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ALSEA WATERSHED STUDY

INTRODUCTION

The objective of the Alsea Watershed Study of Integrated Land-Water
Management is to learn how to obtain maximum productivity of a river
basin for the greatest public good. Specific objectives of the investi-
gation are:

* To determine effects of forestry, mining, industrial, agricultural,
municipal, fishery, game, recreational and other practices occurring on
the watershed upon quantity and quality of water for all uses.

* To determine, by experimental studies, management practices
which will avoid or minimize damaging effects of current land and water
practices to aquatic resources (anadromous fishes, other economic and
recreational fishes and shellfish).

* To ascertain if land and water practices can be modified for
increasing water resources (biological and physical) in the watershed
and to evaluate various modified management practices on a demonstration
basis, particularly as applied to the watershed as a whole.

* To ascertain limits above which separate interests involved in the
basin would be operating to the detriment of the other water use needs.

* To increase, by demonstration, a public understanding of the
interrelationships between all natural resources.

The Governor's Natural Resources Committee was initially assigned
the job of conducting the watershed study and received a legislative
biennial appropriation of $50,000 in July, 1957. The Committee adminis-
tered the study for two years by an administrative committee within the
overall body. A technical committee, composed of scientific personnel
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from several state natural resource management agencies made up an
advisory group for the project.

Criteria were set up for the watershed to be studied, and It was
decided that the Alsea River basin offered the most satisfactory choice.
Factors which influenced the selection of this drainage were the prox-
imity of Oregon State College, the typical Oregon coastal rainfall and
runoff patterns, the mixed land ownership, the fishery resources, and
the extent of previously-completed research in the area.

The Alsea basin (Figure 1) is about 290,000 acres in size, and lies
in parts of Benton, Lincoln, and Lane Counties. More than 93 per cent
of the basin consists of forest lands. About 62 per cent of all land in
the basin is owned by the federal government, and of this federal land
about 60 per cent is in control of the U. S. Forest Service while the
remainder is administered by the Bureau of Land Management. Mean
annual rainfall is about 80-90 inches. The streamflow on the Alsea
River is quite high in winter but extremely low in summer.

On July 1, 1959, the Alsea Study was transferred to Oregon State
College with a second biennial appropriation of $50,000. The project
became a responsibility of the Agricultural Experiment Station.

Role of the Watershed Study

Major products, actual and potential, of the Alsea basin and of most
Oregon coastal drainages are trees, fish and recreation, crops and live-
stock, and products of industry. The future will bring greatly increased
human population to this area and to the state. Along with increasing
human numbers and the concurrent problems of water requirements and
pollution, will come even greater demands upon natural resources.
Demands on coastal drainages will take the form of greater consumption
of forest and farm products, heavier use of fish resources and recreational
opportunities and a rapidly-increasing need for water to be utilized by
industry.

Resources must be managed in an orderly manner to realize maximum
productivity in a harmonious manner. The knowledge required for orderly
management is incomplete, and necessary facts and techniques will be
developed only as a result of research.

What, then, is the role of the Alsea test stream study in providing
necessary research? Opportunities and needs for study are many and are
not confined to single fields. Many facts can be procured through research
specifically in forestry, fisheries and agriculture. Many others will be
developed only through an approach that crosses the several disciplines.





Land and water are the basic resources. It is apparent that research
in these fields will be the greatest contribution of the watershed study.
Research should involve questions that no one agency has answered.
Specifically, work should be concentrated on means of resolving conflicts
between or among uses of the watershed, and on ways to actually increase
availability of water. The desirable studies are these:

1. Conflict studies
a. Logging and aquatic resources
b. Irrigation and minimum flow for fisheries

2. Water Management studies
a. Vegetation manipulation
b. Water storage

Three projects have been initiated in the watershed study: a water survey,
soil-vegetation survey and logging-aquatic resources study. These are
described in the following sections.
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WATER SURVEY

Introduction 

The objective of this study is to determine yield of water, quality
of water, and rainfall patterns in the basin. Five recording stream
gauges have been installed--one on each major tributary of the Alsea
River. Flow and temperature recording has been continuous since
August, 1958. Observer stations have been established at several points
in the watershed for recording rainfall data . Stream flow records are
available from summer, 1958. A total of five to seven years of flow
recording is necessary if a satisfactory base line of data is to be pro-
cured.

The U. S. Geological Survey participates in the stream gauging
program on a matching-fund basis with Oregon State College.

Chemical water quality samples have been secured at several times
through a year to provide some idea of seasonal changes in water quality.
The Oregon State Sanitary Authority analyzed these samples.

Results

Streamflow data avilable are shown in Figures 2, 3, 4, 5, 6, and 7
for the North and South Forks, Five Rivers, Fall Creek, Drift Creek, and
the main Alsea River. About two years of streamflow recording information
are graphed. The striking thing about the data is the very great variation
in flow with time--a result, of course, of variation in rainfall with time.

Stream temperatures recorded at four stream gauge sites are shown
in Figure 8.

Rainfall as observed at several points in the Alsea basin is listed
in Appendix 1. Data are not complete for one year at all stations, but
available information does indicate that precipitation varies from as little
as 65 inches near Alsea, on the South Fork, to about 100 inches in upper
Drift Creek.

Chemical water quality samples were taken at eight stations and
analyzed several times during a year in an effort to establish a base line
of information. Data available for one station are shown in Appendix 2.
Other data are available on file for use by interested parties.



Scientist working on the Alsea
Watershed study inspects a
recording rain gauge used to
measure rainfall on a continu-
ous basis.

.4110;01C--
This gauging weir and recording stream gauge are used to measure stream
flow and water temperature on the Alsea.
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Introduction 

Objectives of this project are:

* To provide a basic inventory of soil and vegetation in the Alsea
Basin.

* To provide characterization of soil and vegetation units.

* To provide interpretations for use and management of soils and
vegetation.

* To develop and test new techniques and procedures for making soil
and vegetation surveys for forest areas.

* To provide foundation data for use in soil and vegetation research
in the Alsea basin.

The survey is a cooperative venture financed jointly by the U. S.
Forest Service, Oregon State College, Bureau of Land Management and
Soil Conservation Service.

The soil-vegetation survey is a prime source of information to aid
the forest land manager in making decisions in resource management.
In California, soil-vegetation surveys are conducted by the California
Division of Forestry and U. S. Forest Service through a cooperative
agreement. California land managers have been following detailed,
intensive multiple use plans. These plans have emphasized water quality
and quantity due to the short water supply in California . To date no
Oregon agency is responsible for mapping soils and vegetation concurrently
although the Soil Conservation Service does encourage making basic soil 
surveys. As resource management reaches more intensive levels in
Oregon, multiple use plans will become more detailed. To make these
multiple use management decisions, managers will be placing greater
emphasis on soil-water-plant relationships. Information in the Alsea
basin area report will be useful in these decisions.

It has been established through prior research in the central Oregon
area and elsewhere that character of understory vegetation is of great
importance in predicting productivity of a soil for forest growth. This is



supported by preliminary data from the Alsea area which indicate that a
combination of soils and understory vegetation information gives closer
agreement to the timber site index than either kind of information used
alone. Additional research is now needed to determine the pattern of
change for lesser vegetation occurring under varying stand composition
and density classes following clear-cut logging.

Work Completed to December 1, 1960 

Several phases of the survey are approaching completion. In field
work, 212,000 acres of the 288,000 acre watershed have been mapped.
This was accomplished by use of up to eight surveyors in the summer
of 1960, with SCS supplying two men over and above their committed
share of the project. The remaining 66,000 acres is mainly in the
Tidewater-Waldport district. Plans call for completion of the field survey
by July 1, 1961, if weather permits. Anticipated total cost of the survey
(exclusive of publication) is $70,000, which is approximately .24 cents
per acre.

Characterization of soils representing large areas of the Alsea basin
also is nearing 'completion. Twenty-one series have been identified and
laboratory characterization data will be available for 17 of these. Of
the 17 soils, 9 were sampled in duplicate. These data will give some
answers to certain problems in soil management and engineering as well
as provide information to other fields of research including ecology and
forest management. Interpretations of these data are useful in predicting
which soil and vegetation areas might have similar management problems.

Methods 

Objective four of this project is "to develop and test new techniques
and procedures for making soil and vegetation surveys for forest areas."
The procedure chosen and tested in the Alsea basin area is:

1. Secure aerial photography of adequate scale and excellent
quality.

2. Make a thorough reconnaissance of the area.

3. Delineate landscape forms and major shifts in vegetation by use
of a stereoscope and stereo pairs of photos.

4. Field check landscape forms and map soils; field check vege-
tation delineations and map total vegetation.
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All of these steps depend on aerial photography of high quality in-
cluding low distortion, uniform tone and sharpness of image. Photography
used in this survey is at a scale of 5.28 inches per mile or 1:12,000.
This scale is intermediate as far as uses of the photo are concerned. A
larger scale would be even more helpful for stereoscopic delineation of
vegetation but landforms are much easier to recognize if the photos are
at some scale above 1:12,000.

Secondly, the surveyor should be familiar with the kinds of land-
scapes and vegetation communities which he must recognize on the
photograph. This requires extensive reconnaissance before full-time
survey work is initiated. For example, in the Alsea basin this recon-
naissance phase occupied one man for five months. Since the descriptive
legend is developed during reconnaissance, it is important at this time
to obtain all available information concerning soils, vegetation and land-
forms of the area.

In the third step, photo interpretation in terms of landforms and
vegetation relies in large measure on the observer's prior field experience
with similar features in the same locale. In the Alsea basin, slope and
landform interpretations were premapped directly on the photograph, and
vegetation delineations were placed on a transparent acetate overlay. A
stereoscope was used in both of these operations.

Up to this point only those lines and symbols which can be placed
by photo interpretation appear on the photo and overlay. In step 4, the
identification of soil and vegetation mapping units is accomplished in
the field. In addition, lines previously drawn in the office are checked
for accuracy of placement during this operation. Finally the mapping is
checked for completeness of symbols and joining of delineations between
photos.

Map Legend and Interpretation

The soil symbols (Figure 9) include three kinds of information.
Consider, for example, the symbol 101-m-37+ in the upper left of
Figure 9. This symbol indicates the soil is from two to three feet thick,
contains 30 to 60 per cent by volume of soft sandstone fragments, but
otherwise is a friable, rather loose soil. It occurs here on a smooth
37-60 per cent slope without deep gullies or slumps .

C 1 D Rupa
For vegetation (Figure 10), the symbol 	 1	 indicates the

Br-Sal Hodi
overstory (numerator) is comprised of more than 80 per cent conifers (C)
occurring in patches which occupy 5 to 20 per cent of the total ground





area (1). The Douglas-fir seedlings, one to twenty years old (D 1), are
the dominant tree species in the overstory with no other species present
in amounts greater than 20 per cent.

The understory (denominator) is the Bracken-Salal (Br-Sal) community
as defined in the more detailed descriptive legend. In this case, the
Br-Sal community contains a greater than normal amount of thimbleberry
(Rupa) and ocean spray (Hodi).

The following interpretations and management suggestions might be
drawn for the above area. The soil area (101-m-37+) at the top of the
photo (Figure 9) is on a south slope. Other than this, soils should offer
a fair location for seedling re-establishment and tree growth. Road con-
struction should offer no serious problems because of the smooth slope,
moderate soil thickness and absence of slumps or slides. Fewer culverts
should be necessary on this slope than on a slope with considerable
dissection or numerous slumps.

The vegetation information indicates some unevenly-spaced repro-
duction present. From the understory symbol and additional listing of
shrubs, it is anticipated that shrub and fern competition with seedlings
is moderate to severe. Planting might be necessary to fully stock the
stand quickly on this south slope.

Summary

The field work phase of the soil-vegetation survey (resource inven-
tory) of the Alsea basin area will be nearing completion by July, 1961.
This Federal and State cooperative effort has proved the practicality of
interpretive survey techniques in mountainous forest areas. It has
increased our knowledge of soils and vegetation--this knowledge is
being applied through improved management practices in one of Oregon's
major Douglas-fir producing areas. The project has been successful as
a pilot survey in pointing out the need for making combined soil-vege
tation surveys and gathering additional supporting research data on
soil-vegetation relationships. The survey has accomplished this at a
cost comparable to that of conventional soil surveys in agricultural land.



General objective of this study is to determine effects of two logging
methods, used to harvest Douglas-fir (Pseudotsuqa menziesii), on physi-
cal and biotic characteristics of small coastal streams. Three small
drainages (Figure 11), 350 to 800 acres in size, will be kept unlogged
for a period of six to seven years (from July, 1958). During this period,
data will be accumulated on physical and biotic factors in the streams.
Stream flow and temperature gauges, fish traps, rain gauges, and other
physical facilities have been installed in each stream. One of the
streams will be used as a control before and after logging. A second
drainage will be completely clear-cut and a third will be logged with a
staggered-setting pattern. Such physical factors as stream flow, sus-
pended sediment load, and chemical water quality are being investigated.
Biotic factors being evaluated include fish production, survival of fish
embryos, and production of algae and insects.

Major cooperators in the logging-aquatic resources study include
U. S. Geological Survey, Oregon State College, Oregon Game Commission,
U. S. Forest Service, Oregon State Sanitary Authority, and Georgia-
Pacific Corporation.

Stream Characteristics. The live stream areas available to fish on
the three streams at low water are shown in Table 1. Also shown are
data on gravel, pool, and riffle areas.

Available stream flow data for the three streams are shown in
Figures 12, 13, and 14. Deer Creek extremes were 0.5 and 68 cubic
feet per second; Flynn Creek extremes were 0.2 and 42 c.f.s.; Needle
Branch extremes were 0.1 and 14 c.f.s. The reason for the great vari-
ability in streamflow on a given stream can be seen in Appendix 1, which
lists rainfall recorded at Deer Creek. Total rainfall there in one year
was 98.8 inches, with heavy fall occurring in mid-winter and virtually
no fall in summer. Rainfall for Flynn Creek and Needle Branch is also
shown in Appendix 1, and totaled 91.8 and 101.5 inches, respectively.

Water temperatures for the streams are shown in Figure 15. Vari-
ability was relatively small, with minima near 40 degrees Fahrenheit
and maxima at 58 degrees on all streams.





TABLE 1„	 Stream Characteristics as Estimated or Measured During Low
Flow Season.

Deer Creek Flynn Creek Needle Branch

Low Water

Total area 51,140 sq, ft. 26,454 sq. ft. 9,616 sq. ft.
Total gravel area 16,587 sq. ft. 6,758 sq. ft. 4,215 sq. ft.
Per cent gravel 32.4% 25.5% 43.8%
Total pool area 30,931 sq. ft. 13,701 sq. ft. 5,810 sq. ft.
Total riffle area 20,209 sq. ft. 12,753 sq. ft. 3,806 sq. ft.
Mean depth 4'.0 in. 4.1 in. 2.3 in.

High Water

Total area 109,348 sq. ft. 45,606 sq. ft. 16,700 sq. ft.
Total gravel area 79,129 sq. ft. 10,927 sq. ft. 7,655 sq. ft.
Per cent gravel 72% 24% 45%







Suspended-sediment loads borne by the three streams are shown in
Figures 16 and 17. Maximum values in the year of record available were
105 parts per million and 19 tons per day for Deer Creek, 82 p .p .m. and
11 tons per day for Flynn Creek; 72 p.p.m. and 2.2 tons per day for
Needle Branch. Minima were approximately zero p.p.m. and zero tonnage.

The type of chemical water quality data secured is shown in
Appendix 2 Samples were obtained and analyzed at each of the three
study streams several times during the year in an effort to obtain a base
line of data, and data are on file for use by interested parties.

Light energy incidence was recorded at Needle Branch. Mean daily
incident energy on Needle Branch is shown in Figure 18 by month. As
Table 2 suggests, light incidence in the open gives little indication of
true incidence beneath the forest canopy because of reflection from the
overstory. Light availability, as recorded on a portable photo-electric
cell along Needle Branch, beneath the forest canopy, is greater on a
cloudy day than on a clear one, since diffuse light incidence is greater
in cloudy weather.

A photo-sensitive actinometer, developed by personnel at Oregon
State College, is now available for development of better data on light
availability at stream level before and after logging.

Although necessarily qualitative, a description of the streams as
habitat for algal and insect forms is appropriate here. One of the most
important factors governing algal production is light incidence. As has
already been mentioned, the study streams are densely shaded. Extent
of this shading may be expressed in general terms. In conditions where
moisture tends to be plentiful, as along bottom land adjoining the study
streams, vegetation, if undisturbed, forms a complete canopy.

This canopy consists mostly of red alder, Alnus rubra, on about the
middle half of Deer Creek and on small parts of Flynn Creek and Needle
Branch. Understory vegetation in these areas is relatively sparse, but
shading is nevertheless dense. In almost all other stream portions, the
canopy is low level, consisting of salmonberry, Rubus spectabilis, vine
maple, Acer  circinatum, and redberry elder, Sambucus  callicarpa.
Skunk cabbage, Lysichitum americanum, thimbleberry, Rubus parviflorus,
and other minor species also cause shading. The heavy low growth of
salmonberry and vine maple makes it impossible for one to walk upright
in much of the stream bed area. To reach many areas for sampling work
requires an approach on hands and knees. The coniferous forest canopy
also shades the streams and decreases effective day length for light
incidence.
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TABLE 2. Comparison of Light Availability in Open and Under Forest
Canopy Along Needle Branch.

Station

November 13, 1959
1245-1325 - Clear Sky

Pyrheliometer at
0.70 gm cal/cm2/min.

Foot Candles

December 21, 1959
1200-1300 - Cloudy

Pyrheliometer at
0.16 gm cal/cm2/min.

Foot Candles

100 145 300

200 160 275

300 125 225

400 105 250

500 60 120

700 30 75

800 35 160

900 30 155

1000 45 165

1100 30 150

1200 40 150

1300 30 185

Pyreheliometer located in open meadow near mouth of Needle Branch.
Stations indicate distances in feet above stream gauge. Light
readings taken about one foot above stream water level at stream
center.



The dense shading described above profoundly influences algal dis-
tribution and variety. The only member of the Chlorophyta seen frequently
on the study streams is Protoderma viride, and this form seems to appear
in the better-lighted stream areas. The most abundant algal group is
probably the Bacillariophycae with these genera frequently seen: Navicula,
Gomphonema,  Amphora, Cocconeis, Pinnularia  . An abundant genus of the
Cyanophyta is Chamaesiphon, with Oscillatoria, and Entophysalis 
rivularis also present. Chamaesiphon and diatoms are the only ubiquitous
algal forms in shady conditions . Under very dense shade, no algal forms
are to be found except, perhaps, scattered diatoms. The productive algal
areas (Chamaesiphon and diatoms) are almost entirely confined to gravelly
or rocky riffles and those shallow pools with a gravel or rubble substrate.
Sand, silt, and very fine, unstable gravels appear to support little algae
but may provide a substrate for some diatoms in periods of stable stream
flow. Liverworts and mosses identified are Riccardia, Chiloscyphus,
Scapania, Fissidens, and Fontinalis. These occur only on stable
substrata.

Insect distributions also appear to be confined largely to the 'stable
substrata, except for some cranefly larvae (Tipulidae) and bloodworms
(Tendipedinae). Insect genera most frequently appearing in the pro-
ductive riffle and stable pool areas are Paraleptophlebia, Baetis, Cynigmula ,
Epeorus, and Ephemerella, all of order Ephemeroptera; Acroneuria, Alloperla,
and Kathroperla, all Plecoptera; subfamilies Hydrobaeninae and Pelopiinae
of Tendipedidae (Chironomidae); Micrasema  , Lepidostoma, and Limnephilidae,
members of the order Trichoptera. Elmidae larvae and adults appear fairly
frequently in qualitative bottom samples. Genera identified are Optiocervus,
Narpus, and Lara. Other insect forms appear in qualitative samples rather
infrequently. Oxytrema silicula, a snail, is extremely abundant and may
well be the most important herbivore present in terms of energy exchange.

The heavy growth of streamside vegetation has a profound effect upon
energy inflow, apart from a reduction in incident light, in that many ter-
restrial insect forms fall from this vegetation into the streams. Defoliators
often fall directly into the water from the overhanging branches.

As one would expect, productive areas for both algal and insect forms
appear to be riffles where stable gravel or rubble forms the substrate. Unstable
substrata are not productive. In stable areas, riffles are more productive
than pools, as evidenced by an apparently higher standing crop of algae and
insects. This last statement is based on subjective observations of algae
and on qualitative insect sampling done during collections for insect food
habit studies.

Fish Production. Three salmonid fish species are found in the study
streams: coho or silver salmon (Oncorhynchus kisutch), coastal cutthroat
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Above. Scientists use these observation
channels to study salmon behavior. Juvenile
coho salmon are aggressive and exhibit
territorial behavior, probably as a food-
supply mechanism.

Left. Scientists take a suspended sediment
sample which will be used to determine ton-
nage of sediment borne by streams included
in the Alsea study.

This fish trap is used to count and sample all adult salmon migrating toward spawn-
ing areas and all juvenile fish moving downstream toward the sea.
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trout (Salmo clarkii clarkii), and steelhead trout (Salmo qairdnerii 
qairdnerii). Table 3 shows the number of adult fish of these species
taken in upstream traps in the years for which data are available. Steel-
head are found in Flynn Creek and Needle Branch only occasionally as
juveniles.

Figures 19-21 show numbers of juvenile salmonids leaving the study
streams in one year, 1959-60. More important than this is a measure of
production of fish, which here means the total quantity of fish flesh
elaborated in the streams in a given period of time. Production was
studied for coho salmon only. Preliminary data necessary for this calcu-
lation are a curve of growth tate of coho in terms of weight and one of
numbers of fish present through the year. These data are shown for Deer
Creek as an example.

Figure 22 shows growth in weight (Figure 23 shows length growth) on
one axis, and time on the other. Figure 24 shows estimated standing crop,
in numbers of fish, obtained by marking fish in the stream at several times
and recovering marked and unmarked members of the population as the
fish move out of the stream. Number of fish present was plotted against
time and the curve placed by eye. A production curve, Figure 25, was
obtained by plotting mean weight per individual at a particular time against
number of fish present at the same time. Production in a period of time
was then obtained by determining the area under the production curve in
the period of interest.

Data obtained by these means are plotted in Figures 26, 27, and 28,
which show production for the 1959 year class of coho for fortnight or
month periods through the period of stream residence for three streams.
Total production was about 108 pounds of coho flesh on Deer Creek, 49
pounds on Flynn Creek, and 17 pounds on Needle Branch. Production
shows two peaks--one shortly after the fry emerged from the gravel and
another shortly before migration to the sea .

Approximately half the total production of the 1959 year class on Deer
Creek suffered natural mortality. Data are not complete for the other
streams but should show a similar relationship. The surviving portion of
production largely moved through downstream traps toward the sea at the
end of about a year of stream residence.

Production per unit area was 10.3 grams per square meter on Deer
Creek, 8.9 grams on Flynn Creek, and 8.2 grams on Needle Branch.
Production per unit of pool area was 16 to 17 grams per square meter on
the three streams and was more nearly equal than were production figures
per unit of total area or unit of riffle area. This suggests that living space
may be a factor limiting coho production.



TABLE 3.	 Trap Catch of Adult Salmonids.

Deer Creek Flynn Creek

1958-59 Male Female Male Female

Coho Salmon 69 16 No Trapping
Cutthroat Trout - 13 24
Steelhead Trout 2 3

1959-60

Coho Salmon 100 26 36	 16
Cutthroat Trout 22 20 13	 16
Steelhead Trout 12 3

1960-61 Z-1-

Coho Salmon 79 19 80	 27
Cutthroat Trout 6 10 15	 11
Steelhead Trout 2 1

18
5

Needle Branch

Male Female

23

Z-1 As of January 24, 1961.
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This suggestion is further bolstered by the fact that a migration of
fry occurs each spring from March through July. When samples of these
fry were placed in environments free of other coho salmon, they ceased
movement downstream, taking up residence in the "barren" areas.
Migrating fry were smaller than the fish that remained in the stream above
the fish traps. Agression in the population, such as territoriality, is
probably responsible for a part of the out-migration of fry in the first
spring of life.

Aggressive behavior of coho salmon was studied in artificial stream
channels below Deer Creek fish trap for several months in 1959. Results
show that coho will form social heirarchies or nip-orders, are sometimes
territorial, and that prior residents dominate newly-introduced fry. When
migrating fry are placed in channels with a resident group already present,
the migrants tend to move on out of the channel, but if placed in a "barren"
channel, migrant fry tend to remain there. Data from other areas, including
streams in Canada and Washington, show that once the stream is seeded
by an adequate number of adult females, additional seeding results in
relatively larger mortality and probably greater out-migration of fry.

Total mortality of the 1959 year class in Deer Creek was about 88
per cent from emergence to downstream migration. Data are not yet
available for the other streams . Production data for cutthroat and steel-
head trout will be obtained starting in the spring of 1961.

Survival of Salmonid Embryos 

This phase of the investigation was conducted by the Oregon State
Game Commission with the main objective being to determine the effect
of logging upon survival of salmonid embryos.

Early in 1959 the Oregon Game Commission Research Division initi-
ated a study concerning the effect of logging on the survival of salmonids
from egg deposition to emergence of fry from the gravel. The study
embraced the following objectives:

* To determine normal level of environmental conditions in the gravel.

* To determine effect of environmental conditions in the gravel on
survival, from deposition of eggs to emergence of alevins, of salmon
and steelhead.

A study of stream bed conditions is under way to determine average
levels prevailing over a five-year period prior to logging. The conditions
also will be followed during and after logging to measure changes which



may occur. Flynn Creek, the control stream which will not be logged,
also will provide a basis for comparison.

Permeability of the gravel (a measure of the ability of gravel to
transmit water) and dissolved oxygen content of the intra-gravel water
are the criteria which are being studied. The ten-inch depth in the
gravel bed has been selected as the standard because it is the average
depth at which coho salmon bury eggs. The criteria are measured
periodically by means of the groundwater standpipe.

Gravel permeability measurements are taken by means of the Mark VI
standpipe developed at the biological station at Nanaimo, B. C. Briefly,
it is a piece of 1 1/4 inch standard aluminum pipe, 34 1/4 inches long
with a steel point on the end for driving. In the two-inch section just
above the steel point are 64 1/8-inch perforations.

In practice, the standpipe is driven into the gravel until the perfo-
rated section is ten inches below the gravel surface. Water level in the
standpipe is lowered one inch by a pump. With the one-inch head
maintained, water is removed for a timed interval. The discharge is
compared to a calibration curve to give the permeability in centimeters
per hour.

The mean gravel permeability for each of the three study streams is
determined once each three months. One year's data has been collected
and is being analyzed as this report is prepared.

Samples of intra-gravel water for dissolved oxygen determination are
collected by means of a plastic standpipe. It is made of 3/4-inch plastic
pipe and is 36 inches in length. Sixteen perforations are drilled near one
end. The pipe is driven until the perforations are ten inches below the
gravel surface.

The pipes are allowed to stabilize 24 hours before the water sample
is collected. Following the sodium azide (Alsterberg) modification of
the Winkler method, the dissolved oxygen content is determined. Each
month the mean dissolved oxygen concentration of the intra-gravel water
at the ten-inch depth is determined for each of the three streams. Data
have been collected for one year and this information is being analyzed.

Steelhead embryos were buried with standpipes in the gravel. Environ-
mental conditions were sampled at ten-day intervals during the incubation
period. Conditions sampled were gravel permeability and dissolved
oxygen concentration and apparent velocity of the intra-gravel water.

Apparent velocity is a measure of the rate of delivery of intra-gravel
water (and dissolved oxygen) to the embryo. It is determined by the rate
of dilution of a color solution injected into the standpipe.



Fishery biologists use a ground-
water standpipe to sample intra-
gravel water velocities on a
study stream.

Scientists sample gravel permeability as part of the Alsea watershed
investigation of embryo survival.
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At the end of the test period, survival of embryos was determined by
counting the number of live alevins. Survival percentages then were
compared with the environmental conditions to determine whether there
was a relationship.

In comparing survival with mean dissolved oxygen concentration, a
positive correlation was apparent (Figure 29). No survival occurred in
those groups subjected to a mean dissolved oxygen concentration of 7.2
milligrams per liter or less.

In comparing size of the alevins and mean dissolved oxygen con-
centration, it was found that those reared at higher concentrations were
larger than those reared at lower concentrations (Figure 30).

There was apparent correlation of survival with apparent velocity
(Figure 31). With two exceptions, survival occurred at the higher
velocities.

High dissolved oxygen and high apparent velocity usually appeared
to be closely associated in the stream bed.

There was no apparent relationship between survival and gravel
permeability. Permeability influences survival indirectly by allowing
for the passage of water about the eggs (apparent velocity=gravel
permeability multiplied by hydraulic gradient). In most cases, the
hydraulic gradient was sufficient to provide adequate apparent velocity.
In two instances, apparent velocity was high, but low dissolved oxygen
resulted in 'zero survival (Figure 29). Apparently insufficient interchange
between surface and intra-gravel waters had occurred above the test
site. Because of oxygen demand of organic matter or animals in the gravel
environment, the dissolved oxygen concentration of water bathing the eggs
was low.

Replications of the experiment are planned to pin-point the critical
levels of dissolved oxygen concentration and apparent velocity of intra-
gravel water.

Energy Pathways 

The particular objective of this phase of the logging-aquatic resources
study was to determine whether the energy utilized by coho salmon for
energy and growth was originally derived from terrestrial or aquatic
autotrophic plants. The general approach was to determine food habits
of the coho then to investigate the food of their principal insect prey
groups.

36





Stomach contents of 272 juvenile coho salmon in three small Oregon
coastal streams were examined from May, 1959 to June, 1960. Tables 4
and 5 summarize the analyses. Diptera was found to be the most im-
portant food order. Aquatic forms were more important than terrestrial
organisms. Climatic conditions and seasonal changes apparently influ-
enced feeding habits of juvenile coho salmon. Figure 32 shows the
change of aquatic food items throughout the sampling period. The pro-
portion of terrestrial food items is the complement of aquatic items for
each sample in the figure.

1. Deer Creek. Diptera comprised 43 per cent of the
mean monthly diet over a period of one year. Ephemeroptera
was the next most important food group, contributing 14 per
cent to the diet.

Over the year, aquatic food items were more important
than terrestrial food items. Aquatic organisms made, up 56
per cent of the diet as opposed to 34 per cent for food items
of terrestrial origin. The remainder of the diet was made up
by aquatic adult insects, 6 per cent, and food items from
uncertain habitats, 4 per cent.

Figure 32 shows that the proportion of aquatic and ter-
restrial food items changes seasonally, probably as the
result of climatic conditions. Aquatic items decreased in
importance during the summer months when streamflow was
minimal. In September, 1959, when the first fall freshet
occurred, aquatic items in the diet increased considerably.
The amount of terrestrial material also increased. Freshet
effects and a new year class of aquatic and terrestrial forms
probably accounted for the increase of aquatic and ter-
restrial food items in early spring.

2. Flynn Creek. Diptera accounted for 26 per cent of
the total food items, and Trichoptera made up 21 per cent.
Aquatic items made up 53 per cent of the total diet, and
terrestrial forms made up 31 per cent. Aquatic adult insects
and food items from uncertain habitats each contributed 8 per
cent respectively.

The feeding habits of juvenile coho salmon in Flynn
Creek (Figure 32) exhibited a pattern similar to that in Deer
Creek with respect to stream flow and climatic conditions.
Terrestrial items assumed more importance than aquatic
items during low summer stream flow, but a reversal occurred
with the first freshet in September. Freshet effects apparently
accounted for the great increase in aquatic items in January
and again in March and May.
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TABLE 4. Summary of Stomach Contents of Juvenile Coho Salmon in
Three Small Oregon Coastal Streams.

Food Items Li

Deer Creek
% of Grand

Total

Flynn Creek
% of Grand

Total

Needle Branch
% of Grand

Total

Diptera 43.1 26.2 23.8
Ephemeroptera 13.2 4.6 1.8

Trichoptera 7.4 23.9 2.1

Plecoptera 5.2 3.3 0.6

Coleoptera 7.2 7 .3 10.2

Hemiptera 1 . 6 4.3 17.7

Collembola 3.7 6.4 8.1

Hymenoptera 0.6 1.9 22.0

Lepidoptera 0.4 5.6
Arachnida 4.6 1 . 6 3.8

Annelida 7.9 6.4
Diplopoda 3 .5 3.3 9'.1

Other:
Isopoda 0.4
Gammaridae 0.4 4.4
Chilopoda 0.2
Gastropoda 0.6 0.4
Fish Eggs 0.6
Detritus 0.4 0.6

100.0 100.0 1{)0.0

Z1 Each item is expressed as the per cent dry weight each item is of
the grand total dry weight.
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TABLE 5. Food Habits of Juvenile Coho Salmon in Three Small Oregon
Coastal Streams, May, 1959 to June, 1960.

Aquatic
Items

Terrestrial
Items

Aquatic
Adult

Insects

Items from
Uncertain
Habitat Total
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Deer Creek
Diptera 25.1 43.5 11.5 38.1 3.3 49.2 3.3 56.0 43.1

Ephemeroptera 13.2 22.8 13.2
Trichoptera 5.6 9.8 1.8 27.1 7.4

Plecoptera 4 .0 7.0 1 . 2 16.9 5.2
Coleoptera 0.8 1.4 4.7 15.7 0.4 6.8 1.2 22.0 7.2

Hemiptera 0 .1 0 .2 1 .0 3 .4 0.5 8 .0 1 .6

Collembola 3 .7 12.3 3 .7

Hymenoptera 0.6 10.0 0 .6

Lepidoptera 0.4 1.5 0.4
Arachnida 4 . 6 15 .3 4.6

Annelida 7 .9 13 .7 7 .9
Diplopoda 3.5 11 . 6 3.5
Other:

Isopoda 0.4 1.5
Gammaridae 0.2 0.4
Chilopoda 0.2 0.7
Gastropoda 0.3 0.6
Fish Eggs 0.3 0.6
(Cottus sp.)

•
Final Totals 57.6100.0 30.2100.1 6.6 100.0 5.6100.0	 	

Grand Total 	 ----- 	 100.0

/1 Each item is expressed as the per cent dry weight each item is of: the
grand total dry weight; the dry weight of aquatic items; the dry weight
of terrestrial items; the dry weight of aquatic adult insects, or the dry
weight of items from uncertain habitat; depending on the category to
which the item belongs.



TABLE 5 . (Continued)
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Flynn Creek
Diptera 14.8 25.5 4.3 16.3 4.3 56.5 2.7 34.5 26.2
Ephemeroptera 4.3 7.3 0.3 0.7 4.6
Trichoptera 21.9 37.9 2.0 25.9 23.9
Plecoptera 2.2 3.9 1.0 12.9 3;.3
Coleoptera 0.4 0.8 4.1 15;3 2.8 35.6 7.3
Hemiptera 3.0 5.2 0.4 1.4 1.0 12.6 4 .3
Collembola 6.4 24.2 6.4
Hymenoptera 0.5 2.0 1 .9
Lepidoptera 5.6 21.1 5.7
Arachnida 1.6 6.1 1 .6
Annelida 6.4 11.1 6.4
Diplopoda 3 .3 12.2 3 .3
Other:

Gammaridae 4.4 7.7
Gastropoda 0.4 0 .6
Detritus 0.4 1.4

Final Total 57.8100.0 26.6100.0 7.7100.0 7.9100.0
Total_Grand ----- ----- 	 	 100 .0,

Needle Branch
-

Diptera 15 .4 58.1 0.1 0.6 4.5 87.1 3.8 9.8 23.8
Ephemeroptera 1.8 6.9 1 .8
Trichoptera 2.1 8.1 2.1
Plecoptera 0.6 12.9 0 .6
Coleoptera 3.0 11.3 3.0 10.1 4.2 11.1 10.2
Hymenoptera 4.8 16.2 17.2 44.3 22.0
Collembola 8 .1 27 .4 8.1
Hemiptera 4.1 15.6 13.6 34.9 17.7
Diplopoda 9.1 30.7 9.1
Arachnida 3.8 12.8 3.8
Detritus 0.6 2.2 0.6
Final Total 26.4100.0 29.6 00.0 5 .100.0 38.8100.0	 	
Grand Total ----- 	 I----- ---- ----- 100.0





3. Needle Branch. Order Diptera was the most important
food group, contributing 24 per cent of the yearly diet. The
next most important food item was Hymenoptera, which made
up 22 per cent. Aquatic food items comprised 26 per cent of
the diet while terrestrial items were approximately 30 per cent.
Seasonal change in Needle Branch coho diet (Figure 32) with
respect to aquatic and terrestrial items was much more marked,
possibly because of "pooling" the stream during the summer
months. Freshets apparently were responsible for some changes
'in the diet. Data concerning the late winter and early spring
months are lacking. It was necessary to terminate sampling
due to the low number of fish available.

Examination of the stomachs of Baetis, Paraleptophlebia sp. and
Hydrobaeninae larvae collected in Deer Creek and Needle Branch from
November, 1959 to October, 1960, indicated that the feeding habits of
these three organisms changed with time: The stomachs of 2,164 insects
were examined; 1,218 from Deer Creek and 846 from Needle Branch.

Baetis sp. The mean algal content in the stomachs of 291 Baetis sp.
from the meadow portion of Deer Creek and 114 from the canyon portion
was 68 per cent and 90 per cent respectively. For Needle Branch the
mean algal content in the stomachs of 220 Baetis sp. was 54 per cent.

1. Deer Creek. The period of greatest algal feeding
occurred from February through May and again in September in
the meadow portion of Deer Creek (Figure 33). The canyon of
Deer Creek was sampled from May, 1960 to October, 1960.
Generally the same pattern was exhibited in the canyon as in
the meadow for the corresponding period of May through October
except that the mean algal content in the stomachs of Baetis sp.
was 22 per cent higher in the canyon. The months of May and
September were the periods of greatest algal feeding. The
higher proportion of algal content in Baetis sp. stomachs taken
from the canyon was probably the result of greater light in-
tensity, since much of the canyon had a scant overhead vege-
tative canopy.

The periods of least algal feeding occurred in November,
1959, and again in August and October, 1960. Reduced light
intensity, the absence of algal blooms, and presence of abundant
terrestrial leaf material may have been the factors involved.

2. Needle Branch. As in Deer Creek, the period of greatest
algal feeding occurred in late winter and early spring (Figure 34).

Baetis sp. in Deer Creek, those in Needle Branch fed



more on detritus from April, 1960 to October, 1960. A slight
increase in algal content was discernible in September.

Paraleptophlebia sp. Examination of the stomachs of 907 Paralepto-
phlebia sp. indicated that this genus fed mainly on detritus throughout
the year. Mean algal content in the stomachs of 444 Paraleptophlebia sp.
from the meadow portion of Deer Creek was 6 per cent. Algal content
was 5 per cent in 371 Paralepto phlebia sp. of Needle Branch. The 9 2
specimens collected from the canyon of Deer Creek showed a mean algal
content of 7 per cent.

1. Deer Creek. Seasonally the feeding habits of
Paraleptophlebia exhibited only a slight change (Figure 33).
Periods of greatest algal, feeding occurred in February and
again in September, but even then the mean algal content in
the stomachs was only slightly above 10 per cent.

2. Needle Branch. Similar to the pattern displayed in
Deer Creek, Paraleptophlebia sp. in Needle Branch fed on algal
material in January and early fall than at other times during the
year (Figure 34). The amount of algal material contained in the
stomachs never exceeded 15 per cent. Unlike Paraleptophlebia 
sp. in Deer Creek, those in Needle Branch contained only
detritus in June.

Hydrobaeninae Larvae. Larvae of the sub-family Hydrobaeninae
of the family Tendepedidae (=Chironomidae) exhibited a pattern similar
to Baetis and Paraleptophlebia sp. in Deer Creek and Needle Branch. The
stomachs of 316 hydrobaenid larvae from the meadow portion of Deer
Creek and 61 from the canyon showed a mean algal content of 11 and 19
per cent respectively. Hydrobaenid larvae examined from Needle Branch
showed a mean algal content of 14 per cent for 255 larvae.

1. Deer Creek. The seasonal change in feeding habits
of hydrobaenid larvae was well marked. Periods of greatest
algal feeding occurring in mid-winter, early summer and early
fall (Figure 33). Increased intake of algal material in January
was probably the result of increased light intensity and an algal
bloom. The increase in June could be better accounted for were
the habits of hydrobaenid larvae known. The increase in
September was apparently due to the algal bloom which occurred
then.

2. Needle Branch. Generally hydrobaenid larvae
exhibited seasonal feeding habits similar to those of insects
examined from Deer Creek (Figure 34). The increase exempli-
fied by Deer Creek in September was not present.
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A feeding experiment conducted in September with Paraleptophlebia sp..
in Deer Creek and Needle Branch indicated that this genus is nocturnal
in its habits. Observations made at night in observation troughs showed
that Paraleptophlebia sp. are active at night on the upper surfaces of the
bottom. They also showed a strong negative phototropism. Paraleptophlebia 
sp. collected from Needle Branch before daylight on September 7, 1960,
showed over four times more algal material in the gut than all Paraleptophlebia
sp. collected in September from Needle Branch during daylight hours. The
data obtained for the year concerning the feeding habits of Paraleptophlebia 
sp. seem to substantiate t - e hypothesis of this nocturnal habit.

It is evident from this research that terrestrial energy inflow is an
important part of the stream environment. Work on insect groups not
investigated in continuing.

Tentative Projects 

Algae Production. Only preliminary work has been undertaken in this
field. This has indicated that production of benthic algae is highest in
late winter and early spring, when the overhead canopy is not leafed-out
and when day length is increasing. Several methods of production esti-
mation have been attempted, and one has been selected as feasible. Net
carbon accumulation on glass slides, oxygen curves at single and double
stations, and light-dark stirred aquaria have been used. The latter offers
promise and will be used initially if grant funds become available.

Terrestrial Energy Inflow as Debris. Energy inflow of leaves, twigs,
and fruiting parts of trees and shrubs has been investigated in a pre-
liminary manner. Large quantities of material were found to fall into the
stream from the overhead canopy of hardwoods. An extensive sampling
program is planned for 1961, contingent upon availability of funds. A
program will be designed to determine infall and downstream loss of
terrestrial plant parts in the study streams.

Insect Production. Data necessary for determination of production of
insects of even "simple" life history, or those having only one life cycle
per year, are the same as those required for estimation of coho production--
curves of growth in weight and standing crop in numbers. The sampling
intensity necessary to secure such data is very high. Each sample
requires disturbance of an area of stream bottom, with subsequent silting
of the area below by fine material. For this reason and because of a lack
of funds, no effort has been directed toward insect production work.

Considerable thought has been given to a method of determining
insect production that might be useful as an indication of possible
logging effects without severe disturbance of the study streams. If such
a method can be developed, it may be instituted in 1961.
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GENERAL STATEMENT

This project was originally planned as a long-range investigation of
a watershed, with research projects to be conducted cooperatively among
the several state and federal agencies interested in maximum productivity
of a river basin. Particular projects were initiated by the governor's
Natural Resources Committee in 1957 with no specific time limits set for
their completion. The intent of those planning the research was that this
would of necessity be a long-term study.

In 1959, when the Alsea Watershed Study was shifted to Oregon State
College, the institution was directed to plan the program so the project
could be completed at the end of the 1959-61 biennium. This was clearly
impossible if "completion" was to mean publication of scientifically valid
results that at least approached attainment of the individual project
objectives .

Status of individual projects can be summarized:

* Water survey. Three years of stream flow and rainfall data are
available. Two to three years of additional streamflow data are necessary
for adequate stream calibration.

* Soil-vegetation survey. This unique cooperative project is nearly
completed. Publication of the survey report is scheduled for summer of
1961.

* Logging-aquatic resources study. Approximately two years of
pre-logging calibration are completed. Three to four more years are
needed for completion of the pre-logging phase, and about six years
of post-logging study are needed.

The foregoing time schedules allow for salvage of existing projects.
A more ideal approach would be to allow for additional work.

Water flow data, after the necessary five-year calibration period,
should be used to conduct an economic evaluation of water use and for
formulation of water use management plans. The flow data, in conjunction
with soils-vegetation information should be used to select areas for
research (and this research should be initiated) on such factors as vege-
tation manipulation for water yield, and vegetation successional patterns
on various soil types.
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The logging-aquatic resources study should have several additional
work segments. These would include: analysis of intensity of land
treatment; production of coastal cutthroat and steelhead trout; algae
and insect production; and terrestrial energy inflow as plant debris.

Cooperating agencies, together with their total expenses in the
Alsea Watershed Study are shown in Appendix 3. Total expenditures by
these agencies, apart from general fund allocations for the Alsea Study,
have been about $174,000. A total of $100,000 has been allocated to
the Natural Resources Committee and Oregon State. College in the two
biennia since the project began.

The Agricultural Experiment Station at Oregon State College has
allotted $8,000 per year to the Alsea Study for the 1961-63 biennium.
This amount will be sufficient to meet committments to cooperating
agencies. Additional financing will be sought from appropriate agencies
and private corporations in order to develop fully the research now under-
way or worthy of initiation as part of the Alsea Watershed Study.
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APPENDIX TABLE 2. Chemical Water Quality Data from One of Eleven
Sampling Stations.

Alsea River, 3 miles above the tide water

Characteristic 4/17/58 7/16/58 9/9/58 11/12/58 1/22/59

Field pH 7.00 7.60 7.30 7.10 7.00

Lab. pH 6.90 6.70 6.99 6.50 6.83

Dissolved solids mg./1. 26.00 58.00 52.00 19.00 80.50

Suspended solids mg./1. 119.00 14.00 36.00 308.00 1.50

Total solids mg./1. 145.00 72.00 88.00 327.00 82.00

Volatile solids m./1. 22.00 29.00 20.00 35.00 29.00

Color ppm. 18.00 15.00 12.00 33.00 18.00

Field turbidity ppm. 60.00 7.00 0.30 200.00 6.60

NH 4 ppm . 0.01 .19 .00 0.04 0.00

Hardness ppm. 13.12 16.40 12.10 14.40 13.90

Chloride ppm. 3.91 5.60 6.06 3.98 5.33

CO 2 ppm. 3.20 7.50 4.00

PO4 ppm. 0.27 0.04 .05 .03 0.00

Na ppm. 4.00 5.20 4.70 4.20

SO4 ppm. 1.90 1.50 7.20 0.18

Carbonate alkalinity ppm. 0.00 0.00 0.00 13.50 14.50

Bicarbonate alkalinity ppm. 13.00 18.50 21.00

Water temp.°C. (Field) 10.00 22.50 20.00 11.00 9.00

D.O. ppm. 10.40 8.80 9.80 10.30 11.60

B.O.D. (5 day) 1.40 0.60 1.50 1.40 1.40

D.O. per cent sat. 100.00



APPENDIX TABLE 3. Agencies Cooperating on the Als9a Watershed Study
and Their Contribution in Cash, Materials or Services,
July, 1957--July, 1961.

A. Water Survey

1. U. S. Geological Survey	 $ 14,600

2. State Engineer's Office	 700

3. U. S. Weather Bureau	 30(),
4. U. S. Public Health Service	 600 

Sub Total 	

B. Soil-vegetation Survey

$ 16,200

1. U. S. Forest Service
Bureau of Land Management
Oregon State College
State Board of Forestry
Soil Conservation Service

Cooperative Study	 $ 56,000
2. Soil Conservation Service

Publication (approximate cost)	 20,000 
Sub Total 	  $ 76,000

C. Logging-aquatic Resources Study

1. Georgia-Pacific Corporation 	 $ 10,000

2. Oregon State Game Commission 	 50,000

3. U. S. Geological Survey	 16,385

4. 0. S. C. Engineering Experiment Station	 300

5. Du-Pont Corporation	 50
6. State Board of Forestry	 600

7. Fred Williamson, Toledo	 1,500

8. State Sanitary Authority	 700

9. U. S. Public Health Service	 600

10. Oregon Cooperative Wildlife
Research Unit	 '1,500 

Sub Total 	  $ 82,035

Grand Total ... .. . . . . $174,235 

Total Expenditures from
General Fund Appropriation, State of Oregon

1. Natural Resources Committee (1957-59) $ 50,000
2. Oregon State College (1959-61)

	
50,000 

Total
	

$100,000 
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