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PROGRAM ABSTRACT

White (1971) briefly describes the versatility of a Fortran computer
program which analyses capture-recapture data from animal populations, using
the stochastic model of G. M. Jolly (1965). The listing and a fuller des-

cription are now given.

The program is applicable to studies in which marked animals are
individually recognisable, although White (1971) suggests two ways in which to
adapt data from studies in which animals are not individually recognisable.
The program is in five sections which store all the capture-recapture records
and then organise any given selections of these data into trellis tables and
the tables of derived population estimates. Data can be used from studies
with or without intermediate recapture samples (described by Jolly (1965) ),
and any selection of consecutive data can be analysed separately for any sub-
population. To permit such a selection, the migration of marked animals (as
well as unmarked) between sub-populations is accounted for, both in space and
time, but in such applications there should be no repeated to-and-fro migration
since a basic assumption of Jolly's model is that all emigration is permanent.
Certain restrictions can be placed upon the analysis of data and animals can

be added to or withdrawn from the population during a study.

The program is written in Fortran IV and was compiled and tested on an 8K

IBM 1130 computer using the IBM 1130 Monitor Fortran.

USER_INFORMATION

A. Detailed Program Description

1. Composition - there are two linked programs:

NDATA reads the control card, then reads and stores

all data,



NOGHS performs all analyses and prints results,

operating through three subroutines.

Subroutine NSUBl selects the appropriate data for

a given analysis.

Subroutine NSUB2 constructs and prints the trellis

tables from the selected data.

Subroutine JOLLY tests the value of the selected data

and calculateg and prints the population estimates.
2, Restrictions - see Program Abstract and Section D, part 6.
3. Precision - Standard precision
| Réal variables and constants -~ two words
Integers ~ one word.
4. Program Requirements - Disk Monitor Programming system
1130-08-005 wversion 2
5. System Configquration -

IBM 1131 model 2B CPU 8K (Disk)
IBM 1442 model 6 card read punch
IBM 1132 line printer

6. Timings - Compile and store sample program .10 hours
' Store data for sample problem .18 hours
Execute sample problem .02 hours

B. Input Description

All input numbers are integer.

As many as four classes of attributes (e.g. capture site, species, age and
sex) can be assigned to individual animals to permit separate analyses of different
sub-populations, both singly and in combination. First, each different attribute
within each class is ascribed a number. Thus if a population study area is sub-
divided into say three adjoining sites, the numbers 1 to 3 can be used to dis-

tinguish the data associated with the three sites. Second, these data are selected



for analysis in as many combinations as desired by assigning to each selection its
own combination number (see example below) and adapting the program as described
in Section D, part 3. The selections for each class are hereon referred to as
combinations of sites or plots (KOMPL); of species (KOMSP); of age or stage of
development (KOMST); and of sex (KOMSX). Hence, two of the three sub-areas above
might be analysed singly by assigning the KOMPL values 1 and 2 respectively, then
combined for KOMPL = 3, and all 3 sub-areas included when KOMPL = 4. Note that

one of the three sub-areas in this example is not analysed singly, i.e. Within a
class, any given attribute may be analysed as a member of any given combinations of

attributes, whether it is analysed singly or not.
1. Data card format

Columns 1-2 A number belonging to one of the four classes of
attributes and representing a single unit, such as a
given plot. The number can vary from 1 to 98 and

must be right justified.

Column 3 A number belonging to another of the four classes of
attributes and representing a single unit, such as

a given species. The number may vary from 1 to 9.

Column 4 A number belonging to another of the four classes of
attributes and representing a single unit, such as
a given stage of development. The number may vary

from 1 to 9.

If any of the three classes in the above columns are not used, each
must still be represented by a number and it is simplest to assign the
number 1. If all three classes are each assigned the number 1, or if
the first and third classes are each assigned only the numbers 1 and 2,
the listed program will perform all possible selections of analyses

without needing modification as described in Section D, part 3.

Column 5 A number belonging to another of the four classes of
attributes and representing a single unit such as one
of the sexes. The number may vary from 1 to 2. If no
use is made of this class of attributes, a number is

still necessary and the number 1 must be assigned.



Columns 6-8 The number representing the sample. The number can

vary from 1 to 499 but 500 is added to the number

}of an intermediate recapture sample to distinguish

fit from a sample including newly released animals.
Thus, if newly marked animals are released in the

5th and 7th samples but the 6th sample consists
entirely of recaptured animals, the sequence of
numbers on the respective cards would be 005, 506, 007.

The number must be right justified.

The numbers in columns 1 to 8 classify all animals listed to the

right of column 8.
Columns 9-10 Not used.

Columns 11-15  The number representing a given animal. The animal
- may be either a newly marked one or a recapture record.

The digits in the first two columns represent the
group of animals to which the animal belonged when
it was first marked. Thus, if additional animals
are newly marked in every'sample, this group number
is the same as the sample number when the animal was
first marked. However, if say the 2nd, 4th and 6th
samples consist entirely of recaptured animals, the
group number of the 7th sample is 04 since only the
1st, 3rd, 5th and 7th samples include newly marked
animals. The first two digits are right justified.
The following digits in the right three columns represent
the number of the animal within the group. The number
can vary from 1 to 999 and is right justified. Thus
animal number 20 in the 4th group of marks is listed
as 04020. 1If an animal is permanently removed from
the population before being marked and released, the
first two digits are zeroes and the right three com-
prise a number that can vary from 1 to 300 and be

repeated for different animals. This number is also



Columns 16-17

Columns 18-22

Columns 23-24

right justified. The five digit number way therefore
vary from 00001 to 00300 for permanently removed
animals that are not marked and released, and from
01001 to 31999 for animals which are eiiher recap-
tured or newly marked and released, irrespective of
any permanent removals of such animals subsequently.
The limit of 31999 is set by the l6-bit word length
in the IBM 1130 but the limit could be expanded to

6 digits (allowing 4 digits for 9999 newly marked
animals per marking time) in a computer with an

18-bit word length. (See Section D, part 1).
Not used.

The number representing another animal, different to
that listed in columns 11 to 15, or referring to the
permanent removal from the population oﬁ the recap-
tured animal listed in columns 11 to 15. Where the
number refers to a different animal (including the
permanent removal of an unmarked animal), the five
digits are of the same composition as in columns

11 to 15. wWhere the recaptured animal listed in
columns 11 to 15 is permanently removed, the two digits
in columns 18 and 19 are zeroes and the right three
digits comprise a number that can vary from 301 to 999
and be repeated for different animals. This number is
right justified. The five digit number may therefore
vary from 00001 to 00999 for permanently removed
animals and from 01001 to 31999 for animals which are
recaptured or newly marked and released, irrespective
of any permanent removals of such animals subsequently.
Columns 18 to 22 are not used if the animal listed in
columns 11 to 15 is the last item of data conforming

to the classification in columns 1 to 8.

Not used.



Columns 25-29 The number representing another animal, different‘to

Columns 3G-80

those listed in columns 11 to 15 and 18 to 22, or
referring to the permanent removal from the population
of the recaptured animal listed in columns 18 to 22.
The composition of the five digits follows the same
rules as listed for columns 18 to 22. Columns 25 to
29 are not used if an animal represented in coluﬁns

11 to 15 or 18 to 22 is the last item of the data con-

forming to the classification in columns 1 to 8.

Not used, but available for an extended format in the

listing of animals (see Section D, part 5).

Last card format

Columns 1-2 -

Columns 3-80

The number 99

Not used

Control card format

Column 1

Columns 2-4

Column 5

Not used

The number of the most recent sample to be included
in current selections of data for analysis. e.g. If
20 Samples have been obtained but a separate analysis
of the first 10 samples is wanted, this number is 010.
The number may vary from 1 to 499, i.e. 500 is not
added to the number of an intermediate recapture
sample. The sample can be either a marking-time
sample or an intermediate recapture sample. All

sample numbers must be right justified.

Not used.



Columns  6-8 The number of the earliest sample to be included
in current selections of data for analysis. This
sample must be a marking-time sample. Hence, if
there are intermediate recapture samples, none of
these can be selected as the first sample in a
given analysis. Sample numbers are as specified

for columns 2 to 4.
Column 9 Not used.

Columns 10~12 The number representing the value (or least value
in a series) of KOMPL to be included in current
selections of data for analysis. All KOMPL numbers

must be right justified.
Column 13 Not used.

Columns 14-16 The number representing the value (or least vaiue
in a series) of KOMSP to be included in the analysis
of the first current value of KOMPL selected in
columns 10 to 12. All KOMSP numbers must be right

justified.
Column 17 Not used.

Columns 18-20 The number representing the value (or least value
in a series) of KOMST to be included in the analysis
of the first current values of KOMPI and KOMSP
selected respectively in columns 10 to 12 and 14 to 16.
All KOMST numbers must be right justified.

Columns 21-~80 Not used.

C. Output Description

1. Combination line format

Specifies the selection of data which is analysed in the subsequent two
trellis tables and the table of derived estimates by listing the values
of KOMPL, KOMSP, KOMST and KOMSX to which the analysis applies. The

significance of each value depends on the selection of data associated



with it in the subroutine NSUBl. (See Section D, part 3.)
First trellis table fommat

The format is unchanged from that of Jolly {(1965) except that the

immigration of marked animals is also accounted for. Such

' immigration may occur in space or time, as described by White (1971).

The first column in the table lists the number of immigrants in each
sample, the second the number of animals in each sample (Jolly's ni)
and the third the number of marked animals released from each sample

(Jolly's si).

NRI - the number of marked animals that are released from

sample i and caught subsequently. (Jolly's Ri)
Second trellis table format
The format is unchanged from that of Jolly (1965).

NZI - the number of animals marked before time i which are not
caught in the ith sample but which are caught subsequently
(Jolly's 2z;) .

Estimates table format

The table is unchanged from that of Jolly (1965) except for a
regrouping of the columns and the addition of Jolly's estimate of
the probability of capture at time i for a reason discussed by
White (1971). Asterisks are printed tc mark estimates which cannot
be calculated when there are intermediate recapture samples that do

not include unmarked animals.
TIME Sample number (Jolly's i)

PPTN RECAP Proportion of recaptured animals in each

sample (Jolly's oai)

PROB CAP Estimate of the probability of capture for
each sample (Jolly's ﬁi)



NO MARKED

TOTAL POP

SE POP

SE ESTPOP

NO BORN

SE BIRTHS

SURV RATE

SE SURV

SE ESTSURV

-9

Estimate of the number of marked animals released
into the population and still alive at the time

of each sample (Jolly's ﬁi).

Estimate of population size at the time of each

sample (Jolly's ﬁi)

Standard error of each estimate of population

) A 5
size (Jolly's (V(N;)) )

Standard error of estimation for each estimate of

L
population size (Jolly's (V(ﬁilNi))2 )

Estimate of the number of new animals joining the
population in the interval between one sample of
newly marked animals and the next and still alive

when that next sample is taken (Jolly's ﬁi)

Standard error of each estimate of the number born

(Jolly's (‘xl(l‘.%i))l/2 )

Estimated probability of survival that an animal
alive at the moment of releasing one sample will
survive until the time of capturing the next sample
(Jolly's 81)

Standard error of each estimate of the probability
of survival (Jolly's (V(ai))% )

Standard error of estimation for each estimate of

the probability of survival (Jolly's

way - % U

D. Modifying the Program

1. Increasing the maximum sample size

The maximum sample size in the listing is 999 newly marked animals

plus any number of recaptured animals for each set of attributes that
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is always analysed separately. i.e. A given series of numbers
may be ascribed to more than one group of newly marked animals in
the same sam?le provided the recapture histories in the trellis
tables are always computed separately for each group. Hence,rsince
KOMSX is automatically anélysed as two separate attributes

(KOMSX = 1, KOMSX = 2) which are cumulatively stored and then
analysed as a summation (RDMSX = 3), it is possible to extend the
maximum sample size in the summation to 1998 newly marked animals.
Even if no real dichotomy such as sex exists in the data, the
animals cah be arbitrarily placed in twe groups to maximise sample
size, and attention paid only to the analyses of KOMSX = 3,
ignoring the first two arbitrary sets of analyses as meaningless.
For further enlargement, it is necessary to use a computer capable
of handling 6~digit numbers (an 18-bit word length or longer) to
accommodate a 2-digit sample number plus 9999 newly marked animals

per sample.
Adapting array sizes to the data

Several array sizes are inter-related and the following relation-

ships must be kept when adapting array sizes:

JPOP and N The data in columns 6 to 29 (N) of those data
cards which conform to the same classification
in columns 1 to 8 occupy a unit area (JPOP) in
core. The listed maximum size of a JPOP unit
is set by the storage capacity of a disk sector,
but in any modifications the size must always
remain a multiple of the size of N.

(N.B. When changing the size of JPOP, the change
applies also to statement 19.)

NCOMB and N The area of core used for given selections of
data for analysis (NCOMB) sets the limit to the
amount of data which can be analysed in any one
selection of data. While maximising the size of

NCOMB may often be desirable, its size must always
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e DY

ize cf N. For a given

remain a multiple of the

iuidope capdedty ; NCOMB sy b maxinised By minimising

‘ the gize of those arrays which limit the’ number of
samples in ‘the analyses, ‘i.e: all arrays’ with &

:size 'of 24 words ‘in the program listingus: "o

22 (N, B. “*When ‘changing the size Of NCOMB, ‘the' i
o change applles not only to Common but to. state«wv
" "ment numbers 4 and 130 + 002 in NSUBl, and T
11234008 #7001 in NOGHS.):: ~ : LR weE

rThe size of the trellls table array NHOLD 1nk. o
F:ﬂwhlch the sums of the flrst two sets of KOMSX o

Values are accumulated must always exeeed b

a4 the 51ze of the trellls table array NIJ 1n whlch

'Wthe flrst two sets of KOMSX values are 1n turn N

‘ﬁlnd1V1dually accumulated.

IQQQ and nlzkﬁjmhe size of the dummy Array. (IQQQ) in the . brogram

- Common
, ; ;yfmupATAgmustnequ;;th§;t9tala§%zs;9£ataﬁgvaxleyaggnteger

. arrays listed in Common,. beginning NHOLD,and.ending

o NATIX. oo

“The 'size of the dumny”array- (RO0)"in"the prograin’

"0 NDATAU‘and: the stbroutines’NSUBL &nd NSUBZ' must’édual

cwesuton o uathie totaldsize  of thervarious ' reald arrays® 148ted”in

a;COmmOh,ﬂbeginning»ESTMhand;endiné SENQ; #1ilmi

LS 'and ESTNO " The n maxxmum number of 1ntermed1ateﬁrecapture'sequences

(LS) is attalned 1f no two samples of newly marked

animals constitute succe551ve samples. (One 1nter—
nmediate recapture: seguerice mayief courserbelcomprised

. 0f any number of recapture samples.) Therefore, if

. s Ehe, program. is to retain generality,the size of.1S
ghould always remain one half of the maximum.size
.;@scribed to the output.fomat of the vagious..identically

sized arrays. such .as .the estimates of  population.

numbers . (ESTNQ)

{N.B... When changlng the: size;of LS, thegchanqe
applles also to statement 1221 + 003 )
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Programming to select giwven data

Selections of data according to the classes of attributes assigned to
animals are programmed at the end of the program NOGHS and in the sub-
routine NSUBl. It has already been stated {(p.l0) that KOMSX increments
automatically to the maximum value of 3, and this occurs at earlier
points in NOGHS. ©Limits to the other three classes of attributes are
set by the expressions iﬁ the last three IF statements in NOGHé. The
order of incrementing should be noted. The selection of combinations

of data within these limits is performed by NSUBl according to the
statements defining each set of combination numbers ascribed to the four
classes of attributes in the manner shown on p.3. As an example, the
program listing shows the selection of nine combinations (3 plots x 1
species x 3 stages) for each value of KOMSX in the series of statements
1031 + 003 and 35 to 38. This listing must be modified according to
requirements and clearly the combination numbering in the sample problem

output on p.l5 results from a different listing for it exceeds the

Alimits of the listed selection (KOMPL 12 > 33 KOMSP 4 > 1). Note that

statements 120 on are excluded from modification in order to retain
the level of program versatility, and also that the third plot and

third stage combinations are simply cumulative combinations of the

. first two plots and stages respectively. Further note that by the use

of statement 34 in NSUB1l the program can exit after a current selection
of combinations is complete, even though a final IF statement in NOGHS
may reserve a higher limit to include other possible selections in NSUBL
(compare the limit of KOMPL = 5 in NOGHS with the selected values of
KOMPL = 1, 2 and 3 in NSUBL).

Setting restrictions on analyses

White (1971) refers to restrictions that can be placed upon the
analysis of data for the table of estimates, pointing out that in a
series of data selections, some selections may ‘be less worthy of
analysis than others. TIn the subroutine JOLLY, there are tests which
set the chosen minima that are acceptable for the Ri'and mi*values of
Jolly (1965). The minima in the listing are each given as 7.0 (see

statements 25222 and 6222). - ‘However, analyses-of data are not
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rejected on the grounds of occasional low values but on the relative
number of values below the minima. The final acceptance or rejection
of data is determined by the expression at statement 225 where the
value 1.04 is listed. Lower values are less selective than higher
ones but the selectivity of a givén value depends on the number of
samples being analysed and the nature of the recapture program. A
value of less than 1.00 is generally non-selective and must be used
if there are no more than four samples in the analysis. The listed
value 1.04 is too low for most data (it accepts data when only three
or four samples out of 20 completely satisfy the minima tests above)
but it has been used with data in which there were a relatively large
number of intermediate recapture samples, each of which has the same
effect as an unacceptable R, or m, value. 1If a value is chosen to
screen out population estimates calculated from poorer selections of
data, it should be remembered that the trellis tables will still be

printed for such selections.
Optimising the format of input data

In the program listing, only three animals can be entered on a data
card whereas all the space in columns 9 to 80 is available. The
optimal choice of format depends on the total amount of data to be
computed relative to its distribution between the combinations of
selected attributes that are to be analysed. When there is more
space utilised per card, there is proportionately less utilised by
the classification groupings in columns 1 to 8, but there will also
be more waste space in core when some cards have columns without
entries. Therefore, if all data are to be computed collectively
without selected combinations of attributes, the optimal format is

a maximal number of animal entries per card. If, however, data tend
to be minimal in any of the selected classification groupings given in
columns 1 to 8, the optimal format may be fewer animal entries per
card. The decision is best made according to the weakest selections
of data, remembering that if the size of NCOMB tends to be limiting,

optimisation of the format is important. .



6. Setting the initial population size

In estimating the variance of population size it is necessary to
have an estimate of population size at the time of releasing the first
sample. Since an estimate cannot be calculated, Jolly (1965)-suggests
" that if initially the population numbers appear from subsequent
estimatesrto be reasonably stable, this value could be put equal to
the estimate immediately following. Ctherwise, in the presence of a
trend in subsequent estimates, it would be better if the first value
be guessed to comply with the trend. In the program listing, the
initial estimate for a given selection of data is always put equal
to the estimate from the next sample which includes newly marked
animals. A modification to the program would therefore be necessary

to substitute an:estimate complying with a trend.

- E. Sample Problem Output

A sample problem output is given on p.15 for a combination analysis of

2 species of acridid grasshoppers, Paprides nitidus Hutton and Sigaus

australis (Hutton), which are common alpine species in the Craigieburn
Range in Canterbury, New Zealand. The combination line values are those

ascribed to the particular selection of data as follows:

KOMPL 12 A combined selection of adjacent plots on a
south aspect (the example given by White (1971)
was for otherwise comparable data from an

adjoining north aspect).

KOMSP 4 A combined selection of the two species named above.
KOMST 1 A single selection of adults only.
KOMSX 3 The combined selection of both sexes.

The samples in the analysis were obtained during the 1969-70 season
(earlier samples were obtained in the 1968-69 season), beginning with the
first spring sample (sample 35) and ending with the final autumn sample
(sample 53). The adults overwinter and so account for the immediate
classification of marked "immigrants" in thé first and some subsequent

samples of the analysis. i.e. Immigration occurs in time. The numerous



CKOMPL 12

T

i0

8 10

65

6 8
3 5
16 156
10 37

-
w

VUV &P PP 25 8 P H S wntw we
WO VK~ S WG OO~ UNE

© 0 O = ANRNWSHOEOW W O

157
43
106
42
107
39

78

31
76
26
33

KOMSP 4

65
10
8
5
156
37
157
43
106 -
&2
107
39
78
31
76
26
33

N21

RN R
RRARRR
WA
0+0128
1323

043157
R
0.1818
L
045000

. . w
© 0O 00 0O 0 O w O O WONSKFFNKNW

[
w

w
w

"~
[

0O 00O O 0 0 » OO0 WONDWIWNDN™N

KOMST .1

36

1 37

o o 38
o 1

1 o

o o

¢ a

1 o0

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

3 1
26

2 37

2 2 38
12

2 2

2 2

o o

“ &

0 o

o o
11

o o

o o

o o

o o

o o

o o

o o

12 11 10

i s 2 2 2]
WA
La i s d.2d
040791
LE 2.2 L 3]
001941
TR
0e1977
Tt ey
041690
L3 1A 2 2]
0el1322
B 3983 3%
0e3042
Li i 22 ad
0.0983
L2 22

- O 0 © 0 = © 0 0O 0 0O 0 O o0 o o

0 O 0 O » OO0 = 0 O & ONNN

Pt it b e N B .
MOUHJUOW&&&WNUNQﬂU
L]

-
O

KOMSX 3
39
25 40
17 6
9 4
70
4 1
2 0
) 0o
1 0
4] (¢}
0 2
1 .1
0 0
o [
o Q
67 14
39
27 40
19 25
9 13
11 11
4 5
2 2
2 2
1 1
0 0
1 3
1 2
0 (¢}
o 0
0 0
50 39

€ PPTN RECAP PROB CAP NO MARKED

rt
.
wn

43
24 42

L3
& W

0O ©C O w O  w O~ O ™

w . -
e eccCc =N weuwuNsoOw
©C O = O = N W W o

-
~N
Y
N

43

37 42
20° 28
15 15

o
~
- W &
v oW

- C € = & O = & P
©C O = v 0N VvV
O O N WV g & &~

o
&
w
&
@

TOTAL POP

R2 22 2 2 L]
g IR
222222 1]
1972011
38 9 3 949 34
808473
RZ I T T2
535494
ERRRERRR
632496
A3 % 24N

589460
W
249481
RN

335450
AREERERR

-15-~

1 3
ES

45
23

©C C O O = NN WY
0O O O W N N

-~
L 4

39

44

24 45

12 35

10 16
13
10

C O N VW O O
N

43 47

SE POP

[T
Eebbototobodobed
AN
1408+ 74
LIt
172424
RN
107459
AW
140612

AR N

66478
RN RE
241446
WA R

46

48

©C O 0 C w w o
O > o W

v O O 0 O v

12 20

22 47

16 29 48

11 15 24

37 28 13

SE ESTPOP

ERRRNNEE
o aebebeboioted
MR NN
1408458
L a et
170434
It
105.79
L
139412
HRBRR AR
157459
I e

65451
R a2 X2 L]
241425
HRBNRRRR

“9
16 50

©
w Cc & >

18

49

o © + v
v o v o

NO BORN

S bbebobobed
L L R hebeboboted
L A
=524¢08
L2232l

293444
EL T2l

131448
fa 22222123
© 43486
R 22212 2]

221011
AR NN RN
2221223 ]

51
2 52
1 1 53
3
51
7 %2
2 53
1 0

SE BIRTHS SURV _RATE SE §
. 05948 . ' 0s3

I
o bebebrbooted
RRRRRRER
952443
RN RR AR
1lle732
R 2222 1
124440
HRRERRNR

183410
R S dobrboboiotd
HRERRNES

WG P 00000 £ Wi~ ® -

OCUVBPPOVNO H WO VOO W
VNN S VNOOW B0~ W W

SE _ESTSURV
043074



-16-

intermediate recapture samples are reflected by the various smaller

tallies in the trellis tables and are further indicated by the

asterisked samples in the table of estimates.

QPERATING INSTRUCTIONS

A, Compiling and Storing the Progranm

Fach section of the program is compiled and stored using the following

card order:

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

/7308

//FOR

*I0CS {1132 PRINTER,CARD, DISK) (Exclude from subroutines)
*ONE WORD INTEGERS

*LIST ALL

(Program or subroutine cards)
//DUpP
*STORE WS UA NDATA (or other name)

B. Storing Data and Executing Analyses

1. Creating the file and executing analyses.

Put console switch 5 on. The card order is as follows:

8.

//30B

’//XEQ NDATA 1

*LOCALNOGHS ,NSUBZ2,JOLLY ,NSUB1

(Contxrol card)

(Data cards)

(Last carad)

//DUP

*STOREDATA WS [$1:% NFILE 720

Note that when the available computing time is insufficient to complete

a series of analyses, it may be desirable to program only the final

analysis when creating the file in order that the execution be
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completed and the data stored. Other analyses can be subsequently

carried out following the operating instructions under C. below.
2. Updating the file and executing analyses

Put console switch 5 on if stored data is to be deleted.

The card order is as follows:

1. //3J0B

2. //XEQ NDATA 2

3. *LOCALNOGHS,NSUB2,JOLLY,NSUB1
4. *FILES (100,NFILE)

5. (Control card)

6. (Data cards)

7. (Last card)

The note under Section B, part 1, also applies to updating the file.

C. Using Stored Data and Executing Analyses

Console switch 5 is off. The card order is identical to that given above

in Section B, part 2, except that no data cards are needed.

SYSTEM MATERIAL

A program listing is given on pp 18-24 and flow diagrams are given on pp 25-32.
In the latter, the following terminology has been used to describe the various

arrays, files, and tables associated with the analyses of KOMSX values:

FEMALE - KOMsSX = 1
MALE - KOMSX = 2
PRIME - KOMSX = 1 or 2
JOINT SEX - KOMSX = 3



NDATA - )
UIMENSION JTA(4)sdAL4)aN(4)
COMMON: JPOP(312)sNA(4) »IQQQA(342) sNEXP sNXsRQU(288) 2IMIG(24)
COMMON NOW s NBGINsNBNOW s KOMPL s KOMSP s KOMST s kS(12)
DEFINE FILE 100(720¢317sUsNEXP)
1 FORMAT (12+31191393(2Xy15))
2 FORMAT (514) v
3 FORMAT- (' DISK FULL's169s*' RECORDS') :
Comee=eMAKE EACH DISK RECORD IDENTIFICATION ZERO (SWITCH 5 ON) FOR FIRST
Co=e==DATA CARDS ONLY
' - CALL DATSW(5sNSW1)
GO TO (9s12)sNSW1
9 DO 10 I=1s4
10 NA(I)=0
DO 11 I=1+720
11 WRITE (100'I) NA
12 CONTINUE
READ (292) NUWINBGINsKOMPL ¢KOMSPsKOMST
C--*-—IF PRIOR RECORDS LEFT ON DISK WHEN NBGIN IS INCREMENTEUDLS tFFkCTIVt
Crm=ewe=CAPACITY OF NCOMB IS5 REDUCED
NBNOW=NOW=NBGIN
DO 1012 J=1ls4
1012 JA(J)=10000
13 READ (291) IAsN
IFCIA(L)=99) 16228928
16 DO 1016 J=1s4
IF (TA(J)=UA(J)) 1741016917
1016 CONTINUE
GO 70 19
17 NEXT=1
1017 READ (100°'NEXT) NAsKOUNTsJPOP
DO 2018 J=1s4
IF (NA(JI=TA(J)) 18+2018s18
18 IF (NA(1)=1) 235101851018
1018 NEXT=NEXT+1
GO TO 1017
2018 CONTINUE
19 IF (KOUNT=312) 21920420
20 NEXT=NEXT+1 )
GO TO 1017
21 DO 22 K=1ls4
 LOT=KOUNT+K
22 JPOP(LOT)=N(K)
KOUNT=KOUNT+4
WRITE (100*NEXT) NAeKUUNT s JRPOP
GO TO 1026
C-====THE EXPRESSION IN STATEMENT 23 MUST BE CHANGED IF THE FILE SIZE IS
C—====CHANGED
23 F (NEXT=720) 1024924924
24 WRITE (393) NEXT
CALL EXIT
1024 DO 25 K=1ls4
25 JPOP(K)=N(K)
KOUNT=4
DO 26 J=ls4
26 MNA(J)I=IA(U)
WRITE (1OO'NREXT) NASKCUNT s JPOP
1026 DO 27 J=lst
21T JA(J)I=NALY)
GO TU 13
28 CONTINUE
CALL LINK (NUUGHS)
END
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COMMON JPOP(312) sNA(4) sNHOLD(28) oNTJU{24) 9sNR1I(24) 9NRIX(24) 9N21(26)
INZIX(24)sNATJ(24) oNMIY {24 ) oNNIY(24) sNSTIY (24 ) sNREPsHPINNIX(24) s
2NSIX{24) sNMIX(24) yNATIX(264) sNEXPaNX2ESTM( 264 ) o RECAP(24)
35ESTNO(24) sESURVI24) sEBURNI24)sESTP(24) sVEST(24) 9SEEST(24) +SESUR
4(24) sSEESS(24) »SEBOR(24) 9SENO(24)9IMIG(24)

COMMON NOW s NBOGIN s NBNOW s KOMPL s KOMSP o KOMST sta8(12) s NCOMB ( 1584 )
ComenwaNOTE WELLeeoTHE SIZE OF NCOMB MUST BE A MULTIPLE OF THE ARKAY N
Come==eIN PROGRAM NDATA

DEFINE FILE 100(720+3179UsNEXP)s200(249305UsNREP) 9300(243259UsNP)»
1400(24925sUsNX)

1004 FORMAT (////779* KOMPL*91393XKs"KOMSP "3 1293Xs "KUMST ' 9]1243X s KUMSX 'y
112)
8 FORMAT (/sl4s2]GslXe2414)
4008 FORMAT (/s7Xs'NRI*s3Xs2414)
14008 FORMAT (/+13Xs26414)
24008 FORMAT {(/97Xe'NZI's3Xs2414)
34008 FORMAT (//7/¢4//+117s7)

NUMBR=1584

KALC=0

KOMSX=1

NREC=24
Crem=e=START SELECTING DATA IN CURRENT CLASS COMBINATION

29 CALL NSUB1{KOMSXsKOM4 s NRECINUMBR)
GO TO (2769339271+288) +KOM4
33 WRITE (3+1004) KOMPLKOMSP»KOMST »KOMSX
Cue===START ANALYSIS
CALL NSUB2 (NRECsNUMBRIKOMSXsNTWO?
CrmeeeSTART JOLLY FORULAE
NAG=0
CALL JOkhY (NTWOINAG)
KALC=KALC+] ) .
271 IF (KOMSX=2) 27242739273
272 KOMSX=2

GO 7O 29
273 KOMSX=3

IF (KALC~2) 27632744276
274 DO 1274 J=le24
1274 IMIG(J)=0

WRITE (351004) KOMPL sKOMSP sKOMST s KOMSX

NB1=NBNOW+1

DO 275 NREC=1sNB1

NFIVE=NREC+3

READ (200°*'NREC) NHOLD

WRITE (3+8) (NHOLD(N)sN=1sNFIVE)

275 IMIG{(NREC)=NHOLD(1)

WRITE (354008) (NRIX(J)sJd=1sNBNOW)

NAGGX=1

WRITE (3934008} NBGIN

DO 1275 NTIME=1+NBNOW

NTONE=NT IME+1

READ {400'NAGGX) NAIJX

WRITE (3914008) (NAIJX{Jd)eJ=19sNTONE)

1275 NAGGX=NAGGX+1
WRITE (3+24008) (NZIX(J)sJ=1sNBNOW)
NAG=1
CALL JOLLY (NTWOINAG)
276 KALC=0

KOMSX=1

IF (KOMS§T=3) 27852809280
2478 KOMST=KOMST+1

GO TO 29
280 KOMST=}

IF (KOM§P~=1) 28242849284
282 KOMSP=KOMSP+1

GO TO 29
284 KOMSP=]

IF (KOMPL=5) 28612889288
286 KOMPL=KOMPL+1

GO TO 29
288 CALL EXIT

END
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SUBROUTINE NSUB1(KOMSX sKUM&G ¢NREC s NUMBR )
COMMOIN JPOP(312) sNA{4) ¢ WNHOLDI(28) 9 N1J(24) sNRI(24) 9yNRIX(24)9NZ1(24)
INZIX{243oNATJ(26) oNMIY (24) oNNIY(24) sNSIY(24) sNREPINPoNNIX(24)
2NSIX(24)9NMIX(24}’NAIJX(24§vNEXPsNXsRuQ(ZBB)9IMIG(24)
COMMON NOWINBGINsNBNOW s KOMPL s KOMSP s KUMST oL $(12) s NCOMB(1584)
4 FORMAT (//774/7»% NCOMB FULL ceXCEEDLS 1584 KOMPLYsI3st KOUMS
IPYs13s" KOMST's13s' KOMSX'413)
IF. {KOMSX=1) 1002951002930
10029 DO 1029 J=1.28
1029 NHOLD(J)=0
DO 2029 J=1sNREC
NNIX{J)=0
NSIX{(JI1=Q
NMIX{J1Y=0
NZIX{J)=0
2029 NRIX(J)=0
30 DO 1030 I=]1s+NUMBR
1030 NCOMB(I)=C
NUMBR=(
NEXT=0
KOM4 =]
31 NEXT=NEXT+1
READ ({100'NEXT) NAsKOUNT
NPLOT=NA{1)
IF (NPLOT=1) 137+)021+4031
1031 NSPEC=NA(2)
NSTAG=NA(3)
NSEX=NA(4)
GO TO (3591359239 934) sKUMPL
34 KOM4=4
GO TO 137
35 IF (NPLOT=2) 3693131
135 IF (NPLUT=2) 31436931
235 1IF (NPLUT=2) 3693631
36 GO TU (37+38s120}) 9KOMST
37 IF (NSTAG=Z2) 12093131
38 IF (NSTAG=2) 51912031 .
120 GO TO (12121£3) 9KOMSX
121 IF (NSLEX=2) 130+31+31
123 IF (NSEX=2) 319130931
130 KOM&a=2
NUMBR=NUMBR+KOUNRT
IF (NUMBR=1584) 133+133s131
131 WRITE (3s4) KOMPL s UMSPokUMST s KOMOX
KOM&4=3
FUMBR=NUMBR =K OUNT
GO TO 137
133 NK=NUMBR-KOUNT
READCLOOTNEAT ) NAsKUUNT s JPOR
VO 134 nTRY=1sKOUNT
N NT=NK4ANTRY
134 NCOYMBINT ) =JPUPINTRY)
GO TO 31
127 RETURN
END
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NsuB2

SUBROUTINE NSUB2 (NREC sNUMBRSKOMSX s NTwO)

COMMON JPOP (3121 sNA{4) oNHOLD (28).oNIJ126) sNRT G240 oNRIX (260 oNLIL26) s
INZEX(24) sNATI(24) sNMIY (24) o NNIY(24) sNSIY (261 sNREPANPSNNIK (2400
2NSIX (243 sNMIX (243 sNATUX (261 sNEXPoNXsRQWI 288} v 1MIGI24)

COMMON NOW s NBGI Ny NBNOW s KOMPL s KOMSP yKOMST 5 LS (123 4NCOMB (1584)

5 FORMAT (! ANIMAL NU.'s16+1X%¢?'RECOKDED MORE THAN UNCEs KK="s]3e5Xs*
10R IF KK=0s EXROR IN PRUGKAM')
6 FORMAT (' ERRUR IN DISX SEARCH UPERATIUNs ANIMAL NUo'si6slxy'NOT
1KELOCATEDs KK='413) -
1008 FORMAT (/»[45214s1Xe24]4)
4008 FORMAT (/»7Xs'NRI's3X,2414)
14008 FORMAT (/213Xs2614)
24008 FORMAT (/e7Xs'NZI'93Xa2414)
34008 FORMAT (//7///4¢11757)

WREC=NOW=NBGIN+1

DO 137 J=1sNREC

IMIG(J)=0

NRI(JI=0

NZI(Jd)=0

NNIY{J)=0

NSIYiJ1=0

NMIY (J)=0

137 NAlJ(J) =0

NREL=0

NREC=1

NAGGR=1

NAGGX=1

DO 220 NTIME=NBGINsNOW

NBT=NT IME=NBGIN+1

NEWM=0

IMMIG=0

NMI=0

Mw=0

Nw=0

MREC=0

NCHEK=1

N¥=}

DO 138 J=1sNREC

138 NAIJXt41=0
DO 140 J=1sNBNOW
140 Nis(J)=0
141 NREAL=NCOMB (NT)
IF (NREAL=500} 1142»1142,142
142 NREAL=NREAL-500 )
1142 IF (NREAL=NTIME) 189+143+189
1643 DO 188 =113

NTI=NT+]

N2=NCOMBINT 1}

IF {N2=1) 18914435164

146 JF (N2=1000} 18331834145
145 KK=Q
JTIME=NBGIN=]
LTiME=]
146 IF (NCOMB(LTIME}=500) 14831483147
147 LREAL=NCOME (L TIME) =500
GO TO 149
148 LREALaNCOMBI(LTIME)
149 IF (LREAL=NBGIN) 17141505150
C=====THE FOREGOING TEST ASSUMES NBGIN 1S ALWAYS A MARKING TiMt.
C=~—==WHEN NBGIN 1S MADE GREATER THAN ls THIS TEST PROCEEDS
C===~~TO OVERLUOK EARLIER RECORDS AND LISTS AS AN IMMIGRATIUN THE FIRST
Co=—=~RECAPTURE OF ANY ANIMAL THAT #AS MARKED PRIOR TO NBOGIN.
150 IF {LREAL=NREAL) 15611545171
1564 DO 168 L=1s3
LTL=LTIME+L
IF (NCOMBILTWLI-N2) 16841561168
156 IF {(NCOMBILTIME)=500) 15811585163
158 JREL=N2/1000
IF (NREL-JREL} 16131631161
Ce~-=~THE TEST (NREL=JREL} DETERMINES FROM THE CURRENT (NTiMc) RECURDS
C~====THEMSELVES WHETHER OR NOT THE MARKING TIME (JREL) GF A GlVviN
C-====ANIMAL WAS PRIOR TO THE MOST RECENT MARKING TIME (NREL) OF ANIMALS
(=====50 FAR TESTEL. IF ANY MARKED IMMIGRANTS AT NTIME ARE
C===~=L1STED BEFORE NREL HAS BLEN UPDATED TU THE MOST RECENT MARKING
Cmm===TIMEs THEY ARE TEMPORARILY CLASSIFItD AS NEWLY MARKEL {NEWM) UNTIL
C=e-==THE UPDATING OF NREL CORRECTLY RECLASSIFIES THEM (SEE 161 + 001)e
Cm====THE TEST (NREL~JREL) FAILS IN THE SAML UNLIKELY AND UNIMPORTANT
Co=-==CIRCUMSTANKES LISTED SECOND FOR NCHEK BEWOWs
161 NREL=JREL

IMM]G=NE WM

NEwM=0

G0 TO 163

1161 NCHEK=NCHEK+1
163 IF (LREAL=NTIME) 169216515171
165 KK=KkKel
NTEST=NCOMBI(NT}
IF (KK=1) 16751685167
167 WRITE (3+5) N2sKK
C====~THE ABOVE ERRUR MESSAGE IS NOT PRINTEL WHEN KUMSX=3
168 CONTINUE : P .
GO 10 172
169 IF (LREAL=JTIME) 171s171s170
170 JTIME=LREAL
171 IF (LTIME+3=NUMBR) 1725176174
172 LTIME=LTIME+s
GO TU 146
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174 IF {KK=~1} 1159376-188 ’ et
175 WRITE (361 N2oKK' @ .niv T T S U P ‘
178 IF L STIME~NBGIN#1) 165’178.
177 4=JTIME=NBGIN#L -~
CNIJLSIENTILD *L
NMi=NMI+1 .
GO TO 188 R
178 1F  (NTEST=500) :17994790180 : [T e
179 IF (NCHEK=2) 11809180,380 k
CommaeNCHEK FOR IMMIGRANTS FAILS 1F OTHER ERHORS ARE vﬂxmtho.
CromomNCHEK ALSO FALLS FOR THE IMMIGRAMTS WITH THE MOST RECENT MARKING
Comme==TiME IF NO NEWLY MARKED ANIMALS ARE PRESENT AT NTJME AND MORE
ComawaRECENT MARKINGS ARE ABSENT IN PREVIOUS VALUES UF NTIMEs THE LIKb=
Commo=l JTHOOD AND IMPORTANCE OF SWCH AN ERROR 15 sgluHT .
180 IMMIG=IMMIG+] .
. GO TO 188 ’
1180 NEWMsNEWM+1
GO TO 188
183 IF (N2=300% 185,385+18%
185 NWsNwWel
GO 76 188
186 MWaMuW+}
188 NCHEKs}
189 NT=2NT#4 PR
IF (MT~NUMBR) 1419193+1%4 Caren
191 NNI=MNEWM+NMI+IMMIG+HY e T . L
NS T MN ] =MWoNy e
NNTY (NBT ) =RNE
NSTVINBTinNSY
NMIXCHBT i=NNIXINBT ) +NN
NSIX{NBTI=NSIXINBY ) +NG |
IF {NTIME=NBGIM=1} 1193¢219342193
1193 WRETE (3510081 IMMIGHMNT sMET oNT IME
. G0 TO 203
219% NMIY(NBT)=NMI
NMIX{NBT)=NMIX (NBT)+NM:
NT1=NTIME=NBGIN
WRITE (3+1008) xMMlG.NNxqNSi»(NIJ(J)»Jsxawrl)oN IME
201 IMIG(NBT)I=IMMIG .
IF (KOM$X=2} 2053 20%9204
204 READ (2007NREC) NHOLD
205 NHOLD{1)=NHOLD(1)4+IMMIG
NHOLD( 2) =NHOLD {2 +MN1
NHOLD 13} =NHOLD {3) #NS1
IF (NTIME~NBGIN=1) zca;xzos;zzos
1205 NPLUS=NTIME~NBGIN+3
DO 206 K=& oNPLUS
206 NHOLD{K}=NHOWD (K} +NIJ(K=3)
NHOLD (NPLUS+L ) sNT IME Lot
GO TG 209
208 NHOLD(4)=NT IME
209 WRITE (200°NREC) MHOLD
DO 210421928 :
210 NHOUD(J) =0
S i IF NTIME~NBGIN=12 220.1210.1210
1210 IF (KOMSX~1) 23222125233
211 READ (400°'NAGOGX) NAIJX
212 NALJ(L)=NIJ(1)
NATJXE1)=NATJIXG LI +NESLED
IF (NTIME=NBGIN=21 12140213a213
213 NTWO=NTIME~1=NBGIN
DO 214 1=1sNTWO
: NAIJ(l+1)tNAiJ(l)¢NlJ§l*13
: NAIJX(I#l):NAlJXll+1)*NAlJ¢!*lb
NZICEYsNZIG D +RATU(LY o0 e
- NZIX(I}tNllX(l)*NAIJ(I)
214 CONTINUE ) s e g
1214 WRITE (300!NAGGR) (NAEJ(J}9JFI,NTA):NT[MEw ;
i WRITE 44002 NAGGX) - (NALJX () sJs1sNTLIsNTIME *-
NAGGR=NAGGR+1. 25 1 » -~ D I
NAGGX=NAGGX+1
DO 215 I=1sNBNOW
215 NRI(I}=NRI(1)+NIJ(D)
220 NREC=NREC+} e
DO 216 1=1)NBNOW CiL e awds e
216 NRIX(IDI=NRIX(IV4NRI(I)
WRITE (3+4008) (NRI{J) sJ=]+NBNOW} i
NAGGR=1 e
NAGGX=1
WRITE (3434008 ‘NBGTN "
DO 1220 NTIME=1,NBNOW
NTONE=NTIME+1
READ (300°'NAGGR} NAIJ
WRITE (3914008) (NATJ(J) sd=LsNTONED v
1220 NAGGR=NAGGR+1 st
WRITE (3924008) (NZI{J)9J=1sNBNOW)
RETURN
END
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SUBROUTINE JOLLY (NTWOsNAG)

COMMON JPOP(312)sNA(4) oNHOLDI28) oNIJ(24) sNREL24) oNRIX (246} sNZI(24)
INZIX(26)9sNATJ(24) sNMIY (240 sNNIY (24) sNSIY 1240 sNREPsNPoNNIX (2400
2NSIX(24) sNMIX (243 sNATIX(24) JNEXPoNXyESTMI24) yRECAP(24)
34ESTNO(24) 9ESURV(24) +EBURN(264) sESTP(24),VEST(24) 9SEEST (241 sSESUR
4(24) »SEESS(24)»SEBOR(24) +SENO(261 9 IMIG(24)

COMMON NOW s NBGIN s NBNOW o KOMPL s KOMSP 9 KOMST 9 L§(122)

5008 FORMAT (////+' TIME PPTN RECAP PROB CAP NO MARKED TOTAL POUF o
1€ POP  SE ESTPOP NO BURN SE BIRTHS SUWRV RATE SE SURV  SE tSTS
2URV*)

6008 FORMAT {(1442{5XsF6e4)12X9F82292X9012XsFBe2)s1X93{4XsFbek))

7008 FORMAT (14+85X33(4XsF6e4)) .

8008 FORMAT (1492(5XsF6e4)12X0F8e252X93(2XsFBe2)9/91bs5XeFbebr///)

NB1=NBNOW+1

IF (NAG=~1l) 122152220+2220

2220 DO 221 JTIME=1sNBl

NNIY{JTIME) =NNIX(JT IME)

NSIY(JTIME)=NSIX{JTIME)

NMIY{JTIME) =NMIX(JTIME)

NRI(JTIME ) =NRIXIJTIME)

221 NZICJTIME}=NZIX(JTIME)

. 1221 RNO=Q,

K=0
L=0
D0 2221 M=1,12
2221 LS5(Mial
Lili=
ESTM(1)=04
DO 226 JTIME=29NBl
RNNI=NNIY{JTIME)
RNSI=NSIYIJTIME)
RNMIsNMIY (JTIME}
RIMIGaIMIG(JTIME)
IF {(JTIME=NB1l) 12221+222214226
12221 RNRI=NRI(JTIME)
RNZI=NZI(JTIME~})
ESTMIJTIME ) =RNSI#RNZ]/RNRI+RNM]
Cu===eFOLLOWING TEST FOR MARKING TIMES ONLY LIKELY TO FAIL WHEN SAMPLE
Cue=m=SIZE VERY SMALL AND TABLES NOT PRINTED
22221 IF(RNSI-RNMI-RIMIG) 2239223+2222
2222 RECAP(JTIME)=RNMI/RNNT
IF {L=1}) 3222:4222+4222
3222 L=JTIME '
4222 IF {L111-1) 223¢15222+5222
5222 K=K+}
LS{K)=L11}
Lill=1
15222 IF (JTIME=NBLl) 2522292264226
25222 IF {RNRI~7.0) 1223,1223v6222
6222 IF (RNMI=7,0) 122341223224
223 RECAPIJTIME)=111111.
ESTPIJTIME!=111111.
ESTNO(JTIME)I=111111,
SENO(JTIME)=111111.
SEEST(JTIME)=111111.
ESVURVIJTIMEI=111111.
SESUR{JTIME)=111111.
SEESS(JTIMEI=111111,
L111=hkill+l
RNO=RNO+1e0
G0 TO 225
1223 RNOsRNO*1.0
224 ESTNOU(JTIME)=ESTM(JTIME) /RECAP(JTIME)
ESTP {JTIME)=RNNI/ZESTNO(JTIME)
VESTUJUTIME}ESTNO(JTIME ) #(ESTNO(JTIME ) =RNNT 1% { ( (ESTM(JTIME ) =RNML+
IRNST }/ESTMIJTIME) ) ¥ ({1 /RNRIV={1¢/RNSI) I+ { L1e~RECAP(JTIME})/RNMI) )
SEEST(JTIME )=SQRT{VEST (JTIME))
225 IF ({(NBNOW=2)/RNO)=1404) 260+s1225,1225
Cem=e=FINAL VALUE IN THE FOREGOING TEST DeTERMINES WHETHER SUFFICIENT
Cuemw=SAMPLING TIMES HAVE ADEWUATE DATA (SEE STATEMENTS 25222 AND 62221
C=====T0 PRINT TABLE.
1225 EBORN{JTIME)=11111ls
SEBOR{JTIME)=111111.
226 CONTINUE
Cowem-]F POPULATION NOS RATHEK UNSTABLEs ESTIMATE N1 FROM TRENDs NOT =N2
ESTNO(11=ESTNOIL)
ESURV(1)=ESTM{2)/NSTY(1)
D0 228 JTIME=1sNTWO
JTADD=JTIME+]
RNSI=NSIY(JTIME)
RNMI=NMIY(JTIME)
RNRI=NRI(JTIME}
TNSI=NSIY(JTADD)
TNMI=NMIY (JTADD)
TNRI=NRI{JTADD)
VITEM=(({ESTM(JTADD)=TNMI ) ¥ (ESTMIJTADD )} =TAMI+TNST )} FESTM(JITADD ) #%2
1% (1e/TNRI)I={1a/TNS1)}
VFORMe { (ESTMUJTIME ) =RNMI 3/ {ESTM{JTIME ) =RNMI+RNSI) ) # { (Lo /RNRIDI =110/
1RNSL))
IF(JTIME=2112274+2274227
227 RNZI=NZ](JTIME=])
ESURVIJTIME ) =ESTM(JTADD) 7 { {RNST*RNZI/RNRI ) +RNSI)
1227 SESUR(JTIME)=SQRT (ESURVIJTIME ) ##2# (V] TEM+VFORM+ ( (1o ~ESURVIJTIME} )}/
1ESTMIJTADD) 1)}
SEESS(JTIME)=SQRT (SESUR(IJTIME ) ##2=({ (ESURV (JTIME ) ##2#( 1 o ~ESURV(JTIM
1E) Y /ESTMIJTADDI) )
228 CONTINUVE



229
1229

222%

%229

34229

44229

5229
6229
230

231
232

233
1233

1231

2231

234

1235

11235

2235
3235

423%
5235
6235
236
237

238

253

—24—

%<0

DO 230 JTIME=2sNTWO

4F (ESTNOIJTIMEI=211111.) 229.5229,5229

IF (ESTNO(JTIME+1)~1111114) 1229022292229

L111=l

GO TO 4229

=K+1

L111ELS (K]

IF (L131=1) 230523054229

JTADDaJTIME+L12Y

RNNI=NNTYIITIME)

TANT=NNIY(JT200)

TNMI2NMIY (JTADD)

RNSI=NSTY{JTINE)

THST=NSIYIJTADD)

RNMIaNMIY )T IME)

RMRI=NRI (JTIME)

TNRY=NRI (JTADD)

TSURY=1

J2=JTADD=1

DO 34229 IVIME=J4TIME»J2

TSURV=TSURVHESURY (1TIME

EBORN(JTIME ) ESTNO (JTADD I =T SURVS (RSTNO(JTIME)=RNNI+RNS 1)

IF (NBNOW=JTADD) 2303:44229,644229
XTRA=(ESTMOCJTADD ) 2 {ESTNO(ITADDI=THNT ) #4{ {1 ~RECAP (JTADD) ) /TNMI ) )+
ATSURVA*2XESTNO L ST IME I (ESTMO(JTIME) =RANT I # {11+ =RECAP(JTIME) ) /RNMI)
VITEM={ ((ESTMIJTADO I =TNMI I 5 (ESTHJTADD ) =TNMI+TNS1) ) /ESTM(JTADD ) #%2

LI%LE1a/TNRII~(26/TNEE))

VFORMa ( {ESTMUJTIME ) =RNMI I/ {ESTHMLJTIME ) =RNMI+RNSI ) I# ({1 e /RNRT ) =110/
1RNS1) ) .

SEBOR(JTIME ) =SGRT (EBORN (ST IME I #¥Z#V ITEM+ (VFORM® { { (TSURV¥RNSI#(1e=R
LECAP (JTIME) ) ) /RECAPLJTIME ) 1##2) )+ L (LESTNO(UTIME ) =RNNI ) #(ESTNO(JTAD
2D3=EBORN{JTIME 1 J#(1o=REGAP (JTIME) )2 {1 o=TSURV) I/ (ESTMIJTIME) “RNMI+R
3NSTIIeXTRA)

.60 To 230

IF (JTIME=2) 230+6229+230

K=}

CONT INUE

EBORN(112ESTNO (L) =ESURV (1) #(ESTNO( 1) =NNIY (1 1+NSIY (1))

DO 238 JTIME®LINBNOW

TOTAL=ESTNO(L}#( (ESTNOIL)~EBDRN(1))/ESTNOIL))

IF (ESTNO(JTIME)~111111e) 231»2389238

IF (L=2) 23292329233 -

M=0

GO TO 1233

M=l

SUM=0

JisJTIME~1

DO 237 I=1sJ1

K=M

IF (ESTNO(1)=111111¢) 1231+237+237

TERMA=EBORN (1)

IF (JTIME=1) 236923692231

11=1+1

MM=0

DO 6235 J=ilsJl

IF (ESTNO(JI=13211ike) 2342623516235

MM=MM+ 1

IF (ESTNO(J+1)=111111.) 2235+1225+3235

K=K+l

L1li=LS(K)

IF (MM=1) 3235+11235,323%

M=K

GO TO 3235

L11ls1

JLili=Jelldl

IF (SUM) 5235423555235

TOTAL=TOTAL#( (ESTNO(JL111)=~EBORNYJ) I /ESTNG(J) )

TERMASTERMA® ((ESTNO(JL111)~EBORNIJ) } /ESTNO( W3 )

CONT INUE

SUM=SUM+TERMA#TERMA/EBORN( I J

CONT INVE
1?$?O(JYI&E)‘SORY((VEST(JTIME))+£STN0¢JTKME)~SUM-TOTALQTUTAL/t51NU(

CONT INVE

WRITE (345008)

WRITE (3+7008) NBGINSESURVI1)»SESURLL) sSEESS(1)

00 253 JTIME=22sNTwO

NTIMExJTIME+NBGIN=] NN
l?zélfsé:a?gggge?r1ME.RECAP(4?1M£:-EstP(a#+u&a,Eer<JTxM£),;57No¢JT

PSEEST(JTIME ) »EBORN {JTIME) s SEBOR (JT [ME ) sESWRY

24JTIME) o SESUR LITIME) s SEESS( JTIME )

STNOW=NOW=~1
WRITE (34+8008) JTNON;RECAP(N&NOW)-ESTP(JTlMt)-ESTM(NBNUu)ctSTNO(Nb

AINOW) s SENOINBNOW) s SEEST { NENOW) s NOW sRECAP {NB1 )

260

RETURN
END
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PROGRAM LISTING FOR THE IBM 360 COMPUTER

The program listing for the stochastic capture-recapture model
of G. M.‘Jolly as given on Pp; 18-24 is for the IBM 1130 computer.
A Fortran listing of the same program is now given for the IBM 360
computer.

The program is written in Fortran IV and was compiled and tested

on an IBM 360/44 computer.

USER INFORMATION
vThe user informatién given on Pp. 1514 applies to the present

listing with the following modifications:

A. Detailed Program Description

1. Composition - subroutine NOGHS replaces program NOGHS

2. Program requirements - any IBM 360 programming system
(Disk) . The listed program requires
19,212 four~byte words 6f core on the

IBM 360/44.

B. Input Description
1. Control card format:

Columns 1-20 ° As detailed on Pp. 6-7
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Columns 21-23  Not used

Column 24 The number representing the value of
NSW1l, which in the IBM 1130 program
was set by the position of console
switch 5. The number 1 is used to
zeroise the file NA when first using
the file or deleting stored data; the
number 2 is used when exécuting analyses
of stored data or storing further data
for analysis.

Columns 25-80 Not used -

OPERATING INSTRUCTIONS

The compilation and execution of the program should be standardised
according to the model of IBM 360 computer being used. The following
four files must be defined:

» FILE 1, 250 records of size 1268 bytes, data set reference no. 1

FIAE 2, 36 record§ of size 168 bytes, data set reference no. 2

FILE 3, 36 records of size 148 bytes, data set reference no. 3

FILEA4, 36 records of size 148 bytes, data sef reference no. 4

Data set reference numbers are used in a direct access manner.

SYSTEM MATERIAL

A. Program Listing

The present program listing is basically the same as that given
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for the IBM_il3d'$n Pp. 18-24, but in view of the fact that the IBM
360/44 provideé_a muéhAlarger core, several modifications have been
introduced. ‘N .
1. Data capacity

The size of NCbMB, the area of core used for given

selections of data for analysis, has been set at 6000

words and may.?e further enlarged if desired (éf. 1584

words in the IBM 1130 listing, which maximised NCOMB

- when 24 samplesfwere permitted in the analyses). It

should be hoted that the increased size of NCOMB makes

it less necessary to optimise the format of input data

{as outlined on P. 13) because.the size of NCOMB is

less likely to be ;imiting.. The listed data card for-

mat of three animal records per card_permité a maximum

of 4500 animal fecords to be included in a giveh

analysis when the size of NCOMB is 6000.

2. Number of samples in analyses
Up to 36 consecutive samples can be included in a
given analysis (cf. 24 in the IBM 1130 listing), but
this number requires that the output format of the
trellis tables be restricted to three digits per column
(the left three columns of the first trellis table are
axcepted and retain four digits per column). if values
larger than three digits are expected. the format musf
be expanded at the e#pense of the number of samples

permitted in the analysis. .
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,3‘ Data storage
- The program NDATA has been modified to increase the
rate of storing data but the file holding the stored

data has been reduced from 720 to 250 records.

4. Zero values

It has been ﬁecessary in programming for the IBM 360
computer to expand the subroutine JOLLY to bypasé
calculations including zero values in denominator
expreséions. The expansions ensure the printing of
asterisks where necessaéy in the table of estimates.
Such asterisks are additional to those already printed
for anf intermeéiate recapture samples as described

on P.8.

‘B. -Flow Diagrams

‘The flow diagrams presented on Pp. 25-32 are modified by the present

listing only to the extent of the changes in sections 3 and 4 above.
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