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Preface 

The science of environment and the practice of natural 
resource management are critical to our understanding of the 
Earth's ecosystems and our efforts to conserve them. This book 
attempts to bridge the gap between environmental science and 
natural resource management. It describes how concepts and 
approaches used by environmentalists to study communities 
and ecosystems can be applied to their management. 

This book emphasizes the importance of thoughtfully 
designed and carefully conducted scientific studies to both 
the advancement of environmental knowledge and the 
application of techniques for the management of natural 
resources. It is aimed at natural resource managers, as well as 
graduate and advanced undergraduate students, who are 
familiar with fundamental ecological principles and who want 
to use ecological knowledge as a basis for the management of 
natural resources. 

While writing this book, I have made references from 
various sources and have freely used the writings of 
outstanding scholars and researchers. I, hereby, acknowledge 
their contributions with sincerity and gratitude. 

I am thankful to the publishers for bringing out this book 
within a very short period. 

N.C. Gautam 
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INTRODUCTION 

Environmental management systems can assist an organisation 
to meet its increasingly heavy burden of responsibility for the 
future condition of our world environment. In many cases, the 
introduction of an environmental management system can also 
aid cost savings, and reduction of environmental liability. 

There are a number of standards available, around which 
we can model our Environmental Management System, or EMS. 
On the international scene we will shortly have 1S014001. This 
standard is expected to be issued during 1996, and forms part 
of the 1S014000 series of standards providing not only a 
specification but guidance and advice on a wide range of 
environmental issues including auditing, labeling, life-cycle 
assessment etc. 

At the European level we have EMAS, or the Eco-
Management and Audit Scheme. This was introduced by a 
European Union council regulation (No.1836/93), requiring 
implementation in all European Union Member States. EMAS 
was formally introduced in the United Kingdom in April 1995. 
Although the scheme itself is mandatory in all EU Countries it 
is, at present, a voluntary scheme for individual companies who 
must be within the industrial sector. It is intended to provide 
recognition for those companies who have established a 
programme of environmental action designed to prrtect, and to 
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continuously improve, their environmental performance. 

The UK has had its own EMS Standard, BS7750, since 
1992 and increasing numbers of companies, within and without 
the UK, have achieved Registration to it. The requirements 
ofBS7750 are little different to ISO 14001; it is therefore 
suspected that BS7750 may cease to be relevant once its 
international brother is born. 

Waste of resources and creation of pollution are normally 
indications of areas for significant improvement. All of the EMS 
standards stress the need for continuous, never ending, 
improvement in striving to protect the environment, not only 
for ourselves but for future generations to come. Achievement 
of registration to an Environmental Management Scheme should 
impress many groups of people, including:- 

Insurers 

- Customers 

- Employees 

- Investors 

- Regulators & Statutory Bodies 

- Environmental Groups 

It may also concern other groups of people, particularly your 
suppliers and sub-contractors, who may fear that in your drive 
to improve environmental performance you may cast a critical 
eye on their environmental achievements. It is in this way that 
the cause of Environmental Management Systems has spread to 
date, and will continue in the future. There is a great parallel in 
the development of 1S09000 Registration throughout the world, 
spurred on by customers expressing preference to suppliers. 

BENEFITS OF ENVIRONMENTAL SYSTEMS 

The benefits of an effective environmental management system 
can be realised in:- 



Introduction 3 

Cost Savings 

- Customer Requirements 

- Corporate Image 

- Legislation 

- Investment 

- Insurance 

- Marketing Opportunities 

Cost Savings 

Successful environmental management will evaluate all 
opportunities for cost savings, the most common benefits derive 
from a review of resource/ energy utilisation and its efficiency, 
forcing full consideration of alternative energy sources and their 
cost effectiveness. The other primary element will be 
minimisation of waste and result and cost of disposal. 

Customer Requirements 

Many companies have addressed the management system for 
customer requirements related to quality and 1S09000. The range 
and diversity of customer needs and expectations is constantly 
growing with many customers increasing preference for use of 
suppliers and sub-contractors who can demonstrate that they are 
good environmental citizens. No customer would want to risk a 
tarnished reputation (or non-compliance to legislation) from the 
poor environmental performance of their suppliers and sub-
contractors. The safest option for the customer is to use suppliers 
and sub-contractors who can demonstrate their positive 
environmental performance. 

Corporate Image 

The ability to demonstrate a responsible environmental attitude 
can dramatically improve the image of the corporation fostering 
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better relations with the company's stake holders. Even more 
importantly, adverse publicity about the organisations 
environmental performance is always highly damaging. 

Legislation 

The scope and severity of environmental legislation is ever 
increasing. A management system that ensures recognition of 
the requirements and compliance with them will ensure that fines 
are avoided and staff are not imprisoned in addition to avoidance 
of the publicity that inevitably follows an environmental 
prosecution. 

Investment 

The investors are increasingly moving to green portfolio's, and 
it is interesting that the financial performance of these portfolio's 
has been good in comparison to more traditional investment. In 
seeking additional investment for the organisation it is sensible 
to ensure the widest scope and this is only aided by a 
demonstrably sound environmental performance. 

Insurance 

Insurance companies are fully aware of the risk to their policies 
from poor environmental performance of the insured. Companies 
with a sound and effective environmental management system 
are able to demonstrate that they pose less risk to the insurance 
company and creates a negotiating tool for lower premiums. 
Some insurance companies now require an environmental audit 
of the company prior to agreeing cover. 

Marketing Opportunities 

All companies seeking growth obviously want their product and 
services attractive to a widest possible market. Poor 
environmental performance will encourage many potential 
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customers to decide not to buy from the company, good 
environmental performance will ensure continuation of the widest 
possible market. 

ENVIRONMENTAL MANAGEMENT STANDARD 

An environmental management standard or system or protocol 
attempts to reduce environmental impact as measured by some 
objective criteria. The ISO 14000 standard is the most widely' 
used standard for environmental risk management. The ISO 
19011 standard explains how to combine this with quality 
management. 

Other EM systems (or EMS) tend to be based on this 
standard and to extend it in various ways: 

- Natural Step focuses on basic sustainability criteria and 
helps focus engineering on reducing use of materials or 
energy use that is unsustainable in the long term 

- Natural Capitalism advises using accounting reform and a 
general biomimicry and industrial ecology approach to do 
the same thing 

- US Environmental Protection Agency has many further 
terms and standards that it defines as appropriate to large-
scale EMS 

- The UN and World Bank has encouraged adopting a 
natural capital" measurement and management framework. 

- The European Union Eco-Management and Audit Scheme 
(EMAS) 

Other strategies exist that rely on making simple distinctions 
rather than building top-down management "systems" using 
performance audits and full cost accounting. For instance, 
Ecological Intelligent Design divides products into consumables, 
service products or durables and unsaleables - toxic products 
that no one should buy, or in many cases, do not realiie they 
are buying. By eliminating the unsaleables from the 
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comprehensive outcome of any purchase, better environmental 
management is achieved without "systems". 

SOUND WATER MANAGEMENT 

UNESCO's contribution to the development of approaches for 
sound water management is primarily through the International 
Hydrological Programme (IHP) and through the UN system-wide 
World Water Assessment Programme (WWAP), as well through 
the Man and the Biosphere (MAB) Programme. At the regional 
level, in the Pacific, a series of studies have been carried out 
under the aegis of the IHP Pacific Working Group, including 
work on catchments and communities (Solomon Islands, 
Vanuatu), groundwater pollution (Tonga) and atoll groundwater 
recharge (Kiribati). 

Field work in Kiribati has focused on freshwater 
groundwater lens recharge at Bonriki, part of the coral island of 
South Tarawa, including assessment of ground-water recharge 
in the presence of coconut trees and salinization effects caused 
by over-pumping of groundwater. Work at South Tarawa has 
also served to highlight two very widespread problems in 
freshwater management in small island situations: those of 
drought and of conflicts in groundwater use and management. 

Placing work on water resources within the local socio-
cultural context has included strong community involvement in 
the monitoring of groundwater pollution on the island of Lifuka 
in Tonga and the use of performance theatre in communicating 
with local people on water quality issues in Vanuatu. Future 
work proposals were elaborated at the IHP-SOPAC (South 
Pacific Applied Geoscience Commission) regional meeting in 
Fiji in October 2003. A multi-institutional partnership has been 
agreed for a long-term regional training programme for 
hydrological technicians and scientists. 

Natural Hazards and Disasters 

Many small island developing countries are particular, 
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vulnerable to various types of natural hazards and disasters: 
volcanic eruptions, earthquakes, tsunamis, landslides, floods, 
hurricanes and cyclones. To the extent that more than half of 
the 25 most disaster-prone countries are SIDS. UNESCO's work 
focuses on efforts for identifying areas subject to natural hazards, 
improving risk assessment methods, and encouraging 
preparedness for hazardous events. 

Work in the Pacific has focused on support to community-
driven natural disaster/hazard reduction and mitigation in Tonga, 
Vanuatu and elsewhere, in collaboration with Massey University 
in New Zealand and other partners. For many years, UNESCO's 
Intergovernmental Oceanographic Commission (IOC) has 
sponsored the International Coordination Group for the Tsunami 
Warning System in the Pacific (and its work of disseminating 
tsunami watches, warnings and advisory bulletins), and the 
International Tsunami Information Center, which collects data 
and maintains records on tsunamogenic events. 

For the past decade-and-a-half in the Caribbean, within a 
project on coastal and beach stability in the Lesser Antilles, 
coastal planners, governments and NGOs have been monitoring 
beaches and coastlines to determine wise developmental 
practices, in the face of the effects of hurricanes and storm surges 
on coastal strips. This work is now being extended to other island 
regions. Also in the Caribbean, a number of collaborative 
activities have been undertaken on educational and 
communicailon aspects of disaster mitigation, such as the 
preparation of a disaster preparedness manual for Caribbean 
schools through a joint initiative with the Caribbean Disaster 
Emergency Response Agency. 

For many small-island countries, one important issue at the 
interface of education, science, culture and communication is 
the following: How can scientific knowledge and understanding, 
local content and the use of local languages be woven together 
in the warp and the weft of the educational tissue of the country? 
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One example of a response to this generic challenge is a 
volcano-awareness programme for schools on Nivafo'ou Island 
in the Kingdom of Tonga, undertaken as part of UNESCO's 
activities of natural disaster preparedness and prevention. 
Nivafo'ou is a still active volcanic island, whose periodic 
eruptions led to the destruction of many plantations and 
individual villages. As a result of the 1946 eruption, Nivafo'ou 
was evacuated, with the government finally allowing the 
islanders to return home in 1958. 

Informing the young people of their volcanic heritage - 
and preparing for future hazards - has been approached through 
a project sponsored by UNESCO-Apia. A series of innovative 
learning materials have been prepared and tested, including a 
teacher/student resource booklet and four large format posters. 
These materials provide information on volcanoes in general and 
on Nivafo'ou in particular, and suggest educational and learning 
activities such as an evacuation game, community mapping and 
discussions on response strategies in the event of future 
eruptions. 

In the late 1980s, the increasing evidence of sea-level rise 
was a major trigger in focusing world-wide attention on the 
implications of global climate change and on the special 
vulnerabilities of many small-island states to climate change. 
The Maldives took the initiative for developing the Alliance of 
Small Island States (AOSIS), which in 1989 adopted the Male 
Declaration proclaiming that 'Sea-level rise threatens the very 
survival of some small island states' and pressing the international 
community to take immediate and effective measures to reduce 
the greenhouse effect. 

A decade-and-a-half later, the adverse effects of climate 
change and sea-level rise continue to threaten the sustainable 
development, livelihoods and existence of many small-island 
nations. Faced with the implications of available scenarios, many 
have drawn up plans to protect their coastlines, through such 
measures as the construction of dykes. The Maldives, with its 
densely populated main island of Male, has constructed an 
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artificial island for some of its citizens. And some Pacific islands, 
like Tuvalu and Kiribati, have been discussing plans for 
relocating their people to Australia, New Zealand and elsewhere 
within the next half century. 

Meanwhile, the international scientific community has 
strived to advance the methods and procedures for the long-
term monitoring and improved understanding of global 
environmental change, as a support to policy and management 
action. 	

91 

Stewarding Coastal and Marine Resources 

Small-island nations have a large coastal area to land -mass ratio; 
they are largely coastal entities. Their coastal environment is 
therefore particularly important, both socio-economically and 
culturally. Typically, there are high levels of conflict in the 
demands for coastal space and its resources. High and increasing 
population densities along the coast, as well as the increased 
development of economic sectors such as tourism, often 
accentuate this conflict. 

For the size of their land mass and population, small-island 
nations often have large marine exclusive economic zones, which 
have vastly extended the fisheries and other marine resources 
available to small island developing states. Potential benefits may 
be great. But so too are the obstacles and challenges faced by 
the countries concerned in seeking to grasp and optimize these 
potential benefits. For both terrestrial and marine environments, 
difficulties in planning and implementing effective integrated 
approaches to resource management are reflected in over-
exploitation of particular resources, pollution and degradation 
of land and water ecosystems, and acute conflicts between 
competing resource uses. 

Within UNESCO, the IOC provides a main focus for 
improving scientific knowledge and understanding of oceanic 
and near-shore processes. Through the organization and 
coordination of scientific programmes and projects, support is 
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provided to Member States in building-up capacities and in the 
design and implementation of policies for the ocean and marine 
coastal zones. Activities include a programme on ocean sciences, 
with three main interactive lines of work: oceans and climate; 
science for ocean ecosystems and marine environmental 
protection; and marine science for integrated coastal area 
management. 

Among the topics addressed are ocean carbon sequestration, 
benthic indicators, coral bleaching and reef monitoring, land-
ocean-atmosphere biochemistry, harmful algal blooms, pelagic 
fish populations. Other initiatives include the testing of indicators 
as a tool in integrated coastal area management, participation in 
the multi-institutional Global Coral Reef Monitoring Network, 
and co-patronage of the Global Forum on Oceans, Coasts and 
Islands, created to reinforce the implementation of commitments 
made at the World Summit on Sustainable Development in 2002. 

Also within the IOC, the International Data and Information 
Exchange programme facilitates and promotes the free exchange 
of oceanographic data and information amongst Member States, 
and also assists countries in capacity building for the purpose 
of managing and applying available data. Capacity enhancement 
through partnerships with the global community is not only a 
cross-cutting theme within IOC, but is central to the Training, 
Education and Mutual Assistance (TEMA) programme with its 
aim of developing local expertise and capacity at all levels in 
the areas of marine science and resource management. Major 
success stories have been the 'Training Through Research' 
programmes conducted at sea on board research vessels, and 
the 'distance-hands on' training activities on harmful algal 
blooms. 

Coastline changes due to natural processes and human 
intervention represent a major concern to coastal planners in 
small islands the world over, and indeed of ordinary citizens 
who have real or potential interests in beaches and seaside 
property. in the Caribbean region, one collaborative research 
activity has focused since the mid-1980s on issues related to 
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coast and beach stability. Methods have been developed for the 
measurement of shoreline changes, and practical guidelines 
prepared and tested on what can be done in response to 
disappearing and degrading beaches. 

Among the products of this work is a series of ten 
illustrated booklets on shoreline change in Caribbean islands. 
The booklets represent the dedicated work of government 
agencies, non-governmental organizations, teachers, students and 
individuals. Together, they have carefully measured the changes 
in their beaches over a number of years, and have combined 
scientific research and monitoring with educational and 
environmental stewardship activities of various kinds. Each 
booklet combines generic and island-specific information, on 
such issues as natural and human forces that affect beach areas, 
national initiatives to monitor and manage changes, 
recommendations on wise practices for a healthy beach. In 
addition to Antigua & Barbuda, individual booklets have been 
prepared for Anguilla, Dominica, Grenada, Montserrat, Nevis, 
St Kitts, St Lucia, St Vincent & the Grenadines, and Turks & 
Caicos Islands. And more recently, this work of monitoring and 
measuring beaches has been extended to small islands in other 
regions, including the Cook Islands, Palau and the Seychelles. 

Caring for Island Biodiversity 

UNESCO's interest in biological diversity dates back to the early 
days of the Organization, under its first Director General, 
biologist Julian Huxley. Among the early activities was joining 
with the French Government and the Swiss League for Nature 
in the founding of IUCN, the World Conservation Union, in 
1948. In terms of island biodiversity, UNESCO's continuing 
concern is rooted in two complementary international initiatives 
for the conservation of biological diversity. 

The Convention for the Protection of the World's Natural 
and Cultural Heritage is a binding legal instrument, which 

provides a permanent legal, financial and administrative 
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framework for international cooperation in contributing to the 
protection of the world's natural and cultural heritage. The focus 
is on unique sites of outstanding and universal value. The World 
Heritage List includes sites listed specifically for their biological 
processes and biodiversity values such as two sites in Cuba, 
Mornes Trois Pitons National Park (Dominica), Galapagos 
National Park and Marine Reserve (Ecuador), Pitons 
Management Area (St Lucia), Aldabra Atoll and the Vallée de 
Mai (Seychelles) and East Rennell (Solomon Islands). 

The World Network of Biosphere Reserves, within the Man 
and the Biosphere (MAB) Programme, currently comprises 459 
sites in 97 countries and territories, including Cuba, Dominican 
Republic, Mauritius, US Virgin Islands. At best, biosphere 
reserves are sites of excellence to explore and demonstrate 
approaches to conservation and sustainable development, with 
associated research, monitoring, training and education and the 
involvement of local people as the driving force for conservation. 

In addition to these two concepts and tools for promoting 
the in situ conservation of biological diversity, other activities 
include studies on marine living resources within the IOC (e.g. 
coral reefs, benthic fauna, harmful marine algae), work related 
to the educational and ethical dimensions of biodiversity, and 
issues at the interface of biological diversity and cultural 
diversity. 

Biodiversity conservation in small islands has also been 
addressed in a range of activities within the Coastal Regions• 
and Small Islands (CSI) Platform. These include contributions 
to the discussion forum on wise coastal practices and field 
experience in such locations as Portland Bight in Jamaica, 
Trobriand Islands in Papua New Guinea, Saanapu-Sataoa in 
Samoa, Cousin Island in Seychelles, Chumbe Island in Tanzania 
and Surin Islands in the Andaman Sea, Thailand. 

Renewable Energy 

The development of alternative energy systems is a crucial issue 
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for many small islands. UNESCO's long-standing work on 
harnessing clean energy sources was boosted in the 1990s by 
the World Solar Summit process and subsequently through the 
Organization's contribution to the UN World Solar Programme. 
Capacity building aspects include the Global Renewable Energy 
and Training Programme (GREET) and a series of learning 
materials on new and renewable energies. 

An ongoing initiative of UNESCO and UNDP - through 
their respective Apia offices, and in collaboration with SOPAC, 
USP and other bodies - provides support to a range of regional 
and national Pacific sustainable energy projects, such as a 
national energy policy and strategic action plan for Tokelau, 
options for uninterrupted power for Apolima Island (Samoa), 
increased use of renewable energies in the Cook Islands and 
training in photovoltaic solar home systems. 

Toolkits have recently been published on such topics as 
solar voltaic systems and geothermal energy. A video and 
associated booklet (Rays of Hope) highlights the importance of 
renewable energy in the Pacific, with interviews and project 
insights from several countries. 

- In Kiribati, solar panels power rural health centres and 
remote radio-telephone sites. 

- In Fiji, a village cooperative runs a small-scale hydro-
electric project providing electricity for over 200 homes in 
a settlement deep in the interior of the main island. 

- In Papua New Guinea, a hybrid, renewable energy system 
(involving wind turbines and solar panels) provides an 
independent supply of power to a highlands school. 

- In Samoa, a medium-scale hydro-project in Afalilo on the 
main island of Upolu has resulted in a switch in the energy 
supply feeding a hydro-electric power plant, from 20% 
hydro and 80% diesel to 80% hydro and 20% diesel. 

- In the Cook Islands, coconut oil is being used as fuel in a 
normal diesel engine, and has been used in Vanuatu to fuel 
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buses, taxis and other vehicles, as well as generators that 
power a hydroponics project (growing plants in a medium 
other than soil). Given that nearly every Pacific island 
country has a large supply of coconuts, the fact that diesel 
engines and generators can be run on coconut oil holds 
exciting possibilities for the future of renewable energy in 
the region. 

Future UNESCO work on renewable energy includes support to 
a capacity building programme in the Caribbean. 

INSULA and insular energy 

Among the international NGOs that work closely with UNESCO, 
the International Scientific Council for Island Development 
(INSULA) has a strong programme on renewable energy, in 
Europe and the eastern Atlantic in particular. This work includes 
the organization of international conferences and the diffusion 
of conference publications and other information materials, such 
as those related to an Island Solar Summit and an associated 
Island Solar Agenda, a Euro-Caribbean conference on sustainable 
energies and follow-up discussion forum, and an international 
conference on renewable energy systems for islands, tourism and 
water desalination. 

Severa1  issues of INSULA's international Journal of Island 
Affairs have been focused on renewable energy, such as policies 
and strategies for desalination and renewable energies and 
biosciences and biotechnologies.Other INSULA-sponsored 
activities include technical support to renewable energy projects 
at the field level. An ongoing example is that on promoting 
energy self-sufficiency for El Hierro in the Canary Islands. This 
involves a three-pronged programme of energy saving, electricity 
production and transport, with support from the European 
Commission and a consortium of partners coordinated by the 
Instituto Tecnologico de Canarias. 
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NATuiti. RESOURCE MANAGEMENT: A CASE STUDY OF 

UNITED STATES 

In US, the National Park Service Organic Act of 1916 directed 
the Park Service to preserve these resources and to leave them 
unimpaired for the enjoyment of future generations. As a result 
of a number of factors, including the size of the park, a shortage 
of personnel available to study the environment, and the status 
of the monument as a historic site, the management of natural 
resources remained secondary to the rehabilitation of the ruins 
and the interpretive program. In the last two decades, however, 
the Park Service has been broadening its responsibilities at Fort 
Union. The conservation of the physical environment is 
becoming a priority at the monument. 

For years, natural resource management was nonexistent 
at Fort Union. Established to preserve the remnants of an old 
military post, the monument, more like a history museum than 
a scenic park, concentrated its efforts on management of the 
cultural resources. Even if there was an interest in the park's 
environmental aspects, the small permanent staff --usually three 
to four persons—limited the park's ability to conduct any large-
scale scientific research. In contrast to many other units in the 
park system, Fort Union occupies a small area encircled by vast 
private lands. In the beginning there was no immediate need to 
consider a natural resource management program. Accordingly, 
the Park Service simply reacted to most natural resource issues. 
It responded to them only when nature posed an impending threat 
to the ruins. 

A passiveness and unsophistication characterized all of the 
park's early decisions and activities in dealing with natural 
resources. For a long time, natural resource management and 
protection had been synonymous, encompassing such actions as 
suppressing fires, controlling floods, stopping trespassers, and 
guarding the flora and fauna from damage. Although 
Superintendent Kittnd8e Wine lacked any experience whatsoever 
in natural resource management, his intuition told him to protect 
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the integrity of the fort as much as possible. Intended to preserve 
the ruins, not the environment, some of the measures 
implemented by his administration nonetheless benefited the 
natural world of Fort Union. 

To save the remains of the old fort, the monument lost no 
time in enclosing its newly acquired property. Since the last of 
the troops marched away from the post in 1891, the Union Land 
and Grazing Company had allowed its cattle to feed freely in 
the fort area. Gradually the land became overgrazed; certain plant 
species increased at the expense of others, leaving the land in 
poor condition. After regaining control of the area, the National 
Park Service prohibited grazing. Wing decided to fence the 
monument's boundaries. In April 1956, he secured enough funds 
to fence the territory. Two months later, the regional office 
granted a $5,048 contract to Steve Franken of Las Vegas. 
Following the marking stakes set by Regional Engineer George 
Johnston, Franken fenced both sections within five weeks. The 
final exclusion of stock assured the recovery of the vegetation. 

It was much harder to exclude fire, particularly 
unpredictable wildfires, from the park. This destructive natural 
force often posed a threat to the ruins. As early as January 1956, 
a wildfire engulfed 100 acres of short-grass sheep pasture ten 
miles south of the park, along Highway 85. Greatly concerned, 
Superintendent Wing observed, "if such a burn can happen in 
January in short grass, the alarming possibilities of a warm-
weather burn in the long grass at Fort Union are evident." There 
was an urgency to prepare for fighting wildfire, which could 
occur at anytime and anywhere. The following month Wing 
contacted the regional forester in regard to a fire fighting jeep 
for the monument. Although the regional office had promised 
to deliver a jeep, it ruled out any hope that the Park Service 
would furnish a tank and pump equipment. Because of a previous 
agreement in which the Union Land and Grazing Company 
donated all of the needed fire-fighting equipment, the Park 
Service agreed only to maintain the property and personnel at 
the site. Thus, Wing's continuous appeal for help did not change 
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his superior's mind. For quite a while, Fort Union had little fire 
equipment. 

Despite little assistance from Santa Fe, Fort Union tried 
its best to cope with the problem. In August 1957, Wing, in 
cooperation with the Union Land and Grazing Company, made 
arrangements with the New Mexico State Highway Department 
to rent a grader to create firebreak lanes along the entrance road. 
In addition, the visitor area of the monument received firebreak 
lanes on three sides with Wolf Creek forming a natural defense 
on the western side. The measure reduced the fire threat from 
outside. In 1958, a wildfire on the adjacent ranch property burned 
200 acres. remaining calm, the park employees trusted to the 
utility of the firebreaks. 

Nevertheless, the park was vulnerable to any fire hazard 
within the monument's boundaries. This situation did not change 
until 1959 when Fort Union got its first running water system. 
In January, the Star & Cummins Company of Albuquerque 
installed a 50,000-gallon water tank in the northwest corner and 
laid all the pipes to the main sections of the monument. The 
modern water system provided not only drinking water for the 
employees but fire protection for the previously unprotected 
ruins. Hose houses were erected at each fire hydrant. They 
increased the park's fire-fighting capabilities. Meanwhile, the park 
administration continued to highlight weed control and personnel 
training. The accumulation of dry weeds in arroyos and along 
the fences became fire hazards and required constant removal. 
Superintendent Homer Hastings hired Margarito Lovato and his 
team to mow undesired plants. In the fall, the New Mexico 
Highway Department again helped clean the firebreaks along 
the entrance road and inside the eastern edge of the monument. 
Also, Hastings conducted a fire control inspection and instructed 
the employees on the proper use of the fire-fighting equipment. 
By the end of the 1950s, the monument staff had acquired the 
basic skills and equipment for fire control. 

In managing water resources, Port Union encountered a 
different situation. Th 	em was one of scarcity rather than 
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abundance. The operation of the monument entailed furnishing 
a supply of water adequate for the needs of both the employees 
and visitors. A small spring meandering in the gully just west 
of the Third Fort could not meet the demand of ten-gallon-per-
minute. The Park Service had to find other sources. To determine 
the feasibility of obtaining a ground water supply, the Park 
Service requested that U.S. Geological Survey study and assess 
ground water conditions. In addition to the field survey in July 
1956, samples of well and spring water were sent to the 
laboratory in Albuquerque for chemical analysis. After the study, 
the surveyors affirmed the quality and quantity of ground water 
in the area. Later they helped select a suitable location for the 
well. 

As the first scientific study of the monument's natural 
resources, the survey gave people a better understanding of the 
fort's environment. While they searched for water, geologists 
examined various aspects of the park's geography, geology, and 
topography. The essential motive of the survey, however, came 
from a need to acquire water, not from a desire for more 
knowledge. As soon as fresh, pure water gushed out of the well, 
the Park Service lost interest in learning more about the area's 
environment. Accordingly, the Regional Office failed to conduct 
another scientific study on the natural resources at the monument 
for another 14 years. 

The pragmatic and utilitarian approach to natural resources 
also guided erosion control and landscaping. Although annual 
precipitation measured only 18 inches, occasional rainfalls tould 
leave their distinct mark on the once overgrazed land, washing 
away topsoil and creating small ravines. As a by-product of the 
ruins stabilization work in 1957, Superintendent Wing initiated 
efforts at erosion control by dumping unwanted earth and broken 
bricks into a gully at the northeastern corner of the Third Fort. 
The work eased the erosion problem for a small section. Except 
for this experiment, there is no record showing any other erosion 
control in this early period. 
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During the construction of support facilities, bulldozers 
made people realize the need for landscaping. In Wing's view, 
"a great amount of regrading and reseeding" in the residential 
and visitor center areas was "required to make the environs of 
the new homes presentable." Paul Gensemer of Las Vegas 
received a contract to beautify the natural scenery of the park. 
Although the Park Service expected him to complete the work 
before the formal dedication of the monument in June 1959, he 
did not meet the deadline. By the end of August, with exception 
of four loads of manure scattered over designated places, no 
progress occurred. In the following month, the Park Service 
terminated the contract, and later awarded it to James Vander 
Sys, a nurseryman from Santa Fe. Securing a number of Apache 
plum trees, salt bushes, and sumacs in Watrous, he planted them 
around the new visitor center and the residences. On April 29, 
1960, he fulfilled his contract. 

Leaking sewer water caused by the inconsistent construction 
activities was another problem. It remained difficult to get the 
newly completed sewer lagoons to hold water due to the porous 
soil in the area. No sooner did the water enter the lagoons than 
it soaked into the ground. In the spring of 1958, Acting 
Superintendent George Cattanach made arrangements with Fort 
Union Ranch to put a dozen horses, loosely roped together, into 
each lagoon for a few hours to help compact the loose soil on 
the bottom. This method proved effective, and the lagoons began 
holding water in a sufficient quantity to permit them to function 
properly. 

The park administration realized the impact of nature on 
cultural resources. Wind, rain, snow, hail, drought, and fire 
threatened the historic structures at Fort Union. To protect the 
ruins, the monument staff had to pay attention to the area's 
natural resources. Although none of them had any formal training 
in natural resource management, their daily actions, as mentioned 
above, benefited the environment. Meanwhile, the fort sought 
to collect weather information by recording daily temperatures, 
wind speeds, and precipitation. In May 1957, Fort Union began 
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submitting monthly precipitation reports to the Albuquerque 
Office of the U.S. Weather Bureau, in the hope of encouraging 
a systematic study of the climate of the Mora Valley. 

The monument carried on its traditional trouble-shooting 
strategy for handling natural resources into the 1960s. In the 
new decade, this passive and reactionary attitude still dominated 
all the decision-making processes. As long as the ruins and other 
man-made structures were safe, there remained no clear agenda 
for natural resource management. This did not forestall the fort 
administration in improving its ability in certain fields such as 
fire control. For example, in 1960 an additional tank and slip-
on pump arrived at the fort, supplementing the existing fire 
equipment. Six years later, a new fire attack unit consisting of 
a 110-gallon water container and a one-horsepower pump 
replaced all existing equipment, which had proved unreliable in 
cold weather. 

Meanwhile, weed control efforts continued. The 
maintenance crew constantly inspected and cleaned the fire-
breaks. Sometimes they had to work extra hours due to excessive 
weeds and grass caused by unusually wet weather. In August 
1963, about six inches of rain fell, damaging the fire-break and 
the service roads north and east of the Third Fort. The 
maintenance crew quickly repaired them but correcting the soil 
erosion was beyond the park's capabilities. Again in 1965, more 
than 22 inches of precipitation, 15 percent above normal, resulted 
in abundant plant growth, which became a fire hazard. After 
failing to control weed growth in the summer, the maintenance 
workers had to conduct a controlled burn inside the foundation 
outlines of the historic buildings. 

The growing interest in natural resource management at 
Fort Union resulted from the changing cultural climate in the 
United States. The passage of the Wilderness Act of 1964 
announced the third natural preservation movement, following 
those of the Progressive and New Deal eras. This time, the noble 
cause attracted powerful grassroots support. Throughout the 
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second half of the sixties, Americans, led by burgeoning 
environmental groups like the Sierra Club and the Wilderness 
Society, began to introduce environmental agendas into both 
local and national politics. The entire country articulated 
concerns about the state of America's physical environment. The 
"Keep America Beautiful" campaign that Lady Bird Johnson 
initiated during her husband's presidency educated the public 
on the issue. Environmental movements won a significant victory 
in 1970 when the federal government proclaimed "Earth Day." 

Americans cared about their land and the Park Service 
responded to the nation's call. The tone of the era made the 
agency reconsider its priorities and responsibilities. The 
MISSION 66 program was designed to provide visitors with high 
standard services that would encourage maximum enjoyment for 
those who used the parks. In 1966, the 80-million-dollar program 
ended successfully. However, an increase in visitation brought 
a need to protect the natural resources from the depredations of 
people. If the Park Service hoped to continue quality service in 
the future, the natural resources in its domain required more 
attention. After a decade in which the use of the nation's parks 
overwhelmed the system's capabilities to preserve its resources, 
Park Service policy began a dramatic shift in the opposite 
direction. 

Astute officials in Santa Fe lost no time in implementing 
Washington's policy. Recruiting enthusiastic young 
preservationists armed with the latest scientific knowledge, the 
Southwest Region began to implement various environmental 
programs. As early as 1969, it launched a campaign for 
environmental awareness and education. Regional Environmental 
Education Coordinator William Brown arranged a field exercise, 
in which people contributed their ideas and suggestions about 
the program, at Bandelier National Monument on February 27 
and 28. Representatives from the different park units in New 
Mexico, including Fort Union, attended the meeting, and the 
participants were "imaginative and positive in their commitment 
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to the environmental management concept." Each unit drew up 
its own plan. 

In comparison with its counterparts, Fort Union's plan for 
environmental education appeared a little sketchy but practical. 
According to the plan, the staff was going to discuss the issue 
during daily coffee breaks and scheduled monthly meetings, with 
the hope that various themes for natural resource management 
could be developed before the end of 1969. In the following 
year, the monument would create an environmental study area 
for the use of Las Vegas schools. Thus, students would gain 
first-hand experience in the program. Also, Superintendent 
Hastings contacted the local agency of the Forest Service and 
Highlands University in order to obtain their advice. 

The environmental education program continued through 
the early 1970s. After Superintendent Hastings' retirement, park 
ranger Robert Arnberger carried on the unfinished mission, laying 
the groundwork for the establishment of an environmental study 
area at the First Fort. Like his predecessor, he solicited the local 
schools and college for support. With the help of professors 
Werner Muller and Bob Lessard, an introductory course on the 
environment became a part of the teachers' preparation program 
at Highlands University. A group of public school teachers also 
showed an interest in taking an active role in the program. 

Applying the same tactics used in the interpretive program 
to natural resource management, Fort Union sought to build close 
relations with the community. The park personnel frequently 
contacted preservation organizations such as the Sierra Club and 
the Adelante Conservation to recruit assistance. Arnberger was 
invited to speak to the local Sierra Club. These contacts and 
meetings helped the park determine its agendas and goals. 
Meanwhile, environmental education materials were distributed 
at the visitor center. As a result, both the Park Service and 
society benefited from the environmental education program. It 
strengthened the public's belief in conservation. For the first time, 
the monument devoted much time to environmental issues. 
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Indeed, a balance between cultural resource and natural resource 
management began to emerge. 

As natural resource management formally occupied the 
fort's administrative calendar, a series of actions involving 
preservation and research occurred at the site. One of the 
priorities was soil conservation, because erosion threatened the 
safety of the historic structures. Every cloudburst washed away 
dirt and created unwanted ravines in the park. Although Fort 
Union occasionally conducted a few emergency measures to fight 
erosion, the problem was beyond the park's capabilities. It had 
neither the money nor sufficient knowledge to retain the soil. 
This situation lasted until 1970 when the National Park Service 
addressed the issue in a serious manner. In November, Assistant 
Park Service Director Edward Hummel sent to the regional 
headquarters guidelines for soil and moisture conservation at 
each unit. Washington also agreed to appropriate more funds 
for such purposes. 

Under the guidance of Washington and Santa Fe, Fort 
Union started planning soil erosion control. For the first time, 
the Park Service asked the experts to conduct a systematic study 
on both the conditions of, and the solutions.  to, soil erosion. In 
October 1973, U.S. Soil Conservation Officer Harold Dineen 
inspected the situation of arroyo erosion at the monument and 
outlined the necessary measures. According to his suggestions, 
masonry check dams and ripraps should be placed in arroyos to 
stabilize the banks. In the following year, the maintenance crew 
experimented with his methods and filled some of the arroyo 
heads with rubble and debris. Their work proved effective against 
the severe summer storms. 

The preliminary research and experimentation led to a well-
planned and funded project for soil erosion control. In 1975, 
Fort Union and the U.S. Soil Conservation Service Mora-Wagon 
Mound District reached a cooperative agreement. It required the 
district to prepare a land inventory map of Fort Union National 
Monument, showing the soil, water, and vegetation potentials 
and limitations. Also, the conservation officers were willing to 
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supply available technical assistance and information on how to 
treat the land. In return, the monument followed the district's 
instructions and recorded data about its soil, water, and 
vegetation. The chief beneficiary of this agreement was Fort 
Union, which received a detailed proposal for soil erosion 
control. 

Designed by conservation specialist Gary Storch, the 
proposal detailed work that was to occur in two stages. During 
the first year it focused on diverting water. Sheer vertical arroyo 
banks would be sloped and cut to no greater than a 2:1 slope to 
limit damages from runoff to downstream areas. Several new 
waterways with erosion-resistant rock lining were to be 
constructed to help dispose of large quantities of runoff water 
more efficiently. For 1976, the second season, the main 
objectives were rack building and grass seeding. Certain spots 
would receive either wooden posts or metal bars to catch debris 
in the arroyos and reduce the speed of flux after a rain. But 
nothing was more effective than grass cover. Thus, the plan 
suggested that workers seed the disturbed sections with native 
grasses such as blue grama, little bluestem, and western wheat. 
Careful planning was the first step toward success. 

Meanwhile, the Park Service received funds for a number 
of projects from the Economic Development Administration as 
part of the Job Opportunity Program. Fortunately, Fort Union 
was a chief beneficiary, and got a lion's share of the funds with 
$71,000. The unexpected funds enabled the monument to hire 
twenty unemployed veterans from Mora County and to execute 
its elaborate scheme for erosion control immediately. Following 
the plan, the workers accomplished their assignments and went 
home before Christmas. In the spring of 1976, eleven returned 
for the second season. They labored through early December 
until both the Job Opportunity Program and the erosion control 
project were completed. 

As a result, the two-year program eased most of the 
troubles concerning soil erosion. Although it was impossible to 
solve all the problems at once, this intensive conservation 
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program stopped the further depletion of the earth to a great 
degree. For the time being, park administration could shift its 
attention to other natural resource issues. 

Certainly, water was another long-forgotten aspect, that 
required more study. Since the U.S. Geological Survey effort of 
1956, the Park Service had shown little interest in water resource 
management at Fort Union. In the late sixties, the predominant 
national mood favoring environmental preservation influenced 
the attitudes of government bureaucrats at every level. 
Concerning the safety of visitors and the potential for future 
consumption, the Southwest Region decided to examine both 
the quality and the quantity of water in the fort area. In 1970, 
hydraulic engineers suggested that the fort keep records of water 
use, including domestic consumption and irrigation. The absence 
of meters, however, made it difficult for the monument to 
provide accurate data about water use. Without basic cooperation 
from the local unit, the regional office had no alternative but to 
postpone water resource research indefinitely. 

The 1970s witnessed no activity in hydraulic studies at the 
fort except for a brief test of the well. After the Red Top Drilling 
Company installed a new pump, the Park Service did a routine 
check of the new system. In April 1974, Hydraulic Engineer 
Garland Moore and his team arrived at the site. They inspected 
the well and the new pump. Surprisingly, they found that the 
water table had dropped from 85 feet in 1957 to 91.7 feet. 
Because the team could not decide why the underground 
reservoir had shrunk, the test remained inconclusive. To the 
monument, a comprehensive hydraulic study remained 
unavailable. 

Nevertheless, the quality of the groundwater at Fort Union 
remained unchanged throughout its history. Beginning in 1960, 
the park staff collected water samples twice a month for 
bacteriological tests by a state-approved laboratory. Thorough 
analyses were made every three years. The chemical quality of 
the groundwater always met the drinking water standards set by 
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the Public Health Service in 1962. Also, the maintenance crew 
regularly cleaned the water tank to keep the artisan water pure. 

When Fort Union merged with Capulin Mountain National 
Monument, water resource management received new attention. 
Both Santa Fe and Capulin bosses requested an inventory of 
water resources in the fort area. With some assistance from 
natural specialists from Capulin, unit manager Carol Kruse 
prepared a detailed report entitled "Water Resources Management 
Profile for Fort Union National Monument." Based on previous 
information and recent studies, the document dealt with various 
aspects of water resources such as physical description, legal 
rights, problem identification, recommended strategies, and 
bibliographical references. For the first time, the Regional Office 
received an overview of the fort's water assets and problems. 
Despite its primitive nature, the profile reflected a new approach 
toward resource management, from trouble-shooting to systematic 
studies. 

Although the small number of personnel limited Fort Union 
ability to conduct any large-scale research, the monument sought 
to learn more about water resources. After his field trip, Werrell 
compiled a detailed report about his survey. It suggested that a 
new well be drilled even though the existing one might be 
productive for a few more decades. His study gave the Park 
Service a better understanding of the groundwater situation at 
Fort Union. In addition, the monument employees themselves 
continued to inquire into water resources. Throughout the 1980s, 
each management plan or superintendent's annual report showed 
progress in the field. 

Unlike water resource management, which could pause at 
any time as needed, fire control required constant attention such 
as personnel training and equipment improvement. Because of 
its location where water was scarce and grass was abundant, 
wildfire posed the most dangerous threat to the park. Thus, the 
park employees were constantly on fire alert. They regu!arly 
checked and repaired the old fire-fighting tools. Every few years, 
new equipment was purchased and fresh ideas surfaced. In 1972, 
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the monument redesigned its four fire hose houses and made 
them fireproof. 

Five years later, all the equipment was upgraded again. In 
April 1977, workers completed a new fire-resistant fire cache 
building in the maintenance area. The 300-gallon pump trailer 
received a new pump, improved hose reels, and other gear. Also, 
the monument procured a portable, backup fire pump for forest 
fire control use. Later in the season, four sets of bunker gear, 
including helmets, gloves, boots, turnout coats and pants, and 
self-contained breathing units, came to Fort Union to arm its 
mini-fire department. By the late seventies, with sufficient 
modern equipment, the monument had greatly increased its fire-
fighting capability. 

The development of training in fire control went even 
faster. Wildfires in the neighboring areas offered the park staff 
good opportunities to acquire real battlefield experiences. In the 
seventies, natural fires broke out more frequently in the region 
than they did in previous decades. For example, one fire in April 
1974 engulfed 1,500 acres of grasslandS  belonging to the Union 
Land and Grazing Company. Armed with modern weapons, the 
park employees responded to calls for help and fought the fire 
effectively. The only rewards for their sweat and bravery was 
enhanced skills and experience. 

The park's amateur fire fighters also participated in 
suppressing wildfires in other regions and states. In June 1977, 
the La Mesa fire at Bandelier National Monument destroyed 
large portions of the Upper Canyon and Frijoles Mesa areas. 
Answering an emergency call for assistance, Superintendent 
Hopkins and ranger Thomas Danton, with their recently acquired 
equipment, quickly drove to the burning area. Both spent six 
consecutive days in the blazing forest. No sooner did they put 
the equipment back into the cache building than a fire broke 
out at Sequoia National Forest in California in August. 

Besides reliable equipment and proper training, 
cooperative activities within government, community, and 
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citizenry were crucial for the suppression of large fires. In 1968, 
the Southwest Region of the National Park Service and the state 
of New Mexico reached agreement on mutual aid in the case of 
natural disasters. Although the agreement covered the Mora 
Valley, the management sought additional cooperation from the 
surrounding communities. In 1975, Superintendent Hopkins and 
Andrew Marshall, then treasurer of the Union Land and Grazing 
Company signed an agreement on a joint effort to deal with 
fire disasters. A revised version appeared three years later. 
During the same period Fort Union and the Watrous Volunteer 
Fire Department struck a similar deal. With these agreements, 
the monument bore more responsibilities, but in trade for better 
fire protection. 

The best protective measure was to prevent fires in the 
first place. After improving its fire control abilities, the 
monument exhibited a growing interest in scientific studies. In 
April 1983, Fort Union installed a fire weather station near the 
visitor center to collect data on wind, precipitation, temperature, 
and humidity trends. High winds often proved to be a major 
factor in determining fire hazards. Because the highest. recorded 
winds usually occurred in August, that became the most 
dangerous month for wildfire threats. So the preparation began 
before each summer. 

Learning from other parks' experiences, Fort Union tried a 
new fire control method--"prescribed burn." It was an effective 
tool used to restore the historic scenery and reduce fire hazards 
by carefully burning small sections of the vegetated area under 
closely supervised conditions. On April 10, 1985, the 
maintenance crew burned off five acres at two sites. Minimal 
pre-burn information was available, but the revegetation was 
documented with photographs fo' the following six weeks. The 
prescribed burn slowed the growth of woody plants and in return, 
the prairie grass made a comeback. 

The monument continued to improve its fire management 
capabilities in every way. In 1990, the draft of the fire 
management plan for Fort Union arrived at Santa Fe for review. 
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It showed the maturity of fire control. Recent decisions by the 
Park Service, however, prohibited any prescribed burn due to 
"safety" reasons. The maintenance workers returned to more 
traditional ways of limiting the growth of unwanted plants by 
regularly cleaning the firebreaks and mowing the overgrown 
areas. But in general, fire management at Fort Union was 
successful as no fire has ever damaged any park property since 
its establishment. 

As a part of the cultural and natural resources of the 
monument, the Santa Fe Trail ruts raised a new issue for resource 
management. In the late seventies and the early eighties, the 
800-mile Santa Fe Trail was developing a reputation in the 
public's eye as a significant historic resource in its own right. 
At Fort Union, the trail became a major attraction in addition 
to the ruins. A hundred years of revegetation, weathering, and 
erosion had changed the original appearance of the trail by either 
deepening the ruts into arroyos or filling them with earth. 
Sections of the trail, within the monument grounds, were lost 
through the construction of the visitor center, residential houses, 
and maintenance buildings. 

Beginning in 1985, a soil erosion control project helped 
care for the Santa Fe Trail ruts. Assisted by the U.S. Soil 
Conservation Service Mora District, Diane Jung and Keith 
Yarborough from the Southwest Region authored a plan for a 
two-year arroyo stabilization program at Fort Union. As soon 
as they finished the blueprint, the maintenance crew started 
constructing, mulching, and seeding earthen dikes. Banks of an 
arroyo at the northeast corner of the monument were sloped. In 
the summer of 1986, 45 Boy Scouts labored for 179 hours on 
the erosion control program. The project was completed in 1986 
when the ruts of the Santa Fe Trail stood more firmly against 
the threat of erosion. 

But the problem was far from resolved. Since the visible 
ruts of the Santa Fe Trail stretched through the entire valley, 
their preservation as a whole seemed unrealistic. All wagon 
wheel ruts could eventually erode away. Even if the Park Service 
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discovered a reliable way to preserve a small section of the ruts, 
it still could not restore the integrity of the historic trail. 
Realizing the situation, the fort administration pleaded with the 
regional office for further study on both the strategy and the 
tactics of preservation. In recent years, Superintendent Harry 
Myers made a few contacts with the Santa Fe Trail Association 
and the U.S. Soil Conservation Service to discuss possible 
measures. There was no quick answer. As are' many interested 
citizens and government agencies, Fort Union is still searching 
for a solution. 

One of the best studies on the park's natural resources was 
Sandra Schackel's Historic Vegetation at Fort Union National 
Monument, 1851-1983. Then a history graduate student at the 
University of New Mexico, she accepted the Park Service's 
contract to produce an in-depth investigation of the fort's flora. 
Because the prairie environment affected Fort Union's physical 
condition regarding such things as soil erosion, fire hazards, 
animal habitats, and natural scenery, the Southwest Region 
decided to approach natural resource management at the 
"grassroots" level. Schackel pioneered the task. Working closely 
with the U.S. Soil Conservation Service, she investigated various 
species of plants and searched government documents to 
determine whether there was biological continuity or change 
through the park's history. In 1983, the first study on the history 
of the park's vegetation appeared. 

According to Schackel's study, vegetation conditions at Fort 
Union in the early 1980s appeared similar to those documented 
in the historic records of the mid-nineteenth century. The valley 
possessed rich blue grama and other grasses interspersed with a 
great variety of beautiful wild flowers until the coming of U.S. 
troops in 1851. The construction of buildings, gardens, corrals, 
and the parade ground gradually turned the once luxuriant pasture 
into a barren, dusty area. In American frontier history, ranchers 
often followed soldiers. After the closing of this frontier post, 
the commercial grazing company replaced the military as the 
catalyst for environmental change. Cattle grazing continued to 
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diminish the remaining vegetation cover for 65 years. However, 
the establishment of Fort Union National Monument brought 
new hope for environmental protection as the Park Service 
fenced the land and allowed the start of a recovering process. 
In the last 36 years, vegetation at the monument was gradually 
restored. Today the prairie is once again growing toward a 
potential climax. 

Simultaneously, several other research projects, not funded 
by the Park Service, were under way. In 1982 while Schackel 
was studying the park's vegetation, Lee Boyd of West Texas 
State University came to Fort Union to research the geological 
features of the nearby Turkey Mountains, which formerly were 
included in the military reservation. This year-long study resulted 
in a scholarly work, Geology and Joint Pattern Study of the 
Turkey Mountains. Park volunteers Charles and Peggy Matlock 
performed the first survey of birds at the monument and the 
surrounding areas. They lived at the fort in the fall of 1983. 
Incorporating data from personal observations and previous 
records, the Matlocks compiled a report about bird activities in 
the area. These research projects broadened the park's scope in 
fields from geology to flora and fauna. 

In accordance with the Endangered Species Act of 1973, 
the U.S. Fish and Wildlife Service defined and listed all 
endangered species of flora and fauna in the nation. Fort Union 
was home to none of them. The threatened creatures of Mora 
County, the black-footed ferret, the swift fox, and the spotted 
bat never visited the fort. Only bald and golden eagles 
occasionally stopped at the fort during their long flights. 

Of all the fauna at the park, snakes received the most 
attention. A considerable snake population lives in the Third 
Fort and the Depot, with sightings recorded in all months except 
January and February. Unchecked activities by these reptiles, 
particularly rattlesnakes, threatened public safety. Rattler 
sightings in public use areas averaged 25 per year, about half 
of which involved confrontations with humans. Concrnd with 
the safety of visitors, the Park Service, since the establishment 
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of the monument, placed warning signs along the interpretive 
trail and asked people to stay out of the grass, where poisonous 
serpents were likely to linger. In past years, the warning sign 
helped reduce the chance of snake confrontations. 

Throughout the history of Fort Union National Monument, 
there was only one recorded incident of a snake bite. On August 
18, 1983, a boy, Nathan Hagman, walked off the marked trail 
and into the grass. Suddenly, a rattlesnake bit his left leg about 
six inches above the ankle. It took only five minutes for his 
father to report the matter to the park staff. Under park ranger 
Carl Friery's advice, Dale Hagman properly kept his son still 
with his legs lower than his heart, and rushed the boy to the 
Northeast Regional Hospital in Las Vegas. 

Although only one rattler attack was recorded, the search 
for a proper way to handle potential confrontations between 
humans and snakes was needed for both public safety and 
resource management. Historically, neighboring ranchers killed 
rattlesnakes on sight. From 1958 to 1971, records indicated that 
Fort Union exercised the same extermination policy as its 
neighbors. The environmental preservation movement made the 
Park Service realize the importance of ecology and the 
coexistence of various species. Consequently, Fort Union shifted 
its policy from extermination to relocation. In the last two 
decades, the relocation philosophy remained the standard. 
Whenever a rattlesnake moved too close to the public use areas, 
trained park personnel quickly captured the errant reptile. Each 
captured snake was marked with brown paint on its tail and 
released on the northeastern boundary near the water tank. This 
method met the demands of public safety as well as 
environmental protection. 

In 1984, Fort Union issued its first written rattlesnake 
policy. Concise and perceptive, it gave an initial account of the 
park's experience in snake management, with thoughtful 
comments and practical goals. Approved by the Southwest 
Region, the rattlesnake policy became effective. In addition to 
the existing methods of warning and relocation, the park rangers 
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began to encourage visitors to report rattler sightings. Public 
cooperation helped the Park Service gather more information 
for further research. The change of policy from extermination 
to relocation showed that the park administration supported "the 
native animal life of the parks for their essential role in the 
natural ecosystem." 

During the 1980s, natural resource management developed 
significantly. It became as important as preservation and 
interpretation. In 1976, personnel at Fort Union wrote a 
"Statement for Management," which gave natural resource 
management minor attention with only one short sentence that 
mentioned the desire to enhance the park's environmental quality. 
Soon, this attitude changed. Under pressure from the public and 
the Park Service, the monument began to prepare for a 
comprehensive management plan in 1979. It took about two years 
before unit manager Carol Kruse submitted the plan for approval. 
This time natural resources received significant attention; a 
natural-cultural resource balance in management began to arise. 

As the first plan of its kind, the "Resource Management 
Plan and Environmental Assessment" guided the fort's operations 
through the decade. Every three or four years the park 
administrators made efforts to revise and update it. The public 
was encouraged to provide input. In essence, by creating such a 
written document the administration saw the need for a natural 
resource management entity at the monument. 

In comparison with the ruins preservation and historical 
interpretation programs, natural resource management in the last 
two decades failed to cover the many problem spots that revealed 
themselves in management operations. Today, some areas are 
still waiting for research. For example, a pollen and soil study 
will augment Schackel's work and allow the mapping of soil as 
well as vegetation. A climatological study is needed to provide 
some insights into weather patterns and to predict their effects 
on ruins preservation. The animal population at Fort Union 
remains largely unstudied. Ground squirrels, whose burrows have' 
severely weakened the trails and ruins, are not understood. The 
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increased presence of rodent families raises additional concerns 
for human exposure to bubonic plague. Indeed, a careful 
appraisal of all these aspects of the environment is required 
before the park's natural resource management meets Park 
Service standards. 

While quietly enduring the subversive impact of nature, 
the weather-beaten ruins at Fort Union National Monument faced 
unnatural threats to their existence and integrity. It is true that 
sometimes human wrongdoing, either malicious or negligent, are 
more evasive and destructive than natural forces. Without 
exception, both people and the civilization they created often 
posed "external threats" to disturb the peaceful park. In the first 
36 years of its history, the monument achieved a good safety 
record with only minimal damage caused by people due to 
geographical isolation, limited territory, and low visitation. But 
Fort Union never appeared as a safe haven for those to seek an 
escape from the dangerous world. Various undesired human 
activities, such as theft, vandalism, encroachment, pollution, 
careless fire, commercial development, and low-flying aircraft 
generated enough concerns for the Park Service. 

The concept of outside human threats to the existence of 
Fort Union surfaced rather slowly; it took no less than 25 years 
to reach its maturity. During the first decade after the 
establishment of the monument, the enthusiastic park 
administration paid little attention to such issues. The staff 
concentrated on ruins preservation and interpretation. More 
importantly, the location of the fort induced people to minimize 
their worry about human malice toward the ruins. Surrounded 
by a 97,000-acre cattle ranch, in single ownership, Fort Union 
was separated from civilization because no large population 
center existed nearby. The isolation was bad news for visitation 
but an advantage for protection. The dead-end eight-mile entrance 
road appeared less inviting for the visitor to come and more 
difficult for the criminal to escape. According to the park records, 
serious incidents involving human mistakes rarely occurred 



Introduction 35 

during the 1950s and 1960s. Therefore, the Park Service believed 
that Fort Union was immune to the outside world. 

Beginning in the mid-1960s, this belief began to erode as 
the conservation movement in the nation took a holistic approach 
to preservation. Changing perceptions of American society 
contributed to more aggressive vigilance on the part of the Park 
Service. The new concerns stretched beyond the borders of park 
areas. By the 1970s, the National Parks and Conservation 
Association (NPCA) and other environmental groups that 
supported the park system had expressed concerns for the lands 
surrounding park areas. In 1976, Director Gary E. Everhardt 
declared that the most severe threats the system faced were 
external. The issue immediately became prominent on the agenda 
of the agency. A Park Service study conducted in 1980 identified 
over two thousand outside activities affecting various units of 
the national park system. Suddenly, many people felt that the 
national parks had been "islands under siege." 

The combination of the new perception of threats and the 
growing pressure upon resources demanded attention from the 
staff at Fort Union. In accordance with the Park Service's policy 
to identify and counteract the broadening range of potential 
threats, fort management stepped up responses to once neglected 
outside threats. Within its ability, the park began to keep good 
records on incident cases. Also, the superintendent's annual 
reports focused more attention on the subject. It was unknown 
whether a growing notion of outside threats and an increasing 
number of incidents were coincident or not. Perhaps increased 
visitation was the cause. In any case, available documents enable 
us to examine the issue of management concern about outside 
threats. 

As a part of President Lyndon B. Johnson's Great Society, 
the War on Waste had reinforced the Park Service's 
determination that the safety of both employees and visitors was 
crucial. In 1964 when the MISSION 66 program was entering 
its final stage, the Park Service launched a new campaign, 
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MISSION 70, which aimed at accident reduction. According to 
program, each unit in the Park Service system would apply safety 
measures to prevent human-caused accidents and fires. Starting 
in the same years, the six regions and 221 units of the national 
park system participated in a five-year contest for the lowest 
record of accident and fire loss. Each year the winners would 
receive certificates. In 1965, after the first season, Fort Union 
won an award for excellent safety performance in which no 
disabling injury, motor vehicle accident, and structural fire 
occurred at the site. After the good start, for the next four years, 
the monument achieved a perfect record under the mission safety 
70 program. 

Throughout the history of Fort Union National Monument, 
the safety record of visitors was nearly perfect. No person ever 
died or was fatally injured in the park. Besides the previous 
mentioned snakebite incident, only one visitor required 
emergency care. In the morning on June 24, 1977, a female 
visitor appeared at the visitor center, calling for help. A few 
minutes before her husband had collapsed in front of the 
quartermaster's quarters. Ranger Robert Hoff rushed to the scene 
to assist the patient and then drove him to Las Vegas Hospital. 
The patient soon recovered from the illness caused by a 
combination of high blood pressure, high altitude, and irregular 
potassium levels. The quick and proper response to the 
emergency call avoided any serious consequences. 

Although no fatal injury or death occurred in the park, the 
administration prepared for any possible emergency situation. 
In 1973, Chief Ranger Robert Arnberger initiated a program to 
bring public safety operations up to Park Service standards. His 
actions included purchase of first-aid equipment, improvement 
of the record-keeping system, and training of qualified personnel. 
In 1974, training received top priority. The slow spring season 
allowed all park employees and their family members plus 
neighboring ranchers, a total of 22 persons, to attend an 
American Red Cross multimedia standard firs-aid course. In 
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addition, Superintendent Hopkins, Chief Ranger Arnberger, and 
Park Technician Ella Rayburn completed a 52-hour emergency 
medical technician course, sponsored by the American Red Cross 
and the New Mexico State Police, in Las Vegas. Thereafter, the 
park kept trained personnel at the fort to cope with emergencies. 

In 1979, students from New Mexico Highlands University 
broke the monument's perfect fire-control record of almost a 
quarter-century by kindling two grass fires among the ruins. In 
the afternoon of March 13, eight art students accidently threw 
lit material into the grass while they were painting. The fire 
broke out at 3:30 p.m. A visitor from Las Vegas, William 
Johnson, reported it to Ann Belen at the visitor center. She gave 
him a CO2  fire extinguisher to take to the site. Three other park 
employees rushed to the fire scene with the 300-gallon pumper 
and equipment. They found that two grass sections were burning; 
one was east of the northernmost company barracks and the other 
was east of the prison. 

Fortunately, the wind was calm at the time, and the flames 
did not spread out of control. With the assistance of eight 
visitors, the park staff extinguished the fires in a few minutes. 
Since each student told a different story about what happened, 
Ranger Hoff was unable to identify the persor who ignited the 
fire, and the students were released from the investigation. But 
the park staff did not cease their vigilance. On the contrary, 
they realized that human mistakes and outside threats could be 
devastating to the park resources. As with the students who 
almost caused a fire disaster, other negligent visitors and their 
careless behavior put different pressure on resource management. 
As a small historic site, Fort Union provided visitors with no 
lodging or campgrounds except a few picnic tables for day use 
only. The beautiful valley in which the fort was located often 
tempted travelers to stay overnight. Sometimes, they illegally 
pitched tents near the residential area outside the monument. 

Several unauthorized camping cases occurred each year. 
The campers made the park authorities nervous because their 
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campfires or gas stoves could start a grass fire if the wind 
suddenly gusted. The park enforced the non-camping rule without 
compromise. As soon as the unwelcome travelers were 
discovered, the park rangers evicted them .by issuing a verbal 
warning. This house-cleaning policy went on effectively. 



2 

NATURAL RESOURCE MANAGEMENT 

AND ENVIRONMENTAL PROTECTION 

In the past decade, the development and implementation of 
environmental protection tools and strategies has vaulted to the 
forefront of many communities' agenda, as a means to protect 
what is' important to the community and the region. Natural 
resources such as wetlands, lakes and woodlands are important 
features in many developing countries; providing low-cost storm 
water management and flood control, providing a purification 
system for drinking water and surface waters, contributing to 
air purity, increasing property values, and creating a sense of 
place and identity to the community. 

MANAGEMENT OF NATURAL RESOURCES AND STRATEGIES FOR 

ENVIRONMENTAL PRonc'rIoN 

Woodbury is fortunate to be part of a progressive Washington 
County and three active watershed districts that have in-depth 
inventories and resource management plans. This type of regional 
planning allows for better protection of natural systems that may 
cross municipal boundaries. Woodbury is also fortunate to have 
the leadership and citizen interest and commitment to kvork 
together in protecting the environment. 
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This chapter of the Comprehensive Plan addresses the 
management of natural resources and strategies for protecting 
the environment. The plan carries forward many of the principles, 
goals and policies established in previous comprehensive plans 
for Woodbury, as well as identifies new tools and strategies to 
help implement the goals and policies for protecting the 
environment. 

The City of Woodbury was once covered in oak savanna, 
wetlands, and prairie. As Europeans settled the land in the 1800s, 
the more level and dry land was extensively farmed and turned 
into fields and pastures. Nearly all the land suitable for 
agriculture was cleared for farming by the early 1900s. The 
southwest corner of the city, being too hilly to farm, has retained 
a canopy of mature oak trees under which residents have built 
their homes. 

The wetlands also were unable to be farmed. Wetlands that 
weren't drained or tiled have remained as a habitat refuge for 
wildlife. The Tamarack Swamp is a unique natural community 
that has had community importance throughout history, and has 
now become a park, where residents walk through this unique 
plant community. The lakes in Woodbury provide enjoyable 
places for swimming, fishing and boating. The subtle hills to 
the east offer scenic views of open space and give present 
residents a sense of place. Productive agricultural lands to the 
southeast are valued as a community asset and give areas of 
Woodbury a rural character. 

As growth pushes outward from the urban core, it is 
increasingly important for Woodbury to be able to protect its 
significant environmental resources. Natural areas are sites that 
have had limited human disturbance. Although natural 
disturbances do occur that change plant community patterns, 
native vegetation still makes up the majority of the plant 
community of these sites. Few quality natural areas remain within 
the metropolitan area and priority should go to preservation 
efforts over creating or restoring poorer quality sites. While most 
of the vegetation was stripped away for agricultural needs, small 
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parcels of natural communities were left, namely the Tamarack 
Swamp and other wetlands and canopies of oak trees used for 
cattle shade and wind breaks. In February of 1997, the City 
completed a Natural Resources Inventory Report, which provided 
a detailed description and quality ranking system of some key 
remaining natural areas within Woodbury's borders. 

Open Space 

Open space is a resource many residents use in describing what 
they like about Woodbury. Open space includes undeveloped 
sites that do not meet the criteria for natural areas, but still 
provide habitat, scenery and other community benefits. Open 
spaces can include areas such as farm fields, golf courses, utility 
corridors, wetlands, woodlots, and simple views with no 
developments or parkland. While Woodbury acknowledges that 
it cannot prohibit future development from occurring, it can 
create a plan that preserves resources that will continue to give 
residents a sense of open space within their community. 

The citizens of Woodbury have taken particular interest in 
preserving open space and through the efforts of the Parks! 
Natural Resources/Open Space Committee, have established a 
thorough description of what defines open space. This definition 
also distinguishes between passive and active open space areas. 

Woodbury's topography is gently rolling with a wide central 
draw running north and south that drains most of the City's 
surface water and includes a chain of lakes and wetlands. 
Topography will play an important role in Woodbury's character, 
not so much for its dramatics, but due to the fact that presently 
there are miles of rolling fields with no trees to block views. 
As these areas become developed, instead of open views of 
rolling hills, residents will view miles of rooftops. A policy to 
provide a greenway overlay on some of these hill crests is 
intended to break up the sea of roof tops, and provide open 
space that can be seen from around the community. 
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Soils can be both a resource and a constraint for 
communities. Areas with bedrock near the surface, steep slopes, 
wet or periodically flooding, or soils with slow percolation rate 
have severe limitations for the functioning of on-site septic 
systems and farming. These were mapped in the 1980 
Comprehensive Plan. The Soil Survey of Washington and 
Ramsey Counties, published by the United States Department 
of Agriculture Soil Conservation Service generally reveal that 
soils in the southeast corner of Woodbury are the better 
producing agricultural soils. 

Watersheds are areas of land that drain surface water into 
a common steam, river or lake. Most of Woodbury's land is in 
the South Washington County Watershed District, draining south 
into Bailey Lake. The northwest corner is in the Ramsey-
Washington Metro Watershed District, and a small piece in the 
northeast corner of the city falls into the Valley Branch 
Watershed District. These watershed districts are important 
planning agencies and Woodbury will continue to work with 
them in managing water resources. 

Wetlands perform many important functions in the 
environment. The most important functions include providing 
stormwater storage, groundwater recharge areas, reducing and 
buffering nutrient loads in surface water, providing wildlife 
habitat, and aesthetic and recreational enjoyment for Woodbury 
residents. There are many types of wetlands, each serving a 
slightly different function. The national wetland inventory (NWI) 
is a general mapping inventory that represents approximate 
locations of these types. Other sources for wetland mapping 
include the DNR, the South Washington County Watershed 
District, and the Ramsey-Washington Metro Watershed District. 

The Tamarack Swamp is a fine example of a tamarack-
hardwood swamp at the southern limit of the tamarack's range 1. 
This unique and diverse plant community deserves a strong 
management plan to protect it from adverse impacts due to 
surrounding development. Lakes are surface water bodies of 10 
acres or more. There are seven lakes in Woodbury that provide 
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recreation, groundwater recharge, flood retention, and fish and 
wildlife habitat among other benefits. Undisturbed shoreland is 
important to the water and habitat quality of lakes. The city has 
acquired much of this shoreland making it easy to better manage 
the quality of the lakes. The following table illustrates the City 
of Woodbury's shoreland classification and riparian dedication 
requirements. 

"Washington County has substantial reserves of high quality 
groundwater. Due to the geological conditions of the County, 
most of these reserves are highly sensitive to contamination. If 
not protected, they will become unusable as a source of potable 
water."2 The Geologic Atlas Series, published by the Minnesota 
Geological Survey, maps geological and hydrological conditions 
in the County. These maps can be used to determine the general 
locations where appropriate land uses might occur in order to 
avoid groundwater contamination. The biggest threats to 
groundwater are non-point source pollution, fertilizer and 
pesticide use and feedlots/manure storage. Other threats, which 
are carefully regulated and monitored, include problems 
associated with septic systems, solid and hazardous waste and 
well construction. The City of Woodbury currently obtains its 
municipal drinking water from the Prairie du Chien-Jordan 
aquifer out of a well field generally located north of Valley 
Creek Drive east of Tower Drive. 

PLAN FOR NATURAL RESOURCES AND ENVIRONMENTAL 

PROTECTION 

As Woodbury becomes a more popular place to live, the 
environmental resources need ever more protection and 
management. In order to protect these resources the city must 
have policies and guidelines for natural areas, open space, slopes, 
soils, surface waters, and groundwater. In addition the plan needs 
to recognize special areas and issues that impact the natural 
environment, and establish direction or guidelines to help 
minimize negative impacts on the environment. This section 


