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TRANSECT
3600-17.5.003
TAPE KEY

File 1 Program Source {EBCDIC)
7357 card images
Logical Record length 80 characters
Block size 8000 characters
(73 blocks of 8000 + final block of 4560)

File 2 Sample Data {EBCDIC)
1093 card images
Logical Record length 80 characters
Block size 8000 characters
(10 blocks of 8000 + final block of 7440)

File 3 Sample Output (EBCDIC)
11,836 Tine images
Logical Record length 132 characters
Block size 1320 characters
(1183 blocks of 1320 + final block of 792)

File 4 Supplementary Documentation (EBCDIC)
441 card images
Logical Record length 80 characters
Block size 8000 characters
(4 blocks of 8000 + final block of 3280)




SUPPLEMENTAL DBOCUMENTATION

This documentation will attemrt to exmlain some roints
sbout TRANSECT which are not described in either the User’s
Manual nor the monodrarh(’Estimation of Densitwy from Line
Transect Samrling of Biolosical Porulations’:bw Kenneth P.
BurnhamsDavid R. Anderson and Jeffrev L. Lazaker Wildlife Mono-
grarh(no.72)): The monosrarh describes thoroushly the rurrose
and methods used in TRANSELT and the User’s Manusl describes
the control card and data structures., This documentation will
address prodram limitations: environment reauvirementss rFrrosram
testind and the samerle data and outrut,

PROGRAM LIMITATIONS

The maJor limitation of the srodgdram is in the samrle size
restrictions which can be changed without too much dificulty.
the following limitations are imrosed!

no. of observations 1400
with ungroured data

no. of remelicates in 100
the datale.g.rlines)

no, of intervals for cut 20
#oints and groured data

no. of parameters in 15
the estimator

The last twe are fairly minor and will probable never restrict
a user. The other two could possibluy be a restriction so the

necessary rrogram chanses have been indicated throush comment

cards in the source code.

The other limitation is in the accurace of the rrogranm.

Some rarts of the rrodram cosmpute maximum likelihood estimates
which a2re derendent on mumerical methods for the maximizastion
of 2 function and for intedration. The accuracy of the sax-
imization can be imrroved by 3llowing the techniaue a3 larder
nrumber of iterations, It is presentlwy limited to 40 iterations.
The numerical intedration is accomrlished via 8 Newton-Cotes
method and its accurscy can be incressed bw dividing the rande
into smaller intervals. All of the numerical methods are done
with double precision variables. The prodram has successfully
run on a PDP 11/34 with 3 146 bit-word and 8 32 bit double rre-
cision variable without any maJor numerical eroblems occurrins.




ENVIRONMENT REQUIREMENTS

The environment recuirements are euite minimal excert
that the prodram reguires 2 larde rortion of wmain memorw to
execute unless it is overlaid., As a minimum the rFrogram re-
auires two rhusical files for inrut and outrput, These can be
from a card reader and erinter or both from & disk or other
medium. The size of the prodgram will be the bisdest factor
limiting its use. On 3 CDC 6400 it recuires arproximatelw
150 K{(octal) words without an overlau. This can be reduced
considerably by reducing the samrle sizes snd/or overlaving
the rrogram., Two overlay diadsrams are included to hele ini-
tiste the desisgn of an overlay structure. Figure 1 shows 2
structure with overlawy areas in which manual loading of mod-
ules could be used, Fidure 2 shows a tree structure which
has been used on the PDP 11/34 with asutomstic loading of mod-
ules.

The erogram is written in ANSI FORTRAN IV so naturallw
the environment will reauire 3 FORTRAN comriler. There is
only one known nonstandard ture of statement in the srogram.
This is the use of END=sn in the READ statement uwhere sn is
2 statement number, These will not comrile on CDBC computers
which use an EOF(fn) where fn is 3 file number. All of these
statements have been fladded in the source code by comment
cards which the code for the necessarw chanses.

PROGRAM TESTING

TRANSECT hazs been tested thoroughlw by running it on data
sets for which a correct result was known and 2lso bw workind
throush examseles by hand. The descriptive functions of TRANSECT
{means: standard deviationss crossrlots, histodrams and cdf
rlots) can easily be and have been checked by hand., The esti-
mation functions of TRANSECT have been checked bwy simulating
dats via the comruter and rhusical simulation froam models with
known rarameters{e.d.r 3 srecified pdf for rerrpendicular dist-
ances or 3 specific ture of flushing curve for sighting distances
and andgles) and comeparindg the estimated parameters to their
known counterrarts.,

SAMPLE DATA AND QUTPUT

. —— A A s A e

Several sets of samele data and outerut have been included
with the rrodram to sllow the rrosfram to be checked a3t s rar-
ticular installation and to further illustrate the control and
data structures. These data sets have been used as axamrles
throushout the monosrarh and thew are exrlained thorousghlyw in
it, A minor difference in the construction of the histosrams
for undroured data has caused some slight differences between
the outeput in the monograrh and the saamrle outrut. Presentluy
TRANSECT constructs histodrams by including the risht interval

~




end-Foint in each interval and for the first interval it also
includes zero(the left interval end-roint), The prodram pre-
viously included the left interval end-eoints and the last in-
terval included the finazl right end roint. This would not
cause any differences at all if the data were trulw continuous
without any rounding. Howeverr» there is a2 considerable amount
of rounding with sample datz sets and slight differences in the
outrut result.

Ap——




OVERLAY

OVERALY

OVERLAY

GVERLAY

OVERLAY

AREA © MAIN ROUTINE

AREA 1 ROUTINES 1-6
AREA 2 ROUTINES 7-17
AREA 3 ROUTINES 18-29
AREA 4 ROUTINES 30-33

Fidgure 1. The overlaw structure for manual loading is shouwn

abave. The obJect module or srour of concatenated
modules associated with each nusber are listed in
tzble 1, The routines within an overlas a2rea are
inderendent so thew can overlay one another. The
routines in different areas maw reference one another.




1
1 1 1 }
1 2 5 6
1 1
1 1 1 1
3 4 7 8
1}
1 1 1
? 10 11
NULL ROOT
1
1 1 1 1 | 1 1
12 13 14 15 16 17 i
NULL ROOT
1
1 1 1

Figure 2. The tree structure for overlawindg TRANSECT is
composed of three co-trees., The ob.dect module
or srour of concatenated obJect modules associated
with each number are listed in table 2. Routines
in different co-trees aay reference one another
ss well 3as routines which lie on the same rath(branch).
Routines on different branches within the same tree
are inderendent 2nd overlay one another.

n



Tsble 1. List of obdect modules associated with numbers in
fidgure 1, The dash infers that the modules are

concatenated
NG . RGUTINE NAMES
i CNTREZKEYWRD
2 GRPD
3 UNGRPD
4 SUMARY.
9 PEREST
b STBESTUELLIPS
7 MLE-MARQUA
8 CRSPLT
4 PARAM
10 MEAN
11 PRINT-LINE
12 READ
13 : UNIVﬁR;PHIST
14 : FSEST:
15 - PLTHOD
146 TEST -
17 EXPT-UTEST
i8 HISTGM
19 FREE-SKIP
20 ‘ SDRT'PERHUT-PQRT
21 COR .
22 CHI
23 TUALQE
24 CELhS*CHECK
29 UMLE-
24 INVERT-MINV

PLT~RRAT-SETUP~CLEAR-DVSION
PCDF=PLOTF
- CALC=STATS-START-UPDATE-XLOG-DOMNAIN




Table 2. List of obJdect modules associated with the numbers in
fidure 2., The dash indicates the modules are concat-

enated,

NOD. ROUTINE NAMES

1 CNTRL-KEYWRD~-GRPD

2 UNGRFD

3 CRSPLT-MEAN-PRINT-LINE-READ
4 UNIVAR«PHIST

S5 SUMARY

-] UTEST

7 FERESY

8 SIGEST-ELLIPS

2 FEEST-PLTHMOD

10 TEST-EXPTY

11 MLE-MARQUA

12 CALC-STATS-START-UPDATE~XLOG~DOMAIN-HISTGM-FREE-HIST-

SKIP~-SORT-PERMUT-PART

i3 COR-CHI-TVALUE-PARAM~-NAME
14 CELLS~-CHECK
15 UMLE

14 INVERT-MINV
17 PCDF-FPLOTF

18 PLT-PRNT-SETUP-CLEAR-DVSION
19 ONE
20 NECNI
21 HEADER
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INTRODUCTION

TRANSECT is a comprehensive computer program which provides an analysis of line transect data
for estimation of density. TRANSECT was developed at Utah State University under a contract with
the U.S. Fish gnd wildlife Service to further develop the theory and applications of line transect
sampling, This work ajso resulted in a publication by Burnham et ai. (in prep.) which provides a
thorough reference on many aspects of line transect sampling. It should be consulted in reference
to the technigues used in TRANSECT, Many of the calculations required to compute the estimates of
density are quite tedious, which makes a computer program Tike TRANSECT quite useful. In addition,
the program gives various plots and graphs which can be useful aids in an analysis.

This documentation provides a reference for the use of TRANSECT. It explains all of the
necessary control cards and the data structure needed to execute the program. Also, it gives
detailed examples of the input and an overview of the output as well. TRANSECT is a fairly general
and flexible program with many different options. However, the input is very simple if the default
options are chosen. Many of the options which are discussed may not be relevant for ail users. We
have tried to use many examples to help illustrate the program input. The example input has been
set off from the text in different type to prevent any confusion.

TRANSECT has been oriented to the analysis of perpendicular distances for density estimation
because there has been mych more research done on estimators for perpendicular distance and because
the basic model is simpler and requires fewer assumptions than sighting distance-angle models.
TRANSECT does analyze sighting distance-angle data but the majority of the options are slanted
towards perpendicular distances. We strongly suggest analyzing the data for most situations

on the basis of perpendicular distances.

PROGRAM INPUT

Qverview
The input for TRANSECT is divided into two sections: (1) the control cards and (2) the data.
The control cards are used to describe the data format and to give commands for the types of analyses
to be performed. The purpose of the data section is self-evident.
The control cards and data can be input into the program from the same or different computer
files. The control cards are always input from File 5 which by default is usually a card reader on

most computer systems. The data is also input from File 5 by default; however, it can be input from




2
another file by specifying the file number in the control cards (discussed later). File B is the
only file which cannot be specified for input because it is reserved for program output (which by
default is usually a printer). It is the responsibility of the user to establish the 1inks between
the physical and logical files if they are not done so by default or if they are changed from
default (this will vary between compuier systems). Some possible combinations of input and file
structure are: .

(1) read both control cards and data from File 5 {a card reader)

{2) read both control cards and data from File 5 {where File 5 is defined as a disk file)
or (3) read control cards from File 5 {a card reader) and the data from File n (where n specifies

a disk fite or other medium).
This latter combination allows the data to be stored while the control cards are manipulated. One
of these combinations ought to be suitable for most situations. The only limitation is that the
$ile for the contrel cards should be specified such that there are 80 characters per record (i.e.,
a card image).

TRANSECT allows any number of sets of control cards and data to be analyzed in one program
execution. If multiple sets are used, they should be separated by a flag card with the characters
END. in the first four card columns. Figure 1a illustrates the input structure for multiple sets
of control cards and data when they are both on the same file. I[f the control cards and the data
are read from separate files and multiple sets are given, then it is necessary to use the flag card
END. between the sets for each file. This is necessary to allow a control card set and a data set
to be skipped if an error is encountered. Figure 1b illustrates the input structure for multiple

sets on separate files.

Control Cards
An analysis of line transect data can vary depending on the type of data being analyzed and
the types of analyses to be performed. The variations in the basic data from line transect studies
inciude the following: %
1)  the kind of data measured {i.e., perpendicuiar distance, sighting distance, and/or
sighting angie),
2)  how the data were measured {i.e., measured exactly (ungrouped) or taken in intervals

{grouped)),

and 3) whether the data were truncated or not (i.e., a specified transect width).




a}
File 5

Control card set 1
{Data set |

END.

Control card set 2
{Data set 2

END.

{Control card set r
Data set r

[end of file]

b)

File 5
{control card set 1
END.

{Control card set 2

END.

{tontrol card set r

[end of file]

Filen (n # 5 or 6)

{pata set 1
END.

{oata set 2
END.

{Data set r

[end of file]

Figure 1. Example illustration of multiple sets of control cards
and data on a single file (a) and separate files (b}. The [end of file]

will vary depending on the computer system.




The types of analyses can also vary. Density estimates can be based on perpendicular distances or
sighting distances and angles. Also there are a variety of estimators within each of these cate-
gories. And finally there are various ways to describe the basic data graphically.

The control cards allow the user to specify the various attributes described above for each
particular analysis. The control cards are a series of card images which follow a specified
logical order and which give either a 1a5e1, keywords for various options and/or numbers for
various attributes. The format for the control cards is very unrestrictive and with only a few
constraints. In general, all data items are separated by commas or any number of blanks and
character data must be enclosed by asterisks. [f a control card requires more than one
card image, then a dollar sign ($) should be put in column 80 to indicate that the card will be
continued. At least one blank is necessary between any data and the dollar sign if it is used.
Numbers only need a decimal point if they are not integer values {e.g., the numbers 9, 9., 9.0, or
9.5 are all valid). The character data on the control cards is either for a user specified label
or for keywords. This character data must never exceed 80 characters for any one control card,
even though a control card may be continued. The keywords used throughout the control cards are 4
letter word mnemonics. These keywords can be separated by any number of hlanks or other characters
or they can be run together. The only requirement is that they are speiled correctly. They have
been separated by commas throughout the documentation for convenience only.

In the following, each of the control cards will be explained in the order in which they
appear in the input. The format for the control card will be given followed by its purpose, some
examples and any limitations. A synopsis of the order of the control cards, their content and when

they are used is presented in Table 1 as a quick reference.

General Label
Format:

*Any informative label* n
where n is the data input file number which is 5 by default.
Purpose:

The general label is used for identification purposes in the output. The label is printed out
near the top of each page to identify the output for the analyses from the particular set of
control cards.

This control card is also used to specify the file number for the data if it is different from

File 5. Any file number may be used {except for 6) but the user must establish the links for the
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file number to the physical file. As an example, if a disk file is used for the data and the file

number is 10, then a 10 should be put on the control card.

Example:
1)  An example showing the use of an alternate file.
AANALYSIS CF EXAMPLES FOR MONOGRAPH* 10
2)  An example using the default file {unit 5).

SANALYSIS OF PORPOILSE DATA*

Limitations:

The general label can consist of any legal characters or numbers except an asterisk. Also it

cannot exceed 80 characters.

Conversion Factors

The conversion factors require a series of three control cards each with the same format.
These cards do not have to be in any specific order among themselves.
Format:

* Explanatory material with keyword and .units label.* ¢
where ¢ is the conversion factor. The keywords are the following:

1) pisT[ance]

2) LENG[th]

3) AREA

The keyword is the first four characters and the rest of the characters in brackets are optional.

Purpose:

These control cards specify the labeis for the units of the distance, length and area measure-
ments which can vary depending on the particular study. Also, because it is often convenient to
convert the measurements recorded in the field at the analysis stage, these control cards can be
used to specify conversion factors (multiplicative) for the measurement units. The conversion
factors and unit labels are identified for gach particular measurement by the keywords iisted
above. Explanatory material can also be included on the card about the units or conversion. The
material on the cards is printed in the section INTERPRETATION OF CONTROL CARDS as a reminder. The
jabel for the measurement units is delimited from the rest of the material by periods. If a con-

version factor is not specified, then it is assumed to be a one (i.e., no conversion). If no




labels are given for the units, then no output is given for the labels. If both conversion factors
and labels are not wanted, it is still necessary to input the control cards with the keywords on
them.

The conversion factors for length and distance measurements are used to directly transform the
data. The area conversion factor is different in that it specifies the conversion after the other
two measurements have been converted. As an example, if distance is changed from feet to meters
and the line length from miles to kilometers, then the area has to be transformed from meters X
kilometers to some other unit. If it was desired to express the density in numbers per hectare,

then the conversion factor in this case would be 10,

Examples:

1) The example described above follows. There are .3048 meters in a foot, 1.604 kilometers
in a mile and 10 meter X kilometers (or 10 X 1000 meters squared) in a hectare which
gives the following example. The labels are meters, kilometers and hectares.

*DISTANCE MEASURED IN FEET CONVERTED TO METERS.* .3048

*[INE LENGTH MEASURED IN MILES CONVERTED TO .KILOMETERS.* 1.604
*AREA CONVERTED TO .HECTARES.* 10.0

2) As a minimum, the above example could have been specified by
*DIST* . 3048

*LENG* 1,604
*AREA* 10.0

3) An example with no conversion factors needed but with labels
ADISTANCE MEASURED IN NAUTICAL MILES.*
*LINE LENGTH MEASURED IN .NAUTICAL MILES.*
*AREA EXPRESSED IN .SQUARE NAUTICAL MILES.*
Limitations:
The explanatory material inciuding the keyword and units label must not exceed 80 characters.
The unit label must not in itself exceed 25 characters. Also, no other periods should be in the

explanatory material or unit label other than the two which delimit the label,

Line Lengths

Format:

E.-I ,12,2.3,... ,!.r

Purpose:
A line transect survey usually consists of replicate 1ines rather than just one line. This

control card provides the lengths of the r replicate lines. These lengths are used directly {after




conversion if any) in the estimate of density. They are also used to compute an estimate of the

weighted variance of the number of observations, n.

Exampie:
1) The line lengths for a survey with 4 replicate lines
20.56,19.58,2.50,14.28
2)  An example with equal line lengths.

4,4,4,4,4,4,4

Limitations:

The number of line lengths (i.e., replications) must not exceed 100.

Sample Sizes

Format:

n1,n2,n3,... ,nr

Purpose:

This contro) card gives the numbers of objects observed on the r replicate 1ines corresponding
to the 1ine lengths on the previous control card. These sample sizes are not used for reading in
the data. They are used exclusively for calculating a sample variance for the total sample size n
(n = Nyt +,..t nr). As explained in Burnham et al. (in prep.), the variance for the density
estimate is partly a function of the variance of the sample size. There are two ways of calculating
a variance for n: (1) assume some distribution for the sample size which specifies the variance or
(2) calculate a variance empirically from replications. The former approach is often used with the
assumption that the objects are spatially distributed randomly so the statistical distribution for
n is Poisson. The estimate for the sampling variance in this case is the sample size n. This is
the default assumption if only one replicate is given. Thus, it can be implemented by adding all
of the ¢, and the n; and treating them as one replicate. If more than one replicate is given, then

an empirical estimate of the variance is made.

Examples:
1)  An example of sample sizes for 4 replicate Jines corresponding to the example in the line
length section.

16,14,5,11




2}  An example with 8 replicate lines showing that lines with no observations (i.e., n; = 0)
must be included.

2,4,10,0,1,16,4,0

Limitations:

The number of sample sizes (i.e., reblications) must not exceed 100 and it should equal the

number of line lengths.

Options

Format:
*Keyword 1, keyword 2,..., keyword n* transect width
The keywords and their meanings are:
1) HELP - provide informative material
2) GRPD - grouped data
3) DEFT - default options
4) DESC - descriptive output
5)  PEST - perpendicular distance estimation
6) SEST - sighting distance - angle gstimation
7)  CUTP - cut points for histograms of perpendicular distances

8) NPOL - a separate density estimate for each replicate (no Egp1ing)

Purpose:

Al1 of the control cards explained so far provide basic data and are input for any anaiysis.
This control card is also input for any analysis and it is designed to explain certain features of
the data and to specify the types of analyses to be performed. On the basis of this control card,
TRANSECT determines the other contral cards it will need to interpret. Each of the keywords will
be explained in the order they are presented above.

The keyword HELP indicates to the program that explanatory material about the program should
be output. This material includes a narrative at the beginning of the output which discusses the
program in general and defines various'symbols. It also includes narratives about the desctiptive
output, about density estimation in general, and abaut estimation based on perpendicular distances
and sighting distances and angles. These latter narratives are given throughout the output and
only if the specific analyses are requested. This material is valuable for the first initial runs

by a user or for anyone who needs to interpret the output without the aid of this documentation.
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The keyword GRPD signifies that the data have been recorded in terms of frequencies within
intervals (grouped) rather than exact measurements {ungrouped}. If this keyword is not given, then
it is assumed that the data are ungrouped. This keyword is only relevant for perpendicular distances
because TRANSECT will not presently analyze grouped sighting distances and angles. The input and
output for grouped and ungrouped data are very different and many of the options described in the
rest of the documentation will not be reievant for grouped data.

The keyword DEFT specifies that the user will accept all of the default options for the analyses
of the data. In the default mode, descriptive output and an estimate of density from perpendicular
distances by the Fourier series estimator are given. The types of descriptive output for ungrouped
data given in the default mode are listed in the discussion of the descriptive output control card,
An estimate of density based on a Fourier series was chosen as the default for the following reasons:
(1) an analysis based on perpendicular distances requires fewer assumptions than that of sighting
distance and angle models and (2) the Fourier series estimator is a robust estimator based upon the
criteria in Burnham et ai. (in prep.) {e.g., model robust, pooling robust, shape criterion and
statistically efficient). If the data are ungrouped and sighting distance and angle are measured,
then perpendicular distance will be computed by the program. The only time TRANSECT will not
default to estimation based on perpendicular distances is if the sighting distance alone is re-
corded. In this case, the Hayne estimator is used for the density estimate. However, the assump-
tion of a uniform sighting angle sine cannot be tested so there is no way of determining the validity
of the model. We advise against recording only sighting distance. If only one measurement is
recorded, then perpendicular distance should be recorded.

If the default mode is not chosen, then TRANSECT requires keywords for each of the analyses to
be performed. These keywords are DESC, PEST, SEST, and CUTP. A1l of these keywords indicate to
the program that other control cards will follow to further explain the option. The keyword, DESC,
specifies that descriptive output should be given for the data. This keyword only appltes if the
data are ungrouped. If the data are grouped, then the following is always output: (1) a listing
of the cut points and frequencies and (2) a histogram of the data. This descriptive output is
given for each analysis so there is no need for an option nor this keyword. The keyword, PEST, is
used to invoke estimation of demsity from perpendicular distances and likewise SEST is used for
sighting distances and angles. Again, because TRANSECT will analyze grouped perpendicular distance
but not grouped sighting distance-angle data, the keyword, SEST, should not be used if the keyword,
GRPD, has been used. The keyword, CUTP, is specifically for ungrouped perpendicular distances. It

signals to TRANSECT that the user will define the cut points for histograms of perpendicular
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distances. These cut points are used for histograms in the descriptive output as well as for plots
of the fit of the estimated probability density function f{x) to the shape of the histogram of the
perpendicular distance data. If the keyword, CUTP, is not used, then TRANSECT will automatically
use three different seis of cut points which it calculates on the basis of the sample size.

The keyword NPOL indicates that there is more than one replicate line and that an analysis
should be performed separately for each of the replicates. This option was designed to provide an
alternative method of deriving a variance estimate for density. An estimate of density is made for
each replicate and an average density estimate and its variance are calculated from these replicates
weighted by line length (if the sample size for a replicate is zero (i.e., n; = 0), then the density
estimate is appropriately estimated as zero for that replication). This approach avoids making any
assumptions about the variance of the sample size, and it does not depend on a theoretical variance
estimate of f(0) (see Burnham et al. (in prep.)). However, it does require a substantial sample
size to be able to make density estimates for individual replicates. If NPOL is not specified,
then the default is to make just one density estimate from the entire data set. This option will
be explained further in the data section.

The final piece of information which can be specified on this control card is the transect
width. If the data were collected in such a manner that measurements were recorded for any object
seen, then the data are considered untruncated and the transect does not have a specified width
(i.e., unbounded or infinite width). Whereas, if a specific transect width was chosen such that
objects beyond that distance were ignored, then the data are truncated. In the latter case, the
width at which the data were truncated should be put on this control card (in the original measure-
ment units). If no width is given, then the data are assumed untruncated.

The transect width can also be used to truncate the data during the analysis. However, this
truncation only applies to perpendicular distances. Often the fit of an estimator for perpen-
dicular distances is adversely affected by a few observations which were recorded at extremely long
distances. If it is desirable to delete these observations, then a transect width can be specified
which is less than the extreme distances. If the data were untruncated originally, then they will
be considered truncated in the analysis. There are three points which must be accounted for in
truncating the data: (1) only perpendicular distances are deleted so any analysis based on
sighting distances and angles will include the whole sample, (2) when truncating the data if the
variance for the sample size is being computed empirically, then the sample sizes given on the
control card should reflect the number of observations after truncation, and {3) the descriptive

output (except for histograms) will also include the whole sample and will not be affected by
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truncation. We suggest initially running the program with all of the data to get descriptive
output and density estimation with the whole sampie and then making additional runs, if desired,
for density estimation based on perpendicular distances with truncation of the sample and with

adjustments made on the sample size control card.

Examples:
1}  An example with the default options and untruncated, grouped data.
*DEFT, GRPD*
2)  An example with ungrouped, truncated data and the default options.
ADEFT* 18.0
3) In this example, the user has chosen to specify the descriptive and perpendicular dis-
tance estimation options for ungrouped, untruncated data.

*DESC, PEST*

Limitations:

None

Data status
Format:
*keyword 1,...,keyword n*
The keywords and their meanings are:
1) PERP - perpendicular distance
2} SIGH - sighting distance
3) ANGL - sighting angle

Purpose:

There are three different measurements which can be recorded in line transect studies. This
control card indicates to the program which of the three measurements it can expect to find in the
data section. This control card is only read if the data are ungrouped. As stated previously. the
program analyzes grouped perpendicular distances but not grouped sighting distances and angles so
there is no need to state the type of data collected.

Based on this control card, the program determines a status code for the data which reflects
the types of anaiyses which can be performed on the data. The determination of the status code
takes into account that some of the data can be computed from the recorded measurements. For

example, the sighting angle is computed when perpendicular distances and sighting distances are
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recorded. Table 2 gives the possible status codes and the measurements which are recorded and

computed.

Examples:
1) A1l three measurements recorded.
*PERP, SIGH, ANGL*
2) Sighting distance and angle recorded.

*STGH, ANGL*

Limitations:

None

Descriptive OQutput

Format:
*keyword 1,...,keyword n*
The keywords and their meanings are:

1} LIST - data listing and summary statistics

2)  CPLT - crossplots of the data

3}  HIST - histograms of the data

4) COFP - cumulative distribution functions plots of
the data

Purpose:

This control card is read if the descriptive option is indicated on the options control card
and if the data are ungrouped. It specifies the user's choice of types of descriptive output. The
LIST, HIST and CPLT options are set if the default model (DEFT) is chosen on the ODEjonS control
card; however, the type and amount of output depends on the data status.

The keyword LIST gives a complete listing of the data which was recorded and computed (after
conversion, if any). It also gives summary statistics which includes means, standard deviations,
standard errors and correlations.

The keyword CPLT gives crossplots of the measured sighting angle vs. the computed sighting
angle and/or the sighting distance vs. the sine of the sighting angle. These plots are only given
if the appropriate data has been collected. The latter piot is useful in examining the correlation

between the two measurements because in sighting distance-angle models they are usually assumed to
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Table 2. The possibie data status codes and the data which are recorded (R) and computed (C).

Status Perpendicular Sighting Sighting
code distance distance angle
1 R R C
2 - R -

3 R - -

4 R R R,C
5 c R R
6 R -* R
7 - - R

*The sighting distance is not given because it is not computabie when both perpendicular
distance and sighting angle are zero.




15

be uncorrelated. The former plot is valuable in finding any measurement errors and in determining
the reliability of the measurements.

The keyword HIST plots histograms of the data. The histogram of a variable provides informa-
tion about the underlying distribution of the variable. However, the shape of a histogram is a
function of the number of intervals used in its construction. This is especially true with small
samples. Therefore, for each variable, three histograms with different numbers of intervals are
given to avoid any misleading conclusions about the distribution. For perpendicular distances, the
user has the additional option of specifying the cut points (intervals) for the histogram with the
CUTP keyword on the options control card.

The keyword CDFP gives plots of the empirical cumulative distribution function {cdf) of the
data. Cdf plots do not depend on intervals and thus they provide a much truer picture of the
distribution of the variable. However, they are not as easy to interpret as histograms so they
have not been included as part of the default options. When either the CDFP or HIST keywords are
specified, then the order statistics {measurements sorted in ascending order) for the data are

Jisted. This allows easy construction of other histograms or reconstruction of the cdf plot.

Examples:
1} Cdf plots and crosspiots
rCDFP, CPLT*
2) A1l descriptive output.

*IST, HIST,CPLT, UDFP*

_ Limitations:

None

Perpendicular Distance Estimators

A series of control cards are used to specify the estimators for perpendicular distances. The
first control card specifies the number of estimators which will be used and whether the number of
parameters will be set or whether starting values for the parameters will be given.

Format:

NPD *keyword 1*

where NPD is the number of perpendicular distance estimators. The keywords and their meanings are:
1)  MSET - number of parameters set

2) STRT -~ starting values given
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Only one of the keywords is used because the keyword STRT implies the number of parameters from the
number of starting values given. The rest of the control cards in the series give a keyword for
the estimator and either the number of parameters or starting values, if any are needed for that
particular estimator.

Format:

NP
*Estimator keyword* or

SI’SZ""‘SNP

where NP is the number of parameters and Si is the starting value for the ith parameter. The
keywords for the estimators are:

1) FSER - Fourier series (default)

2) EXPS - exponential power series

3) EXPL - exponential polynomial (quadratic)

4) NEXP - negative exponential

5)  HNOR - half-normal

Purpose:

This series of contral cards is read when the keyword PEST is used on the options control
card.. It was designed for the following three reasons: (1) to specify estimators other than the
default estimator {Fourier series), (2) to set the number of parameters in estimators with variable
numbers of parameters and (3) to give starting values to the iterative procedures which calculate
the parameter estimates.

There are five estimators based on perpendicular distances which have been included into
JRANSECT. Many more estimators could have been included: however, we chose to only represent
certain classes of estimators which were developed with a firm theoretical foundation. These
classes of estimators are: (1) nonparametric linear estimators (Fourier series), (2} generalized
exponential estimators (exponential power series and exponential polynomial) and (3) simple para-
metric estimators {negative exponential and half-normal}. The advantages and disadvantages of each
of these estimators are discussed in Burnham et al. (in prep.). Each of these estimators are
included in TRANSECT and can be used with grouped or ungrouped and truncated or untruncated perpen-
dicular distance data with the exception of the exponential power series and Fourier series which
are not implemented for untruncated data. Instead of using infinity as the width, they use the
greatest observed distance. The Fourier series must always have a bounded range and using a bounded

range for the exponential power series avoids the difficulty of numerically integrating to infinity
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(or some large value). This is not a real disadvantage because the fit provided by using the
greatest observed distance will not be much different than if infinity had been used.

The Fourier series was chosen as the default estimator because of its robustness properties.
[t should be a suitable estimator for most situations. However, the other estimators have been
provided if a user is interested in other estimators.

The Fourier series is the only estimator of the five provided in TRANSECT which has a variable
number of parameters. For ungrouped data, the Fourier series determines the number of parameters
to use on the basis of a stopping rule which attempts to provide the best fit to the data. The
maximum number of parameters is limited to 6 in TRANSECT as suggested in Burnham et al. {in prep.).
If TRANSECT stops at 6 parameters (which it will indicate) and the user is interested in more
parameters, then the number of parameters can be set using the MSET keyword and specifying 7 or
greater parameters on the estimator control card. For grouped data, the number of parameters is
determined by fitting the data with a successively greater number of parameters and calculating a
likelihood ratio test statistic for the successive fits. In this case a user may also be interested
in examining the fit for a specified number of parameters which can be done with the MSET keyword.

0f the five estimators provided, there are only three which in certain situations will provide
a closed form solution. These include: (1) the Fourier series with ungrouped data, (2) the negative
exponential with ungrouped, untruncated data and (3) the half-normal with ungrouped, untruncated
data. For the other estimators and other situations (e.g. truncated and grouped), the parameter
estimates are obtained through an iterative procedure which maximizes a function in one or more
dimensions. This iterative procedure which is described in Burnham et al. (in prep.) can be sensitive
to the starting values (i.e. initial parameter estimates) that it is given. The starting values
are determined by the program from moment estimators which assume the data are untruncated and
ungrouped. The iterative procedure is not guaranteed to converge to the correct answer, although
it will most of the time. Messages about the iteration procedure are given in the output which
help in determining if the procedure is converging correctly. If the convergence is questionable
or if the procedure does not converge, then the user can examine the fit to the data and try

different starting values to determine if the best fit was obtained.

Examples:
1) If a user was interested in other estimators, then the following might be used. The

first card specifies NPD as 5, so 5 estimator keyword control cards follow.
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a9

*FSER*
AEXPS*
ARYPL*
*NEXP*
*HNOR*

2} If a user had convergence problems with the Fourier series estimator with grouped data,
then the following might be used to examine the fit for a series of parameters and the
1ikelihood ratios could be calculated by hand.

3. *STRT#

AFSER* 0,01

AFSER* 0.01,0.008

*FSER* 0.0,0.0,0.0
Limitations:

The number of estimators (NPD) cannot exceed 10 and no more than 15 parameters can be specified.

Sighting Distance-Angle Estimators

Format:
*reyword 1,...,keyword n*
The keywords and their meanings are:
1)  HAYN - Hayne estimgtor
2) GHYN - generalized Hayne estimator

3) MHYN - modified Hayne estimator

Purpose:

This card is read whenever the keyword, SEST, is specified on the options control card. It is
used to indicate which of the sighting distance-angle estimators should be used in analyzing the
data. These estimators are straightforward and do not require any of the necessary complexities

with perpendicular distance estimators.

Examples: -
1} Generalized Hayne and modified Hayne,
*GHYN, MHYN*
2) A1l three estimators,

*MHYN, HAYN, GHYN*

!

Limitations:

None

‘-‘.—*—-—-—v -
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Cut, Points for Perpendicular Distance

This is a series of controi cards which gives from ! to 5 sets of cut points for histograms of
perpendicular distances. The first control card simply gives the number of cut point sets which

will be input.

Format:
NCUT

The rest of the control cards each give a set of cut points,

Format:
CT’CZ’C3""'Ckcut

The above card should be repeated NCUT times.

Purpose:

This series of control cards allows the user to define the cut points (interval end points}) by
which the histograms of perpendicular distances are constructed for ungrouped data only. These cut
points are used for the histograms in the descriptive output and also in representing the fit of
the estimator to the data in plot form. TRANSECT calculates three sets of cut points which usuaily
provide a fairly representative picture of the distribution if the user does not define the cut
points. However, there could be various reasons why a user may want to define the cut points. For
instance, in illustrating the fit of the estimator to the data, often an extreme outlier will make
the rest of the plot unbalanced or unreadable. In these cases the final cut point Ckcut can be
defined to be less than the largest measurement on the specified width. Thus the user can examine

a1l of the histogram or only the first part with any interval sizes.

Examples:

1) An example illustrating that the intervals need not be equal. ‘

2
4, 10,20, 85, 50,758,100
10, 40, 80, 80, 100

2)  An example illustrating that the final cut points need not be the same.

2
5,10, 20,45

4,10, 20,45, 60, 80

s, 10, 20,45, 60,90,100
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Limitations:
The number of cut point sets {NCUT) cannot exceed 5. The number of cut points within a set

(kcut) cannot exceed 20. Additional cut point sets could be specified in another program execution.

Data
The format for the data section is quite different for grouped and ungrouped data so they will
be described separately. Cach seétion will discuss how the basic data is entered and how replicate

lines are handled.

Grouped Data

The data input for the analysis of grouped data consists simpiy of three cards. These cards
provide a label for the particular data set, the cut peints {end points) for the intervals of perpen-
dicular distance and the frequencies (number observed) within the intervals., The first card, the
label card, is simply a label which identifies the data. This label is distinct from the general
label because it can be used to déscribe subsets of the data (e.g., replicate lines). The first
four characters of this label canfot be END. or it will be confused with the flag card. The label
is put in the first 30 columns of the card image. The second card, for cut points, is input in the

same format as the control cards.

Format:

Cy2€psCarrvnsCppiny

where kcut is less than or equal to 20. The first cut point is the right end point of the first
interval. It is assumed that the first interval starts at the origin. The last cut point, Creut®
should be the transect width if the data are truncated. If the data are untruncated, then Crcut is
actyally infinity. It is treated as such in the analysis by ali of the estimators except for the
Fourier series and the exponential power series which need a value for Creut” Also, because it is
not possible to represent infinity in descriptive output, a value for Creut should be given within
which all the observations were made. The third control card, for frequencies, also takes the

format of the control cards.

Format:

fT’fZ‘fS""’fkcut

where kcut is less than or equal to 20. These are simply the numbers observed in each of the intervals.

It'ﬂbimportant that the number of frequencies and cut points agree.
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The above description of data input applies if the data from the replicate lines in the survey
are pooled for one estimate of density. If the NPOL keyword is set on the options control card,
then the data should be presented for each replicate. If there are r replicate 1ines, then a series

of three cards should be input for each replicate which has a nonzero number of observations.

Examples:

1) An example with unegqual intervals,

RABBIT DATA
1,8,5,10,230
£8,16,17,14,17

2)  An example in which the NPOL keyword was used and estimates of density are made for three
replicates,

RABBIT DATA, LINE 1
1,2,5,10,20
8,6,7,4,3

RABBIT DATA, LINE 2
1,2,5,10,20
7,553,5,2

RABBIT DATA, LINE 3
1,2,5,10,20
2,4,3,7,2

Ungrouped Data

An individual card image is used for each observation with ungrouped data. The format for
these cards is more restrictive than the control cards. The information on this card includes an
identifying label in the first 30 ¢olumns, the perpendicular distance in columns 31 to‘35, the
sighting distance in columns 36 to 40, and the sighting angle in columns 41 to 45. A Jecimal point
should be included with the distances and angles. If any of the measurements are not recorded, then
the field should be left blank. For example, if only perpendicular distance was collected, then
columns 36-45 should be left blank.

The label on the card identifies the observation as part of a subset of the data {the first
four characters must not be END.). The only subsets which are of concern to the program are those
which identify them as being from different replicate lines. If the keyword, NPOL, is not used (the
normal situation), then the program does not use the labels except to use the first label it
encounters as a label in the output. If the keyword, NPOL, is used, then TRANSECT expects to find r
data sets for the r replicate lines except for those replicates in which no observations were made.
TRANSECT identifies these replicates on the basis of the label. Whenever it comes to a card with a
different label, it will create a new data set. Therefore, all of the observations within a

replicate must be contiguous within the file,
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It may be valuable to have other ancillary data in the tabel as well. For example, this might
be the sex of the animal or whether it is a juvenile or adult. Then estimates of density can be
made for juveniles and adults separately or together. TRANSECT does not have any mechanism for
sorting subsets of data so they must be sorted manually. If ancillary information is used in the
label, then the program can be made to ignore this information with a card which is put at the
beginning of the data that acts like an eraser. For every column in the label to be ignored, a 'l’
should be put in the corresponding column on the eraser card. These card columns will be ignored
when TRANSECT compares the labels to determine the'label for the output or to identify different
replicates when NPOL is used. For example, if the label was given as RABBIT DATA in the first 11
columns and the line number in columns 13 and 14 and the age (either juvenile or adult) in columns
15 to 25, then an eraser card with ones in columns 15 to 25 would allow the data to be analyzed

separately for each line.

Examples:

1} In this example only perpendicular distance was collected and only one estimate of density
is being calculated (i.e., NPOL not used). The eraser card has been used so the output
will not show the line number and age. The sample size is very small for illustrative
purposes.

1111111111211171111
RABBIT DATA, LINE 1, JUVESTLE 10.0
RABBIT DATA, LINE 3, ADULT 5.4
RABBIT DATA, LINE 5, ADULT 8.6
2) In this example both sighting distance and sighting angle were recorded and estimates of

density are being calculated for each replicate line {i.e., NPOL used}. Again the sample

sizes would be normally much larger.

1111111111
RABRIT DATA, LINE 2, JUVENILE 12.0 485,
RABBIT DATA, LINE 2, JUVENILE 5.0 20.
RABBIT DATA, LINE 3, ADULT 2.0 7a.
RABBIT DATA, LINE 3, JUVENILE 25.0 18.

DETAILED EXAMPLES

This section will attempt to tie together what has been presented by giving some examples using
all of the control cards. Four examples will be given showing the typical commands for an analysis
of grouped and ungrouped data.

The first example is a situation in which a survey is being conducted on marine mammals from

the air and exact measurements of distance cannot be made so the data are grouped. The measurements
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of distance and line length are in nautical miles and the area is in square nautical miles. The
survey consists of 4 replicate lines and a total of 40 observations. The data are truncated at one
nautical mile. Only one estimate of density will be made from the 40 observations, but the obser-
vations were identified by their line number so a variance estimate of the sample size can be“'
calculated. Using the default estimator (Fourier series), the following set of instructions and
data might be used:

*MARINE MAMMAL SURYEY FOR 1979*

*DISTANCE IS IN .NAUTICAL MILES.*

*[,INE LENGTH IS5 IN .NAUTICAL MILES.*

*AREA IS EXPRESSED IN .SQUARE NAUTICAL MILES.*

1000, 562,888,1100

12,8,17,89

*DEFT,GRPD* 1.0

MARINE MAMMALS, ALL LINES

L 1,.2,.3,.4,.5,.6,.7,.8,.8,1.0

10,8,5,5,4,3,0,2,1,1

The second example is a situation in which an aerial survey of African game animals is being
made. Again, accurate measurements could not be made, so the perpendicular distances have been
grouped into intervals. The measurements of distance and line length are in miles and it is desired
to express the density estimate in hectares. The survey consists of 6 replicate lines and a total
of 150 observations. The data were collected in the field at intervals of a quarter of a mile until
1 mile and then at half mile intervals out to 5 miles. All of the observations greater than 5 miles
were also collected in one interval, so the data are untruncated. The field personnel felt that all
the observations had been made within 7 miles. Therefore, 7 was used as the final cut point for the
descriptive output and for the Fourier series which cannot extend to infinity. It was decided to
examine both the Fourier series and exponential polynomial estimators. Also, it was decided to make
a run which made one density estimate (pooled) and a run which made density estimates for each
replicate (not pooled). On the basis of these decisions, the following two sets of control cards
and data were used:

*AFRICAN GAME SURVEY FOR 1879 -  POOLED*

ADISTANCE IS IN MILES CONVERTED TO .KILOMETERS.* 1.604

ALINE LENGTH IS IN MILES CONVERTED TO KILOMETERS,* 1.604

*AREA IS CONVERTED FROM SQUARE KILOMETERS TC .HECTARES. * .01

100,:0,185,286,150,175

15,40,0,385,42,18

*PESY, GRPD*

R

2PSER*

*EXPL*
AFRICAN GAME ANIMALS, ALL LINES
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by h, . 75,1,1.5,8,8.68,3,3.5,4,4.5,8,7,
18,15,5,9,83,50,18,18,8,8,5,3,7

L".‘s"-’I A'J‘ -

FAFRICAN GAME SURVEY FOR 1879 - NOT POOLED?

*OTOUANCE IS [N MILES CONVERTED TO KILOMETERS.* 1.804

HLIRE LENGTH IS IN MILES CONVERTED TO KILOMETERS.* 1.604
*AREA 1S CONVERTED FROM SQUARE KILOMETERS 'TO".HECTARES.* 0.01
100,60,185,235,150,175

75,40,0,35,48,15

*PEST, GRPD*

*FSER*

*EXPL*

AFRICAN GAME ANIMALS, LINE 1

25, .5,.78,1,1.5,2,2.5,3,3.5,4,4.5,5,7
3,1,2,0,4,2,0,1,0,1,1,0,0

AFRICAN GAME ANIMALS, LINE ¥

V28, 6,.75,1,1,5,8,2.5,3,3.5,4,4.5,5,7
5,8,0,3,8,4,3,3,2,1,1,1,3

AFRICAN GAME ANIMALS, LINE 4

L 85,.8,.76,1,1.5,8,2.5,3,3.5,4,4.5,5,7
3,4,1,8,8,8,7,4,1,0,0,0,1

AFRICAN GAME ANIMALS, LINE 5

V5, .5,.75,1,1.5,2,2.5,3,3.5,4,4.5,5,7
5,330,483 3,646,3,3,8,3,2,8

AFRICAN CAME ANIMALS, LINE 6

V5, .5,.75,1,1.5,8,8.5,3,3.5,4,1.5,5,7
8313200585858, 1,3,8,0,0,1

The third example is a situation in which a survey is being made for rabbits and exact measure-
ments can be recorded., A1l three measurements of perpendicular distance, sighting distance and
sighting angle are recorded to aliow for error checking. The distance measurements are recorded in
feet and the line length in miles but metric conversions are needed. The survey consists of 7
replicate lines each of which are 2.5 miles long, The data include 52 observations and no width was
specified for the transect (untruncated}. Again using the default estimator, the following series
of control cards could be used:

*ANALYSIS OF RABBIT DATA*

ADISTANGE IS IN FEET CONVERTED TO ,METERS.* . 3048

*LINL LENGTH I8 IN MILES CONVERTED TO .KILOMETERS.* 1.804

*AREA [5 EXPRESSED IN HECTARES.* 10.0

00,8 0,8.5,8.0,8.8,2.8,2.8

15,2,0,8,12,10,10

& DEE

*PERP, SIGH, ANGL*

7111171112371111111
RABBIT DATA, LINE 1, JUVENILE 10.0 25.0 42.0
{continued for all 52 observations)

The fourth example will demonstrate a control card setup for an analysis of the third example

for density estimation based on perpendicular distances in which the number of terms in the Fourier

series is set at values greater than & and other estimators are examined.
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*ANALYSIS OF RABBIT DATA*
*DISTANCE IS IN FEET CONVERTED TQ .METERS.* . 3048
*LINE LENGTH IS IN MILES CONVERTED TO .KILOMETERS.* 1.604
*AREA 15 EXPRESSED IN .HECTARES.* 10.0
2.5,2.5,2.5,8.56,2.5,2.5,2.5
15,2,0,3,12,10,10
* PRSI
*PERP, SIGH, ANGL*
5 *MSET*
AFSER* 7
*FSER* 8
*FSER* 9
*EXPS*
*EXPL*
1111111111111111111
RABBIT DATA, LINE 1, JUVENILE 1.0 25.0 42.0

(continued for all 52 observations)
. OVERVIEW OF PROGRAM OUTPUT

There are many examples of the output from TRANSECT given in Burnham et al. {in prep.) in the
ILLUSTRATED EXAMPLES section. It is our purpose here to give a brief overview of the organization
of the output. The amount of output for any execution of the program will vary depending on the
options chosen. In this discussion, it will be assumed that all of the output will be given.

There are three major sections to the output. The first section is very short and is entitled
INTERPRETATION OF CONTROL CARDS. This section reiterates how TRANSECT interpreted the control
cards. If there were any errors in the control cards, they are gutput on this page. The next
section is for descriptive output. For grouped data, this amounts only to a listing of the cut
points and frequencies and a histogram of the data. For ungrouped data, the descriptive output
begins with a data listing and summary statistics and crossplots. Then for each variable recorded
and computed, there is a section for illystration of the distribution of the variables.‘ This
section gives the sorted measurements, histograms and cdf plots. The final section in the output is
for density estimation. For each perpendicular distance estimator, the following fs output:

(1) information about the procedure which lead to the final parameter estimates (e.g.. convergence
of the iteration procedure, stopping rule and likelihood ratio tests for Fourier series), (2) a
single page of output giving estimates of the model parameters, f(0). and density and their standard
errors, coefficients of variation, interval estimates and information on confidence interval con-
struction and (3) goodness of fit testing including chi-square tests with a plot illustrating the
fit of the estimator to the data. For each sighting distance-angle estimator, a page of output is
given which is nearly equivalent to 2 above which is then followed by goodness of fit tests if they

are possible. If more than one estimator is computed for perpendicular distances and/or sighting
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distances-angles, then they are summarized in a page of output entitled SUMMARY OF ESTIMATION
RESULTS.

If the NPOL keyword is used, then the second and third sections of output are repeated for each
replicate Tine. At the end of these replicates, a page of output entitled AVERAGE DENSITY ESTIMATION
FROM REPLICATIONS is given. This section_ca]cu1ates an average density estimate {weighted by line
length) and its standard error, coefficients of variation and confidence intervals for each esti-

mator chosen.

PROGRAM DETAILS

TRANSECT consists of a main routine and 57 subroutines which comprise approximately 7000 lines
of code. It requires around 150K to run on a CDC 6600 without any overlay structure. This could be
reduced considerably with the use of overlays if necessary. A typical run consisting of descriptive
output and density estimation for perpendicular distances and sighting distances and angles and
several estimators for ungrouped data costs in $1-%5 range on the Burroughs at Utah State University.

The program is written in ANSI FORTRAN IV with only a few known exceptions. These exceptions
are documented with comment statements. The program has been complied on an ANSI compiler and it
has been compiled and executed on Burroughs, CDC and DEC machines. It should run on most major
computer systems with only very minor changes to accommodate input and output structures.

A magnetic tape with the source deck and the set of examples used in Burnham et al. {in prep.}
is available from

SHARE Program Library Agency
P. 0. Box 12076
Research Triangle Park, NC 27709
at a cost of approximately $40. Specifications for the tape (e.g., 7 or 9 track, 800 or 1600 bpi,

etc.} should be given.
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