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(ABSTRACT) 

This study looked at differences in public attitudes of the effects of land use on coldwater 

ecosystems. Two parts of the general public were studied-- landowners having trout waters on their 

land and trout anglers. In addition, coldwater fisheries professionals in the southern Appalachian 

Mountain area were studied. It was hypothesized that differences in attitudes would exist among 

the three groups based on education, prior knowledge, and past experiences. It was also 

hypothesized that differences would exist among fisheries professionals based on amount and type 

of experience and amount of professional responsibility. 

A series of mail surveys was conducted using the Delphi Method. The Delphi Method is an 

efficient way to quantify judgement through systematic solicitation of group opinion. High survey 

response rates were achieved, and are attributed to the simple survey, the interest of the groups, and 

the rewards offered. 

In general, all participants felt that any land use had at least some ill effects on nearby streams. 

Landowners responded that farming had the least detrimental effects, while all groups agreed that 

industries posed the biggest risk to aquatic resources. 

Greatest disagreement among groups concerned the effects of land use on dissolved oxygen 

and large woody debris. This coincides with disagreement among researchers and an increase in 

research of these topics. Disagreement among groups also concerned the effects of farming on trout 

food supply, presumably because of the complex interactions associated with farming. 

Disagreement among fisheries professionals concerned the effects of land use on large woody 

debris-- an artifact of a current research topic-- and the effects of urban development on stream 

parameters. This is probably because of the diverse nature of urban development. Disagreement 



among professionals was found to be a function of amount and type of experience, but specific 

differences could rarely be isolated. 

Overall, the Delphi Method was an efficient way to obtain a group opinion. It is an 

inexpensive, effective means of quantitatively describing public knowledge of the effects of land use 

on coldwater ecosystems. 
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Introduction 

This study examines differences in attitudes among three important groups regarding the 

effects of land use on coldwater ecosystems. Because of recent increases in public awareness of 

natural resources, an integrated approach to resource management is becoming necessary. 

Understanding the attitudes of involved groups is an important part of effective fisheries 

management because their roles (i.e. use of the coldwater resources) in the condition of fisheries 

resources are fundamental parts of the system. Inevitably, land use and cold water systems must 

coexist. Therefore, the first step in improving management is to identify public knowledge of the 

effects of land use on coldwater systems. 

Human use and development of land along streams result in many changes within the system. 

Within a landscape, all land is part of a watershed; therefore all land use has the potential to affect 

aquatic resources. However, land along aquatic systems (the riparian zone) is especially prone to 

use because of the diversity of resources it supports. Riparian areas support recreational activities, 

such as fishing and hunting, and serve as the foundation for many land use activities. Timber 

harvest, road and dam construction, agriculture, urban development, and industry affect the quality 

of the aquatic resources supported by coldwater systems (Haugen 1985). For example, timber 

harvest and other land use practices can alter the size, amount, and distribution of woody debris 

within a stream (Bryant 1981, Bryant 1983). Riparian timber harvest selectively removes older trees 
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that would otherwise enter the stream. Trout use large debris for cover, while aquatic invertebrates 

use small debris for substrate and food. Harvest of trees near streams also changes the amount of 

terrestrial invertebrates entering the system (Wilzbach et al. 1986), which along with aquatic 

invertebrates, form the base of salmonid food chains. This sequence shows that land use affects 

parameters that in tum affect trout populations in many ways. 

Land Use and the Trout Fishery of the Southern 

Appalachians 

Because small coldwater streams store little water and are closely integrated with the terrestrial 

ecosystem, they are more likely to be impacted by land use practices than are larger streams (Nielsen 

and Lackey 1980). In many cases, land uses such as forestry and agriculture occur or historically 

occurred on headwater streams with fragile aquatic habitat. In the southern Appalachian Mountain 

region, these headwater streams support the major populations of native brook trout (Salvelinus 

fontinalis) in the southeastern United States (Neves and Pardue 1983). Many southeastern trout 

streams also contain viable populations of non-native rainbow ( Oncorhynchus my kiss) and brown 

(Sa/mo trutta) trout. 

Historically, productive trout habitat in Virginia included the entire region west of the coastal 

plain (Schuder 1975). However, Mohn and Bugas (1980) documented a rapid loss in suitable 

habitat, which is now confined to the area west of the eastern slope of the Blue Ridge Mountains. 

Changes in the land along these streams have been documented as far back as the early settlers, 

when land was cleared for subsistence agriculture and to develop communities. These changes were 

followed by the growth of the forest industry and increased development. Removal of shade trees 

along streams and deforestation of entire watersheds for agriculture essentially changed streams from 

cold to warmwater habitat (Schuder 1975). 
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Trout populations in the southeastern mountain states fluctuate drastically from season to 

season (Lennon 1961). Exploitation by anglers and environmental extremes contribute to the 

instability of fish populations. However, streams are irnbedded within the landscape, also making 

them vulnerable to changes associated with land use (Flebbe et al. 1988). Effects of land use on 

resident trout populations have been observed by Lennon (1961) and Wilzbach et al. (1986), and 

supported by a regional model developed by Flebbe et al. (1988). In this model, trout density could 

be related to seven watershed characteristics: runoff, total cropland, human land uses, natural pine 

cover (ages 10-20 years and 21-50 years), and hardwood cover (ages 21-50 years and 50+ years). 

The model predicts that highest trout densities would be associated with age 50 + hardwood cover, 

and lowest densities with high human use and total cropland. Sedell and Swanson ( 1984) also 

found that in areas where human land use was high, conditions favorable for trout were low. 

Regional models have predicted that with future increases in human land use, high quality trout 

habitat will decline concomitant with increasing harvest of older hardwood acreages (Flebbe et al. 

1988). Thus, careful watershed management is essential in the planning and management of 

southeastern trout fisheries. 

Effects of Land Use on Salmonid Populations 

Changes in stream systems brought about by land use are often critical to fish communities. 

Among the most significant affected stream factors are: 1) water temperature, 2) dissolved oxygen, 

3) turbidity and sedimentation, 4) allochthonous organic input (including woody debris), and (5) 

strearnflow (Hall and Lantz 1969, Tebo 1975, Lynch et al. 1977). These in turn affect biological 

parameters such as algal production and aquatic invertebrate diversity and abundance (Hall and 

Lantz 1969). Impacts associated with the above physical and biological parameters are both long-

and short-term and must be understood by both the public and the managers if informed planning 

is to be achieved. Because of the interactions among physico-chemical parameters and interactions 
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between these parameters and biological characteristics, the factors addressed by the survey do not 

coincide exactly with the text, but are rather a combination of the above factors and related 

subjects. For example, since there is an inverse relationship between water temperature and 

dissolved oxygen, only one of the parameters was chosen for the survey. Dissolved oxygen was 

chosen because it is harder to understand than water temperature (i.e. changes in water temperature 

as a result of land use follow common sense, while changes in dissolved oxygen are not so 

apparent). 

Water Temperature 

Water temperature is perhaps the most important parameter to consider when evaluating the 

suitability of a stream for maintaining stable trout populations. Seasonal and annual temperature 

fluctuations in trout streams are greatly altered by land use changes. For example, average 

temperature increases of as much as 7°C have been reported following logging in eastern hardwood 

forests (Greene 1950, Eschner and Larmoyeux 1963). In North Carolina, a stream draining a logged 

watershed maintained water temperatures 4-5°C higher than streams draining adjacent unlogged 

areas (Greene 1950). Also, Burns (1972) observed an 11.1°C increase in average stream 

temperature during road construction by a small California stream. In these examples, changes in 

stream temperature have been attributed to the heating of the entire watershed (e.g. through heating 

of the water table), rather than to the insulating effects of riparian vegetation on exposed water 

surfaces (riparian vegetation helps regulate groundwater and stream temperatures through shading, 

etc.). 
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Dissolved Oxygen 

There is an indirect relationship between water temperature and dissolved oxygen 

concentration (i.e. as temperature increases, dissolved oxygen concentration decreases). This 

relationship is of special concern in the southern Appalachian Mountains. Trout require high levels 

of dissolved oxygen to optimize metabolism and reproduction (Raleigh 1982). Because headwater 

streams characteristically have high gradients and fast flow, dissolved oxygen levels show little 

decline as a result of increased temperature. However, low dissolved oxygen levels may be lethal 

to salmonid eggs and alevins in pools and areas oflow flow (Hall and Lantz 1969, Raleigh 1982). 

An increase in the amount of sand and silt from runoff may also lead to reduced oxygen levels 

within the substrate. Silt deposition and reduction in surface water flow can cause a decreased rate 

of exchange between surface and intragravel oxygen. This decrease, along with an increasing 

demand for oxygen by decomposing debris and benthic invertebrates, can cause an oxygen deficit 

in redds severe enough to suffocate fry (Hall and Lantz 1969). This leads to lower fry densities, but 

increased growth and survival of young salmonids may compensate (at the population level) when 

fry densities are reduced and conditions remain favorable (Hartman et al. 1984). It has also been 

noted that decreased levels of intragravel oxygen negatively affect benthic invertebrate populations, 

which can result in lower food supplies for adult and juvenile trout (Raleigh 1982). 

Turbidity and Sedimentation 

Spawning habitat quality is of primary importance in the maintenance of healthy salmonid 

populations. Stream-dwelling salmonids begin their life as eggs buried in the streambed, where 

increased sedimentation caused by runoff and bank erosion can reduce egg and alevin survival 

(Allen 1969, Hartman et al. 1987). This leads to lower juvenile and adult production, and therefore 

a smaller spawning stock (Allen 1969, Hall and Lantz 1969). Increased turbidity is associated with 
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higher concentrations of dissolved minerals and heavy metals and damaging particles such as silt 

(Tebo 1975). Not only can these particles be toxic to trout, but also since trout are visual feeders, 

high turbidity can reduce effectivness of foraging (Allen 1969, Wilzbach et al. 1986). 

Unless influenced by outside sources such as agricultural runoff, most trout streams are clear 

during periods of low to normal streamflow (Tebo 1975). However, the combination ofland use 

and high runoff has been found to cause high turbidity levels (Tebo 1975). Tebo (1975) also found 

that continuous high levels of sediment input from point sources such as streamside clearcutting, 

road construction, and mining operations, are considerably more detrimental to the stream than are 

the effects of natural erosion and storm runoff. 

Woody Debris 

The amount and quality of woody debris entering a stream following land use depends largely 

on the degree of channel clearing that occurs (Webster et al. 1988). In unperturbed forest reaches, 

large woody debris in the stream acts as retention structures, creating breaks in the gradient through 

a stair-stepping effect, thereby reducing barriers to instream movement, and creating a diversity of 

microhabitats suitable for invertebrate substrate, fish cover, and overwintering habitat (Bryant 1981, 

Wilzbach et al. 1986, Bisson et al. 1987, Hartman et al. 1987). 

Woody debris entering a stream increases immediately after logging; however, in years 

following, land use leads to a decrease in large woody debris and an increase in small woody debris 

in the channel (Hartman et al. 1987, Webster et al. 1988). For example, timber harvest in the 

riparian zone removes the larger, older trees that would otherwise enter the stream. Younger, 

sturdier fruits and dogwoods, which are smaller and break down faster, replace the hardwoods, 

providing less large organic input to the system (Webster and Waide 1982). The eventual recovery 

of the stream depends on the rate of recovery of the surrounding ecosystem (Gurtz et al. 1980). 
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Streamflow 

Land use often alters streamflow, which can affect several stages of sahnonid life history. 

Increases in streamflow of as much as 28% have been observed following logging in an Appalachian 

watershed and are especially pronounced in summer and autumn, when normal flows are reduced 

(Webster and Waide 1982). Increased streamflow is common after clearcutting, and may be 

attributed to decreased transpirational losses (Kovner 1956, Webster and Waide 1982, Swank 1988). 

Agriculture may reduce instream flow through irrigation uses. Also, stream-side industry may 

affect streamflow if hydropower is used by introducing a fluctuating flow regime. Fluctuating flow 

is not as critical in regions where headwater streams provide sahnonid habitat. Because of the small 

volume of water these streams store, they are rarely used for irrigation or hydropower. Increased 

flows can be detrimental in winter when flow is normally high, causing flooding and dislodging of 

eggs. However, an increase during summer low flows can be beneficial, raising the area of 

productive stream bottom and thus, usable habitat (Chapman 1962, Allen 1969). While summer 

flows (even at floodstage) rarely exceed winter high flows, prolonged precipitation can result in 

elevated flows through a large part of the summer. 

Interaction among parameters affected by land use are complex: temperature and dissolved 

oxygen are closely integrated, instream debris affects turbidity, and so on. Hall and Lantz ( 1969) 

suggested that the sahnonid species with the highest threshold temperature and the strongest 

cover-seeking reaction (i.e. brown trout) are perhaps best adapted to life in severe or changing 

habitats. They further suggested that the ultimate effects of land use on sahnonid fisheries depend 

largely on the ability of the fish populations to adapt to changes in habitat, and that in most 

watersheds subject to streamside alterations, favorable conditions for fish production can be 

reestablished if adequate attention is given to stream protection and maintenance. 
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Attitudes of Three Watershed User Groups 

The high value of trout streams for aesthetic, recreational, and economic purposes and their 

susceptibility to alteration by land use attract special attention from state, federal, and private 

agencies responsible for managing natural resources (Tebo 1975). These agencies are dedicated to 

the maintenance of fish and wildlife and their habitats for public enjoyment. To do this effectively, 

agencies must first identify what people know about and want from the resources. There is a 

substantial database concerning public knowledge and attitudes about fisheries and wildlife 

resources (Kellert and Berry 1979, Kellert and Berry 1980), but studies conducted about specific 

groups (e.g. anglers, landowners, recreationists) are lacking. Historically, socioeconomic research 

in the fields of fisheries and wildlife has focused on the "general public" as a single unit, rather than 

a diverse group representing many viewpoints and interests. Today, however, it is realized that no 

two individuals or interest groups have exactly the same opinions and ideas. In recent years, for 

example, the focus of public attitudes about wildlife has changed from being harvest-oriented to 

more nonconsumptive uses such as photography and catch-and-release fishing (Shaw 1974, 

Mattfield et al. 1984, USFWS 1988). These changes have lead to the formation of hundreds of 

groups concerned about wildlife and other natural resources (e.g. Ducks Unlimited, Bass Anglers 

Sportsman Society, Trout Unlimited). Differences among groups are largely a result of differences 

in the individuals' knowledge of the subject and personal priorities and of the group's point of view. 

Therefore, research is needed that recognizes and addresses this diversity in knowledge and attitude. 

The appraisal of public knowledge and attitudes towards the effects of land use on coldwater 

fisheries contained in this study is an example of the diverse nature of the general public. Three 

user groups were identified from this public for analysis: landowners from western Virginia, trout 

anglers from the Commonwealth of Virginia, and coldwater fisheries professionals from the 

southern Appalachian Mountains. Rationale for selection of these three groups can be found in 

the methods section of this document. Results are used to better understand public interest and to 

introduce new management techniques that incorporate public opinion. 
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Landowners 

Private landowners control access to 50% of the land suitable for outdoor recreation in 

Virginia (Bromley 1982). This proportion is somewhat smaller in the western part of the state 

where a majority of the coldwater habitat is located on government-owned land. Programs directed 

at decreasing habitat loss associated with agricultural and urban land use by educating landowners 

about the effects of land use on wildlife resources have been implemented in many states. To be 

successful, management programs on private land must consider agricultural economics and sound 

land management practices as well as landowner attitudes about wildlife on their property (Sheriff 

et al. 1981). 

Numerous studies have evaluated landowner attitudes towards land use and terrestrial wildlife. 

For example, 83% of Missouri's landowners said that wildlife was at least slightly important in their 

farm management (Sheriff et al. 1981). Ruff and Isaac (1987) found that scenic enjoyment and 

wildlife habitat were the two most important factors considered by a majority of Wisconsin's 

woodland owners. Kellert and Berry ( 1979) showed that private landowners felt wildlife and 

associated habitat should be considered during land use, even at the expense of lumber and 

agricultural products. Wisconsin landowners considered wildlife to be important and wanted it on 

their property for aesthetic and recreational purposes, but only 13 % asked for management advice 

(Ruff and Isaac 1987). It is assumed that ideals held by landowners about land use and terrestrial 

wildlife apply similarly to aquatic wildlife. 

Great opportunity exists to improve wildlife management on private land through public 

education programs. However, landowners are often at odds with conservationists when it comes 

to the use of their land and its economic value. Most are concerned about natural resources and 

want to maintain an "ecological balance," but cannot afford to invest substantial effort or money 

into wildlife management (Stone 1981 ). In essence, people do not buy land expressly to provide 

wildlife habitat, but once purchased, habitat quality becomes an important reason for ownership 

(Ruff and Isaac 1987). Sharing ideas and management techniques is a critical element in promoting 
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understanding between wildlife professionals and landowners. Future wildlife management 

programs on private land must consider the economic value of the land as well as effective habitat 

manipulation in order to satisfy the majority of involved groups (Sheriff et al. 1981 ). 

Anglers 

Fisheries managers have historically assumed that harvest, and therefore production (biomass 

or number of fish), was the desirable measurement of angler satisfaction (Knopf et al. 1973, Helfrich 

et al. 1987). Today, however, other factors such as aesthetics, companionship, and motivation play 

a vital role in the degree of angler satisfaction (Hampton and Lackey 1975, Driver and Knopf 1976, 

Smith 1980, Dawson and Wilkins 1981, Hudgins 1984, Helfrich et al. 1987). The angling public is 

growing (USFWS 1988), and demanding more high quality recreational fisheries, while areas 

suitable for fishing are becoming limited by industrial and urban development and pollution 

(Duttweiler 1974). 

Anglers often disagree with fisheries managers when it comes to the use and management of 

the system (e.g. harvest regulations, dam construction). Like landowners, most anglers are 

concerned about the resource and want to conserve it for future use; however, many do not 

understand the consequences associated with their use of the system ( e.g. harvest rate, hooking 

mortality). On the other hand, fisheries professionals must know what the public seeks in a 

successful fishing experience, and then attempt to integrate these desires into the management 

program. Again, communication of ideas and management techniques is a critical element in 

effective management of aquatic resources. If future management programs are to be effective, the 

recreational value of the system must play a role in the decision making process. 
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Fisheries Professionals 

Fisheries biologists and managers are professionals, educated and trained in the management 

of natural resources. They are responsible for maintaining and enhancing fisheries resources based 

on biological facts. This responsibility often puts fisheries professionals at odds with the public 

because of differing objectives. Although the goal is the same-- healthy fish populations-- the 

public often does not appreciate the means of achieving this goal (e.g. bait restrictions, creel and 

size limits). Differences in fisheries professionals' responsibilities due to agency programs must also 

be considered. For example, in North Carolina, the North Carolina Wildlife Resources 

Commission employs biologists who are primarily responsible for managing fish populations, while 

U.S. Forest Service biologists focus on habitat protection and enhancement. The U.S. Fish and 

Wildlife Service employs biologists interested in threatened and endangered species. Differences in 

responsibility are not often recognized by the public, resulting in misunderstanding and frustration. 

If fish and wildlife resources are to remain an integral part of the landscape, research and 

management must make habitat maintenance and population assessment competitive with other 

land uses. This can be best achieved through public information and education programs that 

provide understandable information on economics and sociology as well as biological information 

pertaining to resource management. 

Effective Com,nunication 

Effective communication and education are critical links between professionals and the public 

when dealing with the effects of land use on natural resources. Most people share a common desire 

to keep resources healthy and productive over time so that they contribute to the concept that the 

"optimum combination of goods and services provides the greatest good to the greatest number" 
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(Peterson 1983). However, because management preferences often differ among constituencies, a 

multiple satisfaction approach may be needed (Hendee 1974, Mattfield et al. 1984). A multiple 

satisfaction approach is defined as the state in which recreational resources off er people the 

opportunity for a range of experiences which, in turn, give rise to various human satisfactions. 

In the last twenty years, the public has increasingly demanded more information and more 

input into the policy-making process (Rohrbaugh and Wehr 1978). In the face of decreasing 

coldwater resources in particular, and increasing concern for natural resources in general, this 

interest is beginning a promising trend in public participation in the management process. 

Increased interest indicates that the public is beginning to focus on the condition of their 

environment and wanting to do something about it. However, lack of understanding of watershed 

interactions (among physico-chernical parameters and between these parameters and biological 

characteristics as a result of a change in the watershed) has been identified by local conservation 

groups (e.g. Virginia Council of Trout Unlimited) to be present at all levels of involvement with 

watershed use-- from the resource manager to the individual citizen (Schuder 1975). 

A logical first step in improving this situation is to facilitate effective communication among 

different user groups to increase the effectiveness of conservative management practices in areas of 

high or increasing land use. For this to work, the public first needs to be informed of the situation 

and then asked for its opinion (Jackson et al. 1981, Soden et al. 1988). This would not only increase 

public involvement in resource management, but also make management priorities visible to 

fisheries professionals. For example, farmers should understand the effects of agriculture on aquatic 

resources, while fisheries professionals need to recognize the problems of agricultural producers .. 

The Delp/ii Method 

Public views are commonly solicited through the mail or by personal contacts with 

conservation officers. Public meetings and hearings also provide the public with an opportunity to 
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express themselves. These viewpoints, although valid, must not be considered as the final word 

because they are often biased. Dissatisfied groups tend to register complaints more often than 

satisfied people offer commendations (Lanford 1972). Also, the tendency of people to follow a 

strongly opinionated or vocal individual must not be overlooked. Other pitfalls of public hearings 

include overdramatization of specific positions on an issue and development of long debates over 

specific benefits or part of a policy (Rohrbaugh and Wehr 1978). Opinion polls increase 

communication, but are often limited in scope (i.e. leading responses in a particular direction, little 

or no room for comments or alternative answers) and treated without regard to ancillary factors 

such as demographic profile. 

Methods of sampling that provide unbiased estimates of public opinion have become highly 

developed in the social sciences, and are now being adapted to problems in natural resource 

management (Williams et al. 1986, Helfrich et al. 1987). For example, estimates of public opinion 

have been obtained by mail questionnaire for wildlife issues (Decker et al. 1987) and for angler 

satisfaction (Williams et al. 1986, Helfrich et al. 1987). The key to effectively soliciting public 

opinion is found in the construction of the decision making tool. 

The Delphi Method is one of several means directed at the systematic solicitation of group 

opinion through iterative mail surveys (Lanford 1972). It incorporates the input of each participant 

and results in a range of responses that converge on a common solution. The Delphi Method can 

be applied in a data-analysis situation (Zuboy 1981) and is an efficient way to quantify intuitive 

judgements (Lanford 1972). Since the Delphi Method was invented specifically to project the 

future, it is particularly appropriate for envisioning future research directions such as socioeconomic 

influences on fisheries management. 

The Delphi process begins with a series of several broad questions. Responses to the first set 

of questions are compiled and analyzed and then a summary is sent back to the panel along with 

any new questions for the remaining rounds of the program. In subsequent rounds, participants 

are asked to look at the results from the previous round and make any comments they feel pertinent 

(e.g. a respondent may be asked to justify an answer if it falls outside the interquartile range). This 

response-reevaluation process continues until a consensus is reached among participants. Outlying 
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responses may be attributed to misunderstanding the questions or strongly opposing views, neither 

of which invalidate the results. The process of justifying extreme responses will often cause 

panelists without strong convictions to move closer to group opinion, while those with strong views 

will defend them. This inquiry-feedback process may stimulate panelists to consider factors they 

may have neglected or dismissed on first thought (Linstone and Turoff 1975). 

The Delphi Method attempts to make effective use of intuitive judgement and is designed to 

systematically combine individual judgements to obtain a reasoned consensus. The Delphi Method 

is approximately twenty years old (Turoff 1971), and only in recent years has its use expanded into 

areas other than the ones for which it was developed (RAND Corporation). Therefore, it is only 

beginning to be recognized as an effective decision making tool (Lanford 1972, Turoff 1971). 

Today, the Delphi Method is being applied to a broad range of problems, including those in 

fisheries management to facilitate group judgement and aid in establishing new management 

techniques (Zuboy 1981, Crance 1987). 

The Delphi Method has several advantages over typical group decision making techniques 

(e.g. nominal group techniques, panel discussions, and brainstorming activities). The Delphi 

Method replaces direct debate and eliminates committee activity by giving panel members 

anonymity through a written questioning process. Because the identities of the participants remain 

anonymous, influence of psychological factors inherent in group discussion are reduced (e.g. 

deliberate persuasion, unwillingness to abandon publicly expressed opinions, and the bandwagon 

effect of majority opinion (Lanford 1972, Linstone and Turoff 1975). Lanford (1972) also stated 

that group judgements carry more weight than do individual opinions and that reaching a consensus 

reflects group judgement; this provides a sound basis for long-range decision making. 

As with any survey tool, the Delphi Method has several pitfalls. Negative aspects identified 

by Ludlow ( 1972) were related to the benefits a conference has over anonymous mailings, such as 

the Delphi Method does not allow 1) change and exchange of ideas; 2) expression of reasons for 

various opinions; 3) cross-fertilization of ideas; and 4) explanation of ambiguities in terms and 

questions. Linstone and Turoff ( 1975), leaders in the development and use of the Delphi Method, 

identified another disadvantage, stating 'The Delphi designer who understands the philosophy of 
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his approach and the resulting boundaries of validity is engaged in the practice of a potent 

communication process. The designer who applies the technique without this insight or without 

clarifying these boundaries for his clients or observers is engaged in the practice of mythology." 

Objectives and Hypotheses 

Because of the complex nature of the effects of land use on coldwater resources and how these 

effects are perceived by the public, this project was developed with the following objectives and 

hypotheses. 

1. To describe and compare attitudes oflandowners, trout anglers, and coldwater fisheries 

professionals concerning the effects of land use on trout streams of the southern Appalachian 

Mountains. 

a. Survey responses will be different because of differences in the background and 

knowledge of the three groups. People owning land that supports coldwater 

resources will base their responses on the economic value of the land rather 

than on the aesthetic qualities of the resource. Trout anglers will base their 

responses on their personal objectives and past angling experiences. Coldwater 

fisheries professionals will base their decisions about land use on the 

biological consequences to fish and habitat. This hypothesis is based on attitudes 

and motives from the literature ( see Introduction section titled "Attitudes 

of Three Watershed User Groups"). 

2. To describe and compare attitudes of fisheries professionals on the effects of land use on trout 

resources as a function of their professional experience with coldwater fisheries. 

a. Attitudes will differ among fisheries professionals with respect to the amount 
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(years) of coldwater research or management experience. 

b. State professionals responsible for managing the fish will make different decisions 

than federal professionals responsible for managing land associated 

with trout resources. 

c. Location and amount of coldwater habitat within a professional's responsibilities 

will also affect opinions. 

3. To evaluate the efficiency of the Delphi Method to represent public opinion. 

a. Knowledgeable populations and those in which coldwater systems are of 

high relative priority will reach a consensus sooner than those with less 

knowledge and lower relative priorities (i.e. fisheries professionals first, 

anglers second, and landowners third). 
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Methods 

This study consisted of Delphi mail surveys of three human populations concerned with trout 

streams: private landowners with trout waters flowing through their land, specialized trout anglers, 

and coldwater fisheries experts. Participants in the survey were asked to evaluate the severity of the 

impacts associated with several land uses common throughout the southern Appalachian 

Mountains. The Delphi Method was selected for this study for several reasons in addition to the 

advantages discussed earlier: 1) the participants are from a wide geographic region and scheduling 

meetings would be difficult; 2) the type of feedback provided is better suited to interpretation by the 

sample populations (i.e. results from previous rounds consisted of percent response and were easy 

to interpret); and 3) this study provided an opportunity to expand the use of the Delphi Method 

in fisheries science by introducing it to socioeconomic research. 
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Idelltijication and Selection of Study Populations 

Landowners 

Virginia landowners were chosen because of their ties with stream systems either through 

direct or indirect uses such as irrigation, cattle watering, recreation, and aesthetic value. 

Landowners having viable trout waters on their property were identified through a four-step 

process. First, fisheries biologists from the Virginia Department of Game and Inland Fisheries 

identified the most productive trout waters in the state. This resulted in a list of 42 trout streams 

located in 29 Virginia counties (Figure 1). Because of time constraints, 18 of 29 counties were 

randomly selected for further use. Second, landowners along these trout streams were identified 

from Virginia property tax maps located at the county courthouses. Third, up to 30 landowners 

were randomly selected from each county, depending on county size, stream length, and percent 

private ownership. This produced a total population of 240 landowners from 18 counties (Figure 

1). Fourth, a letter was sent to each landowner explaining the study and asking their willingness 

to participate in the Delphi process. Return of the accompanying postcard indicated their 

willingness to participate. Seventy-two landowners (30%) returned the survey, distributed 

approximately in proportion to the population identified from the tax maps (Table 1, Figure 1). 

A brief demographic description of this population can be found in Appendix A. 

Trout Anglers 

Anglers specialized in trout fishing were selected because of their interest in cold water systems. 

Specialized trout anglers were identified through a three-step process. First, the Virginia Council 

of Trout Unlimited (VCTU) provided a 1989 membership roster (Total VCTU members in 1989 
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Figure 1. Virginia counties identified by Virginia Department of Game and Inland Fisheries biol-
ogists as having streams supporting healthy trout populations under at least 75% private ownership 
(shaded). Numbers represent number of landowners identified from randomly selected counties, 
numbers in parentheses represent number of landowners participating in study. 



Table 1. Number of people mailed initial postcard survey and number of postcards returned 
(number that agreed to participate in Delphi survey). 

Population Size 

Number Contacted 

Number Returned 

Number Participated 

Methods 

Landowners 

240 

72 

72 

Anglers 

1713 

214 

108 

108 

Professionals 

81 

81 

52 

36 

20 



== 1713). Second, 214 members were randomly selected, distributed in proportion to chapter 

membership (Figure 2). Third, anglers were contacted by letter explaining the study and asking 

their willingness to participate in the Delphi process. Return of the accompanying postcard 

indicated their willingness to participate. One hundred eight anglers ( 51 % ) returned the survey, 

distributed approximately the same as the original randomly-selected population (Table I, Figure 

2). A brief demographic description can be found in Appendix A. 

Previous research suggested that limiting the angling population to fishing club members 

introduces bias into survey results (King et al. 1978, Williams et al. 1986). While it is true that 

fishing club members constitute only a part of the angling public, their objectives (e.g. species, size, 

habitat quality) are more suitable to this type of survey. For this study, anglers with intense interest 

in the resource were targeted to assure an adequate response rate. Also, results from King et al. 

( 1978) contradict statements made about bias and indicate that knowledge of fishing club members 

on resource issues may not be different than that of anglers who are not members of an organized 

club, but rather that their personal objectives and goals are different. 

Coldwater Fisheries Professionals 

Coldwater fisheries professionals from the southern Appalachian region were selected because 

of their educational background and because of their importance to the maintenance of healthy 

ecosystems. Because of the limited number of coldwater fisheries professionals in Virginia, the 

survey was expanded to several southeastern states with similar coldwater fisheries. Coldwater 

fisheries professionals were identified for this study by three methods. First, personal 

recommendations were made by the fisheries faculty at Virginia Polytechnic Institute and State 

University, the Coldwater Fisheries Research Unit of the U.S. Forest Service Southeastern Forest 

Experiment Station, members of the American Fisheries Society Southern Division Trout 

Committee, and other known coldwater stream biologists. Second, state and federal agency 

directories were used to identify additional coldwater biologists, researchers, and managers. Third, 
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Figure 2. Number of trout anglers randomly selected from each of five regions of Virginia (based 
on Trout Unlimited chapter boundaries). Numbers in parentheses represent number of anglers participating in study. 



individuals identified in the first two processes were invited to list other persons. This process 

produced a list of 81 coldwater professionals in the southern Appalachian Mountain region (Figure 

3). 

From the original list of coldwater fisheries professionals, the "expert" sample was identified 

through a two-step process. First, a brief survey (see Appendix B. l) was sent to all professionals 

asking them about the amount and relevancy of coldwater experience and about their willingness 

to participate in the Delphi process. Sixty-four percent of the coldwater fisheries professionals 

indicated their willingness to participate in the Delphi process (Table 1). Second, the responses 

were evaluated regarding the extent of the experience with coldwater fisheries and the relevance of 

that experience to the coldwater resources in the Southeast. Of the 52 usable surveys, 37 were 

characterized as "coldwater experts" and chosen to participate in this study (Figure 3). 

Characteristics of the 37 fisheries professionals selected can be found in the Results section of this 

document. Results from the screening survey were used to stratify the fisheries professionals into 

groups based on the amount and type of coldwater experience, as well as the amount of professional 

responsibility for analysis in objective 2. 

Construction of the Delphi Survey 

An eight-page mail survey was constructed according to the guidelines established by Dillman 

( 1978). The survey consisted of a cover page containing a brief description of the project goals, six 

pages of objective questions (30 questions in all), and a back cover page containing space for 

comments (Appendix B.2). In a pilot test of the survey on the fisheries and wildlife graduate 

students at Virginia Polytechnic Institute and State University, estimated time of completion was 

fifteen minutes. This pre-test of the survey also allowed for comments on question construction 

and content. Corrections made upon completion of the pilot survey consisted of changes in the 

construction and grammar of the questions; no changes were made in survey content. All three 
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Figure 3. Number of coldwater fisheries professionals participating from eight states in the southern 
Appalachian Mountain region (Missouri biologist was included because a majority of his experience 
( > 10 years) was in southern Appalachians). Shaded area represents Southern Appalachian 
Mountain region. • 

Methods 24 



survey groups (landowners, anglers, and coldwater fisheries professionals) were asked the same 

questions so that comparisons could be made among groups. 

The first question asked the participants to evaluate the severity of five land uses popular in 

the southern Appalachians (roads and railroads, industries, urban development, farming, and 

forestry) on the following scale: 

1 = HUR TS STREAM A LOT 

2 = HUR TS STREAM A LITTLE 

3 = DOES NOT HURT STREAM 

4 = HELPS STREAM A LITTLE 

5 = HELPS STREAM A LOT 

An "I don't know" response was accidentally left off the survey form; however, some respondents 

commented that they did not know or left the question blank (presumably rather than guess at a 

response). 

Questions two through six were focused on the assessment of five stream characteristics 

(dissolved oxygen, food supply, sedimentation, woody debris, and standing stock) associated with 

each land use. The parameters selected for use in the survey differed from those discussed in the 

introduction somewhat to facilitate survey design and ease of completion. Water temperature is 

closely related to dissolved oxygen; therefore questions about both would be redundant. Food 

supply was chosen because it is related to physico-chemical and biological characteristics of a 

coldwater stream and because most people recognize food as a basic biological need. Sedimentation 

was chosen because it is thought to be a critical parameter to healthy salmonid populations. Large 

woody debris was chosen because of the general lack of understanding of its purpose and use in 

coldwater systems. Streamflow was not chosen because it is altered too much by weather patterns. 

Besides these reasons, survey length was a major deciding factor in which questions were asked. 

The participants were asked to evaluate the impact of each land use on each of the five 

characteristics on the following scale: 

1 = INCREASES (THE IMPACT) 

2 = DOES NOT CHANGE (THE IMPACT) 
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3 = DECREASES (THE IMPACT) 

4 = I DON'T KNOW 

Comments were welcome at any point in the survey, and space was provided on the back cover 

and in the margins of all pages. 

The Delphi Process 

In round one, the participants were asked to answer the questions based on their current 

knowledge and return the survey in the enclosed stamped envelope. If they failed to return the 

survey within one week, a postcard reminder was mailed to them requesting their participation. If 

there was still no response after approximately two weeks, another copy of the same survey was 

mailed as a last attempt to increase overall response (Table 2). 

Rounds two and three of the Delphi process used different survey instruments. In round two, 

the same survey form was used, with the results from round one added to the left margin (see 

Appendix B.3). Results added to the second-round form included the percentage of respondents 

giving each answer and the participant's response from round one. The participants were then 

asked to answer the questions again in light of the results from round one. If their response did 

not agree with the most popular group response, they were asked to explain their answers in a 

comment block provided in the right margin. As an incentive to respond, a copy of the Virginia 

Cooperative Extension Service's "Landowner's Guide to Managing Streams in the Eastern United 

States" was included in the mailing. 

Round three consisted only of those questions for which a consensus had not been reached 

by the group (i.e. less than approximately 80% choosing the same answer; see Results). Therefore, 

the questions appearing on round three were not the same for each survey group (see Appendix 

B.4). Results from round two were presented in the same format as the previous round, and the 

participants were asked to answer the questions in light of the results from round two. If their 
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Methods 

Table 2. Survey mailing dates for the initial postcard survey and three Delphi rounds. 

Survey 

Initial Contact 

Professionals 

Landowners 

Anglers 

Round 1 

Initial mailing 

Postcard reminder 

Follow-up mailing 

Round 2 

Initial mailing 

Postcard reminder 

Follow-up mailing 

Round 3 

Initial mailing 

Postcard reminder 

Follow-up mailing 

Date Mailed 

11/17/88 

07/27/89 

08/28/89 

10/12/89 

10/19/89 

11/10/89 

12/01/89 

12/08/89 

01/09/90 

02/28/90 

03/07/90 

Not needed 
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response did not agree with the most popular response, they were again asked to explain their 

answers. No analysis of non-response bias (i.e. characteristics of nonresponding population) was 

made because of the anonymity of the Delphi Method. 

Statistical Analysis 

Response rates of the three survey groups were compared using nonparametric analysis of 

variance (Friedman's Two-way Analysis) to determine if response rates for each of the Delphi 

rounds and each of the survey groups were statistically different (Hollander and Wolfe 1973). 

Results from question one on the severity of land use on nearby streams were analyzed using 

simple descriptive statistics (mean, range) because of the skewed distribution of responses. Results 

from questions two through six were analyzed using Chi-square Contingency Tables for discrete 

data to determine if the distribution of responses for the three groups was statistically different 

(Hollander and Wolfe 1973). The results from objective one use p-values from a Chi-square 

Contingency Table unless otherwise noted. 

For objective 2, comparisons were made among groups of fisheries professionals. 

Considerable disagreement among coldwater fisheries professionals occurred on five survey 

questions. Because of the small sample sizes involved, a modification of the Fisher's Exact Test 

was used to determine if the disagreement among professionals was a function of amount of 

experience, type of agency the professional was employed by, or amount of professional 

responsibility (Bedeian and Annenakis 1977, Ghent 1972, Hollander and Wolfe 1973). If a 

statistical difference was found, multiple comparisons between groups were performed using the 

modified Fisher's Exact Test. The modifications of Fisher's Exact Test, as reported by Bedeian and 

Annenakis ( 1977) and Ghent ( 1972), are useful when analysis of discrete data is limited by small 

sample sizes and contingency tables larger than 2x2 cannot be efficiently reduced for analysis by 

Fisher's Exact Test. Reported p-values for objective 2 are from a modified Fisher's Exact Test 
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unless otherwise noted and do not change with multiple comparisons as with other tests because 

the same test is used in the multiple comparisons on subsets of the original test data. A null 

hypothesis was tested that no difference in percent agreement existed between groups, while an 

alternative hypothesis posed that a difference in percent response did exist between groups each time 

the test was performed. An alpha level of .05 was used to determine significance despite small 

sample sizes because of the nature of Fisher's Exact Test. Failure to reject the null hypothesis 

(when p-value is greater than .05) indicates that no statistically significant difference exists between 

the groups as a function of the parameter being tested. 
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Results 

Objective I: Attitudes of Three Survey Populations 

Survey Response Rates 

Responses to individual survey rounds exceeded 70% in all cases (Table 3). Although 

responses for individual survey rounds ranged from 73.6% to 100.0%, no statistical differences were 

found either among survey rounds or populations (Friedman Two-way Analysis, p = 0.361). 

Cumulative response rates (response based on initial number of contacts) for the three rounds 

averaged 62%. However, if the first round is excluded under the premise that it served primarily 

to identify the interested population, then the cumulative response averaged 76% for the final two 

rounds. Although a screening survey was used prior to the first Delphi mailing, some participants 

may not have understood the demands of the Delphi process and agreed to participate until they 

received the first round survey. The cumulative response rate for rounds 2 and 3 meets expectations 

for surveys of interested populations ( equalling or exceeding 7 5 % ) ( Dillman 1978). 
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Table 3. Response rates for a three-round Delphi analysis for several watershed user groups. 
Response rates for subsequent rounds are calculated with the number of surveys returned from the 
previous round. 

Landowners Anglers Professionals Overall 
(n = 72) (n= 108) (n= 37) (n= 217) 

Round 1 73.6% 88.9% 75.7% 81.6% 

Round 2 83.0% 80.2% 92.9% 83.1% 

Round 3 86.4% 90.9% 100.0% 91.1% 

Overall 81.0% 86.7% 89.5% 85.3% 

Cumulative 52.8% 64.8% 70.3% 61.8% 
(Rounds 1, 2, and 3) 

Cumulative 71.7% 72.9% 92.8% 75.7% 
(Rounds 2 and 3) 
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Survey Responses 

Survey results from the final round of the Delphi Method (round 3) are reported here because 

they most accurately reflect the knowledge and attitudes of the three user groups. Participants were 

asked to evaluate the severity of impacts associated with five land uses (industry, urban 

development, roads and railroads, forestry, and farming). In general, all groups felt that each land 

use negatively affected trout streams (Table 4). For each land use, at least 84% of the responses 

were 1 (hurts stream a lot) or 2 (hurts stream a little) (Figs. 4a-e). Mean response for each of the 

five land uses was less than 1.67, with an overall mean of 1.40. 

Differences in mean response among survey populations were minor. In general, anglers and 

coldwater fisheries professionals responded that land use had more severe impacts on than 

landowners. The range of responses among land uses for anglers and professionals was also lower 

than that for landowners (0.57, 0.50, and 1.08, respectively). 

All three user groups responded that industries had the most severe effects on nearby trout 

streams (mean response = 1.05) and felt that farming had less detrimental effects (mean response 

= 1.67) than the other land uses. Landowners felt that urban development and roads and railroads 

had less severe impacts on nearby streams than forestry, while anglers felt that the impacts 

associated with roads and railroads and forestry were a bit more serious than those of the other land 

uses. Professionals felt that the severity of the impacts of urban development, roads and railroads, 

and farming were about equal, with a mean response of 1.28 (hurts stream somewhat) for these 

three land uses (Table 4). 

Questions two through six asked the participants to evaluate the effects of the five land uses 

on five parameters of trout habitat and populations (dissolved oxygen, food supply, sedimentation, 

woody debris, and trout standing stock). They chose whether the land use increased (+),did not 

change (o), or decreased(-) the parameter based on their knowledge of the subject. They were also 

allowed to respond "I don't know" (?) to any question. 
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Table,4. Mean scores and ranks of responses to questions on the severity of the impacts of land 
use on nearby trout streams'. 

Landowners Anglers Professionals Overall 
Land Use (n= 38) (n= 69) (n= 26) (n= 133) 

i Rank i Rank i Rank i Rank 

Industries 1.03 1.01 1.19 I.OS 

Urban Development 1.39 2 1.19 2 1.31 4 1.30 2 

Roads & Railroads 1.55 3 1.46 4 1.27 2.5 1.44 3 

Forestry 1.84 4 1.43 3 1.69 s 1.60 4 

Fanning 2.11 s 1.58 s 1.27 2.5 1.67 s 
Mean 1.58 1.33 1.35 1.40 

•Survey Responses: 
I = Hurts stream a lot 
2 • Hurts stream a little 
3 = Does not hurt stream 
4 • Helps stream a little 
S "" Helps stream a lot 
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The figures associated with this analysis require some explanation. In figures 6-10, each 

response is represented by an axis, scaled from 0 to 100 percent. The positive and negative 

responses fill the two vertical axes and the "no change" and "I don't know" responses fill the two 

horizontal axes. For each question, the percent of respondents giving each answer was marked on 

the appropriate axis, and the four points were connected, creating a quadrilateral representation of 

the response pattern for each question and survey group. From these representations, it is possible 

to effectively observe the amount of agreement or disagreement between and within the three user 

groups (examples in Fig. 5). Thus, a question on which everyone agrees (e.g. scores of 100, 0, 0, 

and 0, with + ,-,o, and ? being represented respectively), would appear as a straight line along one 

axis. A question with a high level of disagreement and uncertainty (scores of 25, 25, 25, and 25) 

would appear as an equal-sided diamond. A question with an intermediate level of disagreement 

(scores of 50, 50, 0, and 0) could look like a straight line along two axes or like a right triangle (Fig. 

5). In general, narrower quadrangles represent higher percent agreement. Whereas, wider 

quadrangles represent higher levels of disagreement and uncertainty. 

Effects of Roads and Railroads 

Eighty-four percent of landowners and 66% of anglers said that roads and railroads decreased 

the dissolved oxygen in the water, while 81 % of professionals said that roads and railroads had no 

effect (Table 5, Fig. 6a). Statistical analysis revealed a significant difference in opinion among user 

groups (p < 0.001). Further analysis revealed that the professional responses differed from those 

of the landowners and anglers (p < 0.001 in both cases). 

All three groups agreed that roads and railroads decreased food supply and standing stock of 

trout and increased sedimentation in nearby trout streams (Table 5, Figs. 6b, 6c, and 6e). In all 

cases, more than 79% agreed (p > 0. 10). 

The three populations differed statistically regarding the effects of roads and railroads on the 

amount of woody debris in nearby streams (Table 5, Fig. 6d). In general, anglers and coldwater 
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Figure 5. Examples of frequency graphs. Each axis is scaled from O (origin) to 100%; percent of 
each response is plotted on the appropriate axis, creating a quadrilateral representation of the re-
sponses. 

Results 36 



w ...... 

Table 5. Percent response from several survey groups on the effects of roads and railroads on nearby trout habitat and populations ( + 
o = no change, - = decrease, ? = don't know). 

Landowners Anglers Professionals 
Parameter + 0 ? + 0 ? + 0 

Dissolved Oxygen 00.0 00.0 84.2 15.8 00.0 10.0 65.7 24.3 00.0 80.8 07.7 

Food Supply 00.0 05.3 89.5 05.3 02.9 05.7 78.6 12.9 00.0 03.8 84.6 

Sedimentation• 97.4 00.0 00.0 02.6 88.6 04.3 00.0 07.1 96.2 03.8 00.0 

Woody Debris 42.l 42.1 13.2 02.6 11.4 21.4 54.3 12.9 07.7 15.4 65.4 

Standing Stock 02.6 07.9 84.2 05.3 01.4 07.2 81.2 IO.I 00.0 00.0 84.6 

•Unlike other parameters, an increase in sedimentation ( + ) has detrimental effects on trout habitat and populations. 
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Figures 6a-c Distribution of responses to questions on the effects of roads and railroads on dis-
solved oxygen (6a), food supply (6b), and sedimentation (6c). Landowner responses are represented 
by solid lines, anglers by dashed lines, and fisheries professionals by dotted lines. 
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Figures 6d-e Distribution of responses to questions on the effects of roads and railroads on woody 
debris (6d) and standing stock (6e). Landowner responses are represented by solid lines, anglers 
by dashed lines, and fisheries professionals by dotted lines. 
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professionals agreed that roads and railroads decreased the amount of woody debris (p = 0.63), 

but landowners had different opinions (p < 0.001 in both cases). Landowner response was evenly 

split between increased woody debris and no change. 

Effects of Industries 

More than 86% of each survey group responded that industries decrease dissolved oxygen 

(Table 6, Fig. 7a). However, because of 100% agreement among landowners, even the high 

agreement of anglers and professionals appeared statistically different from landowners (p = 0.05). 

Also, because of high landowner agreement (97% ), statistical analysis showed that the groups 

felt differently about the effects of industry on the food available to trout in nearby streams (0.025 

< p < 0.05). However, anglers and professionals showed more than 80% agreement that industry 

hindered available food as well (Table 6, Fig. 7b). Statistical analysis revealed that the three user 

groups agreed that industry caused an increase in the sedimentation of nearby streams (0.75 < p 

< 0.90), with greater than 80% agreement in all cases (Table 6, Fig. 7c). 

There was a general lack of agreement within the three groups on the effects of industry on 

the amount of woody debris in nearby streams (0.10 < p < 0.25) (Table 6, Fig. 7d). Despite this 

disagreement, at least 42% of landowners, anglers, and professionals responded that industry did 

not affect the amount of woody debris in nearby trout streams. Statistical analysis revealed that 

landowners, anglers, and professionals agreed that industry decreases the standing stock of trout in 

nearby streams (0.10 < p < 0.25) (Table 6, Fig. 7e), with at least 84% agreement. 

Effects of Urban Development 

Statistical analysis supported differing opinions about the effects of urban development on 

dissolved oxygen concentration in nearby streams (p < 0.001). Ninety-five percent oflandowners 

and 83% of anglers agreed that urban development decreased dissolved oxygen; 58% of 
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Table 6. Percent response of survey groups on the effects of industries on nearby trout habitat and populations ( + 
= decrease, ? = don't know). 

= increase, o = no change, -

Landowners Anglers Professionals 
Parameter + 0 ? + 0 ? + 0 ? 

Dissolved Oxygen 00.0 00.0 100.0 00.0 00.0 02.9 85.5 11.6 00.0 08.0 88.0 04.0 

Food Supply 00.0 00.0 97.4 02.6 01.4 01.4 92.8 04.3 04.0 08.0 80.0 08.0 

Sedimentation• 89.5 02.6 00.0 07.9 88.6 04.3 00.0 07.l 80.0 08.0 04.0 08.0 

Woody Debris 13.2 52.6 10.5 23.7 04.3 62.9 12.9 20.0 03.8 42.3 30.8 23.) 

Standing Stock 00.0 00.0 97.4 02.6 00.0 00.0 89.9 10.l 04.0 04.0 84.0 08.0 

•Unlike other parameters, an increase in sedimentation (+)has detrimental effects on trout habitat and populations. 
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Figures 7a-c Distribution of responses to questions on the effects of industries on dissolved oxygen 
(7a), food supply (7b), and sedimentation (7c). Landowner responses are represented by solid lines, 
anglers by dashed lines, and fisheries professionals by dotted lines. 
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professionals agreed that urban development decreased dissolved oxygen, but 39% felt that it had 

no effect on the amount of oxygen in nearby streams (Table 7, Fig. 8a). 

Statistical analysis also showed that the three groups agreed that urban development 

negatively affected the food supply for trout in nearby streams (0.25 < p < 0.50), that it increased 

sedimentation of nearby streams (0.50 < p < 0.75), and that urban development reduced the 

standing stock of trout in nearby streams (0.25 < p < 0.50). In all cases, at least 76% agreed 

(Table 7, Figs. 8b, 8c, and 8e). 

The three survey groups did not agree on the effects of urban development on the amount 

of woody debris in nearby trout streams (p < 0.001). Among-group differences were matched by 

differences within groups. Landowners showed the highest disagreement, with 47% responding no 

change, 26% responding increase, and 21 % responding decrease. Sixty-four percent of anglers and 

81 % of professionals agreed that urban development near streams decreased the amount of woody 

debris in the stream (Table 7, Fig. 8d). 

Effects of Farming 

Statistical analysis revealed that the three groups did not agree on the effects of farming on 

dissolved oxygen (0.025 < p < 0.05). However, more than half of the respondents in each group 

agreed that farming near streams lead to decreased dissolved oxygen in the water, with landowners 

having the least agreement (63.2%) (Table 8, Fig. 9a). 

There was considerable disagreement among the three user groups on the effects of farming 

on the food supply available to trout in nearby streams (p < 0.001). Sixty-one percent of 

landowners felt farming increased food supply, while 32% felt it decreased available food. 

Seventy-three percent of anglers and 64% of professionals agreed that farming decreased food 

supply, while 36 % of professionals felt farming helped the food supply (Table 8, Fig. 9b). 
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Table 7. Percent response of survey groups on the effects of urban development on nearby trout habitat and populations ( + = increa~. o = no 
change, - = decrease, ? = don't know). 

Landowners Anglers Professionals 
Parameter + 0 ? + 0 ? + 0 ? 

Dissolved Oxygen 00.0 05.3 94.7 00.0 00.0 11.4 82.9 05.7 00.0 38.S 57.7 03.8 

Food Supply 02.6 07.9 89.5 00.0 02.9 02.9 82.9 11.4 04.0 04.0 76.0 16.0 

Sedimentation• 94.7 02.6 02.6 00.0 97.1 00.0 00.0 02.9 92.3 00.0 00.0 07.7 

Woody Debris 26.3 47.4 21.1 05.3 08.6 IO.O 64.3 17.1 03.8 00.0 80.8 15.4 

Standing Stock 00.0 05.3 92.1 02.6 00.0 00.0 95.7 04.3 00.0 04.4 88.0 08.0 

•Unlike other parameters, an increase in sedimentation ( + ) has detrimental effects on trout habitat and populations. 
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Table 8. Percent response of survey groups on the effects of fanning on nearby trout habitat and populations ( + = increase, o = no change, - = 
decrease, ? = don't know). 

Landowners Anglers Professionals 
Parameter + 0 ? + 0 ? + 0 ? 

Dissolved Oxygen 00.0 23.7 63.2 13.2 00.0 07.1 81.4 11.4 00.0 20.0 80.0 00.0 

Food Supply 60.5 05.3 31.6 02.6 08.6 10.0 72.9 08.6 36.0 00.0 64.0 00.0 

Sedimentation• 94.7 00.0 02.6 02.6 95.1 00.0 01.4 02.9 100.0 00.0 00.0 00.0 

Woody Debris 02.6 78.9 13.2 05.3 04.3 21.S 58.0 JO.I 03.8 00.0 84.6 11.S 

Standing Stock 00.0 44.7 44.7 10.S 00.0 05.8 82.6 11.6 04.0 12.0 76.0 08.0 

•Unlike other parameters, an increase in sedimentation ( + ) has detrimental effects on trout habitat and populations. 
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There was agreement among the groups that farming increased sedimentation of nearby 

streams (0.25 < p < 0.50). In each group, at least 95% agreed that farming increased the sediment 

load (Table 8, Fig. 9c). 

Statistical analysis showed that the three groups differed in their opinions on the effects of 

farming on the amount of woody debris in nearby streams (p < 0.001). This disagreement was 

both among and within user groups. Seventy-nine percent of landowners responded that farming 

did not change the amount of woody debris, while 85% of professionals said that it decreased the 

amount of woody debris. Anglers were split, with 58% saying farming decreased woody debris and 

28% saying it did not change the amount of woody debris in nearby streams (Table 8, Fig. 9d). 

The effects of farming on standing stock also provided much disagreement among groups (p 

< 0.001). At least 76% of anglers and professionals felt it decreased trout populations, while 

landowners were split, with 45% agreement for both no change in trout populations and decreases 

trout standing stock (Table 8, Fig. 9e). 

Effects of Forestry 

Statistical analysis revealed that professionals differed from landowners and anglers in their 

opinions about the effects of forestry on the dissolved oxygen in nearby trout streams (p < 0.001). 

Seventy-two percent of professionals responded that timber harvest did not alter dissolved oxygen 

concentrations, while 71 % of landowners and 74 % of anglers felt forestry decreased the oxygen 

available to trout (Table 9, Fig. 10a). 

Statistical analysis revealed no differences among groups that forestry decreased food supply 

available to trout in nearby streams (0.05 < p < 0.10). At least 79% of landowners and anglers 

responded that forestry hurts the food supply. While 60% of professionals agreed with them, 24% 

said forestry helps increase the food supply available to trout (Table 9, Fig. 10b). 

At least 92% of landowners, anglers, and professionals agreed that forestry increased 

sedimentation (0.25 < p < 0.50) (Table 9, Fig. 10c). Statistical analysis also revealed that the three 
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Table 9. Percent response of survey groups on the effects of forestry on nearby trout habitat and !)Opulations ( + = increase, o = no change, - = 
decrease, 7 = don't know). 

Landowners Anglers Professionals 
Parameter + 0 ? + 0 ? + 0 ? 

Dissolved Oxygen 0S.3 07.9 71.1 1S.8 01.4 10.0 74.3 14.3 00.0 72.0 24.0 04.0 

Food Supply IS.8 0S.3 78.9 00.0 0S.9 05.9 82.4 05.9 24.0 08.0 60.0 08.0 

Sedimentation• 92.1 02.6 0S.3 00.0 92.9 00.0 02.9 04.3 100.0 00.0 00.0 00.0 

Woody Debris 89.S 02.6 02.6 0S.3 84.3 02.9 08.6 04.3 48.0 00.0 48.0 04.0 

Standing Stock 0S.3 07.9 78.9 07.9 00.0 07.1 8S.7 07.1 00.0 12.0 76.0 12.0 

•Unlike other parameters, an increase in sedimentation ( + ) has detrimental effects on trout habitat and populations. 
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groups did not agree on the effects of forestry on woody debris (p < 0.001). Ninety percent of 

landowners and 84% of anglers agreed that forestry increased the amount of woody debris in nearby 

trout streams. Professionals were split; 48% responded that forestry increased the amount of 

woody debris and 48% responded that it decreased the amount of woody debris (Table 9, Fig. 10d). 

Statistical analysis revealed that all three groups felt that forestry decreased the standing stock 

of trout in nearby streams (0.25 < p < 0.50). At least 76% of the landowners, anglers, and 

professionals agreed (Table 9, Fig. lOe). 

In summary, Table 10 shows that landowners, anglers, and fisheries professionals disagreed 

the most on the effects of farming in general. This coincides with the differences in scores among 

the groups about farming in question I. They also disagreed frequently on the effects of all land 

uses on dissolved oxygen and amount of woody debris present in nearby streams. Disagreement 

was minimal on the effects of all land uses on sedimentation and trout standing stock. Intermediate 

levels of agreement occurred on questions about the effects of roads and railroads, urban 

development, and forestry on nearby streams and on the effects of all land uses on available food 

supply. These results are also reflected in the responses to related parts of question 1. 

Objective 2: Attitudes of Fisheries Professionals 

Just as there were attitudinal differences among the three user groups in the study, coldwater 

fisheries professionals exhibited within-group differences on two general groups of questions. The 

first group of questions included the effects of roads and railroads, industries, and urban 

development on the amount of woody debris in nearby streams. The second group included the 

effects of urban development on the dissolved oxygen, food supply, and woody debris in nearby 

streams (Table 11). 
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Table 10. Questions where disagreement occurred among survey groups based on statistical significance. 

Stream Parameter 

Land Use Dissolved Oxygen Food Supply Sedimentation Woody Debris Standing Stock 

Urban Development X X 

Industry X X 

Roads & RR X X 

Farming X X X X 

Forestry X X 



Table 11. Percent response of coldwater fisheries professionals to questions without consensus. 

Effects of (land use) 
on woody debris + 0 ? 

Roads & RR 7.7 15.4 65.4 11.5 

Industry 3.8 42.3 30.8 23.l 

Urban Development 3.8 0.0 80.8 15.4 

Effects of urban dev. 
on (stream parameter) + 0 ? 

Dissolved Oxygen 0.0 38.5 57.7 3.8 

Food Supply 4.0 4.0 76.0 16.0 

Woody Debris 3.8 0.0 80.8 15.4 
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Amount of Experience 

Years of coldwater fisheries experience ranged from 3 to 50 years, with a mean of 15 (Figure 

11). For this analysis, the 29 professionals were divided into four groups with approximately the 

same number in each group. Twenty-four percent of the professionals had from 3 to 8 years of 

experience, 28% from 9 to 14 years of experience, 31 % from 15 to 20 years of experience, and 17% 

more than 20 years of coldwater experience. These groups were analyzed to see if the disagreement 

among the professionals was a function of amount of experience. 

Statistical analysis revealed that the disagreement among coldwater fisheries professionals on 

the effects of roads and railroads, industry, and urban development on the amount of woody debris 

in nearby streams was a function of experience (Table 12). Professionals with fewer than 8 years 

of experience responded that roads and railroads and industries affected nearby streams in one of 

two ways: either did not alter or decreased the amount of woody debris in nearby streams. While 

professionals with between 9 and 14 years of experience agreed that roads and railroads decreased 

and industries did not change woody debris. This did not hold true for the effects of urban 

development on woody debris, where paired statistical analysis could not isolate specific differences 

in response as a function of years of experience (Table 12). 

Statistical analysis showed that the disagreement among professionals on the effects of urban 

development on dissolved oxygen, food supply, and woody debris of nearby streams was a function 

of the years of experience (Table 13). However, further analysis could not isolate any pairs of 

groups that responded differently solely as a function of amount of experience. 

Type of Experience 

Of the twenty-nine coldwater fisheries professionals surveyed, about half worked for state fish 

and wildlife agencies in the Southeast, about one third worked for federal agencies (U.S. Forest 
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Figure 11. Amount of experience (years) of southeastern coldwater fisheries professionals partic-
ipating in Delphi survey. 

Results S4 



Table 12. P-values for questions lacking consensus and related multiple comparisons about the 
effects of several land uses on the amount of woody debris in nearby streams as a function of 
amount of coldwater experience using a modified Fisher's Exact Test. 

Land Use 

Roads and Railroads 

Industries 

Urban Development 

Results 

Overall 
p-value 

.003 

.0002 

.007 

Yrs. Exp. 

9-14 

15-20 

21-50 

9-14 

15-20 

21-50 

9-14 

15-20 

21-50 

Pairwise Comparisons 
Y cars of Experience 

3-8 9-14 15-20 

.04 

.16 .15 

.14 .29 .15 

.03 

.17 .14 

.03 .12 .10 

.23 

.23 .44 

.42 .16 .16 
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Table 13. P-values for questions lacking consensus and related multiple comparisons about the 
effects of urban development on several stream parameters as a function of amount of coldwater 
experience using a modified Fisher's Exact Test. 

Stream Parameter 

Woody Debris 

Dissolved Oxygen 

Food Supply 

Results 

Overall 
p-value 

.007 

.01 

.003 

Yrs. Exp. 

9-14 

15-20 

21-50 

9-14 

15-20 

21-50 

9-14 

15-20 

21-50 

Pairwise Comparisons 
Y cars of Experience 

3-8 9-14 15-20 

.23 

.23 .44" 

.42 .16 .16 

.44 

.17 .13 

.45 .42 .23 

.27 

.37 .12 

.21 .11 .23 
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Service, National Park Service, Fish and Wildlife Service), and 7% worked for other types of 

agencies (Fig. 12). Only state and federal participants were examined for the five questions that 

lacked agreement since such a small percentage of the professionals were from other types of 

employment. 

Disagreement among professionals on the effects of roads and railroads and industries on the 

amount of woody debris in nearby streams was found to be a function of the type of agency (p = 
0.04 and 0.03, respectively). In these cases, state employees felt that roads and railroads have mixed 

effects on the amount of woody debris in nearby streams, while federal employees agreed that roads 

and railroads decreased the amount of woody debris in nearby streams. State employees felt that 

industries increased the woody debris in nearby streams, while federal employees felt that industries 

decreased the amount of woody debris. However, statistical analysis revealed that employees of 

different agencies agreed on the effects of urban development on the amount of woody debris in 

nearby streams (p = 0.22). 

State and federal employees agreed about the ways urban development affected streams. They 

agreed that urban development decreased the food supply available to trout in nearby streams (p 

= 0.08), that it decreased or did not change the dissolved oxygen concentration (p = 0.22), and 

that it decreased the amount of woody debris in nearby streams (p = 0.14). 

Amount and Type of Experience 

Both amount and type of coldwater experience gave some indication of overall differences 

among fisheries professionals. These differences were inconsistent, however, suggesting that a 

relationship between agency employment and years of experience might exist. Therefore, amount 

and type of coldwater experience were combined, and the professionals were divided into four 

groups for analysis. Seven state employees had fewer than 15 years and nine had 15 or more years 

of coldwater experience. Six federal employees had fewer than 15 years and four had 15 or more 
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Figure 12. Type of experience (type of agency employeed by) of southeastern coldwater fisheries 
professionals participating in Delphi survey. 
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years of coldwater experience. Again, a modified Fisher's Exact Test was used to test responses 

because of small sample sizes. 

Statistical analysis revealed that the disagreement among professionals on the effects of roads 

and railroads, industries, and urban development on the amount of woody debris in nearby streams 

was a function of both years of experience and type of agency (p = 0.001, 0.001, and 0.009, 

respectively). State employees with fewer than 15 years of coldwater experience felt that roads and 

railroads decreased the amount of woody debris in nearby streams, while state employees with 15 

or more years of experience and federal employees generally had mixed feelings about the effects 

of roads and railroads on woody debris. State employees with fewer than 15 years of experience 

also felt that industry did not change the woody debris, while the other groups had mixed results. 

However, paired comparisons revealed, in general, that there were no differences in responses as a 

function of amount and type of experience (Table 14). 

Statistical analysis also revealed that disagreement among professionals on the effects of urban 

development on the dissolved oxygen, food supply, and amount of woody debris in nearby streams 

was a function of amount and type of experience (p = 0.006, 0.004, and 0.009, respectively). 

However, once again, paired comparisons revealed that in general, the disagreement could not be 

isolated as a function of amount and type of experience (Table 15). 

Amount of Professional Responsibility 

Of the 27 coldwater fisheries professionals who worked for state and federal agencies, 11 % had 

district responsibility within a region, 41 % had regional responsibility within a state, 33% were 

responsible for an entire state, and 7% were responsible for more than one state. Fifteen percent 

worked in association with colleges or universities, without geographical boundaries on their 

responsibility (Fig. 13). For the following analysis, professionals with regional and state 

responsibility were compared. 
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Table 14. P-values for questions lacking consensus and multiple comparisons about the effects of 
several land uses on the amount of woody debris jn nearby streams as a function of amount and 
type of experience using a modified Fisher's Exact Test (S = State Employee, F = Federal 
Employee). 

Question 

Roads and Railroads 

Industries 

Urban Development 

Results 

Overall 
p-value 

.001 

.001 

.009 

Years/Type 

15+ /S 
< 15/F 

15+ /F 

15+ /S 
< 15/F 

15+ /F 

15+ /S 
< 15/F 

15+ /F 

Pairwise Comparisons 
Years & Type of Experience 

< 15/S 15+ /S < 15/F 

.07 

.22 .10 

.I 7 .16 .33 

.07 

.17 .05 

.18 .08 .29 

.07 

.46 .20 

1.00 .18 .06 
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TalJle 15. P-values for questions lacking consensus and related multiple comparisons about the 
effects of urban development on several stream parameters as a function of amount and type of 
coldwater experience using a modified Fisher's Exact Test (S = State Employee, F = Federal 
Employee). 

Overall 
Stream Parameter 

Woody Debris 

Dissolved Oxygen 

Food Supply 

Results 

p-value 

.009 

.006 

.004 

Years/Type 

15+ /S 

< 15/F 

15+ /F 

15+ /S 

< 15/F 

15+ /F 

15+ /S 

< 15/F 

15+ /F 

Pairwise Comparisons 
Years & Type of Experience 

15/S 15+ /S < 15/F 

.07 

.20 

1.00 

.09 

.20 

.25 

.15 

.19 

.30 

.24 

.18 

.24 

.31 

.13 

.38 

.06 

.48 

.36 
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Figure 13. Scope of responsibility of southeastern coldwater fisheries professionals participating in 
Delphi survey . 
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Statistical analysis showed that professionals with regional and state responsibility agreed on 

the effects of roads and railroads, industry, and urban development on the amount of woody debris 

in nearby streams (p = 0.11, 0.07, and 0.26, respectively). They agreed that roads and railroads 

and urban development decreased woody debris, and that industries did not change the amount of 

woody debris in nearby streams. 

Statistical analysis revealed no difference in response of coldwater fisheries professionals on 

the effects of urban development on the dissolved oxygen, food supply, and woody debris of nearby 

streams as a function of amount of responsibility (p = 0.30, 0.15, and 0.26, respectively). 

Objective 3: Evaluation of the Efficiency of the Delphi 

Method 

The following analysis describes the efficiency of the Delphi Method at reaching a group 

opinion (consensus) in each of the three user groups: landowners, anglers, and coldwater fisheries 

professionals. 

Defining a Consensus 

A consensus is an opinion held by all or most (Berube et al. 1982). Therefore, the 

quantitative definition of a consensus is arbitrary. I attempted to visualize consensus by ordering 

each question used in this study (a total of 90 questions, 30 from each of 3 groups) from highest 

to lowest percent agreement, and then plotting them in this order (Figure 14). Figure 14 appears 

to contain two distinct slopes (fitted by eye), one flat and one steep. If the point of intersection 

of these lines represents the largest break in percent agreement, the percent response at that point 
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can be defined as an opinion held by all or most, or a consensus. Overall, these lines intersect at 

78.9% agreement, the point chosen to represent consensus for the combined survey populations. 

This same analysis for each of the three survey groups (30 questions each) revealed virtually 

identical consensus points of 78.9%, 81.2%, and 80.0% for the landowners, anglers, and 

professionals, respectively (Figs. 15a-c). Visual estimation of the consensus point was used rather 

than arbitrary selection so that the data would support the decision. 

Strength of Consensus 

After three rounds, all groups had reached consensus on more than half of the 30 questions. 

Landowners had reached consensus on 20 questions (67%), anglers on 19 questions (63%), and 

professionals on 16 questions (53%) (Fig. 16). 

The rate of reaching consensus was different among groups. After round 1, landowners had 

reached consensus on only three questions, while anglers had reached consensus on nine questions 

and professionals on ten questions (Fig. 17). After round 2, landowners had increased the number 

of questions at consensus by 78.6%, anglers by 52.6%, and coldwater fisheries professionals by 

41.2%. After round 3, landowners had increased the number of questions at consensus by 30.0% 

from round 2, for an overall increase of 85.0%. Anglers had the same number of questions at 

consensus after round 3, for an overall increase of 52.6%, and professionals had 6.3% (i.e. one 

question) fewer questions at consensus after round 3 for an overall increase of 37.5%. 

After three rounds, questions lacking consensus in all three groups concerned the severity of 

the effects of land use on nearby streams (questions la-e), the effects of land use on the amount 

of woody debris (questions 2-6, part d), or the effects offarming (questions Sa-e). Anglers also 

lacked consensus on several questions concerning the effects of roads and railroads ( questions 2a, 

b, & d). Professionals lacked consensus on several questions dealing with the effects of urban 

development ( questions 4a & b) and on 4 of 5 aspects of the effects of forestry ( questions 6a, b, d, 

& e). 
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Percent Agreement 

Figure 14. Consensus curve for landowner, angler, and fisheries professional responses. Percent 
agreement is ordered from highest to lowest for all questions; consensus is the point where the slope 
changes (78.9%). 
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Percent Agreement 

Percent Agreement 
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Figures 15a-c. Consensus curves for landowners (lSa), anglers (lSb), and fisheries professionals 
( I Sc). Percent agreement is ordered from highest to lowest for all questions; consensus is the point 
where the slope changes (landowners 78.9%, anglers 81.2%, and fisheries professionals 80.0% 
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Figure 16. Strength of consensus (number of questions versus percent agreement). 
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Discussion 

Survey Response Rates 

The Dillman Total Design Method (Dillman 1978) is a highly successful survey method, 

which increases response through postcard reminders and remailings. Overall, response to this 

survey was similar to other surveys (Dillman 1978). This success can be attributed to several 

factors. First, the survey was easy to complete. One critical element in achieving high response 

success is attaining the right information from the respondents without making the survey tool too 

costly in terms of completion time and effort. Thibaut and Kelly (1959) pointed out that cost is 

high when great physical or mental effort is required and when embarrassment or anxiety 

accompany the action. This was not a problem in this study because the survey was concise and 

anonymity was assured. The survey used for this study consisted of 30 multiple choice questions, 

contained in eight pages. Dillman ( 1978) stated that a respondent acts on the basis of anticipated 

costs, as well as costs already incurred. A questionnaire that appears formidable may be rejected 

simply because it looks like it will take a long time to complete. Conversely, a questionnaire that 

seems short may encourage a respondent to continue. Until the second and third rounds, when the 

participants were asked to elaborate on a response if they did not agree with the majority of 
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responses from the previous round, little was demanded of the participants except to choose an 

answer from a list. Even then, time and effort involved was minimal because respondents were 

familiar with the survey and presumably ;_,anted to continue to participate. 

Second, higher than average response rates may be an artifact of the vested interest each 

survey group had in the subject. For example, landowners may have been eager to find out if their 

land practices were having any ill effects on nearby streams. Although landowners rarely purchased 

their land for wildlife related activities, 83% of Missouri's landowners said that wildlife and related 

activities were important components in their land management (Sheriff et al. 1981 ). Angler interest 

and motivation is also shifting from biomass or number of fish caught to other factors such as 

aesthetics and companionship (Hampton and Lackey 1975, Driver and Knopf 1976, Smith 1980, 

Dawson and Wilkins 1981, Hudgins 1984, Helfrich et al. 1987). This shift in angler objectives may 

increase interest in the health and condition of the stream system as a whole, thus increasing interest 

in a survey like this one. The interest of coldwater fisheries professionals is self-explanatory. 

Presumably, area professionals were eager to learn the attitudes of their colleagues and to see if they 

matched their own. 

Rewards offered to the respondents may also have contributed to response success. 

Introducing the survey with statements like "this survey is an effort to incorporate public opinions 

into the management process" and explaining that the respondents are part of a carefully selected 

panel expresses positive regard for participants and encourages them to reply (Dilhnan 1978). Also, 

the publication mailed with the second round was designed as an incentive to respond. Perhaps 

also encouraging the participants to respond to such a survey was the rise in popularity of 

environmentally-oriented projects. The survey provided them with a chance to participate in such 

an activity. 
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Objective 1: Attitudes of Survey Populations 

Several factors may influence attitudes. Before I began this study, I hypothesized that the 

groups would differ because: 1) the public (i.e. landowners and anglers) rely more on the visible 

impacts associated with a land use, rather than on the biological information used by coldwater 

fisheries professionals; 2) that factors such as economic value, aesthetics, and media attention play 

a vital role in shaping landowner attitudes (Sheriff et al. 1981); 3) that anglers base their opinions 

on past angling experiences (Williams et al. 1986); and 4) that fisheries professionals base their 

decisions on past education and work experience (Peyton and Langenau 1985). The study results 

reveal that, for the most part, the hypothesis was untrue (i.e. more agreement was found than 

expected). However, when disagreement occurred among groups, the responses appeared to 

support the notion that background and prior knowledge appeared to influence response. The data 

obtained from this project do not directly support the hypothesis; but when combined with 

evidence from past research, the direction of response supports conclusions such as the ones 

presented in this document. 

Attitudes Towards the Severity of Land Use Practices 

Several characteristics were associated with the groups, although differences in mean response 

to questions on the severity of impacts associated with land use among survey populations were 

minor. Overall, mean responses to the questions were low and differences among land uses were 

small, indicating that all respondents felt that land use generally had some ill effect on nearby 

streams. Anglers and professionals used the lower end of the scale more often than landowners in 

their evaluation of the severity of impacts associated with a particular land use. Landowners also 

used a larger portion of the scale in their evaluations than anglers and professionals. Range of 

response is perhaps a function of the diverse nature of the landowner population, persons who may 
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or may not know or care about the streams, while objectives of the anglers and professionals are 

more uniform. This also may be an artifact of the process used to identify each survey group. 

Fisheries professionals were chosen by vocation, anglers by avocation, and landowners by location. 

Because landowners lacked a common interest, they were more likely to represent an array of views. 

The tendency for anglers and professionals to score land use impacts lower than landowners 

(i.e. impacts are more severe) is presumably a function of their knowledge of stream systems. 

Studies conducted by Kellert and Berry (1980) revealed that anglers were more knowledgeable 

about wildlife and natural resources than those who did not fish. Because it is the responsibility 

of the fisheries professionals to manage the stream systems, it can be assumed that they are educated 

in such areas. While it is not fair to assume that landowners are oblivious to the severity of impacts 

resulting from careless land use, their interests do not necessarily lie with the aquatic resources, but 

rather with the products of the land use. In the southern Appalachian Mountains, many 

landowners with trout waters flowing through their property use the land heavily for crops, 

livestock, and private forestry. Because they are actively involved in some of the land uses being 

evaluated, they may have been cautious when responding to the survey questions. In future 

research, establishment of a relationship between landowners' use of their land and knowledge of 

the effects of land use on aquatic systems would be useful; however, the Delphi Method would have 

to be further modified or another survey instrument used since retaining anonymity would be 

difficult in such a specific survey. 

All three groups felt that industries exerted the most severe impacts on nearby stream systems. 

Presumably, this can be attributed to the nature of the impacts associated with industry. Industry 

near streams often results in impacts that are highly visible and easily noticed. For example, 

chemical effiuents from industry often result in visible fish kills and water discoloration. This 

supports the premise that visible impact equals bad impact and that in general, people do not like 

industry. 

Rankings of the severity of impacts associated with land use by landowners and anglers are 

readily understandable. Landowners felt that farming and forestry had the least detrimental effects 

on nearby streams. This can be largely attributed to the fact that landowners rely on farming and 
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forestry for their livelihood. Anglers considered the impacts associated with urban development, 

roads and railroads, and forestry to be more serious than farming. Urban development along 

streams detracts from the aesthetic experience of fishing for trout in the mountains by filling a once 

wooded landscape with houses, yards, parking lots, etc. Roads and railroads increase angler access 

(angler and public) to many trout streams, which can lead to higher fishing pressure and therefore 

harvest mortality, as well as problems such as increased traffic, erosion and sedimentation, and 

trash. Most trout streams in the southern Appalachians are located in areas where timber harvest 

occurs (either state, federal, or private); therefore, forestry is the land use anglers come in contact 

with most often on their fishing trips. Areas of recent timber harvest are not very pleasing to the 

eye; debris left behind may find its way into a stream, making it appear "messy". Coldwater fisheries 

professionals felt that forestry had the least harmful impacts on nearby streams. This attitude can 

be attributed to the professionals' educational background and their experience with the effects of 

land use. Furthermore, because some respondents work for agencies that manage land for forest 

products, they may believe that forest practices are under control by prescribing and enforcing Best 

Management Practices. 

The remainder of the discussion of Objective 1 will focus on those questions where the 

strongest disagreement among the three groups existed. These questions included the effects of land 

use on dissolved oxygen concentrations and amount of woody debris in nearby streams and the 

effects of farming on stream parameters. 

Effects of Land Use on Dissolved Oxygen 

Considerable disagreement among the three survey groups existed on the effects of land use 

on the dissolved oxygen content of nearby streams. This disagreement can be attributed to the lack 

of public knowledge of the importance and role of dissolved oxygen in aquatic systems. This 

hypothesis is supported by the high percentage of landowners and anglers responding "I don't 

know" to questions concerning dissolved oxygen, while professionals seldom reported "I don't 
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know". In the case of each land use (roads and railroads, urban development, industry, farming, 

and forestry), most of the remaining landowners and anglers responded that the land use decreased 

dissolved oxygen in nearby streams. Dissolved oxygen is an invisible part of stream dynamics. 

Therefore, unless educated on the subject, landowners and anglers had no reason to know the 

effects of land use on dissolved oxygen concentration. 

Effects of Land Use on Woody Debris 

Considerable disagreement also existed among the three survey groups on the effects of land 

use on the amount of woody debris in nearby streams. This is understandable because presently, 

researchers and biologists also disagree on the role and dynamics of large woody debris in southern 

Appalachian Mountain streams. 

In this survey, anglers and professionals agreed that roads and railroads, urban development, 

and farming decreased the amount of woody debris in nearby streams. Anglers probably based their 

decisions on past angling experiences, while professionals relied on their education and past 

professional experiences. For each of these three land uses, land is cleared of trees before land use 

occurs, eliminating the major contributors oflarge woody debris to nearby streams (Bryant 1981, 

1983). Since woody debris in a stream looks "messy", it is usually cleared from streams where 

aesthetics are important (e.g. along roads, yards). Anglers who fish streams along roads and 

developed property may notice the relative lack of woody debris compared to forest streams, which 

may also be reflected in their catch. Landowners responded that the land uses mentioned above 

increased or did not change the amount of woody debris in nearby streams. These responses are 

presumably because 1) preliminary land clearing results in woody debris entering a stream, 2) 

landowners may not understand the value of large woody debris as instream cover and invertebrate 

substrate, and 3) landowners may not want to admit that their land use may be affecting a nearby 

stream. 
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Effects of Farming on Food Supply and Trout Standing Stock 

Questions on the effects of fanning on trout food supply and standing stock elicited different 

responses from the three survey groups. Landowners and some fisheries professionals responded 

that fanning increases the food available to trout in nearby streams. Some professionals also 

responded that fanning decreases the food supply, as did anglers. Most anglers and professionals 

responded that fanning decreases trout populations, but landowners were split between no change 

and decreased standing stock. 

Because of the nutrient input associated with fertilizer runoff, landowners and professionals 

presumably responded that trout food supply is increased near farms. However, professionals also 

presumably understand that fanning decreases food supply if too much fertilizer or toxic pesticides 

enter the stream. Anglers responded that fanning decreased food supply probably because they 

experienced lower catches from streams near farms. They also may have noticed lower aquatic 

invertebrate densities in streams near farms. For the most part, survey response agreed with the 

literature that land uses such as fanning increase stream productivity (Greene 1950, Gurtz et al. 

1980). Because trout standing stock is largely dependent on food supply, it was not surprising that 

responses to questions on the effects of farming on trout standing stock were similar to those on 

the effects on food supply. 

In summary, responses of the three groups were similar. However, several differences in 

opinion were noted. The greatest differences in opinion occurred between landowners and 

professionals, perhaps because of the indirect relationship between landowners and aquatic systems 

(i.e. they use the systems for uses other than aquatic products and management). Also, the greatest 

differences in opinion occurred in areas where less research has been conducted or the issues 

presented were less familiar (e.g. woody debris, dissolved oxygen). Also, these factors may be more 

variable in effect than the survey allows (i.e. effects of land use could be different in different 

situations). Therefore, if management is to consider public opinion in the future, an improved 

information exchange between researchers, managers, and the public is needed. 
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Objective 2: Attitudes of Coldwater Fisheries Professiollals 

Differences in attitudes among coldwater fisheries professionals of the southern Appalachian 

Mountains were found to be at least partly a function of amount and type of professional 

experience. Differences could also be attributed to an interaction between type and amount of 

expenence. The following discussion addresses these differences in two parts, corresponding with 

the two groups of questions about which professional response disagreed most: the effects of roads 

and railroads, industries, and urban development on the amount of woody debris in nearby streams 

and the effects of urban development on dissolved oxygen, food supply, and woody debris in nearby 

streams. 

Effects of Land Use on Woody Debris 

Professionals with fewer than eight years of coldwater fisheries experience responded 

differently than professionals with more experience to questions on the effects of roads and railroads 

and industries on the amount of woody debris in nearby streams. Professionals with less experience 

felt that these two land uses either decreased or did not change woody debris content, while a higher 

proportion of professionals with more experience agreed that the land uses did not change the 

amount of woody debris. Disparity among the responses as a function of amount of experience 

can be attributed to the change in perspective among researchers about the effects of land use on 

woody debris input into streams. For both land uses, a substantial portion of the survey population 

responded that they did not know the effects of roads, railroads, and industry on the woody debris 

of nearby streams. So much variability exists in land use practices themselves, that evaluating 

effects on woody debris input becomes extremely difficult, especially for young professionals. 

However, as professionals gain experience, their views of the effects become more general, and 

hence the frequency of the "does not change" response increased. The fact that once initial clearing 
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occurs and the system stabilizes, roads, railroads, and industry do little to further manipulate 

streamside vegetation may have also played a part in the responses of professionals with more 

experience. Also, the subject of woody debris is a recent idea in stream management, so older 

professionals may have little experience with it. 

Disagreement also occurred as a function of type of experience. State employees responded 

that roads and railroads had mixed effects on woody debris, while federal employees agreed that 

woody debris decreased. An explanation of this disagreement stems from the difference in 

responsibility of the two types of agencies. State agencies are primarily responsible for managing 

the fish populations through angling regulations and population research. Federal agencies, such 

as the U.S. Forest Service, are charged with habitat assessment and management. Presumably, 

therefore, federal professionals have more exposure to current thinking about the sources of woody 

debris in streams. 

The combination of amount and type of experience also affected coldwater fisheries 

professional responses. State employees with fewer than fifteen years of experience generally felt 

that roads and railroads decreased and that industry did not change woody debris, while state 

employees with more experience and all federal employees expressed mixed opinions. Although 

no statistical difference was noted among the groups for this analysis, differences in response can 

be attributed to several characteristics of young fisheries professionals. First, young state 

professionals may have a broader charge. Second, they may have less specific training. And third, 

they have less experience, so they are basing management decisions on generalities learned in school 

(e.g. woody debris is good, development is bad). Older state professionals and federal employees 

have had to confront the woody debris issue at varying levels, may or may not know anything about 

it, or may havebeen educated when large woody debris was considered "bad". 
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Effects of Urban Development on Stream Parameters 

Although disagreement among fisheries professionals on the effects of urban development on 

the dissolved oxygen, food supply, and woody debris was a function of amount of experience, 

further analysis could not isolate the differences. Overall, fisheries professionals agreed that urban 

development either did not change or decreased dissolved oxygen, decreased food supply, and 

decreased woody debris. However, a significant portion of "I don't know" responses and variance 

in response produced results that were statistically different but not distributionally different. 

Basically, few differences existed among fisheries professionals on the effects of urban development. 

Where differences did exist, they could not be associated with a specific group of professionals. It 

is likely that whatever differences did occur are because of varying degrees of urbanization and the 

amount of exposure to different types of development. 

In summary, few differences existed in knowledge of coldwater fisheries professionals as a 

function of amount and type of experience. Where differences did exist, they were associated with 

areas of current research (e.g. woody debris, habitat management), where professional knowledge 

may have not yet expanded. From this study, it is concluded that continuing education of fisheries 

professionals will enhance the effectiveness of future management. 

Objective 3: Efficiency of tlie Delphi Method 

The Delphi Method was originally developed as a forecasting tool to achieve a goal that was 

unattainable through ordinary means. For example, habitat suitability curves for fish species have 

been constructed using Delphi surveys on fisheries experts in the absence of data and time to 

conduct a field study (Crance 1987). This study further extends the Delphi Method into fisheries 

science by testing it as a tool for determining public opinion without conducting public meetings. 
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Through a series of written questionnaires, three populations reached a consensus about the 

effects of land use on coldwater streams. Although percentage agreement at which a consensus 

occurs could be defined differently among populations, it was found to be approximately the same 

for the landowner, angler, and professional populations used in this study (78.9%). Also, each 

group reached a consensus on at least half of the 30 survey questions. Since consensus was defined 

in this study by high percentage agreement, the accuracy and reliability with which the responses 

represent actual group opinion is assumed to be high. 

The rate of reaching consensus differed among the groups, indicating that different factors 

were influencing the decision making process of the survey populations. Coldwater fisheries 

professionals reached consensus on more questions than anglers and landowners after round l. 

Professionals reached initial consensus on more questions probably because of their common 

education and work experience, in-service training and continuing education, and exchange of ideas 

at professional meetings. They also often make decisions on these issues while performing their job. 

Anglers also reached consensus on a large number of questions initially. This is likely due to the 

time anglers spend in aquatic environments, observing their surroundings. Also, King et al. (1978) 

found that anglers use angling and sports-related magazines as an information transfer system. 

Landowners, however, achieved consensus in later rounds at a faster rate than anglers and 

professionals. The higher rate may have been a result of several things. First, the initial low level 

of consensus provided greater opportunity for improvement in rounds 2 and 3. Second, landowner 

views may not have been as strong as those of the anglers and professionals, and they were easily 

swayed by the most popular opinion. Third, the landowners may have learned after the first round 

of the Delphi survey, allowing more common opinions in later rounds. 

Overall, the Delphi Method was successful with all three populations. This is supported by 

similar final consensus levels, and overall response rates. Also, the Delphi process gave evidence 

of places where real differences in attitude exist within the public. If the survey had been terminated 

after round 1, many superficial differences would have been included. The Delphi Method helped 

to focus attention on areas where important differences exist. As a result of this study, it is 

concluded that differences in knowledge within the public exist in the areas of the effects of land 
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use on large woody debris and dissolved oxygen concentrations. This is largely a result of a relative 

lack of research in these areas. However, current research and management programs are focusing 

more and more on these elements. 

General Conclusions 

In general, the Delphi Method was a successful, inexpensive way of determining public 

knowledge of the effects of land use on coldwater ecosystems. Not only did it solicit public 

knowledge, but it also served as an educational tool. 

Overall, less disagreement than expected was discovered. When it comes to knowledge of the 

effects of land use on coldwater ecosystems, perhaps the public is not as diverse as hypothesized (i.e. 

that the reasons given for differences in knowledge do not apply in all situations). When differences 

were detected, distribution and direction of response appeared to support the characteristics 

hypothesized as being the foundation for differing knowledge ( e.g. landowners felt that farming 

harmed nearby aquatic systems least probably because most of them farmed their land). Collection 

and use of demographic information would have better defined the hypothesized relationships. 

Another general conclusion that can be made is that the format and questions used in this 

survey are not suitable for gathering the specific data needed to isolate differences in knowledge. 

However, this survey did identify areas where further research is needed, such as the effects of land 

use on large woody debris and dissolved oxygen and the effects of farming on trout food supply and 

socioeconomic aspects of these topics. 
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M anagenzent Recom,nendations 

For future uses of the Delphi Method in fisheries research, I recommend that the procedures 

in this study be followed. However, determination of the number of rounds necessary to achieve 

consensus, sample size, and survey design should be done on a case-by-case basis to insure that 

project objectives will be met. The Delphi Method would also be a useful tool in planning and 

budget activities in that as a forecasting tool it would identify research and management priorities, 

which would facilitate effective use of constrained budgets. I suggest that in future uses of the 

Delphi Method, or any mail survey technique, that demographic information be collected and used 

to form stronger relationships with survey responses. 
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Figure I. Number of years landowners have been at residence. 0 = Landowner does not live at 
residence (i.e. land is leased or rented). 
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Figure 2. Type of land use occurring on landowners' property. Mixture equals more than one of 
the other land uses. 
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Figure 3. Acres of land owned by survey participants with trout waters flowing along or through 
property. 
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Figure 4. Miles of coldwater stream flowing along or through landowners' property. 
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Figure 5. Frequency of angling on private stream by landowner, family, or friends. 
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figure 6. Number of years of membership in Trout Unlimited of anglers selected for Delphi survey. 
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Figure 7. Number of fishing clubs and organizations other than Trout Unlimited of which selected 
anglers were members. 
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Figure 8. Years of coldwater fishing experience of selected trout anglers. 
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Figure 9. Percent of angling time spent angling for trout in small coldwater streams. 
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Figure 10. Time selected anglers were most likely to fish for trout. 
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Figure 11. Catch tendencies of selected anglers. 
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Appendix B.1. Scoping Survey Sent to Coldwater Fisheries-

Professionals 
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Coldwater Fisheries Expert - Information survey 

Name Title ______________ _ 

Agency------------------,---------------

Address ----------------------------------

Telephone Number _____________________________ _ 

Years of experience with coldwater fisheries 

Please describe your current research and other areas of interest. If 
you are an agency biologist, please describe your background in 
coldwater fisheries: 

Please list any researchers/managers who are not on the enclosed list 
you feel are coldwater experts: 

Please return this form to: 

Thanks for your help! 

Appendix B. Survey Tools Used in Delphi Process 

Sheryl A. Bryan 
Department of Fisheries and Wildlife 
113 Cheatham Hall, Virginia Tech 
Blacksburg, VA 24061 
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Appendix B.2. First Round of Delphi Su1·vey Process. 
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COLLEGE OF AGRICULTURE AND LIFE SOENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STA TE UNIVERSITY 

Blacks burg, Virginia 24061-0 3 21 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SOENCES 

July 27, 1989 

Dear Virginia Landowner: 
congratulations! You have been selected from the Virginia 

landowner records to help improve the trout resources of 
Virginia. Dr. Larrr Nielsen and I are conducting a study, 
sponsored by the United States Forest Service, to improve the 
management of Southeastern trout streams. As a landowner, you 
probably value Virginia's mountain streams as highly as we do for 
their beauty, sparkling water, and fish populations. I hope that 
you will accept this invitation to become a part of our study. 

We will be identifying the attitudes and ideas of several 
groups about the effects of land use on Virginia's trout streams. 
Landowners represent one of the groups we want to learn about 
because we feel that owners such as yourself have personal 
knowledge of land use practices, and are aware of the changes, 
both good and bad, associated with the practices. 

We are asking that you complete a series of short written 
questionnaires about land use and trout streams. If you agree to 
participate, we will send you a survey form once a month for 
three or four months this fall. Each survey will take 15 to 30 
minutes to complete. The first mailing will include some 
additional details about the survey technique we will be using. 
Don't worry if you are not an expert on these topics-- we are 
interested in the views of people like yourself, who care about 
our natural resources but aren't fisheries professionals. 

The information you share will help guide fisheries managers 
and scientists in their efforts to improve our mountain streams. 
As a concerned citizen, you can join their efforts by 
participating in our study. If you are willing to participate, 
please complete the enclosed postcard and return it to us. 
Thanks for your time and effort on behalf of Virginia's 
outstanding natural resources. We look forward to hearing from 
you. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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COLLEGE OF AGRICULTURE AND LIFE SCIENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Blacksburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SCIENCES 

October 12,1989 

Dear Virginia Landowner: 

Thank you for showing concern about the quality of 
Virginia's trout resources by returning our preliminary survey 
and by volunteering to participate in our study. 

As mentioned before, we will be identifying the attitudes 
and ideas of several groups about the effects of land use on 
Virginia's trout streams. Landowners represent one of the 
groups we want to learn about because we feel that owners such 
as yourself have personal knowledge of the land use practices 
and the changes in nearby streams, both good and bad, associated 
with the practices. 

We are asking that you complete a series of short written 
questionnaires about land use and trout streams. The first of 
the series is enclosed, and will take 15 to 30 minutes to 
complete. Don't worry if you are not an expert on these 
topics-- we are interested in the views of people like yourself, 
who care about our natural resources but aren't fisheries 
professionals. 

Attached is a brief description of the survey technique we 
are using and directions for completing the enclosed survey. 
The information you share will help guide fisheries managers and 
scientists in their efforts to improve our mountain streams. As 
a concerned citizen, you can join their efforts by participating 
in our study. We value your input because we feel that 
landowners such as yourself have much to offer coldwater 
fisheries management in the southeast. 

It is important to mention that your responses will not be 
associated with your name and that I will be the only one that 
sees the responses before they are integrated with others. 
Please use this anonymity to respond fully and honestly. Again, 
I thank you for your time and effort on behalf of Virginia's 
outstanding natural resources. We look forward to hearing from 
you. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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COil.EGE OF AGRICULTURE AND LIFE SCIENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

BlacksbMrg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SOENCES 

November 10, 1989 

Dear Virginia Landowner: 

About three weeks ago I wrote you seeking information about land use 
and trout streams in the Southern Appalachian Mountains. As of today I 
have not received your completed questionnaire. 

I have undertaken this study at the request of the United States Forest 
Service because we believe the experience and knowledge of landowners like 
yourself is valuable information in managing the trout resources of the 
southeast. 

I am writing to you again because of the value of each completed 
questionnaire. In order for the results of this survey to be representative 
of all landowners, it is essential that each person returns their completed 
questionnaire. 

In case your questionnaire has been misplaced, I have enclosed a 
replacement. Please complete the survey and return it in the enclosed 
stamped envelope. 

Your cooperation is greatly appreciated. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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COLLEGE OF AGRICULTURE ANO LIFE SOENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Blacksburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WIWLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE 

August 28, 1989 

Dear Trout Angler: 

Congratulations! You have been selected from the Virginia 
Council of Trout Unlimited to help improve the trout resources of 
Virginia. Dr. Larry Nielsen and I are conducting a study, 
sponsored by the United States Forest Service, to improve the 
management of Southeastern trout streams. As a trout angler, you 
probably value Virginia's mountain streams as highly as we do for 
their beauty, sparkling water, and fish populations. I hope that 
you will accept this invitation to become a part of our study. 

We will be identifying the attitudes and ideas of several 
groups about the effects of land use on Virginia's trout streams. 
Trout anglers represent one of the groups we want to learn about 
because we feel that anglers such as yourself have personal 
knowledge of the stream environment, and are aware of land use 
practices and the changes, both good and bad, associated with the 
practices. 

We are asking that you complete a series of short written 
questionnaires about land use and trout streams. If you agree to 
participate, we will send you a survey form once a month for 
three or four months this fall. Each survey will take 15 to 30 
minutes to complete. The first mailing will include some 
additional details about the survey technique we will be using. 
Don't worry if you are not an expert on these topics-- we are 
interested in the views of people like yourself, who care about 
our natural resources but aren't fisheries professionals. 

The information you share will help guide fisheries managers 
and scientists in their efforts to improve our mountain streams. 
As a concerned citizen, you can join their efforts by 
participating in our study. If you are willing to participate, 
please complete the enclosed postcard and return it to us. 
Thanks for your time and effort on behalf of Virginia's 
outstanding natural resources. Happy fishing! 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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COLLEGE OF AGRlCULTURE AND LIFE SOE~CES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

B'4ckrburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERlES AND WILDLIFE SCIENCES 

October 12,1989 

Dear Trout Angler: 

Thank you for showing concern about the quality of 
Virginia's trout resources by returning our preliminary survey 
and by volunteering to participate in our study. 

As mentioned before, we will be identifying the attitudes 
and ideas of several groups about the effects of land use on 
Virginia's trout streams. Trout anglers represent one of the 
groups we want to learn about because we feel that anglers such 
as yourself have personal knowledge of the stream environment 
and are aware of land use practices and the changes in nearby 
streams, both good and bad, associated with the practices. 

We are asking that you complete a series of short written 
questionnaires about land use and trout streams. The first of 
the series is enclosed, and will take 15 to 30 minutes to 
complete. Don't worry if you are not an expert on these 
topics-- we are interested in the views of people like yourself, 
who care about our natural resources but aren't fisheries 
professionals. 

Attached is a brief description of the survey technique we 
are using and directions for completing the enclosed survey. The 
information you share will help guide fisheries managers and 
scientists in their efforts to improve our mountain streams. As 
a concerned citizen, you can join their efforts by participating 
in our study. We value your input because we feel that anglers 
such as yourself have much to offer coldwater fisheries 
management in the southeast. 

It is important to mention that your responses will not be 
associated with your name and that I will be the only one that 
sees the responses before they are integrated with others. 
Please use this anonymity to respond fully and honestly. Again, 
I thank you for your time and effort on behalf of Virginia's 
outstanding natural resources. We look forward to hearing from 
you. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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COLLEGE OF AGRICULTURE AND LIFE SCIENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STA TE UNIVERSITY 

Blacksburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDIJFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDIJFE SOENCES 

November 10, 1989 

Dear Trout Angler: 

About three weeks ago I wrote you seeking information about land use 
and trout streams in the Southern Appalachian Mountains. As of today I 
have not received your completed questionnaire. 

I have undertaken this study at the request of the United States Forest 
Service because we believe the experience and knowledge of trout anglers 
like yourself is valuable information in managing the trout resources of the 
southeast. • 

I am writing to you again because of the value of each completed 
questionnaire. In order for the results of this survey to be representative 
of all trout anglers, it is essential that each person returns their 
completed questionnaire. 

In case your questionnaire has been misplaced, I have enclosed a 
replacement. Please complete the survey and return it in the enclosed 
stamped envelope. 

Your cooperation is greatly appreciated. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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COLLEGE OF .\GRICUL TURE .\ND UFE SOENCES 

VIRGINIA POLYTECHNIC INSTITUTE A~D ST A TE UNIVERSITY 

Bl~ckrburg, Virginia 24061-032 l 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEP.-1.RTME:<.T OF FISHERIES AND WILDLIFE SGENCES 

November 17, 1988 

Richard Standage 
George Washington National Forest 
P.O. Box 233 
Harrisonburg, Virginia 22801 

Dear Mr. Standage: 

We are conducting a study to identify and rank data gaps regarding 
knowledge about coldwater systems of the Appalachian Mountains. The 
project, funded by the United States Forest Service, eventually will 
create an accurate assessment of all tooics which lack useful data and 
those topics for which sufficient data ~xists. A segment of the project 
involves working with coldwater experts who can both contribute to and 
benefit from the project results. 

You were identified, either through our literature search or by another 
individual, as a "coldwater stream fisheries expert". We hope that you 
will take a few minutes to complete the enclosed one-page questionnaire 
so that we can better define your expertise and interests. If so, 
please complete the survey and return it in the enclosed envelope by 
December 1. If you do not feel qualified to respond, please recommend 
someone in your agency who is qualified. Your effort in helping us to 
identify coldwater experts is greatly appreciated. 

We have enclosed a brief summary of the project. We are very excited 
about the beneficial results this project will produce. With your help, 
we believe that this study can greatly improve research and management 
efforts on coldwater fisheries in the Appalachian Mountains. 

If there are any questions concerning the questionnaire or the project, 
please call us at 703-961-6959. Again, thank you for your help and 
cooperation. 

Sincerely, 

Sheryl A. Bryan 
Research Assistant 

Enclosures 
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COLLEGE OF AGRICULTURE AND LIFE SOE:-JCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STA TE UNIVERSITY 
12 October, 1989 Blacksburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SOENCES 

Dear Fisheries Professional: 

The Coldwater Data Gap Project has been down and out, but we 
aren't lost! I hope that you are still willing to participate in 
our study of the coldwater research data gaps. I am confident that 
the favor asked of you will return a substantial benefit for the 
improved research and management of southeastern coldwater 
resources. 

To help refresh your memory, Dr. Larry Nielsen and I, in 
conjunction with the USDA Forest Service, are conducting a study to 
identify and rank existing data gaps regarding knowledge about the 
coldwater systems of the Appalachian Mountains. A segment of the 
project involves working with coldwater experts who can both 
contribute to and benefit from the project results. I have included 
a brief summary of the project to bring you up to date. 

We are asking you to complete the enclosed matrices involving 
land use and the effects of such practices on stream habitat and 
salmonid populations and behavior. Please consider each cell 
carefully. Directions for ranking the data gaps are found in the 
upper left of the matrix form. The basis of this procedure is to 
create an accurate assessment of the areas in coldwater research 
that need management attention. Let me also remind you that this 
is part of a Delphi study, and you will be asked to re-evaluate 
your responses in light of the results from the first mailing. 
Repeating the evaluations serves to confirm group opinion on 
research needs. 

Also enclosed is a copy of a survey that we are using to 
evaluate the attitudes and ideas of several watershed user groups 
on the effects of land use practices near trout streams. After 
completing the data gap matrices, please take a few minutes to 
complete the survey and return it with your data gap forms. Feel 
free to comment in the margins; all comments will be read and taken 
into consideration. 

We are very excited about the results these projects will 
produce. With your help, we believe that projects can greatly 
improve research and management efforts on coldwater fisheries in 
the Appalachian Mountains. If there are any questions concerning 
the questionnaire or the project, please call me at (703)231-6959. 
Again, thank you for your help and cooperation. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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COLLEGE OF AGRICULTURE AND LIFE SOENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Blaciuburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SCIENCES 

November 10, 1989 

Dear F.isheries Expert: 

About three weeks ago I wrote you seeking information about land use 
and trout streams in the Southern Appalachian Mountains. As of today I 
have not received your completed questionnaire. 

I have undertaken this study at the request of the United States Forest 
Service because we believe the experience and knowledge of professionals 
like yourself is valuable information in managing the trout resources of the 
southeast successfully. 

I am writing to you again because of the value of each completed 
questionnaire. In order for the results of this survey to be representative 
of all fisheries professionals, it is essential that each person returns their 
completed questionnaire. 

In case your questionnaire has been misplaced, I have enclosed a 
replacement. Please complete the survey and return it in the enclosed 
stamped envelope, 

Your cooperation is greatly appreciated, 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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EFFECTS OF LAND USE ON TROUT STREAMS 

OF THE SOUTHERN APPALACHIAN MOUNTAINS 

This survey is part of a study to assess the knowledge of 
several watershed user groups about the effects of land use on 
Southern Appalachian trout streams. It is an effort to let 
everyone be heard and influence the management ot southeastern 
trout resources. Please answer all questions. If you wish to 
comment on any questions, please feel free to write in the 
margins. Your comments will be read and taken into 
consideration. 

Thank you for your help. 

Return this survey to: 

Sheryl A, Bryan 
Department of Fisheries and Wildlife Sciences 

Virginia Polytechnic Institute and State University 
Blacksburg, Virginia 24061 

2 

Knowing the way people feel about how land use affects 
trout streams is important for good stream management. The 
first question asks tor your opinions about how different 
land uses affect streams. Please base your answers on your 
personal knowledge and experiences, 

1. In your opinion, to what extent does each of the 
following land uses affect a nearby trout stream? 
(Circle the number of the response that best fits 
answer for each of the five land uses.) your 

HURTS HURTS 
STREAM STREAM 
A LOT A LITTLE 

DOES NOT 
HURT 

STREAM 

HELPS 
STREAM 

A LITTLE 

HELPS 
STREMI 
A LOT 

ROADS, RAILROADS 
(CONSTRUCTION, USE 
'MAINTAINENCE) 

INDUSTRIES (MINES, 
FACTORIES, WATER 
TREATMENT PLANTS) 

HOUSING DEVELOPMENT 
(HOUSES, TRAILER 
PARKS, LAWNS) 

FARMING (CROPS, 
PASTURES) 

FORESTRY (TREE 
HARVEST, THINNING, 
LOGGING) 

1 2 

1 2 

1 2 

1 2 

l 2 

3 5 

3 5 

5 

3 4 5 

3 5 
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The following questions ask how you think roads and railroads 
(construction, use, and maintainence) near streams affect 
trout habitat and populations. Please base your answers on 
your personal knowledge and experiences. 

2a. How do roads and railroads affect the amount of oxygen in 
the water available to trout? (Circle one.) 

1, INCREASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUll'r or o::y,;1.11 
3. DECREASES THE AMOUIIT OF OX'l<a:11 
4. I DON'T KNOW 

2b. How do roads and railroads affect th" fn .. ,i •anpp l.y (insects, 
algae) available to trout? (Circle one.) 

1. INCREASES THE FOOD SUPPLY 
2. DOES NOT AFFECT THE FOOD SUPPLY 
3. DECREASES THE FOOD SUPPLY 
4. I DON'T KNOW 

2c. How do roads and railroads affect the amount of 
sedimentation present in the stream? (Circle one.) 

1. INCREASES THE AMOUNT OF SEDIMENTATION 
2. DOES NOT CHANGE THE AMOUNT OF SEDIMENTATION 
3. DECREASES THE AMOUNT OF SEDIMENTATION 
4. I DON'T KNOW 

2d. How do roads and railroads affect the amount of woody 
debris ( fallen trees and limbs) present in the stredr•? 
(Circle one.) 

1. INCREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUNT OF WOODY DEBRIS 
3. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I DON'T IUIOW 

2e. In addition to any habitat changes, how do roads awl 
railroads directly affect the number of trout in th•· 
stream? (Circle one.) 

1, INCREASES THE NUMBER OF TROUT 
2, DOES NOT CHANGE THE NUMBER OF TROUT 
3. DECREASES THE NUMBER OF TROUT 
4 . I DON 'T KNOW 

2f. Are there any other problems or benefits that road•: anti 
railroads cause for trout (Co11111ent below.) 

4 

The following questions ask how you think industries (mines, 
factories, water treatment plants) near streams affect 
trout habitat and populations. Please base your answers on 
your personal knowledge and experiences. 

Ja. How do industries affect the amount of oxygen in the water 
available to trout? (Circle one.) 

1. INCREASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
3. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T KNOW 

Jb. How do industries affect the food supply (insects, algae) 
available to trout? (Circle one.) 

1. INCREASES THE FOOD SUPPLY 
2. DOES NOT AFFECT THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4. I DON'T KNOW 

Jc. How do industries affect the amount of sedimentation 
present in the stream? (Circle one.) 

1. INCREASES THE AMOUNT OF SEDIMENTATION 
2. DOES NOT ':HANCE THE AMOUNT OF SEDIMEHTATION 
3. DECREASES THE AMOUNT OF SEDIMENTATION 
4. I DON'T KNOW 

3d. How do indu~tries affect the amount of woody debris (fallen 
trees and limbs) present in the stream? (Circle one.) 

1. INCREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUNT OF WOODY DEBRIS 
3. DECREASES TllE AMOUNT OF WOODY DEBRIS 
4. I DON'T KNOW 

3e. In addition to any habitat changes, how do industries 
directly affect the number of trout in the stream? (Circle 
one.) 

1. INCREASES THE NUMBER OF TROUT 
2. DOES NOT CHANGE THE NUMBER OF TROUT 
3. DECREASES THE NUMBER OF TROUT 
4. I DON'T KNOW 

3f. Are there any other problems or benefits that industries 
cause for trout streams? (Comment below.) 
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The following questions ask how you think housing 
developments (houses, trailer parks, lawns) near streams 
affect trout habitat and populations. Pleas~ base your 
answers on your personal knowledge and experiences. 

4a. 

4b. 

4c. 

4d. 

4e. 

4f. 

How do housing developments affect the amount of 
oxygen in the water available to trout? (Circle one.) 

1. INCREASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
3. DECREASES THE AMOUNT OF OXYGEN 
4 . I DON'T KNOW 

How do housing developments affect the food supply 
(insects, algae) available to trout? (Circle one.) 

1. INCREASES THE FOOD SUPPLY 
2. DOES NOT AFFECT THE FOOD SUPPLY 
3. DECREASES THE FOOD SUPPLY 
4. I DON'T KNOW 

How do housing developments affect the amount of 
sedimentation present in the stream? (Circl~ one.) 

1. INCREASES THE AMOUNT OF SEDIMENTATION 
2. DOES NOT CHANGE THE AMOUNT OF SEDIMENTATIOII 
3. DECREASES THE AMOUNT OF SEDIMENTATION 
4. I DON'T KNOW 

How do housing developments affect the amount of woody 
debris (fallen trees and limbs) present in the stream? 
(Circle one.) 

1. II/CREASES THE AMOUIIT OF WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUUT OF WOODY DEBRIS 
3. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I DON'T KNOW 

In addition to any habitat changes, how do housing 
developments directly affect the number of trout in 
the stream? (Circle one.) 

1. II/CREASES THE NUMBER OF TROUT 
2. DOES NOT CHANGE THE NUMBER OF TROUT 
3. DECREASES THE NUMBER OF TROUT 
4. I DON'T KNOW 

Are there any other problems or benefits that housing 
developments cause for trout streams? (Comment below.) 

6 

The following questions ask how you think farming (crops, 
pastures) near streams affects trout habitat and 
populations. Please base your answers on your personal 
knowledge and experiences. 

Sa. How does farming affect the amount of oxygen in the water 
available to t=out? (Circle one.) 

1. INCREASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
3. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T KNOW 

5b. How does farming affect the food supply (insects, algae) 
available to trout? (Circle one.) 

1. INCREASES THE FOOD SUPPLY 
2. DOES NOT AFFECT THE FOOD SUPPLY 
3. DECREASES THE FOOD SUPPLY 
4. I DON'T KNOW 

Sc. How does farming affect the amount of sedimentation 
_present in the stream? (Circle one.) 

1. INCREASES THE AMOUNT OF SEDIMENTATION 
2. DOES NOT CHANGE THE AMOUNT OF SEDIMENTATION 
3. DECREASES THE AMOUNT OF SEDIMENTATION 
4. I DON'T KNOW 

5d. How does farming affect the amount of woody debris (fallen 
trees and limbs) present in the stream? (Circle one.) 

1. INCREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUNT OF WOODY DEBRIS 
3. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I DON'T KNOW 

5e. In addition to any habitat changes, how does farming 
directly affect the number of trout in the stream? (Circle 
one.) 

1. INCREASES THE NUMBER OF TROUT 
2. DOES NOT CHANGE THE NUMBER OF TROUT 
3. DECREASES THE NUMBER OF TROUT 
4. I DON'T KNOW 

5f. Are there any other problems or benefits that farming 
causes for trout streams? (Comment below.) 
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The following questions ask how you think forestry (tree 
harvest, thinning, logging) near streams affects trout 
habitat and populations. Please base your answers on your 
personal knowledge and experiences. 

6a. How does forestry affect the amount of oxygen in the 
water available to trout? (Circle one.) 

1. INCREASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
3. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T KNOW 

6b. How does forestry affect the food supply (insects, 
algae) available to trout? (Circle one.) 

1. INCREASES THE FOOD SUPPLY 
2. DOES NOT AFFECT THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4 • I DON'T KNOW 

6c. How does forestry affect the amount of sedimentation 
present in the stream? (Circle one.) 

1. INCREASES THE AMOUNT OF SEDIMENTATION 
2. DOES IIOT CHANGE THE AMOUNT OF SEDIMEIITATIOII 
3. DECREASES THE AMOUNT OF SEDIMENTATION 
4. I DON'T KNOW 

6d. How does forestry affect the amount of woody debris 
(fallen trees and limbs) present in the stream? 
(Circle one.) 

1. INCREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUNT OF WOODY DEBRIS 
3. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I DON'T KNOW 

6e. In addition to any habitat changes, how does forestry 
directly affect the number of trout in the stream? (Circle 
one.) 

1. INCREASES THE NUMBER OF TROUT 
2. DOES HOT CHANGE THE NUMBER OF TROUT 
3. DECREASES THE NUMBER OF TROUT 
4. I DON'T KNOW 

6f. Are there any other problems or benefits that forestry 
causes for trout streams? (Co111111ent below.) 

Is there anything else you would like to tell me about the 
effects of land use on trout streams in the Southern Appalachian 
Mountains? It so, please use this space. 

Thank you for your cooperatian. Please do not write your 
name on this form. If requested, a copy of the results will 
be provided at the end of the study. 



COLLEGE OF AGRICULTURE AND LIFE SOENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Blacksburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SOENCES 

December 01, 1989 

Dear Virginia Landowner: 

Thank you for showing concern about the quality of Virginia's trout resources 
by returning our survey. We achieved an initial response rate of 81 percent and 
are very excited about the results this project will produce. As always, this 
letter asks a favor of you, but first I'd like to fill you in on what's happening 
and why you've been getting so much mail from me. 

Dr. Larry Nielsen and I are attempting to assess public attitudes towards 
land use and trout streams by using a modification of the Delphi Method. This 
process will get at how the public thinks and feels through a series of written 
questionnaires like the one you've already seen. As a reward for your 
participation thus far and for your cooperation in the future, we have enclosed 
some information that you may be interested in. 

And now for the purpose of this letter. Enclosed you will find another copy 
of the survey which includes your last response and a summary of the responses 
from the landowners. Please complete the survey again in light of the new 
information presented. If you change your mind, that's OK. If your response 
does not agree with the most popular responses, please explain why you answered 
the way you did. I am sure that by now you can begin to see how a group opinion 
is formed by this process. The response-reevaluation cycle continues until most 
of the responses agree, usually until 3 or 4 rounds are completed. 

I would like to remind you that your responses are confidential, so please 
answer honestly, basing your responses on your personal knowledge and experience. 
Again, I would like to express my sincerest thanks for your time and effort. 
Since we are surveying only a few landowners, your response is valuable-- please 
complete the survey and return it in the enclosed stamped envelope promptly. 
If there are any questions concerning the questionnaire or the project, please 
call me at (703)231-5573. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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COLLEGE OF AGRICUL TIJRE AND UFE SOENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Biacksburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDUFE SOENCES 

December 01, 1989 

Dear Virginia Landowner: 

Thank you for showing concern about the quality of Virginia's trout resources 
by returning our survey. We achieved an initial response rate of 77 percent and 
are very excited about the results this project will produce. As always, this 
letter asks a favor of you, but first I'd like to fill you in on what's happening 
and why you've been getting so much mail from me. 

Dr. Larry Nielsen and I are attempting to assess public attitudes towards 
land use and trout streams by using a modification of the Delphi Method. This 
process will get at how the public thinks and feels through a series of written 
questionnaires like the one you've already seen. As a reward for your 
participation thus far and for your cooperation in the future, we have enclosed 
some information that you may be interested in. 

And now for the purpose of this letter. Enclosed you will find another copy 
of the survey which includes your last response and a summary of the responses 
from the landowners. Please complete the survey again in light of the new 
information presented. If you change your mind, that's OK. If your response 
does not agree with the most popular responses, please explain why you answered 
the way you did. I am sure that by now you can begin to see how a group opinion 
is formed by this process. The response-reevaluation cycle continues until most 
of the responses agree, usually until 3 or 4 rounds are completed. 

I would like to remind you that your responses are confidential, so please 
answer honestly, basing your responses on your personal knowledge and experience. 
Again, I would like to express my sincerest thanks for your time and effort. 
Since we are surveying only a few landowners, your response is valuable-- please 
complete the survey and return it in the enclosed stamped envelop~ promptly. 
If there are any questions concerning the questionnaire or the project, please 
call me at (703)231-5573. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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COLLEGE OF AGRICULTURE AND LIFE SOENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND ST A TE UNIVERSITY 

Blacksburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SCIENCES 

January 09, 1990 

Dear Virginia Landowner: 

About three weeks ago I wrote you seeking information about land use and 
trout streams in the Southern Appalachian Mountains. As of today I have not 
received your completed questionnaire. 

I am writing to you again because of the value of each completed 
questionnaire. In order for the results of this survey to be representative 
of all landowners, it is essential that each person returns their completed 
questionnaire. In case your questionnaire has been lost or misplaced, I have 
enclosed another copy. Please complete the survey and return it promptly in the 
enclosed stamped envelope. • 

This time the process is a little different. This copy of the survey 
includes your last response and a sU1TI11ary of the responses of all the landowners. 
Please answer the questions again in light of the new information presented. If 
you change your mind, that's OK. If your response does not agree with the most 
popular responses, please explain why you answered the way you did. If you have 
any questions about this process, please call me at (703)231-5573. 

Your cooperation is greatly appreciated. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 
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EFFECTS OF Ll\ND USE ON TROUT STREAMS 

OF THE SOUTHERN APPALACHIAN MOUNTAINS 

This survey is part of a study to assess the knowledge of 
several watershed user groups about the effects of land use on 
southern Appalachian trout streams. It is an effort to let 
everyone be heard and influence the manag~ment of southe~stern 
trout resources. Please answer all questions. If you ~ish to 
comment on any questions, please feel free to write in the 
margins. Your comments will be read and taken into 
consideration. 

Thank you for your help. 

Return this survey to: 

Sheryl A. Bryan 
Depart~ent of Fisheries and Wildlife Sciences 

Virginia Polytechnic Institute and State University 
Blacksburg, Virginia 24061 

2 

Knowing the way people feel about how land use affects trout streams 
is important for good stream management. The first question as~s for 
your opinions about how different land uses affect streams. Bene;,th 
each question is your response from the first mailing and a summary of 
the group response. Please base your answers on your personal 
knowledge and experiences in light of the information presented. If you 
change your mind, that's OK; however, if your response does not agree 
with the most popular responses from the group results, please explain 
why you answered the way you did in the comment space provided on the· 
right. 

1. In your opinion, to what extent does each of the following land 
uses affect a nearby trout stream? (Circle the number of the 
response that best fits your answer for each of the five land uses.) 

ROADS & RAILROADS 
(CONSTRUCTIO!I, USE 
& MAINTAINENCE) 

YOUR RESPOIISE 
GROUP RESPONSE 

I!IDUSTRIES (MIIIES, 
FACTORIES, WATER 
TREATMENT PLANTS) 

YOUR RESPOIISE 
GROUP RESPOtlSE 

HOUSING DEVELOPMENT 
(HOUSES, TRAILER 
PARKS, LAWNS) 

YOUR RESPOIISE 
GROUP RESPOIISE 

HURTS 
STREAM 
A LOT 

1 

l 

92\ 

l 

54\ 

HURTS 
STREAM 

A LITTLE 

2 

56\ 

2 

81 

2 

251 

DOES NOT 
HURT 

STREAM 

3 

12\ 

3 

0\ 

3 

21\ 

HELPS 
STREAM 

A LITTLE 

4 

0\ 

4 

0\ 

4 

0\ 

HELPS 
STREAM 
A LOT 

5 

0% 

5 

5 

0% 
-----------------------------------------------------------------FARMING (CROPS, 
PASTURES) 1 2 3 4 5 

YOUR RESPOIISE 
'GROUP RESPONSE 81 481 32\ 81 4, 

FORESTRY (TREE 
HARVEST, TH IIIIII NG, l 2 3 4 5 
LOGGIIIG) 

YOUR RESPOIISE 
GROUP RESPOUSE 321 36\ 28\ 4' 0% 
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The following question• ask ho~ you think roads and railroads . 
(construction, use, and maintainence) near ~treams affect trout h~h1tat 
and populations. To the left of each quest~on are your last response 
and a summary of the group.response from the first mailing. Please 
answer each question by circling one choice, based on your personal . 

·knowledge and experience in light of the lnfot'lllation presented. I~ ts 
OK to change your mind: however, if your response does not agree w1th 
the most popular from group results, please explain why you 
answered the way you did in the space provided on the right. 

2a. How do roads and railroads affect th• amount of oxygen 
in the water available to trout? (Circle one.) 

GROUP YOURS 
0\ 

15\ 
41\ 
44\ 

l, I!ICREASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT or OXYGEN 
3. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T ffiOW 

2b. How do roads and railroads affect the food supply (insects, 
algae) available to trout? (Circle one.) 

GROUP YOURS 
4\ 

15\ 
48\ 
JJ\ 

1. INCREASES THE FOOD SUPPLY 
2, DOES NOT CHANGE THE FOOD SUPPLY 
J, DECREASES THE FOOD SUPPLY 
4. I DON'T l(IIOW 

2c. How do roads and railroads affect the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP YOURS 
6H 
1 I\ 
11\ 
11\ 

1. l!ICREASES THE AMOUNT OF SEDIHEIITATION 
2, DOES NOT CHANGE THE AMOUNT OF SEDIMENTATION 
3. DECREASES THE AMOUNT OF SEDIHENTATIOH 
4. I DON'T KNOW 

2d. How do roads and railroads affect the amount of woody debris 
(fallen trees and limbs) present in the stream? (Circle one.) 

GROUP YOURS 
JJ\ 
37\ 

7\ 
23\ 

1. l!ICREASES THE AMOUNT or WOODY DEBRIS 
2, DOES NOT CHANGE THE AMOUNT OF WOODY DEBRIS 
J. DECREASES THE AMOUNT OF WOOIJY DEBRIS 
4. I DON'T KNOW 

2e. In addition to any habitat changes, how do roads and railroads 
directly aftect the number of trout in the stream? (Circl~ one.) 

GROUP YOURS 
0\ 

11\ 
48\ 
n\ 

1. INCREASES THE NUMBER or TROUT 
2. DOES NOT CHANGE THE NUMBER OF TROUT 
J. DECREASES THE NUMBER OF TROUT 
4 , I 0011 'T K!IOW 

The following questions ask how you think Industries (mines, 
factories, water treatment plants) near streams affect trout hab1tJt 
and populations. To the left of each question are your last response 
and a summary of the group response from the first mailing. Pleas~ 
answer each question by circling one choice, based on your person,, l 
knowledge and experience in light of the information presented. !~ 1s 
OK to change your mind; however, if your resporise does not agree ·,,; i tll 
the most popular responses from group results, please explain ~hy you 
answered the way you did in the space provided on the right. 

Ja. How do industries affect the amount of oxygen in the 
water available to trout? (Circle one.) 

GROUP YOURS 
0\ 
4\ 

78\ 
18\ 

l. INCREASES THE AMOUNT OF OXYGEN 
2, DOES NOT CHANGE THE AMOUNT OF OXYGEN 
3. DECREASES THE AMOUNT OF OXYGEN 
4 . I DON 'T KNOW 

Jb. How do industries affect the food (insects, 
algae) available to trout? (Circle one.) 

GROUP YOURS 
4\ 
0\ 

88\ 
8\ 

1, INCREASES THE FOOD SUPPLY 
2. DOES HOT CHANGE THE FOOD SUPPLY 
J, DECREASES THE FOOD SUPPLY 
4, I DO!-l'T KNOW 

Jc. How do industries affect the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP YOURS 
67\ 

H 
4% 

22\ 

1, INCREASES THE AMOUNT OF SEDIMENTATION 
2, DOES NOT CHANGE THE AMOUNT OF SEDIMEIITATICII 
J. DECREASES THE AMOUNT OF SEDIMENTATION 
4, I DOll'T KNOW 

Jd. How do industries affect the amount of woody debris 
(fallen trees and limbs) present in the stream? (Circle cne.) 

GROUP YOURS 
19\ 1. INCREASES THE AHOUIIT OF WOODY DEBRIS 
30\ 2, DOES NOT CHANGE THE AMOUNT OF WOODY DEBRIS 
11\ 3. DECREASES THE AMOUNT OF WOODY DEBRIS 
40\ 4. I DON'T KNOW 

Je. I~ addition to any habitat changes, how do industries dire=tl; 
affect the number of trout in the stream? (Circle one.) 

GROUP YOURS 
0\ 
Ol 

7 J\ 
27\ 

1, INCREASES THE NUMBER OF TROUT 
2. DOES NOT CHANGE THE NUMBER OF TROUT 
J. DECREASES THE NUMBER OF TROUT 
4. I DOIi 'T KNOW 
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The following questions ask how you think housing developments 
(houses, trailer parks, lawns) near streams affect trout habitat 
and populations. To the left of each question are your last response 
and a summary cf the group response from the first Please 
answer each question by circling one choice, based on your personal 
knowledge and experience in light of the information presented. It is 
OK to change your however, if your response does not agree ,.,; th 
the most popular responses from group results, please explain ,:hy ;-ou 
answered the way you did in the space provided on the right. 

4a. How do housing developments affect the amount of oxygen 
in the water available to trout? (Circle one.) 

GROUP YOURS 
4\ 

22\ 
44\ 
JOI 

1, INCREASES THE AMOUNT OF OXYGEN 
2. DOES HOT CHANGE THE AMOUNT OF OXYGEN 
J. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T KNOW 

4b. How do housing developments affect the food supply 
(insects, algae) available to trout? (Circle one.) 

GROUP YOURS 
7\ 

11\ 
56\ 
26\ 

1. INCREASES THE FOOD SUPPLY 
2. DOES HOT CHANGE THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4. I DON'T KNOW 

4c. How do housing developments affect the cf 
sedimentation present in the stream? (Circle one.) 

GROUP YOURS 
56\ 
15\ 
70\ 
22\ 

1. INCREASES THE AMOUNT OF SEDIHEHTATIOII 
2. DOES HOT CHANGE THE AMOUNT OF SEDIMENTATION 
J. DECREASES THE AMOUNT OF SEDIMENTATION 
4. I DON'T mow 

4d. How do housing developments affect the amount of woody 
debris (fallen trees and limbs) in the stream? (Circle one.) 

GP.CUP YOURS 
19\ 
26\ 
18 t 
37\ 

1. IIICREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES HOT CHANGE THE AMOUNT OF WOODY DEBRIS 
J. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I DON'T KNOW 

4e. In addition to any habitat changes, how do housing . 
developments directly affect the number of trout in the 
stream? (Circle one.) 

GROUP YOURS 
0\ 

11\ 
67\ 
22\ 

l. INCREASES THE HUMBER OF TROUT 
2. DOES HOT CHANGE THE HUMBER OF TROUT 
J. DECREASES THE HUMBER or TROUT 
4. I OOH 'T mow 

6 

The following questions ask how you think farming (crops, pas~ures) 
near streams trout habitat and To the left of 
each question are your last reapcnae and a su1111ary ct the group 
response from the first mailing. Please answer each question by 
circling one choice, based on your knowledge and experience in 
light of the information presented. It i• OK to change your ~in~; 
however, if your response not agree with the most popular 
responses from group please explain why you ans;,,ered the ·.,.,r 
you did in the space provided on the right. 

Sa. How does farming effect the amount of oxygen in the ~at?r 
available to trout? (Circle one.) 

GROUP YOURS 
llt 
271 
271 
351 

l. INCREASES THE AMOUNT OF OXYGEN 
2. DOES HOT CHANGE THE AMOUNT OF OXYGEII 
J. DECREASES THE AMOUNT OF OXYGEN 
4. I DOH 'T mow 

Sb. How does farming affect the food supply (insects, algae) 
available to trout? (Circle one.) 

GROUP YOURS 
46\ 

8\ 
23\ 
231 

1. II/CREASES THE FOOD SUPPLY 
2. DOES NOT CHANGE THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4. I DON'T mow 

Sc. How does farming affect the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP 
64\ 
16\ 
4' 

161 

YOURS 
1. INCREASES THE AMOUNT or SEDIMENTATION 
2. DOES HOT CHANGE THE AMOUNT OF SEDIMENTATIOtl 
J. DECREASES THE AMOUNT OF SEDIMENTATlOll 
4. I DON'T IOIOW 

Sd. How does farming affect the amount cf woody debris 
(fallen trees and limbs) in the stream? (Circle one.) 

GROUP 
22\ 
411 
151 
22' 

YOURS 
1. INCREASES THE AMOUIIT OF WOODY DEBRIS 
2. DOES HOT CHANGE THE AMOUNT OF WOODY DEBRIS 
J. DECREASES THE AMOUNT OF WOODY DEBRIS 
4 • I DOH' T MOW 

Se. In addition to any habitat changes, how does fan,,ing 
directly affect the number of trout in the stream? 
(Circle one.) 

GROUP YOURS 
10, 
JOI 
)0\ 
)0\ 

1. INCREASES TUE HUMBER OF TROUT 
2. DOES NOT CHANGE THE HUMBER OF TROUT 
J. DECREASES THE HUMBER OF TROUT 
4. I DON'T KNOW 
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The following questions ask hov you think forestry (tree harvest, 
thinning, logging) near streams affects trout habitat and populaticns. 
To the left of each question are your last response and a summar;· at 
the group response the first Please ans11er each quest ior 
by circling one choice, based on your personal knowledge and experiem::, 
in light of the infonaation pres~nted. It is OK to change your mind: 
however, it your response does not agree vith the most popular 
responses group results, please explain vhy you answered the w~y 
you did in the space provided on the right. 

6a. How does forestry affect the amount of oxygen in the water 
available to trout? (Circle one.) 

GROUP YOURS 
30\ 

7\ 
30\ 
33\ 

1. INCREASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
3. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T K?IOW 

6b. How dces forestry affect':~., food suppl, (insects, algae) 
available to trcut: '.=!~~le one.) 

GROUP YOURS 
30\ 
11\ 
44\ 
15\ 

1. ItlCREASES THE FOOD SUPPLY 
2. DOES NOT CHANGE THE FOOD SUPPLY 
3. DECREASES THE FOOD SUPPLY 
4. I DON'T KIIOW 

6c. How does forestry affect the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP YOURS 
50 

8\ 
15\ 
2 J\ 

1. INCREASES THE AMOUNT OF SEDIMENTATION 
2. DOES NOT CHANGE THE AMOUNT OF SEDIMENTATION 
J. DECREASES THE AMOUNT OF SEDIMENTATION 
4. I DON'T IQIOW 

6d. How does forestry affect the amount of woody debris 
(fallen trees and limbs) in the stream? (Circle one.) 

GROUP YOURS 
70\ 

0\ 
15\ 
15\ 

1. INCREASES THE AMOUIIT OF WOODY DEBRIS 
2. DOES HOT CHANGE THE AMOUNT OF WOODY DEBRIS 
3. DECREASES THE Al:IOUNT OF WOODY DEBRIS 
4. I DON'T KNOW 

6e. In addition to any habitat changes, how does forestry 
directly affect the nuaber ot trout in the stream? 
(Circle ·one.) 

GROUP YOURS 
19\ 
1 I\ 
)5\ 
JS\ 

l. INCREASES THE NUHBER OF TROUT 
2. DOES NOT CHAIIGE THE NUHBER OF TROUT 
J. DECREASES THE NUMBER OF TROUT 
4. I DOIi 'T KJIOW 

Please use this space for any col!llllents you may have about 
the effects of land use on trout streams in the Southern 
Appalachian Mountains or this project. 

Thank you for your cooperation. Please do not write your 
name on this form. If requested, a copy of the results will 
be provided at the end of the study. 
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EFFECTS OF LAND USE ON TROUT STREAMS 

OF THE SOUTHERN APPALACHIAN MOUNTAIIIS 

This su·: ·, .. o part of a ~~:1<1, to assess the knowledge of 
several ,,:,c,~ed user gr:;u;:,s about the effects of land use on 
Souther:•, .\c.: .. :.,chian trout streams. It is an effort to let 
everyon~ ~e· r.~ 3 rd and influence the management of southe~stern 
trout resour~es. Please answer all questions. !f y~u wish to 
comment on any questions, please feel free to w:ite in the 
margins. Your comments will be read and taken into 
consideration. 

Thank you for your help. 

Return this survey to: 

Sheryl A. Bryan 
Department of Fisheries and Wildlife Sciences 

Virginia Polytechnic Institute and State University 
Blacksburg, Virginia 24061 

2 

Knowing the way people feel about how land use affects trout str~~~s 
is important for good stream management. The first question asks for 
your opinions about how different land uses affect streams. Beneath 
each question is your response from the first mailing and a sumr1ary of 
the group response. Please base your answers on your personal 
knowledge and experiences in light of the infonaation presented. If you 
change your mind, that's OK: however, if your response does not agree 
with the most popular responses from the group results, please e,:pt,,in 
why you answered the way you did in the comment space provided on the 
right. 

1. In your opinion, to what extent does each of the following land 
uses affect a nearby trout stream? (Circle the number of the 
response that best fits your answer for each of the five land uses.) 

HURTS 
STREAM 
A LOT 

ROADS & RAILRCADS 
(CONSTRUCTIOII, USE 1 
& MAINTAIIIENCE) 

YOUR RES POtlS E 
GROUP RESPONSE 40\ 

INDUSTRIES (HIUES, 
FACTORIES, WATER 1 

'TREATMENT PLAIITS) 

YOUR RESPONSE 
GROUP RESPONSE 80\ 

HOUSING DEVELOPMENT 
(HOUSES, TRAILER 1 
PARl<S, LAWNS) 

YOUR RESPOtlSE 
GROUP RESPONSE 42\ 

FARMING -(CROPS, 
PASTURES) 

YOUR RESPOtlSE 
GROUP RESPOtlSE 

FORESTRY (TREE 
HARVEST, TH Itlll IIIG, 
LOGGUIG) 

"iOUR RESPOtlSE 
GROUP RESPOtlSE 25\ 

HURTS DOES NOT HELPS HELPS 
STREAM HURT STREAM STREAM 

A LITTLE STREAM A LITTLE A LOT 

2 J 4 

36\ 24\ 0\ 0\ 

2 J 4 5 

20\ 01 0\ at 

2 4 

461 0, 0\ 

2 3 5 

60\ 20\ 8\ 

2 J 4 5 

42\ 21\ 8\ H 
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The following questions ask how you think roads and railroads 
(constructi~n, use, and maintainence) near streams affect trout hnbit~t 
and populations. To the left of each question are your last response 
and a summary of the group response from the first Ple~se 
answer each question by circling one choice, based on your person>l 
knowledge and experience in light of the infon,ation presented. It is 
OK to change your however, if your response does not agree with 
the most popular responses from group results, please explain why you 
answered the way you did in the space ~rovided on the right. 

2a. How do roads and railroads affect the a110unt of oxygen 
in the water available to trout? (Circle one.) 

GROUP YOURS 
0\ 

20\ 
561 
24\ 

1. IIICREASES THE AMOUIIT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
J. DECREASES THE AMOUNT OF OXYGEN 
4. I DOll'T KNOW 

2b. How do roads and railroads affect the food supply (insects, 
algae) available to trout? (Circle one.) 

GROIJP 
4\ 

28\ 
56\ 
12\ 

YOURS 
1. IIICREASES THE FOOD SUPPLY 
2. DOES NOT CHANGE THE FOOD SUPPLY 
3. DECREASES THE FOOD SUPPLY 
4. I DON'T KNOW 

2c. How do roads and railroads affect the aaount of sedimentation 
present in the stream? (Circle one.) 

GROUP 
84\ 

4\ 
0\ 

12\ 

YOURS 
l. IIICREASES THE AMOUNT OF SEDIIIENTATION 
2. DOES NOT CHANGE THE AMOUNT OF SEDIIIENTATION 
3 • DECREASES THE AMOUIIT OF SEDIIIEIITATION 
4. I DON'T KNOW 

2d. Ho~ do roads and railroads affect the amount of woody debris 
(fallen trees and limbs) present in the stream? (Circle one.) 

GROUP YOURS 
44\ 
24\ 
28\ 

4\ 

1. INCREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES NOT CIWIGE THE AMOUNT or WOODY DEBRIS 
J. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I DON'T KNOW 

2e. In addition to any habitat changes, how do roads and railroatls 
directly affect the number of trout in the stream? (Circle one.) 

GROUP YOURS 
4\ 

I 7\ 
67\ 
12\ 

1. I!ICREASES THE NUMBER OF TROUT 
2. DOES NOT CHANGE THE NUMBER or TROUT 
). DECREASES THE NUHBER or TROUT 
4. I OOll'T KNOW 

The following questions ask how you think industries (mines, 
factories, water treatment plants) near stre&ms attect trout h-:1t: i t,,t 
and populations. To the left ot each question are your last r~spr.n~-e 
and a summary of the group response from the first mailing. Plc,,se 
answer each question by circling one choice, based on your person~! 
knowledge and experience in light of the information presented. It is 
OK to change your mind: however, if your response does not agree v:ith 
the most popular responses group results, please explain ·•hi' you 
answered the way you did in the space provided on the right. 

Ja. How do industries affect the amount of oxygen in the 
water available to trout? (Circle one.) 

GROUP YOURS 
0\ 
8\ 

84\ 
8\ 

1, INCREASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT or OXYGEN 
J. DECREASES THE AMOUNT or OXYGEN 
4. I DON'T KNOW 

lb. How do industries affect the food supply (insects, 
algae) available to trout? (Circle one.) 

GROUP YOURS 
4\ 
4\ 

841 
8\ 

1. INCREASES THE FOOD SUPPLY 
2. DOES NOT CHANGE THE FOOD SUPPl,Y 
J. DECREASES THE FOOD SUPPLY 
4, I DON'T KNOW 

Jc. How do industries affect the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP 
81\ 
n 
4\ 

11\ 

YOURS 
1. INCREASES THE AMOUNT OF SEDIMENTATION 
2. DOES NOT CHANGE THE AMOUNT or SEDIMENTATION 
], DECREASES THE AMOUNT OF SEDIHEIITATION 
4. I DON'T KNOW 

Jd. How do industries affect the amount of woody debris 
(fallen trees and limbs) present in the stream? (Circle one.) 

GROUP 
19\ 
421 
27\ 
12' 

YOURS 
1. IIICREASES THE AMOUNT or WOODY DEBRIS 
2, DOES NOT CHANGE THE AMOUIIT OF WOODY OEBRIS 
J. DECREASES THE AMOUNT or WOODY DEBRIS 
4 . I 0011 'T KNOW 

Je. In addition to any habitat changes, how do industries direct!? 
affect the number of trout in the stream? (Circle one.) 

GROUP 
0\ 
8\ 

77\ 
15\ 

YOURS 
1. INCREASES THE NUMBER OF TROUT 
2. DOES NOT CHANGE THE NUMBER OF TROUT 
J. DECREASES THE NUMBER OF TROUT 
4. I DOll'T KNOW 
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The following questions ask how you think housing developments 
(houses, trailer parks, lawns) near streams affect trout habit~t 
and populations. To the left of each question are your last respcnse 
and a summary of the group response the first mailing. Please 
answer each question by circling one choice, based on your personal 
knowledge and experience in light of the intonnation presente1. It 1s 
OK to change your mind; however, if your response does not agree ·di:.11 
tne most popular responses group results, please explain ·,:h,• ,-cu 
answered the way you did in the space provided on the right. 

ca. How do housing affect the amount of oxygen 
in the water available to trout? (Circle one.) 

GROUP YOURS 
0\ 

2H 
69' 

8\ 

1. INCREASES THE AMOUNT or OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
J, DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T KNOW 

4b. How do housing developments affect the food supply 
(insects, algae) available to trout? (Circle one,) 

GROUP YOURS 
15\ 
15\ 
62\ 

8\ 

1. INCREASES THE FOOD SUPPLY 
2, DOES NOT CHANGE THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4. I DON'T KNOW 

cc. How do housing developments affect the amount of 
sedimentation present in the stream? (Circle one.) 

GROUP YOURS 
81\ 
11\ 
M 
8\ 

1. IIICREASES THE AMOUNT or SEDIMENTATION 
2. DOES HOT CHANCE ntE AMOUNT OF SEDIHENTATIOII 
J. DECREASES THE AMOUNT or SEDIHENTATIOtl 
4 • I DON I T KNOW 

4d. How do housing developments affect the amount of woody 
debris (fallen trees and limbs) in the stream? (Circle one.) 

GROUP 'lOURS 
35\ 
27\ 
]8\ 

0\ 

1, INCREASES THE A.HOUIIT or WOODY DEBRIS 
2. DOES NOT CHANGE ntE AMOUNT or WOODY DEBRIS 
J. DECREASES THE AMOUNT OF WOODY DEBRIS 
4 . I DON'T KNOW 

4~. In addition to any habitat changes, how do housing 
developments directly affect the number of trout in the 
stream? (Circle one.) 

GROUP YOURS 
4\ 

19\ 
7 ll 

4\ 

1. INCREASES THE tll/MBER OF TROUT 
2. DOES NOT CHANGE THE NUMBER OF TROUT 
J. DECREASES THE NUMBER OF TROUT 
4 . I 0011 'T KNOW 

6 

The following questions ask how you think fan,,ing (crops, pastures) 
near streams affects trout habitat and populations. To the left of 
each question are your last response and a summary of the group 
response from the first mailing. Please answer each question by 
circling one choice, based on your personal knowledge and experience in 
light of the infomation presented. It is OK to change your mind: 
however, if your response does not agree with the most popular 
responses from group results, please explain why you ans,.,ered the w~y 
you did in the space provided on the right. 

Sa. How does farming affect the amount of oxygen in the water 
available to trout? (Circle one.) 

GROUP YOURS 
15\ 
)5\ 
351 
151 

1. INCREASES THE AMOUNT or OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
3. DECPEASES THE AMOUNT OF OXYGEN 
4 , I DON 'T KNOW 

Sb. How does farming affect the food supply (insects, algae) 
available to trout? (Circle one.) 

GROUP YOURS 
48\ 
161 
32\ 

4\ 

1, IrlCREASES THE FOOD SUPPLY 
2, DOES NOT CHJ\/ICE THE FOOD SUPPL'l 
3. DECREASES THE FOOD SUPPLY 
4. I DON'T KNOW 

Sc. How does farming affect the amount of sedimentation 
present in the stream? (Circle one.) 

,CROUP YOURS 
80\ 
16\ 

0\ 
4\ 

1. IIICREASES THE AMOUNT OF SEDIMEIITATION 
2. DOES NOT CHANGE THE AMOUNT OF SEDIMENTATION 
l, DECREASES THE AMOUNT or SEDIMENTATION 
4. I tlON'T KNOW 

5d. Now does fanning affect the amount of woody debris 
(fallen trees and limbs) in the (Circle one.) 

GROUP YOURS 
8\ 

60\ 
32\ 

0\ 

1. INCREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUIIT OF WOODY DEBRIS 
J. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I DON'T KNOW 

Se. In addition to any habitat changes, how does farming 
directly affect the number of trout in the stream? 
(Circle one.) 

GROUP YOURS 
8\ 

46\ 
JS\ 
11\ 

1. INCREASES THE NUMBER OF TROUT 
2. DOES NOT CHANGE THE IIUHBER or TROUT 
), DECREASES THE NUMBER or TROUT 
4 . I DON 'T IC?IOW 
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The following question• aak hov you think toreatry (tree harvest, 
thinning, logging) near streaas trout habitat and populations. 
To the left of each question are your response and a summary of 
the group response froa the first aailing. Please answer each question 
by circling one choice, baaed on your personal knowledge and experience 
in light of the infoniation presented. It is OK to change your mind; 
however, it your response does not agree with the aost popular 
responses from group pl•••• why you answered the way 
you did in the space provided on the right. 

6a. How does forestry affect the amount or oxygen in the water 
available to trout? (Circle one.) 

GllOUP YOUPS 
15\ 
23\ 
54\ 

8\ 

l. INCllEASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHAJIGE THE AMOUNT OF OXYGEN 
3. DECllEASES THE AMOUNT OF OXYGEN 
4. I DON'T mow 

6b. How does fo~estry affect the rood supply (insects, algae) 
available to trout? (Circle one.) 

GllOUP 
ll\ 
15\ 
54\ 

0\ 

YOUPS 
1. INCREASES THE FOOD SUPPLY 
2. DOES NOT CHAJIGE THE FOOD SUPPLY 

_ J. DECREASES THE FOOD SUPPLY 
4. I DON'T mow 

6c. How does forestry affect the amount of sedimentation 
present in the stream? (Circle one.) 

GllOUP YOUPS 
7]\ 

8\ 
151' 

4\ 

1. INCllEASES THE AMOUNT OF SEDIHENTATION 
2. DOES NOT CHANGE THE AMOUNT OF SEDIMENTATION 
3. DECREASES THE AMOUNT or SEDIMENTATION 
4. I DON'T mow 

6d. How does forestry affect the amount.of woody debris 
(fallen trees and limbs) in the stream? (Circle one.) 

GROUP YOUllS 
76\ 

4\ 
20\ 

0\ 

1. UICllEASES THE AMOUNT or WOODY DEBRIS 
2, DOES NOT CHANGE THE AMOUNT OF WOODY DEBllIS 
3. DECllEASES THE AMOUNT OF WOODY DEBRIS 
4 . I DON'T KNOW 

6e. In addition to any habitat changes, how does forestry 
directly affect the number of trout in the stream? 
(Circle one.) 

GllOUP YOURS 
15\ 
27\ 
~2\ 
16\ 

1. INCREASES THE NUMBER or TROUT 
2. DOES NOT CHAJICI!: THI!: NUMBER OF TROUT 
3. DECREASES THE NUMBER or TROUT 
4. I DON'T KNOW 

Please use this space for any you aay have about 
the effects or land use on trout streame in the southern 
Appalachian Hountaine or this project. 

Thank you for your cooperation. Please do not write your 
name on this form. If requested, a copy or the results will 
be provided at the end or the study. 



COLLEGE OF AGRICULTURE AND LIFE SCENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

B/,,c/uburg, Virginw 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SOENCES 

December 01, 1989 

Dear Trout Angler: 

Thank you for showing concern about the quality of Virginia's trout resources 
by returning our survey. We achieved an initial response rate of 91 percent and 
are very excited about the results this project will produce. As always, this 
letter asks a favor of you, but first I'd like to fill you in on what's happening 
and why you've been getting so much mail from me. 

Dr. Larry Nielsen and I are attempting to assess public attitudes towards 
land use and trout streams by using a modification of the Delphi Method. This 
process will get at how the public thinks and feels through a series of written 
questionnaires like the one you've already seen. As a reward for your 
participation thus far and for your cooperation in the future, we have enclosed 
some information that you may be interested in. 

And now for the purpose of this letter. Enclosed you will find another copy 
of the survey which includes your last response and a summary of the responses 
from the trout anglers. Please complete the survey again in light of the new 
information presented. If you change your mind, that's OK. If your response 
does not agree with the most popular responses, please explain why you answered 
the way you did. I am sure that by now you can begin to see how a group opinion 
is formed by this process. The response-reevaluation cycle continues until most 
of the responses agree, usually until 3 or 4 rounds are completed. 

I would like to remind you that your responses are confidential, so please 
answer honestly, basing your responses on your personal knowledge and experience. 
Again, I would like to express my sincerest thanks for your time and effort. 
Since we are surveying only a few trout anglers, your response is valuable--
please complete the survey and return it in the enclosed stamped envelope 
promptly. If there are any questions concerning the questionnaire or the project, 
please call me at (703)231-5573. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 

Appendix B. Survey Tools Used in Delphi Process 127 



COllEGE OF AGRICULTURE AND UFE SCIENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Blacksburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SOENCES 

January 09, 1990 

Dear Trout Angler: 

About three weeks ago I wrote you seeking infonnation about land use and 
trout streams in the Southern Appalachian Mountains. As of today I have not 
received your completed questionnaire. 

I am writing to you again because of the value of each completed 
questionnaire. In order for the results of this survey to be representative 
of all trout anglers, it is essential that each person returns their completed 
questionnaire. In case your questionnaire has been lost or misplaced, I have 
enclosed another copy. Please complete the survey and return it promptly in the 
enclosed stamped envelope. 

This time the process is a little different. The copy of the survey 
includes your last response and a SUlllllary of the responses of all the trout 
anglers. Please answer the questions again in light of the new infonnation 
presented. If you change your mind, that's OK. If your response does not agree 
with the most popular responses, please explain why you answered the way you did. 
If you have any questions about this process,. please call me at (703)231-5573. 

Your cooperation is greatly appreciated. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 

Appendix B. Survey Tools Used in Delphi Process 128 
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£ff£CTS Of LANO USE Otl TROUT STREAMS 

Of THE SOUTHERN APPALACHIAII MOUNTAIIIS 
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This survey is part ot a study to assess the knowledge of 
several watershed user groups ab~ut the effects of land use on 
Southern Appalachian trout streams. It is an effort to let 
ev@ryone be hea1·d and influence the management of southeastern 
trout resources. Please answer all questions. If you wish to 
comment on any questions, please feel free to write in the 
margins. Your comments will be read and taken into 
consideration. 

Thank you tor your help. 

Return this survey to: 

Sheryl A. Bryan 
Department of fisheries and Wlldlite Sciences 

Virginia Polytechnic Institute and State University 
Blacksburg, Virginia 24061 

Knowing the way people feel about how land use affects trout stre~mc 
is important for good stream management. The first question asJ:s (or 
your opinions about how different land uses affect streams. B~11eJtl1 
each question is your response fr011 the first mailing and a s11mrn,:H )' er 
the group response. Please base your answers on your personal 
l:nowledge and experiences in light of the infonnation presented. If 1·011 

change your that's OK; however, if your response does not agre~ 
with the most popular responses from the group results, please explain 
why you answered the way you did in the comment space provided on the 
right. 

1. In your opinion, to what extent does each of the fol lowing l,,rnl 
uses affect a nearby trout stream? (Circle the number of the 
response that best fits your answer tor each of the five l.1nd use-~. 1 

ROA OS & RA I I.ROADS 
( CONSTRuc·r IOtl. USE 
& HAIIITAill£1lCE) 

YOUR RESPONSE 
GROUP RESPOIISE 

ItlOUSTRIES (HINES, 
FACTORIES, l~ATER 
TREATHEIIT PLAIITS) 

YOUR RESPOIISE 
GROUP R£SPOIISE 

IIOUSIIIG D£VELOPH£11T 
(HOUSES, TRAILER 
PARKS, LAHtlS) 

YOUR R£SPOIIS£ 
GROUP RESPOtlSE 

fARHIIIG (CROPS, 
PASTURES) 

YOUR RESPOIISE 
GROUP RESPOIISE 

fORESTRY (TREE 
HARVEST, THHIIIING, 
LOGGIIIG) 

YOUR RES POIIS E 
GROUP RESPOIISE 

HURTS 
STREAM 
A LOT 

491 

94\ 

66\ 

39\ 

l 

40\ 

HURTS 
STREAM 

A LITTLE 

401 

2 

6\ 

2 

34\ 

2 

521 

2 

49\ 

DOES NOT 
IIURT 

STREAM 

9\ 

0\ 

3 

01 

3 

3 

11\ 

HELPS 
STREAM 

A LITTLE 

0\ 

01 

4 

0\ 

2\ 

4 

0\ 

HELPS 
STR[,\11 
A Lcr 

5 

0\ 

0\ 

5 

2\ 

5 

o• 
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The following questions ask how you think roads and railroads 
(construction, use, and near streams affect trout habit~1t 
and populations. To the left of each question are your last response 
and a summary of the group response the first 11ailing. Please 
ans<1er each question by circling one choice, based on your pers01111l 
knowledge and experience in light of the infonnation presented. It is 
o~ to change your mind1 however, if your response does not agree with 
the most popular responses group results, please explain Wh}' }'OIi 
answered the way you did in the space provided on the right·. 

2a. llow d·o roads and rail roads affect the amount of oxygen 
in the water available to trout? (Circle one.I 

GROUP YOURS 
0\ 

251 
H\ 
31!\ 

l. IIICREASES THE AMOUIIT OF OXYGEN 
2. DOES IIOT CHANGE THE AMOUNT OF OXYGEII 
J. DECREASES THE AMOUIIT OF OXYGEN 
4. I DOll'T KIIOW 

2b. How do roads and railroads affect the food supply (insects, 
algaeJ available to trout? (Circle one.) 

GROUP 
l l\ 
151 
561 
16\ 

YOURS 
l. IIICREASES THE FOOD SUPPLY 
2. DOES IIOT CHAIIGE THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4. I DOll'T KNOW 

2c. How do roads and railroads affect the amount of sedimentation 
present in the streaa? (Circle one.) 

GROUP 
88\ 

at 
01 
H 

YOURS 
1. INCREASES THE AMOUIIT OF SEDIMENTATION 
2. DOES tlOT CHANGE THE AMOUIIT OF SEDIMEIITATIOII 
J. DECREASES THE AMOUIIT OF SEDIMENTATION 
4. I DOll'T ,mow 

2d. How do roads and railroads affect the amount of woody debris 
(fallen trees and limbs) present in the stream? (Cirr.le one.) 

GROUP ·muRS 
27\ 
]]\ 
)J\ 

71 

1. JIICREASES THE AMOUIIT OF WOODY DEBRIS 
2. DOES IIOT CHANGE THE AMOUNT OF HOODY DEBRIS 
J. DECREASES THE AJ10UIIT OF WOODY DEBRIS 
4. 1 DOll'T KIIOW 

2e. In addition to any habitat changes, how do roads and railro,,.t,-; 
directly affect the number of trout in the stream? (Circle on<?.) 

GRour 
4\ 

IS\ 
7;:\ 

9\ 

YOURS 
1. IIICREASES THE HUMBER OF TROUT 
2, DOES IIOT CHANGE THE IIIJMBEI! OF TROUT 
l. DECREASES THE HUMBER OF TROUT 
4 • I DOIi 'T F.IIOW 

The following questions ask how you think industries (mines, 
factories, water treatment plants) near streams affect trout h•bit~t 
and populations. To the left of each question are your last response 
and a summary of the group response the first mailing. Please 
answer each question by circling one choice, based on your personal 
knowledge and experience in light of the inforaation presented. It is 
OK to change your mind1 however, if your response does not agree ,-dth 
the most popular responses group results, please explain ,-,hr ,·011 
answered. the way you did in the apace providea on the right, 

Ja. How do industries affect the amount of oxygen in the 
water available to trout? (Circle one.) 

GROUP YOURS 
21 
4\ 

791 
15l 

1. IIICREASES THE AMOUIIT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEII 
J. DECIIEASES THE AMOUNT OF OXYGEN 
4. I DON'T KNOW 

Jb. How do industries affect the food aupply ( insects, 
algae) available to trout? (Circle one.) 

GROUP YOURS 
21 
2\ 

87\ 
91 

1. IIICREASES THE FOOD SUPPLY 
2. DOES IIOT CHANGE THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4. l DOll'T KNOW 

Jc. How do industries affect the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP 
72\ 
171 

01 
lll 

YOURS 
1. IIICREASES THE AMOUNT OF. SEDIMEIITATIOII 
2. DOES NOT CHANGE THE AMOUNT OF SEDIHEIITATIOII 
l. DECREASES THE AMOUIIT OF SEDIHEIITATIOII 
4. I DOll'T KNOW 

3d. How do industries affect the amount of woody debris 
(fallen trees and present in the stream? (Circle one.) 

GROUP YOURS 
12' 
44\ 
17\ 
271 

1. IIICREASES THE AHOUIIT OF WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUNT OF WOODY DEBRIS 
J. DECREASES THE AMOUIIT OF WOODY DEBRIS 
4. I DON'T KNOW 

le. In addition to any habitat chanqea, how do industries dire~tl;• 
affect the number of trout in the stream? (Circle one.) 

GROUP YOURS 
2t 
01 

851 
I]\ 

1, IIICREASES THE IIUHBER OF TROUT 
2. DOES NOT CHANGE THE IIUHBER OF TROUT 
J. DECREASES THE HUMBER OF TROUT 
4. I DOll'T KIIOW 
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The following questions ask how you think housing developments 
ft1ouses, trailer parks, lawns) near streams affect trout habitat 
and populations. To the left of each questio~ are your last re5ponse 
and a summary or the group response from the first mailing. Please 
answer each question by circling one choice, based on your personal 
l:nowledqe and experience ln light of the information presented. It is 
OK to change your mind; however, it your response does not agree uith 
the most popular responses from group results, please explain why you 
answered the way you did in the space provided on the right. 

4a. Uow do housing developments affect the amount of oxygen 
in the wat~r available to trout? (Circle one.) 

GROUP YOURS 
2\ 

14~ 
67\ 
17~ 

1.' Ill CREASES THE AMOUNT or OXYGEII 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEII 
J. DECREASES THE AMOUNT OF OXYGEN 
4 . I DON 'T KIIOW 

~b. How do housing developments affect the food supply 
(Insects, algae) available to trout? (Circle one.) 

GROUP YOURS 
9\ 
6\ 

77\ 
8\ 

1. IIICREASES TUE FOOD SUPPLY 
2. DOES IIOT CIIAIIGE THE FOOD SUPPLY 
3. DECREASES THE FOOD SUPPLY 
4. I DOll'T KIIOW 

-lc, flow do housing developments affect the amount of 
sadimentJtio11 present i11 the stream? (Circle one.) 

GROUP ¥OURS 
98~ 

2\ 
0\ 
0\ 

l. IIICREASES THE AMOHIIT OF SEDIHENTATIOII 
2. DOES NOT CHAIIGE TUE AHOUll'f OF SEDIMEIITATION 
J. DECREASES THE AMOUIIT OF SEDIMEIITATIOII 
4. I Dotl'T KNOW 

4d. How do housing developments affect the amount of wootly 
debris (fallen trees and limbs) in the stream? (Circle one.) 

1.~ROIJP 
2 Jt 
25\ 
J t 
I I! 

Yl'URS 
1. IIICREASES THE AMOUIIT or WOODY DEBRIS 
2. DOES.IIOT CHANGE THE AMOUNT OF WOODY DEBRIS 
J. UECRF.ASES THE AMOUIIT OF WOODY DEBRIS 
4. l DOii 'T KIIOW 

4e. In addition ta any habitat changes, how do housing 
developments directly affect the number of trout in the 
stt·ec,m? (Circle one.) 

YOURS 
I. IIICREI\SES THE IIUMBER Of TROUT 
2. DOf.S IIOT CHAIIGE TIIE NUMBER OF TROUT 
J. DECREASES TUE IIUMDER Of TROUT 
4. I DOii 'T KIIOH 

6 

The following questions ask how you think fanaing (crops, past11l• ,. 1 
near streams affects trout habitat and populations. To the left 01 
each question are your last response and a summary of the group 
r~sponse from the first mailing. Please answer each question by 
c~rcling one choice, based on your personal knowledge and experience in 
light of the information presented. It is OK to change your mind; 
however, if your response does not agree with the most popular 
responses fro• group results, please explain why you answered the ·.•,,y 
you did in the space provided on the right. 

Sa. How does far,.lng affect the amount of oxygen in the water 
available to trout? {Circle one.) 

GROUP YOURS 
6\ 

101 
67\ 
17\ 

1. IIICREASES THE AMOUNT OF OXYGEII 
2. DOES IIOT CHANGE THE AMOUIIT or OXYGEII 
3. DECREASES THE AMOUIIT Of OXYGEN 
4. I DON'T KNOW 

Sb. How does farming affect the food supply (insects, algae) 
available to trout? (Circle one.) 

GROUP YOURS 
25\ 
15\ 
44\ 
17\ 

1. IIICREASES THE FOOD SUPPLY 
2. DOES NOT CHAIIGE THE FOOD SUPPLY 
3. DECREASES THE FOOD SUPPLY 
4. I DOll'T KIIOW 

Sc. now does farming llffect the amount of sedi•entation 
present in the stream? (Circle one.) 

GROUP YOURS 
92\ 

6% 
0\ 
2\ 

1. IIICREASES THE AMOUIIT Of SEDIHENTATIOII 
2. DOES NOT CIIAIIGE THE AMOUNT Of SEDIMEIITATIOII 
3. DECREASES THE AMOUIIT OF SEDIMEIITAT10tl 
4. I DON'T KNOW 

Sd. How does farming affect the of woody debris 
(fallen trees and in the stream? (Circle one.J 

GROUP YOURS 
)9\ 
))\ 
Ht 
17\ 

1. IIICREASES THE AMOUNT Of WOODY DEBRIS 
2. DOES NOT CHAIIGE TIIE AMOUtl'f Of WOODY DEBRIS 
3. DECREASES THE AHOUIIT Of' WOODY DEBRIS 
4. 1 DOll'T KtlOW 

Se. In.addition to any habitat changes, how does farming 
directly affect the number of trout in the stream? 
(Circle one.) 

GROUP YOURS 
2t 

I)\ 
74\ 
IH 

1. IIICREASES TUE NUMBER Of' TROUT 
2. DOES NO'f CIIAIIGE TUE HUMBER Of TROUT 
3. DECREASES THE IIUHBER Of TROUT 
4. 1.DOll'T KIIOW 
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The following questions ask how you think forestr'!' (tree harvest,. 
thinning, logging} near affects trout habitat and populations. 
To the left of each question are your last response and a summary of_ 
the group response the first mailing. Please answer each que~t1cn 
by circling one choice, based on your personal knowledge and expe~1encc 
in I ight of the information presented. It is OK to change your mtnd; 
however, if your response does not agree with the most popular 
responses group results, please explain why you answered the '.Iii\' 
you did in the space provided on the right. 

Ga. How-does forestry affect the of oxygen in the water 
available to trout? (Circle one.) 

GROUP YOURS 
2\ 

17\ 
67\ 
14\ 

:o . flow does 
avail"'"'. 

GROUP YOl_'RS 
I Jt 
IOl 
64\ 
IJ\ 

f -

1. IIICRE.\3ES THE AMOUNT OF OXYGEII 
2. DOES 11: r CHAIIGE THE M10UNT OF OXYGEII 
J. llECRE~-:~s TUE AMOUIIT or OXYGEII 
- r o~•· : KHOW 

;:_;.·1 1· :ec., :e food 
trout? =~~-te on-· 

__ , _ - --:>::ts, algae) 

l. IUCREASE·- .,; F•: )U SUPPLY 
2. DOES 11•.l l ..:iiAII':- TUE FOOD SUPPLY 
J. ;)ECIIEASES Tl!, i'OOD SUPPLY 
4. i DOll'T I\NOW 

6c. How does f~restry affect t~e amount of sedimentation 
present in the stream? (Circle one,) 

GROUP YOURS 
94\ 

4\ 
0\ 
2\ 

1. IIICREASES THE AMOUNT OF SEDIMEIITATIOII 
2. DOES IIOT CHAIIGE THE AMOUNT or SEDIMEIITATIOII 
J. DECREAl'ES THE AMOUNT OF SEDIMEIITATION 
4. I DON'T l<IIOW 

6d. How does forestry affect the amount of woody debris 
(fallen trees and limbs) in the (Circle one-) 

GPOUP YOURS 
7)\ 

4\ 
19\ 

4\ 

1. HICREASES THE AMOUIIT OF WOODY DEBRIS 
2. DOES HOT CHANGE THE AMOUNT OF WOODY DEBRIS 
3. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I OOll'T l<NOW 

6e. In addition to any habitat changes, how does forestry 
directlr affect the number of trout in the stream? 
(Circle one.) 

GPOUP YOURS 
0\ 

11 \ 
B5\ 

H 

L. IIICIIEASES TIIE NUMBER OF TROUT 
2. DOES HOT CIIAIIGE TIIE NUMBER OF TROUT 
J, DECREASES TIIE IIUHDER OF TROUT 
4. I DOll'T KIIOW 

Please use this space for any comments you have about 
the effects of land use on trout streams in the Southern 
Appalachian Mountains or project. 

Th,-ink you for i ·:ur cooperation. Please -:~ not 
name on this r rm- If requested, a ,:·:.,y o: th" 
be provide1 at ~he end of the s~~dy. 

.! your 
;ults ..-111 



EFFECTS OF LAIID USE OIi TROUT STREAMS 

OF THE SOUTHERN APPALACHIAII MOUIITAIIIS 

• · ... ,; 

• ';is su. ·'!y is - • _ ,_ or' :-:ud~ to asses.·. >l knowledge of 
"11.!ral ·,~ .. ? .. shed us~: :-ups icout th':!' 1 r l:ects of land use on 

·1 Apcalachiar1 .: streams. lt 1s an effort to let 
1e ::,.., 1eard and ; . : : uence the management of southeastern 

_;out·• .. cces. Ple•~, 1nswer all questions. If you wish to 
comm0 ,:, 3ny questions. please feel free to write in the 
m .. 1- Your comments will be read and taken into 
c , ,ration. 

T~snk }'OU for your help, 

Return this survey to: 

Sheryl A, Bryan 
Department of fisheries and Wildlife Sciences 

Virginia Polytechnic Institute and state University 
Blacksburg, Virginia 24061 

The following questions ask how you think industries (mines, 
factories, water treatment plantsJ near streams affect trout t1~bit1t 
and populations. To th., left ot each question are your last rnsF'mse 
and a summary of the group response from the first mailing. Pler,5e 
answer each question by circling one choice, based on your person~l 
knowledge and experience in light ot the information presented. It is 
OK to change your mind; however, if your response does not agree ~-1 i th 
the most popular responses group results, please exp\ai.n whi· ym1 
answered the way you did in the space provided on the right. 

Ja. How do Industries affect the amount of oxygen in the 
water available to trout? (Circle one.) 

GROUP YOURS 
0\ 
6\ 

83\ 
II\ 

1. IIICREASES THE AMOUNT OF OXYGEII 
2, DOES NOT CHANGE THE AHOUIIT OF OXYGEII 
J, DECREASES THE AMOUIIT OF OXYGEII 
4. l DOIi 'T KIIOW 

lb. How do industries affect the food supply (Insects, 
algae) available to trout? (Circle one.) 

GROUP YOURS 
2\ 1. IIICREASES THE FOOD SUPPLY 
4 \ 2, DOES IIOT CHAIIGE THE FOOD SUPPLY 

83\ J, DECREASES THE FOOD SUPPLY 
11 \ 4 . I DOt,1 'T Know 

Jc. How do industries affect the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP YOURS 
71\ 
I 7\ 

2\ 
10\ 

1. IIICREASES THE AMOUNT OF SEDIMEIITATIOII 
2. DOES HOT CHAIIGE THE AMOUIIT OF SEDIMEIITATIO!I 
J. DECREASES THE AMOUIIT OF SEDIHENTATIUII 
4. l DOll''f KIIOW 

Jd. How do industries affect the amount of woody debris 
(fallen trees and limbs) present in the stream? (Circle one,) 

GROUP YOURS 
11\ 
36\ 
32\ 
21\ 

J, IIICREASES THE AMOUIIT OF WOODY DEBRIS 
2. DOES HOT CHAIIGE THE AMOUIIT OF WOODY DEBRIS 
J. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I DOtl'T KNOW 

Je. In addition to any habitat changes, how do industries direct!~ 
affect the number of trout in the stream? (Circle one.) 

GROUP YOURS 
0\ 
2\ 

87\ 
11 \ 

1, IIICREASES THE HUMBER OF TROUT 
2. DOES HOT CHANGE THE NUMBER OF TROUT 
J. DECREASES THE NUMBER OF TROUT 
4. I DOll'T l<IIOW 
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Knowing the way people feel about how land use affects trout strenns 
is important tor good The rlrst question astfi for 
your opinions about how difterent land uses affect streams. Benec1th 
each question is your response from the first and a summ~r:,· of 
the group response. Please base your answers on your personal 
l:now I edge and experiences in light of the information presented. Ir }"OU 
change youi- mind, t:hat's OK; however, if your response does not a9re7 
with the most popular responses from the group results, please eY.pla1n 
why you answered the way you did in the comment space provided on the 
sight. 

1. In your opinion, to what extent does each of the fol lowing l~nd 
uses affect a, nearby trout stream? (Circle the number of the 
response that best fits your answer for each of the five land uses.) 

HURTS HURTS DOES NOT HELPS IIELPS 
STREAH STREAII HURT STREAM STRF.IIH 
A LOT A LITrLE STREAM A LITrLE A LOT 

POAOS & RAILROADS 
( COIISTRUCT l011, USE 2 l 5 
& MIi ft!T,\IJIEJICE) 

'{OUR RESPOIISE 
GROUP RESPOIISE 41\ 521 51 01 0\ 

Jll[JIISTRIES (MIIIES, 
FACTORIES, HATER 2 l 4 5 
TREATMEUT PLAIITS) 

YOUR Rf.SPOUSE 
GROUP RESPOIISE 961 21 21 01 o\ 

----------------------------------------------------------------HOUSIIIG OEVELOPIIEIJT 
(IIOllSES, TRAILER 
P.~RKS, LAHIIS) 

YOUR RESl'OIISE 
GROUP RESPOIISE 

FARIHIIG (CROPS, 
PASTURES) 

YOIJR RESPOIISE 
GROIJP RESPOIISE 

fC1~ESTRY (TREE 
IIAR'IEST, 1'1111111 IIIG, 
WGG IIIG) 

YOIIR l<f.SPOIISE 
GPuUP RESPCJIISE 

1 

59\ 

)8\ 

51' 

2 l 4 5 

191 21 0\ o\ 

2 l 5 

51\ 111 0\ 0\ 

2 l 4 5 

))\ lll 21 0\ 

The following questions ask how you think roads and railroa,1s 
(construction, use, and near streams atfect trout h,11Jit.1t 
and populations. To the left of each question are your last respunse 
and a summary of the group response from the first mailing. Please 
answer each quest ion by circl inq one choice, based on your pe n:;on" I 
knowledge and experience in light of the information present~!. It is 
OK to change your mi:-id: however, it your response does not agree with 
the most popular responses group results, please explain Hhy )'OU 
answered the way you did in the space provided on the right. 

2a. llow do roads and railroads affect thl! amount of oxygen 
in the water available to trout? (Circle one.) 

GROUP YOURS 
01 

26\ 
47\ 
271 

1. IIICRE-'SES THE AHOUIIT Of" OXYGEII 
2. DOES IIOT CHAIIGE THE -'MOUIIT Of" OXYGEII 
l. DECREASES TIIE AIIOUIIT Of" OXYGEII 
4 • 1 IJOII "I' KNOW 

2b. llow do roads and railroads affect the food supply (insects, 
algae) available to trout? (Circle one.) 

GROUP YOURS 
4\ 

121 
51\. 
1)\ 

l. IIICREASES TIIE f"OOD SUPPLY 
2. IJOES 11o·r CHANGE THE f"OOD SUPPLY 
J. DECREASES TIIE FOOD SUPPLY 
4. 1 OC•II 'T IUIOW 

2c. How do roads and railroacts affect the amount of sediment.Jtion 
present in the stream? (Circle one.) 

GROUP YOURS 
89\ 

4\ 
0\ 
1\ 

1. lllCRE-'SES THE AMOUIIT Of" SEOIHEIITATIOII 
2. DOES IIOT CHMIGE 'fHE AHOU!IT Of" SEDIMEll1'ATIOII 
l. DECREASES TllE AMOUIIT Of" SEDIMEIITA'rIOII 
4 • l 0011 'T ICIIOW 

2d. !low do roads and railroads affect the amount of woody debris 
( fallen trees and limbs) present in the stream? (Circle on.,.) 

GROIJP 
20\ 
261 
37\ 
17\ 

YOURS 
1. IIICREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES IIOT CIIAIIGE THE AMOUNT Of" WOOD"{ DEBRIS 
3. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. l DOll'T ICNOW 

2e. In addition to any habitat changes, how do roads and ra i I r:>n•ls 
directly affect the number of trout in the stream? (Circle une.) 

GROIJP "{OURS 
Oti 

15\ 
77\ 

8\ 

1. IIICRE-'SES TIIE IIUIIBER Of" 1"ROUT 
2. DOES IIOT CHANGE THE IIIJMBER Of" TROUT 
l. OECRE-'S£S THE NUMBER Of" TROUT 
4 • I 0011 'T KNOW 
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The following questions ask how you think housing developments 
(houses, trailer pa~ks, lawns) near streams affect trout habitat 
and populations. To the left of each question are your last response 
and a suatmary of the group response fro,a the first mailing. Plea~e 
ansi,er each question by circling one choice, based on your personal 
knowledge and experience in light of the inforatation presented. It is 
OK to change your mind; however, if your response does not agree with 
the most popular responses from group results, please explain why you 
answered tha way you did in the space provided on the right. 

4a. llow do housing developments affect the amount of oxygen 
in the water available to trout? (Circle one.) 

GROUP YOURS" 
O\ 

27\ 
56\ 
17\ 

1. IIICREASES THE AHOUIIT OF OXYGEII 
2. DOES tlOT CHAIIGE THE AMOUIIT Of OXYGEII 
3. DECREASES THE AMOUNT OF OXYGEII 
4. I DOll'T l(IIOW 

~b. ll01< do housing developments affect the food supply 
(insects, algae) available to trout? (Circle one,) 

GROUP 
2\ 

15\ 
62\ 
21\ 

YOURS 
1. IIICREASES THE FOOD SUPPLY 
2. DOES IIOT CHAIIGE THE FOOD SUPPLY 
J, DECREASES THE FOOD SUPPLY 
4 . I DOIi 'T KIIOW 

4c. llow do housing developments affect the aa,ount of 
sedimentation present in the stream? (Circle one.) 

GROUP YOURS 
87\ 

4\ 
2\ 
n 

1. IIICREASES THE AHOUIIT OF SEDIHEIITATION 
2. DOES NOT CHAIIGE THE AMOUNT OF SEDIHEIITATIOII 
3. DECREASES THE AHOUIIT OF SEDIHEIITATIOII 
4. I DOll'T KIIOH 

4d. llow do housing developments affect the amount of woody 
debris (fallen trees and limbs) in the stream? (Circle one.) 

GROUP 
19' 
11.\ 
49\ 

• 21\ 

YOURS 
1. IIICREASES THE AMOUll'f or WOODY DEllRIS 
2. DOES tlOT CIIAIIGE THE AHOUIIT or WOODY DEBRIS 
). DECREASES TIIE AMOUNT or WOODY DEBRIS 
4. I DOll'T KIIOW 

4e. In addition to any habitat changes, how do housing 
developments directly affect the number of trout in the 
stream? (Circle one.) 

GllOlJP 
tl\ 
9\ 

81\ 
l ll \ 

YOURS 
1. IUCREASES THE NUHBER OF TROUT 
2. DOES tlOT CIIAIIGE THE IIUHBER Of TROUT 
3. DECRE1'SES TIIE NUl1BER OF TROUT 
4 . I DOU 'T KIIOW 

6 

Th•• following questions ask how you think Canoing (crops, pastures) 
n~,1· streams affects trout habitat and populations. To tl1e let~ of 
each question are your last response. and a summary of the group 
rec.ponse from the first malling. Pleas.a answer each question by 
cin;l ing one choice, based on your personal knowledge and experience 1n 
light of the information presented. It is OK to change your mind: 
howe•,er, if your response does not agree with the most popular 
responses group results, please explain why you answered the wa;· 
you did in the space provided an the right. 

s ... llow does farming affect the amount of oxygen in the water 
available to trout? (Circle one.) 

GI'• •UP YOURS 
:,\ 

i11t 
bl\ 
l"/\ 

1. IIICREASES THE AKOUIIT or OXYGEN 
2. DOES IIOT CIIAIIGE THE AKOUIIT OF OXYGEII 
). DECREASES THE AHOUIIT or OXYGEN 
4. 1 DOll'T KNOW 

Sb. llow does faniing affect the food supply (insects, algae) 
available to trout? (Circle one.) 

GR<,dP YOURS 
l"\ 
211 
4]\ 
19\ 

1. IIICREASES THE FOOD SUPPLY 
2. DOES IIOT CIIAIIGE THE FOOD SUPPLY 
3. DECREASES THE FOOD SUPPLY 
4. I DOll'T l(IIOW 

5e. llow does farming affect the amount of sedimentation 
present in the stream? (Circle one.) 

YOURS 
1. HICREASES THE AMOUNT OF SEDIHEIITATIOII 
2. DOES IIOT CIIAIIGE THE AMOUIIT or SEDIHEIITATIOII 
). DECREASES THE AI-IOUIIT or SEDil!EIITATIOII 
4. I OOH'T l(IIOW 

• -1. flow does farming affect the amount of woody debris 
(fallen trees and l!~bs) in the stream? (Circle one.) 

t:1•· !JP YOUP-S 
l~L 
2H 
4H 
Pl 

1. TNCREASES TIIE AHOutlT OF WOODY DEBRIS 
2. DOES IIOT CIIAIIGE THE AMOutlT OF WOODY DEBRIS 
). DECREASES THE AMOUNT OF WOODY DEBRIS 
4 . I DOIi 'T l(IIOW 

In addition to any habitat changes, hov does f8rming 
directly affect the number of trout in the stream? 
(Circle one.) 

t.it<• • • P YOURS 
u: 

15\ 
70\ 
15 \ 

l. ltlCREASES TIIE IIUHBER Of TROUT 
2. DOES IIOT CHAIIGE TIIE tlUHBER OF TROUT 
J. DECRE1'SES THE IIUHBER OF TROUT 
4 . I 0011 'T KIIOW 
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The following ask how you think forestry (tree harvest, 
thinning, logging) near affects trout habitat and populations. 
To the left of each question are your last and a summary of 
the group response the first Plaaaa answer each quest ion 
by circling one choice, based on your knowledge and experience 
in light of the inforaation presented, It ia OK to change your mind; 
however, if your response not agree with the most popular 

group results, please explain why you answered the way 
you did in the apace provided on the right. 

6a. How does forestry affect the nf oxygen in the water 
availabl~ to trout? (Circle ona.J 

GROUP YOURS 
01 

JOI 
4!'1 
25\ 

1. IIICREASES THE AMOUNT OF OXYGEN 
2, DOES NOT CHAIIGE THE AMOUNT OF OXYGEN 
J. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T KNOW 

6b. Hew rfc"~ , •~~stry affect ~-- • • :j supply ( insects, algae I 
available to c~cJ:? tc• ·•• one.) 

GROUP 
ll\ 
20\ 
61' 

61 

YOURS 
1. Ilil.::>!'.,\SES THE FOOD SUPPLY 
2. DO!:S IIOT CHANGE THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4. I DON'T IUIOlf 

6c, How does forestry affect the of sedimentation 
present in the (Circle one.J 

CROUP YOURS 
90\ 

2\ 
H 
41 

1. INCREASES THE AMOUNT OF SEDIMENTATION 
2. DOES NOT CHANGE THE AMOUNT OF SEDIMEIITATIOII 
l. DECREASES THE AMOUNT OF SEDIMENTATION 
4 . I DON 'T IUIOW 

6d. llow does forestry affect the amount of woody debris 
(fallen trees and limbs) in the (Circle one.) 

CROIJP YOURS 
6)\ 

91 
17\ 
11\ 

1. INCREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES HOT CHAIIGE THE AMOUll'f OF WOODY DEBRIS 
J. DECREASES THE AMOUIIT or WOODY DEBRIS 
4. I DOll'T KNOW 

6e, In addition to any habitat changes, how does forestry 
directly affect the of trout in the stream? 
(Circle one.) 

GROUP YOURS 
0\ 

I l\ 
6b\ 
21\ 

1. IIICREASES THE IIUHBER OF TROUT 
2. DOES NOT CHIIIICE THE NUMBER OF TROUT 
l. DECREASES THE HUMBER OF TROUT 
4. I 0011 'T l<IIOlf 

Plea 
the 
Appa 

space for any co .. you may have about 
-=~s ..: land use on trout in ":''i-! southern 

, i"n H~ ,ntains or this project. 

1 your cooper~· ~l!aSF > not write ;·our 
t'· 3 form. If requ~:;•· 

.· ,·ov• i at the end of the 
, ~~p· ~f the results wi?l 



COWGE OF AGRICULTURE AND LIFE SCIENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Blacksburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEF AR TMENT OF FISHERIES AND WILDLIFE SQENCES 

December 01, 1989 

Dear Fisheries Professional: 

Thank you for showing concern about the quality of Virginia's trout resources 
by returning our survey. We achieved an initial response rate of 78 percent and 
are very excited about the results this project will produce. As always, this 
letter asks a favor of you, but first I'd like to fill you in on what's happening 
and why you've been getting so much mail from me. 

Dr. Larry Nielsen and I are attempting to assess public attitudes towards 
land use and trout streams by using a modification of the Delphi Method. This 
process will get at how the public (i.e. landowners and anglers) thinks and feels 
through a series of written questionnaires like the one you've already seen. We 
hope to use the professional response as the baseline for our comparisons and 
evaluation of the public responses. 

And now for the purpose of this letter. Enclosed you will find another copy 
of the survey which includes your last response and a summary of the responses 
from the fisheries professionals. Please complete the survey again in light of 
the new information presented. If you change your mind, that's OK. If your 
response does not agree with the most popular responses, please explain why you 
answered the way you did. I am sure that by now you can begin to see how a group 
opinion is formed by this process. The response-reevaluation cycle continues until 
most of the responses agree, usually until 3 or 4 rounds are completed. 

I would like to remind you that your responses are confidential, so please 
answer honestly, basing your responses on your personal knowledge and experience. 
Again, I would like to express my sincerest thanks for your time and effort. 
Since we are surveying only a few fisheries professionals, your response is 
valuable-- please complete the survey and return it in the enclosed stamped 
envelope promptly. If there are any questions concerning the questionnaire or 
the project, please call me at (703)231-5573. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 

Appendix B. Survey Tools Used in Delphi Process 137 



COLLEGE OF AGRICULTURE AND UFE SOENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Blackrburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILDLIFE RESOURCES-DEPARTMENT OF FISHERIES AND WILDLIFE SOENCES 

January 09, 1990 

Dear Fisheries Professional: 

About three weeks ago I wrote you seeking infonnation about land use and 
trout streams in the Southern Appalachian Mountains. As of today I have not 
received your completed questionnaire. 

I am writing to you again because of the value of each completed 
questionnaire. In order for the results of this survey to be representative 
of all fisheries professionals, it is essential that each person returns their 
completed questionnaire. In case your questionnaire has been lost or misplaced, 
I have enclosed another copy. Please complete the survey and return it promptly 
in the enclosed stamped envelope. 

Tnis time the process is a little different. The copy of the survey 
includes your last response and a surrma.ry of the responses of all the fisheries 
professionals. Please answer the questions again in light of the new infonnation 
presented. If you change your mind, That's OK. If your response does not agree 
with the most popular responses, please explain why you answered the way you did. 
If you have any questions about this process, please call me at (703)231-5573. 

Your cooperation is greatly appreciated. 

Sincerely, 

Sheryl A. Bryan 
Graduate Research Assistant 

Appendix B. Survey Tools Used in Delphi Process 138 
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EFFECTS OF LAND USE OH TROUT STREAMS 

OF THE SOUTHERN APPALACHIAN HOUIITAIIIS 

This survey is p;ort of a study to assess the knowledge of 
several watershed user groups about the effects of land use on 
Southern Appalachian ·trout screams. It is an effort to let 
everyone be heard and in"tluence the of southeastern 
trout resources. Please answer all questions. If you wish to 
comment on any questions, please feel free to write in the 
margins. Your comments will be read and taken into 
consideration. 

Thank you for your help. 

Return this survey to: 

Sheryl A. Bryan 
Department of Fisheries and Wildlife Sciences 

Virginia Polytechnic Institute and State University 
Blacksburg, Virginia 24061 

Knowing the way people feel about how land use affects trout strcars 
is i111portant for good stream 111anaqe11ent. The first question asJ:~ fer 
your opinions about how different land uses affect stre~ms. Ren~~th 
each question is your respon9e from the first mailing and a s11mmi\1··:· :::f 
the group response. Please base your answers on your per5on,, l 
~~now ledge and experience-s in light of the information presente,J. I l ·,·en 
cl1ange your that's OK: however, if your response does not ~,r~n 
with the most popular responses from the group results, please e:-:pl."lin 
why you answered the way you did in the comment space provided on th~ 
right. 

1. In rour opinion, to what extent doe!': .,~h of the following land 
uses .,ffect a nearby trout stream? (Ci, ,le the number of the 
responsr that best fits your answer for each of the five lRnd uReR. ! 

HURTS HURTS ON:S HOT IIELPS tlfLPS 
STREAM STREAM IILIRT STREI\I~ STREAf! 
A LOT A LITTLE STREAM A LITTLE A LOT 

ROADS & RAILROADS 
(COIISTRUCTIOII, USE l 2 J 4 5 
& KAlllTAINEIICE) 

YOUR RESPOIISE 
GROUP RESPONSE 68\ 29\ 4\ 0\ 0\ 

IIIDUSTRIES (Hl!IES, 
fACTORIES, WATER 2 J s 
TREATHEIIT PLANTS) 

YOUR RESPOIISE 
GROUP RESPONSE 68\ 32\ 0\ 0\ o, 

HOUSIIIG DEVELOPHEIIT 
(HOUSES, TRAILER 1 2 J 4 5 
PARKS, LAWIIS) 

YOUR RESPOIISE 
GROIIP RESPOIISE 54\ J 'I' 7\ 0\ .. U'. 

-------------------------------- ------------------------------
fARl1111G (CROPS, 
PASTURES) 

YOUR RESPOIISE 
GROUP RESPOIISE 

rDRESTRY (TREE 
II A RV EST, 'l'IIIIIIIIIIG, 
LOGGltlG) 

'iOIJR RESPOIISE 
GROUr RESPOIISE 

1 

54\ 

]2\ 

2 J 4 5 

46\ o\ 0\ Ol 

2 5 

61\ ]\ 4\ oi 
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The following questions ask how you think roads and railroads 
(constrt1ction, use, and near streams ·affect trout habit.at 
and populations. To the left of each question are your last response 
and a summary of the group response th• first Plear.e 
answer each question by circling one choice, based on your person~, 
knowledge and experience in light of the information presented. It iA 
OK to change your mind; however, if your response does not agree uith 
the most popular responses group result11, please explain why rou 
answered the way you did in the •pace provided on the right. 

2a. How do roads and railroads affect the amount of oxygen 
in the water available to trout? (Circle one.) 

GROUP YOURS 
0\ 

69\ 
211 
10\ 

1. INCREASES THE AMOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
J. DECREASES THE AMOUNT OF OXYGEN 
4. I OOll'T KNOW 

2b. flow do roads and railroads affect the food supply ( insects, 
algae) available to trout? (Circle one.) 

GROUP 
JI 
7\ 

BJ\ 
H 

YOURS 
1. IIICREASES THE FOOD SUPPLY 
2. DOES NOT CHANGE THE FOOD SUPPLY 
). DECREASES THE FOOD SUPPLY 
4 . I 0011 'T KNOW 

2c. now do roads and railroads affect the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP YOURS 
100\ 

o•; 
ot 
0\ 

1. INCREASES THE AMOUNT OF SEDIMENTATION 
2. DOES IIOT CIIAIIGE THE AMOUNT OF SEl>IMENTATIOII 
J. DECREASES THE AMOUNT OF SEDIMEIITATION 
4. I DON'T KIIOlf 

2d. llow do roads and railroads affect the amount of woody debris 
(fallen trees and limbs) present in the stream? (Circle one.) 

GROUP YOURS 
7\ 

21\ 
55'\ 
24\ 

1. IIICREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES IIOT CHAIIGE THE l\MOUIIT OF WOODY DEBRIS 
J. DECREASES Tilt: AMOUNT OF WOODY DEBRIS 
4. I DOii 'T l<IWlf 

2e. In addition to any habitat changes, how do roads and .railroads 
directly affect the number of trout in the stream? (Circle one.) 

GROIJP '{OURS 
0\ 
H 

1. IIICREASES THE HUMBER OF TROUT 
2. DOES IIOT CHANGE THE NUMBER or TROUT 
J. DECREASES THE IIUHBER or TROUT 
4. I POil 'T KIIOlf 

The following questions ask how you think industries (mines, 
factories, water treatment plants) near streams affect trout h~bit~t 
and populations. To the left of each question are your last r~sponse 
and a summary or the group response from the first malling. Please 
answer each question by circling one choice, based on }'our personnl 
knowledge and experience in light of the infonnation presented. It is 
01< to change your mind; however, if your response does not agree •.;ith 
the most popular responses from group results, please explain \·Jhy you 
answered the ~ay y~u did in the space provided on the right. 

Ja. How do industries affect the amount of oxygen in the 
water available to trout? (Circle one.) 

GROUP YOURS 
o\ 
7\ 

861 
7\ 

1. IIICREllSES THE AMOUIIT OF OXYGEII 
2. DOES IIOT CHANGE THE AMOUIIT OF OXYGEII 
J. DECREASES THE AHOUIIT OF OXYGEII 
4. I DOll'T l<NOW 

Jb. How do industries affect the food supply (insects, 
algae) available to trout? (Circle one.) 

GROUP YOURS 
8\ 
4\ 

611 
27\ 

1. INCREASES TIIE FOOD SUPPLY 
2. DOES IIOT CHANGE THE FOOD SUPPLY 
J. DECREASES TIit: FOOD SUPPLY 
4 • I 0011 'T KNOW 

Jc. How do industries aff~ct the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP 
68\ 
18\ 

0\ 
14\ 

YOURS 
1. IllCREASES TIIE AHOUIIT OF SEDIMENTl\TIOII 
2. DOES NOT CHANGE THE AHOUIIT OF SEDIMEIITA'fIOII 
J. DECREASES TIIE AMOUIIT OF SEDIMENTATIOII 
4. I IJOll'T KIIOW 

Jd. How do industries affect the amount of woody debris 
(fallen trees and limbs) present in the strea~? (Circle one.) 

GROUP 
0\ 

)8\ 
)4\ 
28\ 

YOURS 
1. lNCREASES THE AMOUIIT or WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUNT OF WOODY DEBRlS 
J. DECREASES THE AHOUIIT OF WOODY DEBRIS 
4. I 0011 'T l(JIOW 

Je. In ~ddition to any habitat changes, how do indu~triPs directly 
affect the number of trout in the stream? (Circle one.) 

GROUP 
0\ 
)\ 

861 
11\ 

YOURS 
1. IIICREASES THE IIUMBER OF TROUT 
2. DOES IIOT CHANGE THE HUMBER OF' TROUT 
J. DECREASES TIIE IIUHBER OF TROUT 
4 . 1 DON'T KNOW 
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The following questions ask how you think housing developments 
(houses. trailer parks, lawns) near sffact trout habitat 
and populations. To the left of each question are your last response 
and a summary of the group response the first Plea,,,-
answer each question by circling one choice, based on your personal 
knowledge and experience in light of the inforaation presentr·• I'. i5 
OIC to change your however, if your response does not ~'!• • "'1th 
the most popular responses group results, please explain ,; you 
answered the way you did in the space provided on the right. 

4a, How do housing developments affect the of oxygen 
in the water available to trout? (Circle one.) 

GROUP YOURS 
01 

481 
45\ 

71 

1. INCREASES THE lUIOUNT OF OXYGEN 
2. DOES NOT CHANGE THE AMOUNT OF OXYGEN 
J. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T mow 

4b. How do housing developments affect the food supply 
( insects, algae) available to trout? (Circle one. I 

GROUP YOURS 
8\ 

111 
69\ 
12\ 

1. INCREASES THE FOOD SUPPLY 
2, DOES NOT CHANGE THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4, I DON'T ICIIOlf 

4c. How do housing developments affect the amount of 
present in the (Circle one.) 

GROUP 
9JI 

41 
0\ 
JI 

YOURS 
1. INCREASES THE AMDUNT OF SEDIHEIITATIDN 
2, DOES NOT CHANGE THE AMOUNT OF SEDIHENTATIOII 
J. DECREASES THE AMOUNT OF SEDlNEIITATlON 
4. I DON'T ICIIOlf 

4d. How do housing developments affect the of woody 
debris (fallen trees and in the (Circle one.) 

GROUP YOURS 
II\ 
111 
601 
18\ 

1. INCREASES THE AHOUNT OF WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUNT OF WOODY DEBRIS 
J. DECREASES THE AHOUNT OF WOODY DEBRIS 
4. I DON'T ICNOW 

4e. In addition to any habitat changes, how do housing 
developments directly affect the of trout in the 
stream? (Circle one.) 

GROUP '/OURS 
0\ 
0\ 

93\ 
7\ 

1. INCREASES THE NUHBER OF TROUT 
2. DOES HOT CHANGE THE NUHBER OF TROUT 
J. DECREASES THE NUHBER OF TROUT 
4. I DON'T ICNOW 

6 

The following questions awk how you think farming (crops, pa~turesl 
11ear streams affects trout habitat and populations. To the left of 
each question are your last response and a of the group 
response from the first mailing. Please answer each question h\' 
circling one choice, based on your personal knowledge and experienrn. in 
light of the information presented. It is OIC to change your mind: 
however, if your response does not agree with the popular 
responses from group results, please explain why you answered the ·~ar 
you did in the space provided on the right. 

Sa. flow does farming affect the amount of oxygen in the water 
available to trout? (Circla one.) 

,;pnlJP YOURS 
IJ\ 

JO\ 
701 

o\ 

1. IIICREASES THE AMOUNT OF OXYGEN 
2. DOES HOT CHANGE THE AHOUNT CYF' OXYGEII 
J. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T KIIOW 

Sb. now does farming affect the food supply (insects, algae) 
available to trout? (Circle one.) 

GllOUP YOURS 
)21 

"' tlO\ 
II\ 

1, INCREASES THE FOOD SUPPLY 
2. DOES IIOT CHANGE THE FOOD SUPPLY 
J. DECREASES TIIE FOOD SUPPLY 
4, I DON'T l<IIOW 

Sc. How does farming affect the amount of sedimentation 
present in the stream? (Circle one.) 

GROUP 
1001 

o, 
01 
01 

YOURS 
1. IIICREIISES TUE AHOUNT OF SEDIHEIITATIOII 
2, DOES NOT CHANGE THE AHOUNT OF SEDIHEIITATIOII 
l. DECREASES THE AHOUIIT OF SEDIHENTATIOII 
4, I DON'T l<IIOW 

Sd. How does farming affect the amount of woody debris 
(fallen trees and in the stream? (Circle one.) 

GROUP 
4\ 
7\ 

741 
15\ 

YOURS 
I. IIICREASES TIIE AMOUNT OF lfOODY DEBRIS 
2. DOES NOT CHAIIGE THE AMOUNT OF WOODY DEBRIS 
J. DECREASES THE MOUNT OF WOODY DEBRIS 
4. I DOll'T l<IIOW 

5e. In addition to any habJtat changes, how does farming 
directly affect the number of trout in the stream? 
(Circle one. I 

GROUP YOURS 
4\ 
81 

80 
4\ 

\. IIICREASES 1'11E NUMBER OF TROUT 
2. DOES NOT CIIAIIGE THE NUMBER OF TROUT 
J. DECREASES THE IIUHBER Of TROUT 
4. I DON'T kllOW 
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Ttu, following ask how you think forestry (tree 
thinning, loqglnql near streams affects trout habitat and l"'P"' •• inn:,. 
To the left of each question are your last response and a ,mmm" • or 
the group response the first Please answer P~•·h -,-,~~t ion 
by circling one choice, based on your personal knowledge ai,· 1 -.,q--••:"rnce 
in light of the information presented. lt is OK to r.l11rng•· , "r ,nuul: 
however, if your response does not agree vlth the most popul" 
responses group results, pl•••• explaln vhy you answered ~he way 
you did in the provided on the right. 

6a. How does forestry affect the amount of oxygen in the water 
availabls to trout? (Circle one.) 

GROUP YOURS 
O\ 

6]\ 
J]\ 

41 

1. INCREASES THE AMOUNT OF OXYGEN 
Z. DOES NOT CHANGE THE AMOUNT OF OXYGEII 
J. DECREASES THE AMOUNT OF OXYGEN 
4. I DON'T KNOW 

6b. How does forestry affsct the food supply (insects, algae) 
available to trout? (Circle one.) 

GROUP YOURS 
19\ 
8\ 

58\ 
151 

1. IIICREASES THE FOOD SUPPLY 
2. DOES NOT CHAIIGE THE FOOD SUPPLY 
J. DECREASES THE FOOD SUPPLY 
4. I DON'T KNOW 

&c, How does forestry affect the of 
present in the (Circle one.) 

GROUP YOURS 
100\ 1. IIICREASES THE AMOUNT OF SEDIMENTATION 

0~ Z. DOES IIOT CHAIIGE THE AMOUNT OF SEDIKEIITATlt'II 
O\ J. DECREASES THE AMOUNT OF SEDIKENTA'UOII 
01 4. l DON'T KNOW 

&d. How does forestry affect the amount of woody debris 
(fallen trees and limbs) in the stream? (Circle one.) 

GROUP YOURS 
50\ 

o\ 
39\ 
11\ 

1. IIICREASES THE AMOUNT OF WOODY DEBRIS 
2. DOES NOT CHANGE THE AMOUNT OF WOODY DEBR1~ 
J. DECREASES THE AMOUNT OF WOODY DEBRIS 
4. I DON'T KNOW 

&e. In adrlition to any habitat changes, how does forestry 
directly affect the number at trout in the stream? 
(Circle one.) 

GIWUP YOURS 
0\ 

Jq\ 
f.r,•, 
15i 

l. IIICREASES THE NUMBER OF TROU'l" 
2. DOES NOT CHANGE THE NUMBER or TROUT 
J. DECRF.ASES THE NUMBER OF TROUT 
4. J UON'T KNOW 

Please use this space for any comments you may have ab0 1Jt 
the effects of land use on trout streams in the Southern 
Appalachian Mountains or this project. 

Thank you for your cooperation. Please do not write your 
name on this form. lf requested, a copy of the results will 
be provided at the end of the study. 
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COLLEGE OF AGRICUL TI:RE AND UFE SCE:-ICES 

VIRGINIA POLYTECHNIC INSTITUTE AND ST A TE UNIVERSITY 

Blacksburg, Virginia 24061-0321 

SCHOOL OF FORES7RY .-\1'D WILD!..IFE RESOURCE5-DEP.~RT~ENT OF F!SHERIES AND WILDLIFE SOENCES 

February 28. 1990 

Dear Virginia Landowner: 

The third and final round is here. Thus far. the results are 
encouraging-- the response rate has been high and we are receiving 
tremendous amounts of valuable input from you. I would like to 
sincerely thank you for your time. effort. and enthusiasm. Your 
responses will be incorporated into a new management plan for Virginia's 
trout resources. A plan that we hope will improve trout resources near 
you in the future. 

So, what now? This is the last time you'll see these questions-
I promise! We are having trouble with the data analysis for several 
questions. so we are trying to salvage the information :by asking for 
your responses to these questions once again. 

The directions are simple. Re-evaluate each of the questions in 
light of the infer.nation presented. If you wish to keep the same 
response. just re-mark that answe:-. If you have changed your mind. 
that's OK. just mark the new answer. In any case. if your response does 
not agree with the most popular answers. please explain why you answered 
the way you did to the right of each question. Then return the survey 
as soon as possible in the enclosed stamped envelope. 

Again. let me remind you that I am the only one that sees your 
responses. so use this to answer hones~ly and to the best of your 
knowledge. If you would like a copy of the final report and proposed 
management plan. please make a note on the survey form or on the 
envelope. DO NOT write your name on the form. 

Thank you once again for your concern about Virginia's natural 
resou:-ces. 

Sincerely. 

Sheryl A. Bryan 
Graduate Research Assistant 
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Pl- .,._. the tollovinq ~lone en var-101.m land ,_ and the effect.. they hava en 
colCMSter ~- &.le ycur anirvera en ycur pen,onsl knowledge and e,q:,erience in light 
ot the intcniatien preeented. It )'OJ do not agrM vith the - pop.tier ~-
pl- a,cplatn why in th• apece at the right ot eac:h ~ien. Thant )'OJ far yc,ur UM 
IIR1 c:coperation. 

1. In YQJI' opinion. to llhat extent do rooda and ra1lrooda (c:crwt.ructicn. UN. arr! 
•lntainancel affect rwerby u-cut irtreaa7 (Circle the reep:,rwe that l)eet flta )'Qr 
._..l 

CRl.P 'iQJRS 
32' 
158'1 

Olli 
Olli 

°' 

1. llJRTS SIRDH A u::,r 
2. IUll'S SIRDH A r..rnu: 
3. IXlES IOT fl.RI' SIRDM 
4. HE1PS SIRDM A unu: 
5. HE1PS SIRDH A U1f 

2. Hcv do rooda and nttlroada affect the -t of 00C)'g9lt in the wter -ilable to 
trcut7 (Circle one. l 

1. IlCRD.Sf3 ntE All1ffl' CE on,mf 
2. IXlES IOT OWGE n£ .MD.NI' <:E OX'tGEM 
3. CE:RDSES ntE AIDJNT CE ortGDI 
4. I IXJl'T l<IOW 

3. Hov do roods and ratlroada affect the --.it of ll00dy dal:ria (fallen u-.. and lial:e 
s:ir-it in the lltreea7 (Circle one. l 

GIO,fl YCXJllS 
30!li 
61'1 

Olli 
9' 

1. D«l!DSES n£ AIOMl' CE lODV tEIUS 
2. IXlES IOT OWGE 11£ MaJHT CE l«xD'i tEl!IS 
3. WlDSlS ntE All1ffl' CE l«XDr IEIUS 
4. I IXlf'T KIOf 

4. Hov do lndl.etriu fac:tcri•. wter plantal affect the of 
ll00dy detr1• (fallen t,,- and sr-t in the sir-7 (Circle one.I 

IRXI' \'OOllS 
22' 
39' 

°' 39' 

1. I~ n£ AIOM' CE l«XDr IEIUS 
2. IXlES IOT Ow«E n£ AMJUNI' CE lODV tEIUS 
3. oo:RDSES 1lE NO/HT CE l«XDr IEl!L9 
4. I IXlf'T l<IOW 

5. In ycur oplnicn. to llhat extent do hcullnq devel~ lhclaa. trailer perl<a. 
lavre) affect a .-by trcut stzwa7 (Circle the reepcrwe thet bat Uta ycur .,.__.._, 

GIO..I' \'OOllS 
73' 
m 
°' Olli 

°' 

1. llJRIS SIRDM l U1f 
2. fUITS SIRDH A LITIU: 
J. IXlES IIJI' IUlT SIRDN 
4. HflP.3 SIRDH A unu: 
:, • HELPS 9'IRDII A u::,r 

ICMJII 

6. Hov do howlirq devel~nta affect the amc:unt of eedlaantetten in the irtr-. 
(Circle one. l 

<HlJP '11:lJRS .. 
9' 

°' 
1. IIO!DSES THE AMJUNI' CE Sll>DEID.TICJI 
2. !XIS IOT OWGE: THE AJOJNr CE SIDD!Dm.TICJI 
3. CEx:RDSES THE .MD.NI' CE SWDEID.TICJI 
4. I !Of'T IODf 

7, Hov do hculing del/91~ affect the -t of ll00dy detri• (fallen tz-.. and Uab 
in the aa--7 (Circle one.) . 

<HlJP 'illR! 
2~ 

9'I 
:m1 

1. DDlDS!S H NOMI' CE l«XDlf lmUS 
2. IXD tOJ' OWE THE NCUff' CE l«XIJY C1DUS 
3. t:El!DS&9 n£ AMJUNI' CF llXllY !ERIS 
4. I IXlf'T IOOf 

a. In rar opinicn. to .,_t extent doN tening (crope ent puturwl atfec:t .-by 
trcut !Circle the naporwe that i-t Uta fQr ._._, 

CRl.P 'iaR! ,_ 
71'1 
1.-
0III .. 1. 11.RrS smDM ,. wr 

2. 11.RrS SIREN! A LITlLE 
3. 1XD tOJ' II.Rf SIREN! 
4. HE1.l'S SIREN! A LITlLE 
5. !El'SSIREMAIDr 

!I. Hov doN f-1nq affect the aa:utt ot CIIC)'Ven in the wter available to trtiut7 
(Circle one. I 

GR:l.l' 'iQ.RI .. 
30!li 

31. 

1. Ii«:JDSm 1l£ NCUff' CE OX'tGDf 
2. IXD tm' OWGE n£ All1ffl' <:E anGEM 
3. m:RDSm ntE »DM' CF OX'tGDf 
4. I IXJC'T KIOf 

10. How dcea f-1ng affect the focd aupply U~. algae> -Hable to iz-t7 (Cirele one.I . 

CRl.P \URI 
:,a .. 
31• 
13' 

1. Il«:RDSE3 nE ro:D fU'PLY 
2. IXD IOI' Ow«JE ntE RXI> aJFPLY 
3. tElDSEB 11£ RXI> !U'PLY 
4. I IXlf'T ICIOf 

11. How dcea feninq affect the -t of ll00dy datri• !fallen u- ant lilll:91 pr-.it 
tn the atn.1 (Circle-., 

CRl.P 'itlll9 
1711 
6111 
13' 
ft 

1 • .uaDSE3 n£ AIO.Nr C, l«XX1i [ERIS 
3, IXEJ 11:J'C Ow«Z ll£ AIOMI' CE !ERIS 
3. IRJDSE3 1HI!! AMJUNI' CF 10:ll'{ !ERIS 
4. I IXJl•T IOOf 



12. In addition to any habitat ch4ngee. hew does farmil'I] directly affect the raJllber of 
trout in a S'tnml? (Circle cne. J 

1. INCRE7QS 'IHE CE' m:111' 
2. lXlES tor Oi7IIGE 'IHE IUEER CE' m:111' 
3. DE:RE:ASES 'IHE IUEER CE' m:111' 
4. I IXlN'T l<NJW 

13. In ycur opinion, to what extent does forestry (tree l'lom-.lest, thiming. loggil'l]J 
affect nearby trout stnam? (Circle the respoi- that best fits your ans--. J 

GlnlP mJRS 
36% 

9lll 
4' 

1. KJRTS STREM( A I.Or 
2. KJRTS STRDM A LIITLE 
3. lXlES N:7I' KJRl' STREM( 
4. HELPS STRDM A LIITLE 
5. HELPS STREM( A I.Or 

14. How does forestry affect the maamt of CDC)'g9n in the water available to trout? 
(Circle cne. J 

GIDJP\'aJRS 
26% 

0% 
48111 
26% 

1. m::REASES 'IHE M«lJNI' CE' OXYGDl 
2. IXlES N:7I' Oi7IIGE 'IHE M«lJNI' OF 
3. IJE:RDSES 'IHE M«lJNI'. CE' OXYGDl 
4. I IXlN'T lOOi 

1!5. How does forestry affect the food aupply (inaec:ts. algae) available to trout? 
(Circle cne.) 

GIDJP \'aJRS 
26% 
4' 

'70% 
0% 

1. m::REASES 'IHE FCXD SUPPLY 
2. IXlES N:7I' Oi7IIGE 'IHE FCXD SUPPLY 
3. 'IHE FCXD SUPPLY 
4. I IXlN'T IOOi 

16. How does forestry attect the IIIDCUl1t of Nllillentation ir-nt in the st:rMa? (Circle 
one.) 

GIUJP \'aJRS 
8'7% 
5% 
4' 
4' 

1. m::REASES 'IHE M«lJNI' CE' SEDIMDrl7.Tial 
2. IXlES tor Oi7IIGE 'IHE M«lJNI' CE' SEDIMDrl7.Tial 
3. 'IHE M«lJNI' CE' SEDIMDrl7.TIQl 
4. I IXlN'T IOOi 

17. In lldc1ition to any habitat c:han;es. hew doee forestry dinc:tly affect the l'Ulber of 
trout in the stnu? (Circle one. l 

GIUJP \'aJRS 
1411 
5% 

63% 
18!11 

1. D«:RDSES 'IHE tulBER CE' mm' 
2. IXlES N:7I' Oi7IIGE 'IHE lU4E& CE' mm' 
3. IlEx:CRDSES 'IHE IUIBm CE' m:111' 
4 .• I IXlN'T IOOi 

Do you think the Delphi Method hu been an ettective way to identify and quantify public 
attitudes towards land use on Vi:Vinia '• trout lltrellma? (Pl- ~nt :below. J 
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12. How does fan11ing 11ffec:t the foo:i supply (insect:. 11lgae) available to trout? (Circle 
one.) 

GRa.lF YOUFIS 
57% 
14% 
29% 

0% 

1. I~ 'IHE FOOD SUF?LY 
2. OOES OOT Q!ANGE !HE FOOD S!J??T-Y 
3. D~ !HE FOOD SUF?LY 
4. I OON'T KOOW 

13. How does fan11ing 11t!ect the ll.lllO\Jrlt of woody debris (f11llen trees an:i limbs) present 
in the stream? (Circle one.) 

GRa.lF YOORS 
5% 

71% 
19% 
5% 

1. INCREASES 'IHE A!OJNT OF lOJDY DEBRIS 
2. IXlES 00T ow,m 'IHE »o.JNr OF ~y DEERIS 
3. DE<JlD.SES 'IHE AMCI.JNT OF WOODY DESRIS 
4. I OON'T K?-.ow 

14. In addition to a.~y habit11t changes. how does faniiing directly 11ffect the number of 
trout in 11 stream? (Circle one. l 

YOORS 
0% 

62% 
33% 
5% 

l . INCREASES n-lE NUMBER OF m:ll1I' 
2. IXlES to!" OWE 'IHE NUMBER OF m:ll1I' 
3. oa:cRE:llSEE !HE NUMEER OF m:ll1I' 
4. I ro-l'T KOOW 

15. In your opinion. to what extent does forestry (tree harvest. thiming. logging) 
affect nearby t.'"01.lt streams? (Circl-e the response tMt best fits your answer.) 

GRa.lF YOORS 
14% 
67% 
14% 
5% 

l . HURTS 5I'REAM A I.CfI" 
2. HURTS 5I'REAM A I.I11l.E 
3 . IXlES OOI' HURT SIREi\M 
4. HEt.PS 5I'REAM A urn.E 
5 . HEt.PS 5I'REAM A I.CfI" 

16. How does forestry 11ffect the omount of oxygen in the water available to trout? 
(Circle one,) 

GRa.lF YOORS 
5% 

14% 
76% 

5% 

l. 'IHE AM::IJNr OF OXYGEN 
2. IXlES OOI' aw-m: 'IHE AM:X.lNr OF OXYGEN 
3. mx:RE1\SES 1HE AM::IJNr OF OXYGE:N 
4. I OON'T KOOW 

17. In addition to any Mbitat chll.nges. how does forest.ry directly affect the lllJlllber of 
trout in the stream? (Circle one. l 

GRa.lF YOORS 
5% 

14% 
71% 
10% 

1. INCm:7\SES 'IHE NUMBER OF 'lm1I' 
2. IXlES OOI' OWGE 'IHE NUMBER OF m::itrr 
3. !HE NL'MEER OF m:ll1I' 
4. I OON'T KOOW 

Do you think the Delphi Method MS been an effecti~ w11y to identify am quantify public 
attitudes towards land use on Vi::-g1ni11 • !I trout stre111115? (Please comment below.) 
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Ple.,,,e answer the fol lov1rg questien, on var10W1 l<lrd uae9 4n1 the ettect.a they have on 
coldwater stre....,,. &,,e your onswers on yrur personal knowledge ard experience in light 
ot the 1nfonlll!lt1on prnented. It ycu do rot aqrtt with the lll0St popular responses. 
pl- explain Why in the space at the right ot each questia,. ThaB< you tor your time 
llrd coopent1on. 

1. In. your opinia,. to Whdt extent do ro4ds llrd railroads (construction . .-. ard 
.,.intain11nceJ a!tect nearby trout str.....,,7 (Circle the respon9e that wt fit.a your 
answr.) 

GIUIP 'iClJRS 
61" 
3°" 

9' 

°" 

1. IIJRISSIRDHlt.or 
2. llJRTS 5lll!7IH l Urn.£ 
J. OOES IOT llJRT S'mEAH 
4. HELPS 5TRDM l UTIU: 
~. HELPS Sil1DM A LOT 

2. How do roads an::! r<1ilraids attect the uount ot al<l'll•n in the water available to 
trout? (Circle one.) 

GIOJP 'l'WRS 

°" 14" 
:56, 
3°" 

1. INCRDSES 1liE AIOJNI" OF OX'iGDf 
2. OOES tor OWG: 1liE A1«M1r OF OX'tGE1I 
3. OEJ:RDSE:S 1liE AIOJNI" OF OXYGDI 
4. I CQl"T IO«JII 

J. How do roods an::! railroads attect the food supply (ill!!ects. alqael available to 
trout? <Circle one. I 

GIOJP 'l'WRS 
6% 
9' 

7o,i 
15' 

1. INCRDSES 11iE fOD SUPPLY 
2. OOES IOI" Qwm; !HE fO'.X> SUPPLY 
3. !HE fOD SUPPLY 
4. I tol"T IO«JII 

4. Hov do roads an! railraids affect the amount of woody del:ris (!alien trees and lutbl 
pr.sent in the streaa7 (Circle one. I 

1. I~ !HE AIOMJ' OF lOXlY llEHlIS 
2. OOES l«Jr Oil/m: !HE ""'-!NT Of liCal'l IEllIS 
3. DEX:RDSES !HE AIOMJ' OF l«XllY emus 
4. I OCfl"T IO«JII 

How do irdustrie9 laines. factories. water treatment plants) attect the amount of 
woody detr11, (fallen tree" ard luw,1 present 1n the str-7 (Circle one. 1 

(~ 'l'WRS 
6% 

6~ 
9' 

23' 

1 • It«::RD.SES !HE AIOMJ' Of' wo:xJY DEmIS 
2. 00£3 IQ!' Oil/m: !HE AIOMJ' <:E !ODY DEmIS 
3 • OEXJl£ASEs !HE NOJHl' OF l«XllY DEBUS 
4. I D:f4'T IOO 

6. How do housirg develoi-nts (houses. trailer parl<,,. lawnsJ affect the a.mrunt of 
woody delris (!el !en trees <1B1 limbs I present in the stream? (Circle one. J 

GIOJP YaJRS 
17"' 
24% 
47"' 
12' 

1. INCREllSrn THE AIO.INT OF wo:xJY DEBRIS 
2. OOES tor OW1iE THE AIOJNT OF IICaJY DEBUS 
J. DErREA5ES 1liE AIO.INT OF lODY DEIIUS 
4. I CQl"T IOOII 

7. In your opinion. to What extent does tanairg (crepe and pastures) attect nearby 
trout 9treaa,,7 (Circle the~ that beat tit.a your onswer.l 

GIOJP IDJRS 
481 
49' 

°" 3" 

°' 

1. HURIS smENI A LOT' 
2. IIJRIS SIREN! A urn.E 
J. OOES IOI" llJRT SIRDM 
4. HELPS 51TlEI\M A urn.E 
, . HELPS SIREN! A LOT' 

8. How doee tanainq affect the food eupply (i.--ets. algae) available to trout? (Circle 
one.I 

GIOJP YOOllS 
15' 
3" 

68' 
14' 

1. IIO!DSE9 11iE roD SUPPLY 
2. DOES IOI" Ow«3E 11iE roD &m.Y 
3. O£CR£llSES 11iE rooo aJPPLY 
4. I CQl'T IOOII 

9. How does farsinq affect the uount of W00dy delris (fallen trees ard lillll:el preaent 
in the strea&7 (Circle one.) 

1. INCREASES 11iE AIOJNT r:E 10DY DEBUS 
2. OCl£S IOI" Ow«.E niE AIOJNT r:E 10DY [£BUS 
3. OE:REllSES 11iE AIOJNT CE l«XllY DEBUS 
4. I tol"T IOOI 

10. In your opinion. to llhllt extent does forestry (tree harvest, thiminq. logginql 
affect nearby trout str..,.,,7 (Cin:le the responae that beat tit.a your onswer. l 

I . t«JRTS smElU4 A LOT' 
2. IIJRIS SIREN! A LITIU: 
3. OOES IOI" IIJRT SI11EAH 
4. HaP5 smElU4 A LITTLE 
, . HllJ'S SIREAM A LOT' 

11. How does tore9try affect the uount of I000dy detru, (fallen trees ard lum11 i:ir-nt 
,n the 9trelllll (Circle one.) 

GIOJP 1!WRS 
79" 

3" 
1,, 
3" 

1. ItcRDSES 11iE AKXJHI' r:E l«:XXl'i' CEIIIS 
2. OCES IOI" Ow«iE niE AJCUrl' OF IO:DY IEIIIS 
3. D~ niE NOMI' CE l«:XXl'i' !ERIS 
4. I tol"T JODI 

Do you th11-.C the O.lphi Methcd has been an effective woy to Identity and "'4nt1ty p..iblle 
attitudes towards lard use on Vlrq1n1a·11 trout str-7 (Please cc:aaent belov.1 



Pl.,..se ..,.....,r t.">e tollowirq questions on vv1CAJ11 land usu and the ettecta they haV9 on 
coldweter stre-. Bue your arwwens on your pers0114l knowledge and experience in light 
ot the 1nt~tion prnented. It ycu do not agree v1th the moet pop.ilar responses. 
pl- explun wtay in the space at the right of each question. Thilllk ycu for your tiM 
and coopent ion. • 

I. In ycur opinion. to what extent do roads and railroads lc:onetn,ction, use. and 
aaintainanc:•l affect nearll)" trout stre-? !Circle the resiu- that best fits ycur 
..,_r.l 

1. IIJRI'S smDH At.OT 
2. tunS smDH A UTll.E 
3. COS IOI' llJRT STREAM 
4. HELPS STREAII A UTll.E 
5. HELPS !nRDH A LOT 

2. Holl do roads and railroeds affect the aaount of CDl)'Ven in the veter availoble to 
trout? (Circle --l 

1. IICRDSES 1llE AIOllll' CE 0XYGDI 
2. !Xe tm OWGE lffE AIOllll' CE 0XYGDI 
3. CIEiliDS!S 'DiE AKXJNT CF 0XYGDI 
4. I J:Xlf'T IOOlt 

3. Hov do r0llds an1 railr011ds affect the uount of V00dy del:ria (fallen tnea and Ullba 
present 1n the stnu7 (Cin:le one. I 

1. INCJIDSES 11IE MOJNT CF 110:D'i DEBUS 
2, IXlES IOI' awm: 1HE AIOffl' CE IIO:D'i !ERIS 
3. OEX:RDSES lliE AJOJNI' OE' IIO:D'i DEBUS 
4. I J:Xlf'T IOCW 

4. How do irdustries factories. veter treatMnt plant91 affect the ucunt ot 
voedy del::r1s lfsllen trees and present in the atreu7 (C1rcle --> 

GlnJP YCA.Jl,S 
7' 

'°' li'li 
24" 

1. IIGDSES 11IE AJOJNI' CE IIO:D'i DEBUS 
2. !XIS IOI' arum: lHE AIDM' CE IIO:D'i DEl!RIS 
3. OEa!EASES 1HE AIOIII' CE IIO:D'i DEBUS 
4. 1 IXN'T KN:M 

5. Hov do hc.u!ltn;J d.,,.los,eents lhoun9. trailer p,u1ca. lavnal attact the ucunt of 
voedy debris lfsllen trees 4td preeent in the atreu1 1c1rcle one. I 

GlnJP YOJRS 
IA 
7' ~.,_ 

24" 

1. lr«:RDSlS 1ME AIOMT CE IIO:D'i !ERIS 
2. IXEI IOI' OfAmE 1HE AIO.ffl' CE wtal\' !ERIS 
3. UXllDSEg 1ME N«llJII' OF 10:D'I CEBU$ 
4. 11:af'T 1001 

,~, 

nd turesl effect nerby 
6. In your opinion. to v11a1 ttheexte~ ~:,.,":t 1~~ :!..r.} 

trout ~? cc.ire e re...--

1. HJRTS stmM A LOT 
2. HJRTS stmM A t.rrn.E 
3. IX:fS tm IUIT 
4. HElJ'S LOT 5,HEJJ'S_,,......., 

ff - -~- food --1y (!Meets, algae) available.to trout? (Cin:le 7. Hov doe9 f-irq a -• .,._ ......., 
--l 

GIIClJP \'OOHS 
1~ 
1a 

l m::RDSE9 11£ ftXX> SUPPLY 
2. 1XES IOI' OWGE lffE FCXX> 9.IPPLY 
3: llf,CUSE3 11£ ftXX> !ll'PLY 0 

12i' 4. I IXll'T KIOI 
a. Hov dON fanirq affect the -t of -,dy dal:ris (fallen trees and 1111ml 

in the ~1 (Cirele -· l 

1 IIOIDSES '!\IE NOMI' CE IDXl't IE!US 
2. 1X:fS ,m QWGE 1HE AIOIIT CE IDXl't llEllUS 
3 : IEllDSES 11IE »om CE IDXl't mmis 
4, I IXll'T KIOI 

• · ent c1oea fareatry (trH tiarveat. thimirq. Joggirql 
9. In your opinion. to ..,.t e,ct7 !Circle the reaponse that best fita yo.,r ...-r.} 

affect IWU"t,y trout atrNm 

GIIClJP 's'l1JRS 
m 
19" 
9" 

°' °' 

1, IUITS smDII A t.OT 
2. tunS SIIIDM A t.rrn.E 
3, IXES IOI' ti.RI' stmM 
4.HfU'SSIREMALITIU 
5. IEJ'S SltDM At.OT 

doD r-- affect tM ..u,t ot in the veter available to trout? 10. Hov ---, 
.(Circle OIW,) 

GRl.l' YClJR9 
a 

12i' 
1 IIGEASES tH£ NOMI' CE OX'IGOI 
2: lx:f.StmaWG:n£»olfTCEOX'IGflt 
3. IEJIEASES 11£ AIOffl OF 70'li 

lA 4. I IXll'T KIOI 

u. In addition to any habitat c:tlanQN. bW c1oet1 tcnstry directly affect the ,.._,.rot 
UVJt 1n the air-7 IC1rcle -• I 

GIDI' YClJR9 

"' IOI 
m 
16" 

1 IICRD!i£S ti£ IUIEI c, nutr 
2: IX& l«:JI' OWllE ti£ 11111D CE 1'011' 
3. fEDIDSE!I 1l£ IUIEI OF 11DII' 
4. I IXll'T KIOI 

Do thlrie the Deli,hl Method hU bffn en eftectlV9 IMY to identify and ~tifr p,bliC 
sttitlJdea towuda land,_ on V!rgin1a·1 tr<iut atr-7 (Pleue c~nt below.I 



• COLL.EGE OF AGR.!Cl.lLTURE AND LIFE SCIENCES 

VIRGINIA POLYTECHNIC INSTITUTE AND STA TE UNIVERSITY 

Biack.rburg, Virginia 24061-0321 

SCHOOL OF FORESTRY AND WILD!.IFE RESOURCES-DEPARTMENT OF FISHER.IES AND WILDLIFE SCIENCES 

February 28, 1990 

Dear Fisheries Professional: 

The 'third and final round is here. Thus far, the results are 
encouraging-- the response rate has been high and we are receiving 
tremendous amounts of valuable input from you. I would like to 
sincerely thank you for your time, effort, and enthusiasm. Your 
responses will serve as a baseline for comparison with the public's 
ideas and attitudes. Also, your responses will be incorporated into a 
new management plan for Virginia's trout resources. A plan that we hope 
will benefit your agency in the future. 

So, what now? This is the last time you'll see these questions-
I promise! We are having trouble with the data analysis for several 
questions, so we are trying to salvage the information by asking for 
your responses to these questions once again. 

The directions are simple. Re-evaluate each of the questions in 
light of the information presented. If you wish to keep the same 
response, just re-mark that answer. If you have changed your mind, 
that's OK, just mark the new answer. In any case, if your response does 
not agree with the most popular answers, please explain why you answered 
the way you did to the right of each question. Then return the survey 
as soon as possible in the enclosed stamped envelope. 

Again. let me remind you that I am the only one that sees your 
responses, so use this to answer honestly and to the best of your 
knowledge. If you would like a copy of the final report and proposed 
management plan. please make a note on the survey form or on the 
envelope. DO NOT write your name on the form. 

Thank you once again for your concern about Virginia's natural 
resources. 

Sincerely. 

Sheryl A. Bryan 
Graduate Research Assistant 

Appendix 8. Survey Tools Used in Delphi Process 151 
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?I- ..--r the rol lowirq ·'l"fftiont on varta.- land ,_ &rd the etrecU they have on 
coldwater ,tna•. i!ee ycu- ,nsver-s .:,n your per,c,r,el knowledqe an! experience in light 
or the lnfc,n,at1.:,n pr"8ent~- It )'OU do not aqr,.. with the .,.t populu r~. 
;,1 .... explain why in the apace it the ngllt or each question. Thar1< you t<:r your ,tiM 
ard cooperat:.on. 

1. lbw do rc«la mt r,.i ir=!!t ~rt~ the aaount ot woody detr1e <tall en tr- and I illba 
pn9ent 1n the strHa7 :•:'Jr:l• .:ne. J 

I. Illl..""!D,;:,cS "il£ AIOJ!IT or 'rlXD( OEDIIS 
2. OOES IOl' C-',AA;£ nu: AIOMf <Y 'IIOCDt tEiRIS 
l. niE NO.MT or 'rlXD( OEl!RI3 
4. I ~'Ti,lOI 

2. lbw do anirlltriee !ainee. factcr:ee. water trMtMnt plantel atrect the --.mt of 
-.dy del:ris !fallen treee .,rd 11111:el in the •u--1 ICircl• one. I 

1. I~ n'E AICUHT or IQXI'{ OEllUS 
, . OOES KIT Q'JJQ; ThE AIO.HT or liCOO't CEIIIS 
J. n£ NO.MT or IQXI'{ DE!IUS 
4. I can·illOI 

J. In your opini.:.n. to lollat extent do hClusirq dewlopaant!I lheulla. trailer parl<s. 
1•-• affect a rwarby trcut streul (Circle the reepc,rwe that beet fite -....-., 

Gl'0.9' YCUlS 
6~ 
38' 
a. 
°' °' 

1 . KJRTS sraDH A :.ar 
2. KJRTS STRDH A UTTU: 
l. OCES IOI' flJRT STlEH 
4. HElJ'S STRDH A UTTU: 
,. HEIPS :m1DM A Wf 

-1. lbw do tY.Jusirq devel,,iaents affect the uount of oxygen in the ""ter availabl• to 
trout l IC arc le one. I 

I. [IOD..."ES M AK:tM' or OX'l'GDI 
2. IXlES IOI' CHAt,G£ M »oJHl' CE OXlGOI 
J. ca:msES niE AIOJHT or OXYGDI 
4. l IXll'T IOOI 

,. In ya.ir opanaon. to what e,,unt does rantrq lc:roi:,a &rd peaturael effect rwarby 
trout stnaal !Circle the re,rpcn,• that bast flte )IQA" _,.,I 

GIUJP 'IOJRS 
:581 
4Z,, 
c-.-
°' °' 

1. ltJRTS s.RDII A l.iJl' 
2 . ltJRTS 5IJIDH A t.. "i1U: 
l. OOES PCf KMT smEM 
4. HElrS Sl1PM A L. '111J: 
5. HELPS S71lDII A LC1I' 

(OYDII 

6. How d•:>es f,u,:rq ~tt'!<'~ ~h• t .. -.:c supply larwecte. algae, avulebie to trout? 1C1rel• 
,:.r.~. I 

-~ y,:,,,;"3 
)f;\ 
C" 

,;u .. 
•. I})..~""!.: 7:-Z F't:(0 :t .. :?PL'i 
::. ~(ES :t:rr .:r;..;;o1~ ~l"'z r1:a.:o 3v?PLY 
3. =EC"i=.EX:c..$ t':~ cl.,:~ :;1.,-p;:L'l 
-1. I 0:XI T ~•:.W 

1. nr.:-v d,:,es (..;,r~:Stry .st'!~~ ':l\11 .w.;u,t, ot ·:-X')l'9•n 1n ~• water ,1va114bl• t~ tr~t! 
,C:rci4 •;,ne. t 

,.;;a,-p '~URS 

,;.;, 
J,'ll 
4' 

I . l~C:: n'E ,UUJIIT •if' .)X'JGDI 
2 . OCfS :r:;, .:;-:.m,"£ 'i:-:E MOM OF OX'IGEII 
J. ~"ES M ;.JOM; OF OX'iGEH 

I OON'7 :<KM 

a. How .ioes torHtry ;itt..:: ~""' t.:->d wpply urwects. alqae1 available to troutl 
ICirc:le one. I 

'M':1),' "(l':(Jl:.S 
.... , .. nor.-: ·-z :':a>~-
4' 2. i:>•-. _,,, ..w.ia TH! .• J'..?PL'I 

,a, J. ;~ -.,1:.\Si:S TI;E , ·-~ .;,ui'Pl.'I 
1,;, -1. : :•.N'T illOf 

9. How doff (,,rest:•-· ,:~ect tl'I-. .:.:a,;•..nt ot ,.:,,::: 1el:ris 1!4llen tr- &rd 1111ml pr-.nt 
in the streoa7 :1:.:.r-.:ie eine. t 

1. IIGDSE'S M NClJHl' OF • ·:O'l OEIRIS 
2. CCES IOI' OW(;£ M .uccJN. OF OEIIRIS 
J. D~ 11£ AIO.JHT or -.:,::.0'( DEBUS 
4. I IUl'T tJOI 

Co ;,ou think the Oelptu Method hU been an etfective vay to identity &rd quantity pul)hc: 
41ttitl.du towards lard use on v1rv1nia·• trout •tr-i <Pleue c~nt below. I 
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