








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































meter drift fence with a 19-liter plastic bucket buried flush with the ground surface 
at each end. Traps were checked three times a week during April and May 1982 
(Szaro and Belfit 1986). 

Birds 

Birds were counted by the variable-circular plot method (Reynolds et al. 1980). 
At Rio de las Vacas, birds were counted at 24 points (8 each in an upper exclosure, 
lower exclosure and along the grazed stream segment), six times a month from June 
to September 1985 and 1986 (Szaro unpublished data). At Queen Creek, birds were 
counted at 60 points (20 each in the riparian stand, desert wash and desert upland), 
IO times during the height of the breeding season, April to May 1981 and 1982 
(Szaro and Jakie 1985). 

Small Mammals 

Along the Rio de las Vacas, small mammals were captured using Sherman live­
traps (8 by 9 by 23 centimeters), baited with rolled oats in a 40-trap grid pattern of 
2 by 20 traps located parallel to the stream channel. Pairs of traps were located with 
one trap at the stream bank and the second IO meters from the bank. Trap pairs were 
separated from the next pair downstream by at least 5 meters. Live-traps were set 
for five nights each month from June to September 1985 and 1986; 40 each in the 
upper exclosure, lower exclosure and in the grazed stream segments, for a total of 
120 traps. Along Queen Creek, small mammals were captured in the same pitfalls 
used for the amphibian and reptile study (Szaro and Belfit 1987). 

Results and Discussion 

Since 1982, our studies have examined vertebrate communities at high, inter­
mediate and low elevation riparian sites in Arizona and New Mexico. In preliminary 
studies at the high elevation Rio de las Vacas, we found a broad spectrum of vegetative 
and vertebrate responses to exclosure of a 2-kilometer section of the stream from 
cattle grazing. Bank stability along the Rio de las Vacas increased within exclosures, 
compared with downstream grazed areas (Rinne 1988b). Woody vegetation was 
markedly greater in the exclosures (Table I), as was streambank and overhanging 
woody vegetation exclosures (Rinne 1988b). 

Fish populations in reaches of stream in the grazed area, compared with those 
within exclosures, were not markedly different. Yet, estimates did vary in time and 
space (Table 1). The overall pattern of response by fishes to grazing is confounded 
by the superimposition of the extensive stocking and sport angling for trout in this 
stream on the variation in species-specific responses (Rinne 1988a). Because of this, 
interpretations of responses to grazing by the two salmonid species in this system 
are rendered problematic at best. 

There were differences in how terrestrial vertebrates responded to the exclusion 
of cattle grazing. First, in both 1985 and 1986, wandering garter snake captures were 
markedly lower along grazed reaches of the Vacas than they were within exclosures 
(Table 1). However, differences in snake captures between years were not consistent 
within exclosures. That is, from 1985 to 1986, captures decreased in the lower 
exclosure and increased in the upper exclosure. 
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For birds, total individuals observed and species richness were markedly greater 
in ungrazed exclosures in both 1985 and 1986 than along the grazed stream reach 
(Table 1). Species common in grazed areas were those whose foraging mode con­
centrated either on the ground or in the air. These species included Brewer's blackbird 
(Euphagus carolinus), northern flicker (Colaptes auratus), mountain bluebird (Sialia 
currucoides), pine siskin (Carduelis pinus), robin (Turdus migratorius), spotted 
sandpiper (Actitis macularia), violet-green swallow (Tachycineta bicolor), western 
bluebird (Sialia mexicana), western wood pewee (Contopus sordidulus) and yellow­
rumped warbler (Dendroica coronata). In contrast, although all of the above species 
were observed and some were as common or even more abundant in the exclosures, 
other species were important components of bird community structure. These included 
green-tailed towhee (Pipilo chlorurus), orange-crowned warbler (Vermivora rufi­
capilla), dark-eyed junco (Junco hyemalis), broad-tailed hummingbird (Selasphorus 
platycercus) and house wren (Troglodytes aedon). 

Small mammal captures were markedly greater within ungrazed exclosures than 
along the grazed stream segment in 1985, but were similar in grazed and ungrazed 
reaches in 1986 (Table 1). Nevertheless, we captured fewer species on the grazed 
area than within either exclosure. Voles (Microtus montanus) and deer mice (Per­
omyscus maniculatus) were common in both grazed and exclosed areas, but chip­
munks (Eutamias minimus) and golden mantled groundsquirrels (Spermophilus lateralis) 
were common only in exclosures. 

Table 1. Vegetation, fish, garter snake, bird and small mammal population estimates along the Rio 
de las Vacas, New Mexico. 

Treatment 

Grazed Lower enclosure Upper enclosure 

1985• 1986 1985 1986 1985 1986 

Fish 

Number of capturesb 96 49 86 31 96 77 

Fish biomassc 1,584 1,125 2,485 2,334 1,926 1,806 
Number of species 5 5 s s s s 

Snakes 

Number of captures 20 10 164 120 115 179 
Birds 

Number of observations 615 386 814 788 876 862 

Number of species 36 34 44 44 44 47 

Small animals 

Number of captures 52 25 189 31 138 30 
Number of species 6 4 8 5 9 7 

Vegetation 

Tree densityd 0.3 ± 0.14 7.5 ± 1.23 9.5 ± l.16 
Shrub densityd 0.2 ± 0.13 6.2 ± 1.39 7.2 ± 2.06 

Herbaceous cover 65.6 ± 3.30 52.2 ± 2.56 56.8 ± 1.61 

•Fish data are from 1984 and 1985. 
•Number per 50 meters. 
'Grams per 50 meters. 
•Number per 250 square meters. 
'Percentage. 
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The ability of interacting species to maintain dynamically stable populations or 
even to persist varies with the different abilities of species to compensate for the 
effects of increased exploitation or competition (Cole 1987). Changes in community 
structure in response to environmental stress, whether natural or human-related, can 
be useful in predicting the specific outcome of certain management regimes (Karr 
1987), but they must be partitioned according to cause. However, because differences 
in response to grazing exclusion on the Rio de las Vacas undoubtedly were further 
confounded by critical climatic events, examination of the dynamics of this high 
elevation, montane, riparian ecosystem over a single year could lead to some incorrect 
assumptions and conclusions. The probability for error would be greatest if conclu­
sions were based on the study of grazing impacts on small mammals only in 1986 
when populations densities were extremely low. Error in management decisions could 
also result from using total fish response to grazing removal, without considering 
the impacts of stocking and sport fishing on salmonids (Rinne 1985, 1988a). 

The varying patterns of vertebrate response we found are not unique to high 
elevation riparian systems in the arid Southwest. Low elevation areas, as along Queen 
Creek, apparently showed the same nonsynchronized patterns. At Queen Creek, 10 
bird species were recorded only in this riparian island and 8 additional species had 
their highest densities in this recently created environment (Szaro and Jakie 1985). 
Using only bird response information, researchers and land managers could make 
erroneous conclusions about the overall value of mitigating riparian losses solely by 
changes in vegetative structure. Despite dramatic increases in bird populations in 
response to increased structural diversity of the vegetation upstream from the dam 
(Szaro and Jakie 1985), amphibian, reptile and small mammal populations did not 
respond in a similar manner (Szaro and Belfit 1986, 1987) (Table 2). Populations 
and species richness of these three vertebrate groups were actually lower than in the 
surrounding desert habitats. Moreover, use of the site by desert species has been 
restricted by the riparian stand. Some riparian vertebrate species typical of areas 
similar in structural diversity to Queen Creek were not found. This may be due to 
biogeographic considerations or the limited mobility of these species. Data from 
Queen Creek indicate that restoration of disturbed riparian faunas might require 
reintroduction of species, in addition to changes in vegetative complexity, to replicate 
full vertebrate community structure and richness at this and other riparian areas (Szaro 
and Belfit 1986, 1987). 

Results of studies on the Rio de las Vacas and Queen Creek suggest that short­
term, case history, descriptive studies of only selected species, although valuable, 
are lacking in generalizability. They do, in part, however, point to the necessity of 
conducting research that has pretreatment or "frame of reference" (Rinne 1988a) 
information, encompasses watersheds (ecosystems) and is of long-term (>5 years) 
duration. Treatments or manipulations (e.g., different grazing or timber-harvesting 
intensities) should be instituted, dictated largely by the pretreatment information on 
habitat and biota. Further, study should look not only for "cause and effect" rela­
tionships, but for the processes by which these occur. 

In interwatershed comparisons, it is desirable for study areas to be as contiguous 
geographically as possible. The Mogollon Rim watersheds lie within a SO-kilometer 
area and are first-order streams issuing from beneath this major geological formation. 
Typically, such headwater riparian areas tend toward ecological simplicity, are more 
manageable from a research standpoint, should be more available for study from a 
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Table 2. Terrestrial vertebrate population estimates behind Whitlow Dam, along Queen Creek, 
central Arizona, 1981 (birds only) and 1982. 

Riparian Desert 

Interior Edge Wash Upland 

Amphibians and reptiles 

Number of captures 15 23 179 125 

Number of species 4 6 12 10 

Birds 

1981 

Density• 336 429 217 108 

Number of species 22 25 30 24 

1982 

Density• 437 445 326 145 

Number of species 22 25 30 24 

Small mammals 

Number of captures 2 12 49 19 

Number of species 2 4 3 2 

Vegetation 

Tree densityb 1025 ± 128 911 ± 130 164 ± 22 109 ± 21 

Shrub densityb 279 ± 54 1221 ± 232 1555 ± 354 7283 ± 133 

Herbaceous coverc 5 ± 1 4 ± 1 23 ± 4 11 ± 3 

•Pairs per 40 hectares.
•Number per hectare.
'Percentage.

land manager's viewpoint, and should reduce or remove other uncontrollable factors 
that may induce unexplainable variation in data (Rinne 1985). 

Currently, at mid-elevation riparian sites below the Mogollon Rim, we are begin­
ning to study several stream systems over a number of years to determine vertebrate 
community dynamics under different grazing strategies. Because of different grazing 
histories on the six watersheds, a database that characterizes their present state is 
prerequisite. Such pretreatment information (2-3 years) is necessary to lay the foun­
dation for ensuing viable and valid research design. Data collection from these six 
streams is ongoing, but preliminary analyses indicate that stream size and substrate 
fine content explain up to 80 percent of the variation in trout density and biomass 
in these first-order riparian areas (Rinne and Medina 1988). A priori, based on fishes, 
it appears that the Pine Creek watershed, which has not been grazed for 25 years, 
may serve as a "control" and may be best compared to Horton and/or Christopher 
creeks. Notwithstanding and in keeping with our thesis, data on the terrestrial ver­
tebrates are needed before final decisions can be made concerning the most reliable 
and productive research approach or design needed to reach sound management. 

Recommendations and Concerns 

The basic requirements of scientific research are testable hypotheses, control of 
variables in time and space, replication of treatments, and an unbiased research area. 
The case history study on the Rio de las Vacas typifies the difficulty of achieving 
these basic requirements on national forest lands, even on a single stream. A re-
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searcher's lack of ability (authority) to control the varying degree of multiple uses 
on national forest land precludes determining the differential impacts of these uses. 
Management of habitats and vertebrate species by different federal and state agencies 
on the same lands further complicates the situation. 

To date, replication in most grazing studies has been done linearly in treatments 
(pastures) on the same riparian system (Rinne 1988a). Although such a design re­
moves interstream variability, it is certainly deficient in context of the functioning 
of aquatic ecosystems (Likens 1985). Despite the fact that terrestrial components 
within treatments or pastures are relatively confined and definable, the aquatic com­
ponents are very dynamic. Water moves through these pastures and its quality is 
subject not only to upstream influences within the stream proper but those on the 
watershed as well. 

To date, variations in results of research on grazing effects have resulted, in part, 
from faulty research design (Platts 1982) and, in part, from the arena available for 
study. Both Rio de las Vacas and Mogollon Rim study areas were made known to 
us by forest biologists. Basic to effective land management are clearly defined goals 
and the use of sound information on the effects of management on habitats and biota. 
Land managers need answers to specific questions, but have been offered contra­
dicting results of poorly designed studies. Both researchers and land managers must 
remedy the lack of reliable answers and the lack of suitable study areas. Absence of 
a mutual contract between these two parties will undoubtedly result in continued 
production of research results that are readily and validly criticized by individuals 
and user groups alike and which most probably will not be applied in land management 
activities. In the end, it will be the resources, different in the eyes of each user, that 
will be adversely affected and, in some cases, exploited. 
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Introduction 

The future of wildlife conservation in America depends on the land-use decisions 
of private landowners, public land managers and policy makers at all levels of 
government. But the decisions of these people will benefit wildlife only if they have 
the knowledge necessary to understand the consequences for wildlife. Thus, edu­
cational programs are needed so people develop the understanding to make the 
"right" decisions regarding wildlife conservation. 

Assuming the preceding statements are valid, no educational organization has 
greater potential to influence the future of wildlife conservation than the Cooperative 
Extension System (CES). Each year, CES programs bring up-to-date, relevant, re­
search-based information on a variety of subjects to millions of people-individuals 
(youth and adults), families, groups, organizations, agencies and decision makers. 
Among the topics CES programs address- nationally is wildlife conservation. Exten­
sion wildlife programs have been expanding in recent years and have had many 
significant accomplishments. CES has been and continues to be an important member 
of the wildlife conservation community. 
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This paper will review the history, nature, scope and impacts of CES programs 
relative to wildlife conservation. We will characterize recent and planned CES pro­
gramming in wildlife conservation nationally. 

The Cooperative Extension System 

As the name implies, CES has a cooperative organizational structure involving 
three levels of government: (1) federal level-USDA-CES; (2) state level-state 
land-grant university; (3) local level-county Cooperative Extension associations. 
Cooperation occurs through systemwide program development, implementation, 
evaluation and funding. CES is a "grass-roots" organization because of the local 
level involvement in educational needs identification and program delivery. Increas­
ingly broader perspectives are brought to program development by the state and 
federal partners, often moving the system from reactive and responsive programming 
to proactive programming on emerging issues. Thus, the partnership is complemen­
tary. Programs are responsive to the needs people have today (i.e., they are relevant), 
and anticipate or possibly help avoid problems in the future. 

As Miller (1981) described, the CES " ... provides factual, objective, practical, 
problem-centered and people-oriented information to enable people to help them­
selves�solve problems, make decisions, and take advantage of new opportunities. 
The people of each county, rural and urban, in every State and Territory in the nation 
are the point of delivery." In summary, CES is: (1) an educational organization; 
(2) cooperatively organized with links at the federal, state and local levels; (3) people­
oriented; and (4) problem- or issue-focused. Additionally, CES is a nonformal ed­
ucational organization-people participate in a CES program of their own volition
because they perceive it to meet some salient interest or need.

Organizational Context 

Historical Background1 

The Smith-Lever Act of 1914 and subsequent amendments created the CES, which 
provided for cooperative agricultural extension work between the state land-grant 
colleges and the United States Department of Agriculture. The Smith-Lever Act 
focused on educational programs in agricultural and home economics subjects for 
rural audiences. However, some early conservationists who understood land-own­
ership and management needs perceived the potential effectiveness of an educational 
organization with a grass-roots delivery system. They encouraged use of CES to 
educate both landowners and resource users about wildlife conservation. Aldo Leo­
pold (1929) stated, in The Report of the Committee on American Wildlife Policy, 
that ''the enormous and powerful machinery for agricultural extension has so far not 
been employed.'' He was referring to the need for educational programs about wildlife 
conservation for .farmers and other landowners. 

In 1936, at the North American Wildlife Conference, Dr. C. B. Smith, Assistant 
Director of Extension, USDA discussed the need for extension wildlife specialists. 
He identified the need for two or three wildlife specialists at the national level to 

'More detail on the historical development of wildlife programs in the CES are provided by Miller (1981). 
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cooperate with the U.S. Bureau of Biological Survey (precursor of the U.S. Fish 
and Wildlife Service) and U.S. Forest Service in promoting educational program 
development in wildlife conservation at the state and local levels. He also called for 
one or more persons in every state extension service to develop statewide educational 
programs in wildlife conservation. Dr. Smith concluded that " . .. the Extension 
Service is squarely behind this great conservation movement and will play its full 
part in stimulating interest and knowledge throughout the Nation in the how and why 
of wildlife restoration and conservation." 

Despite the foresight, encouragement and support for the early and continued 
development of extension wildlife programs, the growth of this effort, although 
significant over the years in many states, was slow on a national level during the 45 
years following Dr. Smith's statement. A chronology of CES program staffing in 
wildlife conservation follows: 
• In 1936, a specialist was employed by USDA Extension Service to provide

leadership for extension wildlife and fisheries programs. The same year, a
specialist was employed by the Texas Agricultural Extension Service. The federal
position was vacated in 1937 and not filled until 1969. The federal position was
again vacated in 1970 and remained vacant until 1979.

• Between 1936 and the mid-1960s, because of the foresight of some state ex­
tension administrators and the needs expressed by land-grant colleges, state
conservation agencies and private conservation organizations, a number of state
extension services employed wildlife specialists. In 1960, 17 states had extension
wildlife programs (Berryman 1960). By 1976, 23 states had such programs
(Benson 1977).

• Probably the most important event in extension wildlife programming was the
Renewable Resources Extension Act (RREA) (P.L. 95-306) of 1978. RREA
"earmarked" funds (3D) to support natural resources programs. With RREA
providing the basis for comprehensive natural resources educational program­
ming, a National Program Leader for fish and wildlife programs was hired in
1979. RREA (recently reauthorized through the year 2000) gave impetus to
expanded natural resources extension programs, including wildlife, across the
nation. Although authorized in 1978 at $15 million annually for 10 years, no
appropriations were available until 1982, when $2 million was appropriated.
Appropriations since 1982 have ranged from $2 million to $2.5 million per year,
with reductions from Gramm-Rudman-Hollings as mandated. For FY 88, the
level of funding for RREA was $2. 765 million. This funding, apportioned to
states based on a formula, has enabled states to leverage Smith-Lever and other
funding to strengthen natural resources programs and, in many cases, add po­
sitions. Nationwide, approximately 11 percent of the funding apportioned to
states annually has been expended in support of extension wildlife programs.
By 1980, 30 states had one or more extension wildlife specialists conducting
educational programs (Miller 1981).

• Presently, 35 states have one or more specialists devoting all or part of their
time to extension wildlife programs. Some state specialists have appointments
that include research and instructional responsibilities.

• Another supportive and cooperative programming effort that began to bear fruit
in the early 1980s was the coordination of program needs and funding between
the Fish and Wildlife Service, Office of Extension Education and the CES.
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These cooperatively funded programs helped leverage considerable expansion 
of needed programs and publications. These programs are continuing, but budget 
reductions in the last three years have reduced their impact. 

Past Wildlife Program Focuses 

Extension wildlife programs over the years have been based on needs perceived 
from several sources, and have varied from state to state. Little effort was made to 
focus programs on nationally identified needs. Consequently, programs generally 
reflected priorities identified at the state level by extension advisory groups, natural 
resource agencies and organizations, and the agricultural community. Nevertheless, 
programs largely were responsive to needs identified by county agents and their 
grass-roots clientele-private landowners and land managers. 

The educational programs conducted by extension wildlife specialists have been 
identified in a number of papers over the years (including those by Bode 1937, 
Berryman 1960, 1966, 1977, Smith and Berryman 1962, Cornwell 1967, Almand 
1969, Benson 1977, Swanson 1977, and others). Miller (1981) probably provided 
the most comprehensive list of extension wildlife program areas being addressed at 
the beginning of the decade of the '80s. Miller's list of program areas includes those 
that collectively received the vast majority of attention by extension wildlife spe­
cialists during the 1960s, 1970s and early 1980s. 

National Initiatives for CES Programming 

CES has recently undertaken a nationwide effort to concentrate its resources on 
eight national initiatives. Although these initiatives are still being clarified as the 
critical issues, goals and roles are being refined, they have been widely accepted by 
CES and various support groups at both federal and state levels. The eight national 
initiatives are: 

• Competitiveness and profitability of American agriculture
• Alternative agricultural opportunities
• Water quality
• Conservation and management of natural resources
• Revitalizing rural America
• Improving nutrition, diet and health
• Family and economic well-being
• Building human capital

Two points must be kept in mind regarding the relationship of extension wildlife 
programming to these initiatives: (1) although most existing extension wildlife pro­
grams at the federal and state levels contribute to one or more of these national 
initiatives, this does not mean that other significant wildlife programs, planned or 
ongoing, will be abandoned because they do not fit into one or more of these 
initiatives; and (2) some states may concentrate their major extension wildlife efforts 
and resources into only some of these initiatives because of funding. Without further 
explanation, suffice it to say that the national initiatives will guide and influence 
extension programming over the next several years. Thus, extension wildlife pro­
grams can be expected to be developed within the context of these initiatives. 
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Modes of Extension Programming 

The previous section presented the broad context for wildlife educational pro­
gramming in CES. In essence, overall CES goals, national initiatives, and organi­
zational structure represent the macro-theoretical framework for CES educational 
programming. Within these broad considerations, however, wildlife educational pro­
grams of various types are developed. Regardless of specific subject, programs 
typically take one or a combination of five general forms; these are the five modes 
of extension programming (Decker 1987): (1) evaluating and transferring informa­
tion; (2) facilitating interaction; (3) stimulating change in practices; (4) policy edu­
cation; and (5) personal development. These modes represent a theoretical framework 
for categorizing extension wildlife programs, regardless of specific content or au­
dience. Brief descriptions of each mode of programming follow. 

Evaluating and transferring information. To evaluate, synthesize and transfer relevant 
research-based information from the land-grant university system, USDA and other 
sources to the people who need it, in a form that will make the information easy to 
understand and use in decision making. 

Facilitating interaction. To stimulate and facilitate interaction between individuals, 
agencies, organizations and institutions to "make something happen" that requires 
their mutual understanding or cooperation. 

Stimulating change in practice. To improve people's ability and accelerate their 
progress in making decisions about implementing new practices by identifying and 
addressing their informational, educational and attitudinal needs. 

Policy education. To empower private citizens, families, groups, organizations and 
public decision makers to identify and take action on the policy implications of a 
public issue by increasing their understanding of ( 1) the technical aspects of the issue, 
(2) public policy-making processes, and (3) opportunities for public involvement and
influence, resulting in resolution of the issue.

Personal development. To build human capital by helping individuals develop a 
variety of life skills and personal knowledge, using subject matter from the land­
grant university and other sources. 

Different modes of programming are used to meet different kinds of objectives. 
This is where the notion and practice of nonformal educational programming are 
evident. People outside CES often do not grasp the comprehensive programming 
aspects of extension wildlife programs. They frequently equate "activity" with 
"program," probably because the activities and products (e.g., workshops and fact 
sheets, respectively) of Cooperative Extension programs are the elements readily 
observed by the public. A "program" is the entire series of learning experiences, 
related activities and products needed to meet the educational objectives established 
for a particular audience. The five modes of programming will be used later in this 
paper to depict the national situation for extension wildlife programming. 
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Extension Program Evaluation 

Documentation of the impacts of extension wildlife programs has become increas­
ingly important. At a general level are two types of program evaluation-formative 
and summative. Formative evaluation is aimed primarily at improving program; it 
is a monitoring activity to feed back information that can be used to adjust or fine­
tune an ongoing program. Summative evaluation typically is used to assess the degree 
to which resources are used as specified and the impact such use has on people, 
wildlife or wildlife habitats. Ultimately, program evaluation generates information 
to serve program decisions-to modify, continue or terminate a program. 

Many methods are employed across CES to evaluate programs. Surveys, pretest/ 
post-test designs and analyses of secondary data (e.g., agency records) are common 
approaches to assessing program impact. As the decentralized nature of CES might 
suggest, some evaluations are local and narrow in scope. Others are broader­
statewide and occasionally multistate in scope. We know of no comprehensive, 
national evaluation of particular extension wildlife programs. This makes it impos­
sible to present a thorough assessment of the total impacts of such programs. Rather, 
examples will be used to illustrate the kinds of impacts extension wildlife programs 
have had on people and the wildlife resource. 

Recent Program Experience 

The Renewable Resources Extension Program accomplishment reports for 1985 
and 1986 and the RREA five-year plan (1986-1990) provide a basis for an overview 
of the nature, scope and impact of recent extension wildlife programs nationally. 
The reports presented only accomplishments of programs supported by RREA funds; 
they did not include all extension wildlife program activity nationally. Nevertheless, 
they reflect the general character of extension wildlife programming. The percentages 
of RREA funds allocated by states for extension fish and wildlife, outdoor recreation, 
and environmental management and public policy programs were 36 percent and 17 
percent for 1985 and 1986, respectively. Assuming half of the funds to these three 
areas was directed at wildlife programs, about $450,000 and $200,000 of RREA 
funds were spent on extension wildlife programs in 1985 and 1986, respectively. 

The accomplishment reports indicate the principal topics for extension wildlife 
programs in recent years were (in order of greatest to least emphasis) habitat man­
agement, wildlife damage control, wildlife-related recreation enterprise development, 
and general wildlife appreciation and understanding. The target audiences for pro­
grams were: landowners (far and away the top group)-forestland owners, farmers, 
ranchers and residential property owners; youth; resource management professionals; 
recreationists (particularly sportsmen); and, infrequently, community decision makers 
and public policy makers. A variety of program delivery methods were used, in­
cluding computer-simulation models, videotapes and other electronic media. How­
ever, traditional methods of extension program delivery such as face-to-face meetings 
(workshops, conferences, etc.), printed materials and demonstration areas were by 
far the mainstays for program delivery. 

Documentation of program impacts is inconsistent. Where evaluations of program 
have been conducted, the results are generally impressive. Some examples of program 
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impacts for the period 1983-1986 reported by USDA-Extension Service (1986) 
follow. 
• Texas extension fish and wildlife management programs reached owners/man­

agers of approximately 37 million acres, and helped them reduce losses from
wildlife damage on 5.5 million acres. A 19-county pilot project to improve
wildlife management and marketing of access opportunities on 2.3 million acres
helped ranchers improve their annual income by over $7 million.

• New York, in cooperation with state and federal agencies, hosted the first Eastern
Wildlife Damage Control Conference. A follow-up evaluation of more than 225
participants indicated the knowledge they gained resulted in savings of over
$563,850 the first year.

• Colorado's educational programs for landowners/managers enabled participants
to increase their collective income from fur trapping by about $700,000, reduce
wildlife damage by over $450,000 and substantially increase income from wild­
life enterprises.

• Louisiana's educational programs helped private landowners/managers improve
wildlife and fish habitat management and control wildlife damage on more than
250,000 acres of lands, ponds and marsh, increasing the annual income to private
landowners/managers by more than $4 million, and reducing losses from wildlife
problem species by more than $1 million in 1984.

• North Carolina's educational program helped landowners/managers improve
wildlife habitat on more than 80,000 acres, reduce damage caused by wildlife
by 75 percent and increase income from wildlife resources (for some landowners)
by more than 25 percent.

• Nebraska produced the Great Plains regional publication, ''Prevention and Con­
trol of Wildlife Damage,'' an evaluation of which revealed an estimated potential
annual savings of $16.3 million in time and resources for the people or agencies
from 50 states, the District of Columbia and several foreign countries who
purchased and used the handbook. Nebraska's efforts to double 4-H wildlife
project enrollment since 1980 have resulted in the improvement of more than
2,500 acres of wildlife habitat on private lands annually by 4-Hers and volunteer
leaders.

Current and Future Extension Wildlife Programming 

CES recently completed two related planning efforts having considerable bearing 
on the nature of current and future extension wildlife programming. During 1985 
and part of 1986, the second five-year plan for RREA was developed. During 1986 
and part of 1987, CES developed plans for major programs (within states) for the 
period October 1987 through September 1991. Emerging from these planning efforts 
were the parameters for wildlife-related programming. The national initiatives dis­
cussed previously represent the major overall thrusts of CES programming for the 
near future; they encompass much of the program content resulting from the system­
wide four-year planning. The 1986-1990 plan for RREA provides an approximation 
of the issues that the CES will be addressing in the near future, so we will use that 
plan as the basis for the following discussion. 
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Wildlife-r elated Goals of RREAfor 1986-1990 

Three national goals2 identified for RREA are relevant to extension wildlife pro­
gramming and to wildlife conservation nationally. 
1. The national goal for wildlife management is to develop educational programs

that will help landowners and managers of public and private lands, policy
makers, and users to:
• determine the best management practices to meet their wildlife objectives

and understand how to implement those practices;
• increase productivity and utilization of wildlife resources;
• decrease economic losses, property damage and potential health hazards

caused by some species; and
• contribute to the formation of public policy that benefits wildlife, enhances

the quality of life and is compatible with wise land-use principles.
2. The national goal for outdoor recreation is to develop and deliver educational

programs that will help policy makers and owners, managers and users of land
resources to:
• recognize, plan and develop recreational opportunities; and
• effectively manage outdoor recreational enterprises, consistent with other

renewable resource uses and values.
3. The national goal of educational programs in environmental management and

renewable resources public policy is to educate owners, managers, policy makers
and users of forest and range resources about the role and value of sound
management practices that maintain or improve renewable natural resources for
environmental, social and economic benefit.

The second five-year plan (1986-1990) for Renewable Resources Extension Pro­
gramming, as identified by the states, reveals that extension wildlife programs during 
the period can be expected to address five of the eight national initiatives (Table 1) 
and to operate in all five modes of programming (Table 2). The plan indicates the 
following issues are high priority for wildlife educational programs. 

Improving habitat management. Landowners and managers need coordinated edu­
cational programs to help them learn to improve habitat management, develop man­
agement plans for economic returns and best utilize cropland retirement, conservation 
easements and set-aside programs to maximize profitability from alternative land 
use. 

Wildlife damage control. Private landowners and managers need educational pro­
grams to learn how to use cost-effective technologies to prevent and/or control 
excessive losses caused by problem wildlife. Because wildlife damage control is an 
integral part of wildlife management, these programs provide a concurrent opportunity 
to teach landowners/managers to improve habitat management for and generate in­
come from preferred wildlife species. 

2The goals are paraphrased here; they can be reviewed in their entirety in "Renewable Resources Extension 
Program: Five-year Plan, 1986-90." 
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Table I. National initiatives of the Cooperative Extension System addressed by extension wildlife 
programs aimed at RREA national issues. 

National initiatives 

"§ 

� '-

1 
c . .,

·= _q "" 0 " :s .c .5 
= t: 

� .,, " " c � e §: 
c 
.. " " ..: "ii Oil ·c c 

[ -� � " " 
"§ l

c e .,, 
"§ 

" .,, e < � § = .,, 
"§ 

" .9 c 
c 

-� 
"' c ·'.g 

c 
c .. 2 " .. "

c c e 0 :s " 
.9 "" !: " :s � c .,, 

:S 
" .c Oil � � > 

:Ea 
c 

-� "" :s c .. 

c: � ]i 
0"3 

t 
er ·;: >, 

a� E c.. "

! j '§·;:

�
e ·c c " " c Oil :::: .. 

UM i,: u .. Q:l "' 
Renewable Resources Extension 
Programming: national issues (1986-1990) 

Wildlife and fisheries management 

Improving habitat management x x 
Wildlife damage control x x x 
Resource management understanding x x x 
Continuing education of professionals x x 
Conflict resolution/policy 

development x x 
Outdoor recreation 

Identifying and developing outdoor 

recreational enterprises x x x x 
Operating recreational enterprises x x x 

Marketing recreational opportunities x x x 
Environmental management and 

renewable resources public policy 

Improved decision making x x x 

Resource management understanding. Critical decisions about wildlife management 
and use are better accepted when the public has accurate information about the 
purposes and scientific principles involved. Extension wildlife programs help people 
(adults and youth) understand wildlife management and the potential benefits that 
can be derived from investments of time and resources into improved management. 

Continuing education of professionals. Extension wildlife programs play an important 
role in developing and conducting professional in-service training and continuing 
educational programs for other professionals for whom wildlife is an interest but not 
a primary focus. These programs also encourage interdisciplinary understanding and 
strengthen the communication, coordination and cooperation between agencies and 
organizations. 
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Table 2. Modes of programming anticipated for extension wildlife programs aimed at RREA national 
issues. 

Mode of programming 
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Wildlife and fisheries management 

Improving habitat management x x 

Wildlife damage control x x x x 

Resource management understanding x x x x 

Continuing education of professionals x x x x x 

Conflict resolution policy development x x x x 

Outdoor recreation 

Identifying and developing outdoor recreational enterprises x x 

Operating recreational enterprises x x 

Marketing recreational opportunities x x x 

Environmental management and renewable resources public 

policy 

Improved decision making x x x 

Conflict resolution/policy development. A consistent nonadvocacy role by extension 
wildlife specialists is needed in educational programs to help resolve multiple-use 
conflicts and assist in providing a process for effective development of natural re­
sources policy. 

Identifying and developing outdoor recreational enterprises. Interest in the economic 
and enterprise potential of wildlife-related recreation on private lands is increasing. 
The economic returns to landowners serve as incentive for habitat management, and 
such management can provide excellent recreational opportunities for clients. 

Operating recreational enterprises. Extension has made a significant contribution to 
educational programs that inform farmers about the conservation provisions of the 
1985 Food Security (Farm) Act and the opportunities it affords to improve wildlife 
habitats. The profitable operation of wildlife-related enterprises can be enhanced by 
educational programs that help landowners to select and engage in management 
practices to produce the wildlife species desired. 

Marketing recreational opportunities. Entrepreneurs need to understand the findings 
of studies on the characteristics of recreationists and wildlife recreation satisfactions 
so they can develop effective marketing strategies for their enterprises. 
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Improved decision making. Two elements of improved decision making are skill in 
decision-making techniques and access to relevant, reliable knowledge; extension 
wildlife programs play a critical role by delivering objective, research-based knowl­
edge about wildlife resources to decision makers. 

Conclusion 

Extension wildlife programs will be addressing a variety of important issues in 
wildlife conservation over the next several years. Our evaluation of the nature and 
scope of anticipated programming indicates many opportunities for collaborative and 
cooperative efforts with the entire community of wildlife and other natural resources 
professionals, agencies and organizations. Although not discussed in this paper, many 
of the most valuable past programs have been such cooperative efforts. This will 
likely continue to be true in the future. The general evaluation of program emphases 
offered in this paper may help potential collaborators identify areas for cooperative 
programming. 

In conclusion, extension wildlife programs have resulted in significant, docu­
mented impacts on people and wildlife resource. The national initiatives for CES 
provide a systemwide organizational context that will allow a breadth of programming 
related to wildlife conservation. The issues being addressed are important. If the 
programs are successful, they will continue to make valuable contributions toward 
wildlife conservation in America. 
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Introduction 

More than 40 years ago, Aldo Leopold (1940, 1942) foresaw the need to devote 
more resources and effort to public wildlife education. He expressed concern about 
the disproportionate level of human and financial resources being allocated to training 
professional wildlife managers rather than to broadening wildlife knowledge and 
appreciation among various segments of the American public. He contended that the 
posterity of wildlife resources depended not only on the effective management of 
these resources, but also on an informed public, particularly teachers. 

While Leopold identified specific audiences for receiving wildlife education, it 
was not until 1975 that The Wildlife Society (TWS) provided goals and policies for 
implementing conservation education programming. TWS proposed a three-point 
policy, which emphasized developing and promoting educational programs, fostering 
interagency cooperation and communication, and establishing practical linkages be­
tween wildlife research results and educational programming (TWS 1975). However, 
there is evidence that suggest the wildlife profession has not responded well to the 
broad needs for public wildlife education and to these policy goals. 

This evidence comes from two sources-a recent study of the attention given by 
the profession to wildlife education in its literature (Adams and Thomas 1986), and 
the present study of state natural resource agencies. The first study examined 9,078 
articles published in four wildlife and two educational journals from 1973 to 1985. 
Among these articles, only 2.4 percent (N = 221) addressed wildlife education. The 
majority (n = 130) of those were published in the educational journals. Although 
findings indicated that the content and frequency of published research in wildlife 
journals dealt little with wildlife education, much was left to be determined regarding 
the contributions of state natural resource agencies to the public educational agencies. 
For example, in the present study, we assess resource allocation priorities to edu­
cational and other programs conducted by these agencies. We compare regionally 
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(1) the per-capita budgets for wildlife, fisheries, law enforcement, and information
and education divisions within natural resource agencies, and (2) the per-capita bud­
gets of their hunter and teacher education programs.

Method 

In 1986, we conducted a mail-out survey following the Dillman (1978) method. 
Name and address information were obtained from the Conservation Directory. The 
survey instrument was developed and pretested according to the recommendations 
of division directors in Texas and Missouri. It was mailed subsequently to 49 state 
information and education (I&E) division directors. No structured I&E division was 
identified in Hawaii. Two weeks after the first mailing, nonrespondents were con­
tacted to determine their receipt of the survey instrument and any difficulty with 
completing it. Two weeks hence, a letter and a second copy of the instrument were 
mailed to nonrespondents. The second mailing was followed, when needed, by 
telephone contacts. 

The first of two sections of the survey instrument requested budget allocations 
made by the agency to wildlife (WM) and fisheries (FM) management, law enforce­
ment (LE), information and education (I&E) divisions, and the agency overall. We 
defined "budget" as actual 1986 dollar allocations from all funding sources for each 
division. 

The second section asked respondents to provide the dollar amount allocated to 
specific programs. We defined "programs" as activities or jobs identified in an 
agency's 1986 budget and which required specific personnel. Programs that were 
not available were excluded from summary calculations; in some state agencies, they 
were available but were not budgeted. These programs were treated as zero-budgeted. 
We focused our analysis on three programs (i.e., hunter education, in-service teacher 
education and Project WILD) because their audiences were more easily identifiable 
than those of other programs. This procedure also facilitated the calculation of per­
capita budgets based on known populations of each group. 

The 1986 annual operating budgets for the total agency, WM, FM, LE and I&E 
were adjusted per-capita. Mid-decade state population estimates were used in the 
per-capita calculations (U.S. Bureau of the Census 1986). Since population estimates 
generally underrepresent particular low-income groups and illegal aliens, per-capita 
values are maximum. Per-capita (PC) budgets were then averaged for each of nine 
census regions (Figure 1). 

Results 

Overall, agencies of 41 states (81 percent) participated in the survey; nonresponding 
states were Colorado, Connecticut, Georgia, Michigan, Minnesota, Mississippi, New 
York and West Virginia. 

Variations in Agency Structures 

Several variations of "typical" structural and functional features of departments 
of natural resources were observed and should be considered in data analyses. It 
became apparent during survey administration that the structure of these agencies 
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Figure I: Study regions for examining budget allocation priorities of state natural resources agencies. 

varied in terms of departmental titles, division types, personnel functions, budgetary­
allocation procedures and educational program responsibilities within divisions. For 
example, wildlife law enforcement in Oregon and Alaska is handled by the highway 
patrol rather than by a natural resource agency. Hunter education is administered by 
the LE of WM divisions or highway patrol rather than by the I&E division in 16 
states. In-service teacher education on wildlife in Illinois is conducted by the State 
Education Department rather than the Department of Natural Resources. Finally, 
several states reported that their operating budgets were undefined by amount or line 
item (Stone 1987). 

Per-capita Budgets by Agency Division 

Table l indicates that agency and division PC budgets varied among regions. The 
Pacific region had the largest average PC budget for the total agency. However, 
Alaska (PC = $156.96) accounted for much of this high average. Compared with 
other regions, the Mountain (PC = $18.48) and West North Central (PC = $13.10) 
regions had the most states with consistently high PC budgets. The Middle Atlantic 
region (i.e., New Jersey and Pennsylvania) had the lowest average (PC = $2.47) 
agency PC budget. 

Among specific states, the highest PC budgets for the agency overall were reported 
by Delaware (PC = $57.37), Wisconsin (PC = $47.81), Wyoming (PC = $43.23), 
Rhode Island (PC = $33.15) and Montana (PC = $32.52). The lowest total PC 
budgets were reported by Massachusetts (PC = $0.86), New Jersey (PC = $1.49), 
Ohio (PC = $1.86) and Virginia (PC = $2.62). 

Regarding divisions within these agencies, l&E divisions accounted on average 
for 2. 8 percent to the total agency budget. This compared with budget and personnel 
commitments of 14.5 percent for WM, 17.5 percent for FM and 16.3 percent for 
LE. Nationally, I&E divisions realized 83 percent lower budgets than other divisions. 
The national average PC budget by state natural resource agencies on information 
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Table 1. Regional population estimates (1985) and mean per-capita (PC) budgets (1986) reported 
by natural resource agencies (TA) and their wildlife management (WM), fisheries (FM), law en­
forcement (LE), and information and education (l&E) divisions. 

Population Mean PC budgets 
Region (number estimates 
of states) ( l,OOOs) TA WM FM LE I&E 

New England (5) 9,482 $12.22 $1.27 $ 1.59 $3.19 $0.25 
Middle Atlantic (2) 19,409 $ 2.47 $1.44 $ 0.28 $0.44 $0.17 
East North Central ( 4) 32,522 $17.14 $0.82 $ 1.04 $1.12 $0.12 
West North Central (6) 13,361 $13.10 $1.90 $ 2.00 $1.80 $0.70 
South Atlantic (6)• 31,665 $12.92 $0.76 $ 0.80 $1.75 $0.26 
East South Central (3) 12,508 $ 7.66 $1.14 $ 0.70 $1.14 $0.33 
West South Central ( 4) 26,443 $ 7.32 $1.20 $ 1.08 $1.70 $0.25 
Mountain (7) 9,545 $18.48 $4.91 $ 4.30 $2.87 $0.94 
Pacific (4) 33,774 $47.94 $8.00 $29.91 $8.32 $0.42 

'Division data not reported by Delaware, therefore per-capita budgets are based on five states. 

and education was $0.23. This was well below the average PC budget of $1.22 for 
WM $1.48 for FM and $1.38 for LE. 

Regionally, the Pacific and Mountain states budgeted more per capita for WM, 
FM and LE divisions than did other areas of the nation (Table l ). Also, New England 
had among the highest average PC budgets for LE. None of the regions averaged 
$1.00 per capita for their I&E divisions. The Mountain and West North Central 
regions produced the highest averages of $0.94 and $0.70., respectively, for I&E 
divisions. 

States having the highest and lowest PC budgets for each of the four divisions are 
identified in Table 2. Alaska, Wyoming, Montana and South Dakota had the highest 
PC budgets reported for each division. Wyoming (PC = $3.07) led the nation in 
1986 PC budgets for its I&E division. In contrast, Illinois, Massachusetts, New 
Jersey, Ohio and Pennsylvania most often reported the lowest PC budgets. Illinois, 
Massachusetts and Ohio also had the lowest I&E PC budgets (PC < $0. IO). 

Per-capita Budgets for Educational Programs 

Specific program emphases are examined in Table 3. It shows hunter and teacher 
populations, which are, respectively, the primary audiences for hunter education, in­
service teacher education and Project WILD programs. Per-capita values were cal­
culated using these population numbers obtained for each state. Regional averages 
were calculated subsequently. 

Nationally, there were 13.5 million hunters and 1.7 million teachers in the re­
sponding states during 1985 (U.S. Bureau of the Census 1986). The sum PC budget 
for Project WILD was $61.37 (x = $1.70); for hunter education, it was $40.15 
(x = $1.00); and for teacher education, it was $30.54 (x = $0.92). 

Project WIW. Regional per-capita commitment to this program was greatest in the 
Mountain states (PC = $6. l 1) and lowest in the West South Central states 
(PC = $0.17). Six states had PC budgets of more that $2.00 (i.e., Wyoming­
$26.18, North Dakota-$5.48, Nevada-$4.67, Utah-$3. 70, Montana-$2.55, 
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Table 2. Highest and lowest state per-capita (PC) budgets reported by natural resource agencies for 
four major divisions. 

Division Highest state PC budgets Lowest state PC budgets 

Wildlife management Alaska-$ 24.82 New Jersey-$0.22 

Wyoming- $ 15.68 New Mexico-$0.41 

Montana-$ 7.07 Ohio-$0.45 

South Dakota-$ 4.35 Massachusetts-$0 .49 

Fisheries management Alaska-$105.65 Pennsylvania-$0.09 

Wyoming- $ 9.39 Ohio-$0.32 

Oregon-$ 9.31 Florida-$0.42 
South Dakota-$ 5.06 North Carolina-$0.45 

Law enforcement Alaska-$ 26.96 New Jersey-$0.29 

Wyoming-$ 6.88 Illinois-$0.43 
Maine-$ 5.32 Pennsylvania-$0.56 

South Dakota-$ 4.70 
Montana-$ 4.70 

Information and education Wyoming-$ 3.07 Illinois-$0.02 
Montana-$ 1.45 Massachusetts-$0. 03 

Nebraska-$ 1.36 Ohio-$0.05 
Alaska-$ 1.09 Alabama-$0.06 

Maryland-$0.08 

lndiana-$0. 09 

and Idaho-$2. 35). Ten of the 36 responding state I&E divisions reported no budgets; 
5 states did not respond. 

Hunter education. This program was most supported in the New England (PC = $2.03), 
South Central (PC = $1.95) and Middle Atlantic (PC = $1.10) regions. Every 
responding state agency had budgetary commitments to hunter education, unlike 
other programs. Most agencies had PC budgets of less that $2.00. The highest PC 
budgets were by Delaware (PC= $7.18), Rhode Island (PC= $4.12), North Da­
kota (PC = $2.72), Vermont (PC = $2.42) and New Jersey (PC = $2.05). The 
first two states provide and maintain special shooting areas as part of their hunter 
education program. 

In-service teacher education. Among the nine regions, the West North Central states 
(PC = $4.28) had the greatest average per-capita support for teacher education; the 
Pacific states averaged the lowest support (PC = $0.00). None of the other regions 
averaged more than $1.00. Two states, Iowa (PC = $10.23) and Missouri 
(PC = $9.05), reported substantial budgets. Overall, 17 of 33 responding state I&E 
divisions indicated that they had no budgets for teacher education. 

Discussion 

Budget allocations reflect, in part, the programmatic priorities of natural resource 
agencies. These priorities are based on an agency's perceptions of constituency needs 
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Table 3. Regional 1986 mean per-capita (PC) budgets reported by natural resource agencies for 
hunter education (HED), teacher education (TED) and Project WILD (PW). 

Hunters Teachers Mean PC budgets 

Region (l,OOOs) (l ,OOOs) HED TED PW 

New England 483 92.6 $ 2.03 $ 0.25 $ 0.46 
Middle Atlantic 1,314 174.1 $ 1.10 $ 0.26 $ 0.22 
East North Central 2,136 289.9 $ 0.38 $ 0.62 $ 0.79 
West North Central 1,459 136.6 $ 0.78 $ 4.28 $ 0.98 
South Central 1,753 275.7 $ 1.95 $ 0.33 $ 0.81 
East South Central 1,274 108.5 $ 0.33 $ 0.00 $ 0.35 
West South Central 2,549 273.4 $ 0.58 $ 0.70 $ 0.17 
Mountain 1,029 90.8 $ 0.75 $ 0.33 $ 6.11 
Pacific 1,556 240.8 $ 0.44 $ 0.00 $ 0.82 

Total 13,555 1,682.4 $40.15 $30.54 $61.37 

Responding states 40 33 36 
Total program mean (x) $ 1.00 $ 0.92 $ 1.70 

and tradition, and vary greatly between states. This study demonstrated that the 
educational component of wildlife management (Adams and Thomas 1986) is given 
budgetary recognition by most state agencies through allocations to their l&E divi­
sions (Table 1). However, these allocations to I&E divisions are considerably lower 
than those for WM, FM, and LE. Regional variations in I&E per-capita allocations, 
particularly in the high range as evidenced in the Mountain and West North Central 
regions, may represent the results of establishing an historical precedent for and 
commitment to conservation education. For example, the Mountain Region is the 
origin of two, nationally recognized and utilized, conservation education programs, 
e.g., Project Learning Tree (PLT) and Project WILD (Adams et al. 1985). Both of
these programs were developed through the cooperative efforts of Mountain Region
educators, natural resource agencies and professional organizations. PLT and Project
WILD became available in 1967 and 1981, respectively. In the West Central Region,
the extensive public school, in-service teacher training and public conservation pro­
grams in Missouri are well-known. The Missouri programs are funded through a
1976 state constitutional amendment adding one-eighth cent to the state sales tax to
provide funding ($26 million per year) for an expanded conservation program (Brohn
1977). Such events may explain why the l&E divisions in these two regions have
higher-than-average PC budgets, when compared to other regions. Perhaps, the
intensity of conservation education activity within these regions has raised the citi­
zenry's level of awareness regarding the need for conservation education that, in
tum, has led to larger budget allocations.

Average PC budget allocations of $1. 70 and $0. 92, respectively, for Project WILD 
and teacher education programs indicated that public school teachers are recognized 
by most state agencies as partners in the conservation education process (Table 3). 
Since both of these programs target teachers, the combined per-capita allocation for 
this audience or constituency is $2.62, compared with $1.00 per capita for hunters. 
An incorrect interpretation of these values is that agencies are allocating nearly three 
times more to teacher education than to hunter education. In fact, the products of 
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mean program expenditures x total constituency revealed exactly the opposite result, 
e.g., for every $1.00 dedicated to teacher education and Project WILD combined,
$3. 00 were allocated to hunter education. Hunter education is a traditional and much­
needed program because of its emphases on human safety and firearm training.
However, investments in teacher education programs translate into far greater net­
working potentials than is the case with hunter constituencies. On the average, each
teacher has the potential of reaching 30 students annually. In our view, teachers
represent a more well-organized, trained, advocacy group to increase public aware­
ness and appreciation of wildlife values, when compared with hunters. A re-evaluation
of the priority assignment given to hunter education when compared with teacher
education at both state and federal levels, is recommended.

Finally, it should be emphasized that the results of this national study represent 
only one point in the historical development of conservation education programs 
within state agencies. Leopold's (1940, 1942) advise to allocate resources to public 
conservation education has occurred. The availability of future resources will depend 
on the ability to I&E divisions and state agencies to sensitize the public to a point 
where environmental and wildlife quality are integral components of human value 
systems. Preservation, conservation and enhancement of wildlife habitats should be 
a human imperative and consideration. l&E programs should have a high level of 
visibility and practicality if such human internalization of the conservation ethos is 
to be effective and pervasive in the long-term. Study findings on PC budget allocations 
to I&E divisions and selected agency programs cause one to question whether they 
may be insufficient for influencing or changing human attitudes and values, much 
less public opinion, on a prolonged, systematic basis across the United States. 

Our society's high demand for wildlife resources requires informed and intelligent 
decisions regarding all aspects of wildlife management. This study provided baseline 
data on the budget allocations to WM, FM, LE and I&E. Applications of these data 
may enable agencies to identify their programmatic strengths and weaknesses. These 
data may also give the wildlife profession a better understanding of present emphases 
in the wildlife management process, leading to future management goals that more 
effectively target the majority public. 
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Summary of Research Findings 
on Project WILD 

Cheryl Charles 
Project WIW 
Boulder, Colorado 

Introduction 

There is a growing body of research related to Project WILD. This paper briefly 
describes the Project's overall approach to research and evaluation, summarizes some 
of the findings from a variety of studies related to the Project, and suggests a few 
additional areas in which interested researchers might contribute. 

Approach to Research and Evaluation 

Project WILD is a conservation and environmental education program designed 
especially for teachers of kindergarten through high school age students. Particularly 
because it is designed for a school audience, it is being developed with careful 
attention to educational standards for quality. The program's instructional materials 
undergo a variety of kinds of evaluation in the process of their development, and 
the Project's approaches to implementation of the materials are monitored and eval­
uated (Charles 1986a). 

The process of education, by its nature, is difficult to evaluate with precision and 
accuracy. The most important outcomes of education are long-term, evidenced 
throughout a lifetime. 

Compounding the difficulty of measuring the impact of a program like Project 
WILD is the fact that teaching about wildlife, habitat and conservation is not a 
priority within the curricula of the public schools of the United States and Canada. 
In order for wildlife education to become a part of public schooling, Project WILD' s 
approach is to develop materials and support services to enable teachers to integrate 
wildlife-related instruction within the mainstream. The approach is, by nature, dif­
fused. It is realistic, but its impacts are difficult to measure. 

Despite these limitations, there is a variety of important and useful studies related 
to Project WILD. The sponsors of Project WILD conduct research as part of the 
development process to ensure the quality of the instructional materials. The sponsors 
also maintain an ongoing system for monitoring the quality of Project WILD work­
shops throughout the United States, and have, to date, conducted one major Survey 
of Use as a measure of the extent to which the Project materials are used by teachers 
following participation in a Project WILD workshop. In addition to research con­
ducted officially as part of Project WILD, graduate students are undertaking an 
increasing number of studies. 

Various and diverse approaches to evaluating Project WILD are needed, and should 
be conducted on a continuing basis. 

Research related to Project WILD now exists in two categories-development and 
implementation. The major studies conducted to date are briefly described below. 
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Development 

Development of Project WILD Elementary and Secondary Activity 
Guides 

During the approximately three years of the initial development of the Project 

WILD Elementary and Secondary Activity Guides, traditional as well as innovative 
approaches to development of instructional materials were employed. Expert teachers, 
wildlife biologists and representatives of a variety of organizations with wildlife 
interest and expertise participated in a series of writing conferences. Instructional 
activities were developed to correspond to a conceptual framework that was reviewed 
for technical accuracy by literally hundreds of experts. The draft materials were 
reviewed and prepared for pilot testing. The pilot-testing phase was conducted by 
independent evaluators, removing the developers from the process of assessing the 
materials' effectiveness in accomplishing their stated objectives. Following the pre­
testing process, the materials were revised and again reviewed for technical accuracy, 
educational validity, balance and fairness. At this point, during the 1982-83 school 
year, the Project WILD activities that were to become the basis for the Project WILD 
Elementary and Secondary Activity Guides were subjected to a field test conducted 
by independent evaluators. A summary of the findings of that study follows. 

Project WILD evaluation: Final report of field test. M. Lynette Fleming (1983) 
conducted and reported this study. The purpose was to measure and interpret Project 
WILD's effect on students and teachers. Effects included changes in students' knowl­
edge and attitudes about wildlife as well as teachers' reactions to the materials. This 
formal field test was conducted in three states, in three demographic areas within 
each state (rural, suburban and urban), and across all elementary and secondary grade 
levels. Two hundred fifty-nine teachers and more than 6,000 students were involved. 
The study employed both quantitative and qualitative techniques. The quantitative 
segment involved the development of cognitive and affective instruments for mea­
suring change in students' knowledge and attitudes. The qualitative segment, based 
on ethnographic methodologies, included interviews, classroom observations and 
surveys. 

Summarizing the results of this study, a few points may be made. Project WILD 
was found to be effective with kindergarten through high school students. Gains in 
student learning and attitude changes were greatest with the primary age students. 
The Project's success does not depend on grade level. 

There was no significant difference in student learning when teachers received the 
materials through the mail or in a workshop, except with primary teachers. However, 
teachers generally indicated a workshop approach was preferred and positively af­
fected their confidence in using the materials. 

There were differences in student and teacher performance by state, apparently 
affected by the level of prior experience of teachers in using environmental education 
materials. There were gains in all states, though gains were smaller where the teachers 
had less background in teaching about wildlife and the environment. 

Student success was not dependent on residence in rural, suburban or urban areas. 
Teacher interest did affect student learning and attitudes. 
Project WILD was used in an interdisiplinary manner, particularly in the elementary 
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school grades. At the high school level, the greatest gains in student learning were 
found among students in language arts and English classes. 

Fleming (1983) reported, "Student learning and attitudes about wildlife were 
positively affected by Project WILD." 

She added: ''The most significant finding in this study is differences in student 
pelformance across grade levels. Primary students gained most, followed by inter­
mediate classes, then seventh through ninth grades, while tenth through twelfth grade 
students gained the least on both cognitive and affective measures." Contributing 
factors may have been that, "Elementary teachers were much more interested in 
teaching about wildlife than their secondary counterparts . . . . Elementary teachers 
did more Project WILD activities as well as a wider variety of activities than the 
other teachers." The more Project WILD activities a teacher used, the greater were 
the gains in student learning and attitude change consistent with the goals of Project 
WILD. 

Following this major field test, the Project WILD activities were revised slightly 
to reflect some suggestions from the researcher. For example, changes were made 
in the format of the secondary materials to make them more obviously applicable to 
the traditional subject matter areas of high school teachers. Following these revisions, 
the materials were prepared for their first printing in graphic and typeset form, and 
made available officially for workshops to begin in the fall of 1983. 

Implementation 

Impact on Students 

Evaluation report of the 1985 implementation of Project WILD in the elementary 
schools of Lee County, Florida. This study also was conducted and reported by 
Fleming ( 1985). The purpose was to determine the effects of Project WILD on 
kindergarten through fifth grade students in the Lee County, Florida schools. Student 
learning and attitudes toward wildlife were measured. 

This study is similar to the major field test of the Project WILD instructional 
activities, described above. However, since it was conducted to determine the ef­
fectiveness of Project WILD with students in one school district-and was not used 
for purposes of revising the Project WILD materials as part of their development­
it is included in this paper as one of the studies related to implementation of the 
Project materials. 

In preparation for this study, 7 to 18 Project WILD activities were identified for 
each of the six grade levels (K through 5) to correspond to Lee County curriculum 
objectives. A control group was identified, which did not use any Project WILD 
activities. Project WILD activities were used by teachers in two other elementary 
schools in the district. One of these schools was also implementing a new science 
curriculum with a strong laboratory focus. 

Based on an experimental/control group design, pretests were administered to 
students prior to instruction, and post-tests were given at the end of the experimental 
period. The instruments that were used were modified versions of those used during 
the original national-level Project WILD field test described above. 
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The three elementary schools involved in this study were identified as: "Con­
trol" -where no Project WILD activities were taught; "WILD"-the school im­
plementing Project WILD as part of the district's instructional objectives; and 
"WILD+ "-the school using both Project WILD and the district's proposed new 
science program. 

Statistically significant differences were found across schools and grade levels on 
both the cognitive and affective instruments. The schools that implemented Project 
WILD were found to have made significantly greater gains than the Control school. 
Comparing cognitive gains, the WILD group did significantly better than both the 
WILD+ and the Control groups. The WILD school also differed significantly-in 
a positive direction, consistent with the goals of Project WILD-from the Control 
school on the affective, attitudinal measures. 

Fleming (1985) reported: "The most surprising thing about this study is that, with 
the short amount of instructional time available, statistically significant differences 
were found in any areas. The trends seem very positive." 

Use of Materials 

Once the Project WILD Elementary and Secondary Guides were developed, the 
Project WILD model calls for these materials to be made available within the context 
of instructional workshops for teachers. The Project WILD Steering Committee, 
officially representing the sponsors of Project WILD, sets guidelines by which the 
Project WILD materials are made available. One component of these guidelines is 
a request for the materials to be offered free of charge to participants in Project 
WILD workshops of six hours in length. Procedures for reporting and monitoring 
these workshops were established from the beginning. 

The data base for Project WILD at the national as well as at state levels is 
increasingly extensive. We know that, nationwide, Project WILD workshops actually 
average seven hours in length. We know that the Project WILD workshops are 
received enthusiastically by educators who participate in them. For example, analysis 
of data from the Participant Survey Forms that are used uniformly in Project WILD 
workshops throughout the 40 Project WILD states indicates that 99 percent of the 
workshop participants say the workshop they attended was either excellent or good. 
We continually monitor these forms. The results have not varied since 1983, when 
the Project's implementation first began. 

Although we know that students in test conditions gain in knowledge about wildlife 
when their teachers use Project WILD, that student attitudes are positively affected 
in the direction of greater appreciation of wildlife and the importance of habitat, and 
that teachers respond enthusiastically to Project WILD workshops, the next valid 
question is, "Do teachers actually use the Project WILD materials with their students 
after they have participated in a Project WILD workshop?'' One national-level and 
four state-level studies that address this question are summarized below. 

1986 Project WILD survey of use and needs: Numerical summary of results. A 
questionnaire booklet comprised of 20 questions was developed, pilot tested and then 
mailed to a stratified random sample of teachers who had participated in Project 
WILD workshops from the fall of 1983 to the spring of 1986 (Charles 1986b). The 
questionnaire was mailed to a random sample of 20 percent of the teachers who had 
attended a Project WILD workshop in each participating state. There is no provision 
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at present for address corrections on the mailing list at the national level, nor, because 
of cost, was an address correction requested. The questionnaire was mailed at bulk, 
nonprofit rates, with a standarized coverletter. This initial mailing was followed by 
a reminder postcard. Finally, another questionnaire with a second coverletter was 
mailed. 

The survey population was 4,945. The rate of response was 49 percent. Analyzing 
the response rate on a state-by-state basis, it ranged from 29-71 percent. 

A variety of interesting and useful questions was asked. Some of the responses 
are described here. 

Of those responding to the questionnaire, 70 percent indicated that they used the 
Project WILD materials since the workshop. Within the 30 percent who had not yet 
used the materials, 63 percent said that they planned to in the future. 

When asked their perception of student learning as a result of Project WILD, 91 
percent of those responding said that their students had increased their awareness, 
knowledge, skills and/or attitudes related to "what wildlife is and what it needs in 
order to survive,'' and 87 percent related to ''the overall importance of wildlife and 
its habitat. " 

Thirty-nine percent of the teachers responding said that, as a result of Project 
WILD, most of their students have "more responsible attitudes toward wildlife and 
the environment," 38 percent said "many," and 20 percent "some." Less than 3 
percent said that very few or none of their students had acquired more responsible 
attitudes toward wildlife and the environment as a result of Project WILD. 

When asked their goals in using Project WILD, 94 percent of those responding 
said, "to instill in students an appreciation of the importance of wildlife, its habitat 
and a healthy environment for both people and wildlife." 

Although 86 percent of those responding said their reasons for using Project WILD 
in their teaching included ''to be able to include concepts about wildlife and the 
environment in my curriculum,'' they also appear to be motivated by the inherent 
value of the Project WILD activities simply from an educational perspective-80 
percent of the teachers cited as reason for using Project WILD, ''to provide students 
with opportunities for learning that are interesting, useful, and instructionally sound,'' 
and 76 percent said "to support, enrich, and add variety to my teaching of basic 
subjects, skills, and concepts." 

One particularly interesting finding is that 75 percent of the teachers responding 
have loaned or shown their Project WILD Activity Guide to at least one other teacher. 

It is important to know how teachers actually use the Project WILD activities. 
They are designed for incorporation within a teacher's curriculum, based on that 
individual teacher's professional judgement. The materials are designed to correspond 
to skills and concepts typically included in school subjects including science, social 
studies, language arts and mathematics. However, given the nature of public school­
ing, it is up to the teacher to decide where and how to include attention to wildlife, 
habitat and conservation issues. Eighty-five percent of the teachers responding use 
Project WILD "by selecting and including Project WILD activities where appropriate 
in my existing curriculum." Not typical, but still appropriate and possible, 1 percent 
use Project WILD "as the basis for my total curriculum," and 4 percent "as the 
basis for a course I teach." Twenty-four percent use Project WILD "as the basis 
for one or more instructional units." This totals more than 100 percent because 
teachers sometimes selected more than one option. 
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Important to future planning for Project WILD, 67 percent of those responding 
said that, ''It would help me if I were provided with additional materials from Project 
WILD to supplement the Guides, such as student worksheets and materials for 
learning centers.'' Signifying a reality of the public schools, 52 percent said it would 
be helpful if "I were given additional planning time in order to match up Project 
WILD activities with my existing curriculum materials." 

Project WILD has either greatly or moderately increased the amount of time the 
teachers report spending on instruction about wildlife and the environment, with only 
17 percent reporting no change in the amount of time, and less than 1 percent reporting 
a decrease in the amount of time spent. 

The survey results provide insights into a variety of aspects of Project WILD's 
implementation. Space does not allow for additional description of the findings. In 
sum, this survey indicates that the Project WILD materials are being used. Based 
on the numbers of students the responding teachers indicated they actually teach 
using Project WILD, and applying formulas derived from these findings to the total 
numbers of teachers who had participated in Project WILD workshops from the fall 
of 1983 through the spring of 1986, it is conservatively estimated that more than 7 
million students in elementary and secondary classrooms of the United States had 
received instruction through use of Project WILD during that period. The numbers 
continue to grow, and we will continue to monitor and evaluate our progress. 

A statewide survey of Project WILD in Ohio. This study was conducted by Diane 
C. Cantrell (1986) at the request of the Ohio Department of Natural Resources,
Division of Wildlife, and the Ohio Department of Education, Division of Inservice
Instruction. It was a survey of the use of Project WILD in Ohio by participants who
had attended a Project WILD workshop in the first year of the Project's implemen­
tation in the state.

This survey was also based on a questionnaire, mailed at first-class rates with a 
personal letter, a follow-up post card, and a complete second mailing with the 
questionnaire and a new coverletter. The survey was mailed to all those in Ohio who 
had participated in leadership workshops and were thus considered qualified to offer 
Project WILD workshops to others, plus a random sample of participants in intro­
ductory Project WILD teacher workshops. The response rate for completion of this 
12-page questionnaire of 43 questions was 78 percent.

A wealth of information has been derived from this study. Its findings are generally
consistent with those derived from the national-level Survey of Use that was con­
ducted during approximately the same time period in 1986. For example, as with 
the national survey, 75 percent of the Ohioans reported loaning or showing their 
Project WILD Activity Guide to one or more other people. Ninety-four percent 
reportedly would recommend the materials to other educators; the national Survey 
found 96 percent indicating they would recommend Project WILD. 

In addition to asking many of the same questions that were asked in the national 
survey, other questions were posed that the national survey did not address. For 
example, two-thirds of those responding had never heard about Project WILD prior 
to the workshop, and many knew little or nothing prior to attending. Forty-five 
percent wanted to attend the workshop because it "sounded interesting and fun"; 
42 percent were "looking for new teaching strategies"; 31 percent were looking for 
new program ideas; 30 percent wanted to "learn more about wildlife"; 14 percent 
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wanted to earn college credit; and 10 percent were required to attend. According to 
Cantrell (1986), "The majority of respondents attended the workshop on their own 
time (38% on weekends and 14% during vacations) while 37% received inservice 
release time (25% optional attendance and 12% required). Twenty-seven percent of 
all respondents received college credit.'' (It may be noted that some states have a 
higher percentage of teachers receiving college credit for participating in Project 
WILD workshops, and other states have a lower percentage than in this case.) 

Ohio has data about the number of years of teaching experience and levels of 
education among those who responded to this survey. Thirty-two percent had taught 
for 16 or more years, 23 percent 1-5 years, 22 percent for 11-15 years, and 19 
percent for 6-10 years; 3 percent had never taught. Forty-three percent had a Bach­
elor's degree plus additional hours, 23 percent had a Master's degree plus additional 
hours, 11 percent had a Bachelor's degree, 11 percent a Master's degree, 6 percent 
a high school diploma, 4 percent an Associate's degree and 3 percent a doctorate 
degree. 

Participants in Ohio felt strongly that the workshop was helpful in preparing them 
to use the Project WILD materials. Follow-up after the workshop was not perceived 
as being strong. (From a national perspective, we would agree that follow-up of a 
continuing kind-offering additional workshop opportunities, materials and news­
letters to enrich the teaching about it-is necessary. Additional work in this area is 
needed in all states; though some provide more continuing services than others.) 

Eighty-one percent of the respondents reported using the Project WILD materials 
following the workshop. Sixteen percent of the 19 percent not using the materials 
were required to attend the workshop. Of those required to attend, 70 percent reported 
using Project WILD and 30 percent had not. According to Cantrell (1986), "This 
might suggest that those who are required to attend a workshop are less likely to use 
the materials afterwards." Further analysis of the Ohio data suggests that the rate 
of nonuse may have been influenced by the percentage of college students involved. 
Cantrell stated that, "College students represented 13% of nonusers while they only 
represented 5% of users. Many of the college students participated in Project WILD 
as part of a course they were taking and had not had the opportunity to use it yet. . . . 
In general, nonusers had less teaching experience and less education than users." 

Cantrell (1986) concluded: "Based upon the first year of implementation of Project 
WILD in Ohio, it appears that the program is well regarded and well used by educators 
who have attended either a facilitator workshop or a teacher workshop. While the 
majority of these people are teachers (the targeted audience for Project WILD), the 
program serves a wide variety of educators as evidenced by the diversity of responses 
in the survey." She also recommended: "Since Project WILD serves a diversified 
audience, flexibility and variety should be emphasized as key elements in the im­
plementation strategies. State leaders and facilitators should broaden their workshop 
approach to include effective followup." 

Teacher use of Project WILD. This study has been conducted and is being reported 
by Dolly Zosel (1988), who has been actively involved with the implementation of 
Project WILD in Wisconsin. This study has been supported as part of her work with 
the Wisconsin Department of Natural Resources, co-sponsor of Project WILD in the 
state. 

Project WILD Research + 537



The objective of Zosel's study was to examine the use of the Project WILD 
materials by teachers who have participated in Project WILD workshops in Wis­
consin. 

As with the Ohio study of use, the Wisconsin findings are generally consistent 
with those found at the national level in the 1986 Survey of Use. Some of the same 
questions were asked, others were not. 

A mail survey was conducted, and the response rate was 78 percent. Zosel (1988) 
noted, ''Not only did respondents answer questions in the survey, almost all of them 
wrote additional comments on their experiences with the Project WILD program." 

She reported, "Seventy-four percent of those responding used at least some of 
the activities. Of the 26% that did not use them, one half of these said they 'would 
use them but are not currently in a teaching situation where this is possible.' '' 

Zosel's study has yielded an important new finding for those of us working with 
the program at the national as well as state levels. The Project WILD Steering 
Committee recommends that the Project WILD materials be offered to teachers in 
instructional workshops of six hours or longer. We know from other research that 
the national average for workshop length is seven hours. We know from the national 
level Survey of Use conducted in 1986 that 80 percent or more of the teachers who 
participate in workshops of 10 hours or longer actually use the Project WILD activities 
with students. Zosel's study adds a new dimension by indicating clearly that teachers 
who participated in workshops of seven hours or longer actually used more activities. 

The combination of data from these two studies certainly lends support to the Steering 
Committee's strong recommendation for workshops of six hours or longer. 

Another interesting and new finding from Zosel's study has to do with a char­
acteristic of the teacher workshop itself. For many years, all Project WILD leadership 
workshops and many Project WILD teacher workshops have included a peer-teaching 
component. This is a time in the workshop when participants select a Project WILD 
activity and, with a short amount of time for preparation, actually teach the activity 
in an abbreviated fashion to other workshop participants. Zosel indicated that, ''Teachers 
who had this opportunity to practice leading (activities) were more likely to use 
Project WILD and to use greater numbers of activities." Zosel also indicated that 
workshops that included this peer-teaching component had fewer teachers not using 
Project WILD at all following the workshop than did teachers in workshops where 
this component was not included. 

Zosel has some data concerning another dimension for which we need additional 
research. She asked teachers if their students had been actively involved in any 
projects to benefit wildlife and the environment as a result of their experience with 
Project WILD. Thirty-eight percent of those responding said that their students had 
taken some action. Examples of action included building various types of bird houses 
and feeders, writing letters to politicians about wildlife issues, developing school 
nature areas, and doing volunteer work at environmental centers. One initiated a 
public information campaign in the community about wildlife issues. Some helped 
to restore prairie habitats. One was instrumental in the purchase and development 
of a school forest. Zosel noted, "Hopefully this is the tip of the iceberg. Some of 
these projects were done by first graders." 

An assessment of the use and effectiveness of Project WILD by teachers and youth 
leaders in Oklahoma. This study was conducted and reported by Cindi Smith-Walters 
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(1988). It, too, employed a mailed questionnaire of 23 questions, sent to more than 
2,000 Project WILD workshop participants in Oklahoma, accompanied by a per­
sonally signed letter. Two additional mailings were sent as reminders and encour­
agement to complete the questionnaire. The rate of response was 38 percent. 

Again, the findings from this study are generally consistent with those of the 
national level Survey of Use conducted in 1986, as well as the surveys conducted 
in Ohio and Wisconsin, reported above. 

In addition, this study included an analysis of urban, suburban and rural users of 
the Project WILD materials. According to Smith-Walters (1988), "No significant 
differences were found in their use, preferences, or attitudes concerning Project 
WILD." 

Fifty-one percent of those responding to this survey indicated that they attended 
the Project WILD workshop "because they wanted to," 28.1 percent "attended 
voluntarily but were offered in-service or staff development points from their school,'' 

11.1 percent "attended for college credit," and 8.9 percent attended "because they 
had no choice, attendance was mandatory." 

Teachers in this survey were asked to rank order a list of educational aids that 
might be developed to assist them in using the Project WILD materials. According 
to Smith-Walters, "The most requested and highest in priority was wildlife resource 
centers for school districts," that would include a variety of tangible resource ma­
terials, including owl pellets, animal skulls, filmstrips and reference books. Smith­
Walters stated that, ''It is believed that dwindling school budgets and stagnant salaries 
of Oklahoma teachers have had an effect on the kinds and amounts of supplemental 
resource materials bought by schools and their staff. Teachers see these resource 
centers as a possible way to increase the amount of materials available to them for 
use with students." Another high ranking resource was described as "five to ten 
minute videos on wildlife concepts. " 

A case study analysis of curriculum implementation as exemplified by Project WILD 
in one midwestern state. This unusually detailed and thorough study, based on 
ethnographic research methodologies, was conducted and reported by Cantrell ( 1987). 
Cantrell examined the characteristics of Project WILD from a national as well as a 
state level and provided an analysis and description of factors that influence the use 
of Project WILD by teachers. 

Cantrell (1987) stated: "The purpose of this study is to examine the process of 
curriculum implementation as exemplified by Project WILD in one midwestem state 
in order to increase understanding about this process and its relationship to what is 
currently known about curriculum implementation. The study uses naturalistic re­
search techniques to follow the process from the national level to the actual use of 
the instructional materials in the classroom. It focuses on three major phases: 1) program 
adoption and planning; 2) inservice workshops; and 3) classroom use of materials.'' 

The findings from this study also are consistent with those of the other formal 
studies related to Project WILD. The naturalistic approach in this study, involving 
literally hundreds of hours of interviews and observations, yielded a depth of insight 
and illustrations that is illuminating, interesting and useful. Given the breadth and 
depth of Cantrell's study, this brief description will only highlight some aspects of 
her findings. 

One component of this study involved selection of a random sample of classroom 
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teachers who had participated in a Project WILD workshop. Fifteen teachers were 
selected for in-depth interviews and observations. Of these 15 teachers, it was found 
that 13 (87 percent) had used one or more Project WILD activities with their students 
following their workshop experience. Two teachers (13 percent) had not used the 
Project WILD materials. Both of the nonusers were high school teachers. 

Many of us who are involved with Project WILD have wondered about the impact 
of the activities that participants experience in Project WILD workshops. Cantrell 
(1987) found that participants tend to use the activities they experience in the work­
shop. However, she also found that teachers use additional activities. They find the 
activities simply by looking through the Activity Guides and finding activities that 
fit within their curriculum. 

Cantrell reported, ''When asked what criteria they used . . . the most frequent 
response related to complexity-easy to use, not complex, not complicated direc­
tions." Other criteria included correlation with the curriculum, whether the teacher 
found the activity personally appealing and thought students would, time involved 
to prepare or conduct the activity, ready availability of any necessary support material, 
and whether the activity taught important concepts in an understandable way. 

The teachers' response to the effectiveness of the Project WILD activities was 
enthusiastic. Cantrell reported that, "Teachers cited a variety of evidence to support 
their belief that the activities were successful, that students enjoyed them, and that 
they achieved as a result of their participation in the activities.'' 

She concluded that Project WILD is successful for a variety of reasons. Of the 
many attributes Cantrell cited, some of the most important factors contributing to its 
success, she believed, are its inherent flexibility, its respect for teachers' abilities 
and the quality of its educational materials. 

Conclusion 

Additional research related to Project WILD is needed. For example, we need to 
continue to monitor the quality of the program, making it possible to adjust and 
improve its materials and its implementation efforts. More research is needed with 
respect to student learning. Ideally, funding could be secured to conduct a longitudinal 
study to determine the effects of Project WILD on school students over a period of 
many years, into adulthood. Related to implementation, more research is needed to 
determine the comparative effectiveness of different workshop approaches-includ­
ing length of time, components of workshops and kinds of follow-up services after 
workshops. 

Within the constraints of present funding, research will continue in the following 
areas: (1) all new instructional materials will undergo expert review and formal pilot 
testing by independent evaluators; (2) implementation activities in all participating 
states will be continually monitored, including statistical indicators of progress and 
quality; and (3) another major Survey of Use will be conducted in 1990, including 
use of the Project WILD Aquatic Education Activity Guide. 

The sponsors of Project WILD encourage graduate students, university faculty, 
school district evaluators, wildlife agency research specialists and other interested 
researchers to initiate studies related to Project WILD. The Project has limited funds 
and therefore typically does not provide financial assistance. However, the sponsors 
of Project WILD are pleased to cooperate with such efforts. Please simply contact 
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me, Dr. Cheryl Charles, Director, Project WILD, P.O. Box 18060, Boulder, CO 
80308-8060, for additional information. 
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Introduction 

Lester Brown (1981), in Building a Sustainable Society, observed that our future 
approach to environmental issues must differ substantially from our present approach; 
people will have to impose limits on human population growth, energy use and the 
depletion of natural resources. Until people appreciate that the quality of their lives 
is dependent on the health of their environment, then humankind has little hope of 
establishing a sustainable society. 

Imparting such an understanding is a vital mission of conservation education. 
National conservation organizations, concurring with Hawkins and Vinton (1973:7) 
that ''the solution to the environmental crisis . . . rests neither with scientists nor 
with government officials, but with a citizenry educated in environmental problem 
solving,'' have come to view their educational programs as fundamental to achieving 
their environmental missions. 

Conservation education-teaches about the wise use of natural resources-is part 
of the broader domain of environmental education. Educators hope that people ex­
posed to environmental education programs will ultimately become citizens who 
participate in solving environmental problems (Hungerford and Volk 1984). A num­
ber of environmental education professionals in both the formal and nonformal ed­
ucational areas (Hungerford and Volk 1984) have agreed that the overriding goal of 
environmental education is "to aid citizens in becoming environmentally knowl­
edgeable and, above all, skilled and dedicated citizens who are willing to work, 
individually and collectively, toward achieving and/or maintaining a dynamic equi­
librium between quality of life and quality of the environment.'' 1 This environmental 
education goal encapsulates another essential mission of national conservation or­
ganizations-to make people not only knowledgeable about the environment, but to 
give them the skills to translate knowledge into environmental action. 

Although research on the relationships between environmental knowledge, attitudes 

'Adapted from Gary D. Harvey (1977), A conceptualization of environmental education. Pages 66-72 in J. L. 
Aldrich, A. M. Blackbum, and G. A. Abel, eds., A report on the North American regional seminar on environ­
mental education, ERIC/SMEAC, Columbus, Ohio. 

542 + Trans. 53rd N. A. Wildl. & Nat. Res. Conj. (1988)



and behavior has been inconclusive (see Pomerantz 1985 for further discussion), 
educators largely believe that instructional objectives in environmental education 
must deal with all three areas (Hungerford et al. 1980). The educational methods 
used to encourage progression from environmental awareness to action are varied. 
The educational programs sponsored by the National Wildlife Federation (NWF), 
for example, are specifically designed with these different educational objectives in 
mind. They range from attempts to increase children's awareness and appreciation 
of the natural world through such magazines as Ranger Rick and Your Big Backyard, 

and such programs as "Backyard Wildlife Habitat" that instruct landowners in 
creating wildlife habitat, to Action Alerts that request citizens to become actively 
involved in the legislative process. 

A significant component of the NWF's educational communications is its wildlife 
magazines. Historically, wildlife issues have elicited strong public concern (Kellert 
1980). Studies have shown that the public responds enthusiastically to magazines 
and television documentaries that are devoted to wildlife (Fortner and Teates 1980, 
Pomerantz 1977, 1985). As a result, many conservation organizations have used the 
appealing nature of wildlife to teach broader messages about natural resource con­
servation and environmental protection (Hair and Pomerantz 1987). The fact that 
millions of people are members of conservation organizations such as the NWF and 
National Audubon Society and subscribe to their publications attests to the popularity 
of those publications. The question remains, though, do these publications effectively 
convey the conservation message? 

Previous research has shown that the media, including magazines, newspapers, 
books and television, are a primary source of children's knowledge and have an 
important influence on their environmental attitudes (Eyers 1975, Fortner and Teates 
1980, Pomerantz 1977, Richmond and Morgan 1977 inter alia). Studies of attitudes, 
values and cognitive development have shown that a significant time for acquiring 
knowledge and understanding about the environment is between ages 10 and 13 
(Chemers and Altman 1977, Kellert and Westervelt 1983, More 1977, Pomerantz 
1987 inter alia). Furthermore, the manner in which scientific or ecological material 
is presented affects learning (Pomerantz 1985, Ramsey and Rickson 1976, Robinson 
1963). 

Ranger Rick, published monthly by the NWF, afforded an opportunity to examine 
the effectiveness of a children's nature magazine in communicating environmental 
information to children. Ranger Rick is aimed at youth, ages 7 to 12, and focuses 
on basic ecological concepts, current environmental issues, and natural histories of 
a variety of plants and animals. The magazine carries a variety of articles, including 
features on the natural histories of animals, instructions for creating a backyard 
wildlife habitat, a puzzle or games page, letters from Ranger Rick readers, a question­
and-answer page, and an adventure story. Scientific information is presented in 
straightforward objective manner, in storybook format, in verse, and from personal 
perspective. Color photos and illustrations are used extensively to depict wildlife and 
natural habitats. 

The evaluation of Ranger Rick assessed the effectiveness of the magazine on 
children's environmental knowledge, attitudes and behavior, as well as the stylistic 
elements that contributed most to these domains. This paper presents the research 
findings and describes implications for using magazines for formal and nonformal 
environmental education efforts. We discuss how a private conservation organization 
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utilizes this form of environmental education, and how its educational programs 
advance its environmental mission. 

Methods 

Multiple research methods were used to evaluate Ranger Rick, including: a content 
analysis of the magazine; a national mail survey of Ranger Rick subscribers; two 
pretest/post-test classroom experimental designs with elementary schoolchildren; and 
personal interviews of fifth graders. This paper reports primarily on the findings of 
the classroom study with fifth graders and the national mail survey. 

Classroom Study 

A pretest/post-test design was used in the classroom comparison of 491 fifth graders 
from 10 randomly selected elementary schools in Wake County, North Carolina. 
The schools were located in areas that ranged from rural to innercity. Two fifth grade 
classes in each of the 10 selected schools were assigned randomly to a treatment and 
control group. Both the pretest and post-test questionnaires were completed by 232 
children in the treatment group and 259 in the control group. 

In December 1981, both groups took a pretest questionnaire that was designed to 
evaluate the influence of Ranger Rick on (1) children's knowledge of basic ecological 
principles, common environmental problems, animals and plants; (2) attitudes toward 
animals and the environment; and (3) wildlife- and conservation-related behavior. 
Each student in the treatment group received a new issue of Ranger Rick during each 
of the months of January, February and March 1982. Teachers were instructed to 
distribute one issue of the magazine at the beginning of each month. Students were 
free to read the magazine during individual class reading time or to take the magazine 
home. No formal class discussion by the teacher occurred until after the post-test 
was administered. In April 1982, both groups took a post-test questionnaire (identical 
to the pretest), and then each student in the control group received three issues of 
Ranger Rick for participating in the study. (Details regarding questionnaire devel­
opment and sample characteristics are provided in Pomerantz 1986.) 

Questionnaire items were divided into four analysis categories-environmental 
knowledge, conservation attitudes, anthropomorphic attitudes, and wildlife-related 
behavior and desires. Multiple analysis of covariance (MANCOV A) (Lindeman et 
al. 1980) was used to identify significant differences between the responses of treat­
ment and control subjects, males and females, and among children from the different 
areas of residence. Each set of post-test responses represented the dependent vari­
ables, and experimental group, sex, and residence were the independent variables. 
The pretest responses to the questionnaire items were the covariates. All reported 
adjusted means were calculated by adjusting the post-test mean by the mean value 
of the pretest mean, the covariate. 

National Mail Survey 

A second method used to evaluate Ranger Rick was a national mail survey. A 
mail questionnaire was sent to approximately 12,000 Ranger Rick subscribers na­
tionwide. The sample was stratified by three geographic regions and by length of 
membership (long-term subscribers received the magazine > 2 years; short-term 
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subscribers s; 2 years). After one mailing, 3, 156 children responded, for an overall 
response rate of 26 percent. Due to the fairly low response rate, a telephone follow­
up of a subsample (n = 205) of nonrespondents was conducted to determine non­
response bias. A comparison of the telephone and mail surveys revealed that mail 
survey respondents were more avid Ranger Rick readers, more read other nature and 
science magazines and a greater percentage rated Ranger Rick as much better than 
other nature magazines. Mail survey respondents also had higher conservation attitude 
index scores than did nonrespondent subscribers. 

The mail questionnaire was divided into two parts. Part I covered questions spe­
cifically about children's use and preferences of Ranger Rick magazine. Part II asked 
children about their conservation attitudes, anthropomorphic feelings and wildlife­
related behavior. Part II questions were identical to those used in the classroom 
questionnaire for fifth graders. 

The data from Part I were analyzed using Chi square tests to compare respondents 
according to length of subscribership, geographic region, area of residence, age and 
sex. Each category of questions in Part II (attitudes, anthropomorphism and behavior) 
was analyzed with MANCOV A to determine significant differences among four 
groups of respondents: (1) classroom control group; (2) classroom treatment group; 
(3) short-term Ranger Rick subscribers; and (4) long-term Ranger Rick subscribers.
Age was used as the covariate in the analyses.

Results and Discussion 

Knowledge 

After a three-month exposure to Ranger Rick magazine, the mean total knowledge 
score of the classroom treatment group (x = 9.51. S.E. = 0.17) was significantly 
higher (P < 0.004) than that of the control group (x = 8.50, S.E. = 0.30). The 
children who read Ranger Rick increased their knowledge in portions of three different 
content areas, including animals, plants and ecological principles. The treatment 
group had higher scores on questions dealing with bird behavior, sea plants, game 
birds and forest ecology. In two other areas, marine animals and predators, children 
who read Ranger Rick had higher scores, though not significant to P s; 0.05. The 
articles that presented this information ranged from five-page features with color 
photos to shorter articles with black-and-white illustrations. They were written in 
various styles, including straightforward narrative formats using scientific names and 
story formats that anthropomorphized animals. 

Additional evidence of knowledge gain after reading Ranger Rick was provided 
by the preliminary research study of third through fifth graders, conducted in 1979 
(Pomerantz 1980). In this study, Ranger Rick readers scored significantly higher than 
nonreaders on questions about ecological principles, environmental problems and 
animals. The two studies point strongly to the magazine's impact of children's 
knowledge in a variety of natural resource areas. 

Attitudes and Behavior 

By providing information in an engaging and entertaining way, Ranger Rick at­
tempts to help children develop an appreciation of the natural world that will then 
be reflected in positive conservation attitudes and behaviors. To determine if children 
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who read Ranger Rick magazine differed from those who did not, the national mail 
survey respondents were compared with the fifth grade treatment and control subjects 
for the classroom study. The two classroom groups did not differ significantly from 
each other in their conservation attitudes or behavior. Comparison of these two groups 
with short-term and long-term Ranger Rick subscribers did reveal attitudinal and 
behavioral differences. 

Overall, mail survey respondents had higher index scores for conservation attitudes 
than did children from the classroom study. They expressed stronger conservation 
feelings on diverse issues, covering energy consumption, water pollution, overpo­
pulation and habitat preservation. Children from the classroom study expressed more 
concern about the use of wild animals (Table 1). 

The greatest percentage of children, 84 percent or more in all groups, expressed 
a positive conservation attitude on questions concerning water pollution and local 
environmental cleanup. Seventy-four percent or more responded positively to the 
issue of energy conservation. Fewer children (between 56 percent and 73 percent) 
expressed conservation ideals about issues of land use, air pollution, wildlife use 
and habitat preservation. When questioned about the problem of overpopulation, the 

Table I. Conservation attitude scores for classroom groups from fifth grade sample, Wake County, 
North Carolina and subscribership groups from national sample of Ranger Rick subscribers. 

Mean score (S.E.) of participating groups 

Classroom Classroom Short-term 
Attitude category control treatment subscribers 

Water pollution* 4.39 4.40 4.65 

(0.07) (0.07) (0.02) 

Local environmental 

clean-up 4.38 4.34 4.44 

(0.05) (0.05) (0.02) 

Energy 3.95 3.97 4.28 

consumption* (0.06) (0.07) (0.02) 

Land-use regulation 3.56 3.58 3.44 

(0.08) (0.08) (0.03) 

Air pollution 3.81 3.74 3.81 

(0.07) (0.08) (0.03) 

Use of wild 3.91 3.80 3.60 
animals* (0.08) (0.08) (0.03) 

Habitat preservation* 3.75 3.86 4.05 

(0.08) (0.08) (0.03) 

Overpopulation* 1.64 1.64 2.20 

(0.06) (0.06) (0.03) 

Mean attitude score* 29.36 29.24 30.35 

(0.24) (0.26) (0.10) 

*Significant differences (p < 0.01) between the classroom groups and Ranger Rick subscribers.

MANCOVA results: Wilk's lamda = 0.924, F (27, 10199) = 10.33, p < 0.0001. 
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Long-term 
subscribers 

4.71 

(0.02) 

4.38 

(0.02) 

4.40 

(0.02) 

3.52 

(0.03) 

3.84 

(0.03) 

3.74 

(0.03) 

4.14 

(0.03) 

2.15 

(0.03) 

30.76 

(0.10) 



lowest percentage of children (� 14 percent) agreed that families should limit the 
number of children to two. 

Three-fourths or more children agreed with a conservation approach when the 
questions required a societal rather than personal commitment. Fewer, between one­
half and two-thirds, expressed a positive conservation attitude when they had to agree 
to limit personal behavior. Typically, fewer people will agree to conservation policies 
that involve making personal sacrifices (Eyers 1975, Perkes 1973), and this is well­
reflected in these differences. Studies have shown that attitudes toward conservation 
issues differ depending on the area of concern. Specifically, Van Liere and Dunlap 
(1981) found that attitudes toward population issues differed from attitudes toward 
natural resources and pollution. The distinctly different attitudes of children, in this 
study, toward population regulation support their findings. 

The most popular activities for all children were feeding wildlife, fishing, iden­
tifying plants and trees, and looking for wildlife. Except for hunting, significantly 
more mail survey respondents than children from the classroom study participated 
in a wide range of conservation and wildlife-related activities (Table 2). This is not 
to imply that the magazine was the sole or even primary motivator. The initial interest 
in nature activities most likely came form the child and/or parents, since these 
individuals obviously valued nature information enough to subscribe to the magazine. 
But for the subscriber-child, the magazine may provide direction in exploring the 
natural environment and demonstrating individual stewardship. For children exposed 
to Ranger Rick for the treatment period, the magazine may have provided motivation. 

For example, children in the treatment group who were exposed to the magazine 
for only three months did show an increased desire to participate in outdoor activities. 
Children in the treatment group from urban settings expressed a greater desire to 
catch wild animals for nature study than did their peers in suburban and rural areas 
and urban children in the control group. Subjects in both the treatment and control 
groups cited two activities that they most desired to do but were not yet doing­
writing to a government official on behalf of wildlife and helping a community in 
an environmental clean-up project. 

Stylistic Elements of Ranger Rick 

The national mail survey of Ranger Rick subscribers was also used to identify the 
magazine's components that most appealed to regular readers. The main reasons 
cited for reading Ranger Rick were: (l) to learn about animals (34 percent); (2) because 
it's fun to read (30 percent); and (3) to learn about conservation of plants and animals 
(25 percent). Ninety-eight percent of the respondents indicated they actually read the 
stories and did not just look at the pictures, and 84 percent found the language 
understandable. When asked what they liked most about Ranger Rick, the greatest 
number cited stories about animals (37 percent), followed by the adventure story (22 
percent) and the pictures (19 percent). Respondents expressed little preference for 
reading about animals that live in faraway places versus those near their home. 
However, when asked which type of animal they most liked to read about, strong 
preferences emerged. The two most popular animals were deer (20 percent) and 
snakes (19 percent), followed by birds (14 percent) and rabbits (13 percent). Lions, 
insects, and fish were preferred by � 11 percent of the respondents, and frogs were 
favored by only 3 percent. Respondents enjoyed reading about animals that are 
different and strange (51 percent) and about wild baby animals (43 percent), but had 
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Table 2. Participation in conservation and wildlife-oriented activities of classroom groups from fifth 
grade sample, Wake County, North Carolina, and subscribership groups from national sample of 
Ranger Rick subscribers. 

Percentage of each participating group 

Classroom Classroom Short-term Long-term 
Activity control treatment subscribers subscribers 

Fed wildlife* 76.45 85.78 91.67 91.86 

Fished 86.87 86.64 87.40 90.09 

Identified plants 

and trees* 62.93 70.69 86.96 89.96 

Looked for wildlife* 59.07 64.66 85.81 86.84 

Caught animals 

for nature study* 23.55 29.31 82.57 83.71 

Helped in community 

cleanup project* 31.66 41.38 47.46 50.44 

Hunted* 37.45 43.97 22.46 22.35 

Kept a wild animal 

for a pet 32.05 25.86 21.31 24.81 

Wrote Jetter to 

government official 

on behalf of wildlife 7.72 9.91 8.02 10.86 

Trapped animals 

for fur 3.09 3.88 1.59 2.15 

Mean behavior score* 

x= 4.21 4.61 5.35 5.52 

S.E. = (0.12) (0.12) (0.03) (0.03) 

*Significant differences (p < 0.0001) between the classroom groups and Ranger Rick subscribers.

MANCOVA results: Wilk's lamda = 0.742, F (30, 10432) = 37.21, p < 0.0001. 

little interest in stories about pets (6 percent). The majority liked seeing photos of 
scary or strange animals (65 percent), and 67 percent indicated they were not bothered 
when an animal in a story kills and eats another. 

Respondents did not indicate a preference for reading about males or females in 
stories about children. Although more respondents said it did not matter if an adult 
or a child in a story taught them a skill (41 percent), 38 percent preferred to learn 
from an adult. The majority of respondents did the crafts, games and activities in 
the magazine-54 percent did them sometimes and 38 percent did them most to all 
of the time. Respondents typically read through an issue of Ranger Rick more than 
once-28 percent read it five times or more, 70 percent read it two to four times 
and 20 percent read an issue once. Sixty percent of the respondents read another 
nature or science magazine each month. The most popular magazines were National 
Geographic (29 percent), World (28 percent) and Boy's Life (17 percent). When 
asked to compare Ranger Rick with other children's magazines they read, 41 percent 
said it was "much better," 20 percent rated it a "little better," and 35 percent said 
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it was "about the same as other magazines." Only 3 percent said it was a "little 
worse." 

Research Implications for Conservation Education 

The evaluation of Ranger Rick pointed out some of the more effective means of 
presenting conservation information, which could be used generically in other ed­
ucation communications. Clearly, Ranger Rick stories about animals were the most 
popular. The manner in which these stories were written and their subject matter 
influenced readers' preferences. A favorite Ranger Rick feature was the adventure 
story-the one column that anthropomorphizes animals in a storybook style. The 
magazine uses the adventure story as a primary means of conveying information 
about current environmental problems. However, the use of anthropomorphism to 
educate youngsters about the environment has often been criticized for its potential 
to create false perceptions about animals and their behavior. Research on Ranger 

Rick indicated that this did not happen. 
In fact, Ranger Rick subscribers had a more realistic impression of the animal 

world than those in the classroom study who did not subscribe. On a series of questions 
designed to assess the degree to which children anthropomorphized animals, long­
term Ranger Rick readers had the lowest anthropomorphism index scores. Further­
more, the human characteristics they attributed to animals were more accurate than 
were those of their peers who did not read the magazine. Love and meanness were 
two characteristics attributed to animals by more children from the classroom study, 
whereas thought and pain were the two qualities attributed by more Ranger Rick 

subscribers. These findings should allay some educators' fears about using stories 
that give animals human characteristics. 

Pictures were also a favorite magazine feature. Nature magazines, whether for 
children or adults, abound with colorful pictures of plant and animal life. Initially, 
these photos can be used to stimulate interest. Research findings also indicated that 
magazine features that combine a detailed presentation of scientific information with 
a color photo display may more effectively communicate environmental information 
than do textbooks (see Pomerantz 1985 for a discussion of the comparison of magazine 
versus textbook stylization). 

Conclusions 

The classroom study demonstrated that children's knowledge of the natural world 
can be affected by a nature magazine such as Ranger Rick, and the national survey 
identified the magazine features that elicit children's most favorable responses. Also, 
mail survey respondents expressed more positive conservation attitudes, were more 
active in conservation and wildlife-related activities and less anthropomorphically 
oriented than children from the classroom study. Importantly, the majority of children 
from both studies indicated that magazines are their number one source of information 
about wildlife and the environment. These findings lend support to the use of nature 
magazines for effective conservation education. 

Traditionally, nature magazines have been used for nonformal conservation edu­
cation. Ranger Rick was created by the NWF in 1967 because few nature magazines 
existed to stimulate children's interest in the natural world. Today, this remains its 
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primary objective, and its intended use is for leisure reading at home. The NWF 
recognizes, however, that the qualities that make Ranger Rick an effective nonformal 
educational tool can be applied to formal educational programs. Indeed, 76 percent 
of the mail survey respondents indicated that Ranger Rick helped them with their 
schoolwork in a variety of areas, including science, reading and art. 

Different approaches are necessary to teach children in the classroom and a variety 
of educational programs have been created by the NWF for this purpose. Among 
them is a teacher's activity guide, NatureScope, designed to assist classroom teachers 
in hands-on environmental education activities at the elementary grades. A new 
supplement to NatureScope has recently been added, Discovery Pac, that tells how 
Ranger Rick articles can be transformed into classroom activities. This is one example 
of how an already successful nonformal educational approach can be combined with 
the necessary rigor of formal environmental education to communicate environmental 
understanding. 

Ranger Rick is only part of a larger mosaic of conservation education programs 
developed by the NWF. As the research on Ranger Rick indicates, it is through such 
efforts that we can begin to impart an appreciation and understanding of the natural 
world that will hopefully result in a commitment to maintaining environmental qual­
ity. 
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Introduction 

Since the advent of the environmental awareness movement of the 1960s, many 
environmental and wildlife education curricula have been developed for the class­
room. However, very few have been subjected to an evaluation (Borg and Gall 1983, 
Disinger 1981). One notable exception is Project WILD (Cheryl Charles personal 
communication: 1984). Curriculum developers who rely on intuition to determine 
the effectiveness of their educational efforts run considerable risk. The unknown 
tendencies of the curriculum cannot be adequately predicted even by those most 
familiar with the curriculum or the classroom. The least risk is that a curriculum 
may not achieve stated goals; worse, it may actually provide contrary results. 

Rigorous curriculum evaluation reveals strengths and weaknesses in a curriculum. 
The evaluation may determine the appropriateness of the curriculum for particular 
educational settings (e.g. , accelerated or special education students), identify subtle 
learning opportunities that were unknown to the curriculum developer, or detect 
misunderstandings that the curriculum may inadvertently convey. 

The Evaluation Background section of this paper is intended to review some basic 
concepts of curriculum evaluation. The case study that follows illustrates not only 
the application of these concepts, but also reinforces the importance of evaluating 
the effects of curriculum development efforts. 

Evaluation Background 

Formative and Summative Evaluation 

Evaluation can take place during curriculum development (formative) or at the 
implementation stage (summative). Findings of the formative evaluation are used to 
revise and improve the materials. In contrast to a formative evaluation, a summative 
evaluation facilitates making a decision to accept or reject curricular materials for a 
specific educational setting (Borg and Gall 1983, Scriven 1967). 

Although a combination of formative and summative evaluation may be the ideal 
strategy, well-designed summative evaluations are often beyond the resources avail­
able to curriculum developers. The authors propose that formative evaluation be 
considered the minimal tool for curriculum development, and the focus of this paper 
will be on this approach. 
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Steps for Implementing an Evaluation 

A comprehensive model for designing evaluations (adapted from Brinkerhoff et 
al. 1983) suggests the following steps: focusing the evaluation; designing the eval­
uation; collecting information; and analyzing and interpreting the evaluation results. 

The first step, focusing the evaluation, prevents the evaluator from losing sight 
of the evaluation's boundaries. One method is to use established goals for environ­
mental education, such as those suggested by Hungerford et al. (1980), to guide 
evaluations of environmental curricula. Alternatively, the evaluation could focus 
solely on selected goals (and objectives) established for the curriculum in question. 
Besides goals, the focus should also include the purpose, audience(s), specific ob­
jectives and limitations that the educational setting. may present for the evaluation 
(Brinkerhoff et al. 1983). 

To accomplish the second step, a variety of research designs are adaptable for 
curricular evaluation. For descriptive data

1 
a treatment-test design is a simple and 

effective method for collecting teacher opinions. More complex designs are necessary 
for inferring changes in student knowledge and attitudes (Campbell and Stanley 1966, 
Isaac and Michael 1981). 

Three methods commonly used for collecting information are tests or surveys, 
interviews, and observations. Sometimes, previously developed tests or surveys are 
available from the literature or from testing firms. If a standardized instrument that 
measures the content or attitudes delineated in the curriculum is used, many problems 
associated with developing a reliable and valid test are solved. To develop a survey 
or test, the evaluator first should review the objectives and outline the topics found 
in the curriculum. The evaluator then selects the most important topics and develops 
corresponding test items (Anderson 1972). A pilot test is useful to identify poor test 
items and to improve the reliability and validity of the instrument. Instrument reli­
ability and validity may also be assessed by face validity panels and test-retest 
reliability (Isaac and Michael 1981). 

Interview and observation techniques are usually more costly in time and money 
than testing or surveying. Interviewers or observers must be trained, and more time 
is spent with participants. However, interviewing allows the participants to elaborate 
on specific responses or actions. A further advantage is that the observer can describe, 
quantify and interpret classroom events from a perspective that teachers and students 
cannot provide. 

The fourth step of the evaluation process is analysis and interpretation of the 
results. One key decision at this stage is determining the unit of analysis to be the 
school district, school, class or individual student. It is important that the unit of 
analysis matches the objectives of the evaluation. For example, if classes are of 
primary interest, then data should be analyzed by class and reported as class achieve­
ment, not student achievement. Burstein ( 1980: 179) explained: "Studies using the 
student as the unit of analysis are more likely to yield accurate estimates of the 
factors influencing individual student achievement.'' Since each level of interaction 
offers a different perspective for analyzing the data, some studies may need more 
than one unit of analysis (Burstein 1980). 

While the use of formative evaluation without a summative follow-up does not 
guarantee the revised curriculum will be successful in achieving goals and avoiding 
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disaster, it does promise more success than does the use of an untried set of materials. 
The following study is a case in point. 

Case Study of a Formative Evaluation 

The evaluated curriculum, "A Wild Grouse Chase," is a seventh through tenth 
grade science education unit sponsored by the Ruffed Grouse Society and developed 
by the Department of Fisheries and Wildlife, Michigan State University, for distri­
bution in the Great Lakes region. This case study represents a functional yet relatively 
inexpensive formative evaluation applied to 32 Michigan teachers and their seventh 
and eighth grade students (Stout 1986). 

The curriculum evaluation was a part of a four-step curriculum development pro­
cess of curriculum design, field testing and evaluation, revision, and marketing/ 
distribution. The purpose of the formative evaluation was: to determine the effec­
tiveness of the curriculum in achieving objectives with students; to assess the ac­
ceptability of the curriculum to teachers; and to suggest needed revisions. 

The curriculum components were an introductory filmstrip, student manual and 
teacher manual. The three- to five-week curriculum was expected to increase students' 
scientific skills and effective participation in small groups, as well as increase knowl­
edge of some major ecology concepts (e.g., succession, population dynamics, habitat), 
the wildlife profession, natural resource decision making and ruffed grouse natural 
history. The curriculum followed a student-centered inquiry instructional method. 

A complex assortment of objectives was evaluated using both individual students 
and teachers as units of analysis. Students were tested on knowledge and attitudes. 
Teachers' perceptions were collected on several dependent variables by survey and 
personal interview. Additional qualitative data were collected through: observation 
of one class using the curriculum; analysis of letters written by students from five 
teachers; and teachers' comments in telephone conversations or letters. 

Also, an assessment of the student manual readability was conducted using the 
Fogg Index (Gunning 1953), which was chosen for its simplicity of application. 
Recent research suggests readability indices may differ for writing styles and can 
predict higher grade levels even though difficult words were previously defined. 
Readability indices do not measure comprehension. Revisions that simplify words 
or shorten sentence length may actually break the curriculum's continuity (Armbruster 
et al. 1985, Rush 1985, Smith and Smith 1984). 

Sampling 

A volunteer population was created by selecting teachers from the Michigan Sci­
ence Teacher Association mailing list and interviewing five education administrators 
for names of potentially interested teachers throughout the state. A minimum of 20 
teachers (10 teachers per group) was determined to provide an adequate sample, 
given existing budget constraints. 

Using volunteers introduces some inherent bias into the sample. Volunteer par­
ticipants have been documented to be more educated and intelligent, have more social 
approval, and are less conventional, authoritative, and conforming than nonvolunteers 
(Rosenthal and Rosnow 1975). In addition, they could be expected to be more 
interested in the subject matter and, therefore, in making the curriculum work. 
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However, these biases are assumed to simulate the market for this curriculum. The 
sample is not generalized to all teachers, but rather to those teachers in the educational 
system who are more interested in environmental education, wildlife education and/ 
or science education than are other teachers. 

Initially, 35 teachers were recruited and randomly divided into experimental and 
control groups. Attrition due to changes in teaching assignments and other factors 
trimmed the number of participants to 17 experimental and 15 control group teachers, 
involving 871 experimental group and 694 control group students. 

Experimental group teachers were asked to teach the curriculum and to pretest 
and post-test their students in return for a classroom set of the revised curriculum. 
Control group teachers who pretested and post-tested their students were also prom­
ised a classroom set of the revised curriculum. 

Instrumentation 

Since no existing instrument was found to be appropriate, one was developed for 
this evaluation. Attempts were made to establish some estimate of reliability and 
validity for the student test instrument. Experts in ruffed grouse management and 
environmental education reviewed the test to establish face and content validity. A 
pilot test was administered to an eighth grade class and subjected to item analysis. 
Weak items were revised or dropped (Isaac and Michael 1981). 

Five topics for measurement were derived from the curriculum's goals-science, 
wildlife ecology and management, ruffed grouse natural history, wildlife values, and 
attitudes. The instrument contained 21 true/false, 22 multiple choice, 6 Likert scale, 
and 8 semantic differential scale items. Each semantic differential item (Heise 1970, 
Osgood et al. 1957) had six to seven adjective pairs (Figure 1). A simpler five-scale 
response format was chosen for seventh and eighth grade students, rather than the 
typical seven-scale response format. 

Teachers were asked about: the curriculum's appropriateness of goals, objectives 
and content; class time required; student behavior; need for revisions; effectiveness 
of inquiry and small group methods; and the quality of curriculum components 
( student and teacher manuals, filmstrip). 

Their opinions about the curriculum in general and about each specific activity 
were collected from two instruments. After teaching each activity, teachers completed 
two semantic differential scales (20 total adjective pairs), four open-ended items and 

Science 

STRANGE 2 3 4 FAMILIAR 

GOOD 2 3 4 5 BAD 

DULL 2 3 4 5 FUN 

INTERESTING 2 3 4 5 BORING 

EASY 2 4 5 DIFFICULT 

UNIMPORTANT 2 3 4 5 IMPORTANT 

CAREER 2 4 5 HOBBY 

Figure 1. Example of a semantic differential item from the case study. 
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one rating scale (five subscales) which evaluated that activity. After teaching the 
curriculum, teachers were questioned again to determine their evaluation of the entire 
curriculum (e.g., goals, objectives, instructional methods) and to obtain information 
on marketing strategies and demographics. The 31-item survey used Likert scales, 
semantic differential scales, dichotomous items, ranking and checklists. 

Design 

Changes in student knowledge and attitudes were tested using an experimental 
control group pretest/post-test design (Figure 2). The pretests were analyzed to check 
for any initial differences between the experimental and control groups or pretest 
variables. No significant differences were found. The same instrument was used both 
to pretest and post-test students to prevent the influence of differences between tests. 
If alternate unstandardized test forms had been used, the differences in the two 
instruments would have required a more complex quasi-experimental design (Glass 
and Stanley 1970). The control group was necessary to detect learning not associated 
with the treatment (e.g., learning from the pretest). No significant changes in test 
scores from pretest to post-test were found for control group students. 

Results and Discussion 

Results from both students and teachers suggested the curriculum was an effective 
and worthwhile environmental science unit. An analysis of covariance (ANCOV A) 
conducted on the students' post-test data (Table 1) indicated students learned about 
science, wildlife ecology, ruffed grouse natural history and management techniques, 
and changed their attitudes toward a more desirable response. The instrument did 
not detect any significant changes in wildlife values held by students. The Fogg 
Index applied to 10- random samples suggested an average seventh grade reading 
level. 

A majority (65 percent) of teachers perceived that students had learned commu­
nication skills in small groups, and that all students learned major curricular concepts 
from the small group presentations. Teachers agreed that the curriculum's goals and 
objectives were appropriate for their classes, and approved of the curriculum content, 
format and instructional methods. Teachers were confident with inquiry techniques, 
but less confident using small groups. Responses indicated a workshop would increase 
effective use of the curriculum. 

All teachers agreed that the curriculum worked well with high ability students. 
Most (71 percent) indicated average ability students could use the curriculum. Only 
30 percent of the teachers felt that the curriculum was appropriate for low ability 
students. (However, one teacher commented that low ability students would learn 
from being in groups with high ability students.) 

PRETEST POSTTEST 

EXPERIMENTAL 

rr, 
x 

G r-,
LEGEND 

A-Anova 

G

: j B-Ancova 

• G-Group 
CONTROL L-- 3 

X-Treatment 

Figure 2. Experimental design and statistical tests from the case study. 
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Table 1. Analysis of covariance of post-test scores with pretest scores as covariate. 

Maximum Standard 

Scale score Group• Mean deviation df F Probabilityh 

Science 20 Exp 9.4 3.5 870 43.0 0.001 * 

knowledge Con 8.4 3.1 693 

Wildlife 13 Exp 7.4 2.4 870 259.2 0.001* 

management Con 5.7 2.1 693 

knowledge 

Ruffed grouse 5 Exp 3.0 1.4 870 468.3 0.001 * 

knowledge Con 1.6 l.l 693 

Wildlife values 24 Exp 17.2 2.8 870 111.9 0.213 

Con 17.2 2.9 693 

Attitudes 260 Exp 175.7 19.7 870 112.8 0.001* 

Con 167.4 19. l 693 

'Exp = experimental group; Con = control group. 
• = significant difference at O. 05 probability.

Curriculum length was identified as a problem by many teachers. Teachers pre­
ferred that curricular units of this type not exceed three weeks. Materials were revised 
so that a shortened version could be taught as an option to the longer version. Plans 
for using both versions were included in the revised teacher manual. 

Perhaps the most significant result of the evaluation was that the curriculum had 
inadvertently generated some misunderstandings about ruffed grouse. More students 
(61 percent) responded on the post-test than on the pretest (29 percent) that ruffed 
grouse are generally scarce or endangered. Letters from students and observation of 
the class confirmed this finding. 

The reason for this misunderstanding became apparent when we reviewed the 
curriculum unit. The unit presented a problem of a declining grouse population in a 
particular area and provided data for students to analyze in order to determine causes 
of the decline, and eventually to recommend management programs for increasing 
grouse numbers. The situation is common in local areas where early forest succes­
sional stages are replaced by less suitable grouse habitat. However, the notion of 
declining numbers had been "oversold" in the materials. 

Students (and teachers) had overgeneralized the local problem used in the curric­
ulum and inferred that this generally abundant species was being threatened through­
out its range. It is noteworthy that this faulty design persisted even though the pilot 
materials had been carefully reviewed by a panel of experts in both wildlife man­
agement and education. Once identified, the problem was easily remedied during 
the revision. However, without an evaluation, this critical misunderstanding would 
have been perpetuated by further use of the materials in classrooms, and the goals 
and objectives of the curriculum would have been seriously undermined. 

Concluding Remarks 

Formative evaluation of environmental education curricula can be modified to 
meet the budget and resource constraints of curriculum developers. From the case 
study, it appears that the observation method is most informative for learning about 
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the curriculum's use in the classroom. However, time and cost constraints usually 
preclude extensive use of this method, and rnislearning by students may be overlooked 
unless student achievement is also assessed. 

Surveying teachers via personal, telephone or written interviews is another alter­
native for evaluating curricula. The telephone survey method, although rather ex­
pensive, can provide a minimum criteria evaluation offering immediate feedback 
about curricular strengths and weaknesses. The less expensive mail survey method 
requires more time for feedback and quantitative analysis. 

In this study, there was good agreement between teacher perceptions and student 
achievement. This supports the strategy of measuring teacher perceptions to assess 
curriculum effectiveness. However, teacher perceptions may not be adequate as a 
sole measure of curriculum effectiveness. One concern may be that teachers' own 
biases influence the evaluation (and perhaps the teaching) of a curriculum (Seimer 
et al. 1987). Further, agreement between teacher perception and actual student 
achievement was not strong enough to assure accurate assessments of some specific, 
critical questions of curriculum effectiveness. 

There is a serious possibility that curricula may contain problems or create mis­
understandings that are not anticipated by curriculum developers and consulting 
experts. These problems may exist in the curriculum activities themselves and/or 
may arise from teacher interpretation and use of the materials. Using two or more 
methods for gathering data is best for providing insights to improve the effectiveness 
of curricular materials and avoid undesirable results. 

The importance of evaluating curricula cannot be overstressed. The wildlife man­
agement community is showing signs of turning to wildlife education as a key tool 
in future management programs. It is essential that wildlife education professionals 
apply the evaluation techniques that have been a traditional component of educational 
program development in order to monitor and improve our effectiveness in meeting 
the goals of wildlife education. 
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Aquaculture was defined in the National Aquaculture Act of 1980 as the propa­
gation of aquatic species in controlled and selected environments. This is an all 
inclusive definition that covers the culture of both plants and animals in freshwater, 
brackish water and saltwater. Animals include finfish, shellfish, and crustaceans and 
reptiles. 

When plants and animals are cultured in brackish water or saltwater, the term 
mariculture is employed. A fish farmer is one who cultures fish for profit, whether 
the product is used for food, bait, as ornamental fish, for sale as weed-control agents­
such as tilapia and the grass carp-or for stock-enhancement purposes. State and 
federal fish hatcheries conduct fish culture to produce finfish for stocking in the wild 
for enhancement of recreational fishing. 

Aquaculture has been practiced for several thousand years. The first known pub­
lication on the subject appeared in 460 B. C. It was authored by Fen Li and entitled 
Fish Culture Classics (Parker in press). 

In China, aquaculture has been integrated for O\(_er 100 years into the overall 
agriculture strategies of farming (Parker in press). The fish are fed with the waste 
plant and animal products resulting from agriculture. 

The Japanese consume some 130 pounds (59 kg) of fish per year per person and, 
in order to supplement the wild fish captured from the ocean, utilize their wind­
protected estuaries almost totally for mariculture. In this regard, Japanese estuaries 
are used as the Iowa farmer uses his fields. Instead of rows of com, there are rows 
of cages, rafts and other devices for finfish, oyster, clam and seaweed culture. Absent 
from such ares are pleasure boats, fishermen, hunters or water skiers. 
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Aquaculture for enhancement stocking or introduction of new species is about 100 
years old in the U.S. Aquaculture for food fish was started in the early 1950s for 
rainbow trout; catfish culture began in the early 1960s (Parker in press). 

World aquaculture produced 2 billion pounds (907.2 million kg) of fish in 1966, 
but 21 billion pounds (9.525 billion kg) in 1982 (R. Wildman personal communi­
cation: 1987). Fifty percent of the fish consumed in Israel are cultured fish, while 
30 percent of the fish consumed in China and India are cultured.1 The U.S. production 
of aquacultural species in 1986 was only 500 million pounds (227 million kg). Such 
species primarily include rainbow trout, channel catfish, baitfish and ornamental fish. 

Aquaculture has a very bright future, primarily because the world production of 
captive fisheries has seemed to peak at about 187 billion pounds (85 billion kg) 
annually (Food and Agriculture Organization 1987). Aquaculture currently represents 
about 12 percent of this total, but may double, triple or quadruple by the end of the 
century (R. Wildman personal communication: 1987). The National Academy of 
Science has predicted that aquaculture in the U.S. will produce 2 billion pounds 
(907.2 million kg) by the year 2000. 

Aquaculture for stock-enhancement purposes also has a bright future. It has been 
estimated that by the year 2000, 60 million sport fishermen will take 800 million 
fishing trips. Our natural stocks of freshwater, brackish water and marine sport fish 
will not be able to supply this demand without hatchery supplementation. Hatchery 
supplementation of estuaries and oceans also is used for sea ranching of fish and 
shellfish for commercial harvest. 

In fishery products, the U.S. currently has a $5 billion trade deficit, which will 
become greater as foreign aquaculture increases at a far greater rate than domestic 
aquaculture.2 this is true because the domestic aquaculture suffers greatly from legal 
constraints. It is currently very difficult and costly to secure permits to establish 
aquaculture on one's own land and much more difficult to establish such operations 
in such public waters as estuaries, reservoirs, lakes and rivers. 

Americans are eating more fish for reasons of health. We currently eat 14. 7 pounds 
(6. 7 kg) per capita, which is only about one-tenth the consumption by the Japanese. 
Nevertheless, a one-pound (0.45 kg) per-capita increase will be more than the catfish 
industry currently produces in poundage per year, and the catfish industry represents 
half of our current aquaculture production of 500 million pounds (227 million kg). 
This is not to imply that the increase in per-capita consumption will only occur from 
eating catfish or other aquaculture products. 

What's in store for America? More aquaculture is the answer, because the price 
is right and the demand is increasing. Legal barriers to aquaculture in public and 
private waters will begin to lessen due to economic pressures. More ponds will be 
constructed on private lands, more intensive culture facilities that recycle water will 
be built-such facilities are low in consumption of water. More fish will be produced 
per acre as aquaculturists become more efficient. 

'Statement of R. 0. Smitherman, Aquaculture Coordinator, U.S. Dept. of Agriculture, at hearing of U.S. House 
of Representatives' Committee on Science and Technology. 1986. 99th Cong., 2nd sess. (No. 119). U.S. Gov. 
Print. Off., Washington, D.C. 
'Statement of B. Hougart, Aquaculture Coordinator, U.S. Dept. of Agriculture, at hearing of U.S. House of 
Representatives' Committee on Science and Technology. 1986. 99th Cong., 2nd sess. (No. 119). U.S. Gov. Print. 
Off., Washington, D.C. 
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New species such as hybrid striped bass, redfish, tilapia and saltwater shrimp will 
develop into significant industries (Stevens 1984). The opportunities among marine 
finfish species such as Atlantic salmon, other salmonids, and a host of warm and 
cool water species are virtually unlimited. 

The cost to produce fish through aquaculture is decreasing, while the cost to capture 
wild fish is increasing. This provides a powerful incentive to practice aquaculture 
rather than to fish in the ocean. In addition, many captive fisheries are depleted and 
unable to reproduce sufficiently sometimes because of altered spawning and nursery 
habitats. 

Research institutions both here and abroad have been working hand in glove with 
aquaculturists for 50-60 years. Research support in the field of nutrition, disease 
and bioengineering is available and increasing. Genetics in fish breeding has been 
practiced for years and, more recently, hybridization and triploidization have found 
favor. Really new is the implantation of the gene for growth hormone into the eggs 
of channel catfish, hopefully to increase growth through such genetic-engineering 
principles. 

Aquaculture will continue to explode on a worldwide basis and also in America 
to the extent that we increase our consumption of fish. 
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Introduction 

With only minor differences in strategies and applications of technology, wildlife 
and fisheries sciences and management have similar developmental histories. Both 
deal principally with wild things in wild environments. Both have borrowed discov­
eries and technology from traditional fields of science, particularly the biological 
sciences. Even with habitats differing so greatly, fish and wildlife resources are 
subject to the same natural laws. Both fields have developed applied strategies: first, 
to produce goods of benefit to society; second, to provide extended recreation; and 
more recently, for ethical reasons, to extend protections to scarce forms of life and 
their habitats. Only minor differences exist in management strategies, mostly related 
to whether the organisms are warm- or cold-blooded vertebrates, and whether they 
live in a terrestrial or aquatic environments, both of which are subject to the same 
perturbations by human industries and influences on the land. Consequently, one 
should expect similar developmental histories of the two fields. 

Leopold (1933) described the sequence of development of management strategies 
for wildlife to be the control of hunting (legislation), followed by predator control 
reservation of game lands (parks and reserves), artifical replenishment (restocking 
and restoration) and, finally, environmental manipulation (control of ecological re­
quirements of wild things). Fisheries management strategies have followed somewhat 
similar paths (Benson 1970). Today, management of fish and wildlife includes a 
spectrum of habitat management and population management. They differ only in 
emphasis and products. Let's now look at some of the events that have shaped 
conservation and management of wildlife and fisheries resources. 

Historical Parallelisms 

Fish and wildlife stocks were considered practically inexhaustible from the time 
of settlement until the turn of the present century. Wildlife resources were there for 
the taking, and only a few people worried about the loss of habitat, the decrease in 
both sport and commercial catches of fish, and similar decreases in bags of upland 

1Welder Wildlife Foundation Contribution No. 319. 
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birds and big game. During this period, however, regulations were about the only 
conservation measures used to protect wildlife and fish stocks. This period lasted 
through the 1920s. Palmer (1912) pointed out "that at the time of the Revolution, 
12 of the 13 colonies had enacted closed seasons" on certain species, while several 
had also prohibited certain destructive equipment and methods and the export and 
sale of deerskins. All existing states had game laws by the 1880s (Leopold (1933), 
and market hunting was on its way out by the tum of the century. Over most of the 
land, however, laws lacked a sound base and were very feebly enforced. 

The United States Fish Commission was established in 1871 as a result of dimin­
ishing stocks of saltwater fisheries off the New England coast (Reiger 1976). Spencer 
Fullerton Baird was made its first director. The Commission reported that commercial 
netters were most responsible for diminishing stocks of both saltwater and freshwater 
species. Nevertheless, its programs focused on restoration through culture, including 
propagation of the exotic European carp (Cyprinus carpio). The European carp came 
to be an unhappy result of "the fish culture idea" and our efforts to improve on 
nature by using exotics. While most fisheries were restored by natural reproduction, 
regulations to control catches were passed, and hatcheries to produce fish for restoring 
depleted stocks became the vogue. 

At about the same time, in the late 1800s and first part of the 20th century, wildlife 
management also became entranced with pen-reared stocks of gamebirds. Sportsmen 
began to realize that the supply of native stocks were not inexhaustible and not 
present simply because of a beneficent providence. Private game farms were estab­
lished by sportsmen's groups and, ultimately, by state and federal government agen­
cies. Shooting preserves, nee game parks, also became a part of management strategies 
in the 1860s by wealthy sportsmen expecially in the East, and the setting aside of 
lands for wildlife finally culminated in state and federal lands for preserving wildlife 
and their habitats. Theodore Roosevelt's administration established 5 national parks, 
17 national monuments and more than 50 wildlife refuges (Reiger 1976). The western 
United States was still virtually untouched, and hunting and fishing in that wild, 
open country was available to all who would journey to it. However, the introduction 
of several exotic fishes, including the carp and brown trout (Salmo trutta), and 
translocation of black bass (Micropterus spp.) into western waters had quite unsavory 
effects on native species. 

The Lacey Act of 1900 was the most important piece of legislation protecting 
wildlife and fisheries stocks until the Federal Aid to Wildlife Restoration (Pittman­
Robertson) Act was passed some 35 years later. The Lacey Act prohibited interstate 
commerce in these resources and thus prevented commercialization of products that 
had been responsible for declines in many species of fish and wildlife, especially 
birds and mammals. 

Thus, fish and wildlife management ran parallel in providing recreational hunting 
and fishing during the early years. Both emphasized preservation of dwindling stocks 
of sport and commercial species. 

By the late 1920s, it had become apparent that these strategies were useful but 
were not sufficient to protect wildlife and fisheries stocks. Losses of habitat and the 
decline in quality of game ranges were clearly the major causes of decreases in 
wildlife of both sport and commercial values. With Leopold's book, Game Man­
agement, published in 1933, a new era of wildlife management came into being. 
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Environmental or habitat management was the keystone of the philosophy. However, 
the uses of other strategies still had their place in producing and protecting wildlife 
species. 

Similarly, manipulation of habitat became the principal strategy in fisheries man­
agement (e.g., Hubbs and Eschmeyer 1938). At about the same time as ecological 
thought began to shape wildlife science, control of pollutants, management of wa­
tersheds for protecting wetlands, uses of various stocks of forage and predator fishes 
in population management, and the creation of ponds and lakes through engineering 
programs became very much in fashion. Nonetheless, "put-and-take" fisheries with 
hatchery-reared stocks remained important fisheries programs in many state resource 
agencies. As better understanding of the resources was developed, regulations became 
increasingly tailored to management objectives and had stronger scientific bases. 

Until the last two decades, and beginning in the 1960s, fish and wildlife man­
agement was, for the most part, game management. The environmental movement 
of the late 1960s and 1970s saw dramatic changes in programs-wildlife came to 
include much more than game, and state and federal agencies responded to the will 
of society to protect all forms of life regardless of their traditional, tangible or 
foreseeable values to society. Animal rights and welfare organizations became prom­
inent in conservation affairs and, while they threatened hunting and fishing recreation, 
their impacts were important urging in protection of scarce forms of life. Diversity 
and multiple-use management became key perspectives and goals of conservation 
organizations in and out of government. 

The environmental movement affected both wildlife and fisheries sciences. The 
Endangered Species Preservation Act of 1966, the National Environmental Policy 
Act of 1970, and the Fish and Wildlife Conservation Act of 1980 undoubtedly were 
the most important pieces of legislation affecting wildlife and fisheries stocks, game 
and nongame, since the Pittman-Robertson Act of 1936 and Dingell-Johnson Act of 
1950. It is interesting to note that wildlife legislation usually preceded, but not by 
many years, similar legislation for fisheries. Terrestrial wildlife apparently was able 
to capture the interest of society more quickly than did fisheries. Sportsmen-i.e., 
hunters and fishermen in most cases-were in the forefront of conservation efforts 
that resulted in legislation protecting all forms of life, game and nongame. 

Current Parallelisms 

Commercialization of wildlife and fisheries resources is the current management 
trend in many areas of the world. Hunting recreation is becoming a valuable, saleable 
commodity, especially on private lands where management can integrate production 
of game with conventional agricultural products. 

The shooting preserve concept in wildlife management, wherein pen-reared birds 
were released in put-and-take systems, still has coasiderable favor, especially near 
cities and where native stocks are insufficient to provide hunting opportunity for all 
who wish to go afield. Many state wildlife and fish departments still operate farms 
for producing pheasants for release, and the number of shooting preserves has in­
creased since the 1950s when they showed some decline (Kozicky 1987). It is 
expected that stocking of pen-reared game will expand as land resources and habitat 
decline in amount and quality. 
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The parallel to commercialization of wildlife in the fisheries resources is fee fishing. 
Private fee-fishing enterprises are largely restricted to urban and suburban areas, 
where high demand allows adequate profit margins. With recent attention to providing 
recreational opportunities for urban residents, public agency involvement with urban 
fisheries, based on both captive and wild stocks, has expanded substantially (Allen 
1984). Both public and private production of fish for put-and-take and put-grow­
and-take is being employed to supply this need. 

Fee hunting and fishing and other forms of extended recreation for which charges 
are made have been extremely valuable in promotion of management for wildlife 
and fisheries resources (Teer 1968, Burger and Teer 1981). The system takes many 
forms, from outright leasing of land for exclusive use by the lessees to safari-type 
systems in which hunters are guided for taking game or on photographic missions. 
This may occur on both private and public lands. The two, large, public land agencies 
of the federal government, the Bureau of Land Management and the Forest Service, 
are considering fees for extended recreation on public lands, especially in the 17 
western states. Parenthetically, we might add that the matter of commercialization 
of extended recreation in the western states is a very controversial matter. Nonethe­
less, if experiences of developing nations in conservation affairs have a lesson for 
the affluent ones, it is that we can expect the marketplace to be the major determinant 
of land use on both private and public lands. Wildlife habitat is in the balance and, 
thus, the new trends in fee hunting on private lands and fee fishing in managed 
streams and fish-out ponds are important to the future of wildlife and fisheries 
resources. 

Fish culture has re-emerged as a two-pronged influence in fisheries management­
the generally public production of fish for stocking primarily for recreational pur­
poses, and the generally private production of foodfish, commonly regarded as 
aquaculture. The role of fish culture in fisheries management is on its soundest basis 
ever (Stroud 1986), nevertheless, the role of public hatcheries, especially at the 
federal level, has been frequently questioned (e.g., U.S. Fish and Wildlife Service 
1986) in light of improved availability of sport fishes from commercial sources. 

Aquaculture is a less definite parallel to commercialization of hunting recreation. 
Perhaps it is more appropriate to compare it with production agriculture, because it 
comprises a system whereby animals are penned, fed, and otherwise husbanded and 
harvested much the same as feedlot livestock. Many species can be carried through 
their entire life cycles in captivity, and the use of fish for producing food is an 
economically important and growing industry throughout the world. Nonetheless, at 
the present time, stocks of fish for aquaculture commonly have their origin from 
wild stocks. Likewise, the nation's waterways are subject to escape of cultured 
organisms and influence from aquacultural enterprise discharges. These effects, along 
with those of wildlife habitat disruptions through land modification for aquaculture, 
reiterate the similarities of aquaculture to agriculture. With our current knowledge 
of ecology, both aquatic and terrestrial, and our understanding of the parallelism of 
our fields, we should be able to have rational, multiple-use development to our 
mutual benefit. 
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Introduction 

Natural production can no longer satisfy the growing global demand for fish and 
shellfish. Analysts estimate that aquaculture provides at least 10 percent of today's 
global harvest, and a doubling of aquaculture production is expected by 2000 (Anon­
ymous 1987a). 

Biological, economic and social implications of aquaculture are receiving increased 
attention by fishery policy makers and managers. This report describes trends in 
global fisheries and aquaculture, provides examples of progress in mariculture, and 
discusses some institutional prerequisites for continued progress of aquaculture. 

Global Growth of Fisheries 

There have been three periods in growth of world fisheries since World War II. 
The first lasted more than two decades and was characterized by rapid growth (6.0 
percent per year). The second lasted one decade and was characterized by slow 
growth (0.3 percent per year). A third period has been underway for nearly a decade. 
It is characterized by intermediate growth of about 3.0 percent per year. Figure 1 
illustrates these changes in global harvest. 

There was a rapid build-up of distant-water fishing fleets after World War 11-
notably by Japan, USSR, South Korea and several European nations. National goals 
were initially to supply domestic markets and subsequently to engage in foreign trade 
in fishery products. Harvest nearly quadrupled from capture fisheries during the 
1950s and 1960s, but aquaculture remained a minor contributor. Many desirable 
natural stocks became depleted. Coastal nations began to exercise control over foreign 
fishing fleets in the 1960s. Most had declared jurisdiction over fishery resources 
within 200 nautical miles of land by the rnid-1970s. International treaties to protect 
certain pelagic species (namely, salmon and tuna) from overharvest also became 
more effective in the 1970s. 

The decade of the 1970s was a period of change in management regimes for marine 
fisheries. Uncontrolled harvest was ended on many fishing grounds, and management 
for conservation goals was becoming more effective. Global growth of harvest of 
natural stocks was virtually at a standstill. Interest in aquaculture was increasing, 
and new aquaculture technologies were emerging. 

Growth of global harvest resumed in the 1980s. Factors contributing to this re­
sumption include: important marine stocks are now managed to avoid overharvest; 
fisheries are being developed on previously underutilized species; and Aquaculture 
has become a growth industry. 
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Figure l. Rates of growth of world harvest of fish and shellfish. 

Trends qt Aquaculture Production 

Global aquaculture production presently appears to be about equally divided be­
tween freshwater and marine waters. Fish production is dominant in freshwater and 
shellfish production in marine waters. 

Few countries report accurate statistics on aquaculture production. Much of the 
global production resulting from stocking of natural waters with hatchery juveniles 
(ranching) is incorporated in statistics for capture fisheries. So estimates of aqua­
culture production are likely to be conservative. 

It has been estimated (Anonymous 1987b) that aquaculture production (exclusive 
of plants) was 8. 7 million metric tons in 1983, or about 11 percent of the total global 
harvest of fish and shellfish. The forecast was for a 0.3-percent annual growth of 
capture fisheries and a 5.5-percent annual growth of aquaculture from 1983 to 2000. 
Based on these projections, aquaculture would contribute 23 percent of the global 
harvest in 2000. However, increases in global harvest reported by the Food and 
Agriculture Organization of the United Nations for the period 1983 through 1986 
(Figure 1) show that total growth has been about 3.0 percent per year. If one assumes 
that aquaculture production will continue to grow at 5.5 percent per year, and total 
harvest at 3.0 percent per year, the relative contribution of aquaculture to global 
harvest of fish and shellfish in 2000 will be 16 percent (Figure 2). 

Mariculture 

Seafoods are widely recognized as a healthful source of nutrients for humans, and 
per-capita consumption is increasing in many countries (Nierentz and Josupiet 1987). 
Annual per-capita consumption of seafoods by Americans remained near 11 pounds 
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Figure 2. Predicted contribution of aquaculture to world harvest of fish and shellfish in 2000. Curve 
"A" assumes 0.3 percent annual growth of capture fisheries and 5.5 percent annual growth of 
aquaculture. Curve "B" assumes 3 .0 percent annual growth of total harvest and 5 .5 percent annual 
growth of aquaculture. 

(5 kg) for decades, but it began to increase slowly in the 1970s, reaching 14.8 pounds 
(6. 7 kg) in 1986 (Anonymous 1987c). If per-capita consumption continues to increase 
at the present rate (2.0 percent per year) consumption by Americans will double by 
2020. 
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A growing world demand for seafoods results from combined effects of growth 
of population and per-capita consumption. Natural stocks are incapable of satisfying 
demand for many high-valued seafoods. Prices are increasing, and there is growing 
interest in mariculture. Examples of developing mariculture industries are described 
below. 

Yellowtail 

Japan has placed considerable emphasis on mariculture to compensate for restric­
tions on high seas fisheries imposed by extended jurisdiction laws enacted by most 
coastal nations. A broad variety of seafoods are grown in Japan. One early success 
was with yellowtail (Seriola quinqueradiata), a marine fish belonging to the family 
Carangidae. The technology is simple-wild juveniles are placed in floating cages 
and fed natural or artificial foods until they reached market size. Commercial pro­
duction began in the late 1950s and reached 30,000 metric tons by 1968 and 150,000 
metric tons by 1984. Production has been doubling in about seven years, but the 
likelihood for continued rapid growth is in question for two reasons. First, protected 
sites for floating cages are nearly fully developed in Japanese coastal waters. Second, 
the government has placed restrictions on collection of wild juveniles to stock cages 
(Anonymous 1986a). Two technological advances will be needed if yellowtail mar­
iculture is to continue to grow in Japan: (1) a technology for cage culture in the open 
sea; and (2) a technology for artificial production of seed stock. 

Technological barriers such as these are typical of developing mariculture indus­
tries. Such obstacles to growth are often temporary, provided economic incentives 
for solutions are adequate. 

Shrimp 

Shrimp is the most important class of seafoods entering international trade, pres­
ently accounting for about 20 percent of the total value of world trade in fish and 
shellfish commodities (Nierentz and Josupiet 1987). Natural stocks are being heavily 
exploited throughout the world, and many are overfished. Increased future supplies 
are likely to be provided by mariculture. 

The capture fisheries harvested 1. 7 million metric tons of shrimp in 1984, and 
mariculture produced an additional 0.1 million metric tons (6 percent of world 
supply). A preliminary assessment of the 1986 world harvest (Anonymous 1987d) 
indicates that mariculture production tripled in only two years to 0.3 million metric 
tons (about 15 percent of world supply), while the catch by capture fisheries remained 
about the same. The National Marine Fisheries Service projects that mariculture will 
contribute 25 percent of the global shrimp supply by 1990 (Anonymous 1987d). 
Others (Anonymous 1986b, Chauvin 1986, Nierentz and Josupeit 1987) offer some­
what more conservative expectations for growth of shrimp mariculture into the twenty­
first century. 

Technology for shrimp mariculture is undergoing a transition from extensive culture 
systems, where diked lowlands are flooded with seawater and stocked with wild 
juveniles, to intensive culture systems where seed stock is produced in hatcheries. 
Shrimp farming is in an early phase of development and growth, and is a high risk 
enterprise. Business failures are common due to inadequate technology, lack of 
attention to markets and interference from institutions that do not have profit ori­
entation (Eys 1986). The outlook, nevertheless is for steady growth of shrimp mar-
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iculture because expanding markets can no longer be supplied by capture fisheries, 
and economic incentives are likely to make the industry more attractive to investors. 

Groundfish 

Groundfish are the most important food fish group consumed in Europe and North 
America. Practically all stocks are fully exploited and many have been overfished. 
Fisheries on natural stocks are, for the most part, intensively managed for conser­
vation purposes. Per-capita consumption is decreasing due to supply shortages. 

The modem history of groundfish mariculture dates back to the mid-1900s (Shel­
boume 1968). Technical barriers to a viable groundfish mariculture industry remain 
largely unresolved. However, a growing shortage of natural stocks has greatly 
strengthened the outlook for mariculture and stimulated new initiatives on devel­
opment of groundfish mariculture in Europe (Slashi 1986, Anonymous 1987e). Spec­
ulative interest on the part of investors is especially high in Norway, where the 
government has received several hundred applications for permits to farm groundfish 
(Anonymous 1987c). 

Salmon 

Depletion of natural stocks of salmon from overfishing and degradation of habitat 
has a long history (Netboy 1980). Development and application of hatchery techniques 
for stocking natural waters to ranch salmon were underway before the tum of the 
century, but the widespread use of hatcheries did not gain momentum until the 1950s. 
Development of industrial salmon ranching received a major boost in the late 1960s, 
when Japan began to develop strategies to counter reductions in high seas harvests 
forced by the U.S., Canada and USSR (Nasaka in press). Alaska turned to industrial 
ranching in the 1970s to assist the recovery of economically depressed salmon fish­
eries (McNeil 1980). The USSR has recently undertaken the modernization and 
expansion of salmon hatcheries in the Far East (F. N. Roukhlov personal commu­
nication: 1987). 

The number of juvenile salmon released for ranching marine waters has approx­
imately doubled per decade in the last four decades. Japan has been the leader, and 
ranched chum salmon (Oncorhynchus keta) (Figure 3) has become the principal source 
of salmon for Japanese markets (Nasaka in press). 

Although ranching still dominates aquaculture production of salmon, salmon farm­
ing has flourished in recent years. Farmed salmon are grown to market size in 
captivity, whereas ranched salmon are released into natural waters and recaptured 
as maturing adults. Global harvest from farming was about 50,000 metric tons in 
1986 and is expected to exceed 200,000 metric tons by 1990 (Anonymous 1987g). 
Norway is presently the leading producer of farmed salmon, followed by the United 
Kingdom and Japan. Other nations, especially Chile and Canada, are encouraging 
investments in salmon farming and are expected to become major participants in the 
industry. 

Implications for Management 

Capture fisheries have traditionally been managed under a regime in which fish 
and shellfish are considered to be common property resources. Rights to ownership 
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do not exist prior to capture under a common-property concept, and fishers have 
limited incentive to restrain fishing efforts voluntarily to avoid overexploitation. 
Institutional arrangements to control entry into capture fisheries are typically non­
existent or ineffective, and fishing effort tends to increase to a level where the cost 
of harvesting equals or exceeds the value of the catch. Furthermore, management 
agencies often have little or no responsibility for economic performance of a fishery. 
Economic inefficiencies are often imposed on fishers to reduce harvest rates and 
protect stocks from over fishing. 

Government sometimes operates aquaculture facilities (namely, hatcheries) to sup­
plement recruitment to stocks that are managed for capture fisheries. Conservation 
objectives are often used to justify investments in public aquaculture. Economic 
benefits accrue primarily to sport and commercial fisheries, and tax revenues invested 
in government aquaculture facilities often represent subsidies to these capture fish­
eries. 

Nongovernmental institutions can participate in aquaculture only if the state is 
willing to grant rights to property and use of public resources. These rights relate to 
stocks of fish and shellfish, to space for growing them, and to water necessary for 
their survival and growth. Depending on circumstances, a nongovernmental aqua­
culture operation may require rights from government to: obtain seed stock from 
natural populations or from hatcheries operated by the state; acquire and use water; 
discharge effluent water; acquire and use space (uplands, tidelands, deep water); 
acquire exclusive harvest rights; transport stocks from one location to another; release 
stocks into natural waters for ranching; etc. 

In many sovereignties, public institutions responsible for managing capture fish­
eries also have major responsibilities for the regulation of aquaculture. Traditions 
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and priorities of these agencies tend to relate more to conservation goals for managing 
capture fisheries than to development goals to stimulate growth of aquaculture. 

A variety of interest groups sometimes oppose aquaculture. The issues that motivate 
opposition typically relate to competition for scarce resources and markets. Salmon 
aquaculture, which is growing rapidly where ecological conditions are suitable and 
where soveriegnties are willing to grant rights necessary for economic success, 
provides recent examples of controversies over aquaculture development. Three ex­
amples in the Pacific Northwest and Alaska are cited here. 

Much of the early development of salmon farming occurred in Washington State, 
and the emerging industry seemed destined for.sustained growth (Nyegaard 1973). 
However, owners of shoreline residential property became opposed to floating cages 
for aesthetic reasons. Agencies responsible for land and water use planning and 
zoning responded to this opposition by erecting administrative barriers to growth of 
the industry (Anonymous 1987h). Investors in salmon farming are as a consequence, 
by-passing Washington State and going to other soveriegnties, such as British Co­
lumbia and Chile, where institutional barriers are less onerous. 

Oregon was among the first states in the U.S. to allow nongovernmental institutions 
to participate in salmon ranching, and sizeable investments of private capital were 
made to stimulate development of an industry (Lannan 1980). Large runs of maturing 
salmon returning to coastal ranches have stimulated local economies. These runs 
have also contributed stray adult spawners to streams in close proximity to salmon 
ranches. Environmentalists have argued that natural stocks have been placed in 
jeopardy from a presumed loss of genetic fitness resulting from interbreeding with 
ranched stocks. Public policy makers and manager responded to these concerns by 
erecting administrative barriers that greatly restrict future growth of the industry and 
flexibility of salmon ranchers to increase productivity. While Oregon places restric­
tions on growth of salmon ranching, other sovereignties bordering the north Pacific 
Ocean continue to expand production. The number of juveniles released annually 
into the north Pacific presently exceeds 4 billion and possibly accounts for one-third 
of the total biomass of salmon harvested annually. Global harvest from ranched 
stocks conceivably could exceed the harvest from natural stocks by 2000 (McNeil 
in press), but Oregon appears to be turning away from active participation in the 
growth of salmon ranching. 

Fear of competition for markets has stimulated opposition from Alaska commercial 
fishermen to salmon farming. A bill to authorize salmon farming has failed in the 
Alaska legislature because of strong opposition from the commercial fishing lobby 
(Anonymous 1987i). Meanwhile, Alaska's southern neighbor, British Columbia, is 
actively pursuing a salmon farming "gold rush" (Fitzgerald 1987). 

Conclusions 

The title of this presentation poses a question: mariculture-an aid or hindrance 
to management? However, after analyzing growth of fisheries and aquaculture and 
assessing institutional issues, I am now of the opinion that the question should be 
restated: management-an aid or hindrance to mariculture? 

Mariculture has become an important contributor to the global supply of fish and 
shellfish. Its importance realtive to capture fisheries is steadily increasing. Public 
agencies responsible for fisheries are typically oriented to capture fisheries, and their 
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programs typically place greater emphasis on conservation of natural stocks than on 
economic efficiency and growth. Mariculture has added a requirement for new di­
mensions in public policy concerning seafoods and to the responsibilities of fishery 
managers and policy makers. Trade-offs between conservation and development will 
become more common as the transition from hunting to farming aquatic food re­
sources continues. Fishery agencies should place greater emphasis on economic 
development as the fishery economy expands through aquaculture. 
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The Roles of Life-cycle Theory, Aquaculture 
and Economics in Marine Fisheries Management 

Norville S. Prosser, David B. Rockland and Gilbert C. Radonski 
Sport Fishing Institute 
Washington, D.C. 

Introduction 

Marine recreational fishing has enjoyed great popularity in the United States, 
attracting major investments of discretionary time and money. Based on preliminary 
information from the latest (1985) national survey of fishing participation, fishing 
in marine waters represents approximately 15 percent of the total recreational fishing 
activity in trips for anglers 12 years of age and older (172.6 million trips). That 
represents nearly three times as many marine angling days as were taken in 1955 
(58.6 million). Sport fishermen also harvest an enormous quantity of fish for food. 
The National Marine Fisheries Service estimated a marine sport catch of 717 million 
pounds in 1985, which accounted for approximately 30 percent of the total (recre­
ational and commercial) U.S. marine finfish harvest that was used for food. 

Demands for recreational output from renewable marine coastal fishery resources 
are expected to continue to grow in the future. One reason is the projected movement 
of the United States' population to the coastal zone. Davenport (1980) reported that 
more than 50 percent of the United States' population lived in the coastal zone in 
1980 and, by 1990, this portion is expected to increase to 75 percent. Another reason 
for the forecasted increase in demand for marine recreational fishing is that fish for 
the American table has become a luxury commodity at retail outlets, with prices 
commonly exceeding those for beef and other meats. 

The American public selects fishing as a most favored form of recreational pursuit 
for a number of reasons. According to various surveys of marine recreational fish­
ermen, "fish-associated" objectives, such as "to catch fish," dominate the reasons 
offered by respondees for their participation in marine sport fishing. For certain, a 
wide array of satisfactions in addition to catching fish for fun or food are inherent 
in a successful fishing trip. The one distinct difference, or specialty, which distin­
guishes fishing from other water-associated recreational activities is the act, or the 
expectation, of catching fish. 

The nation's common property marine fish resources are publicly owned. As such, 
they are available to all and of great importance not only to the recreational consumer 
and industry but also to the commercial fishing industry. Americans are increasing 
their consumption of seafood-up from 10.9 pounds per capita in 1966 to 14.5 
pounds in 1985. Expectations are that this trend will continue into the future. Com­
mercial fisheries products that find public acceptance and demand in the marketplace 
result in attracting more entrants to an open-access commercial fishery. Each par­
ticipating harvester acts independently of what is good for the entire fishery. As a 
consequence a "tragedy of the commons" results, and the stock is overfished. 

Many marine fish species are shared stocks and harvested by both commercial 
and recreational interests. Historically as exploitation by commercial and recreational 
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harvesters escalated, stocks of species of particularly high value to recreational anglers 
began to deteriorate. National fishing and hunting surveys documented that the steady 
and rapid growth of marine sport fishing witnessed in the 1950s and 1960s slowed 
significantly after 1975, a trend that continues to this date. The decline in growth 
in marine recreational fishing has been associated with the decline of favorite food 
species along the United States' coasts (Martin 1983). 

The pattern of discovery, exploitation and resulting depressed stock conditions, 
as noted, has been a familiar one in marine fishery resource utilization. One observer 
has suggested, that fishery resources subjected to increasing societal demand exhibit 
a certain life-cycle over time (Smith 1986). The three stages in the life-cycle consist 
of an initial use of the resource for food production, followed by utilization for 
recreation and, finally, a third phase consisting of nonconsumptive or aesthetic use. 
The life-cycle is fueled by changing public values associated with particular fish 
stocks and declines in those stocks. 

When the number of resource users exceeds the natural ability of an ecosystem 
to produce adequate numbers of targeted species to meet all associated demands, 
government must respond with management. Management has been defined as having 
two components-conservation and allocation. 

As already noted, the prime ingredient for sustaining and expanding recreational 
fishing is fish. As a nation, we must make a conscious and dedicated effort to make 
the best use of our collective fisheries. Best use, or optimum yield from any common 
property resource, must consider a mix of benefits, including those of social and 
economic significance. As a society, our record of managing many common-property 
resources (inland fisheries, as well as terrestrial and migratory wildlife stocks), clearly 
reflects such changing values and changing use patterns consistent with the proposed 
life-cycle. The allocation of terrestrial wildlife and freshwater fishery resources be­
tween competing sport and commercial user-groups clearly reflects societal alloca­
tions favoring their use for recreational purposes. Although exploited commercially 
for many years, no common-property terrestrial wildlife stocks, and few freshwater 
fishery stocks, continue to enter today's commercial markets legally. 

Such difficult allocation judgments, which must address the question of best use, 
or highest societal value of a common property resource, historically have not been 
made by marine fishery regulatory bodies. Rather, management strategies are gen­
erally developed with an underlying strategy of maintaining traditional user-group 
participation in the fishery. Management appears to be driven by the objective of 
minimizing impacts on existing user-groups, rather than optimizing benefits from 
the resource to its owners, the public. However, there is a slowly growing appreciation 
that maximized protein landings on a sustained basis is not necessarily equated with 
highest value or societal benefit yield from a common-property wild fish stock, 
particularly one of great recreational demand. 

Economic Considerations for the Life-cycle Theory 

The life-cycle theory argues that, as exploitation of a fishery progresses, stock 
size declines such that commercial use eventually ceases. Economic theory states 
that, in an open access fishery, effort will increase until all profits from the fishery 
accruing to the commercial fishery are lost (Anderson 1977). Therefore, to a limited 
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extent, the economic theory of open access and the life-cycle hypothesis follow 
similar logic. The difference is that, in the economic theory, the commercial fishery 
remains in existence, although it is overcapitalized and does not return profits to 
participants. The life-cycle theory argues that the exploitation and subsequent stock 
decline will progress until a commercial fishery is no longer feasible and recreational 
exploitation remains. 

As a fishery progresses through its life-cycle, various economic costs and benefits 
are realized. The impression the concept of a life-cycle may leave is that progression 
from one stage to the next is undesirable, and an unfortunate artifact of the common­
property regime. This may be the case; however, it may also be the case that the 
net benefits (total benefits minus total costs) are greater at stages that are well-into 
the life-cycle. This section of the paper discusses the economic considerations of 
each stage of the life-cycle. 

Stage 1: Commercial Exploitation 

. The life-cycle theory suggests that commercial exploitation is the first use of a 
virgin fish stock. Commercial fisheries have certain economic benefits. Like all 
economic benefits they fall into two general categories-economic value and eco­
nomic impact. The economic values resulting from a commercial fishery are: 

Consumptive-use value. Harvesters, processors and distributors value the opportunity 
to use a fish stock as part of their businesses. This value is reflected approximately 
by the profits they earn. Consumers, who generally purchase the fish in restaurants 
or retail markets, also place a consumptive-use value on the fish stock. This consumer 
value is measured by the difference between the most a consumer would pay for the 
fish and the amount he/she actually pays. 

Nonconsumptive-use value. These are values that accrue to individuals who are in 
contact with the commercial fishery, but are not consumers of the resource during 
their contact. An example would be the people who enjoy walking around the fish 
docks and observing the fish, the fishing boats and the fishermen. 

Indirect-use value. These are values that may be associated with a commercial fishery 
that accrue to individuals who are only indirectly in contact with the fishery. Examples 
would include individuals who enjoy viewing photographs or artwork of commercial 
fisheries, watching television shows about commercial fishing, and reading articles 
or books about commercial fishing. 

Non-use value. These are values related to a resource that are not related to current 
use of the resource. Non-use values are categorized as option and existence values. 
Option value for a commercial fishery refers to the value of the option to someday 
be in the seafood business and/or to someday consume fish. An existence value 
reflects the value people place on knowing something exists. For example, there 
may be a value associated with the existence of a commercial fishery. 

Economic impact. The second broad category of economic benefits is economic 
impacts. The economic impacts of commercial fishing refer to activity that occurs 
in local, state, regional and/or national economies due to the fishery. Impacts are 
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calculated in terms of such variables as sales, taxes, jobs, income and/or output. The 
impacts are derived from economic activity that occurs in the harvesting, processing 
and distribution market levels, and extend into other sectors of the economy as the 
harvesting, processing and distribution sectors purchase goods and services from 
other industries in the economic region of concern. These impacts extend further as 
wage and salary earners in each of the affected businesses make purchases with their 
earnings. 

Stage 2: Recreational Exploitation 

As the life-cycle of the fishery progresses, commercial use is no longer as viable 
and recreational use predominates. This may be an artifact of the health of the 
resource, or a change in the regulations affecting the fishery that prohibit commercial 
use. Such regulations are often set in place after the commercial fishery decimates 
a stock. 

Economic benefits of a recreational fishery follow the same broad categories as 
those for commercial fishing. Economic benefits are disaggregated into two general 
categories-economic values and economic impacts. Economic values related to 
recreational fishing can be categorized as follows: 

Consumptive-use value. This is the value that sport fishermen place on the opportunity 
to go sport fishing and use the resource. Part of the value is expressed in the form 
of expenditures made to go fishing. The angler may place an additional value on the 
fish stock over what he/she spend to go fishing. 

Nonconsumptive-use value. As in the commercial fishery, the relevance of noncon­
sumptive-use value to recreational fisheries is esoteric, but such values may exist. 
People may derive value from observing a recreational fishery, such as walking the 
bank of a salmon river during the spring run. 

Indirect-use value. Value may be derived from the indirect use of a recreational 
fishery, such as through reading about the sport, watching television shows on 
recreational fishing and admiring artwork that focuses on recreational fishing. 

Non-use value. Option and existence values bear similar relevance to recreational 
fisheries as to commercial fisheries. There may be a value in having the option to 
participate someday in the recreational fishery. In addition, individuals may place a 
value in knowing simply that recreational fishing exists, and/or may place a value 
in knowing that their offspring (or others) will have the opportunity to sport fish in 
the future. 

Economic impact. Recreational fisheries generate economic benefits in the form of 
economic impacts. These impacts result from the expenditures made by sport fish­
ermen in the course of going recreational fishing. The impacts are measured in terms 
of jobs, sales, taxes, income and/or output, and extend beyond the initial expenditures 
as the businesses that supply goods and services to sport fishermen purchase inputs 
to produce those goods and services. Further economic impacts result from the 
expenditures made by the employees of all affected businesses with the wages and 
salaries they earned due to purchases by recreational fishermen. 
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Stage 3: Nonconsumptive Uses Only 

Recreational fishermen can also overexploit a fishery such that it is no longer 
possible to use the fishery. The life-cycle theory suggests that recreational use can 
lead to a third stage where only nonconsumptive uses are permitted. This final stage 
of the life-cycle is where the stock has declined to such a degree that only noncon­
sumptive uses are permitted or possible. In the case of a fishery, these uses might 
include catch-and-release fishing, fish observation either in the water (i.e., skin 
diving) or from outside the water (i.e., observing salmon runs up fish ladders), and 
other nonconsumptive uses. 

Many of the concepts of economic value would still apply at this stage. Certainly 
people will value the nonconsumptive activity and the fish stock as part of that 
activity. Indirect use through magazines, television, etc., would also have value. 
Many of the non-use values would remain. Existence values that are motivated by 
altruistic feelings toward the fishery would prevail, such as valuing that the fish 
stocks are not extinct. A bequest value, in terms of the value placed on one's offspring 
( or others) having the opportunity to participate in a nonconsumptive activity, would 
also be relevant. Finally, some economic impacts would exist due to expenditures 
made to partake in nonconsumptive activities. 

Roles and Effects of Aquaculture 

The preceding subsections have sought to identify possible economic benefits that 
might exist at different stages of the life-cycle of a fishery. As the fishery moves 
through its life-cycle, managers should be aware of what benefits are being earned 
and what benefits are being foregone by allowing the fish stock to progress through 
the cycle. Decisions oriented toward optimizing many of these benefit concepts may 
call for regulations to be put in place that do not allow the resource to progress 
through the three stages. 

While consumers demand high quality seafood products for restaurant or home 
consumption, they are not particularly concerned where the seafood originates. Rec­
reational and commercial fishing interests should staunchly support development of 
aquaculture and mariculture to help meet the public demand for commodity products 
while relieving pressure on wild stocks, many of which are currently in stressed 
conditions. 

Impact on Commercial Fisheries 

If harvesting of the fish stock in the wild were to be replaced with aquaculture, 
very little of the consumptive-use value in the commercial fishery would be lost. 
Processors, distributors and consumers would still receive the same product they do 
with the harvest of a wild stock. Commercial fishermen would lose all their con­
sumptive-use value. However, the economic theory of open access indicates that this 
result will occur anyway. Even if this were not the case, profits to commercial 
fishermen would be replaced with profits to fish farmers. While there would be 
individual losses and gains, the net change would be much less negative and possibly 
positive. 
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The nonconsumptive-use values would be lost once the commercial fishery ceased. 
While the existence of the values is uncertain, it is unlikely that they could be replaced 
by aquaculture or some other means to observe a commercial fishery. 

It is unclear whether indirect values associated with a commercial fishery would 
be lost as the fishery progressed to the next stage of the life-cycle. If the mediums 
by which individuals partook of the commercial fishery remained, such as books, 
articles, photographs and video-tapes, much of the indirect values might remain. In 
fact, their value could increase if they associated a "historical" value with their 
indirect use. 

The non-use values would be lost as the fishery progressed to the next stage of 
the life-cycle. The exception would be the option value of someday consuming 
seafood which would remain due to aquaculture. However, the option of becoming 
a commercial fishermen would be lost. So too would the existence values associated 
with the harvesting component of the commercial fishery, since it would no longer 
exist. 

If fish were available from aquaculture, in lieu of commercial harvesting, economic 
impact losses would only occur in the harvesting sector and those sectors that provide 
goods and services to commercial fishermen. These losses would be offset by activity 
in the aquaculture industry and economic sectors that supply goods and services to 
the aquaculture businesses. 

Impact on Recreational Fisheries 

Unlike the commercial fishery, the recreational fishery does not have an alternative 
to fishing on a wild stock. While most of the economic benefits associated with a 
commercial fishery can be sustained by aquaculture, there is not a similar substitute 
for the recreational fishery. Put-and-take fishing offers one alternative, but it is 
unfeasible to expect put-and-take fishing to be able to replace the stocks needed to 
support recreational fishing to the extent that aquaculture can replace the catch from 
a wild stock in a commercial fishery. 

Aquacultural Developments 

Recent developments in commercial fishing industry production evidence an active 
shift from reliance on hunting wild stocks to development of aquaculture to meet 
consumer demands. The aquaculture industry is providing increasing quantities of 
high quality products. In the United States, an estimated 25 million pounds of salmon 
are produced for commodity demand each year. private aquaculture produces 40 
percent of our oysters, most of the catfish (the quantity of pond-reared catfish has 
grown dramatically in recent years, reaching more than 280 million pounds in 1987), 
crayfish, nearly 100 percent of the freshwater trout and lesser amounts of other 
species, for a total of about 400 million pounds (Buck 1987). 

Recent developments in Norway in the pen-rearing of Atlantic salmon (Salmo 

salar) have enabled that nation to acquire a major and growing share of the frozen 
salmon market. According to Lee (1987), Norway will increase production levels 
by 1990 to between 90 and 100 metric tons of pen-reared Atlantic salmon. This, 
Lee pointed out, is nearly twice the present worldwide production of coho (Oncor­

hynchus kisutch) and chinook salmon (Oncorhynchus tshawytscha). 

Innovative, private aquaculture ventures are also underway to provide certain other 
species where the wild stocks are currently under stress. Development of full pro-
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duction programs to raise striped bass (Morone saxatilis) for the commodity market 
are known to be underway in California, North Carolina and Maryland. Red drum 
(Sciaenops ocellata) are being raised for the market in at least three locations­
Texas, South Carolina and Florida. 

It would appear that there exists an obvious general solution to the losses of 
economic benefits in fisheries that are likely to occur due to the progression through 
the life-cycle. The start of the problem of resource overexploitation occurs with the 
open-access commercial harvesters. An alternative to this fishery is found with 
aquaculture. Most, if not all, of the economic benefits associated with the commercial 
fishery remain by switching from the use of wild stocks to stocks developed through 
aquabusiness. The common-property wild stocks can be used to generate other societal 
benefits, such as those produced through recreational fisheries and nonconsumptive 
uses. If recreational fisheries are properly managed; the tendency to progress to the 
"final stage" would be avoided. In fact, proper management should allow for op­
portunities for nonconsumptive use, given that this type of use can produce important 
societal values. While the same point is true for the commercial fishery, the history 
of fishery resource management suggests that this is not logistically possible. There­
fore, in fisheries that would progress through the life-cycle, the apparent solution is 
to use aquaculture to satisfy the commodity market for seafood, and allow wild stocks 
to generate other societal benefits through wise management. 

In summary, there are increased demands being placed by recreational and com­
mercial interests on marine fishery resources. Without management measures being 
put in place, these demands will force fisheries through the life-cycle. In their 
regulatory processes, managers should take into account the various economic ben­
efits and costs that result from moving through the life-cycle. Aquaculture represents 
a means by which economic costs can be minimized and economic benefits can be 
maximized in moving from a commercial fishery to a recreational/nonconsumptive 
fishery. Therefore, resource managers Should make every effort to foster the intel­
ligent development of the aquaculture industry and recreational fishery regulations 
as an alternative to the deterioration of wild fish stocks though over-exploitation. 
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Aquaculture-Natural Resource Managers' 
Ally? 

Nick C. Parker 
U. S. Fish and Wildlife Service 
Southeastern Fish Cultural Laboratory 
Marion, Alabama 

Introduction 

Continual adaption and change are necessary for biological organisms, political 
systems, businesses and managers of natural resources to maintain their positions in 
the world. Just as Darwin's finches adapted to unfilled niches to avoid competition 
and to survive side-by-side, aquaculturists, commercial fishery operators, anglers, 
natural resource managers and others must adapt to rapidly changing conditions. 
Conflict becomes inevitable as demands on a limited resource exceed the maximum 
sustainable yield. However, conflicts can be avoided, or at least reduced, if competing 
interests recognize the positive aspects of change and that continual change is the 
only way to maintain homeostatic conditions. Aquaculture, which has been described 
as "the emerging giant," has drastically altered management of some aquatic re­
sources and has the potential to alter others. My objectives here are to explore some 
of the ways in which aquaculture may affect natural resource managers and some 
possible actions that may reduce conflict between producers of farm-raised fish and 
managers of wild stocks. 

The first professional managers of natural aquatic resources in the United States 
were probably the fish culturists who lobbied Congress in 1871 to establish the 
Commission on Fisheries, with Spencer F. Baird, Assistant Secretary of the Smith­
sonian Institute, as the first commissioner (Thompson 1970). These early managers 
lobbied Congress to appropriate funds for the propagation and introduction of shads 
(Alosa spp.), salmonids (Salmo spp.) and other valuable fishes throughout the coun­
try. The goals of both public officials and private producers were to provide fish for 
the food market and to provide species acceptable to new immigrants. To help meet 
this goal, they probably first introduced the common carp (Cyprinus carpio) into 
this country from France in 1831 or 1832 (Radonski et al. 1984) and, by 1875, the 
fish were well-established in California and New York (Bowen 1970). With some 
fanfare and at the request of Spencer Baird, Congress appropriated $5,000 in 1877 
to construct culture ponds to rear common carp on the grounds of the Washington 
Monument. Over the next several years, farm-raised fish, including introduced brown 
trout (Salmo trutta) and common carp, were promoted by private aquaculturists and 
government officials to increase angling opportunities. These culturists voiced their 
concerns about pollution from manufacturing plants, sawmills, dams, siltation, and 
other industrial and municipal sources (Thompson 1970). Fish culturists sought to 
preserve the aquatic environment to support fish and fishing. 

After the death of Spencer Baird in 1887, the value of cultured fish in the man­
agement of natural resources began to be questioned and funding for research became 
more limited. By 1897, when A Manual for Fish Culture was published by the 
Commission, fish culture was a well-developed practice of state and federal fish 
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hatcheries, as well as in the private business sector (Brice 1897). The manual con­
tained descriptions for the culture of more than 40 species or groups of finfish, plus 
lobsters, oysters, clams and frogs. Fry produced in hatcheries were widely stocked 
along the Atlantic Coast from about 1870 to 1900; the programs then were abandoned 
because they did not appear to influence commercial landings of shad, striped bass 
or other estuarine fishes. 

Conflicts of Aquaculturists and Natural Resource Managers 

Now, about I 00 years later, resource managers view aquatic resources as part of 
the public domain and consider that hacthery-produced fish to be one more tool to 
be used to manage these aquatic resources (McCraren 1986). Private producers view 
aquaculture as agriculture in the aquatic environment and believe the products pro­
duced should be treated no differently than poultry, beef or soybeans. These opposing 
views are a major source of conflict. 

Channel catfish (lctalurus punctatus) and chiefly rainbow trout (Salmo gairdneri), 

the most commonly cultured fishes, are defined as agriculture crops in come states­
channel catfish in Mississippi, trout in Idaho and all farm-raised aquatic organisms 
in Missouri-and these farm-raised fish are not regulated by the state conservation 
and natural resources agencies. Other species, such as striped bass (Morone saxatilis), 
red drum (Sciaenops ocellata) and largemouth bass (Micropterus salmoides), are 
now attracting the interest of commercial producers (Durpee and Huner 1984) and 
may ultimately force changes in existing regulations. Will these changes harm or 
benefit anglers, commercial operators, consumers and the nation's aquatic resources? 

Demand for Game Fish Increases 

According to a survey conducted by the U. S. Fish and Wildlife Service in 1985, 
58 million anglers spent $28.2 billion in 987 million angler days (U. S. Fish and 
Wildlife Service 1986). Sport fishing is projected to double by the year 2030. The 
fishing pressure on public waters is expected to increase much more rapidly than the 
ability of the resource to produce. Even today, some anglers have abandoned public 
waters to fish in more productive private waters. The public waters of Texas yield 
slightly less than 1 legal-size bass in 10 hours of fishing, whereas 30-40 bass can 
be taken from privately owned and managed lakes in only 3 or 4 hours (Trosclair 
1987a). Land owners are willing to buy catchable-size fish to be stocked in private 
ponds for recreational purposes. For example, a company in Bryan, Texas has sold 
I-kilogram rainbow trout to landowners in Texas to stock for recreational fishing.

Other aquaculturists are producing hybrids of striped bass and white bass, Florida
strain largemouth bass and other warmwater species for food and sport fish. In 
Danbury, Texas, some anglers have paid $900 per day for the opportunity to catch 
3-kilogram trophy-size bass in private waters and other fishermen routinely pay $90
in the off-season and $165 per day in the peak season to catch 1- to 2-kilogram fish
(K. Zwhar personal communication: 1988). Largemouth bass are being reared in
protected nursery ponds and then transferred into larger ponds for recreational use.
Anglers may catch and release multiple fish but keep only their largest one as a
trophy. Various personal services, such as catering of meals, and use of lodges and
equipment, are included in the $300-900 daily charges, but fewer services are
provided for the $90 per day charge. Are these practices the same as sport fishing
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in public waters? Are they indicative offuture practices? Or are they just an innovative 
way to harvest an agricultural crop? 

States require most anglers fishing in state waters to have a valid recreational 
fishing license. However, in some states, such as Alabama, Arkansas and Missouri, 
anglers fishing in privately owned water for farm-raised fish are exempt from licensing 
requirements. Although these establishments provide recreational opportunities, the 
catch of fish is frequently so high that it resembles a supermarket activity. In a single 
day, anglers have harvested more than 500 kilograms of channel catfish from a O .1-
hectare pond in Longview, Texas (R. Lackey personal communication: 1988). Do 
activities such as these relieve the fishing pressure on public waters? I believe that 
they do-at least they provide recreational opportunities in excess of those available 
on public waters. To the extent that fishing in private waters removes fishermen 
from public waters, these programs work in concert with-not in conflict with­
public programs. 

Game Fish or Food Fish? 

Natural resource managers have often been reluctant to allow the sale of farm­
raised fish. The two major obstacles preventing the sale of the hybrids of striped 
bass x white bass (M. chrysops) were identified by Carlberg and Van Olst (1987) 
as: "1) The inability or unwillingness of enforcement agencies to distinguish farm­
raised hybrids from wild-caught striped bass that are prohibited from sale in many 
states, and 2) laws prohibiting the sale of striped bass because it is a game fish." 
Producers of channel catfish and trout faced these same obstacles as they developed 
commercial markets for farm-raised fish. How were conflicts resolved? To my knowl­
edge, both farm-raised catfish and trout can be legally sold in all states. Before 1960, 
when there were only 160 hectares or commercial catfish ponds, there were significant 
commercial fisheries for catfish in inland waters, such as the Tennessee and Mis­
sissippi rivers. Today, after numerous incidences of environmental degradation, 
including release or spills or mercury, PCBs, chlorinated hydrocarbons, and other 
toxicants and contaminants, the public no longer associates quality and safety with 
wild-caught species, but more frequently with farm-raised products. In 1987, about 
182,000 metric tons (S. Hinote personal communication: 1988) of farm-raised catfish 
and 23,000 metric tons of farm-raised trout were processed as food fish. Existing 
catfish-processing plants had the capacity to process more than 227 ,000 metric tons 
per year (Trosclair 1987b). Many other farm-raised fish were sold directly to con­
sumers or for restocking as recreational fish. The development of the catfish and 
trout industries appears to have almost eliminated the importance of the commercial 
catch. Fishing pressure on wild stocks of these inland species may continue until the 
last fish is caught, but the relative value of the wild fish will decline as farm production 
increases. The commercial production of Atlantic salmon has similarly expanded at 
a phenomenal rate in the past three to four years. About 50,000 metric tons of farm­
raised Atlantic salmon were imported into the United States in 1987, whereas, 
commercial landings from the Atlantic Ocean were only about 10,000 metric tons. 
Foreign investors from Norway, Sweden, Iceland and Japan have recently established 
several net-pen fish farms to culture both Atlantic and Pacific salmonids in North 
America. Most of these farms have been placed in Canadian waters, primarily British 
Columbia, because regulations there are less restrictive than in the United States 
(Morrison 1987). Alaska fishermen recognize the threat of this foreign competition, 
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and even though they would prefer to continue to fish for wild stocks, they recognize 
the potential profit of net-pen culture and are ready to ''jump on the band wagon 
and farm salmon" when state laws are modified to permit this activity (Rosenberry 
1987). 

Demand for Food Increases 

The demands for fish and fishery products in this country are expected to expand 
faster than the supply of fish will. Imports of fish and fishery products into the 
United States were valued at $365 million in 1960 and $7.6 billion in 1986, when 
the imports consisted of $2.8 billion worth to nonedible products (animal feeds, 
industrial products, etc.) and $4.8 billion for edible fishery products. Imports ex­
panded at an average annual rate of $278 million from 1960-1986 and increased 
much more rapidly after 1980 than before 1980. The annual per-capita comsumption 
of fish increased over 20 percent from 197 5-1986, when the per-capita rate reached 
6.7 kilograms; it is expected to be 13.6 kilograms by the year 2020. The world's 
catch of fish (millions of metric tons) was 27 in 1954, 57 in 1966, 74 in 1976, 83 
in 1984 and 90 in 1986 (Mcintyre 1987, Parker in press). The catch has increased 
with the demand only because previously unused resources-those formerly classified 
as trash fish-are now being captured and processed into consumer-acceptable forms, 
such as imitation lobster, shrimp and scallops. The ocean's resources are recognized 
as finite, having an estimated maximum sustainable yield of about I 00-120 million 
metric tons. The expansion of demand in a market with limited supply is expected 
to continue to drive prices up and make fish farming even more lucrative than it is 
today, when more than 11 percent of global fish landings are produced by aquaculture 
(Mcintyre 1987). The forecast is for the global yield from aquaculture to increase 
to 22 million tons by the year 2000, when farm-raised species will represent 25 
percent of the world's harvest of aquatic organisms (Rhodes 1987). 

Distinguishing Between Wild and Farm-reared Fish 

Aquaculturists, resource managers and law enforcement personnel have tools and 
techniques today that were not available when many of the rules and regulations 
were written to protect aquatic resources. For example, few of the states' laws address 
hybrid fish. In some states-e.g., Maryland-hybrid striped bass were considered 
to be striped bass for purposes of regulation. In other states-e.g., New Jersey and 
Massachusetts-hybrids were not even mentioned in the regulations. Some states­
e.g., Florida, Virginia, North Carolina, Georgia and Mississippi-began to re-ex­
amine and modify their laws in 1987 to allow for possession and sale of farm-raised 
striped bass and hybrids (Smith 1988). 

The availability of reproductively sterile hybrids and triploid fish has promoted 
some states to re-evaluate and modify their regulations for some species. For example, 
in 1978, grass carp (Ctenopharyngodon idella) had been in at least 35 states at one 
time or another, regardless of the species legal status (Guillory and Gasaway 1978). 
By 1987, however, 12 states had no restrictions on the species, 15 had specific 
policies for them, 4 permitted research with triploid forms and the other 19 states 
technically prohibited all grass carp, even though some exceptions were made (Allen 
and Wattendorf 1987). Presumably sterile hybrids of grass carp x bighead carp 
(Aristichthys nobilis) were first legalized in some states, but preference shifted to 
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the use of triploid grass carp. For grass carp, the impetus to modify state regulations 
came not only from the producers, but also from state fishery biologists seeking to 
use these highly herbivorous fishes for biological control of aquatic vegetation in 
public waters. Anglers, boaters and owners of lakefront property became the driving 
force to modify regulations. Producers of triploid grass carp use specialized medical 
equipment-a Coulter1 counter (cost about $20,000 each) to verify that each fish 
certified as a triploid does indeed have three and not two ( diploid) sets of chromosomes 
(Wattendorf 1986). The equipment and procedures for this test are expensive; the 
test cannot be performed in the field by law enforcement personnel. Nevertheless, 
the procedures and paper trails established seem to provide a workable solution 
acceptable to law enforcement personnel, resource managers and aquaculturists. 

The production of monosex-either all-male or all-female- populations is another 
tool available to aquaculturists and resource managers to limit reproduction of fish. 
A considerable amount of research has been conducted to develop monosex popu­
lations of tilapia to limit reproduction in culture ponds. Techniques used include 
production of hybrids with highly skewed ratios of males and females, and production 
of all-male populations by feeding androgenic steriods to immature genetic females 
to induce sex-reversal. Other techniques used to alter sex ratios include gynogenetic 
production of female fish by fertilizing eggs with sperm that has been irradiated with 
ultraviolet light to denature the genetic material, the DNA. Once development of 
the egg has been activated by the irradiated sperm, eggs are shocked by exposure 
to heat, cold or pressure to disrupt normal cell development and produce a diploid 
zygote with no genetic contribution from the male (Benfey and Sutterlin 1984). Some 
of these resulting all-female fish can then be fed androgenic hormones to produce 
functional males (genetically female) and mated back with their siblings to produce 
a second generation of all female fish. 

When these techniques are further perfected, they will allow aquaculturists to 
produce fish with selected traits, such as rapid growth, disease resistance and tolerance 
to high or low temperature. It is expected that desirable traits can be propagated in 
cultured species much more rapidly with these techniques than through the normal 
process of selective mating. 

Similar techinques will almost assuredly be used to produce sterile exotic fish for 
recreational fishermen. If anglers will pay $300-900 per day for the opportunity to 
catch a trophy-sized largemouth bass weighing 3-4 kilograms what would they pay 
to catch a SO-kilogram freshwater fish? Several exiotic species, including Nile perch 
(Lates niloticus), reach or surpass this size. How long will it be before reproductively 
sterile exotic fish are available in private waters to anglers? Once trophy-size sterile 
exotics are available, will there be a demand for put-grow-and-take fisheries in public 
waters? Will sterile classification reduce the threat to native stocks enough to make 
these fish acceptable? If grass carp can be used as an example, I fully expect to see 
other sterile exotics, produced by fish farmers and in state hatcheries, to be stocked 
by resource managers for sport fishermen. 

In several states, laws have been modified or regulations developed to allow the 
possession, culture and sale of farm-raised fish as food fish, bait or for restocking. 
In other states, regulations prohibit the sale of all game fish as food fish, but do not 
limit the possession, culture and sale of fish for restocking. 

1 Reference to trade names or manufacturers does not imply endorsement by the United States Government. 
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Law Enforcement 

Laws designed to protect game fish appear to be one of the major restraints limiting 
expansion of aquaculture in many states and the expansion of culture of species other 
than catfish and trout. Law enforcement personnel are probably not "unwilling" 
(Carlberg and Van Olst 1987) to distinguish between wild-caught and farm-raised 
fish, but cannot do so within their existing budgets and with field techniques now 
available to them. Prohibition on the sale of game fish as food fish creates an illegal 
market somewhat similar to that for alcohol during the era when all sales of alcoholic 
beverages were illegal in the United States. The increasing demand for fish and 
fishery products is expected to stimulate the illegal market. However, farm-raised 
fish could fill the market and reduce poaching of wild stocks. Poaching pressure 
would decline only when economic incentives were lowered to make it unattractive; 
some enforcement personnel do not expect' the aquaculture production of highly 
desirable fish, such as hybrid striped bass, ever to be abundant enough to meet the 
market demand (D. Searcy personal communication: 1988). Some enforcement per­
sonnel further believe that protecting wild stocks of fish from poaching in the presence 
of legal sales of farm-raised fish creates enforcement problems even greater than 
alcohol sales during prohibition. 

Tools that law enforcement personnel could use to distinguish between wild and 
cultured fish are now being used in other areas of law enforcement. Forensic scientists 
are developing techniques (i.e., capillary zone electrophoresis-mass spectrometry, 
CZE-MS) that will sample volumes one billionth of a liter is size to detect and analyze 
compounds at concentrations one thousandth of that possible with existing techniques 
(Hattangadi 1988). The analyses of fragmented DNA molecules yields genetic fin­
gerprints that have been used to provide positive identification of individuals when 
the only evidence at the scene of a crime was a small sample of dried blood, semem 
or other tissue (Weiss 1988). The technique of electrophoresis with isoletric focusing 
has been used to determine species of raw muscle tissue (D' Andrea and Leedham 
1985) to distinguish between trout and salmon (Sutton 1982) and to identify the four 
species of Morone and their congeneric hybrids (Harvey and Fries in press). 

The equipment for electrophoresis and other analytical assay techniques is com­
monly available in most universities and even in some fish hatcheries. Other tech­
niques to distinguish between wild and cultured fish include analysis of daily growth 
rings on scales or otholites, scale-shape analysis, elemental composition of scales 
and bone, lipid profile analysis, detection of such tracer compounds as tetracycline 
and calacine in farm-raised fish, and morphometric differences. Some of these tech­
niques have been used to distinguish striped bass taken from freshwater from those 
taken from saltwater (Belanger et al. 1987) and between Chesapeake Bay and Hudson 
River stocks (Fabrizio 1987). These and other sophisticated techniques are routinely 
used in forensic laboratories (Weiss 1988), but may require more laboratory support 
than current fish and wildlife enforcement budgets provide unless priorities are al­
tered. These techniques, in conjunction with paper-trails to document source and 
movement of farm-raised fish, are tools now available to enforcement personnel. It 
is expected that, if there is a real market for field test kits that would allow enforcement 
personnel to distinguish between farm-reared and wild fish, such products will be 
developed. Law enforcement personnel now use a field kit that detects lead, to 
distinguish between game taken with a bow and arrow and that taken by gunshot. 
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Similar field tests may be developed to detect trace elements in farm-raised fish. For 
several years, kits have been available that enable diabetics to monitor their blood 
sugar and for women to test for pregnancy. Pharmaceutical firms are attempting to 
develop a simple and rapid test to detect the virus responsible for AIDS-the fatal 
anti-immune dificiency syndrome. Similar on-the-spot tests used in the medical field 
can very likely be adapted to detect chemical and biochemical differences in cultured 
and wild fish. It is even conceivable that, through bioengineering, future cultured 

fish may have hidden marks that become visible or undergo a color change when 
exposed to ultraviolet light or some other activator. A blue microbe has been de­
veloped (and patented) that will degrade PCBs; the blue color allows the organism 
to be easily traced in the environment and distinguished from other wild-type bacteria. 

Techniques available to law enforcement personnel today include use of various 
markers and tags to identify fish and trace them through the market system. For 
example, fish have been marked with tetracycline (which fluoresces under ultraviolet 
light), fluorescent pigments (Scientific Marking Materials, Inc., Seattle, Washington) 
and color-coded plastic chips, Microtaggants (Klar and Parker 1986). Some law 
enforcement personnel have used these materials to mark fish in illegal nets and then 
to trace them through the market system. In at least one case, PIT tags (passive 
inductive transponders-Biosonics, Inc., Seattle Washington) were used to identify 
fish stolen from the Southeastern Fish Cultural Laboratory of the U. S. Fish and 
Wildlife Service, Marion, Alabama. The PIT tag is a small glass-encased electronic 
device that can be implanted, with the aid of a special syringe, in fish or other 
animals. The PIT tag derives power from an external transmitter to drive an internal 
transmitter and broadcast a unique 12-digit hexadecimal number detected and dis­
played on a monitor. Another type of small internal tag, the coded-wire tag, was 
used to mark about 1. 2 million hatchery-reared striped bass released into Chesapeake 
Bay from 1985 through 1987, and has been used to mark millions of salmonids along 
the Pacific Northwest coast of the United States and throughout the world. Similar 
techniques might be used by management biologists to access stocks in inland res­
ervoirs. Law enforcement personnel could then use this mark to identify fish taken 
from state waters. 

In August 1987, at a conference on aquaculture in South Carolina, law enforcement 
personnel proposed a resolution that all states establish a 12-digit numbering system 
to identify individually all hybrid striped bass produced on farms for the food fish 
market. Under this proposal, each fish would bear a unique tag. After conversations 
with some commercial producers in Alabama, Arkansas, California and Mississippi, 
it seems improbable to me that this proposal will gain support of the aquaculture 
industry. It appears more likely to strengthen the resolve of aquaculturists that aqua­
culture is agriculture and increase pressure to have hybrid striped bass classified as 
farm products not controlled by natural resource managers. How will aquaculturists 
and resource managers deal with other cultured species-red drum, orangemouth 
corvina (Cynoscion xanthulus), Florida pompano (Tranchinotus carolinus)-and the 
numerous hybrid crosses that will surely be made? It seems reasonable that cultured 
fish will become much more important in the American economy. The culture of 
Florida pompano was of interest a few years ago, but never developed into an 
economically viable commercial industry. The Florida pompano fishery is now only 
one-tenth of that 12 years ago, due to overharvest (McMasters 1987). Florida pom­
pano have reportedly retailed for $26 per kilogram, when particularly scarce, and in 
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1987, commonly sold for $11 per kilogram (up from $4.40 per kilogram in 1974). 
Even though earlier attempts to produce Florida pompano on farms failed financially 
and they are not farm products today, it seems very likely that production will become 
economically feasible as the demand increases. 

Benefits of Cooperation 

It is time for natural resources managers and aquacultrists to evaluate where we 
are and where we are going. There appears to be room for compromise on both 
sides. For example, trout, catfish, salmon, beef steaks, pork loins and chicken are 
not individually numbered as a condition of marketing. Food fish and shellfish, 
unless specifically identified as an injurious species, may be imported into the United 
States and are not required to be numbered individually or even federally inspected. 
Boxes must be clearly labeled to identify contents, shipper and consignee. So why, 
the aquaculturists ask, should trade in American-produced farm products be restricted 
by the cumbersome process of individually tagging selected farm-reared aquatic 
species? Although some aquaculturists may wish to identify all farm-raised crops as 
agriculture, they must recognize the potential impact of cultured fish on wild stocks 
and work with resource managers to reduce the chances for damage. Until domes­
ticated brood stocks are developed, aquaculturists must depend on wild stocks and 
work closely with natural resource managers to protect those stocks from overex­
ploitation and genetic alteration. Maintaining high quality in the aquatic environment 
is of prime importance to both aquaculturists and resource managers. 

It seems that, as demand for aquatic resources increases with the continual growth 
of the world's population, strict preservationists and potential exploiters must both 
alter their positions and agree to some changes. The combined demands of anglers, 
recreational fisherman and commercial fishermen exceed the supply of fish on a 
worldwide basis. Either catches must become severly limited as demand increases 
or aquaculture must expand to fill the void. Projections have been made that, within 
the next 50 years, aquaculture products will equal or surpass the wild production of 
fish (Larkin 1988). Some sport fishermen in Texas and other states have already 
recognized the value of aquaculture to their interests and have helped to fund and 
establish hactheries to culture red drum and other species to be stocked in coastal 
and inland waters (Rutledge 1986). It appears that aquaculture holds tremendous 
potential for sportsmen, consumers and producers, and it could become an even 
stronger tool of natural resource managers. 

In summary, it appears that aquaculture can provide at least nine useful benefits. 
1. Provide fish for commercial markets to lessen the pressure on wild stocks.
2. Allow some commercial stocks to be redirected to the sport fishery where they

have greater economic value.
3. Provide specialty fish for management purposes.
4. Provide recreational opportunities on private waters, thus reducing fishing pres-

sure on public waters.
5. Provide employment for significant numbers of individuals.
6. Stabilize price flucuations in markets.
7. Provide products for export markets.
8. Provide fish for markets now being filled through import.
9. Improve the nation's foreign trade balance.
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Special Visual Presentation. Landscape Linkages: 
The Dispersal Corridor Approach 
to Wildlife Conservation1

Larry D. Harris 
School of Forest Resources and Conservation 
University of Florida 
Gainesville, Florida 

Introduction 

The forests of the southeastern United States have long been known for their 
unique characteristics and products. In the 17th century, the value of animal skins 
exported from the South equaled all other products combined (Wing 1965). Some 
of America's most unique wildlife species-such as the Ivory-billed woodpecker 
(Campephilus principalis), Carolina parakeet (Conuropsis carolinensis) and red­
cockaded woodpecker (Picoides borealis)-ranged widely throughout the Southeast. 
But the formerly expansive forests are becoming fragmented into isolated habitat 
islands. 

Fragmentation restricts wildlife access to life requirements and other members of 
the species. In and of themselves, the fragments are not large enough to maintain 
viable populations of many of the more than 50 threatened and endangered species 
of vertebrates that occur in the Southeast. 

Many animals depend on long-range mobility for survival. Even the evolution of 
flowers, nectar and fruit were driven by the advantages provided by movement. The 
necessity for wildlife to move freely between areas, such as terrestrial and aquatic 
habitats, is a basic biological principle. Habitat fragmentation, caused by urbanization 
and development of natural areas, severely hinders this mobility, with negative 
consequences to our shared environment. 

In rapid growth states such as Florida, one of the most serious isolating forces is 
the increase of high speed, hard surface highways. In Florida alone, the construction 
of new primary and secondary highways has averaged over 4 miles (7 km) per day 
during the last 50 years (Florida Department of Transportation statistics). These 
highways facilitate easy movement by man, but they also serve as death traps for 
wildlife, and create habitat islands by blocking natural wildlife-movement corridors. 
The direct consequences for wildlife are obvious-as many as 100 million animals 
are killed on American highways each year. But in the long run, the indirect con­
sequences of these barriers may prove significantly more important. 

The effectiveness of an isolated tract of forest in providing wildlife habitat should 
be judged by considering overall community integrity and the ecosystem processes 
that maintain it. The smaller the habitat island, the quicker the wildlife community 

1Edited script from a Special Visual Presentation by the same title. 
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will decay. Throughout the Southeast, rapid human population growth and urbani­
zation will lead to the continued loss of natural habitat. In Florida, for example, 
about 150,000 acres (61,000 ha) of forest habitat are lost each year (USDA Forest 
Service 1988). This has the effect of creating habitat islands even when successful 
conservation and acquisition programs have been executed. A case in point is the 
150,000-acre (61,000 ha) Loxahatchee Refuge in southern Florida, which is the 
second largest national wildlife refuge in the eastern United States. And yet, it is an 
island of natural habitat in a sea of human development. Urban development to the 
east and intensive agricultural land use to the west make this but a small patch of 
wildlife habitat. Some large animal species are still present here, but their continued 
existence is threatened. 

Consequences of Habitat Fragmentation 

The consequences of habitat fragmentation are measurable in many ways, but the 
direct effects on wildlife species occur in four principal categories. One is the in­
creasing restriction and isolation of large, wide-ranging species, such as the black 
bear (Ursus americanus). 

In Florida less than 10 percent of the natural areas smaller than 1, 000 acres ( 400 
ha) in size are inhabited by bears; only 20 percent of the areas smaller than 7 ,000 
acres (3,000 ha) are inhabited; and tracts must be at least 100,000 acres (40,000 ha) 
and near to a much larger area before a 57 percent occupancy rate is achieved. A 
tract of habitat must be at least 500,000 (200,000 ha) contiguous acres before a 
viable population of black bears can be assured. 

Black bear distribution throughout most of the Southeast is now centered on the 
large federal land holdings, such as the national forests and national parks. Unless 
action is taken soon, Florida black bears will also become restricted to large federal 
land holdings by the year 2000. 

A second consequence of habitat fragmentation is the loss of genetic integrity and 
viability from within the species, as suggested by the case of the endangered Florida 
panther (Felis concolor coryi). 

The Florida panther formerly ranged throughout the southeastern United States. 
Like the black bear, its distribution has become progressively more restricted, so 
that only a remnant population now exists on the 2. 5 million contiguous public acres 
(1 million ha) in southern Florida. Evidence indicates that the Florida panther is 
manifesting the consequences of inbreeding caused by evershrinking and increasingly 
isolated habitat. Research on all of the adult male panthers that have been analyzed 
reveals a 95-percent level of sperm infertility (USFWS 1987). This is most probably 
because of inbreeding, and illustrates that even habitat islands of hundreds of thou­
sands of acres in size will not suffice in and of themselves to conserve the larger 
species of wildlife in perpetuity. 

A third consequence of habitat fragmentation is the loss of "area sensitive" or 
"forest interior species." These are species that depend on a specific size of habitat 
area for breeding success and existence. 

Breeding bird surveys of 12 northern Florida hardwood forest fragments as large 
as 75 acres (30 ha) in size revealed the absence of 21 species, or 47 percent of the 
species known to breed in mesic hardwood forests (Harris and Wallace 1984). But 
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even more importantly, 7 of 13 species (54 percent) that only breed in mesic hard­
woods did not occur in any of the forest fragments. Because of their dependency on 
mesic hardwood forests for habitat, their absence should be considered more serious 
than if they could breed in widely different habitat types. 

Along with fragmentation of the forest habitat comes an opening of the landscape. 
This paves the way for the fourth principal consequences of habitat fragmentation­
an increase in backyard or weedy species, such as the parasitic brown-headed cowbird 
(Molothrus ater), raccoon (Procyon lotor) and opossum (Didelphis virginiana). Opening 
of the eastern forest landscape has allowed these species to expand their range of 
occurrence and abundance in geographical areas where they formerly did not occur 
or were rare. Many of them now serve as important nest predators, nest parasites 
and cavity competitors that negatively impact several threatened and endangered 
species. 

The cowbird must lay its eggs in the nest of a host species. Several species of 
birds, such as Kirtland's warbler (Dendroica kirtlandii), have been seriously affected 
by this nest parasitism, and we now suspect that the likely extinction of Bachman's 
warbler (Vermivora bachmanii) may be partly due to this alien source of nest mor­
tality. 

Development of a Habitat Corridor Approach 

The need for animals to move for survival has been documented throughout history. 
Dramatic examples of animal migrations can be drawn from all the classes of ver­
tebrates. 

Herds of migratory caribou (Rangifer tarandus) still move over open tracts of 
North American tundra, and such western ungulates as elk (Cervus elaphus) and 
mule deer ( Odocoileus hemionus) migrate altitudinally as they move between summer 
and winter range. At least 150 species of North American birds migrate seasonally 
between their northern breeding grounds and the overwintering grounds of the South 
(Keast and Morton 1980). 

Legends of migrant species are old, and details of migration have been researched 
for nearly 100 years. But only recently has research demonstrated that even resident 
species, such as black bear and otter (Lutra canadensis), move a great deal in their 
day-to-day wanderings. Most of this movement is associated with the need for adults 
to interact during the reproductive season, the need for young animals to disperse 
or the need to use different habitats during different seasons. Not uncommonly, this 
is because upland environments provide the richest habitats during summer and fall, 
while lowland swamps provide food and refuge during winter months. 

Like animals, plants also need to move. But unlike animals, plants move at the 
reproductive stage and not as adults. The evolution of flowering plants hinges on 
their ability to attract animals such as hummingbirds to carry pollen from one flower 
to another, and thus cross-pollinate them. Cross-pollination is synonymous with 
outbreeding, the opposite of inbreeding. Just as the flowering plants evolved a reliance 
on animals to cross-pollinate, so too did most flowering plant species evolve fruits 
and seeds that depend on animals for their dispersal. Apples, cherries, berries and 
nuts have their evolutionary history dependent on the prospect that animals will 
consume the fruit and disperse the seed. 
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Recent research documents the wide ranges that even resident animals must move 
daily and seasonally. Otters move 10 miles ( 16 km) along stream courses or sometimes 
several miles overland to get from one small lake to another (Melquist and Hornocker 
1983). A single Florida black bear may encompass a home range of 15,000 acres 
or 20 square miles (52 km2) (J. Wooding and D. Maehr personal communications). 
The average home range size of the Florida panther is nearly 200 square miles (520 
km2), and the widest ranging dominant panther males may wonder over twice this 
area (U.S. Fish and Wildlife Service 1987). Most of the widest-ranging species are 
carnivores that must live on prey populations distributed throughout the landscape. 
Many are also furbearers that live or travel along water's edge, and this implies that 
their home range is long and narrow. 

If we choose for these animals to survive, we must be willing to take actions 
necessary to alleviate the problems they face during movement. We have the fol­
lowing choices: ( 1) allow these populations to dwindle away, and accept the problems 
they cause when we do not plan for their occurrence; or (2) develop strategies of 
conservation planning in concert with growth planning. 

One such strategy is the development of "landscape linkages" and "wildlife 
corridors," in order to maintain the remaining natural movement passages and re­
connect the major habitat islands as they formerly occurred in the natural landscape. 

A History of Corridor Management 

United States federal wildlife legislation began with attention to migration and 
migrant species and is still very much hinged on these principles of movement. The 
location and nature of bird migration corridors and corridor management policies are 
taught in elementary wildlife conservation and waterfowl management courses 
throughout the United States. Use of the migration corridor approach has been critical 
to restoration of North America's waterfowl populations, and restoration of the 
whooping crane (Grus americana) is based on the development of a series of "step­
ping stone'' habitat islands along the 3000-mile (4800 km) migration corridor of that 
species. The following lists other examples where wildlife managers have successfully 
utilized the dispersal corridor approach. 
• Fish ladders have been used widely in order to allow movement of migrating

fish around hydro-electric dams and power generating plants.
• The pipeline carrying oil southward from Alaska's north slope is elevated to

allow passage of migrating caribou.
• Seasonal migration of the elk of Jackson Hole, Wyoming, is a key issue in the

management of that species. Highways in Wyoming, Colorado and other western
states include underpasses that allow for the passage of elk and mule deer.

• In Florida, 33 underpasses are now being designed into the 150-mile (240 km)
extension of Interstate 75 that will cross the Everglades.

• A combination of boat speed zones and policies governing the operation of canal
locks is used to reduce mortality of migrating manatees (Trichechus manatus).

• In addition to the species-by-species approach described, numerous examples
can also be cited where specific park and refuge designs have included linkages
or corridors.

• The Queets River corridor spans 20 miles (31 km) between the generally high
elevation Olympic National Park in Washington and the Pacific Ocean. Seasonal
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migrations of steelhead (Salmo gairdreri), salmon (Oncorhynchus spp.), Roo­
sevelt elk (C.e. roosevelti) and Columbia black-tailed deer (0.h. columbianus) 
are made possible by this corridor linkage. 

• The La Zona Protectora Park in Costa Rica is a 15-mile (24 km) long and 1-2
mile wide (1.5-3.2 km) riparian forest corridor that allows parkland to span
9,000 feet (2,600 m) of elevation and interconnect the lowland La Selva Bio­
logical Reserve with the high elevation Braulio Carrillo National Park. At least
35 species of altitudinal migrant vertebrates will utilize this corridor for seasonal
and dispersal movements (Pringle et al. 1984).

• The first official U.S. national reserve, the Pinelands National Reserve, is spe­
cifically designed to allow a series of riparian landscape corridors to interconnect
fragmented and isolated tracts throughout the highly developed pine barrens
landscape in New Jersey (Anonymous 1980).

• In Louisiana, wildlife management areas in the Atchafalaya basin have been
"linked up" in order to provide sufficient size and linear expanse for wildlife
to move seasonally (Anonymous 1985).

These examples demonstrate that the will, ingenuity and technology for facilitating 
animal movement exist whenever and wherever specific needs have been demon­
strated. But at this late date, can we afford the luxury of species-by-species and 
case-by-case emergencies before action is taken? Shouldn't we proceed from the 
basis of widespread research and move forward with general planning and acquisition 
principles at this point? 

Natural Movement Passages Can be Achieved 

Both state and federal mandates for the preservation of biotic diversity and the 
maintenance of viable populations of all wildlife imply that we should go beyond 
the endangered species approach and put a greater emphasis on entire communities. 
A conservation policy is required that explicitly recognizes the need for animals to 
move, the maintenance and re-establishment of natural corridors, and the consoli­
dation of areas large enough to maintain viable populations. 

During the last 25 years, the combined expenditure for conservation land acqui­
sition within the State of Florida has reached approximately $1 billion. The State of 
Florida is presently spending about $100 million per year for the purchase of con­
servation and recreational lands, rivers, and beaches. The successes of this campaign 
are evident from the statewide map of public lands that presently exist (Florida 
Natural Areas Inventory). But, it is also clear that most of the areas are small, widely 
distributed and interspersed throughout the landscape. Parcels are acquired on a case­
by-case basis without regard for an integrated statewide system of habitats. 

Analysis of the size frequency distribution of the largest 315 natural areas in Florida 
shows that: 255 (> 80 percent) of these areas are < 10,000 acres (4,000 ha) in size; 
184 areas (58 percent) are < 1,000 acres (400 ha); and more than 150 are < 500 
acres (200 ha) in size. Only six areas are large enough to maintain viable populations 
of black bear, and only one assembly of areas in southern Florida has been large 
enough to maintain the Florida panther until now. 

Although we do not know how many areas support viable populations of bobcat 
(Lynx rufes), mink (Mustela vison), otter or weasel (Mustela spp.), we do know that 
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100 percent of the areas support abundant populations of middle-sized omnivorous 
mammals, such as armadillo (Dasypus novemcinctus), opossum, raccoon and skunk 
(Spilogale putorius). These are the common backyard species that proliferate under 
such a conservation program. Conservation programming to date has been highly 
successful at restoring and enhancing populations of hundreds of species of small­
to-medium size, but it does not ensure survival or maintenance of viable populations 
of the larger, wide-ranging species. We must adopt a new approach if we are to 
conserve these species. 

The development of landscape linkages and wildlife corridors will help eliminate 
the consequences of habitat fragmentation. Numerous opportunities throughout Flor­
ida and the Southeast exist where exceptionally large gains in conservation efficiency 
and effectiveness can be made with only a small amount of added investment. Certain 
of these are cited below. 

Conecuh National Forest/Blackwater River State Forest/Elgin Air 
Force Base Linkage 

In lower Alabama and Panhandle Florida, there is close proximity of three large 
publicly owned conservation areas administered by three different state and federal 
agencies. The Conecuh National Forest is a 171,000-acre (69,000 ha) tract that lies 
contiguous with the 183,00-acre (74,000 ha) Blackwater River State Forest in Florida. 
Only 5 miles (8 km) to the south lies the 460,000-acre (187 ,000 ha) Eglin Air Force 
Base (Figure 1). The specific land sections in Santa Rosa County that remain in 
private ownership are in a rural, forested, low-intensity land-use area. If a landscape 
linkage that guaranteed the opportunity for wildlife movement could be assured, 
several threatened and endangered species would benefit directly, and overall wildlife 
conservation opportunities would be greatly enhanced. 

For example, the endangered red-cockaded woodpecker, which formerly occurred 
from Texas to New Jersey, will soon be limited to about 20 public land areas that 
are large enough to support viable populations. The Conecuh National Forest has. 
the potential to support only 125 red-cockaded colonies. Eglin Air Force Base has 
the potential to support a much larger number of colonies. Ensuring a future habitat 
linkage between these areas would create a 817 ,000-acre (331,000 ha) tract that is 
large enough to maintain a viable population of this increasingly endangered species. 
A 2.5-mile wide (4 km) linkage necessary to create this large contiguous block 
represents only a 1 percent addition to the presently owned acreage (Figure 1). 

Okefenokee National Wildlife Refuge/Osceola National Forest Linkage 

In southeastern Georgia and northeastern Florida lies the Okefenokee National 
Wildlife Refuge, a highly primitive area that constitutes one of the largest wilderness 
areas in the East (Figure 2). Ten miles (16 km) to the south lies the 160,000-acre 
(65,000 ha) Osceola National Forest. Standing alone, the Osceola National Forest 
will not constitute a viable area for red-cockaded woodpeckers, black bears or other 
endangered species. Official protection of a landscape linkage that assures opportunity 
for movement and genetic interchange between these areas is necessary for main­
tenance of a viable population of endangered red-cockaded woodpeckers, as well as 
black bears. A consolidated federal land holding will also greatly enhance the area's 
suitability as a reintroduction area for the endangered Florida panther and captive-
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Figure 1. Conecuh National Forest/Blackwater River State Forest/Elgin Air Force Base linkage. 
Conecuh NF = 171,000 acres (69,000 ha); Blackwater River SF= 183,000 acres (74,000 ha); 
Elgin AFB = 463,000 acres (187,000 ha); 2 = 817,000 acres (330,000 ha). Linkage: 5 by 2.5 
miles = 12.5 square miles (8 by 4 km = 32km2); < 1 percent of three areas combined. Circle dot 
pattern is linkage area. 
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Figure 2. Okefenokee National Wildlife Refuge/Osceola National Forest linkage. Okefenokee 
NWR = 380,000 acres (154,000 ha); Osceola NF = 162,000 acres (66,000 ha); I = 542,000 
acres (220,000 ha). Linkage: 7 by 2.5 miles = 17 .5 square miles (11 by 4 km = 44 km2); 2 percent 
of two areas combined. Circle dot pattern is linkage area. 
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reared whooping cranes. At some future date, this area could prove to be important 
as a red wolf (Canis rufus) reintroduction site as well. 

Apalachicola National Forest/St. Marks National Wildlife Refuge! 
Nature Conservancy's Coastal Corridor Linkage 

The Apalachicola National Forest near Tallahassee, Florida, is one of the larger 
national forests in the southeastern U.S. To tlie southeast of the Apalachicola lies 
the two-parcel, 65,000-acre (26,000 ha) St. Marks National Wildlife Refuge (Figure 
3). In this example, a small connecting linkage would create a contiguous public 
domain holding of nearly 700,000 acres (282,000 ha) and provide greatly enhanced 
opportunities for further linkages with the Nature Conservancy's 75,000-acre (30,000 
ha) coastal corridor that spans nearly 70 miles (112 km) along the Gulf of Mexico. 
Again, only a 2.5-mile (4 km) wide corridor that constitutes less than 1 percent of 
the combined area is needed. It would greatly enhance the region's suitability for 
maintenance of viable populations of Florida panther, and allow bobcat, black bear 
and many smaller species to exist in the St. Mark's National Wildlife Refuge for a 
much longer time into the future. 

Figure 3. Apalachicola National Forest/St. Marks National Wildlife Refuge/Nature Conservancy's 
coastal corridor linkage. Apalachicola NF = 632,000 acres (256,000 ha); St. Marks NWF = 65 ,000 
acres (26,000 ha); Nature Conservancy coastal corridor (not detailed) = 75,000 acres (30,000 ha); 
I = 772,000 acres (352,000 ha). Linkage: 4.5 by 2.5 miles = 11.25 square miles (7 .2 by 4 
km = 29 km2); < I percent of first two areas combined. Circle dot pattern is linkage area. 
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Loxahatchee National Wildlife Refuge/Corbett Wildlife Management 
Area/White Belt Ranch Linkage 

The Loxahatchee is the second largest national wildlife refuge in the eastern United 
States, but because it occurs in southern Florida, human population growth and 
development on the eastern boundary and intensive agricultural development on the 
west have virtually isolated the more northern areas as habitat islands (Figure 4). 
Loxahatchee is linked to other Everglades conservation areas to the south, but, 
unfortunately, not linked with the state-owned areas to the north. 

Corbett Wildlife Management Area and the White Belt Ranch property represent 
an investment of 80,000 acres (32,000 ha) that will soon be isolated as a disjunct 
habitat island. In and of themselves, they are not large enough for maintenance of 
a single pair of endangered Florida panthers. Only by linking these state-owned 
habitat islands with the large, contiguous public acreage to the south will they serve 
as habitat for the several species of larger mammals. 

Ocala National Forest/Lake Woodruff National Wildlife Refuge/State 
Parks Linkages 

In 1908, the U.S. Forest Service designated 430,000 acres (174,000 ha) near Ocala 
as the first national forest east of the Mississippi. In 1963, the U.S. Fish and Wildlife 
Service purchased the contiguous 18,000-acre (7 ,300 ha) Lake Woodruff National 
Wildlife Refuge (Figure 5). By 1967, the State of Florida had established Hontoon 
Island State Park. Next came Wekiva Springs State Park in 1969 and Blue Springs 
State Park in 1972. Lower Wekiva River State Preserve was added in 1976, as was 
Rock Springs Run State Preserve in 1983. The State began negotiating title to two 
additional areas in 1985, and is now considering the purchase of yet two more areas 
as early as 1988. These eleven separate acquisitions are all contiguous and total 
nearly 500,000 acres (200,000 ha) (Figure 5). 

However, two cntical areas remain in private ownership. If these two designated 
areas could be protected, then we would have succeeded in bringing an entire river 
system under protection. The remaining two areas would constitute about a 2 percent 
addition to the combined contiguous conservation land assembly. 

Conclusion 

Dozens of additional opportunities exist throughout the Southeast. In many cases, 
such as the Apalachicola River corridor, the Kissimmee River corridor, the Cross­
Florida Barge Canal and The Nature Conservancy's recent Gulf Coast Big Bend 
Project, most of the work has already been accomplished. The consequences of not 
making these linkage investments now are dramatic. Within a very short time, 
commercial development in the form of restaurants, resorts and housing developments 
will have closed these historical movement passages and all future linkage options. 
We must either act quickly or accept the fact that these investments in isolated 
wildlife habitat acquisitions will not contribute to the needs of the larger mammal 
species. 

604 + Trans. 53rd N. A. Wildl. & Nat. Res. Conj. (1988)



Figure 4. Loxahatchee National Wildlife Refuge/J. W. Corbett Wildlife Management Area/White 
Belt Ranch linkage. Loxahatchee NWR = 146,000 acres (59,000 ha); Corbett WMA = 58,000 
acres (24,000 ha); White Belt Ranch = 22,000 acres (9,000 ha); I = 226,000 acres (92,000 ha). 
Linkage: 10 by 2.5 miles = 25 square miles (16 by 4 km = 64 km2); 7.1 percent of three areas 
combined. 
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Figure 5. Ocala National Forest/Lake Woodruff National Wildlife Refuge/State Parks linkage. Ocala 
NF = 430,000 acres (174,000 ha); Lake Woodruff NWF = 18,400 acres (7,400 ha); Hontoon 
Island SP = 1,600 acres (600 ha); Wekiva Springs SP = 6,400 acres (2,600 ha); Lower Wekiva 
River SReserve = 4,500 acres (1,800 ha); Rock Springs Rung SReserve = 8,700 acres (3,500 ha); 
Stark Tract, Seminole Springs SP = 4,300 acres ( l,700 ha); Fechtal Ranch, St. Johns River Forest 
Estate = 10,600 acres (4,300 ha); :S = 486,600 acres (195.9 ha). Linkage: 5 by 2.5 miles = 12.5 
square miles (8 by 4 km = 32 km2); 1.6 percent of nine areas combined. Circle dot patterns are 
linkage areas. 
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Conservation biology is an emerging synthetic discipline that deals with the basic 
issue of eroding biological diversity (Soule 1985). It derives its theoretical basis from 
the pure sciences, such as population genetics, demography, biogeography and com­
munity ecology. However, it uses the resulting principles to address applied problems 
in conservation, such as the loss of genetic diversity, loss of species diversity and 
loss of diversity of ecosystems. Conservation biology now joins forestry, wildlife 
management and fisheries management as the newest player in the arena of applied 
ecology. 

Although conservation biology has a relatively brief history, its antecedents (which 
are shared with other established branches of conservation) have established a long 
tradition. Conservation biology attained self-consciousness at a conference held at 
the University of California at San Diego in 1978. The resulting book, Conservation
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Biology (Soule and Wilcox 1980), formalized the discipline and announced its ex­
istence to the scientific community. A 1982 conference on the application of genetics 
to the management of wild plant and animal populations focused on the role of 
population genetics in conservation (Schoenwald-Cox et al. 1983). A second con­
ference on conservation biology was held at the University of Michigan in 1985, 
further expanding the body of literature dealing with the emerging field (Soule 1986). 
The Society for Conservation Biology was conceived at that meeting. Later that 
year, the Society was formally incorporated, and publication of its journal Conser­
vation Biology commenced in 1987 (Soule 1987a). 

Relationship with Wildlife Management 

Conservation biology clearly shares many common interests and approaches with 
wildlife management. Both deal with the conservation of living organisms and share 
concern over the consequences of the degradation of the earthly environment by 
human activities. At a personal level, most members of both disciplines share an 
interest and background in natural history, and consider themselves to be naturalists. 

Conservation biology and wildlife management differ, however, in a number of 
ways. These differences ensure that the entry of conservation biology will enrich 
and broaden the field of conservation. Indeed, a review of the 889 papers published 
in The Journal of Wildlife Management (1982-87) revealed that only 75 (8 percent) 
were on topics that would be appropriate for publication in Conservation Biology. 

Table 1 contrasts conservation biology and wildlife management on the basis of 
several areas where overlap between the two is low. Wildlife managers seek to 
manipulate the sizes of animal populations-maintaining them at sizes appropriate 
for sustained yields, reducing them when they are judged overabundant and increasing 
them when they are judged too scarce or endangered. Conservation biologists seek 
to maintain the diversity of life-the genetic diversity within species, the species 
diversity within ecosystems and the diversity of ecosystems in the biosphere. 

The pardigms that form the foundations of wildlife management derive from a 
long tradition of empirical fieldwork, and The Journal of Wildlife Management shows 
a strong bias toward the empirical approach. Conservation biology derives its par­
adigms from both theoretical and empirical approaches and, indeed, Conservation 
Biology features a strong theoretical slant. 

Wildlife managers deal with higher vertebrates, especially birds and mammals. 
Typically, even among these higher vertebrates, only select groups of species receive 

Table l. Some fundamental differences between wildlife management and conservation biology. 

Basis for comparison 

Central goal 

Basis for paradigms 

Taxonomic bias 

Educational background 

Professional affiliation 

Wildlife management 

Manipulations of 

population size 

Mostly empirical 

Higher vertebrates 

Special species featured 

More uniform 

Primarily agencies 

Conservation biology 

Maintenance of 

biological diversity 

Mostly theoretical 

All taxa 

Species treated equitabl) 

More diverse 

Primarily academia 
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the most attention-game species, endangered species, pest species. Conservation 
biology has no taxonomic bias and, at least in principle, treats all taxa equitably. 

Wildlife managers share a common educational experience, usually obtained in a 
wildlife biology or natural resource program. The certification guidelines of The 
Wildlife Society further assure a uniform educational background. Conservation 
biology, in contrast, is a synthetic discipline whose practitioners hail from a diverse 
range of backgrounds, including population genetics, demography, community ecol­
ogy, ecosystem ecology and evolutionary biology. This diversity, at least during the 
initial development of the field, precludes the sharing of an extensive common body 
of knowledge among conservation biologists. This has been both a source of mutual 
enrichment and conflict. 

Most wildlife managers are employed by government agencies, whereas most 
conservation biologists are employed in academia. This immediately contrasts them 
as managers versus researchers-two groups that have not traditionally had the closest 
of rapport. 

Contributions to Resource Management 

Although conservation biologists are likely to make future contributions to resource 
management, at least three major contributions have already become clear. First, 
there is a new focus on the issue of biological diversity. Second, there are new 
approaches and concepts dealing with the dynamics and management of small pop­
ulations that would, without attention, not be viable. And, third, there are new 
perspectives and outlooks on the challenges of conservation. 

Concern over diversity has been around for a long time. Aldo Leopold's admonition 
that saving every cog and wheel is the first prerequisite of intelligent tinkering remains 
one of the most eloquent statements of the goal. Conservation biologists are helping 
demonstrate how biological diversity and resource development can be compatible 
goals. Although certain of our laws pertaining to biological diversity, such as the 
Endangered Species Act and the National Forest Management Act, predate the emer­
gence of conservation biology, the current high level of attention on diversity issues 
probably would not have come from traditional wildlife managers. 

Conservation biology has introduced new concepts and methods for assessing 
biological conditions and planning conservation strategies. These have come from 
such fields as biogeography, ethology, population genetics, landscape ecology, ep­
idemiology and demography. They have proved to be intellectually stimulating and 
useful for dealing with real problems, such as the recovery of an endangered species, 
protection of small populations or ecosystems, or management of parks and preserves. 

The biggest contribution, though, is likely to result from the addition of new 
perspectives and philosophies to solving the complex problems of conservation. The 
infusion of new ideas into the field can only be viewed as a positive event. 

Areas for Cooperation 

Wildlife managers and conservation biologists must begin to integrate their skills 
and learn more about each other's field. Professional wildlife managers should read 
the conservation biology literature, attend workshops and training sessions on issues 
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such as population viability analysis (Soule 1987b). Degree programs in wildlife 
management should include coursework that prepares students for understanding and 
using the products of conservation biology. 

Conservation biologists must recognize and become familiar with the field of 
wildlife management, through its literature and its strong tradition of empirically 
based conservation. Theories generated in the halls of academia often can be tested 
by existing data sets, which cannot and should not be ignored. The new conservation 
biologists must also make an effort to go beyond theory and make sure their con­
tributions are relevant in the real world. 

We must plan our work with each other on both individual and organizational 
levels. We must publish in each other's journals and hold joint meetings. We must 
not dwell on what we are or what exclusive territory we hold; our efforts must be 
melded toward common goals. Rigorous scientific investigation of nature is not the 
exclusive prerogative of any one discipline, neither is the application of scientific 
discoveries to conservation and management. We share these approaches despite 
what we call ourselves or what our histories as organizations or individuals have 
been. 

References Cited 

Schoenwald-Cox, C. M., S. M. Chambers, F. MacBryde, and L. Thomas, eds. 1983. Genetics and 
conservation: A reference for managing wild animal and plant populations. Benjamin/Cum­
mings, Menlo Park, California. 

Soule, M. E. 1985. What is conservation biology? Bioscience 35:727-734. 
--, ed. 1986. Conservation biology: The science of scarcity and diversity. Sinauer Associates, 

Sunderland, Massachusetts. 
--. 1987a. History of the Society for Conservation Biology: How and why we got here. 

Conservation Biology 1 :4-5. 
--, ed. 1987b. Viable populations for conservation. Cambridge University Press, Cambridge, 

England. 
Soule, M. E. and B. A. Wilcox, eds. 1980. Conservation biology: An evolutionary-ecological 

approach. Sinauer Associates, Sunderland, Massachusetts. 

612 + Trans. 53,d N. A. Wildl. & Nat. Res. Conj. (1988)



Registered Attendance 

ALABAMA 
James R. Davis, Kathryn Davis, Rhett Johnson, Cindy G. Locascio, Nick C. Parker, H. L. Stribling, Leigh Ann 
Stribling 

ALASKA 
Craig Altop, Dale R. Evans, Pat Janik, Phil Janik, Calvin J. Leusink, Michael Scott, Lynn Sprague, Walter 
Stieglitz, Robert B. Weeden 

ARIZONA 
Bud Bristow, Ronald Edwards, Sheryl K. Fought, James R. Higgs, Carol L. Krausman, Paul R. Krausman, Keith 
A. Menasco, Kurt R. Rautenstrauch, Temple A. Reynolds, John N. Rinne, Norm Smith, Steve M. Titla, Mark 
C. Wallace 

ARKANSAS 
Charles J. Amlaner, Jr., Bert Bivings, Russell Bolin, Steven H. Cole, W. F. Hailey, Scott Henderson, David H. 
Herman, Mike Hoy, Tony Melchiors, Bob Pierce II, Billy E. White, Steve N. Wilson 

CALIFORNIA 
Daniel W. Anderson, Paul Beier, Pete Bontadelli, Daniel Chapin, Eldridge G. Hunt, John G. Kie, Marti Kie, 
Donald Lollock, Randall C. Long, Roger L. Pederson, Ronald 0. Skoog, Kent A. Smith, Rodney T. Smith, 
Richard D. Teague, William Tietje 

COLORADO 
Kurt Ballantyne, Steve Brady, Clait E. Braun, Galen L. Buterbaugh, Ruth Lewis Carlson, Len H. Carpenter, 
Robert H. Caskey, Cheryl Charles, Robert S. Cook, Allen Cooperrider, Katherine Durham, Adrian Farmer, Curtis 
H. Flather, Glen E. Hetzel, Richard M. Hopper, Charles Hughlett, Shirley Anne Hughlett, C. Eugene Knoder, 
Donald E. Prichard, Gopal Singh Rawat, James B. Ruch, Sandi Ruch, Jennifer Slater, Lee Upham, Thomas L. 
Warren, Gary C. White, Gary L. Williams, Gary J. Wolfe 

DELAWARE 
Donald H. Burton, John D. Heath, William C. Wagner II, Jane Waldrop 

DISTRICT OF COLUMBIA 
J. David Almand, Charles M. Benbrook, Jack H. Berryman, June S. Berryman, William E. Burleigh, David 
Campbell, Charles H. Collins, M. Rupert Cutler, Frank Dunkle, Gina De Ferrari, Gary B. Edwards, Dennis C. 
Eggers, Amos S. Eno, Keith Evans, Scott Feierabend, Jan Goldman-Carter, R. M. Gray, Lynn A. Greenwalt, 
Chris Holmes, Douglas B. Inkley, Helen Jahn, Laurence R. Jahn, Edna Knight, Ronald E. Lambertson, Jennifer 
Lewis, Albert M. Manville, Sam Marler, Richard E. McCabe, James R. McMullen, Tom Melius, S. Douglas 
Miller, Conley L. Moffett, Steve Moyer, Robert D. Nelson, James M. Norine, Terri D. O'Grady, James C. 
Overbay , Carlton N. Owen, George Pence, Phillip Pierce, Jim Pissot, Carol Porter, Norville S. Prosser, Gilbert 
C. Radonski, Mark J. Reeff, Gordon C. Robertson, Hal Salwasser, R. Neil Sampson, Jacqueline E. Schafer, Eric 
W. Schenck, Michael L. Smith, Elizabeth Stevens, Dottie Taylor, Richard Thorsell, Whitney C. Tilt, Lonnie L.

Williamson 

FLORIDA 
Robert M. Brantly, Michael W. Collopy, Peter G. David, Larry D. Harris, Kathrine M. Kurz, Wayne R. Marion, 
Anna M. Peterson, Dan Wood 

GEORGIA 
Steve K. Black, H. Ken Cordell, Tom L. Darden, Rocky Evans, Jeffrey J. Jackson, Leon Kirkland, Joe McGlincy, 
Jerry Mcilwain, Victor F. Nettles, James W. Pulliam, Jr., Jean Pulliam, William E. Schulz, Robert Warren, 
Cynthia A. Witkowski 

IDAHO 
Ernest D. Ables, Dave Budeau, Bob Crabtree, Brad Griffith, Lewis Nelson, Jr., Wilma Baker-Nelson, Kenneth 
D. Norrie, Martin L. Prather, John T. Ratti, Kerry P. Reese

ILLINOIS 
Lyle Adams, Brian D. Anderson, Ka ieen M. Andrews, C. D. Becker, Carl Becker, Esther Bellrose, Frank C. 
Bellrose, Michael E. Berger, G. W. Bersett, George V. Burger, Jeannine Burger, Michael D. Burke, Susan Burke, 
Deanne Byers, Steven Byers, Mike Conlin, Matthew B. Connolly, Jr., Bette Gunkel, Neal Gunkel, John E. 
Jacobson, Dave Kennedy, Willard D. Klimstra, David Klinedinst, Gregory T. Koeln, James M. Krejci, Gordon 
Brent Manning, Salvatore Marici, Ken Medve, Thixton B. Miller, James H. Moak, John Norwood, Thomas N. 
Post, Charles S. Potter, Jr., Scott K. Robinson, Glen C. Sanderson, Donald W. Thompson, John Tranquilli, 
Patrick J. Weicherding, David E. Wesley, Tim Witham, Alan Woolf 

Registered Attendance • 613



INDIANA 
William D. Bakeis. Wayne E. Bivans, Charles C. Burner, David J. Case, Sheri K. Chandler, John T. Costello, 
Daniel A. Cristo!, Terry D. Davis, Wayne C. Faatz, Edward L. Hansen, Gail A. Hansen, Roger Hedge, Victor 
L. Hesher, Keith Hoss, David Howell, Barney Hughes, Marguerite Hughes, Stuart G. Jenkins, Scott A. Johnson, 
Robert Kern, Charles M. Kirkpatrick, Gail D. Kirkpatrick, Ralph Kirkpatrick, Kenneth G. Knouf, Wendy J. 
Malpass, Bruce R. Marheine, William R. Maudlin, W. F. McClellan, Brain K. Miller, Robert Montgomery, 
David A. Newhouse, John Olson, Gerald Pagac, Gary M. Peters, Paul D. Ranney, Erica S. Rasmussen, Jeff 
Reed, James M. Ridenour, James Roach, Robert E. Rolley, Maria Rudzinski, Mark S. Sargent, Mary Stafford, 
Jill Strobel, Bob Van Hoff, Rex F. Watters, Carolyn Weeks, Harmon P. Weeks, Jr., Dennis L. White, Mark A. 
Young 

IOWA 
Richard A. Bishop, William R. Clark, Richard A. Clewell, Sharon Coe, Allen L. Farris, Sam Kennedy III, Terry 
W. Little, Bruce Menzel 

KANSAS 
Warner A. Bantz, Ted T. Cable, Kevin Church, George C. Halazon, Kathryn Halazon, Scott R. Klinger, E. May 
"Pat" Lindquist, Anice M. Robel, R. J. Robel, George Stanley, W. Alan Wentz 

KENTUCKY 
Donna Blair, Roger Blair, Steve Bonney, Arnold Brunell, Ellis R. Carter, Bernice U. Constantin, Marcus E. 
Cope, Dennis Daniels, Larry M. Doyle, Charles L. Elliott, Joyce L. Fitzgerald, David G. Foster, Robert B. 
Frederick, Lynn Garrison, Donald A. Hamm, Brian Knowles, Jeff Lawrence, Rex B. Mann, Jimmy R. May, 
John L. Mechler, Robert M. Morton, Jeffrey L. Norment, Jim Oliver, Martha Oliver, Donna J. Painter, Linda 
Penry, Cary Perkins, Elizabeth M. Potter, John Ramey, Glenn Robertson, Lois Robertson, Dennis Sharp, Lawrence 
Schuff, Frederick A. Servello, Dennis W. Sharp, Elizabeth Thach, Michael Turner, Mark A. Willis, John Wilson, 
Diane A. Wolfe 

LOUISIANA 
James A. Allen. John M. Anderson, William Clay Brister, Ralph Costa, R. Eugene Turner, Vernon L. Wright 

MAINE 
Mugangu Trinto Enama, James R. Gilbert, Emma M. Mendall, Howard L. Mendall, Raymond J. O'Connor 

MARYLAND 
Lowell W. Adams, Brad Bortner, W. E. Boyd, Margaret E. Cornelius, Tom Franklin, E. Hugh Galbreath, Donna 
M. Gates, 1. Edward Gates, Russell J. Hall, Harry Hodgdon, Daniel L. Leedy, Joseph P. Linduska, Lilian 
Linduska, Richard P. Mroczynski, Daniel A. Poole, Dorothy C. Poole, Teresa A. Ram!, Dan Smith, Carl R. 
Sullivan, Glenn Therres, Matthew Willard, John R. Wood 

MASSACHUSETTS 
Walter E. Bickford, Robert Brooks, Jack Buckley, Robert D. Dehlinger, George Haas, Howard N. Larsen, Shirley 
Larsen, James J. McDonough, Robert B. Nelson, Cathy Pedevillano, Donald R. Progulske, Eunice Progulske, 
Nancy J. Sferra, Tom Wisnauckas 

MICHIGAN 
Gina L. Ballard, Ron Dunlap, Roger Eberhardt, Richard Elden, David Evers, Beth Gardner, Larry M. Gigliotti, 
Jeffrey E. Hanson, Jonathan Haufler, Lyle D. Heaton, Sylvia N. Heaton, Kay Kevern, Niles R. Kevern, Steven 
Kitler, Janea Marie Little, Shari L. McCarty, Gail A. McPeek, Frank P. Opolka, Jean H. Petoskey, Merrill L. 
Petoskey, R. Ben Peyton, Raymond A. Rustem, Michael A. Sanders, Margaret Schmidt, Kim Scribner, Le Ann 
West, Cynthia J. Wong 

MINNESOTA 
Alfred Berner, Edward K. Boggess, Timothy Bremicker, Rick Dornfeld, Robert Eberhardt, James C. Gritman, 
Paul W. Hansen, Leo W. Haseman, Roger Holmes, Neal P. Kingsley, Gene M. Nelson, Harvey K. Nelson, Ann 
Y. Robinson, Larry R. Shannon, Bill Stevens, J. S. Thompson, James R. Truax 

MISSISSIPPI 
Dale H. Arner, Julia B. Amer, Vernon Bevill, Robert Brown, Magalen 0. Bryant, John W. Burris, Martha 
Cooper, W. Carey Crane III, Billy Joe Cross, Curtis Green, Linda Green, Birdie Jennings, T. J. Jennings, Mary 
C. Landin, Chester 0. Martin, Jean O'Neil, T. M. Pullen, Jr., Ross "Skip" Shelton, Bill Tomlinson, Michael 
R. Waring 

MISSOURI 
Ken Babcock, Marjorie Baskett, Thomas S. Baskett, Jeff Churan, Midge L. Crawford, Bill T. Crawford, Joe G. 
Dillard, Dave Erickson, Ray Evans, Erik K. Fritzell, Larry R. Gale, Norb Giessman, Edwin H. Glaser, Pat 
Graham, Dale D. Humberg, Chris Kelly, Robert B. King, Richard Lenning, Robert Miller, Teresa Miller, Paul 
W. Nelson, Jerry L. Presley, Charles A. Purkett, Jr., Rebecca Stout, Mark Sullivan, Joe Tieger, Ollie Torgerson, 
David Urich, James R. Whitley, Eric S. Wilson, Jim Wilson, Julie Wilson, Kathy Wisdom, Daniel Witter 

614 • Trans. 53rd N. A. Wildt. & Nat. Res. Conj. ( 1988)



MONTANA 
Joe Ball, Robert L. Eng, Dwight E. Guynn, Kirk Horn, Ron Marcoux, Neal Martin, Robert W. Munson, Vicki 
J. Munson, Arnold Olsen, Daniel H. Pletscher 

NEBRASKA 
Mike W. Anderson, William J. Bailey, Jr., Keith W. Harmon, Ken Johnson, Bobby C. Kindrick 

NEVADA 
Donald J. Armentrout, William A. Molini, Alice B. Pullman, Frederick C. Pullman 

NEW HAMPSHIRE 
David S. Severance, Susan Whittemore 

NEW JERSEY 
George P. Howard, R�::,ert McDowell, Paul D. McLain 

NEW MEXICO 
Russell Earnest, Wain Evans, E. Leon Fisher, Bill Huey, Joanna Prukop Lackey, H. Stevan Logsdon, Bill Montoya, 
Harold F. Olson, S. D. Schemnitz, Mike Spear, Daniel Sutcliffe, Edwin A. Swenson, William D. Zeedyk 

NEW YORK 
Guy A. Baldassarre, Eric K. Bollinger, Tommy L. Brown, Daniel J. Decker, Herbert E. Doig, Susan Doig, 
Thomas A. Gavin, Carol Hewett, Richard Hewett, Sylvia C. Hilts, William Hilts, Laurie A. Hunter, William J. 
Kolodnicki, Jay McAninch, Gerri A. Pomerantz, Bonnie Richmond, Milo Richmond, Archie Roach, Larry W. 
VanDruff, Mary Ann VanDruff, Bruce Wilk.ins, Ed Zern 

NORTH CAROLINA 
Hal S. Atkinson, Jr., Wesley L. Cook, Phil Doerr, Charles R. Fullwood, Beverly E. Genetti, Steve Gossett, 
Richard B. Hamilton, Fred Harris, Richard A. Lancia, Thomas M. Massengale, Richard Noble, Mike Phillips, 
Phillip R. Reed, Jane M. Rohling, Gary J. San Julian, C. J. Smith 

NORTH DAKOTA 
Robert D. Hoffman, Mike Johnson, Bob Meeks, Ronald A. Stromstad, Rick Warhurst 

OHIO 
Thomas B. Addis, Craig Alderman, Brad Andres, Jean Bookhout, Theodore A. Bookhout, Teresa L. Boz, Denis 
S. Case, Pam Claar, Rita Clements, Steve Colegrove, Deidre M. DeRoia, Clarence Durban, James W. Goodrich, 
Steve Gray, Brenda Holtzman, Lynn T. Holtzman, Tracy Jones, George Laycock, Alan Lea, Robert McCance, 
Jr., Romy Myszka, Tony J. Peterle, Richard B. Pierce, Terry Z. Riley, David L. Risley, Dorine Rogers, Patrick 
Ruble, David Sherman, Kris Simpson, Rick Story, T. Michael Toepfer, Leslie Winner 

OKLAHOMA 
Frankie A. Green, Steve A. Lewis, Thayne Smith, Gene Stout, Phillip J. Zwank 

OREGON 
Hugh Black, Larry Bright, Gordon Haugen, Dayton 0. Hyde, Larry L. Irwin, Philip Lee, Greg McClarren, Bill 
McComb, E. Charles Meslow, Ed Styskel, Jack Ward Thomas, Margaret Thomas, Sara Vickerman, Rolf Wallenstrom, 
William Q. Wick 

PENNSYLVANIA 
Peter Argentine, Sylvia G. Bashline, George Baumer, Betty Bowers, Glenn L. Bowers, Margaret Brittingham, 
Ron Burkert, Peter S. Duncan, J. Michael Fowles, Leonard A. Green, Glenn Hughes, Joseph W. Hummer, Barry 
Isaacs, Celeste Jarvis, Ed Kuni, Michael J. Lacki, Ken Mertz, Brad B. Nelson, Dale E. Sheffer, Carol Storm, 
Gerald L. Storm, Sherwood (Scotty) Stutz, Paul C. Weikel 

SOUTH CAROLINA 
Jerry Allen, W. K. Chastain, James Fenwood, John E. Frampton, R. M. Gifford, Dave Gordon, Brian Gray, 
Michael R. Herbaugh, Paul E. Johns, James Earl Kennamer, Fred Kinard, Michael R. Lennartz, Sumter Moore, 
Lamar Robinette, Michael H. Smith, Tommy Strange 

SOUTH DAKOTA 
Lester D. Flake, Kurt J. Jenkins, Steven P. Riley, Charles G. Scalet, Art R. Talsma 

TENNESSEE 
Jeffrey G. Babb, Tom Bowman, Eleanor Burbank, James H. Burbank, Nancy Douglass, Daryl Durham, Dan 
Eagar, Ronald J. Field, Robert P. Ford, Dale K. Fowler, Donald Hammer, Bob Harmon, Robert E. Kissell, Jr., 
Larry C. Marcum, Chester A. McConnell, Gerald Montgomery, Gary T. Myers, Rick Owens, John B. Richardson 

TEXAS 
Bobby G. Alexander, Clark E. Adams, Charles Aile, Lytle H. Blankenship, Eric G. Bolen, Fred C. Bryant, Frank 
Chrismer, Bruce L. Christman, Ski Clark, Ted Doerr, Gary Drew, Charles A. DeYoung, Marc Ellett, Derrick V. 
Heckman, Howard E. Hunt, Bill Kiel, Jean Kiel, Tom McCall, Harvey W. Miller, Freddie Morrill, William I. 
Morrill, Todd Morris. Dalal Oubari, Jack Payne, Danny L. Rakestraw, Charles W. Ramsey, Ken L. Risenhoover, 

Registered Attendance • 615



Chris Robinson, Scott Rogers, H. Alexis Ross, Kevin Roy, Denise Marie Ruffino, Steven Schlabach, David J. 
Schmidly, Milo J. Shult, Nova Silvy, Valeen Silvy, Doug Slack, Loren M. Smith, Darryl Stanley, Don Steinbach, 
W. Rufus Stepheus, Wendy A. Strader, James G. Teer, Joan Teer, Michael E. Tewes, John K. Thomas, Bruce 
Thompson, Raymond L. Urubek, Billy Varos, Linda Weatherford, R. Montague Whiting, Dale W. Witt, Henry 
A. Wright, Mike Zagata 

UTAH 
John A. Bissonette, Deanna Bunnell, S. Dwight Bunnell, William R. Burbridge, Joseph A. Chapman, John A. 
Kadlec, Laurence E. Lassen, Rhea Ann Provan, Timothy H. Provan, Frederic H. Wagner, Marilyn C. Wagner, 
Gar W. Workman 

VERMONT 
David Capen, Thom J. McEvoy, Richard L. Plunkett, Steve E. Wright 

VIRGINIA 
James B. Armstrong, Peter T. Bromley, Bruce Beard, Jack Capp, Dennis N. Chester, Gerald Cline, Gerald Cross, 
Roseann Doyle, Keith Hay, Eric C. Hellgren, Roy L. Kirkpatrick, Lack Lorenz, Pamela K. McClelland, Edwin 
J. Miller, James E. Miller, Judi Murray, Marcus C. Nelson, William Harold Nesbitt, Patricia Orr, Kathleen Pond, 
Vern Wayne Pond, William Radtkey, Susan Reece, James A. Remington, Jean Remington, Kenneth R. Roberts, 
Maitland Sharpe, Bettina Sparrowe, Rollin Sparrowe, Bennie Stauffer, Dean F. Stauffer, Lloyd Swift, Rose Swift, 
Billy M. Teels, Phyllis Teels, Katherine G. Timothy, Mike Tonkovich, Brett A. Wright 

WASHINGTON 
Dean Rocky Barrick, Jenene Fenton, Lorin L. Hicks, Greta Neal, Jerry Neal, Rich Poelker, James A. Rochelle, 
Len Ruggiero, Chuck Sisco, Susan Knight Skagen 

WEST VIRGINIA 
Scott Hartman, Paul Johansen 

WISCONSIN 
Tom Edwards, James W. Hardin, James W. Heinrich, Joseph J. Hickey, Lola Hickey, Harold C. Jordahl, Jr., 
Marilyn Jordahl, Jim Jordan, Terry Koper, Robert A. McCabe, Steve Miller, Betty L. Roberts, John C. Roberts, 
Paul I. V. Strong, Wayne Tlusty 

WYOMING 
Larry Kruckenberg, Art Reese 

CANADA 
Ken Ambrock, Robert Andrews, Jim Bahr, Grant Baker, Morley Barrett, Keri Barringer, Bruce D. J. Batt, Richard 
Baydack, Joyce Brynaert, Kenneth A. Brynaert, Charles Dauphine, Patrick J. Caldwell, Jean Doucet, A. P. Tony 
Duke, Rob R. Evans, Rod Fowler, Thomas Henley, Heather Lemieux, Louis Lemieux, Ned Lynch, Henry R. 
Murkin, Jeffrey W. Nelson, T. G. Neraasen, Douglas K. Pollock, Gilbert Proulx, Laurel Whistance-Smith 

AMERICAN SAMOA 
William Emmsley, William C. Knowles 

PUERTO RICO 
Jose L. Vivaldi 

616 • Trans. 53rd N. A. Wild/. & Nat. Res. Conj. ( 1988)



Index 

Abernathy, Robert K. Coauthor, 481 
Adams, Clark E. Chair, 513, Coauthor, 524 
Adams, Lowell W. Cochair, 513 
Adams, Lyle L. Chair, 343 
Agriculture 

conservation compliance, 205-209, 210-
221 

conservation easements, 263-265 
conservation provisions, 5-9, 205-265, 

345-346
conservation reserve program, 222-231, 

232-238, 268-269
Farm Act of 1985, 1-2, 5, 205-265, 268-

269 
sod buster, 239-248 
swampbuster, 249-262, 268-269 

Alabama's Treasure Forest, 102-107 
Allen, James A., and coauthors. Evaluation of 

Greentree reservoir management options in 
Arkansas, 471 

Anti trapping, 180-187 
Aquaculture 

natural resource managers' ally, 584-593 
overview for 1988, 561-563 
role in marine fisheries management, 577-

583 
trends in production, 570 

"Assessment '87 . .. A New Direction for the 
Bureau of Reclamation," 273-276, 283-
284 

Aubry, Keith B. Coauthor, 115 
Barrett, Morley W., and coauthors. Wild fur 

industry under challenge: The Canadian re­
sponse, 180 

Baskett, Richard K. Coauthor, 386 
Batch, Donald L. Chair, I 
Bemer, Alfred. Cochair, 205 
Birch, Thomas W. Coauthor, 78 
Bolen, Eric G. Coauthor, 609, Cochair, 609 
Bottomland hardwood forests, 471-480, 481-

490 
Brady, Stephen J. Potential implications of 

Sodbuster on wildlife, 239 
Broderick, Stephen H. Coauthor, 62 
Brody, Michael. Coauthor, 471 
Brooks, Robert T. and Thomas W. Birch. 

Changes in New England forests and forest 
owners: Implications for wildlife habitat re­
sources and management, 78 

Brossard, Peter F. Coauthor, 609 
Burger, George V. Coauthor, 376 
Bus, Phillip S. Collaboration in land resource­

management planning and wildlife preserva­
tion, 383 

Byers, Steven M., and coauthors. Wildlife 
habitat assessment of Kane County, Illinois, 
376 

Cable, Ted T. Nongame and nursing homes: 
Evaluation of a multiple-benefit program in 
Kansas, 401 

California's integrated hardwood range man­
agement program, 67-77 

Campbell, David Charles. Has the wolf bought 
a sheepskin coat or have water resources 
agencies become lambs? 279 

Challenge grant (cost-share) program, 21-22 
Charles, Cheryl. Summary of research findings 

on Project WILD, 531 
Chesapeake Bay critical area program, 391-

400 
Clark, William R. Cochair, 115 
Columbia River Basin Fish and Wildlife 

Program 
actions and accomplishments, 292-298 
history and background, 288-291 

Conservation biology, 609-612 
Conservation compliance 

implications for fish and wildlife, 210-221 
institutional challenges, 205-209 

Conservation easements 
farm debt restructuring, 265 
FmHA inventory lands, 263-264 

Conservation reserve, 268-269, 343-349 
effects on habitat, 232-238 
responsibilities, 226 
status, 226-228 
wildlife practices, 225-226 

Dauphine, T. Charles, Jr. Chair, 157 
Decker, Daniel J. and James E. Miller. Status 

of extension wildlife programs in America, 
513 

Deneke, Frederick J. and James E. Miller. 
Evaluation and critique of government pro­
grams in woodland resource management, 
41 

Dispersal corridor approach, 595-607 
Doig, Herbert E. Cochair, I 
Dornfeld, Rick and Rick Warhurst. A coopera­

tive program for restoring drained wetlands 
in Minnesota, 454 

Doyle, John S., Jr. Implementing conservation 
provisions of the Water Resources Develop­
ment Act, 10 

Dredged material and Water Resources Devel­
opment Act, 316-317 
beneficial uses of, 316-325 

Dunkle, Frank H. Toward a national recrea­
tional fisheries policy, 285 

Index • 617



Dunkle, Frank H. and Peter C. Myers. 4-H 
Wildlife and Fisheries Recognition Awards 
1987, 29 

Durham, Daryl B., and coauthors. Application 
of the habitat evaluation system to modeling 
bottomland hardwood forest communities in 
West Tennessee, 481 

Eager, Daniel C. Coauthor, 481 
Ecological concepts, 88-93, 115-155 
Ecological dependency, 115-126 

concept, 117 
implications, 117-121 
macroecology, 123 
operational approach, 121-122 

Edge effect, 127-136 
management implications, 132 
recent research, 128-132 

Education, 94-101, 109, 112 
allocation priorities, by state natural re­

source agencies, 524-531 
effectiveness by a private conservation orga­

nization, 542-551 
need for evaluation of a wildlife program of, 

552-559
status of Extension wildlife programs, 513-

523 
Edwards, William R. Chair, 115 
Erickson, David W. and David A. Hamilton. 

Approaches to river otter restoration in Mis­
souri, 404 

Evans, Raymond D. Coauthor, 343, Cochair, 
343 

Evans, Raymond D., and coauthors. Conser­
vation easements: Farmers Home Adminis­
tration inventory land and debt restructuring, 
263 

Extension wildlife programs, status of, in 
America, 513-523 

Farmer, Adrian H., and coauthors. Effects of 
the Conservation Reserve Program on wild­
life habitat: A cooperative monitoring study, 
232 

Farmers Home Administration inventory lands, 
345-346

Fisheries 
anadromous, in Chesapeake Bay, 396 
aquaculture and mariculture, 561-612 
global growth, 569 
habitat restoration within water resources 

development, 311-315 
management for in the Columbia River 

Basin, 288-298 
parallelism in management of, and wildlife, 

564-568
roles of life-cycle theory, aquaculture and 

economics in marine management of, 
577-583

toward a nation recreational policy, 285-
287 

Ford, Robert P. Coauthor, 481 
Foster, Nancy. A new management thrust in 

NOAA, 15 
4-H Wildlife and Fisheries recognition awards,

29-31
Fur industry, 180-190 

anti trapping, 180-182 
Canadian response, 184-187 
European response, 182-183 
U.S. response, 183-184 

Giessman, Norbert F., and coauthors. Cooper­
ative restoration of a riverine wetland in 
Missouri, 386 

Goldman-Carter, Janice L. Effects of Swamp­
buster on soil, water and wildlife resources, 
249 

Goldstein, Jon H. The impact of federal pro­
grams and subsidies on wetlands, 436 

Goller, James and Edward Sheets. The Colum­
bia Basin fish and wildlife program: A debt 
to the past, an investment in the future, 288 

Graham, John P. Coauthor, 157, Coauthor, 
263 

Gray, Robert J. Chair, 205 
Greentree reservoirs, 471-480 
Gunkel, Neal. Place to hunt committee: A co­

operative Illinois program, 350 
Gutermuth, C.R. "Pink", 4 
Habitat, 127-136 

concept, 137-144 
effects on of CRP, 232, 238 
heterogeneity, 145-155 

Hair, Jay D. Coauthor, 542 
Hamel, Paul B. Coauthor, 481 
Hamilton, David A. Coauthor, 404 
Harris, Larry D. The dispersal corridor ap­

proach to wildlife conservation, 595 
Harris, Larry D. and Patrick Kangas. Reconsi-

deration of the habitat concept, 137 
Hays, Robert L. Coauthor, 232 
Holthausen, Richard. Coauthor, 115 
Howell, David. Coauthor, 222 
Hyde, Dayton 0. Creating wildlife assets on 

private lands, 299 
Illinois' Place to Hunt Committee, 350-360 

conservation/recreation survey, 355-360 
In-kind match 

benefits, 178 
for sport fisheries, 171-179 

Irland, Lloyd C. Coauthor, 94 
Isaacs, Barry and David Howell. Opportunities 

for enhancing wildlife benefits through the 
Conservation Reserve Program, 222 

Jacobson, John E. Coauthor, 303 
Jahn, Laurence R. Opening remarks, l 

618 • Trans. 53rd N. A. Wildl. & Nat. Res. Conj. (1988)



Johnson, Rhett and Neil Letson. Treasure 
forest-Alabama's unique approach to mul­
tiple-resource forest management, 102 

Jordahl, Harold C., Jr. Chair, 33, Coauthor, 
46 

Jothem, Neal. Coauthor, 180 
Kangas, Patrick. Coauthor, 137 
Kingsley, Neal P. Role of the wildlife man­

ager in private nonindustrial forest manage­
ment, 33 

Koeln, Gregory, and coauthors. Wetland in­
ventories derived from Landsat data for wa­
terfowl management planning, 303 

Kruckenberg, Larry L. "Wyoming's Wild­
life-Worth the Watching": Management in 
transition, 424 

Kurtz, William B. and Lloyd C. Irland. Inte­
grated timber/wildlife management through 
education of private nonindustrial forest 
owners, 94 

Ladd, Douglas. Coauthor, 361 
Land ethic, 88-93 
Landin, Mary C. and Andrew C. Miller. Ben­

eficial uses of dredged material: A strategic 
dimension of water resource management, 
316 

Landsat data 
image-processing procedures, 306-307 
thematic mapper, 306 
wetland inventories derived from for water­

fowl management planning, 303-310 
Landscape linkages, 595-607 
Leopold, Aldo, 88-93, 127-136, 267, 524, 

564 
Lollock, Don L. Cochair, 267 
Macroecology, 123 
Manville, Albert M., II. New technologies 

dealing with marine plastic pollution and ef­
forts at mitigation, 191 

Marcot, Bruce G. Coauthor, 115 
Mari culture 

aid or hindrance to management, 569-576 
implications for management, 573-576 

Marine plastic pollution, 191-203 
impacts of fish and wildlife, 192-195 
mitigation, 195-201 

Marion, Wayne R. Leopold's land ethic-still 
a worthy goal, 88 

Maxey, Kenneth G. Coauthor, 271 
McEvoy, Thom J. , and coauthors. A strategy 

to improve the adoption of forest manage­
ment practices, especially for wildlife, on 
private nonindustrial woodlands, 62 

Mcllwain, Jerry P. Cochair, 33 
McGuire, William D. Coauthor, 343 
McKegg, Janet S. Coauthor, 391 
McNeil, William J. Mariculture: An aid or 

hindrance to management, 569 
Meslow, E. Charles. Coauthor, 115 
Miller, Andrew C. Coauthor, 316 
Miller, James E. Coauthor, 41, 502 
Miller, Robert D., and coauthors. Missouri co­

operative effort on Food Security Act imple­
mentation, 343 

Miller, Robert L. Coauthor, 391 
Miller, Robert W. Water efficiency: Opportu-

nity for action in western states, 337 
Mitigation banking, 164-170 
Montgomery, Robert A. Coauthor, 376 
Moyer, Steven N. Coauthor, 171 
Myers, Peter C. Implementing conservation 

provisions of the 1985 Farm Bill, 5, Coau­
thor, 29 

National Oceanic and Atmospheric Adminis­
tration, 15-18 

National Recreational Fisheries Policy, 285-
287 

National assessment data application to man­
agement in Missouri, 157-163 

National forests, 19-23 
challenge cost-share, 21-22 
importance to fish and wildlife, 20 
national agreements, 20-21 

Natural area assessment in Chicago region, 
361-375

Nelson, Harvey K. Coauthor, 24 
Nelson, Jeffrey W. and Richard A. Wishart. 

Management of wetland complexes for wa­
terfowl production: Planning for the prairie 
habitat joint venture, 444 

Noble, Richard L. Coauthor, 564 
Nongame 

and nursing homes in Kansas, 401-403 
costs and benefits of habitat heterogeneity, 

145-155
economic values of, recreation, 419-421 
river otter restoration, in Missouri, 404-413 

North American Waterfowl Management Plan, 
2, 24-28, 303, 386, 444 
administration, 25 
ancillary programs, 26-27 
future efforts, 27-28 
joint ventures, 25-26, 444-453 
objectives, 24-25 

O'Neil, L. Jean. Coauthor, 481 
Operation Stronghold, 301-302 
Parker, Nick C. Aquaculture-natural resource 

managers' ally? 584 
Parker, Nick C. Chair, 561 
Patterson, James H. and Harvey K. Nelson. 

Progress in implementing the North Ameri­
can Waterfowl Management Plan, 24 

Pederson, Roger L. Chair, 431 
Pederson, Roger L. and Loren M. Smith. Pol-

Index • 619



icy, planning and science: Integrating disci­
plines for management wetlands and 
wildlife, 431 

Pendleton, Edward C. Coauthor, 471 
Peyton, R. Ben. Coauthor, 552 
Pomerantz, Gerri A. and Jay D. Hair. Effec­

tive conservation education by a private 
wildlife organization: Teaching children with 
Ranger Rick, 542 

Prairie Habitat Joint Venture, 444-453 
Project WILD, 525, 529-530, 531-541, 552 
Prosser, Norville S. and coauthors. The roles 

of life-cycle theory, aquaculture and eco­
nomics in marine fisheries management, 577 

Proulx, Gilbert. Coauthor, 180 
Pullen, Thomas M., Jr. Coauthor, 481 
R. Eugene Turner. Secondary production in

wetland habitats, 491
Radonski, Gilbert C. Coauthor, 577 
"Ranger Rick," teaching children with, 542-

551 
Ratti, John T. Coauthor, 127 
Recreation 

National Recreational Fisheries Policy, 285-
287 

new wildlife opportunities, 414-423 
"Wyoming's Wildlife-Worth the Watch­

ing," 424-430 
Reeff, Mark J. and Steven N. Moyer. In-kind 

match and Wallop-Breaux: Innovative 
sources of state support for sport fisheries 
management, 171 

Reese, Kerry P. and John T. Ratti. Edge ef-
fect: A concept under scrutiny, 127 

Registered attendance, 613 
Rempel, Robert F. Coauthor, 303 
Research, findings summary on Project Wild, 

531-541
Rinne, John N. Coauthor, 502 
Riparian communities 

ecosystem management approach to, in 
Southwest, 502-511 

secondary production in, 491-501 
River otter, approaches to restoration in Mis­

souri, 404-413 
Riverine wetland restoration, in Missouri, 

386-390
Roberts, John C. Summary, 108 
Roberts, Kenneth G. Fisheries habitat restora­

tion within water resources development: An 
innovative approach, 311 

Robertson, F. Dale. National forests: New 
strategies for America's great outdoors, 19 

Robinson, Ann Y. Implementation of conser­
vation compliance: Implications for soil, 
water and wildlife, 210 

Robinson, Scott K. Reappraisal of the costs 

and benefits of habitat heterogeneity for 
nongame wildlife, 145 

Rockland, David B. Coauthor, 577 
Ruggiero, Leonard F., and coauthors. Ecologi­

cal dependency: The concept and its impli­
cations for research and management, 115 

Salwasser, Hal. Coauthor, 609 
Schafer, Jacqueline E. Chair, 267, 

Opening remarks, 267 
Schmidt, Robert H. Coauthor, 67 
Sheets, Edward. Coauthor, 288 
Smith, Loren M. Coauthor, 431, Cochair, 431 
Smith, Rodney T. Reconciliation of water 

markets and public trust values in western 
water policy, 326 

Sodbuster 
impact of, 245-246 
implications for wildlife and croplands, 

243-244
lands, 239 
process, 239-243 

Soule, Michael E. Coauthor, 609 
Sport fisheries management, innovative 

sources of state support, 171-179 
Stevens, Robert E. Aquaculture: An overview 

for 1988, 561 
Stevens, Ver!. Cochair, 561 
Stewart, Raymond S. Coauthor, 62 
Stone, Richard A. Coauthor, 524 
Stout, Rebecca J. and R. Ben Peyton. The 

need for wildlife education program evalua­
tion: A case study, 552 

Swampbuster 
limitations as wetland protection law, 249-

250 
status, 255-260 
wetlands affected by, 250-255 

Szaro, Robert C. and John N. Rinne. Ecosys­
tem approach to management of southwest­
ern riparian communities, 502 

Teaford, James T. Coauthor, 471 
Teer, James G. Coauthor, 609 
Teer, James G. and Richard L. Noble. Paral­

lelisms in mangement of fish and wildlife, 
564 

Temple, Stanley A. Chair, 609 
Temple, Stanley A., and coauthors. What's so 

new about conservation biology? 609 
Therres, Glenn D., and coauthors. Maryland's 

Chesapeake Bay critical area program: Im­
plications for wildlife, 391 

Thomas, Jack Ward. Coauthor, 115 
Thomas, John K., and coauthors. Allocation 

priorities affecting educational programs 
conducted by state natural resource agen­
cies, 524 

Threatened and endangered species, in Mary-

620 • Trans. 53rd N. A. Wild[. & Nat. Res. Conj. (1988)



land's Chesapeake Bay Critical Area Pro­
gram, 394-395 

Tieger, Joe. Coauthor, 263 
Tietje, William D. and Robert H. Schmidt. 

California's integrated hardwood range 
mangement program, 67 

Tlusty, Wayne G. and Harold C. Jordahl, Jr. 
Politics and policy in formulating integrated 
forest management: The 1985 Wisconsin 
Managed Forest Law, 46 

Torgerson, Oliver. Cochair, 157 
U.S. Bureau of Reclamation, 271-278, 279-

284 
"Assessment '87," 273-276, 283-284 
"Implementation Plan," 275-277 
future, 277-278 

Urich, David L. and John P. Graham. Apply­
ing national assessment data to wildlife 
management in Missouri, 157 

van der Valk, A.G. From community ecology 
to vegetation management: Providing a sci­
entific basis for management, 463 

Vegetation management, 463-470 
Vickerman, Sara. Stimulating tourism and eco­

nomic growth by featuring new wildlife rec­
reation opportunities, 414 

Wallop-Breaux amendments, 171-179 
Warhurst, Rick. Coauthor, 454 
Water Resources Development Act, 2-3, 10-

14 
Water efficiency, opportunity for action in 

western states, 337-341 
Water markets, 326-336 

growing interest in, 328-330 
opportunities for action, 337-341 

Water resources, 267-341, 386-390, 391-400 
Waterfowl management planning, 303-310, 

394-395, 444-453, 471-480
Webb, R. Patrick. Coauthor, 232 
Wesley, David E. Coauthor, 303, 386 
Western water policy, reconciliation of water 

markets and public trust values, 326-336, 
337-341

Wetlands 
application of habitat evaluation system to 

modeling bottomland hardwood forest, 
481-490

Chesapeake Bay, 392, 394 
cooperative effort for restoring, in Minne­

sota, 454-462 

cooperative restoration of a Missouri river­
ine, 386-390 

Greentree reservoir management options, in 
Arkansas, 471-480 

impact of federal programs and subsidies 
on, 436-443 

including bottomland forests and other ripar­
ian areas, management of, 431-513 

inventories derived from Landsat data, 303-
310 

inventory products, 307-308 
integrating disciplines for management of, 

431-435
management of complexes of, for waterfowl 

production, 444-453 
riparian, scientific basis for management, 

463-470
secondary production in, 491-501 
ecosystem management approach, 502-511 

Wildlife assets on private lands, 299-302 
Wildlife conservation, the dispersal corridor 

approach to, 595-607 
Wildlife education program evaluation, 552-

559 
Wildlife habitat assessment 

application to modeling bottomland hard­
wood forest communities in West Tennes­
see, 481-490 

in Kane County, Illinois, 361-375, 376-
382, 383-385 

Wildlife preservation, collaboration in land re­
source-management planning and, 383-385 

Wildlife recreation opportunities, stimulating 
tourism and economic growth by featuring, 
414-423 

Wildlife resource education, 513-560 
Wilhelm, Gerould and Douglas Ladd. Natural 

area assessment in the Chicago region, 361 
Wisconsin's Managed Forest Law (1985), 46-

61 
Wishart, Richard A. Coauthor, 444 
"Wyoming's Wildlife-Worth the Watching," 

417, 424-430 
Zagata, Michael D. Mitigation banking as an 

incentive to industry and to fish and wildlife 
agencies, 164 

Ziglar, James W. and Kenneth G. Maxey. The 
new Bureau of Reclamation: From rhetoric 
to reality, 271 

Index • 621



NOTES 


	Transactions of the 53rd North American Wildlife and Natural Resources Conference
	Wildlife Management Institute Officers and Program Committee
	Contents
	Governor Wallace G. Wilkinson
	Opening Session: Tackling Conservation Challenges
	Opening Remarks
	Implementing Conservation Provisions of the 1985 Farm Bill
	Implementing Conservation Provisions of the Water Resources Development Act
	A New Management Thrust in NOAA
	National Forests: New Strategies for America's Great Outdoors
	Progress in Implementing the North American Waterfowl Management Plan
	4-H Wildlife and Fisheries Recognition Awards, 1987

	Special Session 1: Innovations and Incentives for Integrated Management of Woodlands
	Role of the Wildlife Manager in Nonindustrial Private Forest Management
	Evaluation and Critique of Government Programs in Woodland Resource Management
	Politics and Policy in Formulating Integrated Forest Management: The 1985 Wisconsin Managed Forest Law
	A Strategy to Improve the Adoption of Forest Management Practices, Especially for Wildlife, on Private Nonindustrial Woodlands
	California's Integrated Hardwood Range Management Program
	Changes in New England Forests and Forest Owners: Implications for Wildlife Habitat Resources and Management
	Leopold's Land Ethic-Still a Worthy Goal
	Integrated Timber/Wildlife Management Through Education of PNIF Owners
	Treasure Forest- Alabama's Unique Approach to Multiple-resource Forest Management
	Summary

	Special Session 2: Emerging Concepts in Wildlife and Wildland Management
	Ecological Dependency: The Concept and its Implications for Research and Management
	Edge Effect: A Concept Under Scrutiny
	Reconsideration of the Habitat Concept
	Reappraisal of the Costs and Benefits of Habitat Heterogeneity for Nongame Wildlife

	Special Session 3: Resource Management Challenges and Innovative Responses
	Applying National Assessment Data to Wildlife Management in Missouri
	Mitigation Banking as an Incentive to Industry and to Fish and Wildlife Agencies
	In-Kind Match and Wallop-Breaux: Innovative Sources of State Support for Sport Fisheries Management
	Wild Fur Industry Under Challenge: The Canadian Response
	New Technologies Dealing with Marine Plastic Pollution and Efforts at Mitigation

	Special Session 4: Implementing Conservation Provisions in Federal Agricultural Programs
	Institutional Challenges in Implementing Conservation Compliance
	Implementation of Conservation Compliance: Implications for Soil, Water and Wildlife
	Opportunities for Enhancing Wildlife Benefits Through the Conservation Reserve Program
	Effects of the Conservation Reserve Program on Wildlife Habitat: A Cooperative Monitoring Study
	Potential Implications of Sodbuster on Wildlife
	Effects of Swampbuster Implementation on Soil, Water and Wildlife Resources
	Conservation Easements: Farmers Home Administration Inventory Lands and Debt Restructuring

	Special Session 5: New Dimensions in Water Resources Planning, Development and Management
	Opening Remarks
	The New Bureau of Reclamation: From Rhetoric to Reality
	Has the Wolf Bought a Sheepskin Coat or Have Water Resources Agencies Become Lambs?
	Toward a National Recreational Fisheries Policy
	The Columbia Basin Fish and Wildlife Program: A Debt to the Past, An Investment in the Future
	Creating Wildlife Assets on Private Lands
	Wetland Inventories Derived from Landsat Data for Waterfowl Management Planning
	Fisheries Habitat Restoration Within Water Resources Development: An Innovative Approach
	Beneficial Uses of Dredged Material: A Strategic Dimension of Water Resource Management
	A Reconciliation of Water Markets and Public Trust Values in Western Water Policy
	Water Efficiency: Opportunity for Action in Western States

	Special Session 6: New State and Local Initiatives for Management of Wildlife and Other Natural Resources
	Missouri Cooperative Effort on Food Security Act Implementation
	Place To Hunt Committee: A Cooperative Illinois Program
	Natural Area Assessment in the Chicago Region
	Wildlife Habitat Assessment of Kane County, Illinois
	Collaboration in Land Resource-management Planning and Wildlife Preservation
	Cooperative Restoration of a Riverine Wetlandin Missouri
	Maryland's Chesapeake Bay Critical Area Program: Implications for Wildlife
	Nongame and Nursing Homes: Evaluation of a Multiple-benefit Program in Kansas
	Approaches to River Otter Restoration in Missouri
	Stimulating Tourism and Economic Growth by Featuring New Wildlife Recreation Opportunities
	"Wyoming's Wildlife - Worth the Watching": Management in Transition

	Special Session 7: Management of Wetlands, Including Bottomland Forests and Other Riparian Areas
	Policy, Planning and Science: Integrating Disciplines for Management of Wetlands and Wildlife
	The Impact of Federal Programs and Subsidies on Wetlands
	Management of Wetland Complexes for Waterfowl Production: Planning for the Prairie Habitat Joint Venture
	A Cooperative Program for Restoring Drained Wetlands in Minnesota
	From Community Ecology to Vegetation Management: Providing a Scientific Basis for Management
	Evaluation of Greentree Reservoir Management Options in Arkansas
	Application of the Habitat Evaluation System to Modeling Bottomland Hardwood Forest Communities in West Tennessee
	Secondary Production in Riparian Wetlands
	Ecosystem Approach to Management of Southwestern Riparian Communities

	Special Session 8: Progress and Needs in Wildlife Resource Education
	Status of Extension Wildlife Programs in America
	Allocation Priorities Affecting Educational Programs Conducted by State Natural Resource Agencies
	Summary of Research Findings on Project WILD
	Effective Conservation Education by a Private Wildlife Organization: Teaching Children with Ranger Rick
	The Need for Wildlife Education Program Evaluation: A Case Study

	Special Session 9: Aquaculture and Mariculture: Habitat and Management Implication
	Aquaculture: An Overview for 1988
	Parallelisms in Management of Fish and Wildlife
	Mariculture: An Aid or Hindrance to Management
	The Roles of Life-cycle Theory, Aquaculture and Economics in Marine Fisheries Management
	Aquaculture-Natural Resource Managers' Ally?

	Special Visual Presentation: Landscape Linkages: The Dispersal Corridor Approach to Wildlife Conservation
	Special Related Meeting Session: Conservation Biology: An Introduction
	What's so New About Conservation Biology?

	Registered Attendance
	Index



