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1. INTRODUCTION

Research activities in the post-IBP phase of the Biome program prior to
July 1975 were reported in Internal Report 162. Summaries of research
and synthesis activities from July 1975 to August 1976 are presented
here.

The reports are arranged in the following order: Analysis of Indi-
vidual Terrestrial Ecosystems, which has three components (Behavior and
Strategies of Individual Ecos ystems, Environment and Plant Succession
and the Land-Use Model); Analysis of Watersheds, which has two com-
ponents (Watershed 10 and Findley Lake); and Analysis of aquatic
ecosystems, which is divided into two components (Lakes and Streams). A
total list of Biome publications is included in the Appendix. A more
specific list of open literature publications is available from the Biome
Office. Progress of the synthesis activities is discussed in Section 5.

2. ANALYSIS OF INDIVIDUAL TERRESTRIAL ECOSYSTEMS

2.1. Behavior and Strategies of Individual Ecosystems

2.1.1. Leaf conductance in different forest stands - R. H. Waring and
S. W. Running, Oregon State University.

A manuscript was completed describing how stomata of subordinate hardwood
species respond to light, evaporative stress, and soil water availability.
We found that except when light directly impinged upon the leaves of under-
story shrubs, their stomata remained closed. As shallow-rooted species
depleted their water supply stomata also closed. Species adapted to clear-
cuts,whether deciduous or evergreen, had higher leaf conductance rates than
more shade tolerant plants (1).

We have continued to develop more accurate means of estimating stand leaf
area (2). We find that the highest leaf areas (40-55 m 2 /m2 for all surfaces)
occur in environments where soil water is always in good supply and the
temperatures are cool (3). Where the evaporative demand is high internal
resistance to water flow appears to reduce leaf area proportionally. Only
in a few cases does nutritional stress appear to constrain foliage development
(3).

In research comparing individual species, we have extended earlier hypotheses
concerning a linear relation between cross-sectional area of conducting tissue
and leaf area from conifers to Rhododendron, Castanopsis, and Acer macrophyllum. 
The shrub Acer circinatum was found to have non-linear relationships which means
it is particularly adapted to responding to changes in the overstory (4).

Preliminary work on the sapwood of large conifers indicates that the entire
reservoir may be utilized in less than 10 days during periods of high transpi-
ration. Refilling of the reservoir appears to be a function of both supply and
demand. Rapid recharge follows summer storms that wet the soil to a depth
where roots are active. Fall storms are associated with reduced evaporative
demand so that deficits are refilled by diffusion, requiring up to 4 months.
Sapwood water flux may serve as an index to evaporative demand and root uptake
under specified conditions (5,6).
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2.1.2. Nutrient uptake and translocation by young Douglas-fir trees  -
H. Riekerk and C. S. Bledsoe, University of Washington.

The overall objective of this study is to determine the major processes of
nutrient uptake by young Douglas-fir trees in a forest. The research
strategy is, first, to study seedlings growing in culture solutions in
the greenhouse, then to study young trees growing in soil in the greenhouse
and in the field, and finally to study trees growing in a natural forest.

A. Nutrient uptake studies--The past year has been spent on analyses of
the nitrate/ammonium experiment, involving both chemical analyses of the
seedlings and statistical analyses of all the data collected. This
experiment was designed to look at three aspecs of Douglas-fir seedling
growth: (1) effects of N supply (as NO 3 or NH 4 ) on uptake and distributio+
of nitrogen and the major cations; (2) rates or uptake of NO3 , NH4, K+, Ca ,4
Mg++; and (3) correlate growth and mineral nutrition.

All the laboratory work has been completed. Data analyses concerning
aspect 1 have been completed. Data analyses involving aspects 2 and 3
will be completed by early fall 1976.

The form of nitrogen supplied to Douglas-fir seedlings has a significant
effect on distribution of mineral nutrients. Figure 1 illustrates
the concentrations of N, P, Ca, K, and Mg in plant parts of harvested
seedlings. Although seedlings grown in ammonium-N accumulate considerably
more N than do those grown in nitrate-N, the accumulation of cations is
much less. This may be due to the "charge-balance" problem which seedlings
have in taking up N as a cation (NHt) and therefore limiting their uptake
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Figure 1. Distribution of nutrients in Douglas-fir seedlings.
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Figure 2. Nutrient uptake by Douglas fir seedlings grown in nutrient
culture. Values are averages of ten seedlings.



of K
+
, Ca

++
 , and Mg

++
 . This cation concentration difference between

nitrate-N and ammonium-N plants is significant in the stems for Ca
and in the roots for Ca +, K+, and Mel'. Differences in N concentrations
were significant in all three plant parts.

Not only does the form of N supplied have an effect on distribution (as
discussed above), but the form also affects the uptake rates (see Figure 2).
Note that the rate of ammonium uptake is almost double the nitrate rate.
Figure 2 also illustrates the considerable differences in rates of cation
uptake, where nitrate-grown plants take up K + most rapidly, Ca++ less
rapidly, and Mg++ least rapidly. The ammonium-grown plants do not take
up potassium until the supply of ammonium ions is exhausted. Figure 2
demonstrates how little the uptake rates decrease, even as the ion concen-
trations decrease markedly. The results of this experiment, which were
reported at the AIBS annual meetings in June 1976, are being written for
publication in a joint paper with D. W. Rains.

Although considerable time has been spent in looking for correlations
between growth and ion uptake, the volume of data has made this task
exceedingly laborious. Thus in collaboration with G. Swartzman, the data
have been computerized on the CDC computer, and numerous computations are
being carried out. After the statistical and graphical output has been
completed and evaluated, the data will be further used in a small process
model--linking growth and nutrition. It is hoped that this modeling
approach may suggest links between growth and nutrition which have not
been obvious previously.

B. Translocation studies--The objective is to estimate seasonal nutrient
translocation rates of a young Douglas-fir forest by combining correlations
of (a) plant-sap nutrient transport (milligrams of nutrient per gram
per root per hour vs. soil solution concentrations (and/or soil moisture
content) utilizing Douglas-fir seedlings and (b) fine-root biomass (<2 mm
diameter) vs. sapwood cross-sectional area at DBH of forest-grown trees.

The work during 1976 was mainly focused on obtaining initial data to: (a)
test the pressure-bomb technique of sap extraction, and (b) begin a fine-
root biomass vs. sapwood area correlation. Greenhouse studies of nutrient
translocation by Douglas-fir seedlings growing in solution cultures have
been summarized in a short communication (Plant and Soil, 1976, Vol. 45).

The concentration of nutrients was greater in the xylem sap of nitrate-grown
plants, than in ammonium-grown plants, suggesting more nutrient translocation
by nitrate-grown plants. Nitrate reduction in the root tissues was demonstrated
(Table 1). The translocation rate of potassium (K+) in xylem sap may be more
rapid than the rate of K4- uptake (see previous section), suggesting release
of K+ stored in root tissues. Furthermore, the concentration of potassium
in the xylem sap was much greater than any of the other nutrients (5-40 times
greater for NO - grown plants; 10-450 times greater for NH1 - grown plants).



Riekerk and Bledsoe

Table 1. Nutrient concentrations of Douglas-fir xylem sap and
external solution.

Treatment NH
4
-N NO

3
-N PO

4
-P

K Ca Mg

Xylem sap solution (ppm)

NO
3
-N culture 9.9 ± 8.8 1.5 ±	 1:2 3.9 ±	 2.3 69.2 ±	 15.0 15.1	 ±	 8.1 3.0 ±	 1.1

NH
4
-N culture 3.9 ± 4.4 0.1 ± 0.1 1.9 ±	 1.4 67.2 ±	 22.2 6.5 ±	 1.5 2.3 ±	 0.8

Soil 55.5 ±	 35.2 10.0 ±	 8.3 5.9 ±	 3.6

External solution (ppm)

NO
3
-N culture 0.5 ±	 0.2 1.1 ±	 0.5 0.2 ±	 0.1 1.6 ±	 0.8 0.7	 ±	 0.2 0.2 ±	 0.1

NH
4
-N culture 0.7 ±	 0.1 trace 1.2 ±	 0.9 2.2 ±	 0.2 1.2	 ±	 0.1 0.3 ±	 0.0

Soil 48.6 ± 42.9 11.7	 ±	 8.4 6.1 ±	 4.5

Uptake ratio

NO
3
-N culture 7.2* 36.6 55.8 21.2 16.0

N0
4 -N culture 5.9* 1.5 30.8 5.2

Soil 1.7 0.9 1.2

Uptake rate (pg per g OD root per h)

NO
3
-N culture 5.0 ± 5.7 0.8 ±	 0.7 2.2	 ±	 1.5 35.3 ± 9.0 7.0	 ±	 1.5 1.4 ±	 0.2

NH4 -N culture 3.6 ± 4.2 0.1 ± 0.1 1.1	 ±	 0.6 45.4 ±21.9 4.3	 ±	 2.6 1.6 ±	 1.0

*Ratio for total nitrogen.

NOTE: Error is one standard deviation derived from four replicates in solution cultures
and eight replicates in soil.



Further information on two-year-old seedlings of Douglas-fir and western
hemlock is being collected. Some larger plants can yield sufficient
volumes of sap so that a time-series study can evaluate effects of the
process of severing root and shoot by decapitation. Decapitation may cause
potassium release from storage by the root cells.

A new set of Douglas-fir seedlings will be used for studies on: (a) the
effects of temperature and oxygen on nutrient uptake and translocation, and
(b) the origins of potassium in xylem sap utilizing 42K in culture solutions.

In the field, excavations of some 50-year-old Douglas-fir trees resulted
in a tentative correlation of fine-root biomass vs. sapwood area (see
Table 2). Better statistical definition with more sample trees is required
before use in coniunation with nutrient-uptake studies is warranted.

2.1.3. Growth and Nitrogen Dynamics in Douglas-fir - D. W. Cole and P. Riggan

Current research is examining the influence of N nutrition upon the timing,
amount, and distribution of growth in young ( ft,9 years old) site quality II
Douglas-fir. For the experimental design, three blocks of five treatments
each, including control and 100, 200, 400 and 600 kg N/ha fertilizations [as
(NH4) 2 SO4] were established in early May, 1976.

As thegrowing season progresses, measurements are being made of soil exchange-
able NHZ, growth in foliage and cambium, and foliar N concentrations. From
these measurements, estimates will be made of the rates of change in foliage
and wood biomass and N content, tree N uptake, and foliage senescence and
N redistribution.

Foliage growth is being estimated by the following technique: (1) the lengths
of new shoots are remeasured at two-week intervals, with samples from different
whorls, branches and positions on branches, (2) along with the length measure-
ments, other shoots are collected (by whorl and branch position) and destructively
sampled for needle dry weight and shoot length, (3) regressions are calculated
for needle dry weight vs. shoot length from this sample, (4) the regressions
are used to estimate the needle weight growth curves for the non-destructive
sample, (5) at the end of the growing season, the tree will be destructively
sampled for biomass and the calculated growth curves will be used to estimate
new foliage biomass by whorl and position through time.

Cambial growth is estimated by injuring the cambium with a needle at successive
time intervals, dissecting the tree at the end of the growing season, and
measuring the radial distance between injuries.

Foliage samples are also being collected to determine the effect of changes
in N supply upon N metabolism in the tree. New foliage from the 1974 whorl
is being collected at weekly to biweekly intervals, frozen in the field with
liquid nitrogen, and stored at -20 C. After collections are completed, they
will be analyzed for individual free amino acids and total protein.

Results of these studies will be used in the development of a simulation model
describing growth and N movement in young Douglas-fir stands. Initial model
development is described in Internal Report 162.
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Table 2. Summarizing total DBH, height, sapwood, total root weight, live
root weight and needle weight and their logarithmetic value.

TREE #1, 51 years	 TREE #2, 45 years	 TREE #3, 52 years 

Metric	 Log 10x	Metric Log 10x	Metric	 Log 10x

DBH	 13.66 cm	 11.5 cm	 18.92

Height	 15.27 m	 14.33 m	 21.55 m

Sapwood	 72.73 cm2

	

3.8617	 35.19cm2	3.5464	 162.77cm
2
	4.2115

Total root	 12,150 g	 4.0845	 5055 g	 3.7037	 21,602 g	 4.3349

Fine root	 206 g	 2.3138	 136 g	 2.1335	 701 g	 2.8457

Needles	 3,089 g	 3.4898	 862 g	 2.9355	 9,768 g	 3.9898

Fine root/sapwood	 2.83	 0.60	 3.86	 0.60	 4.31	 0.67



2.1.4. Primary production and nutrient cycling in different forest 
environments - C. C. Grier, Oregon State University.

Aside from occasional visits to field sites to collect supplementary data,
all field work on this project has been terminated. Work over the past
year has focused on data processing and preparation of reports.

This is a comparative study examining changes in stand structure, pro-
duction and nutrient cycling along an environmental gradient from the
Oregon coast to the interior "high desert." Biomass, productivity and
nutrient distribution data are complete for most study sites along the
transect. Nutrient cycling data are complete for three of the western-
most plots; the remainder are currently being summarized.

The following reports have resulted from this study.

Grier, C. C. and S. W. Running. Leaf area of mature northwestern coniferous
forests: Relation to site water balance. Submitted to Science. 

Grier, C. C. A Tsuga-Picea ecosystem of coastal Oregon: Biomass distribu-
tion and production relations. Submitted to Ecology. 

Grier, C. C. A Tsuga-Picea ecosystem of coastal Oregon: Nutrient distribution
and nutrient cyarEli. Submitted to Ecology. 

Grier, C. C. Productions and nutrient cycling in some upper-slope conifer
forests of the western Oregon Cascades. Can. J. For. Res.

2.1.5. Comparative stand level nutrient availability from terrestrial 
litter decomposition - K. Cromack and R. Fogel, Oregon State University.

Decomposition and nutrient cycling of decomposer organisms - 1. Effect of
habitat and substrate quality on Douglas-fir litter decomposition in
western Oregon--Linear regression models were developed for Douglas-fir
needle, female cone, branch and bark decomposition on seven sites re-
presenting four habitat types in western Oregon. Annual weight loss (k)
of needles ranged from 0.22 to 0.31, from 0.047 to 0.083 for cones, from
0.089 to 0.059 for branches and from 0.040 to 0.005 for bark. Annual
needle weight loss had a negative linear correlation, significant at the
1% level with maximum plant moisture stress and temperature growth index
of the seven stands. In comparing substrate quality of needle and woody
litter components, annual weight loss had a better correlation with
lignin content than with C/N ratio.

Four habitat types were chosen on the H. J. Andrews forest to represent an envi-
ronmental gradient from dry to wet sites. The driest site, a Tshe/Hodi
association, is a climax Douglas-fir association with a south facing
slope and shallow soils. The Tshe/Cach type is a slightly more mesic
site existing on south facing slopes with deeper soils than the Tshe/Hodi
site. The Tshe/Rhma/Bene site represents about 40% of the low elevation
stands on the H. J. Andrews and is a mesic habitat. The Tshe/Pomu site
is the wettest type habitat, existing on north facing slopes and on
first order streams.
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Significant associations were obtained between annual weight loss constant
(k) and the following stand variables: cover of mature trees, maximum
plant moisture stress, minimum soil moisture and minimum litter moisture
(Table 1). A multiple regression relationship was obtained between annual
weight loss constant (k) and temperature growth index plus maximum plant
moisture stress.

Substrate quality and nitrogen content data were obtained on four litter
components prior to decomposition studies in the four habitat types on
H. J. Andrews (Table2). This information was used to test which of the
substrate quality indices, C/N ratio or % lignin would correlate best with
observed annual decomposition constant (k). Percentage lignin was the best
predictor of decomposition rate among all four litter substrates, and was
statistically significant for all four habitat types (Table 3). The re-
lationship between carbon substrate quality (or % lignin) and annual
decomposition constant (k) for the four habitats and the four substrates
is presented graphically in Figure 1. Also illustrated in the figure is
environmental array of decomposition rate for Douglas-fir green needles
from the driest site (#1) to the wettest site (#7). Site #1 is a Tshe/Hodi
site and site #7 is a Tshe/Pomu site. Decomposition rate of the Douglas-fir
needles was most rapid on the wettest site.

The role of oxalic acid and bicarbonate in calcium cycling by fungi and 
bacteria: Some possible implications for soil animals. K. Cromack,
P. Sollins, R. L. Todd, R. Fogel. A. W. Todd, W. M. Fender, M. Crossley,
and D. A. Crowley--Fungi can accumulate Ca in excess of their apparent
physiological needs by release of oxalic acid to form the sparingly soluble
Ca oxalate. Fungal release of oxalic acid may also form stable complexes
with other metallic cations, which would influence both soil weathering pro-
cesses and release of P from Fe and Al hydroxyphosphates. Both saprophytic
and mycorrhizal fungi may be utilizing similar functional nutrient cycling
mechanisms with respect to Ca accumulation. Bacteria and Streptomyces 
can decompose Ca oxalate, which recycles the cation and permits formation
of calcium bicarbonates or carbonates. Oxalate decomposing bacteria and
actinomycetes were isolated from the digestive systems of oribatid mites,
earthworms, a springtail and two immature aquatic detritivores, a mayfly
and a stonefly. Earthworms and oribatid mites are among soil animals known
to utilize or cycle substantial amounts of Ca. A proposed Ca cycle operative
in fungi and soil animals, is presented in Figure 2. In this representation
Ca may exist in several chemical forms: As Ca on an exchange site in soil
or litter; Ca carbonate or bicarbonate; Ca oxalate; or as Ca ++ in solution.
It is important to emphasize that low energy products of the carbon cycle
such as oxalate and bicarbonate may profoundly influence cycling of elements
such as Ca and P.

References 

Fogel, R. 1976. Ecological studies of hypogeous fungi. II. Sporocarp
phenology in a western Oregon Douglas-fir stand. Can. J. Bot.
54: 1152-1162.

Fogel, R. 1976. Notes on distribution and spore ornamentation of
Mycolevis siccigleba (Basidiomycetes, Hymenogastraceae). (Accepted
for publication in the July-August 1976 issue of Mycologia).
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Cromack and Fogel

Table 1. Needle decomposition. Correlation of annual weight loss (k)
with stand variables. C = % cover of mature trees, PMS =
maximum plant moisture stress, TGI = temperature growth index,
SM = minimum soil moisture (0-5 cm deep), LM = minimum
litter moisture.

Stand
Variable Regression equation r

S.E. slope

X104 n

C k=0.1778+9.25x10-4 (C) 0.87* 2.1 6

PMS k=0.3102-5.30x10-3 (PMS) -0.92** 11.7 6

TGI k=0.4350-1.99x10-3 (TGI) -0.33 28.6 6

SM k=0.2045+2.80x10-3 (SM) 0.91* 6.3 6

LM k=0.2087+2.30x10 -3 (LM) 0.89* 5.7 6

PMS+TGI k=0.0599-7.1981x10-3 (PMS) 0.987** 8.6=B 6

+0.003 (TGI) 8.5=C

*Significant at the 5% level.

**Significant at the 1% level.

Table 2. Substrate quality and nutrient content of Douglas-fir needles,
cones, branches and bark.

%C %N C/N RATIO % LIGNIN*

Needles 50.8 0.82 62 21.8

Cones 49.3 0.24 205 44.2

Bark 56.4 0.19 297 58.6

Branches 49.3 0.15 329 43.4
(1 cm diam.)

*Determined by Van Soest's (1963) method.
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Cromack and Fogel

Table 2. Needle decomposition. Correlation of annual weight loss (k)
with stand variables. C = ° cover of mature trees, PMS = maximum
plant moisture stress, TGI = temperature growth index, SM = minimum
soil moisture (0-5 cm deep). LM = minimum litter moisture.

Stand
Variable Regression equation r

S.E.	 slope
x10 4 n

C k=0.1778+9.25x104(C) 0.87* 2.1 6

PMS k=0.3102-5.30x10-3(PMS) -0.92** 11.7 6

TGI k=0.4350-1.99x103(TGI) -0.33 28.6 6

SM k=0.2045+2.80x10-3(SM) 0.91* 6.3 6

LM k=0.2087+2.30x10 3 (LM) 0.89* 5.7 6

PMS+TGI k=0.0599-7.1981x10 3 (PMS) 0.987** 8.6=B 6

+0.003(TGI) 8.5=C

* significant at the 5% level
** significant at the 1% level

Table 3. Substrate quality and nutrient content of Douglas-fir needles,
cones, branches and bark.

%C	 %N	 C/N Ration	 °lignin

Needles 50.8 0.82 62 21.8

Cones 49.3 0.24 205 44.2

Bark 56.4 0.19 297 58.6

Branches 49.3 0.15 329 43.4

*Determined by Van Soest's	 (1963) method



Table 3. % lignin (LN) as a predictor of annual decay constant (k).

S. E.	 Slope
x10-2

Site Association Regression equation r2 N r

7 Tshe/Pomu k=1.0832-0.26303(LN) 0.974 3.02 4 0.987*

2 Tshe/Rhma/Bene k=0.98354-0.23676(LN) 0.979 2.48 4 0.989*

16 Tshe/Cach k=0.90232-0.21678(LN) 0.975 2.47 4 0.987**

1 Tshe/Hodi k=0.87764-0.21218(LN) 0.993 1.28 4 0.996**

*Significant at the 5% level.

**Significant at the 1% level.
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Fogel, R., and J. M. Trappe. 1977. Fungus consumptionjpycophagy) by
small mammals. (submitted to Northwest Science and if accepted will
be published in November, 1977 issue.).

Sollins, P., C. Grier, K. Cromack., F. Glen, and R. Fogel. 1977. The
internal nutrient cycle of an old-growth Douglas-fir stand in
Western Oregon. (submitted to Ecol. Monogr.).

Fogel, R., and K. Cromack. 1977. Effect of habitat and substrate quality
on Douglas-fir litter decomposition in western Oregon. (Will be
submitted to Can. J. Bot. the first week in July).

Cromack, K., D. Sharpe, B. Ausmus, G. Henderson, and C. Monk. 1977. A
regional approach to the forest decomposition process. (Cromack
has to revise before submission).

Trappe, J. M, and R. Fogel. 1977. Ecosystematic functions of mycorrhizae.
(Trappe is revising and will submit manuscript to For. Sci.).

Cromack, K., P. Sollins, R. L. Todd, R. Fogel, A. W. Todd, W. M. Fender,
and M. Crossley. 1977. The role of oxalic acid and bicarbonate in
calcium cycling by fungi and bacteria: Some possible implications
for soil animals. VI International Soil Science Society Soil
Zoology Colloquim, Uppsala, Sweden (in press).

Strand, R. H., B. S. Ausmus, K. Cromack, and R. Fogel. 1976. Time
series analysis of decomposition processes and fungal sporocarp
production in forest ecosystems. (2nd revised draft: to be submitted
in Fall, 1976 to Ecology).

2.1.6. Decomposition Cedar River - R. L. Edmonds, K. Vogt, D. Vogt, and
G. Antos, University of Washington.

The major objective of the decomposition studies in the Cedar River
watershed is to compare rates of decomposition and mineralization and
microorganism populations in (1) four ecosystems and (2) as a function
of stand age and development in Douglas-fir ecosystems.

Decomposition studies have been carried out in the Cedar River watershed,
at the Thompson site and at Findley Lake since November 1974. Decomposi-
tion rates of needles, leaves, twigs, cones, and wood sections have been
determined for a one-year period for Abies amabilis (Pacific silver fir)
at Findley Lake, Pseudotsuga menziesii (Douglas-fir), Tsuga heterophylla 
(western hemlock) and Alnus rubra (red alder) at the Thompson site. In
addition a study of decomposition of Douglas-fir needles as a function of
stand development (stand age) was also initiated. Weight loss, nutrient
content, lignin/cellulose content, CO 2 evolution from the forest floor
during the early afternoon, and temperature and moisture of the forest
floor have been monitored. Nutrient content and lignin/cellulose data
are not yet complete but weight loss, some CO2 evolution, and moisture
and temperature data are available.
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Table 1 indicates that decomposition is proceeding faster at the lowland
Thompson site than at Findley Lake. Decomposition is fastest in the
red alder ecosystem where weight loss of leaves was 55.1% after one year.
Douglas-fir needles decomposed at a slightly lower rate (46.5% loss) and
western hemlock needles decomposed at the slowest rate (37.4% loss). CO2
evolution was also generally greater in the red alder stand than in the
Douglas-fir or western hemlock ecosystems (Table 1). CO2 evolution was
similar in the Douglas-fir system to that in the western hemlock system,
with the western hemlock system having slightly higher rates. Decomposition,
however, was higher in the Douglas-fir ecosystem.

Interestingly, decomposition of needles appears to be proceeding relatively
rapidly in the Pacific silver fir ecosystem at Findley Lake and is similar
to that in the western hemlock system at the Thompson site (Table 2).
This is despite the fact the forest floor is snow covered at Findley Lake
ten months of the year. Decomposition of cones, twigs, and woody material
is much slower at the western hemlock site than the Douglas-fir site
(Table 2).

The rate of decomposition of this material is similar in the western hemlock
and Pacific silver fir ecosystems. CO 2 evolution measured a single time
in August 1975 at Findley gave a value a little lower than August values
at the Thompson site.

Temperature and moisture data presented in Table 3 would indicate that
the red alder system forest floor is moister than the Douglas-fir or hemlock.
Temperatures are similar in all Thompson site ecosystems. The temperature
at Findley Lake is considerably colder.

The forest floor moisture conditions would thus appear to be more closely
related to the decomposition rates than forest floor temperatures at the
Thompson site. The lower temperatures at Findley Lake, however, probably
inhibit decomposition.

Weight loss of Douglas-fir needles as a function of stand development from
ages 9 to 95 is shown in Table 4 along with CO 2 evolution data. Decom-
position is slowest in the 9-year-old stand (38.3% weight loss), increases
to a maximum in the 22-year-old stand (50% weight loss), and then decreases
to an equilibrium status just over 40% weight loss. The smaller loss in
the 30-year-old stand is probably due to the dryness of this site. This
equilibrium status is similar to that observed for several other features
of this stand including foliar biomass which also reaches equilibrium after
canopy closure. The decomposition rates do not appear to be closely
related to either forest floor temperature or moisture, except for the
30-year-old stand (Table 5). Analysis of the more definitive weekly data
will elucidate this relationship. Nutrient analyses and lignin/cellulose
data will be available soon and it is planned to terminate these studies
after a two-year duration.
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Edmonds, Vogt, Vogt & Antos

Table 1. Percent weight loss of needles and leaves after 365 days and
CO

2
 evolution in four ecosystems in the Cedar River valley.

Ecosystem
Percent
Weight loss
after 365

days 2/19

(CO2 evolution (mg CO2.hr
-1

.m
2

)
Dates

7/23	 8/20	 8/28	 9/26 10/20

Thompson Site

Western hemlock 37.4 61.0 48.7 - 136.4 125.9 402.8

Douglas-fir 46.5 ' 51.7 35.9 - 106.1 119.4 405.3

Alder 55.1 71.8 25.1 - 270.0 141.4 354.7

Findley Lake

Pacific Silver Fir 37.7* 55.8

*After 420 days.

Table 2. Percent weight loss of needles, leaves, twigs, cones and woody substrates
after 365 days in ecosystems at the Thompson site and Findley Lake.

Percent Weight Loss

Ecosystem

Needles or
Leaves

Substrate

Twigs	 Cones Wood

Thompson Site

Western hemlock 37.4 19.9 11.6 12.0

Douglas-fir 46.5 22.6 24.3 5.7

Alder 55.1 - - 12.9

Findley Lake

Pacific silver fir 37.7* 11.0** 10.3*

*After 420 days.
**After 310 days.



Table 3. Forest floor temperature and moisture data during times when CO 2 evolution was determined in four
ecosystem types.

Ecosystem 2/19 7/23 8/20

M

8/28

M

9/24

M

10/20

T M T M T T T T

Thompson Site

Western hemlock 2.2 373.5 12.2 105.2 - - 13.9 171.7 12.8 97.0 10.0

Douglas-fir 2.2 427.0 12.2 98.1 - - 14.4 231.3 12.8 85.0 11.1

Alder 1.7 445.8 11.1 247.8 - - 15.0 205.0 12.2 185.7 11.7

Findley Lake

Pacific silver - -

fir - - - 6.1 154.1 1 1 1 - -

Temperature = °C

M

70.0

41

44.0

Moisture = percent based on dry weight.
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Table 4. Percent weight loss after 365 days of Douglas-fir needles and CO2
evolution from the forest floor in a series of stands ranging from age
9 to 95.

Stand Age

Percent

wt.	 Loss

After 365
days

CO 2 evolution

(mg CO2 • hr-1 • m
-2

)

Date

7/23 .	 8/28 9/24 11/7

9 38.3 24.3 148.8 132.7 103.3

22 50.0 86.7 237.8 154.2 73.2

30 38.0 59.0 229.7 115.7 19.2

42 43.6 95.4 290.7 141.9 63.7

73 41.1 42.6 203.8 127.9 49.9

95 42.7 53.3 179.4 120.2 84.9

Table 5. Forest floor temperature and moisture data during times when CO2
evolution was determined for the age sequence of Douglas-fir stands.

Stand

Age

7/23 8/28 9/24 11/7

T M T M T M T M

9 12.8 42.3 / 14.4 220.0 12.2 122.0 8.9 476.0

22 12.8 71.6 14.4 165.1 13.3 59.9 8.9 285.0

30 13.9 43.8 14.4 160.6 13.9 53.5 8.9 252.0

42 14.4 71.3 15.0 210.4 13.3 60.0 8.9 422.0

73 14.4 82.2 15.0 243.7 13.9 82.2 9.4 450

95 15.6 74.5 13.3 143.0 13.3 85.8 10.0 339

Temperature = 0C.

Moisture = percent based on dry weight.
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Soil microorganism populations are being determined on a monthly basis
in the four comparative ecosystems along with CO 2 evolution. In addition
isolations have been made from woody material in 1/10-acre plots in these
ecosystems and pure cultures obtained. It is proposed to examine differences
in these cultures with respect to their abilities to decompose various
substrates at differing temperatnces.

Fungus fruiting bodies have also been collected from these plots and their
location mapped. Considerably more fruiting bodies occur on the western
hemlock and Douglas-fir plots than the red alder plot. No fruiting bodies
have been collected as yet from the Pacific silver fir plot. These fruit-
ing bodies will be analyzed for their nutrient content.

Table 6 shows a
litter and wood
hemlock plots.
western hemlock
the alder plot.
plot.

list of the basidiamycete species obtained from both the
throughout the year on the alder, Douglas-fir, and western
There appears to be slightly more species diversity on the
plot than the Douglas-fir plot with least diversity on
Only one species was recorded on litter from the alder

The increased numbers and diversity of basidiomycetes from red alder to
Douglas-fir to western hemlock is apparently inversely related to the
rate of substrate decomposition occurring in these ecosystems. Since
many of the species recorded are mycorrhizae in nature it can be hypothesized
that as decomposition proceeds more slowly the mycorrhizal fungi begin
assuming more and more importance in the nutrient cycling process.

The rates of decomposition in these ecosystems are being examined with
respect to moisture and temperature regimes substrate quality, particularly
the presence of phenolic compounds in the substrate which are known to
inhibit certain fungi.

An additional study was also commenced in 1976 involving nitrogen dynamics
in the forest floor and A horizon. Plots have been set up in an age
sequence of Douglas-fir stands and a sequence of site qualities varying
from high to low. Nitrate and ammonia levels are being monitored on a
seasonal basis. The basic objective of this study is to determine factors
which may be inhibiting or enhancing nitrification in this matrix of
Douglas-fir stands.

Laboratory leaching experiments have also been conducted using forest
floor from the four comparative ecosystems. Initial experiments simulating
winter conditions were conducted at 3°C in plexiglass tubing (14 cm diameter)
with a lysimeter plate attached at one end. KOH in vials was placed on
a grid above the forest floor within the tubing to trap the CO., evolved.
The KOH was analyzed titrimetrically with HC1. A simulated ratnfall of
5.1 cm was applied to each forest floor; the leachates collected and analyzed
were Ca, K, Mg, Mn, Fe, NHX, NO5, and reduced sugars. At the termina-
tion of the experiment, part of the forest floors were divided into the
L and H. layers. The total forest floor and the L and H layers and moss
were analyzed for total N, C, Ca, K, Mg, Ma, Zn, Mn, and Fe.
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Edmonds, Vogt, Vogt, & Antos

Table 6. Basidiomycete fruiting bodies and their nutrient content
in red alder, Douglas-fir, and western hemlock ecosystems
at the Thompson Site.

Ecosystem
	 Species	 Substrate

Red alder

Douglas-fir

Western hemlock

Corticium sp.	 wood

Mycena plumbia	 litter

Panellus serotinus	 wood
Xeromphalina campanella	 wood

Cantherellus sp.	 litter

Collybia acervata	 litter

Cortinarius sp.	 litter
Cortinarius semisanguiness	 litter

Galerina subdecurrens	 litter

Gomphidius smighii	 litter

Hydnellum sp.	 wood

Hygrophorus pusillus	 litter

Inocybe subdestricta	 litter

Lactarius delicious	 litter

Mycena Aurantii	 litter/wood

Naematolama capnoibes	 wood

Naematoloma dispersum	 litter

Polypolus abietinus	 wood

Cantherellus sp.	 litter

Chroogomphus tomentus 	 litter
Cortinarius amphractus	 litter

Cortinarius elatior	 litter
Cortinarius semisanguiness	 litter

Cortinarius subfudtoetidus	 litter
Cortinarius vibratilis	 litter

Cortinarius sp.	 litter
*Fomes annosus	 wood
Gymnopilus edinaliosporus 	 wood

Gymhopsus macropholius	 litter

Hygrophus sp.	 litter

Mycena aurantiidisca	 litter
Naematoloma dispersum	 wood/litter

Nolaneae sp.	 litter
Pholiata scamba	 litter

Polyporus elegans	 litter

*Poria subscida	 wood

Russula oxidentalis	 litter
Xeromphalina campanella 	 wood

*Woody fruiting body.
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No reduced sugars, NO, or NHt were measurable in the leachates analyzed.
A range of 1-2 ppm of Mg, Mn, Fe, 3-5 ppm of K, and 10-20 ppm of Ca were
leached from the four different forest floors. No leachate data were
available from the Pacific silver fir floor since it was frozen. Even
though the forest floor was frozen, 0.14 ug ATP/1 g litter was measured
indicating possible microbial activity.

When comparing (Table 7) the nutrient content of the moss prevalent in the
Douglas-fir and western hemlock stands to the total litter layer, the
hemlock moss had a significantly higher concentration of Mg and the Douglas-
fir moss had a significantly higher concentration of Zn. The moss in the
Douglas-fir site had a significantly lower concentration of Mn and Fe in
comparison to the total forest floor.

When comparing the L and H layers of the forest floors, there was a
lower concentration of Mn in the H versus the L layer in the Douglas-fir,
hemlock, and Pacific silver fir. There was a higher concentration of Fe
in the H versus the L layer in the Pacific silver fir, hemlock and alder
stands. In the Douglas-fir stand, there was a significantly higher concen-
tration of Ca in the L versus the H layer, and in the Pacific silver fir
a higher concentration of Na in the H versus the L layer.

The hemlock forest floor evolved 3762, the Douglas-fir 2 2180, the alder 2207,
and the Pacific sliver fir 1793 mg CO,, per 24 hr per m . This experiment
will be continued on a monthly basis throughout the year incubating
forest floors at similar temperatures to those occurring in the field.

Publications 

Edmonds, R. L. 1976. Effects of cold- and warm-water extractives from
decayed and nondecayed western hemlock heartwood on the growth of
Fomes annosus. Can. J. For. Res. 6:1-5.

2.1.7. Response of forest ecosystems to fertilizer - S. P. Gessel,
University of Washington.

This research was designed to utilize a large amount of previous work in
examining the overall response of forest ecosystems to changes in nutrient
supply and in developing models of nitrogen use. The two principal sources
of data are: (1) a series of plots established from 1950 to 1968 in various
parts of western Washington which had received different forms and amounts
of nitrogen, and (2) approximately 1000 plots from Regional Fertilizer Study
initiated in 1968 through cooperative financing of many land owners in
Washington and Oregon. The prinicipal objective of research has been to
test application of 200 and 400 kg/ha of N as urea in a variety of forest
environments. Four-year growth response data are now available for all of

these plots.

Research accomplished to date in 1976 includes: (a) remeasurement of all
plots in item 1, above; (b) analysis of growth data resulting from these
remeasurements; (c) analysis of data on litter production in some of these
stands and publication of results; (d) some work on current nitrogen status
of soils, especially nitrate and ammonia; (e) chemical analysis of soils from
regional study; and (f) regional study funding has provided analysis of
growth data from the 1000 plots.



Table 7. The mean value for total N, C, and cations for the Pacific silver fir, hemlock, Douglas-fir, and

alder forest floors, and hemlock and Douglas-fir moss.

Pacific silver	 fir Hemlock Douglas-fir Alder Moss

Total L H A2 Total	 L H Total L H Total 1 H Heml. D-fir

'otal	 N% 1.08 1.03 0.89 0.0 0.90 0.78 0.96 0.69 1.11 0.64 1.57 1.56 1.20 0.83 1.12

.otal	 C% 41.4 39.2 34.7 3.0 39.5 40.8 37.2 30.8 39.3 25.4 25.5 32.4 20.1 47.6 40.0

::N	 ratio 38:1 38:1 39:1 - 43:1 52:1 39:1 45:1 35:1 40:1 16:1 21:1 17:1 -

:a ppm 3756 3633 3267 1933 5033 6433 6167 7733 9500 7167 9467 7567 6467 7300 10,000

PPm 2078 2181 1745 1667 967 1033 833 1033 1033 1100 1167 967 833 1100 1,100

Ig ppm 496 480 536 273 400 550 667 600 800 733 733 867 850 750 800

la ppm 1473 1438 1744 2171 1467 1233 1233 1800 1033 1233 1433 1033 967 1400 1,700

:n ppm 14 12 20 2 22 20 26 37 29 25 17 19 18 19 55

in ppm 61 65 28 17 283 337 54 1233 1133 267 130 270 243 270 560

'e ppm 608 537 870 343 1367 1233 2233 5400 2400 4167 3233 3767 6133 1300 1,200

0_
B
0
3
0-

0
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0
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Principal results from both sources of information can be summarized as
follows: (a) Douglas-fir forests show a pronounced growth response to
nitrogen with optimum treatment between 150-200 kg/ha. Overall volume growth
increase is 25 percent. Considerable variation exists in response ranging
from zero to over 100 percent. Cause of the variation has not yet been deter-
mined and this is under further study through soil and foliar analysis techniques.
(b) Response of western hemlock is much more variable with some evidence
suggesting that coastal area hemlock constitutes a different population
from Cascade Mountain area hemlock. (c) Duration of response to one treat-
ment is at least 7-8 years. (d) Growth response seems to be inverse to
forest site and not related to stand age up to 60-70 years. (e) Total
nitrogen in the forest soils systems ranges from 3000 to 15,000 kg/ha with
no clear relationship to response. Available nitrogen and therefore rate
of annual turnover must be an important factor in adequate nitrogen
nutrition of these coniferous forests.

These results, while still preliminary in nature, do suggest that nitrogen
plays a dominant role in growth and production in northwest coniferous
forests. Therefore factors which determine total amount of nitrogen in
the system and the distribution and available supply to the forest need to
be thoroughly understood to achieve scientific management of the forests for
any purpose. A good nitrogen model for a coniferous forest is also obviously
needed.

Results so far show little effect of other elements and this leads to the
conclusion that these other essential elements must be in adequate supply
for forest growth. However, as forest lands are more intensively managed,
total forest nutrition must be under continued scrutiny.

2.1.8. Stand Structural Geometry - D. R. M. Scott and E. Jensen,
University of Washington.

Sampling was performed on one vertical quadrant of a standing, 45-year-old,
codominant Douglas-fir at the Thompson site. Branches were individually
removed from the tree and lowered to the ground, where their exact positions
in the tree were duplicated. A series of measurements taken on each
individual branch internode allowed the complete and accurate reconstruction
of each branch by the computer. In addition to these location parameters,
a complete description of each internode was obtained and further categorized
on the basis of age and branching hierarchy (order). Twigs were characterized
by length, diameter, and dry weight--foilage by dry weight, and the size and
shape of the foliage cylinder surrounding each twig. Additional variables such
as mean weight per needle, needle number per twig, and needle surface areas were
calculated. A descriptive model of the crown of Douglas-fir is nearing completion.
Predictive equations concerning the distribution of biomass in the crown have
been formulated and shall be tested in the upcoming field season.

The most significant findings of this study are summarized below:

(1) The structure of a large Douglas-fir crown is complex. Approximately
100,000 branch internodes hold a total of approximately 10,000,000
needles. Each year internodes and needles are added to and subtracted
from this total in a somewhat regular manner. An attempt has been made
to describe this process and to understand some of its implications.
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Parameters dealing with gross crown morphology (e.g., yearly crown ex-
tension in the horizontal plane, the age and order structures of branches.
the foliar biomass per branch, the number of internodes per branch, etc.)
are generally predictable. Parameters dealing with the size and shape
of individual internodes are generally not predictable, other than to say
that size normally decreases with increasing age and order.

Branch development is limited. In the study tree no more than four
orders were found. Primary branch elongation decreased logarithmically
with increasing age.

Branch development undergoes fairly regular changes with age. As a
branch ages its ability to put on growth, both terminal and lateral,
decreases. In short the outer half of a 10-year-old branch is not at
all like a 5-year-old branch, either in size or complexity of development.

Internodal twigs (those riot occurring at the nodes of branches) comprise
50% of the foliar weight of branches but only 10% of the twig weight.
Internodals are also the first branches to be shed under stress or
through aging, suggesting a useful strategy of maximizing photosynthetic
surface area while minimizing the energy tied up in supportive tissue.
Prior to this study, internodal twigs had been totally neglected.

When non-functionality occurred in this crown, as indicated by the
loss of a branch ring, crown break-up occurred immediately. The
branches in the non-functional crown contained few foliated internodes
and were apparently excising branchlets at a high rate.

A distinct difference in upper crown development existed between the
south and north sides of the study tree. Branches on the south side
generally had more internodes and the basal internode had a larger
diameter than corresponding branches on the north side. This may help
explain the slant in zones of photosynthetic efficiency for Douglas-fir
found in studies at the University of Washington. Comparisons below
whorl seven were not made.

In the coming field season an attempt will be made to validate these ob-
servations and extend them to other social positions and site classes.

2.1.9. Nutrient exchange - R. J. Zasoski and S. Colton, University of
Washington.

During 1975-1976, soil samples from Findley Lake and Andrews Forest were
collected in addition to those collected earlier from the Thompson site.
These soils have been analyzed and characterized during the past year.

Of particular interest was the cation exchange capacity and exchangeable
cation content. A procedure using unbuffered ammonium chloride rather
than buffered ammonium acetate was used to measure exchangeable cations
and cation exchange capacity. Exchangeable cations make up a small fraction
of the total C.E.C. and the soils are high in exchangeable aluminum or
hydrogen. The readily available base supply is low in all of these soils.
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The ability of the soils to supply and buffer potassium was determined
using the Quantity-Intensity approach of Beckett (1964a, b). Soils from
Findley Lake, Andrews, and the Thompson site were faced with 0.01 M CaC12
solutions containing varying amounts of potassium. Figure 1 shows the
results for the Everett Soil (Thompson site). The amount of K gained
or lost by the soil (AK) is plotted on the ordinate axis and the abscissa
level. If added K is low or zero, there will be a release to solution and
AK will be positive (+). As K additions increase, potassium will be
adsorbed and AK will be negative.

The surface horizon (A3) and the organic horizon (02) were able to furnish
to solution while the A3, B and C horizons did not. Results from the

mineral horizons at the Findley Lake site acted like the lower horizons
at the Thompson site. The Andrews Forest soils also were able to furnish

to solution, and showed a greater capacity to adsorb Kt. These results
further emphasize the important role of the forest floor in short-term
potassium supply especially in the more acid soils. Other assessments
of potassium supply will be obtained during the remainder of the year.

Since the exchangeable potassium levels cover a limited range in the soils
tested, it was possible to find, as might be expected, a highly significant
relationship between solution K and exchangeable K. (R 2 = 0.98 and R2 = 0.97,
n = 12) for soil to solution ratios of 1:25 and 1:50. Thus, the amount of

replaced by Ca is linearly related to the exchangeable K content of the
soil. This relationship was found for all horizons sampled in the three soils.

Preliminary data has been obtained for exchange constants in the A3 and Al
horizons of the Everett soil. While this data will be refined and expanded
upon during the remainder of the funding year, it appears that Ca is pre-
ferred over Mg in the Al horizon while in the A3 horizon Mg is preferred
over Ca by the exchange materials.

References 

Beckett, P. H. T. 1964a, b. Studies on soil potassium I and II. J. Soil
Sci. 15:1,9.

2.1.10. Nutrient Leaching - D. W. Cole and D. W. Johnson, University
of Washington.

Processes of elemental transfer in some tropical, temperate, alpine and 
northern forest soils: Factors influencing the availability and mobility 
of major leaching agents. The role of carbonic acid as a leaching agent
was evaluated in a tropical, temperate, alpine and a northern forest soil.
It was hypothesized that high temperature and heavy rainfall in the tropical
systems would cause high soil CO 2 levels and intensive leaching relative to
temperate systems. It was also proposed that, because of similarities in
climate, forested soils in alpine and northern sites would be analogous with
respect to carbonic acid leaching. It was hypothesized that organic acids
would be produced in soils in colder climates and that these acids would
tend to lower solution pH and bicarbonate levels.

These basic hypotheses were confirmed: soil CO., pressures and soil solution
bicarbonate salt concentrations were higher in the tropical than in the
temperate system. The alpine and northern systems were analogous in that
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organic acids lowered pH and bicarbonate concentrations within the rooting
zone. Most available literature shows that the presence of organic acids
lowers pH and reduces the dissociation of carbonic acid, thus lowering the
level of mobile inorganic anions in the rooting zone.

The intensity of carbonic acid leaching within each of these soils corresponds
to the mineral cycling rates at the given site. At the colder sites, the
suppression of carbonic acid leaching probably prevents massive losses of
cation nutrients during snowmelt periods. This is because CO2 can build up
to high levels beneath the snowpack, creating a high potential for carbonic
acid leaching. The intensive carbonic acid leaching at the tropical site
apparently coincides with rapid mineral turnover rates described by others.

The roles of atmospheric sulfate and chloride deposition in solution cation
transfer were evaluated for each system. The proximity of SO2 (volcanic or
industrial) sources and salt water apparently determined the magnitude of
sulfate and chloride deposition, respectively, but the concentration of these
ions in solution was mediated by interactions with the vegetation and soil.
With the exception of the northern system, where the proximity of salt water
resulted in high chloride concentrations, carbonic or organic acids dominated
the leaching processes in the soils at all sites.

Simulation of soil CO2 entrapment by an incoming wetting front with a
finite elements model clearly demonstrated the inappropriateness of steady-
state solutions for soil CO 2 diffusion. Simulated short-term variations
in pH and total ionic concentration during soil CO 2 entrapment showed much
less variation than experimental data. Assumptions inherent in the model
are probably responsible for these discrepancies, particularly the assumption
of soil - soil solution equilibrium.

A soil leaching model was developed and tested against data from field
experiments involving acid and urea application. The model successfully
simulated the behavior of actual soil solutions following acid and urea
applications, but failed to provide accurate quantitative data. The model
thus demonstrated that the proposed mechanisms of soil leaching are feasible,
but that certain other assumptions (such as soil - soil solution equilibrium)
are questionable.

Soil available N study--In February 1976 two small (2 x 2 m) plots were
established on Everett and Alderwood soils at the Thompson site and fertilized
with 200 kg/ha urea. Following that, the soil has been sampled monthly for
NHt and NO3 to estimate the immobilization rate of soil available N following
feritlization. Control samples are also taken.

This work was initiated as a followup to former lysimeter investigations on
urea-N movement in the soil. Crane found =90% retention of urea-N within
the top 15 cm of soil regardless of fertilization or irrigation rate, but
he did not sample soils for the form of N. It is hypothesized in a larger
sense that fertilizer response is related to the soil NHt level within the
region, thus the changes in the NHt levels with time in both control and
fertilized situations is relevant.

To date, it has been shown that over 50% of the initialpost-fertilization
Nil in the soil disappeared after 90 days. Resampling of plots fertilized
two years earlier showed only slightly (= 10-20%) higher soil NHt levels
than control.
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Seasonal trends in control NH4 	are apparent; a statistically
significant increase from 1 to

4
3 ppm occurred between February and June.

At present, the study is planned to continue until January 1977 at which
time a final sample will be taken and extracted for amino-N. Overrein found
most urea-N in this fraction using isotope techniques in forest soils.

Publications 

Johnson, D. W. Theoretical and actual interactions of sulfate and bi-
carbonate in soils following sulfuric acid application. Submitted to Soil
Sc. Soc. Am. J.

2.1.11. Role of Douglas-fir bark beetles in carbon and 'nutrient cycling -
R. Gara and A. Eglitis, University of Washington. 

Field research for the 1976 flight season of Douglas-fir bark beetle (DFB)
was conducted in three general areas of investigation: (a) examing inter-
populational differences in attractant response and attack behavior between
endemic and epidemic populations, (b) studying intrapopulation behavior
differences within an endemic coastal population, and (c) determining the
role of DFB in forest decomposition.

Four separate field studies were used for comparing the behavior of
individuals from low versus high-level populations. A marking-release-re-
capture experiment was conducted for the second consecutive year, this time
producing far better results than in 1975. Recapture of marked beetles in-
creased from 1% in 1975 to over 30% for most 1976 test groups. The refined
trapping design provided for the recovery of large enough numbers to allow
for more valid comparisons to be made of response preferences for endemic
versus epidemic populations. A consistent trend evident in this experiment
was that interior (Idaho) epidemic beetles were much more readily recaptured
than local (Cedar River) endemic ones which retained their dispersal tendencies,
responding in significantly lower numbers. A second experiment examined the quality
of aggregating attractant produced by females from each population. In Idaho
local beetles showed very strong preferences to attractants produced by females
from their own geographical area while no preference could be established in
Washington. The interaction of host material configuration combined with
attractant concentration was believed to be very important in distinguishing
behavior of low and high-level populations and was tested in both areas.
Although statistical tests have not as yet been done on the data, there is
evidence that clearly suggests different response patterns between the two
populations. Epidemic beetles appear to be far less discriminatory in response
behavior and attack behavior than endemic, more "fit" beetles from low-level
populations. A fourth study utilizing different trap designs also suggested
that this trend exists for the two populations.

Intrapopulation response trends once again showed the importance of ethyl
alcohol as a primary attractant early in the season, becoming less important
as a means of host recognition later.	 Both study localities showed a decrease
in beetle response to ethanol as the season progressed--a result not expected
in the epidemic area where primary attractants should have had little effect
in the first place. We proposed a difference in physiological state of beetles
responding to primary vs. secondary attractants and tested the theory in flight
tendency experiments. Once again, the data have not yet been analyzed, but a
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trend seems evident and supports the hypothesis. Laboratory studies will
be conducted using extracts from insect tissues to correlate fat content
with behavior observed in field tests.

An experiment was set up at the Thompson site to investigate the role
of DFB in tree decomposition. Initial observations on four felled trees
showed that the logs sustained heavy attacks on their unscreeened sec-
tions. Rate of weight loss will be compared for screened (unattacked) vs.
unscreened (attacked) log sections to determine if attack by the DFB pre-
disposes the material to other early decomposers which are excluded
by exclusion of the bark beetles. A somewhat different floral and faunal
succession is suspected for the attack/exclusion situations thus altering
the decomposition rate of the material. Litter production by the bark
beetles is also being monitored.

2.1.12. Forest vegetation dynamics within the Abies amabilis zone of 
a western Cascades watershed - J. N. Long, University of Washington.

The Abies amabilis (Dougl.) Forbes zone on the Cedar River drainage of
western Washington extends from 700 to 1300 meters in elevation. Within
this relatively restricted geographic area the forest of the A. amabilis 
zone forma complex vegetation pattern. Description of the vegetation and
elucidation of reasons for the patterns of distribution were the purposes
of this study.

A two-dimensional ordination resulted in the construction of two artificial
floristic gradients. The first of these gradients is strongly correlated
with elevation. It was hypothesized that changes in the vegetation repre-
sented by this gradient are associated with and controlled by a gradient
in the depth and duration of the winter snowpack. This hypothesized rela-
tionship between the floristic gradient and the winter snowpack was verified
using measurements of epiphytic lichens which were shown to be sensitive
indicators of maximum snow depth.

It was hypothesized that the second floristic gradient is associated with
a gradient in summmer moisture stress. This relationship was verified using
pre-dawn moisture stress measurements taken with a pressure chamber.

The distributions of individual species were examined in the context of
the snowpack and moisture stress gradients. Many species were found to have
an apparent response to one or both of the environmental gradients and various
autecological characteristics were suggested which may be responsible for
these distribution patterns. For example, A. amabilis and Tsuga heterophylla 
(Raf.) Sarg. occupy opposite ends of the snowpack gradient as community
dominants. An autecological rationalization of this contrasting behavior
is developed based on the different responses of these species to various
environmental factors associated with the snowpack. Similarly, it is suggested
that the relatively limited importance of Pseudotsuga menziesii (Mirbel)
Franco in areas of deep snow accumulation may be in large part due to the
susceptibility of saplings to snow breakage.
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On most sites within the lower portions of the A. amabilis zone T. hetero-
phylla is the major community dominant following removal of the overstory
canopy by fire or logging. During the initial stages of community development
T. heterophylla is a superior competitor to both P. menziesii and A. amabilis.
T. heterophylla regularly produces abundant seed crops and the establishment
of its seedlings is generally much greater than either P. Menziesii or A.
amabilis. The rate of height growth for open grown T. heterophylla seedlings
and saplings is greater than for those of A. amabilis. While yearly height
growth for P. menziesii saplings may compare favorably with that of
T. heterophylla, net growth is often limited by successive breakage of the
stems by snow. Thus, the period of stand recruitment, which may last for
15-25 years, usually results in a closed canopy dominated primarily by
T. heterophylla and a few P. menziesii.

It is suggested that the ability of A. amabilis seedlings to become established
on the forest floor beneath mature stands is in large part a function of its
seedling morphology. The reldtively large seeded A. amabilis produces large,
deep rooted seedlings. In contrast to those of T. heterophylla, the seedlings
of A. amabilis have the ability to penetrate the typically thick layer of
unincorporated litter before it dries. Rotten logs and stumps, on the other
hand, provide a more suitable seedbed for the initially smaller, shallow-rooted
T. heterophylla seedlings. The litter layer on the tops of logs and stumps
is generally less thick than on the adjacent forest floor. In addition,
the rotten wood provides a surficially moist substrate for the shallow
rooting T. heterophylla seedlings. Growth rates and survival as well as re-
sponse to release of understory grown seedlings of both species were also
examined.

The trends associated with community development for stands in the lower
A. amabilis  zone involve changes in both structure and species composition.
The accumulation of total aboveground biomass continues to increase through-
out the range of ages sampled. This increase in aboveground biomass is
primarily a function of the continued growth of individual overstory trees.
The trends of biomass accumulation for other aboveground components of the
community, however, are not monotonic. Overstory foliar biomass, for example,
may reach an upper limit at some stage of stand development following canopy
closure. Understory aboveground biomass appears to increase approximately
linearly with time up to overstory canopy closure. Following closure of the
canopy, biomass in the understory decreases to a relatively stable value
between 500 and 1000 kg/ha. These changes are associated with major shifts
in the relative importance of various understory taxa. Tall, primarily
ericaceous, shrubs contribute most of the understory biomass during the
stages of stand development preceding canopy closure. Subsequent to canopy
closure various moss species contribute the bulk of the understory aboveground
biomass.

The changes in understory species diversity associated with stand develop-
ment exhibit a pattern more or less typical of many developing communities.
Diversity increases to a maximum within a few years of stand initiation.
This maximum is followed by a sharp decline in diversity, associated with
the increase in dominance by a few shrub species, to a minimum in the stage
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of stand development just preceding overstory canopy closure. Following
canopy closure and the decrease in relative importance of the shrubs, species
diversity again increases rapidly to a relatively high level which remains
fairly constant throughout the remaining stages of stand development.
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2.2 Environment and Plant Succession

2.2.1. Succession simulation - K. L. Reed, Department of Natural Resources,
Olympia, Washington.

The Coniferous Forest Biome of the US/IBP has supported the development of a
forest stand growth model called SUCSIM, for SUCcession SIMulator. This re-
port details some of the progress made this year in SUCSIM development.

At this writing, SUCSIM is a preliminary forest stand succession model. Most
of the functions used in SUCSIM are to a greater or lesser extent hypothetical
and reflect our attempt to develop a deterministic, mechanistic model of
forest growth and community development. SUCSIM is at present a data poor
model; much fieldwork is now in progress to provide data to support or replace
existing models.

SUCSIM is based on the idea that tree growth is a definable function of in-
trinsic habitat variables, which are in turn functions of extrinsic physical
environmental variables such as moisture status, temperature and light. The
methodology of development of the environmental ordinates are discussed in
Cleary and Waring (1969), Waring and Cleary (1967), Waring (1969), Waring,
Reed and Emmingham (1972) and Reed and Waring (1974). A detailed discussion
of the underlying niche theory concepts used by SUCSIM is given in my own
manuscript, and a recent application of some of these concepts to community
ecology appears in Zobel et al. (1976).

SUCSIM "grows" trees over a one-year time step on a variable size "plot."
At present, the plot size is 20 x 20 meters (0.04 ha) representing a sample
plot in a forest stand. Individual tree diameter and diameter growth, height
and height growth, species, age, leaf biomass, new leaf production, litterfall
and crown diameter are tracked by the model. Because of the computer core re-
quired for these arrays, we have a 100 tree limit per plot. This corresponds
to 2500 trees per hectare (ca 1000 trees per acre).
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Leaf biomass is assumed to be uniformly distributed in a cylinder around each
tree, light is attenuated through the stand, which is stratified into R layers.
Prior to crown closure, only the fraction of light passing through leaves is
attenuated, the remainder strikes the ground unattenuated.

We realize that the light model is perhaps oversimplified, certainly our leaf
distribution model is simplistic. However, our attempts to use more realistic
leaf biomass distribution models were disappointing. Because of the complexity
of dynamic leaf distribution models, our run time was tremendous and we found
that the several models we tried were unstable in that leaf biomass would tend
to be concentrated in a very narrow stratum. The present model gives reasonable
growth and total leaf biomass values so we postponed further work until the
dynamics of crown development are better understood.

Another model in SUCSIM that is hypothetical is the litterfall model. We tried
several versions, including a retention period model where we kept track of each
cohort of leaves, dropping the cohort older than the retention period. Other
versions dropped constant or varying precentages of the total leaf biomass. None
of these models were successful, primarily because as a tree ages ( in the model)
new leaf production declines along with diameter growth. When this happens, older
cohorts are larger than new ones and the tree becomes denuded.

Field observation indicates that there are two primary controllers of litter-
fall: light and nutrient status. When a given batch of needles receive too
little for productivity, they are dropped. Low productivity in older needles
can be tolerated in sites with adequate nutrients, as mobile N can be stored
in older needles, but in nitrogen poor stands that N is extracted earlier and
the needles are dropped. At present, we express litterfall as a function of
light and are working on a model to incorporate nutrient effects on litterfall.

SUCSIM writes individual tree data on a binary dump file. The output vector
includes height, height growth, diameter, diameter growth, leaf biomass,
species, age of each tree, average light seen by each tree and other variables.
This dump file is read by a post processor named SUCCOT that plots several
variables against time, including Scribner 6 volume (board feet per hectare)
and CVTS volume (cubic meters per hectare).

SUCSIM is in a state of stasis until the quantities of field data collected
in the region are analyzed. We are developing some new models but we feel that
further model development is best postponed until some of the existing models are
tested or until further data are available. Complete documentation will be
available as a biome bulletin.

We instigated a small experiment in the greenhouse designed to test the hypho-
thesis that the driving variable functions used in SUCSIM are multiplicative.
SUSCIM assumes that the effects of the environmental variables are orthogonal
and multiplicative, as opposed to a limiting factor viewpoint. In the latter,
if one of the envrionmental variables were limiting, there would be no response to
change in another. SUCSIM assumes that even in a limiting case, a change in
another variable will change the growth rates.

To test this idea, we set up a sand culture experiment in the University of
Washington Botany Greenhouse with four levels of N and three levels of light.
SUCSIM would predict that even under limiting light levels we would observe a
growth response to N and vice versa. Preliminary data analysis supports the
SUCSIM formulations. Field experiments are now in progress to further test the
interrelations of the environmental variables as expressed in SUCSIM.
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I have prepared a manuscript for submission to Canadian Journal of Forest 
Research entitled "Prediction of tree growth response surfaces in a N-dimen-
sional habitat coordinate system." The paper will be submitted by August,
1976.
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2.2.2. Validation Data - W. H. Emmingham, Oregon State University

During 1975-1976 one paper was published, two were accepted, two were
drafted and data for two major papers was analyzed (see attached list).
The two papers; one comparing forest sites in western Oregon for the
synthesis volume and a second comparing coniferous forest sites across
the western U.S. are in the process of being drafted. Two papers were
presented at scientific meetings and a third was co-authored. Major
effort was required in digitizing, editing and analyzing climatic data
from the H. J. Andrews reference stands and extensive sites from Alaska
to Arizona. Fortunately data analysis is nearly complete so that most
future efforts can be directed toward publishing (see attached list).
Spring term was almost entirely devoted to developing and teaching an
introductory course in Forest Ecology in which many Biome concepts were
introduced.
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Emmingham, W. H., and R. H. Waring. An index of photosynthesis for
comparing forest productivity. Can. J. Forest Research.

2.3. Land Use Simulation - J. Hett, University of Washington

During the past year, effects of land use management on regional succession
patterns have been investigated for two areas in western Washington. One
simulation, Upper Cedar River watershed, is now complete. Comments by
participants at the MAR/SCOPE Workshop on Dynamic Change in Terrestrial
Ecosystems in January 1976 have been incorporated and the final manuscript
is now being submitted for publication. The second simulation, Mount
Adams in southwestern Washington, is now in the parameterization stage.
Data necessary for calculating transfer rates, initial conditions, and
successional trends were collected during the summer of 1975 and are now
being analyzed.

Upper Cedar River watershed Simulator-- The objective of the Upper Cedar
River watershed simulation was to examine effects of forest management
practices in the summer range on the resident elk population. Data from
two Ph.D. research programs provided the needed information for the
simulation. James Long (1976) calculated species replacement rates and
provided the expected successional sequence. John Schoen (unpublished)
and Dr. Richard Taber provided elk behavioral information, forest distur-
bance history, a digitized vegetation map for calculating initial conditions
and a list of summer range ecosystems important to the elk population.

Figure 1 shows the successional sequence and the feedbacks used to mimic
possible clearcutting policies. One simulation clearcut 8% of the mature
timber each year while the second removed all mature timber in the first
10 years and then no harvesting was done for the next 90 years. The response
of the vegetation to these management schemes can be seen in Figure 2 and,
starting with a population of 250 elk (the estimated 1975 population level),
Figure 3 shows the simulated elk response to these manipulations of the
vegetation.

Mount Adams simulator-- The Mount Adams simulator was originally designed
to complement research being conducted by Ken Reed in the same area for a
stand succession simulator. However, the regional project is being phased
out of the Biome program this year so the objective now is to complete the
data analyses and generate a simulator based on these data albeit not suffi-
cient to examine long-term responses to forest management policies. We
have prepared a vegetation map of the region using aerial photographs,
topographic maps and field data collected by the Department of Natural
Resources, State of Washington. In each mapped forest type, stand structural
and age data were collected as well as species composition and physical
attributes of the stand including slope, aspect, elevation, etc.

A preliminary analysis of age and diameter at breast height (dbh) indicate
a sigmoid curve may describe this relationship for three of the more im-
portant tree species in the area (Figure 4). Further growth analyses now
underway should add to the interpretation of this relationship.
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Figure 1. Succesbional sequence expected in the Abies amabilis zone in the Cedar
River Watershed. A sequence is expected at elevations below 1100m and B
sequence is expected at higher elevations. CCI represents clearcuts less
than 6 years old while CCII represents those clearcuts 6 years and older that
do not have a closed tree canopy. Tshe + Tsuga heterophylla, Abam = Abies 
amabilis and each ecosystem has several size or age classes. Other ecosystems
included but not shown here are riparian, meadow, non-vegetated, etc. types.
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In this region, Pinus ponderosa and Pseudotsuga menziesii are considered
species capable of invading disturbed sites early in the successional
sequence and as "pioneer" species, usually are considered even-aged
species. Abiesgrandis, on the other hand, can invade under the canopy of
these spec	 andshould therefore often show an uneven age distribution.
Our preliminary analyses of age distributions in the region do not support
these concepts. Age distributions for two forest types can be seen in
Figure 5. Stand (a) has Pinus ponderosa in all three size strata, while
(b) is a mixed stand with Pseudotsuga menziesii dominant in the upper two
strata and Abies zrandis dominant in the seedling stratum.

Further analyses will include ring width analysis, disturbance, indicators
and further comparisons of age and size by stand rather than forest type.
These data should allow a first cut simulation of forest succession in
the Mount Adams region.

3. ANALYSIS OF WATERSHEDS

3.1.	 Watershed 10, H. J. Andrews Experimental Forest

3.1.1. Litter decomposition - Comparative rates of CO2 production from the 
forest floor in the Douglas-fir ecosystem. 	 - C. T. Youngberg and
M. J. Phillips, Oregon State University.

To obtain data on the decomposition of the forest floor, a battery-operated
electrolytic respirometer was developed making it possible to measure CO2

evolution from field moist forest floor samples in situ independent of root
respiration.	 Banks of four respirometers powered by two 12-volt batteries
were installed in three old-growth Douglas-fir/western hemlock stands, two
clearcuts, and one clearcut that had been broadcast burned. All sites were
located on or immediately adjacent to the H. J. Andrews Experimental Forest
located in the western Cascades near Blue River, Oregon.

Seasonal and yearly totals of mineralized carbon were similar for the
three habitat types. First year totals for the Tsuga heterophylla/Rhodo-
dendron macrophyllum/Berberis nervosa association (RS 2), the Tsuga heterophylla/
Castanopsis chrysophylla association (RS 6), and the Tsuga heterophylla/
Polystichum munitum-Oxalis oreRana association (RS 7) were 77.36, 75.67,
and 78.86 mg C/g litter. Spring and fall mineralization accounted for
approximately 62% of this total on all three reference stands. The lowest
rates occurred during the winter months. Carbon mineralization rates for
the second fall of the study were similar to those of the first year.
However, carbon mineralization during the second winter of the study increased
unexpectedly by 88%, 123%, and 142% for reference stands 2, 6, and 7,
respectively. Presumably, this was due to warmer temperatures during the
second winter.

Clearcutting enhanced the rate of carbon mineralization, the magnitude
of the effect being greater on the older clearcut. On the 4-year-old
clearcuts (plots 29 and 36), yearly totals averaged 102.97 mg C/g litter.
On the 3-year-old clearcut (Reference Stand 33 (RS 331), total carbon mineral-
ization was 89.49 mg C/g litter. Part of the variation was probably related
to elevational effects on temperature, RS 33 being located 330 m higher
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than the other clearcut. But it is also possible that the greater re-
establishment of vegetation on the older clearcut could have contributed
a higher proportion of fresh litter to the residual forest floor.

Clearcutting followed by broadcast burning decreased the rate of carbon
mineralization. Plots were established on the site one month following
a light burn. The yearly totals for carbon mineralization averaged
64.62 mg C/g litter, or 59% less than on the older clearcut (29 and 36).
Nitrogen levels remained relatively high, and there appeared to be an
increase in the lignin fraction of the litter.

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

3.1.2. Vascular Plant Communities - J. F. Franklin, G. Hawk, J. Means,
and A. Campbell, U. S. Forest Service and Oregon State University.

During the last year this project has focused upon three aspects of community
structure and development: (1) Age structure of the original old-growth
forest in watershed #10, i.e., an analysis of its history; (2) establishment
and initial measurements of post-logging successional plots on watershed #10;
and (3) analysis of the riparian vascular plant communities on watersheds
#10 and 2 and on Mack Creek.

Age structure-- The age structure analysis of watershed #10 is based upon
stump ring counts of trees 15 cm dbh (mapped and tagged prior to logging)
and pre-cutting sampling of 300 trees 15 cm dbh. Thus far, approximately
500 larger trees have been counted and the data computerized and analyzed.

We have been extremely surprised by the results. Dominant, old-growth
Douglas-firs ranged approximately 100 years in age (from 400 to S00 years).
The mixing of the various ages of old-growth over the watershed and various
habitat types gives no suggestion of a patchy distribution, i.e., the oldest
specimens are not concentrated in any one locale. Our hypothesis is that
re-establishment of a Douglas-fir forest on this area following a major
catastrophe about 500 years ago was very slow rather than rapid as conventional
wisdom suggests. There is also evidence that most of the western hemlock
and chinkapin date from a low intensity fire that burned through the area
in the late 1800's.

Data on sapwood cross-sectional area are being collected during the ring
counting'to allow an independent estimate and check on Grier's estimates of
leaf biomass. The age analyses are also a part of a larger data set on fire
history and its relation to forest development and erosional episodes being
developed for the whole H. J. Andrews and adjacent areas in cooperation
with Swanson.
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Successional plots--Thirty-six 15 x 25 m permanent plots were established
for detailed study of forest composition and structure on watershed #10
prior to logging. These have been re-established and will be used to
provide nondestructive measurements of vegetation development. These mea-
surements will be used with allometric equations developed by Gholz to
provide the data on the vegetative component of nutrient and carbon
uptake and storage.

Riparian vegetation--We have lacked information on the functional role of
vascular riparian vegetation, a serious handicap in the stream and interface
studies. This year, in cooperation with Sedell and Lyford, we are mapping
the riparian vascular plant communities, analyzing their structure and
composition, and, particularly, determining standing crops of carbon and
nutrients which become stream inputs when they die in the form (mainly)
of leaffall.

Other--We are remeasuring the reference stands after five years primarily
to provide an estimate of mortality and input of coarse debris for the
decomposer group. We will also provide assistance to Gholz during his
destructive sampling of lower plants on or near watershed #10, an activity
essential to adjustment of the allometric equations for post-logging condi-
tions. Finally, we are tallying all remaining live trees 15 cm dbh on
watershed #10, independently of the successional plot work.
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3.1.3. Watershed 10 - Biomass, Productivity, and Nutrient Cycling -
C. C. Grier, Oregon State University.

Field work on this project was essentially terminated when watershed 10
was clearcut in July 1975. Some tissue sampling is still in progress in
areas adjacent watershed 10 to examine nutrient dynamics in vegetation.

Work during the past year has focused on data processing and writing of
reports. Chemical analysis of various tissue samples is not yet completed.
This should be done by mid-August 1976.

Data of biomass and production relations are completed and in review.
Data of nutrient cycling are complete except for final years' litterfall
analysis. Manuscript on nutrient cylcing is currently in preparation.
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3.1.4. Soil solution and groundwater chemistry - K. Cromack, P. Sollins,
and M. McCorison, Oregon State University.

The network of surface tension lysimeters was expanded on the watershed
immediately following logging to better relate nutrient flux rates with
the ongoing decomposition studies. Collection of soil solution from the
pretreatment slope transect lysimeter installations is being continued.
In an effort to establish the source of the nitrate observed in the lower
cup lysimeters (Fig. 1), six new lysimeters have been installed at bedrock.
Nitrate nitrogen is one of the key nutrients that finds its way to some
impervious layer and then moves down slope to become part of the stream
nutrient water supply after passing through the riparian rooting zone. To
better understand the dynamcis of the nutrient fluxes from the litter to
the stream, continued measurement of the flow rate of a portion of the seep
draining the slope lysimeter study is being planned. Data from the other
five re-established seeps have shown increases in nitrate nitrogen content
from only one of them (LF seep) during the first fall following clearcutting
(Fig. 2). It is expected that with this fall's rains, however, that increase
will become not only more apparent but general throughout the watershed.
Other stream and seep relationships being developed are discussed under
the interface portion of this report. Initial values for sulfur and organic/
inorganic carbon were established for the winter and spring seasons. Analy-
tical determination of short-chain organic acids in soil solution is being
started.

A more adequate method for separating the fine organic matter from sediment
collected in the catchment basins is being finalized. The chemical
nature of the organic portion of this material is now being obtained.
This should allow for a more complete analysis of the nutrient losses
following clearcutting.
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3.1.5. Plant water relations, hydrology and meteorology - R. H. Waring
and S. W. Running, Oregon State University.

In conjunction with J. J. Rogers and W. T. Swank, a mechanistic watershed
level hydrology model was completed that incorporates seasonal changes in
leaf area and leaf conductance (Waring et al., in press; Rogers et al.,
submitted).

Climatic data which has been collected over the last three years has been
summarized on a daily basis and published with complete description of
instruments, analyses, and data processing (Waring et al., in review).
These data drive the hydrologic model described by Waring et al. (in press)
and Rogers et al. (submitted).
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3.1.6. Erosion processes - F. J. Swanson, Oregon State University.

We have continued to monitor the rates of all significant erosion processes
operating under forested conditions in the Andrews Forest. A manuscript
has been prepared to summarize information on erosion rates of 11 different
hillslope and stream channel processes. This work also examines relation-
ships among erosion processes, the influence of vegetation on each erosion
process and long-term variation in erosion rates due to wildfire, logging
and climate change.

Accelerated mass erosion following logging has been reviewed in a paper
(Swanston and Swanson, in press) and examined in detail in watershed 10.

We have continued work on stream processes with particular emphasis on the
history and consequences of large organic, debris in streams. This work has
had important management implications (Swanson et al., submitted), and it
has added greatly to our understanding of the coupling between aquatic and
terrestrial components of coniferous forest ecosystems.
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The history of major perturbations of forest vegetation is being investigated
by fire history mapping and analysis of pollen and charcoal horizons in a
7000-year record contained in a core from a marsh. This history of premanage-
ment stand disturbances is essential to the interpretation of long-term
management impacts on soil erosion and the stream environment. Essentially,
we are attempting to answer the question, "How did nature manage the forest?"
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3.1.7. Carbon, water, and nutrient cycling modeling in old-growth 
ecosystems - P. Sollins, Oregon State University.

With Stan Clark and several work-study students, we totally reorganized
the carbon-water model introducing a systematic coding scheme which a year
later still seems adequate. The documentation was revised, graphs
and figures prepared, and submitted to the Biome office for publication
in December 1975 (Sollins and Swartzman, in press).

Following critical review of the manuscript describing the carbon-water (C-W)
model by a variety of people, I rewrote the assumptions and structure part.
The behavior part is still in preparation as discussed below.

In 1976 Al Brown and I implemented the C-W model of the CYBER at OSU and
began comparing simulated with observed data from watershed 10. As of
July 1 we had processed and graphed measured data on snowpack depth, litter
moisture, and soil moisture. In the process we discovered several errors
and inadequacies in the model which we have fixed. We still must process
streamflow, and soil and litter temperature data (none of these had been
worked up previously by the data bank). Also we have been comparing cer-
tain functions with those in Jim Rogers' model and trying to use some of
his better ideas when appropriate. At the University of Washington we
performed sensitivity analyses and I have reviewed the results and written
up this part of the manuscript.
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I completed the first-cut analysis of the preclearcut elemental cycling
data and submitted a manuscript to Ecol. Monogr. in February 1976.
(No abstract). Subsequently, McCorison and I reanalyzed the litter
leachate, and throughfall data and eliminated the discrepancy between
output from litter in solution and known inputs.

In June 1976 I began reformulating the old elemental cycling model
to consider first only N (assuming it to be un-ionized). I have also
tried to take into account the preliminary results of Cromack's litter bag
studies which show certain substrates acting as sinks for N while others
act as sources.

As a Biome representative to the interbiome decomposition and mineral
cycling specialist committees, I organized and chaired a conference on
"Mechanisms of elemental cycling in terrestrial ecosystems." Though
one month of salary was provided through an NSF conference grant, I would
estimate that this project has occupied a total of two months of my time.
The conference was highly successful resulting in several new ideas and
schemes for testing existing hypotheses. One proposal involving Biome
personnel and resulting from the conference has already been funded.

With Kermit Cromack, I spent considerable time reading the literature on
mycorrhizal and saprophytic fungal physiology. We developed several
hypotheses regarding roles of short-chain organic acids in elemental
cycling by these organisms. We presented papers on these ideas at AIBS
Meetings (summer 1975), Northwest Science, at the Soil Zoology Congress
in Uppsala (to be published) and in informal seminars at Oak Ridge National
Laboratory, University of California, Davis, and the University of Calgary.

We submitted a paper to Soil Biology and Biochemistry which we are currently
revising. Many of these ideas have directly affected the development
of our elemental cycling model as well as our schemes for postclearcut
sampling on watershed 10.

As my contribution to the International Woodlands Synthesis Volume
I organized a set of simulation studies of response to defoliation. Swartz-
man and I performed and wrote up the simulations with CONIFER. I also
collated the results from the Oak Ridge and Savannah River groups and
prepared a first draft of the entire chapter.
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3.1.8. Hydrology and erosion modeling and computer - J. J. Rogers, Oregon
State University.

Last year's major work included: (1) testing and refinement of the water
model and (2) incorporation of erosion and sediment routing algorithms.
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The water model was tested and refined. Tests were made at Coweeta,
North Carolina; H. J. Andrews, Oregon; and Beaver Creek, Arizona with
excellent results (Figure 1; Table 1). A manuscript describing the model
and test results has been completed and submitted (Waring et al., in press).
A second manuscript has been submitted for editing (Rogers et al., sub-
mitted). A draft of model documentation is nearly complete (ECOWAT
reference).

The water routing algorithms developed by R. M. Li and D. B. Simons of
Colorado State University have recently been incorporated into the model.
Initial testing of these routines is underway. The erosion and sediment
routing algorithms developed by CSU have also been incorporated. We will
test the combined water-sediment model on a number of diverse sites across
the country during the coming year.
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3.1.9. Stream linkages and comparisons - J. Lyford, J. Sedell, F.
Triska, K. Cromack, and M. McCorison, Oregon State University.

Studies of seep chemistry and subsequent stream chemistry for watershed (WS)
10 before clearcutting were presented in the 1974-1975 Internal Report No. 162.
Analysis of these data, both with respect to adjacent soil depth and longi-
tudinal stream profiles, is being completed and will be submitted for
publication in fall 1976. Monitoring of seep and stream chemistry is being
continued following clearcutting. Preliminary data indicates that ground-
water concentrations of biologically-active nutrients has increased signifi-
cantly. However, the stream biota has adjusted to the increase and stream
chemistry at the bottom of the watershed does not reflect this increase.
Such alterations of stream chemistry are extremely critical from both a
stream and watershed point-of-view. Therefore, we will be examining the
relative amount of alteration of stream chemistry by the stream biota in
both the WS-10 clearcut and stands of different age. This research will
necessitate continual assessment of seep contribution into the final year
of the Biome.

Also reported last year was the impact of wood as a potential nutrient source
and sink. In addition to potential alterations of nutrient chemistry in
small first order watersheds, wood also serves numerous other important
functions. Wood as an organic input also serves as a carbon source for
invertebrates and a source of nutrients by eventual mineralization. Wood
also serves to alter stream morphology, retain sediment and create aquatic
habitat. During 1975-1976, extensive sections of WS-2, Mack Creek, and
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TABLE 1. SUMMARY OF THE RESULTS OF SIMULATION RUNS UNDER DIFFERENT CONDITIONS.

Watershed

No. and

Condition

Water

Year

Precipitation

UNITS = cm

Evaporation Infil-
tration

Transpiration

Total

evapotrans-
piration

Streamflow

Rain	 Snow Canopy Litter	 Snow Total A B C 0 Total Pred. Actual

Beaver
Creek Original 1965 48 50 10.6 1.2 2.5 14.3 69.7 33.7 8.8 8.3 6.4 57.2 71.5 26.0 33.1

1973 45 74 13.7 1.5 3.9 19.1 70.3 28.6 7.8 8.3 4.9 49.5 68.6 56.3 55.4-

Thinned

Shrubs

1973

1973

45

45

74

74

10.6

9.7

1.6

1.6
3.0
3.6

15.2

14.9

67.8
67.5

23.3

18.8

5.8

5.8

6.4

6.0

1.4
.4

36.9
31.0

52.1
45.9

67.6
71.7

64.3
70.15/

Coweeta Hardwood 1972 192 3 24.4 1.4 0.0 25.8 168.0 53.7 4.4 4.3 - 62.4 88.2 103.0 104.3

1973 235 5 24.2 1.3 0.0 25.3 205.0 51.0 6.6 0.4 58.0 83.3 147.0 136.0

Hardwood 1972 199 0 4/ 4/ 4/ 24.5 4/ 4/ 4/ 4/ - 66.6 91.1 103.6 104.3

1973 234 0 V/ V/ V/ 22.8 V/ 1/ V/ 47 66.0 88.8 138.0 136.01/

Clearcut 1973 192 3 T.6 2.4 15%0 11.0 18T.0 41.9 0.0 15%0 41.9 52.9 139.0 141.5-

1973 235 5 8.5 2.2 0.0 10.7 218.0 34.3 0.0 0.0 34.3 45.0 185.0 2/

3/k. Clearcut 1972 199 0 4/ 4/ 4/ 4/ 4/ 4/ 4/ 4/ 140.1 142.54/

3/1. 1973 234 0 V/ V/ V/ V/ V/ ♦/ W./ V/ - V/ V/ 180.2 2/

Pine 1972 192 3 3.6.9 1.4 0.0 32. 3 163.0 73.4 V-.2 0.0 77.6 109.9 84.4 84.11/

1973 235 5 30.4 1.3 0.0 31.7 200.0 65.33 i64 .3 1.8 74.2 105.9 122.0 117.71/

3/ o. Pine 1972 199 0 4/ 4/ 4/ 34.2 4/ 4/ 4/ - 82.2 116.4 83.4 84.I1/

H.	 J.

3/P.

Original

1973

1973

234

119

0
48

V/
32.9

l/
0i.6

V/
-1.5

31.9
32.0

1/
130%0

1/
30.0

1 /
7.5

1/
5.0

76.5
42.5

108.4

74.5

121.1

82.7
117.71/
80.1-

Andrews 1974 206 98 22.3 0.7 -2.2 20.8 269.0 19.0 7.5 7.1 - 33.6 54.4 267.0 258.5

Clearcut 1973 119 48 2.3 3.3 -2.4 3.2 163.0 18.8 0.1 - 18.9 22.1 130.0 2/

Upper 37%
cut

1973 119 48 21.0 1.7 -1.7 21.0 145.0 25.9 5.0 2.7 33.5 54.5 98.0 2/

u. Lower 10% 1973 119 48 29.9 0.8 -1.7 29.0 137.0 28.9 6.6 4.5 40.1 69.1 87.9 2/

Cut

1/ Estimates based on results from other watersheds at Coweeta as presented in Swift, Swank et al. (1975).

2/ No estimate available.
3/ Results of simulations with PROSPER as given in Swift, Swank et al. (1975).

V/ Not available.
5/ Estimates based on results from other watersheds at Beaver Creek (Brown et al. 1974).
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Lookout Creek, have been mapped at a scale of 1" = 10' to obtain some impact
of debris on streams of various order. Figure 1 is an example of a map
showing debris distribution and some of its history of accumulation.

Using previous work as a basis, we propose: (1) to revisit the mapped
stream segments to see how stream debris and general channel configuration
responded to this winter's storms, and (2) to characterize channel geometry
and aquatic habitats in selected segments of previous mapped streams.
This work, when completed, will aid significantly in our understanding of
coupling between land and water within a geomorphological framework.
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3.2. Findley Lake, Cedar River Watershed

3.2.1. Use and conservation of carbon - R. Gara, R. Wissmar, and G. Rau,
University of Washington.

During the past year several research projects conducted at Findley Lake
were completed. These include a writeup of a conifer needle decomposition
experiment, publication of a litter income study, and a preliminary investi-
gation of the aquatic insect community. Conifer needles exposed to the
littoral environment of Findley Lake were processed at a rate (80-90% dry weight
loss in the first year) comparable to that reported in forest streams (Sedell
et al. 1975). In a decomposer exclusion study, needle weight loss was sig-
nificantly inhibited in the absence of large invertebrates (<8 mm) indicating
the importance of this community in the natural breakdown of the material.
On land, needles enclosed in 8-mm mesh bags lost approximately 50% of their
initial weight after a two-year exposure while needles in a similar treatment
in the lake lost little or no weight other than leaching. An earlier study
(Rau 1976) estimated that some 350 kg (dry weight) of conifer needles entered
Findley Lake during a one-year period. This is a carbon input representing
about one-fourth of the net phytoplankton production in the lake. As verified
by the decomposition experiments, this terrestrial plant material can be readily
utilized by the lake's heterotrophic community.
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Additional evidence of the importance of allochthonous carbon in Findley
Lake currently is being explored by analyzing the production of immature
and adult aquatic insects. The size, distribution, and species composition
of benthic insects sampled thus far indicate that carbon fixation in the
water column can provide only a small amount of that community's carbon
requirement. The standing crop of deep water chironomids in Findley Lake
is equal to or greater than the biomass found in lakes where primary produc-
tion is many times that. of Findley. Further, we find that the maximum
adult and larval biomass occurs in shallow water (2-5 m deep) where phyto-
plankton production is thought to be inhibited by U.V. light (Hendrey
and Welch 1975). The emergence of adult insects from the lake represents
a carbon flux of 0.36 g C•m- 2 • yr-1 (four-year average) or about 60% of
the planktonic primary production annually reaching the sediments estimated
by Birch (1974). A known shredder of terrestrial litter (Halesochila 
taylori, Trichoptera: Limnephilidae) comprises most of the emerging
adult biomass.
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3.2.2. Litterfall and water inputs - H. Riekerk, University of Washington.

The objective of this subproject of the Finley Lake program is to identify
and measure quantitatively the major pathways of carbon and nutrients from
the forested land to the lake. Elucidation of the controlling mechanisms
is in conjunction with studies by Ugolini, Johnson, and Wissmar et al.

Work during the past year has focused on a better definition of groundwater
and litterfall inputs. In addition, an attempt has been made to measure
groundwater chemistry from an urea-treated micro-watershed (0.3 acre), to
extend the work done by Johnson and Cole.

The hydrology of the watershed remains a difficult problem with missing
data sets especially during the winter months. D. Lettenmaier was hired
temporarily to process the information and estimate missing data. Estimation
was performed by constructing a multivariate autoregressive model for
five daily time series. Findley outflow stage, Stampede Pass maximum and
minimum temperatures and precipitation square roots and Seatack airport
solar radiation. Each of these time series was first residualized by removing
the annual cycle. Missing data were then synthesized by a forward-backward
extrapolation technique.
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The data of Table 1 summarize the average annual water and N, P flows into
the aquatic component. From this information, it is apparent that water
transport represents the major pathway, with creek inflows being dominant
followed by direct precipitation. About half of the transport occurs
during the month-long snowmelt period of early summer.

The concentration data of Table 2 are three-year averages of the monthly
water samples collected from one sample point only. The soil solution and
groundwater samples are from three replicate locations, and the creek
samples from four of the seven inlets.

The sequence of average chemical concentrations.from the soil surface to
open waters shows a reduction of nitrogen and phosphorus below the B3 horizon
of the podzol soil. This is coincident with changes in acidity and alkalinity
suggesting changes in the mechanism of nutrient transport from the organic-
acid dominated soil to the bicarbonate dominated rocky substrate (Johnson
1975). This information substantiates the hypothesis that the interface
between the biochemical forest and soil solutions and the geochemical ground
and stream waters is located,under the slightly indurated B3 horizon
(Ugolini et al., in preparation).

The data of Table 3 summarize the annual transfer rates but expressed in
percent of the donor-compartment content (Turner and Singer 1976). From
this it is apparent that especially phosphorus is rather mobile in the
surface organic soil layers, but becomes sharply limited in the mineral
soil.

The annual average concentration values of solutions from preciptation
through the watershed into the Cedar River have been plotted in Figure 1.
Most of these patterns behave as expected but for the exception of calcium.
the reasons for deviant behavior are presently being explored.

The soil solution data from Johnson's urea experiments combined with pre-
liminary data from the micro-watershed treated, fall 1976, have been plotted
in Figure 2. This information supports the relative mobility of nutrient
elements in the biologically dominated surface soil in contrast to the
geochemically dominated subsoil.

This nutrient behavior combined with our tentative observations of a restriction
of water flow through the indurated B3 horizon suggests the presence of
two differentiated pathways of dissolved nutrients within the "groundwater"
component, interflow, and deep seepage.

The data of Table 4 summarize the watershed input-output balance of nutrient
elements expressed in kilograms per hectare per year. The net expert in general
is similar to values reported for watershed studies elsewhere in the nation,
except for calcium and sodium. The calcium loss is of similar magnitude
as that from a limestone dominated watershed (Walker Branch, Tennessee) raising
questions as to the fixation/loss mechanisms of this element in the Findley
Lake watershed conditions.
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Riekerk

Table 1. Average annual nutrient transfers into Findley Lake.

kg N kg P m3 x 10 3 H2O

Precipitation 238 15 299

Creek inflows 321 27 3061

Groundwater 149 12 1423

Creek outflow 526 33 4749

Litterfall 7.2 1.2

Creek debris

Table 2. Average nutrient concentrations of the Findley ecosystem waters.*

pH Conductivity
(pmhos/cm 2 )

Alkalinity	 TOT N
(meq/t)	 (ppm)

TOT P
(ppm)

NO N
(ppm)

Precipitation l ' 3 5.8 14.4 0.097 0.60 0.013 0.470

Forest floor 1 , 2 4.6 23.2 0.010 0.57 0.128 -

A2 horizon l ' 2 4.6 20.6 0.014 0.40 0.027 -

B2 horizon l ' 2 5.0 13.8 0.044 0.24 0.020 -

B3 horizon l ' 2 5.5 22.5 0.197 0.40 0.066 0.023

Groundwater 3 5.1 23.8 0.055 0.26 0.010 0.012

Inlet creeks ]. " 6.6 19.8 0.177 0.17 0.010 0.015

Lake `' ? ? ? 0.08? 0.002? -

Outlet creek 1 ' 3 6.8 20.6 0.196 0.16 0.008 0.011

*Data sets from: l Ugolini-Minden, 2Johnson-Singer, 3Rieker, 4Wissmar-Richey.
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Riekerk

Table 3. Transfer coefficients of N and P moving in the Findley ecosystem waters.*

Compartment
(kg/ha)

Output
(kg/ha/yr)

Transfer coefficient
(% per year)

N P N P N P

Forest floor 650 44 14.8 4.6 2.28 10.45

A2 Horizon 1,125 231 14.4 0.7 1.28 0.30

B2 Horizon 2,430 923 6.2 0.5 0.26 0.03

B3 Horizon 12,300 1958 14.4 1.7 0.12 0.08

Rocky substrate - - 5.6 0.3 - -

Lake ? ? 66.6 3.3 ? ?

*Calculations based on data of Table 2, hydrology (Riekerk) and compartment

contents (Turner-Singer). Outputs calculated from concentration Table 2 times the

total inflows into lake (=30.608 m 3 x 10 5) and lake outflow (47.486 m 3 x 105).

Table 4. Findley Lake watershed nutrient budget.

N P K Ca Mg Na

Input 12.9 0.4 3.1 6.3 1.0 15.0

Output 4.4 0.3 6.0 100.8 10.9 53.1

Loss/gain +8.5 +0.1 -2.9 -94.5 -9.9 -38.1
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The litterfall and creek-debris studies have been continued on a routine
basis. The curves of Figure 3 show dispersal patterns similar to those
reported by Rau, but of a higher magnitude. This discrepancy may be
related to the use of larger-size litterfall traps.

The data of Table 1 show the litterfall component to be of minor signi-
ficance in the total lake input. However, the coarse debris plays a
dominant role in the detritivorous food chain of the littoral zone.

At present, litterfall production and dispersal mechanisms are being
evaluated by R. Kurtz, but the study will be terminated by the end of this
year. Our work has shown the higher importance of the fine debris fraction
(<2 mm) for which there is only limited information. Future work should
focus on this aspect.

References 
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3.2.3. Terrestrial studies of soil water chemistry - F. C. Ugolini,
R. Minden, J. Zachara, and H. Dawson, University of Washington.

The purpose of this project is to study the soil-forming processes in
the Findley Lake basin as they relate to the chemistry of the streams,
the lake, and the forest. Monitoring and analyses of the precipitation,
throughfall, inlet and outlet in addition to the soil solutions from the
02, A2, 11B2hir, and 111B3 horizons of Podzols (Cryandepts) at two sites
at Findley Lake was continued during 1975-1976. Previously, based on the
chemistry of the soil solutions, two compartments were detected - One
starting at the top of the canopy and ending at the lower boundary of the
B2hir horizon and another one below the B2hir, including the groundwater
and the streams. The data from this year confirmed this trend. Analysis
of variance, to establish if the difference between the two compartments
was significant, has shown that there is a significant difference at the
95 percent level of confidence between the 11B2hir and the 111B3 for
pH, electrical conductivity, total nitrogen, total phosphorus, soluble
iron (site 6), and soluble aluminum; at the 70% and 86%, respectively,
for sites 6 and 7 for total iron and at the 78% for soluble silica.
Removal of the forest floor at one site (site 6) has resulted in a
temporary increase of one pH unit throughout the soil profile. This
change lasted only one month. Total nitrogen total phosphorus concentrations
have decreased in the area devoid of the forest floor; potassium values
were also lowered, whereas calcium did not show any definite trend.
A new aspect of this project--the study of the mobile organic fraction
has shown that there is a decrease in either size or acidity of the
"fulvic acid-like" soluble fraction with increasing depth in the
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Figure 3. Annual litterfall (kh/ha) in the forest at the shoreline and
in the lake. R = Rau's data, 74 = 1974, and 75 = 1975 (Riekerk).
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profile. Also, it has shown that the stem flow seems to be the major
source of soluble organics. The source of the "humic acid-like" is in
the forest floor, throughfall, and stem flow. This fraction is retained
in the A2 but reappears again in the 11B2hir and 111B3.

Implacement of lysimeters has been initiated in a clearcut area to compare
the impact of the removal of the vegetation on soil solution. Among
other hypotheses to be tested is to observe the stability of the 11B2hir
and the retention of the two compartments after a clearcutting.

4. ANALYSIS OF AQUATIC ECOSYSTEMS

4.1. Stream Ecosystems - N. Anderson, J. Hall, J. Lyford, D. McIntire
J. Sedell, F. Triska, Oregon State University

Experiments during previous years, using leaf packs to obtain litter minerali-
zation data, resulted in the hypothesis: Microbial conditioning of litter
inputs is a necessary prerequisite for conversion of litter debris to a
food resource for insect detritivores. Field assessments using shredder
insect larvae and needle litter conditioned for various time periods have
been completed. In addition, laboratory studies on conditioning time and
temperature effects on consumption growth and egestion,indicating microbial
conditioning, is an important factor in rendering leaf litter palatable
to aquatic invertebrates. Lepidostoma quercina (Lepidostomatidae), Lepidostoma 
unicolor, Clistoronia magnifica (Limnephilidae), and Lepidostoma cascadensis 
were used in laboratory experiments.

Consumption rates (in milligrams per milligram per day) increased both with
temperature and length of conditioning time of the food. Alder leaves
which were conditioned most readily, were preferred over bigleaf maple
leaves or Douglas-fir needles, the more refractory litter species.
Consumption rate decreased with increasing size of the larvae.

Although they occupy the same areas of the stream and emerge and lay eggs
at the same time, I, cascadensis and La_ unicolor larvae showed very different
patterns of growth. y, cascadensis larvae grew steadily from September
and October through May, L. unicolor larvae gained more than 90% of their
mature weight in May, June and July. Most L. unicolor larvae were still
in the third instar when most L. cascadensis larvae had reached the final
(fifth) instar in early April. To what extent this resource partitioning is
based on detrital particle size, conditioning, or temperature remains to
be investigated.

A computer simulation model was used to test laboratory data for L. quercina 
by comparing predicted growth rates with field growth rates. Predicted
values were found to exceed actual growth rates in the late summer and
early fall months. When the supply of preferred food was restricted in
the first few months as occurred in the field, however, and simulated larvae
were required to feed on a less palatable (conditioned) food, simulated
values agreed closely with the measured growth rate.

In addition to providing evidence of conditioning, the combination field and
laboratory studies provided measurements of biomass, instantaneous growth
rate, consumption, fecal production, and respiration which are necessary
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to assess the ecological role of invertebrate activity on litter minerali-
zation. Experimental results on Clistoronia magnifica have been accepted
for publication by Ecology. Results on the other shredder species will
be included in a Ph.D. thesis by the end of this year.

Ideas generated in conditioning experiments of leaf litter have been extended
to preliminary studies on wood debris. Wood debris constituted the major
particulate organic input to waterhsed 10 prior to clearcutting (Table 1.).
In addition, wood constitutes a reservoir of refractory carbon slowly utilized
both as food and habitat (substrate for oviposition, shelter, emergence,
etc.).

Characteristic species that reduce the particle size of woody material are
the elmid beetle, Lara avara, and the caddisfly, Heteroplectron californicum. 
Studies have been conducted to compare life history strategies and egestion
rates of wood feeders with those of typical shredders of deciduous leaves
and conifer needles. We have found that the particle size, lignin:cellulose
ratio, and seasonal production of egested material differs between the two
groups. The net result is a continuous supply of fine particulate organic
material suitable for further microbial degradation and available to the
collector functional feeding group. Results of these preliminary studies
will be presented in three papers at XV International Congress of Entomology
in Washington, D. C., August 1976, two of which will be published in the
Proceedings.

In 1974 we hypothesized: Light is the major limiting action of primary
production in coniferous forests. To test this hypothesis an experiment in
a heavily shaded stream was conducted to compare light and nutrient effects
on primary production. The experiment confirmed the role of light as a major
limiting factor to primary production in heavily shaded streams. As a result
we proposed further studies of primary production to compare a clearcut
and forested section of Matk Creek through 1975-1976.

During that year, gross primary production, net community primary production
and community respiration were measured monthly. Gross primary production
and community respiration were 2.3 times greater in the clearcut than the
forest (Figures 1 and 2). Winter production rates were approximately half
the summer rates. The changes in respiration lagged behind changes in primary
production, both for fall decrease and spring increase. This result was due
to respiration of senescent algae and the assoicated bacteria in the fall and
the typically low respiratory demand of juvenile communities during spring.

Insect emergence was four times greater in the clearcut than in the forest
although insect standing crop was only slightly greater. The higher emergence
to standing crop ratio in the clearcut indicates a greater influence of
multivoltine insects in the clearcut. Such insects with short life cycles,
such as midges and mayflies, are types expected to benefit most from increased
algal production. Increase in insect emergence could result in higher
trout production in the clearcut section. Indeed, cutthroat trout production
in the clearcut section was also significantly higher than in the forest
section. Studies of trout food selection by gut analysis indicated greater
percentages of mayflies and midges in trout in the clearcut than in the
forest section during summer months (Murphy, personal commun.). Thus,
the opening of the canopy not only increased the production of algae but
may also lead to increased insect and fish production and a shift in
algal and insect community structure.
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Table	 1.	 Litter	 inputs

Douglas-fir forest.

(g/m2/day)

Anderson,	 et al.

to the small watershed stream of a 450-year-old

Method of Measurement Leaf Litter Leaf Litter Fine Wood Coarse Wood
Deciduous Coniferous Debris Debris

Litterfall .070 .346 .244

Lateral Movement .096 .143 .728

Scaling - .548

Totals .166 .489 .972 .548

% Composition 7.6 22.5 44.7 25.2

Wood Debris 69.9%
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The above study is now completed and was presented at the AIBS Meetings in
June 1976. It will also be included in a Ph.D. thesis being written at
this time; a manuscript will be submitted for publication during 1977.

The above Mack Creek studies raised the question of the grazer effects on
primary production and led to the hypothesis that cropping of the periphyton
community stimulates even greater primary production. Several literature
studies in lakes or aquaria had suggested this might be the case. To test
this hypothesis we set up five laboratory stream channels with densities
of: 0, 90, 180, 540, and 1080 snails/m2 . Algal standing crop was measured
with chlorophyll a every five days, primary production and respiration at
0, 15, and 40 days, and grazing rates of snails at 30 days. Algal standing
crops were the same for both the control and the lower two densities of
snails. The standing crop of algae in the stream with 540 snails/m 2 was
reduced by half and algae in the high density stream was five times lower
than the control. The highest density of snails (1080 snails/m 2 ) most
rapidly decreased algal standing crop, while the channel with 540 snails/m2
showed a much more gradual decrease. Snail grazing was much more variable
at high algal standing crops, indicating that snails at high densities must
graze more continuously to satisfy their ingestion needs. Thus, evidence
from this laboratory study indicates that the algal communities can withstand
standing crop or primary production. Only at grazer levels of 690 and
1040 snails/m2 did significant loss of the periphyton community occur due to
grazing pressure. Although not all the data has been analyzed at this
time, we hope to have a manuscript submitted for publication by the end of
1976.

Measurements necessary to complete a nitrogen budget have been taken with the
exception of some inputs from nitrogen fixations. Preliminary estimates of
nitrogen fixation on wood by free-living bacteria indicate that fixation
may be significant ecologically both in terms of annual input, and as a
factor in long-term wood mineralization. To adequately investigate
these processes will take a longer time than the final year remaining in
the Coniferous Biome. As a result we will seek additional, separate funding
to continue this work. Measurements of nitrogen fixation in the final year
will be confined to moss (colonized by either free-living, nitrogen-fixing
bacteria or blue-green algae) and Nostoc, both of which are important
components of the streams we have been studying. Results of our preliminary
experiments were presented at the American Society for Microbiology Meeting
May 1976, and will be submitted for publication during 1977.

Papers and theses produced in 1976 

Aho, R. Biomass and growth rates of cutthroat trout in forested and adjacent
clearcut sections of a Cascade stream. M.S. thesis.

Anderson, N. H. Increase in growth rates of an aquatic detritivore, Clistoronia 
magnifica (Trichoptera limnephilidae) by supplemental predation (accepted
by Ecology).

Anderson, N. H., and E. Grafius. Utilization and processing of allochthonous
materials by stream Trichoptera. Verh. Int. Ver. Limnol. 19:3083-3088.
1975.
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Grafius, E. Bioenergetics and strategies of some Trichoptera in processing
and utilizing allocthonous materials. Ph.D. thesis.

Gregory, S. V. Primary production dynamics in streams of the Cascade
Mountains. Ph.D. thesis.

Lyford, L. H., Jr. and S. V. Gregory. The dynamics and structure of
perifpyton communities in three Cascade mountain streams. Verh. Int. Ver.
Limnol. 19:1610-1616. 1975.

McIntire, C. D., J. A. Colby, and J. D. Hall. Dynamics of small lotic
ecosystems: A modeling approach. Verh. Int. Ver. Limnol. 19:1599-1609.
1975.

Sedell, J. R., F. J. Triska, and N. S. Triska. The processing of conifer
and hardwood leaves in two coniferous forest streams: I. Weight loss
and associated invertebrates. Verh. Int. Ver. Limnol. 19:1617-1627.
1975.

Triska, F. J., and J. R. Sedell. Decomposition of four species of leaf
material in three replicate streams with different nitrate input (accepted
by Ecology).

Triska, F. J., J. R. Sedell, and B. Buckley. The processing of conifer
and hardwood leaves in two coniferous forest streams: II. Biomchemical
and nutrient changes. Verh. Int. Ver. Limnol. 19:1628-1639. 1975.

4.2. Lake Ecosystems

4.2.1. Carbon, nutrient and elemental cycling. During this year the field
work was completed for the comprehensive study of sedimentation and nutrient
cycling in Lakes Findley, Chester, Morse, Sammamish, and Washington. The
results have been analyzed and form the basis of the Doctoral Dissertation
"The Relationship of Sedimentation and Nutrient Cycling to the Trophic States
of Four Lakes in the the Lake Washington Drainage Basin" by P. B. Birch (1976),
200 pp. The most significant findings in this work were:

There is a linear relationship between sedimentation of C, N, and P
and primary production in the four study lakes.

Nutrient cycling in the trophogenic zone of the four lakes is very
efficient during the growing season. This was further supported in an
in-depth study in Lake Sammamish. In early spring in Lake Sammamish, however,
recycling of N and P was relatively inefficient due to the rapid sinking rate
and slow decomposition rate of diatoms which dominate the phytoplankton at
this time. This resulted in a depletion of the dissovled pools of N and P
in the very early growing season.

c) A paleolimnological study which involved dating ( 210 Pb method) and C,
N, and P analysis of sediment cores revealed that there have been marked
increases (2 - 10x) in the rate of sedimentation in Lakes Chester Morse,
Sammamish, and Washington, in the last 80 years. These increases were
thought due to increases in erosion induced by logging activities (lumber
removal and associated road construction) in the watershed. Using the



71

relationship defined between sedimentation and primary production it was
estimated that logging activities resulted in increases in primary pro-
duction in the three lakes. The estimated increase in Chester Morse Lake
was modest and the lake remains oligotrophic, but in Lakes Sammamish and
Washington, larger estimated increases in primary production suggested
that Lake Sammamish changed from oligotrophic/mesotrophic to mesotrophic
and that Lake Washington changed from oligotrophic to mesotrophic around
the turn of the century.

Experiments have been completed on phosphorus and carbon cycle coupling
in Lake Washington. The hypothesis was investigated that the plankton
community responds to the addition of phosphate by varying inorganic
carbon uptake and organic carbon release in proportion to internal carbon-
phosphate coupling. Two experiments from Lake Washington on 28-29 May,
1975 (just after peak bloom) and 14-15 August, 1975, (summer steady state)
are reported here in which 32P tracer kinetics, PO 4 addition and depletion
and 14 C bioassay techniques were used to test the hypothesis. Response
to PO4 addition differed markedly. On 28-29 May, a ks of 3.86 ugt 1 was
observed, phosphate flux in response to PO4 flux was 0.03 ugt -1 . On 14-15
August, an initial ks of 10.9-12.8 ugt-1 was measured, yet after 2 days,
turnover rates dropped in proportion to the PO4 added. There was no signi-
ficant difference_of either 14C uptake or ECR from controls. Expected PO4
flux was 0.05 Ile 1 hr-land observed was 4.23 pgt -1 . These results support
the hypothesis and suggest that (1) PO 4 was a primary factor limiting the
bloom in May, yet the lack of clear response in August implies a variety of
factors were limiting, and (2) the carbon-phosphorus cycles were coupled
more closely in May than in August.

Information has been obtained on the dominance of phosphorus over nitrogen
as the limiting factor to phytoplankton growth. Laboratory experiments with
natural phytoplankton assemblages from three lakes (two mesotrophic and one
oligotrophic) showed that added PO 4 predictably affected growth rate (u; P:B)
while NO3 had little effect even when the N:P ratio approached one. The
response to PO 4 followed the typical Monod-type function. The lack of effect
of NO 3 on p at such low N:P ratios is in striking contrast to the added effect
of NO3 plus PO4 on maximum biomass produced versus only PO 4 alone.

PO4 was shown to have slightly more effect than NO3 in the oligotrophic
lake when used in a Monod-type model to predict P:B (observed in situ).
However, light intensity was shown to be more critical than either nutrient
if a good fit between calculated and observed u was obtained. A poorer fit
at 10 than 20 m may be a result of unpredicted UV radiation, which is thought
to cause severe inhibition and maximum photosynthesis to occur at 15 m.

Experiments were conducted in situ in Findley Lake and Lake Washington to determine
the rates of feeding by zooplankton on the bacterial/detritus and algal components
of the plankton. The method used was that of tagging the bacterial/detritus
component in the dark and the algal component in the light with 14CO 2 . The
bacterial/detrital component was large in both lakes during each of two experi-
ments (several thousand cpm). The phytoplankton component was rather
small in Findley (a few hundred cpm).
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The filtering rate was determined by noting the amount of tagged biomass removed
after intervals up to six hours. The filtering rate per animal or annual weight
is then multiplied by a measure of algal biomass to obtain the grazing or feeding
rate. There is a problem with this method which apparently stems from the recycling
of labeled organic carbon excreted by zooplankton and taken up by bacteria or held
in detritus. A probable increase in that fraction in the presence of zooplankton
resulted in more apparent tagged biomass than in the control without zooplankton.
This lead to negative rates in many instances. Where positive changes in tagged
biomass existed, and could be transformed into a filtering and grazing rate, the
rates are most likely underestimates.

In Findley Lake the filtering rates for algae, including_all size fractions (net,
nanno, ultra and total), ranged from 4.4 to 71 ml animal 1 hr lwith a mean for the
three significant values for total of 6.7 ml animal l hr 1 . The correspondin/ meal
grazing rate was 8.2 x 10	 pg chl a animal 1hr 1 or 8.1 Pg chl a Pg animal hr .
The results were from experiments on July 24 and August 6, 1975. These values were
statistically significant.

No grazing was measurable in Lake Washington on September 3, but on Septemlier 21, the
rate was about the same after 3 hours_and 6 hours - 3.8 and 3.5 ml animal hr .
Grazing was 20 x 10 1 pg chl a animal 1 hr-1 and between 6 and 7 x 10 1 1.1 g chl a
pg animal 1 hr 1 . These values were for the total and were statistically significant.

Filtering rates were practically nondetectable for the large bacterial/detrital com-
ponent. The amount of tagged material was high and rather stable and thus should have
provided a measure of zooplankton utilization, if in fact such utilization existed.

A careful literature review into techniques for measuring grazing rates by phytoplank-
ton indicate that the greatest accuracy is probably attainable by directly counting
the activity in the zooplankton themselves rather than the changes is activity in
the algal biomass. While we and others have had difficulty with the method used
here, it has been used successfully.

Carbon size fractions of plankton were defined for Lake Washington. Chlorophyll,
respiratory electron transport system (ETS) activity, particulate organic carbon
(POC), and 14 C-uptake were measured seasonally in six size fractions and four depth
intervals from April, 1974 to August 1975. Phytoplankton carbon (cpC) was estimated
from chlorophyll a, primary production (PPR) from 14C-uptake, and respiration from
ETS activity. During the winter when the water column was chemically homogeneous,
about 55% of the POC, 14 C, and ETS activity were found in the upper 10 m. As stra-
tification developed, the percent in upper 10 m increased with maximum values found
during maximum stratification in August: POC (81%), 14C (75%), and ETS (92%). Vir-
tually all the PPR occurred in the upper 10 m in all seasons. The data indicate
that much of the carbon produced during the spring bloom is transferred to deeper
waters. During high nutrient concentration in the winter, the <53p fraction con-
tained 85%, 96%, 65%, and 84% of the POC, 14C, PPR, and ETS, respectively, and was
dominated by Crypotomonas caudata. During the spring bloom, the <53p fraction
decreased in importance accounting for only 52%, 43%, 13%, of the POC, 14C, and ETS,
respectively while PPR was unchanged. The <53p fraction was dominated by C. caudata,
Cyclotella sQ., Melosira italica, Asterionella formosa. The decrease in POC and
ETS activity was due primarily to an increase in zooplankton in the <53p fraction.
During the summer period of nutrient depletion, the <53p fraction was again dominant
in terms of all variables measured. Of the large zooplankton present
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P may be rather mobile in surface organic soil layers, but becomes more
limited in the mineral soil.
Loss of nutrients to the lake may be regulated through HCO3 induced leaching
below the B2hir soil horizon. 	 -
Allochthonous particulate inputs to the lake are either washed out or
sedimented, where they support an insect population.
Patterns of ice-cover melt and insolation regulate the timing of the plank-
ton bloom, but the size of the bloom is regulated by input of PO4.

g) Microbial communities on allochthonous litter may immobilize lake N.

A preliminary examination was made of carbon budgets of lakes in different
trophic states. A comparison of carbon budgets indicates that the inputs, ex-
ports, and respiratory estimates for each lake differ because of morphometric,
hydrologic and vegetative characteristics of their drainage basins. Carbon
budgets include allochthonous and autochthonous carbon subdivided into dissolved
organic carbon (DOC) and particulate organic carbon (POC). Carbon sources for
Lake Wingra (Gasith, 1974) and Lawrence Lake (Wetzel, et al., 1972) are predomi-
nately from phytoplankton and macrophytes. Mirror Lake (Jordan and Likens, 1975)
receives most of its carbon from phytoplankton while Findley Lake has high inputs
from allochthonous DOC and POC. Respiratory losses suggest the refractory nature
of carbon in Findley Lake.

Research on hydrology was conducted in three principal areas: 	 Time series analysis,
input-output methods, and data filling techniques. Work in the first two areas
was concentrated primarily on analysis of techniques which are new or previously
unapplied in ecosystem analysis. Time series analysis is intended for use on
the relatively long limnological records from Lake Washington. The principal
tool being used is spectral analysis. Input-output analysis, "borrowed"
primarily from the economics field, is being applied to annual nutrient
budgets (phosphorus, nitrogen and carbon) from Findley Lake for calendar years
1974 and 1975. Data filling techniques were applied to missing Findley Lake
hydrologic data for calendar years 1973-1975.

A primary concern in the spectral analysis of Lake Washington biological and
chemical data has been that the data were not collected at equal intervals
in time. The basis for spectral theory is that sampling interval is uniform;
little work has been published on the analysis of unequally sampled data. An
analytic technique which will accommondate unequal spacing has been reviewed
and programmed (Jones, 1971). Analysis of Lake Washington data should be com-
pleted in 1977. Spectral analysis of the Lake Washington data is expected to
yield two important results: first, for each individual record of nutrients
and biomass indicators, an estimate will be made of the Nyquist frequency, which
in turn will define the minimum sampling frequencies required in future data collec-
tion programs; second, for multiple records, an estimate will be made of the coherency
function, essentially an indicator of the correlation between two records as a
function of frequency., and the phase relationships between record pairs.

Input-output analysis has been assessed for use in ecosystem modeling and found
to be quite applicable to the compartment-flow style models most commonly used
in ecosystem modeling. The method has been applied to synthetic data and found
to be useful in estimating the effects of second and higher order interactions.
The best application of these models ultimately appears to be in the management
area, where they have particular utility because they are entirely data-based.



74

throughout the study, Diaptomus ashlandi, Cyclops bicuspidatus, and Neomysis 
awatchensis, only N. awatchensis was found to migrate vertically.

The measurements of respiratory electron transport (ETS activity) of
the microplankton (<76 1114) and net plankton (<75 uM) have continued. Respira-
tion rates of the phytoplankton community have been estimated from ETS activity
and the ratio of primary productivity to respiration (P/R) calculated. Although
this ratio has been investigated previously, in both the field and laboratory,
for the most part these earlier studies only dealt with the P/R ratio under a
limited set of conditions (laboratory studies) or over a short period of the
annual cycle (field studies). A review of previous studies indicates that the
P/R ratio ranges between about 2 and 50 (mgC produced mgC respired) with the
large range attributable to differing growth conditions, variations in methodo-
logies, and differences in the definition of the P/R ratio. Ratios calculated
for both lakes Findley and Washington fall within the range of those previously
reported, with high ratios occurring during the early bloom and low ratios
found during the warmer, nutrient , depleted periods. It is proposed that, for
the most part, this shift in P/R ratios is due to uncoupled responses of the
respiratory and photosynthetic systems to environmental temperature changes
and nutrient stress. This results in a 12-hr dark loss of photosynthetically
fixed carbon that varies from a low of only 7% early in the spring bloom to
over 100% during periods of high temperature and severe nutrient depletion.

If the phytoplankton and zooplankton respiration figures are combined
along with an estimated sinking rate, it is possible to construct a simple
carbon budget for the euphotic zone of Lake Washington. The results of
such a calculation indicate that on a yearly basis all but about 5% of the
photosynthetically fixed carbon is accountable. This is in sharp contrast
with other studies in which the unaccountable carbon constitutes nearly 50%
of the budget. It is felt that one of the main differences between the two
budgets is the lack of estimates of phytoplankton dark respiration losses
in the latter.

4.2.2. Land-Lake Interactions. 

Watershed ecosystems are complex and varied assemblages of aquatic and ter-
restrial vegetation, substrates, and associated fauna. Ecosystem responses
differ according to basin morphology, climate, geology, drainage area, and
species composition. Characterizing carbon and nutrient distribution and
tranfer along the interface between the land and the lake or stream is an impor-
tant step in determining the dynamics of a watershed.

We are examining the allocation and movement of carbon, nitrogen, and phosphorus
in the Findley Lake watershed. The objectives are (1) to establish the major
pools in the system and the pathways of flow of dissolved and particulate
matter into the lake; (2) to assess the mechanisms controlling the major inter-
face flows; and (3) to identify the mechanisms of utilization and storage of both
allochtonous and autochthonous matter in the lake.

Results indicate that:

The forest has a relatively slow rate of turnover and low production.
The forest strongly retains nutrients through internal redistribution
and large, tightly bound soil nutrient reservoirs, with input = output and
soil leach = uptake/



75

This feature is especially useful in a management context since projected
effects of altered nutrient supply rates, etc., may be estimated directly
from the data rather than by calibrating a cumbersome dynamic water quality
model and projecting on an "alternative futures" basis. The availability
of nutrient budget data from Findley Lake for 1974-1975 will allow analysis of the
stability of the models for predictive purposes; i.e., 1974 data will be used
to project 1975 production.

Estimation of missing Findley Lake outflow data (daily) for 1973-1975 has
been completed. Estimation was performed by constructing a multivariate
autoregressive model for five time series. Each time series was first re-
sidualized by removing the annual cycle. Missing data were then synthesized
using a technique proposed by Gilroy (1971). This model should prove helpful
in the estimation of other missing time series data.

A model was developed to simulate the phosphorus cycle in Lake Sammamish. The
model is composed of two parts: (1) a mixing model which computes daily mixing
depths by determining the point in the water column where the kinetic energy
from wind and the convective mixing energy equals the potential energy in the
thermal gradient, and (2) a phosphorus model that computes the quantity in the
state variables phytoplankton, ortho-phosphorus, zooplankton and detritus on
a daily basis. Of 12 constants used to define the various subprocesses, 7
were obtained from experiments on Lake Sammamish itself and the remaining 5
were approximated from literature research.

Although relatively simple in its ecological structure, the sensitivity analyses
with the model have provided some insight into significant questions about
phosphorus dynamics in the lake. For example, the variation in the timing of
the spring diatom outburst from year to year and its comparison with mixing
depth computations suggests that prolonged mixing may favor larger diatom
masses in some years by supplying more phosphorus to the lighted zone. While
earlier stratification would provide more light there is not enough phosphorus
available during those years to build as much biomass as is the case if mixing
is prolonged. Previously we had thought that early stratification was most
important for early blooms.

Further, insufficient phosphorus was available in some years to allow the
biomass to attain the level of observed values. This meant that another
source had to be imposed during those periods. The most likely source now seems
to be increased stream runoff just prior to the spring growth period, which is
another possiblity that would not have been considered plausible.

Also, the optimum light intensity was changed to a relative value -
50% of the incident value - from an absolute intensity. That change resulted
in a more realistic growth pattern.

Lastly the Michaelis-Menten function was altered to the extent that
biomass of phytoplankton replaced the half saturation constant. This has
resulted in a better fit with observed data but also has led to many discussions
about the effect of changing biomass on the instantaneous uptake of phosphorus
by phytoplankton.
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The nutrient 1 d supplied to urban lakes through runoff from paved surfaces
and its effects in nearshore areas was studied in Lake Sammamish. Three west-
side inputs, from the "developed" side of the lake were compared with two
inputs from the relatively undeveloped eastside. The content of phosphorus
in the inflow streams were found to vary widely in the developed area streams
while the levels in the eastside streams were very constant, although very
high in one- on the order of 500 g/1 total P. That source was determined to be
affected by septic tank seepage.

Periphyton growth on artificial substrates located in the lake 2 m below the
surface and several meters from the end of the inflow pipe or stream was
not affected by the nutrients in the urban inflows. However, in November
when the lake turned over and phosphorus content increased dramatically
throughout the lake, periphyton biomass also made its most marked increase.
This occurred in spite of reduced light at that time of the year. Periphyton
mass on substrates in the nearshore areas is still believed to be responding
to the unevenly distributed inputs of phosphorus from impervious urban
areas, but placement of the artificial substrates was not precise enough to
detect that effect.

4.2.3. Higher consumers "Lake Washington Fish"

The Lake Washington fish studies are a unique holistic consideration
of the fish community of a highly perturbed large mesotrophic lake. We are
evaluating the role of consumers in the lake ecosystem as a successional force
on the prey community and in nutrient cycling. We are also concerned with
the effect of perturbations (eutrophication, fishery exploitation, spawning
habitat deterioration, introduction of exotic species, and enhancement of econo-
mically important species). Work to date has concentrated on modeling and
process development as well as population and community assessment with
respect to both limnetic and benthic-littoral fish species.

Limnetic fish--A. Modeling and process development. This work has focused
on determining the dynamics of energy flow between zooplankton and the plank-
tivorous fish community. It is clear that the rate of prey consumption is not
a strict function of prey and predator abundance but rather depends on the behavioral
mode of the predator. In any realistic model we must consider cueing mechanisms
for alternative behaviors as well as how the rate of prey consumption is modified
under alternative behavior. Specific components of the model are:

Absolute limits on rate of prey consumption, prey as predator abundance,
prey sighting distance, capture success, handling times, and predator swimming
speed.

Behavioral considerations: (a) Diel feeding and non-feeding, (b) schooling,
(c) adoption of winter feeding behavior (fasting and a generally low rate of
feeding intensity), (d) vertical migration, (e) hunger, and (f) nature of
prey selectivity; prepatterns of prey selection due to optimal foraging,
physical limitations of the predator, prey availability and ability to avoid
capture, or some combination of these effects.

3) Bioenergetics and growth. These considerations allow simulation of fish
growth and rates of nutrient regenerations.
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B. Community and population assessment. This work is aimed at constructions,
long-term trends in abundance species composition, and growth of the limnetic
fish community. Any response of the limnetic fish community to trophic changes
in Lake Washington will provide insight to the importance of various processes
identified in the modeling activities.

Considerable modeling and process development for juvenile sockeye has been
completed (Eggers, 1975, 1976, 1977). During the past year extensive
field sampling, to provide the information base for extension to other
limnetic fish species, has been completed.

The laboratory processing of those samples is now 80% complete. Preliminary
analyses of a small component of this important information has produced signifi-
cant results regarding optimal foraging by planktivorous fish (Eggers and Doble 1976).

Otherresearch on the limnetic fish community of Lake Washington is very important
to those management agencies involved with the run of anadromous sockeye salmon to
Lake Washington. In view of the declining primary productivity of Lake
Washington, recent decline in the size of the run of sockeye to Lake Washington
and urgent need (because of Indian fishing rights) for salmon ehancement
acitivity throughout the state, it is necessary to establish whether the level
of secondary production in Lake Washington is limiting the abundance of
limnetic fish.

At this time there is conflicting evidence. Evidence which supports the hy-
pothesis that food is not limiting to sockeye salmon is:

Lake Washington sockeye smolts are among the largest produced in the
world.

Behavior observed in Lake Washington juvenile sockeye reflect that ade-
quate rations can be achieved easily because (a) sockeye select the larger
prey available, and exploit only a small component of the prey population;
(b) sockeye feed briefly, and (c) sockeye fast during the early winter and
resume active feeding during the late winter when conditions are less favorable
for growth. This suggests that reduced growth rates observed during the winter
reflect the effect of behavior which is only partly influenced by the level
of available food.

Zooplankton cropping rates (day
-1) are 3-4 orders of magnitude less than

the standing crop, even for the rare large forms that are heavily selected
by sockeye.

The ratio of spawning escapement to resultant smolts is highly negatively
correlated to flood discharge during incubation. Although this statistic
confounded the effects of the lake, spawning and egg incubation environment,
it suggests the importance of the Cedar River environment. It is noteworthy that
midwinter floods were more frequent during 1968-1975 (five floods) than during
1960-1967 (one flood). Flow conditions in the Cedar River may have been an
effect to the rapid change in the trophic state of Lake Washington following
sewage diversion.

5) In the lake sampling from 1967 to present, there is no consistent trend
in growth of juvenile sockeye.
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There also exists evidence which supports the hypothesis that food is limiting.

The toal lacustrine growth of sockeye can be estimated from adult scales,
based upon conversion from the width of the lacustrine growth zone to body
length. These data, based in part on the work of Isakkson (1970) show
that there has been a significant decline in lacustrine growth since the 1950
brood year.

We need to re-evaluate Isakkson's thesis work. The sample sizes from the early
brood years need to be increased. Also, the "false check" common in the
lacustrine growth pattern on scales of sockeye in the 1960-1966 brood years
must be reconciled with the timing of fry entry into the lake and actual growth
trajectories. In particular, what is the ecological significance of the
disappearance of the false check after the 1967 brood year? Samples collected
by Dryfoos in the early 1960's are important because they were collected when the
false check pattern on scales was common and will aid in determining its
ecological significance.	 •

The completion of this work will tell us if there has been a change in
freshwater growth of sockeye resulting from trophic changes in Lake Washington.
If these changes have occurred, the data on intraseasonal growth will provide
clues to the interpretation of these changes. Most of the year-to-year variation
in size of migrating smolts is due to variation in the time of entry of emergent
fry to the lake, variation in the time when the decline of growth rates begins
during the late fall and early winter, and variation in the time when the spring
"plus growth" begins. In determining the component of environment that is re-
sponsible for the change in growth, one must consider the length of growing
season as well as instantaneous rate.

Benthic and littoral fishes. For the benthic and littoral energy flow model,
a detailed description of the parameters associated with the three species are
under study (yellow perch, peamouth, and northern squawfish). The parameters
are natural mortality rates, population sturctures, historical recruitments,
individual growth, food consumption, and food utilization. During the past year
all these areas were investigated using data previously collected, current data,
and literature data and results. Following the development of analytical techniques
for removing the selectivity of the sampling gear used, the gill net data yielded
some interesting results.

As expected, the natural instantaneous mortality rates ( g ) varied with the
maximum age of each species. Table 1 shows the mortality rates, maximum ages,
and population estimates of age 2 fish.

Table 1. Partial results of population analysis of benthic
and littoral fish species from Lake Washington.

Species Total Maximum Population est.
Mortality age (yrs.) (age 2 and up)

Peamouth 1.4489 8 147,206
Yellow perch 0.2472 7 133,221
Northern squawfish 0.2711 21+ 55,701
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The population numbers were arrived at using the relative cohort strengths,
natural mortality rates, a single cohort population estimate; and the
corrected relative abundance ratio for age 2+ fish of 1.0: 0.496: 0.905
for peamouth, yellow perch, northern squawfish, respecitively.

Both the peamouth and yellow perch cohorts are well represented by a geometric
mortality function indicating fairly constant recruitment over time. The
northern squawfish shows a 5-or 6-year cycle of recruitment peaks with a
gradual build and decline for each peak. Further, the northern squawfish re-
cruitment appears to be dropping from approximately 1.2 million in 1952 to a
constant 20 or 30 thousand per year for the 1967 to 1971 period.

In April of 1974 research was begun on the life history and daily food
ration of the yellow perch, Perca flavescens, in Lake Washington as part of
the benthic and littoral fish modeling program of the Coniferous Forest Biome.
The basic goal of the research is to provide estimates of the parameters
necessary to describe the population dynamics and yearly production of the
yellow perch population in Lake Washington. The study consists of four
major areas:

Age and growth
Reproductive cycle and fecundity.
Food habits and daily feeding patterns
Estimation of the daily food ration of yellow perch

The description of the age and growth of the yellow perch can be subdivided
into two areas: (1) estimation of growth in length at each age, and (2) des-
cription of seasonal and yearly individual growth patterns in length and
weight. The growth in total length for each age was estimated from the back-
calculation of length obtained from fish aged from scale readings. It was
found that female fish obtain a significantly greater total length at each
age. The information from the back-calculated lengths is being used in
conjunction with estimates of monthly growth increments in length and
weight and with weight-length relationships to describe the individual seasonal
growth patterns of yellow perch.

Information from fecundity estimates of female yellow perch and a description
of the reproductive cycle of both male and female yellow perch will be used to
estimate the yearly recruitment to the yellow perch population. A calculated
gonadal index and the calculated condition factor are being used to describe the
reproductive cycles of male and female fish. Fecundity estimates of female yel-
low perch show that this species is a very fecund fish. Individual estimates
ranged from a minimum of 16,000 eggs/fish to a maximum of 140,000 eggs/fish.

The major organisms which appear in the diet of the yellow perch are
Neomysis awatchensis, fish (comprised mainly of the prickly sculpin and the
threespine sticklebacks) and larvae and pupae from the family Chironomidae.
Neomysis is the major food organism in terms of frequency of occurrence in all
seasons except winter. Fish, on the other hand, are the major food organisms
in terms of volume consumed in all seasons except spring.
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The life history parameters of the yellow perch will be more than adequately
described in the thesis now in preparation. The estimate of daily food ration
will supply adequate information for the benthic and littoral fish model as
now planned, but there is room for more work in this area. Ideally, the daily
ration portion of the study could be expanded to include a study of the bio-
energetic budgets of the major fish species covered by the modeling program.
This would greatly increase the ability of the program to describe the major
interactions between the species of fish concerned and their impact upon the
other organisms in Lake Washington.

Research on the prickly sculpin in Lake Washington was begun in January, 1974.
The major goals of the project included a description of: a) reproduction
and fecundity, b) age and growth, c) food habits, d) distribution and e)
population and biomass estimates.

Intensive sampling began in December, 1974, and continued through December
1975. A description of the reproductive cycle of the prickly sculpin includes
sex ratio by month and depth category, gonadal index by sex, month and depth
category, condition factor by sex and month, and fecundity estimates for female
sculpins. Spawning has been found to take place between late April and early June
in shallow water and slightly later in deeper regions of the lake. Fecundity
estimates have ranged from 850 ova in an 87 mm female to 9,575 ova in a 190 mm female.

Calculations of age and growth are based on back-calculations of length at annu-
lus formatiom from otolith readings and length-weight relationships. It was
found that no significant difference exists between the growth of males and
females.

Food habit analysis included frequency of occurrence, counts of number of
organisms per stomach and total wet weight of all organisms in each category
per stomach. Chironomids, fish and miscellaneous items are consistently
important throughout the year. Mysids, Amphipods, Graulus and Trichopterans
show seasonal trends of importance.

Prickly sculpins are found at all depths and in all major bottom habitats in
Lake Washington. They are not uniformly distributed, however, but are found
in aggregations of varying size and dimension. Pronounced distributional shifts
have been observed, and example being a profound offshore migration of sculpins in
July presumably associated with an elevated inshore bottom temperature.

The population estimate of prickly scuplins in Lake Washington was achieved
through the integration of several sources of data. The age frequency catch
curve supplied the instantaneous mortality rate and indices of relative abundance.
A series of experiments were conducted to calculate the average area each trap
fishes. Catch-per-unit-effort data was used in conjunction with the average
area each trap fishes to yield the average density of sculpins that were fully
selected by the gear. Utilizing the exponential model N t = N e-zta preliminary
mean population of prickly sculpins in Lake Washington was calculated to be 1.04
x 109 for all age classes combined. This estimate will be further subdivided
by season and major bottom habitat.

Fish community structure.  From the past information base of Lake Washington
fish studies (largely supported by WCFB) we are determining the total fish
community structure of Lake Washington. Included in this is information on
abundance, growth, biomass, annual production, age structure, timing of spawning
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and spawning habitat preference, seasonal and life history patterns of
prey selection and feeding habitat preference, seasonal patterns of
horizontal and vertical migration for the major fish species in Lake Wash-
ington (juvenile sockeye, threespine stickleback, longfin smelt, peamouth,
yellow perch, squawfish, and prickly sculpin). Yellow bullheads, largemouth
bass and black crappie are also common but occur in restricted habitats (weedy
bogs and undeveloped shorelines) and their production is small compared
to the production of the major fish species.

Preliminary results are:

The production of all other species is small compared to that of prickly
sculpin. There are problems with the method used to estimate cottid abundance,
but these are currently being worked out. Nevertheless, even the minimum esti-
mate of cottid abundance is very large.

Populations that feed solely on benthos (peamouth and age 2 - age 3
squawfish) show long-term changes in growth that are sensitive to trophic
changes in Lake Washington.

Threespine sticklebacks were only occasionally caught in limnetic sampling
prior to 1969. Now they are as abundant as sockeye and smelt. This change
most likely results from changes in littoral areas of the lake resulting
from sewage diversion.

Size selective predation is common in all fish species.

This work has provided a very different perspective of the lake ecosystem,
emphasizing the importance of the dynamics of benthos and littoral production
to the lake fish community.

One must consider the fate of uncropped water column primary and secondary
production, as well as the contribution of littoral vegetation and detritus.
These sources may contribute more to fish production than water column secondary
production that is cropped directly by fish.

These insights from holistic consideration of the fish community raises some
intriguing questions. Why is planktonic secondary production not utilized
more heavily by the fish community? If abundance of planktivores can be greatly
increased through enhancement, what are the consequences to the total fish
community? If enhancement policy is adopted, a large portion of secondary
production should be shunted directly to planktivores, and will not be available
to the benthos.
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5. SYNTHESIS ACTIVITIES JULY 1975 - AUGUST 1976

5.1. Publications

5.1.1. The Biome synthesis volume. Work commenced on the Biome synthesis volume in
late 1974. Several draft outlines have been compiled and an outline was approved in
1975 by the IBP editorial committee chaired by Dr. W. Frank Blair. Since then, some
activity has gone into compilation of a first draft. Dr. Dale
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Johnson has taken over the major responsibility for the terrestrial produc-
tivity/nutrient cycling aspects, and Dr. Jim Long has been compiling material
on plant distribution and succession in response to environmental gradients.
Dr. Frieda Taub, working in conjunction with Drs. Richey and Wissmar, has
compiled a first draft of the lake program synthesis and Dr. Frank Triska
is working on the stream component. Watershed (terrestrial/aquatic interface)
synthesis is moving along with Drs. Richey, Wissmar, and Riekerk compiling
the material for Findley Lake. The Watershed 10 synthesis is being written
by Drs. Sedell, Waring, and Cromack. A complete first draft of this volume
will hopefully be completed by January 1977.

5.1.2. Other synthesis publications. A list of publications completed in the
reporting period appears after each progress report in this section.
In addition, a total list of Biome publications is presented in the Appendix.

5.2. Presentations at Meetings

Much of our initial synthesis effort has been directed toward presentations
at meetings. Presentations were made at the Northwest Scientific Association
meeting 15-17 March 1976 by Biome scientists. The AIBS meetings in New Orleans
in June provided an opportunity for much of the synthesized material on
terrestrial/aquatic interfaces to be presented. Richey, Wissmar, and Riekerk
presented the initial synthesis for Findley Lake.

Many individuals presented papers at the AIBS meetings including a strong
representation from the stream and lake programs. Other meetings at which
Biome scientists presented papers were: IV International Congress of Entomology,
Washington, D. C. August; Entomological Society of AMerica, June 1976,
Ventura, Calif.; American Society for Microbiology, May 1976, Atlantic City,
New Jersey; Oregon Academy Sciences; Geological Society of America, Cordillerean
Section; Western Forest Genetics Meeting, IUFRO Meeting, Oslo, Norway.

5.3. Use of Biome Material in Teaching and Management

As more and more Biome data are synthesized it is being incorporated into
teaching programs. Much of the information on nutrient cycling is being in-
corporated into courses at the University of Washington. The soils curriculum
has been particularly fortified by inclusion of courses on forest soil microbi-
ology (Edmonds) and a specific course on nutrient cycling processes including
interaction of terrestrial and aquatic ecosystems (Riekerk). The fisheries
program at the University of Washington is also beginning to incorporate Biome
data into courses.

Courses at Oregon State University have also been strengthened by Biome infor-
mation and approaches. Dick Waring, Bill Emmingham, and Charles Grier have
spearheaded these efforts. The short course program at OSU has also benefited
from Biome input.
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UGOLINI, F. C., R. MINDEN, H. RIEKERK, and H. DAWSON.

Soil	 processes in a subalpine ecosystem. Submitted to

Soil	 Science.

WELCH, E. B. Nutrient diversion: Resulting lake
trophic state and phosphorus dynamics. Ecol. Series,

U.S.	 Environmental Protection Agency, Corvallis, Ore.
EPA-600/3-77-003, January 1977. 91 p.

CROMACK, K. JR., P. SOLLINS, R. L. TODD, D. A.
CROSSLEY, W. M. FENDER, R. FOGEL and A. W. TODD. Soil micro-

organism-arthropod interaction: Fungi as major calcium and
sodium sources. Proc. XV Inter. Congr. Entomol., August 1976.

(in press).

EGGERS, D. M. Factors in interpreting data obtained
by diet sampling of fish stomachs. Submitted to J. Fish.
Research Board Canada. (in press).

EGGERS, D. M. The nature of prey selection by plank-

tivorous fish. Submitted to Ecology.

SCOTT, D. R. M., J. N. LONG, and J. KOTAR. Comparative
ecological behavior of western hemlock in the Washington

Cascades.	 Proceedings of Western Hemlock Mgmt. Conf.

268.	 RAU,	 G. Conifer needle processing in a subalpine lake.
Submitted to Limnology and Oceanography.

SOLLINS, P., and G. L. SWARTZMAN. A model of carbon

and water flow through a coniferous forest - Documentation.

Coniferous Forest Biome Bulletin No. 8, Univ. Washington,
Seattle.

FRANKLIN, J., and T. FUJIMORI. Stem biomass and
structure of a mature Sequoia sempervlrens stand on the

Pacific coast of northern California. Submitted to
Japanese For. Soc.

FOGEL, R., J. M. TRAPPE. Fungus consumption
(Mygophagy) by small mammals. Submitted to Northwest Science.

UGOLINI, F. C., H. DAWSON, and J. ZACHARA. Direct

evidence of particulate movement in the soil solution of a

podzol. Submitted to Science.

273. McINTIRE, C. D., and J. A. COLBY. A hierarchical

model of lotic ecosystems. Submitted to Ecology.
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Biome Bulletins 

WYDOSKI, R. S. 1972. Annotated bibliography on the
ecology of the Lake Washington drainage.	 Coniferous For-
est	 Biome Bulletin No. 1. Univ. Washington, Seattle.	 102 p.

BLACK,	 H. C., and R. D.	 TABER. Mammals in western
coniferous forest ecosystems: An annotated bibliography.
Coniferous Forest Biome Bulletin Mo. 2. Univ. Washington,
Seattle (in press).

STETTLER, R. F., and J.	 C. CUMMINGS.	 1973. A guide
to forest-tree collections of known source or parentage
in the western United States and Canada. 	 Coniferous Forest
Biome Bulletin No. 3. Univ. Washington, Seattle. 59 p.

DYRNESS, C. T., JERRY F. FRANKLIN, and W. 	 H. MOIR.
1974. A preliminary classification of forest communities
in the central portion of the western Cascades in Oregon.
Coniferous Forest Biome Bulletin No. 4. Univ. Washington,
Seattle.	 123 p.

WARING, R. H., and R. L. EDMONDS (eds.). 	 1974.
Integrated research in the Coniferous Forest Biome.
Coniferous Forest Biome Bulletin No. 5. Univ. Washington,
Seattle.	 96 p.

DFYRIIP, MARK A. 1975.	 The insect community of dead
and dying Douglas-fir. I. The H ymenoptera.	 Coniferous
Forest Biome Bulletin No. 6. Univ. Washington, Seattle.
104	 D.

EDMONDS, R. L. (ed.). 	 1974. An initial synthesis of
results in the Coniferous Forest Biome, 1970-1973.
Coniferous Forest Biome Bulletin No. 7, Univ.	 Washington,
Seattle.	 248 p.

SOLLINS, P., and G. L.	 SWARTZMAN. CONIFER: A model
of carbon and waterflow through a coniferous forest:
Documentation. Coniferous Forest Biome Bulletin No. 8,
Univ. Washington, Seattle	 (in press).

•
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Biome Internal Reports 

*1.	 OVERTON, SCOTT.	 1972. Sensitivity analysis as
"propagation of error" and model validation. 1971
Annual	 Report.

2.	 FOWLER,	 CHARLES W. 1973. Modeling the hydrological
aspects of the Fern Lake watershed. 19 7 1 Annual Report.

*3.	 SALO, DAVID J.,	 JOHN A. RINGO, JAMES H. 	 NISHITANI,

and RICHARD B. WALKER. 1972. Development of cuvette
equipment.	 1971 Annual Report.

SCOTT, DAVID R.	 M., and J. P. LASSOIE. 	 1972.
Diurnal fluctuations	 in Douglas-fir stems in response
to plant internal moisture status and environment.
1971 Annual	 Report.

*5.	 SCOTT, DAVID R.	 M., and J. P. LASSOIE.	 1972. Seasonal
and diurnal	 patterns of water status in Acer circinatum.
1971 Annual	 Report.

ZOBEL, DONALD.	 1972. Relation of biologically de-
fined environmental	 measurements to distribution and pro-
ductivity of forest ecosystems in the central Oregon
Cascades. 1971 Annual Report.

DYRNESS, C. T.,	 JERRY	 F. FRANKLIN, and	 DONALD ZOBEL.
1972.	 Identification of forest communities and habitat
typ es occurring on	 the H.	 J. Andrews Experimental Forest
and in adjacent portions of the western Cascades, Oregon.
1971 Annual	 Report.

WARING,	 RICHARD H. 1972. The development of a

distribution and growth prediction model for the
environmental grid.	 1971	 Annual Report.

TABER, R. D. 1972. Report on coordination project,

terrestrial	 consumer group. 1971 Annual Report.

BLACK,	 HUGH C.	 1972. Review of literature on the
role of small mammals in coniferous	 forest ecosystems.
1971 Annual	 Report.

NAGEL, W. P.	 1972.	 Insect consumers	 in Douglas-fir
in western hemlock forests. 1971 Annual Report.

STRAND, MARY A., and W. P. NAGEL. 1972. Consumer

modeling status report. 1971 Annual Report.

MILNE,	 D. M.	 1972.	 High-resolution modeling
of a captive population.	 1971 Annual Report.

DENISON, W. C.	 1972. Ecological survey of fungi

active in western coniferous forest soils. 	 1971 Annual

Report.

DRIVER,	 CHARLES H., and PAT MINYARD. 	 1972. Studies
on fungi functioning as primary decomposers in a forest
ecosystem.	 1971 Annual Report.

EDMONDS, ROBERT L. 1972. A simple preliminary

model for litter decomposition in the Coniferous Biome.
1971 Annual	 Report.

VAN CLEVE, KEITH. 1972. Nutrient turnover in

forest floors of interior Alaska. 1971 Annual Report.

LAVENDER, D. P. 1972. Nutrient cycling in 450-
year-old Douglas-fir stands. 1971 Annual Report.

*19. COLE, D. W., and	 C. C. GRIER.	 1972.	 Intensive
study of mineral cycling in Douglas-fir. 1971 Annual
Report.

BROWN, GEORGE, DICK FREDRIKSEN, and SCOTT OVERTON.

1972.	 A hydrologic model	 for watershed 10, Andrews
Experimental	 Forest.	 1971 Annual Report.

MACHNO, PETER S., and D. W. COLE. 1972. Forest
hydrologic models.	 1971 Annual Report.

FRITSCHEN, L.	 J. 1972. Climatological stations.
1971 Annual	 Report.

FRITSCHEN, L.	 J., L. W. GAY, and G. H.	 BELT. 1972.
Coordination of intensive biometeorological 	 studies.

*NO LONGER AVAILABLE FOR DISTRIBUTION.

FRITSCHEN, L. J., LLOYD COX, and RUSSELL KINERSON.

1972. A 92-foot Douglas-fir in a weighing lysimeter.

1971 Annual Report.

OLSON, P. R., J. G. BOCKHEIM, R. DEL MORAL, M.

TSUKADA, E. B. WELCH, and R. S. WHITNEY. 1972. Findley

Lake watershed. 1971 Annual Report.

STOBER, Q. J., and J. G. MALICK. 1972. Aquatic
production in a sockeye salmon river. 1971 Annual Report.

WARREN, CHARLES E. 1972. Trophic relation model

based on density dependent processes. 1971 Annual

Report.

McINTIRE, DAVE. 1972. Periphyton dynamics in

lotic environments. 1971 Annual Report.

McINTIRE, DAVE, JIM HALL, DUANE HIGLEY, and J. H.

LYFORD. 1972. Report of the aquatic modeling group--

Round one. 1971 Annual Report.

WELCH, E. B., D. E. SPYRIDAKIS, and R. F. CHRISTMAN.

1972. Geochemical equilibria and primary productivity

in natural lakes. 1970-1971 Annual Report.

TAUB, F. B. 1972. Coordination of the decomposer

studies in the western Coniferous Biome. 1970-1971

Annual Report.

WYDOSKI, RICHARD S., and RICHARD R. WHITNEY. 1972.

Development of a systematic sampling scheme for the Lake

Washington drainage. 1970-1971 Annual Report.

BURGNER, R. L., and O. Q. MATHISEN. 1972. Survey

of population magnitude and species composition of lim-

netic feeding fish. 1970-1971 Annual Report.

*34. WYDOSKI, R. S. 1972. Checklist of fishes occurring

in the Lake Washington drainage. 1970-1971 Annual

Report.

35. ERICKSON, R. C., and R. R. WHITNEY. 1972. Lake

Washington thermal study, July 1971.

*36. EGGERS, DOUGLAS M., and DONALD E. ROGERS. 1972.

Trophic relation model in aquatic communities--Sockeye

salmon model, Wood River lakes, Alaska. 1970-1971

Annual Report.

37. STRAND, MARY ANN. 1972. Annotated bibliography
on the role of foliage feeding insects in the forest

ecosystems.

HATHEWAY, W. H., MILTON B. SMITH, and STEVEN SMITH.

1972. Terrestrial production model. 1971 Annual Report.

MALE, LARRY. 1972. Aquatic production model.

1971 Annual Report.

40. ELLIS, MARTHA G. 1972. Instructions for authors

working under the sponsorship of the. Coniferous Forest

Biome, IBP.

*41. McKEE, ART. 1972. Phenological observations on
reference stands in the H. J. Andrews Experimental

Forest in 1971.

BARTOO, N. W., R. G. HANSON, and R. S. WYDOSKI.

1972. A portable vertical gill-net system.

DYRNESS, C. T., and G. HAWK. 1972. Vegetation and

soils of the Hi-I5 watersheds, H. J. Andrews Experimental

Forest.

44. GOLDMAN, CHARLES R. 1972. The physical matrix

of Castle Lake.

RHOADES, F. M. 1972. Fleshy fungi fruiting in the
H. J. Andrews Experimental Forest: A partial list of

collections from fall, 1970 to spring, 1972.

PIKE, L. H. 1972. Lichens of the H. J. Andrews

Experimental Forest: Preliminary checklist.

*47. BOCKHEIM, J. G., and F. C. UGOLINI. 1972. Soils

and parent materials of Findley Lake, Snoqualmie National

Forest, Washington.
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SINGER, M. J. 1972. Chemical analysis of Findley

Lake snowpack.

HAWK, G., and C. T. DYRNESS. 1972. Vegetation and

soils of watersheds 2 and 3, H. J. Andrews Experimental

Forest.

50. RIEKERK, H. 1972. IBP research in Poland, Czecho-

slovakia, Belgium, Yugoslavia, and Netherlands--Summer,

1972.

BUFFO, J., and L. J. FRITSCHEN. 1973. Direct solar

radiation on various slopes for 45 and 47.5 degrees

north latitude.

SHIH, G. B., HAWKINS, R. A., and M. D. CHAMBERS.

1973. Computer modeling of a coniferous forest water-
shed.

HAMERLY, E. 1973. Parameter estimation made easier.

HAMERLY, E. 1973. PLOTCAL--A package of subroutines

to aid in organizing and attaching CALCOMP graphics

to existing programs and simulations.

55. HAMERLY, E. 1973. Coniferous Biome implementation
of Grasslands Biome program SIMCOMP.

TURNER, J., and D. W. COLE. 1973. A review of forest

biomass accumulation.

GESSEL, S. P., and J. TURNER. 1973. Litter produc-

tion by stands of red alder in western Washington.

58. SHERWOOD, M. A. 1973. Preliminary checklist of

the microfungi of the H. J. Andrews Experimental Forest.

TAUB, F. B. 1973. Relationships between organic
nutrient input, algal density, herbivore density, and

residual inorganic nutrient.

GAY, L. W. 1973. Radiation budget of the forest:

A review.

HAMERLY, EDDIE. 1973. DIGDAT: The information
bank interface to strip chart recorders.

HAMERLY, EDDIE, and P. KNOPF. 1973. Automated data

acquisition: An example.

FOGEL, R. 1973. Insect mycophagy: A preliminary
bibliography.

HOLBO, H. R. 1973. A multi-point environmental
temperature recorder.

*65. LASSOIE, J. P. 1973. Diurnal dimensional fluc-

tuations in a Douglas-fir stem in response to tree water

status and certain environmental factors.

REED, K. L., E. HAMERLY, and B. E.	 DINGER. 1973.
An analytical model for gas exchange studies of photo-

synthesis.

SWANSON, F. J., and M. E. JAMES. 	 1973. Glacial and
alluvial history of the Lower Blue River Lookout Creek

area, west Cascades, Oregon.

WINTER, D. F., and G. A. PECHUZAL. 1973. Modeling
annual phytoplankton-phosphate cycles in Lake Washington:

A feasibility study.

WELCH, E. B., A. LITT, and G. L. PEDERSON. 1973.
Zooplankton production and feeding in lakes of the Cedar

River watershed.

WELCH, E. B., G. R. HENDREY, A. LITT, and C. A. ROCK.

1973. Phytoplankton productivity and growth rate kinetics
in the Cedar River lakes.

SHERK, T. E., and D. R. PAULSON. 	 1973. A progress

report on insect emergence at Findley Lake during 1972.

72. SWANSON, F. J., C. T. DYRNESS, K.	 CROMACK, D. N.
SWANSTON, R. L. FREDRIKSEN, D. G. MOORE, and L. F. GLENN.

1973. A conceptual model of mass soil movement, surface
soil . erosion, and stream channel erosion processes.	 .

SINGER, M. J., and F. C. UGOLINI. 1973. Findley

Lake soil temperature and soil moisture data: August

1972-August 1973.

FARNUM, PETER, and L. J. FRITSCHEN. 1974. Eddy

sizes above a forest canopy.

HEDDEN, R. L., AND R. I. GARA. 1973. The analysis

of the attack distribution of an endemic Douglas-fir

beetle population.

HEDDEN, R. L., and R. I. GARA. 1973. The analysis

of the spatial attack pattern of an endemic Douglas-fir

beetle population.

GILMOUR, C. M., A. J. LINGG, C. T. YOUNGBERG,

R. L. PLATT, and S. M. BECK. 1973. Energy flow as

determined by rates of litter decomposition.

ZOBEL, D., G. HAWK, A. McKEE, and C. T. DYRNESS.

1973. Variation in plant moisture stress associated
with forest communities In the H. J. Andrews Experimental

Forest.

79. WARING, R. H., S. W. RUNNING, H. R. HOLBO, and

J. R. KLINE. 1973. Modeling water uptake on coniferous

forests, Oregon watershed 10 synthesis.

*80. WELCH, E. B., G. R. HENDREY, and C. A. ROCK. 1973

Phytoplankton productivity and response to altered
nutrient content in lakes of contrasting trophic state.

1972 Annual Report.

131. WELCH, E. B., G. L. PEDERSON, and R. K. STOLL.

1973. Grazing and production by zooplankton in lakes
of contrasting trophic states. 1972 Annual Report.

LIGHTHART, B., and J. BOLLINGER. 1973. Carbon flux
in the water column. 1972 Annual Report.

LIGHTHART, B. 1973. A simple aquatic carbon cycle
model. 1972 Annual Report'.

KUNTZ, D. R., and T. T. PACKARD. 1973. Water column

respiration. 1972 Annual Report.

SPYRIDAKIS, D. E., and E. B. WELCH. 1973. Nutrient
budgets in the lakes of the Cedar River watershed. 1972

Annual Report.

186. TAUB, F. B., and F. PALMER.' 1973. Nitrogen trans-

formations. 1972 Annual Report.

BISSONNETTE, P., and F. B. TAUB. 1973. Estimates of
biomass of detritus food chains. 1972 Annual Report.

MATCHES, J. R., and M. M. WEKELL. 1973. Degrada-

tion of organic compounds in freshwater sediments by

bacteria. 1972 Annual Report.

PAMATMAT, M. M., and A. M. BHAGWAT. 1973. Benthic

anaerobic metabolism in Lake Washington sediments. 1972

Annual Report.

TRAYNOR, J. J., T. J. BERGGREN, R. L. BURGNER, and

R. E. THORNE. 1973. Dynamics of limnetic feeding fish
in Lakes Washington and Sammamish. 1972 Annual Report.

DELACY, A. C., and B. DOBLE. 1973. Feeding ecology
and food habits of limnetic feeding fish. 1972 Annual

Report.

WYDOSKI, R. S., and R. R. WHITNEY. 1973. Role of

benthic and littoral fish in the production and ecology
of the Lake Washington drainage. 1972 Annual Report.

STOBER, Q. J., and J. G. MALICK. 1973. Aquatic
production in a sockeye salmon-producing river. 1972
Annual Report.

GAUFIN, A. R. 1973. Dynamics and productivity of
aquatic invertebrates in the Cedar River. 1972 Annual

Report.

*95. MALE, L. M. 1973. A temporal-spatial model for
studying nutrient cycling dynamics of a phytoplankton

production system: Part I--Development of model.

1972 Annual Report.
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AHO, R. S., N.	 H.	 ANDERSON, B.	 M. BUCKLEY, J. R.

DONALDSON, H. FROELICH,	 E. GRAFIUS,	 S. V.	 GREGORY, J. D.

HALL,	 J. H. LYFORD,	 N.	 S. McLEAN, O. McGREER, C. 	 D.

McINTIRE, R. ROCKHILL, 	 J. R. SEDELL, and	 F. J. TRISKA.

1973.	 Stream systems. 1972 Annual	 Report.

HAWK, G. M. 1973. Vegetation and stem mapping of
watershed 10, H. J. Andrews Experimental	 Forest.

FARNUM, PETER.	 1973. Stand structure simulation
based on individual	 tree units.

HAMERLY, E. R.	 1973. RICHER: A data enrichment
subroutine.

KNOPF, P. 1973.	 Program SINGER:	 A mineral

inventory system.

DYRNESS, C. T.	 1973. Site characterization,
H. J. Andrews Experimental Forest.	 1972 Annual	 Report.

SCOTT, D. R. M.,	 and J.	 LONG. 1973. Forest plant
communities of the lower Cedar River watershed. 	 1972
Annual	 Report.

LASSOIE, J. P.,	 D. J. SALO, J. W.	 LEVERENZ, D. R.

M. SCOTT, and R. B. WALKER. 1973.	 Tree physiological
process studies at the Allen E. Thompson Research

Center. 1972 Annual	 Report.

HERMANN, R.	 1973. Root biomass in old-growth Douglas-
fir.	 1972 Annual Report.

HATHEWAY, W.	 H.,	 R. H. WARING, and W. KOCH. 1973.
Seasonal and diurnal	 patterns of CO 2 uptake by European

spruce: A joint German-American IBP proposal. 	 1972
Annual Report.

STRAND, M. A.	 1973. Development of prototype
producer-consumer interaction models. 1972 Annual
Report.

GARA, R. I.,	 M. DEYRUP,	 R. L.	 HEDDEN, L. E. MERRI-

FIELD, and D. SOUTO. 1973. The role of'insects in the
consumer-decomposer interface of Douglas-fir. 1972 Annual
Report.

KRANTZ, G. W.,	 J. G. WERNZ, H. J.	 JENSEN,	 and R.

SHIMABUKARO. 1973.	 Acari, Insects, and Nematoda of
watershed 10, H. J. Andrews Experimental 	 Forest. 1972
Annual Report.

RICHTER, KLAUS.	 1973.	 Initial investigations into

the ecology of the banana slug (Ariolimax columbianus G.).

1972 Annual Report.

110.	 DATERMAN, G.	 E., W. P. NAGEL,	 and S. D. ROSE.

1973. Invertebrate terrestrial consumer inventory in

Cascade Douglas-fir--western hemlock forest. 1972
Annual Report.

STRAND, M. A.	 1973. Models	 relating to terrestrial
mineral cycling. 1972 Annual	 Report.

BROWN, R. B., and R. B. 	 PARSONS.	 1973. Soil varia-
bility, Oregon IBP.	 1972 Annual Report.

SINGER, M. J.,	 and F. C. UGOLINI.	 1973.	 Soil
weathering processes in the Findley Lake watershed.

1972 Annual Report.

CARROLL, G.	 1973. Microbial populations on coni-
ferous foliage and twigs. 1972 Annual Report.

MINYARD, P.,	 and C. DRIVER.	 1973. Decomposition
processes and biomass reduction of Douglas-fir sapwood
within a Douglas-fir ecosystem. 1972 Annual Report.

BELT, G.	 J. KING, and E.	 BAILEY. 1973. An
instrument system for measurement of evapotranspiration

by the eddy correlation method. 1972 Annual Report.

HARR, R. D., and D. W. 	 RANKEN. 1973. Movement of
water through forested soils in steep topography. 1972
Annual Report.

FRITSCHEN, L. J. 1973. Evaporation and biomass
accumulation with a weighing lysimeter.	 1972 Annual
Report.

DORAISWAMY, P. C., and L. J. FRITSCHEN. 1973. Radi-
ation and energy balance within and above a Douglas-fir

forest: A preliminary study.	 1972 Annual Report.

FRITSCHEN, L. J.	 1973.	 Climatological station
operation at the Thompson Research Center on the Cedar

River watershed. 1972 Annual	 Report.

*121. GOLDMAN, C. R., A. JASSBY, N. WILLIAMS, F.	 SANDERS,
J. RICHEY, and P. NEAME. 1973. Castle Lake modeling
report. 1972 Annual Report.

WARING, R. H., P.	 SOLLINS, K. L. REED, W. H.

EMMINGHAM, C. WHITE, M.	 A. STRAND, R. NUSSBAUM, J. P. RILEY,

G. SHIH, R. D. HARR, R.	 HOLBO, L. J. FRITSCHEN, S. W.

RUNNING, J. KLINE, R. RYDELL, 	 J. D. HALL, C. D. McINTIRE,

and J.	 SEDELL.	 1973.	 Oregon	 intensive study site. 1972
Annual	 Report.

KLINE, J. R., K.	 L. REED, R. H. WARING, and M.

STEWART. 1973. Direct measurement of transpiration
biomass in coniferous trees. 	 1972 Annual Report.

KICKERT,	 R. N., A. R. TAYLOR, and M. J. BEHAN.

1973.	 Fire Ecology Project Research plan for 1973.

WYDOSKI,	 R. S.	 1973. A thermal study of the south
end of Lake Washington during operation of the Suffleton
Power Plant in January and December 1972.

OVERTON, W. S., J. A. COLBY, J. GOURLEY, and C.

WHITE. 1973.	 Flex I	 user's manual.

ZOBEL, D. B., W.	 A. McKEE, G. M. HAWK, and 	 C. T.

DYRNESS. 1973. Variation in air and soil 	 temperatures
in forest communities on the H. J. Andrews Experimental

Forest, 1970-72.

BROWN, R. B., and R. B.	 PARSONS.	 1973. Soils of
the reference stand--Oregon IBP.

GRAFIUS,	 E., and N. H.	 ANDERSON.	 1973. Literature
review of foods of aquatic insects.

WARING, R. H. 1973. Contribution to a better
management of forest ecosystems.

WELCH, E. B., and D. E. SPYRIDAKIS. 	 1973. Phos-
phorus cycling during the stratified period of Lake
Washington.

HAMERLY,	 E. R.	 1973.	 !TABLE.

HAMERLY,	 E. R.	 1973.	 ISO.

FREDRIKSEN, R. L., and D. G. MOORE.	 1973. Nutrient
retention, mobilization, and 	 loss in undisturbed forest

ecosystems on experimental forest. 1972 Annual	 Report.

FOGEL, R., M. OGAWA, and J. M. TRAPPE. 1973.
Terrestrial decomposition: A synopsis. 1972 Annual
Report.

*136.	 TABER, R. D., D.	 MANUWAL, D. McCAUGHRAN, and R.

WEISBROD. 1973. Terrestrial vertebrate consumers of
Cedar River intensive sites: Parameters for modeling.
1972 Annual Report.

STRAND,	 M. A., and C. C. GRIER.	 1974. Seasonal
model of litter decomposition in coniferous forests.

SEDELL,	 J. R., J. D. HALL, F. J.	 TRISKA.	 1973.
Stream ecology in relation to land use.

WELCH, E. B., G.	 L. PEDERSON, and	 R.	 K. STOLL.
1974. Grazing and production by zooplankton in lakes of
the Cedar River watershed. 1973 Annual	 Report.

WELCH, E. B., G.	 R. HENDREY, A. LITT, and C. A.
ROCK. 1974.	 Phytoplankton productivity and growth rate.
1973 Annual Report.

DEVOL, A. H., and T. T. PACKARD. 1974. Respiratory
electron transport system activity from four lakes in the
Lake Washington drainage. 1973 Annual	 Report.

DEVOL, A. H. 1974. Effect of freezing on samples
to be assayed for electron transport activity:	 A method

for sample storage._ 1973 Annual Report.	 .

L.
and
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STALEY, J.	 T., and F. TAUB. 1974. Nitrogen

transformation.	 1973 Annual Report.

SPYRIDAKIS, D., P. BIRCH,aand B.	 BARNES.	 1974. Sedi-

ment and nutrient fluxes of lakes in the Lake Washington

drainage basin.	 1973 Annual Report.

RICHEY, J.	 E. 1974. A mathematical and experimental.

model of the phosphorus cycle in Castle Lake, California.
1973 Annual Report.

MATCHES, J. R., and M. M. WEKELL. 1974.	 Degrada-

tion of organic compounds in freshwater sediments by
bacteria. 1973 Annual Report.

*147. BISSONNETTE, P., and F. B. TAUB. 1974. Benthic
macroinvertebrate production. 1973 Annual Report.

* 148. RAU, G., and R. I. GARA. 1974.	 Allochthonous

material income and decomposition in Findley Lake.

1973 Annual Report.

*149. KITTLE, L.	 J., and A. A. JENSEN. 1974. Total
benthic oxygen uptake in four lakes of the Lake
Washington drainage basin. 1973 Annual Report.

TRAYNOR, J. J., R. E. THORNE, and R. L. BURGNER.

1974.	 Dynamics of limnetic feeding fish. I. Lake
Washington. 1973 Annual Report.

BERGGREN, T. J., and R. L. BURGNER. 1974. Dyna-
mics of limnetic feeding fish. II. Lake Sammamish.

1973 Annual Report.

*_152. WYMAN, K.	 1974. Dynamics of limnetic feeding

fish.	 III. Lake Chester Morse. 1973 Annual Report.

153. DOBLE, B.	 D., and A. C. DELACY.	 1974. Feeding

ecology and food habits of limnetic feeding fish. 1973
Annual	 Report.

154. WHITNEY, R. R., and N. W. BARTOO. 1974.	 Standing
crop, production, and population dynamics of selected
benthic and littoral fishes in the lakes of the Lake
Washington drainage. 1973 Annual Report.

COSTA, H. H. 1974. The food and feeding of -
yellow perch (Perca flavenscens) in Lake Washington.

1973 Annual Report.

MALICK, J.	 G., and Q. J. STOBER.	 1974. Secondary

production in. the Cedar River macroinvertebrate and related

studies. 1973 Annual Report.

CASNE, S. R., and Q. J. STOBER.	 1974. Preliminary

study of the fish populations. 1973 Annual Report.

SWARTZMAN,	 G., and P. SOLLINS. 1974. Document
for a combined carbon-waterflow stand level coniferous
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Terrestrial Program 

ABEE, ALBERT. 1973. Nutrient cycling under 450-year-old
Douglas-fir stands. M.S. thesis, Oregon State Univ.,

Corvallis.
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fir needles. Ph.D. thesis, Univ. Oregon, Eugene.
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Ph.D. thesis, Univ. Washington, Seattle.
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Oregon State Univ., Corvallis.
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and dying Douglas-fir: Hymenoptera. M.S. thesis, Univ.
Washington, Seattle.
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cetes, Leucogastraceae). Ph.D. thesis, Oregon State Univ.,

Corvallis.

FREDRIKSEN, RICHARD LEE. 1975. Nitrogen, phosphorus and
particulate matter budgets of five coniferous forest
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thesis, Oregon State Univ., Corvallis.

GRIER, CHARLES C. 1972. Effects of fire on the movement
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Ph.D. thesis, Univ. Washington, Seattle.
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of the upper Cedar River watershed, Cascade Range, Washington.
M.S. thesis, Univ. Washington, Seattle.
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soils: Factors influencing the availability and mobility
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LARSON, ARTHUR G. 1973. The hydrologic characteristics
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Univ. Washington, Seattle.
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crown classes in response to tree water status. Ph.D.
thesis, Univ. Washington, Seattle.

LEVERENZ, JERRY W. 1974. Net photosynthesis as related
to shoot hierarchy in a large dominant Douglas-fir tree.
M.S. thesis, Univ. Washington, Seattle.
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succession in a series of Pseudotsuga menziesii/Gaultheria 
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Washington Seattle.

MACHNO, PETER S. 1974. Modeled and observed storage and
transport of rainwater in a Douglas-fir ecosystem. Ph.D.
thesis, Univ. Washington, Seattle.
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ponderosae (Hopkins) (Coleoptera: Scolytidae). M.S.

thesis, Univ. Washington, Seattle.
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Washington. M.S. thesis, Univ. Washington, Seattle.
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Ph.D. thesis,	 Univ. Washington, Seattle.
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Douglas-fir stands, M,S. thesis, Univ. Washington,
Seattle.
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slug Ariolimax columbianus, Gould (Arionidae). Ph.D. thesis,
Univ. of Washington, Seattle.
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nant Douglas-fir. M.S. thesis, Univ. of Washington, Seattle.
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thesis, Univ.	 of Washington, Seattle.
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thesis, Oregon	 State Univ., Corvallis, Ore.
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Aquatic Program 

ADAMS, DANIEL. 1973• The paleoecology of two lakes in
western Washington. M.S. thesis, Univ. Washington,

Seattle.

AHO, R. S. 1976. A population study of the cutthroat
trout (Salmo larki) in a clearcut and forested section of
a stream. M.S. thesis, Oregon State Univ., Corvallis.

BARNES, ROBERT S. 1976. A trace element survey of
selected waters, sediments, and biota of the Lake Washing-
ton drainage. M.S. thesis, Univ. Washington, Seattle.

BARTOO, NORMAN W. 1972• The vertical and horizontal
distributions of northern squawfish (Ptychocheilus oreqonesis),
peamouth (Mylocheilus caurinus), yellow perch (Perca
flavescens), and adult sockeye salmon (Oncorhynchus nerka)
in Lake Washington. M.S. thesis, Univ. Washington, Seattle.

BATES, COURTNEY. 1975• Analysis of time series modeling
errors with application to the Lake Sammamish hydrologic
system. M.S. thesis, Univ. Washington, Seattle.

BAUER, DAVID H. 1971. Carbon and nitrogen in the sediments
of selected lakes in the Lake Washington drainage. M.S.
thesis, Univ. Washington, Seattle.

BERGGREN, THOMAS J. 1974. Seasonal changes in the abun-
dance, biomass, production, distribution, and feeding of

the 1971 year class of sockeye salmon in Lake Sammamish.
M.S. Thesis, Univ. Washington, Seattle.

BIRCH, PETER B. 1974. Sedimentation in lakes of the Lake
Washington drainage basin. M.S. thesis, Univ. Washington,

Seattle.

BISSONNETTE, PAMELA A. 1974. Extent of mercury and
lead uptake from lake sediments by chironomidae. M.S.
thesis, Univ. Washington, Seattle.

CASNE, EDWARD W. 1973• Kinetic growth and nutrient uptake
characteristics of natural algal populations. M.S. thesis,

Univ. Washington, Seattle.

CASNE, SAMUEL R. 1975. Production and food of salmonid
populations in three sections of the Cedar River,
Washington. M.S. thesis, Univ. Washington, Seattle.

DAWSON, JAMES J. 1972• Determination of seasonal distri-
bution of juvenile sockeye salmon in Lake Washington by
means of acoustics. M.S. thesis, Univ. Washington,

Seattle.

DOBLE, BRUCE DOUGLAS. 1974. Diel feeding periodicity,
instantaneous rate of gastric evacuation, and daily zooplank-
ton ration of juvenile sockeye salmon (Oncorhynchus nerka)
in Lake Washington. M.S. thesis, Univ. Washington, Seattle.

EGGERS, DOUGLAS M. 1975. A synthesis of the feeding
behavior and growth of juvenile sockeye salmon in the
limnetic environment. Ph.D. thesis, Univ. Washington,

Seattle.

FOWLER, CHARLES W. 1973• An ecosystem model of Fern
Lake. Ph.D. thesis, Univ. Washington, Seattle.

GRAFIUS, E. J. 1974. The conversion of allochthonous
detritus by stream detritivores. M.S. thes i s, Oregon

State Univ., Corvallis.

GREGORY, S. V. 1974. Analysis of a P32 material balance
method for measuring periphyton production in flowing
water. M.S. thesis, Oregon State Univ., Corvallis.

GUTTORMSEN, SUZAN A. 1974. A comprehensive nitrogen
study for Lake Sammamish. M.S. thesis, Univ. Washington,
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HANSEN, RANDELL G. 1972• The selectivity of vertical
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yellow perch, and northern squawfish in Lake Washington.
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HELLER, JONATHAN J. 1970. The extracellular products of
Monochrysis lutheri and their utilization by bacteria.

M.S. thesis, Un v. Washington, Seattle.
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of natural phytoplankton communities on four lakes of
contrasting trophic state. Ph.D. thesis, Univ. Washington,

Seattle.

HORTON, MARC A. 1972• The role of the sediments in the
phosphorus cycle of Lake Sammamish. M.S. thesis, Univ.
Washington, Seattle.

IMAMURA, KENNETH K. 1975• Life history of the brown
bullhead, Ictalurus nebulosus (Lesueur), in Lake Washington.
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KEMPER, NEIL M. 1975. An in situ study of the nitrogen
system in Lake Sammamish. M.S. thesis, Univ. Washington,

Seattle.
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grazing determined in situ in two lakes of the Cedar
River watershed. M.S. thesis, Univ. Washington, Seattle.

LANICH, J. STEVENS. 1972. Mineralogy and cation exchange
capacity of surface sediments from selected lakes of the
Lake Washington drainage. M.S. thesis, Univ. Washington,
Seattle.

LARSON, KIM W. 1972. The systematics of a population of
sculpins (Cottus) in Lake Washington. M.S. thesis,
Univ. Washington, Seattle.

MONAHAN, FRANCIS C. 1974. An in situ study of sediment
nutrient release in Lake Sammamish. M.S. thesis, Univ.
Washington, Seattle.

MOULTON, LAWRENCE L. 1970. The 1970 longfin smelt spawning
run In Lake Washington with notes on egg development and
changes in the population since 1964. M.S. thesis, Univ.
Washington, Seattle.

NISHIMOTO, MICHAEL L. 1973• Life history of the peamouth
(Mylocheilus caurinus) in Lake Washington. M.S. thesis,
Univ. Washington, Seattle.

OLNEY, FREDERICK E. 1975. Life history and ecology of
the northern squawfish (Ptychocheilus oregonensis) (Rich-
ardson) in Lake Washington., M.S. thesis, Univ. Washington,
Seattle.

PEDERSON, GARY L. 1974. Plankton secondary production and
biomass; seasonality and relation to trophic state in three
lakes. Ph.D. thesis, Univ. Washington, Seattle.

RAU, GREG H. 1974. The natural dispersal of plant and
insect litter into and around a subalpine lake. M.S.
thesis, Univ. Washington, Seattle.

ROCK, CHESTER A. 1975. The eutrophication of Lake
Sammamish and its relationship to nutrient income. Ph.D.
thesis, Univ. Washington, Seattle.

STAMNES, ROBERT L. 1972• The trophic state of three
lakes relative to nutrient loading. M.S. thesis, Univ.
Washington, Seattle.
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population in Lake Washington. M.S. thesis, Univ. Washing-
ton, Seattle.

STOLL, RICHARD K. 1973. Size selective algal grazing
of zooplankton using a radioisotope tracer. M.S. thesis,
Univ. Washington, Seattle.

STURTEVANT, PETER. 1975. Growth rate parameters and biomass
measurement ratios for natural algal populations. M.S. thesis,
Univ. Washington, Seattle.

TANG, CHARLES HUAN-WEN. 1975. A multi-parametric lake model.
Ph.D. thesis, Univ. Washington, Seattle.

TRAYNOR, JIMMIE J. 1973. Seasonal changes in the abundance,
size, biomass, production and distribution of the pelagic
fish species in Lake Washington. M.S. thesis, Univ. Washing-
ton, Seattle.

TREPANIER, THEODORE W. 1974. The use of growth kinetics
models to predict phytoplankton growth rates. M.S.
thesis, Univ. Washington, Seattle.
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WEKELL, MARLEEN M. B. 1975. Glucose mineralization and
chitin hydrolysis by bacteria associated with the sedi-
ment in four lakes in the Lake Washington drainage basin.
Ph.D. thesis, Univ. Washington, Seattle.

WHITE, STEVE.	 1975. The influence of piers and bulk-
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M.S. thesis, Univ. Washington, Seattle.

WOODEY, JAMES C. 1972. Distribution, feeding, and growth
of juvenile sockeye salmon in Lake Washington. Ph.D.
thesis, Univ. Washington, Seattle.
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Washington,	 Seattle.
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Sammamish. M.S. thesis. Univ. Washington, Seattle.
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