (flows, cycling, productivity) at the various
level.s,of resolution, under various stresses (manipulation), and on short- and
long-term (successional) time scales considered essential to the Biome's overall
goals.

The first year (1972) of full-scale Biome research has brought with it the real-
ization that it will require eight to ten years for the Biome program to mature
and produce the kinds of information, models, and understanding of coniferous
forests we have set as our goal. It requires several years simply to organize
the program, reorient ongoing research, conceptualize and build the models, obtain
necessary new personnel and facilities, and so on. Nevertheless, by the end
of 1974 or 1975 at the latest the Coniferous Forest Biome wants at least to have
explored all levels of coniferous ecosystems and subsystems, controlling factors,
and time scales, which we deem essential to a successful Biome effort. This
does not mean that we expect to have any "final" answers by that time. It does

mean that we expect to be in a position to decide where the efforts during the
latter half of the Biome's endeavor can be directed with maximum effect--which

kinds of models are going to provide the most useful insight, which systems and
subsystems require the most work in order to arrive at an acceptable level of

understanding, and so on. In effect, we want to have taken at least a crude

look at all relevant aspects of coniferous forest ecosystems by the program's

midpoint.
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In the following sections the proposed research program for years 3 and 4 is
presented. Initially we outline the procedures by which it was developed and
the specific year-3 and -4 tasks. The research itself is presented at increasing
levels of detail: (1) the general program as it is related to year-3 and -4
tasks, which shows how the subject matter areas are integrated toward common,
system-oriented goals (section 2); (2) the present and proposed programs in
each subject matter area (section 3); and (3) the individual research projects
(section 5).

2.1.1. Research design

We continue to follow the same strategy outlined in year 2 by proceeding con-
currently with process, modeling, and validation studies in several areas. It
is simply impossible to phase these even a year apart in most areas and still
expect to arrive at completed units of work in any reasonable time. There are
some program segments in which we are able to phase the work beginning with con
ceptual modeling and literature review, followed by process and systems studies,
and finally testing and refinement by means of process validation and extrapolation
studies. In most program areas, however, modeling and data acquisition are pro-
ceeding concurrently, with heavy reliance on judgments of the modeling group
and committee chairmen as to the types of essential information needed.

We continue to follow key elements in our 1972 research design, particularly
the requirement that each research project, no matter how detailed or narrow,
must relate to an essential component of a system under study. Many of the
procedural details we have followed in developing this research proposal are
there simply to ensure this relationship between program objectives and the
numerous individual research projects. These procedures also continue to
emphasize the interplay of process study, modeling, and validation.

We also have continued to design the program to take the fullest possible
advantage of existing related research projects and facilities. This should
be obvious as the thrust and location of the "new" research proposed in the
Biome (e.g., manipulation, succession) are outlined. This element in our
research design has allowed us to proceed much more rapidly, minimize capital
investment, and avoid delays and duplication in acquiring certain kinds of data.

With some exceptions we have followed the same procedures in developing the
year-3 and -4 proposal that we followed in planning year 2 (see section 7.1.1
in year-2 proposal). Basically, the key element in the planning has been the
definition of specific year-3 and -4 tasks or objectives. These tasks,
developed jointly by the executive and scientific directorates, provide the
focus for the activities, the integrated units of work we wish to accomplish
by the end of 1974. The actual research proposals needed to accomplish these
tasks were developed by the scientific research committees.

The research committees themselves were restructured this year to put greater
emphasis on functional subsystems and less on trophic levels. This reorien-
tation is reflected in the names, e.g., replacement of a consumer group by one
oriented toward food chain processes. Actually, no committee structure is
completely adequate in itself for planning and coordinating a multifaceted
systems program like the Biome's. By using the yearly tasks or objectives
for a systems orientation, however, the research committees again managed to
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perform their function reasonably well; they developed very competent research
proposals in the various subject matter areas, which related to and met the
needs of the Biome's systems oriented program. Another essential element in
integration, in addition to the tasks, consisted of the several meetings of
the scientific directorate during which coverage of "interface" areas between
subject matter areas were worked out, and committee subsystem programs were
evaluated in the context of total program needs. Note that the terrestrial-
aquatic interface program described under task 5 (see section 2.2.5) particularly
covers the integrated research activities of a number of subsystem programs
separately discussed in section 3.

2.1.2. Year-3 and year-4 tasks and integration of work

This segment of the proposal identifies the specific objectives or operational
questions for our Biome's year-3 and -4 program and shows how the individual
research projects are planned and will function as integrated units of work
aimed at these specific tasks for years 3 and 4. It has been and remains
difficult to channel the activities of a diverse and geographically dispersed
program as large as this toward truly common, fully understood (by both partici-
pants and granting agency), and coordinated ends on a yearly basis. General
objectives, like those adopted for the Ecosystem Analysis and Coniferous Forest
Biome programs, are necessary but also tend to be all-inclusive (section 1.1).
Consequently, they give insufficient direction for allocating the Biome's
limited resources on a yearly basis, since nearly an infinite number of research
projects can be justified under the broad directives.

To provide specific direction for the Biome's year-3 and -4 activities, particularly
to focus the activities of the research committees and modeling groups and ensure
full integration with regard to trophic levels, sites, and the like, the Biome
adopted a series of specific tasks or objectives for years 3 and 4 (Table 2.1).
These evolved from the joint efforts of scientific research committee chairmen
and the director and his staff in the central Biome office. They include work
in all major areas deemed essential to the long-range objectives of the Biome
program and each includes elements of data acquisition, modeling, validation,
and extrapolation. These tasks are the integrated units of work that the Biome
plans to accomplish by the end of 1974. They function as the operational questions.
They are the priority tasks toward which essentially all of the individual research
proposals are directed.

Modeling has a central role in the organization of research around these inte-
grated units of work or tasks listed in Table 2.1. In fact, the tasks for years
3 and 4 can be consolidated and couched in terms of the models we intend to produce
and the data needed for their development as follows (see section 3.1):

1. Elaborate and refine initial models and field studies of processes and total
systems developed in 1972.

2. Explore the potential for extrapolating these models by attempting their
generalization spatially and temporally, specifically: (a) to systems of dif-
ferent environment and structure (such as along environmental gradients or across
the Biome), (b) to systems at different scales of resolution (such as from water-
sheds to drainages), (c) to manipulated or stressed systems (such as clearcut
areas), and (d) over long time spans (such asalong successional gradients).



Table 2.1. Specific research tasks planned for the Coniferous Forest Biome in years 3 and 4.

1. Complete initial program in terrestrial production process measurement and modeling, using
both physiological and meteorological techniques, and link results to behavior (net pro-
ductivity, transpiration, etc.) of actual stands. Begin developing data for the production
process models for other species and environments and for different age classes important
in the Biome, including linkages of individual tree processes to behavior of stands.

2. Develop elemental cycling models of forest-stand-level ecosystems based upon process and
transfer functions such as decomposition, ionic leaching, weathering, organism uptake,
storage and return, and meteorological and biological additions. This will include stressed
systems. This fine-resolution work will serve as a basis for development of unit watershed
programs.

3. Begin describing paths of energy and material flow through consumers (food webs) in the
coniferous ecosystem under study, with particular attention to movement and accumulation
of toxic materials and consequent effects on diversity, flow paths, and primary producers.

4. Complete initial nutrient, water, and energy flow models for unit watersheds and begin
their refinement with particular attention to incorporation of process models. For
selected compartments and transfers and in simplified form, begin examining the ability
of the watershed models to describe behavior of (a) larger drainages and (b) strongly
contrasting coniferous ecosystems across the Biome, and to predict (c) system responses
under various stresses and over long time spans in connection with manipulation and suc-
cessional research outlined below.

5. Quantify and model paths and rates of material and energy transfers across terrestrial-
aquatic interfaces, specifically including quantitification of transfers in and compari-
sons between (a) undisturbed small streams and small lakes, (b) lakes of various topologies
and climates, and (c) undisturbed and clearcut watersheds with stream systems. In the
comparisons of interface transfers in undisturbed and altered systems, study consequences
of terrestrial disturbances on aquatic productivity and stability with initial emphasis
on stream systems.

6. Evaluate and model the trophic dynamics of four lakes of significantly different nutri-
tional status, topology, and climate. Evaluation and modeling will be by way of three
subdivisions of the aquatic system: (a) the water column, including the rapidly changing
community of phytoplankton, microbes, and zooplankton; (b) the benthos, including the
moderately slowly changing community of larger plants, sediments, and longer life-span
invertebrates; and (c) higher consumers, i.e., long-life-span invertebrates and fish.
Integrate these submodels into a total system productivity model that allows determination
of importance of various internal and external nutrient sources to lake productivity and
suggests methods of management of productivity. Then explore opportunities for validation
elsewhere.

7. Examine responses of coniferous ecosystems or subsystems to selected stresses (manipu-
lations) in terms of material and energy flows and of productivity. This task is largely
structured as validation of models and will utilize existing as well as newly acquired
data. Manipulations may include: (a) clearcutting, (b) fertilization, (c) addition of
toxic materials (pesticides and heavy metals), (d) addition or removal of nutrients in
aquatic systems, (e) disease, and (f) fire. Clearcutting research will probably utilize
existing data from watersheds 1-3 and data from the clearcutting of watersheds 10 and 6
planned for 1974. Fertilization efforts will probably use existing data as well as some
plot and controlled experiment work. The lake work will utilize Lakes Washington and
Sammamish, which are undergoing reductions in nutrient additions.

8. Examine long-term (successional) behavior of coniferous ecosystems specifically including
(a) development of a successional model for prediction of forest composition and biomass
changes, primarily by cooperation with the Deciduous Forest Biome, and acquisition of
necessary data base for validation of the Oak Ridge model(s); (b) descriptions of selected
subsystem structures and processes across different forest age classes to test successional
hypotheses regarding (1) complexity and redundancy of detritus subsystems, (ii) ratio
of gross production and respiration, (iii) conservation of nutrients within the system,
and (iv) role of consumers; (c) examination of eutrophication processes in lake systems
using a series of lakes of varying "ecological stage" (nutritional status).
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in viewing our year-3 and -4 tasks in this way the reader should be aware that
the purpose of the Biome is to understand ecosystems and to develop models
only as a means to this end, not as an end in itself.

The Biome's year-3 and -4 tasks (Table 2.1) are comprehensive and ambitious,
which might lead the reader to question our ability to achieve them with the
resources we have requested. The list of tasks is not unreasonable, however,
when their interlocked nature is examined (Figure 2.2). None of the tasks
stands completely independent of the others. In fact, most of the tasks are
mutually supportive, each standing as an integrated, ecosystem-oriented task
in its own right as well as providing a segment of another task in the form
of a model, understanding, or subsystem component. For example, process-
oriented tasks 1, 2, and 3 contribute directly to the development of unit
watershed models (task 4). One land-water interface task (5) is in large
measure a component of task 4 that we have chosen to emphasize in our program.
The perturbation task (7) is entirely dependent for success upon the process
and total system models developed under tasks I to 6, since most of this work
is structured to use the models as predictors of behavior under stress. This
mutually supportive structure has made it possible for most of the individual
research proposals to contribute to more than one task. Through devices of
this type, we believe the Biome has developed a highly efficient research
program that contributes simultaneously to several areas of critical need.

The tasks also illustrate the systems toward which the Biome program and,
for that reason, the study sites, are oriented. In Table 2.2 the relationship
of each task to site and level of study (e.g., stand versus watershed) is
shown as well as the tasks of major responsibility to each research committee
or subcommittee.

2.2. Research Program as Related to Year-3 and Year-4 Tasks

2.2.1. Task 1: Terrestrial production process measurement and modeling

The Coniferous Forest Biome has invested a great deal of resource in relatively
fine-scale study of primary production processes and their environmental controls.
During years 1 and 2 the greater part of this work has been carried out at the
Thompson Research Center at the Cedar River site, with some contributing studies
at Oregon State University. Major activities have revolved around detailed gas
exchange studies using Siemens cuvettes, water relations using several techniques
with the tree-weighing lysimeter as the standard, and meteorological studies
of vertical and horizontal profiles and fluxes in energy, water, and CO2.

During years 3 and 4 this research will come to fruition with the development
of the process models essential to the construction of total systems models and
of standardized techniques for Biomewide application (see section 3.1). As this
work is completed there will be two new thrusts in terrestrial production processes
(1) to link the results of the detailed process work to behavior (growth, transpi-
ration) of actual forest stands, and (2) to test the process models in other
coniferous systems important in the Biome--other species, environments, and age
classes (see section 3.8). In the extrapolation work it will be possible in
many cases to use simpler techniques, and equipment that has been developed using
the expensive Thompson installations as a standard.



Table 2.2. Major relationships between year-3 and year-4 tasks and study sites and level of

study and responsibilities of research committees.

Study sites

Cedar River (general)
Thompson research center

Findley Lake

Four lakes--Cedar River

H.J. Andrews (general)

H.J.A. unit watersheds
H.J.A. reference stands
Lookout and Mack Creeks

Outside intensive sites

Level of study

Organisms

Communities (e.g., stands)
Watersheds

Biome

Research committee and subcommittees

Primary production processes
Biomass and structure

Food chain processes

Biogeochemical cycling--physical

Biogeochemical cycling--biological

Hydrology

Meteorology

Streams

Modeling management

Interface

Coordination programs

Task

1 2 3 4 5 6 7

Prod. Elem. Food Ws. Inter- Lake System

process cycling webs flow face energy stresses
models transf. flow

8

Succes-
sion

Item

Lakes
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The details of the proposed program in terrestrial processes are discussed in
the sections of this proposal on production processes (section 3.2) and meteor-
ology (section 3.5) research. The movement of a portion of the program away
from the second-growth Douglas-fir stands studied to date will take several forms
including funding of process research in other species and environments elsewhere
in the Biome (initially ponderosa pine in California), development of mobile
capabilities for gas exchange and meteorological research allowing the intensive
site group to make measurements at any desired location, and development and
testing of a Biomewide stand growth and phenological model based on environmental
indexes (see section 3.8). At the same time considerable resource will be utilized,
especially in 1973, for completing the initial program including collection of
a second season data set and for examining some processes (translocation and
respiration) that were deferred in 1972.

A key concern has been and continues to be the linking of the biomass and structure
work to the process research. The emphasis of task 1 on linking the processes
to stand behavior should keep attention strongly focused on this area and keep
communication open. Much of the biomass and structure work planned at this time
has been based on recommendations of the process people and the data required
for utilizing their process-based knowledge.

Major modeling support in the terrestrial production process program is found
among the scientists personally engaged in the research as well as in the central
modeling group. Needless to say, one of the continuing concerns of the Biomedirectorate is to see that this fine-resolution work is focused directly on the
Biome's ecosystem-oriented goals. We believe it is providing an essential under-
standing of the processes that are a key to system behavior as well as process
and subsystem models that are components of larger efforts. Nevertheless, it
does seem apparent that we need an intermediate model somewhere between the many
process models, which already have been produced in this and other programs,
and the total ecosystem models presently formulated. Special attention will
be given to this area by personnel in both the research and central modeling
groups as it seems to be the key to direct involvement of the process work in
a total ecosystem context (see section 3.1).

2.2.2. Task 2: Elemental cycling models for forest stands

The Biome has tended to concentrate detailed studies of nutrient cycling processes
at Thompson Research Center but to a smaller degree than with terrestrial process
work. Process-based models of nutrient flows through forest floor--soil--tree
systems have been a Biome objective from the initiation of the program. Much
of the Biome's research in this area has been built upon long-active comprehensive
programs developed at the Thompson Research Center, but essential components
are also funded at Andrews Forest and at Findley Lake in the Cedar River drainage
(e.g., decomposition, litterfal), and nutrient capital analyses).

The Biome's progress and proposed year-3 and -4 research in nutrient cycling
processes is thoroughly discussed in the section (3.4) on biogeochemical processes
research. One major change introduced this year was to include last year's
decomposer program as a biological component of the biogeochemical processes
work. By jointly developing "geochemical and biological" components of this
subject area we feel the Biome has been able to focus efforts more closely and
to better handle the numerous complex interfaces between the two elements.
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During years 3 and 4 the Biome intends to complete the initial program of nutrientcycling process studies and to produce models at the forest-stand level ofresolution, based on processes such as decomposition, ionic leaching, weatheringof parent materials, organism uptake and storage, litterfall, and meteorologicaland biological additions (see section 3.1). The research will involve more inputsfrom a larger array of sites than has been possible in the past. AlthoughThompson Center will remain a key facility, every process and transfer will bestudied on at least one other location, primarily Andrews Forest and FindleyLake. A great deal of emphasis is placed on linking these process-based modelsinto larger land units (watersheds) and on examining some of the processes alongmajor environmental gradients within the Biome region (see section 3.8).

Supportive effort for coordination and modeling the program in nutrient cyclingis not adequate at present at either the scale of forest stand or of unit water-
shed. Consequently the Biome plans to provide for several postdoctoral positionsin this area over the next two years as well as to request greater assistancefrom the central modeling group (see section 3.1).

2.2.3. Task 3: Energy and material flows through consumers

Consumers have been a difficult subsystem for the Biome to integrate into theprogram because of the types of ecosystems (e.g., stable) and subjects (e.g.,
productivity) selected for intensive study. For example, consumers are generallyof minor importance (in percentage) in energy or nutrient cycling in matureconiferous forest ecosystems, constituting a complex system of shunts that areoften irrelevant to the stability or behavior of a given ecosystem. They tendto be most important in a control function, by eating inconsequential amountsof material (e.g., seeds or cambium) that has a major impact on the structure
and functioning of a coniferous forest, i.e., consuming materials with a high"information content." Furthermore, their impact tends to be at a maximum in
youthful, rapidly evolving ecosystems (early successional stages).

During years I and 2 of the program consumer research has focused primarily oninventory of the consumer populations at the intensive sites with considerable
emphasis on functional groupings and their roles. In year 2 the Biome initiated
modeling and literature review activities on the control function of consumer
populations. At the same time the role of consumers in energy and material flows
in the total systems models under development has been formulated.

In years 3 and 4 the Biome has selected as one of its tasks descriptions of
consumer food chains in coniferous ecosystems, with the ultimate objectives of
being able to predict how given materials (including toxic substances such as
pesticides or heavy metals) will flow through these chains, where they will accumu
late, and the consequent effects on consumer populations, diversity, flow paths,
and productivity. This work will rest very well on year-1 and -2 activities
since the initial models will be based upon data from the intensive study site
inventories and literature. Furthermore, six food chain subsystems (based uponinitial food source--forest floor herbaceous, live woody, dead coarse woody,
canopy herbaceous, detritus, and subterranean materials) were identified in year
2, and material flow models for two of these (canopy and live woody materials)
will have been developed by the end of year 2. Work in years 3 and 4 will involve
conceptualizing the remaining food chain "subsystem" models and development of
model parameters, then linking these into a total food chain model for coniferous
forests (see section 3.1).



2.9

Also in years 3 and 4 the consumer control function model conceptualized in year
2 will be mathematically refined and parameters will be assigned. This modeling
activity will be supported by field research as the Biome begins to consider
early successional stages of coniferous forests and manipulations such as clear
cutting. Various means of incorporating the consumer control function into forest
successional models developed in the Biome will be fully explored and will consti-
tute another major interface between the consumer research and the remainder
of the program.

For the foreseeable future most consumer field research of the Biome will probably
be confined to the intensive sites with approximately equal emphasis on the
systems at H. J. Andrews Forest and Cedar River. Coordination and integration
with the problem analyses of the influences of fire and disease in some coordi-
nation programs will be initiated during 1973 (see section 3.8). Two elements
in the consumer research make a major contribution to the important program
segments by the description and quantification of the role of (1) consumers,
especially invertebrates, in decomposition processes (primarily detritus, sub
terranean, and dead woody materials), and (2) amphibians and insects in transport
of materials across the terrestrial-aquatic interface. Modeling support is pro-
vided by scientists engaged in the consumer research program and by the central
modeling group (see sections 3.1 and 3.3).

2.2.4. Task 4: Material flow models for unit watersheds

In terms of numbers of scientists involved, the development of nutrient, water,
and energy flow models for small drainages and unit watersheds is probably
the largest single task the Biome has set for itself. It is also in many
respects the most complex, with fewer guidelines from the past. Simple input-
output flow models or even the more complex compartment models, such as the Stanford
model, do not provide the kind of insight we feel is necessary for understanding
and predicting the behavior of drainage systems. Rather they must be based on
understanding of processes and on biologically as well as physically meaningful
internal stratification. Our basic philosophy on and approach toward unit water-
shed studies is outlined in section 7.2.2.1. of last year's proposal.

In years 1 and 2 the Biome has concentrated its unit watershed efforts at the
H. J. Andrews Forest, where several sets of stream watersheds have been studied
for many years. One of these (watershed 10) was selected as the subject of the
prototype ecosystem model. A newly established watershed at Cedar River, which
contains Findley Lake and is part of the four-lake aquatic program, also has
been selected for detailed study although emphasis there has been on the move-
ment of materials across the land-lake interface.

Most of the activity during years l and 2 has been directed toward obtaining
the data on state variables and transfers needed in the prototype watershed model,
which will be completed by the end of 1972. The basic vegetation, soil, geologic,
and consumer inventories of the selected stream watersheds have been completed
and installations for monitoring various environmental variables have been estab-
lished. A number of process or transfer studies (e.g., of subsurface flow, nitrogen
fixation, decomposition, litterfall) have been established and have provided
first-order estimates of rates for modeling. Monitoring of climatic inputs,
streamflow, and nutrient losses are, of course, continuing in cooperation with
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the USDA Forest Service at H. J. Andrews Forest and are beginning at FindleyLake with new installations. Aquatic biologists are continuing their studiesof the structure and productivity of the stream systems at Andrews Forest andof Findley Lake as a component of the unit watershed studies (see sections 2.2.5and 2.2.6)

Development of biomass, nutrient capital, and productivity estimates for theunit watersheds is proving a difficult and time-consuming job that will requireconsiderable additional work (see section 3.2). In 1972 several methods ofanalysis, both destructive and nondestructive, will be tested, including tri-tiated water, theodolite, and standard destructive techniques. Another technique,which has been developed in connection with last year's epiphyte work, involvesclimbing selected trees and describing the branch systems, followed by destruc-tive analysis of a statistically based sample of these systems. Presently this
approach seems to be the most promising, particularly in old-growth forests,and it is the technique we are tentatively planning to emphasize during years 3and 4. Destructive biomass analyses in younger age classes (130 years old) andwith several species will be completed in the fall of 1972 in cooperation withJapanese IBP scientists. The greatest single problem in biomass and productivityanalysis remains the root systems, and 1972 studies will be aimed primarily atexploring several techniques and developing some very crude preliminary estimates.

During years 3 and 4 the Biome plans to refine the watershed ecosystem modelsdeveloped in year 2, including development of improved estimates of statevariables and transfers (see section 3.1). Biomass and productivity analyses
will continue with adoption of standardized techniques and shifts from old-growth
Douglas-fir to other species and age classes. Emphasis in subterranean partswill be on root production and turnover rather than biomass, per se. Studies
of nitrogen fixation by and biomass of epiphytes will be phased out in year 3after an examination of their role in the major intensive site ecosystems.
We will continue to study nutrient sources and movements through the ecosystems
by means of studies of soil solution chemistry, decomposition, weathering, and
litterfall, with major emphasis on applying some of the techniques and stand-
level process models developed at Thompson Research Center to unit watershed
ecosystems. Consumer studies will shift from inventory to functional behavior,
with more emphasis on amphibians and invertebrates at Findley Lake. Streamflowmonitoring will continue, and the most important experimental effort will be
to describe characteristics of subsurface flow. The aquatic research programs
in Findley Lake and the small streams are described in sections 3.6 and 3.7.

Modeling support for the unit watershed program is provided by scientists in
various subject areas (particularly in hydrology, see section 3.5), and by
the central modeling group (see section 3.1). Modeling activities for these
large complex systems necessarily involves almost as many people as the field
research. The requirement for extensive and constant communication is a major
problem and produces some real time "strains." Availability of full-time post-
doctoral personnel familiar with each major subject area and with modeling
techniques should greatly facilitate activities in years 3 and 4.

One additional objective of the unit watershed program will be to attempt to
adapt a modified version of the model developed for the small watershed to
a much larger drainage basin, e.g., the entire H. J. Andrews Forest (6000 ha).
During years 3 and 4 coarse-resolution estimates of major compartments and
transfers will be developed from available data and a vegetation mapping of
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the drainage will be finished. The series of reference stands located alongthe major environmental gradients and the various process studies planned and
in progress within them will make a major contribution to this effort. Thismacromodel will then be tested in the following years with selected informa-tion from the Cedar River watershed and extrapolated with information gatheredby coordination programs.

2.2.5. Task 5: Terrestrial-aquatic interface

The Biome has had a special interest in land-water interactions since itsinitiation. In years 1 and 2 the unit watershed 10 at H. J. Andrews Forestand Findley Lake at the Cedar River watershed were chosen as the sites ofintensive examinations of the terrestrial-aquatic interface. In years 3and 4 the Biome proposes to continue to emphasize this interface by describingin detail the material and energy transfers across it and by quantifying andmodeling these transfers. In addition, the interface program will be expandedin years 3 and 4 to include several comparisons of the transfers and theirconsequent effects in the aquatic subsystems between (1) small stream and lakedrainages (Andrews watersheds versus Findley Lake), (2) small undisturbed andcutover (clearcut and shelterwood) stream drainages (H. J. Andrews), and (3)four lakes of varying topology, climate, and human influence (Lake Washington
drainage). In addition to the increased consideration of land-water interactionsin the four-lake study in the Lake Washington--Cedar River drainage, the Biomewill also begin examining the terrestrial-aquatic interface in larger streams
(Lookout and Mack Creeks at Andrews Forest) and rivers (Cedar River). For theCedar River the effects on productivity of impoundments, flow control, water
diversion, and urbanization along its lower course will receive attention.
Fortunately, we will benefit from concurrent intensive hydrological modeling
of the Cedar River system funded through the River Basins Coordinating Committee
(members of county, municipal, and city agencies in King County). Measurementof transfer of material and energy to lakes Chester Morse and Washington viathe Cedar River is a necessary component of the interface study.

The details of the terrestrial-aquatic interface studies proposed for years 3and 4 are found in the sections of this proposal on lake and stream research(sections 3.6 and 3.7) and in the descriptions of research on terrestrial foodchain processes and biogeochemical processes (sections 3.3 and 3.4). Thedescriptions of aquatic subsystem structures and the quantification of energysources for aquatic organisms, which has occupied much of the first two years,will be largely completed in year 3. The emphasis will shift to studies ofvarious processes in years 3 and 4.

In the stream program, dissolved organic materials and definition of processrates, between land and water and within the stream, will receive greatest
attention. The work will also have a somewhat different viewpoint, i.e., itwill consider the role of streams as locations for processing allochthonous
materials, holding the materials within the system for varying lengths oftime, and cycling some of it back to the land. This contrasts rather strongly
with the commonly held view of streams as simple pipelines for the export ofmaterials away from the land.

In the Findley Lake program after the year-2 analyses in the production anddecomposer areas, a crude quantitative estimate should be possible for nutrientbudget determination. The physical, chemical, and biological mechanisms
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involved with ionic interchange and uptake from solutions will be better under-
stood and are particularly critical in modeling projection and total nutrient
budget analysis. The determination of quantities and rates on various time
scales is essential before a total interface system analysis is possible. In
some periods monthly determinations are probably adequate. At other times,
however, the time scale will have to be advanced to daily and perhaps even
hourly measures. This refined focus will be essential in the third and fourth
study years in both the terrestrial and aquatic areas. It is necessary to
understand the short-term availability of essential elements, how efficiently
they are used, and the dynamics of replenishment.

A manipulation considered for the fourth year of study in the Findley Lake
basin will be the introduction of fish (probably SaZmc ciarkii, cutthroat
trout) into the downstream deep pond separated from the lake by a waterfall,
to determine the impact upon secondary production of a predator population.
Growth data and food utilization by the fish will be determined.

The planned land-water interface program provides the strong tie between the
aquatic and terrestrial segments of the Biome's research effort. Major inputs
and scientific expertise are provided by the group studying biogeochemical processes
(including both geochemical and biological or decomposer subgroups), hydrology,
food chain processes, and biomass and structure in the terrestrial division of
the program. Modeling support for this task is provided by several of the aquatic
scientists as well as the central modeling group (see section 3.1). The unit
watershed and stream and lake system models are, of course, integral elements
in the total interface program.

2.2.6. Task 6: Trophic dynamics of lakes

A comparative study of energy and nutrient cycling in four contrasting lakes,
with emphasis on productivity, has been a major focus of the Biome's aquatic
program since its initiation. Detailed objectives have included assessments
of (1) terrestrial influences, including land use, (2) nutrient budgets, (3)
sources of energy to support the food chain, (4) community structure, (5) effects
of food availability on successive trophic levels, (6) effects of fish on lower
trophic levels, (7) effects of anadromous fish on production and lake utiliza-
tion, and (8) outputs to the marine community.

During year 1 fieldwork was initiated on fish populations, chemical budgets,
and primary productivity. A literature survey of Lake Washington watershed
studies was completed. Decomposer studies were organized in conjunction with
the terrestrial program. A preliminary study of the aquatic biology of Findley
Lake was also made. During year 2 fieldwork initiated earlier was continued
and new studies were begun on decomposition and nutrient regeneration processes.

The conceptual and modeling basis of the program has also evolved during years 1

and 2. Initially, general organizational patterns were along taxonomic lines
and a model structure based on trophic levels was developed and evaluated.
During year 2 efforts have been reorganized into three subsystems: water column
processes, bottom-related processes, and higher consumer dynamics. Littoral
zone processes received less attention at the initial stages. Models of optimum
strategies and density-dependent relations were examined and detailed descriptions
of the lakes were completed.
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In years 3 and 4 both research and modeling will follow the three-subsystem
structure (see section 3.6). These subsystems were chosen because the couplings
within each are more tightly linked and the span of time resolutions are more
similar than between the different subsystems. For example, the processes in
the water column involving exchanges between nutrients, algae, short-lived
zooplankton, and bacteria can better be handled by a single team than by several
teams, each interested in a specific trophic level. Further, this information
may have to be handled on a daily or hourly basis, whereas the higher consumer
production, e.g., fish, will be handled on a weekly or monthly basis. Ulti-
mately, the work of these three subsystems will be combined into a larger system
model, which will include exchanges with the surrounding land masses through
the littoral zone (streambanks and lakeshores).

The lake program will not only accomplish the specific task outlined here (a
total system productivity model) but also will provide the necessary data for
examining land-water interfaces (external nutrient sources and their importance)
and for examinations of effects of manipulation (effect of different uses of
surrounding lands) and of succession (eutrophication), since the lakes contrast
sharply in these characteristics.

Modeling support for this task includes both scientist-modelers and a full-time
modeler associated with the central modeling group (see section 3.1).

2.2.7. Task 7: Response of coniferous ecosystems to perturbation

The response of coniferous ecosystems to various types of stresses or manipu-
lations is a major concern of the Biome. The effects of various kinds of
perturbations on the productivity, stability, and diversity of conifer forests
and associated aquatic systems, and the various weaknesses and resiliencies in
these systems, probably constitute the area in our program most immediately
relevant to society's problems. Having concerned ourselves primarily with
relatively steady-state systems during years 1 and 2, the Biome proposes to
initiate some major studies on the effects of various types of perturbations
in years 3 and 4. Although the manipulations selected are typically those
about which questions have been posed, they are not really the object of our
study. We will use them as stresses to better understand how coniferous forests
and various processes function under different environmental regimes, i.e., to
develop and test various ecological theories.

There are several key elements in the proposed perturbation program. First,
much of the manipulative research is planned as a validation of models already
developed, i.e., testing their robustness or ability to simulate a process,
subsystem, or ecosystem that contrasts sharply with the one from which the
model was developed (see section 3.1). Naturally we are concerned with how
well our models predict responses of the perturbed systems. Second, the mani-
pulative research will involve several scales of study, from effects on indi-
vidual processes to total ecosystems with stresses applied in laboratory
experiments, on small field plots, on entire small watersheds, and on lakes.
Some of the studies of effects of perturbation will involve no new fieldwork,
at least initially, but will be based entirely on available data from ongoing
studies and computer simulation. Finally, it should be obvious, given the
manipulations and systems we have chosen for study, that success-in this task
is largely dependent on the activities listed under tasks 2 through 6. Without
reasonably successful operational models of some major subsystems and processes
and of unit watersheds we will have very little basis upon which to develop the
manipulation program we visualize.
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The Biome proposes to consider as major perturbations for study during 1973
and 1974 (1) clearcutting, (2) fertilization, (3) addition of toxic materials
(e.g., heavy metals and pesticides), (4) addition of nutrients to aquatic
systems, (5) fire, and (6) disease.

The research on clearcutting will focus on unit watersheds 10 and 6 at the
H. J. Andrews site. These areas are presently under study as part of the
unit watershed program so that the pretreatment parameter values for com-
partments, transfers, and controlling factors are being assessed. Both of
these areas will be clearcut in year 4 (1974) and additional work in moni-
toring posttreatment conditions will be required. The exact nature of the
required measurements will be determined in year 3 when the mathematical
models we wish to use have become available. We expect to examine system
responses on watershed 10 most carefully, perhaps confining the research on
watershed 6 to effects on major outputs such as streamflow and nutrients.
We also plan in year 3 to do considerable "retrospective" modeling of effects
of clearcutting on system behavior, using data available from watersheds 1,
2, and 3 (two of which were manipulated several years ago) and data gathered
by coordination ecosystem studies. This experience should prove invaluable in
structuring the manipulation program in year 4. Some studies of processes,
compartments, and subsystems in clearcut areas (consumer populations and consump-
tion, vegetation analysis, stream productivity, and structure) is already in
progress or will be initiated in year 3.

Studies of effects of fertilization or nutrient addition on system behavior will
consider primarily effects on primary productivity and biogeochemical cycling,
including decomposition, storage, leaching, and flow rates (see section 3.4).
This work will use data from the extensive series of plots set up in the Cedar
River drainage and adjacent areas. Any additional research funded by the Biome
will involve limited field-plot or laboratory studies. If necessary, data probably
also can be requisitioned from a large-scale (cooperative west coast) forest
fertilization project by several universities, commercial companies, and the
USDA Forest Service, and from two watershed-level fertilization studies being
conducted by the Forest Service.

In years 3 and 4 Biome research on toxic materials probably will be confined
to reviews of the available literature in preparation for simulation studies
following completion of the food chain process and total systems models in 1974
(see section 3.8). Ultimately we want to have a broad ability to predict the
behavior and consequences of additions of various "families" of pesticides and
heavy metals in coniferous forests. We are particularly concerned with their
effects on consumer and decomposer populations and, in turn, on rates of material
flows and stability of ecosystems. We plan to approach this area fairly conserva-
tively, however, because of the large number of research programs already actively
involved; thorough review of available data and present programs is essential
to avoid needless duplication of effort. We should like to obtain basic data
on levels of the major pesticides and heavy metals in various elements (soil,
vegetation, animals) of the intensive study site systems during years 3 and 4.

Biome research on the effects of additions of nutrients and energy to aquatic
systems are as a consequence of land manipulations, integral parts of the four-
lakes (section 3.6), stream (section 3.7), and land-water interface studies
(section 2.4.5). The comparisons planned as part of these programs provide data
that can (and will) be considered from the viewpoint of manipulation as a system
stress.
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The Biome's proposed research effort on fire and disease as system stresses is
a new effort in years 3 and 4 (see section 3.8.3). These are extremely important
influences in the structure and functioning of coniferous forest ecosystems,
but lack of resources forced us to delay their incorporation into the program
until 1973. Review, problem analysis, and modeling research on both fire and
disease will be initiated as part of the Biomewide or extrapolation program and
will take approximately the same form, at least in their early stages. Core
groups have been identified for consideration of fire (Missoula) and disease
(Moscow-Pullman) but will directly involve relevant personnel at the intensive
study sites and in the entire Biome for information and working groups during
1972. Each of the two programs will employ at least one full-time postdoctoral
coordinator and will use reviews of literature, unpublished data, and workshops
to define the roles of fire and disease in the functioning of coniferous forest
ecosystems, particularly as system stresses. A key to integrating this activity
into the remainder of the Biome program is to examine these roles in the context
of the types of systems models and the questions the Biome is asking; i.e., not
taking fire and disease as independent objects of study but determining where
and how they should be considered and incorporated into the remainder of the
Biome program, particularly in the ecosystem models developed at the intensive
sites. Consequently, close coordination between the core groups and intensivesite scientists will be essential, and is a major function of the postdoctoral
personnel.

2.2.8. Task 8: Successional behavior of coniferous forests

Succession, or changes in system structure and function over long time spans,is the second major area (besides manipulation) that was deferred during
years 1 and 2 of the Biome program. The Biome has unique opportunities to
develop and test successional hypotheses by virtue of the very large span
of forest age classes in the region of long-lived conifers; it is imperative
that this opportunity not be lost. During years 3 and 4 we propose to examine
several aspects of successional behavior including the development of a
successional model of coniferous forests, the examination of selected processes
over a wide range of forest stand ages, and the study of lake eutrophication
in both spatial and temporal sequences.

The largest identifiable component of successional research will involve
acquisition of a forest successional model that can predict changes in forest
composition and structure over long time spans in the major coniferous types
of North America. The primary plan is to cooperate with the Eastern Deciduous
Forest Biome in the adaptation of their successional model and acquire the
necessary data base for its validation in western coniferous forests. There
are several other options that will be explored, including adaptation of the
Botkin-Wallace IBM model or development of our own model(s), as is planned in
studying the changing roles of consumers with succession.

Many of the necessary data will be available in year 3 from vegetational studies
at the H. J. Andrews and Cedar River watershed sites. Additional data needs
will be determined by the characteristics of the model(s) developed. In year 4
and beyond data will be collected from the literature and field, if necessary,
for testing the selected model over the entire range of coniferous forest types
found in the Biome.
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Studies of selected system processes, including (1) complexity and redundancy
of detritus systems, (2) ratio of gross and net respiration, (3) nutrient
conservation, and (4) roles of consumer populations, are in large measure
already integral parts of the terrestrial research program at the H. J. Andrews
Forest; i.e., studies that will provide appropriate data are already designed
to sample several forest stand age classes. As additional data needs unique
to the successional modeling research are identified (in year 3) they will be
funded in years 4 and 5.

Succession or the aging process in lakes (eutrophication) is also an integral
part of the existing four-lakes program and is discussed in section 3.6.
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3. RESEARCH PROPOSED AS RELATED TO RESEARCH COMMITTEES

The previous section discussed the biome research program along the line ,of
integrating detailed objectives for 1973 and 1974. The present section
covers the same research but described now as subsystem programs conceived
and assembled by the various research committees and focused on specific
study sites.

The diagram of Figure 3.1 represents the Biome organizational structure as

discussed in section 1.4. This diagram has been reproduced with each sub-
system program description and the corresponding committee in the figure is

shaded for easier orientation of the reader.

Within each of the subsystem program descriptions more detailed subsystem
conceptual model diagrams are presented. The structure, terminology, and
notation of these diagrams is explained in the next section on modeling
management.

3.1. Modeling Mans rat

The main responsibility of the modeling management
group of scientists in the Bi is model assembly.
This includes activities like assembly of simulation
programs, analysis of data to characterize a rela-
tionship of interest, development of theoretical
model structures, and design of sampling and experi-
mental procedures. Other responsibilities are
the indication of data needs and research directions
for further mathematical model developments, and
advice on data management functions such as data
storage and retrieval, statistical analysis, and
key-punching.

Our general objective in modeling is to improve our I'Ces .i

understanding of how large ecosystems, subsystems,
and processes operate, and ultimately to predict
consequences of manipulative actions. Our objectives for 1973 and 1974 are as
follows:

1. Elaborate and refine initial models and field studies of processes and end
total systems developed in 1971 and 1972.

2. Explore the potential for extrapolating these models by attempting their
generalization spatially and temporally, specifically (a) to systems of differ-
ent environment and structure (such as along environmental gradients or across
the Bi ), (b) to systems at different scale of resolution (such as from watersheds
to drainages), (c) to manipulated or stressed systems (such as clearcut areas),
and (d) over long time spans (such as long successional gradients.)

3. Integrate the detailed process models into the modular subsystems of the
ecosystem models.

4. Assist the research teams in the Siome with modeling activltes, specifically
those from the coordination programs.
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The modeling approach and the development of the modeling effort has been somewhat
different in the Coniferous Forest Biome than in other Biomes. In part, this
is because of the different backgrounds of the scientists involved. We are
primarily oriented toward statistics and biometry and toward the modeling philos-
ophy of those fields. Some of the differences are deliberate, however. We decided
early in our program not to reproduce the efforts of the other Biomes, but rather
to concentrate on aspects of ecosystem modeling that we perceived as deemphasized
elsewhere, with the intent of later taking advantage of modeling and programming
developments made by the other Biomes. We have concentrated on developing the
conceptual superstructure of a total systems model and several subsystem models,
and the detailed mathematical structure of several process models.

Ideally, we would like to get to the point that we could spell out certain basic
assumptions and derive a set of equations about the ecosystem. Then, given
the values of a number of initial state variables and external variables, the
complex equations could be solved with an appropriate computer to yield a variety
of outputs. We modify this ideal in a number of ways. For example, we reduce
the size of the system, we alter the time scale, we replace theoretical relation-
ships by empirical ones, we enlarge the number of external variables.

Thus, in the Coniferous Biome, while we work toward larger models, we are still
building models at the tree level of resolution that we believe contribute to
the understanding of basic processes. In fact, a detailed model of a small
subsystem and a low-resolution model of the whole system both contribute to
the understanding of the subsystem and of the whole system. Each has its place.
Further, while we must develop models of the aquatic and terrestrial systems
together, we will, for the same reasons as those stated above, continue to develop
some models on the two systems separately as well as work on the terrestrial-
aquatic interface.

3.1.1. Past and current research

Modeling efforts at the total ecosystem level of resolution have been focused
by Overton on the universe-coupling structure as described by Klir (1969). The
total ecosystem is conceived first as an object with a defined behavior and
a set of properties and attributes, and second as a coupled collection of subsystems
each conceived as an object with a defined behavior and a set of properties
and attributes (Figure 3.2). Applied to successive levels of organization,
this leads to a hierarchial model structure in which one chooses any combination
of echelons or levels of resolution in any particular instance, depending on
the need of the problem addressed in that instance. It is possible, but not
necessary, for the behavioral representation to take the form of a state-variable
(compartment) model so that this approach does not bar us from models of the
exact form used by other Biome groups. We feel comfortable with a little greater
flexibility, however, and think our concern with structure rather than with
variables has given us a useful perspective.

We also feel that the emphasis on the subsystems helps to focus on the problems
of characterizing the holistic properties of the subsystem and of the total
system, which problems we perceive to be central to the Biome's objectives.
Further, the general hierarchial structure and emphasis on elaboration of
system and subsystem holistic behavior allows development of a family of
variable-resolution models, as exemplified in Figure 3.2.
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This structural form evolved during our first year, was formalized in the
series of workshops at OSU during 1971 and was called "Modeling, Round One."
These workshops were formed around subject matter groups (as identified by
the existing Biome structure), and each group meet for three or four con-
secutive weeks. The tasks considered were: (1) identifying the coupling
variables between the particular subsystem and other subsystems, (2) identi-
fying internal structures (sub-subsystems) and the coupling variables among
these, and (3) considering the adequacy and relevance of current projects.
The second round is scheduled for 1972 and will be conducted at both the
University of Washington and Oregon State University. The questions (tasks)
will include (4) generally considering the question of adequate specification
of system behavior and function, and (5) attempting to explicate as many as
possible of the specified relations.

The focus on subsystems (rather than compartments) allows uncoupling of the
various research efforts in such a manner that each group can develop its own
research independently, subject only to the agreed-upon constraints of coupling
specification. To this end we have adopted a convention of diagramming as
follows (see Figure 3.2, and the committee papers in the next section):

1. Systems or subsystems (S) are designated by circles or ovals. A dashed-
line circle encloses a system that is defined according to its internal coupling
structure and relations. A solid-line circle encloses a system defined according
to its holistic behavior and external properties, and includes undifferentiated
processes, flows, and compartments at that level of resolution (echelon).

2. Compartments (C) are represented by rectangle or boxes, maintaining the same
dashed-line or solid-line convention as above. No relation functions are con-
tained in compartments, so that no two boxes connect directly.

3. Relations (R) between systems and compartments are indicated by arrows.
Solid-line arrows indicate material flows (water, biomass) and dashed-line
arrows indicate communications or control relations. The functional expression
for the relation is normally embedded in either of the two connected systems,
however, and there is explicitly defined a variable or set of variables associated
with each arrow. When desired, this variable may be identified specifically by
a diamond in the arrow shaft. Dashed-line communication or control relations
have not yet been fully defined and do not appear in the subsystem modeling
diagrams.

The strategy of general-purpose modular models is reflected in the construc-
tion of two general-purpose simulation programs (Table 3.1). The first (SLIDE)
is a simple 1O-"compartment" linear-state variable model, with constant co-
efficients: x = Tx + z. This may be interpreted alternatively as a difference
model, and one may call it either a difference or differential analyzer.

The second general purpose program (FLEX1) is similar in structure, but (1)
is nonlinear, (2) specifies a memory for accomodation of higher order systems,
(3) is nonstationary (allows time-varying functions), and (4) is strictly a
difference equation program: x(k + 1) = x(k) + 1(k). Two versions of this
program are being assembled, one by each of two programmers. The purpose of
this redundancy is to aid in program validation. One version is currently in
the stage of testing.
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The third program planned for 1972 is a subsystem version of FLEX]; x and T
will be structured (partitioned) into subsystems, so that the cells of the
partition on x represent the external variables of the subsystems, the cells
of M (matrix of past values of x), so partitioned, represent the rest of the
principal variables, and the cells of the partitioned matrix T represent the
relations of the subsystems. Elaboration of a higher resolution of a particu-
lar subsystem, then, involves decomposition of variables and functions into a
more detailed set of variables and functions, which set is also structured
into subsystems.

Modeling efforts at the intermediate community level of resolution have been
focused on specific subsystems. These efforts include the stand growth model
by Waring (section 3.2), the food chain model of foliage feeders by Strand
(section 3.3), the predator-prey model by Mullooly (section 3.3), the aquatic
density-dependent trophic dynamics model by Warren, and the lake system model
by Male (section 3.6).

The lake system model begins with a series of assumptions that may be cate-
gorized as: (1) the response of organisms, populations of organisms, or
communities of species to their environment; (2) the influence of organisms
on the environment; (3) the chemical-physical-biological cycles of those
organic or inorganic compounds that limit or enhance production; and (4)
physical and chemical properties of the environment. From these a series of
submodels is developed--a phytoplankton submodel, a zooplankton submodel,
a limnetic organic pool submodel, a nitrogen phosphorous cycle submodel, and
finally a submodel of the limnetic fish.

Modeling efforts at the individual tree level of resolution have been focused
by Hatheway and associates on the soil-plant-atmosphere process studies by the
University of Washington group of scientists. Similarly, detailed photosyn-
thesis and photosynthate transfer models have been developed by Reed and Webb
at Oregon State University (see section 3.2). Table 3.1 lists the computer
programs developed by these scientists.

Table 3.1. List of assembled model programs in the Coniferous Biome.

1. Budworm. (Strand/Colby) OSU. Prototype model of energy flow through a
.consumer. population under variation in quantity and quality of food
and variation in age/size population structure. Reported.

2. SLIDE. (Overton/Zipperer/Colby) OSU. System of linear difference
equations. A general program for simulation of a stationary linear
''compartment" model. User specifies the initial condition X (o), the
constant adjacency matrix A, the constant driving vector Z, and a time
increment, and chooses a method of integration (either polynomial,
fourth-order Runge-Kutta, or summation if a difference model). Presently
limited to 10 variables. Documented.

3. TPPM. (Hatheway, S. Smith/M. Smith) UW. Terrestrial primary production
model. This is a model of primary production, transpiration, and uptake
as a function of soil moisture status and environmental conditions.
Reported.
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Table 3.1. List of assembled model programs in the Coniferous Biome. (Continued)

4. TRM1. (Mullooly, Higley/Barnes, Newberger) OSU. Trophic relation model 1.
This is a nonlinear difference equation model of biomass and growth over
three trophic levels. The system is driven by a fixed schedule input of
"insects." This program simulates a feeding experiment and is designed
to study density-dependent relations.

5. TRM2. (Mullooly, Higley/Barnes, Newberger) OSU. This is a nonlinear
differential equation model of one predator and one prey species.
Solution is by the fourth-order Runge-Kutta.

6. ALGAE. (Mclntire/Mclntire) UW. Mimic. A nonlinear model of the
interactive dynamics of periphyton and a consumer population (snail)
in a flowing water environment. Seansonal variation in temperature
and photoperiod are explicitly modeled and variable levels of light,
streamflow, and carbon dioxide are allowed. Manuscript submitted to
Ecological Monographs.

7. FLEX1. (Overton/Zipperer, Colby) OSU. A general nonlinear 10-variable,
rth-order difference equation program. This is designed to analyze and
simulate many real problems and to lead to the modular component for the
hierarchical model program to be developed next. Inputs are X(O), M(0),
F = [fij], , z(t), and the model is that specified in section 4.3.1. This
was in the testing phase as of l May 1972.

8. NETC02-WEBB1. (Webb) UW. Gas-exchange model for small plants or leaves
as a function of light and temperature.

9. LLPM (Reed/Hamerly) UW. A leaf-level photosynthesis model as a function
of light, temperature, stomata) and internal resistance to diffusion, and
external CO2 concentration.

10. ---- (Fowler) UW. A streamflow groundwater evapotranspiration model applied
to Fern Lake.

11. MIMIC (McKenzie/Taub) UW. Algae predation. A model of algal density
in continuous cultures as influenced by predation, light intensity, nutrient
concentration, and flow rate.

In addition to these, the information bank has acquired the following programs
that are relevant to the ecosystem modeling effort.

MANAGD (Meyers) Simulating the management of even-aged timber stands. USDA
Forest Service Research Paper RM-42, 1968. Rocky Mountain Forest and
Range Experiment Station.

TEVAP (Meyers) Computer-assisted timber inventory analysis and management
planning. USDA Forest Service Research Paper RM-63, October 1970. Rocky
Mountain Forest and Range Experiment Station.
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Table 3.1. List of assembled model programs in the Coniferous Biome. (Continued)

PURDUE UNIVERSITY FOREST MANAGEMENT GAME (Bare/Hall) Simulating the operations
of an industrial forest property based upon various biological and financial
factors, looking at the short-term consequences.

PURDUE UNIVERSITY FOREST MANAGEMENT SIMULATOR (Bare) Simulating the operations
of an industrial forest property, based upon various biological and
financial factors, looking at the long-term consequences.

JABOWA (Botkin, Janka, Wallis) A Northeast forest growth simulator.

OSU programs are in Fortran, CDC 3300; UW programs are in Fortran, CDC 6400,
unless otherwise specified. Programs are identified with (principal modeler/
programmer).

Hatheway and associates have been constructing a computer simulation model,
which is intended to represent the processes of a very small forested area over
time periods of a few hours up to a few days. This model was evolved from
models that describe physiologically significant processes in woody vegetation:
photosynthesis, transpiration, uptake of water and nutrient elements by roots,

their transport to leaves and storage tissues through the vascular system of

the plant, and mobilization of the products of photosynthesis and their deriva-
tives in growth and reproduction. The model complements and provides a unified
conceptual framework or theory for the physical process studies being conducted
at the Allan Thompson Research Center, Cedar River watershed.

The first version of the model consisted of a selection of published process
models and others intended frankly as stopgaps, which enabled us to produce
computer output. In consulation with experimental scientists we have identi-
fied important deficiencies and are taking steps to correct them. In the

first part of 1972 our attention has been directed to improving process
models describing photosynthesis and respiration (Reed), water and nutrient
transport in soils (Hatheway, Machno, Hamerly), and in the vascular system of
trees (Winter, Hatheway).

The computer model, which is written in Fortran IV, consists of a number of
subroutines connected by "common" statements. Each subroutine represents an
identifiable physical or biological process. Because each subroutine is
separate, it can be modified or completely altered without disrupting the per-
formance of the rest of the model. Inputs to the model include measured
variables of the physical environment such as weather station data. Outputs
include rates of photosynthesis and transpiration in several canopy layers,

rates of uptake of water and nutrients, and descriptions of movements of the
water and nutrients in the soil and trees. The model is documented by a mimeo-
graphed description, which is modified from time to time as subroutines are
added or altered.

Work is continuing during 1972 on the main photosynthesis model and on some
important submodels such as those having to do with stomata] aperture and leaf
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temperature, as well as the respiration model. Also, while the movement of
water through the soil and into the tree are reasonably well understood, the
movement up the stem to the leaves is not fully understood. More complex is
the movement of nutrients in the water, which depends on subtle chemical,
biological, and physical interactions in the soil and in the root system. While
this aspect of modeling at the tree level will be explored, it seems at the
moment to be largely limited by lack of proper observational data.

3.1.3. Proposed research

In the 1973/1974 Biome years we plan to construct a computer program for a
total forest ecosystem using the conceptual structure outlined above and the
programming capacity developed elsewhere (probably that from the Grasslands
Biome). In this perspective, and against the background of development in
computer program assembly elsewhere, it is our belief that the technical
computer aspects of the program should not dominate the modeling effort. Our
problems are primarily specification of conceptual structures and our major
needs are for expanded attention to these structures and to active participa-
tion with other subject matter groups.

We do need some expansion in the data analysis--parameter estimation--functional
model selection area. This area of model fitting is in a sense a middle ground
between modeling management and data management. Our overall strategy is to
provide a good library of statistical analysis and parameter estimation routines,
and the technical services to use these properly. As an example, a general
multiphase variable probability sampling and estimation routine has been con-
structed at OSU (Overton/Colby) that is oriented to many of our sampling and
biomass studies. Such a program can be used efficiently only if the capacity
to structure particular problems in the general form is provided.

Our goal is the development of a general-purpose program reflecting the model
structures we are now using, and such that any specific model can be transformed
into this structure. Toward this end we now have developed two prototype models;
the first is linear and first-order, the second is nonlinear and higher order;
each requires only specification of all relations. To this set we intend to
add the model form developed by the Grasslands Biome. Bledsoe is currently
working with Male on application of this unit at Washington. The next step
will be development of an overall program to operate at several echelons,, as
exemplified in Figure 3.2. This should be operating by the end of the summer
of 1972. By the end of 1972, we will have operating models of all systems
at echelon 2 (based on the unit watersheds and on the lakes studies) and, for
each of these, at least one operating subsystem model at echelon 3. Simultaneously,
the process modelers are working upward from the lower levels of the hierarchy,
e.g., from leaf to tree to stand level of terrestrial primary productivity
(echelon 5); this is discussed further in the section on process modeling.

We will also expend additional effort on an elaboration of the conceptual basis
and on the development of strategies for studying and characterizing the behavior
of models. Current model forms are dynamic, but there are as yet no structural
provisions for changes in composition or function as a result of influences
such as fire, disease, animal influence, or man-oriented manipulation. Task
8 for 1973 and 1974 (see section 2.2.8) requires elaborations of model forms
to allow such influences as well as forms to account adequately for successional
dynamics.
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Some specific efforts will be directed primarily toward successional and develop-
mental terrestrial and aquatic ecosystem behavior (Franklin, Taub et al.).Current
progress in static aspects is sufficient that we now may consider dimensions
of time and space. In this there is little background information to draw from,
either in the general literature or emerging from other Biome programs, and
we do not know what directions will be most rewarding. The prevailing terrestrial
successional models (e.g., the IBM/Hubbard Brook model) are interesting but
not completely adequate for some of our purposes. Some effort will be made
to adapt these existing models for some specific needs, but additional effort
in the direction of different types of successional models must be considered.

We can, however, identify several specific directions that will guide our thoughts
and research: (1) We should like to develop the concept of comparative ecology
in our modeling efforts. (2) We will make a strong effort to elaborate the
paradigm of the ecosystem as an object, and develop conceptual model structures
representing its holistic behavior and its universe-coupling structure. (3)
We will expand our efforts on patterns of successional development, the manner
in which environmental factors and system components influence these patterns
(see section 3.8), and on model structures that allow adequate representation
of these processes. Considerable effort will be made under point (3) to assist
the coordination programs with our modeling expertise. Specifically, the problem
analyses of the roles of fire, disease, and historical climates in forest eco-
systems will receive special attention, in both conceptual as well as mathematical
modeling.

While work at the community level of resolution is beginning in 1972, much will
remain to be done in 1973/1974. At the tree level the loss of material from
the tree can be neglected, but this loss and the consequent decomposition
processes must be part of the forest stand model (Grier, Ballard). Also the
tree-level models can treat a single tree but the stand-level model must deal
with the interaction between trees of the same species and the competing species.
We hope to develop models that go from the basic input variables (precipitation,
insolation, soil characteristics, and so on) to produce as output stand growth
in various categories. Previous to this, however, and particularly in 1973,
it will be necessary to emphasize a model that uses data from process studies
(i.e., photosynthesis, nutrient uptake, and respiration) at the tree level in
conjunction with biomass and structure data to yield stand growth predictions
(Reed).

The terrestrial-aquatic interface subsystem model and the separate system models
have been under development for some time using the available data of Fern Lake,
which has been studied as a whole system for many years. Despite this fact
the construction of the model reveals many inadequacies in the data. These
make the development of the actual model difficult, but we expect to have it
completed by 1973 (Chapman). At the same time the model will usefully guide
observations at Findley Lake and then will be adapted to the terrestrial-aquatic
interface model in late 1973 and 1974 (Olson).

An array of subsystem models at the community level of resolution will be developed,
tested, and expanded to a Biomewide basis, as discussed by the various subject
matter committees in the next subsections. Testing and validation of these
models will often be by mutual exchange of data between the two intensive sites.
Expansion and extrapolation of the models will be based on the information to
be gathered by the various coordination programs. These subsystem models include
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the stand growth and environmental grid models by Waring and Emmingham, the
consumer food chain model by Strand, the nutrient cycling models by Cole, the
decomposition modeling efforts by Grier and Ballard, the hydrologic model refine-.
tnents by Riley and Harr, the meteorologic forest stand models by Fritschen and
associates, the lake system and subsystem models by Male, and the stream system
models by Warren, Sedell, and others.

Modeling efforts proposed for 1973/1974 at the tree level of resolution will
concentrate on the improvement of several important process submodels (Hatheway).
The degree of resolution required in the soil system remains uncertain but it
is hoped that modeling during 1973/1974 will assist us in understanding this
part of the tree model. It is proposed to extend the present models to include
abiotic processes such as transport of water and nutrient elements in the rooting
zone of a forest soil (Cole), and distribution of sunlight and circulation of
air in forest canopies (Fritschen). We will concentrate on submodels representing
physical processes in the atmosphere. Special attention will be given to parameter
estimation and model validation at the Allan Thompson site. We are not certain
that this detailed model will be useful in broader stand, watershed, and ecosystem
models, but we will study ways of simplifying it to these ends.

Another phase of the modeling at the tree (or plant) level that will be explored
is the relationship between photosynthesis and the disposion of the photosyn-
thate (Webb).

A summary of proposal research appears in Table 3.2.

Table 3.2. Summary of modeling studies.

Investigator(s) Institution Title

Chapman/Hatheway/ UW, OSU System modeling, sampling, and
Overton parameter estimates (1)

Warren OSU Trophic relation model based on
density-dependent processes (2)
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3.2. Terrestrial primer Aroductlon

Conceptually, terrestrial primary production covers sub-
systems of the terrestrial biotic system $s. Thus there
are external couplings to the atmospheric environment E
and to the hydrologic, lake, and stream systems.

Internally, terrestrial primary production Is structured
for ecosystem modeling into a process subsystem Sag,
which is linked to a compartment C21 representing the
bi ss and structure of forest communities (Figure 3.3).
i ss and structure influence the production processes

and the food available to consumers. They provide basic
input to the subsystem entitled litterfall S2,. The
structural relationships defined In Figure 3.3 Indicate
the committees' responsibilities within the total research
ffort. There is a direct link to the soil interchange

and uptake subsystem Sxs as It Influences nutrient
availability in the rhizosphere.

Research and modeling activities are conducted at different levels of organize-
tion and resolution, as outlined below.

Echelon Or"nization

0 communi ty

Overstory,
understory,
ground vegetation

Species of trees
or other plants

Resolution

Referenced to pology and seasonal
activity

Referenced to phonology and seasonal
activity

Referenced to daily or seasonal
activity

Referenced to hourly or daily responses

C ents of Referenced to responses In minutes,
organisms hours, and days

Individual
organisms

Major Inputs to the primary productlem processes come from the atmospheric
environment in the form of light, temperature, Ca, and water vapor, and from
the soil in the form of nutrient and water uptake. A diagram of an Initial
structural model Is presented in Figure 3.4. The scope of process studies an
photosynthesis, respiration, translocation, and transpiration in representative
conifers Is designed to promote understanding of the physiological control of
biomass and forest community structure In the Blome. Research at different

-organizational levels should allow an understanding of Important processes and
how they relate to the development of individual trees, as well as establish
relationships among trees and with the entire vegetative community.
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A brief summary of some recent research indicates how studies are being inte-
grated. Terrestrial process studies concentrated at the Thompson site
indicated that considerable assimilation occurs during the winter under rela-
tively low light and cool, but not freezing, temperatures. During the summer
months, even in the relatively moist Pacific Northwest, water stress may become
limiting for photosynthesis during clear, warm days. Maximum daily C02 assimi-
lation was recorded on overcast, cool days. These observations strengthened
the belief that year-round evaluation of environment and photosynthetic response
is a necessity in the Coniferous Forest Biome. The effects of various environ-
ment stimuli upon productivity processes were evaluated, not only though obser-
vation of carbon dioxide exchange, but as they influence foliar nutrition,
phenology, cambial activity, stomata] response, and growth. Through such
process studies, interpretation of environmental influences upon biomass and
structure were preliminarily established and with refinements will be the basis
for treating spatial diversity across watersheds and the entire Biome.

3.2.1. Past and current research

Vegetation classification has been completed at Findley Lake and the Andrews
site (Figure 3.5). Soil-vegetation mapping of watersheds 1-3 and 6-8 of
Findley Lake is complete. Environments representative of the major community
types (reference stands) at the Andrews site are being evaluated in terms of
air, soil temperature, plant moisture status, and soil properties. Under-
story vegetation was periodically sampled for nutrient content as unrelated to
phenological development. The moisture gradient represented in Figure 3.5
relates to the stress reached during the summer as reflected by predawn
measurements on 1- to 2-m-tall conifers. In normal years the driest sites
approach 24 atmospheres stress. From such data and from the experience of
previous studies, it appears possible to predict forest composition and indexes
to productivity through the measurements of moisture stress patterns, absolute
humidity, and air and soil temperature. The reference stands, with their
supportive, descriptive, and environmental data, also provide a sampling grid
or series of sites encompassing the major variations in community structure,
productivity, and environment at the Andrews site for studies of productivity,
consumers, and biogeochemical processes.

Extensive review of the literature on biomass measurements of tree components,
foliage, stems, and roots has been completed. This review revealed that our
knowledge of large trees is extremely limited and that sampling procedures
appropriate to old-growth forests must in many cases be modified or developed
anew.

Two nondestructive approaches were investigated, one involving theodolite
measurements on trees at the Thompson research site and another taking advantage
of the climbing techniques developed by the epiphyte sampling group at the
Andrews Experimental Forest. The latter technique allows description of branch
distribution and foliage area (see example in Figure 3.6).

Through the efforts of Hatheway, Reed, and Webb, the modeling structure has
progressed in the study of photosynthesis. An operational model also has been
completed for the movement of water through the soil and plants. Detailed
abstracts of this progress are part of the second volume of this proposal.
The reader is referred there for additional information.
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This year the process studies are still focused upon Douglas-fir and, in particular,
carbon dioxide assimilation in both exposed and shaded foliage at the Thompson
research site. In addition, model structure is being tested from excellent data
available through a joint German-U.S. IBP study. Also at the Thompson site,
transpiration is being measured simultaneously by cuvette, by weighing lysimeters,
and by injection of tritiated water. The cuvette measurements for both C02
assimilation and transpiration are being compared with the aerodynamic approach
being used by the biometeorologists.

Biomass and structure research is undergoing a major expansion in year 2 and
involves biomass, productivity, and nutrient capital analyses of all plant
components. The climbing technique is the primary approach in developing data
for biomass prediction on aerial portions of the large, old-growth trees,
although tritiated water, theodolite, and total destructive techniques are
also being evaluated. Several techniques for measuring root biomass and pro-
ductivity are being explored. In a cooperative effort with Japanese IBP
scientists, destructive analyses of younger (130-year-old) Douglas-fir, western
hemlock, and subalpine forest will produce biomass, nutrient capital, and
productivity data for this important intermediate age class. The first-order
estimates of biomass, productivity, and nutrient capital will allow linkage of
the primary production process studies to stands as well as provide necessary
inputs to the consumer and biogeochemical programs.

Site description and environmental monitoring is continuing at both intensive
sites. A vegetative reconnaissance of the Cedar River drainage is under way.
At the Andrews site the quantitative descriptions of the community types and
a mapping of the experimental forest is under way. The largest descriptive
activity involves watershed 10 and the reference stands at the Andrews Forest.
Environmental monitoring (e.g., air and soil temperatures) is continuing in
these areas. Stem mapping of all trees (>15 cm d.b.h.) and detailed vegeta-
tion mapping will be completed on watershed 10 and will provide the data on
height, diameter, and density needed for estimates of biomass-productivity-
nutrient capital and for biological stratification of the watershed. Similar
work on the reference stands, which have proved to be key sampling areas, will
provide necessary biological and environmental descriptions.

The program of biomass analysis in years 3 and 4 will complete the analyses
of aerial portions of the major tree species and size classes at the intensive
sites. These will refine and extend the year-2 research. Research on root
biomass and productivity will continue based upon the experience with soil
core and excavation techniques developed in year 2, and will focus increasingly
upon the fine root fraction and its relations with more easily measured (i.e.,
aerial) parameters. The techniques found in year 2 to best balance efficiency
and precision will be used for planning future efforts with coordination programs.

Environmental monitoring essential to other portions of the program (including
the environmental grid) will continue at the intensive sites, including reference
stands (additional supporting projects for the environmental grid are discussed
under the coordination program). Vegetative characterization will continue but
will deal increasingly with specific needs related to manipulation and succes-
sional studies. Forest successional modeling will be initiated and will include
testing of models developed elsewhere as well as some conceptualization of new
model structures that meet the Biome's specific needs.



3.13

3.2.2. Proposed research

To accomplish the aims of predicting stand structure and biomass through an under-
standing of physiological processes, two major modeling approaches are being
followed, representing different levels of resolution. The first involves an
intensive budgeting of the energy captured through photosynthesis and its storage,
translocation, and incorporation into new tissues, as well as loss from respiration.
The other approach relates to stand characteristics correlated to various
plant response indexes, which are in turn a function of physiological process
models (Figures 3.7). In order to use these two approaches in modeling
primary production both on watersheds and across the Biome, additional species
such as western hemlock, ponderosa pine, and subalpine fir will be intensively
investigated in the future. In addition, old-growth Douglas-fir will be compared
with response data from younger trees. Translocation studies with labeled C14
are helping not only the detailed process modeling but also in the understanding
of the correlation model predicting phenological development of young trees.

Some mineral nutrition studies will be initiated to assess particularly the
limitations of nitrogen upon assimilation at the Thompson site. In order to
provide a model for transpiration, leaf resistance will be estimated in conjunction
with other physiological studies. In this way the control exerted by the plant
upon transpiration may be evaluated. This information is necessary to complete
the hydrologic model and to assess the state of water in the soil available
to the plant. Links to other process committees are also involved. With the
decomposer group, we must coordinate respiration research; with biogeochemical
cycling, the uptake of nutrients is of joint concern. The consumer group requires
information on the phenology of understory plants and also the nutritional eval-,"i
uetion of food qualities. The biometeorological group, in conjunction with
planned measurements of radiation, temperature, carbon dioxide, and water vapor,
will establish a special monitoring point one meter above the soil surface.
This will be helpful in evaluating the zone closest to that affecting decomposition
of litter and establishment of tree seedlings and understory plants. The
detailed physiological studies on a few important species are providing critical
insight for developing general models of primary production for whole communities,
and will be increasingly valuable for interpreting and predicting the influence
of man upon forest ecosystems.

The basic program of biomass analysis for 1973/1974 will inventory both old-
growth (450-year-old) Douglas-fir trees and second-growth (140-year-old) Douglas-
fir and hemlock trees growing on the Andrews Forest. Through these studies,
the establishment of efficient and precise sampling techniques will be developed.
Techniques in tree climbing, root core sampling, and excavating all will become
perfected during the coming year. Forest succession modeling will enter an
initial state based on accumulation of past data. Investigations proposed in
1973/1974 are summarized in Table 3.3. Additional supporting projects for the
environmental grid are listed under the coordination program.
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Table 3.3. Summary of terrestrial primary production studies.

Investigator(s) Institution

Helms

Reed

Scott/Walker/Reed

UC

Berkeley

UW

Waring/Emmingham 0SU

Title

Physiological processes within the
mixed conifer forest of California (3)

Photosynthesis modeling at the leaf,
tree, and stand levels (4)

Assimilation in water relation
studies (5)

Phenology and stand growth model
based on environmental-plant
indexes across the Biome (6)

Webb 0SU Assimilated carbon transfer and
utilization within a tree: Modeling
the environmental controls (7)

Bell/Lavender OSU Biomass determinations in coniferous
stands on the H. J. Andrews Experi-
mental Forest (8)

Franklin et al. OSU Successional changes in composition
and structure of coniferous forests
(9)

Hermann OSU Root biomass of old-growth Douglas-
fir (10)

Scott/DelMoral/Franklin UW Structure and biomass of plant
association types of Cedar River (11)

Zobel/Dyrness/Franklin OSU Site characterization, biological
and environmental monitoring, and
mapping (12)

Koch/Walker/Waring UW, OSU Physiological process studies on
old-growth Douglas-fir*

Dependent upon the participation of Dr. Werner Koch from the University
of Munich, Germany.
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3.. food Chain Processes

The food chain subsystem Sts is part of the terrestrial
biotic-system (Figure 3.8). It receives plant material
from the biomass and structure compartment C11, with

spatial distribution, palatability, and nutritional
composition of the food materials as key factors. Some
organisms cat fungi and bacteria which appear as an out-
at of the Interchange-and uptake system S. Detritus

also is a food base for many organisms and all, of
course, return material to that compartment, Cat.

Although consumers in the coniferous forest ecosystem
do not account for a significant amount of standing
bi ss, they cannot be assumed to be of little Impor-
tance to this ecosystem. Consumers have coevoived with
other components of natural ecosystems, and these other
components are influenced and sometimes controlled by
consumer activities (not only feeding). During early stages of succession,
preferential feeding behavior by consumers may account for variations in
vegetational composition and may change the direction of community develop-

nt. The effect of herbivores is most evident during their population explo-
sions. These epidemics may function to improve conditions for understory trees

by killing overture trees, as in the case of spruce budworm in the spruce-
fir forest of eastern North America. The control function or role of consumers

is perhaps least evident during endemic periods in the relatively stable old-
growth forests of this blame. Even here, however, detritivores exert an
influence over the rate of decomposition and hence affect nutrient cycling by
reducing detritus particle size.

Another aspect of their importance in ecosystems studies is as detectors of
environmental stresses. We can identify abnormal changes in consumer popula°°
tions that can indicate to man when an ecosystem is being stressed, i.e., using
consumers as stress indicators. Hence studies of their functioning in the eco-
system are of profound practical value as the impact of man on natural systems
increases.

3.3.1. Past and current research

ft ring year 2 we began formulating the bes!w philosophy expressed above. Many

of our conceptualizations changed as we discovered inherent difficulties or
inconsistencies in them, and we have reorganized our research program in accord
with. our conceptual changes. Major emphasis has been on development of model
structures that focus attention on the influence of consumers on the other

vats of the ecosystem. Rather than use the classical trophic level
approach, now see the consumer system as divided into food chains based on a
partitioning of the primary food resource (Figure 3.9). This stratification
emphasizes the routes of influence between the consumers and other ecosystem
c., ents. Our basic division is into grazing and detritus food chains.

These subsystems have been further broken down into sub-subsystems. The grazing
food chain yields four subunits based on a stratification of the basic food
resource: (1) canopy herbaceous material food chain, (2) understory herbaceous
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material food chain, (3) woody material food chain, and (4) root (subterranean)
food chain. The detritus food chain is divided into two subunits based loosely
on particle size: (1) coarse detritus (standing and down), and (2) fine detritus.
Each food chain contains primary consumers and the secondary consumers that prey
on them and on each other. Although the set of primary consumers is fairly
unique to each food chain, common predators do occur and form the basic couplings
between the subsystems. These ideas are further explained and a conceptual
model of the forest canopy food chain is given in a paper by Strand and Nagel
(1972).

A prelude to the assembly of the models of these subsystems, consumer research,
during years 1 and 2 of the program, has focused primarily on inventory of
consumer populations at the intensive sites with considerable emphasis on the
definition of important function groups. In year 2 we initiated modeling and
literature review activities on the control function of consumer populations,
and on the role of consumers in energy and material flow. The data from the
Cedar River intensive site are summarized in a paper by Taber et al. (1972).
Literature review on small mammals was completed by Black (Biome Internal Report
10), and an annotated bibliography concerning the role of foliage feeding insects
was compiled by Strand (1972, Biome Internal Report 37). A prototype biomass
transfer model of a spruce budworm population was formulated by Strand using
information from the literature. This model was used to investigate model struc-
tures and to define the processes appropriate to energy transfer. A litter
layer arthropod model has been developed by Strand and White to further explore
ways to increase the level of reality in our models.

Modeling workshops are being held jointly by researchers at the University of
Washington and Oregon State University for joint conceptualization and sharing
of data to build simulation models. The first workshop is considering the
understory vegetation food chain. The fine detritus and the live woody material
food chains will also be the subject of workshops. It is hoped that energy/
material flow models of these food chains will be developed by the end of year 2.
When further on-site research in cooperation with Japanese scientists provides
better parameter values, these will be incorporated into the models.

3.3.2. Proposed research

In years 3 and 4 the Biome has selected as one of its tasks further descrip-
tions of consumer food chains in coniferous ecosystems, with the ultimate objec-
tive of predicting how a given material (including toxic substances such as
pesticides or heavy metals) flows through these chains (see section 2.2.3).
This work builds well on the year-1 and -2 activities, since the initial models
formulated in our workshops will be based as far as possible on data from the
intensive study sites. The research for years 3 and 4 has been organized into
areas of responsibility based on these food chains. In Figure 3.10 the projects
are identified according to their appropriate areas. Although the researchers
have specialized on types of consumers, their responsibilities will extend to
the related members of the food chain. They will be the primary participants
in the modeling workshops along with outside consultants. We have intensively
covered the food chains where the areas of our specializations lie. We recog-
nize that in the future changes in emphasis in our research must occur to
provide insights into the food chains not intensively covered now. The modeling
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activities concerning these food chains will use information from the liter-
ature and outside consultants. The cooperation of researchers from the biogeo-
chemical cycling committee, who are concerned with litter consumers, will aid
in the conceptualization and later parameterization of the detritus food chains
(see section 3.4).

Responsibility for the canopy food chain is shared by two projects. Herba-
ceous insects, which probably make up the majority of the grazers, will be
studied by Nagel/Daterman/Wickman. Both laboratory and field studies are
proposed to discover growth rates, ingestion rates, and transfer rates of Na,
Ca, K, N, and a heavy metal by a representative species, and spatial distri-
butions and densities of canopy insects in general. Continuation of the bird
survey work at the H. J. Andrews intensive site will be made by Nussbaum.
Densities, species diversity both spatial and temporal, and secondary produc-
tivity will be estimated for dominant taxa.

Large mammals including elk, black-tailed deer, and snowshoe hare of the under-
story vegetation food chain will be the topic of investigation of Taber/
McCaughran/Weisbrod. Population estimates will be used to estimate biomass
and, with the knowledge of metabolic expenditures, energy flow will also be
estimated. Food habits, consumption, foraging stratum, body composition, life
expectation, and patterns of waste deposition will be investigated for the
major species. Through exclosure samples, estimates of the impact of consump-
tion by these mammals on producer species will be made at the Cedar River site.
At the H. J. Andrews site, Nussbaum will investigate the stream-associated
amphibians and make estimates of amphibian-related energy flow across the
aquatic-terrestrial interface. Spatial and temporal distributions, densities,
and food habits across elevational, moisture, and successional gradients will
be found for amphibians and reptiles. Surveys of small mammals will be con-
tinued. Invertebrates will be surveyed by Nagel/Daterman/Wickman.

Since bark beetles are the primary consumers of woody material, this food
chain is the responsibility of Gara/Pitman, who will analyze the insect-host
interactions that transform Douglas-fir into a major food source for these
insects. The effect of host vigor and.food quality on the aggregation of
insects (primarily scolytids) will be studied. Energy transfer from host
material to insect biomass will be based on the host selection and coloniza-
tion efficiencies of the various insect herbivores at the Cedar River site.

The subterranean food chains feeding primarily on roots will be followed more
completely in future years; however some initial attempts to collect subter-
ranean insects will be made by Nagel/Daterman/Wickman.

Fine detritus food chains will be investigated by cooperators in the biogeo-
chemical cycling committee.

Extension of the previous year's modeling efforts will be made by Strand
(see section 3.1). All food chains will be investigated by at least coarse-
level models. The modeling project will also begin development of the concep-
tual basis for modeling the role of consumer organisms as an interactive
force in successional dynamics. Prototype models of energy flow through the

consumer subsystem during successional stages will be developed. These
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prototypes will be expanded into a general model for successional dynamics of
consumers. Their effect on the succession of other organisms will be an
important aspect of the model (section 2.2.8).

A summary of proposed research appears in Table 3.4.

Table 3.4. Summary of food chain processes studies.

Investigator(s) Institution Title

Gara/Pitman UW Processes of energy transfer
associated with insects infesting
Douglas-fir of the Cedar River
watershed (13)

Nagel/Daterman/ OSU Insect herbivores in Douglas-fir
Wickman forests, with special emphasis on

energy and material flows (14)

Nussbaum 0SU Survey of vertebrate populations
in coniferous forests of the
western Cascades (15)

Strand/Overton/ OSU Role of consumers in successional
Nussbaum dynamics (16)

Taber/McCaughran/ UW Terrestrial vertebrate consumers
Weisbrod of Cedar River intensive sites:

Parameters for modeling (17)
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,3. i eochai processes

Biogeochemical processes encompass all of the terres-
trial biotic system and the hydrologic system as well
(figure 3.11). The hydrologic system is useful in
describing budgets and balances, while studies of the
terrestrial biotic components help us to understand
the mechanism through which nutrients are made available
and yet not lost from coniferous systems. Although the
entire terrestrial biotic system is involved, this com-
mittee's research is concentrated upon evaluating decom-
position and weathering, together with the chemistry of
the soil solution including leaching and nutrient inter-
;change and uptake processes. Organic materials produced
by litterfall and death of other organs or organisms, as
well as waste material from animals, are also of interest.

The resolution of some process studies must be sufficient
to provide Information on some very rapid transfers between compartments or
subsystems. Also, the goals of modeling processes, stands, watersheds, and
drainage basins require different kinds of spatial, temporal, and structural
resolution.

3.4.1. Past and current research

Up to the present time, virtually all fieldwork in nutrient cycling has been
centered at the Thompson site in Washington and watersheds 9 and 10 on the
Andrews site in Oregon. These areas together offer the possibility for studies
of detailed processes as well as spatial diversity. As initial objectives are

t other areas across the Blame will be involved. Some summarization of
information from other sites in the Blame has already been completed. In
Alaska, Van Cleve analyzed data and formulated models relating loss of wweightv
energy, and selected nutrient elements from birch and aspen litter to time.

inka compiled and summarized existing data on standing elemental balances from
coniferous ecosystems throughout the United States.

The program planned for year 2 was designed to provide Information for coaarse-
asolution models for nutrient capital of components and rates of transfer
et en components of undisturbed systems. This research may be conveniently
teagorized under the following general headings: (1) description of soils

nd geology, (2) measurement of nutrient capital of soft and forest flow, (3)
asurement of nutrient return to the forest floor, (#) release and retention

f nutrients in surface soil and forest floor, and (5) rate of nutrient transfer
tweets terrestrial and aquatic systems.

ntensive unit watershed studies are under way at watershed 10 (Andrews Forest)
nd Findley Lake (Cedar River). While the present work on watershed 10 1s
Imed toward elaboration of a coarse-resolution model of water and nutrient
ycling, studies at Findley bake are largely concerned with the terrestrial-

auaatic interface. Information necessary for modeling the geochemical cycle
in watershed 10 is now being collected and involves a large number, of watershed-
level parameter estimates. Some of the more important are estimates of total
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biomass and nutrient content of vegetation, amounts of nutrient elements in
the soil, nutrient input by precipitation, and transfers by litterfall. Ratesof litter decomposition (primarily Douglas-fir and hemlock) are being deter-
mined on a weight loss basis as are rates of nitrogen loss and mineralization
of other minerals. In addition, the biomass, nitrogen content, and nitrogen-fixation rates are being determined for common species of epiphytes.

At the Findley Lake watershed a number of the critical inventory estimates have
been completed in the initial year of this program. These inventories within
the terrestrial component of the system include the soils, geology, and vegeta-tion. Reports and maps of these terrestrial features are now available.

Studies concerned with the description of soils and geologic materials for
purposes of basic stratification have been or are being completed at all
sites; e.g., estimations of nutrient capital in soils and forest floor are
being developed at Findley Lake and intensively studied areas within the
Andrews Experimental Forest; data of this type are already available at the
Thompson site. Measurements of nutrient return from the forest to the forest
floor are being made at the Andrews and Thompson sites. Release and retention
of nutrients in the surface and forest floor are also currently under investi-
gation at both sites. The rate of nutrient transfer between undisturbed forest
and the aquatic stream system is focused mainly on watershed 10 at the Andrewssite. Similar studies of transfer to the lake system are under way at Findley
Lake in the upper Cedar River watershed.

Work in terrestrial decomposition for year 2 is aimed at developing a better
understanding of the decomposer subsystem in all aspects necessary to build
realistic models capable of predicting effects of perturbations. The three
basic elements in year-2 research are (1) identification of the major groups
of microorganisms involved, (2) identification of the substrates consumed and
products released by the major groups of organisms and the rates at which these
transformations take place, and (3) determination of how environmental factors
influence the growth and metabolism of the major groups of decomposers.

Nutrient.release accompanying decomposition is being studied on living plants
including separate considerations of wood, foliage, and roots. Studies on
decomposition of nonliving materials are being conducted with soluble organics,
foliage and epiphytes, roots, and wood. Other studies include decomposition
and movement of materials between litter and soil by invertebrate fauna;
nitrogen transformations in epiphytes, litter, and soil; oxidation of organic
matter using estimates based on respirometry for wood and litter; and release
and accumulation of CO2 by the soil and litter decomposers and their effect on
the soil solution within the soil profile and stream systems.

3.4.2. Proposed research

For the most part, the research objectives for the committee are spelled out
in research tasks 2 and 4 (see section 2.2). In addition to the above tasks,
we are also expected to have some input to satisfy objectives 5, 7, and 8.

The focus of the year-3 and -4 program will be on the understanding and modeling
of total ecological units. These studies will be organized at several levels
of resolution: (1) specific process studies focused on understanding critical
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reactions, accumulations, or transfers within the ecosystems; (2) stand-level
studies for understanding the behavior of uniform ecological areas; (3) drainage
basin studies for understanding the behavior of total geographic units of land
and the interface between the terrestrial and aquatic environments; and (4)
extrapolation studies to large drainage basins and to the total Coniferous Biome.
This program will extend the above studies in a general way to the Biome asa whole.

Probably the most important consideration facing this committee is linking
together the biological and physical processes in the form of some type of total
systems analysis. At the special request of the Biome, Mark Behan from the
University of Montana and Tim Ballard from the University of British Columbia
have agreed to catalyze efforts to make this linkage. It will not be adequate
in the year-3 and -4 program simply to study in an isolated context the biogeo-
chemical processes and functions. Rather, these studies will have to be a part
of broader programs involving the understanding of total terrestrial units orthe linkage of terrestrial and aquatic environments. It is for this reasonthat specific attention will be paid to mechanisms, both biological and physical,
affecting the chemistry of solutions within the various ecosystem components and
as they move within and through the ecosystem itself.

In large part the research program designed for years 1973 and 1974 constitutes
a continuation of an already strong program in biogeochemical processes initi-
ated in 1972. In 1973 and 1974, however, more emphasis will be placed on finerresolution studies in an attempt to identify those mechanisms that most strongly
affect the chemistry of solutions. In addition, the proposed 1973/1974 research
package includes studies in several areas that have not previously been inves-
tigated despite their possible crucial importance to our efforts to model bio-
geochemical processes. We have attempted to include studies of all those facets
of nutrient cycling that may have an important bearing on successful modeling
or integration with other work of the Biome.

In the geochemical area, basic inventories of the soils or geology are either
under way or will be initiated in 1973 at both the Andrews and Cedar Riversites. Mapping of the surface geology of the Cedar River area will be completed
in year 3 with special emphasis on the Thompson site. Study of the stratigraphy
of surface deposits and associated landforms will greatly aid in the under-
standing of soil genesis and morphology. A similar geologic mapping on the
Andrews Forest will be completed along with determinations of chemical and
mineralogical composition of both fresh and weathered rock material. This workwill be closely integrated with the soils investigations at the same sites.

With the completion of the above program in year 3, it will be possible to
consider in greater detail the geochemical and soil-forming processes at
these two sites in year 4. A series of such process studies will be initiated
in year 3, however, to facilitate this phase of the study. A study of the
dynamics of soil formation and weathering within the Findley Lake drainage will
begin. This will supply the necessary background information for understanding
elemental migration across the terrestrial-aquatic interface. A similar series
of investigations on the Andrews Forest will also be initiated. The integra-
tion and coordination of the soil and geology process studies will be organized
through a comparative study on the nature and rates of mineral weathering and
soil-forming processes at the Thompson and Andrews sites.



3.22

Mechanisms and processes involved in fluxes in soil solution chemistry will
be studied at both intensive sites. The Thompson study will especially con-
contrate on specific mechanisms, both physical and biological, of changesin solution chemistry. This detailed examination of the soil solution is buta part of a broader study on elemental cycling conducted at this area. Changes
in solution chemistry will be followed on a continuous basis to provide the
necessary input into the high-resolution model on mineral cycling currently
being developed for this site (see section 3.1). This finer structure is
illustrated in Figure 3.12, which indicates more clearly the linkages between
inorganic and organic reactions as they relate to the flow of water through
forest ecosystems.

The Andrews work will be directed toward studying seasonal fluxes in elemental
concentration as affected by antecedent soil moisture and temperature conditions.
One of the major objectives of the work will be the comparison on the same site
of fluxes in soil solution chemistry with those observed in stream water. This
work will be centered on the two old-growth Douglas-fir watersheds (9 and 10)
and three second-growth Douglas-fir watersheds (6, 7, 8). These data will be
combined with a large amount of additional total watershed-level information,
including nutrient capital of soils and vegetation, nutrient input by precipi-
tation and litterfall, decomposition rates, and hydrologic data, to provide
for coarse-resolution modeling of the nutrient cycle. Since three of the
watersheds (6, 7, and 10) are scheduled to be logged in 1974, the effects of
logging and vegetative cover conversion on nutrient outflow will also be
studied. Transfer of materials from terrestrial to aquatic systems will be
studied on streams in the Andrews Forest and at Findley Lake.

Nutrient losses caused by all forms of soil erosion will also be investigated.
This work will concentrate on determining the effects of logging and other
forms of manipulation on erosion rates and the interpretation of this infor-
mation in terms of actual losses of nutrient capital. Soil creep rates and
rates of stream bed-load movement will also'be studied at the Andrews Forest.

The biological component of this program will also focus on solution the istry.
For example, microorganisms affect the chemistry of soil solutions, water
passing through the canopy, and so on, by the transformations brought ab ut.as
a result of their metabolic activities; however, they also function in s ort-
term storage and transfer of dissolved minerals. In doing so, they comp to for
elements with nonliving colloidal material and with the roots and foliag of
vascular plants. Research proposed for 1973 and 1974 is directed at the 5e two
aspects of microbial activity and at developing the means of relating th se
activities (studied with selected organisms under controlled conditions) to
models developed at the stand, watershed, or biome level. Modeling of the
decomposition processes as related to the interchange and uptake processes
will be undertaken by Strand and Ballard.

Floristic and faunistic studies of decomposer populations at the intensive
sites are expected to be completed for most groups in 1972. Extension o studies
to other sites or to specialized habitats may require limited continuations
in 1973.
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The mineral storage function of microbial populations has received less atten-
tion than their metabolic transformations and we propose to focus special
attention upon it. Studies of metabolic activities of selected microorganism
species will focus on selected areas at the intensive study sites--those
identified in 1972 as of major importance. Organism substrates will be iden-
tified and rates and pathways of decomposition will be studied under both cone
trolled and actual field conditions (Gilmour, Youngberg). Studies on litter,
foliage, and wood are primarily process studies of this kind that will be conducted
at both intensive sites.

In relating process studies to stand or watershed models the rates of accumula-
tion and disappearance of key litter components and key organics will be tabulated
at the stand and watershed level as part of several projects. In 1973 a prelim-
inary model of mineral uptake, interchange, storage, and release will be developed
based both on a literature review and on input from Biome studies presently
in progress (Strand). The basic design of this model is illustrated in Figure
3.11. This will lead, in 1974, to refinement and experimental testing of the
model.

A number of the proposed studies in the biogeochemical area involve quite
directly both geochemical and biological processes. For example, Cole and Gessel,
in an integrated study at the Thompson site, will study both short-term and
long-term fluxes in elemental composition of several forest stands. The objective
will be to gain a better understanding of the roles of internal and external
elemental cycling to the overall nutrition and efficiency of elemental use by
a forest system. This program will be coordinated with the studies on solution
chemistry, litterfall, production processes, and hydrology that will be conductedat this site. The research concerning stream water--soil solution chemistry
will also be considering the role of organism activity as a regulatory mechanism
on the ion transport process. Both of the above studies should be well into
the modeling phase by the end of year 3 (see section 3.1). Year 4 will see
the testing and validation of these models through further observations at these
sites. A summary of proposed research appears in Table 3.5.
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Table 3.5. Summary of terrestrial biogeochem±cal processes studies.

Investigator(s) Institution

UO Studies of geology, rock weathering,
and sedimentary processes in the
H. J. Andrews Forest (21)

Geochemical

Cole/Gessel UW Fluxes in soil solution chemistry (18)
Cole/Gessel UW Fluxes in elemental composition of

forest stands (19)

Fredriksen/Moore OSU Effect of manipulations and vegetation
cover conversion on nutrient retention,
mobilization,and loss in forest eco-
systems (20)

Kays/Swanson

Porter

Strand

UW

Title

Surficial geology of the Cumberland
and Eagle Gorge quadrangles,
Washington (22)

OSU Prototype modeling of ionic dynamics
in the soil solution (23)

Swanston USFS Nutrient losses due to soil erosion
on steep forested slopes within the
Coniferous Biome (24)

Ugolini UW Dynamics of weathering and soil-
forming processes (25)

Ugolini/Singer UW Biogeochemical cycle of the Conifer-
ous Forest Biome (26)

Biological

Carroll/Driver U0, Decomposers on living twigs and
foliage (27)

Denison/Carroll OSU/UO Decomposer process.studies (28)
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Table 3.5. Summary of terrestrial biogeochemical processes studies (continued).

Investigator(s) Institution Title

Driver/Denison UW/OSU Further studies on the characteriz-
tion of primary, decomposition of

the wood components of the Douglas-
fir ecosystem (29)

Gilmour/Youngberg UI/OSU Energy flow as determined by rates
of litter decomposition (30)

Grier UW A coordinated study of movement of
elements from vegetation to soil
in coniferous ecosystems (31)

Jensen/Krantz OSU Role of microfauna in biogeochemical
cycling (32)

Lavender/Denison/ OSU Coordinated nutrient cycling and
Sedell litter decomposition study (33)

Pike 0SU Fixation, uptake, and release of
nitrogen by epiphytes (34)
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3 5. Pb1sical Processes

This report outlines the activities and proposed year-3
and -4 plans of the hydrologic and meteorological sub
committees. The physical process studies rest upon a
m ,i l-developed modeling structure and philosophy. The.
emphasis of the Ecosystem Analysis program, however,
requires some changes in. the resolution and structure
of these models to make them compatible with ecosystem

e: ing. The hydrologic system is modeled as a major
system of the forest ecosystem. Other physical pro-
cesses in the atmospheric environment provide inputs
of sunlight, heat, and pollutants, or are treated, as

nor subsystems, such as weathering processes can
cidered in the terrestrial biotic system.

x.5.1. 'e3e°o l ce; i c comma

dynamics of the hydrologic system are strictly
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related to the physical flow of water through the system, although the ecosystem
ion of water can be considered not only as an environmental component but

>s a transport medium for nutrients and-, in vegetation and animal life, as a
=utrient itself. The general objective of the hydrologic model is to describe

the state of the system at any desired time and place The essential nature
he hydrologic model is that of a cascade. meter in the form of precipitation

Impinges on the system, is temporarily stored in various compartments and cascades

through the system, ultimately leaving the area of interest by (1) evaporation
or transpiration, (2) streamflow, or (3) deep groundwater flow. In order to
r cent for the Intermittent, pulsing nature of the hydrologic system, a two
phase model is proposed. The first phase is recharging the system (accounting.
nor different kinds of precipitation) to adjust the states of all the compart'°

Fnts for the inputs during a storm. The second phase is a decay model, evoked
then the storm stops; it continues in effect until the next storm. The decay
I wi is a cascade of water flowing down and out except for certain Instances
of capillarity, which require movement upward In the soil. External variables
of particular interest are the precipitation input, soil moisture profiles, and
z,treamf ow. The general structure of the model appears In Figure 3.13. The
°rgie subsystem Se,g includes not only interception and throughfall but also

evaparat ion from the foliage and stemf low. The compartments represent zones
the forest floor and soil from which water evaporates, moves downward, or
taken up through plant roots.

By investigating the state variables at our intensive sites, we have found the

most critical area is that of subsoil flow (Figure 3.14). In other areas
urface runoff may be important, but on the forested soils In this region the
pcrostty Is so great that such loss does not occur without actual `.ass I vo, nt
of the soil, regardless of the rate of precipitation.

sin order to define the state of the system, a knowledge of the uptake by the
terrestrial vegetation is necessary. Modeling effort Is coordinated with those

process studies developed to observe the controls exerted by the plant through
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root growth and stomatal closure, and the demand established as a result of
the meteorological conditions at the site.

Both the recharge and the decay models can be imposed on a watershed in a
specific organizational and spatial resolution. A temporal resolution may vary
between the phases. In cooperation with terrestrial producer scientists, spatial
diversity was evaluated in year 1 on a 10-ha watershed. A sampling scheme
was derived that satisfied the research objectives of both the hydrologic and
the terrestrial process committees. Subcompartments reflect constraints imposed
by the hydrologists, so that water may flow from one compartment downhill to
another. These compartments, however, are compatible with the observations of
stand structure and transpiration control related to soil depth and water storage
and the degree of solar insolation. Transpiration and storage in available soil
water associated with three major vegetation units present on the watershed
determine, along with the meteorological characteristics, the hydrologic state
of each unit on the watershed, and take into account the movement of water from
one region to another.

From previously gathered hydrologic information, the development of a model for
a lake and its watersheds has progressed in Washington. Also, various irriga-
tion systems are being experimented with at the Thompson site to evaluate
critically the throughfall and other characteristics identified in subsystems
in Douglas-fir forests. A detailed computer model was developed to account
for transpiration as a function of atmospheric variables and the state of soil
moisture near the root surfaces.

Current and proposed research. A key to the hydrologic model is evaluation
of soil moisture movement, and we are examining several approaches to subsoil
water flow in year 2. One study seeks to evaluate this component through
hydrograph analysis, in other words, by conducting a statistical decomposition
of the outflow hydrograph and its components. We propose to conclude this
work in year 3. Another study uses simulation techniques developed from an
analysis of hydrologic data gathered over the last 13 years at the Andrews
Forest; it will be continued in years 3 and 4. The object of these evaluations
is to develop a predictive model of adequate resolution to define the state of
soil water in each of the compartments and in particular the root zone. In
order to prepare for extrapolation and further refinements of these models, a
survey of available data from other regions of the Biome is planned for year 3.
In a field study the subsurface flow is being measured directly with a variety
of techniques, and this work will also have to be continued in years 3 and 4.

Through the cooperative efforts of the meteorological group, measurements of
evapotranspiration, begun in year 2, will be continued using the tree-weighing
lysimeter and tritiated water to identify the transpiration component. In
years 3 and 4 estimates of soil moisture will involve relatively intensive
sampling with the neutron probe technique and a parallel evaluation of plant
water status by physiologists working in primary production processes. Stream-
flow, precipitation, throughfall, and other components of the hydrologic budget
are being and will continue to be monitored cooperatively by the USDA Forest
Service and IBP at the Andrews Forest.

At Cedar River there are three new hydrologic efforts proposed for years 3
and 4. The first involves an overview of an entire drainage basin in coopera-
tion with another agency organized for studies of Lake Washington and the
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Green River system. Funding for this program is entirely through local,
county, and city governments situated within the drainage area. The modeling
approach follows that of the Stanford model. Initial contacts between the
Biome and the River Basin Study Group have been fruitful.

The second hydrologic effort will focus on the integrated studies at FindleyLake. Essentially the effort there is to provide an input for the transfer
models of material and ion flow across the terrestrial-aquatic interface.The initial gaging of outlet streams will be completed in year 2, and data
subsequently will be summarized.

The third hydrologic effort is at the Thompson site and, as mentioned, involvesa coordinated effort between terrestrial processes, biometeorology, and nutrientcycling studies using tree-weighing lysimeters. In addition, fluctuations inthe groundwater will be monitored.

Techniques devised by those not directly involved in the Biome program supple-ment our studies. Some water quality work on the oxygen demand of organic
matter in streams is of particular interest and cooperation has been extendedto groups supporting such research.

Although a major transfer of materials from the terrestrial to the aquaticsystem is in the form of sediments, at this time both theoretical and practical
problems preclude the funding of a major research program. Discussion willcontinue on the general problem, however, so that some modeling strategy willexist to handle the increased influence of sediment related to proposed manipu-lation of watersheds.

3.5.2. Biometeorological component

As mentioned previously, meteorological data are not modeled as a separate
system. They are, however, essential to the terrestrial biotic, terrestrial
hydrologic, aquatic lake, and aquatic stream subsystems. For example, theprocess of photosynthesis and indirectly the growth of trees is related tothe transpiration pathway offered through the stomata. For photosynthesisto take place, assuming adequate light, carbon dioxide from the atmosphere
must enter the leaf via the stomata. If the stomata are open, then they also
offer an exit to water vapor. In general, plants exercise little stomata]
control during the daylight except under conditions of water stress. Photo-synthesis and evapotranspiration are functionally related to the available
energy and turbulent exchange of the atmosphere. Thus the ratio of actualto potential evapotranspiration can be related to the ratio of actual and
potential photosynthesis and ultimately to plant growth.

The understanding of photosynthetic and evapotranspirational rates in relation
to meteorological factors requires precise sampling of these processes. Ratesof photosynthesis can be obtained by cuvette and meteorological techniques atsuitably short intervals. Evapotranspiration can be estimated by cuvette and
meteorological techniques and determined in absolute fashion by the weighing
lysimeter. The cuvette technique alters the environment around the foliage,
however, and is difficult to expand to an area basis. Therefore, for purposes
of understanding the partitioning of energy in forest ecosystems, the energybudget model is an appropriate structure.
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The forest energy budget. The fluxes of energy between the forest and the
atmosphere can be studied through a budgeting procedure. The budgeting
procedure requires simply that suitable system boundaries be established and
that the gains or losses of energy across these boundaries be monitored.

The energy budget of a forest system is illustrated in Figure 3.15. The
system is a volume containing the forest stand and bounded by walls on six
sides. The floor is placed at the soil surface, and the ceiling is at the
height of the tallest trees. The fluxes of thermal energy that cross the
system boundaries can be identified as net radiation q , convection H, and
latent energy of vaporization V. The net exchange of ghese last two fluxes
through the ends or sides may be labeled "advection" to distinguish it from
the vertical fluxes through the floor or ceiling. The net gain or loss of
energy through the walls is associated with a net increase or decrease in
the thermal energy level of the volume. The change in stored thermal energy
also represents an energy flux. In a strict sense, G includes energy fixed
by photosynthesis P. This is small with respect to the thermal fluxes, however,
and so must be measured through an analysis of carbon dioxide flux rather than
energy flux.

The fluxes, summed over the six walls of the system volume, must equal zero
in accord with the principle of conservation of energy:

qn + H + V + G+ P = 0

Polarities are assigned according to direction: into the volume is positive,
and out is negative. A gain in stored energy is positive.

;l'n practice, studies of the thermal energy budget can be simplified by selecting
an experimental site in the center of a large, uniform stand so that the hori-
zontal, advective terms cancel. Further, the fluxes across the floor of the
system can be estimated by measuring the change in soil energy storage. In the
simplest case, the energy budget of the soil-forest system can be studied through
estimates of the energy fluxes across the top plane of the system.

Measurements of the thermal energy budget at the Thompson Research Center will
serve as an example of these considerations. The energy budget for a 24-hr
period of clear weather on 29 July 1971 is tabulated in Table 3.6. The analysis
is based on the Bowen ratio model and represents energy fluxes across the top
plane of the system volume. The stored energy flux G includes both the change
in thermal energy and the energy fixed in photosynthesis. The budget thus
represents the soil-forest complex beneath the top boundary plane.
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Table 3.6. Diurnal energy budget components at Cedar River.*

Period

Daylight 0630-1930 PDT

Night 1930-0630 PDT

Daily total

Energy budget components

qn G H V

454 -43 -143 -263

- 44 48 8 - 17

410 5 -135 -280

*Totals are given in calories per square centimeter for the daylight hours
0630-1930.PDT, night hours 1930-0630 PDT, and the full day 0000-2400 PDT,
29 July 1971. Skies were clear.

The diurnal energy budget totals were integrated from the flux rates through-
out the day. These rates are indicated in Figure 3.15.

The energy budget totals and the fluxes throughout the day are affected by
energy transformation characteristics of the forest, and by the state of the
atmosphere. The low albedo and rough porous structure of a forest canopy
makes the forest into an efficient energy exchanger. On the day of these
measurements the forest transformed about two-thirds of its net radiation into
evaporation and most of the remainder into convection. The phase shift in
evapotranspiration from radiation is a result of the reduction of leaf tem-
perature by the wind in the early afternoon.

These data are only preliminary. Questions regarding the role of the forest
in transformation of energy will be examined through detailed studies to be
carried out at the Cedar River site in the next several years. Questions
regarding measurement techniques and the choice of appropriate energy transfer
models will also be an important part of this cooperative effort.

The partitioning of the energy budget may indeed represent properties of
forest ecosystems that may differ predictably and significantly across the
Biome. In addition to the multiinstitutional effort already under way and
proposed for continuance in years 3 and 4 on the Thompson research site, an
effort will be made to develop equipment with capabilities such that it may
be transferred to other areas in the Biome. Climatological records so necessary
for general modeling efforts are provided through instrumentation developed
by the meteorological group, but the actual data acquisition and summarization
are a responsibility of the site directors in both Oregon and Washington. A
summary of proposed research appears in Table 3.7.
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Table 3.7. ummary of the physical processes studies.

Investigator(s) Institution

Burges

Fritschen

UW

Title

Water balance for Lakes Washington,
Sammamish, and Chester Morse: Cedar
River drainage basin (35)

UW Energy and hyrdologic balance compari-
sons of stand densities of Douglas-
fir (36)

Harr

Riley

OSU Movement of water through forested
and deforested soils in steep topog-
raphy (37)

USU Computer simulation of forest water-
sheds (38)

Wooldridge UW Hydrology and water balance of
Findley Lake (39)

Belt UI Measurement of water vapor and carbon
dioxide fluxes between forest and
atmosphere (40)

Dirmhirn USU A study of the relation between
radiant energy and photosynthetic
applicable radiation at different
levels within the forest canopy at
the Cedar River site (41)

Fritschen UW Soil-plant-atmosphere-water rela-
tions of Douglas-fir using a weighing
lysimeter (42)

Fritschen UW Assessment of sensible heat, latent
heat, momentum, and carbon dioxide
fluxes by meteorological methods
and their evaluation. I (43)

Gay OSU Assessment of sensible heat, latent
heat, momentum, and carbon dioxide
fluxes by meteorological methods
and their evaluation. II (44)



4 6. Aquatic Lake SXstems

Lakes are a particularly important and rather sensitive
part of the Coniferous Forest Bloom. As most water is
transported through the terrestrial and stream systems
before reaching lakes, the condition and kind of donor
cysts greatly affect the structure and function of
lakes. The lakes in turn modify the climate of adJa-.

cent land areas and.tend to concentrate the activities
of man along their shores.

The lake system, however, can be vi .d as a separate
system linked with the atmospheric environment and with
hydrologic, terrestrial biotic, and . strew systems.
Within this content it can be structured further into
four major subsystems (Figure 3.16). If the littoral
pr ..osses are considered as an especially tight cou-
pi ing between the water column and bottom-related
pr cesses, then they need not be treated as a completely separate subsystem.
To develop a general take model parallel studies on four contrasting lakes
situated in the Lake Washington drainage have been initiated (see Figure 1.
The physical parameters of the lakes are shown in Table M.

Table 3.. physical characteristics of lakes In the Lake Washington drainage
basi N.

Lake

3.32.

star
Max. Mean
depth depth Area Volume . Length

(m) (m) (km2) (km') (km)

exchange
Elevation timeW (years)

Findley 3Q* toe 0.09 0.0009* 1131

Chester i4or^se 35 13.06.54 0,085 8.1 473 0.3

Sa, rrlsh 31 17.7 19,8 0.350 12.9 12 3.

ea shington 64 33.0 $7.6 2.884 31.5 3.6 3.0

Tentative.
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To summarize:

1. Lake Washington, the lowermost lake, has a documented history of eutro-phication and recent sewage diversion. The dominant fish is the anadromous
sockeye salmon which was introduced about 30 years ago, but other anadromous
and resident fish populations coexist.

2. Lake Sammamish represents an intermediate condition, as it was oligo-trophic until very recently, underwent limited eutrophication as the forestwas replaced by an increasing agricultural and urban community, and is currently
undergoing sewage diversion. Surprisingly, the hypolimnion is anaerobic muchof the summer. Some of the same fish species, including sockeye salmon, occurhere as in Lake Washington, but in smaller numbers.

3. Chester Morse Lake is the uppermost of the three large lakes in the Lake
Washington--Cedar River drainage and is the least disturbed major lake in thestate. The lake is surrounded by a gravel road, but access to the lake hasbeen rigidly controlled since 1911 and the shore is completely undeveloped.
It contains no anadromous fish but has resident populations of rainbow, Dolly
Varden, and whitefish.

4. Findley Lake is among several undisturbed small lakes in a minimally mani-
pulated watershed. The land area around this lake is covered by undisturbedmature fir-hemlock forest. The lake has no resident fish population but has
zooplankton and salamanders in moderate abundance.

Findley Lake is also being studied in detail as an interface component of asmall unit watershed to evaluate the linkage between terrestrial processes
in Findley Lake basin and the limnological processes of the lake and to
determine the rates and quantities of elemental exchange between land and lake.

The Cedar River is the main drainage system in the overall watershed, links
Lakes Chester Morse and Washington, and is the principal spawning area for
anadromous fish (see Figure 1.10). Its study, described under the stream
section, is an important component of the watershed aquatic program.

Specific tasks of the lake-stream study in the Lake Washington--Cedar River
drainage include assessment of (1) terrestrial influences including forest
and urban land use, (2) nutrient budgets, (3) sources of energy to support
the food chain, (4) community structure and metabolism, (5) effects of food
availability on successive trophic levels, (6) effects of fish on lower trophiclevels, (7) effects of anadromous fish on other fish populations, and (8)
outputs to the marine community by anadromous fish.
Our long-range objectives focus upon (1) the mechanisms by which purely
physical constraints, such as structure of lake basin, climate, surroundingterrestrial environment, prevailing winds, lake circulation dynamics, rates
of water and inorganic nutrient inflow and outflow, and chemical precipitation
of essential nutrients control the productivity, water quality, and community
structure of aquatic ecosystems; (2) the dynamics of nutrient and energy
cycling through both biological and physical processes; (3) the mechanisms
by which community structure may inhibit or enhance overall productivity and
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water quality; (4) the response of complex aquatic ecosystems to a variety ofnatural and artificially created disturbances; and (5) the mechanisms thesesystems have evolved to maintain stability.

3.6.1. Past and current research

In year 1 fieldwork was initiated on chemical budgets, primary and secondary
productivity, and fish populations, in coordination with ongoing non-IBP
studies. A literature compilation of past aquatic studies in the watershed
was completed and the transfer of pertinent data to the information bank wasinitiated. Aquatic decomposer studies were organized in conjunction with theterrestrial program. A preliminary-interface study on Findley Lake watershed
was accomplished. A generalized trophic-level model was developed and eval-uated from data available through previous studies by the University ofWashington (see section 3.1). Accumulation of hydrologic data for the watershedwas accelerated by an intensive study initiated by local governmental agencies
(River Basin Coordinating Committee, 10Ribco") and coordination with the Biomestudy was begun.

As a result of the year-1 research the trophic-level approach has been modifiedand lake systems have been structured into the three subsystems of water column
processes, benthic processes, and higher consumer dynamics. The littoral pro-
cesses subsystem has not yet been incorporated into the modeling efforts butwill be explored during 1972 and 1973. These subsystems were chosen because
the couplings within each are more tightly linked, and the span of time resolutions
are more similar than between the different subsystems. For example, the pro-cesses in the water column involving exchanges between nutrients, algae, short-lived zooplankton, and bacteria can be handled better by a single team thanby several teams, each interested in a specific trophic level. Further, this
information may have to be handled on a daily or hourly basis, whereas the
higher consumer production (e.g., fish) will be handled on a weekly or monthlybasis. Other modeling structures are still being developed to evaluate spe-
cific objectives such as optimum strategies and density-dependent relationships.
In this discussion the major subsystems will serve to relate present and pro-
posed research. The subsystems, although artificial, encourage coordination
of techniques and measurements as well as modeling. For example, the nutrientbudget of the lake cannot be developed without the water column and the bottom
processes information, nor without the hydrological studies being coordinated
with Ribco and assessment of nutrient sources.

3.6.2. Proposed research

Water column process studies. In Figure 3.17 the internal structure of the
water column process subsystem is indicated. Much of the past work in the
Cedar River drainage lakes has been to define the annual nutrient supply to
Lake Sammamish and to document its rate of recovery compared with that of
Lake Washington as a result of nutrient diversion. Recently, limnological
conditions have been monitored in Chester Morse and Findley Lakes to comparetheir trophic character with that of Lakes Sammamish and Washington. Ultimateobjectives are to develop a model with enough generality to encompass the rangein trophic character now observable among the lakes.
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Lake Washington responded rapidly to a diversion of over one-half its annual
supply of phosphorus. Dr. Edmondson has documented its recovery to a trophic
state similar to that recorded over 20 years ago in a matter of only three
years after the completion and seven years after the beginning of sewage
diversion. Lake Sammamish, a mesotrophic lake with similar flushing time,
located only 16 km to the east of Lake Washington, has not responded noticeably
in the three years following nutrient diversion. Possible reasons for this
difference in rate of response involve the morphometry of the two lakes.

The nutrient input to the lakes and the levels of dissolved organic nutrients
will be related to the growth and production of phytoplankton, the major pri-
mary producers, and their consumption by zooplankton (Welch, Welch/Olson).
These studies will be in sufficient detail to examine changes in species
composition and the importance of size categories as they may relate to
optimum feeding strategies. More detailed but less frequent estimates of
the flow of carbon through all components of the food web will be made by
Saunders' technique using radioactive bicarbonate, radioactive detritus,
and radioactive dissolved organics (Lighthart). Both of these field-oriented
studies will be correlated with the modeling on the dynamics of nutrient
distribution and flow through aquatic ecosystems. A study deferred to 1974
concerns the role of fungal parasites on algae, to explore the hypothesis
that algal blooms may cease through disease processes rather than through the
limitation of nutrients.

Because the concentration of phytoplankton may vary continuously from the
surface to the lake bottom, the net rate of primary production at any parti-
cular depth depends upon the temperature, light intensity, essential nutrient
concentration, and zooplankton grazing pressure at that depth. The vertical
distribution and abundance of phytoplankton is thus a function of varying net
production, sinking rates of algae, and mixing dynamics of the water column.
The total production per unit area of lake surface may be obtained by inte-
grating the concentration of phytoplankton from top to bottom. The next step
is to incorporate the size-selective feeding of zooplankton and determine its
effect upon production (since algal cells of different sizes possess varying
capacities to absorb nutrients).

The effective grazing rate by zooplankton is modeled (see section 3.1) as a
function of the phytoplankton density (at high densities the zooplankton's
feeding structures become saturated). The grazing efficiency of zooplankton
on phytoplankton is also made to depend upon algae abundance (efficiency
decreases with increasing abundance). The overall model relating the phyto-
plankton, zooplankton, and nutrients is a system of partial differential
equations in time and with depth. The submodel describing the physical
cycling of nutrients, developed in the bottom-related processes group, is an
integral part of the phytoplankton and zooplankton submodels.

The number and kinds of heterotrophic bacteria will be assessed to give some
information on the constancy of community structure of the decomposers
(Lighthart). The utilization and ultimate destruction of fixed organic material
for the entire system will be estimated by respiration studies (Packard) and
verified by substrate disappearance (Matches). The respiration and heterotroph
abundance values will also be correlated with the regeneration of nutrients.
The nutrient budget and effective concentrations will be assessed by Spyridakis
and Christman. All of the above studies will be carried out in units of biomass
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or will be convertible to biomass and units of carbon by calculation of size
distribution. Determinations of the magnitude of nitrogen transformation within
each of the above compartments, as well as the search for evidence of nitrogen
fixation and its opposite process, denitrification, will be made (Taub).

The detailed carbon cycle through the phytoplankton, zooplankton, bacteria,
and pools of dissolved inorganic carbon, dissolved organic carbon, and detritus
are being initially modeled with a variable-rate compartment system. The rates
of flow between the compartments are to be functions of light, temperature, and
phosphate and nitrate concentrations. Later the rates will also be modeled as
functions of oxygen and silica concentrations. This model will allow an analysis
of what paths of the cycling process limit the rate of production.

Bottom"related process studies. The bottom process subsystem is identical in
structure to the water column process subsystem (Figure 3.17); however, the
principal primary producers are attached rather than free. benthic inverte-
brates are the major consumers. Inputs of detrital materials to the sediments
and their potential incorporation into higher food chains via bottom inverte-
brates to the fish will be assessed by Taub. The oxidation of organic material
will be assessed by respiration rates of the sediments (Pamatmat). The dis-
appearance of substrates such as-cellulose and chitin and information on the
bacteria associated with these processes will be measured (hatches) and
correlated with the nutrient regeneration (Spyridakis) and respiration rates.
The production of littoral materials will be assessed and compared with limnetic
production and terrestrial imputs (Olson). The combined information on limnetic,
benthic, and littoral photosynthesis and respiration will permit comparisons of
photosynthesis/respiration ratios for the various lakes within this study as
well as for wider comparisons.

A sophisticated theoretical model describing the complex physical and biological
cycles of inorganic nutrients has been proposed by Spyridakis, who along with
Christman is responsible for the inorganic nutrient budgets. This model incor-
porates the features of density gradients as a barrier to mixing; circulation
currents; chemical precipitation of essential nutrients; transport and release
of nutrients from the bottom sediments as a function of 02 concentration, pH,
and bacterial decomposition; nutrient input in organic and inorganic form from
allochthonous sources; and atmospheric input through biological fixation pro-cesses. By formulating this theoretical model as a collection of well-defined
assumptions and mathematical equations, we will be able to make analytic com-
parison of the cycling processes in the four lakes.

Higher consumer process studies. At this time the higher consumer subsystem
(Figure 3.18 is envisioned as a simple community model. The limnetic fish
populations and their food utilization will be studied by Burgner/Thorne and
DeLacy. The measurements of population parameters of young sockeye salmon and
other limnetic feeding fish will provide comparative data on seasonal changes
in numbers, biomass, growth, and mortality rates relative to possible controlling
factors, including recruitment, physical and chemical environment, food avail-
ability and characteristics, behavior and competition, predation, and other
removal such as diseases. Characteristics, habits, and interactions of the
benthic and littoral fish will be studied by Wydoski and Whitney. Study of
the benthic food supply will be temporarily deferred. The interaction between
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the benthic and littoral fish and the limnetic feeding fish is receiving empha-
sis. In all cases there will be a search for understanding of feeding strategies
and growth dynamics as they influence community structure of the zooplankton
and fish.

The vast food webs, typical of lake ecosystems, seem to be so complicated as
to defy description. The higher consumers not only respond physiologically
to their surrounding physical environment, they exhibit complex behavioral
mechanisms to cope with changing food supplies and varying physical conditions.
A conceivable model for this system is a variable-rate compartmental model
where the rates of transfer among various species depend on the physical
environment. Another approach that is finding favor among theoretical
ecologists is the theory of optimal strategies. The essence of this theory
is that selective processes and adaptive mechanisms tend to produce popula-
tions of organisms that strive to maximize their energy intake (essential
nutriment) subject to the physical restrictions imposed by the environment
and their own physiological and morphological limitations. If the community
structure of the prey organisms available to a predator is known, then a
mathematical representation of an optimal strategy model will predict the
amounts and kinds of prey a predator will ingest. Coupled with models that
describe the mortality structure of populations, the optimal strategy model
will effectively handle the questions concerning community structure and
energy flow dynamics. A summary of proposed research appears in Table 3.9.

Table 3.9. Summary of aquatic lake systems studies.

Investigator(s) Institution Title

Water column

Lighthart WWSC Carbon biomass and flux through
specific aquatic bacterial groups
(45)

Lighthart

Packard

WWSC Exploring the aquatic carbon web
(46)

Spyridakis/Christman* my

Taub/Staley ]3W

Welch 3W

Oxidation of organic matter in the
water column (47)

Nutrient budgets in the lakes of
the Cedar River watershed (48)

Nitrogen transformations (49)

Phytoplankton production and growth
rate response related to enrichment

(50)
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Table 3.9. Summary of aquatic lake systems studies (continued).

Investigator(s) Institution Title

Zooplankton production and phyto-
plankton consumption in lakes of
contrasting enrichment (51)

Bottom-related processes

Spyridakis/Christman UW Nutrient budgets in the lakes of
the Cedar River watershed (48)

Cara UW The role of aquatic insects in
the energy balance of Findley
Lake (52)

Liatches UW Degradation of organic compounds
in freshwater sediments by
bacteria (53)

Olson UW Littoral primary productivity (54)

Pamatmat UW Benthic oxidation of organic
matter (55)

Taub UW Detrital inputs into higher trophic
levels (56)

Higher consumers

Burgner/Thorne Utij Dynamics of limnetic feeding
fish (57)

DeLacy UW Feeding habits and behavior
of juvenile sockeye salmon (58)

Whitney/Wydoski UW Relative abundance and biomass of
selected benthic and littoral
fishes in the Lake Washington
drainage (59)

*See also bottom-related processes.

Welch/Olson UW
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3.7. A tle Stream Systems

The primary aquatic interface with the terrestrial cofa
p onent occurs in watershed streams. Conventional wisdom
suggests that the stream itself contributes little to
this-conservation of nutrients in a watershed. Biomass
levels are low and export is a pervasive feature of streams,
particularly during freshets. Recent evidence, however,
Is changing these long-held views of streams as pipelines
removing nutrients from the land. Streams are being rec-
ognized for their role in processing aliochthonous mate-
rial that can then be held in the system for varying
lengths of time with some of it cycling back to the land.
important couplings therefore exist in the land-water
interface of streams.

The streams la the Coniferous Bloc : study represent a
unique opportunity for stream biologists and terrestrial
blogeochemists to cooperate on and investigate the same stream systems, thus

exploring together a number of long-neglected problems. We have taken advan-
tage of this opportunity by emphasizing the following major terrestrial-aquatic
couplings in our small-stream investigations: (l) obtaining estimates of
ailochthonous inputs and exports both particulate and dissolved, (2) documenting
successional changes in microflora and identifying specific metabolic activities
carried out during leaf decomposition, (3) determining the significance of root
return of nutrients via riparian vegetation with the aid of radioactive isotopes
and mass balance experiments, and (4) estimating the importance of fish and
amphibians as the top carnivores in some of the small watershed streams. For
h river under study, emphasis is on (1) the relative Importance of terrestrial
detritus as an energy input to the river biota, (2) the structure and productivity
of aquatic invertebrates along its course, (3) the relation between availability
and utilization of aquatic invertebrates and production of resident and anadromous
fish, and (4) the nutrient contribution to the. two lakes on its course.

The overall objective of the stream program is to elucidate the role of a
stream in the functioning of a watershed ecosystem. To do this we are
attempting to define the relationships among algae, ellochthonous detritus,
aquatic insects, and fish populations. The determination of how these rela-
tionships, between productivity and structure at the various trophic levels,
are altered by various degrees of land use, including logging, reservoir
manipulation, and urbanization, will be a prime objective. Because of the
relatively short-term nature of the research, comparisons will be based
primarily upon simultaneous observations over a range of conditions rather than
on the conventional before-and-after approach.

The coniferous forests on the Andrews and Cedar River Intensive study* sites
provide a wide range of conditions from which to sample, including virgin
watersheds, watersheds where streamsides have been recently logged, watersheds
where streamside vegetation has grown after logging, and a river that has

natural portions and several types of man-manipulated sections. There are

obvious problems in this comparative approach, and we will have to look at a
number of "undisturbed" streams or stream sections to establish the natural
variability in order to distinguish natural from Imposed variation.
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3.7.1. Current research

Research during year 2 at the Andrews Forest has focused on the role of the
biota in small streams, specifically on structure of the streams, energy
sources, and energy processing components. Methods and approaches being
used are standard for this type of stream work, with some modifications to
cover peculiarities of specific streams. By the end of the year a first-order
approximation will be completed of input, standing crop, and export of allo-
chthonous material from watershed 10, information which will be related to
water volume and export of dissolved inorganics. Preliminary experiments
using 32P to determine periphyton production and standing crop will have been
conducted, evaluated, and refined prior to initiating the more intensive
year-3 experiments. A study on changes in needle and twig chemical compo-
sition in relation to bacterial and fungal activity during various stages
of decomposition will also have been partially completed.

Other studies under way in year 2 include: (1) litterbag studies to determine
weight loss of leaves as related to growth of two detritivores, and the effect
of leaf microflora on the growth and feeding of the two detritivores; (2)
biogenic enrichment by fish carcasses (ahead of schedule), using laboratory
experiments to provide an estimate of the way the radionuclides behave in
the field and of decomposition rates and attendant potential problems (thus
rates of transfer of these nutrients and selective accumulation of various
nutrients by different components of the stream will be determined); (3)
estimates of fish population and growth in flack and Lookout Creeks on the
Andrews Experimental Forest; and (4) primary production of both algae and
mosses based on estimates of both 32P and chlorophyll. Various metabolic
parameters will be approximated.

During year 2 the estimates of invertebrate standing crop and drift at
stations along the Cedar River is continuing. Allochthonous material is
being quantified in the benthic sampling pots and in the drift. Physical
and chemical data are being collected routinely, and hydrologic data are
being processed. Distribution, abundance, duration of stream occupancy,
and spawning of anadromous fish are being assessed by the Washington State
Department of Fisheries.

The stream modeling program is also well under way and was given major impatus
by a workshop at Corvallis in February. Two modeling approaches are being
used in year 2. Mclntire and Hall are exploring an empirical model with
modular components to aid in expansion or deletion; two versions of the
conceptual form of the model are shown in Figures 3.19 and 3.20. Warren is
developing a predictive model based on density-dependent processes. The
types of data being collected can be used in either approach. Detailed
hydrologic modeling of the Cedar River watershed is being handled primarily
by another agency group in cooperation with this project (see section 2.2.5).

3.7.2. Proposed research

In years 3 and 4 detailed studies will continue to be focused on the small
unit watershed streams of the H. J. Andrews Forest, with strong emphasis on
terrestrial-aquatic interface and process definition. Emphasis at Cedar
River will be on documenting the changes in aquatic productivity along its
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course relative to forest and urban influences, as well as presence of anadro-
mous salmon in its lower portion. The study of the river, its nutrient load,
and its resident and anadromous fish provides an important component of the
lake study. The stream studies are being coordinated with research conducted
in the Cascade--Rocky Mountain intermountain area through the Intermountain
Aquatic Biome Consortium. Emphasis so far has been on processes in utiliza-
tion of allochthonous material by aquatic invertebrates. The stream modeling
program will also utilize the extensive data collected by the Weyerhaeuser
Company on their experimental watersheds in southwestern Washington.

In addition to the cooperation with the above consortium to fill information
gaps in our own work, we will be very closely tied with the comprehensive
Michigan State University study of woodland stream ecosystems. Our coopera-

tion with K. Cummins' group will exemplify the work in its fullest sense--
e.g., data sharing, combined experimental designs, and personnel exchange.

The largest program component in years 3 and 4 is the small-stream studies
at the Andrews Forest. The descriptive work begun in year two, as well as the
process studies initiated later in the year, will of necessity continue. A
significant problem not being dealt with in year 2, however, is the dimension
of the dissolved organic fraction (DOM) and it utilization. The DOM from
leaf leachate, algal excretion, and soil solution represents a significant
organic pool that turns over quite rapidly, even though a large amount of
rather refractory matter may be expected. The approaches planned, to tackle

the dynamics of DOM in forest streams, involve an investigation of the
processes of microbial decomposition of allochthonous material, measuring
the quantity and quality of DOM involved, and examing the fluxing between
physical and biotic compartments in and along the streams. Integral to the

measurements will be a study of the functional microbial groups involved in
the decomposition of the large organic material such as leaves, woody pieces,
and fish carcasses.

The necessary techniques for studying stream processes and conceptualizing
streams in general as yet have not been developed adequately for coniferous
systems; however, major components within the forest stream systems can be
identified (Figures 3.19 and 3.20). Radioactive isotope experiments will

allow us to look at coupled events and processes in the stream. Carbon-14

and phosphorus-32 will be used in mass balance techniques developed by
Saunders (1968, closed chambers, short-term experiments with 14C) and in situ
32P techniques developed by Nelson et al. (1969) and J. W. Elwood and D. J.
Nelson (personal communication). Isotopes of selected elements will be incor-
porated into biogenic material such as salmon carcasses and the pathways and
turnover rates of these elements following decomposition will be investigated.
Techniques are presented in greater detail in the proposal by Donaldson et al.

In addition to the decomposition studies already mentioned, an estimate of
the large wood pieces (greater than 10 cm) above, in, and near the streambed
will be made. This will be done in cooperation with terrestrial biomass
investigations on the Andrews forest.

An additional study in the year-3 program will be the role of mosses in the
streambed in fixing energy and cycling nutrients. Their associated inverte-

brate fauna make than an important compartment in the stream's trophic
structure.
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Planned studies on the production of benthic invertebrates will examine
particularly "strategies of survival" used by the various functional groups
of invertebrates. Population regulation is expected to differ quite widely
in response to the degree of stability of the environment. Freshets in the
Andrews Forest occur frequently but unpredictably. Food supplies may disappear
almost entirely, and animals must be able to withstand and recover from very
great fluctuations in numbers. They must be adapted to a great lack of
constancy. Special attention will be paid to the chironomids (larvae, pupae,
and adults), which represent the greatest numbers, species, and probably
biomass of all of the aquatic insect groups, and have been somewhat neglected
in the first two years. Feeding experiments with the major invertebrate species
will determine ingestion and assimilation rates as affected by the quality and
quantity of food.

Predator-prey experiments have been designed to examine the roles of crayfish,
salamanders, and fish in the stream, and their influence on the community
composition and numbers of aquatic insects. The higher consumer portion of
the study will also relate the contribution of allochthonous and autochthonous
production to the elaboration of fish biomass and to determine how the relation-
ship may be altered by logging or other land management practices.

An initial report on aquatic modeling needs has been prepared, and outlines
some specific directions for stream modeling of the Andrews Forest data.
Initial modeling effort will be concentrated in two areas: (1) improved con-
ceptualization of the structure and function of streams in the Coniferous
Forest Biome, and (2) development of specific models that would be useful
in design and analysis of proposed experiments in the Lookout Creek drainage,
particularly those using 32p. With the use of a model of phosphorus flow
in a stream system we hope to be able to make optimum use of the experimental
method in distinguishing between primary production and inflow of allochthonous
energy to the stream community.

The Cedar River study complements the Andrews Forest unit watershed studies.
Complementary aspects of the Cedar River stem from its larger size, diversion
of river water for municipal use which results in a highly regulated river
discharge in the lower river, the presence of anadromous fish, and the stream-
lake relationships. The river is divided into three discrete sections: the
natural river above Chester Morse Lake; the river below the dam, which is
subject to the effect of impoundment; and the river below the diversion, which
receives additional discharge manipulation and is the portion producing
anadromous salmon with access to the sea through Lake Washington. In years 3
and 4 the study will include measurements of the production of resident and
anadromous fish in cooperation with the Washington State Department of
Fisheries and with aid of a separate study funded by the City of Seattle Water
Department. An additional complementary part of the study concerns the utili-
zation of different allocthonous materials by aquatic invertebrates. The
study will provide an opportunity for extrapolation of the more detailed aspects
of the Andrews Forest stream studies to a larger system, and additionally will
provide an essential link with the lake program. A summary of proposed research
appears in Table 3.10.
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Table 3.10. Summary of aquatic stream systems studies.

Investigator(s) Institution Title

Donaldson et al.

Stober/Gaufin

Gauf in

OSU

UU

An ecosystems approach to small
streams in a coniferous forest
(60)

Aquatic production in a sockeye
salmon river (61)

Aquatic coordination between the
Coniferous Forest Biome and the
intermountain area stream-lake
studies (see coordination with
ongoing ecosystem studies) (68)

Spyridakis/Christman UW Nutrient budgets in lakes of Cedar
River watershed (see aquatic program--
see also hydrology under section
4.3.5.) (48)

UW
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3.8. Coordination ProGram

The coordination program is an integral and necessary
part of the Coniferous Forest Blame research structure.
The functions of the Individual subprograms are to
extend and reinforce research programs and models of
the Intensive sites and to provide a measure of the
variability within the Biome. They will provide dif-
ferent sites to aid in the evaluation of the gener-
alities and consistency of models resulting from
Investigations on the Intensive sites.

The coordination program has been In the planning
stage during year 2 and will begin to be implemented
in year 3. The experiences gained In year 3 will
able the program to become more effective by year a.

and an important and vital part of the Biome program.

The coordination program will consist of four major types of effort (Figure
3.21): (1) specific research designed to supplement Ding research programs
of the intensive sites as described in the previous sections, (2) literature
and data review for subject matter.areas important to the future goals of
the Blom* program, (3) the roles of forest influences newly Incorporated in
the Blame research program, and (4) coordination between ongoing ecosystem
studies in coniferous forest and aquatic ecosystems throughout the Bi
region. Other planned activitiesof the coordination program do not fit Into
any of the categories described above. One of these ate U l be a workshop con-
ducted by Dr. Fr°itts and the staff of the Laboratory of Tree Ring Analysis at
Tucson, Arizona, early in year 3. This workshop will funded by the Blame
for appropriate participants from the Coniferous Blame with invited repre-
sentatives from the other Biomes. Cores and samples from trees at the two
Intensive sites will be collected In year 2 and processed by the Tree Ring
Laboratory for use as examples during the workshop. This workshop will enable
the Bi to evaluate and discuss the work of the Tree Ring Laboratory con-
cerning multivariate techniques for specifying tree growth and climatic relation
ships. These techniques appear especially promising for extrapolating the mod-
eling research done on the Intensive sites to other sites in the Bt (see
section 3.2).

Another activity that has been discussed but Is not yet In the definite planning
stage includes defining and classifying the Coniferous Biome vegetation (see
section 3.2)., Vegetation classification based upon the concepts of Daubenmirya
has been done on the Andrews site. Similar work is currently being done at
many locations throughout the Biome by the USDA Forest Service and academic
scientists. An attempt must be made to coordinate existing efforts and to fill
many gaps In coverage that exist.

3.84L S2!cfflc research

Several specific research studies will be funded In year 3 either to extend
research being conducted on the intensive sites or to provide validation data
for developing submodels. These research projects will be described briefly
here but are covered in more detail in the appropriate sections describing
Intensive site research.
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Ongoing studies of unit watershed hydrologic models at Utah State University
have been incorporated in the Andrew site program during the past year (see
section 3.5). These investigators are now developing finer detail models with
the purpose of tying them in with the high-resolution process models being
developed in the Cedar River program. Sensitivity analyses of the models during
1973 will permit evaluation of the relative importance of the various simulated
hydrologic and evapotranspiration processes of the models. Further model vali-
dation and extrapolation will be made with the data sets accumulated and
reviewed by Hart and associates (see next section of this discussion).

Studies of the physiological processes of naturally growing Douglas-fir and
ponderosa pine will be conducted at the University of California. These studies
will help to extrapolate the process models developed on the intensive sites
to cover a wider response surface within the Biome. Net photosynthesis, dark
respiration, transpiration, and foliar water stress will be monitored concur-
rently with environmental characteristics. The work will tie directly to the
studies on the intensive sites conducted by Walker, Scott, and others (see
section 3.2). In year 4 this type of work probably will be extended to other
coniferous species at other places in the Biome but specific plans will have
to wait until further research is done and evaluated.

Input from at least three of the coordination subprograms is needed in year 3
to test the applicability of Waring's phenology and stand-growth model based
upon environmental-plant indexes across the Biome (see section 3.2). Details
of the needed measurements are included elsewhere in the proposal. One specific
test for this model has been identified, one is tentatively planned, and the
third will be chosen later. The one definite test will be done by Utah State
University on Englemann spruce. The second test site will be in a ponderosa
pine forest, the site to be selected in cooperation with the Grasslands Biome.
The third test site has not been chosen, but may well be in Alaska. Investi-
gators of several of the coordination subprograms are now taking at least some
of the needed measurements. '

3.8.2. Literature and data reviews

Reviews of available literature and existing unpublished data sets are needed
in any field before meaningful research or modeling can begin. This step was
essential before much fieldwork began on the intensive sites and is essential
as a preliminary step for the coordination program. Before any of the
Coniferous Biome models can be extrapolated to other areas or other vegetation
types, the appropriate literature or data reviews must be made to avoid expen-
sive duplication of effort.

Literature reviews to be undertaken have been described in other sections and
include the review of literature concerning the effect of fire and of diseases
in ecosystems, and literature reviews on ponderosa pine, pinyon-juniper, and
subalpine spruce-fir forests.

Two major data reviews will be done in year 3, one concerning hydrology data
in forested areas in the western United States and one concerning a specific
set of stream biology data collected over the past six years by the Weyerhaeuser
Company, Longview, Washington. The review of hydrology data will be done at
Logan, Utah, and will be done in three phases: (1) a survey of data in forested
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watersheds in the West, (2) visits to those watersheds that appear to have data
most suitable for use by the Biome, and (3) careful screening and evaluation
of data from the selected sites.

The summary and analysis of Weyerhaeuser stream biology data is to assist the
validation of the OSU trophic process models based on density-dependent princ-
ciples. Considerable information has been accumulated on the primary produc-
tion, feeding habits, and growth rates of fish and benthic invertebrates, species
composition, life history, and phenological sequences of the major plant and
animal species.

3.8.3. Role of fire and disease in forest ecosystems

In the initial modeling and research effort of the Biome the role of major pertur-
bations such as fire and disease have not been considered. This was done to
make the initial models describe relatively "undisturbed" ecosystems, i.e.,
those in equilibrium. Fire, however, has determined the pattern and in many
cases the species of forest vegetation now present on the ground in most of
the coniferous biome in the western United States. Catastrophic diseases have
also had a similar effect on determining stages of plant succession. Less
damaging diseases have a multitude of effects on primary productivity and species
composition of coniferous forests.

In year 3 the role of fire and disease in forest ecosystems will be examined
closely by separate groups of scientists. By year 4, however, the interaction
between these two influences and their interaction with insects need to be
considered in the total Biome research effort in cooperation with the ongoing
IBP biological pest control research program.

Disease. Problem analysis on the influence of plant diseases on forest eco-
systems will be conducted by scientists from the University of Idaho at Moscow,
Idaho; from Washington State University at Pullman, Washington; and from the
Forestry Sciences Laboratory of the Intermountain Forest and Range Experiment
Station USDA Forest Service, Moscow, Idaho; with input from scientists from
the two intensive sites. The project coordinator will be Dr. Arthur Partridge,
University of Idaho. The objectives will be to define and interpret the role
of plant diseases on the function of ecosystems in the Coniferous Forest Biome.

Most of the desired information concerning the role of disease in the Biome
is not synthesized. Therefore this working group will develop a problem analysis
using existing information and computer retrieval systems (e.g., SOLAR, IIITREDIS)
to better define the disease-interaction systems of major forest types within
the Biome.

The initial development of information classifications will utilize the agencies
and personnel throughout the Biome region and will rely heavily on suggestions
originating from the intensive site programs. Classification may be by func-
tions or portions of the Biome affected, causes of disease, form of impact
on biological systems, and so on.

As a first step, information sources will be consulted primarily for diseases
affecting major Biome vegetation types. Diseases affecting animal life (mammals,
insects, etc.) may be recorded for future compilations but will not constitute
an objective of search and will not be categorized.
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Models using existing information will be developed in close association withthe central modeling group of the Biome. These models will describe how
diseases affect ecosystem functions, and will identify areas of research needsfor 1974 to correlate input of the disease working group with the Biome modelsas they develop.

Fire. The role of fire in forest ecosystems in the Coniferous Biome will bestudied by the group of scientists at Missoula, Montana. The coordinatorwill be Dr. Mark Behan of the University of Montana. Objectives of thegroup will be: (1) a review of the existing literature on the role of firein natural ecosystems, (2) a review of both old and current unpublished researchinformation concerning the history of fire in the Biome region, and (3) devel-opment of submodels that relate the influence of fire to specific segments ofthe forest ecosystem.

Fire cuts across all environmental parameters. It exerts a direct control onboth primary and secondary succession. Vast areas of the Coniferous Biome
are occupied by the so-called "fire climax" vegetation type in which fire hasrepeatedly set succession back to earlier stages. Fire is directly relatedto stand composition and structure, and forests evolving in harmony with sucha process must be somewhat dependent on it for continued occupation of sites
and maximum productivity. It should be possible to relate fire to the rateat which forests grow, to their condition, to their vigor and resistance toinsects and disease, to their reproduction cycles and success, and to theirspatial distribution. Energy, nutrient, and organic matter cycles also canbe related to fire. The same can be said for microorganisms, soil buildingfactors, mammals, and hydrologic functions. It is the intent to understandand model these interrelationships with the aid of systems analysis and
computer techniques.

One of the key benefits of the proposed fire program is the joining togetherof many disciplines and agencies to work on a problem that is presently beingignored. It presents a chance to build a framework that could produce a more
complete understanding of our coniferous ecosystems and help optimize manage-ment techniques. How can we manage "fire types" without a thorough under-standing of their relationship with fire? Is there a gene pool that must be
prepared and maintained?

The modeling of fire and fire-influenced systems may present some problems
that have not been encountered in other IBP efforts. The occurrence of firehas a strong probablistic element, thus simple deterministic models may not beadequate for our purposes. The aftermath of fire is a nonequilibrium system,
so that dynamic models based on the mechanics of component interactions are a
necessity. The alternative is a system of time-dependent models, which aremathematically intractable and probably less useful.

In summary, the modeling program of fire influences probably will be initiated
via seminars and workshops in year 2, and this initial effort will be educa-tional in nature. In year 3 the contributors will assist in the constructionof models of the role of fire to provide a conceptual framework; assemble and
establish some known aspects of transfer, process, and control; infer probable
relationships, and identify others requiring investigative research.
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3.3.4. Coordination with ongoing ecosystem studies

Studies of forest ecosystems and freshwater lake and stream ecosystems in
forested areas are under way at many universities and USDA Forest Service
research facilities throughout the West. Until now no effort has been made
to coordinate these efforts with the ecosystem studies carried out on the
intensive sites of the Coniferous Forest Biome.

Initial contacts have been made with a number of locations with ongoing eco-
system research programs and a communication link with the Biome has been
established. In years 3 and 4 the Coniferous Biome proposes to provide each
program with a small amount of funding: (1) to allow travel by coordination
program scientists to the intensive sites to participate in ongoing Biome
modeling studies, and (2) to summarize the past and ongoing research of each
program for evaluation as to its potential use for validation or extrapolation
of Biome ecosystem or process models.

By the end of year 3, each of the ecosystem coordinators will submit a summary
and description of available data base including type of data (precipitation,
temperature, tree density, d.b.h. etc.), format (field sheets, IBM cards, etc.),
gaps in data (if any), levels of summarization (extent, accuracy), statistical
analyses (if any), and restrictions on availability to the Biome (if any).
An evaluation of the data base to determine its possible usefulness to the
Biome will then be made to enable the Biome to evaluate each program and determine
its potential role in the Biome modeling program. In a like manner, contact
with the scientists and modelers at the intensive sites should provide a positive
stimulus to the personnel of the coordination program.

Each of the coordination subprograms is described briefly below. More details

about each subprogram and an organizational chart are included in each respective
proposal in the Appendix. See also section 1.5.3.

Missoula Montana--Lubrecht Experimental Forest, University of Montana. The

Lubrecht Ecosystem Project is a long-term disciplinary study designed to ascer-
tain the ecologically safe limits of forest manipulation in the northern Rocky
Mountain region. Research has begun on intensively studied watersheds in the
Lubrecht Experimental Forest. The Lubrecht model being developed for the inland

Douglas-fir forest will have common components with models being developed
by the Coniferous Forest Biome, but in an area that has much more variable
precipitation than is received on the two intensive sites.

Fort Collins, Colorado--Little South Fork of the Cache l.a Poudre River,
Colorado State University. Research on the site is conducted under a coop-
erative agreement between the USDA Forest Service and Colorado State University.
Research has been conducted within the watershed over the past 10 years in
the following areas: (1) fisheries biology, (2) hydrologic properties of
soils, (3) watershed modeling, (4) forest canopy geometry, (5) soil site
relationships for forest trees, (6) snow hydrology, (7) forest tree growth,
(8) fire ecology, (9) genetic characteristics of forest trees, (10) range soil
relationships, (11) water quality, (12) recreation, (13) wildlife-plant coaction,

and (14) climatology.

Fort Collins, Colorado--San Juan Ecology Project, Colorado State University.
Colorado State University, the University of Colorado, and Ft. Lewis College
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have formed a consortium known as the San Juan Ecology Project to study the
ecological effects of artificially increased snowfall on the resources of
San Juan Mountains. This project includes studies of forest and alpine tundra
ecosystems as well as systems analysis and modeling work. Current work includes
field studies of primary producers, consumers, and decomposers in both the
forest and aquatic ecosystems. .{.

Flagstaff, Arizona--Southwestern ecosystem projects, Northern Arizona University
and Rocky Mountain Forest and Range Experiment Station USDA Forest Service.
Research near Flagstaff is located at three primary centers: The School Forest,
the Fort Valley Experimental Forest, and the Beaver Creek watershed. Work in
progress by Northern Arizona University on the School Forest has data records
going back to 1908. The objective of the work on Beaver Creek is to evaluate
the effects of various vegetation treatments to increase water yield and on
other components of the ecosystem. Some of the treatments include chaining of
pinyon-juniper, thinning and strip cutting of ponderosa pine, and grazing.
The effects of the various treatments on water, sediment, forage, wildlife,
recreation, and nutrient cycling are being studied. The project will include
a substantial modeling effort to help predict what effects some future treat-
ments may have.

Logan, Utah--Northern Wasatch Forest Ecosystem Study, Utah State University and
Intermountain Forest and Range Experiment Station USDA Forest Service. A sub-
stantial research effort has been mounted for 30 years along ecological lines
in wildlife, range, water, recreation, and forest biology by both the University
and the Forest Service. Work on the College Forest has included silviculture
of all the major conifer species, destructive sampling to determine biomass
of the major conifer species, and other ecological studies. The Davis County
Experimental Watershed has been the center of activities concerning rehabili-
tation of damaged high-elevation watersheds. In addition, two small aspen
watersheds have been calibrated and are now ready for manipulation. These
studies will consider not only the effect of cutting aspen on water yield but
also on herbaceous vegetation, wildlife habitat, small mammals, dissolved
nutrients, and so on. Aquatic studies are currently under way both in streams
in Logan Canyon and in Bear Lake, which is also included in the proposal sub-
mitted by the Intermountain Aquatic Consortium.

Moscow, Idaho--Cedar-Hemlock Ecosystem Program, Intermountain Forest and Range
Experiment Station USDA Forest Service, University of Idaho, and Washington
State University. This effort will provide coordination with an ongoing eco-
system effort in a cedar-hemlock vegetation type, which includes studies of
processes and productivity of all trophic levels, all of the factors influ-
encing productivity, and productivities under alternative uses. Part of the
effort will involve review and summary of the extensive data base on the
Priest River Experimental Forest of the Forest Service.

Intermountain Aquatic Biome Consortium--University of Utah and other western
universities. This work will identify, review, and summarize existing sets
of data available at aquatic research stations outside the intensive sites
of the Biome and will coordinate analysis of these data sets to determine
their value in validation, extrapolation, or in filling information gaps in
aquatic process studies. Coordination will be achieved through the Inter-
mountain Aquatic Biome Consortium. (The Consortium presently represents more
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than ten universities in the Coniferous Biome.) A committee consisting of
aquatic scientists representing the Consortium will work with the intensive
site aquatic committee chairmen to develop the studies.

The coordination program is being initiated in year 2. Information on facili-
ties, programs, and available data at biological stations in the Biome east of
the Cascade Mountains is presently being assembled by cochairman Gaufin. Areas
of interest include Flathead, Bear, Jackson, Eagle, Utah, and Mead Lake water-
sheds, the Logan River, Temple Fork, and Flathead River. The committee will
begin scrutinizing which sets of data have greatest potential for validation
of intensive site models on aquatic production and terrestrial-aquatic inter-
action. Work on allochthonous-autochthonous stream inputs will also be coor-
dinated.

During year 3 funds will be allocated to the Consortium for interchange,
analysis, and modeling of chosen data sets and to encourage collection and
analysis of missing data at sites where a useful background of data exists.
Both stream and lake data sets will be considered, with preference to those
sites with best general background of pertinent terrestrial data. Because of
the recognized importance of allochthonous food sources in streams and the
influence of terrestrial manipulations on type and quantity of allochthonous
materials entering streams, an across-Biome study of fate and use of alloch-
thonous materials will begin in year 3, with comparisons among Andrews Forest
streams, Cedar River, and intermountain area streams such as Temple Fork and
Flathead River.

3.8.5. Other coordination subprograms

The coordination subprograms listed above do not include all possible research
efforts in the western United States. Lack of time prevented contact with
other possible areas that might be brought into the network. The task of more
clearly defining the role of the coordination, programs in the Biome and possibly
bringing additional programs into the system will be a continuing effort by
the coordination program director and a coordination program committee composed
of a representative from each of the coordination subprograms plus a few scien-
tists from the intensive site program. Table 3.11 summarizes the proposed
research.



Table 3.11. Summary of coordination programs.

Investigator(s) Institution

Behan UM

USU

Hart/Hawkins USU

Haydu Weyerhaeuser

Partridge UI

Forcier/Wambach UN

Gauf in UU

Hart/DeByle USU/USFS

Johnson/Weliner UU/USFS

Kurmes/Brown/Schubert NAU/USFS

Nogren/Meiman CSU

Steinhoff CSU

Title

3.51

Influence of fire in coniferous
forest ecosystems: A problem
analysis (62)

Test of environmental grid model
for primary production in Wasatch
front Englemann spruce (63)

Survey and evaluation of available
data for modeling forested water-
sheds (64)

Weyerhaeuser experimental streams
study: Modeling of trophic
processes (65)

Influence of plant disease on
functional ecosystems of western
coniferous biomes: A problem
analysis (66)

Coordination of the Coniferous Forest
Biome and Lubrecht Ecosystem Project
(67)

Aquatic coordination between the Coni-
ferous Forest Biome and the inter-
mountain area stream-lake studies (68)

Coordination of the Coniferous Forest
Biome and the northern Wasatch Forest
ecosystem study (69)

Coordination of the Coniferous Forest
Biome and the cedar-hemlock ecosystem
program (70)

Coordination of the Coniferous Forest
Biome and the southwestern ecosystem
projects near Flagstaff (71)

Coordination of the Coniferous Forest
Biome and the Little South Fork,
Cache La Poudre River watershed
study (72)

Coordination of the Coniferous Forest
Biome and the San Juan Ecology
Project (73)

Daniel/Hart
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3.9. Ecosystem Chart of Individual Projects

The foregoing discussion progressed into more and more detail. Most research
detail has been described in the individual projects listed in section 5 in
the Appendix (Vol. II). The individual projects have been plotted, however,
on the three ecosystem charts of Figure 3.22, which are an abstract of a wall-
size chart designed to track past, ongoing, and proposed research in the Biome.

Each chart represents a different level of resolution in space and time; and
in each the ecosystem is separated into spatial subsystems from the lake bottom
upward to the atmosphere, and into trophic subsystems of abiotic and biotic
nature. Smaller divisions indicate geographic research sites, and ecosystem
state and carrier variables.

Within this three-level matrix the research projects proposed for 1973 and 1974
have been plotted according to their stated objectives, which may distribute
the projects throughout the matrix. Integration is more likely when a project
is marked at more than one place in the matrix and when large gaps are absent
from the mosaics.

The project codes are two-dimensional in that the letters stand for different
kinds of studies, and the upper or lower cases indicate the kinds of data to
be gathered. The subscripts refer to the project numbers as listed in
section 5.1 in the Appendix of the Biome proposal.
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Figure 3.6. Partial representation of old-growthDouglas-fir sampled by climbing techniques. Onlybranch systems extending in two directions areshown. A forked top is drawn displaced to theright. Solid lines are living branches morethan 4 cm in diameter. Dead branches are dashedlines. Length and height of parallelogramsrepresent foliage area and density, respectively(after Denison 1972).
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i
Figure 3.8. Terrestrial biotic subsystem (S2) with third-echelon research areas
(shaded, wide arrows) proposed for study by the terrestrial food chain processes
group.



Figure 3.9. Terrestrial food chain processes (S23) partitioned into fourth-echelon
subsystems (each including predation), which in turn have been partitioned into
fifth-echelon research areas (shaded, wide arrows) proposed for study.
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Figure 3.10. Terrestrial food chain process subsystems with associated
research and modeling projects (see Table 3.4).
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Figure 3.11. Terrestrial biotic subsystem (S2) with third-echelon research
areas (shaded, wide arrows) proposed for study by the terrestrial biogeochemical
processes group.
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Figure 3.15. The energy budget of a forest volume. The major fluxes
crossing the top plane, and through the sides (advection) are net radiation qn,
convection H, and latent heat of vaporization V. The subscript b designates
fluxes across the bottom plane. The net flux into the volume results in a
change in the level of stored energy G, which includes both thermal energy
and net photosynthesis.
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Figure 3.16. Aquatic lake biotic subsystem (S3) with partitioning into
third-echelon subsystems and their relations.
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Figure 3.17. Water column processes subsystem (S31) with fourth-echelon
research areas (shaded, wide arrows) proposed for study.
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Figure 3.19. Aquatic stream biotic subsystem (S1) with third-echelon research
areas (shaded, wide arrows) proposed for study.
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Figure 3.21. Diagram of coordination progams and their relation to the
intensive research.
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KEY: T = techniques, procedures;
I = inventory, taxonomic; P = processes, transfer; C = control, interaction; H = historical, successional;M = mathematical, modeling; V = validation, manipulation; A = application, prediction; capitals = data acquisition; lower case = existing data;subscript - subproject number.

Figure 3.22. (II) Ecosystem studies chart indicating research areas being proposed for study in connection with the subprojects for 1973 and 1974
(see section 5).
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Figure 3.22. (I11) Ecosystem studies chart indicating research areas being proposed for study in connection with the subprojects for 1973 and 1974
(see section 5).


