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Introduction

The computations necessary to calculate many of the mark recapture
population estimates described in Otis et al. (1978) are lengthy, and usually
nearly impossible to perform without a computer. Therefore, to provide
methods of population estimation useful to the biologist, a comprehensive

FORTRAN computer program was written to complement the Wildlife Monograph

{available from The Wildlife Society, Suite 611, 7101 Wisconsin Avenue,
Washington, DC 20014). Input to the program was written in a free-form
and natural style to provide ease of use by computer users. This manual de-
scribes the program input options. MNo output is demonstrated herein because

numerous examples are given in Otis et al. (1978).

Overview of Program Input

The basic unit of the program is a TASK. The word TASK is a restricted
word in the program input, and identifies that a particular set of computations
or data input {s requested, The computations necessary to calculate a popu-
lation estimate based on a particular model are assumed to be a TASK. Input
of the Xij matrix of captures is also a TASK. Various model estimators and
hypothesis tests of the validity of the models make up the TASKs available
in the program. These are summarized in Table 1, and described in Section

3.0, Many of the TASKs require only one input card, for example

TASK MODEL SELECTION



Tahle Ta. TASK cards available in prooram CAPTURE, and the parameters
and options available for each card. Opticnal parameter speci-

fications are in brackets: mutually exclusive options are in

braces with the default value underscored.

XY REDUCEN
XY COMPLETE
NON XY

% MATRIX

TASK READ CAPTURES OCCASTONS= [FILE=] [CAPTURES=] [SUMMARY]

Optional additional input cards are
DATA='information on data'

FORMAT='format specified’

TASK CLOSURE TEST [DCCASIONS=]
TASK MODEL SELECTION [OCCASTONS=]
TASK UNTFORM DENSITY TEST [OCCASIONS=]

ALL
APPROPRIATE
NULL
j JACKENIFE [OCCASIONS= ]
REMOVAL
DARROCH
ZIPPIN

TASK POPULATION ESTIMATE




Table la. Continued.

ALL

APPROPRIATE
NULL

TASK DENSITY ESTIMATE JACKKNIFE ¢+ INTERVAL= CONYERSION=
REMOVAL
DARROCH
ZIPPIN

4

From two to eight additional input cards define grids:

x= e [OCCASIONS=]

X= v= [OCCASIONS=]

END OF GRID DEFINITIONS [DENSITY=] [STRIP=]

NULL
JACKKNIFE
TASK READ POPULATION REMOVAL
DARRQOCH
ZIPPIN
{Only one estimator may be selected, with no default yalue. Additional

input card(s) are required to enter the number of trapping occasions,
the minimal sufficient statistics for the estimator selected, and
identifying infarmation.)

MULL

JACKKNIFE

REMOVAL

DARROCH
ZIPPIN

TASK READ DENSITY



Table la. Continued.

(Additional cards are required to enter the number of grids, k, the

initial values for density and strip width, heading, and the najve
densities Y(I), coefficients A(I) and B(I), and variance-covariance
matrix VCIT,3) For 1 = 1,....d, 1 = 1,...K)

TASK SIMULATE [SEED=] [POPULATION=] [OCCASIONS=] [REPLICATIONS=1 [PRINT]
Up to four additional input cards define capture probability struc-
ture or provide identifying information.

HETERQGENEITY=

BEHAVIOR=

TINE=

DATA='identifying information about simulation.’

TITLE='a heading to be printed at the top of each page of output.'




A second example of a TASK card which requires only one input card, but
on which additional key words may be specified to provide an option
in the computations is

TASK POPULATION ESTIMATE JACKKNIFE
This card specifies that a population estimate is desired, specifically
the jackknife estimator appropriate for Model Mh. Other TASK cards reguire
that parameters be specified on the card. For example,

TASK READ CAPTURES OCCASIONS=10 .
indicates there were 10 trapping occasions for the data set to
be read. The more complicated input requires additional cards after the
TASK card. An example of such a procedure is TASK DENSITY ESTIMATE,
which requires one card for each grid to specify the dimension and location
of the grid.

TASKs may be performed in almost any order, although there is a
logical order of determining which estimator is appropriate before esti-
mating the population or density. Also, the captures must be
input before any of the TASKs that require these data can be
executed.

A 1isting at the beginning of the program output that is made of
the input cards as they are read is entitled
INPUT AND ERRORS LISTING
Fach input card is listed with
INPUT—~~
in front to separate it from the errors and warninas that are also printed
Warnings provide the default values of parameters not specified on the
preceding card, and when an option in taken by default. So long as
the default values are satisfactory, the optional parameters need not

be set.



Errors usually are printed immediately after the input statement that
taused an error to be detected. However, if an earlier statement causes the
error, often it is not detected until the time of listing. The errors and
warnings printed in the INPUT AND ERRORS LISTING generally concern only
program input statements. Errors resulting from poor data (such as no
recaptures) are printed in the output from the TASEK.

If the program terminates properly, that is, when the last card has
been read from the instructions, the following message is printed

SUCCESSFUL EXECUTION
Although this message indicates the program terminated oroperly, it does
not mean that all TASKs were executed. An error on the TASK card may have

caused the TASK to be skipped,

Reserved Files

The program requires instructions from file 5. Input and errors are
listed on file 8 and results, on file 6. File 21 is used as a work file
and should be a magnetic tape or disk. File 7 is used for additional de-
tajled output that the user probably does not require. Therefore, file 7
should be a dummy print file. Capture data may be read from all but these

reserved files. File 4 is the default for capture data.

Comments
The user may punch comments an any of the input cards in the space that
remains after the necessary options and parameters have been set. 0o nat
ie any of the reserved words given in Table 1b which specify information

to the program because they may be unintentionally read as instructions.



Specific Task Formats 3

TITLE=

The TITLE= card is the same as a TASK card, but without the word TASK.
It provides a title to be printed at the top of each page of output. Title
changas are made by placing a TITLE card directly before a TASK card.

Title information is specified by single quotes, for example

TITLE='PUT YOUR INFORMATION HERE'
Note that there are no embedded blanks batween the key word TITLE, the equal
sign, and the first single quote. Blanks may appear between the two quotes,
as needed. However, no single guotes are allowed in the information because

the next quote encountered after TITLE=' is taken as the end of the title.

TASK READ CAPTURES

This task reads the raw data (the xij matrix) required to select a model
estimate population size, etc. The program assumes that the capture historie
each animal are coded on cards in one of the four methods discussed below. [
density estimates are required, you must include the coordinates of each
trap at which the animal was captured (this complicates the input slightly).
The coordinates of the trap on the upper left corner of the grid shoud be (1,
Coordinates of (0,0) are not permitted because zero values signify that the
animal was not captured on this occasion. The two options for reading trap
coordinates are XY COMPLETE and XY REDUCED. Option XY REDUCED 1is the default
input format for the program, and thus the easiest to use, The standard
input of the XY REDUCED option is

apimal id, veeaslon 4, X-coordinate, g-coondinate, occasion iy

w-coordinate, y-coordinate, .



where ceassion 4 is the number of the trapping occasion for which the animal was
caught, and x-coordinate and y-coendinate are the Cartesian coordinates of

the trap catching the animal. This input allows the user to specify informa-
tion only when an animal is caught. If an animal is caught only once, the
gcension, x-cochdinate, y-coondinate repetition is given only once, whereas

if an animal is caught three times, the repetition is qiven three times.

The rest of the card is ignored after the first blank or zero set of
coordinates and occasion number.

Lc stated earlier, the program assumes the upper left trap of the grid is
numbered (1,1). MNumbering systems where other corners are labeled (1,1 can
be used, and will give correct estimates of population and density. However
when the matrix of captures per trap station is printed, it will be trans-
posed and/or reflected. The corner trap cannot be numbered (0,0) because
zero values indicate the animal was not captured.

The XY COMPLETE option assumes the complete capture history of each

animal is being read. The information appears in the form

animak id; x,y cocrdinates for oceasion 1; X,y coordinates fof

cocasion 73 ... x,4 cochdinates fon Last occaston.

With this option, x,y coordinates are entered on the card only when the
animal is captured, with each card representing a separate animal. When an
animal is mot captured on a particular accasion the columns are left blank.
For an animal captured only once, most af the card would be blank. The
number of pairs of x,y coordinates to be read ig determined from the

OCCASIONS= parameter, to be discussed later.



10

[he third input option, NON XY, is used if the experiment is conducted
—
without coordinates for the traps, or if trap coordinates are going to be
ignored  With this option all but the density estimates can be computed.
The general form of the input is
avmad od, 1528 capfuke ccealdiuh, fnd capture cccasion, jnd captuhe
A (O, 0 -

where capture occasion specifies the number of the trapping occasion on whig

the animal was captured. The number of trapping occasions is determined by
the OCCASINNS= parameter, to be discussed later. The rest of the card is
ignored when the first blank or zero occasion is encountered.

The X MATRIY option assumes that the complete xij matrix is being read
4s described in Otis et al. (1978). The general form is

aimald id, string of enes and zeres to wigndfy capture hostory

{1 = captune, 0 = po captee ).

Three parameters can be specified on the TASK card. OCCASIONS= specif
the nunber of trapping oecasions. For example, if the population was
trapped for seven days., and the traps were checked daily the parameter wou
be seft as

OCCASIONS= 7
Mote that there are no embedded blanks. and cannot be, because the prﬂgram'
j& scanning for the end of specification, signified by the first blank.
This is true for all paremeter specifications in the program. Remember t

there ran he no blanks between the key wort, the equal sign, and value

specification.
































































































