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Using an Environmental Management System to Improve Vertebrate
Pest Programs

Bruce A. Colvin

Colvin Consulting, Inc., Melrose, Massachusetts

Dale E. Kaukeinen

Kaukeinen Consulting Services, Wilmington, Delaware

ABSTRACT: Vertebrate pest management characteristically focuses on research and development of control tools and their applica-
tion. Similarly, integrated pest management (IPM) principles focus on control methods and habitat alteration to reduce risks from pest
species. Organizational structure, administrative elements, and program management are rarely identified as key components of [IPM
or the development and execution of vertebrate pest strategies; however, they should be included when seeking sustainable and cost-
effective programs. In urban areas, rodent control programs typically are reactionary and uncoordinated rather than preventative and
systematic, resulting in short-term results that cannot be sustained. Use of an environmental management system (EMS), as described
by ISO 14001 standards, establishes program structure and priorities for improvement. As part of the EMS, an Aspect Register can
be used to identify risk factors and specific mitigation measures; for example, this can be done on a national scale to rank cities at
greatest risk of rodent infestations or for program development and execution within an individual city block or building. Emphasis
on program and systems management, organizational skills, risk factors, multi-disciplinary training, and prevention is needed as part
of vertebrate pest management. Technology often is not the limiting factor; rather it is administrative and management elements for
sustainable and effective program execution.

Key WoRbDs: commensal rodents, environmental management system, integrated pest management, IPM, ISO 14001,
Norway rat, Rattus norvegicus, rodent control
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INTRODUCTION deployed in U.S. and European cities during the 1960s-
Research and development for vertebrate pest man- ~ 1970s that included surveys, code enforcement, baiting,
agement characteristically have focused on population  sanitation improvements, public outreach, and monitoring
dynamics and behavior of the pest species, control tools  to lower populations and presumably restrain them at the
(e.g., traps and rodenticides), and program elements. This ~ low end of the sigmoid curve (Davis and Jackson 1981,
pattern was well demonstrated at the onset of the “Mod- ~ Drummond 1985, Jackson 1984). Limited and disjointed
ern Era of Rodent Control” that began in the 1940s during ~ campaigns, however, simply risked expensive and repeti-
World War II with pioneering work in the U.S. by Da- tive failures (as predicted by the sigmoid curve), because
vis (1953), Emlen (1947), and Calhoun (1948, 1962) and  of the overarching reproductive and colonizing abilities of
parallel efforts in the U.K. by Chitty (Chitty and South-  the pest species.
ern 1954). Subsequently, during the 1960s-1980s, devel- During the 1960s and 1970s, the concept of “Rat-
opments in commensal rodent control were exemplified  Free Towns” was introduced in Europe (Drummond et al.
by the work of Jackson (1982), Drummond (1970), and 1977, Gacs et al. 1977, Myllymaki 1969) using defined
Buckle (Buckle and Smith 1994). The ecology of com-  programs and habitat management. Concurrently during
mensal rodents was established, numerous control tools  the 1970s, millions of federal dollars were provided an-
were developed to match species-specific behaviors, and  nually to U.S. cities to support municipal rodent control
site-specific applications and program elements were de-  programs (Colvin and Jackson 1999).
scribed. However, by the mid 1980s in the U.S., federal fund-
The foundation principle of rodent control relates to  ing for urban rodent control programs had ceased and
the importance of habitat modification to control repro-  university research programs ended (Colvin 1999). The
ductive rates, and thereby the rate of population growth.  burden shifted to a reactionary and disjointed combination
Davis (1953) mathematically demonstrated the relation-  of efforts by residents, pest management professionals
ship of habitat to population growth using a sigmoid  (PMPs), and municipalities (Kaukeinen 1994). At about
curve. Rodent populations grow at a predictable rate,  the same time, the concept of combining habitat modifi-
slowly at first and then rapidly until rodent numbers ap-  cation (neighborhood improvements) and control tools
proach carrying capacity of the environment and popu-  (traps, rodenticides) was being described as integrated
lation growth stabilizes (plateaus). Populations are most ~ pest management (IPM). Unfortunately, IPM characteris-
economically and successfully managed at the lower end  tically was described without focus on program design,
of the sigmoid curve where the rate of population growth ~ administration, roles and responsibilities, and execution.
is slow. Larger populations when partially reduced, with ~ Rather, it was inappropriately described by many as solely
little or no habitat modification, rapidly rebound and once ~ a combination of control methods.
again reach carrying capacity (Emlen et al. 1948). Such During the 1990s, the principles of urban rodent
concepts of managing population growth evolved into  control and vertebrate pest management were further pro-
the underlying principle of rodent control programs later ~ gressed when 7 square miles of Boston, MA functioned as
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an urban laboratory during the largest public works proj-
ect in U.S. history to revitalize transportation systems and
infrastructure (Colvin et al. 1990). A coinciding, feder-
ally-funded, multi-million-dollar rodent control program
integrated control tools, community outreach, and code
enforcement but also research on sewer and utility sys-
tems and urban design, contract management, and various
administrative measures to comprehensively define and
manage the program (Colvin et al. 1996). This combined
inter-disciplinary effort of research, management, and ad-
ministration, using biologists, engineers, municipal em-
ployees, and pest management contractors on a single team,
established a model for urban rodent control programs and
was a result of the progressive research and concepts pro-
moted by David E. Davis in the 1940s through William B.
Jackson in the 1980s. Many of the strategies used in urban
rodent control and program management in the U.S. today
evolved from the Boston program that spanned almost a
decade and focused on prevention (Colvin 2000).

During the Boston program, the communication and
knowledge gap between the research community, mu-
nicipal employees, and PMPs quickly became obvious.
The impediments of program implementation were not
part of usual scientist training, and the scientific basis for
control measures was not inherent to the municipal work-
ers and PMPs. This dichotomy of knowledge and experi-
ence initially created a cultural and political clash that was
reconciled through a structured program with effective
integration of skills and cross-training.

Today, in the absence of a federally-mandated pro-
gram, urban rodent control in the U.S. is largely disor-
ganized, under-funded, reactionary, and political (Colvin
1999). Thus, although control technology and the relation-
ship of rodent population dynamics to biotic and abiotic
factors (e.g., weather, infrastructure) have been well es-
tablished over the past 65 years, vertebrate pest programs
frequently fail or are unsustainable (Lambopoulos et al.
1999). Davis (1977) argued that a major deterrent in verte-
brate pest management was that decisions are made based
on politics in direct violation of “biological laws.” He
also argued that research scientists rarely have the talent
to manage vertebrate pest programs. We concur and view
this later point as the reason for the lack of research focus
on program development, inadequate transfer of science
to those involved with program execution, and unsustain-
able and ineffective programs.

We believe that vertebrate pest programs overall are
not limited today by biological laws and technical control
methods, but rather by organizational and management
skills and administrative elements. The academic curricu-
lums for vertebrate pest scientists in the U.S. never have
included the necessary inter-disciplinary subjects for de-
velopment, execution, and auditing of vertebrate pest pro-
grams. This includes, for example, business and contract
management, organizational and personnel management,
project and facility management, quality assurance, sched-
ule and cost management, media relations, urban design,
land use planning, engineering and construction, environ-
mental law and permitting, cultural resources, stormwater
and waste management, and public outreach and market-
ing. Furthermore, without such skills, scientists cannot
properly evaluate or effectively improve existing verte-
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brate pest programs. Applied biological research should
be performed in context of inter-disciplinary program
management, or the research outcome will not be adequate
for resolving pest problems in “real world” situations as
repeatedly demonstrated over the past 65 years. Research
findings and program development must be integrated, or
implementation will be lacking and unsustainable.

It is time that the 1980s concept of IPM, still in use
today, is eclipsed by the concept of an Environmental
Management System (EMS) and that the science of verte-
brate pest management focuses on inter-disciplinary train-
ing and development related to program execution. An
EMS represents a combination of methods — technical and
administrative — with defined policy, objectives, responsi-
bilities, schedules, training, and means for continuous im-
provement (Woodside et al. 1998). Such a system is based
on ISO 14001:2004 as established by the International
Organization for Standardization (2007). ISO 14001 was
promulgated to help organizations establish structure and
improve environmental performance. It systematically
helps foster environmental management and sustainable
development, which are key factors for the success of any
vertebrate pest program and prevention of environmental
degradation and reactionary efforts. The purpose of this
paper is to describe elements of an EMS and their relation-
ship to preventative, strategic, and sustainable vertebrate
pest management.

SYSTEM STRATEGY AND COMPONENTS

The goal is to overcome reactionary programs, ad
hoc approaches, and short-term vision and replace them
with holistic, structured, and strategic approaches, ideally
with measurable targets, and the ability to demonstrate
achievement. Several key elements of an EMS are de-
scribed below, and each must be tailored to the location,
pest species, and organization. An EMS can be prepared
for an entire city, neighborhood, building, or agricultural
operation.

Policy

There must be a solid policy and legal basis for pro-
gram implementation. Thus policy, legal, and regulatory
requirements are the first issues to be addressed and es-
tablished. They must be known and understood by par-
ticipants and communicated by senior managers. Priority
must be given to writing and updating policies and regula-
tions to reflect the EMS objectives. Success depends on
leadership and commitment at all levels of an organiza-
tion, thereby achieving political support.

Risk Management

Central to the EMS, planning, and scheduling is risk
management. An Aspect Register is used to define risks
and associated mitigation. The Aspect Register lists (in
a spreadsheet) each Aspect (risk factor), its impact if un-
mitigated, mitigation measures, and the anticipated impact
if mitigation is applied. Risk assessment should occur in
parallel to planning program objectives and provides fo-
cus and resource justification. Qualified personnel can
score (index) risks, such as on a scale of 1-5 with 5 being
most severe. For example:



Aspect: 1llegal waste dumping in the Back Bay neigh-
borhood;

Impact. Increased food sources for rats around Bre-
man Street;

Unmitigated Score: Frequency (2) x Severity (5) =
10;

Mitigation Measure: An additional Code Enforcement
officer, third shift;

Mitigated Score: Frequency (1) x Severity (3) = 3.

Unmitigated and mitigated scores can be tabulated
for all subjects (risk factors) identified in the Aspect Reg-
ister. Mitigation can be emphasized, and a composite of
mitigation practices established, based on the trends in
risk factors. The scores can be assessed periodically and
mitigation practices adjusted as the program proceeds.

Risk assessment can be performed in different ways,
but it should be done systematically to identify issues
among effected disciplines and also specific mitigation
measures to be applied and integrated. Risk assessment
can even be done on daily work tasks to make sure the
field team is executing work safely and per plan. The inte-
gration of mitigation measures establishes the holistic ap-
proach to sustainable prevention.

Objectives and Targets
The objectives and targets are established based on

policy and risks; they drive the process for improving the
EMS and reflect unique circumstances. They are set at
relevant levels of an organization, specific and measur-
able where practicable, and assign responsibilities and
schedules. The objectives must cover multiple disciplines,
and each objective may have multiple targets. Legal, land
use management, engineering, construction, research, en-
forcement, community participation, waste management,
control measures, document control, training, and various
administrative subjects can all be subjects for objective
headings. A matrix (i.e., spreadsheet) is used to capture all
objectives, targets, individual responsibilities, and sched-
ule. An example objective with targets is:

Objective 1. Sustain high levels of environmental

awareness in the community.

Target 1.1 Action: Prepare outreach materials on sea-

sonal actions; Responsibility: P. Smith; Schedule: Be-

gin April 1, 2008 and complete final June 15, 2008.

Target 1.2 Action: Give presentations to 15 commu-

nity groups in the Back Bay; Responsibility: M. Jones;

Schedule: Begin July 1, 2008 and complete October

30, 2008.

The point of the objective/target matrix is to develop a
comprehensive set of tasks and to begin integrating them
and their schedules. Key to success of the EMS is system
integration, and each objective and target will likely be
linked by schedule to another, resulting in a highly inter-
locking system and schedule. This forms a preventative
and holistic strategy.

Organization and Planning

Organizational requirements and resources (per-son-
nel, budgets, and equipment) can be estimated and justi-
fied based on the objectives and targets and, importantly,
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further justified based on measurable accomplishments.
The organization must be inter-disciplinary, have stan-
dard operating procedures (SOPs) and processes, com-
munication paths for internal and external stakeholders,
job descriptions, and tracking capabilities (Martin 1998,
U.S. Army 2005). A matrix (Excel spreadsheet) should be
prepared that lists major work tasks, subject, individual or
agency with lead and support responsibilities, geographic
location, and priority. Coordination can be facilitated by
sorting and distributing data by responsible party, subject,
location, or priority score. Schedule milestones (e.g., 60%,
100% complete) can be listed for each task.

A master schedule must be prepared that shows
program milestones (referred to as a Level 1 schedule),
seasonal actions, as well as more detailed data (a Level
5 schedule when showing daily work tasks). Advanced
scheduling, and adherence to it, helps avoid reactionary
efforts and wasted resources. Tasks should have clear start
and finish dates that are tracked and serve as a basis for
accountability. In an inter-agency situation, multiple agen-
cies may have to incorporate activities in their departmen-
tal schedules that relate to program objectives and success.
Schedule management involves start and end dates, but
also the tracking of percent completion as tasks are per-
formed. Scheduling software is available for this purpose.

Inter-agency or inter-departmental coordination and
positive relationships are key elements of an EMS. Overall
coordination should be centralized, and jurisdictions and
responsibilities confirmed in writing. Regularly-held co-
ordination meetings should be inter-disciplinary, focused
on objectives and schedule, and result in action items and
assignments that are tracked and confirmed completed. In
some cases, part of the EMS may be subcontracted, such
as community outreach or baiting, and thus contracts must
be prepared with defined tasks, schedules, and deliverable
products (Colvin et al. 1992).

The EMS planning should cumulate in an Execu-
tion and Management Plan that contains the policy, targets
and objectives (metrics), risk assessment, responsibili-
ties, procedures, schedules, methods, training outline, and
other program elements and descriptions. The plan should
be action-oriented, tailored to the pest situation, and pe-
riodically updated. The plan must identify the means for
continuous improvement. A defined plan is the basis for
program execution and ongoing improvement, as well as
for political support and funding.

Competence and Behavior

Training and hiring competent and diversely-skilled
personnel will establish necessary knowledge to sustain
the program and EMS. In an urban situation this entails,
for example, pest management personnel being knowl-
edgeable in infrastructure construction and the reading of
engineering drawings. Similarly, it entails landscape archi-
tects being knowledgeable in design features predisposed
to rat infestation, or public works personnel being able to
identify conditions posing risk. Cross-training of person-
nel for mutual understanding of diverse tasks within the
EMS will aid its implementation.

The behavior of people ultimately determines the
success of a vertebrate pest program and EMS. There must
be investment in employee development but also account-



ability. This includes the people executing the plan and the
people who will benefit from it, since often the public and
numerous landowners must participate for a program to be
successful. Training is highlighted and ongoing within an
EMS, because the inherent process is to achieve continu-
ous improvement through awareness, cooperative actions,
and a positive culture.

Implementation and Monitoring

Implementation should occur per the Execution and
Management Plan and schedule. Interface points with
stakeholder leadership and participants should be clear,
and Task Forces or Working Groups should be established
for specific issues. An inter-disciplinary approach and sys-
tem integration should be maximized, meaning tight inte-
gration of tasks and schedule.

Prevention entails involvement in non-traditional as-
pects of rodent control, including urban (land use) plan-
ning and zoning, permitting for businesses, urban design,
and infrastructure construction (Colvin 2002). Such pre-
ventative elements should be highlighted in the EMS ob-
jectives, Aspect Register, and implementation.

Monitoring must be performed as part of a vertebrate
pest program and includes both field and administrative
monitoring. It allows for timely adjustment and confirma-
tion that activities are being performed as planned and
scheduled. It also helps when timing seasonal actions.
Contingency plans should be part of the EMS for discov-
eries or unanticipated changes in environmental condi-
tions or pest populations.

Continuous improvement can be achieved through:
1) clarifying and enhancing roles and responsibilities; 2)
training programs and mentoring; 3) quality assurance/
control measures; 4) data analysis; 6) review and updat-
ing of objectives, targets, and risk factors; 7) audits and
trend analysis; 8) incorporation of lessons learned into
work plans; 9) distribution of status reports to managers
and stakeholders; 10) consistent documentation; and 11)
accountability.

Documentation

An EMS allows for the status and accomplishments
of a program to be tracked and demonstrated. This is par-
ticularly important when dealing with policy makers and
annual budgets. Along with schedule management, docu-
mentation can include the outcome of objectives, targets,
and risk management. Long-term records on program
development and implementation are valuable as staffing
changes, allowing better opportunity for sustainability.

In a vertebrate pest program, data collection and
management should be a major part of program execu-
tion. Information management can include use of a geo-
graphic information system with relational databases (von
Wahlde and Colvin 1994). Documentation also should
include electronically retrievable procedures, budget data,
procurement records, correspondence, survey and baiting
data, code violations, training records, and photo logs.
Documentation should be organized for audit; document-
ed results help assure continuous improvement.

Auditing and Review
Auditing and quality assurance (QA) are driving ele-
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ments of an EMS. They are the mechanisms for evaluating
system effectiveness and achieving continuous improve-
ment. Audits normally are performed by someone outside
of the immediate organization who has excellent techni-
cal and administrative skills. The audit has the potential
to bring new concepts to the program. Improved training,
record keeping, scheduling, and field methods may all re-
sult from an effective audit. It also can show need for ad-
ditional funding and help force policy decisions.

The effectiveness and integration of mitigation mea-
sures should be evaluated during the audit, as well as
during periodic review of objectives and targets by the pro-
gram manager. The intent is to identify program or system
gaps to provide feedback for continuous improvement.
The frequency of audit is dependent upon risk assessment
and historic performance, and it should be embraced by
program participants as a means to enhance structure and
sustainability.

Gap analysis (i.e., Trend and Root-Cause analysis)
should be used by program managers to identify holes in
the mitigation measures, training, communication, and
methods used to administer the program (Woodside and
Aurrichio 1999). For example, trends in code violations
can be evaluated and the root cause of repetitive violations
determined to be a lack of public awareness and low fines.
The program can be re-focused, objectives and targets im-
proved, and repetitive failure of a certain program element
resolved. Similarly, the number of completed work tasks
and action items, per schedule and discipline or depart-
ment, can be quantified.

RANKING RISKS AMONG U.S. CITIES

To begin a national focus on EMS for urban rodent
control, we prepared an Aspect Register as an Environ-
mental Risk Assessment tool to rank 32 of the largest U.S.
cities for their inherent risk of having rodent problems and
thus to help identify mitigation opportunities. Rodents are
a symptom of environmental decline, and we considered a
variety of environmental conditions that can coincide with
rodent problems.

To build the Aspect Register for rodent risk factors,
we principally used the latest U.S. Census Bureau statis-
tics (U.S. Census Bureau 2006) and chose cities for which
comparable statistics were available. Selection was made
of 14 factors that we considered relevant, based on our
experience and the literature, and likely to best represent
indirect measures of commensal rodent risk. Aspects or
categories included: human population and density, per-
cent of impoverished residents, city age, extent of port and
transit facilities, and city revenues. Also included were city
expenditures on housing, community development, streets
and sewers, solid waste management, utilities (including
water, electricity, and transit systems). Climatic aspects in
the Register included yearly total inches of rainfall, and to-
tal days of rain and sunshine. In addition, a manufacturer
of frequently used rodent control products provided sales
figures by city to allow for a direct measure of resident
responses to rodent problems.

The revenue and individual spending categories were
converted to a per capita basis to allow for comparisons
among cities. Where lower values would favor more ro-
dents, those statistics were converted to inverse values so
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that scores consistently equaled more risk. Rankings per
category were established in relation to the lowest value
in that category, with other values calculated to a two-
decimal place multiple of the low value. Finally, ranking
values in each category were multiplied or divided by a
constant so that all numerical values were in the same
scale, providing for approximately equal weighting in the
overall tabulations.

The Register (Excel spreadsheet) allowed for rank-
ing and sorting by any individual risk factor, or by any
combination of factors, to compare cities. Within a city,
it also showed the overall impact in ranking if mitigation
was applied, such as increasing per capita spending on in-
frastructure.

When the individual 14 rankings in the Aspect Reg-
ister were summed per city, to provide a cumulative score
(Table 1), the top ten rankings for risk of having rodent
problems were: 1) New York, NY; 2) Houston, TX; 3)
Boston, MA; 4) Louisville, KY; 5) Philadelphia, PA; 6)
Baltimore, MD; 7) Washington, D.C.; 8) Chicago, IL; 9)
El Paso, TX; and 10) Milwaukee, WI. The data were then
evaluated to determine the factors that contributed most
to risk and the mitigation strategies that could help solve
underlying causes. By any measure, New York City rep-
resented a special case with the largest U.S. urban popula-
tion, greater city age, and higher population density when
compared to other cities. It is probably not necessary to
construct predictive assessments to confidently predict
that New York would be near the top of U.S. cities at risk
from conditions favoring commensal rodents. Population
density also helped contribute to Boston and Chicago be-
ing in the top 10, but 6 of the top 10 cities were under 1
million in population, and 3 were below the group average
in density. Age was also a factor, with 4 of the top cities
over 300 years old; 11 others studied were over 200 years
old with associated problems of older infrastructure, and
thus limitations on good land use design and planning.

Clearly, multiple factors in combination contribut-
ed to the rankings. Lower than average city revenue or
spending on critical infrastructure factors contributed to
higher scores for some cities. Warm, wet weather was an
important factor for some cities, as it could lead to more
vegetation cover, increased deterioration of structures, and
higher rodent survival and reproductive rates.

Infrastructure categories in the Aspect Register rep-
resent critical risk factors for which mitigation should be
evaluated, prioritized, and monitored within an EMS. This
includes capital improvement projects involving sewers,
sidewalks, and other physical urban features. Expenditure
on buildings and streets, particularly in older neighbor-
hoods (including subsidized housing projects), is critical
to help prevent features conducive to rodent infestation.
Other critical areas include dock and freight-handling fa-
cilities that may ‘import’ rats or have structures and stored
or spilled goods that sustain them.

Municipal expenditures in some categories, such as
sewerage, become critical in older cities with antiquated
brick systems or combined storm and sanitary systems
(Colvin et al. 1998). Modern sewer systems can have
minimal rodent problems by virtue of their construction.
Older cities need to prioritize renovation and maintenance
of older sewer and utility systems; such systems can be

192

inhabited by large rat populations with the ability to move
about underground and emerge to do damage and then
escape back underground. Underground populations also
provide a source of rats to chronically colonize and re-in-
fest surface areas, resulting in repetitive failures in surface
control measures when not combined with subsurface ef-
forts.

Older neighborhoods with dilapidated structures
plague many urban areas. Such locations require greater
and sustained environmental improvement, including
renovation and demolition. Municipal refuse collection
programs and public awareness of sanitation codes must
be a priority with resource allocation to provide adequate
containers, frequent pick-up, and code enforcement. Veg-
etation maintenance (in housing areas, right-of-ways, and
commercial areas) and elimination of unchecked growth
in vacant lots is important for reducing rodent food and
harborage, as well as cutting the potential for crime, lit-
ter, and vagrancy. Urban development and the increasing
abundance of restaurants warrant emphasis on urban de-
sign, land use planning, permitting for waste management,
public outreach, and regulatory compliance.

An Aspect Register could be created for different ar-
eas of a city, allowing more specific aspects to be assessed
including direct measurements of rodent populations.
Critical locations for investigation and management could
include restaurant districts, parks, residential areas, and
waterfronts. Municipalities that are not receiving adequate
revenues or expending sufficient resources on critical in-
frastructure and services need to evaluate their revenue
sources and budgeting, and reprioritize their expenditures
for sustainable development and environmental improve-
ments to improve overall community health. Surveys in
city target areas can be done before and after mitigation to
assess progress (Centers for Disease Control and Preven-
tion 2006).

Use of an Aspect Register allows municipal authori-
ties, and the communities they serve, to better identify
and understand their specific risk factors. It creates public
awareness of vulnerabilities and needs. It also helps cit-
ies and community groups prioritize actions and resources
for mitigating causative factors, ultimately enhancing en-
vironmental conditions, and thus having best opportunity
for pest prevention and sustainable improvement.

As cities age, correspondingly greater weight needs
to be given to those factors associated with infrastructure.
Attention also must be given to trends of climate change,
increased congestion and waste management, and grow-
ing urban areas with low-income residents. Principles of
sustainable development and investment in long-term en-
vironmental management will be required to mitigate the
growing risk from harmful pest rodents.

SUMMARY

The United States exemplifies the global trend to-
ward urbanization with distended metropolitan areas that
house over eighty percent of today’s population, and that
number is growing (U.S. Census Bureau 2006). We ex-
pect vertebrate pest problems to increase significantly in
the 21* Century as a result of development (loss of natural
areas, urban sprawl), global transportation systems, hu-
man population growth and congestion, aging infrastruc-



ture, increased solid waste, and climate changes. Historic
approaches to rodent control emphasized technology and
associated research, but repetitive failures in vertebrate
pest programs demonstrate the need to develop inter-dis-
ciplinary and structured programs. Research, develop-
ment, and execution of an EMS should be the future focus
in vertebrate pest management in the U.S. and elsewhere
to overcome historic problems with delivery of effective,
strategic, and sustainable programs.

LITERATURE CITED

BucktiE, A. P, and R. H. Smith (Epitors). 1994. Rodent Pests
and Their Control. CAB Intl., Cambridge Univ. Press, UK.
405 pp.

CaLHOUN, J. B. 1948. Mortality and movement of brown rats
(Rattus norvegicus) in artificially super-saturated popula-
tions. J. Wildl. Manage. 12:167-172.

CaLHOUN, J. B. 1962. The Ecology and Sociology of the Nor-
way Rat. U.S. Dept. HEW, Public Health Service Publ.
1008. 288 pp.

CENTERS FOR DISEASE CONTROL AND PREVENTION. 2006. Inte-
grated pest management: Conducting urban rodent surveys.
U.S. Dept. Health and Human Services, Atlanta, GA. 19 pp.

CHitTY, D., and H. N. SoutHerN (EpiTors). 1954. Control of
Rats and Mice. 3 Volumes. Clarendon Press, Oxford, UK.
757 pp.

Corviy, B. A. 1999. Strategies for urban rodent control. Pest
Control Technol. 27(12):28-36.

Corviy, B. A. 2000. A comprehensive rodent control program
for Washington, D.C. Proc. Vertebr. Pest Conf. 19:339-345.

CoLvin, B. A. 2002. Rodent control as part of engineering and
construction projects. Proc. Vertebr. Pest Conf. 20:46-52.

CorviN, B. A., A. D. AsutoN, W. C. McCARTNEY, and W. B. JAcK-
soN. 1990. Planning rodent control for Boston’s Central Ar-
tery/Tunnel Project. Proc. Vertebr. Pest Conf. 14:65-69.

CoLviy, B. A., R. DEGRrReGorIO, and C. FLEETwoop. 1996. Nor-
way rat infestation of urban landscaping and preventative
design criteria. Proc. Vertebr. Pest Conf. 17:165-171.

CorviN, B. A., and W. B. JacksoN. 1999. Urban rodent control
programs for the 21 Century. Pp. 243-257 in: G. R. Single-
ton et al. (Eds.), Ecologically-based Management of Rodent
Pests, ACIAR Monogr. No. 59, Melbourne, Australia. 494

pp.

Corvin, B. A., C. A. MEININGER, and M. J. GrReaLy. 1992. Ad-
ministrative procedures and contracts for vertebrate pest
programs. Proc. Vertebr. Pest Conf. 15:236-240.

Cowviy, B. A., T. B. Swirt, and F. E. FotHERGILL. 1998. Con-
trol of Norway rats in sewer and utility systems using pulsed
baiting methods. Proc Vertebr. Pest Conf. 18:247-253.

Davis, D. E. 1953. The characteristics of rat populations. Quart.
Rev. Biol. 28:373-401.

Davis, D. E. 1977. Advances in rodent control. Zeitschrift fur
Angewandte Zoologie 64:193-211.

Davis, D. E., and W. B. Jackson. 1981. Rat control. Pp. 221-
277 in: T. H. Coaker (Ed.), Advances in Applied Biology,
Vol. 6. Academic Press, New York, NY.

193

Drummonp, D. C. 1970. Rat-free towns, the strategy of area
control. Royal Soc. Health J. 90(3):131-134.

Drummonp, D. C. 1985. Developing and monitoring urban
rodent control programmes. Acta Zool. Fennica 173:145-
148.

Drummonn, D. C., E. J. TavLor, and M. Bond. 1977. Urban rat
control: further experimental studies at Folkestone. Envi-
ron. Health 85:265-267.

EmLen, J. T. 1947. Baltimore’s community rat control program.
Am. J. Publ. Health 37:721-727.

EMLEN, J. T., Jr., W. StokES, and C. P. WiNSOR. 1948. The rate of
recovery of decimated populations of brown rats in nature.
Ecology 29:133-145.

Gacs, F., T. HErczeg, L. Parocsy, and S. ELex. 1977. Methods
of monitoring rat infestations and approval schemes for city-
wide deratization operations. EPPO Bull. 7(2):533-539.

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION. 2007. ISO
14000, Environmental Management, Version 5. CD-ROM.

Jackson, W. B. 1982. Norway rats and allies. Ch. 54 (pp. 1077-
1088) in: J. A. Chapman and G. A. Feldhamer (Eds.), Wild
Mammals of North America: Biology, Management, and
Economics. The Johns Hopkins Univ. Press, Baltimore,
MD. 1147 pp.

Jackson, W. B. 1984. Urban rodent control in the United States.
Pp. 61-71 in: A. C. Dubock (Ed.), Proc. Conference on the
Organisation and Practice of Vertebrate Pest Control. ICI
Plant Protection Div. Hampshire, England.

Kaukemen, D. E. 1994. Rodent control in practice: Household-
ers, pest control operators and municipal authorities. Pp.
249-271 in: A. P. Buckle and R. H. Smith (Eds.), Rodent
Pests and Their Control. CAB Intl., Cambridge Univ. Press,
UK.

LamsrorouLos, A. S., J. B. FINE, A. PErBECK, D. Torres, G. E.
Grass, P. McHuGH, and E. A. Dorsey. 1999. Rodent con-
trol in urban areas: an interdisciplinary approach. Environ.
Health 61:12-17.

MartiN, R. 1998, ISO 14001 Guidance Manual. National Cen-
ter for Environmental Decision-Making Research, Tech. Re-
port NCEDR/98-06. 95 pp.

Myriymaki, A. 1969. An early approach to a rat-free town in
Finland. SchrReihe Ver. Wass.-Boden-Lufthyg., Berlin-
Dahlem 32:161-166.

U.S. Army. 2005. Environmental Management System Imple-
menters Guide, Version 3.0. U.S. Dept. of the Army. 145

pp-

U.S. Census Bureau. 2006. Statistical Abstract of the United
States — The National Data Book, 126" Ed. Dept. of Com-
merce, Washington, D.C. 999 pp.

voN WAHLDE, M., and B. A. CoLvin. 1994. Using geographic
information systems for tracking an urban rodent control
program. Proc. Vertebr. Pest Conf. 16:327-334.

WoobpsiE, G., and P. AurricHo.  1999. ISO 14001 Auditing
Manual. McGraw-Hill Companies, New York, NY. 224 pp.

WoobsiDE, G., P. AURRIcHIO, and J. YTUrrL. 1998. ISO 14001
Implementation Manual. McGraw-Hill Companies, New
York, NY. 204 pp.



	2 Colvin A.pdf
	Colvin Table 1 final.pdf
	2 Colvin C.pdf



