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ABSTRACT 

THE RELATIONSHIP BETWEEN HUMAN ACTIVITIES 
AND THE TROPHIC STATUS OF IDAHO LAKES 

A human ecological approach is utilized to develop, 
measure and analyze human influences on eutrophication in Idaho 
lakes. Eighty-five lakes were selected for study f~om the ove~ 
2,500 lakes in the state. The lakes were chosen p~imarily for 
their recreational value or for the their trophic status 
problems. This study is part of a larger, interdisciplinary 
study, the Idaho Clean Lakes Project, and utilizes the same 
extensive data base. Many of the lakes, especially the high 
mountain lakes, were previously unsampled. The variables 
studied represent the influences of landuse, land ownership, 
population growth, and recreational use. The orientation of 
the research is the ecosystem-watershed concept, emphasizing 
the watershed as the major boundry of study for each lake. The 
watershed population and watershed population growth between 
1970 and 1980 are major demographic variables, relatively 
unique in eutrophication studies. Aerial photography was 
extensively utilized in data collection on these and other 
variables. The analysis explores the relationship between 
seven measures of trophic status and nineteen human activity 
measures via correlation coefficients, factor analysis, and 
canonical correlation. The findings confirm 1the thrust of 
current lake management in Idaho and offer inhights into th~ 
previously unexplored relationship between trophic status and 
the social indicators of population and recreation. The 
relationship betw~en population and tropic s~atus is ambiguous. 
iatershed population growth appears to have an adverse impact 
on tropic status, ~hile population growth within fifty ~iles 
shows the opposite relationship. Recreational development is 
greatest near the least eutrophic lakes. Tne clean, clear 
lakes of Idaho appear to be very strong attracters of people. 
Examples and implications are discussad in the conclusion. The 
complete Clean Lakes Project data set and an annotated 
bibliography of local and national research related to this 
study are provided in the appendic~s. 



iv 

ACKNOWLEDGEMENTS 

This project has benefited from the ideas and knowledge of 

many individuals. Rather than list them all by name, I would 

simply like to acknowledge the University of Idaho as truly a 

place for learning and exchange of ideas. In my many, many 

excursions around campus, from the Sociology/!nthropology 

Department, to Fisheriesr Economics, Civil Engineering, 

Wildland Recreation, Geography, Agricultural Economics, 

Biology, the library, Cartiographics Laboratory, Remote Sensing 

Center, Computer Center, the Water and Energy Resources 

Research Institute, and back to Soc/Anthro, I have always had 

my questions answered and been offered as much help and 

equipment as I needed. It has been a pleasure to conduct 

research in such an environment. 

Many people in state and fadara'l agencies in Idaho, 

Washington, Oregon, and Cana da have also been very he lpful. 

Thanks go especially to many of the secretaries in those 

agencies who have had to determine to vhom my request for 

information be given. 

There are five people that I must give a special note of 

appreciation, for, as they say, this would never have been 

completed without their help: to Mom, a lake lover; to John 

Carlson, for the opportunity; to George Burke, Mr. ~izard, the 

Dragon Slayer; to B.J. Hargrove, what a way with words; and to 

Cleve Yocom, a great explorer. 



v 

TABLE OF CONTENTS 

LIST OF TABLES •• ..........•........................... 
LIST OF FIGURES • . . . .. .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 

I. 

II. 

III. 

INTRODUCTION ••••••••••• ...................... 
EUTROPHIC AT ION •••••••••••••••••••••••••• . ..... CULTURAL EUTROPHICATION •••••••• 

Population Growth in Idaho ••• . ...... . 
Recr·eation ••••••••••••••••••• .......... 
Landuse and ownership •••••••••••••••••••• 

EUTROPHICATION AND WATEB QUALITY IN IDAHO •• 

REVIEW OF LITERATURE ••••••• . ................ . 
AS VIEWING ENVIRONMENTAL PROBLEMS 

SOCIAL PROBLE~S ••••••••••••••• . ...... . 
APPROACHES TO THE STUDY OF LAKES ••••••••••• 

Systams Approach ••••••••••••••••••••••••• 
Human Ecological Theories •••••••••••••••• 
The Ecosystem-Rat9rshea Concept •• 

HUMAN INFLUENCES ON EUTROPHICATION ••••••• 
Population Growth •••••••••••• 
Recreation ••••••••••••••••••• 

. . . . .. 

METHODOLOGY •••••••••••• ~··· . ................ . 
SOURCES OF DATA •••••• 

Questionnaires ••••• 
Lake Visits •••••••• 

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

riap s • •••••••••••••••••••••••••••••••••••• 
Aerial Photography ••••••••• 

POPULATION DATA•••••••••••••••••••••••••••• 
Watershed Population ••••••••••••••••••••• 
Population Within Fifty and 100 Miles •••• 

RECREATION DATA •••••••••••••••••••••••••• 
Accessibility •••••••••••••••••••••••••••• 
Remoteness ••••••••• 
Development •••••••• 

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

...................... 
• 

vii 

viii 

9 

1 1 
15 
1 7 
1 8 
20 
21 

23 

23 
24 
25 
26 
30 
32 
32 
37 

41 

41 
4 1 
42 
43 
44 
53 
53 
56 
58 
59 
62 
62 



III. 

IV. 

v. 

vi 

LANDUSE/OWNERSHIP DATA ••••••••••••••••••••• 
TROPHIC STATUS DATA ......................... . 
R .E S EA R C H DE SIGN • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Trophic Status Indicators ••••••••••••••••• 

FINDINGS and INTERPRETATIONS •••••••••••••••••• 

63 
64 
64 
67 

7 1 

CORRELATIONS................................ 71 
Among Trophic Status Variables............ 71 
Among Human Activity Variables............ 73 
Between the Two Sets of Variables......... 73 

SOCIAL INDICATORS OF TROPHIC STATUS......... 84 
Landuse;ownership Indicator............... 84 
Population Growth Indicator............... 87 
Development Indicator..................... 87 
Recre~tion Indicator...................... 87 

SUMMARY ••••••••• •••••• •• •• •• •• •• •• •• •• •• •• •• 92 

CONCLUSIONS AND DISCUSSION •••••••••••••••••••• ?5 

SOCIAL ASPECTS OF EUTROPHICATION............ 95 
Landuse/Ownership... •• • • •• • • •• • • •• • • • • • • • • 95 
Population Gro-wth......................... 97 
Recreational usa of Lakes ••••••••••••••••• 100 
Recreation •••••••••••••••••••••••••••••••• 103 

LIMITATIONS OF THE RESEARCH ••••••••••••••••• 106 
SUGGESTIONS FOR FURTHER RESEARCH............ 109 
LAKEUS E PLANNING.......... .................... 111 
CONCLUSION •••••••••••••••• · •••••••••• •••••••• 115 

BIBLIOGRAPHY.......................................... 117 

APPENDIX A (CLEAN LAKES DATA FILE) •• •••••• •••••••••••• 125 

APPENDIX B (ANNOTATED BIBLIOGRAPHY) ••••••••••••••••••• 143 



vii 

LIST OF TABLES 

1 POPULATION DATA•••••••••••••••••••••••••••••••••• 

2 RECREATION DATA•••••••••••••••••••••••••••••••••• 

54-55 

60-61 

3 DEPENDENT AND INDEPENDENT VA.RIABLES.............. 65 

4 CORRELATIONS AMONG TROPHIC STATUS VARIABLES...... 72 

5 CORRELATIONS AMONG HUMAN ACTIVITY VARIABLES •••••• 74-75 

6 CORRELATIONS BETWEEN THE TWO SETS................ 77 

7 FACTOR ANALYSIS •• •••• •• -••.•• •••••• ......... •••• •• •• 85 

8 CANONICAL CORRELATION TABLE...................... 89 

9 RECREATIONAL USE DATA•••••••••••••••••••••••••••• 101-102 



viii 

LIST O.F FIGURES 

Figy£~ gg_~ 

1 MAP OF IDAHO, SHOWING LAKE LOCATIONS............. 12 

2 THREE DYNAMIC SYSTEMS FOR LAKE STUDIES........... 29 

3 ECOSYSTEM-WATERSHED CONCEPT...................... 31 



9 

CHAPTER I 

INTRODUCTION 

This study is designed to explore the relationship between 

the trophic status of Idaho's lakes and human ac~ivities around 

those waterbodies. The purpose is to determine which human 

activities are adversely affecting trophic status in Idaho. 

The research was conducted in conjuncti~n with the Idaho Clean 

Lakes Project, an interdisciplinary study of Idaho's lakes and 

reservoirs. The Idaho Clean Lakes Project is funded by the 

Environmental Protection Agency's (EPA) Clean Lakes Program, as 

directed by Section 314 of the Clean Water Act {1977). 

The goal of the program is to control pollution of the 

nation's fre-shwater lakes and t.o res~tore lakes that are 

currently polluted. A more specific goal is to protect or 

restore at least one recreational lake within 25 miles of every 

major population center by 1985. This goal is to be applied 

with discretion to take account of the differing needs and 

resources of different areas of the country. Major obi ecti~res 

are to emphasize watershed management and to select projects 

with the greatest public benefits. 

In line with these objectives, this study uses a human 

ecological approach to explore the relationship between tha 
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trophic status of Idaho 1 s lakes, human use of those lakes, and 

population growth in Idaho. The goals of this research are! 

1. To determine areas of high population growth in 
Idaho and near its borders; 

2. to gather available information -on recreational 
use of Idaho's lakes; 

3. to develop indicators which rg9r~s~nt population 
growth and recreation, and other human use 
activities near lakes; 

4. to relate the indicators to the eutrophication 
data acguired in the Idaho Clean Lakes Projo.ct; 
and 

5. to discuss the effects of population growth, 
recreation, and other human use activities on 
eutrophication problems of Idaho's lakes in terms 
of monitoring and management needs. 

The Idaho Clean Lakes Project team was formed in August of 

1?80. Team members represent eight ~isciplines: agricultural 

economics, biology, civil engineering, economics, geography, 

limnology. sociology, and wildland rgcreation. By Spring, 

1981, all of the team members were well into the data gathering 

process. During the summer of 1981, team members and 

assistants visited approximately one hundred lakes to gather 

physical and chemical data. The author participated in 35 of 

those lake visits. No systematic social science data was 

collected during those visits, but observations and discussions 

with lake managers and users provided insights and new data 

sources.. During the win-ter of 1981 and the spring of 1 98·2, 



, 1 

data gathering continued from maps and publications; 

adjustments were made to com~ensate for unavailable or 

incomplete data; a few lakes were added to the study list while 

others were dropped. By the summer of 1982 the lake list was 

finalized at eighty-five lakes (Figure 1.). Their inclusion is 

based upon a number of considerations: they are lak9s which 

are known to have problems; lakes which are known to receive 

much recreational use; or lakes for which data was gath~red or 

was easily obtained. Computer compilation of the data began 

during the summer of 1982 and data analysis began in the fall. 

Over ninety variables were included in the initial analysis 

(Appendix A.). 

The following section introduces the concept of trophic 

status as it is used in this study and the human activities 

believed to be related to the trophic status of Idaho lakes. 

When the word "lakes .. is used i.n thfs study it refers to lak~s 

or reservoirs of fLfty acres or largec. 

EUTROPHICATION 

Trophic status is the measurement of lake water quality 

used for this research. The EPA defined trophic status as: 

••• a relative description of a lake's biological 
productivity based on the availability of plant 
nutrients. The range of trophic conditions is 
characterized by the terms of oligotrophic for thP. 
least biologically productive, to eutrophic for the 
most biologicall¥ productive {Environmental 
Protection Agency, 1980b:7793). 
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There are many water quality parame·ters which are often used to 

determine trophic status (such as PH, water clarity, nitrogen 

content, turbidity, etc.), and there is disagreement in the 

literature over which measures are the best indicators. The 

only concensus is that a variety of measures should be used to 

allow for the most accurate determination of trophic status. 

~oss stressed that the words oligotrophic (inf3rtile) and 

eutrophic (fertile) are ambiguou~ and used "in a confusing 

variety of waysu (1980:37). He suggestd that whatever measure 

is used to determine trophic status, the emphasis should be "on 

a continuum of productivity from very low to the maximum 

po-tential for a given latitude" (1980:36). The EPA (1980a) 

also pointed out that there is a continuum in lake types and 

"that within a classification such as eutrophic, there is a 

broad range in water quality from those lakes with the highest 

levels of productivity to those. with• the lowest" (Environmental 
, I 

Protection Agency, 1980a:9). 

Eutrophication can not always be considered as "bad". ~n 

·eutrophic lake is not always a "polluted" lake, and it may be 

excellent duck habitat, support desirable fish, or support 

unique bird, animal, or amphibian populations. 

The widely used term, "eutrophication", represents a 

process or change in a water body•s trophic condition, a change 

away from an oligotrophic infertile condition towards a 

eutrophic or fertile condition. In addition, eutrophication is 

not always a oneway change (such as ecological succession in 
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terrestr-ial environment.s) but rather it is a variable process. 

A lake can go from one ttophic condition to another and hack 

again, and in varying time periods. A particular trophic 

status, at a particular time, for a particular lake · "'is 

determined by a large number- of factors bncluding latitude, 

altitude, climate, watershed characteristics, soil types, human 

activities, and lake morphometry" (Environmental Protection 

Agency 1980a:10). 

The process of eutrophication is also synonymous with the 

natural pr-ocess of lake aging. From tne day a l~ke is created, 

naturally or man-made, it begins to fill in with sediments and 

nutrients. "The whole process happens naturally ••• but man can 

significantly acceler-ate the proc~ss by adding nutrients and 

other substances to lake water -- a process referred to as 

£Qltg~al ~ut£Qehicatio~ (Environmental Protection Agency, 

19 79: 17) • Urbanization, housing dev-elopments, agricultural, 

logging and mining practices, and recreational development and 

use, are a few human use ac~ivities that can result in ~rosion 

and contribute sediments and nutrients to streams and lakes. 

Many of these activities take place in the watershed of a 

lake rather than right on the lakeshore, thus the watershed is 

recognized as a major unit of study. The watershed is in 

essence, the lake. As Moss related: 
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••• a lake cannot be understood in isolation, nor 
even the lake and its inflowing streams. The real 
unit of study is the catchment area, or drainage 
basin from which, via its feeder streams, the lake 
takes its water - water which owes much of its 
chemical composition to the geology, geography and 
cultural development of the catchmen-t (J-toss, 1980:1). 

Moss has also stated that even the catchment area, fo r which 

the lake acts as a sink or ... rubbish bin", does not have firm 

boundries~ The atmosphere plays a role when gases and 

particles in the air drift in or dissolve in the rainwater that 

falls in the drainage basin~ or. ~s is the case of many of 

Idaho's lakes, roosting waterfowl deposit substances in the 

water in the form of excreta, which were possibly obtained 

outside the basin. Although these outside influences are 

r .ecognized and mus1: be considered, the major unit of study in 

lake research is the watershed. It forms a boundary of study 

for the physical scientists. It is a physical boundary that 

the social scientists have also. utifized so that our data might 
I 

better "fit" with that of the physical scientists on the 

project. 

CULTURAL EUTROPHICATION 

Lakes of Idaho and the rest of the Northw~st ar~ exposed 

to a variety of influences on cultural eutrophication. 

Logging. mining, farming, urban areas, second home development, 

recreation, waterfowl, housing developments, and nuclear 

resea~ch facilities are all possible contributers. The human 
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activities that may affect water quality can be classed as 

point and non-point source pollution. A point source is 

pollution that can be identified clearly as originating at one 

particular spot. Outlet pipes from a factory, storm sewer or 

sewage treatment plant are point source pollutants. Non-point 

sources have no single, recognized source of the pollutants. 

Agricultural, logging, and mining areas may be considered 

non-point sources of pollution if run-off fro~ those areas 

contains large amounts of sediments or chemicals that do not 

ent~r the water drainage system at one particular spot. 

Irrigation return-flow has characteristics of both a point and 

non-point source. The inlet to a river or res~rvoir can be 

pinpointed, but the source of its pollutants may range ov~r 

many miles of farmland. Recreation can be considered as a 

non-point source of pollution, although that label is rar~ly 

applied to it. Some types of r~creition, such as motor boating 

or camping, could also b~ considered as point sources of 

pollution and there is so~e research supporting that notion 

(Aukerman & Springer, 1976; Funk, 1977). Both point and 

non-point source pollution are discussed in this report, 

although non-point sources are given the major emphasis. 

The influences on cul~ural eutrophication considered to be 

important for obtaining the goals of the Idaho Claan Lakes 

project are human activities grouped under three main headings: 

population, recreation, and landuse;land ownership. 
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Po£!!1.ation ~£Q.Wth in !,dahQ 

The 1980 . census indicates that Idaho is one of the ten 

fastest growing states in the United States. The grovth rate 

from 1970 to 1980 was over thirty-two percent, higher than any 

of the other states in the Northwest: oregon {25.9~}, 

Washington (21%) and Montana (13.3 %). While the population of 

Idaho .increased by only 231,000 peopl~, that increase is six 

times the population increase between 1960 and 1970. 

The 1980 census also indicates that the counties 

containing Idaho's largest natural lakes are among the fastest 

growing counties. Kootenai County (Lake Couer d'Alene), Valley 

County (Payette Lake) and Bonner County (Priest and Pend 

Oreille Lakes) are, ~espec~iv~ly, the Jrd., 4th., and 5th. 

fastest growing counties in the state. While thP. combin~d 

growth ot Idaho's northern lake counties was only 35,000 

people, the growth rates were very ~igh, 69.2, for Kootenai and 

55.2% for Bonner (Bureau of Census: 1981). Growth along 

Idaho's borders is also very high. Spokane County, Washington, 

in close proximity to Idaho's northern lakes, gr~w by 64,000 

people between 1970 and 1980. out-of-state population within 

100 miles of Idaho's southeastern lakes and reservoirs, Bear 

Lake for example. is over one million people, a number greater 

than the total population of Idaho. 

Human population and population growth are major variables 

in a eu·troph ication stud 1 because they indicate potential 

sources of non-point pollution and other influences on cultural 
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eutrophication. High population growth ind: ~ates a greater 

presence of septic tanks, ·roads, ot·her cleared and paved 

surfaces, and fertilizers. These activities and substances 

influence trophic status via increased nit ~ jgen, phosphorus, 

and sediments. While the presence of 500 people in a watershed 

may be insignificant, the influence may be adverse if the 

watershed-ecosystem is incapable of absorbing the impacts. 

Re££~tiQ!l 

The Pacific Northwest River Basins Commission (1971) 

reported that "outd6or recreation is an ispo rtant and expanding 

aspect of life foe residents of the Pacific Northwest" and that 

"tourism is the fourth largest and probably fastest growing 

industr-y in the region" (1971:5). The Comrtission (1g71) 

estimated that "nearly thirty-eight percent of the total 

recr-eation demand is for water relaied recreation" (1971:56). 

A more current survey stated that in I1aho, s~imming, boating 

and water skiing are "rapid" growth recreational activites and 

that "participation in outdoor recreation is increasing at an 

even faster rate than population" (Idaho Department of Parks 

and Recreation, 1977:4.35, ~.30). The travel industry is now 

Idaho•s third lar-g·est industry: tourism and travel account for 

twelve percent of the state's income (Idaho Trav~l Committee, 

1980) • 

One aspect· of recreation and tourism that is thought to 

have a direct effect on eutrophication is re cr-~atiJnal homes or 
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summer cottages. A comprehensive inventory of summ~r home 

development in Idaho {Payne, 1976) and an indepth study of five 

of the state's major recreation areas (Payne, 1977), provide 

good base figures for the volume of summer home activity in 

Idaho. The conclusion from ·both studies was that greater care 

needs to be taken in maintaining public access to lakes~ and 

while public access has not been unduly impeded by second home 

development, "the potential for dramatic change is available at 

so me point in the future " (Pay n e , 1 9 7 7 : 4 0 0 ) • 

The impact of recreation on eutrophication is an area of 

study where there are few conclusive findings. Few studies 

have been done in Idaho to explore the relationship between 

eutrophication and recreation, although some very good studies 

make a start (Corbett, 1973; Idaho Department of Water 

Resources, 1975; Payne, 1976, 1977; Thorsen, 1979). There are 

several reasons for the lack o~ recieation data and recreation 

studies on Idaho. Recreation is often rated as a low priority 

water use (Pierce et al., 1981; Pierce and Doerksen, 1975). 

Also, there are a variety of recreation participation· data 

collection procedures, so that data is not often comparable 

between lakes and between the agencies which manage th~m. 

Finally, the absence of a statewide, easily accessed and easily 

upda t ·ed data base prevents the analysis of longterm data, a 

necessity in determining impacts of recreatonal use and 

development on eutrophication. 
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Since little recreation participation data was av~ilable, 

additional variables were investigated to allo~ for an indirgc~ 

analysis of recreational use near lakes. Indicators for 

shoreline development, road access, lake remoteness, land use 

in the watershed, and shoreline and watershed ownership were 

all included. Since recreational us~ of Idaho's lakes involves 

local, nonlocal instate, and out-of-state users, the population 

growth within fi~ty and one hundred miles of lakes, including 

growth in countias in neighboring states and in Canada, were 

used in conjunction with the recreation indica~ors. 

Landy2~ ~~ Q~~£2hiB 

Landuse is very often associated wi~h ~rophic st~~us. 

While its inclusion in the data set would appear logical, 

inclusion of data for land ownership in the watershed and along 

the lakeshore may not.· The purpose ~or including ownership in 

the analysis is twofold: (1) to explore whether there is a 

relationship bet ween ownership and eutrophication and, (2) to 

supplement the basis for the development of the priority list 

of lakes and the recommendations for improving eutrophication. 

As mandated by the Clean Waters Act, lakes with the highest 

"public" value should receive higher priority than mora private 

lakes. Also, a diversity of ownership would require somewhat 

different management tecttniques than "single owner" lakes. 



21 

EUTROPHICATION AND WATER QUALITY IN IDAHO 

The Environmental Protection Agency (1979) rates the water 

quality of Idaho lakes as "generally good", but stated that 

"many of the major recreational lakes in the state have 

significant water quality problems which impair their 

recreational useu (Environmental Protection Agency, 1979: 17). 

The water quality problems are primarily related to algal 

blooms. Algal blooms indicate that a lake may be becoming more 

"eutrophic" and the effects are poor fishing, impaired swimming 

and boating, unpleasant tastes and odors, and possibly h~alth 

related problems (Billings, 1981). The EPA evaluated the 

trophic status of 47 Idaho lakes, then rated their water 

quality based on the findings: eighteen are problem lakes, 

five are good and twenty-four have unknown water quality 

{Environmental Protection Agenc.y, 19/9). Thus the trophic 

status of Idaho's lakes is relatively unknown. The r9sults of 

this research will contribute information on most of the lakes 

included in the EPA•s evaluation. 
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CHAPTER II 

REVIEW OF LITERATURE 

VIEWING ENVIRONMENTAL PROBLEMS AS SOCIAL PROBLEMS 

Natural resources are defined by people wno use them. 

They don't exist as "resources" until someone defines them as 

such, and that definition is often based upon the use of that 

resource (Klausner. 1970). The importance of a lake to a group 
I 

of peopl ~ lies not in the fact that it is a body of wat~r, at a 

specific location, with a certain depth and size, but that is a 

pleasant place to live, a good fishing lake, a source of 

irrigation water, the local source of drinking water, a nice 

place to sit or walk beside, or a place of historical or 

religious significance. The definition of the resource and its 

appropciate use help to comprise its "social value". When a 

perceived inappropriate use of a resource starts to infringe 

upon its social value, then an environmental preble~ is 

recognized. 



Regardless of why, or even if, a society recognizes a 

situation as an environmental problem, the resource, the 

particular problem, and the solution are all social entities: 

socially defined and socially managed. This idea is perhaps 

most concisely related by Klausn·er ( 1970) : 

The relation of society to its physical environment 
is governed by the society's definitions of its 
resources and the rules evolved for regulating social 
relations with respect to the environment. 
Fundamental solutions to environmental problems must, 
therefore, include social solutions (Klausner 
197 0: 1) • 

From another part of the world, Klausner's words were echoed 

ten years later: 

Studies by all leading scientists say the same thing: 
large scale ecological problems cannot be resolved 
solely within the frame~ork of ecology, solely within 
the framework of technology, or even within the 
framework of pure economics. They require 
si~ultaneous changes both in the econoMy and in the 
social and moral foundations of society (Komarov, 
1980: 133}. 

Firey (1960) further illuminated the underlying concep-r. of 

social and environmental interrelatedness inherent in the above 

stat em en ts: 

Once we - have recognized that resources have a 
"social" as well as a "natural" aspect, it becomes 
evident that any change in one will be a change in 
the other (Firey 1960:207). 

APPROACHES TO THE STUDY OF LAKES 

The resource under study in this project is lakes. The 

environmental problem that is of concern is premature aging or 
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cultural eutrophication of lakes. The specific research 

question is tied to the social aspects of natural resources, in 

this case: what are the social influences on eutrophication of 

lakes in Idaho and which social variables are important enough 

to be considered as trophic status indicators? In this 

section, various models are discussed ~hich will aid in 

determining important social variables and in analyzing their 

interrelationships with other variables (physical, chemical, 

etc.) • 

General Systems Theory (GST), the theoretical formulation 

of the system approach, originated in the early 1950's and is 

the predecessor of many similar types of analysis such as game 

theory, de~ision theory, systems analysis, and op9rations 

research. The variations on GST ar~ more specific, 

application-oriented approaches as opposed to the more g~neral, 

"understanding" ocientation of the theory. GST is "a problem 

solving strategy aimed at understanding rather than 

explanation" (Walmsley, 1972:25). Some of the characteristics 

of GST which accent this stress on understanding are: 

1. It is an empirico-intuitive approach, 
value-judgements forming an important part of the 
analvsis while it aims to introduce exact 
form~lations into the nonphysical fields of 
inquiry; 

2. it attempts to integrate the natural and social 
sciences; 
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3. it is synoptic, it looks outwards from a problem 
to its contexts rather than studying parts one at 
a time; 

4. it is concerned with open systems that can be 
characterized by a input. throughput# and output 
of energy or matter; and 

5. it uses terminology that reflects the 
interdisciplinary and abstract nature of tne 
theorY: steadystate, entropy, feedback, 
equifinality, and the concept of environment 
(Walmsley, 1 972) • 

Although these characteristics seem to make GST aspecially 

useful in the study of environmental problems, its critics say 

that: 1) it is too general and therefore lacks predictive 

power: 2) it is only an analogy because it tri2s to synthesize 

exsisting disciplines; and, 3) that a large degree of 

subjectivity is introduced into the analysis because there are 

often a large number of variables to· be considered and the 

relationship under study is often "only b~tween certain 

variables in one system and certain variables in another" 

(Walmsley, 197 2: 37). At this point~ the stress on 

understanding through exploration of the human/environment 

interaction via an interdisciplinary approach is enough to make 

a general systems approach at least a heuristic devise for this 

study of people/lake relationships. 

one approach to studying cultural eutrophication are the 

analytic frameworks that form the core of ~nvironmental 
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sociology . J unla p and Catton# 1979). These human ecological 

fr~meworks have been developed as a means for social scientists 

to i.nclude the environ.ment as a major variable in their study 

of societ ; . The frameworks are a form of sys~ems analysis, an 

applied approach of general systems theory as discussed above. 

A variety of frameworks have been developed which illustrate 

the important variables and their interrelationships. The 

major categories recommended for consideration are population~ 

technology, cultural system, social system, and pe=son~lity 

system. Changes within and between the categories may cause 

environmen t al change, which in turn has its influence on each 

of the categories. 

The frameworks contribute to one of the fundamental tasks 

of human ecologists, "understanding how a population orqanizes 

itself in adapting to a constantly changing .yet restricting 

environment" (Dunlap and Catton. 1979":251). As with systems 

analysis in general, human ecological frameworks offer "a 

useful conceptual device for viewing the interactions of human 

societies with their- environments" (Dunlap and Catton, 

1979:251). This opinion is also held by Murdock (1979), who 

elaborated on the important contribution that can be made by 

human ecological models in organizing social impact 

assessments. 

Hardy (1977) developed a human ecological model for the 

study of New England lakes. He studied the changing trophic 

status of six Ne w England lakes, and how those changes w~re 
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related to social and environmental factors. His model 

illustrated the general interactions between three major 

dynamic systems. One is the social system, primarily 

represented by urbanization, another is the ecological/physical 

syscem, represented by the lake and its watershed. The product 

of this interaction is included as a third dynamic system, "a 

system of attitudes and political and personal decisions by 

affected social groups leading to conflicts, accommodations, 

and ultimately to laws. institutions, regulations, and 

management practices" (Hardy, 1977:24). 

The res~archers developed a list of research elemen~s for 

each of the dynamic systems (Fig. 2.). An interdisciplinary 

approach was then utilized to study and gather data on thos~ 

research elements. The result was a general discussion of the 

changing uses and conditions of six New England lakes. The 

researchers found their approach to be extremely useful in 

exploring the complex processes that relat~ to water use and 

which need to be understood when planning solutions to wat~r 

quality problems. The researchers admitted that their findings 

were very general and that a major contribution of their 

project was generating a list of research needs, including: 

1. Establishing key socio-economic variables for 
inclusion in lake classification systems; 

2. analyzing the impact of population distribution, 
growth, tr~nds, and changes in lifestyle and 
attitudes on lakesheds of the region; 
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3. analyzing the relationship between land values and 
lake quality characteristics; 

4. identifying quantitative and qualitative 
components for determining socio-economic values 
for different types of lakes; and 

5. analyzing the feasibility of local 
interjurisdictional agreements for lake management 
(Hardy, 1 977) • 

Only the first research need is directly addressed in this 

research. Of greater co~cern is determining how numan activity 

is related to trophic status. The research below more 

specifically addresses this relationship. 

Th~ ~Y§tem-iatershed ~ncep1 

O'Sullivan {1979) discussed a model for study1ng lak~s, 

the ecosystem-watershed concept, vh~ch provides a conceptual 

framework for integrating the approaches and findings of 

ecology, hydrology, limnology, meteorology, and the social 

sciences. The concept requires an interdisciplinary app~oach 

to the study of lakes that is based on the interrelationships 

taking place within the lake's watershed and ecosystem. 

o•sullivan•s model (1979:278) illustrates the relationship 

between major factors in the ecosystem-watershed (Fig. 3.). 

With each factor he included a description of the type of 

variables that could be studied. The feedback loops are 

illustrated to stress the interrelationships that are 

constantly taking place vi thin the systea. 



Feedback 

Figure 3. 

31 

CULTURAL SYSTEMS 

Agriculture, Forestry, 

Settlement , Mining, 

Urbanization, 

Industrialization 

ECOSYSTEM•WATEASHED 

Changes promoted by 

changes in cultural 

components of system 

OUTPUT CHANGES 

Increased run-off and 

sediment yield , changes in 

biological productivity, 

landform changes 

Ecosystem/Watershed Concept 

Feedback 



32 

Formerly, the water's edge _ was tile boundary of study for 

lake problems; more recently the watershed became the boundary; 

and presently it is recognized by physical and social 

scientists that the boundary of study can be further extended 

to include the ecosystem of the lake. With a goal to 

completely understand lake problems and to develop effective 

solutions, researchers are confronted with the overwhelming 

task of structuring the li~tless boundries in the search for 

causes and relationships. The search is a striving to obtain 

an understanding. The systems approach, the human ecological 

models, and the ecosystem-watershed concept all str~ss that an 

understanding of environmental problems must depend on an 

interdisciplinary analysis. 

HUMAN INFLUENCES ON EUTROPHICATION 

PoQylatiQ!l. ~!"_Qwth 

Between 1970 and 1980 what has been called a «migration 

turnaround" took place in the Onited States. For the first 

time in the tw~ntieth century the rate of population growth 

(between 1970-1977) in nonmetropolitan America (9.1 per cent) 

exceeded that in metropolitan areas (5.4 percent) (Wardwell and 

Brown, 1980}. Rural areas are growing faster than they have 

since about 1900, when the rate of growth in rural America was 

about twelve percent {Beale, 1978). America is not b~coming 

more rural, nor are the cities being emptied. The number of 
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people in urban areas still remains very high, about 

seventy-five percent of the population. The "turn-aro~nd" is 

not unique to the United States. At least eleven other 

countries are experiencing tne same phenonmenon: Japan, Sweden , 

Norway, Italy, Denmark, New Zealand, Belgium, France, ~est 

Germany, East Germany, and the Netherlands (Wardwell, 1980). 

Important determinants of population growth in rural areas 

are: modernization of rural areas, presence of colleges, 

decentralization of manufacturing, growth of affluence, early 

retirement, recreation and preference for small towns (Wardwell 

and Brown, 1980). Also, advanced communication systems allow 

service- type industries to locate anywhere that a telephone 

and a computer terminal can be plugged in. Long and Hansen 

(1979) found that jobs are a main impetus for interstate 

migration. They utiLized census data to develop a sample of 

16,332, ? 00 people who had rece~tly migrated and found th~t 23.8 

percent moved because of job transfer, 23.6 percent moved in 

search of work, 7.9 percent moved to be closer to family, 5.1 

percent moved for a change of climate and 3.4 percent moved 

because of retirement (Long and Hansen, 1979). 

New growth in rural areas is especiaily important since 

some of the impacts may be long term and others may not he 

obvious for a few years. So the gQ£~~iQll of the impacts is an 

important consideration. The situation in rural areas is 

comparable to the baby boom of th.e ·1940's and 1950's. Th~re 

has been rural growth for ten to fifteen years. If the n~w 
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migrants stay and raise their families in rural areas, the 

impacts may last for several decades. Social change such as 

this (changes in social organization reflected in popul~tion 

migration) is "cumulative and evolutionary" (Wardwell, 

1980:109). 

A general view of historical population ~=owth in tne 

Western Onited St~tes shows that Idaho has only recently become 

one of the fastest growing states. The large increase in its 

growth rate indicates that it is the most recen~ly "discovered" 

of the Northwest states, whether it be for jobs, r9creation, 

retirement, etc. Only one county in Idaho lost population 

between 1970 and 1980 {Shoshone), in contrast to twenty one 

which lost population between 1960 and 1970. 

The study of the effects of th~s growth and change on the 

lak~s of Idaho is something of a reverse social impact 

assessment. There is no specific p~oject or governmental 

program that has caused the new trend, howeve~~ it is obviously 

a very real trend, as are its consequences. The environmental 

impact of this population growth is a planning issue on a 

local, regional and state level. 

In Northern Idaho, the possible impact on lakes has been 

recognized and regional planning has been undertaken. Kootenai 

County, containing some of the lakes in this study (Co~ur 

d'Alene, Fernan, Hauser, Spirit and Twin lakes) has developed 

the Kootenai County Lakes ~aster Plan (forthcoming). The 

purpose of this "lake use" plan is to encourage orderly qrowth 
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near la.lces and to control som'9 activiti~s tha·t may be harmful 

to water quality. The Idaho State Department of ijeal~~ and 

Welfare (IDHW) , Water Quality Division, has developed a Pend 

Orielle Lakes Master Plan (Stravens, 1982) and its purpose is 

similar to the Kootenai County plan. Both plans are ambitious, 

far-sighted attempts to control . what is recognized as a current 

and potentially worsening problem! population growth ncaa!:' 

lakes. 

To incorporate population growth into a model of lake 

eutrophication, t~o main indicators of population pressure on 

lakes are utilized in this study. 

( 1 ) Pop u la t i on g r o wt h with in 5 0 and 1 0 0 mi le radii 

The distance to a lake is recognized as an important 

consideration when studying human influences on the waterbody, 

primarily in terms of recreational u·se (Merewitz, 1966; 

Stevens, 1966; Tussey, 1967; Idaho Department of Parks and 

Recr~ation, 1967. 1977; Storey and Ditton, 1970). Tussey 

(1967) found that distance is one of the most important 

variables for determining reservoir use and in an evaluation of 

alternative distance measures, found that distance in air miles 

is a more significant measure than distance in road miles or in 

tiMe spent traveling. The Pacific Northwest River Basins 

Commission (1973) estimated that seventy-five percant of the 

recreational use in this cegion is by local resid~nts. The 

Commission (1971) also ~stimated that ninty peccent of the 
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total recreational demand genera ted from a population center is 

for sites with~n a 125 mile radius. The Idaho Department of 

Parks and Recreation (1977) has determined that in Idaho, fifty 

miles is ·the average distance for day use of recreation areas 

and 125 to 150 miles is the average distance for weekend trips. 

Corbett (1973) estimated that two-thirds of the ~isitors to 

Priest Lake live within 150 miles of the lake. Based on the 

findings of these researchers, population growth within 50 and 

100 air miles was estimated for each of the study lakes. 

(2) Population Growth Within the Lake Watershed 

The measurement of watershed population is based on the 

discussion of Moss (1980) and o•sulliva~ (1979). The watersh~d 

of a lake is as an important unit of analysis as the lake 

itself. 

Population data organized by c~unty was not appropriate 

for this study. County growth, as a measure of population 

dynamics, is a questionable basis for an investigation into the 

relationship between population change and trophic status in 

Idaho. Many lakes stradle county borders, many lakes lie close 

to state borders, and county lines don't appear to influence 

people's movement to a large degree. Also, the ~mph~sis h~re 

is on developing an ecologically-sound model of influences on 

lake trophic status. 
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~g:~~tiQ.!l 

Recreation is growing in Idaho and is projected to 

increase due to recent population growth in the region. 

Although recreation is often mentioned by Idaho lake managers 

as causing impair~d water quality, there is insufficient data 

available to substantiate that claim. The literature reveals 

that researchers nave been more concerned with the influence of 

water quality on recreational use than they have baen w~th the 

influence of recreation on water quality. In an annotated 

bibliography entitled, 1~1£~ !!nsl Rive_£ PoJJ:.!lliQ.!!, there is no 

mention of recreation as a source of pollution (Sinha, 1971). 

In David Jordening•s (1974) fairly comprehensive discussion and 

liter~ture review of causes of water quality impairment and th~ 

benefits of water quality improvement, there is no mention of 

recreation as a source of pollution, although many pollutants 

are discussed tnat could be int.roduc·ed or influenced by 

recreational activity. 

The studies chat deal with recreational influ~nces on 

water quality are inconclusive; some are contradictory. stuart 

(1971) found that after a watershed was opened to recreation, 

the stream became less polluted, while in similar studies 

Skinner et al. ( 1974) and Johnson (1975) found the opposite to 

be true. Funk (1977) believes that there is a positive 

relationship between motorboating and eutrophication in shallow 

lakes. This is very likely, since depth is one of the major 

variables in determining eutrophication pot~ntial (Moss, 1980). 
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Motor boating has been mentioned by Idaho lake users in 

relation to water quality problems in the Thorofare between 

Upper and Lover Priest Lakes and in some of the littoral lakes 

along the Couer d'Alene River (Rose Lake for instance). 

A few of the articles deal specifically with soil erosion 

(Manning, 1979; Kuss and Morgan, 1980) and lead to the 

conclusion that managers need to evaluate their present and 

proposed recr8ation sites on their soil characteristics, 

vegetation and recreational type and intensity. In Id~ho, on a 

county by county basis, the Soil Conserva~ion Service is 

currently compiling soil type classification surveys which 

comprehensively examine soil types and appropriate uses for 

each type (including recreation). 

Synder (1980) did a methodologically sound study of 

recreatonal influences on wilderness lakes. He concluded that 

increasing recreational
1

use of wilderness areas will result ir. 

large scale impacts on wilderness resources, primarily from 

livestock and man via erosion and bacterial contamination. 

The effects of recreation on trophic status is a 

relatively young area o£ study. Lake characteristics, and 

intensity and type of recreational use, need to be carefully 

evaluated. The prevalent interest in the influence of ~ater 

quality (including trophic status) on recreation needs to be 

maintained, while the influence of recreation on trophic status 

is a research area that needs further study. 
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In summary, the theor~tical basis of thi~ study is a 

systems approach, emphasiz~ng the human ecological models and 

specifically utilizing the ecosystem-watershed concept for 

relating human activities to lake eutrophication. A systems 

approach allows for the most general overvi~w of environmental 

problems; the human ecological approach is conducive to 

interdisciplinary study and in interrelating social and 

environmental variables; and the ecosystem-watershed concept 

appears to be the most accurate, graphic representation of 

interrelated influences on cultural eutrophication. 
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CHAPTER III 

METHODOLOGY 

SOURCES OF DATA 

As a first step in determining which factors are 
.... 

influencing the trophic status of Idaho lakes, a brief 

questionnaire was sent to forty lake managers asking them to 

indicate the factors affecting the trophic status of the study 

lakes with which they were familiar. They were also asked to 

supply information or data available on lake conditi~ns. 

The questionnaires revealed that there was limited 

information available on the 9ultural eutrophication of Idaho 

lakes. To obtain the information requested, a network was 

initiated that involved approximately fifty individuals 

representing a variety of agencies in Idaho, oregon, 

Washington, Utah, British Columbia and Alberta. Letters, the 

primary form of communication, were very affective in most 

cases _except when much general information vas required. 

Sometimes a conversation was the only way to gain a full 

understanding of vhat information was available at a particular 



---------------------------------------- ----

42 

agency. Also, a phone call was resort~d to when a letter did 

not elicit a response. 

The contacts resulted in data and information that was not 

available in the literature. Recreational use data · is 

especially uncentralized, hard to find, and simply unavailable 

for many Idaho lakes. The Idaho Department of Parks and 

Recreation, Army Corp, and the BLM provided data for the lakes 

under their jurisdiction. For the other lakes, recrgation data 

had to be requested on a lake by laka basis. 

~9:.!.~ yisit§ 

During the summer and fall of 1981, an attempt was made to 

visit every study lake in order to gath~r the limniological 

data necessary for a determination of trophic status. 

This researcher participated in about thirty-fiv9 lake 

visits. Major duties during each like visit included: 

charting the dApth profile using a sonic d ~pth fin ~e r; 

measuring water clarity with a secchi disc; collecting water, 

sediment, and plankton samples; and charting the 

oxygen/temperature profile. The visits also contributed to a 

better understanding of lake use in Idaho through observations 

and discussions with lake users and aided in later 

interpretation of maps and aerial photos. An example is that 

useage patterns at some of the southern reservoirs differ 

greatly from those at northern lakes. Fishermen and boaters 

will approach the desert reservoirs (Salmon Falls Creek, for 
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example) by any number of dirt roads, and, water level 

permitting, will drive along the shoreline, fishinq and 

launching their boats. on Salmon Falls this increases the 

number of recreational accesses from the one provid~d at the 

dam, to fi-ve, located at various points around the reservoir. 

A large amount of map work was necessary to obtain some of 

the data. Since lake watersheds were to be studied as 

ecological units, accurate watershed maps were a necessity. 

The base map for the watersheds is the ffYd£QlOgi£21 Qgi! 

~~~121!~ ~at~ Qf £g~ho (U.S. Geological Survey). The 

watersheds were transferr~d to this map from topographic maps 

and watershed maps available at the University of Idaho Water 

and Energy Resouces Research Institute. An identical watershed 

base map was us~d by the 9cono11ists 'and this researcher to 

determine watershed size (in sq. miles) and watershed landuse 

(by seven major categories). A ~~Q~g~~2h was used to enlarge 

census subdistrict maps (Bureau of the Census, 1981) to the 

same scale as the watershed base map so that subdivision 

boundries could be traced onto the base ~ap. This map became 

the basis for determining watershed populations. 

The Institute's maps were extensively used, as was the 

eleci~nic graEhic2 ~lc!!lll2£, which is a device for 

electronically measuring distances and areas on maps. The maps 

utilized were: 



General Highway Maps of c ~ 1nt i es (Idaho 
Transportation Department, 1976-1978) 

surface Management Status Maps (Bureau of Land 
~anagement, 1979) 

7.5 minute topographic maps (U.s. Geological Survey, 
usually early 1 96 o• s) 

Forest Service Maps: 
Clear-water National Forest ( 1980) 

Coeur d'Alene National Forest (1972) 

Sawtooth Natonal Forest (1972) 

Selway Bitterroot Wilderness (1980). 

These maps were also used for collection of much of the 

recreation, development and road data, and aided in determining 

areas of sparse population within watersheds. This 

information, supplemented by aerial photos and lake visits, 

allowed for collection of data of a 'high degree of reliability. 

Every project team member partici pated in at l east one lake 

visit. They recorded recent population and landus~ changes 

near the lakes and acted as final checks on data vali d ity. 

Aerial photography proved to be extremely useful as a data 

source and supplement in the gathering of social science data 

for this project. Prior to viewing any aerial photos, the 

researcher completed a week-long workshop at the Univ~rsity of 

Idaho on aerial photography an d aeri a l photo interpretation. 



45 

There are many reports in the literature on the use of 

aerial photos in social science research. A few writers dealt 

primarily with archaeological applications of aerial photos 

(Lyons et al., 1980; Lyons and Avery, 1977; Vogt, 1974). These 

were useful for their introduction to aerial photo 

interpretation and offered clues for interpreting very subtle 

differences in landscape features. 

Stokes (1950) was the earliest to write about sociological 

applications of aerial photography. He concluded that the 

cultural landscape may be studied with greatly reduced time and 

money. He believed that familiarity of the landscape is highly 

desirable but not essential, and if field investigation is 

required, "the time needed to satisfactorily complete such 

investigation will be materially reduced by a careful 

photographic study made prior to going into the field" (Stokes, 

19 50:4 0) • 

Green (1957), Green and Monier (1959) is somewhat of a 

pioneer in aerial photo interpretation by social scientists. 

In 1957 he used aerial photos in an attempt to differientiate 

between residential sub-areas within six different cities. In 

1959, he further examined his earlier study and discovered that 

discrepancies in the photographic observations were distributed 

non-randomly. Systematic correlation factors could then be 

constructed through knowledge of the nature, amount, and 

direction of photodata errors (Green and Monier, 1959). 
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Silberman (1959) did a short ground survey in Kenya to 

determine the average numheL of people in a certain type of 

complex, then counted the complexes by air. He believed that 

the aerial survey resulted in more exact classi£ication and 

description of social structures and housing types. Mumbower 

and Donoghue (1967) used repetitive photo coverage to study 

changes in poverty areas of cities. 

Harrington and Tocher's (1967) aerial recreation inventory 

of mountain lakes and streams concluded that some field 

checking is necessary. Nettles (1974) studied landuse changes 

in watersheds and stated that "periodic aerial photos ••• are an 

excellent method for determining progrgssive landuse chang~s in 

watersheds" {Nettles, 1974:51). 

In an extensive analysis dealing with the accuracy of 

estimating the population of four u. s. cities with aerial 

photos, K·raus, et al. (1974) found a· maximum error factor of 

nine percent and a composite underestimate error of about five 

percent (4.5%). The error factor represents the difference 

between their estimates and the actual population as report~d 

in the 1970 census. They offer three recomendations: use the 

largest scale photo that is available, expand residential 

landuse classification systems to account foe a wide range of 

r:-esident ial lot sizes, and attempt to account for "hidden .. 

residential uses within commercial districts. 

Two experts in aerial photo interpretation offer 

suggestions and advice which are worth consideration. 
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O'Mallery (197~ cautioned that scale and sensor type must 

always be taken into account. Incorrect scale selection 

usually leads to attempts to extract more data from an image 

than is available on the image. Correct sensor selection 

(color, color-infrared# black a~d white, etc.) is equally 

important in that some components of the the rural landscape 

are well enhanced on an image of one sensor type and not so 

well on another. O'Mallery (1978) noted that remote sensing, 

while not the total answer for investigating the rural cultural 

landscape, provides a.n additional tool for the investigator. 

Peplies (1976) suggested that three approaches can be used for 

cultural and landscape interpretation of aerial photography: 

consider the image as a direct r eprese nta tio n of the object, 

consider the image as a surrogate or proxy of the object, or 

consider the image as a direct representation of an object 

which is normally not detectablle wit.h the human eye. For 

example, in attempting to de·termine population of a watershed, 

houses might be counted and the total would represent the total 

number of households in the watershed. or, each house might be 

interpreted as representing a family and the population of a 

watershed could be estimated from the number of houses, as was 

done above. Finally, an increase in the number of houses in a 

rural watershed, observed in aerial photos taken over time, 

might be interpreted as an indicator of social change, such as 

an increas-e in in-migration, an increase in affluence of the 
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local populatio~, or an increase in the desir~ for a rural 

lifestyle. 

For this study, aerial photography was used in the later 

stages of the project. The photos were used to check the data 

and to - f~ll in some of the miss~ng data. The data that 

especially needed to be checked and updated was percentage of -

shoreline with a road and road-type; number of recreational 

accesses on the lake; and percentage of shoreline that is in 

hard recreational development. 

Reviewed first were the photos taken especially for this 

project. These are low altitude photos that have excellent 

detail. They were shot at about 3,000 feet above the lake 

surface and are at a scale of about 1:3000. They are not 

stereo pairs as an attempt was make to cover each lake with the 

least amount of photography possible. They are color 

positives, best viewed on a light table with the aid of a 
I 

mag n i £in g g 1 ass .. 

Their utility in social analysis is somewhat limited by 

two factors. One is that there is only partial coverage of the 

large lakes because only ~andoa shots of the shoreline were 

taken. The other limiting factor is that due to budget 

limitations, not all of the study lakes could be photographed. 

But for the lakes that are completely photographed, the photos 

are very revealing because they are very current and shot at 

low altitude. 
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The other aerial photos that are extensively utilized are 

the U-2, NASA photos available at the University of Idaho, 

College of Forestry~ Remote Sensing Center (RMC). These are 

high altitude flights~ flown at approximately 60,000 feet and 

are at a scale of 1: 125,000. The photos used for this project 

were primarily color infra-red transparencies and are vieved on 

a light table as stereo pairs. The ease of viewing and the 

photos• utility dr~ much improved by the use of an 11 0ld Delft" 

scanning stereoscope. The old Delft sits on a light table and 

two photos are placed under it. Focus and st~reo image dials 

are turned until the correct image comes into view. The photos 

can then be scanned by simply turning the dials. This scanning 

feature allows for easy viewing of lakeshore areas. The Old 

Delft also has magnification capabilities of up to 4.5X. 

Fortunantly, some form of a€rial coverage is available at 

the University of Idaho for every study lake except Henry•s 

Lake and Pallisades Reservoir. The Clean Lakes project photos 

have good coverage of the northern half of Idaho, but not of 

the south; while the u-2 coverage available at the RMC is 

primarily of the southern half of the state. 

The lakes project photos were used to confirm the number 

and location of recreational accesses. These are very visible 

in the form of parking lots, beaches, and campgrounds (referrod 

to here as "hard" recreational development). Percentage of 

lakeshore in urban, housing, resort, and hard recreational 

development can easily be estimated on the u-2 photos. A 
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measure of "soft" development was attempted early in the data 

gathering but was subsequently dropped from the analysis. Soft 

recreational development represents the percentage of the 

shoreline that is in trails, or else is public land · potentially 

Qsed for low impact recreational activities such as hunting, 

hiking, or picnicing. Measurement of trails, with even the 

large scale photos proved to be very difficult .. In many cas·as, 

trails and even small roads tha~ were known to ~xist, were not 

visible in the aerial photos due to a dense tree canopy. If 

necessary, this problem could be overcome by estimating trail 

location from the partial sections of trail which are visible 

through sporadic openings in t .he tree canopy. Cal!l ping areas 

are usually visible because the surrounding tree canopy is 

often open and is often accompanied by a lack of vegetation. 

The u-2 photography most extensively utilized, identified 

by their date, flightline numbe-r, an·d lake names included: 

1. 19 72 7 2-186 

2. 19 73 7 3-172 

3. 1973 7 3-151 

4. 1975 75-169 

Anderson Ranch, Mt. Home, American 
Falls, Little Camus 

Bear, Blackfoot, Mackay, Soda Pt., 
Twin Lakes Res., Portneuf, Lamont 

Manns~ crane Ck. 

Payette, Cascade, Upper Payette, 
Deadwood, Warm Lake 

These photos proved to be excellent data supplements in some 

cases, especially for those lakes which this researcher did not 

visit personnally. Some roads that appear on a map to be right 
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on the shoreline, were revealed on aerial photos to actually be 

on the other side of a ridge or hill. Road type is also easily 

checked on U-2 photography, as are most of the recreation 

variables in this study. As mentioned above, human · development 

is sometimes not visible due to a tree canopy. This is vhen 

experience in interpretation, knowledge of the area, and 

imagination are use£ul • . Small roads - driveways - leading into 

clumps of trees on the shore give clues of hom~s on the 

lakeshore. Another clue. provided the time of the photography 

is between ~ay and September, is the presence of docks on the 

lakeshore. They are very visible when homes o£tan may not be. 

The U-2 photos are also used for a few lakes to suppl~ment the 

watershed population data. Watershed boundries are easily 

found under a stereoscope and a complet~ watershed for a small 

lake can often be viewed in one pair of photos. 

As a check on population estima-tion from u-2 photography, 

the researcher chose a census subdistrict which has available 

census data; has borders easily recognized on aerial photos; 

and which is entirely included in two to four aerial photos. 

The Hagerman subdivision in Gooding County was chosen as a test 

case. Th~ photography available for the Hagerman division was 

taken in 1972, so the interpreted population estimate was 

checked against the 1970 census figure. 

The researcher counted 170 rural dwellings on the photos. 

This figure is an estimate since a few dwellings are hidden by 

tree canopy, a few barns and shops are counted as dwellings, 
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and the exact boundries of the the town of Hagerman were 

undetermined. The next step of the process vas to multiply 170 

times the number of persons in each dwelling. In Idaho, in 

1970, the average was 3.17 and in Gooding County it · was 3.00. 

Multiplying 170 times 3 equals 510 people. The ·actual rural 

population in 1970 was 683; thus it is underestimated by 

twenty-six percent, which is much higher than Kraus's (1974) 

reported error of five percent. However, assuming that the 

average number of people per nousehold is greater in rural 

areas than in cities or towns, and is estimated at four people 

per household rather than three; the revised gstimate of total 

rural populdtion becomes 680 people, which is almost identical 

to the census figure. 

In conclusion, the findings are very positive for aerial 

photo interpretion for social science investigation. This has 

been reported in the literature. beg1nning with Stokes (1950). 

More recently, social science researchers have rigorously 

tested aerial photos against other data sourcgs and they also 

have favorable reports {Kraus, 1974; Nettles, 1974; Mumbower 

and Donoghue, 1967). 

The next section describes in detail the data collection 

procedures for the demographic and recreation data. Data for 

some variables were coll~cted, but weren't utilized in the 

final analysis. The complete data sets ar~ provided in tables 

where appropriate. The data used in the analysis are provided 

with the complete Clean Lakes Project data set (Appendix A). 
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POPULATION DATA 

~~§.£§. h·e ~ Pg_ E. u la !i2!! 

To obtain an indicator of population pressure on a laka, 

an attempt was made to determine population growth within 

watersheds (Table 1.). The first stage of data collection 

involves overlaying census subdistrict maps on watershed maps. 

The Lake Coeur d'Alene watershed is a good ex~mple of a 

fairly close match-up betwe€n census subdistric·t lines and the 

watershed boundry. Coeur d'Alene also illustrates the type of 

assumptions that have to be made with most watersheds. First 

of all, the watershed boundry runs through ·the middle of the 

Coeur d'Alene census subdistrict. After the population of the 

towns within the subdistrict are se~arat~d, such as the town of 

Coeur d'Alene which falls within the watershed and the town of 

Hayden which falls without, then the popul~tion of the rural 

area has to be apportioned. With no cen~us data available on a 

watershed basis, an assumption has to mad~ on what percentage 

of the subdivision's total rural population lies within a 

particular watershed. This is where the other information 

sources are very useful. Forest Service maps are extremely 

useful for some areas. They illustrate cultural features such 

as houses, farms. and businesses, and differentiate between 

private and public land. Aerial photos also contribute to an 



Table 1 • Population Data. 

~!!~ll§ll~Q £QfYLJ!!Q! fQfQ!!I!Q! ~!!H!~ l!fi! ttl!~§ fQfY1!!!Q! ~!!H!! 122 ~!!~~ 

12~2 1212 12!H! 12~Q 1lJ72 .12!!2 l2~.Q 121.Q 12!!Q 

AL1'UHA!i L 0 0 0 1830 2465 3602 228058 249909 355676 
A~l81CAN FALLS R 80877 85480 107509 10241 108405 134082 283529 327948 412501 
ANDERSON RANCH H 110 ~4 ti7 106004 126634 180969 270749 292899 4115 70 
AFHOWBCCl\ H 155 112 374 179950 ~03ti75 2956116 258234 281087 394100 
A!iUTO~ B 1242 1187 1219 999 8911 1200 2 13 84 80 156 82 3 199615 
BASIN L 0 0 0 13 9ti5 13087 15287 230915 246493 282224 
DAYIIOdSE L 0 0 0 1830 2465 3602 228058 249909 355676 
BEAB L 1205 1105 1366 74419 76599 97365 647710 77282ti 10481165 
BENEWAU L . 130 215 363179 382 564 454027 488819 512057 597492 
BLACK CUIYOII B 30«.:14 2908 4054 179950 203875 295646 258234 281087 394100 
BLACKFCOT 8 . 300 800 12161 129279 165400 267000 278286 356350 
BbOWNLEE 8 23714 20884 23225 105753 110032 143649 275948 297420 407354 
C J STRIKE B 17180 17882 22072 112339 131848 19739 8 274591 298411 417772 
CASCADE B 1592 1378 2073 9188 8687 11190 190441 267280 365197 
CAVE L . 150 190 363179 382564 454027 488819 512057 597492 
C ED AU C liE EK 8 11 13 32 6311 61361 80304 125797 132764 163720 
CCCOLALLA L 548 603 1366 81117 88690 126291 469424 498799 617913 
CBANE CHEI::K 8 334 295 270 105753 110032 143649 275948 297420 407354 
l>fACWCOD 8 . . 110 11336 11526 15464 190441 2672UO 365197 
DEEF CREEK 1< . . 40 741119 76599 97365 647710 772828 1048465 Ul 

0\iOB!iHAK B 2372 3232 2769 91185 108634 119009 50 36 22 532772 630397 += 

ECHO L 0 0 0 13985 13087 15287 230915 246493 282224 
ffl(NAN L . 637 1244 344837 358092 443303 49 50117 532634 638230 
GEtt L 0 0 0 13985 13087 15287 230915 246493 282224 

~ 

GCLDEN L 0 0 0 1778 20873 27071 138480 156823 199615 
GCOSF. L 0 0 0 9188 8687 11190 19 04 41 267280 36 ~ 197 
HAUSER L 582 760 1520 33A618 348372 440754 44 0455 474027 590742 
llA 'i DEN L . 2692 . 5525 344837 358092 443303 495047 532614 638230 
IIEDEVIL L 0 0 0 13985 13087 15287 230915 246493 28222q 
lU.LLS CANYON R . . 80 13985 13087 15287 230915 246q93 282224 
HENBYS L 50 48 122 999 8911 12002 138480 156823 199615 
HCODOO L 274 302 683 81117 88690 126291 469424 498799 617913 
ISLAND PARK R 173 206 4 Sq 1778 20673 27071 138480 156.82] 199615 
LAKE fEND O~ElLLE 10771 1090 4 16582 81117 88690 126291 469424 498799 617913 
LAKE CIIATCOLET . 584 1562 363179 382564 454027 488819 512057 597492 
LAKf COEUa ~'ALENE . 4579) 5119)4 344837 358092 443303 495047 532634 638230 
LAKf WAHl . 10 15 93616 110924 123452 238444 265450 309199 
LAKE LOWELL 20397 22448 27183 191401 215 828 309962 24 3614 266282 368529 
LAKE ~ALCOTT 2599 2455 3154 58740 62007 75084 18 5811 176209 216671 
LAl1CNT li I 136 113 147 74419 76599 97365 647710 772828 1048465 
LI1'~LE CAt1US 8 55 442 44 10604 126 634 180969 270749 292899 411570 
LITTL~ WCOD R . . 10 53819 53779 71583 255610 286759 390475 



Tabl~ 1 • (cont.) Population Data. 

~!Illl~~EQ fQfY~!!lQ! fQfY1A!IQH ~l!Hll llf!l ttll'~ fQ£Q1!IlQ! Kl!Dl! 1~2 Dl'~~ 

1~1!2 1~12 l~!H! 1222 1212 12!!2 .12~2 121Q .12~ 

LCWEU PRIEST L 761 813 1324 55653 54653 69216 463985 496510 612144 
LCWEM BERNAND L 0 0 0 13985 13087 15287 230915 246493 2824!24 
LUCKY ftAK 8 288 294 6GO .11950 203875 295646 258234 281007 394100 
"Ac &a.·ru ua L 177 106 302 30495 lOJ 10 41402 435516 454396 571468 
ftACKAY H 255 3~0 350 12421 10125 12824 223372 249029 30'J075 
ftAGlC ji 4169 5076 965J 5Jd19 53779 71583 255610 286759 )90475 
ftlNN 1 S L . 10 15 91616 110924 123452 238444 265450 309199 
nANN'S CREEK R 144 123 143 10553 110012 143649 275948 297420 407]54 
ft1Lh£ti D 28542 30840 36675 58740 62007 75084 1d 5811 176209 216671 
ftCOSf CllEEK 8 . . . 91185 108634 119009 503622 532772 630397 
ftCiiftCN li 50 40 48 53619 53779 7158) 255610 286759 ]90475 
nCUNl'Aia. HOlt£ B 45 51 93 10604 12bb34 180969 270749 292899 411570 
ftUlcTAUt,;H LAK£ 8 1379 1086 1097 58740 62007 15084 18 5811 176209 216671 
ftYnTL£ L 0 0 0 55653 54853 69216 463905 496510 6 .12144 
OXbOW H . . 64 105753 110032 143649 275948 297420 407154 
PALISADES B 4570 4590 6<)05 67136 78083 105491 18 838 2 277566 260779 
PAYfTTE L 1877 21.31 JOl8 )8d 6697 11190 190441 267260 365197 
£1t.l<KlNS L . :lO 30 23330 25842 31826 310308 343049 437008 U1 

~, 

P t ·r IT L . . 80 18]0 2465 3602 228058 249909 355676 
f<;liTN.EUP H 1 0 0 121561 129279 165400 267000 278286 356350 
OUJfiSU L . . 40 1830 24b5 3602 228058 249909 355676 . 
RI~ll'.: li . 345 925 93462 105336 136009 20266 1 214639 216688 
RCS£ L . 150 190 363179 382 564 454027 48 8819 512057 597492 
ltCUlW L 82 91 205 81117 88690 126291 469424 498799 617'J13 
SALMON f'ALLS B 39 41 69 63711 61361 80304 125797 132764 1637 20 
!itVIN DEVILS L 0 0 0 13985 1)087 15287 230915 246493 282224 
SHELl' L 0 0 0 13985 13087 15287 230915 246493 282224 
!iiLVEB L 13 12 30 17278 20873 21071 138480 156823 199615 
SC01 fOLNT H 7170 6958 890lf 121561 129279 165400 261000 278286 356350 
SCLtll8!i ftEADOW B . . . 9lb16 110924 123452 238444 ~65&450 309199 
!ifl81 'f L 953 1024 1980 33H6Ht 348372 440754 463979 498831 616286 
S'lANLEY L 0 0 0 1810 2465 3602 228058 249909 355676 
.:i'l EVENS L 0 0 0 48562 50514 57867 552644 603857 729269 
SWAN L 0 0 0 363179 382 564 454027 488819 512057 597492 
SWAN fALLS R 371 413 57] 11239 13184 8 197398 274591 298411 411772 
TCLO L 0 12 48 9108 8687 11190 190441 267280 365197 
TblYl 'fY L I . . 36 10604 126 634 180969 270749 292899 4115 70 
TWIN LAKES UPPEB L 174 270 764 338618 J48J72 440754 463979 498831 6162e6 
TWIN LAKES LOW~& L 174 270 764 338618 348 37 2 440754 463979 49t1831 6162 86 
TWIN lAKES NObiH 8 46 38 J6 744l9 76599 97365 647710 772628 1048465 
T•IN LAKES SOUTH Q 4b 30 ]6 74419 76599 97365 647710 772828 1048465 
U ( l lU il & I ES 1' L 0 0 0 55653 54853 69216 463985 496510 612144 
UfPflt bEliNlliO L 0 0 0 13985 13087 15287 230915 246493 2A2224 
WARft L . 160 210 9188 8687 11190 190441 267280 365197 
iJJLLlAlSS L . . 144 8812 8 513 10845 11006] 105198 115745 
WILSON LlKB i 433 396 496 5 874 0 62007 75084 185811 176209 216b71 
W lNCUt.S'IEO L '1514 318 397 9)616 11092 4 123452 2J8444 265450 30919'J 



56 

understanding o.f population distribution near some of the 

lakes. 

The estimate of rural po~ulation is made in one of tvo 

ways. Either the entire census subdivision is analyzed and the 

rural population apportioned on a percentage basis, a certain 

percentage of the subdistrict's rural population falling within 

the watershed; or else the houses visible on the maps and the 

aerial photos are counted and 11ultiplied by the average number 

of persons per house. As discussed above, four is the average 

number of people per r~ral household used for this study. 

Utilization of population figures derived in this manner, 

either to discuss population growth within a watershed or to 

compare 1980 population within different watersheds, involves a 

few assumptions. To apply a percentage population figure 

derived for one year (usually 1970) to the census population 

for two other years (1960 and 1980) ~ssumes that the growth 

rate of the watershed is identical to the growth rate of thP. 

census subdivision. The numerous factors influencing human 

migration and settlement patterns make this a questionable 

assumption. In order to improve the validity of the figures, 

they are evaluated and adjusted to other sources of 

information: personal knowledge, aerial photos, and Idaho 

publications, ie. Payne (1976,1977) and Idaho Department of 

Water Resources (1975) 
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The other reason to study population growth is to better 

understand recreational lake use. Including potential user 

population f~gures into an analysis of trophic stat~s problems 

helps to define the extent of the potential · user population. 

These are sociological extensions of the lake ecosystem which 

include the people within fifty and one hundred miles of a 

lake. These extensions are la~Y§~ S,£g~§, fifty miles 

representing day use and one hundred miles representing weekend 

use (Table 1.) • 

The method for determining population growth within the 

two selected distances of each lake is fairly simple. on 

standard state highway maps, circles are drawn around ~ach lake 

which represent the area within fifty and one hundred miles of 

each lake. The center of the circle is usually the center of 

the lake for the smaller lakes,. and 'is a major recreational use 

area for the larger lakes. The procedure for determining the 

population within the use areas follows these steps: 

1. A circle is drawn on an Idaho road map as well as 
on maps of neighboring states and Canada that 
represents the area within fifty miles of the 
lake. 

2. All counties falling completely with the circl~ 
are listed. 

3. All the census subdistricts which are outside the 
counties listed in (2), but which fall completely 
within the circles, are listed. 
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ij. All the cities and to~ns within the circl~, but 
not includ~d in (2) or (3), are listed. 

5. The populations of the counties, subdistricts, 
cities and towns are gathered from the census data 
and listed for the years 1960, 1970 and 1980. 

6. The total population within fifty miles for 1960, 
1970 and 1980 is then computed by adding the 
population figures. 

7. The procedure is repeated foe the one hundred mile 
radius. 

There are two modifications of this data procedure. One 

is that the population of an entire county is included if the 

portion of it falling outside the circles lies compl~tely 

within a national forest or else is known to bo a very sparsely 

populated section of the county. The other modification is 

that when two or more lakes lie within twenty-five miles of 

each other, they are given the same ·lake use areas. 

Pend Orielle, Cocolalla, Hoodoo and Round lakes h~ve th~ 

same use areas, as do Coeur d'Alene, Hayden, and Fernan laKes. 

There are many other· groups of neighboring lakes, as is 

apparent from the data, and these lakeuse areas are fairly 

evenly distributed throughout the state. Almost any lake in 

Idaho will fall within one of them so that the population of 

any lake's lake use area can be easily estimated. 

RECREATION OAT A 

An attempt was make to gather as much actual recreational 

use data as is available for the eighty five study lakes. 
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Data was compiled for only twenty eight of those lakes. As a 

result of such a small sampling, the data will not be used in 

the analysis, but is displayed and discussed in the final 

chapter. 

Data vas collected to serve as indicators of lake 

accessibility, human development on the lakeshore, and 

recreational access (Table 2.). They are substitutes for 

recreational use data which is unavailable for most lakes. The 

following description of the variables elaborates on the 

particular data sources for each variable. In most cases the 

most recently published source is consider~d most accurate, but 

not always. The aerial photos usually predate the maps, yet 

the information they convey is often much more revealing. 

Roadtype or presence of a camping area will often be revealed 

in a photo and not be present on a map. 

The variables fall under three ·main headings: 

li.Y!!Qgf: of fig~~ll_io!l !££g§§~ - This figure is 
primarily derived from the Outdoor Recreation 
Facilities Inventory (Idaho Department of Parks 
and Recreation, 1980), supplemented by: forest 
service maps and publications, other agencies• 
publications, aerial photos, state and county 
pamphlets, and personal observation. This figure 
varies from "1" for the mountain lakes to "12" for 
lake Coeur d'Alene. 

Number of Road Accesses - The number of directions by 
---which-a-lake-can-se-approached by road. This 

value ranges fro11t "0" for lakes that have only 
trail access to "4" for those lakes which can be 
approached from any direction. This measure has 
been subsequently dropped from the analysis. 



Table 2. Recr~ation Data 

HILES I DISTANCE TO HAJOR HIGHWAY I DEYELOPftENT ON THE I SHORELINE ROAD I 
' TO I or ROADTYPE I SHOHELINE (~) I BY ROAD'l'YP~ (') I 

RO&D REC I'SAJOR I I I I 
!f~_g~~ .!££~~~ 1!!~!! !~I£~!!!!!!! ill!!!]!: .21.1!! !!!!!!: 1!H!.D!! .!!!H1~!~ !!!!H! llilf! 1 f!!~Q ill!E!.Y.t:!! 1 

ALTUIUS L 2 3 6.00 6.00 o.o o.o o.o o.oo 0.02 0.02 0.02 0.40 0.2'» 
Aftf.RICAN PALLS S .. 1 0.10 0.10 o.o o.o o.o 0.02 0.05 0.01 . 0.10 0.2S 
ANOEkSON BANCH B 2 5 5.00 3 .oo 2.0 o.o o.o o.oo 0.02 0.02 0.50 0.10 0. 50 
AIUWIIIBCCK B 2 2 1.00 1. 00 o.o 0.0 o.o o.oo 0.00 0.01 0.99 . 0.02 0.40 
ASi110H 8 l 'J. 0.10 0.10 o.o o.o 0.0 o.oo 0.01 0.01 0.04 0.02 o.os 
BASIN L 1 1 19.00 o.oo 7.0 1.0 5.0 o.oo 0~00 o.oo 1. 00 o.oo o.oo 
DAYHOSSE L 1 1 16.00 a.oo J.O 5.0 o.o o.oo o.oo o.oo 1.00 o.oo o.oo 
tiEAB L .. 2 0.10 0.10 0.0 o.o o.o 0.02 0.40 0.05 . o. 40 0.50 
Bt.:NEIUH L 2 1 1.00 1.00 o.o o.o o.o o.oo 0.20 o. 10 0.65 0.80 o.oo 
BLACK CANYON B l 'J. o. 10 0. 10 o.o o.o o.o o.oo 0.02 0.02 0.73 o.so o. 10 
IJLACK FCOT 8 3 , 1s.oo · 12.00 3.0 o.o o.o 0.01 0.01 0.02 . 0.02 o. 10 
ISBOWNLEt: B .. 2 0.10 0.10 0.0 o.o o.o 0.10 0.05 0.01 . 0.05 0.50 
C J STIHKE 8 .. 6 0.10 0.10 o.o 0.0 o.o 0.10 0.10 0.01 0.59 0.10 0.20 
CASCAtE R 2 9 o. 10 0.10 o.o o.o o.o 0.05 0.04 0.05 . 0.05 0.50 
CAVf L 2 2 1.20 1.20 o.o 0.0 o.o o.oo 0.30 0.05 0.55 0.30 0.20 
CJ!CAO C.HEfK 8 1 1 1.50 0.00 o.o 1.5 o.o o.oo 0.00 o.oo 0.50 o.oo 0.21) 
COCOLALLA L 2 1 0.40 0.40 o.o 0.0 o.o 0.00 0.50 o. 10 0.00 0.60 0.20 
CRANE CliEf.K 8 2 2 11.00 8.00 3.0 o.o o.o o.oo o.oo 0.02 0.23 (). 10 0.10 
DEADWCOD 6 2 3 44.00 17.00 21.0 o.o 0.0 o.oo 0.05 0.02 . o.oo 0.40 
DEEF CBEEK R 2 10.00 9.00 1. 0 o.o o.o 0.00 0.02 0.02 O.JO 0.40 

~ . . 0 
DWOSSIIAK R .. 12 5.00 5.00 o.o 0.0 0.0 . o.oo 0.00 o. 10 0.90 o.oo 0.10 
ECHC L 1 2 22.00 0.00 7.0 7.0 8.0 0.00 o.oo o.oo 1.00 o.oo 0.00 
FERNAN L 2 2 0.10 0.10 o.o o.o o.o 0.10 0.20 0.05 0.60 0.40 0.00 
GEH L 1 1 2 1. 00 o.oo 7.0 7.0 7.0 o.oo o.oo o.oo 1.00 o.oo 0.00 

~ 

GCLCEN L 2 2 8.00 a.oo o.o o.o o.o o.oo o.oo 0.10 . 0.30 o.oo 
GCOSE L 1 1 9.40 J.OO 6.4 o.o o.o o.oo 0.00 0.02 . o.oo 0.40 
HAUSER L 1 2 1. 40 1.20 0.2 o.o o.o 0.10 0.25 0.02 0.03 0.90 o. 10 
fUID£111 L 1 J 1. 40 1.40 o.o o.o o.o 0.10 0.65 o. 10 o.oo o. 20 0.80 
UEOEVIL L 1 1 23.00 o.oo 7.0 7.0 9.0 o.oo 0.00 o.oo 1.00 o.oo 0.01) 
HELLS CANYON 8 1 1 22.00 22.00 0.0 o.o o.o o.oo 0.01 0.01 . 0.50 o.oo 
HENRYS L l 2 2.00 2.00 o.o o.o o.o o.oo 0.10 0.02 . o. 02 0.20 
HOOCOO L 2 1 7.40 5.4 0 1. 6 0.4 o.o o.oo o.oo 0.10 0.90 o.oo 0.20 
ISLAND PABK R 2 3 1. ·50 0.00 1.5 o.o o.o o.oo 0.10 0.02 . o.oo o. 10 
LAKE CifA'ICOLET ] 2 1. 50 1. 50 o.o o.o o.o o.oo 0.20 0.15 0.65 o.so . 0.00 
LAKE COEUB D'ALENE 4 12 0.10 0.10 o.o 0.0 0.0 0.05 0.65 o. 10 0.05 0.50 o. )0 
LAKE LOWELL 4 2 1. 00 1.00 o.o 0.0 o.o o.oo 0.00 o. 10 0.90 0.50 0.40 
LAKE f~ND OREILLE .. 9 0.10 0.10 0.0 o.o o.o 0.01 0.50 0.05 0.25 0.40 0.10 
LAKE WAHA 2 2 14.00 14.00 0.0 0.0 o.o o.oo o.os 0.02 . o.oo 0. 10 
LAKE WALCOTT .. , 15.00 15.00 o.o o.o o.o o.oo o.oo 0.05 0.95 o.oo o.uo 
LAl'ICNt B , 1 o. 10 0.10 0.0 0.0 0.0 0.02 0.02 0.02 . O.JO 0.45 
LI'I1LE CAHAS B 2 , 0.50 o.oo 0.5 o.o o.o o.oo o.oo 0.0) . 0.05 0.60 
LIT1Lf. WCOD M 1 1 10.1)0 s.oo 5.0 0.0 0.0 0.00 o.oo 0.05 0.86 0.00 O.O'l 



'l'ab 1~ 2. (cont.) Recceation Data 

ftlL!S I DISTANCE TO ftlJOB HIGHWAI I DBVELOPft!NT ON THI I SHORELINE ROAD I 
TO I DY BOADTYP! I SHOlUL I .. I (I) I 8 y ll0lD'1' YPE (I) I 

HOlD IUC ftAJOR I I I I 

!£~~~~ j£g;~~ l!l!f!l l~!fQl!Q!!I ¥!!!!!.!: !U!! !!!!1 l!UH!!! .!!2~.1~ J!ill ~!I l l.A!!D Jl!fJ!!R l .. 
LOWlb BUUIABD L 1 1 20.00 o.oo 7.0 7.0 6.0 o.oo o.oo o.oo 1.00 o.oo o.oo 
LOWI!il llWlE!aT L 2 9 2b.OO 26.00 o.o o.o o.o 0.01 o.so o.os o.os 0.20 o.so 

LUClV l'l!AK H l 4 o. 10 0.10 o.o 0.0 0.0 o.oo o.oo 0.02 0.47 0.15 o.os 
lUCAHTUUB L 2 2 1.00 1.00 0.0 o.o o.o 0.00 0.10 0.10 o.8o 0.15 o.oo 
IUCI(AY M 2 3 0.10 0.10 o.o o.o o.o o.oo o.oo 0.01 . 0.10 o. 20 
IUGIC R 4 6 8.00 8.00 o.o o.o o.o 0.02 0.10 o.os 0.48 o.os 0.20 _ 
ftAMh'S L 2 2 9.00 8.50 o.s o.o o.o o.oo o.o 1 0.01 . o.oo 0.30 
ftANN'S CHEEK B 2 1 1. 00 1. 00 o.o o.o o.o o.oo o.oo 0.02 . 0.40 0.20 
IULtit;M B 2 4 o. 10 0.10 o.o o.o o.o 0.10 0.10 0.02 0.08 o.os 0.10 
IIOO!if CHEEK 8 1 1 1. ao 0.00 1.8 o.o o.o o.oo o.oo o.os 0.95 o.oo o. 50 
ftOiftON II l 2 5.00 o.oo 5.0 o.o o.o o.oo o.oo 0.02 0.14 o.oo 0.05 
1\0Ut.TAlN HOI'l! B " 2 0.10 0.10 o.o o.o o.o o.oo o.oo 0.01 o. 93 O.lO O.lO 
IIUB1AU~H LAKE 8 2 1 1.00 1. 00 o.o o.o o.o o.oo 0.10 0.05 o.oo o.oo 0.05 
ftV&'lLE L 1 1 2l.t>O 6.00 10.8 2.8 ... o o.oo o.oo o.os 0.95 o.oo o.oo 
OlBCW W 2 2 35.00 35.00 '\ o.o o.o 0.0 o.oo 0.01 0.01 . 0.50 0.10 
PALJ~AUES 8 3 6 0.10 0.10 o.o o.o o.o 0.02 0.02 0.02 . 0.40 0.15 
PlY f'l'1£ L 2 " 0.10 0.10 o.o o.o o.o 0.07 0.55 0.10 0.25 o.ss 0.20 
~tCUIM:i L 1 2 5.60 2.AO 2.8 o.o o.o o.oo o.oo o.oo 1.00 o.oo 0.05 :::1\ 

P£Tt ·r L 2 1 1. 50 o.oo 1. 5 o.o 0.0 o.oo 0.20 0.05 0.02 o.oo o.so ~ 

POlt'l'NEUt' B 2 4 19.00 1'l.OO 4.0 o.o o.o o.oo o.oo 0.01 . o.oo 0.60 
UEDt'l!iH L 3 5 2.00 2.00 0.0 o.o o.o o.oo 0.02 o. 02 0.02 0.20 o.oo 
liiBlE &i 2 2 2.50 2.50 ~ o.o o.o o.o o.oo o.oo o.oo 0.90 o.oo o.os 

. &JCSf L 1 1 c. so o.so o.o o.o 0.0 o.oo 0.60 0.10 O.lO o.oo 0.160 
BOUND L 2 1 0.20 0.20 o.o o.o o.o o.oo o.oo 0.10 0.90 o.oo 0.05 
SlLftON PALLS B 2 5 10.00 9.00 1.0 o.o 0.0 o.oo o.oo 0.01 0.80 o.oo o.os 
!it V Ul ll E V 1 LS L l 1 15.50 o.oo 1.0 8.0 0.3 o.oo o.oo o.oo 1. 00 o.oo o.oo 
SH!Ll' L 1 1 20.00 o.oo 7.0 7.0 6.0 o.oo o.oo o.oo 1.00 o.oo o.oo 
!iiLVEi L 2 J 2.00 2.00 o.o o.o o.o o.oo o.oo o.oo 0.20 o.oo 0.02 
~ODl POUlt II 2 1 5.00 3.00 o.o 2.0 0.0 o.oo o.o 1 0.02 . o.oo 0.40 
S01Dl~k~ ft~l~Oi B 2 2 21.50 1'4.00 1.5 6.0 o.o 0.00 o.oo 0.02 . o.oo 0.20 
S(llii'I L 4 2 2.00 2.00 o.o o.o o.o 0.02 o.so 0.05 o.oo 0.1&3 0.15 
!aTAiiLt:l L 2 J 4.00 o.oo 4.0 o.o o.o 0.00 o.oo 0.20 0.80 o.oo 0.40 
!iTEVt:M~ L 0 1 4.00 o.oo o.o 2.0 2.0 o.oo o.oo o.oo 1. 00 o.oo o.oo 
~-lN fALLS i 4 1 0.10 0.10 o.o o.o o.o 0.05 0.05 0.01 0.20 o.oo 0.30 
SIU81 L 1 1 1. 50 o.so 0.6 0.3 0.1 o.oo o.oo o.oo o.oo . o.oo 
TOLC L 2 l 2 4. 00 22.00 2.0 o.o o.o o.oo 0.00 0.01 . o.oo 0.50 
Tlllllll'IY L 1 2 ll. 00 3.00 11.0 16.0 o.o o.oo o.oo 0.10 0.90 o.oo 0.30 
TWIM LAKES UPPEi L . 2 l.OO ).00 o.o o.o o.o o.oo 0.45 0.01 . 0.10 o.os 
TWl~ LAK~S LOWli L 4 l 0.10 0.10 o.o o.o 0.0 o.oo 0.60 0.02 o.oo 0.10 O.JO 
TWI~ LAKES MOUTH B 2 2 l.OO 1.00 o.o 2.0 o.o 0.00 o.oo 0.02 . o.oo o. 90 
TWlh LAKE:i !aOUTH H 2 1 2.00 1.00 1. 0 o.o o.o o.oo o.oo 0.02 . o.oo 0.7') 
U(lPUi Ul::HIU~O L 1 1 20.50 o.oo 1.0 1.0 6.5 o.oo o.oo o.oo 1.00 o.oo o.oo 
UP 1l t 8 P & I E!i ·r L 2 4 50.00 47.00 o.o o.o 3.0 o.oo o.oo 0.10 o.8o o.oo o.oo 
WARr. 1 2 l 24.00 22.00 2.0 o.o o.o o.oo 0.45 0.05 . o.oo 0.50 
WlLLIAftS L 2 2 10.00 6.00 4.0 o.o o.o o.oo o.Jo 0.02 . o.oo 0.60 
WILSON Lll<l it 2 1 b.OO 5.00 1.0 o.o o.o o.oo o.oo o.o~ 0.85 o.oo o.os 
IUMChl!i'l£8 L 2 4 0. 10 0 .10 o .. o o .. o o.o o.oo o.oo o. 10 0.90 0.20 0.50 
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f~£gntagg 2.! ~h2.~lia§. ~ith ~ RQaQ. - This is an 
estimate of the percentage shoreline where a road 
is present, either paved or unpav~d, from which 
there could be lake access and from which the lake 
can at least be viewed. Sources are Idaho · 
Department of Transportation (1976) and Burgau of 
Land ~anagem ent {1979) ~aps, forest service maps, 
and aerial photos. 

Qi§.tag£~ to fri~ll tl.igll~ll ~nd £12.~.9: !Y~~ - These 
measuras are taken exclusively from the Idaho 
Department of Transportation {1978) county highway 
maps. The distance from the lake to the clos~st 
primary highway is measured by use of an 
el~!£2lli£ gg.£!!ic§ ~lcy_lS,!Q£~ This device 
electronically measures road length in ~iles when 
a pointer is manually moved along the road section 
to be ~easured. The length is displayed on a 
screen, is converted to miles, and the distance 
recorded. The distance for each road type is 
summed to yield distance from the primary highway. 
The road types are secondary road (any two-lane 
blacktop), gravel road, dirt road, and trail. 
This measure is scaled to a single remoteness 
scale. The scaling procedure is to multiply the 
miles of hard-surface road by one, then double the 
multiplier progressively for the naxt three coad 
types. Miles of trail is multiplied by eight, 
giving it the largast .reighting on remot~n~ss. 
The formula is: 

miles of secondary road X 1 
+miles of gravel road X 2 

+ miles of dirt road X 4 
+ miles of trail X 8. 

This figure varies fro~ .10 for lakes that are 
right along a highway to 114 for aedevil lake in 
the Seven Devils area, the most r~mote lake 
surveyed .. 

Qrb~ g~elQ£~~ - This is the percentage of the 
shoreline that is bordered by a town of any size. 
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tim!~§ Sll_g gg_§.Q:£1§ - This is the percen tag.e of 
shoreline that has resorts, nouses, or cottagP,s. 
The source of this data is primarily aerial photos 
and personal observation. 

fig,£!! ~££~tiQ!!al Jl~elQE.!§.nt - This is an ~stimate 
of the percentage of shoreline that has 
recreational development in the form of boat 
ramps, campgrounds, and beaches. All of the data 
sources contributed to the collection of th{s 
data. 

~of~ Re£_£~ti.QJ1g,J.. Q.~~lop~Jl! - This an estimate of 
the percentage of shorelina that is public and is 
not included in the measure of Hard Recreational 
Development. This measure has been dr0pped f~om 
the analysis. The first three development 
variables are added togeth~r to represent the 
total percentage of the lakeshore that has human 
development (Appendix A.). 

LA NDUSE/OW NERS HIP DATA 

Landuse maps (dated 1976) avai~able at the Idaho Water and 
I 

• • I 
Energy Resources Research Inst1tute were overla1d on wat~rshed 

maps. The area of the watP,rshed and the area of the landusP, 

types were computed by use of the electronic graphics 

calculator. The landuse areas were then converted to a 

percentage figure, representing the percentage of the watershed 

in Idaho with that type of use. The landus~ categories used in 

the analysis are: Urban, Range, Agriculture, and Forest 

(AppendiX A.) • 

By using primarily the Surface Management Status Maps 

(BLM, 1979), land ownership is converted to a percentage figure 

for each of the shoreline and watersheds. The categories are 
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percentage Federal, State, Private, and Other (usually Indian 

Reservation} {Appendix A.). Percentage of the watershed iri 

private ownership was the variable used for the analysis. 

TROPHIC STATUS DATA 

Data for approximately thirty trophic status variables 

were gathered for the Clean Lakes Project (Appendix A). Eight 

variables were chosen to be included in the analysis (Table 

3.). The basis for their inclusion is that they are commonly 

used in eutrophication s ·tudies, that they measure different 

aspects of trophic status, and that they are all reliable 

measures. 

RESEARCH DESIGN 

A total of ninty different variables were measured for the 

Idaho Clean Lakes Project (Appendix A). The variables chosen 

for analysis, discussed above. include nineteen human activity 

variables (the independent variables) and eight trophic status 

variables (the dependent variables) (Table 3.) • The following 

chapter discusses the findings from statistical analysis of tbe 

twenty seven variables. There are two major purposes of the 

analysis: to determine which human activity variables are 

significantly correlated to each of the trophic status 

variables and 1:0 deve.lop two parsimonious sets of variables 



U!U!J!!.!i 

s~cchi 
Chloruvbyll-a 
PU 
Conductivity 
·rucbi&.!ity 
'!'Ot41 ilhO.::ilJbOfU:.i 
'l'ot..al aiJ.t.CO'J~n 

W/P 

B~cr~dtioh Acc~.::>s 

lh!aOtUDd.::i:.i 

o~vclop•~nt 

lio4li Acce.::a.::a 

fopulatJ.ou 

~opul~tiouoen~ity 

~o pu lea t UlU 

~ro .. th 

L4ndu~u 

l.alui 
ow u~cstlip 

table l. 

O~PfaiDE~T VA~IABLfS 

~!1H~!d!: 

s~cc HI 
Cit LA 
Pll 
CONOUCT 
'!'UUU 
P'fO'l'AL 
N'!'O'l'AL 
H/l• 

Q!;.t:!J!!!!QJ! 

"Gd~ucc at ~ater clatity. 
Cblocovnyll content. 
ftd4.::>ure or 4Cidity. 
n~asur~ ot alkalinity. 
Li(Jh t n~ t 1 t:cteuce. 
PhO.::>IJbotu.::a concentration. 
tlitL-o'-jc!U concentrcatiou. 
a!TOTAL divid~d by PTOTlL. 

INOEP~NOENT VA~IAULES 

Ht;CA Mua~er of pu~lic caccesses 
Oh the sbor~line. 

u t::twn; Oi.::>t.4DC~ to major highw4y. 
w~iqhted Ly roadtype. 

1Jt;V Perc~uta~e of shoreline with 
IJ~rll.tll '='u t da vela paen t. 

HUAOA Perceut.d'Jd at ~hor~liu~ with 
a cocad ddjacent. 

WS ljO ~ 80 Populdtiou of the ~d ters b~d 
in 1 ':UiO. 

f lPUP tW PopuJ4tion within a 50 aile 
C.tdi U!Ji (air aile.::i) io 1980. 

tiU II k'UP · li 0 Populdtiou within a 100 ail~ 
callius in 19UO. 

~~POP DENS wsvoP uo uiviueJ or tb~ ~i~~ 

ll!!!i! 

.10 to 1,..0 
0 to 118.5 

6. 1 to 1 O. 0 
1 ~. 0 to 650.0 

.JO to ~o.o 
• 004 to 2. 6b 
.05 to 3.36 
.10 to 52.50 

1 to 12 

• 10 to 11'4 

0 to .OS 

0 to 1.00 

0 to 1 0750~ 

lb02 to ,.5,.027 

1157~5 to 10,.8000 

0 to Hll. 75 
o( the water.:ihed (.:it{. ai les). 

•~G Ju-80 Popul4ticu 'JCOI!flM rate within -0.1 .. to l.OO 
tbe watershed 1910-19tl0. 

l"H; b0-70 Popul~ticn yto111th r4te within -0.18 to .l5 
50 all<!~ '~b 0-1970. 

t'!G 70-UO Populdtiou ~rowth C4te ~ithin • 10 to • 50 
~0 11ile.:i l'J70-1~d0. 

HUG 60-70 ~o~uldtion growth rdte within -0.05 to ... 7 
100 a1les 19&J0-1970. 

IIUI.i 70-80 PolJulcatlon yro111tb rat~ •ithin -0.06 to ... ~ 
100 •1les 1970-19UO. 

WS UkUUI P\i:l'C~Il td (J~ of the ~atersbed 0 to .08 
Ul ucbcan ldnd. 

WS AGu f~rcent4~c! ot the watecsb~d 0 to 1. 0 
in ~CJciculturcal land. 

WS tUNG~ fer~~ut4ye of the Wdt~r.::ihed 0 to 1.0 
i n r 4 '"~ e 1 4 n d • 

W:..il"Odt::ST P.:rceu tea (Ju of the W4 tersh\?d 0 to 1.0 
in l.OCt!St l4nd. 

L!.i PUIV Perc~ntd~~ of the lakeshore 0 to 1.0 
in priv4t~ owner.::ibip. 

W:..i l!ulV Perc~nt4q~ o f the watersh~d 0 lO 1.0 
iu pr ivate owuership. 

0'\ 
Ul 
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which includ·e the most important variables from both groups. 

The development of a parsimonious set of variables (trophic 

status indicators) is based on statistical analysis beginning 

with correlation analysis, followed by factor analy~is, and 

completed by canonical correlation analysis. All analysis was 

done using SPSS, Statistical Package for the Social Sciences 

(Nie et al., 1975) • 

Since the data are all interval-level measures, Pearson 

product-moment correlation coeffici·e nts were utilized for 

summarizing the relationsh~ps between pairs of va=iables. The 

correlation coefficients indicate the degree to which a change 

in one variable is related to a change in another. The 

correlation coefficients are the "r" values and indicate the 

strengh and the direction of the relationships. If "r" is 

close to zero, we can assume little or no linear relationship, 

if "r" approaches +1.0 or -1.0, . we can assume · a strong linear 

relationship. One purpose of this type of analysis is data 

reduction by examining the correlations among the dependent and 

independent variables. If two variables have correlations of 

.70 or greater then they may be measuring the same thing. If 

there are high correlations among the data, the researcher may 

be able to remove or com hi ne variables in later analysis. 

The significance value of "r" is often used to reject or 

accept the null hypothesis that there is no relationship 

between a pair of variables in the population from which a 

random sample is drawn. The group of study lakes is not a 
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random sampler but a significance value of .05 or _) 01 

indicates that the null hypothesis should 'be cejected and that 

the correlation is worthy of discussion. The discussion 

centers around the question of whether or not the :,uman 

activity variables are major influences on the trophic status 

va ·riables. 

TrQ£hi£ Sta·t!!§ !,ndic a·t.Q.£§ 

Each of th: eight trophic status variables is a 

scientifically accepted indicator of trophic status, but as 

individual indicators, they are not always reliabl .. for every 

lake at every time of the year. A set of indicators may more 

accurately reflect trophic status. Factor analysis and 

canonical correlation are used to determine which combinations 

of trophic status variables and human activity variables have 

the highest correlation. 

Factoc anlaysis is a technique that is used p ri mrt ciy for 

its data reduction capabilities. A large number of vaciables 

can often be reduced to a more manageable nu mhec of nf actors". 

The factors are imaginary variables which may account for much 

of the variation in the data. The factor which would be 

hypothesized as emerging from the trophic status variables is a 

trophic status factor. The set of trophic status variables 

would factor together and be interpreted as indicating trophic 

status. For the human · activity variables, such an 

interpretation can not be assumed. The purpose is to de te cmine 
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which variables have very little influence on the d~ta, so that 

they can be removed from the analysis. For the remaining 

variables, those that factor together can be used in canonical 

correlation to determine their relationship. as a set. with the 

trophic status variables. 

Canonical correlation is a multivariate statistical 

technique that is especially suited to this r9search problem, 

because of its simultanious treatment of all variables. It 

produces linear combinations of the original variables, with 

the aim of accounting for a maximun amount of the relationship 

g~~~~ two sets of variables. The two important statistics 

that are produced are the canonical variates and the canonical 

correlations. The canonical variates are coefficients ~hich 

reflect each variable's importance in tha relationship. They 

also indicate if the variable has a direct or inverse 

relationship with the other variable~. The canonical 

correlation is the total amount of correlation between the two 

sets of variables. Its square, which is equivelant to th~ 

eige~al~ represents the total amount of variance in the 

dependent variables accounted for by the independent variables. 

In summary. the statistical analysis progresses from 

determining which variables individually correlated ~ost nignly 

within both sets, to determining which human activity variables 

are significantly correlated to each of the trophic status 

variables, to an anlaysis of the correlation between the two 

sets of variables. The logic of this progression is that a 
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concise set of trophic status variables and human activity 

variables will emerge that can be interpreted as entitled to 

classification as trophic status indicators for Idaho lakes .. 
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CHAPTER IV 

FINDINGS AND INTERPRETATIONS 

CORRELATIONS 

A main purpose in examining the correlations is to see if 

there any variables which are very highly correlated, thus 

measuring the same thing. Osing highly correlated independent 

variables in multiple regression analysises could result in 

poor results and interpretations. 

A mQ!Ul I£2Ehi£ S t ~~1!§ Y.~£ ia b 1~2 

There is much interelationship among the trophic status 

variables. Secchi, conductivity, N/P and turbidity each 

correlate with at least five other variables {Table 4.). The 

most significant correlations are between secchi and the other 

variables. CHLA and NTotal correlate with the least number of 

variables. The only correlation above .50 is betw~en PTotal 

and NTotal (.73), so it could be that these two variables are 

measuring the same aspect of trophic status. All the variables 

will be retained for the initial analysis .. 



TAliLE 4. 
COR~ELATIONS AMONG THO~HIC STATUS VAHIABL~S. 

SECCHI C liLA PH CO~DUC'l' TURB PTOTAL NTOTAL NP 

SECCUI 1. 00 -o. Jb • • -0.49tc¥ -o. 39•• -o. 39•• -0.16 -0.19 0.44•• 

CHLA -0.36•• 1. ou 0.14 0.05 0.21• -0.04 0.024 -a. 18 

PH - o. 4 q •• 0. 14 1. 0 0 0.44•• 0.27* o. 10 0.13 - o. 3 3 •• 

CONDUCT -0.39•• 0.05 0.44•• 
~ 

1.00 0.14 0.24* 0.22• -0.30• 
-.l 
N 

TUHB -O.J'l•• o. 21• 0.27• o. 14 1. 00 0.42•• 0.28• -o. 27• 

PT01.' A L -0. 16 -0.04 0 • . 1 0 0.24• 0. 42 ... 1.00 0.73•• -0.24• 

N'fO'r AL -0. 19 o. 02 O.lJ 0.22• 0.2B* 0.13•• · 1. 00 -0.06 

NP 0.44•• -o. 1d -0.34 .... -0.31• -0.214 -0.24• -0.07 1. 00 

• p < • 05 •• p < .001 
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AmQn..g fi.tlM!! ActiyJ:u yyiabl~ 

The highest correlations in this set are between the fifty 

and one hundred mile population growths (1970-80) (.70), and 

the inverse correlation between percentage of watershed that is 

forest and that which is rangeland (-. 65) (Table 5.). Many of 

the other variables have a large number of significant 

correlations, such as remoteness, development, road accesses, 

population density in the watershed and fifty mil~ population 

(1980). Three have very few significant correlations, 

recreation accesses. watershed population (1980), and watershed 

in forest land. Initially, all the variables vill be included 

in the analysis, the first step being to examine the 

correlations between the trophic status variables and the human 

activity variables. 

!1~1~~g_!l TrQ£hi£ ~~at~ ~!lQ tl.Y.m.aQ. A£!.iY.ii~ ll£iabJ.g~ 

The correlations are examined to find correlations 

significant at the .05 level or greater. To shorten the 

discussion, the correlations are discussed in terms of the 

trophic status variable with which they ace significant {Table 

6.) • 

~g££hi basically represents water clarity, which is 

usually poor when eutrophication is present. Secchi and N/P 

are inversely correlated with the other six trophic status 



't AUL E 5. 
CUI111E1.a'1'10N!i AIWHli UUI1A._ AC'flVITY VUtlABLt;!i. 

it&CA li£110'£ E DEV ROAD A W!ii?OP8a POP DENS l'IPOPtlO HUWPOPSO WSG7a-80 
-

&t:Cl 1.00 -0.1-J O.Ja• 0.1U 0.4!1• -a.o7 0.03 o. 04 o.ao 
JU:;"O'i' 1:: -a. 19 1.00 -0. LIJ • -a.42•• -a. 1b -0.22• -0. 35 •• -a. 24• -o.Ja• 
Ut:V u • . 10• -O.i9• 1.0a 0.50•• a.16 a.35•• 0.51•• 0.35•• 0.21• 
BOADA O.ld -0.4 :L• • o.so•• 1.00 o. 12 0.44•• 0. JH•• 0.51•• o.a4 
WStlOiJ UO 0.21• -a.1L o. 1u 0. 12 1. 00 0.02 a. 12 o.oo -O.a9 
PO P 0 E N ~ - 0. 01 -0.22 a.J~•• o. 4 J•• 0.02 1.00 a.J5•• 0.41•• 0. 12 
t"I~u~ uo O.OJ -a.J'>•• 0.~,·· O.JU•• a. 12 O.J5•• 1.aa a.J9•• a.28• 
UU,.PO~dO 0.04 -a.24• O.JS•• 0.51•• o.oo 0.41•• 0.39•• 1. 00 0.02 
W~li 10- dO 0.00 -0.30• 0.:-:!J• 0.04 - 0. 09 0.12 0.20• 0.02 1.00 
l'IGuo-7o 0.1a -a.JO• - o. 10 0.05 0.01 -0.05 0.07 -o. oo -0.03 
I'IG70-HO o. 07 -a."l.'J• -a.u1 0.14 a.a1 -0.09 -a.02 o.oo 0.15 
UUGb0-70 0.14 -0.02 0.02 0.24• -a. 01 0.02 -0.25. 0.09 0.07 
UUG70-ti0 o.a1 -0."27• -0. 10 a. 22• o.oo -0.01 -0.09 o. 17 o.oo -J 

W!i UlWAal -O.a3 -0.16 0.5l•• 0.27• O.OJ 0.42•• a.47•• a. 1s 0.04 ~ 

W!i AliU -u. 15 -0.2 2• -0. 1'* o. 10 0.05 0.30• 0.06 0.26• -0.07 
WS &AliiGE -O.CI1 -a.16 -0. ·Ja• -0.00 0.07 -0.26• -0.14 -o. 26• a.01 
WSt'OU&ST o. 15 -().03 a.JH•• 0.06 -O.aH 0.05 0.1q 0.03 0. 19 
L.:i i'lHV -O.a1 -0.41•• 0.2U• a.21• a.Od 0.26• 0. J6 •• o. l4•• O.lJ• 
WS ~ Ul V -a. 12 -0.4a•• o. 1b 0. 17 0.04 0.25• 0.3'l•• a. 44•• O.l7•• 

• p < • 0') •• P< .001 



TAUL~ 5. (cont.) 
Correlations laonq Uuaan Activity Variabl~s. 

l'lGb0-70 1"1~70-8 0 HUGb0-70 HUG 10-8 0 W .:.i U llli Alii WS AGB WS dAHGE WSPOBEST LS fBI V WS PIHV 

Rt:Cl • 01 .07 • 14 • 01 -0.03 -0.15 -0.01 0.15 -0.01 -o. 12 
WEttO'fE -.30• -. 2'J• -.02 -. 27• -0.1b -0. 22. -0.16 -0.03 -o. 4 1• • -0.4fO•• 
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variables.. When secchi is low, indicating low water clarity, 

CHLA, PH, and the others (besides N/P) ar~ high. Secchi 

correlates with five of thB other seven trophic st~tus 

variables (all at the .001 level). 

A low secchi has d~rect correlation with remoteness and 

percentage of forest in the watershed. It correlates inversely 

with percentage of agriculture, range and private land in the 

wa·tershed and on the lakeshore (Table 6.). · All of these 

.relationships are strongly influenced by the high water clarity 

of the twenty mountain lakes in the study. The d~ep mountain 

lakes in the Seven Devils and Sawtooth National Recreation 

Areas, having se cchi rea dings of over f o cty feet, are also 

those lakes which are at high elevations, h~ve no private or 

agricultural land in their watersheds and have very little 

rangeland. The correlations are also influenced at the other 

end of the scale by many of the· southern reservoits which have 

lo~ water clarity and high percentages of agciculture, range 

and private land in their watersheds. One exception is Hayden, 

which has high water clarity (40 ft.), but is not at all remote 

and has much of its lakeshore in private ownership. The 

landuse;ownership variables are exhibiting ~he strongest 

influence on sec chi. 

£~1~ is the amount of chlorophyll-a in the lak~ water and 

indicates an imbalance between production and consumption in 

the ecosystem. It is often related to a high imput of organic 
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matter, such as duck excreta, . .run-off from feadlots, an!] sewage 

input, which results in an overproduction of algae at a level 

too high to be completely consumed by the microcrustacea and 

other zooplankton consumers. There are significant · direct 

correlations between CHLA and fifty mile population (1980), and 

percentage of agriculture and private ownership in the 

watershed. The correlation with fifty mile population is 

partially due to the high CHLA of many of the southern 

reservoirs which are within fifty miles of the large population 

centers of Pocatello. Burley, and Boise. It also is due in 

part to the northern lakes with high CRLA which are within 

fifty miles of Spokane (Cocollala, Swan, Hound, McArthur, 

Benevah, and Cave). Notable exceptions are Hayden Lak~, with a 

low CHLA and a large population in close proximity, and 

Cascade, with high CHLA and a very low population in close 

proximity. CHLA is the only trophid status indicator that 

correlates significantly with fifty mile population. 

Efi indicates an alkaline aquatic environment if it is 

above 7.0 and an acidic environment if it is below 7.0. 

Mountain lakes are ~ore acidic than others, usually in the 

range of 6.1 to 7. 1. A high pH indica tas a possible 

eutrophication problem. 

pH correlates directly with population growth within 50 

and 100 miles (1970-80) and with agriculturg and ~angeland in 

the watershed. It correlates inversely with rernoten~ss, 
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development on the ~akeshore, and fore ~ t i n the watershed. 

Agricultural land use is again· signi.f ican t, indicating that 

landuse is affecting trophic status. An important aspect of 

its influence is that many of the rese rvoirs where direct 

correlation between landuse and the trophic status variables is 

present, also receive inflow from irrigation cana ls or are 

on-stream reservoics (Wilson, Murtaugh, Walcott, Milner, and 

American Falls, for example). So th e re is not only the impact 

from surrouding landuses, but there is a compounding effect via 

the eutrophic inputs from streams and canals. 

High population growth correlates with a high pH, 

indicating that population growth is greater on the average 

near the eutrophic lakes. Exceptions are the low-PH Sawtooth 

NRA lakes (Redfish, Alturas, and Stanley). The population 

within fifty miles of ~ese lakes is only 3,602, anJ is average 

for the one hundred mile radius (35~,676), but the population 

growth rates within fifty and 100 mil ~ s are among the highest 

in the state (46% and 42 ~ respectively). 

High development correlates ·with low pH, indicating that 

development is not adversely affecting trophic status. ~any of 

the northern lakes which have high lakesho~e development have a 

low pH (Twin Lakes, Cocolalla, Spirit Lake, Fernau, Hauser, 

Coeur d'Alene, Lower Priest, and Hayd e n). 

An important aspect of pH is that the more alkaline lakes, 

those with a high pR, have a higher buffer capacity than the 

more acidic lakes. Their alkalinity ra ises t heir capacity to 
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absorb adverse influence s on their pH and thus their troph~c 

status. takes in granite, which are usually more acidic, are 

more susceptible to eutrophication problems. So more than 

being just an indicator of trophic status, pH indicates those 

lakes which ar ·e most susceptible to eutrophica·tion, should 

adverse influences be introduced into their ecosystems. With 

this in mind, the low PH lakes with high population growth and 

high development may have a threatened, unstable t ro phic 

status. 

£Qn~£1ivi~I is representative of the amount of ionized 

particles in the water. It is significantly relat~d to five of 

the other trophic status variables {Table 6.). Even more than 

PH, conductivity is an indicator of alkalinity. Lakes with low 

conductivity are then more susceptible to eutrophication 

problems, although they are presentfy lass eutrophic than those 

with high conductivity. 

Human activity variables that correlate d irectly with high 

conductivity ·are watershed population (1980); agricultural land 

and rangeland; and percentage of private ownership on the 

lakeshore and in the watershed. Inverse correlations ar~ with 

remoteness and forest land. These correlations are consistent 

with earlier findings, except tnat a unique population variable 

is related to conductivity, watershed population (1980). As 

with CHLA, the relationship between a population variable and a 

trophic status vaLiable is a direct one, t he more the indicator 
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points toward a eutrophication problem, the higher the 

population value. Also consistent with CHLA, the lakes with a 

high conductivity value and a high population value ar~ 

primarily the southern reservoirs. Soda Point, Milner, 

American Falls, Brownlee, c J Strike, and Palisades are most 

repreientative of this relationship. Major exceptions are 

Coeur d'Alene, Pend Oreille, Lower Priest, Payette, and Spirit 

Lake, having low conductivity and hi~h ?Opulation growth. 

Coeur d'Alene is second only to American Falls in the size of 

its vatershed population (54,934 and 107,509, respectively). 

These low conductivity lakes, as with the low pH lakes, are 

more susceptible to eutrophication problems. 

Tur.bidiU is a measure of the light r~flecta .nce of the 

water, a general measure of the level of particles present. It 

is ·related to six of the other trop~ic status variables and is 

directly correlated with rangeland and private ownership in the 

watershed. Percentage of forest land is inversely correlated, 

the lower the turbidity, the greater amount of forest in the 

watershed. Exceptions to the I:'angeland correlation are Hells 

canyon, Brownlee, Oxbow, and Ririe, all with an above average 

percentage of rangeland in their watersheds and low turbidity. 

Exceptions to the forest relationship at the other end of the 

turbidity scale are McArthur, Lake Waha, Soldiers Meadow, 

Cocolalla, and Rose, all of which have a high percentage of 

forest in their watersheds. These lakes do have a high 
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percentage of their watersheds in private ownership, so there 

may be other influnces, related to private ownership, which are 

influencing the turbidity of their waters. 

~To~l is the total phosphorous concentration. PTotal 

correlates with rangeland, a direct relationshjp. NTotal 

correlates very high with PTotal (.73), indicating that they 

are measuring a similar condition. NTotal appears to be more 

consistent than PTotal. so PTotal is dropped from further 

analysis. 

NT~~l is the total nitrogen concentration. NTotal 

correlates directly with rangeland and inversely with for~st 

land. 

!a is NTotal divided by PTotar. It correlates with five 

of the other trophic status indicators. N/P, like secchi, is 

interrpreted inversely from the other trophic status variables. 

The higher the N/P, the less the eutrophica~ion problem. N/P 

correlates directly with recreation access~s, development and 

forest land. It correlates inversely with agriculture, and the 

two ownership measures. The relationship with recreation 

accesses is unique among the trophic status variables. It 

indicates that the lakes with the most accesses have the 

highest N/P, they are the least eutrophic lakes in terms of the 

N/P variable. Lakes indicative of this relationship include 
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Lower Priest, Pend Oreille, Payette, Coeur d 1 Alene, and 

Dworshak. 

The landuse;ownership relationships remain consistent, 

pointing towards eutrophication. N/P is similar to -PH in its 

relation ship with dev€lopment. Lower Priest, Pend orei lle, 

Twin Lakes, and Hauser are high development lakes at the high 

end of the N/P scale. They share their position with the 

undevelop-ed lakes such as Echo, Upper Priest, R·edfish, Alturas, · 

Goose, and Stanley. Exceptions are Bayhorse, a mountain lake 

with low N/P, and Spirit and Hayden lakes, developed lakes 

located near the lover end of the N/P scale. 

In summary, there are a few human activity variables that 

are consistently related to the trophic status variables. They 

are mainly the landusejownership indica~ors. Others that 

relate to two or three trophic statis variable are remoteness 

an d de v e 1 o p men t. V a ria b 1 e s that r e 1 ate to o n 1 y one t r o phi c 

status variable are recreation accesses, watershed population 

(1980), fifty-mile population (1980), and the population growth 

rates 1980 within fifty and one hundred miles (1970-80). The 

landuse;ownership variables (except forest) and the population 

variables are co nsi.ste ntly indicating the presence of a 

eutrophication problem, as is cemoteness. The recreation 

access and developm~nt indicate the lack of a eutrophication 

problem in their relationship with PH ann N/P. 
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There are some of the variables which are not 

significan·tly related with any _ of the trophic stai:us variables: 

number of road accesses, population density in the watershed, 

watershed population growth rate (1970-80), population within 

one hundred miles (1980), fifty and one hundred mile population 

growths (1960-70), and watershed in urban land. · These 

variables are dropped from further analysis. 

The following analysis is an attempt to dev9lop sets of 

human activity variables and trophic status variables which 

represent indicators that contribute to an ecological model of 

eutrophication problems of Idaho lakes. Emphasis is given 

those variables which are shown above to be interrelated, but 

which do not exhibit colinearity. 

SOCIAL INDICATORS OF TROPHIC STATUS 

Factor analysis and canonical correlation have been 

utilized to further understand the relationship between human 

activities and the trophic status variables. The purpose is to 

explore influences on different aspects of eutrophication with 

the goal of developing a parsimonious set of social indicators 

which qualify for inclusion in further studies of 

eutrophication problems of Idaho lakes. 

Landy2~0w~~hiE Indi~to£ 

The first factor {Table 7.) illustrates the importance of 

agriculture and private ownership in the watershed. 
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TABLE 7. 

FACTOR AN~LYSTS 

LANDUSE/ 
OWNERSHIP POPULATION DEVELOPMENT RECREATIOii 
FACTOR FACTOR FACTOR FACTOR 

RECA -c. 14 O.OJ 0. 15 0.55 
REMO'IE -0.55 -0.31 -0. 19 -0.38 
DEV 0.06 -0.09 O.'JJ 0.32 
WSPOP 80 0.09 0.01 0.03 0.38 
FIPOP 80 0.40 -0.04 0.49 0. 11 
FIG 70-80 -0.13 0.90 0.09 0. 0 1 
HUG 70-80 0.04 0.79 -o.oa -0.01 
ws AGR o. 50 -0.05 -o. ?.2 -0.06 
ws RANGE 0.01 0.42 -0.29 0.11 
LS P £ii V 0.57 0.04 0.23 n. 1 o 
liS PRIV 0.8J -o. 1 o 0. 15 -0.01 

I 
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Other components of this factor are fifty mile population in 

1980, remoteness, and private ownership on the lakesho~e. An 

interpretation of this factor is that it ~epresents less remote 

lakes which have a majority of the watershed in p~ivate 

ownership, have a large percentage of p~ivate ownership on 

their lakesho~e, have a large percentage of agricultu~al land 

in their watershed, and which have a medium to larg~ population 

center within fifty miles. Together, these characteristics 

account for almost forty percent (39.2%) of the variance in the 

data. 

There is a disc re pa nc y within this indica tor. Since this 

is the landuse factor, rangeland should factor highly. 

Instead, rangeland is a majo~ variable in the population growth 

indicator. One explanation is that rangeland is usually 

associated with public lands, while agricultural land is 

associated with private land. This ·indicator gives major 

emphasis to private ownership and thus to ~gricultural landuse. 

P0£!!1s1i.2!l ~:£2~!1 Indicator 

Factor two (Table 7.) factors highly on both fifty and one 

hundred mile population growth between 1970 and 1980. Oth~r 

components of this factor are rangeland and remoteness. It 

represents tbose lakes with a high population growth near-by 

and most likely a large, rapid-growth population center within 

one hundred miles. This type of lake also has a significant 

amount of open rangeland in its watershed. This factor 
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accounts for almost one third (31.6) of the variance in the 

data. 

~1oM~! Indi£~!2£ 

The third factor factors hig~ly on the development 

variable and moderately high on fifty mile popul~tion in 1980. 

It represents lakes with a high percentage of development on 

their shore and which either have a large population center 

within fifty miles or which have a large relatively population 

in surrounding areas. This factor accounts for approximately 

twenty percent (21.8%) of the variation in the data. 

Re££~!i21! !,ndic~,!Q.£ 

Factor four factors highly on the variabl~s which are 

intended to represent recreational use of Idaho lakes. The 

variables are: recreational accessis, development on the 

lakeshore, and watershed population in 1980. Lakes represented 

by this factor are those with a large number of recr~ational 

accesses, are not too remote, nave a large percent of their 

shoreline in development, and have a large watershed 

population. This factor accounts for less than ten percent 

(7.4%) of the variation in the data. 

In summary, the factor analysis reveals four factors that 

together account for one hundred percent of the variation in 

the independent variables. They correspond with the majo~ 
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categories of variables around which this study has been 

organized. Since this is the case, the variables within each 

factor will together be referred to as indicators, social 

indicators of trophic status. 

The next step in the analysis is to include these four 

factors into a canonical correlation analysis with the seven 

trophic status variables. Five canonical correlations were 

produced, one which includes all of the variables and one for 

each of the four indicators. When interpreting the canonical 

variates, a value of .20 or greater is usually considered a 

significant correlation. 

The first canonical correlation (Table 8.) includes all 

the variables. The variates indicate trends which are found in 

the later correlations. Rangeland, agricultural land, and 

private ownership in the watershed are exerting the most 

influence on the relationship • . They" appear as adverse 

influences, as does watershed population in 1980 an~ l~k~shorg 

in private ownership. Remoteness, development, and one hundred 

mile population growth a~e indicative of less eutrophic water. 

The trophic status variables which are primarily involved 

in the relationship are conductivity, secchi# and CHLA. 

N-Total is the variable least involved in the relationship 

between all ·the variables. In terms of eutrophication, the 

dependent variables relate in the expected directions, secchi 

and N/P relating in the opposite direction of the other trophic 

status variables. 
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RECA 
REMCT E 
DEV 
WSPOP 80 
FIPGP 80 
FIG 70-80 
HUG70-80 
WS AGR 
iS FANGE 
LS PRIV 
WS PR!V 

D~PFNDENT 

VARIAI3LES 

SZCCHI 
CHLA 
PH 
CONDUCT 
TURE 
NTOTAL . 
N/P 
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TABLE B. 

CANONICAL CORRELATIONS ON FACTORS 

1\ LL 
VARS. 

o. 12 . 
0.22 
o. 22 

-0.15 
o. 10 

-0.08 
o. 20 

-0.35 
-o. 59 
-0. 15 
-0.]2 

0. 25 
-o. 19 
-0. 15 
-0. 56 
-0. 15 
-0.09 

0. 16 

CANONIClL COEFFICIENTS 

LAND USE/ 
O~NEFSHIP POPULATIO~ DEVELO?MENT ~SCREATIO~ 

INDICATOR INDICATCJ INDICATOa INDICATOR 

-0.21 -0.43 

-0.09 
-o. 11 

0.23 
0 .6 1 

0.78 
0.19 
0.17 

-0. '+ 2 - n. ·J~ 
0.50 -0.09 

-:J.:J8 0.6] 
0.51 0.41 
o.os 0.20 
0.06 o. 09 
0.02 -0.02 

-1.03 

.99 

-0. 1 9 
t). 18 
0.28 

-0.35 
-').()4 
0. 0 2 

-0.69 

0.00 
-o. a, 
-o. a2 
0.22 

~. 0, 
() • 1 0 
0.72 
0.23 
0.00 
0. 11 

-0.23 

-cHr:sQUARE ___ 161:-ss ______ 78:21 ______ 63:6o--------3s:ii3 ______ 65:-27 __ _ 
SIGNIFICANCE .000 .000 .000 .000 .000 
ZIGENVALUE .67 .42 .47 .30 .45 
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Agricultural land and private ownership in the watershed 

are contributing most to the canonical correlation on the 

landuse;ownership indicator. Their influence is most related 

to secchi, CHLA, and conductivity. The direction of the 

relationshipsp inverse in terms of secchi and direct in terms 

of CHLA and conductivity, is indicating the adverse influence 

of the indica~or on trophic status. 

The canonical correlation on the population gr-owth 

indicator gives most emphasis to rangeland. A high perc~ntage 

of rangeland in the watershed, and less remoteness are most 

influential on trophic status in terms of pH, conductivity, and 

turbidity. Po pula ti on growth is ambiguous in this 

relationship. Fifty mile population growth indicates a less 

eutrophic state, while one hundred mile population growth 

indicates the opposite. This finding illustrates the basic 
. 

differences in population dynamics between norther-n and 

southern Idaho. In southern Idaho the population growth is 

greater in the larger urban areas which are commonly within one 

hundred miles of the more eutrophic reservoirs. In norhtern 

Idaho the population growth is greater in close proximity to 

the relatively less eutrophic lakes, either concentrated in the 

Spokane, Washington area, or dispersed in rural areas and small 

towns. 

At . this point it is interesting to note that the two 

landuse variables have emerged as important influences on 

trophic status, but on different aspects of the p~ocess. 
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Agricultural land is related to water cla~ity (secchi), algae 

{CHLA), and alkaline particles {conductivity), while rangeland 

is most related to pH and conductivity. Agriculture is then 

more indicative of the conditions by which we usually judqe 

trophic condition or water quality - cloudy water and alqae 

growth. Rangeland is indicative of conditions which are 

conducive to the eutrophication process, but which may not yet 

be present in the forms commonly recognized. 

In the canonical correlation on the development indicator, 

population within fifty miles and development on the shoreline 

are given almost equal veight, but in opposite directions. In 

terms of four trophic status variables, secchi, CHLS, pH, and 

N/P, development on the shoreline indicates a less eutrophic 

condition, while population within fifty miles indicates a more 

eutrophic condition. The value of their variates are unusually 

high and the conductivity variable fs operating opposite from 

the expected direction. Given these anomalies and the low 

eigenvalue of the relationship, no further interpretation is 

attempted. 

Remoteness and development are exerting the most influence 

in the canonical correlation on the recreation indicator. 

Remoteness and development are both indicative of a less 

eutrophic condition in this relationship. A large population 

in the watershed is related to a more eurtophic condition. 

Trophic status in this relationship is represented by pH, 

conductivity, and N/P. 
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The statistical inclusion of N/P with this indicator is an 

inte~esting finding. Development, which is thought to be a 

major influence on N/P, appears to be preventing its occurance 

rather than encouraging it. Watershed population ~n 1980 is 

acting more in the hypothesized direction, higher population s 

indicating a more eutrophic condition. An interpretation of 

this apparent contradiction is that shoreline development, 

while changing aesthetic conditions on the lake, is not having 

a major impact on ~utrophication. Watershed development, 

reflected ~n watershed population, while more disperse, appears 

to be having more of a negative impact on trophic status. This 

finding lends further support to the importance of the 

watershad as the boundary for social and physical research on 

lake eutrophication. 

SUMMARY 

An ideal of ecological studies is to determine which 

inputs are causing a change in the ecology of the system. It 

is an ideal because it purports to determine ~hi an ecological 

change takes place. The answer to the question of why 

conditions are as they are is left to those who are better able 

to interpret the myriad of influences on people and natural 

resources (see for example Catton, 1980). This study has been 

aimed more at gaining an understanding of ho~ Idaho lakes ara 

becominq more eutrophic, to determina major human activities 
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which can be used as social indicators of cultural 

eutrophication. 

As determined from the statistical analysis, indicators of 

eutrophication, in order of importance are: agricultural land 

and private land in the watershed, related primarily to secchi, 

CHLA, and conductivity; rangeland in the watershed, related 

primarily to pH, conductivity, and turbidity; watershed 

population in 1980, related primarily to pH, conductivity and 

N/P; and fifty mile populaion in 1980, related pri~arily to 

N/P, CHLA, pH, and secchi. Remoteness is rela ~8d to all the 

trophic status variables, the accessibility of a lake appears 

to go hand-in-hand with its eutrophication. 

Development on the shoreline is high~r n~ar the least 

eutrophic lakes. The conclusion is that the clear, clean lakes 

are attracting development which has not yet adversely 

influenced their conditions. Exampies are Coeur d'Alene, Pend 

Orie lle, Priest, and Payette lakes, lakes which app2ar to have 

the resilience to withstand the impact~ of shoreline 

development, although they are experiencing localized problems 

along some of their shoreline areas. 

Recreational accesses on the shoreline have no 

relationship with the set of trophic status variables. 

Population growth within fifty and one hundred ~iles between 

1970 and 1980 are in opposition in their relationship ~ith the 

trophic status variables. The utility of these three surrogate 

recreational use measures is questionable a~ this time, but 
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they may prove more useful if included in more specific studies 

of individual lakes, espec i ally studies which have the 

advantage of including time-series data in the analysis. 

Canonical correlation has been useful for narrowing the 

list of variables to two sets of variables which have the 

maximum amount of correlation among the variables and betw~en 

the sets: 

SEC CHI 

CHLA 

N/P 

CON DUCT IV IT Y 

TURBIDITY 

PH 

REMOTENESS 

DEVELOPMENT on the LAKESHORE 

100 ~ILE POPULATION GROWTH (1970-80) 

WATERSHED POPULATION ( 1980) 

WATERSHED in AGRICULTURE 

WATERSHED in RANGELAND 

LAKESHORE in PRIVATE OWNERSHIP 

WATERSHEn in PRIVATE OWNERSH ~P 

These two sets form the list of trophic status indicators for 

the eighty five lakes in the Clean Lakes Project. 
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CHAPTER V 

CONCLUSIONS AND DISCUSSION 

SOCIAL ASPECTS OF EUTROPHICATION 

These indicators have by far the greatest influence on 

trophic status. Any lake with a significant amount of range 

and agriculture in its watershed will have worsening problems 

without managemen~ plans and practi~es designed to limit the 

effects. Specific adverse pract~cek will have to be determined 
\ 

and programs instigated to lessen the adverse impacts. Any ngw 

range or agricultural activities proposed in a watershed should 

be approved only if best management practices are adopted. 

Since the adversely affected lakes are mostly the southern 

reservoirs which are extensively interrconnected, and whose 

combined watersheds cover hundreds of miles, the effects of 

even a vigorous lake management program will probably maintain 

the current trophic status at best. Eutrophication is a 

natural process, so can never be completely halted, especially 

in shallow, man-made reservoirs. The goal of management for 
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many of the reservoir ., is to maintain their condition at a 

level that is adequate for swimming, fishing, and boating, a 

level that is far from pristine, but which serves the purpose 

of improving the qua 1ity of life of the local residents and thg 

weekend user. 

The relationship between trophic status and 

landuse/ownership indicators is recognized by most lake 

managers around the state, and many programs and activities 

have been implemented in an attempt to lessen their impact. 

Specific causes for the relationship need to be addressed on a 

lake by lake basis. One approach would be to develop a more 

comprehensive land use inventory that would break the major 

catagories into specific crop, grazing, and irrigation uses and 

that would also includ9 data on slopP., soil type, and 

vegetation. This type of survey is currently being done in 

cooperation by the Idaho Division o£ Environment and the Soil 

Conseravation Service. The program also inclu des 

information/~ducation activities aimed at farmers and resid~nts 

in critical area~. There are currently at least fifeteen 

priority areas recognized by the Idaho Division of Environment, 

where studies are on going and water pollution abatement 

programs for private farm lands are being implemented. 

Reservoirs included are American Palls, Milner, Ririe, and the 

reservoirs of the Lewiston Orchards Irrigation District: 

Mann's Lake, Soldier's Meadow, and Lake iaha. 
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POEJ!latiO!!, ~f:QWtb. 

The major population variables, as determined by this 

r~search, are the watershed population in 1980 and the 

population growth within fifty and one hundred mile~ between 

1970 and 1980. The watershed population and the one hundred 

mile population gro·wth appear to have a negiitive i.nfluence on 

trophic stat ns, and the fifty mile P<?PUlation growth, a 

positive influence. The later relationship is int~rrpreted as 

indicating that the less eutrophic lakes are an influence on 

peoples• migration decisions. 

One of the · major goals of this research is to determine 

which lake areas are experiencing the highest population 

pressures. Population pressure is defined as either l~rge 

numbers of people or high rates of population growth near 

lakes. The definition of what is "high" population growth is 

very subjective and is relativa to a variety of factors. 

Services available, jobs, environmental resilience, population 

density, and many other characteristics of an area and of a 

population of people will contribute to a classification of 

high or low population growth. 

Lakes appear to be a very strong influence on people's 

migration decisions. The five fastest growing counties: Boise, 

Blaine, Kootenai, Valley, and Bonner, are all relatively rural 

counties with high scenic value · and recreational opportunity. 

The growth in Boise and Kootenai counties is undoubtedly also 

influence by the close proximity of large cities, Boise and 
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Spoka.ne respectively. Potential job opportunities cannot be 

ignored, but it does appear that the environment may be a 

stronger influence on migration to and in Idaho, than it is 

nationally, as discussed by Long and Krist~n (1979)~ 

There are six major areas of the state currently 

experiencing the greatest population growth. From North to 

South they are: Couer d'Alene area, McCall area, Sun 

Valley-Ketchum area, Boise-Nampa area, Twin Falls-Burl9y area, 

and the Bear Lake area. These areas correspond with the 

location of some of the state's least eutrophic lakes. But 

they also con~ain lakes which are exhibiting tendencies towards 

eutrophication, and given the recent surge in population 

growth, they are the areas in which lake conditions could be 

most precarious. 

The larger northern lakes are a case in point. Their 

high population growth has not yet daused many of the northern 

lakes to become eutrophic, but there are a few examples of 

where this might be the case. Cocolalla is a popular lake with 

documented problems, while Spirit, Twin, Hauser, Hayden, and 

Coeur d•Alene lakes are known to suffer from algae blooms and 

poor water clarity at times. These same lakes are experiencing 

high population growth and are given a high priority 

classification in the Idaho Clean Lakes Project draft report 

(Milligan et al •• 1983). Cultural eutrophication is occuring 

at these lakes and their social value, including economic and 

quality of life considerations, is deteriorating. Th~se 
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priority lakes vill most l .llely have con·ti.nually worsening 

conditions without implementation of plans and activities to 

ameliorate the impacts, although the trends in trophic s~atus 

for any of these lakes have not been established. The only 

evidence we really have are the o.bservations of lo.ngtime lake 

residents and the chemical/physical evidence of the lakes' 

present conditions. Monitoring has been done on a few of the 

lakes over ·the years, but the approach hasn't been organized 

enough to make a firm statement on trends in trophic status. 

Three of the least eutrophic lakes in Idaho, Alturas, 

Redfish, and Stanley, are among those lakes on the study list 

with the fastest growing populations within fifty and one 

hundred miles~ This reflects the high quality of the lake 

water and the surrounding area. The high growth is primarily 

in the adjacent Ke·tc hum- Stanley area, both located in Blaine 

county, the second fastest grow~ng dounty in the state between 

1970-1980. This further indicates the distinction between 

population growth in lakeuse areas versus that of counties, as 

the above mentioned lakes lie in Camas and Custer county, th~ 

slowest growing counties in the state. 

While population growth does not always consistently 

correlate with trophic status, high growth rates could mean 

that managers may need to alter their recreation planning to 

account for changes and increase in recr~ational use. This 

involves developing new management techniques in order to 
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prote~t the resource and to keep users informed of the 

condition of the lake and the effects of their actions upon it4 

!ctual recreational use figures were obtained for only 

twenty eight of the lakes (Table 9.). The sources for this 

data are six different agencies, each using a diffeLent data 

measure and a different data collection technigu9. Due to the 

small sample size and the variations in measurement, this data 

was not used in the statistical analysis. 

One way to discuss this data is ~o compare lakes within 

each agency's jurisdiction. Under the Bureau of Reclamation, 

Palisades receives an extremely high amount of use. Lake 

Lowell and Cascade Reservoir are the second and third most 

highly used lakes under the Bureau. For those reservoirs under 

the Army Corp, of which there are o~ly three, Lucky Peak is by 
I 

far the most utilized for recr~ation, with Dworshak and Pend 

Orielle both receiving high use. Under State Park's 

jurisdiction, Lucky Peak again, far exceeds the use at other 

lakes. Winchester Lake shows relatively high attendance 

figures for a lake of its size. The only lake under the Forest 

Service is Lower Priest. The figures show that use is down 

form a peak in 1977. The Fores-t Service keeps very detailed 

records on percentage of users participating in a variety of 

recreational activities. Use is very diverse at Priest, with 

recrational homes and resorts being very high use activities. 
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~able q · 
Recreational Ose Cata, 1976-1980 

~OW!B PRIEST L (Forest SerYice) 234900 
(Ca•piaq, iecr~atioa Cabins, Siqhtseei~q) 

LOVER PBI!ST L (State Park) 
(Swiaci~q, boati~q, caapinq) 

LAK! rEND OI!ILL! (lray Corp) 
(SwiaaiDCJ• Siqot~eeiACJ) 

31471 

201000 

LlX! PEHD OI!I~tl (State Park) 98551 
(lishiDCJ• BoatiDg, SviaaiDCJ• Caaping) 

IOUMD LlK! (State Part) '2209 
(Caaping. FishiDg, Sviaaing} 

LAK! CBA%COLrf (State Part) 112925 
(FishiAq, PicDiCiDg, SviaaiAg) 

!AII•S L (Bureau of BeclaaaaticDI 3700 
(PishiACJ) 

LlK! VAHA (Bqreau ot BeclaaaatioD) 11880 
(lishiug) 

SOLDIERS ~!ADOV a (Bureau of i.) 6700 
(Fishing, PicniciDq) 

IIHCB!ST!I L (State Park) 411267 

DiOBSBAK R (Ar•T Corp) 274500 
(Sigbt3eeing, 8oat~D9) 

ALTCBAS L (SMIA) 11800 

PETI~ L (SHIA» 1180C 

SEDFlSH L (SMRA) 39100 

STlHL!t L (SHRA) 39100 

AHOEBSOM RANCH a (Bureau of B.) 68950 
(Fishing, Sightseeing) 

ASBOWROCK a (Bureau of Becla••atioa) 22200 
(lishing, Sigbtseeiug) 

.!!U 
230900 

31670 

119221 

1ll! 
253500 

28223 

283100 

91102 

51624 50702 

2551311 292558 

7400 7400 

11880 11800 

5700 5700 

37836 31973 

263900 235300 

11900 13900 

11900 13900 

31800 110000 

37800 110000 

69956 1119623 

21000 61037 

1l11 
3 08300 

27386 

211000 

105167 

1.21! 
279300 

191200 

123193 

51651 37311 

226707 151987 

71100 71100 

11800 11800 

5100 5100 

1101101 58112 

163000 171352 

13500 12100 

13500 12100 

110100 34300 

110100 34300 

J3471 56517 

J3JSO 49024 
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tt•ble ~ (cant.) 
Recreational Use tata, 1976-1910 

SLlCX CANTON 8 (Bureau of R.) 
(2oati~q, Pic~icinq) 

BLlC~ Cl~YCM 8 (State Park) 

li§~ 

63&11 

C1SC10! 8 (Bureau of lecla•••tioD) 151300 
(Caapinq, Fishing) 

D!10WCOO R (Bureau of BeclaaaatioD) 17480 
(Caapinq, Siqbtse•inq) 

LlK! ~OW!t~ (Bureau of Beclaa•atioD) 15659C 
(SightseeiDq, Boating, Pisbinq) 

!11K•s CJE!I 1 (Bureau of a.) 20257 
(7isAinq, CaapiAg) 

LOCXl PEAl I (State Park) 62295~ 
(Dar osa ODlf) 

PlY!'tT! L (State Park) 72921 

ln!BlClN Pl~lS I (BureAu of 1.) 73459 
(SviaaiDg, BoatiAq) 

IS~110 PliK I (Bareau of 1.) 175400 
(lishinq, SiqhtseeiDq, Ca•piD9) 

LAX! WALCOTT (Bureau of R.) 56866 
(PicDicinq, Fisbinq, Sightseeing) 

LITT~! WOOD I (Sureaa of B.) 
(CaapiDq, l'isbiDg) 

&IiiE I (Bureau of Reclaaaation) 

S!NB!S L (State Park) 

4095 

21853 

b9750 

20502 

PALISADES B (Bureau of ReclaaaatioD) 698633 
(Sightseeinq, BoatiDq) 

S!lB L (State Park) 
(Day usa Only) 

71131 

105780 

139000 

17871 

139000 

8655 

558715 

51250 

170500 

92705 

5284 

8289 

52591 

46257 

542355 

51791 

~ 

53850 

74398 

137100 

14250 

132592 

8635 

1636280 

1 17466 

53150 

203800 

60044 

4955 

26608 

48299 

52'299 

573800 

llll 
100ij59 

100859 

.ill! 
42500 

69960 

132900 131600 

14235 14200 

220700 

9055 

748988 

1&6000 

222000 

42719 

4373 

16275 

29254 

530167 

52602 

111300 

15040 

&40752 

79763 

221327 

21005 

1 "900 

28673 

681042 

57351 

IA parentheses are the aqency and the aajor recreational uses. Each of the 
ot the agencies bas a different for• of •easurement for their recr~ation data: 

Forest Service - Visitor Days~ Ar2y Ccrp of engineers - Recreation Oars: 
Bureau ot aeclam•atioD - Visitor Oays; Idabo Department of Parks and Recreation -
Attendence ligures; Sawtooth National Rec. lrea (SMRA) - Recreation Visitor Days; 
!inidoxa Matioaal Wildlife Refuqe (~MWB) - Huater of Visitors. 
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The data from the Sawtooth National Recreation Area also shows 

a downturn in recreational use* with Redfish and Stanley 

receiving more visitors than Petit and Alturas. 

In summary, recreation use data is one of the least 

available and least usable for statistical _analysis of any of 

the social science data collected for this research. For some 

lakes, and within a single agency, it may be somewhat usaful as 

a guage of lake use and as a supplement to agency planning for 

policies and facilities related to recreation. 

Due to the lack of recreational use data, variables were 

measured tha ·t indirectly represent recr~ational use. The major 

influences of these variables on eutrophication among the study 

lakes are development on the lakeshore, statistically r~lated 

to two of the trophic stat us var iabfes 1( pH and N/P), and 
I 

recreation accesses (correlated with N/P). Development was 

determined to be inversely related to trophic status in the 

later analysis and the number of recreation accesses had no 

relationship. 

Development on lakAshores, in the form of houses, resorts 

and campgrounds, is more prevelent on the northern lakes. Very 

few of these lakes are classified as eutrophic, but many of 

these lakes are targeted as priority lakes by the Clean Lakes 

report (Cocolalla, Rose, Lake Chatcolet, Hauser, ~win Lakes and 

Spirit Lake) (ltfilligan et al., 1983). Also included in this 
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group of lakes are some areas of Lake Coeur d'Alene and Priest 

Lake. They are given priority ranking because some of their 

bays are experiencing eutrophication problems. 

The managers of these lakes are a~ara of their · local 

problems. Septic tanks are a major impact. Poorly constructed 

septic tanks~ especially in soils that are prone to easy 

leaching of nutrients into the water, are directly related to 

algae growth and thus acce l erate the eutrophication process. 

The Idaho Division of Environment has attempted ambitious 

programs in northern Idaho to determine the numbeF and 

condition of septic tanks on lake shoces. They've included 

educational programs to inform cottage and home owners of the 

impact of septic tanks on water quality. Alternatives and 

·actions are proposed llhich might lesson tile impacts. 

Also, the counties of Kootenai and Bonner have begun 

developing Lake Master l?lans. Bonne·r•s plan (Stravens, 1982) 

deals specifically with Lake Pend Orielle and is mainly a 

landuse plan for lake-side lands. One main purpose is to 

identify potential development areas and to carefully evaluate 

each site on its access, utility services, compatible uses, 

ownership, soils, and lake pollution potential (based on a 

variety of development options) (Stravens, 1982). Kootenai's 

plan (forthcomiri~ is somewhat broader and includes 

consideration of the south end of Lake Pend Orielle and six 

other lakes, all of which received priority status in the Clean 

Lakes Project Report (Milligan et al., 1983). The Kootenai 
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County plan attempts to d·eal with surface use problems as well 

as adjoining landuse problems. Both plans place high priority 

on pu_blic participation throughout the plan development 

process. Both plans will have to survive the scrunity of a 

public with diverse and often conflicting interests. 

Undoubtedly the plans will undergo many changes b~fore they are 

approved and implemented by city and county zoning boards. 

Are the lakes with high population growth and a high 

percentage of d~velopment on their shores, and which may have a 
l 

threatened trophic status as indicated by recently observed 

trgnds, tommorrow•s eutrophic lakes? Since they are among the 

states most pristine lakes, it is an important question, hut 

one which remains unanswered by this research. They would 

benefit from some lake-extension vork by area managers. The 

major emphasis of managers should be to inform local land 

owners, residents, and users on proiecting water quality. 

These lakes are the ones where any available funds should be 

channeled for monitoring, research, education, and p~evention 

of eutrophication. The clean-up of an eutrophic lake is an 

expensive process and is not always effective. The recognition 

of sources, education of the users 6 and activities for the 

prevention of further adverse influence on a lake are more 

effective and less expensive in the long-run. 
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LIMITATIONS OF THE R ESEA RC H 

This project was proposed to be a multidisciplinary study 

of the trophic condition of Idaho lakes. Multidisciplinary 

research places different time constraints on project members 

than do other types of research. More time has to be devoted 

to developing a ~ramework .for incorporating each. contributor's 

interests and data, and to communicating progress and 

alterations. Timing is especially important if team members' 

analysis depends on the data or findings from other m~mbers. 

The researchers on this project, myself included, did not 

develop the coordination and flexibility necessary for the 

project to become the multidisciplinary approach that was 

originally proposed. Tha project basically evolved into each 

discipline approaching a common problem independently. As ~ 

result, a final analysis that involies input from e3ch 

disc~pline, as was attempted here, falls short of 

scientifically incorporating the vide variety of influences on 

the trophic status of Idaho lakes. The advantage of 

multidisciplinary research is that scientists from each 

discipline can contribute their expertise to the b~st of their 

ability, while working within a framework that includes a 

variety of inputs. Without well defined goals ~nd 

responsibilities there is a waste of energy when team members 

stray outside their disciplines to gather data or find 
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information that is more easily and accur tely gathered by 

another team member. 

Coordination and communication is also vital to an 

evolving research framewor .k that · is resp c. n si ve t o nev 

understandings of the problem that can occur in any type of 

project, but which especially do when a variety of disciplines 

work together for the first time and begin to develop a more 

ecological understanding of an environmental problem. 

The scope of this project prevented the findings from 

being as specific and revealing as was initially hypothesized. 

A more car~fully developed list of study lakes would have 

included a smaller number of lakes~ representative of basic 

lake types, and would have required less data collection and 

travel, while allowing for inclusion of more specific 

variables. A smaller group of study lakes would have allowed 

for multiple water samples fro~ eac~ lake, at different time 

periods and in different locations on the lakes. 

Time is an important variable, or an important aspect of 

every variable, which is not adequately accounted for in this 

project. Time is especially important when studying 

eutrophication since it is a process that changes from year to 

year and fro~ one time of year to another. The timing of the 

water sampling varied from early June to early October. 

Comparisons between lakes is thus confounded by trophic status 

data that is -influenced by varied climatic conditions. This 
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problem was accounted for somewhat by timing the lake visits 

based on each lake's altitude. 

Another limitation is alluded to in the above discussion. 

It centers around the debate over the breadth of a study, 

whether it should be broad and general or narrow and specific. 

Due to the choice of the broad and general approach the results 

are also general and fairly predictable {Pierce and Doerksen, 

1975). If they are predictable, then their usefulness is that 

they act as a confirmation of beliefs and general 

understanding~ By choosing a more specific approach, also not 

without problems that can result from over-specificity, the 

state-of-the-art in multidisciplinary research and the 

understanding of eutrophication problems in Idaho, might have 

been better served. 

Perhaps the major shortcoming of this study is that in the 

final analysis, it did not take the ·ecological approach th'lt 

was discussed and encouraged throughout the earlier chapt~Ls. 

The major boundary of this study - Idaho - is a political 

rather than an ecological entity. As a result, the discussion 

was repeatedly amended with references to southern reservoirs 

vs. nocthern lakes and highland lakes vs. lowland lakes. 

Further studies would benefit from grouping lakes more 

ecologically, for example by drainage, altitude, and latitude. 
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SUGGESTIONS FOR FURTHER RESEARCH 

The multidisciplinary approach is strongly recommended for 

further study of eutrophication in Idaho. The approach is 

necP.ssary for differentiating between natural and cultural 

eutrophic~tion processes taking place in each lake and in each 

lake's watershed. Not only does the approach aid in a better 

evaluation of lake trophic status condition. but it is 

necessary in developing effective solutions to eut·rophication 

problems. Burdge and Opryszek summerize the opinions of many 

supporters of the multidisciplinary approach, "one of the 

reasons for the present •environmental fix' is the single 

discipline approach to environmental probl-ems" (Burrlge and 

Opryszek, 1981:349). 

This study on1y begins to illuminate the relationships 

that result in cultural eutroph~cat~on. That landuse and 

ownership ace major influences is apparent, but the broadness 

of the categories prevents the findings from being diractly 

incorporated into lake management plans. Data on specific 

activities and owners need to be included. The population and 

recreation data is likewise general, and although correlations 

with trophic status are demonstrated, there are some uqrey" 

areas that need to be more fully explored. It was hypothesized 

that population growth and development are adversely affecting 

trophic status. This type of relationship was not 

substantiated by the analysis, yet a correlation is evident. 
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To more fully exploce the issue, a more specific, 

integrative and interactive research approach should b~ 

followed. The •ajority of vaciables in this study were static 

variables. Later studies should incorpo~ate variables that 

reflect change over time. One approach would he to compare the 

trophic status lakes of similar physical characteristics 

(altitude, climate, depth) based on a study of changing 

landuse, development, and population. A companion to this 

appcoach, which has been recommended elsewhere (Panhandle Area 

Council, 1978), is to initiate regular testing on many of 

Idaho's lakes. The water sampling should be consistent for 

each lake, at a variety of locations in the lake, and at 

different times of the year. This 1ata can then be correlat~d 

with other time series data, such as changes in: land use~ 

housing, roads, recreationists, recreational uses, population, 

ownership, etc. Social/environmental monitoring is an
1 

added 

~xpense to already strained federal and state budgets. A 

cooperative agreement between agencies, counties, and 

universities could result in lowering the initial expense of 

developing the data gathering collection framework. With a 

centralized data base, accessible to all conc~rned agenci~s, 

the cost and efficiency of lake monitoring would be enhanced. 

This proposal for a centralized, easily available, ~asily 

updated data base applies especially to recreation data. Idaho 

needs a standardized recreation data collection scheme that can 

he accessed and updated by all federal and state agencies. 
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Much more information is needed on the attitud9s, values, 

desires and activities · of lake users and lakeside residents in 

Idaho. A danger of not including subjective user information 

into a social analysis is that "unless monitoring can include 

the meaning behind choice, the social construction of reality, 

it remains empty statistical reckoning" (Meyersohn, 1972). A 

random sample of the lak~ user population provides managers 

with a view of the users• desires, expectations, and :re'lctions. 

This data too, is more revealing in eutrophication studies if 

gathered at different times. Changing perceptions of trophic 

status can then be correlated with the changing trophic status 

as reflected by the water quality data. 

LAKEUSE PLANNING 

The first questions (or objectfons) when developing 

management strategies for any resource are usually, "Hhy do it, 

t~hat is the benefit?" and "Who is going to pay for it?". The:? 

first question can be answered on a number of levels. On a 

statewide level, tourism is Idaho's third la ·rgest industry and 

the tourist dollar could become even ~ore important to the 

state's economy. One of the main '"draws" of the state is her 

beautiful lakes. It is in everyone's interest to maintain th~ 

water quality of the lakes at as high a level as possible. The 

tourist dollar effects the economy all the way f~om the state 

coffers to the local store and gas station. Lak~shore 
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homeowners, local residents, regular users, and other area 

residents benefit from increased property values, recreation 

benefi ts 1 and an enhanced quality of life. Some of these have 

an easily computed economic value, others, such as the value of 

swimming in a clean lake, don•t so easily carry a price tag. 

The other question, who pays, is more difficult to answer. 

In some cases, federal money is available and this is 

appropriate because some of the lakes are national resources, 

and others are partially or entirely on federal land. State 

money is available for some programs. The other governmnet 

units, counties and towns, sometimes contribute their share, 

usually when their activities are directly involved in the 

water quality problems. 

It is apparent that for some lakes, not enough money is 

available to solve their problems. Innovation and public 

involvement are perhaps the greatesi assets to lake managers in 

their approach to lakeuse planning. The first step is to 

determine who are the lakejwateshed users. These would be the 

people who 1 s actions are possibly influencing the trophic 

status of the lake and who would benefit most from improved 

trophic status. The population data collected for this project 

is especially pectinant to this stage of planning. The people 

within the watershed and ~ithin fifty miles are the primary 

members of the use~ group. People within one hundred miles are 

secondary users. The non-local visitor is a third group. The 

population data collected for this res~arch providgs managers 
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with an idea of the size of their different user populations 

and how they have changed over the last twenty years. 

On the local level, informational public meetings would 

educate the lake users on current lake conditions with emphasis 

on cause and effect relationships. Perceptions on the 

condition of the lake, influences on that condition, and 

benefits of improvement are factors which resid~ in the 

cultural system of a group. They are the myths, beliefs, 

goals, values, and attitudes, ~hich when interplayed with 

social, psychological, and environmental systems, make up a 

group•s perception of the world around them. Th~se perc~ptions 

can be based on faulty information, not enough information, 

misunderstanding, and uneducated opinions about our environment 

and how ve relate to it. While a truly necological 1' 

understanding is a rare bird indeed, approaching that ideal is 

not impossible. By providing inform·at~on and alloving for an 

airing of beliefs, values, etc., lake managers are able to make 

a giant step in incorporating that elusive but ubiquitous 

cultural system into their plans. 

The discussion of benefits is an especially important 

topic to be discussed at public meetings. The economic costs 

and benefits are the bottom line and of interest to everyone 

concerned. The managers job will be to also enter hard and 

soft quality of life aspects of lakes into the discussion. 

Hard aspects are those with an easily computed price tag. Soft 

aspects are those benefits which usually have no price tag, but 
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which most people value to some extent and wbich may have been 

major influences on many people in their decision to mov9 to 

the lake area. These discussions are an attempt to come to a 

group concensus on which lake uses are important and how they 

~inancially and socially benefit the individual, family, group, 

community, town. county, etc. During this process and at lat9r 

meetings, those present would Lefine the concept of lake and 

what it means to them as a group. 

The majoL impetus to the need foL lakeuse planning on 

lakes like Payette Lake, Lake Pend Orielle and the Kootenai 

County lakes is the large population growth in those areas 

during the last ten years. iitb this change comes an overall 

change in the social value of the lake, those valu~s, rules ~nd 

acceptable uses of the lake which have pLevailed in the past. 

Acceptable uses are often nebulous and individualistic anyway, 

so with high population growth conditions, a lack of planning 

would seem to only contribute to a eutrophication problem. 

The immediate response to lakeuse planning is usually 

negative: it is believed that common landuse and lakeuse 

practices will be prohibited and the individual's "rights" will 

be infringed upon. If the planning meetings are educational, 

and the channels for a two-way flow of infoLmation maintained, 

much of the immediate negativism can be oveccome. An example 

of the bad experiences that can occur in a community when 

lakeuse planning isn't implimented is the recent controversy 

near Payette Lake. · The planning for a sorely needed lakeside 
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sewage system became embroiled in controversy, and suits and 

counter-suits were filed. In this case everyone agreed that a 

sewage system is needed, the problem is hov to go about it. 

After a lonq planning process, all planning had to begin again. 

CONCLUSION 

The findings presented here basically confirm the emphasis 

of lake management programs around the state. In the case of 

specific landuses, agriculture and range, the conclusion from 

the analysis is that they are adversely affecting trophic 

status, though different aspects of trophic status. For other 

human activities, the analysis does not offer such firm 

conclusions. While there is the temptation to point an 

accussing finger at certain uses, and to suggest trends which 

appear to exsist, the major findings· are more relational than 

causal. This report's major contribution to th~ field of lake 

water quality, and to the understanding of the trophic 

condition of Idaho lakes, is that major social variables havg 

been identified, measured, and incorporated into an ecological 

a.nalysis of trophic stat us. 

Culture and society are not often discussed in the same 

study with pH, turbidity, clarity, and chlorophyll. This paper 

has attempted to explore the link between human activities and 

the trophic status of Idaho•s lakes. The major emphasis has 

been on those activities which have an adverse influence on 



----------------------------------------------~~ ------

116 

trophic status. The link can also lead to an improvement i n 

trophic status. Once the influences are recogniz'ed, management 

strategies developed, and social value of the lake recognized, 

the eutrophication process can be slowed o~ reve~sed. 

currently, there are some ambitious and farsighted lakeuse 

plans being developed in Idaho. The~e is still a ways to go. 

The term "cultu~al lag'' might apply to the area of lakeuse 

planning. Cultural lag means that the~e is a marked 

discrepency between the degrees of development of various 

aspects of a culture. In less modern societi~s, it is usually 

the technological capabilities that are lagging behind th t"! 

changing values, d~sires and needs of the people. In our 

society, it is recognition of the public value of our natural 

resources, the social value of lakes, that is lagging behind 

our technological capability of culturally accelerating the 

e~ trophication process. 
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APPENDIX A 

THE IDAHO CLEAN LAKES PROJECT 

DATA FILE 



L 
l 0 L 
0 " A B 
w (; 1 A 
t\ R I I s 
s A 1 T I ------------- BASIN --- ------.. " L u N 
I G c c ""AJOR ,.,lt\(P 

LAKE NAME COLN lY p e E E II MAJOR SUB-BASIN SUd-AASIN 

1 Al1l1f'AS L flAJJ\E lOU\ P1~E 114 51 43 55 6 S~LMGN SALfo'C" f4 ~LTURAS l CK 
2 A~ERIC~~ fALLS R PO~E~ 1075 F31E 112 50 42 50 9 tiPPER SNAKE 
3 ANCE~SON RANCH R ELt'CFE TO IS FC 6E 115 25 43 23 8 SCUTHHEST BOISE R SFK eOISE R 
4 A~~C~~CCK R ELfo'CPE 103f\ F04E 115 52 43 35 8 SCUTHkEST 801 SE R 
5 ASHTC~ R fR E~(t\ 1 T09" F42E 111 29 44 06 9 UPPER SNAKE HENR'l'S FORK 
b BASil\ L IDAHO T23N rC2~ 116 33 45 20 1 LCWER SNAKE SHEEP CK ~FK SHfEP CK 

1 BA'tHORSE L CUSTER Jl3t\ Rl7E 114 24 44 24 6 StiLMON SPOK~"E R BA¥1-l (f\SE CK 

8 BE,\R L eEAR LAKE 1155 F44E 111 tO 42 05 11 BEAR 
9 BEt\E'-At- L fENE"A~ T4f" ~C3W 116 41 47 21 3 CG,EUR 0 1 ALE"E S T JC E ~ 

10 eL~Ct< CAJ\YCN R GEfo' TC7N POl\. 1 H: 24 43 56 8 SCUTHWEST PA'1'ET1E R 
11 BL~CKfCCT R CAR18CU lO!:S F4CE 111 36 42 55 9 UPPER S"AKE 6L4CKFOCT R 
12 Hf<Chf\LEE R l-.ASHlf\GTCJ\ 117N F05l\ 116 55 44 49 8 SCUTHWEST 
13 C J STRIICE R CW'l'HEE lO~S ~04E 115 55 42 57 8 SCUTHWEST 
14 CASCADE P VAllEY Tl~f\ F03E 116 05 ~~ 35 8 SCUTHWES1 PAYETTE R fiFK PAYl:TlE ~ 

15 CA~E L KCCTENH 148~ J102H 116 37 47 27 3 CCEUR 0 1 ALEI'\E CGfUR 0 1 Al L ST. JOE R 
16 CECAR CREEK R TWit\ FALLS 114S ~13E 114 53 42 12 q UPPER SNAKE SALMCt\ FALLS CK CECAR CK 
17 CuCCLALLA L ft-.R-fC~f\EP 155f\ F02R 116 37 48 01 2 PEND CREILLE COCOLALLA ........ 

18 CRA~E CREEK R ~AStiiNGTCt-4 1121\ f'02h 116 ~5 44 22 8 SCUTtiwEST HEISER R CR ~I\ f. CK N 

19 GEAi,;\1((0 f< VALLEY lllt\ f01E 115 ~0 44 1 CJ 8 SCUTHhEST PAYETTE R CE:.\OWCCO R 
0) 

20 OEEP CREEK R Ct\EICA 1145 f037E .. 112 10 42 12 11 eEAR OEEP CK 
21 O~CRSHAK R CLEARWATER T 3 7f\ PC 1E 116 15 46 .30 5 ClEARhAlEP NFK CLEAR~t.TER 

22 ECHO L IO~HC T23t\ F02W lH: :!4 lc5 p; 1 LC~ER SNAKE L GR.\"IlE CK 
23 fERNAN L KOCTENAI 150" f'03k 116 4) 47 40 3 CCEUH 0 1 ALEt\E COEUR 0 1 ALENE 
24 GE~ L IOM·C T23t\ ~02~ 11t ~3 4'S 2C 7 LC\\ER St\AKE SHEEP CK 
25 GCLOEN l FRE~CNT Tl2f\ fi42E 111 29 lc4 21 q UPPER SNAKE HENR'WS FCRK lflKE: CK 
26 GCCSE L AOAfoiS 1201\ P02E 116 10 45 05 6 SALMON L S~Lf'ICt\ GOOSE CK 
21 tiALSER L KOCTEt\AI 1511\ F05~ 117 01 47 4t 3 CCEUR O'ALEf\E SPO.KA"E 
28 HA'rCEt\ L t<CCTEt\AI 1511\ f'C3k llt ~2 41 ~t 3 CCEUR O'ALEI\E SPCK~t\E 

29 tiECE'fll l IOAHC 122f\ f'02W 116 3.3 45 1fi 1 LCWER SI\AKE L GRAI\llE 
30 l-1 E ll S C A 1\ V CN R AOfoi-AOAMS 1221\ P03h 116 42 45 13 6 LCwER S"AKE 
~1 HE:"RYS L fRH'Ct\1 T15N F43E 111 22 44 31 q UFPE:R SNAKE HENR"S FCRK 
32 HCCOCO l Elt\~-eCt.I\E~ 154N JC04h 1H 49 4 e o3 2 PENC OKflllE HGOOCC CK 
33 ISLAt\0 PARK R FREMGNl Tl3f\ F4 3E 111 30 44 24 q UPPER ShAKE 
34 lAKE (.HAlCOLET iiEI\E~Ah T46f\ P03W 116 lc5 41 22 3 CCEUR 0 1 ALEI\E COEUR O"lEf\ l ST JCE R 
35 LAKE CGflR 0 1 ALEJ\f KOCTEt-..H 1501\ ~04W 11 t 45 4 7 40 3 CCEUR O'AlEf\E 
lb LAKE LC"-fLL CAf\VCI\ T03N PO~ .. 116 40 lc3 31 8 SCURl~'-ESl BOISE R N 'l'f.~K CM~Al. 

37 LA~E PENt GRfiLLf fN~-fCf\~ER T56N POlE 116 2~ ~te 01 2 PEt\0 CREILLE 
38 LAKE h~HA f\l:l FEfCCf 133f\ f'C4k 116 50 le6 12 5 CLEARWATER LAPhAI CK kfK S\1\EET\\HE~ 

39 LAt<E ~ALCClT CA~S lA TO CiS IC2~E 113 ~It lc2 40 9 lJPPER St\AI<E 



ItO lA~C"T ~ fRAf\tcllf\ 1L 5S fi4CE 111 48 42 06 6 BEAR CUH R "ORM CK 
41 LITTLE CI\MAS R ELfiC~E 101S ~C~E 115 ~2 It) 20 8 SCliTH~EST SFK BCISE R ANC£RSC~4 

ltl LITTLE ~coo R BLAit.E T01N ~2CE 111t C2 43 26 9 UPPER SNAKE BIG WCOC R LIT. ~000 R 
43 l 0 ._ E R e E R t\ AR 0 l IOAHC Tl3" fiOSE 11!: 30 41e 27 6 Lm .. ER SNAKE BEAR 'lALLEY PORTER CK 
41e lCkER PRIEST l eNR-fO"I\ER ltON ~04" lll: 51 48 31 2 PEf\0 CREJLLE PRIEST R 
le5 lliCK' PEAK A ~DA 102t~ F03f 116 C3 43 32 8 SCUTHwEST BOISE R 
'to I<ACARH·LR l 60Ut-CA~Y T6CI\ llOl~ 116 27 tee 31 1 KCCTENAI DEEP CK 
le1 MACKAY R CUSTER T01t\ R23E 11 ~ ~2 43 51 9 l!PPER SI\AKE 
48 I"AGIC R BLAit.E T02S fll8E 11/e 22 't) 16 9 UPPER SNAKE HAL AC R eiG ~000 R 
49 HAI\I\ 4 S CREEK R wASHUGTCI\ 1121\ F05W 116 54 44 23 8 SCUTHwEST WEISER R fiANN CK 
5J ,.AI\N'S l t\El fERCE 1351\ FO't~ 116 51 le6 22 5 ClEARkATER CLEARl.ATER llt\OSAY CK 
~~ .,lli\ER R TWll\ fAllS TlCS F21E 1lie 00 42 31 9 UPPER SNAKE 
~2 MGCSE CREEK R LATA~ T 't lt\ FO lh 116 25 le6 52 5 CLEM~~ATER POTLATCt- R f!ICCSE CK 
53 I'IGRMCN R CMUS 102S R1'tE 114 le9 43 15 9 UPPER St\AKE BIG kCOC R CA"'t.S CK 
54 I'ICLI\lAlN HCME R fLfiCRE 1035 ROlE 115 39 't3 OS 8 SCUTt-1WEST 
55 HLRTAUGH LAKE A TWit\ fAllS 1l1S F2CE 114 08 42 21 9 ~PPER SI\AKE TW f ~ CANAL 
56 fi'IIHLE l BOUt. CAP~ 16 21\ ~02\1 116 37 1t e "5 1 KCOTE~AI BALL CK 
~1 oxeo~ R ADt'- ,'!CJfol. S 11<11\ F04k 116 50 le4 56 8 SCUTHwEST 
58 PAll SAGES R eNL-eC~NEV TClS ~45E 111 08 le3 11 10 PALIS,\OES 
59 PA'fETTE L VAllEY T18N ~03E 116 05 4't 57 8 SCUTHWEST PAYETTE R NFK PAYETTE 
tO PERKII\S l BCUt\CA~Y 1621\ 1'03E llt 05 46 45 1 KCGTENAI CURLEY CK I-' 
61 PE 11 T l BL~II\E 1C8N F13E ll't 52 It) 58 6 SALMON ALTURAS l CK N 

t2 PUFT"EUF R CAtHeCL TOtS ~ :He 112 58 42 54 9 UPPER SI\#\KE PCRTf\EUF R '-l 

t3 RECFISH l CUSTE~ 109t\ f'l3E 114 56 'tit 01 6 SALMON SALf'lOI\ R l REDFISH 
64 RIPIE R fi\L-fOI\t\EV 1C31\ ~40E 111 le4 43 32 9 UFPER SNAKE WILlOh CK 
65 RCSE l KOCTEN~1 T4<it\ ~OlW llf 28 41 33 3 CCEUR 0 1 ALEI\E CCEUR 0 1 ~LENE 

l:6 RCLI\D l eN~-BCt>~Eii 1561\ F03w 116 38 48 Of) 2 PEND ORE Ill E COCGLAll~ CK 
67 SALMON FALLS CREEK R TWIN f'LLS llleS P15E 114 ItS le2 07 9 UPPER SNAI<E SALMOI\ FALLS CK 
68 SE\EN OE\IIlS l IO~HC 12~1\ FC2W 116 31 45 20 6 SAL~Ct\ RAP I C R ~EST FOf~ K 
69 SHElf L JDAt-!( 1231\ F02W 116 33 45 20 1 LCWER ·sNAKE SHEEP Ct< l!IFK SHEEP CK 
10 SILVER l fREfiCt\T 112t\ P42E 111 28 44 20 9 UPPER St\At<E ~ENRYS FORK 
11 SCCA PCINT R CA~lfCL; lC<iS F4lE 111 'eO 42 3<i 11 BEAR 
12 SOLuiE~S MEAOOh R 1\EZ FEPCE T33t\ F03h 116 le't 't6 09 5 CLEARwATER LAi>WAI CK SWEEThATER 
73 SPJRil L t<CCTEt.AI 153N 1404" 11 f 53 41 56 3 FEND OREILLE GRCUt\CWATER 
74 STAt\lE't l CUSTER l111\ P12E 115 C3 'e3 14 6 SALI"CN VALLEY CK STAf\lfV l 
75 STE'IENS l SHCS.,Ct,f 1411\ F05E 115 45 't7 26 3 CCEUR O'ALEI\E WILlCh CK EFK nlLLOW CK 
16 S~At\ fALlS R AOA 102S FCU 116 23 43 14 8 SCl!lH~ESl 

11 S'-AN l BEI\E~AH 1461\ PO~~ 1H 31e 41 2 0 3 LCt:lJR 0 1 ALEI\E CCEUR D'ALENE ST JCE H 
18 lCLC l 10 A t-IC T3GI\ F02f 116 1't "5 55 6 SAlMCN ROCK CK TELCt-'ER CK 
19 lRfNITY l Eli"C~E 1031\ ~G9E 115 26 43 37 8 SCUTH'-EST TRINITY CK FEATt-FR CK 
8~ T~IN LAKES LCwER l KOOTENAI 15~1\ ~O"th 116 55 "7 53 3 KCCTENAI RAit-lCFUfil C 
81 lkll\ LAKES UPPER l I<G(Tf"Al l52N 1'0~"' llf 55 41 55 3 KCClENAI RATHO~U~ C 
82 Tkll\ LAKES NCRlH R f~A"I<ll~ 114S F3BE Lll 57 42 12 11 BEAR DEEP CK 
83 lftll\ LAKES SCLlH R fRA"I<ll" TiltS F3€E Ill 57 lt2 12 11 B[AR DEEP CK 
e~t UPFEA bERNAAC l ID-HC T13~ FCBE 11~ 30 lt4 21 1 LC .. ER St\AKE BEAR \AllEY PCRTEP (I( 

e5 LPfER PRIEST l 81\R-fC~~f~ 1631\ F04k 116 52 le8 le6 2 PENC ORflllE PPIEST P l PPIEST l 
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flAP ~Aflf l (ACRE- lCUHIC 
CFT) (fl) lH) (AC~E) (HECTARE) FEETJ ~ETPEJ 

1 ALTU~AS L AL TU~AS LAKE SA .. . 7016 2138 840.2 340.0M 776CO <)56f.!5A57M 1 
2 AIW ER ICAN FALLS R •A~ERICA~ FALLS SW 80 43!4 1327 56055.0 22f84.71 1700000 20969325581 7 2 
3 ANCE~SON RANCH K •HCUSE lo'ClJ~T "N BO I 332 41c:i6 1279 4140.0 1c:i18.21 5C27CO t:?.:ccocoat 1 

" AR~C~RCCK R •ARRC\Iil RCCK l:Atl BO I 251 3216 980 3100.0 1254.51 286600 35351815<)1 1 
5 ASt-ICN ~ *ASh IC ~, JC 5l: 51~4 1571 3«;8.0 161.11 7457 92000001 1 
6 f!A51~ l tiE DEVIL, 10-0~ ~El . 77CO 2347 5.8 2.3A . . 1 
7 BA'ft-CRSE L BA~t1CRSE lAKE, 10 CHA . 85E4 2616 21.9 11.3M 372 458452M 1 
8 BEAR L •BEAR lAt<E NC, 10 . 594:3 1S05 7C400.0 28490.01\ 1432000 l766357307P 1 2 
9 BE~EkAh L ST MARIES, u: . 2142 653 573.0 231. 9M 1529 lB8586'lN 5 

10 BlACK CAt\YUN R MOhT UR, ID 112 24S4 760 1100.0 445.21 44ACO 55300 0 001 1 
11 BlACKFCCI R t-iE~RY, 10 35 6111 U!63 1c:lOOO.C 7689.11 410000 506000000( 4 
12 BRC~t~l£E R COPPERFIElD 297 2070 631 15000.0 6C70.01 1430CO~ 1 76CCC00 00J 2 7 
13 C J STICIKE R ~Ol.Tt- Cf f!RUt\EAU 105 24 55 748 7500.0 3035.21 250000 3C83724351 2 3 7 
14 CASCADE R CASCADE, IC PA 't 75 484:e 1472 28300.0 11500.01 70320ll 8673899851 1 1 
15 CA\IE L Sf f'IA~JES, It . 2140 652 t 3. 7 257.6M 5618 69293851-1 1 

1--' 16 CECAJC CREEK R •CECAP C~EEK RS~, ID 86 5225 1593 1500.0 (:07.01 30COC 3700000 .1 2 7 N 
17 CCC(lAllA l •CCCCLAllA,IC . 22C3 671 e 11. o 328.0M 2ll1A 26048626M 1 ()) 

lti CRAhf CHEEK R CRAt\f CREEK ICSV 73 31C:1 973 3210.0 1323.31 51700 63771420 7 2 
19 CEAC~CCD f' CEAC~OGC RES 80 I 147 5311 1619 32CO.O 1295.01 161Cj0(J 1c:l~7C1<)89 1 
~0 DEEP CREEK R fiAlAC CITY EAST,IO CAR 79 51!5 1571 179.0 72.6M 1500 1850235 1 1 
21 CIP.CRShAK R DE~ T, 1 C Cl E 633 16CO 488 16ie17.0 6(:40.01 34530JO 425~240072 2 l 7 
22 ECt-G l t-E DEVIL ~El . 72!:C 2210 8.2 3 .3M 0 247 1 
23 FERhAN l LANE, 10 COt-. 6 21!:0 655 421.0 170.3"1 . . 1 
.C4 GE., L t-E OEV IL, IO-CR ~El . 7740 2359 22.4 9.1M 1 . 1 
25 GClOEt\ L LAST Ct:A~CE, 10 lAR . 61~3 1869 48.0 19.4P . . 1 1 
26 GCCSE L I!RU~CAGE fo'TN, 10 PA'W 21 63£2 1'139 520.0 210.01 3500 4317214 1 
27 HALSER L ~Ekfo'A~ L~KE, kA-10 . 2185 666 598.C 242.2M 230G 2837026 1 
28 t-AlDEl\ l •~AYCEt. lAKE, 10 co~ 10 Z23e 662 4200.0 . 16<)9.71 . . 1 7 
29 t:ECE~ll l hE Cf~ 1L, IO-CR t\EZ . 74fC 2274 4.8 1.9M 0 . 1 
30 HE L l S C A t\ 't GN ~ CUPRlJM PAY 318 16f8 515 2500.J 1011.71 17COCO 2.)96932'56 1 7 
31 t-E~W1'S L *TARO·EE PEAK, 10-fwONl lAR 22 6412 1973 7501.5 3035.8M 904 51 l11570000,'>1 7 3 2 
32 HlCOCC L ECGEfo'E~E, 10 KAt\ . 211t4 653 93.0 37.6P . . 1 7 
33 ISLAND PARK R •ICEHCUSE CRK, IC TAR 73 63C2 1921 7794.0 3154.11 127GCC 156653197 1 1 2 
34 LAKE Ct-ATCOLET *PLUlo'MER, 10 . 21~~ 648 2055.0 831.5~ . . 4 
35 lAKE CCEUIC 0 1 ALE~E COEUJC C1 AlENf, JC . 2125 648 56COO.O 22700.0P 238500 2«;4187303 4 3 7 
36 lAI<E LCkELL •LAKE lCkEll, 10 . 2531 771 9840.0 3S8~.0P 19GlJ::l 2344864 00 5 
31 lAKE ~E~O ORElllE •BAYVIEh KAt\ . 20f3 629 105000.0 42~00.0P 1552000 1<.114376076 1 7 2 
38 lAKE ~A~A hAH~, IC . 33E9 1033 9l:.O 3S.9P 6SOO 851107') 1 
39 LAKE hALCOTT •LAKE ~ALCOTT, IC 74 41'i5 1279 10702.7 4331.3M 218170 26<Jl1JJO ~ ~ 5 2 



~0 f.AMlNI R fiU~ttll~e 10 65 ~613 1~85 8~.0 lf.OK . . 1 
~1 ll 1 T l f C AtU S R t.A~OER~O~ PA~CH OA~ ~OJ ll ~q2~e 1501 11e55.0 ~88.81 223CO 215C6821 I 
~2 lllllf .. eGO R LlflLE ~CCC RI~ER AES 116 52~5 1596 515.0 233.01 lOO~O 37004t92 1 
43 L C~ER 6E RNAR C L ttf 0 E \1 IL , I D • ec 1 . l2't0 2207 3.~ 1.2K . . 1 
~~ LO .. EA PRIEST L COOLIN, 10 KAN 8 21e~8 143 23000.0 9307.9H 2239257 2lt 21 0!1000~ I 1 3 
45 LUCK'f ffjK R I!OISE, JC. eo a 2'a0 3Ct0 933 2850.0 1153.41 310000 }~238(819 1 1 3 
46 KACAIHt-tJR L t.AFLES, 10 15 20E5 636 133.0 53.SK . . ~ 

41 t'ACKAY A fiACKAYe 10 10 60t1 1847 ll'e1.0 51e2.71 41e310 51el299't0 1 2 
-418 tUGIC M ffU.fVUE, ID 128 47Cjl 1462 311t.O 1530.01 192000 236830030 1 
49 HA~~·s CKffK R I'A~t. CK 12~ 30t1 933 1023.0 'tl3.8K 13000 16035367 2 
su HAt.~'S L •S~ffl .. ATEAeiO 51 1810 552 120.0 't8.61 3000 37004t9 4 

~· t'JL~Efl A tHJlt.Eii, ID ll 41~'t 1260 1'ilef.4 181.1H 17 84 22009858't 1 2 
52 t4CC S t CR U:K It 60\IH.L, JD 15 28t3 879 23.0 9.2H . .. 1 
~3 t!O~HCN ~ tfAtAflflOe 10 23 5C'e3 1537 2700.0 1C90.01 31't00 . 2 1 1 
54 HCLf\lAJh HCHE R ~OUhlAIN HCHE t.C, 10 lel 32f3 1001 't06.0 l6't.31 57 CO 1030892 1 2 
55 14LA1AlGH LAKE R tURTAUGh, 10 leO le1~8 1258 827.0 335.01 8fi50 11C39133 1 2 
56 ~VAllE L SHITt PfjK, IOAtC . 5fi"t 1812 15.0 6.1A . . 5 
57 CXf( .. A CCPPERFIELO 205 lfC5 550 1230.0 498.0P 52500 . 1 
5d fALISACES R PALISACES CAH, It CAll 2't5 56~0 llll 1tlOO.O 6515.51 1402GCO 1729352615 1 1 
5~ PA'tfllf l I'CCAlLe 10 8 49£6 1520 5331.0 2159.81 35000 't3172141 3 1 
6u PffCKlt-tS L Ll~f PCit\le lt-t4l KAt. . 26~2 802 12.5 29.3H . .. l 
61 Pf II l l •AlllAAS LAKE SAh . t'i'it: 2132 395.0 159.9A . . 1 
62 PCI'T~EUF A PORI~El.f, 10 't9 5)Cjl 1643 1593.0 t't4.71 23700 29233707 " 7 t1 flfCfiSH L •I.Ct.Jt.l CfU~fR t I C SA .. . 65'tl 1996 1!10.0 f1l.OP . . 1 ......, 
tit RlAif R PCPl,\P 181 50(0 152/e 1560.0 tll.ll 26000 3207•1733 2 7 N 

1.0 
65 ACSf l Klt\G~lCh, 10 . 2117 61t5 382.0 154.514 . . 7 
tb fiCL~C l t'OfllCN, IC . 21~2 61tl 52.0 2l.OM . . ) 

61 SAlHCN fALLS CPEEK R •HEJE(fl, IC 8 50C7 ·1526 3'tOO.O 1380.01 2306 5C 2845041t ~ 8 ~ 3 
68 Sf\ft. tf~ILS l Hf Cf\tll t 10-Cfl t.E ~ v . 75t0 230it 2.4 1.014 . . 1 
69 Stflf l ~f DEV ll t I O-CR t.E l . lle~C 2262 12.0 4.7H 0 . 1 
10 Sll\tfR L lAST Ct!At.CE, IC lAR . 6119 1865 183.0 l't.1P . . 1 
11 SLJCA PGINT R SOCA SPRINGS, JO 58 5719 111t3 1135.0 lt59.0( 11800 14555179 1 
12 SClOJE~S t4fACO~ R ~It-ChESTER WES1 1 It 50 45~2 1378 120.0 48.61 2000 2't6b'H9 1 
ll SPI~«Il l •SPiflll LAKE .. st, 10 4 24"0 14/e 1552.0 628.2M . . 1 
lit SIAt\LEY l Sl.ANLE• LAKE uu . 6513 1985 193.0 78.214 . . 1 
)5 Slf\lft-tS l t.AlLACf 10-HCt\1 CON . 55~3 1693 to.o 4.0A . . 1 
)6 S .. ,N fAllS R Slt.K Ul fllTE 2-\ 231'1 705 'iOO.C 36it.21 f900 8511079 2 ) 
11 s .. A~ t. Sf ~ARIES, 10 1 2135 651 tto.o 267.01 . . 1 
)8 lCLC l GRA~~EVIllE hfSie J( . 32~2 985 'eO.O 16 .tH 0 111 1 
19 llt&t\11'1 l 1Ritd1'1 l'lt., It 601 . 11~0 2362 2t.O 10.714 J 't~l 1 
80 l .. lt\ LAKES LO~ER l •SPiflll LAKE hfST . 23C6 103 378.0 152.9H . . . 1 
1!1 1~1~ LAKES UPPER l •Sflflll LAKE .. ESI 10 23Cc 703 523.0 211.6H . . 1 
e2 1 .. 1~ lAKES NCRlH k eAt.J(A, It 22 'tlt3 1't52 218.0 ae.lH . . 1 
El t•lh lAKES SOlTH R fAt.ltA, IC 30 4lt3 1452 21e.a ae.214 . . 1 
eit LPffR ftRhARt L CEAC~CCC AES 1 JC. eo a . 12"C 2207 3.'i 1.6H . . 1 
e5 UPftP PRIEST l tCARIBCU CREEK, 10 KAN . 2't~f l'tl 1301t.O ~21.8H . . 1 
f6 .. AfiH L ~AR~ LAKE eo 1 . 52'i8 1615 ~eae.a I65.1H 11 13815 I 
fl ~llLIAf'!S L SAL I'(~, 10 SAL . 5252 1601 2ce.o A~.2H . . l 2 
S8 ~ILS(h lj-'f fl tfCEt., IC 19 4012 1223 tse.o 266.4M 18500 228l956l) 1 2 
89 ai~CtltSlEk l tai~CHESlEA EASlrtC 32 ~~C2 ll89 19.0 lt.eM . . 2 
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lEt\Gl~ - f ,\ T T E It\ * I 1\ A T T E 
)C l E E R ICAHC TCTAL IDAHO l E E R 

' fllll (I<MJ 
1 AllURAS l 5.( a. H1 1.23 100 0 0 0 32.9 . . 100 0 0 0 
2 ,\foiERIC~t\ FALLS R Ult.le 1e1e.2A 3.1e5 5 0 50 lt5 735e.7 13580.0 54 30 5 40 25 
3 A~CE~SCN RANCH R -45.1 12.1A 4.68 100 0 0 0 ~32.1 c;ao.o 100 9C 3 7 c 
4 ARRCkRCCI< R 4'i.e 8C.1A t.3e so 10 0 0 2078.7 2210.0 100 ·90 5 5 0 
5 AShJCN ~ 13.'3 22.3A 4.96 5 0 c;s 0 1055.4 1040.0 100 84 1 15 0 
6 BAHt-. l O.le 0.6,\ 1.12 100 0 0 \) 1.7 100 J 

,. 
~ . . u 

7 BA~.,CRSE l 0.1 l.tM 1.06 100 0 0 0 0.6 . . 100 0 0 0 
8 6EA~ l 47.0 75.tA 1.2t 0 10 85 5 146.6 . . 35 10 so 5 
9 Bti\E.Ah l 5.6 CI.OM 1.23 0 60 40 0 5J.CJ . . 0 1~ ~c J 

1J BLACK CA~YCN R 22.0 35. ~A 4.14 15 0 25 0 2715.5 2680.0 100 es 5 10 0 
11 BLACKf(( I R 76.8 123.6/J 3.CJe 80 0 20 0 569.2 5f1.C 100 25 15 60 0 
12 BRC~"LEE R 125.8 t02.5A 1.94 60 0 ItO 0 34084.1 72 59C. C 47 45 5 50 r ... 
13 C J STRIKE R 55.2 ee.eA 4.55 60 0 ItO 0 22545.8 40786.C 55 80 li) 8 2 
14 CASCACE R 64.2 103.1tA 2.65 0 2 '38 0 l:2 <i .3 620.0 100 33 1 60 0 
15 tA\IE l 5.2 8.4M 1.56 0 0 100 0 1407.5 . . 5 0 20 75 
16 CECAR CREEK R . . . 50 0 50 0 121.4 128.0 100 90 3 1 0 
17 CCCClAll~ l 5.'3 c; •';A 1.47 0 0 100 0 60.2 . . 20 5 75 ') 

18 C~ANt CREEK R 18.1 30.lfl 2.0S 25 0 75 0 244.0 242.0 100 45 5 55 ~ 
~ 
w 

19 OEAC~CCO R 1.t 12.2A C.<Jf 1CO 0 0 0 108.9 112.0 100 1 ')Q 0 0 0 0 

~I) CEfP CREEK R 2.9 4.1P . 5 0 95 0 3 0.3 . . 45 5 50 0 
21 O~CRSHAK R 183.0 2<i4.5P . 100 0 0 0 242C.6 2440.G 100 55 10 35 J 
22 ECt-0 l c.s G. eM 1 .11 1 co· 0 0 0 1.0 . . 100 0 0 0 
23 fE,.I\At\ L t.1 c;.CjM 1.99 o · 20 eo 0 1<3.2 . . 40 15 45 0 
24 GEl' l o.c; 1. ~M . 100 0 0 0 a.~ . . 100 0 0 0 
~5 GOlOEt-. l 2.1 4.3P . 0 lCO 0 0 6.2 . . 0 100 0 i) 

26 GCCSf l 6.~ 10.4M . 100 c 0 0 f!.2 . . 100 0 0 0 
27 fAlSER l 4.3 7.C~ 1.24 0 5 95 0 18.2 . . 0 10 90 0 
28 hA'YIJfN l 2e.e lt6.3A 3.11 1 0 95 It 68.CJ . . 65 5 30 0 
2<3 t-ECE'-Il l o. ~ C. EM . 100 0 0 0 0.6 . . 100 I) J 0 
30 t1 E l L S C A t-4 YON R 1as.e ~CJ<i.OA 26.52 so 0 10 0 34369.t: 73300.0 47 85 5 10 G 
31 t'lEI\RVS l 22.1 36.tM 1.63 15 0 85 0 92.3 c;a.c 100 62 8 30 0 
32 t1((0(( l 2.8 't.tA 2.1C eo 0 20 0 14<i.5 . . 5 10 85 0 
33 JS!.A"C PARK R so.c 60.6A lt.05 ~0 0 50 0 527.e 481.C . 82 l 15 :J 
34 LAI<E Ct-ATCCLET 20.3 32.11' 2.15 0 ICO 0 0 42.9 . . 0 20 so 4) 

35 LAKE CCELR 0 1 ALE~E 121.0 1<i4.1A 4.83 5 5 85 5 3699.1 . . 60 10 30 0 
36 lAt<E lC~Ell 2/e.t: 3S.t:P 1.6C 100 0 0 0 500.4 . . 37 l:J 43 l~ 

37 lAKE FENC ORElllE 200.1 ~ 2 2. lA 4.t4 31 12 55 2 1013.1 . . 6~ ') 31) 0 
38 LAI<E ~At'lA I.e; 3.1P . 0 c 100 0 7.1 . . 0 0 1CO () 

39 lAj(f hALCCTJ 5 e.~e ~lt.OM . <;1 3 0 0 9685.4 . . 70 5 25 :) 



ItO lAf'Ct-.T ~ 2.5 't.OH . 0 0 100 0 0.6 . . 40 0 60 0 
'tl lllllE CAMAS ~ e.~ 13.eA 1.6C 65 15 20 0 42.9 . . 40 10 ~0 :.) 

lt2 lllllE ~COO R e.t 13.c;A 2.51 0 2 c;8 0 261~5 279.~ 100 65 10 25 0 
'tl LC"E~ eEtc~ARC l 0.3 0.5 .. . 100 0 0 0 0.1 . . 100 0 0 0 
't4 LCt-ER PRIEST l 63.3 101.ar- 3.15 33 35 20 12 474.0 . . 30 3f) 20 2•) 
't5 LUCK 'W PEAt< R 41.1 t:t:.1A 5.4 Cj 45 10 45 0 2 531. 1 2680.0 100 73 20 7 () 

"e6 HACAI'ThLR l 5.2 8.4 .. 2.45 0 100 0 0 34.3 . . 8 17 75 0 
47 I"ACKA'f R 1.2 11.6A 1.41 10 0 30 0 730.6 . . 85 5 15 0 
4ti MAGIC ~ 3t:.Cj 59.4A 4.45 ~0 0 50 0 1401.4 16CO.O 100 50 10 4~ 0 
49 HAt\t\ 1 S CREEK R 10.3 16.5M 4.3e 0 0 100 0 55.5 . . 65 5 30 0 
50 HAt\N 1 S l 2.2 3.2, 1. 31 0 0 0 lCO 8.3 . . 0 0 20 80 
51 H ILNER R 3 5. 1 !it. ~H 24.3S 10 0 90 0 11344.3 . . 27 3 7'J 0 
52 fi'CCSE Cl<fEK R 1.8 2.c;H 1.85 0 lCO 0 0 1.e . . 0 50 50 0 
~3 ,.CRMCN R . . . 70 10 20 0 63.7 . . 30 10 6~ J 
54 ~CU..JAIN HOME R 5.C e.u 1.18 S5 c 5 0 127.1 . . 85 5 10 0 
55 HLRTAUGh LAKE R 10.0 16.CH 2.1tC 5 0 95 0 111.4 . . 45 5 50 0 
56 HYRllE l C.1 1.2A 1.3t: 100 0 0 0 ~.4 . . 100 0 0 J 
51 oxem. R . . . 60 5 35 0 34280.6 72800.0 47 85 5 11) 0 
58 PAll SACES R 66.5 1C7.1A 3.14 40 0 60 0 t:71.e 520e.o 13 84 l 15 0 
~9 PA'tEllE l 23.4 31.1A 2.2Cj 0 15 10 15 142.2 . . 80 15 5 I) 

60 PEI<KI~S l 1.7 2. etJ. 1.43 85 0 15 0 3.2 . . 80 0 20 ') 

t:1 PE 111 l 4.7 1.t:A 1.7C 100 0 0 c 10.3 . . 100 0 0 0 
t2 PG~TNELf R 1 c. 8 17.3/! 1.92 5 0 80 15 7C.l . . 3 0 7 q ,) 

63 RECfiSt- L 9.6 lS.!P 1.74 1CO 0 0 0 40.1 . . 100 0 0 0 ...... 
64 RIRIE R 7.9 12.7A 1.4 3 100 0 0 0 571.5 5 5 90 0 

w . . . ...... 
t5 RC~c L 3.3 5.3PI 1.19 5 0 95 0 5.4 . . 25 c 75 0 
66 i<ClNC l 1.2 1. CjM 2.t:c 0 lCO 0 0 72.1 . . 10 15 75 0 
67 SALM(~ fAllS C~EEK R 2.1 3.3A 3.32 10 5 25 0 12e. e 1610.0 8 85 5 10 0 
68 5E~E~ CE~ILS l 0.2 O.'tM o.st: lCO· 0 0 0 0.3 . . 100 J 0 t) 

tq St-fLf L 0.6 c.c;M . 100 0 0 0 0.9 . . 100 0 0 a 
10 Sll~ER L 2.9 4.7P 3.24 . a 100 0 0 1S.4 . . 0 101) 0 0 
H SCCA PGINT R 15.1 24.~A 3.16 5 0 95 0 1153.1 . 10 5 ~5 ... . ..) 

12" SOlDIE~S MEACO~ R 3.8 6.1A 2.4t 0 0 lCC 0 5.4 . . 0 0 11)0 0 
13 SPIRIT L 13.8 22.2M 2.62 0 2 c;8 0 2 a. 1 . . 8 10 72 10 
14 Sl,NLEY l 2.t 4.3~ 1.34 100 0 0 a 14.5 . . 1CC :J 0 :) 

15 STEVEt\S l . 0.1 1.2A 1.65 lCO 0 0 0 e.o . . 100 0 0 :> 
16 S~AN FALLS R 23.9 38.5A 5.6<; ~0 0 10 0 2312e.1 . . 78 7 15 0 
11 ShAf\ l I.e; 3.1 . 0 0 100 0 0.1 . . 0 0 ICO J 
18 TCLG l 0.9 l.6M 1.0l: 0 0 1CO 0 18.0 . . 0 3 c;7 0 
19 HUt\ I l"r l 1.0 1.6M 1.41 tea 0 0 a C.l . . 1ao 0 0 0 
80 lkl~ lAKES lGkER l 1.4 ll.SM 2.8c; 0 5 95 0 41.3 . . 5 15 1:1 l: 
et T~l~ LAKES UPPER l 4.t 1.4M . 0 0 100 0 2.4 . . 5 0 c;s ') 

82 1~1~ lAKES NC~TH R 2.5 4.0M 23.79 0 0 100 0 2.4 . . 0 0 100 0 
E3 TklN LAKES SGLTH k 2.5 .4,.0M l.6'i 0 5 'i5 0 41.3 . . 5 15 70 lQ 
E4 l.PPEP BERNA~t l 0.4 C.6H . lCO 0 0 0 o.J . . 100 0 () 0 
85 UPPER PRIEST l e.J 13.3M 1.t:1 ~1 43 0 0 125.2 . . 35 20 3 42 
E6 aAPII! l 4.5 7.2M 1.46 100 0 0 0 9.4 . . 10C a 0 3 
81 ~llliA,_S l 3.5 5.fH . 1CO 0 a 0 14.5 . . 100 0 0 0 
ea I.ILS(t\ LAKE R e.s 13.1H 2.9~ CjQ c 10 0 14.3 . . 13 2 85 0 
89 1.11\Ct-ESTER l 3.3 5.41" 2.10 0 100 a 0 1.2 . . 0 10 f) <>O 



------------------------------ LANOUSE ' --------------------------------
-------------- ",1ERSHEO --------------- ------ LAKES~CRE ----------.. k 

f E e 1 F E B 
u ~ ( " 1 A lJ u R ( T A 
~ ~ ~ A l R " R A R l R 
8 N E 1 A R 0 8 N E A R 
A A G s E N E R A A G s N E 

" G E T R r "' 
A N G E 1 0 " 

1 AllU~AS l 0 0 2S 5t 3 0 13 0 0 0 0 10C 0 0 
2 AMERICAN FALLS R 0 1Cj 'e1 23 2 1 12 0 5 18 1 c 10 0 
J A"'CERSC"' ~A~CH R 0 1 35 6C 1 0 3 c 0 12 69 19 0 0 
4 ARRG\IIRCCK R 0 1 34 61 1 0 3 0 0 0 100 c 0 0 
5 AS~TCN R c 2 26 fCj ~ 0 1 0 0 50 50 0 0 0 
6 SASI" l 0 c 0 10 c c 9C 0 0 a 0 50 0 50 
1 8A'rt.CRSE l 0 0 0 lOC 0 0 0 ·o 0 0 0 100 0 0 
8 ee,R l a 'e 3S lS 31 2 0 0 0 6 25 c 67 0 
9 BEt.EkAH l 0 0 1f B2 0 2 0 0 0 20 0 80 0 0 

10 BlACK CA"'WON ~ 0 6 }Cj 71 1 1 1 c 0 1 99 0 0 0 
ll SlACKfCCl R a 13 50 32 4 0 0 0 0 3!; 65 .0 0 0 
12 8~C~"lEE R 0 IS ~~ H 1 0 6 0 0 0 100 c 0 0 
13 C J SlRlKE R c 20 5S 10 1 0 Cj 0 0 21 73 0 0 0 
14 CA~CADE R 0 13 11 tf 5 3 1 0 0 0 15 28 57 0 
15 CA\,E l 3 1 c Cj~ c 1 0 0 0 33 0 33 34 0 
16 CECAR CREEK R 0 5 95 c 0 0 0 0 0 0 100 a 0 0 1--' 
17 CCCCLALLA l 0 11 0 81 2 0 0 0 0 2C 0 ac 0 0 w 
18 CRA"'E CREEK ~ 0 IS 19 G ~ 0 0 0 0 55 45 0 0 0 N 

19 CEACkCCu R 0 0 3 CJ3 It 0 0 0 0 0 0 100 0 0 
~~ DEEP CREEK R 0 c 94 6 0 0 a a 0 a 100 a a c 
21 CkCRSHAK R 0 0 4 9'e 1 0 0 0 0 0 2 98 0 0 
22 ECt-C l 0 c 0 5C 0 0 50 0 0 0 0 100 0 0 
23 FEftNAt\ l 2 c 0 9~ 3 :- 0 0 0 40 0 0 60 0 0 
24 CEJII L 0 c 0 33 0 c 61 0 0 0 0 33 0 61 
25 GGlOEf\ l 0 a a 100 0 0 0 0 0 0 0 100 0 0 
26 GCCSE l 0 c 20 lie 6 0 0 0 c a a 100 0 0 
21 t-ALSER L 3 G c ()3 It c c 0 33 0 0 67 0 0 
28 hA)QEN l 8 c 0 84 8 0 0 0 50 0 0 5C 0 0 
29 HECE\Ill l 0 c c 5C c 0 50 0 0 0 0 70 J 30 
]J hEllS CAt..'r'GN R 0 lCi 55 1~ ) 0 f c 0 0 100 c 0 0 
31 HEt\R'r'S l 0 0 57 25 10 0 6 2 0 0 100 c 0 0 
32 tiGCOOC l 0 l«i c S1 c 0 0 0 0 0 0 100 0 0 
.33 ISlAND PARK R 0 ~ 41 51 It c 2 0 a 0 55 45 0 0 
34 LAKE ChATCClEl 0 21 c 74 4 0 0 c 0 0 0 64 36 c 
35 lAKE CCELK D'ALE~E 1 3 3 S1 2 1 0 0 6 3 0 85 6 0 
36 LAKE LCkELl ~ 3S 56 0 2 ) 0 c 0 2f 26 0 48 0 
31 lAKE PENC ORElllE 1 6 0 ec 13 0 c 0 10 s 0 7S 3 0 
38 LAKE hA~A 0 c 1C sc 0 0 0 0 0 0 0 100 0 c 
39 LAI<E ~ALCOTT 0 21 let: 1€ ~ 1 11 0 a 0 100 c a 0 



ItO LAMlNT ~ c 81 c 0 19 c 0 0 0 100 0 0 () 0 
ltl lllllf CAMAS R 0 c 76 20 4 c 0 c 0 0 100 c 0 0 
lt2 llllLE kCCO R 0 It 81 12 0 0 2 1 0 5C 50 c 0 0 
lt3 l 0 Ill E ~ i! f P N AR C l c c Q 1CC c 0 0 0 0 0 0 100 0 0 
lt4 LC\IEP PRIEST l 0 c 0 6t; 34 c 0 0 0 c 0 10C 0 0 
lt5 lUCK't PEAl< R 0 1 31 65 1 0 2 c 0 0 100 c 0 c 
lt6 fo!ACARTt-UR L 0 8 c "c 2 c 0 0 0 5 0 95 0 0 
41 MACK~'t R 0 6 66 20 0 c 't 't c 5 95 c 0 0 
48 MAGIC R 0 11 5s 20 0 0 2 1 0 0 100 0 0 0 
lt9 ~AM-. 1 S CREEK R c c 61 3" 1 c 0 c 0 0 100 c 0 0 
50 .,Af\t\'S l 0 E1 13 c () 0 c c 0 100 0 0 0 0 
~1 Mll~ER R c 25 46 16 2 1 10 c 10 50 40 · a 0 0 
52 MCCSE CREEK R 0 0 0 100 c () c 0 0 0 0 100 0 0 
53 fiCFMCN I' 0 lit eJ c " c c 0 0 14 86 c 0 0 
54 MCLI'\1Aifli t1CME R 0 1 se 1 c 0 0 0 0 0 100 c 0 0 
~5 MlJfH AUGH LAKE R a 31 t;C 1 1 0 a 0 0 100 0 c 0 0 
56 tol'rlilLE L 0 0 0 lOG 0 c 0 c 0 0 0 lOG 0 0 
57 cxel~ P 0 lS 55 18 1 c 6 0 0 0 100 c 0 0 
56 PALISACES R 0 4 30 t;1 " c 2 a 0 0 4 96 0 0 
~9 PA,ElTE L 1 c 17 76 6 0 c c ll 0 0 83 0 ~ 

to PERKII'\S l 0 0 0 'i4 6 0 0 0 0 0 0 100 0 0 
61 PE Til L 0 c 25 50 5 c 20 0 0 0 30 70 0 0 
62 PCiilf\EUF R 0 13 e3 1 2 c 0 c 0 75 25 0 0 0 
t3 PECFISH l 0 c 16 58 5 0 1'i 2 0 0 0 100 0 0 

...., 
64 JHRIE R 0 16 59 ll 2 6 a 0 0 45 55 0 0 0 

w 
w 

65 RC5E l 1 (l c 51 c; 2t c 0 5 0 0 45 50 0 
66 RCLI'\C L 0 12 0 81 2 0 0 0 0 ItO 0 6C 0 0 
61. SAL.,CN FALLS C~EEK R 0 2 c;t; c 2 c 0 0 0 0 lJO G 0 c 
68 SE\Ef\ CEvllS l 0 c 0 4C c .. 0 6C 0 0 (j a 66 0 34 
69 SHElf l c G c lC 0 0 90 0 0 0 0 61 0 33 
10 Sll'JER l 0 c le 94 2 () () 0 0 0 c 100 0 

, 
u 

11 SOCA POINT R 1 23 46 }Cj t; ~ c 0 5 51 38 0 0 0 
12 SCLDIEPS ~EAOCk R 0 c 0 10C c c 0 0 0 c 0 .lOC 0 0 
lJ SPIRIT l 1 c c ec; 10 c 0 c 0 0 0 100 0 0 
14 Sl~NlEY l 0 c 12 11 1 (j 10 0 0 0 0 lOC 0 0 
15 STE~EI'\S l 0 () 3e c 63 c 0 0 0 0 100 c 0 0 
76 Sk~N FALLS R 0 2C 60 Cj 1 c 9 0 0 5 95 c 0 0 
11 sw~"' L 0 lOC c () 0 0 0 c 0 0 0 6() 0 40 
18 lCLC l 0 31 37 33 c c 0 0 0 100 0 c 0 0 
19 lt<II'\ITY l 0 0 100 c () c c a 0 0 0 5C 0 50 
so Twll'\ LAKES LOkER l 0 t (j "0 4 (J () c 0 0 0 lOC 0 0 
81 T~l~ lAKES UPPER l 0 11 0 c 23 c 0 0 0 100 0 0 0 0 
S2 lkiN LAKES ~CRTt1 R c 11 c c 23 c 0 c 0 100 0 c 0 0 
83 Twll'\ lAKES SCLTH R a t 0 9C 4 c 0 c 0 0 0 100 0 0 
84 LPfER fERt\~R[ l 0 0 0 100 0 c c 0 0 c 0 c 100 0 
85 l.PPER PRIEST l 0 0 0 2 98 0 0 0 0 c 0 100 0 0 
f6 "ARM l a c c ss 5 c 0 0 0 0 0 10C 0 0 
87 ~llLIAfi'S l 0 c 56 lt2 2 0 0 c 0 a 0 100 Q 0 
ea WllSCI'\ lAKE R It 71 20 0 It 0 0 0 0 50 50 0 0 c 
89 kii'\Ct-ESTf~ l 0 5C 0 50 0 (j 0 0 0 0 0 100 0 c 



~ 
R 5 .. 
E c ., ( 

c I t: c R ~ 

S I ~ E 
______ .. _ 

POPULATIC~ GROWl~ FAtTORS ----.--·--
A lHa E 1960 1970 1960 1q70 

c ~(~ ~ 1980 -- -- -- --
c N ~ 0 0 ------ PCPULATION ------ .. ,lfRStiEO 1970 1980 1970 1~80 

E ( f A wATER W/IN Wll~ 19fC 1970 W/JN \\I It\ W/H~ \oj/fN 

s f ~ c 50 100 -- -- 50 50 lO'J 101 

s S~EO HILES ~ILES 1970 1980 HILES f41LES MILES MILES 
(SCALE) I ' l AllliRAS l 4 6.C 1 60 0 3602 355676 o.oo o.oo 0.35 C.44 0.10 0.42 

2 AMfRICA" fAllS ~ 1 0. I e 35 107509 1340B2 itl250l 0.06 0.26 0.06 0.24 0.16 0.26 

3 A~[f~SC~ ~ANCt- R 5 1.C It 60 81 te09t:9 411570 -0.24 0.04 0.19 Q.lt) o.os 0.41 
4 i.R~0\1\~CCt< R 2 1.0 l 42 371t 2'i5646 394100 c. 11 •• 17 0.13 C.45 0.09 0. 4·1 
5 AS.,IGN R 2 0.1 2 l 1219 120C2 199615 -0.04 o.c3 -0.07 0.35 0.13 0.27 
6 BASlt\ l 1 E2.0 ( c 0 15287 2822?4 o.oo o.oo -0.06 0.17 o.o1 0.14 
1 f!A'VHGRSE l 1 31t.O 5 0 0 3602 .355676 . o.oc o.oo 0.35 0.46 0.10 0.4? 
d BEA~ l 2 0.1 41 90 1366 97365 104BJOO -c.ce 0.24 0.03 C.21 C.19 o. 36 

9 8E"E1111At- l 1 1.0 30 ec 215 ~54027 597492 . 0.65 0.05 0.19 0.05 0.17 

10 fl,CK (Af\VCN ~ 2 0.1 4 tC 4C54 295646 394100 -0.03 0.36 0.13 0.45 0.09 0.40 
11 BLACKfCO T R 4 18 .o 4 12 eoo 165400 356350 . 1.67 o.c6 0.28 0.~4 0.28 

1l BRC~!.t\LEE R 2 0.1 It 55 23~25 143649 407351t -0.12 0.11 0.04 0.31 o.oa 0.37 

13 C J STtHKE R 6 0.1 21 3C 22072 197398 411772 O.C4 C.23 0.17 0.50 0.09 0.40 
14 CA~CAOE R 9 0.1 14 55 2073 11190 365197 -0.1~ 0.5C - 0.05 ().29 0.40 C.37 
15 CA\IE l 2 ·-~ 3~ 5C 190 ..,54027 591492 . 0.27 0.05 0.19 0.05 0.17 
16 CECAR CREEK ~ 1 6.0 0 2C 32 80304 163720 0.18 1. 46 -0.04 0,31 0.06 0.23 
17 COCClAllA l 1 C.4 tO sc 1366 1262'H 617913 o.tc 1.27 0.09 0.42 c.ot: C.24 t-' 

w 
16 CRANE CREEK ~ 2 l'e.C 2 2C ~70 1436't9 407354 -0.12 -0.08 0.04 0.31 o.oa 0.37 ~ 

19 CEAO~CCD R 3 71.0 1 'eO c 15464 3651CJ7 o.oo o.oo 0.02 0.34 0.40 0.37 
~I) OEEP CRtfK R 2 11.0 It 7C 40 97365 lC'tBOOJ . . 0.03 0.27 O.l'J o. 36 
21 C._CI(SHAK R 12 5.C 10 1C 21.69 11-;)009 630397 0.36 -0.14 0.19 . 0.10 0.06 C.lP. 
22 fCt·C L 2 106.0 c c 0 15287 28~224 o.oo o.oo -0.06 0.17 0.01 0. )4 

21 f£[\N'N l 2 0.1 35 4C 124/e 443303 638230 . C.95 0.04 0.24 o.o8 0.21') 

24 GEl' l 1 se.c c 0 0 15287 282224 o.co o.oo -0.06 0.17 0.07 0.14 
25 GClCEt\ l 2 e.o 10 30 c 27071 19'1615 o.oc o.oo 0.21 0.30 O.ll n.21 
26 GCCSE l 1 • 15 .e 2 4C 0 11190 365197 c.oo a. co -0.05 0.29 0.40 0.37 
27 .,ALSE~ l 2 1.t 31 lCC 1!:20 'e40754 59C7ie2 0.31 1.00 0.03 0.27 J.08 0.25 
28 tiA'tOE~ l 3 1.4 E5 ICC 5525 443303 t:3f230 . 1. 05 0.04 . 0.24 o.o8 o. 20 
2~ HE[l'4ll L 1 1llt.O 0 c c 15287 28~22/e o.oo c.co -0.06 0.17 0.07 ·c.,,. 
3J ~EllS CAt\'fON ~ l ~2.0 2 5C 0 15287 2B2224 o.oo o.oo -0.06 0.17 0.07 0.14 
31 HE~R~S l 2 2.0 12 22 122 12002 19 S615 -O.O't 1. 54 -0.07 0.35 C.11 0.2 .1 
32 HCCOCC l 1 10.2 10 2( 683 126291 617913 . O.lC 1.26 0.09 0,42 0.06 0.24 
33 ISLAM~ PARK ~ 3 3.0 12 1C 454 27071 199615 o.t9 1.20 0.21 0.30 0.13 0.27 
34 LAKE CHAlCCLET 2 1.5 35 ~c 1562 4,54027 59 74 92 't 1. 67 0.05 o.t9 · o.os 0.17 
35 LAKE COELR D'ALENE 12 C.1 80 80 54934 443103 638230 . 0.20 0. Q4 . C.24 o.oa 0.20 
36 lAt<E LL .. Ell 2 1.0 10 9C 27183 ~099t:2 36E529 0.10 0.21 0.13 o.44 o.oc; 0.3~ 

37 LAKE Pt~C OREJllf 9 0.1 56 50 16582 1262CJ1 611913 c.c1 0.52 0.09 0.42 0.06 0.24 
38 LAKE ~AHA 2 14 .o 1 10 15 123452 30Sl99 . C.5C 0.18 0,11 0.11 0.16 
39 LAt<E ~ALCOTT 4 15.0 5 40 3154 15084 216671 -o.ot: 0.28 0.06 0.21 -0.05 0.21 



ItO LAfi'ONT R 1 0.1 is 15 lit 1 97365 1048000 -0.11 0.30 0.03 0.27 0.1<) 0.36 
~1 lllllf CAMAS A 4 1 .c 3 65 44 1809t9 411570 -0.24 0.05 C.l9 0.43 0.08 0.41 
42 ttliLE .. ceo ~ 1 15.0 5 5 10 71583 39 0475 . . o.oo 0.33 0.12 0.36 
43 lC~EA 8EI\NARO L 1 so.c c c 0 15287 2E!2224 o.oo o.oo -0.06 0.17 0.07 0.1~ 

lt4 lC._EA PRIEST l 9 ~6.() 56 70 1324 69216 612llt4 O.C4 0.63 -0.01 0.26 0.07 0.23 
45 lt;CK'e PEAK R " C.l 2 20 660 295646 3(1'-100 o.o~ 1.24 0.13 0.45 o.cCJ 0.40 
46 I'IACAIHtUR L 2 t.o 20 15 302 41402 571468 0.05 0.62 -0.01 0.37 c.o4 0.26 
le1 MACK~Y R 3 0.1 1 3C 350 12824 30«;075 0.25 o.oc; -0.18 0.27 0.12 o. 24 
lt8 f!IAGIC ~ 6 8.0 17 25 5J-6 53 71563 3904 75 0.22 o.c;o o.oo 0.33 0.12 0.36 
49 HA~N'S CREEK R l 1.0 2 60 14 3 143649 407354 -0.15 0.16 0.04 0 • . 31 o.oe 0.37 
~0 MAf\N 1 S l 2 c;.5 2 30 15 123452 30<il'~9 . 0.50 0.18 c .u 0.11 0. 16 
51 MILNER R " o.1 22 15 36l:75 75084 216671 o.oe 0.1«; 0.06 0.21 -o.a~ 0.23 
52 ,.OCSE CREEK R 1 3.6 ~ 5C 0 119009 f3C397 o.oo o.oo 0.19 0.1C 0.06 r,. 1 A 

53 ~C~MCN f' 2 10.0 2 5 4e l15E3 39C475 -0.20 0.20 o.oo 0.33 0.12 0.36 
54 ,.CL~lAIN HCME R 2 0.1 1 60 <;:3 lf0969 411510 0.13 o.e2 0.19 0.43 0.08 ~.41 

55 Ht;Rl~lJGh LAKE R 1 l.C 1~ 5 1097 750e4 216671 -0.21 0.01 0.06 0.21 -0.05 0.23 
56 H'WRllE l 1 70.8 5 c 0 69216 e12144 o.co o.oo -0.01 0.26 0.07 0.23 
57 CXEGil R 2 35.0 2 60 64 143649 407354 . . C.04 C.31 O.OA 0.37 
58 PALISACES R 6 0.1 t. 55 6905 105491 26G779 o.oo 0.50 0.16 0.35 0.4 7 -0.06 
59 PA'IETTE l 4 0.1 12 75 303E 11190 365197 0.14 0.43 -0.05 a.zq 0.40 0.37 
tO PE~Kit-cS l 2 8.4 0 5 30 31826 431008 . 0.50 0.11 C.23 a. 11 0.27 
t1 Pf 111 l 1 3.0 20 5C c 3602 355676 o.oo o.oo 0.35 0.46 o. 10 0.42 
t2 PCIHJ\ELF R 4 23.0 1 6( c 165400 35~350 -1.00 o.oo o. 06 0.28 0.04 0.2~ ....... 
t3 ~fCFI~ti L 3 2.0 2 20 40 .3602 355676 . . 0.35 0.411 C.1C C.4? w 

lJ1 
61t ~~~If R 2 2.5 0 ~ Cj2 5 1360C9 27~688 . 1.68 0.13 0.29 0.06 0.29 
t.5 ~CSE l 1 0.5 70 40 190 ~54027 5'1 7492 . 0.2 7 0.05 0.19 O.O'i 0.17 
t6 RCLf\D l 1 0.2 10 5 205 126291 617913 0.11 1.25 0.09 0.42 O.C6 0.24 
67 SAL~Cf\ FALLS CREEK R 5 11.0 1 5 6.9 60301t 163720 0.05 0.68 -0.04 0.31 0.0(: 0.23 
68 SE'tE~ OE~IlS l 1 48.4 0 c c 15287 282224 o.cc o.cc -0.06 0.17 ().07 0.14 
t.9 SHElf L 1 c;c.o 0 0 0 15287 282224 c.oo o.oo -0.06 C.17 0.07 0. 14 
10 S 1l VER l 3 2.C c 2 3C 27071 19<.l615 -c.oa 1.50 0.21 G.30 0.11 0.27 
11 SCCA PCIJ\l R 1 c.1 3 4C 8<i08 1654CO 35t350 -0.03 0.2 a 0.06 C.2A 0.04 0.2?. 
12 SCLOIERS ~EAOC~ ~ 2 41.0 2 20 50 123452 30Sl<;<; . . 0.18 c .11 0.11 0. 16 
73 SPIRIT l 2 2.0 57 5€ 1<;80 440751t 616286 0.07 0.93 0.03 0.27 u.C8 0.24 
74 STAf\lE'W l 2 a.o 20 4C 0 3602 355676 c.cc o.oo 0.35 0.46 0.10 C.42 
15 STE~E,..S L 1 24.0 0 0 0 57867 12CJ26CJ c. oa o.oo 0.04 0.15 0.09 0.21 
76 Sk'N fALLS R 1 0.1 11 3C 573 197398 417772 0.11 0.3<; 0.17 0.50 0.09 IJ.4fl 
77 S~AN l 1 3.1 c 0 0 454027 591492 c.oo o.oo 0.05 C.l<J O.O'i 0.17 
76 JClG l 3 26.0 1 50 ItS 11190 365197 0. OG · . -0.05 C.29 0.40 0.37 
79 T~INIT't l 2 ec;.o IC .30 c 1S0969 411570 o.oo o.oo 0.19 0.43 0.08 0.41 
80 l~IN LA~ES LC"f~ L 3 0.1 62 40 164 44075'e t:162et. c. 5 ~ 1.83 0.03 C.21 o.o~ o. 24 
81 TklN LAKES UPPER l 2 3.C 46 35 16'e lt407~4 ~16286 0.~5 1.83 o.a3 0.27 C.OP. 0. 21• 

f2 lklN LAKES NO~Tti R 2 <;.0 2 ec 36 97365 1C4eooo -0.17 -0.05 0.03 C.27 0.19 0 • .36 
Sl 1~1~ LAKES SCUTH R 1 3.0 2 1~ 36 973~5 1(48000 -0.17 -0.05 0.03 0.27 0.19 0.36 
e4 LPPER EERt\ARC l 1 <;4.0 0 0 0 15287 282224 o.oc o.cc -0.06 0.17 o.c1 0.14 
f5 LPfEI' PRIEST l 4 71.0 10 c c 6<J216 612144 o.oo o.oo -0.01 0.26 0.01 0.23 
Bb .. A~M L 3 26.0 50 5( 210 111<JO 3651Cj1 . 0.31 -0.05 0.29 0.40 0.37 
81 WllllAfi'S l 2 11t.C 32 60 144 10845 115145 . . -0.03 C.27 -C.04 . O. lC 
88 hiLSCN lAKf R 1 1.0 5 5 49t. 750S4 21t671 -0.09 0.25 0.06 0.21 -0.05 C.23 
8'l ~lf\ChESTER L 4 0.1 10 7C 397 123452 3091CJ9 -0.30 0.2 5 0.18 0.11 0.11 0.16 
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M E E E c f c z f EP IL. c D R A 

A p p p c p T 0 I TEHPE~ATLRE tlS .., u B l 
X 1 I T H T I h 1. MAX MEAN 02 2 L c I 1 

H l t1 I 11 C E E CONCENTRAT. s A PH T 0 N 
CEG CEG fWih ~EAN 1 MICRO 

00 uo ,,., (H) c c MG/L fWG/l P'G/L ~HO t\TV MG/l 
1 AllURAS l 52.C 7.0 13.0 35.1 It 17.3 11.2 'e.3 f.'e NO o.o 6. :H 49 0.3 19 
2 AMERICA~ FALLS R l6.f lt. 8 2.1 5.1 1 22.5 1Cj.3 'e.2 5.5 NO 18.3 8.~5 335 e.s 144 
3 A~CE~SC~ ~ANCH R 38 .o t.o lt.2 11.3 1 21.5 21.1 1.3 1.8 NO 6.4 9.5') 60 l.'e 36 
it AR~C~RCCK R lt'e.C 4.0 5.5 14.<; 1 20.1 2C.5 6.3 c.1 NO 8.6 c;.33 50 z.c 27 
5 ASt-TGt-4 R 13.7 1ie.3 . . f 19.7 18.4 3. 1 5.5 NO 4.7 7.92 115 1. 1 61 
6 e~SI~ l 11.~ 3.0 u.c 2'i.l 5 1t:.o 15.2 7.4 8.1 NC 1.3 6.69 38 0.3 10 
7 BA'thCRSE L 1.0 3.0 5.5 14.9 7 17.3 1t.9 1. ~ 2.1 NO 2.6 6.99 40 0.6 21 
s BE~R l 63.4 11.4 6.7 18. 1 1 20.1 1S.t; a.o 8.2 NC 2.5 8.3Q 600 1.3 257 
9 BE"E"'Ah l 4.3 't.2 1.8 ~e.c; 1 10.1 S.l 6.e t..5 NC 11. 5 7.10 51 3.6 25 

10 BLACK CA,.,YON R lt.5 16.5 2.3 6.2 1 20.1 1Ci.9 3.6 7.8 NG 7.9 9.17 45 1. ~ 36 
11 Bl~CKfCOT ~ 7.5 1. 5 2.5 6.8 1 21.3 . 1.0 . NC 7.9 8.00 340 12.0 204 
12 tU~Cw,.,LEE R 84.4 20.0 3.0 e.1 1 24.9 2~.2 0.6 o.8 NO 5.8 9.13 246 0.6 115 
13 C J SlklKE R 30.C 30.0 1.5 't.1 1 21.1 1 e. 8 9. 1 9.3 NO 17.5 9.63 3J5 ?C.J 152 
lie CASCADE ~ 11.3 8.5 5.0 13.5 1 19.5 u.c 3.3 5.2 NC 11.8 8.<;7 32 1.0 17 
15 CA~E l 5.5 5.~ 2.1 7.3 1 11.3 11.4 1.1 1. 1 NC 9.0 6.c;o 50 3.5 17 
16 CECAR CREEK ~ 5.5 5.5 0.2 a~ 1 18.2 u:.1 3.8 4.5 NO tc.a 7.25 AS :H.C 38 ...... 
17 CCCCLALLA L 13.1 l3.t o.c; 2.4 1 17. 1 1t.5 5.0 4.9 NO 'e4.6 6.30 55 6.5 21 w 

(J) 

18 CRANE CREEK R 13.3 13.2 0.2 0.5 1 1CJ.J lt.O ~. 2 5.0 NG 2.5 9.15 83 90.0 11 
19 OEAOhOGO R 30.3 1.0 1.3 3.5 3 22.1 1S.9 4.8 t:.C NO 9.9 8.51 37 4.6 1S 
20 CEEP Cf(EEK R 2C.1 13.9 4.5 1~.2 1 21.7 1S.2 1. 1 3.0 NC 4.6 8 .ll 300 1.7 14 7 
21 OwCJ<SHAK R 192.1e 5.0 1.6 20.5 6 2'e.1 2~.{; 5.e 1.1 YES ~-4 a.co 30 0.8 15 
22 ECt-C l 11.C 4.0 . . 3 17.8 1t.3 1.1 7.9 NC c.o 6.20 Ul a. 3 1 
2l FERf\A,_, l 1.6 l.t: J.C e. 1 1 20.1 1S.3 5.9 5.9 NC 4.2 6.43 39 1.3 1 3 
21t GEft L 24.7 4.C 13.5 36.5 5 15.3 14.7 3.0 f.9 NC 0.9 6.40 1S 0.5 19 
25 GCLUE"' l 3.0 3.0 3.0 8.1 1 20.3 1 1.0 8.6 10.0 NO 1.7 8.70 164 1.C 71 
26 GCCSE L 1.~ 3. 5 6.4 17.3 . 21.0 1S.8 . . NC . 6.211 11:> 0.6 4 
21 t-ALSER L 12.2 5.!: 5.2 14.0 1 20./e 1S.6 a. a C.2 NO 4.8 6.65 45 o.a 19 
28 HA'rOE~ l 5'e.2 10.0 12.7 34.3 1 19.4 l'i.3 7.1 7.8 NO 1.0 1.00 50 0.1 25 
29 hECEVll L 5.8 5.e 5.e 15.7 1 20.1e 1S.6 B. 1 e.3 NO 5.9 6.15 12 0.4 4 
JJ HELLS CA~'tCN ~ 6'e.9 6'e.9 1.8 4.<; 1 23.4 23.2 6. e 7.0 NO . q .17 235 0.5 111 
31 HE,.,R'tS l 5.2 5.2 4.3 11.6 1 20.0 lS.CJ 5.1 5.8 NC 2.8 -,.c;9 248 2.1 126 
32 HCCOCG l 1.2 1.2 1. 2 3.2 1 10.3 1 (.3 6.9 6.9 YES 5.6 7.50 372 1.3 91 
33 ISLAM: PARK R 21.9 6.0 4.5 12.2 1 21.2 1S.5 3.5 6.0 NC 5.7 a.to 150 1.4 71 
34 L,\KE ChAlCClET 10.1 11.2 1.5 4.1 1 11.4 11.4 6.4 6.3 NC 7.1 7.10 51 3.2 25 
35 LAKE COELR 0 1 ALENE 5'e.CJ 22.0 5.0 13.5 6 13.3 13.3 4.0 4.8 NC 4.9 6.CJO 50 1.0 21 
36 LAt<E LC.,_ELL 12.1 12.1 1.0 2.1 3 22.1 22.3 o.o 't.O NC 32.4 9.47 136 18.0 ~6 

31 LAKE fE~D CREILLE 351.0 15.C c;.o 24.3 1 18.0 tt.5 . 11.1 NO 1.4 7.42 114 0.4 71 
38 LAKE .,_~t-,\ . 30.C 3.0 1.4 3.8 3 23.0 21.] 1.6 1.6 f\C 19.9 7.60 17 14.0 31 
39 lAKE MALCOlT 15.2 15.2 1.1 3.C 1 19.8 lS.5 4.e 4.7 NO 4.2 7.19 345 3.5 142 



ItO LAfi'Ct\1 fC llt.l 11.0 1.5 ". 1 1 22.e 2(.9 o.o o.o NC 4.3 8.28 165 2.4 117 
41 lllllE C~HAS fl lt.3 2.5 o.e 2.2 1 23.1 22.5 6.2 1.5 NO tc.a 10 6J 7.3 13 
42 LITTLE hCOO fl 15.2 15.2 1.5 4. 1 1 20.6 1S.8 o.o 1.7 NG 7.2 B.f.O 148 ~.3 165 
43 LCkafiC BfPNARC l 8.2 2.5 1.6 8.2 ~ 20.4 tc;.o 9.0 Cjl.2 NC 1.4 6.5<; 28 0.4 12 
44 lChEP FPIEST L 102.1 4.0 5.5 14.9 1 22.5 1t.7 6.8 E:.B NO 2.6 6.Cj<) 38 0.1 19 
45 lUCt<'r PEAK R 63.f 4.0 s.c 13.5 1 18.2 11.5 10.2 10.5 NO 2.5 9.20 10 10.0 l1 
46 HACA~TMJR l 2.1 2.7 1 .3 3.~ 1 18.5 lf.5 6. 1 E:.5 NC 14.9 A.l5 . ~ 1.0 75 
47 MACKA'r R s.c 9.0 4.5 12.2 1 17.5 . 0.2 4.5 NO 1. 3 9 .• C5 219 1. 1 11 3 
48 HA(lC R 26.1 6.0 4.5 12.2 1 22.3 22.1 o.o 2.1 1\C 10.6 8.co 160 2.2 98 
49 ~A~~·s CREEK R 29.8 s.o 1 .~ 5.1 1 21.9 2C.9 4.e 4.li NO 4.9 9.0~ 15~ 20.0 169 
50 f'IAI\~·s l 15.C 3.0 2.1 7.3 1 24.0 2:!.2 5.3 t.8 NC 1.2 7.50 124 !1. 0 54 
51 I'IIL~fR R 12.1 12. 1 1.0 2.1 1 20.5 2C.O 5.2 5.2 NO 13.8 8.21 348 3.8 150 
5l foiCCSE CREEK R 4.3 4.2 2.4 4.2 . 27.0 24.6 . . NC 3.7 7.'1') 4~ 1.3 18 
53 ,.CPMCN P 2.4 2.4 0.1 1. 9 1 23.4 21 .a 3.1 4.8 NO 12.2 a. 11 302 16.C 170 
54 ~ClN1A1N HCHE R . . 0.3 c.e . 23.1 21.0 . . NO 22.3 s.a!1 45 55.0 13 
55 HLRTAUGH lAKE R 5.2 5.2 0.1 0.2 1 19. 1 lS.l 4. 8 5.2 NC 14.5 8.20 355 5.2 147 
~6 M'fPTLE l . . . . . 13.0 . . . ? 1.5 6.23 . J.-4 6 
57 oxec~ R 38.1 38.1 3.2 e.6 1 21.7 21.0 2.8 3.0 NO . 8.90 230 0.7 111 
58 PAl1~ACES R 32.3 12.( 3.5 9.5 1 1c.i.e tc;.'t 5. 1 5.2 NO 1.5 s.oa 220 1.5 q2 
59 PA'fElTE l Bl.S 5.0 7.8 21.1 4 21.0 lfi.6 6.7 1.S NC 0.1 7.10 32 J • .3 15 
tJ PE~KI~S l 5.5 1. 5 3.Cj 10.5 1 18.8 lf.O o.o o.o NO 1.2 6.55 . 12.0 52 
61 Pflll L . . . . . . . . . 1 . 6.2 •.) 22 0 • .3 1 
tl PCfCTNELF R 10.5 10.5 1.5 4.1 1 21.3 . o.o . NC 31.1 8.20 290 15.0 152 ..... 
6] I<ECFISh l 90.0 6.C 14.0 37.e 1 17.9 11.1 7.0 1.1 NO o.o 6.22 28 c. 3 ~ w 

..._J 

t4 ~HIE R 35.C 1C.C . . 1 20.0 1~.7 2. 1 3.8 NC 2.3 8.10 310 0.7 169 
t5 RC~E l 5.2 5.2 1.3 3. 5. 1 16.3 1t.4 4. 1 -4.2 NG 30.7 6.51 40 6.3 !.1 
66 RCLt-.0 L 10.~ 5. 0 2.5 6.8 1 14.3 1~.1 o.o o.o NO 17.3 7.65 f8 2.<; 29 
67 SALMC~ fALLS C~EEK R 23.3 8.0 1.2 3. 2 ' 1 18.0 11.4 2. 1 2.3 NC 5.1 8.31) 190 7.8 'JO 
6a SE~EN Ot\11lS l t:.4 6.4 6.4 17.3 5 16.8 lf.4 5.3 t.5 NC 1.5 . 6. 40 18 0.4 4 
6<) ShELF L 12.~ 4.C 11.3 30.5 5 16.4 1~.8 10.6 10.9 NC 1.0 6.10 22 0.4 10 
10 SlUd:R L 1.e 1.8 1.8 4.9 1 22.1 2(.0 1. e 5.7 NC 3.7 9.61 137 1.1 55 
11 SGCA PCI"T R 18.3 a.e 1.2 3.2 1 22.5 2C.O 5.0 5.2 NO 5.6 8.C9 65-J 2.5 29': 
72 SCLDIERS HEACO• fl 14.0 3.C 3.3 e. fi 3 21.6 2 (.5 1. 1 5.9 NC 1.5 l.CO 63 13.C 27 
73 SP lR IT l 29.0 a.o 4.2 11.3 1 16.5 lt .1 o.t 1.5 NC 3.5 6.43 20 1.5 9 
lie SlA~lEY l 25.S 7.0 11.0 29.1 4 11.1 11.0 2.6 4.8 NO c.o 6.49 38 ::.4 17 
75 Slfvf~S l . . . . . . . . . ? 1.7 7.05 51 C.4 29 
76 S~AN FAllS R 6.8 6.8 o.a 2.2 1 19.4 tt.e 9.0 c;.o NG 19.4 9.47 320 22.C 161 
11 s~~t\ L . . 0.1 0.2 . . . . . YES 139 7.90 118 24.C 58 
16 TGLO l 1.2 1.3 C.3 o.e 1 19.e 17.2 5. 8 5.8 NO 3.3 8.05 375 52.0 238 
19 lRit-.ITY l 18.t 4.C 4.<) 13.2 ~ 17.5 11.4 1. 3 3.3 t\C o.o 1. 15 2<) C.t: 12 
EO lwlt\ LAKES LO~ER l 10.418.3 18.3 2.5 6.8 1 16.3 1f.2 1.c 3.5 NO 6.8 6.37 21 c.e 12 
81 TWIN LAKES UPPER l 4.2 4.2 4.0 1C.f 1 16. 1 1t.O 6.0 6.1 NC .3.9 6.23 22 1.C 12 
f2 1Hlt\ l~KES NOfCTH R 8.5 t:.l 6.1 'e.5 12.2 4 22.8 2C.C 6.0 1.0 NC 0.6 7.90 1 ~0 2.3 120 
e3 lklt\ lA~ES SCLTH R 5.6 5.8 2.5 6.8 4 22.1 2C.2 5.3 6.2 NC 2.3 1.c;a tea l.Ci 1?.1 
E4 UPfEi( BE~t\ARC l 2.1 2.0 2.7 7.3 2 21.1 2C.l 1.1 7.A NO 1.6 6.60 20 C.5 11) 
85 lJPfER PRIEST l 30.0 4.0 6.0 16.2 . 17.C 11.2 . . NC 3.1 7.22 10 C.5 'tl 
E6 WARI'I L 2 5.6 4.8 5.0 13.5 1 lS.S 1~.1 o.o 2.1 NO o.o 7.10 46 1. 1 23 
87 hllliAI"S l 56.4 . 3.C e.1 . . . . . NO 5.0 A.OO lCB . so 
ee WI l S ( ~ L ~K E Ji 6.1 6.1 0.1 0.2 l 20.0 1~.6 6.1 1.0 NC 17.5 8.25 333 5.5 150 
69 ~I"Chi:SlER l 10.0 2.0 1.2 3.2 1 28.0 2t.3 10. 3 10.3 NO .32.<; 9.C5 125 4 • .3 68 
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I'G/L * MG/l MG/L ~GIL ftiGIL foi.L HL fiG/L 
1 AlllJRAS l 0.60 . O.OO'i 0.04 o.oo 0.16 21 0 5 0 0.20 22.2 
2 AMERiCAN FALLS R 2.20 1.2 · o.c6t 0.02 0.02 0.24 . . 15 1 0.24 4.0 
3 ANCE~SLN RANCH R 2.1,0 . C.C1~ G.C2 o.oc 0.19 0 0 5 0 0.20 14.3 
4 ARIKl-~CCK R 1.40 . 0.03C 0.02 0.02 0.07 0 0 25 0 o .oe 2.7 
5 ASt-T£iN H 2.20 C.4 c.csc c.C2 . 0.18 2. 1 10 0 0.1<i 3.8 
6 eA~lt. L o.eo . c.c11 C.02 o.oc 0.12 . . 5 0 C.13 7.6 
7 fA,hCR5E l . o.o 0.015 0.02 . . . . lC 0 
a eEAR L . . o.c2t O.C2 0.02 0.19 . . 5 0 0.2C 7.7 
9 ee"tl\At- L 5.60 4.0 C.G3E c.c2 O.<i2 0.36 70 0 lC 0 0.37 9.7 

10 BlAll< CA"'tCN ~ 1.60 . c.o3e 0.02 0.02 0.11 10 14 5 0 0.12 3.2 
11 eL~CI<FCCT R 6.60 4.0 c.cac c.c4 0 .1 t 0.56 . . 5 Q 0.60 7.6 
12 BRC~t.LEE R 1.00 . o.C3-4 (.23 o.o; C.27 0 0 5 . c .4<; 14.6 
}j C J STRJj(f: R 8.00 4.6 O.C42 0.23 0.01 0.12 0 0 5 0 0.35 8.3 
14 CA~CA~E ~ C.20 . c.osc O.C2 0.03 0.40 15 0 5 0 0.42 8.4 
15 CA\E l 4.40 ~.o 0.03~ c.o2 C.3~ C.l3 11 0 15 0 0 .14 . 4.0 
16 CECAR CREEK R 47.2 C.2 0.24~ c. 16 . 0.19 0 1 5 0 0.35 1.4 ....... 
11 CGC OLALLA L 5.40 c.c 0.03~ c.02 0.01 0.18 39 a 15 0 0 .19 5.4 w 
18 C~ANE CREEK R 14 <4. f 1. 511 O. C5 . 1. 85 0 0 15 0 1.9C 1 .3 CD 

19 OEAC~CCO R 8.40 2.0 o.o3c 0.02 0.03 0.18 0 0 1C 0 0.1r:; 6.3 
20 CEEP CREEK R . . 0.06f 0.02 o .3e 0.07 . . 5 0 c .J e 1 .2 
21 DkG~~HAK ~ . . o. 021 0.02 o.o~ 0.20 15 0 . . 0.22 10.6 
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22 ECI-:C. L . 1.8 o.cot 0.02 o.oo 0.19 . . 5 . 0.20 33.3 
23 fE~t-.~f\ L 6.CO o.o 0.02S 0.02 0 .21 0.16 5 0 10 0 0.17 5.<J 
24 GEt- l o.eo . C.COE C.02 o.oc 0.04 . . 5 0 0.05 6.3 
~5 GCLOEf\ l . . o.C42 C.02 o.oo 0.12 1 0 5 0 0.13 3.1 
26 GOC~E L . . C.01S 0.02 0.03 0.34 0 0 5 0 0.35 18.4 
21 t-AlSER l e.8o C.6 o.c1~ C.02 0.03 0.26 0 0 20 . 0.27 18.0 
28 HA'tDEt. l 2. 80 c.c 0.042 0.02 0.02 0.18 0 0 5 0 G.19 4.5 
2'1 tlECE:~Il L 2.to . 0.011 0.02 . 0.10 . . 5 . 0.11 6.5 
30 hELLS CAf\'t'ON R 2.80 . 0.031 0.14 0.03 0.28 0 0 5 0 0.42 11.4 
31 t-Et.~'tS L 2.20 . c.cse 0.06 o.oc C.2<J 1 0 10 . 0.3 5 6.0 
~z HCCCCC L 1.00 o.o 0.03( O.C2 o.5c; 0.31 . 5 10 0 0.32 10.7 
33 ISLAt.D PARK R 1.20 . O.Cl1 o.c2 0.02 0.18 0 0 5 . 0 .1 <J 11.2 
34 l.41<E CHATCCLET 5.20 3.8 c.o4c 0.02 O.C1 o.C6 15 0 1C 1 0.07 1.8 
35 LAI<E CCEL~ D'ALENE 2.30 2.3 o.o1e 0.02 0.02 C.16 12 0 5 0 0 .u: 9.2 
~6 LAt(E LC~ELL 12.8 ·~-8 c.cs1 c.o3 o.o~ 0.52 24 0 25 0 0.54 10.7 
31 lAKE PENC OREILLE 2.20 c.o C.OOE 0.02 o.c! C.35 6 0 5 0 0.3t 45.0 
38 LAKE ~AH.A 6.60 5.1 o. 11 c 0.23 0.13 0.71 79 6 . . 0.'14 8.5 
39 L.41<E '-ALCOTT <J.to c.c o.1ct c.2o o.c1 0.28 0 0 5 0 0.4€ 4.5 



'eO lAfoCt-T R 1.00 1.6 O.O'eC 0.02 o.oo o.c8 . . 5 0 o.o9 2.3 
41 lllllE C,H,S R 12 'i.2 c.cas 0.02 o.oc 0.20 0 0 15 2 0.21 2.4 
~2 lllllE ._COO R 5.60 2.2 o.o6c 0.02 o.oo 0.24 0 0 1C 0 0.2~ 4.2 
'e3 LC~E~ 8E~NA~t L 1.20 . C.Cl3 O.C2 . 0.07 . . 5 . 0.0 E 6.2 
44 L011E~ PRIEST l c.8o c.e C.CO'c 0.02 o.ce 0.20 2 c 5 0 0.21 52.5 
45 LUCK'f PEAK R 5.00 5.C 0.03( 0.01 0.1 f o.oe 0 0 5 1 o.os 3.2 
46 MACA~Tt-UR L S.60 c.o o.05l c.oz o.o1 0.13 n 0 . 0 0.14 2.5 
47 f'ACKA't R l.to C.6 ~.65f c.oz 0.31 3.35 . . 5 0 3.36 1.3 
48 MAGIC R 5.80 C.2 0.022 0.02 0.02 0.15 0 0 10 1 oo .16 7.] 
49 ~AM'4 1 S CREEK R 4.0a le.C c.032 0.02 0.25 a. n 1 a 20 0 0.14 4.4 
50 II.At.t\'S l s.co 3.9 C.1~C 0.21 0.12 1. 57 413 56 . . 1.78 11.9 
!1 14lli\ER K 8.60 2.6 0.152 a.28 0.5'2 0.24 0 0 15 0 0.52 3.4 
52 HGCSE CREEK R C.60 o.~ . c.az . 0.12 . . 3G . 0.13 
53 I'IC.~ti(N ~ 22.2 3.e C.76Ci 0.02 0.01 0.20 0 3 20 1 0.21 0.3 
54 MCLI\ 1A I~ HOCE ~ 42 a.8 0.0 093 0.02 0.01 0.18 0 3 25 3 0.1«; 2.0 
55 HLRTAliGH LAKE R 56 5.6 O.l'tf C.29 u.o1 0.41t 34 93 5 0 0.7~ 4.9 
56 MY~llE L 1. 40 c.c o.co4 o.c2 o.oc 0.14 0 0 . 0 0.15 37.5 
57 CllBG'- R 3.60 . O.C45 0.25 0.04 0.2c:l 0 0 5 . 0.54 12.0 
58 PALI~ACES R 4.80 2.~ 0.03S 0.03 o.c2 0.16 . . 5 0 c.1e 4.7 
59 PA'fETJE l . c.o 0.(14 O.C2 O.O'e 0.44 . . . . 0.46 33.0 
tO PERKlt.S L 1. 00 c .. o o.c1e 0.02 0 .o 1 o.oe 0 0 . 0 o.os 5.0 
t1 PE 111 l l. 60 c.c C.CH 0.02 o.oo 0.16 2 0 5 0 0.11 10.6 ....... 
62 PCFTt-.E:Uf R q.oo 1.0 0.04! c.c2 o.oc 0.16 . . 5 0 0.17 3.8 w 
ll3 RECfiSH l 1.40 c.o O.CC4 C.C2 0.03 0.12 0 0 5 0 0. 1 ~ 32.5 ~ 

t4 RI~IE k 2.00 1.4 o .en~ o.oz 0.36 0.07 . . ~ 0 o.ce 5.3 
65 RCSE l 3.80 ~.(j c.c3~ c.c2 0.12 0.47 . 1 25 0 o.4e 15.0 
~6 ~CLNC l 3.CO c.o 0.021t 0.02 0.03 C.1b 0 0 10 0 C.17 7.1 
ot1 SALMCt\ fAllS CREEK R 1.€0 1.8 c.cst o.cz .. 

0.26 0 o.ooa 0 0 15 1 c.cc; 1.0 
~B SE'.Et\ Of'tllS l 3.00 1. a o. c ll c.c2 o.cc C.14 . . 5 . 0.15 A.8 
f9 SHElf l . 3.4 o.c1~ C.02 0.02 0.05 . . 5 0 o.o~ 4.0 
1J Sll"ER L 2.00 . 0.031 C.C2 o.cc 0.29 0 0 10 0 0.3C 8.1 
11 SCCA PCit-1 R 1.80 1.2 1. (6 7 c.c2 . 1.56 . . 5 0 1.51 1 .5 
12 SCLO!ERS HEAOC~ ~ 5.40 1.8 o.oac 0.1q 0.16 0.85 167 20 . . 1.0~ 13.0 
13 SP IR I l l 7.00 c.c o.cu: 0.02 O.ltS 0.07 16 0 5 0 0 o.oe 4.4 
74 SIA~LE'f l 1.00 c.o 0.011 0.02 . 0.19 0 0 5 0 o.zc 18.2 
15 STEVEI\S l 2.20 c.c 0.004 0.02 o.oo 0.16 1 0 5 0 0.17 42.5 
16 S~~N fALLS R . 1.8 0 0. 06 c 0.11 o.co 0.10 11 3 15 1 0.21 3.5 
11 Sw.AI\ L 92 24.8 0.23~ c.cz . c. 54 0 35 60 2 0.55 2 .3 
18 l(l( l 'e3.6 2.4 1.':151 0.02 0.01 0.24 0 0 10 1 0.2~ 0.1 
19 lf<lt-tllY L 2.00 c.e c.c24 0.02 o.oc 0.26 0 c 5 0 0.27 11.3 
eo T~IN LAKES LCWER L 2.80 c.c 0.01~ 0.02 0.04 0.24 30 0 5 . 0.2 5 16.7 
e1 l~lt-. LAKES UPPER l 1.60 c.o 0.023 0.02 0.04 0.31 1'1 c 5 . 0.32 13.CJ 
t2 l~lt. LAKES NCRlH ~ 3.60 ~-" O.Clt c.cz o.oo 0. 10 . . 5 0 C.11 6.9 
f3 T~l~ LAKES SCUTN R 3.20 1.~ c.ctt c.c2 o.oc 0.10 . . 5 . 0 .11 6.9 
84 UPPER 8ERt\ARt l 1.60 . 0.031 0.02 o.oc o. 17 . . 5 0 o.te 4.c:l 
85 lJPfd~ PRIEST l c.ao c.8 o.cct 0.07 o.cc; 0.13 0 0 5 0 0.20 33.0 
eb '-A~H l 0.60 c.o 0.01C Q.C2 o.oc o. 11 12 14 5 0 0.12 12.0 
e1 WlllJA14S l . . C.C7C 0.05 0.04 0.61 14 1 . . 0.6~ 9.4 
~8 ~ILSCN LAKE R 35.2 't.O 0.12~ C.2c; o.oc 0.13 0 0 10 0 0.42 3.4 
89 Wlt-.Ct-ESTER l 13.6 . c.Ct2 o.C2 o.oo 0.22 c c 25 3 0.23 3.7 
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AESTHETICS 

Bagley, Marilyn D., Cynthia A. Kroll and Kristin Clark. 

1973 Aesthetics in Environmental Planning. Washington, D.C.: 
Environmental Protection Agency (600/5-73-009). · 

Probably the most complete review of visual analysis methods available 
today. Eighteen different methodologies are discussed in detail, then are 
evaluated on seven criteria. Many of the methodologies emphasize the 
aesthetic attributes of water. Litton's (1975) work is given the highest 
rating among the other four "nonnumerical" visual analysis methods, and is 
rated higher than all the other methods reviewed. Bagley et al., did an 
excellent job and their review is highly recommended. 

KEY WORDS: aesthetics, visual analysis, environmental planning. 

Litton, R. Burto~, Jr., R. J. Tetlow, Jens Sorensen and R. A. Beatty 

1975 Water and Landscape: An Aesthetic Overview of the Role of Water 
in the Landscape. Port Washington, New York: Water Information 
Center, Inc. 

This is a detailed discussion of the aesthetic attributes of water and 
how to measure them. The authors have developed a visual classification 
system based on three major visual boundaries: the landscape unit, the 
setting unit, and the water scape unit. The system is intended for 
compiling very detailed inventories, so i~ meant to be informative and not 
evaluative. Potentially a very useful tool for environmental planning as 
the method is comprehensive and straight forward. 

KEY WORDS: aesthetics, water, environmental planning. 

USDA, Forest Service 

1973 National Forest Landscape Management, Volumes l and 2. 
1974 Agricultural Handbooks No. 's 434 and 462. Washington, D.C.: 

Government Printing Office. 

The Forest Service's visual management system. 

KEY WORDS: aesthetics, forest management, visual analysis. 

USDA, Forest Service, Pacific Southwest Region 

1979 Proceedings of Our National Landscape. A Conference on Applied 
Techniques for Analysis and Management of the Visual Resources. 
Berkeley: Pacific Southwest Forest and Range Experiment Station. 
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A large collection of papers on visual analysis and management (752 
pages). 

KEY WORDS: aesthetics, visual resources. 

USDI, Bureau of Land Management 

1976 Upland Visual Resource Inventory and Evaluation. Washington, 
D.C.: Government Printing Office. 

The BLM's visual management system. 

KEY WORDS: aesthetics, visual resource management, BLM. 
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AERIAL PHOTOGRAPHY 

Anderson, James and Richard Witmer 

1981 Land resource planning applications of land use mapping and 
inventory from remotely sensed data. Pp. 429-443 in Proceedings 
of the 14th International Symposium on Remote Sensing of 
Environment. Ann Arbor: Environmental Research Institute of 
Michigan. 

Discussion of the U.S. Geological Survey•s nationwide land use and 
land cover mapping and data compilation program. It is a well organized 
standardized approach to the collection and presentation of land use and 
land cover information and should be an essential element in any framework 
or system that intends to study economics, energy, or environmental 
conditions and problems. About 26 states have been mapped by political 
units, hydrological units, census county subdivisions and federal lands. 

KEY WORDS: aerial photography, land use, resource planning, remote 
sensing. 

Anderson, James R., Ernest E. Hardy, John T. Roach, Richard E. Witmer 

1976 A Land Use and Land Cover Classification System for use with 
Remote Sensor Data. Washington, D.C.: U.S. Geological Survey, 
Circular 964c. 

This publication is the history, philosophy and description of the 
land use classification system that is widely used throughout the United 
States. There are 9 categories at the level I classification, 37 at level 
II, and Levels III and IV are left open for special needs. It is a 
11 resource11 oriented system rather than a 11 peop 1 e.. oriented system. It 
satisfies three major attributes: (l) it gives names to categories by 
simply using accepted terminology; (2) it enables information to be 
transmitted; and (3) it allows inductive generalizations to be made. 

KEY WORDS: aerial photography, land use, remote sensing. 

Green, Norman E. 

1957 Aerial photographic interpretation and the social structure of the 
city. Photogrammetric Engineering 23:89-96. 

Green is a pioneer in reported use of aerial photos for sociological 
research. These studies are the first systematic attempt to use aerial 
photos as a research tool by sociologists. The purpose was to identify 
poor housing sections in urban areas. The photographic interpretation of 
residential sub-areas succeeded in portraying their true relative 
structural characteristics. 
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KEY WORDS: aerial photo interpretation, urban sociology, human 
ecology. 

Green, Norman E. and Robert B. Monier 

1959 Aerial photographic interpretation and the human ecology of the 
city. Photogrammetric Engineering 25:770-73. 

Similar findings as the 1957 paper. It is a continuation of the 
study, done in another city. It was discovered that discrepancies in the 
photographic observations were distributed non-randomly. This situation 
provides for a basis for constructing systematic correction factors 
through knowledge of the nature, amount and direction of the errors. 

KEY WORDS: aerial photo interpretation, urban sociology, human 
ecology. 

Harrington, Roscoe B. and S. Ross Tocher 

1967 Aerial Photo Techniques for a Recreation Inventory of Mountain 
Lakes and Streams. Ogden, Utah: Intermountain Forest and Range 
Experiment Station, U.S. Forest Service. 

Describes results of aerial photo techniques tested in Utah to measure 
the characteristics of mountain lakes and streams. Finds aerial photos 
very useful as long as some field checking is done. 

KEY WORDS: aerial photography, lake survey. 

Kraus, Steven P., Leslie W. Singer, and James M. Ryerson 

1974 Estimating populat i on from photographically determined residential 
land use types. Remote Sensing of Environment 3:35-42. 

Estimates of population were found by using aerial photos for 
determining four types of restdential land use, estimating area of each, 
then multiplying this by the estimated population density. There was an 
average underestimation of 4.5% for four U.S. cities. Recommends using 
the largest scale photos available and cautions about 11 hidden 11 residential 
use within commercial areas. 

KEY WORDS: aerial photography, population estimation. 

Lyons, Thomas R. and Thomas E. Avery 

1977 Remote Sensing: A Handbook for Archeologists and Cultural 
Resources Managers. Washington, D.C.: U.S. Department of the 
Interior. 
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A very good introduction to aerial photography. The emphasis is on 
archeological interpretation, but it does treat general interpretation 
techniques fairly well. 

KEY WORDS: aerial photography, cultural features, remote sensing. 

Lyons, Thomas R., Robert K. Hitchcock and Wirth H. Wills 

1980 Remote Sensing. Aerial Anthropological Perspectives: A 
Bibliography of Remote Sensing in Cultural Resource Studies. 
Washington, D.C.: U.S. Department of the Interior. 

Appears to be a very complete bibliography of aerial photo use in the 
social sciences up through 1977. 

KEY WORDS: aerial photography, remote sensing, cultural 
interpretation. 

Mumbower, L. and J. Donoghue 

1967 Urban poverty study: Aerial photographs facilitate the analysis 
of a variety of socio-economic aspects of a city. Photogrammetic 
Engineering 33:610-618. 

Quantitative and qualitative descriptions of urban areas were made in . 
terms of the time the photographs were taken and the changes occurring 
over time through the use of repetitive photo coverage. The authors 
conclude that aerial photos are extremely useful as a unique source of 
certain data and in facilitating the use of other data. 

KEY WORDS: aerial photography, remote sensing, urban sociology. 

Nettles, M. Eugene 

1974 Determining landuse changes in watersheds by aerial photographic 
measurements. South Carolina: Clemson University, Water 
Resources Research Institute. 

A study of two watersheds in South Carolina which utilize aerial 
photos taken from 1944-1970. The author concludes that periodic aerial 
photos are an excellent method for determining progressive landuse changes 
in watersheds. 

KEY WORDS: aerial photography, remote sensing, landuse. 

O'Malley, James R. 

1978 Application of remote sensing in the analysis of the rural 
cultural 1 andscape. Pp. 239-257 in B. F. Richason (ed.), 
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Introduction to Remote Sensing of the Environment. Dubuque, 
Iowa: Kendall/Hunt Publishing Company. 

Points out two major considerations: scale and sensor type. When 
correct seale and sensor selection · is made most aspects of the rural 
landscape are captured. 

KEY WORDS: aerial photography. 

Peplies, Robert W. 

1976 Cultural and landscape interpretation. Pp. 483-507 in Joseph 
Linty, Jr. and DavidS. Simonett (eds.), Remote Sensing of 
Environment. Reading, Massachusetts. Addision-Wesley. 

Three approaches can be used for interpreting remote sensor imagery: 
(l) to consider the image as a direct representation of the earth object 
or process; (2) to consider the image as a surrogate or proxy of some 
earth object or process; (3) to consider the image as a direct 
representation of an earth object or process which is normally not 
detectable within the visual range of the electromagnetic process. 

KEY WORDS: aerial photography, remote sensing, cultural features. 

Shelton, Ronald C. and Ernest E. Hardy 

1974 Design concepts for land use and natural resource inventories and 
information systems. Pp. 517-535 in Proceedings of the Ninth 
International Symposium on Remote Sensing of Environment. Ann 
Arbor: Environmental Research Ins'titute of Michigan. 

The design, implementation, application and maintenance of inventories 
and information systems for l and use and natural resources data are 
described in terms of the remote sensing and computer technology which has 
in recent years become an important feature of information system 
development. Basic concepts in. use of the technology are out l ined from 
the perspective of potential users of systems and data. Seventeen steps 
are suggested as guides in the design of systems and projects. 

KEY WORDS: aerial photography, land use, natural resources, 
information systems. 

Silberman, Leo 

1959 Sociogrammetry. Photogrammetric Engineering 25:419-23. 

A study on the use of aerial photos to gather demographic data in 
Kenya. A small ground sample was done first to determine average number 
of peopl~ dwelling in different types of complexes, then the study of 
aerial photos was carried out to -determine the number of complexes. The 
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photos were especially advantageous for this situation due to their 
· unobstrusiveness. The author discovered many uses of aerial photos: more 
exact classification and description of social structures and housing 
types, determining 1 anduse and economic activities, and determining 
important correlations between physical and social distributions. 

KEY WORDS: aerial photography, remote sensing, human ecology. 

Stokes, George A. 

1950 The aerial photograph: A key to the cultural landscape. The 
Journal of Geography 49:32-40. 

Conclusion is that the cultural landscape may be studied with greatly 
reduced expenditure of time and money. The stereographic pair is the most 
highly recommended type of photo. Familiarity with the landscape under 
study is highly desirable but not absolutely essential. If field 
investigation is required, the time needed to satisfactorily complete such 
investigation will be materially reduced by a careful photographic study 
made prior to going into the field. 

KEY WORDS: aerial photography, remote sensing, cultural features. 
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IDAHO Research and Data Source 

Bovay Engineers 

1970 Comprehensive Plan for Kootenai County, Phase II: Evaluation and 
Forecast. Spokane: Bovay Engineers. 

Includes description and location of public recreation sites. 

KEY WORDS: Idaho, Kootenai County. 

Carlson, John E. and Merle J. Sargent 

1979 A Dynamic Regional Impact Analysis of Federal Expenditures of a 
Water and Related Land Resource Project--Part IV--A Social Impact 
Analysis of Federal Expenditures on a Water Related Resource 
Project: Boise Project. Moscow: University of Idaho, Idaho 
Water Resources Research Institute. 

Assessment of the effects .of Boise reservoir project on the people of 
Ada and Canyon counties, from 1940 to 1970. Most significant impacts are 
increased population and increased water-based recreation. A 
recommendation is for long range monitoring processes for each 
public-funded project, with particular emphasis on subjective measures. 

KEY WORDS: Idaho, water development, Boise project. 

Corbett, M. E. 

1973 Recreational capability and land use planning, Priest Lake, 
Idaho. Edmonton: University of Alberta, unpublished thesis. 

Provides much information about recreational use and development on 
Priest Lake. Eighty percent of the visitors spend the night, (it is a 
destination area), the average length of visit is 3 1/2 days, and 67% of 
the visitors live within 150 miles, the majority living in Spokane. 
Corbett combined a land use classification of the lake shore, with an 
analysis of water quality, with a questionnaire survey of campers and 
lakeside campers. Cottagers think of themselves as more environmentally 
aware than campers, yet they are very intent on locating their cabins 
close to the water. Her conclusion stresses planning rather than 
management. 

KEY WORDS: Idaho, Priest Lake, land use. 

Executive Office of the Governor 

1977 Idaho Almanac. Boise: Statehouse. 

KEY WORDS: Idaho, almanac, statistics. 
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Glazanfar, S. M. 

1980 Idaho Statistical Abstract. Moscow: University of rdaho. 

KEY WORDS: Idaho, statistics. 

Hamilton, Joel R. 

1971 Idaho Population Changes, Density, and Migration. Moscow: 
University of Idaho Agricultural ·Experiment Station, Report 15~. 

A study of population change in Idaho, 1950-1970. Conclusions are (l) 
Idaho has slow growth and rapid out migration; (2) dense counties continue 
to gain residents and sparse are losing (or growing slowly); (3) many 
counties have too few people and are losing business to other areas due to 
poor transportation; (4) out migration is state wide (except for 10 
counties). The 1980 census reveals that these conditions have changed 
considerably. 

KEY WORDS: Idaho, population, migration. 

Harmsworth, Harry 

1964 Population Trends in Idaho 1950-1960. Moscow: University of 
Idaho. 

Good source of 1950 data. 

KEY WORDS: Idaho, statistics. 

Idaho Department of Fish and Game 

1980 Pend Oreille Lake fisheries investigations. Lake and Reservoir 
Investigations. Job Performance Report, Project F-73-R-2. 

Primarily a study of Kokanee fishing. Includes tables of angler day 
activity. 

KEY WORDS: · Idaho, angler days. 

Idaho Department of Health and Welfare 

1980 Idaho Water Quality Standards and Wastewater Treatment 
Requirements, Title I: Chapter 2. Boise: Idaho Department of 
Health and Welfare, Division of Environment. 

Water Quality Standards for Idaho. 

KEY WORDS: Idaho, water quality. 



152 

Idaho Department of Parks and Recreation 

1980 Outdoor Recreation Facilities Inventory, Volumes I and II. 
Boise: Statehouse. 

Volume I is a fairly comprehensive inventory of recreation sites in 
Idaho, including a detailed inventory of dates, costs, facilities, owners, 
size, capacity and other factors. Volume II is the county maps which 
illustrate the location of each site. Most entries are 1976, but the 
Inventory is in a form that can be easily updated. 

Idaho Department of Parks and Recreation 

1978 Idaho Outdoor Recreation Plan, 1977. Boise: Statehouse. 

A very fine update in the ongoing p 1 ann i ng process. Inc 1 udes an 
overview of state wide social, environmental, and · economic 
characteristics; more comprehensive data, maps, and discussion on each of 
the six major planning regions; and data from a 197~ telephone survey of 
Idaho residents' recreational participation. 

KEY WORDS: Idaho, recreation plan, SCORP. 

Idaho Department of Parks and Recreation 

1973 Idaho Outdoor Recreation Plan, 1973. Boise: Statehouse. 

A continuation of data gathering and planning for recreational use in 
Idaho. 

KEY WORDS: Idaho, recreation plan. 

Idaho Department of Water Resources 

1975 Water Related Land Use - 1975. Boise: Idaho Department of Water 
Resources. 

Includes irrigated acres in 16 southern Idaho .counties. 

Idaho Department of Water Resources 

1975 Idaho Environmental Overview by Hydrologic Basin. Boise: 
Statehouse. 

An excellent report on the condition of many environmental features in 
Idaho: air, lakes, rivers, elk, fish, etc. Clearly presented by seven 
hydrologic regions. Conditions are rated as: -positive, stable, or 
negative. Includes a comprehensive bibliography and listing of state 
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agencies in Idaho. Major influences on lake water quality are: mining, 
dumps and landfills, and housing development. 

KEY WORDS: Idaho, environmental quality. 

Idaho State Parks and University of Idaho 

1967 Idaho Outdoor Recreation Plan. Boise: State of Idaho. 

The first of a series. All quantifiable data have been grouped by 
resource service areas of 0-50 mile (day use) and 50 to 125 mile (weekend 
trips) radii in relation to zones of population. 

KEY WORDS: Idaho, recreation. 

Idaho Travel Committee 

1980 Idaho travel: An investment in our future. Boise: Idaho Travel 
Committee. 

The travel industry is Idaho's third largest industry and tourism and 
travel account for 12% of the state's income. The four million visitors 
to Idaho generate l billion dollars in income and 39 million dollars in 
local tax receipts. Additionally, the travel industry in Idaho provide 
jobs for 25,000 people. 

KEY WORDS: Idaho, recreation, travel industry. 

McAlindin, Dave and Alan Porter 

1980 County Profiles of Idaho. Boise: Idaho Division of Economics and 
Community Affairs. 

Very useful and accessible statistical report. 

KEY WORDS: Idaho, statistics, census, county data. 

Milligan, J. H. and C. C. Warnick 

1973 Recreation Water Classification System and Carrying Capacity. 
Moscow: University of Idaho, Water Resources Research Institute. 

A classification system using a factor profile approach--a graphical 
method of presenting important parameters that relate to management and 
allocation problems. Points to major needs of data collection and further 
development of the methodology. 

KEY WORDS: Idaho, recreation, lake classification. 
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Murphy, Philip J. 

1977 Monitoring recreational activities on six Idaho lakes using remote 
sensing techniques. Moscow: University of Idaho, unpublished 
Master•s thesis. 

Study primarily deals with Lake Coeur d1 Alene. Divides the lake into 
seven sections, finds that boat usage is well below carrying capacity as 
outlined in State Comprehensive Outdoor Recreation Plan (1973). Uses a 
formula, deviation index of shoreline, for categorizing lakes based on 
shoreline configuration. 

KEY WORDS: Idaho, remote sensing. 

Nybroten, Norman 

1971 Idaho Statistical Abstract. Moscow: University of Idaho. 

Good source of 1960 data. 

KEY WORDS: Idaho, statistics, Idaho population figures. 

Pacific Northwest River Basins Commission 

1973 Ecology and the Economy: A Concept for Balancing Long-Range 
Goals. The Pacific N.W. Example. Vancouver, Washington: Pacific 
Northwest River Basins Commission. 

This report is an interesting synthesis of human ecological concepts, 
economics, and data about the N.W.. Good discussion of the use and 
limitations of the carrying capacity concept. Points out that carrying 
capacities and bench mark definitions of quality of life aren•t fixed for 
all time. Interesting recommendations and good bibliography. 

KEY WORDS: Idaho, Northwest, carrying capa~ity, ecology, recreation, 
human ecology. 

Pacific Northwest River Basins Commission 

1971 Recreation, Appendix XIII. Vancouver, Washington: Pacific 
Northwest River Basins Commission. 

A most complete and enlightening report on recreation in the 
Northwest. Very strong encouragement for the development of recreation 
planning strategies. Recognizes the importance of .. recreational 
ex tens i on 11

• An educated pub 1 i c, cognizant of and sympathetic with 
inherent problems, is essential to_ the success of imaginative, realistic 
and qualitative planning. The Commission was instrumental in initiating 
recreation planning and data-collection in the Northwest, but no longer 
exists. 
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KEY WORDS: Idaho, Northwest, recreation. 

Panhandle Planning and Development Council 

1974 Overall Economic Development Plan for the · Panhandle Economic 
Development District. Coeur d'Alene: Panhandle Planning and 
Development Council. 

Includes a comprehensive list of campgrounds and resorts in the Idaho 
Panhandle. 

KEY WORDS: Idaho, Panhandle Region. 

Payne, Richard D. 

1976 An Inventory of Recreation Home Development in Idaho. Boise: 
Center for Research, Grants and Contracts, Boise State University. 

Gives county by county figures on the number of recreational sites 
(subdivisions and dispersed) and the number of sites with houses in 
Idaho. Conclusions are: the majority of recreational housing lots are 
purchased for purposes of speculation and investment rather than for 
recreation solely; of the 41,870 recreation lots in the state, only 25% 
have improvements; the l argest concentration of recreation activity is 
located in counties ill-prepared f or it; and, in certain areas potential 
blockage to recreat ion access could occur. 

KEY WORDS: Idaho, recreational homes. 

Payne, Richard D. 

1977 Recreation Home Developments in Idaho: Five Case Studies. 
Boise: Center for Research, Grants, and Contracts, Boise State 
University. 

An indepth look at second home development in five recreation areas of 
Idaho - Hayden Lake, Priest Lake, Payette Lake, Is 1 and Park, and Sun 
Valley. Besides detailed analysis of available county records and data, a 
questionnaire survey was distributed to second home owners in each area 
except Hayden, dealing with demographics, economic issues, and attitudes. 
This study and its companion volume (Payne, 1976) are an ambitious and 
commendable study of recreation housing in Idaho. 

KEY WORUS: Idaho, recreation homes, resort areas. 

Pierce, John C., et al. 

1981 Water resource policy and collective representation in Idaho: 
Legislators, activists, and the general public. Idaho Journal of 
Politics 4:1-27. 
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A questionnaire survey of 1056 individuals, 273 signers of the 
Hydro-Power Protection and Water Conservaton Act Initiative (1977), and 
all members of the Idaho State .Legislature. There was a high return from 
each group. Findings: water problem areas are allocation, supply, and 
quality- in that order. The respondents ranked the most important water 
related activities: agriculture (highest), domestic, energy, industry, 
preservation, recreation and transportation. Legislators are more 
developmental and the public is more preservationist, but due to other 
constraints, federal, interest groups, etc., the actual pol icy may be 
pretty close to what the public wants. 

KEY WORDS: Idaho, water use, water planning. 

Pizzadili, James and Charles McKetta 

1979 Idaho's Wildland Resources: Availability and Use. Moscow: 
Univerity of Idaho Forest, Wildlife and Range Experiment Station. 

A collection of statistics divided into seven major sections: 
resource land, timber resources and forest products, range resources and 
livestock production, wildland recreation opportunities and participation, 
water resources, mineral production, and wildlife and fisheries resources. 

KEY WORDS: Idaho, natural resources, resource use, statistics. 

Pope, Clem L. and Ervin G. Schuster 

1975 The Role of Socio-Economic Data in Idaho Land Use Planning. 
Moscow: University of Idaho, Forest, Wildlife and Range 
Experiment Station. · 

A state-wide questionnaire survey of 35 agency planners in which they 
were asked to rank the importance and availability of 65 examples of 
socio-economic data. The data was categorized as recreation, community, 
population, income and employment, and industry. Recreation data was 
determined to be the most important and the least available. Large gaps 
also exist between importance and availabiltiy of the other type of data, 
except popu 1 at ion. Many planners have 1 itt l e experience in using 
socio-economic data and have problems interpreting and communicating the 
results and relating the data to planning efforts. Meshing the time and 
space parameters of the research with that of the available data is the 
major problem. 

KEY WORDS: Idaho, socio-economic data, recreation. 

Porter, Alan 

1973 Proposed Land Use Classificaton System: A Working Paper. Boise: 
State Planning and Community Affairs Agency. 
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A good system, very similar to Anderson's, et al. (1976), developed in 
accordance with the Federation of Rocky Mountain States (Colorado, Idaho, 
Montana, New Mexico, Utah, and Wyoming). 

KEY WORDS: Idaho, land use classification. · 

Simpson, Claude and Catherine 

1981 North of the Narrows: Men and Women of the Upper Priest Lake 
Country, Idaho. Moscow: The University Press of Idaho. 

A history of the Priest Lake area from 1914 to the present. Includes 
many photographs. 

KEY WORDS: Idaho, Priest Lake. 

Strowens, J. P. 

1982 Pend Oreille Lake Master Plan. Coeur d'Alene: · J.P. Stevens 
Planning Consultants. 

A description of land type, land use, and lake use in the vicinity of 
Lake Pend Oreille. There are thirteen major recommendations addressing 
water quality monitoring, protection of critical habitat, fisheries, 
historic sites, aesthetic features, planned development, and regional 
cooperation and planning. This is only the first step in the process of 
developing plans, rules, and regulations. Public meetings and city 
council and county board approval must follow. 

KEY WORDS: Idaho, Pend Oreille, lake ~se planning. 

Thorsen, David M. 

1979 Sandpoint Mountain Lake Management Plan and Inventory. 
Sandpoint: Sandpoint Ranger District, Idaho Panhandle National 
Forests. 

A comprehensive, interrelated study of the use and condition of twelve 
mountain lakes, six in the Selkirk Mountains and six in the Cabinet 
Mountains. Reasoning behind the study is stated as: 11 the recreational 
user is the focal point regarding all management of mountain lakes. The 
physical, chemical, and biological characteristics are all interrelated 
and the recreational use a lake receives is a very important portion of 
that relationship .. (p. 41). The study of each lake includes an aerial 
photo, a description of the flora and fauna near the lake; physical 
description of the lake; results from biological and chemical tests; s~udy 
of the fish population; description of trails and campsites; and an 
analysis of user questionnaires acquired from voluntary, remote 
questionnaire boxes located at the trail head to each lake. A uniquely 
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comprehensive study of remote 1 akes. A fo 11 ow-up study wi 11 soon be 
available. 

KEY WORDS: Idaho, mountain lakes, Panhandle National Forests. 

U.S. Army Corp of Engineers 

1981 Recreation Statistics. Washington, D.C.: Department of the Army. 

The latest of a yearly report on ·recreational use of Army Corp 
reservoirs. Idaho reservoirs reported on are Albeni Falls (Lake· Pend 
Oreille), Dworshak, and Lucky Peak. Use is measured in "recreation days", 
a visit by one individual to a recreation area for recreation purposes 
during any reasonable portion or all of a 24 hour period. An individual 
may make more than one visit and participate in more than one activity. 

KEY WORDS: Idaho, recreation data, Army Corp, reservoirs. 

U.S. Army Corps of Engineers 

1979 Water resources development in Idaho. Washington, D.C.: Army 
Corp of Engineers. 

A fairly comprehensive di scussion of past, present, and future 
activities of the corps in Idaho. Their basic policy on recreation is: 
"Recreational and fish and wildlife enhancement features may be developed 
as part of a federal water resource project, provided they are compatible 
with authorized purposes of the project, and: such features are 
economically justified, i.e., benefits would exceed costs; nonfederal 
entities agree to administer the project 1 and and water areas for 
recreation and fish and wildlife purposes; and, nonfederal entities agree 
to bear 50% of the costs for recreation and 25% of the costs for fish and 
wildlife" (p. 10). The report states that so far, joint-use management 
agreements between the Corps, State Land Board, Potlatch, and Idaho Fish 
and Game have not been too successful. · 

KEY WORDS: Idaho, water development, Army Corps. 

Zimmer, David W. and J. Eric Glover 

1980 Algae Blooms and Phosphorus Loading in Lake Lowell, Boise Project, 
Idaho. Boise: Water and Power Resources Service. 

Part of an on-going study of water quality problems at Lake Lowell. 
Algal blooms sometimes limit the recreational use of the lake. In some 
years the lake has been closed for recreational use in late summer because 
of poor aesthetic conditions. Feral coliform bacteria counts occasionally 
exceed Idaho water quality standards from primary contact recreation 
waters. The study also states that limnological studies of north 
temperate 1 akes and reservoirs strongly suggest that the magnitude of 
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algal blooms is determined by the concentration of phosphorus in the 
surface water. A conclusion is that the aesthetics and fishery of Lake 
Lowell would be enhanced if nuisance algal blooms and related water 
quality problems were controlled. Research on the water quality problems 
at Lake Lowell is ongoing. 

KEY WORDS: Idaho, Lake Lowell, water quality, recreation, phosphorus. 
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LAKE STUDIES 

Burdge, Rabel J. and Paul Opryszek 

1981 Coping with Change: An Interdisciplinary Assessment of the Lake 
Shelbyville Reservoir. Urbana: University of Illinois. 
Institute for Environmental Studies. 

An indepth retrospective assessment of the environmental and 
socio-economic impacts of a major reservoir project. Possibly the most 
comprehensive, interdisciplinary study of a water project impacts that is 
available today. 

KEY WORDS: lake studies, water development, social impact assessment. 

Environmental Protection Agency 

1980 Clean Lakes Program Guidance Manual. Washington, D.C.: Office of 
Water Regulations and Standards. 

The guide for the Clean Lakes Project, including information on 
entrophication and rehabil i tation techniques. 

KEY WORDS: lake studies, regulations, Clean Lakes Project. 

Hardy, Rudolph W. 

1977 The Impact of Urbanization on New England Lakes: An Experiment in 
Regional Interdiscipl inary Research to Assist Lake Management 
Efforts, Volume I. Boston: IThe New England Council of Water 
Center Directors. 

A quite detailed, primarily social analysis, of six New England 
lakes. Almost as informative about carrying out interdisciplinary, team 
research as it is about lakes. The objective of this study is to uncover 
and understand the basic problems resulting from interactions between 
urbanization processes and 1 ake eco 1 ogy. The conceptua 1 mode 1 of the 
physical and social aspects of lakes includes three major factors: (1) 
The social system (urbanization); (2) The ecological-physical system 
(lakesheds); (3) The lake quality management system. 

KEY WORDS: lake studies, human ecology, urbanization, New England. 

Honey, William D. and Thomas C. Hogg 

1978 A Research Strategy for Social Assessment of Lake Restoration 
Programs. Corvallis, Oregon: Corvallis Environmental Research 
Lab (EPA/600/5-78/004). 
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The purpose of this study is to provide a methodology for research and 
data analysis to assess the social impact of lake restoration programs. A 

. cultural ecological model is employed and appears to be useful because it 
calls for examination of both spatial and temporal parameters. This 
document could be very useful to anyone studying cultural ecology of lakes 
because it offers a framework, a research strategy, and a 1 i st of 
variables that need to be considered. This is still a preliminary study. 
The authors are currently testing their method on lake restoration 
projects in Oregon. 

,KEY WORDS: lake studies, social impact assessment, lake restoration, 
cultural ecology, ehtnology, social anthropology. 

O'Sullivan, P. E. 

1979 The ecosystem-watershed concept in the Environmental Sciences - A 
review. International Journal of Environmental Studies 13:273-281. 

The ecosystem-watershed concept provides a framework for inter
disciplinary studies of the dynamics and processes of lakes. It is a 
logical step in the evolution of lake study methodologies. It involves 
the integration of the approach and findings of a number of previously 
separate areas of research: ecology, hydrology, meteorology, limnology, 
and sociology. The basis of the concept is that in many watersheds, 
inputs, outputs and processes are dominated by cultural factors. Many 
effects of humans are thus transmitted and expressed vi a the materia 1 
pathways of the ecosystem-watershed. This transmitting of effects via the 
hydrological cycle necessitates the inclusion of feedback loops in the 
model. Cultural systems impact the non-human ecosystem, having reciprocal 
effects in the cultural system and also impacting output changes. Some of 
the output changes (or indirect effects)- such as increased run-off, 
landform changes and eutrophication, can then also have an impact on the 
cultural system, affecting agriculture, forestry, mining and recreation 
uses of the ecosystem-watershed. 

Also see: many of the other sections, especially "Idaho", the recreation 
sections, 11 Social Indicators", and 11 Water Development ... 
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POPULATION 

Huszar, Paul 

1979 Projecting regional population with an input-output model. Growth 
and Change 10:2-11. 

Discusses the use of a region a 1 input-output mode 1 for projecting 
jobs, migration and population. Special economic characteristics of the 

. region are explicitly recognized, the projections are based upon local 
industry and growth estimates, and the model provides internally 
consistent projections. 

KEY WORDS: population, migration, economic forecasting. 

Long, Larry H. and Kristen A. Hansen. 

1979 Reasons for Interstate Migration: Job, Retirement, Climate, and 
other Influences. Washington, D.C.: U.S. Gov. Printing Office, 
Current Population Reports, Series P-23, No. 81. 

A nationwide sample of 16,332,000 people, using data from the 1974, 
1975, and 1976 Annual Housing Surveys. Jobs appear the main influence on 
migration: 23.8% moved because of job transer, 23.6% for a new job or 
looking for work, 7.5% moved to be closer to family, 5.1% for a change in 
climate, and 3.4% retirement. Conclusion is that although jobs appear to 
be the main factor in migrating, retirees and part-time workers probably 
constitute a rising proportion of migrants who are not looking for a 
full-time job (a neglected aspect of many past attempts to model migration 
flow.) . . 

KEY WORDS: population, interstate migration. 

Morrill, Richard L. 

1978 Population redistribution, 1965-75. Growth and Change 9:35-43. 

Useful maps illustrating national routes of migration: 1965-70, 
1970-75. Briefly discusses economic, social, technological, and 
environmental influences. Environmental factors are: retirement to an 
agreeable location, recreation, and rural preference. 

KEY WORDS: population, recreation, migration. 

Shryock, Henry S. and Jacob S. Siegel and Associates 

1976 Methods and Materials of Demography. Academic Press: New York. 
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Probably the most comprehensive, yet easy to understand, sourcebook on 
po ~; ulation studies. First published in a two-volume set by the U.S. 
Bu.~ eau of the Census in 1971. This abridged volume retains the 
organization and topics of the earlier volumes and is designed to be used 
as a textbook and as a reference for the professional. Anyone required to 
work with population data would be well advised to consult Shryock. 

KEY WORDS: population, demography. 

Wardwell, John M. 

1980 Toward a theory of urban-rural migration in the developed world. 
Pp. 71-114 in David M. Brown and John M. Wardwell (eds.), New 
Directions in Urban-Rural Migration. New York: Academic Press. 

A good discussion of urban to rural migration in an international 
context. Wardwell develops a paradigm of nonmetropolitan turnaround which 
contains twelve major elements. A major conclusion is that planners 
should be concerned with the duration of impacts. Since the new migration 
has been occuring for the last 10 to 15 years, the impacts may last for 
several decades. 

KEY WORDS: population, migration. 

Wardwell, John M. and David L. Brown 

1980 Population redistribution in the United States during the 1970's. 
Pp. 5-35 in David L. Brown and John W. Wardwell (eds.), New 
Directions in Urban-Rural Migration. New York: Academic Press. 

For the first time in the twentieth century, the rate of population 
growth in nonmetropolitan areas (9.1%) has exceeded that in metropolitan 
areas (5.4%). Three interrelated factors appear to be at the root: 
economic decentralization, preference for rural living, and modernization 
of rural 1 if e. 

KEY WORDS: population, migration, quality of life. 

Wolf, Peter 

1981 Land in America: Its Value, Use, and Control. New York: 
Pantheon Books. 

Chapters 11 (Migration) and 13 (Recreational Lots and Second Homes) 
offer interesting discussion of the link between land, power, and wealth 
in America. Encourages a more carefu 1 exami"nat ion of the intricate and 
intimate connections between these factors and a more purposeful land use 
policy. 

KEY WORDS: population, landuse. 
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RECREATION IMPACTS ON WATER QUALITY 

Aukerman, Robert and William T. Springer 

1976 Effects of recreation on water quality in wildlands: Eisenhower 
Consortium, Bulletin 2. Ft. Collins: Colorado State University. 

Stream water testing was done near eight campgrounds (along a river) 
in the Colorado front range west of Fort Collins from July 21, 1974 to 
July 20, 1975. The objective was to determine if bacterial densities 
increase in water as recreational user (camper) concentrations increase in 
nearby campgrounds. While some bacterial pollution was found to be 
contributed at each campground, the amount was insignificant. Scattered 
camping along the river, R. V. camping, and easy access were determined to 
be an important contributing factor to bacterial pollution. 

KEY WORDS: recreation impacts on water qua 1 i ty, recreation, water 
quality. 

Dietrich, Paul and George Mulamoottil 

1974 Does recreational use of reservoirs impair water quality? Water 
Pollution Control, (February):l6-18. 

Two years of study during the summers of 1971 and 1972 on Laurel Ck. 
Reservoir in Ontario, Canada, examined bacteriological quality from six 
sampling stations -total and fecal coliform resu l ts show some correlation 
between recreational use and coliform count, but it is a pretty vague 
relationship. Recommendations are: regular sampling, testing for fecal 

·rather than total coliform, regular. estimations of urea, compilation of 
more accurate attendance records, including activity breakdown. 

KEY WORDS: recreation impacts on water quality. 

Funk, William H. 

1977 The natural function of lakes. Pp. 13-17 in William Funk and 
Linda McKenzie (eds.), Issues in Competing Uses of Lakes and 
Reservoirs. Pullman: Washington State Water Resources Research 
Center. 

Funk points out that the release of phosphorus from sediments is about 
4 to 5 times greater if you have turbulence. So there can be a much 
higher induced eutrophication by having extensive motor boat use on very 
s h a 11 ow 1 ak es • 

KEY WORDS: recreational impacts on water quality. 
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Johnson, Bruce 

1975 Water quality as an approach to manag-ing recreational use and 
development on a mountain watershed. Logan: Utah State 
University, unpublished thesis. 

Bacterial parameters were found to be most sensitive indicators of . 
water quality changes caused by recreation, agricultural, -or grazing 
activity. Total coliform seems to be a better indicator of water quality 
changes when comparing different sites, while fecal coliforms are more 
sensitive in indicating seasonal differences in recreational activity. 
There appears to be a better correlation betwee~ number of visits and 
contamination than between visitor days and contamination. 

KEY WORDS: recreation impacts on water quality, Ogden River, Utah, 
bacteriological contamination • 

. Manning, R. E. 

1979 Impacts of recreation on riparian soils and vegetation. Water 
Resources Bulletin 15:30-43. 

Purpose is to review and synthesize the literature dealing with the 
physical impacts of recreation on soil and vegetation. A major problem is 
the time lag between intensity of use and resultant ecological effects. 
The author emphasizes the need for early indicators--not noticeable to the 
subjective viewer--such as pH or breakdown of health and age distribution 
in plant material. An important point is raised about environmental 
impacts by recreationists. The level of environmental change is a 
management function, even light use has impact, so the manager must decide 
when the impacts become excessive in light of the objectives ; he area is 
to serve. 

KEY WORDS: recreation impacts on water quality, riparian soils and 
vegetation, recreation management. 

Skinner, Quentin D., John C. Adams, Paul A. Rechard, and Alan A. Settle 

1974 Effect of summer use of a mountain watershed on bacterial water 
quality. Journal of Environmental Quality 3:329-35. 

This study compares natura 1, grazing, and recreat i ana 1 effects on 
coliform counts in a stream system in the Nashfork Watershed Study Area, 
Wyoming, during the summer of 1970, 1971, and 1972. The main finding is 
that recreational areas appear more polluted than the natural areas. So 
this finding stands in disagreement with the finding of Stuart (1971). 

KEY WORDS: recreation impacts on water quality, water pollution. 
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Snyder, Gordon 

1980 Monitoring on wilderness water qudlity. Pp. 504-516 in Symposium 
on Watershed Management 1980. New York: American Society of 
Civil Engineers. 

A methodological sound study of recreation impacts on three wilderness 
lakes in the Anaconda-Pintlar Wilderness Area. Fecal coliforms were found 
at trail-side stations, but not in lakes; while fecal streptococci were 
found at several lake stations, but only one trail station. Four 
parameters were statistically and logically chosen to represent lake 
trophic status: field conductivity, field pH, suspended solids, and 
potassium. Conclusion is that increasing recreational use of wilderness 
areas will result in large scale impacts. 

KEY WORDS: recreation impacts on water quality, wilderness lakes. 

Stuart, David G., Gary K. Bissonnette, Thomas D. Goodrich, and William G. 
Walter 

1971 Effects of multiple use on water quality of high-mountain 
watersheds: Bacteriological investigations of mountain streams. 
Applied Microbiology 22:1048-54. 

Study of two watersheds near Bozeman, Montana during 1968, 1969 and 
1970. One has been closed to human use since 1917, the other was open to 
recreational use. Opening of the closed drainage to recreation in 1970 
coincided with an unexpected decrease in bacterial contamination. The 
authors suspect that less wild animal use of the watershed due to human 
influence may be the reason for lowered b~cterial contamination. 

KEY WORDS: recreation impacts on water quality, recreation, watershed 
pollution. 
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RECREATIONAL USE OF WATER 

Conner, Karen A. and Gordon L. Bultena 

1981 Social class differences in reservoir visits. Water Resources 
Bulletin 17:1086-88. 

A questionnaire study of Des Moines, Iowa, residents on their usage of 
two reservoirs, one 74 miles, the other 198 miles round trip from Des 
Moines. One finding is that upper class respondents (based on income, 
ed., and ace.) were twice as likely to visit the distant reservoir. 

KEY WORDS: recreational use of water, lake use. 

Chiang, SieLing and William A. Gas t 

1977 A methodology for outdoor recreation analysis in a state water 
resources planning study. Water Resources Bulletin 13:677-89. 

Their methodology, developed for Pennsylvania, utilizes the variables 
of population, participation rate, and participation frequency. They 
caution that a sophisticated method doesn't guarantee a superior result 
due to changing national priorit i es, changing social values, and 
technology. They also remind the researcher to include turnover-factor 
when figuring recreation area capacities: camping= 1, swimming= 2. 

KEY WORDS: recreational use of water, methodology, prediction. 

Field, Donald R. and Neil H. Cheek 

1981 Focused and diffuse patterns of aquatic recreation behavior. 
Water Resources Bulletin 17:16-22. 

Data obtained from a 1975-76 Washington statewide outdoor recreation 
survey. Looks at two independent variables: focused households, those 
participating in only water-based activities and diffu.sed households, 
those participating in water and non-water based act1v1t1es. They find 
that focused households are more likely to participate in fishing while 
diffused households are more likely to be swimmers. A conclusion is that 
the conditions and kinds of recreational settings and the mix of household 
types set the stage .for perceived crowding to be expressed, rather than 
the mere presence of large numbers of individuals. 

KEY WORDS: recreational use of water, focused and diffused 
households, water activities, activity clusters, recreation place, 
crowding. 
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Merewitz, Leonard 

1966 Recreational benefits of water resources development. Water 
Resources Research 2:625-40. 

Study took place at Lake of the Ozarks. Population, density, 
distance, and income were found to be important variables when determining 
amount of use. Mobility and alternative sites were found to be not so 
important. The authors stress that recreation is a tangip 1 e project 
output whose benefits can be quantified in monetary terms. 

KEY WORDS: recreational use of water, reservoirs, economic benefits, 
recreational use forecasting. 

Stevens, .Joe B. 

1966 Recreation benefits from water pollution control. Water Resources 
Research 2:167-82. 

Fishing is the recreation activity discussed in this research. The 
author develops a method for determining the economic benefit of fishing 
for an area (Yaquina Bay, Oregon). 

KEY WORDS: recreational use of water, water quality, economic 
benefits. 

Storey, E. H. and R. B. Ditton 

1970 Water quality requirements for recreation. Pp. 57-63 in Earnest 
F. Gloyna and W. Wesley Eck~nfelcter, Jr. (eds.), Water Quality: 
Improvement by Physical and Chemical Processes. Austin: 
University of Texas Press. 

A general discussion of the recreation and water quality 
relationship. Points out that recreation activity demand hinges upon four 
major determinants: leisure time, disposable income, population increase, 
and mobility. Agrees with many .other researchers on the dependence of 
perceptions of water quality on the personality and activity of the user. 

KEY WORDS: recreational use of water. 

Turner, R. K. 

1977 The recreational response to changes in water quality: A survey 
and critique. International Journal of Environmental Studies 
11:91-98. 

A good general survey and review of literature. Turner makes explicit 
what is usually seldom referred to, that the value of water for any single 
recreation use will depend on a number of water quality characteristics. 
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In addition, an improvement in one quality parameter may affect on 
recreation use favorably while simultaneously affecting an late :·native 
recreational use negatively. 

KEY WORDS: recreation, water quality, perception of the environment. 

Tussey, Robert C., Jr. 

1967 Analysis of Reservoir Recreation Benefits. Lexington: University 
of Kentucky, Water Resources Institute. 

A study of recreational use of two reservoirs in Kentucky (Rough River 
and Dewey). Determines that the most important variables for determining 
reservoir use are population and route-distance while the variables of 
income, competition · from other reservoirs and age were found not to have 
an influence on reservoir use. An interesting finding is that air 
distance was selected as most significant among the distance parameters of 
air, time, and road. 

KEY WORDS: recreational use of _water, reservoirs, recreational use 
forecasting. 
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SOCIAL INDICATORS 

Anderson, James G. 

1973 Causal models and social indicators: Toward the development of 
social models. American Sociological Review 38:285-301 • . 

Uses health care as an example for causal modeling which treats social 
indicators as components of social system models. Changes in the values 
of these social statistics over time tell us something about the 
functioning of the social system. 

Andrews, Wade H., Clay W. Hardin, and Gary E. Madsen 

1981 Social assessment indicators in water resource development. 
Environment and Behavior 13:64-82. 

This article is a result of years of research into water development 
problems in Utah. The authors point to seven issues and problems in 
social impact assessment that require special consideration. (1) Levels . 
of causation: direct, indirect, secorid order indirect, (also, threshold 
effects are variable for different communities). (2) Objective versus 
subjective measures. (3) Protective vs. evaluative assessment. (4) 
Economic vs. psychological vs. social motivation models indicate the need 
for interdisciplinary research. (5) Microlevel and macrolevel impacts, 
(beware of the ecological fallacy). (6) Homogeneous vs. subcultural view 
of America (7) Phases of development. Valuable food for thought for 
anyone working with social impact assessments. If all these problem areas 
are addressed and if some attempt is made to deal with them in a SIA, then 
its validity and chances for acceptance

1 

wfll undoubtedly increase. 

KEY WORDS: sociological analysis, social impact assessment, water 
development, social indicators. 

Andrews, Wade H., Gary E. Madsen, and Clay W. Hardin 

1979 Testing Social Indicators in the Techcom Model for Water 
Development. Logan: Utah State University, Institute for Social 
Science Research on Natural Resources. 

This report could be the most complete review and analysis of research 
and social indicator concepts related to water development projects. 
The authors review of current techniques is actually a state-of-the-art 
report on social impact assessment. An interesting addition to their 
evaluation of the Techcom model is the solicited reactions of a number of 
experts in the field of socia l impact assessment. The authors are very 
critical of the proliferation of lists of variables as attempts to measure 
social well-being. A lack of specificity and clarity of purpose results 
in a wide range of indicators that do not add up to a theoretically 
consistent set of items and leads to collecting data on everything in 
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hopes that nothing wi 11 be missed. A reoccuring problem surfaces 
throughout the study, how to develop a mix of objective and subjective 
indices that truly measures social well-being. The collection of primary 
data whenever possible is a major recommendation. 

KEY WORDS: social indicators, water development, Utah. 

Fitzsimmons, Stephen J., Lorrie I. Stuart, and Peter C. Wolff 

1977 . Social Assessment Manual. Boulder, Colorado: Westview Press. 

One of the most complete manuals on social impact assessment related 
to water development projects. A major portion is devoted to the research 
and analysis related to a social well-being account. Quality of life is 
discussed as an expression of the degree to which individuals and families 
enjoy their lives in good health, economic security, and general peace of 
mind. While social well-being is evaluated at a higher level of 
aggregation and is an expression of social values at the level of the 
community. Evaluated in Andrews, et al. (1979). 

KEY WORDS: social indicators, social impact assessment, water 
resource assessment. 

Harris, Douglas H. 

1974 The Social Dimensions of Water-Resource Planning. Santa Barbara, 
California: ANACAPA Sciences, Inc. 

There are three interacting domains )nfluencing resource planning: 
technical, economic, and social. This report identifies forty-two social 
aspects of water, derived from 388 water resource concepts. Five major 
dimensions are determined to represent the forty-two factors: quality, 
allocation and conservation, public involvement, natural beauty, and 
public access. This report is also evaluated by Andrews et al. (1979). 

KEY WORDS: resource planning, social indicators, water use. 

Johnston, Denis F. 

1977 Basic Disaggregations of Main Social Indicators: The OECD Social 
Indicators Development Programmme. Paris: Organization for 
Economic Co-operation and Development, Special Studies #4. 

Social indicators serve five main purposes: description, analysis, 
programme evaluation, policy development and normative considerations. 
The disaggregation of composite indicators is restricted to a reversal of 
the procedure whereby they were originally constructed. The attempt to 
disaggregate a composite index into units which did not enter directly 
into its composition is one form of the 11 fallacy of the wrong level ... 
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KEY WORDS: social indicators. 

Klaus, J. 

1978 Economic and environmental assessment of a water quality 
management system (River Water). Pp. 203-224 in District F. 
Burkhardt et al. (eds.), Environment Assessment of Socio-economic 
Systems. New York: Plenum Press. 

A discussion of economically based social indicators. Assuming that 
men, as consumers, behave rationally according to the economic principle, 
the monetary outlay for obtaining a consumer good can never be larger that 
the resulting subjective utility. By identifying all recreation expenses, 
a lower limit of the actual benefits from fishing, boating, and swimming 
can be estimated. Also discusses the change in economic value of 
recreation based on water quality. 

Machlis, Gary E. 

1978 Social indicators approach. Pp. 71-133 
· Energy/Society Relations. Washington, D.C.: 

in Assessing 
Department of Energy. 

Discussion of social indicators, data sources, and social systems. 
Useful appendices: census data sources for selected social indicator 
measures, key social indicators from census data, and selected social 
indicators from a variety of data sources. 

KEY WORDS: social indicators, social impact assessment. 

Machlis, Gary E. and Donna A. Chickering 

1981 Social indicators for Olympic National Park Biosphere Reserve. 
Moscow: University of Idaho, College of Forestry. 

An experiment in using social statistics to help monitor ecological 
change in a biosphere reserve. The basis is that since activities of 
society which cause ecological change can themselves be measured by social 
indicators, the indicators can then be used to determine broad trends 
concerning environmental change in a particular area. Four variables were 
chosen for study (population growth, utilization of natural resources, 
industrial growth, and tourism) based on three criteria: had to be 
readily available, recorded over a period of time, and related to the 
ecological conditions of the area under study. The indicators of each 
variable were combined into an "Human Activity Index" which is fairly 
simple to determine, use, and understand and thus has great potential use 
by resource managers for assessment, planning, and education. This study 
is a valuable addition to social indicators research. 

KEY WORDS: social indicators, human ecology, biosphere reserves. 
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Perle, Eugene D. 

1970 Editor's introduction. Urban Affairs Quarterly 6:135-143. 

T.here are five major themes in the soc i a 1 i nd i caters 1 i terature: 
improved descriptive reporting on the state of the society, analysis of 
social trends and social change, assessing the performance of society, 
anticipating alternative social futures, and social knowledge for societal 
control. Very little discussion of these themes. 

KEY WORDS: social indicators. 

Rossi, Robert J. and Keven J. Gilmartin 

1980 The Handbook of Social Indicators: Sources, Characteristics and 
Analysis. New York: Garland STPM Press. 

A very useful primer on the development, use, and display of social 
indicators. Each chapter is well summarized, allowing easy access to the 
large amount of information contained in the book. Pros and cons are 
given on many issues so the reader gains a good understanding of the 
"state of the art" in social indicators research. 

KEY WORDS: social indicators. 
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WATER DEVELOPMENT 

Andrews, Wade and Dennis Geersten 

1970 The Function of Social Behavior in Water Resource Development. 
Logan: Utah State University, Institute for Social Science 
Research on Natural Resources. 

Determining socio-psychological value patterns and · the 
interrelatedness of basic cultural and social organizational arrangements 
will lead to an understanding of beliefs and attitudes towards water 
projects. This understanding is especially important when attempting to 
eliminate opposition. 

KEY WORDS: water development. 

Andrews, Wade, Gary M~dsen and Gregory Legaz. 

1974 Social Impacts of Water Resource Developments and their 
Implications for Urban and Rural Development: A Post-Audit 
Analysis of the Weber Basin Project in Utah. Logan: Utah State 
University, Institute for Social Science Research on Natural 
Resources. 

A very detailed discussion of the social concepts related to water 
resource development. Reports on a comprehensive sociological research 
project on the impacts of a large reservoir project in northern Utah. The 
area appeared to be undergoing rather dramatic social change. 
Urbanization was a big factor, also large increases in water related 
outdoor recreation. The study compared farmers and non-farmers 
throughout. For both groups, 33% felt that the aesthetics of an area was 
the most enjoyable aspect of recreation. Two findings are: camping and 
picnicking increased by 62% in the area between 1960 and 1971, and 
reservoir planning projections tended to underestimate recreational use. 

KEY WORDS: social indicators, water based recreation. 

Honey, W. D. and T. C. Hogg 

1976 Dam the River: The Proposed Days Creek Dam and the Human Ecology 
of the South Umpqua. Corvallis: Oregon State University, 
Department of Anthropology _and Water Resources Research Institute. 

A very comprehensive study of the South Umpqua region, using human 
ecological models as the basis of study. The researchers differentiate 
between quality of life and social well-being. Quality of life includes 
measures of social well-being and happiness, it is a subjective measure of 
individual satisfaction with his position in a cultural and environmental 
relationship. Social well-be ing is more of an objective measurement in 
which observations are made as to people's income, physical and mental 
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health, nutrition, education, and so on. They conclude that the main 
impacts of the proposed dam would be on the relocatees, because impacts on 
cultural subsystems show major relationships to 1) property and 
distribution of goods and services, 2) territorial unit relationships and 
associations, and 3) patterns of order and control. These factors are 
most disrupted for those who are required to move from their homes. 

KEY WORDS: water development, human ecology, quality of life, social 
well-being. 

Pierce, John C. and Harvey R. Doerkson 

1975 Public Attitudes Toward Water Allocation in the State of 
Washington: Citizens, Interest Groups, and Agencies. Pullman: 
Washington State University and State of Washington Water Research 
Center. Report #22. 

A discussion of findings from a state wide questionnaire of 687 
Washington citizens and an extensive questionnaire survey of the members 
of five river basin committees, a sample of the public in those basins, 
leaders of water interested organizations, managers of irrigation 
districts, and directors of public works. One finding is that water 
managers don't view public participation too favorably. Another is that 
citizen advisory committees are seen as very useful and as representing 
the public's attitudes. Rank of water uses: agriculture, domestic, 
energy, industry, . preservation, transportation, recreation. 

KEY WORDS: water development, water use, politics of water. 

Smith, Courtland and Thomas C. Hogg . 

1971 Benefits and beneficiaries: Contrasting economic and cultural 
distinctions. Water Resources Research 7:254-263. 

The authors encourage determining who are the benefactors and who are 
the beneficiaries of a water development project. Benefit-cost decision 
making is not an objective, value free logical system, but is a logical 
system conceived to optimize a unique set of cultural values. The 
consequences of this is very often conflictive social interaction. 
Refinements to benefit-cost decision making are suggested which include: 
awareness of the roles being performed by all persons involved, their 
willingness to perform the roles, and their evaluation of the roles. 

KEY WORDS: water development, cost-benefit analysis. 

U.S. Water Resources Council 

1973 Water and related land resources: Establishment of principle and 
standards for planning. Federal Register: September 10. 
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The overall purpose of water and land resource planning is to promote 
the quality of life by (1) enhancing national economic development and (2) 
enhancing the quality of the environment. 

KEY WORDS: water development, water quality. 
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WATER QUALITY 

Billings, Wayne M. 

1981 Water-associated human illness in Northeast Pennsylvania and its 
suspected association with blue-green algae blooms. Pp. 243-255 
in Wayne W. Carmichael (ed.), The Water Environment: · Algal Toxins 
and Health. New York: Plenum Press. 

Investigation of wide-spread sickness over a three week ·period in two 
lake-shore communities in Pennsylvania during the summer of 1979. A 
thorough investigation concluded that very large numbers of blue-green 
algae, genus anabaena, were the culpret. Symptoms ranged from 
gastrointestinal flu-1 ike symptoms to hayfever-1 ike symptoms. Young 
children had more of the flu symptoms while adu 1 ts had more of the 
hayfever symptoms, possibly because children tend to 11 drink 11 more water 
while swimming. No discussion of the causes of the algae bloom. 

KEY WORDS: water quality, water-related illness, algae. 

Cannon, Kessler R. 

1976 The problem in persepctive. Pp. 1-8 in Non-Point Sources of Water 
Pollution. Corvallis: Oregon State University, Water Resources 
Research Institute. 

In the entire Pacific N.W. Columbia Basin region, 60% of pollution 
loads is from non-point sources: 45% comes from agricultural land, 28% 
from range, 23% from forest (2/3 from logging roads), and 4% from other. 

KEY WORDS: ' water quality, non-point pollution, land use. 
I 

Cutter, Susan Caris 

1981 Community concern for polllution. Social and environmental 
influences. Environment and Behavior 13(1):105-24. 

A study of 940 Chicago residents which assesses the social and 
environmental influences on community concern for pollution of Lake 
Michigan. It was found that attitudes toward pollution are inversely 
related to the social characteristics of the community. High concern for 
the environment was related to low neighborhood stability (high mobility 
rates coupled with high densities). This was true regardless of the 
racial composition of the community. Environmental quality was also found 
t~ be an influence on community concern for pollution. Social and 
environmental influences were found to be equally important predictors. 

KEY WORDS: water quality, community concern, urban attitudes. 
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David, E. C. 

1971 Public perceptions of water quality. Water Resources Research 
7:453-57. 

A representative sample of 574 Wisconsin adults to determine the 
effects of perceived pollution on recreation. Respondents were given a 
list of 6 types of pollution. When asked which would be most likely to 
keep them from swimming, 80% said alga.e and green scum, 70% said glass and 
cans on bottom. When asked which 3 most likely indicated pollution, 40% 
said algae and scum, 25% said suds and foam, 20% said dark water. Women 
are more likely than men to think that water pollution is bad. The author 
thinks that this may be because it is the mother that usually takes 
children swimming. 

KEY WORDS: water quality, recreation, perceptions. 

Dinius, S. H. 

1981 Public perceptions in water quality evaluation. Water Resources 
Bulletin 17:116-21. 

A laboratory experiment which uses slides of different degrees of 
water pollution to test laymen's perceptions of water quality. The degree 
of pollution was systematically controlled by adding measured amounts of 
litter and colored water for the series of slides. No significant 
findings other than that lack of color and litter was perceived as high 
water quality. 

KEY WORDS: water quality, perception~, simulation techniques. 

Jordening, David 

1974 Estimating Water Quality Benefits. Washington, D.C.: 
Environmental Protection Agency (EPA 600/5-74/014). 

The objective of this report is to present a state of the arts summary 
in the estimation of water quality associated benefits. The summary is 
presented by specific pollutants and by beneficial use, devoting special 
attention to hypothesized and documented use/water quality relationships. 
Beneficial uses considered include recreation, aesthetics, property 
values, and ecology. Probably the most complete review of this subject up 
to that time, utilizing 134 references. Especially useful because of the 
extensive and descriptive tables which give: the type of pollutant, the 
critical level (if known), the reference(s) where it is discussed, and a 
short summary. 

KEY WORDS: water quality, benefit assessment, recreation. 
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Komarov, Boris 

1980 The Destruction of Nature in the Soviet Union •. White Plains, New 
York: M. E. Sharpe, Inc. 

A book of short chapters on different aspects of environmenta 1 
pollution in Russia, written under a pseudonym by a ministry official who 
stills lives in Russia. The first chapter deals primarily with the 
pollution of Lake Baikal. The conclusion is an appeal for an ecological 
approach to environment problems, problems which will require simultaneous 
change both in the economy and in the social and moral foundations of 
society. 

KEY WORDS: water quality, Russia, ecology, Lake ~aikal. 

Sinha, Evelyn 

1971 Lake and River Pollution: An Annotated Bibliography. La Jolla, 
California: Ocean Engineering Information Services. 

No references to social (recreation, population growth, development) 
influences on water quality. 

KEY WORDS: water quality, lake and river pollution. 

Uttormark, P. D., J. D. Chapin, and K. Green 

1974 Estimating Nutrient Loadings of Lakes from Non-Point Sources. 
Corvallis, Oregon: United States ~nvironmenta l Protection Agency. 

Major contributing factors are: general topography (contour), 
precipitation (total, duration, frequency, etc.), soil properties, 
vegetation cover (type, density, permanence), manipulative (paving, 
plowing, fertilizing), and animal populations (type, density). A 
conclusion is that the estimate of nutrient loading is as much an art ·as 
it is a science. It is the logical first step in developing management 
plans. 

KEY WORDS: water quality, non-point pollution, land use. 

White, Gilbert 

1969 Strategies of American Water Management. Ann Arbor: The 
University of Michigan Press. 

Another valuable contribution by one of the foremost thinkers on water 
and water management. This book stresses the importance of public 
attitudes and values to water management. "Any effort to maintain or 
enhance the quality of water requires a definition of the uses to which it 
may be put and a judgement of the human preferences for each of those uses 
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in a specifc setting of land and water~ (p. 59). In conclusion, gauging 
public opinions and preferences (utilizing attitude surveys and public 
meetings and hearings) is the most important task of water planners. 

KEY WORDS: water quality, water management, values. 

Yoesting, Dean R. and Dan L. Burkhead. 

1971 Sociological Aspects of Water Based Recreation in Iowa. Ames: 
Iowa State University, Sociology Report 94. 

A questionnaire survey of Iowa residents to determine: beliefs and 
attitudes toward water-based recreation; attitudes toward water management 
agencies and policies; relationship between personal and social 
characteristics of individuals and their beliefs and attitudes toward 
water based recreation and management. Three hypothesis related to 
perception of pollution were tested. Findings were: 1) Farmers are less 
likely to perceive agricultural practices as major sources of pollution 
than are non-farmers. 2) Knowledge of polluted areas is not a meaningful 
variable in measuring perception of agricultural practices as sources of 
water pollutants. 3) Personal experience has no relationship with 
perception of water pollution as a major problem. 

KEY WORDS: water quality, social indicators, water-based recreation, 
environmental sociology. 
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WATER QUALITY GUIDELINES FOR RECREATIONAL WATER 

Inland Water Directorate 

1979 Water Quality Sourcebook: A Guide to Water Quality Parameters 
(Addendum). Ottawa, Canada: Environment Canada. 

Page 32 (Table 20): Guidelines of Recreational Waters, lists 15 
parameters and the level where they will begin to impact recreational use 
of water. Most of the levels were determined in 1972, except for arsenic, 
cadmium, chromium, and mercury, which were set in 1979. The basis for the 
levels is not given. Some of the levels are: fecal coliform .100/dL; 
total coliform, 500/dL; light penetration, 1.2. M; oil and grease, 5 mg/L; 
pH, greater than 6; cadmium, .01 mg/L; chromium, • 1 mg/L; mercury, .001 
mg/L. 

KEY WORDS: recreation, water quality, water pollution parameters. 

National Technical Advisory Committee 

1968 Water Quality Criteria. Washington, D.C.: Department of Interior. 

Recommendations on water quality criteria for recreation and aesthetic 
uses. For nonprimary contact waters: fecal coliform content should not 
exceed a log mean of 1,000/100 ml, nor equal or exceed 2,000/100 ml in 
more than 10% of the samples. For primary contact recreation: fecal 
coliform should not exceed 200/100 ml or 400/100 ml for more than 10% of 
the samples during any 30 day period, pH should be within the range of 
6.5-8.3, and the secchi depth should be at least 4 feet. 

KEY WORDS: water quality, water quality criteria, recreation. 

Todd, David Keith 

1970 The Water Encyclopedia. Washington, New York: Water Information 
Center. 

Table 6-29 (p. 338): Guides for Evaluating Recreational Waters. 
Twelve parameters are listed. The table is divided into two types of 
uses: 11water contact" and "boating and aesthetic". The "noticeable" and 
"limiting" threshold is given for each parameter and for both uses. The 
1 eve 1 s are very simi 1 ar to those given by In 1 and Waters Directorate 
(1979). The source for these levels is the California State Water Quality 
Control Board (1963). 

KEY WORDS: recreation, water quality parameters. 
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