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Preface 

The papers in this book were selected from the 81 presentations given at 
the Third Biennial Conference on Research in California's National Parks. 
The overall theme for this meeting was "The Integration of Research into 
National Park Service Resource Management Decisions." The conference 
was held at the University of California, Davis, on 13-15 September 1988, 
and was sponsored by the National Park Service Cooperative Park Studies 
Unit and the Institute of Ecology at the University of California, Davis. 

This book highlights research and resource management efforts to 
inventory and monitor natural and cultural resources in the national parks 
of California. Many of the inventory and monitoring protocols and tech­
niques should be applicable to other national park areas throughout the 
United States, and possibly throughout the world. The papers in this book 
naturally divide themselves into three major sections: 1. Fauna; 2. Flora; 
and 3. Physical Processes. Each section is prefaced with a brief introduc­
tion that integrates information in the subsequent papers of that section. 
The majority of the papers in this proceedings deal with the inventory and 
monitoring of animals and vegetation, but there is also a section on moni­
toring techniques for fire management and physical resources. Each paper 
represents original research and has been peer reviewed by at least two 
professional leaders in that particular research discipline. 

This book is a direct result of the efforts of numerous agencies and 
individuals. In the planning stages, National Park Service Western Region 
scientists provided advice and assistance in structuring the conference for­
mat. University of California, Davis graduate students, directed by M. K. 
Sogge, assisted with logistics at the meeting, operating slide projectors 
and providing general assistance with the paper sessions. We thank Jim 
Wood for his editorial scrutiny of the book, and the many reviewers who 
unselfishly devoted their time and efforts to improving each chapter. 

Financial support for this publication was provided with matching funds 
from the Western Region Resource Management and Research program 
and the Washington Office Servicewide Publications Program of the 
National Park Service. We thank Bruce Kilgore, Dave Cherry, Gene 
Hester, and Donna O'Leary of the National Park Service and Peter 
Richerson of the UC Davis Institute of Ecology for their support through­
out this book's development. We are also deeply indebted to all the talent­
ed individuals who gave their valuable time in seeing this product through 
the publication stage. 

Finally, this book, like the products of other symposia focusing on par­
ticular problems, should help to redirect and improve the quantity and 
quality of research and resource management actions in an area of 
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presently active interest within the National Park Service. If this book acts 
as a stimulus for additional legislative demands and commensurate fund­
ing for work on inventory and monitoring of national park resources, then 
we will be enormously satisfied that our organization and editorial efforts 
of the past year have been well spent, as have those of the authors. 

September 1989 CHARLES VAN RIPER III 
THOMAS J. STOHLGREN 

STEPHEN D. VEIRS, JR. 

SILVIA C. HILLYER 

Editors 
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Foreword 

The papers in this volume are contributions from scientists, students and 
resource managers. The focus of their studies is on the inventory and 
monitoring of the natural resources of National Park Service areas in 
California. Support for these studies came from the authors, from individ­
ual parks, universities, and the Western Region and Washington Office 
programs of the National Park Service. The rich variety of the 81 presen­
tations given at the conference and the 18 papers included in this pro­
ceedings reflects the diversity of science in the National Park Service. I 
applaud the efforts of the contributors. With modest funding and a broad 
base of public and institutional support, they have pursued important lines 
of work in and about the national parks and monuments in California. 

There is much to be done. As a people, we face the prospect of exten­
sive local and global environmental changes which have and will buffet 
the natural resources of our parks, resources which we are committed to 
protect from change due to modern human influences. To protect these 
park resources as representative examples of natural ecosystems and as 
baselines for measuring future change, we must increase our efforts to 
develop basic information, to inventory and monitor our park (and global) 
resources, to quantify and evaluate the changes, and to design resource 
management programs that will maintain and restore those resources. We 
must develop the information necessary to alert our managers, our leaders 
and our people to the importance of their natural surroundings as elements 
of those basic resources which sustain us, inspire us and represent our 
natural biological and environmental heritage. 

The papers which follow illustrate just a few of the problems which we 
face, and some of the methods being used to monitor and evaluate them. 
We need much more. 

November 1989 F. EUGENE HESTER 
Associate Director, Office of Natural Resources 

National Park Service 
Washington, DC. 
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SECTION I: FAUNA 

Introduction to the 
Section on Fauna 

We begin this volume with a series of papers that deal with inventory 
and monitoring of vertebrate animals in the national parks. Vertebrates 
liven the scenery for many park visitors and traditionally have generated 
considerable interest for park visitors and problems for park mangers. 
However, as will be seen in the following papers, many parks do not 
have adequate inventories of the animal groups contained within their 
boundaries. 

The papers in this section will acquaint the reader with efforts to inven­
tory and monitor some of the major faunal groups found in National Park 
System areas in California. An introductory paper by Quinn and van Riper 
sets the stage for this book by identifying many of the deficiencies that 
presently exist in the inventory and monitoring data bases from park areas 
in California. They also show that problems in interpretation of existing 
data can occur when dealing with an inadequate or incomplete inventory. 
Certainly not the first to be aware of this problem, these authors have 
provided examples of poor inventories which might be rectified. 

In the second paper, Sauvajot et al. use national park avifauna species 
lists as an example of the inadequacy of presently existing data bases. 
Birds are one of the most visible animal resources in a park, and numer­
ous visitors come each year to specifically watch them. One would 
expect, therefore, that information on the status of bird species in the 
national parks should be one of the most complete. According to Sauvajot 
et al., this is not the case. Even in California, which has a number of 
highly visited parks, they found that no two parks had the same abun­
dance and status categories for their bird checklists. In fact, two of the 16 
parks did not even have a published bird checklist. When these authors 
made biogeographic comparisons between parks, they found that the lack 
of a consistent inventory format kept them from drawing any but the most 
general conclusions. 

The techniques and efforts needed to establish baseline inventory infor­
mation vary with the group of birds under study. One group of birds that 
is very difficult to inventory and then monitor are the raptors. These 
species often nest in inaccessible locations, have a long life span, cover 
great distances during a single day, have large home ranges, and are diffi-
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cult to see. In the third paper, Robert F. Plantrich outlines the techniques 
that Santa Monica National Recreation Area uses in surveying and moni­
toring golden eagles. He shows the advantages of helicopters over fixed-
wing aircraft for monitoring eagles; helicopters have also been successful­
ly used to monitor peregrine falcons (White and Sherrod, 1973; Monk et 
al., 1989). 

Another segment of the avian community that is extremely difficult to 
inventory and monitor are rare and endangered species. Even within this 
group of difficult subjects, the marbled murrelet, described by Ralph et al. 
in the fourth paper, is one of the most difficult. They point out that only 
two nests of this species have ever been found in California, and its dis­
tribution in California and elsewhere was poorly known. The monitoring 
technique used by Ralph et al. to census this rare species is novel and 
can serve as a basis for other studies. 

Moving to mammals in the next paper, Cook et al. found many prob­
lems similar to those described in the earlier papers on birds. They show 
that mammalian inventories, although not quite as bad as avian inven­
tories, are often inadequate and have led to serious misinterpretations 
(Newmark, 1987; Quinn et al., 1990). 

Monitoring techniques for mammals are considerably different than 
those utilized for birds. In the next paper, Chow et al. show how they 
worked with a difficult and endangered species, the "bighorn" or moun­
tain sheep. They present some of the biological problems likely to be 
encountered when reintroducing extirpated species into former habitat, 
including national parks. The extensive use of radio telemetry to monitor 
animals is one of the strengths of their experimental design. This tech­
nique, although initially expensive, is often the only way many species 
can be properly monitored. 

In the paper by Salamunovich and Ridenhour, techniques for monitoring 
aquatic resources are discussed. These authors deal with salmon and trout 
in Redwood National Park. Their objective was to determine if manage­
ment actions were detrimental to the fish. The work required monitoring 
young salmonid populations in an estuary, following growth, feeding 
habits and other factors leading to an understanding of the fundamental 
importance of the estuary and the impact of efforts to artificially limit late 
summer water levels in the estuary. 

The last paper in this section deals with people. The paper by Lee et 
al. describes a visitor perception survey of potential crowding and annoy­
ance at Whiskeytown National Recreation Area. The experimental design 
of their study would be appropriate for any national park that had a 
potential for visitor crowding. Their findings were somewhat surprising; in 
only a few areas did people feel crowded. These areas were the open 
campground and the open beaches. The authors provide simple, cost-effec-
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tive recommendations for the park to follow to alleviate these problems in 
the future. Planting shrubbery around the isolated campsites and posting 
signs at several of the beaches should, they feel, alleviate most of the 
problems. 

In summary, the papers in this first section provide a broad spectrum of 
inventory and monitoring techniques for use in parks and other natural 
areas. It is evident that the continuing interplay between basic studies and 
their use in the management of national park resources is a critical ele­
ment in the long-term preservation of the parks and their biological diver­
sity and other natural values. Good inventory and monitoring programs 
are essential to this effort. 

LITERATURE CITED 
MONK, J. G., B. J. WALTON, R. R. OHLENDORFF and W. D. CARRIER. 1989. 
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Northern Arizona University 
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Design Considerations for 
National Park Inventory Databases 

James F. Quinn 
Division of Environmental Studies 

University of California 
Davis, CA 95616 

Charles van Riper III 
Cooperative Park Studies Unit 

P.O. Box 5614 
Northern Arizona University 

Flagstaff, AZ 86011 

INTRODUCTION 
One critical function of national parks is the long-term maintenance of 

biological diversity. Accurate assessments of the occurrence of species or 
genotypes (or perhaps more importantly, their absence) in parks, and the 
health of individual protected populations, are essential to both the man­
agement of diversity within existing parks and the identification of new 
sites for acquisition that encompass biotic diversity that is not now effec­
tively protected. As the oldest and most extensive park system in the 
world, U.S. national parks provide the principal model for conservation 
efforts in countries where the erosion of biotic diversity is even more 
pressing. Planning success within the U.S. National Park Service (NPS) is, 
therefore, likely to have ripple effects on global biodiversity conservation 
efforts. 

Unfortunately, the state of biological inventories and monitoring in U.S. 
national parks is distressingly incomplete and fragmented. Perhaps the 
most glaring example of the inadequacies of readily available data is pro­
vided by the widely cited study of Newmark (1987). Newmark surveyed 
data, including NPS species lists and publications, and interviewed park 
personnel on the status of larger mammals (specifically lagomorphs, artio-
dactyls, and carnivores) in 12 western national parks. A number of these 
mammalian species are known to have disappeared because of past hunt­
ing or predator control. But he inferred that 39 populations, more than 
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6 QUINN AND VAN RIPER 

three species per park, had disappeared from "natural causes" since the 
parks had been established. Newmark and others have concluded, there­
fore, that existing national parks were incapable of protecting even the 
most conspicuous and popular species that they were meant to conserve. 
Fortunately, most of these "extinctions" appear to be due to poor invento­
ries, or at least lack of accessible sighting records, rather than actual dis­
appearances. On reexamination of the available information, Quinn et al. 
(1990) concluded that no more than three of the 39 apparent "extinctions" 
represented actual disappearances of the animals from the parks and their 
immediate environs. Obviously, the continued existence of the putatively 
extinct populations is good news. On the other hand, the fact that the 
controversy could arise at all, especially in species as "popular" as large 
mammals, suggests that all is not well with present inventory information 
in the national parks. 

In fact, the history of NPS administrative decisions and subsequent pro­
jects to inventory natural diversity is one of ambitious plans that are 
rarely completed. Reasons vary, but inadequate to nonexistent funding, 
lack of qualified personnel, and a general lack of priority treatment and 
systemwide support all contribute. Part of the solution will have to 
include greatly increased funding levels for inventory and monitoring 
activities. However, additional efforts are likely to be largely ineffective 
unless plans are well designed and coordinated, both within and among 
parks and regions. At present they are not. The report by Sauvajot et al. 
(Paper #2 this volume) provides a striking example. In the 19 California 
national parks surveyed for avian inventory information, no two used the 
same criteria for recording standard status information, such as perma­
nence (e.g., resident, migrant), seasonal occurrence (winter, summer, year), 
reproductive status and abundance. Some record accidentals and vagrants, 
while others do not. None have numerical abundance data, much less 
year-to-year population changes (apart from Audubon Christmas counts). 
There is no standard census protocol. Therefore, abundance data cannot be 
directly compared from park to park. In many cases, Sauvajot et al. were 
unable to trace the original sources of the data. Conversations with NPS 
scientists familiar with inventory and monitoring studies suggest that this 
experience is not atypical. 

Clearly, both standardization and greater resources dedicated to invento­
ry studies are needed if inventory data are to be adequate for systemwide 
planning or comparative scientific studies. Standardization should also 
lower costs, as individual scientists would have less need to "reinvent the 
wheel." However, the appropriate standards are not obvious. In our experi­
ence, many scientists responsible for inventory and monitoring feel that 
they have received little guidance on what data are needed, or how the 
data are best made useful to managers, Congress and other users. 
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We suggest that an immediate investment in workshops or other forums 
to design and standardize inventory and monitoring studies will pay for 
itself many times over in increased effectiveness and reduced staff time. It 
is important to involve managers, land use planners and academicians, as 
well as park scientists, to identify user needs. A minimal set to be 
addressed includes: 

1. Data required to estimate impacts of visitation and proposed changes 
within the parks; 
2. Identifying long-term, externally driven environmental change, 
including effects of climatic change, water and air quality, and land use 
outside the parks (e.g., external effects on migratory birds); 
3. Assessing the status of rare, threatened, or endangered species; 
4. Strengthening interpretative programs; 
5. Guiding future land acquisitions; 
6. Coordinating with management of contiguous lands. (To be effective, 
this obviously requires at least partial compatibility with the inventory 
and monitoring activities of other federal and state land use and conser­
vation agencies); and 
7. Future compatibility with larger-scale regional and global environ­
mental monitoring efforts, including EOS, proposed global biodiversity 
surveys, standardized federal Geographic Information Systems (GIS) (if 
any), U.S. Geological Survey (USGS) and National Oceanic and Atmo­
spheric Administration (NOAA) mapping operations, etc. 
In order to make inventory projects manageable, it is important that the 

design be relatively straightforward and targeted toward the main kinds 
of information needed by decision-makers and researchers. A fundamental 
consideration of any inventory should be how to integrate data into a GIS. 
The design plans must also consider the present form of existing invento­
ry information in the park. 

As with other forms of organizational information systems (Quinn, 
1984), it is probably most effective to make decisions on inventory poli­
cies and procedures in an incremental fashion—beginning at the most 
basic level, and building on it systematically as experience and feedback 
from the field dictate. Effective feedback from researchers and managers 
requires that a working system be in place, and sufficiently straightfor­
ward in its use so that initial acceptance is not a major problem. In other 
words, the military prescription "KISS" ("Keep it simple, stupid") can be 
profitably applied to the initial stages of major inventory projects. 

The most basic decision in inventory database design is to determine 
what information should be included: (1) initially and (2) eventually. 
Initial information ought to be that which is readily available and of 
immediate use. Obvious categories include overall species lists, current 
abundance, the status of particular species of interest (e.g., endangered, 
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threatened, listed, under study), and basic habitat information (e.g., eleva­
tion, slope aspect, rainfall, gross vegetation type). A variety of more 
detailed information types might eventually be added. Examples include 
censuses from permanent transects, fates of marked individuals, and 
detailed records of individual sightings or collections. Presumably, the 
long-term design will have to be somewhat hierarchical, with the basic 
information from each park tied into more detailed records in those cases 
where they are available. Automatic updating of the database from new 
field records and extensive cross-validation (e.g., to check for data entry 
errors and to keep taxonomic use consistent) are also necessary to main­
tain the integrity of any extensive inventory system. 

METHODS 
Since 1985, we have begun constructing a simple database that meets 

some of these needs and design constraints. We have recorded species 
occurrences of birds, mammals and vascular plants in national parks, state 
parks and other discrete conservation areas in California (with a few cur­
rent entries from other western states). The database is currently stored at 
the University of California, Davis DES/CPSU computer facility and has 
entries for 19 federal park units, and roughly 70 state and private parks 
and reserves in California. Species lists were obtained by directly contact­
ing responsible park officials. Where available, alternate species lists were 
also obtained from other sources, including the NPFLORA database for 
plants in national parks, the California Wildlife Habitat Relationships 
(WHR) data base, the compilation of mammals in national parks assem­
bled by Newmark (1986 and unpublished) and Audubon Christmas counts. 
We also directly interviewed knowledgeable field workers in the parks and 
in universities. All data are recorded in dBase III+ format files, tied 
together using dBase's relational database capabilities. 

While this program only meets the most simple of the objectives out­
lined above, the data represent a basic level of information that ought to 
be available for all parks. We have standardized their format and taxo­
nomic usage. They include inventory data from half a dozen federal and 
state agencies, among whom there has been little previous fonnal coopera­
tion in inventory studies. By concentrating on a single region, a usable 
database can be sufficiently complete to be useful with a manageable 
investment of funds and researcher time. In its present form, we have 
used it for testing published hypotheses in ecology and conservation bi­
ology. It is available as a source of standardized species lists for cross-
validation by agency researchers and as inputs into regional GIS pro­
grams. We hope it will be a catalyst and source of outside support for 
more sophisticated studies in individual parks, which in turn, if successful, 
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may help develop a cooperative interagency regional biodiversity database 
useful as a model for national and international efforts. 

RESULTS 
The current database consists of species lists for each park, master lists 

of bird, mammal, and vascular plant species, lists of synonymies that have 
arisen to date, and a list of parks and park characteristics (e.g., location, 
area, altitudinal range). We are in the process of adding physical environ­
ment and gross vegetation-type data to each park list. For most parks we 
have data for birds, mammals and plants. A few parks reported data for 
other groups, including reptiles, amphibians, freshwater fishes, marine 
invertebrates and algae. 

Both the kinds and the quality of the data that we received were quite 
variable and are described elsewhere in this volume in the papers by 
Cook et ah, Robinson et ah and Sauvajot et ah In most cases, only 
presence-absence data are recorded. If available at all, relative abundance 
data are inconsistent from park to park—see discussion by Sauvajot et ah 
in this volume. Although these data are in the database, considerable stan­
dardization among parks is needed if they are to be useful for compara­
tive analyses. 

Within each park, species of birds, mammals and plants are recorded at 
the levels of order, family, genus, species, subspecies or variety, and com­
mon name (if any). These are tied into a master list consisting of all 
species reported in the study to date. The master lists are maintained 
using the nomenclature of standard taxonomic references (American 
Ornithologists' Union, 1983 for birds; Hall, 1981 and Jones et ah, 1986 
for mammals; and Munz and Keck, 1968 for plants.) Other species char­
acteristics (e.g., range, legal status—see above) can easily be attached to 
the master list, and thus to the much more extensive park lists. The mas­
ter list can also be used to create an electronic checklist for data entry, 
which serves both to make the process much faster and to prevent typing 
errors. 

Also related to both the park and master lists are taxonomic synonym 
lists. Simple utilities using these lists identify and convert taxonomic syn­
onyms to the standard current usage, and flag unknown names for further 
investigation. These procedures also allow for almost automatic future tax­
onomic updates as new standards are published. 

Finally, the park list contains names and standard abbreviations for 
parks, their location, area, date of establishment and a variety of habitat 
information. Important and obtainable habitat variables include elevations, 
vegetation types, aspects, rainfall, etc. As GIS databases become more 
common in parks, each inventory list can be connected to the GIS. The 



10 QUINN AND VAN RIPER 

standardized data format and software should make future upgrade paths 
straightforward. 

DISCUSSION 
This study may be viewed as a pilot project and has addressed only a 

subset of the kinds of data that are needed to establish an effective 
regional inventory system. Even so, we have had to make repeated proce­
dural decisions that are central to any biodiversity database, reflecting the 
lack of standardization in nomenclature, sampling protocols, and record­
keeping conventions. These usages desperately need to be decided and 
standardized among researchers and users, and preferably across agencies. 
This can only be done through extensive consultation among scientists and 
users, and ought to be on the agenda for much-needed interagency work­
shops on inventory and monitoring strategies. Particularly important con­
siderations include: 

1. What are the appropriate taxonomic references and validation proce­
dures? 
2. What specific provisions should be made for officially listed (endan­
gered) species? (In particular, provisions should be made for compatibil­
ity with data collections emphasizing endangered species, such as the 
National Heritage database.) 
3. Should there be any special treatment of species which are locally 
rare or endangered (i.e., marginal populations), but which are common 
elsewhere? 
4. Is park-wide habitat characterization (e.g., altitudinal range, weather, 
vegetation types) adequate, or should species occurrences be recorded 
on a habitat-by-habitat basis? 
5. Should ecological communities be identified? (In contrast to a num­
ber of other efforts, such as NPFLORA, we believe that the initial 
answer to this question is no. There is little consensus among ecologists 
on how to best identify distinct communities, or even of whether the 
community concept is particularly valid. We suggest that it is initially 
more useful to concentrate on specific species occurrences, which are 
less dependent on subjective interpretations. Community types, if need­
ed, can likely be later derived from species-abundance data or the 
occurrences of indicator species.) 
If inventory data are to be useful for regional or national research and 

decision-making, it is imperative that data be collected and kept in as 
consistent a format as possible. The design should be able to access poor 
inventories for comparative purposes, yet be able to take better data into 
account when available. A basic regional species inventory ought to have 
at least the following features: 
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1. A master species list for each taxon (e.g., birds, mammals, vascular 
plants) and synonym lists. Master lists can be used to tie the database 
to standard taxonomic references and reference collections, and to 
record species-specific data (e.g., range, diet, legal status). The exis­
tence of an authoritative reference list will greatly facilitate data entry 
and error checking. Synonym lists facilitate consistent taxonomic uses, 
provide automatic updates, and could also be used to query about com­
mon identification errors (e.g., "Caution—the very similar Dusky 
Flycatcher is more probable in your region.") 
2. Consistent criteria for listing species. For example, decisions must be 
made on how to treat vagrants and accidental occurrences, permanent 
versus part-time residents, and feral or horticultural species. 
3. Consistent reporting categories. At present there are no established 

- standards for reporting species densities, residence status (e.g., fall-
spring migrants), reproductive status (e.g., does the species reproduce in 
the park), or population dynamics (e.g., slowly increasing since 1960). 
Reasonable standards should be adopted and incorporated into standard­
ized sighting cards. We suggest that minimal reporting standards should 
include: 

a. estimates of relative abundance on a standardized scale; 
b. seasonal status for part-time residents; 
c. breeding status; 
d. indication of the observer(s) and probable validity of the observa­

tions; 
e. special circumstances or comments; and 
f. location of any specimens or photographs. 

4. Cross-referencing to a bibliographic database, including technical lit­
erature reports and student theses done in parks, as well as research pub­
lications from the parks and general ecological and systematic literature. 
The usefulness of any database depends upon its ease of use. It is, 

therefore, worthwhile to conduct any such project using widely used hard­
ware and software, minimizing both equipment and training costs among 
users. It is equally important that products of the project be regularly 
updated and distributed to users. Finally, there should be a reasonable 
upgrade path as the database becomes more extensive, and better hard­
ware and software become available to dedicate to database uses. 
With these considerations in mind, our project has used standard IBM-
compatible personal computers and dBase III format data files. Text file 
formats (e.g., WordPerfect) and communications protocols (e.g., Sea Dog, 
Common) can also easily be standardized to conform to agency usage. 

The species list database structure described above and initial entries 
from California are currently virtually completed. Although species occur-


