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Abstract: Statistical Analysis System (SAS) was used to provide continuous inventory, manipulation, and analysis of a wide range of biological information
for black bears (Ursus americanus). We developed a computer-formatted field capture sheet to reduce transcribing effort and encoding errors, and to expedite
data access. The system was flexible, easy to use, and versatile, allowing one to (1) update the data base, (2) detect and allow error correction, (3) handle
missing values, (4) sort and combine data into different formats, and (5) produce reports and color graphics. Programs to locate errors included sorting
variables into a formatted output to facilitate visual detection. The data base can be interfaced with statistical programs (SAS, SPSS), analysis systems for
mark-recapture data, and telemetry, habitat, and land-use planning systems. Using a standardized data system optimizes preproject planning, consistency,
and experimental design considerations for long-term projects. The SAS format is widely used, readily available, and enhances interdisciplinary interactions.
Computerized data systems facilitate integrated information management for a broad range of research and management objectives and maximum resource,

input to ensure comprehensive management decisions.
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The wildlife profession has been characterized by
advanced technology and increasing sophistication in
recent years. Computers are routinely used, satellite
technology is becoming more available, and advanced
statistical analysis is now common. With continuing
and effective technology transfer, computer-assisted
techniques can provide valuable assistance in quan-
titative analysis and rapid manipulation of informa-
tion into concise formats that will facilitate
management decisions.

Computer packages have been developed to con-
duct mark-recapture analysis on open (Arnason and
Baniuk 1980 [POPAN-2]) and closed (Otis et al. 1978
[CAPTURE]) populations, and a statistical method
has been described that estimates black bear harvest
rates and population densities from appropriately col-
lected sex and age data (Fraser et al. 1982). Programs
have been described for handling radiotelemetry (Sin-
iff and Tester 1965, Koeppl et al. 1975, Hill et al.
1981, Hill and Fendley 1982) and habitat and land-
use planning data (Gilmen et al. 1973, Beeman 1977
[IMGRID]). Comprehensive, user-oriented statistical
packages (SAS Users Guide/Basics and Statistics
1982 [SAS], Nie et al. 1975 [SPSS]) are also readily
available, but an apparent gap exists in the data-
handling step between collection of raw field data
and computer analysis. To fully realize the potential
of computer-assisted techniques, adequate data col-
lection and management considerations should be in-
tegrated to ensure valid and timely interpretations.

Increasing management concern for bears, espe-
cially grizzly bears (U. arctos), in many national parks
has prompted managers to maintain substantial ob-
servational information in a computer system called

the Bear Information Management System (BIMS)
(Joslin and Kapler 1979, Smith 1983). The system
has been used to analyze management problems as-
sociated with bear-person incidents in several national
parks (Keay and VanWagtendonk 1983, McArthur
1983). Parks have been reluctant to accept BIMS
because of technical problems associated with a cen-
tralized, nation-wide computer system and reduced
support from the development to operational stage.

The University of Tennessee (Dep. of For., Wildl.,
and Fish., and the Grad. Prog. in Ecol.) has been
conducting a comprehensive black bear research proj-
ect since 1969 in Great Smoky Mountains National
Park (GSMNP or Park). The large data base accu-
mulated soon made it evident that conventional in-
formation handling procedures were not suitable. Qur
objectives are to describe and evaluate a data man-
agement and analysis system that evolved to handle
large amounts of biological data for black bears.

J. Carmichael, B. McCullough, and J. King assisted
with data encoding. V. Gibbons provided keypunch
advice, and M. Pollard provided computer assistance.
Financial support was provided through MclIntire-
Stennis Projects 12, 21, and 27, Dep. of For., Wildl,,
and Fish., Agric. Exp. Sta., Univ. Tenn., Knoxville.
We acknowledge U.S. Dep. Int., Natl. Park Serv.
cooperation and the use of the Univ. Tenn. Com-
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STUDY AREA

Great Smoky National Park, an International Bios-
phere Reserve, provided a valuable opportunity to
study bears; the large (2,075 km?), diverse, and rel-
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atively undisturbed area with a high bear population
(Pelton and Marcum 1975) allowed an assessment of
data procedures, methodologies, and information
needs for developing population and habitat models.

METHODS

Our raw data set consisted of 614 individual cap-
tures of 362 bears and 62 variables per capture. The
data set contained information on all black bears
captured and handled from 1969 to 1980. SAS ses-
sions were run using a modem/telephone line from
the DECwriter, Televideo, and IBM PC terminals.

RESULTS AND DISCUSSION

Computerized Data Management and Analysis
System

Current System Operation.—Black bear data were
keypunched, run on the IBM mainframe computer,
and transferred to the CMS disk. The CMS system
(Sall 1981) functioned as a complete computer sys-
tem. We used it to create and modify data files and
programs, prepare text, and submit and retrieve batch
jobs using the Remote Job Entry/Remote Job Output
facility, thus reducing the time delay normally en-
countered between submission and output times. The
SAS procedure output files (Fig. 1) could then be
routed to our terminal, a printer, or to another disk.

STATISTTICATL

0BS INDEX TATTOO CAP_DATE
1 104 19JUL72
2 305 09JUN72
3 503 29JUN73
4 601 23JUN72
5 1001 088 07JUL72
6 1204 23JUL75
7 1505 20JUL72
8 2101 17AU0G70
9 2313 118 14AUG72
10 2601 25AU0G72
11 6002 E7 29JUN77
12 9302 D13 19JUN77
13 13501 A8 22JUN76
14 18001 F21 30JUN77
15 22003 609 04JUN79
16 23201 465 11JUL78
17 31501 508 16SEP79

Fig. 1. SAS procedure output from the noninteractive program as stored on the CMS disk. (This inf:

ANALYSTIS

CAP_TIME

The SAS procedure output (Fig. 1) was stored on
the CMS disk in SAS-specified format. Normally, this
format is not in manuscript form; therefore, this file
was transferred to a floppy disk on the IBM PC. A
word processor was then used to format and edit for
the final letter-quality printing of the manuscript
(Fig. 2).

Additionally, SAS/GRAPH was used to draw line
plots; scatter, contour, and 3-dimensional plots; bar
graphs; pie charts; stars; block charts; and coropleth
and surface maps (SAS/GRAPH Users Guide 1981).
All SAS retrieval, data management, statistical anal-
ysis, and other capabilities may be used with SAS/
GRAPH. Data are put into SAS data sets before
SAS/GRAPH procedures use them. With SAS/
GRAPH and a color terminal and plotter such as
Tektronics 4027 and 4662, displays show information
in meaningful pictures; extensive title and footnote
capabilities allow data explanation and display an-
notation. Carefully choosing default values in SAS/
GRAPH permits immediate production of pictures
with display options that fit current needs (e.g., 35
mm color slides and plots in manuscript form).

Examples of recent inquiries for information that
were answered rapidly with this system include: (1)
footpad measurements for evidence in a law enforce-
ment case, (2) histories of bears captured in nuisance
situations by the Natl. Park Serv., (3) incidents of
collar-related injuries, (4) recovery times for bears
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STATTSTTICATL ANALYSTS SYSTEM
CAPTURE CAPTURE CAPTURE TRICK DEAD OR
INDEX TATTOO DATE TIME METHOD SNARE ALIVE
104 19.J0L72 2125 Free-ranging . Alive
305 09JUN72 2250 Culvert . Alive
503 29JUN73 . Culvert . Alive
601 23JUN72 . Culvert . Alive
1001 088 07JUL72 815 Free-ranging . Alive
1204 23JUL75 1139 Snare No Alive
1505 20JUL72 930 Culvert . .
2101 17AUG70 . Culvert . .
2313 118 14AUG72 2134 Free-ranging . Alive
2601 25AUG72 2030 Free-ranging . Alive
6002 E7 29JUN77 1225 Snare No Alive
9302 D13 19JUN77 1100 Snare No Alive
13501 A8 22JUNT76 1100 Snare No Alive
18001 F21 30JUN77 1145 Snare No Alive
22003 609 04JUN79 1428 Free-ranging . Alive
23201 465 11JUL78 948 Snare No Alive
31501 508 16SEP79 1015 Barrel . Alive

Fig 2. SAS procedures output (Fig. 1) in final manuscript form after editing and formatting on the IBM PC.

that were immobilized with M-99 but not given M50-
50, (5) incidence of chest markings, (6) dosages of
sernylan for evidence in a litigation suit, (7) breeding
history and tree den reuse by progeny, and (8) cross-
referencing tooth sections and age data.

Data Set Editing and Maintenance.—Once on the
computer, the data set was easily manipulated to edit
or update with new bears, ages determined from tooth
sections, and deaths of catalogued bears. Five search
programs to locate errors included sorting measure-
ments by sex and age; reproductive variables by sex;
nuisance history by locations and trap types; and
other numeric variables such as tag, tattoo, and index
numbers; dates; and drug dosages into list-formatted
output, which easily facilitated visual detection. The
5 searches located 20 errors; most were encoding
mistakes such as being 1 column off or problems with
vague handwriting (e.g., 2 vs. Z). Other errors and
format problems were located through routine use.
For example, the 1st printout of ages revealed bears
that were 1890-1900 years old because birth year
was in 4-digit format (1976) and the capture year
was in 2-digit form (79).

Corrections, updates, and revisions were easily ac-
complished using the CRT or hard copy terminals
with the CMS Xedit or Script on-screen editor. The
editors have search, find, and redefine capabilities,
and find and replace commands. Many other on-

screen edit commands are available to correct any
problems in the data system. This flexibility is essen-
tial feedback for improved system operation, incor-
porating rapidly advancing computer technology, and
integrating into new systems.

Computer-formatted Field Sheet.—In 1981, we de-
veloped a field capture sheet with a computer format
that corresponded to that of the 1968-80 data set
because most data set errors resulted from transcrib-
ing field sheets to keypunch encoding forms. After 1
year of field testing the data sheet and using the
existing data set, 2 new variables (age and total drug
dose) were added, and the format was slightly altered
to reduce character variables, add decimals, reduce
the birth year to 2 digits, and clarify instructions
(Figs. 3 and 4).

Important considerations in developing a com-
puter-formatted field sheet included (1) using 2 colors
in printing to clearly distinguish between the 2 cards,
(2) placing card number and bear index number on
each card, (3) printing necessary decimals in specified
columns, (4) using a minimum of character variables
and carefully distinguishing between numeric varia-
bles (e.g., O and Z vs. 0 and 2), (5) where appropriate,
leaving the last numeric code for other and a blank
for specification (e.g., 4 = neck; 5 = other, please
specify ), (6) providing extra space for comments
and a recapture, for marking changes and making
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clarifications, and (7) using counties for general and
broader than expected coverage of the study region
and then coding locations to more specific study areas
or sites (Figs. 3 and 4).

The computer-formatted field sheet reduced tran-
scribing and encoding effort and errors, and expedited
access to the data. The format also provided only
discrete data categories that aided interpretation and
statistical analysis. Blanks on initial data forms re-
sulted in so many descriptions that often no useful
data resulted. Using a standardized data sheet optim-
izes preproject planning, consistency, and experi-
mental design considerations for long-term projects.
The disadvantages of the computer field sheet were
that field personnel were reluctant to change, and the
sheets were more trouble to develop, type, and print
than conventional data sheets. Once field personnel
became familiar with the new field sheets, most pre-
ferred them because all variables and instructions
were clearly defined. Personnel complaints were fur-
ther alleviated by providing extra space for com-
ments.

Plans for Future Developments.—The present data
base will be interfaced with POPAN-2 (Arnason and
Baniuk 1980) and CAPTURE (Otis et al. 1978) pro-
grams for further population density and dynamics
analysis. Sex, age, harvest, and capture data can also
be evaluated in relation to population dynamics. Pop-
ulation density and dynamics data allow us to validate
and calibrate our standardized bait-station surveys to
monitor the relative density and distribution of bears
over large areas. Integrated data systems will allow
formulation of valid, reliable population models,
monitoring surveys, and predictive capabilities.

The next step is to interface population data with
movement, habitat, and land use data. The short-
comings of IMGRID (Beeman 1977) as a black bear
habitat and movement analysis system have been
identified (Quigley 1982:108-111, Villarrubia
1982:100-103). Presently, the geographical land
based and telemetry data from IMGRID are being
converted into SAS format for more efficient manip-
ulation and analysis. The SAS format will also easily
interface with geographic information systems such
as Earth Data Resource Analysis System (ERDAS,
Inc., Atlanta, Ga.). A new SAS-formatted telemetry
analysis system (Hill et al. 1981, Hill and Fendley
1982) provides the final link toward comprehensive
analysis of telemetry, habitat, and land-use infor-
mation.

The major objective of the GSMNP bear studies
has been to establish baseline ecological information
for regional comparison. Bears are a good environ-
mental indicator species, and our ultimate goal is to
develop 1 interactive population and habitat moni-
toring system to ensure comprehensive resource man-
agement in the Southern Appalachian region.
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