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(ABSTRACT)

This study was designed to test the reliability of avifauna information retrieved from Biota
i

of Virginia, BOVA, a computerized fish and wildlife information system developed at Virginia

Polytechnic Institute and State University. Reliability was defined as the percent of species that

were detected during field surveys that also were listed by BOVA to occur. Six habitat types were

Äé selected for study within the Blacksburg Ranger District of the Jefferson National Forest in ’

Southwestem Virginia. These were Mixed (oak-pine) Seedling/Sapling, Mixed Pole, Mixed
A

\: Mature, Deciduous Pole, Deciduous Mature, and Coniferous Pole. Three stands of each type, each
1

Qi)
8-20 hectares in area, were chosen randomly for study. Each stand was surveyed with 12 90-minute

survey periods over 2 years. The random-walk technique was used to determine species occurrence.
BOVA species lists were determined for comparison with lists of species detected in the field. All

species detected in the field and(or) listed by BOVA were placed into at least one status category '

defined by BOVA (e.g., Federal Migratory, Game, Accidental) or the Virginia Society of

Ornithology (e.g., Abundant, Permanent Resident, Transient Breeder).

The reliability test compared field data with BOVA data using an index, K, calculated as the

percent of species detected in the field that was listed by BOVA. K values less than 60% were

indicative of unreliable BOVA information and values of 60% or higher were indicative of reliable

BOVA information. K values among habitat types and status categories were compared by

analyses of variance with multiple comparisons. For all habitat types, fewer than 50% of the

detected species were listed by BOVA (K < 50). However, there were no differences (P> 0.05) in

K among habitats. Species detected in the Mixed Seedling/Sapling habitat type were listed by

BOVA least often (K= 30.1), and Mixed Pole species were listed most often (K= 45.9). BOVA
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listedvmore (Q < 0.05) of the detected Abundant species than species of other tested status categories
and fewer (§< 0.05) detected Rare species.

K values resulting from BOVA species lists retrieved by various BOVA search strategies were

compared. These showed that information in BOVA’s tested habitat elements (e.g., the land use
and land cover element, Land.Use) was more complete and hence, more reliable than BOVA’s

tested location elements (e.g., the U.S. Forest Service 7.5’ quadrangle element, Quad). Study results
indicated that BOVA is unreliable for listing the species detected in the 6 tested habitat types. _

BOVA may provide unreliable information because needed data are unavailable in the literature,
insufiicient effort has been spent collecting and entering such data, or data have been gathered or
entered in to the database incorrectly. BOVA information may be valuable however, when used

in conjunction with other information sources.



E

Acknowledgements

I would like to thank my advisor, Dean F. Stauffer, for his guidance of my thesis study and
all that he taught me over the past 3 years. Thanks to Drs. Orth and Fraser for their insightnand
assistance. To Dr. Giles, thank you for your adherence to high standards. I would also like to thank
the Virginia Department of Game and Inland Fisheries for funding my 2 field seasons of survey

effort.
Thanks to for their knowledge of BOVA’s history and idiosynchrasies. For his infinite 

wisdom of the mainframe system, thanks also to For their assistance in the field, thamks 

toThanks also to  for his help with PC·slide.

I would especially like to thank for her special friendship throughout the last 3 years. Thanks 
also to(who was too long at the Bay) for her wonderful spirit and fiiendship. 
”

I thank my parents and siblings for being so fantastic. Finally, I thank my husband,who 
renewed my faith in myself and who fills my life with happiness.

·

Acknowledgements iv



5
P

Table of Contents

INTRODUCTION ....................................................... I

STUDY AREA ......................................................... 8

METHODS ........................................................... I3
Avifauna Surveys ....................................................... 14

BOVA Assessment ..........,........................................... 16
Habitat Analysis ........................................................ 20

RESULTS ............................................................ 22
Overall K by Habitat ................,................................... 22

K Values for Individual Status Categories Among Habitat Types ..................... 26 ·

Differences in K Within Habitat Type for Status Category .........................28

Species Detected and Not Expected .......................................... 31

Species Expected and Not Detected .......................................... 39

Expected and Detected 1......‘...........,................................. 41

Alternative Search Strategies ............................................... 41

Table of Contents v



Differences in K Within Status Category Arnong Habitat Types in Relation to Search Strategy50K
in Relation to Stand Size ................................................ 51

K and Habitat Variability ................................................. 52
Species Richness ........................................................ 53
Modeling Habitat Alterations .............................................. 54
Species Richness as a Function of Survey Effort ................................. 54
PC·BOVA Versus Mainframe BOVA ........................................ 60

DISCUSSION AND SUMMARY .......................................... 63

LITERATURE CITED .................................................. 69

APPENDICES ......................................................... 78
Appendix Table 1. Indices representing the similarity of species detected in the field and also
listed to occur by BOVA for status categories in various habitat types using 1986 data. .... 79

Appendix Table 2. Indices representing the similarity of species detected in the field and also

listed to occur by BOVA for status categories in various habitat types using 1987 data. ....

80AppendixTable 3. Indices representing the similarity of species detected in the field and also
listed to occur by BOVA for status categories in various habitat types using 1986/ 1987 data. 81

Appendix Table 4. Status categories with different index values ( ..................... 82

Table of Contents vi



· 1

List of Tables

Table 1. Categories of species within BOVA. ................................... 4
Table 2. BOVA information categories and codes. ............................... 5
Table 3. Location and characteristics of sites surveyed for avifauna during April to July, 1986

and 1987 in Blacksburg Ranger District, Jefferson National Forest, Virginia. .... 10

Table 4. Summary of habitat measurements in six different habitat types. ............. 11
Table 5. Percent of species detected in the field also listed to occur by BOVA, K, for status

categories in various habitat types using 1986 data. ...................... 23
Table 6. Percent of species detected in the field also listed to occur by BOVA, K, for status

categories in various habitat types using 1987 data. ...................... 24

Table 7. Percent of species detected in the field also listed to occur by BOVA, K, for status
categories in various habitat types using 1986/ 1987 data. .................. 25

Table 8. Status categories with different index values (P < 0.05) among habitat typesl for „
1986-1987 data. ................................................ 27

Table 9. Mean K (% detected species listed by BOVA) for each status category (N = 18 sites)_ for combined 1986 and 1987 data. ................................... 29
Table 10. List of all field-detected and BOVA·listed species. ........................ 32
Table 11. Species detected in 25 habitat types and listed in $1 type. ................. 38

Table 12. Species listed in 25 habitat types and detected in Sl type. ................. 40

Table 13. Species detected in 25 habitat types and listed in 25 types. ................. 42

Table 14. A comparison of K (% detected species listed by BOVA) for different BOVA search
strategies using 1986-1987 data. ..................................... 43

Table 15. Status categories with different K values (P < 0.05) among habitat types for 1986-1987 ·
data based on different search strategies. .............................. 47

Table 16. Maximum number of bird species (MS) and minutes to observe half of these (T) for
a site within a specific habitat type as predicted by the Michaelis-Menten model
(Spain 1982). .-................................................, 55

List of Tables vii



a
l

Table 17. Maximum number of bird species (MS) and hours to observe half of these (T) for a E
site within a specific habitat type as predicted by the Michaelis-Menten model (Spain” 1982). ....................................................... 58

Table 18. Comparison of K values calculated from mainframe BOVA and PC—BOVA species
lists. ........................................................ 62

List of Tables viii



Q
h

List of Illustrations

Figure 1. Curves generated from models that relate the number of birds detected to the
duration of eifort during 1 moming survey for 6 habitat types (Michaelis·Menten
model; Spain 1982). ............................................ 56

Figure 2. Curves generated from models that relate the number of birds detected to the
duration of eifort over several moming surveys for 6 habitat types
(Michae1is—Menten model; Spain 1982). .............................. 59

List of Illustrations ix



1
· I

INTRODUCTION

Nationwide, there is a growing awareness of and concem for environmental quality.

Concurrently, public demands on natural resources are increasing. To maintain the ecological
integrity and vitality of natural resources in areas targeted for habitat modification, it is necessary
to inventory the f1ora and fauna of these areas and determine the potential impacts of habitat

alterations on them. These steps are important in contributing to land use decisions and actions

based on sound knowledge of the environment.

Habitat inventories long have been a basic tool of wildlife management and over the years
have become increasingly important. The Multiple Use · Sustained Yield Act of 1960 (Public Law
86-517) directed the U.S. Forest Service to adopt multiple use objectives for managing the natural

resources of the National Forests (Dixon 1981). An increase in comprehensive information about
fish and wildlife resources became necessary to facilitate this type of management. Hirsch et al.
(1979) outlined the history of additional legislative actions that has stimulated the need for natural

resources information. Among these is the National Environmental Policy Act of 1969 (Public
Law 91-190), with requirements for environmental assessments and impact statements. The

Endangered Species Act of 1973 (Public Law 93-205) emphasized identifying and protecting critical
-

habitat for wildlife. The Forest and Rangeland Renewable Resources Planning Act of 1974 (Public

Law 93-378) directed the Secretary of Agriculture to develop and maintain a comprehensive and

· 1
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appropriately detailed inventory of all rangeland and forest resources. These and numerous other l

legislative developments require information collection, processing, and analysis in planning the
future of fish and wildlife resources.

Computerized fish and wildlife information systems (CFWIS) have been developed to help
facilitate these data processing activities. A fish and wildlife information system is defined as a
database, set, or file that contains various types of information about individual faunal species. The
5 major uses of natural resource information systems (of which a CFWIS is one) are inventory, .
reporting, planning, management, and policy making (Dangermond and Smith 1981). CFWIS also
facilitate: 1) reviewing current knowledge of a species or group of species; 2) investigating or
developing species interaction matrices; 3) identifying major gaps in information concerning a
particular species or group of species; and, 4) grouping animals according to selected life history or
distributional parameters for developing and testing ecological models (Cushwa and Kopf 1984).
The advantages of CFWIS include: 1) analyzing large data sets efficiently; 2) reducing the time and l

cost of processing data; 3) facilitating ecological analysis; and, 4) rapidly testing fish and wildlife
models to predict effects of alternative management scenarios (DuBrock et al. 1981). These systems
may improve considerations for fish and wildlife in land-use planning and decision-making
processes by providing sound species data in an efficient and expedient manner.

In the late l970’s, a task force consisting of U.S. Fish and Wildlife Service personnel
established that fish and wildlife information needed in land-use decision making processes was not

readily available (Anon. 1981). In 1977, the Office of Biological Services (OBS) and the U.S. Fish
and Wildlife Service (FWS) established the Eastern Energy and Land Use Group (later known as
the Eastern Energy and Land Use Team, or EELUT, now defunct). One of the activities of this
group was to develop, implement, monitor, and evaluate a CFWIS in the United States (Anon.
1981). In cooperation with the FWS, EELUT identitied two pilot states, Alabama and West

Virginia, to implement and test "Run Wild", a CFWIS developed by the U.S. Forest Service in

Arizona and New Mexico (Patton 1978). In 1978, the preliminary conclusions of the pilot projects
L

indicated that Run Wild East was too labor-intensive and too limited to meet user needs (Anon.

A 1981). ·
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In 1979, EELUT developed a ”A Procedure for Describing Fish and Wildlife" (Mason et al.
1979). The objective of the ”Procedure" was to develop a format or standardized set of categories
and definitions for storing and retrieving wildlife data. Systems based on the "Procedure” format
are perceived to be of value in: 1) summarizing fish and wildlife species information in a standard
format using standard definitions (Cushwa 1983); 2) storing and retrieving fish and wildlife species1
data with efliciency; 3) facilitating the process of updating fish and wildlife information (Cushwa
1983); 4) guiding fish and wildlife agencies in land use planning and management; and 5) providing ’

information for use in various recreational and educational arenas.

A "Procedure” system was implemented as a statewide CFWIS in Pennsylvania. It has served
as the prototype for information systems in Alabama, Colorado, Illinois, Kansas, Kentucky,

Maryland, Missouri, New Jersey, Tennessee, Virginia, Utah, and Wyoming, and also for the

Endangered Species Information System (Cushwa and Kopf 1984, J. Waldon pers. cornrnun., R.
K. Wajda pers. commun.). In Virginia, the resulting CFWIS is Biota of Virginia, BOVA, a system

developed at Virginia Polytechnic Institute and State University to list and document the
occurrence of fish and wildlife in forested and unforested areas within the state. BOVA was
conceived in 1981 by C.T. Cushwa (then of EELUT), the U.S. Fish and Wildlife Service, and R.H.

Giles, Jr., who later became the principal investigator for the BOVA project (Terwilliger and

Rasberry 1983). Currently (1988), R. K. Wajda, of the Virginia Department of Game and Inland
_ Fisheries, is the BOVA project manager.

BOVA is a compilation of information about animal species occurring in Virginia. BOVA
r includes information on 977 animal species and subspecies (Table 1). The "Procedure" format

allows data entry for a broad range of species distribution and life history parameters. Each BOVA

species profile provides information on status, distribution, life history, and ecological afiiliations
(Table 2). For these categories, standard coding classifications are used. Data categories with no

standard classification system are given codes developed by the FWS. These categories include
l

taxonomy, seasonal occurrence, food habits, environmental associations, and management

practices.

3



Table 1.Categories of species within BOVA.

Category N

Amphibians 73
Reptiles 38
Fish 165
Birds 395‘ Mammals 1 10
Marine Mammals 30
Aquatic Crustaceans 19
Aquatic Mollusca 85 ”
Aquatic Insects 6
Terrestrial Insects 49
Other Terrestrial Invertebrates 7
Total 977

4
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Table 2.BOVA information categories and codes.

Information Categories: ·
Complete taxonomic description
Distribution by county, latitude and longitude, 7.5
minute quadrangles, hydrologic units, ecoregions,and potential natural vegetation

Legal status/use in the Commonwealth
Origin of species within the Commonwealth
Population trends, seasonal distribution, and relative abundanceGeneral habitat associations and associations with major land use/landcover classes and wetland types
Food habits by lifestage
Enviromnental requirements by lifestage and activity
Management activities that potentially benefit or adversely affect thespecies

. Bibliography of citations referencing the information in the speciesprofiles

Selected Information Codes:
Federal Information Processing Standard (FIPS) Codes for Counties (County)‘U.S.G.S. Ouadrangles (7.5’) (Quad)
U.S.G.S. Office of Water Data Coordination Hydrologic Unit ‘
Classification

Bailey’s Ecoregion Classification
Kuchler’s Potential Natural Vegetation Codes
U.S.F.W.S. Land Use and Land Cover Classification System (Land.Use)U.S.F.W.S. Endangered/Threatened Species List
Society of American Foresters’ Forest Cover Types
U.S.F.W.S. Classification of Wetlands and Deep Water Habitats
U.S.F.S. Forest Inventory Size Classes (Fsize)
U.S.F.S. Ranger Districts (Districts)

‘Bold type indicates the BOVA element codes used in this study.
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BOVA by itself is not a model. It is an information system that contains, among other things,
species occurrence data relative to location and habitat characteristics. However, BOVA can be

I

used as a modeling and management tool. This premise is valid only if the information system is
technically sound, well-tested, and properly applied (Toth and Baglien 1986). In this study, I
assumed that BOVA is a technically sound database. It is also assumed that BOVA applications
used in this study were proper.

The information within each of BOVA’s species profiles has been gathered from literature
sources. To be reliable, this information must be correct. However, it is inevitable that mistakes
have been entered into the system. Inaccurate data entries, data omissions, and other potential
limitations in the existing information system ma.ke it desirable to test BOVA’s reliability.

There are numerous criteria by which database information can be evaluated, or tested
(Marcot et al. 1983). Some are also appropriate for evaluating information systems. This study
was designed to evaluate BOVA information based on thecriterion of reliability. I defined
reliability as the percent of species detected in a specific location and(or) habitat type that is listed
by BOVA to occur in that same location and(or) habitat type. Thus, as used herein, reliability
reflects the completeness of the database under certain applications. Testing BOVA serves 2
important purposes: 1) it provides information about BOVA reliability in specific applications, and
2) it supplies data that, if necessary, can be used to improve this reliability (Schamberger and O’Neil1986). . _

BOVA can be used as a tool to answer many fisheries and wildlife questions. Using the
appropriate commands, BOVA can be used to answer such questions as: What mammals occur
in Floyd county? What species in Virginia have a status of Federally Endangered and are adversely
affected by clearcutting? What citations were used to reference the habitat requirements of a ·
Virginia threatened fish? This study was designed to test the reliability of the information retrieved
from BOVA to answer the question: What bird species occur in each of 6 different habitat types in
3 counties of Southwestem Virginia? Birds were chosen for testing purposes because they are

I

abundant, generally easy to detect and identify, and BOVA’s avifauna information was believed to
be relatively complete.

l
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Specific objectives of this study were: ‘

l. To determine the reliability of avifauna information within the BOVA elements Quad (U.S.
Geological Survey 7.5 minute series quadrangle maps), Districts (U.S. Forest Service District),
County (County), Land.Use (land use / land cover), and Fsize (U.S. Forest Service timber
inventory size); .

2. To evaluate the reliability of BOVA information for use in modeling the effects of habitat
~ alterations on avifauna species richness;

3. To determine the avifauna species richness in 6 different forested habitat types;
4. To determine the influence of field survey duration on species richness estimates.

Knowledge gained through this study may be used to improve the existing information
system. With further development, BOVA and similar data base systems in other states may serve
as valuable tools for obtaining information that can be used to direct research, improve inventories,

(

and estimate responses of wildlife species to land management actions.



STUDY AREA

The study was conducted on the Blacksburg Ranger District of the Thomas Jefferson
National Forest in southwestern Virginia. Six habitat types were chosen within Montgomery,
Craig, and Giles counties. These were:

1. Mixed Seed1ing[Sap1ing2 mixed oak-pine vegetation of seedling/sapling stage (stands with a
majority of trees < 12.5 cm in diameter at breast height, dbh) - stands of t11is type had been
clearcut within 7 years prior to the study’s initiation;

2. Mixgd geg: mixed oak-pine vegetation ofpole stage (a majority of trees with dbh between 15.0
and 30.5 cm); _

3. @i1xre_;_: mixed oak-pine vegetation ofmature stage (a majority of trees with dbh > 30.5

¤¤¤);
4. Deciduous @2 oak vegetation of pole stage;

· A 5. Deciduous M: oak vegetation of mature stage; ·
6. Coniferous @2 pine vegetation of pole stage (a majority of trees with dbh between 13.0 and

23.0 cm). _

Three replicates of each of the 6 habitat types were selected for field surveys. Stands ranged
in elevation from 519 m to 976 m and varied in size from 8 to 20 hectares (20 to 50 acres) (Table

8



3). I chose 9 of the 18 stands from a randomly-ordered list of all 1523 stands within the district.
The remaining 9 were chosen from this list with the specification that they were located within 8
km of one of the original 9 stands. This design allowed me to survey 2 stands on any given
morning. I surveyed these stands from April to August during 1986 and 1987.

The Deciduous land use types of Pole and Mature forest size were dominated byredgig),
white (Q and chestnut oaks (Q gu;). Other important canopy species were tulip

poplar (Liriodendron tulipifera), and hickories (Qiyi spp.). Subdominant trees were red maple
(Aqgi rglg_rgri1_) and black gum (Eg gylvatica). Dominant understory trees were flowering
dogwood (Qin}; fgiiiig), rosebay rhododendron (Rhododendron maximum), witch hazel
(Hamamelis virg'ana), and striped maple (A; gen;y1vanicum).

The Coniferous habitat was dominated by Virginia Ging virgigana), pitch (L ggg), white
(L gs), and table-mountain pines (L pungens). Deciduous species, including white oak, red
maple, and sugar maple (A saccharum), were subdominant. Dominant understory trees included ‘

black cherry (Lrin}; and flowering dogwood.
The Mixed (oak~pine) land use types of Mature and Pole forest sizes, were dominated by

table-mountain, pitch, white, and Virginia pines; red, white, and chestnut oaks; tulip poplar; and
hickories. Chestnut oak, red oak, hickories, and white pine were also subdominants, along with
hemlock (Q canadensis) and red maple. Species that consistently dominated the understory
were sourwood (Ogydendrum arboreum) and flowering dogwood.

The habitat type of Mixed land use and Seedling/Sapling forest size was not dominated by
any one species. Common species were white, red, and chestnut oak species, red maple, llowering
dogwood, Castanea spp., witch hazel, black locust pseudoacacia), and sourwood.

The 3 stands of the Mixed Seedling/Sapling habitat type had more (L< 0.05) trees of the
S·size category (3.0-8.0 cm dbh) than any other habitat type (Table 4). Deciduous Pole had more
(§< 0.05) and Mixed Seedling/Sapling had fewer (Q < 0.05) A-size trees (8.1-15.0 cm dbh) than the
other types. Generally, the 3 Pole habitats had more B- (15.1-23.0 cm dbh) and C- (23.1-38.0 cm

i

dbh) size trees than the Mixed Seedling/Sapling or Mature habitats. The Mixed Seedling/Sapling
had fewest of these size trees. The Deciduous Mature habitat type had more D- (38.1-53.0 cm dbh),

9
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E- (53.1-69.0 cm dbh), and F- (69.1-84.0 cm dbh) size trees than any of the 5 other habitat types Q

(Table 4).

Minimum canopy height did not differ among any of the types except Deciduous Pole where
it was significantly higher than in the other types (Table 4). The midcanopy height for the
Deciduous Pole type was higher than that for the Deciduous Mature type. The other midca.nopy
heights differed from one another (_P_ < 0.05) as would be expected. Generally, maximum canopy

1 height among the 6 habitats differed as expected (from E = 3.4 m for the Mixed Seedling/Sapling _
habitat, to 3c' = 18.1 m for the Mixed Mature habitat). However, Deciduous Pole and Deciduous
Mature heights were not detectably different (P < 0.05) . Percent canopy cover was similar for all
types except Mixed Seedling/Sapling, which was lower (P < 0.05).

The number of shrubs was similar for each type except Mixed Seedling/Sapling, which had
the most shrubs, nearly ten times the number as Deciduous Pole, which had the fewest. Percent
ground cover did not differ among types (§> 0.05). Litter cover was greater than 89% for all of
the habitat types. Generally, Deciduous and Mixed Pole types had a greater percentage of litter
cover than did Deciduous and Mixed Mature types. Mixed Seedling/Sapling and Coniferous Pole
types were interrnediate in their amount of litter cover (Table 4). Stands varied in slope, aspect,
distance to water, and topography. However, I considered the 18 stands representative of the
habitat types selected.

Q
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METHODS

The methods used in this study were based on the assumptions that: 1) forest stands within
the Blacksburg Ranger District of the Jefferson National Forest are classified correctly (e.g., that
what the U.S. Forest Service staff classifies as a Deciduous Pole stand actually is that type); 2) bird
species identifications are unbiased and independent; 3) differences in detected species composition

are a result of underlying habitat characteristics; 4) data collected during the springs of 1986 and
1987 are representative of long term avian habitat use pattems; 5) stands selected are representative
of the 6 chosen habitat types; 6) analytical methods that help express and understand the

association between sampled stands and avian occurrence are ecologically informative (Liverman
1986); and, 7) indices used to test BOVA information reflect the reliability of that information, as

defined herein.

13



Avßauuu Surveys

BOVA provides species presence/absence, not species abundance data. To test this
information, I conducted field surveys to obtain a list of bird species occurring in each stand and
habitat type. Many methods used to survey birds, such as sample plot, line transect, and variable
circular plot, are appropriate when bird abundance information is desired (Edwards et al. 1981). ‘

However, to test BOVA’s presence/absence data, the species richness of each stand and habitat type
was desired. Species richness, S, is the number of species per unit area (Hair 1980). lt has also been
defmed as S/ „/N (S = number of species; N =total number of individuals) and (S-1)/1ogN (Odum
1971). These latter 2 definitions require total counts of birds which are not provided by BOVA
species lists. However, S alone is easily determined from BOVA species lists, as well as from the
field species lists. In this study, Hair’s definition of species richness was used, with one hectare
being the ”unit area".

A random walk method was selected and used to detect S for each study stand.
Random-walk techniques only recently have been used for species surveys. The rapid visual
technique (RVT) was devised for aquatic environments to generate species occurrence data over
time (Kimmel 1985). This method requires no specific transect line and allows divers to survey the
aquatic environment, allowing their expertise to direct them. The assumption of this method is that
divers can survey greater areas with the RVT than with more conventional survey methods, and
are thus exposed to more species over time (Kimmel 1985). A random-walk method also has been
used to survey the occurrence of threatened and endangered plants (Goff et al. 1982). With this
technique, the examiner can be sensitive to habitat Variation or unique areas that may yield species
not yet recorded.

The random—walk survey technique is similar to the commonly used line transect (without
distance estimates) survey technique (Vemer 1985). The random-walk transect follows a

l

meandering course through a particular area that changes with each visit to the area. In contrast,
E

the line transect is run along a set, usually straight course. The line transect technique is an efficient{14



method for quickly generating species lists (Vemer 1985). A list is the record of all species detected
in an area and is most useful when standardized by efibrt and area sampled. It provides information
at the nominal scale. (recording only presence or absence) useful in determining biogeographic,
species richness, and frequency of occurrence information (Vemer 1985). The random walk
technique has these same attributes and was chosen over the line transect technique because it also
permitted adjustment to local conditions and to bird behavior.

Each random walk survey lasted 90 minutes, during which time the stand was continually ‘

traversed and microhabitats within the area surveyed for birds. Distances covered differed by stand
and day, but averaged approximately 800 meters. Occasionally during the walk, the surveyor
remained stationary for 5 to 10 minutes to detect more secretive bird species. The survey was
divided into 9 sections of 10 minutes each and each species’ presence was recorded by the period
during which it was first detected. Two stands were visited on mornings during which there was
no rain, fog, or winds greater than 16 km/hr. Each stand was visited 10 times in the morning and
twice at dusk over the 2 field seasons (6 times/year), April through July in 1986 and 1987.

The number of species detected in a stand was divided by the area, in hectares, of that stand
to determine the number of species per unit area, S. Species richness among habitat types was
compared with one-way analysis of variance (treatment being habitat type) with multiple
comparisons.

Recording avian species occurrence by the 10·minute period during which species first were
detected allowed the construction of curves depicting perceived species richness as a function of time
spent in each stand. I fit curves with field data using the Michaelis·Menten model (Spain 1982).1
This model was developed in the early l900’s to describe the phenomenon of enzyme saturation _
and has been used to describe many other biological systems. Ir1 this study it was used to predict A
the maximum number of bird species, MS, that could be observed at each habitat type given
unlimited survey effort and the time needed, T, to observe half of this number. With thesecurvesI
I compared patterns of bird detectability among different habitat types and predicted detected
avifaunal richness for a certain survey duration.

·

·
u
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I used the Michaelis-Menten model at 2 scales, micro and macro. At the micro level, curves i

were developed based on species detection during 9 10-rninute intervals of l y. This
modeled the expected number of detected species within one stand over a relatively short period.

At the macro level, curves were developed from species detected over the L2 Qrgggs
Qggg.This allowed the analysis of the increase in detected species richness as the number of
surveys increased. The number of species detected over time was hypothesized to follow a typical
asymptotic curve for both micro and macro scales.

B0 VA Assessment

This study tested the reliability of the information in and the suitability of 5 BOVA categories,
or elements. These are Quad, Districts, County, Land.Use, and Fsize. Quad contains information
on species distribution within U.S. Geological Survey 7.5’ series quadrangle maps. The Districts
element holds information on distribution by U.S. Forest Service Districts. County contains
information on distribution within county. The Land.Use element holds information on species
associated with the specific land use and land cover characteristics described by Anderson et al.
(1978). Information on species associations with U.S. Forest Service timber inventory size (e.g.,
Mature, Pole, Seedling/Sapling) is in the element Fsize.

Species lists were retrieved in the following manner from the mainframe version of BOVA
during August 1987. The FIND command initiates all BOVA searches, or queries. For instance,
"FIND Category Birds and Districts Blacksburg" summons a BOVA record of all the birds in the ·
Blacksburg Ranger District of Southwestem Virginia. The search command ”FIND Category Birds
and Districts Blacksburg and County Montgomery and Land.Use Coniferous and Fsize Pole"
results in a record of all of the birds listed within the BOVA database that are expected to be in the
Coniferous Pole forests of the Blacksburg Ranger District of Montgomery County.

16



Numerous element combinations can be used to retrieve information from BOVA. In this
study, species lists were generated using 5 combinations of location and habitat elements to give
insight to each element’s reliability in determining expected species occurrence. The
Districts-County·Land.Use-Fsize combination was used because it seemed the most direct and
logical way to generate species lists of birds occurring within certain habitat types and counties of
Southwestern Virginia. The element Quad was then added to this search (i.e.,
Districts·County-Quad-La.nd.Use-Fsize) to determine its effect on the resulting species lists. The .
Districts·County-Land.Use combination generated species lists for specific forest vegetation types,
regardless of forest age or structure. The element combination Districts-County-Fsize generated
lists of birds for a certain forest structure, regardless of forest vegetation type. The last element
combination used was Land.Use·Fsize. This combination produced species lists from the habitat
elements La11d.Use and Fsize without the location elements Districts, County, and Quad. Lists of
expected species were generated for each of the 18 study stands using each of these 5 element
combinations.

BOVA species lists were scrutinized to eliminate species deemed unreasonable for use in
testing BOVA reliability [e.g., lapland longspur (Calcarius 1apponicus)]. The survey method used
in this study was inappropriate for the detection of raptors. The habitat types were inappropriate
for detecting waterfowl. Therefore, these species were excluded from lists used to evaluate BOVA
reliability.Through

the techniques used in this study, data made available for the assessment of BOVA
reliability are:

A= number of species detected in the field and listed by BOVA;
B = number of species detected in the field but not listed by BOVA;
C = number of species not detected in the field but listed by BOVA;
D = number of species listed by BOVA (A + C);

E = number of species detected in the field (A + B).
1

Reliability, as defined in this study, is the percent of species detected in a specific location
and(or) habitat type that is listed by BOVA to occur in that same location and(or) habitat type.
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I

Therefore, reliability is 100(A/B) which is represented by K [K = l00(A/E)]. Jaccard’s Index, J,
100[A/(A+ B + C)] (Pielou 1984) and the percent of species listed by BOVA that were deteeted in
the field, H, 100(A/D) also can be calculated from the information obtained through the techniques
used in this study. Both indices, J and H, consider the number of birds listed by BOVA that were
not deteeted in the field. However, lack of field detection does not necessarily mean that the species
were not present. Many factors could prevent species detection. These include the season or time
of day during which stuveying was conducted, survey duration, the secretive behavior of some
species, and my level of expertise. One of the assumptions of this study is that index values reflect
the reliability of BOVA information. For reasons outlined above, the Jaccard’s index and the H
index do not meet this assumption (i.e., do not add information useful in determining BOVA
information reliability) and therefore will not be used in assessing BOVA reliability. Values for
these 2 indices appear in Appendices 1 and 2.

K is a reasonable index of BOVA information reliability because birds deteeted in the field
were identified with absolute certainty or not recorded and the K index does not violate any of the
assumptions of this study. The K value yields a direct index of database completeness. Any value
less than 100% indicates that species were deteeted that were not expected; i.e., that the BOVA
database is incomplete for the particular species and habitat.

Species on expected and detected lists were placed into status categories to evaluate the
reliability of BOVA information as a function of species characteristics. Four of the categories used
were of the BOVA element Status: Federal Migratory (FM); Nongame-Protected (NG-P); Game
(G); and Accidental (A-). Additional, non-BOVA status categories were used to group expected
and deteeted species. These categories, used by the Virginia Society of Ornithology (VSO), were
Breeder (B), Permanent Resident (P), Transient (T), Transient Breeder (TB), Abundant (A + ), and
Rare (R) (Lamer 1979). All status categories (both BOVA and VSO) are not necessarily mutually
exclusive. Categories may overlap one another, be nested within each other, or be discrete. For
example, a Rare species may also be a Permanent Resident and a Nongame-Protected species. K

I

was calculated for each combination of search strategy and status category for each habitat and
stand. U
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The K index is sensitive to sample size; the influence of additional species can cause large
shifts in K values calculated from small samples. Variations are much smaller for indices calculated
from larger samples. Thus, the stability of the index increases with an increase in sample size. Each
of the 10 status categories include varying numbers of species. For instance, the
Nongame-Protected, Federal Migratory, and Common categories encompass a relatively large
number of species. The Game, Rare, and Accidental categories encompass relatively few species.
It can be expected that birds of status categories containing few species will be listed by BOVA and _
detected in the field less frequently than species of larger categories. Because of the influence of
sample size on the K index, there is a higher confidence level associated with index values calculated

. from larger samples (i.e., for larger status categories).
K values were used in analyses of variance with Least Significant Difference comparisons to

assess differences in completeness of BOVA element descriptors in listing field·detected species.
The descriptors Seedling/Sapling, Pole, and Mature of the Fsize element and Coniferous,
Deciduous, and Mixed of the Land.Use element were tested. _

The findings of a thorough BOVA assessment should indicate the extent to which BOVA
information can be used to model the effects of habitat manipulation on avifauna occurrence. By
comparing the avifaunal species richness data of the Pole and Mature habitat types with the that
of the Seedling/Sapling habitat type, the influence of clearcutting on the number of bird species can
be inferred, and the reliability of BOVA information for modeling before·after scenarios assessed.
BOVA’s reliability in giving accurate avifauna occurrence information in forested and clearcut areas
reflects a limit of the system’s reliability in modeling the effects of clearcutting forested areas on bird
populations.

BOVA was downloaded from the mainframe to the personal computer and recently (July,
1987), has been made available for use. This version of BOVA is referred to as PC-BOVA. Its
structure and use is identical to that of the mainframe BOVA, yet PC·BOVA is more up-to-date
in its information. To determine the reliability of its information, species lists were retrieved from

i

PC·BOVA for each of the 6 habitat types using the standard Districts·County-Land.Use-Fsize
search strategy. The species listed to occur in each type were compared with the species detected
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in each type and the percent of fie1d·detected species that were listed by PC-BOVA was calculated.
K, for these comparisons, was determined for each habitat type regardless of species status category.
This analysis provided an evaluation of the increase in completeness of PC-BOVA over the
previous mainframe version.

Habitat Analysis

A transect was placed randomly in each of the 18 stands. Along the transect, 3 points were
chosen randomly. These points served as centers for 0.04 ha (11.3 m radius) circular plots. Within
each plot, the following habitat characteristics were measured using techniques described by Noon
( 1981):

1. Dbh of all live saplings, live trees, and snags, recorded by species in the diameter categories of
3.0-8.0 cm, 8.1-15.0 cm, 15.1-23.0 cm, 23.1-38.0 cm, 38.1-53.0 cm, 53.1-69.0 cm, 69.1-84.0 cm,

and > 84.0 cm.

2. Shrub density at breast height, estimated along 2 perpendicular belt transectsapproximately160
cm wide, by the number of woody stems < 3 cm dbh intersected by the body and

outstretched arms.

3. Percent tree canopy cover measured using a spherical densiometer.
4. Maximum, minimum, and medium canopy height (m) using a clinometer. .
5. Maximum slope (%) estimated using a clinometer.

Means of the habitat characteristics measured at each survey stand were calculated for each
1

stand and also for each habitat type. The means were analyzed using analysis of variance and
multiple comparisons to assess the extent of within- and between-habitat type variability. Results

° _ 20



of these analyses were used to describe the general vegetational characteristics of individual stands
and habitat types, and to determine the consistency of these characteristics among stands of the ”

same seral stage and forest cover type (Table 2).
The coefficient of variation, CV (Sokal and Rohlf 1969), was calculated to determine the

variability of each habitat parameter measured. The vegetative structure of a habitat is important
in determining bird species richness (James 1971, Anderson and Shugart 1974, Willson 1974, Roth
1976) and structural variation in forest stands yields variation in the species that occur within them.

A
Detected species richness and K values were correlated with CV across stands to dCt€I'II1lI1C the
relationship between habitat variation and these indices. An increase in habitat variation should
lead to an increase in species richness and a consequent increase in detected species. Since species
lists obtained through a specific BOVA query are fixed, and thus expected S is fixed, it was
hypothesized that as habitat variation increases, detected S increases, and K values decline.
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a

RESULTS

Overall K by Habitat

There was a tendency for the K index to be higher in 1987 than in 1986 (Tables 5 and 6).
This trend of a higher index value in 1987 held for all habitat types except the Deciduous Mature
type. In this type, a slightly higher K value for 1986 indicated that more ofthe birds detected during
the 1986 field season were listed by BOVA than those detected during the 1987 field season. lt is
possible that K values from 1987 field data higher than those from 1986 field data were a result of
the surveyor’s biases in 1987 toward detecting BOVA·listed species not detected in 1986.

BOVA species lists were matched against composite 1986/ 1987 detected species lists to allow
a thorough assessment of the completeness of the BOVA database. The BOVA species lists
generated for Mixed Seedling/Sapling habitats were the least complete at only 30.1% (Table .7).
Even the most complete list, that for Mixed Pole, included fewer than half the species detected
(Table 7). The next highest values were held by Deciduous Pole, Deciduous Mature, Mixed
Mature, and Coniferous Pole, respectively. Though the Mixed Seedling/Sapling type had an overall

i

K value of 30.1%, 9.7 percentage points lower than type with the next highest K (Deciduous
Mature with a K value of 39.8), the difference was not significant (P> 0.05). This lack of
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significance is not surprising because of the small number of replicates (n = 3) for each habitat type.
An increased number of replicates would increase the probability that a difference of this magnitude
(9.7 percentage points) would be significant (P < 0.05).

I determined from the composite species lists of detected birds that a total of 64 species was
seen in the 3 Mixed Seedling/Sapling stands. Only 19 of these were listed by BOVA. In the Mixed
Pole and Mixed Mature habitat types, 18 of 50 and 15 of 42 species were listed respectively. In the
Deciduous habitats, 19 of 49 species were listed in the Pole a.nd 17 of 51 species were listed in the _
Mature forest sizes. Fourteen of 47 detected species were listed in the Coniferous Pole habitat type.
These numbers clearly demonstrate the degree of BOVA’s information deficiency at this scale of
application.

K Values for Individual Status Categories Among Habitat
Types

Overall K is the percent of the total number of detected species listed by BOVA regardless
of status category. To assess the influence of avian classification groups, K was calculated by
habitat for individual status categories (Table 7). The Federal Migratory, Nongame-Protected,
Permanent Resident, a.nd Common categories had indices similar to the Overall K trends (Table
7). K values for these 4 categories were calculated from large sample sizes, thus providing high

_ confidence in these results. For these categories, Mixed Seedling/Sapling had the lowest index
values (25.3 to 46.5) and Mixed Pole the highest (45.9 to 68.6). K for the Federal Migratory and
Common categories was lower (_Ij< 0.05) in Mixed Seedling/Sapling than all other habitats except
Coniferous Pole (Table 8). K values were also lowest (_P_ < 0.05) in Mixed Seedling/Sapling for the
Nongame-Protected category (Table 8).
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The Abundant category had K values higher (P < 0.05) than all other categories regardless of
habitat type (Table 9). Detected species of the status category Abundant were listed more often
(P < 0.05) than species in any other category (Table 9, K = 82.0). Accidental and Rare species
were listed by BOVA the least (P < 0.05), having mean K values of 21.3 and 14.4, respectively.
The mean K ranged from 27.3 to 58.1 for the other status categories. It is evident that the BOVAI
database has more complete information for Abundant species tha.n for Rare species. This is not
surprising because data on common species tend to be more abundant and complete than data on
less common species.

Dwerences in K Within Habitat Typefor Status Category

For each habitat type, the percent of birds detected in the field that were listed by BOVA,
K, varied with status category in a pattern similar to that for all habitats combined _(Table 7 and
Table 9). In the Mixed Seedling/Sapling habitat, K was highest for Abundant and Permanent
Resident species and was lowest for Rare, Accidental, and Transient species. In the Mixed Pole
habitat, K was highest for Abundant, Permanent Resident, and Breeder birds while it was lowest
for Accidental, Transient, and Game birds. K was highest for birds detected of the Abundant,
Breeder, and Permanent Resident categories in Mixed Mature habitats. Also in this habitat, Rare
and Game species had the lowest K. In Deciduous Pole habitats, Abundant and Breeder species
had the highest K, Game and Rare the lowest. Permanent Resident and Abundant species had the
highest K values in the Deciduous Mature habitat type. Rare species had the lowest K. In
Coniferous Pole habitats, Abundant and Game species had the highest K values and Accidental and
Transient species had the lowest. _

I

For each of the 12 status categories, I correlated the number of species listed by BOVA with
U

the number of species detected in the field across all habitat types. Correlations were positive, but
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Table 9. Mean K (percent detected species listed by BOVA)for each status category (N = 18 sites) for combined 1986 and 1987 data.

Category K

Abundant 82.0(A)‘Permanent Resident 58.l(B)Breeder 49.4(BC)Nongame—Protected 49. l(BC)Federal Migratory 42.5(C)Common39.8(CD)Game
29.6(DE)Transient

27.8(DE)Transient Breeder 27.3(DE)Accidental 21.3(EF)Rare 14.4(F)

‘Values with different letters differ (P < 0.05).
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none were significant (P_> 0.05; r range = .21 to .73; df = 4). This indicates that BOVA
information, when used to generate the species richness of an area, may not correlate well with the
detected species richness of that area.

K for species of the category Breeder ranged from 30.1 ir1 Mixed Seedling/Saplir1g to 66.7 in
Deciduous Pole with a mean K of 49.4. These figures are lower than those found by Raphael and
Marcot (1986) i11 a field validation of the Forest Service’s Wildlife-Habitat—Re1ationships (WHR)
model. The WHR model listed 97% of the breeding species that were detected in their westem .
mature, o1d·growth habitat (K = 97.0). In their grass·forb habitat, 65% of the detected breeding
species were listed (K = 65.0) by WHR. The WHR model’s capability of listing detected grass·forb
species is comparable to the BOVA model’s capability to list detected Deciduous Pole species.
However, the capability of the WHR model to list detected species in the mature, old-growth
habitat exceeded BOVA’s capability in any of the 6 habitat types tested. These differences between
WHR and BOVA may be a function, in part, of differences in scale used in the 2 studies. Stands
used for the WHR model validation varied in size from 5 to 455 ha, while stands used in this study
varied in size from 8 to 20 ha. It is also notable that for each study, the early successional habitats
had the least complete data.

No species that are threatened or endangered, either in a federal or state classification, were
detected over the 2 season study period. However, the peregrine falcon (Falco peregus) was
listed by BOVA to occur potentially in Montgomery county in the Mixed Seedling/Sapling, Mixed
Pole, and Mixed Mature habitat types.

The range of K (0-100) was divided subjectively into 2 categories to rate the reliability of
BOVA listings. If BOVA listed fewer than 60% of the bird species that were detected in a single
stand or in an overall habitat type (K < 60), its performance was ranked unreliable. If BOVA listed ·
60% or more of the detected bird species, its performance was ranked reliable and thus at least
minimally acceptable for application. Sixty percent was used to separate reliable from unreliable
BOVA information as it indicated that the majority of field-detected species were BOVA-listed.

I

This is a very conservative cutoff point. However, for a prelirninary test of BOVA information, it
is appropriate. Future tests of the BOVA system should use standards no lower than 60%.
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Within each habitat type, the reliability of the Status categories (e.g., Federal Migratory,
Nongame·Protected, etc.) varied. For all of the habitat types, BOVA provided reliable information
(K260) when listing Abundant species. BOVA information was unreliable (K < 60) in all of the
tested habitat types for Rare species. This agrees with the mean K across all 6 habitat types (Table
9) and indicates that a deficiency in information of Rare species occurs within each of the habitat

types studied. Of the 66 habitat type-by-status category assessments, 12 (18%) proved to have
reliable BOVAlistings.Species

Detected and Not Expected

A total of 109 species was listed by BOVA and(or) detected in the field (Table 10).
Twenty-three species were detected in at least 5 of the the 6 habitat types but were listed by BOVA

to occur in only one type (Table ll). Twelve of these were detected in all 6 habitat types and were

not expected in any. According to the Virginia Society of Ornithology’s Annotated Checklist

(Lamer 1979), 10 of the 12 were Common species and 2 were Rare. One of the 2 species listed as

Rare by the VSO was the ruffed grouse, a Game species.

These 23 species represent information gaps in the BOVA database. The gaps may occur

because needed information does not exist in the published literature. Information gaps could also

occur because published information has not been researched thoroughly, the information has not
been entered into the system accurately, BOVA or VSO categories may be inexact or inappropriate,

the system has not been used properly, or the computer is not operating properly.
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Species Expected and Not Detected

'Twenty·one species were listed by BOVA to occur in at least 5 of the 6 habitat types and
generally not detected in any (Table 12). Ten of these were raptors and one was a duck. The
random-walk survey method was not appropriate for detecting the presence of raptors. Also, the
stands selected were not associated with still bodies of water, making it unreasonable to expect the

i

detection of waterfowl. Therefore, raptors and waterfowl will not be included in the discussion of
species expected yet not detected. The 11 remaining species (Table 12) do not reveal a {law in
BOVA information because species may actually be present yet not detected because of biases in
survey technique.

Hypothetically, any of the ll species could occur in all 6 habitat types. However, for 1 of
these, the green heron, this is highly unlikely unless a marshy area is accessible. The detection of
the eastem bluebird, common flicker, common grackle, northem mockingbird, and house wren in
habitats other than Mixed Seedling/Sapling also seems improbable because they generally occur in
open country, towns, and roadsides (Petersen 1980). Another species, the red crossbill, normally
occurs only in conifer forests (Peterson 1980). It is reasonable that the remaining 4 species, the

purple tinch, evening grosbeak, blackpole warbler, and yellow-throated warbler, were listed in at

least 5 of the 6 surveyed habitat types. .
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Expected and Detected

Thirteen species were listed in at least 5 habitat types and also were detected in at least 5 types

(Table 13). Each of these species was a Common or Abundant species except the ruby-throated
hummingbird which was listed in the Rare category. BOVA’s information was reliable for each
of these species.

i

Alternative Search Strategies

Alternative BOVA search strategies resulted in quite different K values (Table 14). Of the 5

search approaches evaluated, the strategy of Land.Use·Fsize generated BOVA species lists that
‘ contained more (P < 0.05) of the detected species than any of the other search strategies, thus giving

higher K values. The Districts·County-Land.Use strategy yielded the next highest K values. The
Fsize search strategy (Districts·County-Fsize) and the "normal" search strategy

(Districts·County-Land.Use-Fsize) yielded similar K values in all but the Coniferous Pole habitat
type. The Quad search strategy however, yielded lower (_P_ < 0.05) K values in every habitat type

over all status categories (Table 14). Avifauna information in this BOVA element is very

incomplete (R. K. Wajda, pers. commun.). This condition is not surprising because bird watchers
often record sitings by county, not Quad. Another factor that contributes to the paucity of _

information in the Quad element is the insuüicient marmer in which an important data source was
used. Much of BOVA’s avifauna information was retrieved from Bird ~ Habitat Associations on .
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Southeastem Forest Lands (LeGrand and Hamel 1980). In this publication, range maps are
included with the description of each species. Though county information was pulled from these
maps and entered into the BOVA database, Quad information was not (Robert Giles, Jr., pers.
commun.).

Using the habitat search strategy (Land.Use-Fsize), BOVA information over all status
categories was more complete for Mixed and Deciduous, Pole and Mature stands (yielding higher
[P < 0.05] K values) than BOVA information for Mixed Seedling/Sapling and Coniferous Pole .
stands (Table 15). Generally, for each of the tested status categories, BOVA information was most
complete in the Deciduous Pole habitat type and least complete in the Mixed Seedling/Sapling

. habitat type.

BOVA lists generated from Land.Use queries showed differences (Q < 0.05) only for
Abundant species (Table 15). There were more differences in BOVA species list thoroughness in
relation to forest size (Q < 0.05). Examination of the Fsize queried K values revealed that the Pole

. descriptor had the most complete species lists for 6 status categories (Table 15); i.e.,„ K values were
highest (P < 0.05) in the these habitat types. The list for Mature forests was less complete than that
for Pole forests, and that for Seedling/Sapling stands (used to describe Mixed Seedling/Saplings)
was the least complete. Seedling/Sapling and Mature types had Overall K values that were lower
(P < 0.05) than those of Pole types. Though the Seedling/Sapling K values tended to be lower than
the Mature K values, these differences were not significant. From these observations, I conclude
that the species lists obtained from BOVA searches that employ the Fsize descriptor Pole are more
complete than those using the Fsize descriptors Mature or Seedling/Sapling. This difference could
result from the homogeneous nature of Pole habitats when compared with the more variable
seedling/sapling or Mature habitats. Increased habitat variability yields an increase in species
richness, which could increase detected species, and ultimately decrease K values.

For each habitat type, the La.nd.Use search strategy (Districts·County-Land.Use) generated
species that the Fsize search strategy (Districts-County-Fsize) did not and vice versa. When the two

I

elements are linked together with an ”AND’ (Districts—County;Land.Use·Fsize), these species are
not included in the resulting species list. The Land.Use and Fsize elements, when used individually
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with the Districts and County elements, resulted in species lists at least as thorough, and most often
more thorough, than when the two were used together (Table 14). This suggests that when location
elements (such as Districts and County) are included in a query, the Land.Use and Fsize elements
should not be used together in a BOVA search. The Overall K values using the Land.Use query
are higher than the Fsize query in 5 of the 6 habitat types (all but the Coniferous habitat), indicating
that 2 of the 3 Land.Use descriptors (Mixed and Deciduous forest land) give BOVA species lists
that are more complete than those generated by the 3 tested Fsize descriptors. .V

In all instances, when the Quad element was linked to the Land.Use/Fsize search with an
”AND", the resulting species lists gave K values at least 26% lower than when the querie without
Quad was used (Table 14). This is strong evidence that the Quad element is severely lacking in
species records, greatly reducing the number of species listed by BOVA when used in a search.

From these data it is clear that, at the present level of BOVA development, the most complete
BOVA species lists are generated through use of the element combination Land.Use·Fsize. Next, ‘

for 5 of the 6 habitat types, the Districts·County-Land.Use BOVA lists are most complete. At its
present level of completeness, the information provided by the Quad element is unreliable for use
in listing the species of the tested habitat types.

·
BOVA lists resulting from the habitat search strategy included more field detected species than

any other query strategy for almost every tested scenario. Thus, habitat K values tended to be
higher, often significantly, than K values resulting from the other 4 search strategies. It is evident
that BOVA’s tested habitat information (in the Land.Use and Fsize elements) is more thorough
than BOVA’s tested location information (in the Districts, County, and Quad elements). When
information from the location elements Districts and County is linked to that from the habitat
elements Land.Use and Fsize, the percent of species detected in the field that is listed by BOVA

. . decreased in 65 of 72 (91.3%) tested status category-habitat type scenarios (Table 14).
Using the Lar1d.Use, Fsize, and Land.Use/Fsize search strategies yielded Overall K values that

indicated that BOVA information is unreliable for all 6 habitat types (Table 14). However, across
I

status categories, 16.3% (n= 47) of the K values were at least 60, indicative of reliable BOVA
information. The Deciduous Mature habitat had the highest number of status categories with K

l . 48



260 using the 3 search strategies. In this habitat type, Permanent Resident, Transient, and

Abundant species had K values 260 for all 3 search strategies (Table 14). Over 60% ofthe detected
Game and Breeder species, and 100% of the detected Abundant species were listed by BOVA when
the Land.Use search strategy was used.

In the Deciduous Pole and Mixed Pole habitats, using Land.Use, Fsize, or Land.Use/Fsize

search strategies, Breeder, Permanent Resident, and Abundant had K260 (Table 14). Also in the

Mixed Pole habitat, 61% of the detected Nongame species were BOVA listed when the Land.Use
n

search strategy was used.

BOVA listed more than 60% of the detected species in Coniferous Pole habitats for game and
Abundant species when any of the 3 strategies were used (Table 14). Greater than 60% of the

Breeder and Permanent Resident species were listed only when the Fsize search strategy was used.

The Mixed Seedling/Sapling and the Mixed Mature types generally had the most reliable

information. In both habitats, detected Abundant species were expected more than 60% of the

time using any of the 3 search strategies. More than 60% of the Game species were expected in

both habitats using the Land.Use strategy. In the Mixed Seedling/Sapling type, again using the
. Land.Use strategy, 65% of the detected Breeder species were expected (Table 14).

When the habitat search strategy was used, 70.8% (n= 51) of the K values across all tested

habitat types and status categories were indicative of reliable BOVA information (K260). There

were more K values 260 for this single search strategy than the 4 other strategies combined. Again,
the tested BOVA habitat elements contained more reliable information than did the tested location

elements.

49



Dwerences in K Within Status Category Among Habitat

Types in Relation to Search Strategy ‘

Differences in K (P < 0.05) were evident within status categories among habitat types

depending on the BOVA search strategy used (Tables 8, 15). Using the Land.Use/Fsize strategy, H

4 of the 12 status categories showed differences among habitat types (Table 8). For these categories,

there was less similarity (based on K)(P < 0.05) between the Mixed Seedling/Sapling habitat and the
other 5 habitat types except Coniferous Pole, which also was relatively low. Pole habitats tended

to have significantly higher K values (K = 100 for 'Deciduous Pole') than the Deciduous and Mixed
Mature and the Mixed Seedling/Sapling habitats for Abundant species.

Similar patterns were evident for the Fsize search strategy (Table 15). For the 6 status

categories having diiferences among habitat types, birds detected in the Mixed Seedling/Sapling type

were listed by BOVA least often (resulting in low K values). Within the Abundant category,

BOVA’s information was reliable (K260) in 3 habitat types. In the Mixed Pole, Deciduous Pole,

and Coniferous Pole habitat types, BOVA listed 100, 100, and 95.8% respectively, of the Abundant

species detected. ln the Mixed Seedling/Sapling habitat, K was lower (_1j< 0.05, K = 85.5), and

still lower (P< 0.05) in the Mixed Mature habitat (K = 74.3, Table 15) for Abundant species.

The Land.Use search strategy yielded signilicant patterns among habitat types only in the

Abundant status category (Table 15). Using this strategy, 100% of the Abundant species were

listed in the 2 Deciduous. habitat types. K for the Mixed Seedling/Sapling, Mixed Pole, and

Coniferous Pole habitats were markedly lower than the Deciduous types, though Mixed Pole was

not significantly (P < 0.05) so. ‘

I

iso



1 .

Six status categories varied (P < 0.05) in K among the 6 habitat types when the Quad search
strategy was used(Table 15). For 5 of these, the Mixed Pole, Mixed Mature, and Deciduous
Mature habitats had the highest values. Deciduous and Coniferous Pole had lower values than
these and the Mixed Seedling/Sapling had the lowest. Exceptions were the Breeder and Common
bird categories. K for Breeder species was not siguificantly different among Deciduous and Mixed
Pole and Mature habitat types, but in Coniferous Pole and Mixed Seedling/Sapling types, K was
lower (P < 0.05) than the other 4 types (Table 15). K for common species was significantly lower .
in Mixed Seedling/Saplings than any other of the 5 habitat types. Use of the element Quad in a
BOVA query drastically reduces the number of species in the resulting BOVA species list wl1ich is
illustrated by the low K values (all S 33.3%, Table 14).

Differences were found among the 6 habitat types for 8 status categories when using the
habitat search strategy (Table 15). For all 8 categories, birds detected in the Mixed Seedling/Sapling
habitat type were listed by BOVA least often. K values for the Coniferous Pole habitat type
consistently were next lowest. Mixed Pole, Deciduous Pole, and Deciduous Mature types had the
highest (_P< 0.05) K values over all 8 categories (Table 15).

K in Relation to Stand Size

. K (derived using the standard Districts·County-Land.Use·Fsize search strategy) for each
habitat type (generated from composite species lists for the 3 stands representing each habitat type)
was compared with K for the mean of the 3 individual stands within each type (Table 7). Mean

_ K for stands tended to be higher than that based on composite lists for all 6 habitats. This indicates
A

that for these habitat types, BOVA serves as a slightly better predictor for smaller areas than larger

· areas.51 ‘



' These results are not surprising considering island biogeographic theory (Ambuel and Temple
1983, Howe 1984). K for habitat was calculated from species lists obtained by surveying 24 to 60
hectares (3 stands). K for the mean of 3 individual stands was calculated from species lists obtair1ed
by surveying 8 to 20 hectares. With an increase ir1 area, there should be an increase in detected
species and because BOVA species lists are fixed for a given habitat, K values declir1e.

The comparisons of this study were made using mean K values for the 3 stands of each
i

habitat type because specific management practices (e.g., forest harvesting) often directly affect
parcels of land that range from 8-20 ha.

3

K and Habitat Variability

Variations (measured by coefiicient of variation) of 3 habitat parameters were negatively
correlated (_I’_ < 0.05) with K. The coefiicient of variation in the density of sapling size A (8.1 to
15.0 cm dbh) and pole size B (15.1 to 23.0 cm dbh) trees within a habitat type was correlated
negatively with K for all 6 habitat types (size A trees: r= -0.87; size B trees: r= -0.83). Thus, as
variation increased, K decreased; i.e., fewer of the detected species were listed by BOVA. The ·
coefficient of variation in percent canopy cover also was correlated negatively with K (r= -0.90,
N = 6).

These results indicate that BOVA may have too narrow a definition of these 6 habitat types.
As the vaxiability in a habitat increases, there is an ir1crease in available niches. These niches could
attract more species to an area resulting in the potential for a higher detected species richness. In
the BOVA database, more narrowly defined habitats have fewer species associated with them, and

l

fewer species are listed when that habitat is used in a BOVA query. Consequently, all of the species
detected in a diverse habitat type may not be listed and lower K values would result. Such may

' . 52



be the case with the negative correlation between K values and variability in the 3 habitat
parameters.

l

Species Riclmess

The Coniferous Pole habitat had the highest mean detected species richness over its 3
representative stands (S = 3.7 spp./ha) when compared with the other 5 habitat types. The total
number of species detected in this habitat was 47. The Mixed Seedling/Sapling habitat had the next
highest S value (S = 3.3 spp./ha), with a total of 64 detected species. Mixed Mature had a total
of 52 detected species (S- = 3.0 spp./ha), while Mixed Pole had 50 (S = 3.0 spp./ha). Deciduous
Mature had a total of 50 detected species (S = 3.0 spp./ha), while Deciduous Pole had 49 (S =
2.7 spp./ha).

The results of the analysis of variance (F = 1.52, df= 5, P= 0.25) indicated that the variations
. in detected species richness, S, over the 2 field seasons among the 6 habitat types were not different

(_lf> 0.05). This was surprising considering the differences in habitat characteristics among the 6
types. It is reasonable to assume that birds are more likely to be missed in habitats of denser

i
vegetation and/or higher canopies (Vemer 1985). Perhaps if survey effort were increased by adding

more sites, significant differences in species richness among habitat types would become apparent.

Another factor that must be considered indetermining species richness and abundance
estimates is that the average song duration and even the proportion of birds that sing may change
with iavian density (Bart and Schoultz 1984). When species "compete" for detection during a survey,

for example by suppressing other birds’ songs, the survey tally will be underestimated (Bart and
i

Schoultz 1984). The species richness values of this study are comparable to those of Hamel et al.
(1986). Using spot-mapping censuses, they found that a typical oak-hickory stand of 20 ha in

53



South Carolina supported an average of 40 bird species, while in Kansas a 10 ha area averaged 41
species.

Modeling Habitat Alterations

The results of this study indicate that the capacity to model, using BOVA’s information, the
effects on avifauna species richness of changing a forested habitat to a Seedling/Sapling habitat is
very limited. In the clearcut (Mixed Seedling/Sapling) habitat · a hypothetical, post·alteration type
- BOVA listed only 30.1% of the species observed (Table 7). Even at the most general level of
habitat description, only 49% of the detected species were listed (Table 14). Clearly, using the
tested element combinations, the database is not sufficiently complete to model avian occurrence
in any land use decisions for which the Mixed Seedling/Sapling habitat is the post-alteration type.
However, with appropriate interpretation and consideration, BOVA may be used eifectively as a
tool in land use decision·making processes to provide indication of possible effects.

Species Richness as a Function of Survey Ejfort

There were no differences (Q > 0.05) among habitats in detected species richness over 54 hours
of survey time spent in each type. However, the Michaelis-Menton model revealed trends in the
maximum number of detected bird species given unlimited time, MS, within each of the 6 habitat
types (Table 16, Fig. 1). Fit to data collected during the 10 minute time intervals of 1.5 hour

54
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Figure 1. Curves generated from models that relate the number ofbirds detected to the duration ofeffort
during 1 morning survey for 6 habitat types (Michaelis-Menten model; Spain
1982).: Clearcut: Mixed Seedling/Sapling; Mixpole: Mixed Pole; Mixmat: Mixed Mature;Decpole: Deciduous Pole; Decmat: Deciduous Mature; Conpole: Coniferous Pole.
Number of birds = (MS x INTRVL)/(T + INTRVL). MS represents the maximumnumber of birds that can be detected in a specific habitat type given unlimited survey effort,INTRVL is the number of 10 minute observation periods (1-9) during a 1.5 survey, and Trepresents the time required to see half of MS. These curves were generated using 1986 and ‘
1987 data.



I

surveys over the 1986 and 1987 field seasons, the model estimated that Deciduous Mature stands
I would have the highest MS detected during a single survey, and Mixed Seedling/Sapling and

Deciduous Pole, the next highest given unlimited survey time (Table 16). It also estimated that
MS would be lowest lI1 Coniferous Pole stands and next lowest in Mixed Pole and Mixed Mature
stands. The trends in estimated time required within a survey to see half of the species present, T,
did not follow the same patterns (Table 16). The Coniferous Pole, Deciduous Pole, and Deciduous
Mature stands required the longest time (35, 34, and 34 minutes, respectively). The Mixed Mature ~
stands required less time, 32 minutes. Mixed Pole and Mixed Seedling/Sapling types needed the
least time within a survey, each requiring 22 minutes.

Fit to collective data obtained during 12 1.5 hour surveys in each site over the 2 season survey
period, the model estimated that the greatest mean number of species (57.1) could be detected in
the Mixed Seedling/Sapling habitat, given an unlimited number of surveys (Table 17, Fig. 2). Next
would be the Mixed Mature with 51.1 species, Deciduous Mature with 49.9 species, Mixed Pole
with 45.7 species, Coniferous Pole with 40.9 species, and Deciduous Pole with 37.7 species.

The time required to detect half of the species was highest in the Mixed Seedling/Sapling
habitat type, 7.8 hours (5.2 l.5·hour morning surveys). Coniferous Pole, Mixed Pole, and
Deciduous Mature habitats required slightly less time, 6.6, 6.3, and 5.9 hours (4.4, 4.2, and 3.9·

l.5·hour surveys), respectively. Mixed Mature and Deciduous Pole habitats required the least time,
4.0 and 3.8 hours (2.7 and 2.5 surveys), respectively (Table 17).

Results of species·etfort modeling indicate that different habitat types warrant varying
amounts of effort to detect the species present. Thus, species surveys of Mixed Seedling/Sapling
habitats should include more sampling periods than species surveys of any of the other 5 tested

P

habitat types (Table 17). Modeled data show that in the Mixed Seedling/Sapling type there is a
high species richness (indicated by a high MS value) and a relatively long survey duration (indicated

I57
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Figure 2. Curves generated from models that relate the number of birds detected to the duration of effortover several morning surveys for 6 habitat types (Michaelis-Menten model; Spain
1982).: Clearcut: Mixed Seedling/Sapling; Mixpole: Mixed Pole; Mixmat: Mixed Mature;Decpole: Deciduous Pole; Decmat: Deciduous Mature; Conpole: Coniferous Pole.Number of birds = (MS x INTRVL) / ('T + INTRVL). MS represents the maximum ‘
number of birds that can be detected in a specific habitat type given unlimited survey effort,INTRVL represents the number of 1.5 hour morning surveys (1-12) conducted over the 2season study period, and T represents the time required to see half of MS. These curves ‘
were generated using 1986 and 1987 data. _
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by a high T value) is required to detect half of them. Less time should be required to detect half °
the species in the other 5 habitat types, and the least time neccessary in the Deciduous Pole type.

Differences in both MS and T among the 6 habitat types could be a function, in part, of each
type’s vegetational structure and composition. Unfortunately, there have been relatively few studies
that have quantitatively assessed biases in bird detectability attributable to habitat (Verner 1985).
It has been noted in the literature that vegetational interference of avian songs influences
species·speciiic detectability (0elke 1981, Richards 1981, Rodgers 1981). Richards (1981) examined _
the specific effects that vegetation has on bird songs. However, his work compared the acoustics
of forested versus open areas only. He found that a bird’s song is degraded by attenuation (the
decrease in sound intensity with distance), fluctuation (changes in amplitude and periodicity), and
reverberation (echo). The presence of trunks, foliage, and ground increases scattering and
reverberation. The higher frequencies of bird songs have wavelengths comparable to the size of
deciduous leaves, are subject to absorption, and therefore are distorted more severely than are the
lower frequencies. Increased vegetational interference causes an increase in these sources of song
degradation and a decrease in accurate species identification through song recognition (Richards
1981). Vegetation composition and structure both detract from accurate species identification.
However, information is not readily available to discern degrees of acoustic distortion within
coniferous, deciduous, and mixed, as well as young and old forest types. The effects of dense
vegetation on the detection of bird songs may partially explain why the greatest number of species
were detected in the Mixed SeedlingfSapling habitat.

PC-BO VA Versus Mainframe BO VA ‘

PC-BOVA listed more species than mainframe BOVA in all of the 6 tested habitat typesI
(Table 18). K values for PC-BOVA followed the same general trend as those for mainframe
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BOVA. The percent of species detected in the field that was listed to occur by PC-BOVA was the
highest in the Deciduous Pole habitat type, and the lowest in the Mixed Seedling/Sapling type.
Mainframe BOVA K values tended to be highest in the Deciduous and Mixed Pole habitat types,
while PC-BOVA K values were the highest in the Deciduous habitat types (Table 18). Though
PC-BOVA K values were higher than mainframe BOVA K values (by 1.6% in Mixed
Seedling/Sapling to 25.5% in Mixed Mature), they still were below 60, and thus indicative ofunreliable information.6l



Table 18. Comparison of K values calculated from mainframe BOVA species listsand PC-BOVA species lists.
% of Detected Species Listedl

Habitat
Type PC-BOVA Mainframe BOVA

Mixed Seedling/Sapling
Mixed Pole 51.0(44) 36.0(39)Mixed Mature 51.9(44) 36.5(35)' Deciduous Pole 59.2(44) 38.8(33)
Deciduous Mature 58.8(46) 33.3(32)‘ Coniferous Pole 42.6(38) 29.8(30) °

IBOVA lists obtained using the Districts-County·Land.Use·Fsize search strategy.
2Number of species listed by BOVA.
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DISCUSSION AND SUMMARY

As a CFWIS, BOVA is not a model. However, specific BOVA searches or queries and the
occurrence information that they elicit can be considered models or representations of reality. The
reality modeled in this study was the presence of bird species in specific habitat types. Thus the
following discussion of models and model testing apply to the BOVA GFWIS as used here. In
essence, models represent hypotheses about nature. Thus, model testing is similar to hypothesis
testing. Models cannot be proven correct, but only supported by experience and tentatively
accepted until proven false (Overton 1977, Holling 1978, Farmer et al. 1982, Marcot et al. 1983,
Grant 1986). As simplifications ofreality and being inevitably incomplete, models will be unreliable
to some extent. Model testing serves to aid in understanding the degree of unreliability (Farmer
et al. 1982).

BOVA is most reliable when used to estimate the presence of common species. This is
important because many organizations, such as bird watching and garden clubs, may be interested
in the occurrence of these species. However, common species seldom are considered when land-use
decisions are being made. Therefore, although common species are important, for many situations
less common species may be more so. The influence of a land use practice on relatively uncommon

U

species that may be of special concem is of greater interest than effects on common species. From '

this latter point of view, BOVA should be evaluated for its ability to list uncommon species.
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Hoekstra and Cushwa (1979) reported that avian information in computerized information
systems generally has emphasized threatened and endangered species and game species. Emphasis
on nongame categories has been limited. This trend was capsulized by Thomas (1979) when he
quoted Orwell (1946): 'ALL ANIMALS ARE EQUAL BUT SOME ANIMALS ARE MORE
EQUAL THAN OTHERS."' For example, federal agencies are required by law to account for
threatened and endangered species much more closely than for more common species. Threatened
and endangered species were not tested in this study because its design was not appropriate for ,
detecting these species. To be appropriate, the study design would have to include a survey method
of increased intensity. It should be noted that a conscientious effort should continue to be made
to include in BOVA all available information on state- and federally·listed threatened and
endangered species. This is important to ensure that thorough information is used for protecting
Virginia’s natural faunal diversity.

As well as threatened and endangered species, game species also are a major focus of wildlife
management activities (Thomas 1979). It is of concem that BOVA did not list an important game
species, ruffed grouse, under the tested scenarios. Biologically, game species are not more important
than other species. However, they merit special attention because of their economic and recreational
value. For the benefit of all species, information on game species should be very thorough ir1
BOVA. All species, game and nongame, benefit from money obtained through taxes on firearms
and from hunting license fees. They also benefit from an increase in public awareness of natural
resources often associated with the hunting experience.

The low K values for Game species (29.6) and the higher values for the Nongame—Protected
species (49.1) indicate that BOVA may not emphasize Game species in accordance with
management directives. Also, VSO categories may be limited or adequate local field reports were
not included in the system. It should be remembered, however, that there is a low level of
confidence associated with the conclusions about Game species based on K values because the
nature of this status category necessitated K values to be calculated from small sample sizes.

l

As a tool for making land use decisions, it would be preferable for BOVA to over·estimate
the species that occur in a stand prior to stand alterations. However, it is not preferable to
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indicate that a species persists after habitat manipulation, when in fact the rnanipulation may have A

eliminated the species from the area. Thus the inference could be made that the habitat alteration
has a lesser impact than it in fact did have. The ideal situation would be to list accurately species
for both pre- and post- alteration conditions, but at the least it seems better to conduct land use
planning conservatively than risk eliminating a species from an area.

Because BOVA information is incomplete, it must be used as a inferential tool; the possible _
occurrence of additional species not on BOVA lists must be inferred from the BOVA information
given. For example, if the downy woodpecker is listed by BOVA to occur in a specific area or
habitat type, it is reasonable to infer the occurrence of the hairy woodpecker because of their similar
habitat requirements. BOVA information must be entered accurately so these links can be made.

Literature searches should be conducted to determine the potential causes of information
gaps. Searches on the 23 species listed in Table 13, (species detected in at least 5 of the 6 habitat
types yet not listed by BOVA in more than 1 type) would be worthwhile in initiating this effort.
If all published information has been collected and accurately entered to the system, then the gaps
can be used to indicate areas of needed data and thus, direct research efforts. However, if the lacking
information is available in a published form, this information must be entered into the BOVA
database. Both approaches will increase the system’s overall completeness.

Overall, the Districts·County-Land.Use-Fsize, Districts-County-Land.Use, and
Districts·County-Fsize search 'strategies gave essentially unreliable information. Without
supplemental data, the use of information retrieved from BOVA using these strategies is
unacceptable. Information retrievedlfrom BOVA using the Land.Use-Fsize search strategy is
reliable and acceptable for use. It is optimal if any information retrieved also is supplemented with

. additional data.
It has been shown that the tested BOVA habitat elements contain information that is much

more reliable than that contained in the tested BOVA location elements. However, without the
U

use of location information in a BOVA query, the search may be too general. For instance, when
the species of a coniferous pole habitat type are in question, without location information, it is not
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known if these are species of the coastal, mountainous, piedmont, northem, or southem regions
of the state. BOVA location elements must be supplemented with accurate information to allow
BOVA users to retrieve reliable information concerning habitat types within specific areas of
Virginia.

More specific definitions of the Fsize categories should be developed to increase the suitability
of this element for categorizing species information. Fsize should be defined by tree age, height,
or dbh. I suggest that dbh be used to define Fsize. This measurement is easily attained and is more .
indicative of tree structure than is tree age, for which structure may vary with site index.

Though it is updated, PC·BOVA gave information that was unreliable for use under the
tested scenarios. PC·BOVA is, however, an improvement over mainframe BOVA; its information,
though still unsatisfactory, is more reliable. With additional effort, the BOVA system will become
a more valuable tool for land use planning, education, research, and and other functions that require
wildlife species information.

To use BOVA information in decision making is to accept BOVA’s technology and use it to
solve problems or improve upon current management procedures (Callaham 1984). However, it
is clear that in its present state, the BOVA database alone does not provide adequate information
for making land use decisions. BOVA’s weakness is not a result of flaws in the system’s design,
but in its level of completeness. Though the database is incomplete, decisions using BOVA
information will continue to be made. This is acceptable if all available information, including
BOVA’s, is combined with expert opinion to predict the consequences of altemative management
scenarios (Farmer et al. 1982).

_

The inevitable simplicity of CFWIS in expressing species occurrence results in database
outputs that are less than ideal. An acceptance level for model outputs must be defined. Grant
(1986) stated that the process through which we define "acceptable” is perhaps the most
controversial aspect of modeling. This problem also pertains to assessing the output of
computerized information systems. Acceptance levels vary depending on the output reliability

A

required when making a specific land use decision (Farmer et al. 1982) and define an operational
endpoint of system development. Clearly, BOVA is not sufliciently reliable to stop system
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development. BOVA outputs could become more reliable for making management decisions, and
thus more acceptable, through irnproved communications between information system ’ q
and users focused at realistic, functional objectives (Farmer et al. 1982).

The results of this study indicate that BOVA information is not always reliable or accurate.
However, used as one of many tools in a decision making process, BOVA is a useful and valuable
contributor to wildlife management. Versatile and resourceful management does not presume that
CFWIS provide statements of absolute truth. Instead, it uses these systems to help synthesize
knowledge and to apply it to decision-making processes to guide management toward goals
(Salwasser 1986).

Several characteristics of this study’s design could detract from its findings. lt has been
suggested that information system testing should span at least 3 years to detect fluctuations in
numbers and distribution (Marcot et al. 1986, Hurley 1986). Another way to expand the
implications of this study would have been to survey more stands of each habitat type (Van Home
1986). Also, the 6 habitat types defined in this study may not be defined identically in the database.
For example, the ambiguity of BOVA Fsize defmitions prevents adequate delineation between
stand age types. The techniques used to measure habitat characteristics as described by Noon
(1981) are modified, yet very similar to those of James and Shugart (1970). Anderson (1981)
reported that results obtained through the James—Shugart technique do not provide sound
information on habitat·species correlations because data are obtained from the macro-habitat level,
not the micro·habitat level to which individual species respond.

This study has uncovered areas in the database where species information is lacking. If not
found in the literature, research should be conducted to make this information available for use in
management decisions. System testing brings us full circle to discover gaps in knowledge and
mechanisms for frlling those gaps (Overton 1977, Goldstein 1977). This type of feedback is critical
to the development of reliable information.

When a CFWIS passes reliability tests, it is ready for the purpose for which it was
l

constructed. This view of system testing, though often not acknowledged, is crucial to the
l

effectiveness of CFWIS and the making of responsible decisions affecting our natural resources
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(Overton 1977). With development, large, automated natural resource information systems such
as BOVA may have an important impact on this p1anet’s natural systems, on the preservation of
species, and on the quality of the natural world surrounding us (Dangermond and Smith 1981).
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