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INTRODUCTION

The studies to be reported herein were initiated following a cursory

search of the literature concerning the lakes of the State of Oregon. Few

substantive limnological works were located. More detailed efforts added

only a few obscure references. Since change is the basic axium of ecology,

there was concern for the lack of background information. Unless there are

basic data upon which changes in our limnetic water resources can be assessed

we are in danger of not only unknowingly degrading the quality of our lake

water, but the actual amounts available for use will be increasingly threatened.

It therefore seemed necessary to expand the knowledge concerning Oregons lake

resources. A classification of the lakes of Oregon would not only document for

posterity the conditions existing at the present, but would also serve as an

aid to the present and future water use managers.

The assembling of data, though a necessary procedure, should not be an

end in itself. It was, therefore, realized that effort must be expended to

organize the information in usable form. Limnologists have busied themselves

with schemes to classify lakes from the very beginning (Donaldson, 1969).

The systematic approaches employed have resulted in masses of descriptive data

and extensive terminology that has not lead to comprehensive and predictive

classification systems. There was need for a classification scheme that

graphically and mathematically described the differences between lakes and the
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changes within each lake along a continuum of conditions.

Though the specific objectives of this research project varied some from

year to year, the overall objectives remained the same.

l Assemble information presently available concerning lakes of
Oregon.

2. Sample selected lakes in different geological areas and/or
drainage basins in order to accumulate limnological data
essential for a state classification scheme.

3. Develop a system for recording, storage, and retrieval
of lake data that would be available for general use.



METHODS APPLIED

Background Information
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The initial work involved a thorough literature search in the libraries

at Oregon State University and the University of Oregon. Though this effort

netted the majority of the works on Oregon lakes, the remaining contributions,

collected from the files of the state and federal agencies, required considerably

more time and resources.

Sampling Selected Lakes

Due to limitations in time, manpower and material resources, it was

necessary to be selective as to the lakes to be sampled to enhance linmological

understanding. The three criteria used in the selection were the lake's

trophic status, scio-economic importance, and location relative to other such

lakes.

The first group of lakes selected for intensive investigation during 1968

and 1969 were all supposedly oligotrophic systems that had significant use

factors associated with them. Three Cascade Mountain lakes, Crater, Waldo,

and Odell, and Woahink coastal lake were selected (Fig. 1). The second

intensive effort involved four coastal lakes of differing trophy, Devils,

Siltcoos, Mercer and Munsel. They also have high use factors.

Spot visits to other lakes were made in order to expand the information

base. They included the following:
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Figure 1. Locations of major study lakes in Oregon.
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Lake County Visits

East Deschutes 1

Paulina Deschutes 2

Big Lava Deschutes 1

Cultus Des chutes 1

Triangle Lane 1

Loon Douglas 1

Tahkenitch Douglas 1

Floras Curry 1

Eel Coos 1

Cleawox Lane 1

The sampling involved:

1. Physical limnology
Surface insolation
Transmitted light with depth
Temperature profile

2. Chemical limnology
Dissolved oxygen profiles
Alkalinity
Total hardness
p1-I

Specific conductance
Total dissolved solids

3. Biological linmology
Phytop lankton3

numbers/rn profies
plant pigments/rn profes
photosynthetic rate (rn C/rn ) profiles
photosynthetic rate in water column

Zooplankton
3

numbers/ni profiles
biomass in water column

Information Assembledge and Storag

Forms were developed for recording field and laboratory data. Computor

programs for extinction coefficient determination, plant pigment analysis,



photosynthetic rate calculations and zooplankton estimations were assembled

and the data for each was placed on punch cards.



RESULTS

Background Information
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The assembled literature and sources of scattered information concerning

Oregon's lakes were published in a compilation showing a listing of the names

and locations of all the lakes of Oregon (Larson and Donaldson, 1971).

Selected Lake Studies

All the physical, chemical and biological information that has been collected

on Oregon lakes during the term of this investigation have been placed in note-

books and are now available in the Air and Water Resource Research Institute

at Oregon State University. An information sheet (see appended copy) listing

the lakes, the limnological data collected and the dates has been sent to the

federal, state and county agencies that have an interest in the lake resource.

Beyond merely collecting information on lakes, an effort was made to investigate

specific aspects of lake types. A thorough search of the literature on lake

classification schemes convinced us that descriptive nomenclature was not satis-

factory for determining the relative trophic status of a lake or allow a

prediction to be made as to what future changes may take place and at what rate.

Zoopiankton birth rate studies: One of the approaches taken to better

understand lake types was through a study of the population dynamics of

limnetic zooplankton. The technique of determining the ratio of eggs per female

of a species of zooplankton was used. From this ratio and incubation rate

data it is possible to calculate the instantaneous birth rate and density of



selected populations of zooplankton. Alevras (1970), Lindland (1970) and

Malick (1971) all applied this approach to differing lake systems.

Because of the changes in the zooplankton density within any one lake from

year to year and the general lack of correlation between phytoplankton primary

production and density of zooplankton, application of these population dynamics

to lake classification were nullified. The instantaneous birth rates also

lacked the expected correlation with phytoplankton primary production for all

the selected species in the study lakes.

The lack of correlation may be due to interactions between the total species

of zooplankton present in the lakes. If instantaneous birth rates and densities

were calculated for all the species in each lake it might be possible to make

lake comparisons. However, the time expended for such an analysis would be

prohibitive on anything other than an intensive specialized study.

Trophic dynamic studies: Larson (1970) worked with four lakes that were

generally classified as oligotrophic. .Crater, Odell, Waldo and Woahink. The

thermal and dissolved oxygen profiles for each were quite similar, upholding the

assumed trophic condition.

However, in comparing the lakes, differences were noted concerning lake

origin, watershed feathres, basin morphometry, surface elevation, optical and

thermal properties, and water chemistry. More notable, however, was the significant

difference in phytoplankton primary production and biomass among the four lakes.

During July and August, 1969, productivity averaged 253.1 (Crater), 1533.2

(Odell), 35.5 (Waldo), and 301.1 (Woahink) mgC/m2day. For the same period,

concentrations of chlorophyll a averaged 34.4 (Crater), 99.03 (Odell), 4.7

(Waldo), and 24.7 (Woahink) mg/rn2. This resulted from the different uses each

lake received. It is suggested that, on the basis of productivity, lakes are



unique environments and are evolving at different rates in response to natural

and artificial (cultural use) enrichment.

Each of the lakes studied by Larson are being used differently. Crater

and Waldo are unusually pristine--Crater because it is a National Park and Waldo

because, until recently, has been inaccessable. Odell and Woahink are available

to man and are receiving accelerated use, especially Odell.

Rodhe (1969) established rather precise boundaries in graphically depicting

the various stages in lake evolution (Fig. 2). The relative positions of the

study lakes in Fig. 2 are most interesting in view of how each is being used.

Waldo Lake is certainly where one would expect it to be--as is Woahink Lake.

The degree to which Odell Lake has approached eutrophication on Rodhe's scale

is somewhat alarming. The position of Crater Lake is the most surprising, being

as far up the scale as it is.

The need for an adaptable classification system that would take into

account the continuous process of lake evolution was emphasized by Larson. Such

a system, based on the relationship between phytoplankton primary productivity

(mg C/m2/hr) and light energy absorbed by phytoplankton for photosynthesis

(coefficient Kb which represents the ratio of production to radiation at any

depth; Platt, 1969), was proposed. The system was to diagnose, to a degree, the

causes of lake eutrophication, to provide an instantaneous assessment of lake

productivity, and predictive power in determining lake evolution.

Kavanagh (1973) collected limnological data from studies of four Oregon

coastal lakes: Devils, Siltcoos, Mercer, and Munsel. The lakes were compared

and analyzed on the basis of descriptive characteristics, trophy, and density-

dependent functions. Physiographic and physio-chemical measurements, limnetic
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Figure 2. Approximate ranges of phytoplankton primary produc-
tivities for the study lakes compared with the Rodhe
(1969) scale for oligotrophic and eutrophic lake;
(Larson, 1970).
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primary production estimates, and phytoplankton and zooplankton biomass estimates

were performed in an attempt to classify these four lakes on the basis of their

productivities.

on a trophic scale, based on limnetic primary production estimates, Devils,

Siltcoos, Mercer, and Munsel lakes would all be classified as naturally eutrophic,

with Mercer and Munsel lakes bordering on the lower range of natural eutrophy.

Descriptive lake classification techniques and biomass estimates provided the

same relative conclusions for the four study lakes.

A literature review and a consideration of the data collected during the

present study revealed that no correlations can currently be demonstrated between

the measured relative growth rates of phytoplankton and a lake's trophic status.

However, correlations may theoretically exist between the relative growth rates

of a single "type"
phytoplankton population and lake trophy.

An analysis of the density-dependent functions of phytoplankton in Munsel

Lake suggested that temperature may have been a dominant environmental factor

governing the status of each of the study lakes on a scale of oligotrophy

through eutrophy.

Standard limnological techniques can be used to classify lakes by trophy

on the basis of density-dependent functions. However, the resulting lake

classification scheme is fairly insensitive to absolute differences in the pro-

ductivity of eutrophic lakes. Instead, the theory of density-dependent functions

may have more value when used to analyze the dynamics of trophic processes.

An over-all conclusion is reached that precise lake classification by

trophy and the estimation of lake productivity are essentially impossible tasks

to perform because there is no universally acceptable definition of what
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constitutes a lake's trophic status or productivity and almost all presently

used techniques to estimate these undefined qualities are complicated, time-

consuming, and inconclusive.

Information Availability

The data forms and punch cards storaged at Oregon State University and the

information sheets sent to interested agencies was all that was done to complete

the third portion of the stated objectives. Considerable more effort was

planned initially, however, during the 1971 FY of the project the U.S. Geological

Survey contacted us and described an elaborate sampling and data storage

system for aquatic resources that they were instigating. After several conferences

with these people itwas apparent that their manpower and resource were consid-

erably greater than what we had available, so it was decided to cease our

efforts in this direction and make our information available to them in its

existing form.

The data listed on the appended information sheet is available at Oregon

State University in the office of the Air and Water Resources Research Institute.
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CONTRI BUTT ONS

In keeping with the mission of the Air and Water Resources Research

Institute, to have the results of supported research be applicable to state

water problems, the following can be said:

Information on Oregon Lakes

For the first time the names and locations of all the lakes of Oregon with

their associated bibliographys has been assembled and published (Larson and

Donaldson, 1971). This is a valuable reference work for those interested in

limnological or other water related issues in Oregon.

The field data collected on 18 different lakes during the course of the

study is now on file in the Institute office and institutions and agencies who may

have interest in such information have been so advised. These data are accompanied

by copies of the several computor programs that were used in their analyses.

Though no singular or directly applicable breakthrough were made in the

area of lake classification several advancements were made:

1. Zooplankton finite birth rates based on eggs per female ratios are
indications of lake productivity but not when done for single
species. It would be necessary to collectively determine the birth
rates for all species of zooplankton present. However, the time and
effort required for this makes it rather impractical for use by any but
the most well equipped and adequately staffed resource agency.

2. Using the Rodhe scale for lake trophy it is possible to compare the
lakes studied by Larson (1970) and Kavanagh (1973). Fig. 3 shows
the results when the scale is used directly. The position of Crater
and Odell lakes are questionable. An examination of physio-chemical
features of both lakes showed that they were the only two where the
mean depth exceeded the mean photic zone depth. Recognizing that
eutrophic lakes usually are shallow it seemed reasonable to make a
correction for the mean depth:photic depth relation and replot the
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Figure 3. Approximate means and ranges of daily phytoplankton pri-
mary production rates measured during the summer and
annually for the four study lakes compared with the Rodhe
(1969) scale for oligotrophic and eutrophic lakes. *Sum-
mer primary production means and ranges for four other
Oregon lakes are included for comparison (Larson, 1970a).
Logarithmic scale used. (Taken from Kavanagh, 1973)
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adjusted values (Fig. 4). The adjusted values for Crater and
Odell lakes are intuitively more acceptable. This approach,
with further investigation into whether the adjustment for deep
lakes is valid, offers a simple means for lake classification
along a continuum of trophic conditions.

3. Mean relative growth rates for phytoplankton (Production/Biomes)
did not correlate well with the trophic status of lakes.
Sensitivity was lost when all the algal species were lumped
together. It appeared that working with a single population
of phytoplankton may result in useful correlations with trophic
conditions if surface area to cell volume ratios and synchrony
of cell division could be maintained reasonably constant over
a short time during sampling.

4. It is possible, through the use of standard limnological
techniques, to classify lakes by trophy on the basis of density-
dependent functions. However, lake classification by trophy
should not be attempted on the basis of mean phytoplankton
community relative growth rates. Mean annual or summer
phytoplankton and zooplankton biomasses will correlate fairly
well with ecosystem trophy, for oligotrophic through
mesotrophic ecosystems. Eutrophic lakes are less easily
classified on the basis of density-dependent functions when
just phytopalnkton and zooplankton biomasses are considered.
Lake classification by predator and prey biomasses is a
very old idea and cannot be considered as a contribution
of the concept of density-dependent functions. Instead,
density-dependent functions provide a point of view and a
conceptualization through which we may further our under-
standing of the biological reasons why lakes of low,
intermediate, and high productivity may sustain low,
intermediate, and high mean biomasses of both predators
of prey.

5. There can be no single universally satisfactory method of
classifying lakes and estimating relative trophy in natural
ecosystems. This may stem from the fact that there is no
universally acceptable definition of what constitutes a
lake's trophy. Descriptive classification techniques, limnetic
primary production estimates, and biomass estimates all
measure essentially different qualities and all have been used
as objective measurements of present trophic status.
Repetition of these objective measurements may suggest that
a change in trophic status has occurred. However, the
intensities of biological processes has been, and most
likely will continue to be, a very difficult and highly
subjective undertaking.

Through density-dependent studies of bacterial, detrital,
phytopalnkton, and zooplankton biomasses, it may eventually
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be possible to predict biological changes likely to occur
in a given ecosystem with a given level of cultural
eutrophication.

To perform a comparative regional study of lake
productivity, perhaps the simplest effective
techniques are to use mean summer total dissolved
solids and mean depth, in that order of importance, as
relative indices of lake productivity. For serious
comparative productivity studies of widely scattered lakes,
perhaps the most suitable technique is the calculation
of mean summer limnetic primary production. The
complexity of this approach limits its application to rather
sophisticated limnological sampling. Very often,
however, useful comparative productivity estimates
may be gained through the calculation of mean summer
phytoplankton and/or zooplankton biomasses, a slightly
simpler task (Fig. 5).

Student Training

Limnological facts and analyses are only a part of the rewards from such a

research project. The training of people to become limnologists is also a major

output. Officially one Doctor of Philosophy and two Masters of Science degrees

were supported directly by this funded research. Indirectly four more M.S.

degrees were accomplished because of materials and facilities developed from this

project.

1.i trtiiv

The completion of the following contributions were attributed to this

project. Several of them have been cited in the report.
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