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SETTING REGIONAL ECOLOGICAL GOALS FOR ROADSIDE MANAGEMENT 
 

Jim Schutt, Environmental Management Program, Texas Transportation Institute, 2929 Research Parkway, 
Room 128, Gilchrist Building, Texas A&M University System, College Station, TX  77843-3135,  

Phone: 979-845-7871, Email: j-schutt@tamu.edu 
 

 
Abstract: Native plant advocacy groups have advocated the concept of “natural roadside management”. These 
groups typically press state departments of transportation (DOTs) to incorporate this concept into their roadside 
management. As a result, many DOTs have since increased emphasis on the use of native plants. Justification for the 
emphasis on native plants in the roadside typically focuses on the assumed lower maintenance requirements and 
their hardiness. Experience in Texas Department of Transportation’s (TxDOT) roadsides indicates these assumptions 
are either false or must be carefully qualified. Because most native plant advocates speak from a specific area of 
concern such as wildflowers, prairies, or simply the broad category of native plants, it is often difficult for these 
advocates and roadside managers to understand each other. This derives from the manager and advocate having an 
incomplete understanding of each other’s perspective, language, and goals. This paper proposes that more effort 
needs to be made towards creating measurable connections to regional ecological issues, and then expressing those 
in terms of accomplishable tasks. Looking outside the right-of-way is the best way to connect to meaningful ecological 
issues. A three-stage process is proposed that may be used to develop roadside projects that have an ecological 
focus. These stages are: 1) investigating feasibility, 2) formulating a specific goal, and 3) developing program tasks. 
The process stresses a connection to the culture and community of the region, as well as to other agencies and 
organizations. 

 
 
Introduction 
Over the last decade, native plant advocacy groups have urged that the concept of “natural roadside 
management” be incorporated by state departments of transportation (DOTs) in their roadside management 
programs (Bassett 1999; Evink 1998; Ritzer 1990). As a result, many DOTs have since increased emphasis on 
the use of native plants. It is difficult to say exactly how far this concept has come and to what degree actual 
changes have been implemented in roadside management practice. There has been no comprehensive study 
that characterizes the nation as a whole regarding this issue, only snippets of information and much of it 
anecdotal in nature. 
 
Discussions of roadsides within the ecological literature have mostly related to the subject of “conservation 
corridors” (Saunders and Hobbs 1991; Bennet 1991). This concept recognizes the fragmentation effect of 
development over long periods and the negative impact it has on many species of animals and birds. Developed 
as a result of work leading to the theory of island biogeography (MacArthur and Wilson 1967), the approach is 
considered by many writers to be a valid approach to aiding in the survival of species populations (Rosenberg et 
al. 1997; McDowell et al. 1991; Bennet et al. 1994). On the other side of the issue, some authors question the 
viability of such corridors either in terms of their cost of management (Simberloff and Cox 1987) or their possible 
negative impacts on species health by allowing the spread of disease (Hess 1996).  
 
This paper will not attempt to settle the issue. In any event, the author cannot find any specific effort in the United 
States to establish conservation corridors within a highway roadway. A program that may provide a model for U.S. 
DOTs is in place in Australia (Straker 1998). The Roadside Conservation Advisory Committee of Victoria (RCAC) 
was established in 1975 to provide a forum for government, agency, and community organizations involved in the 
natural resource management of linear reserves and the management of the indigenous habitat located within 
the road reserve. The program promotes conservation of roadside habitats and the protection and enhancement 
of indigenous vegetation and flora communities as well as providing advice and products to groups working within 
the road reserve. It should be noted that many of the roadways targeted by this program are very wide, contain a 
significant amount of land area, and historically used as corridors for driving livestock to markets. However, their 
program may provide a model for U.S. DOTs at least in their recognition of the need to protect key animal species 
and plants. However suitable the model may be, it will still need to address a series of basic issues in U.S. DOTs. 
 
Despite the question of viability of linear corridors, it is well documented that highways can contribute to the 
fragmentation of habitat, sometimes having a severe barrier effect on the movement of some animal species. 
These include snakes, cougars, amphibians, goats, elk, bear, wolves, and fish, to name only a few. The response 
has been to incorporate crossings into highway projects to mitigate their effect as a barrier. These have been 
incorporated in many states and are now an accepted practice within the transportation industry (FHWA 2000). 
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The acceptance of crossings as a viable technique to improve the environmental fit of a highway is due to its clear 
benefit to an ecological issue of significant ecological merit that extends well beyond the confines of the highway 
itself. It should also be noted that crossings are feasible in terms of design, fit within maintenance capabilities, 
and do not represent an unreasonable demand for extra funding. Crossings do not require difficult monitoring or 
upkeep nor are they likely to generate unfavorable responses from nearby landowners. They also photograph well 
and demonstrate a proactive initiative by the DOTs.  
 
Crossings and corridors are examples of the 
scale of design that should be considered 
when looking to the roadside as a 
contributor to ecological health. Restoration 
of even small sites can be labor and cost 
intensive. It is very hard to justify large 
expenditures of money and energy simply 
for the sake of a preferred landscape 
aesthetic that occurs on a strip of land that 
is only a small fraction of the larger 
landscape. Despite the small relative size of 
the roadway, it should be made to support 
whatever ecological function for which it is 
best suited. The thesis of this paper is that 
the nature of this function must derive from 
the larger landscape and that with careful 
selection and planning, some roadsides may 
be able to contribute to the ecological health 
of the region. 
 
Assumptions Regarding the 
Promotion of Native Plants 
Many DOTs have been urged to change their programs to utilize only native plants in roadside planting design. 
This may be appropriate in many cases but not all. Native plants are typically promoted because they are native 
rather than for any specific ecological function. Justification for the emphasis on native plants in the roadside 
typically focuses on the assumed lower maintenance requirements and their hardiness. Experience in TxDOT 
roadsides indicates these assumptions are either false or must be carefully qualified. Native plants evolved as 
part of a system of interrelated organisms and processes. Any qualities of hardiness or vigor must be referenced 
to those conditions.  
 
Selecting a preferred plant out of such a system and inserting it into a completely different set of environmental 
parameters will likely not be successful. An example of this phenomenon in Texas illustrates this very well. 
Yaupon (Ilex vomitoria) is a common, small, evergreen tree in Texas. They are widely available either as collected 
plants or raised in containers and typically occur as understory plants within the canopy of larger trees. Their root 
system is very shallow and suckers develop easily. They live through the toughest drought and coldest winters, 
and female trees sport red berries in the winter.  
 
Despite the ubiquitous nature of this plant in the wild, planting success on the roadside has been dismal. Plants 
were installed in rows within turfed areas of the roadside; completely exposed to the elements. Soil temperatures 
in the sparse grass can easily reach 120 degrees F, the slopes drain quickly, and there is little or no organic 
matter in the roadside soils. On the other hand, when this plant is installed as part of a community of native 
plants with proper attention to soil improvement and surface mulching, success can be dramatic. This has been 
the case at a TxDOT project in Austin, Texas. 
 

Fig. 1. Restoration within the roadside should be rooted in large-
scale ecological issues. 
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In 1993, the author, working with a team of landscape architects, engineers, and managers, developed a 
replanting program for a new urban interchange (http://tti.tamu.edu/enviro_mgmt/projects/mopac/) (Figure 2) 
that focused on native plant community establishment. The design mimicked the native plant associations from 
the surrounding landscape, arranging these in large groups throughout the site. The plant pallet included over 
sixty species along with seeding of a 
dozen more. Plant diversity ranged 
from grasses and forbs to canopy 
trees planted in a variety of sizes. 
Composted tree trimmings from the 
area were used to recreate the moist, 
high-organic litter typically found in 
native plant communities. Vegetation 
management in the 95-acre site is 
focused on improving erosion control 
and water quality. At the end of two 
growing seasons the plant groups 
were beginning to close in and create 
the beginnings of a micro-habitat for 
birds and small mammals. The 
development process has continued 
with species being lost and gained as 
competition, invasion, and climate 
shape the groups. Today, viewers 
would think the landscape had always 
looked that way and that the DOT did 
a great job of gently placing the 
bridges among a native landscape. Amid the context of a highly developed urban area, this site now contains a 
diversity of vegetation that can support some of the bird life that would be missing in a park-like planting.  
 
This example illustrates the difference in approach that offers a more viable and logical approach to roadside 
planting. The perceived benefits of native plants will in almost every instance be the result of the aggregation of a 
diverse set of species. Rather than the aesthetic character of a single plant being the goal, the ecological process 
becomes the focus. As a system, these processes and interactions may then provide real benefit to ecological 
health by enabling a wide range of subsidiary interactions related to the formation of a viable microhabitat. 
 
Support for this radical (at the time) departure from past planting design approaches was achieved by highlighting 
the importance of connection to the significant issues of water quality and avian habitat restoration. Focusing on 
ecological process and demonstrable improvements in environmental health is a better justification for more 
careful planning, more funding, added training, and public/private partnerships. Any meaningful effort will 
necessarily compete for funding with many other roadway issues. To garner a share of these funds, the initiative 
must be saleable both to and by those responsible for making those decisions. Focusing on tangible benefits, 
even if they cannot be fully quantified in economic terms, is both appropriate and much more likely to result in 
long-term improvements to native plant populations as well as an improvement in aesthetic appearance. 
 
Can the linear character of highway roadsides be connected to broader ecological issues that might warrant 
special design and management? The answer of course depends on a lot of issues, some which may be daunting. 
Most of these will be related to the following issues.  
 

• Scope and merit of the project 
• Nature of the roadway 
• DOT management resources  
• Funding 
• Communication 
 

Understanding these will help determine the viability of a proposed project. 
 

Fig. 2.  Urban interchange with native plant community 
establishment. 
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Scope and Merit of the Project 
The proposed improvement should be developed in relation to an issue outside the right-of-way. This may be in 
the form of a strong connection to the landscape immediately adjacent to the roadway or to wider ecological 
issues that are more regional in scale. Regardless of the scale, the connection must be substantive. Due to the 
size of the areas being considered for development, the expense will be substantial. In order to merit this type of 
expenditure, the need must be real and widely perceived as being worth the effort. The effort cannot be simply a 
mere gardening exercise or be “something that would be nice” only in terms of aesthetic character. 
 
The goals of the project must have wide support and be clearly recognizable as a worthwhile initiative. This allows 
decision-makers to feel confident about supporting the goals despite their cost or other accommodations. This is 
especially true when the program will be unique and sure to gather wide attention. State bureaucracies such as 
DOTs tend not to suffer gladly those individuals who attempt to stretch the envelope and fail. Notable or extensive 
programs that require significant funding will have the best chance of moving forward when enough individuals 
are involved so that 1) the shear weight of numbers of persons involved reinforces the validity of the effort and 2) 
enough persons are involved that no single person could be singled out for blame if the effort fails.  
 
Nature Of The Roadside Environment 
The character of roadways is virtually identical across the United States (Figure 3), the result of design standards 
developed and shared through the Federal Highway Administration (FHWA) and the American Association of 
Highway Transportation Officials (AASHTO). Most roadways are placed on re-consolidated soils compacted to near 
maximum density. Areas of cuts may expose deep parent material that is very different in character from 
undisturbed soils outside the right-of-way. These slopes, some approaching a 3:1 gradient or steeper, may be 
covered with a layer of “topsoil”. Drainage to protect the foundations of pavements is engineered to be positive, 
usually in the form of a v-shaped swale. These are collectors of eroded soils and frequently have a soil profile 
different than other areas in the roadside but areas outside the excavated areas may retain the original soil 
profile, plant community, and seed-bank. The corridor or sites must be suitable in terms of soils, slopes, and 
moisture regimes relative to the intended goal or at least be realistically capable of being restored. In many cases, 
this will be very difficult.  
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Fig. 3. Typical roadway section profile. 

 
The highway roadside is a very dynamic environment. It is often used by a number of agencies such as electric, 
gas, water, sewer, and communications. Adjacent landowners often appropriate the roadside in front of their 
properties and treat it as their own by simply mowing it or in some cases, using it as retail display space. In rural 
areas, roadsides are often used to move farm equipment between parcels resulting in impromptu dirt lanes. The 
author’s experience in roadside research confirms that long-term control will require physical barriers to prevent 
disturbance and that in some cases, such as fire, even this will not be guaranteed. 
 
The corridor or the selected sites though a corridor must be able to be physically controlled to prevent unwanted 
disturbance. Two characteristics are needed: stability and consistency of management.  
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Stability. Most areas in need of ecological healing became that way due to some sort of disturbance or even 
destruction. The restoration of an ecological process that once existed in a stable system logically implies that 
stability is one of the end-result characteristics of the restored function. Most ecological functions include a 
complex set of relationships of myriad components that may take a long period of time to become present and 
functioning.  
 
Consistency. Rather than stability, a project or program may call for a particular type of management to maintain 
a set of conditions. In such cases it may be desirable to perform a special treatment(s) to attain a certain 
ecological state and to prevent any other activity from occurring on the site.   
 
DOT Management Resources 
A key issue is the skill level of managers responsible for overseeing the project. In this regard, DOTs are usually 
woefully lacking. Vegetation management is an important department of DOTs whose focus is usually limited to 
controlling vegetation height and weed control. These activities are well codified and training is widely available. 
Their functions can easily be contracted and are sometimes performed by fairly low-wage employees. This is in 
contrast to the specialized knowledge needed to develop and manage what may amount to an ecological 
restoration or reclamation effort. Very few DOTs have this type of skill available on-staff. Even when present they 
may have responsibility for an entire state, based in a division-level office. In most cases, the critical management 
oversight will be carried out at the local “area office” level. In TxDOT, maintenance supervisors perform this task. 
They are responsible for monitoring roadway construction projects, maintenance projects such as resurfacing and 
repair, as well as vegetation management tasks such as mowing and herbicide application. Typically, less than 
ten percent of their time may be devoted to vegetation related issues. With this focus for their job duties, it is easy 
to see the justification for their lack of training in environmental management. Even with basic familiarity of such 
issues, ecological restoration often requires complex judgment in the face of changing conditions, a difficult task 
to ask of someone with limited training.  
 
Added Costs for Ecological-based Projects 
The cost of ecological restoration can be considerable. Items such as soil rehabilitation, seeding, mowing, 
burning, weed control, etc., can add up to hundreds of dollars per acre, even thousands. A few miles of roadway 
corridor can quickly add up to significant expenditures. It is likely that the majority of environmentally concerned 
activists are unfamiliar with the details of these costs, even if they understand them to be high. Some may feel 
that these costs can more easily be met by getting a large state agency to foot the bill. This may not be an 
unreasonable point of view. The presence or absence of a responsible party determines who pays the costs of 
restoration (Holl and Howarth 2000). An offending party may be required by law to pay the costs of restoration 
either through fines or bonds. When no responsible party can be identified, funding must come either from taxes, 
voluntary contribution of labor or money, or private sources. These are represented as coming together in the 
form of public/private partnerships for the actual work of restoration. This model is certainly relevant in this case 
since we are seeking ways to assist the healing of damage that may have accumulated over many years and 
through many people. Under their model, additional funding for a legitimate ecological goal may be considered as 
a reasonable use of tax dollars. The key may lie in whether or not the efficiency of the agency is suitable to 
accomplishing the program. It may be that in some cases, other agencies or organizations may be better 
equipped. 
 
Communication 
Through discussions at conferences and individual contacts within the DOTs, as well as persons within advocacy 
groups, the author has found a general dissatisfaction and confusion on issue of when and where to use native 
plants. DOT managers have expressed frustration due to a lack of specific information about how to apply what 
they consider vague notions about “natural roadside”. Many also feel they are unfairly criticized for the work they 
do. Advocacy groups are dissatisfied with what has been accomplished so far and are confused as to why these 
principals have not been eagerly and more quickly adopted by DOT roadside managers. 
 
Because most native plant advocates speak from a specific area of concern such as wildflowers, prairies, or 
simply the broad category of native plants, it is often difficult for these advocates and roadside managers to 
understand each other. This derives from the manager and advocate having an incomplete understanding of 
each other perspective, language, and goals. Advocates frequently have a poor understanding of the goals and 
priorities of highway design and management, or of the political and budgetary constraints involved. Similarly, 
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roadside managers are often unfamiliar with the overall goals of the advocacy group, and often have less of a 
background in the environmental sciences and the terms used. 
The lack of communication between these two sides makes it difficult to meld two fundamental points of view. 
The environmental advocate tends to look at the broadest implications of an ecological issue. For them, the issue 
of plant or animal diversity is clearly perceived in terms of the long-term effects on the human condition. The 
magnitude of the potential downside provides all the necessary incentive and urgency, becoming a generally 
accepted assumption. While the assumption may be valid, it does not carry with it any obvious, specific guidance 
on how to deal with the situation within any specific field of human activity. Roadside managers find their days 
concerned with site-specific issues that are governed by long established practices. Communications within their 
sphere is based on scheduled, measurable tasks that form the basis for a legally enforceable contract or that 
meet statutory requirements. Details on how to meet these requirements are not just convenient; they are 
indispensable. These basic viewpoints are as two wheels to the same cart but lacking a good horse. The horse in 
this metaphor is a common goal that is both specific in its ecological intent and also measurable in terms of its 
application as a management practice. Doing so provides specific tasks that can be developed, taught, enacted, 
monitored, and evaluated.  
 
Application of an Ecologically Based Approach 
Applying this approach will be very site and issue specific, as all are ecological restorations. However, the process 
used may vary only slightly. A suitable model (Figure 4.) should include at least the following phases. 
 

• Investigating feasibility 
• Formulating a specific goal 
• Developing program tasks 
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Fig. 4. Process chart for developing ecological goals for roadways. 
 

Investigating the feasibility of a program or project site is necessary to determine early if the basic necessary 
components are present and suited to the general goal of restoration. This includes the character of the 
surrounding environmental quality, roadway suitability, and the degree of DOT support that can be expected. 
Surrounding landscape issues include: 
 

• Water quality issues – determine location, flow courses, and quality of surface and subsurface water 
• Plant communities – characterize present and historical vegetation patterns and condition 
• Cultural issues – present land use types, historical land use patterns, anticipated future development or 

changes, and landowner attitudes 
 
Formulating a specific goal involves identifying the ecological issues or conditions that might reasonably be 
addressed as part of a roadside program. If a realistic and substantive ecological issue cannot be developed into 
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a stated measurable goal, developing long-term support and funding will be nearly impossible. Decision makers 
will not support an effort that has no demonstrable benefit. The task considers:  
 

• Compatibility with DOT goals and needs – ideally the program would address issues the DOT is required by 
statute to deal with. 

• Significance of ecological goal – the goal must be connected to a significant ecological process or condition. 
• Value of program is agreed upon – all participants must understand the expected outcome and agree that it 

is worthwhile to pursue. 
 

Developing program tasks involves detailed planning to determine the specific tasks necessary to accomplish the 
project goal. The detail must be specific enough to allow designers to develop meaningful criteria to be used in 
the construction, installation, management and evaluation phases. It includes: 
 

• Identify the primary indicators relative to target ecological processes. 
• Determine the construction needs and scheduling phases with cost estimates. 
• Develop detailed specifications and contracting guidelines, including inspection guidance. 
• Design a preliminary, long-term management process. 
• Develop measurable criteria to be used to monitor site(s). 
 
Developing Connections to Ecological Issues 
The range of possible environmental needs that might be addressed within the roadway is understandably more 
limited than in remote, unused, secure sites. The basic nature of the roadside and its diversity of activities is a 
severely limiting factor for the great majority of possible goals. However, this will also be affected by the scope 
and nature of the ecological goal. For most goals, a rural corridor will likely be most appropriate but even smaller 
sites, such as those found in urban interchanges, may offer the opportunity for a meaningful ecological 
enhancement.  
 
An ecological goal may not need to 
provide overwhelming improvement to 
broad scale environmental problems or 
issues. In some cases, the benefit only 
needs to be a fairly obvious and largely 
unarguable and sensible thing to do. In 
such cases, other benefits such as 
improved public relations may carry the 
necessary weight to achieve agreement to 
proceed. Of course all this will be 
balanced and colored by budget and long-
term resource needs. 
 
Even the obvious benefits of a particular 
goal must be rooted in sound science. 
This serves to confirm in everyone’s mind 
that support is well justified as well as 
providing the basis for design and 
management procedures. This may also 
identify different ways of thinking about 
the possibilities for a site. For example, 
because of the many disturbances that 
roadsides commonly receive, weedy forbs are usually a prominent component of the vegetation matrix. Some of 
these, even non-native species, may have value if insect populations were a principal part of the ecological goal. 
 
Insects form the base of an intricate food web that supports small mammals, reptiles, amphibians, and birds. 
This group in turn, supports larger mammals in addition to aiding in seed dispersal, pollination, and nutrient 
recycling. Together, all of these contribute to the general health and diversity of the ecosystem as a whole. Areas 
where crops or grazing have removed much or all of the native grass communities may benefit from increased 
insect habitat (Dyer and Landis 1997). Research has documented the importance of vegetated strips to crop 
farming (Lewis 1969; Varchola and Dunn 1999). It has been shown that even small patches, strips, and hedges 

Fig. 5 Potential roadside sites can be identified for conservation as 
well as maintenance practices. 
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can shelter many different species of insects (Fahrig and Jonsen 1998). Many of these are insects such as 
wasps, beetles, and spiders that prey on agricultural insect pests (Wathern 1977). The strips provide shelter, 
summer aestivation sites, over-wintering sites, and breeding areas (Bhar and Fahrig 1998). Grasslands have 
been shown to have better properties than forests for many species of insects (Sotherton 1985). Research also 
shows that native plant communities and many typical roadsides share some of the characteristics of productive 
insect habitat. Native grassland communities that are in a state of middle-succession seem to offer a higher 
quality habitat than mature, less diverse communities (Dyer and Landis 1997). The disturbances typical of many 
roadsides provide more flowering food plants as well as open soil for some insect species, conditions that 
enhance insect habitat (Wratten 1998; Jansen 1992).  
 
These studies suggest that workable criteria could be developed to identify potential roadside sites (Figure 5) for 
conservation, as well as maintenance practices for results that are highly site-specific. Mowing or other 
disturbance activities, usually considered negative, might be desirable if it were found to be compatible with 
certain flowering, weedy plants that a desirable insect can use as habitat. Using the previous process chart 
(Figure 4), designers (both public and private) can determine if such an initiative is likely to succeed. Local 
agricultural agents and landowners could aid in identifying and characterizing the nature of the issues. Land 
management practices can be identified. Pest and beneficial insect populations can be explored in vegetation 
communities of the area. Once the nature of the insect populations is described, an appropriate plant pallet can 
be developed. The type of insects in question will determine the optimal time for appropriate management 
practices. Fundamental criteria using simple measurements of vegetation structure and diversity (particularly the 
presence of potential food source plants) would be needed.  
 
The entire process suggests that a multi-disciplinary team will be needed, significant fieldwork may be required, 
and meetings with landowners must be held. It has been the author’s experience that these are requisite aspects 
of a viable program if it is to endure and actually make a meaningful contribution to the environmental health of 
our communities. 
 
Conclusions 
Improving the ecological fit of our highways includes and requires developing meaningful ecological goals for the 
roadside. This paper proposes that more effort needs to be made towards creating measurable connections to 
regional ecological issues, and then expressing those in terms of accomplishable tasks. Looking outside the right-
of-way is the best way to connect to meaningful ecological issues. It also implies a connection to the culture and 
community of the region, as well as to other agencies and organizations. 
 
Biographical Sketch: Jim Schutt is an Assistant Research Scientist in the Environmental Management Program of the Texas 
Transportation Institute at Texas A&M University. He is a Registered Landscape Architect (TAMU, 1981) and holds a MS Degree in Range 
Science (TAMU, 2000). Since 1987 he has worked closely with the Texas Department of Transportation on aesthetics planning, roadside 
design, restoration, and maintenance planning. He is a member of the National Roadside Vegetation Management Association and serves 
on the Maintenance Committee of the Transportation Research Board. He is a member of the board of the Native Prairies Association of 
Texas.  
 
References 
Bassett, K. (1999). Managing Roadsides Naturally. Native Plants, a Quarterly Publication of the Lady Bird 

Johnson Wildflower Center. 16: 5-7. 

Bennet, A. F. (1991). Roads, Roadsides and Wildlife Conservation: A Review. Nature Conservation 2: The Role 
of Corridors. D. A. Saunders and R. J. Hobbs. Como, Western Australia, Australia, Surrey Beatty & Sons: 
99-118. 

Bennet, A. F., et al. (1994). "Corridor use and the elements of corridor quality - Chipmunks and fencerows in a 
farmland mosaic." Biological Conservation 68(2): 155-165. 

Bhar, R. and L. Fahrig (1998). "Local vs. landscape effects of woody field borders as barriers to crop pest 
management." Conservation Ecology 2(2): 3. 

Dyer, L. E. and D. A. Landis (1997). "Influence of noncrop habitats on the distribution of Eriborus terebrans 
(Hymenoptera: Ichneumonidae) in cornfields." Biological Control 26: 924-932. 

Evink, G. (1998). Ecological Highways. International Conference on Wildlife Ecology and Transportation, Fort 
Meyers, Florida, Federal Highway Administration. 



ICOET 2001 Proceedings 328 A Time for Action 

Fahrig, L. and I. Jonsen (1998). "Effect of habitat patch characteristics on abundance and diversity of insects in 
an agricultural landscape." Ecosystems 1: 197-205. 

FHWA (2000). Critter Crossings: Linking Habitats and Reducing Roadkill, U.S. Department of Transportation. 

Hess, G. (1996). "Disease in metapopulation models: Implications for conservation." Ecology 77(5): 1617-
1632. 

Holl, K. D. and R. B. Howarth (2000). "Paying for Restoration." Restoration Ecology 8(3): 260-267. 

Jansen, G. W., Ed. (1992). Insect Friendly Management of Verges. DWW Publikatie. 

Lewis, T. (1969). "The diversity of the insect fauna in a hedgerow and neighboring fields." Journal of Applied 
Ecology 6: 453-458. 

MacArthur, R. H. and E. O. Wilson (1967). The theory of island biogeography. Princeton, NJ., Princeton 
University Press. 

McDowell, C. R., et al. (1991). Natural Remnants and Corridors in Greater Cape Town: Their Role in Threatened 
Plant Conservation. Nature Conservation 2: The Role of Corridors. D. A. Saunders and R. J.  

Hobbs. Como, Western Australia, Australia, Surrey Beatty & Sons: 27-39. 

Ritzer, J. (1990). The What and Why of Natural Roadsides. Public Works: 49-53. 

Rosenberg, D. K., et al. (1997). "Biological corridors: form, function, and efficacy." BioScience. 47(Nov): 677-
687. 

Saunders, D. A. and R. J. Hobbs, Eds. (1991). Nature Conservation 2: The Role of Corridors. Sydney, Surrey 
Beatty & Sons. 

Simberloff, D. and J. Cox (1987). "Consequences and costs of conservation corridors." Conservation Biology 
1(1): 63-71. 

Sotherton, N. W. (1985). "The distribution and abundance of predatory Coleoptera overwintering in field 
boundaries." Annals of Applied Biology 106: 17-21. 

Straker, A. (1998). Management Of Roads As Biolinks And Habitat Zones In Australia. International Conference 
on Wildlife Ecology and Transportation, Ft. Meyers, Florida, Federal Highway Administration. 

Varchola, J. M. and J. P. Dunn (1999). "Changes in ground beetle (Coleoptera:Carabidae) assemblages in 
farming systems bordered by complex or simple roadside vegetation." Agric ecosyst environ 73(1): 41-49. 

Wathern, P. (1977). "The ecology of herb establishment and survival in swards and its relevance to grassland 
reinstatement." Rasen Grunflachen Begrunungen 8(4): 102-108. 

Wratten, S. D. (1998). The role of boundaries as reservoirs of beneficial insects. Environmental management in 
agriculture. J. R. Park. New York, Belhaven Press: 144-150. 

 




