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PROGRAM ABSTRACT 

White (1971) briefly describes the versatility of a Fo~tran 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 trel'lis 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be added to or withdrawn from the population during a study.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. petailed Program Description 

1. Composition - there are two linked programs: 

NDATA reads the control card, then reads and stores 

all data, 



-2-

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 calculates and prints the population estimates. 

2., Restrictions - see Program Abstract and Section D, part 6. 

3. Precision - Standard precision 

Real variables and constants -· two words 

Integers - one word. 

4o Program Requirements - Disk Monitor Programming system 

1130-0S-005 version 2 

5. System Configuration -

6. Timings -

IBM 1131 model 2B CPU SK (Disk) 

IBM 1442 model 6 card read punch 

IBM 1132 line printer 

Compile and store sample program 

Store data for sample problem 

Execute sample problem 

B. Input Description 

All input numbers are integer. 

.lo hours 

.18 hours 

.02 hours 

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 
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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 ag_e 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 

Column 3 

Column 4 

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. 

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 l to 9. 

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 

at-tributes 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. 
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The number representing the sample. The number can 

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

,of an intennediate recapture sample to distinguish 

it 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 anirnals, 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. If 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 
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right justified. The five digit number may 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 either recap

tured or newly marked and released, irrespective of 

any permanent removals of such animals subsequently. 

The limit of 31999 is set by the 16-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) . 

Columns 16-17 Not used. 

Columns 18-22 The number representing another animal, different to 

that listed in columns 11 to 15, or referring to the 

permanent removal from the population of 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. Where 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 pennanent 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 l to 8. 

Columns 23-24 Not used. 
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Columns 25.·29 The number representing another animal, different to 

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 columns 

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

forming to the classification in columns 1 to 8. 

Columns 30-80 Not used, but available for an extended format in the 

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

2. Last card format 

Columns 1-2 The number 99 

Columns 3-80 Not used 

3,. 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, .Le. 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. 
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The number of the earliest sample to be included 

in current selections of data for analysis. This 

sample mu~t 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 serie~ 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 value 

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 KOMPL 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 

lo 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 



-8-

with it in the subroutine NSUBl. (See section D, part 3.) 

2. First trellis table fonnat 

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 o.r 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 (Jelly's n.) 
l. 

and the third the number of marked animals released from each sample 

(Jolly 1 s si) • 

NRI - the nurriber of marked animals that are released from 

sample i and caught subsequently. 

3. Second trellis table fonnat 

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 ~ample but which are caught subsequently 

(Jolly' s Zi) .. 

4. Estimates table format 

The table is unchanged from that of Jolly (1965) except for a 

regrouping of the columns and the addition of Jelly's estimate of 

the probability of capture at time i for a reason discussed by 

White (1971) • Asterisks are printed to mark estimates which cannot 

be calculated when there are intermediate recapture samples that do 

not include unmarked animals. 

TIME 

PPTN RECAP 

PROB CAP 

Sample number (Jelly's i) 

Proportion of recaptured animals in each 

sample (Jolly' s o<. . ) 
J. 

Estimate of the probability of capture for 

each sample (Jelly's p.) 
l. 



NO MARKED 

TOTAL POP 

SE POP 

SE ESTPOP 

NO BORN 

SE BIRTHS 

SURV RATE 

SE SURV 

SE ESTSURV 
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Estimate of the number of marked animals released 

into the population and still alive at the time 

of each sample (Jelly's Mi). 

Estimate of population size at the time of each 
.f'. 

sample (Jelly's N.) 
l 

Standard error of each estimate of population 
/\ k 

size (Jolly' s (V (Ni) ) 2 

Standard error of estimation for each estimate of 
/\ ~ 

population size (Jolly' s (V (Nil Ni)) 

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 
A 

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

Standard error of each estimate of the number born 
A k 

(Jolly' s (V (Bi)) 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 IS 0 i) 

Standard error of each estimate of the probability 
/\. ~ 

of survival (Jolly's (V{cJi)) 

Standard error of estimation for each estimate of 

the probability of survival (Jolly's 

0. 2
(1 - ~.) k 

l l. ) 2 
/\. 

(V (0.) 
l. 

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 sample provided the recapture histories in the trellis 

tables are always computed separately for each group. Hence, since 

KOMSX is automatically analysed as two separate attributes 

(KOMSX = -1, KOMSX = 2) which are cumulatively stored and then 

analysed as a summation (KDMSX = 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 can be arbitrarily placed in two 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 handl:i,ng 6-digit numbers (an 18·-bit word length or longer} to 

accommodate a 2-digit sample number plus 9999 newly marked animals 

per sample. 

2. 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 

NCOMB 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.) 

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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remain a multiple of th~ .;:J'ize of .. N. For a g{ven 

coie dapaciity ,- NCOMB may ntf<maxiffi{.se'd b~r·:!Jihimising 

. the;' size oif thos.e: arrays whiC:h limit the number of 

tsamplies 'in the analyses 1 .·i .:e • a1'1 a·rhrays~ with" a: ' 

:size .·of 24 words in the program ri:sting~ 

::(N.JB:. :When ·.cha:hging the size of NCOMB~ the 
change .appli.es not OJ1:1Y .t.o cqmmpn .hl.lt i=:s.<state7 

·men:t nulnb~rs ·4 a:nd 130 + 002 in .. NSUB·i:, and . 
. 34'008 ·+: .001- in NOGHS.) 

, '\' 

. NHOLD arid NIJ 'T'he size of· the trellis table. array NHOLD in 

IQQQ, .• and 
Common 

; .> ~: 

RQQ·and 
,Cqn,u:no,n, 

j ' 

~h.i.ch ~ke sums .of the fir~t two sets of 'i<:OMSX 

:Ja.'1ues,are accumulated must always exceed by 

,,,, 4 the ·~ize o.f 'the trelli~· table ar~ay NIJ in which 

the ;firs{ two sets of KOMSX values are in turn 

.,:;T~~ .. :sflz,.e 0£_, :the __ d~y ,P,rF:aY:: .(I;9QQ) in U~e P~9.?f.f§lt}l 

.· :.}ifDATf\. must_ egu:~.~ t.h_e". t.(J·t:al.~ize_p}:.· tl),;~)va_rig_~.Pi': ~pteger 

~-Ff.FY~· J.istec:l i.?-. CO;IJUilO,n;(. b~gi~J.1D i:tJ,9 ·~·~IQLD:; ,<f.n,9'~·;~£1.§1.A.ng 

. :.'\· 

·:The~ 5:fa·e-- :o'f the: <crurnihy'' array.· {:RQQ) 'Ltn tfre' program 

"NDATN·'and· the stthroutin'es~NSUBT'·''l:in:a: NS'UB':i'ihu~t>' ~·qual 

··. ,:,the -t6ta1 · s-ize· of the-:>vad .. ous>; re~l' arrays- ltf5teC:r.: in 

commoh, beg.inning· ESTM> and::e·nding SENG~-· 

·-The 'ffiaxiffiU:m number of 'int.'ermed.i~te recapture sequences 

':(t.s) is a.f\:·~;ir1ed: i'r no' t~o 'sa~pie's bl''newiy ''ffi~"rked 
animals constitute succ~s~'i v~ samples. (one l.nter-

mediate recapture~ sequence: ·tnay :of c6urse''be: comp'.dsEid 

~f>~n;r; ~ump~r p:f, , +E?.S~I?~PF~ 9P:mg.~}~$.~.) Tl;i~fyfg.57,,1 r .if 
; tti,~ .. progr(im> is t<;> ,r~t?~D- gemerality,, .. .,tla~. ;;i?e 1of,LS 

; .: .. ', .. ·. -.:'_,,~ .•... ,; .. :·., .. 1,:. '" ..... ·"'--· ,.\\.,. · .. ,·· . .,; ... · .,·~.' -~.tJ.,,,. {.~~··'···'>'·'····' 

~f101;J.+1?- C:-l~~¥~.· rerr:a~n,,):>,ne,/~Ci1. ~ : .. C?t:JhE;! :'JIIS1.x~~Ui;t}:c.~~z,~ 

~S~fibep tp tp.~ pµ:i;.pu~ £otrnat pf, .th,e :Y.~Iii91:Hh~,~q~~tically 

,7,~'f e?\ , a, rr.~y 15 E?BSh :: a~; -f:.he i:,.~:§ t ~rn,si t;er 15, q:J:.::,.89fJ?U 1191rs ig~ 

J : .. 

:~N·~·~<: ... 11h~I1 c11q,n<4),,t1g the· l:li~e;pf LS1, t_he, ,ch,agg~ .. J, 
applie~ also to statement 1221 + 003.) 
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3.. Programming to select giv:en 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 ha·s already been stated (p .. 1·0) 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 in the last three IF statements in NOGHS. The 

order of incrementing should be noted. The selection of combinations 

of data within these limits is perfo.rmed by NSUB1 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 va.lue o:f 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.15 results from a different listing 'for it exceeds the 

limits of the listed sel-ection (KOMPL 12 > 3:.; KOMS'P 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 stag'es respectively.. Further note that by the use 

of statement 34 in NSUBl the program can exit after a current selection 

of combinations is complete, even though a final IF statement in NOGHS 

may reserv:e 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). 

4. 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. In the subroutine JOLLY$ there are tests which 

set the chosen minima that are acceptable for the R. and m. values of 
l. 1. 

Jolly (1965) • The minima in the listing are each given as 7 .O (see 

statements 25222 and 6222) • HOweve'r, a:nalyses of data are riot 
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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 given 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. If a value is chosen to 
J. J. 

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. 

5. Optimising the fo:rmat 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 fo:rmat 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 fo:rmat 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 fo:rmat is important. 
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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 

estimates to be reasonably stable, this value could be put equal to 

the estimate immediately following. Otherwise, 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 select.ion 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 Siaaus 

australis {Hutton) , which are common alpine species in the Craigieburn 

Range in Canterbury, New Zealand. The combination line values are those 

ascribed to the partiGular selection of data as follows: 

KOMPL 12 

KOMSP 4 

KOMST 1 

KOMSX 3 

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) • 

A combined selection of the two species named above. 

A single selection of adults only. 

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 irrunediate 

classification of marked "immigrants" in the first and some subsequent 

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



KOMPL 12 KOMSP 4 KOMST .1 

10 65 65 

s 10 10 

6 s 8 

3 5 5 

16 1S6 1S6 

10 37 37 

13 157 1S7 

6 43 43 

3. 106 106 

3 42 42 

6 107 107 

4 39 39 

3 78 78 

2 31 31 

2 76 76 

1 26 26 

0 33 33 

0 7 7 

0 4 4 

NRI 

35 

2 

1 

2 

l 

l 

2 

0 

3 

0 

0 

.1 

0 

0 

0 

0 

0 

0 

0 

13 

J6 

1 37 

0 0 38 

0 1 0 

1 0 0 

0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

Q 0 

0 0 

0 0 

0 0 
0. 0 

0 0 

0 0 

0 1 

0 0 

0 0 

0 0 

0 0 

2 36 

1 2 37 

2 

1 

2 

0 

3 

0 

0 
l. 

0 

0 

0 

0 

0 

0 

0 

2 

1 

2 

2 

0 .. 
0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

2 38 

2 2 

2 2 

2 2 
0 0 

4 4 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 0 

KOMSX 3 

39 

2S 40 

17 6 41 

9 4 
7 . 0 

4 1 

2 0 
l 0 

0 

0 0 

0 2 

1 . l 

0 0 

0 0 

0 0 

67 14 

39 

27 40 

19· 25 

9 13 

11 11 

4 5 

2 2 

2 2 

1 

0 0 

1 3 

2 

0 0 

0 0 

0 0 

24 42 

9 s 
10 0 

4 l 

2 0 

3 

1 

3 0 

2 l 
l 0 

u 0 

0 0 

59 12 

41 

37 42 

20. 28 

15 15 

6 7 

4 4 

4 5 

2 

6 6 

4 5 

l 

0 0 

0 0 

43 

24 

8 

3 

3 

2 

0 

0 

0 

42 

43 

39 

15 

7 

8 

4 

7 

5 

2 

0 

0 
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44 

9 45 

5 23 

2 4 

2 7 

l 2 

0 3 

0 0 

0 0 

0 0 

19 39 

44 

24 

12 

10 

6 

8 

5 

2 

0 

0 

45 

35 

14 

u 
10 

8 

2 

0 

0 

46 

8 

3 

0 

0 

0 

0 

12 

46 

22 

16 

11 

8 

2 

0 

0 

47 

13. 48 

4 9 

0 

0 

l 0 

0 0 

20 9 

47 

29 

15 

9 

3 

1 

0 

48 

24 

9 

3 

l 

0 

NZI 11 12 11 10 50 39 61 45 48 43 47 37 28 13 

TIME 
35 
36 
37 
l8 
39 
40 
41 
42 
43 
44 
45 
46 
4·7 
48 
49 
!>O 
51 
52 
53 

PPTN RECAP 

****** 
****** ****** 
0.0128 
****** 
Oel592 
****** 
Oe264l 
****** 
Oe2242 
****** 
0.2820 
****** 
0.3151 
****** 
0.1818 
****** o.sooo 

PRoe·cAP 

****** 
****** ****** 
Oa0791 
****** 
Oel94l 
****** 
0.1977 
****** 
Oel690 
****** 
0.1322 
****** 
Oa3042 
****** 
Oe0983 
****** 

NO MARKED 

.38.66 
98.00 
~J:gg 
u::l~ 
255.51 
141.57 
145.10 
l4le97 

HZ:15 
125.44 

78.88 
56.20 
61.00 
14.00 

TOTAL POP 

******** 
******** ******** 

1972·11 
******** 

808.13 
******** 

535a94 
******** 

632e96 
******** 

589.60 
******** 

249.81 
******** 

335e50 
******** 

******** 
******** ******** 

1408e74 
******** 

172.24 
******** 

107.59 
******** 

140el2 
"******** 

155.45 
******** 

66.78 
******** 

24le46 
******** 

SE ESTPOP 

******** 
******** ******** 

1408.58 
******** 170.34 
******** 

105.79 
******** 

139el2 
******** 157.59 
******** 

65e5l 
******** 

24le25 
******** 

lt9 

16 

2 

0 

0 

18 

49 

25 

s 
1 

0 

6 

50 

4 

0 

5 

50 

6 

5 

0 

5 

NU ~ORN 

******** ·····-· ******** 
-524•08 

******** 
106.97 

******** 
293.44 

******** 
131.48 

******** - 43e86 
**"****** 
•• ~~!~!! 
******** 

51 

2 

l 

3 

51 

7 

l 

52 

l 

52 

2 

0 

53 

Si. tURTHS 

******** 
******** 
******** 

952e43 ·····-· llleH 
******** 

124e40 
******** 

J.30e64 
******** 53e57 
******** 

183•10 
·******** *******'.t 

SURV RATE 
o.s94B 
2.1000 
Oa5480 
o.1t2l3 
Oa8876 
o. 7613 
o.9800 
Oa5412 
Oe6608 
o.9586 
o.8345 
o.a672 
o.561t3 
0.61'10 
Oe4293 
1.0664 
o.~590 

St;; SURV 
0.::1133 
2.1841 
Oa6993 
o.3796 
0.1797 
0.1766 
0.2337 
Oel445 
0.1168 
0.1973 
Oel998 
Oe2600 
0•1685 
0.2014 
Oel482 o. 7397 
Oel309 

St;; ESTSUKV 
o.3074 
2el954 
Oe6976 
Oa3742 
Oel781 
Oel735 
0.2335 
0•1412 
O•U21t 
Oel967 
0•1983 
o.2588 
0•16!:12 
Oe20it0 
Oel417 
Oa7405 
0•1250 
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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 .. 

:OPEPATING INSTRUCTIONS 

A.. Comei:1in9 <.?-.!!d Storinq the Program 

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

card order: 

1.. //JOB 

2.. //FOR 

3 .. *IOCS(1132 PRINTER~CARD,DISK) 

4. *ONE WORD INT:EGERS 

5.. *LIST ALL 

6. (Program or subroutine cards) 

7. //DUP 

8 .. *STORE ws UA NDATA 

B. Storing Data and Executing Analyses 

1. Creating the file and executing analyses. 

(Exclude from subroutines) 

(or other name) 

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

1. //JOB 

2. //XEQ NDATA 1 

3. *LOCALNOGHS,NSUB2,JOLLY,NSUB1 

4. (Control card) 

5. (Data cards) 

6. (Last card) 

7. //DUP 

8. *STOREDATA ws UA NF ILE 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. //JOB 

2. //XEQ NDATA 2 

3. *LOCALNOGHS,NSUB2,JOLLY,NSUB1 

4. *FILES(lOO,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 tenninology has been used to describe the various 

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

FEMALE 

MALE 

PRIME 

JOINT SEX 

KOMSX 

KOMSX 

KOMSX 

KOMSX 

1 

2 

1 or 2 

3 
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DlMENS:lON IAC4> tJAC4) tNf4) 
COMMON JPOP<312)tNAC4)tlQQQ(342JtNEXPtNXtRQQ(288)tlMIG(24> 
COMMON NOW,NBGINtNBNOWtKOMPLtKOMSPtKOMSTt~S<l2> 
DEFINE FILE 100(720•317tUtN~XP> 

l FORMAT· <I2t3lltI3t3C2Xtl5>> 
2 FORMAT l5I4> 
3 FORMAT-- (' DISK FULL' t I 6 t' RECORDS') 

c-----MAKE EACH DISK RE.CORD IDENTlFICATlON Lt.RO <SwlTCH 5 ON) Fok flR.ST 
C-----DATA CARDS ONLY 

CALL OATSWC5tNSWl> 
GO TO C9tl2>tNSWl 

9 DO 10 I =l •4 
10 NA<I>•O 

DO ll I=lt720 
11 WRITE (100'1> NA 
12 CONTINUE 

READ <2t2> NOWtNBGINtKOMPLtKOMSPt~OMST 
C-----IF PRIOR RECORDS LEFT ON DISK WHEN NBGIN I~ INCREM~NTEUt EFFECTIV~ 
C-----CAPAClTY OF NCOMd IS REDUCED 

NBNOW=NOW-NB61N 
DO 1012 J=lt4 

1012 JA(J)=lOOOO 
13 KEAD <2tl> lAtN 

lF<IACll-99) l6t28,,8 
16 L>O 1016_ J=l t4 

IF ( f A< J > -JA C J > > l 7 • l 0 16' l 7 
.1016 CONTINUE 

GO TO 19 
17 NEXT=l 

1017 ~EAD ClOO'NEXT) NAtKUUNTtJPUP 
DO 2018 J=lt4 
IF <NA<J>-IA<J)) l8t20l8tl8 

18 lF <NA<l>-l> 23tl0l8tl0l8 
1018 NEXT=NEXT+l 

GO TO 1017 
2018 CONTINUE 

19 lF <KOU~T-312> 2lti0t20 
20 NEXT=NEXT+l 

GO TO 1017 
21 DO 22 K.=lt4 

LOT=KOUNT+K 
22 JPOP<LOT>=N<K> 

KOUNT=KOUNT+4 
WRITE <lOO'NEXT> NAtKUU~T,JPOP 

GO TO 1026 
C-----TH~ tXPR~SSlON IN ~TATEMt~T 23 MU~T bE CHANG~O If THE f ll~ ~ILE I~ 

C-----CHAN\JEU 
23 1F (NE.X:T-720) 1024H'.4t24 
24 WR1Tt: (3,3) N~XT 

CALL t:XlT 
1024 L>O 25 K=lt4 

25 JPUP<K>=N<K> 
K.OUNT=4 
uo 26 J=l•4 

26 NA(Jl=IA<J> 
WRlH:: <100'NtXT) NA•KOU11,,T,.Jf-IUP 

10£'.6 L>O 27 J=lt4 
27 JA(J)=NA(J) 

GO TU 13 
28 C0f"llTINUE 

CALL LINK <NU~HS) 

ENO 
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COMMON JPOPl31211NAC41tNHOLUC281tNIJt2411NR1124l1NRIXl24lt~L11i4) 1 
lNZIXl24l1NAIJC24ltNMIYC241tNNIY(24JtNSIYl24l1NNtPt~PtN~IXC241t 

2NSlX(24ltNMIX<24l1NAIJX<24ltNEXP1NXttSTMC241tktCAPC24l 
3tEiTN0<24ltESURV<24l1EiONNC24ltES1PC241tVtSTC2411SlESTl24l•StSUR 
4C241tSEESSl24ltSEBO~l24ltSENO(i41•IMIGl24l 

COMMON NOW1NB~INtNBNOWt~OMPLtKOMSP1KOMSTt~i<l2l1NCOMb(l,84) 
c-----NOTE WELL ••• THE ~IZE OF NCOMB MUST bt A MULTIPLt OF THt ARkAY N 
C-----lN PROGRAM NOATA 

DEFINE FILE 1001720•3171U•NtXPlt2UOl24t30•U•NNtPlt300C24t2~1U1NPlt 
l400124t25tUtNXI 

1004 FORMAT (/////It' KOMPL 1 tl3t3Xt 1 KOMSP'tl2t3Xt 1 KUMST 1 tl2t3Xt 1 KvMSX 1 , 

1121 
8 FORMAT l/tl4t2l4tlXt24141 

4008 FORMAT (/,7X1 1 NRl 1 t3X12414l 
14008 FORMAT l/tl3Xt2414l 
24008 FORMAT l/t7Xt 1 Nll 1 13X1~414l 
34008 FORMAT (//////tll7t/I 

NUMBf.<•1584 
KAL-C=O 
KOMSX=l 
NREC=24 

C-----START SEl...E,TlNG OATA IN CURRiii;NT CLASS COMIHNATION 
29 CALL NSUBl<KOMSXtKOM4tNRtCtNUMBRI 

GO TO (276t33t27lt288ltKOM4 
33 WRITE C3tl004l KOMPltKOMSPtKOMST1~0MSX 

C-----START ANALYSIS 
CALL NSUB2 <NRECtNUMBRtKOMiX1NTWOl 

C-----START JOLLY FORUlAE 
NAG=O 
CALL JObL.Y <NTWOtNAG> 
KAL.C•K.ALC+l 

271 IF CKOMSX-2) 272t273t273 
272 KOMSX•2 

GO TO 29 
273 KOMSX•3 

1F CKAL.C-2> 276t274t276 
274 DO 1274 J•lt24 

1274 1MIGlJ)•0 
WRITE (3tl004) KOMPLtKOMSPtKOMSTtKOMSX 
NBl•NBNOW+l 
00 275 NREC•ltNBl 
NFIVE•NREC+3 
READ (200'NRECl NHOLO 
WRITE (318) lNHOlDCN>tN•ltNFIVEl 

275 IMIGCNRECl=NHOLD<l> 
WRITE (3t4008l <NRlX(J)tJ•ltNBNOW> 
NAGGX•l 
WRITE (31340081 NBGIN 
DO 1275 NTIME•ltNBNOW 
NTONE•NTIME+l 
READ C400 1 NAGGXJ NAIJX 
WRITE C3tl4008J CNAIJXlJltJ=ltNTONE> 

1275 NAGGX•NAG~X+l 
WRITE l3t24008l lNZlXIJ) 1J=ltNBNOINI 
NAG•l 
CALL JOLLY CNTWOtNAG) 

276 KALC•O 
KOMSX•l 
IF CKOMiT-31 278t280t280 

278 KOMST•KOMST+l 
GO TO 29 

280 KOMST•l 
IF CKOM•P-1> 282t284t284 

282 KOMSP•KOMSP+l 
GO TO 29 

284 KOMSP•l 
IF CKOMPL-51 286t288t288 

286 KOMPL•KOMPL+l 
GO TO 29 

288 CALL EXIT 
END 
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SUbROUTINE N~U8l(KOMSXtKUM4tNR~Ct~UM8R> 
COMMON JPOP(312JtNA(4)t~HOLU(28)tNIJ<24)tNRI(24>tNRIX<24>tNZlC~4)t 
lNZIX<24JtNAIJt24>tNMIY(24)tNNIY(24)tN~lY(24>tNRt~,~P,NNlXC24), 
2NSIX(24)tNMIXC24J,NAIJX(24),NEXPt~XtRUUC288)tlM!G(24) 

COMMON NO~v,NBGIN.tNl:H:OW tKUMPLtKOMSP,KUMST ti..~ ( 12) ,NC0M8 ( 1~84) 
4 FORMAT (////It' NCOMb FULL cXCEEDS 1584 KOMPL 1 tl3t 1 K0M~ 

l p I 'I 3' I KOMS T I '13 ' ' KOMSX ' 'I 3) 
IF <KOMSX-1> 10029tl0029t30 

10029 DO 1029 J=l,28 
1029 NHOLD<J>=O 

UO 2029 J=ltNREC 
NNIX<J>=O 
NS.1 X < J > =O 
NMlX(Jl=O 
NZlX(Jl=O 

i029 NRIX<.Jl=O 
30 DO 1030 I=ltNUMBR 

1030 NCOMBlI>:O 
NUMBR=O 
Nt::XT=O 
KOM4=l 

31 NEXT=NEXT+l 
READ ·f lOO'NEXT> NAtKUUNT 
1'iPLOT =NA ( l > 

IF (NP~OT-1) l37tl03lt!Ojl 
1031 NSPEC=NA(2) 

NSTAG=NA(3) 
NSEX=NA(4) 
GO TO (35•l3~•23~t34),KUMP~ 

34 KOM4=4 
GO TO 137 

35 lF (NPLUT-2> 36,31,31 
135 IF (NPLOT-2) 31,36~31 

235 IF <NPLUT-21 36,36t31 
36 00 TU (37,3g,1zo>,KOMST 
37 IF lNSTAG-2) 120•31•31 
38 lF ( 1~$TAG-2 l .:>! d2U<3l 

lLO ~OTO <12ltll3J,KOMSX 
121 IF ( N~LX-2) UOdl '31 
123 lF <NStX-2l 3ltl30t31 
l 30 K0i"l4 = 2 

~UMHk=NUMUK+KUUNl 

lF (NUMHk-1~841 l33~133tl3l 

131 JJRlTt: (3,4) KOMf-'Ld,U1''\.'.:>i->ti<-.U1'1!:JT,KU,"'1.::>X 
r<.OV14 = 3 
NU~H~=NUM~k-KUUNl 

GU TO 131 
133 ~K=NUMB~-KOU~T 

~t::.AD<lOOwNlXf) NAtKUUNT,J~O~ 

UO 134 NTkY=l•KUU~T 
.n =i\JK+NTRY 

l 3 1,. 1~ C 0 '1l b I N T l = J µ u ~ I 1\i T 1-< Y l 
GO TO .:H 

137 kt::.TukN 
l:..i\I[) 
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SUBROUTINE NSU82 !NRECtNV~RR,KOMSA,NTwOJ 
COMMON .JPOP I 312 l •NAI 4 l ,NHULDI 2tl l .N.I J ( 24.l •NR I 1.24.l tNR·l X (,24) ,NL! ( l.4 l • 
lNZIXl24l•NAl.Jl241,NMIY124l•NNIYl24ltNSIYll4l1NRfP1NP.N~JXl24l• 
2NSlX124loNMlX124l•NAIJXl24l•NEXP•NX,RU~12tl8l1IMIGl24l 

COMMON NOW,NtlGIN1NtlNUWtKUMPL•KUMSPtKOMST,L.Slll.l,NCUM811~84l 
5 FORMAT ,. ANIMAL NU.'1l61lX1'RECONDED ~URt THAN u~ct. ~K='•l3·~··· 

lUR IF KKzO• EKROR IN PRUGRAM'J 
6 FORMAT I' EHRUR IN O!SK StAl<CH UPLRAT!UNt ANIMAL Nu.•.J1;,,Jx1'NUT 

lkELOCATE01 KK= 1 1131 
1008 FORMAT 11,J4,214•lX•24l4l 
4008 FORMAT (/,7X1 1 NR1'•3X124l4J 

14008 FORMAT (/,J3Xt2414l 
24008 FORMAT l/t7X•'NLl'•3X124l4l 
34008 FORMAT l//////,Jl7tll 

i;J~EC =NOW-NBG I N+l 
DO 137 .J=l•NREC 
IMlGIJl=O 
NRl(Jl=O 
NZ l ( Jl =O 
NNlY IJ laO 
NSIY 1.11=0 
NMIYIJl•O 

137 NAIJIJJcO 
NREL.mO 
NREC=l 
NAGGR=l 
NAGGX=l 
DO 220 NTlME•NBGIN•NOW 
NBT=NTIME-NBGIN+l 
NEWM•O 
IMMIG=O 
NMl:O 

Nw:o 
MREC=O 
NCHEK=l 
NT=l 
DO 138 J=l•NREC 

138 NAlJXLJl=O 
00 140 J"'ltN!:lNOW 

140 NIJIJl=O 
141 NREAL.cNCOMBINTI 

IF INREAL.-5001 1142tll42tl42 
142 NREAL.•NREAL-500 

1142 IF INREAL-NI!MEJ 169'143•189 
143 DO l.88 l"l •3 

NTlsNT+l 
N2•NCOM61NTll 
IF IN2-ll 189tl44tl44 

144 JF IN2-l000i l83•l83tl45 
145 11.K•O 

.JTIMEaNBGIN-1 
LTIME•l 

146 IF INCOMBILTIMEl-5001 148•148•147 
147 L.REAL•NCOMBlhTlMEl-500 

GO TO 149 
148 LREAL.•NCOMB<~TIMEJ 
149 !F ILREAL.-NBG!Nl 171•1501150 

C-----THE FOREGOING TtST ASSUMtS NBGJN IS ALWAYS A MARKING TIMt, 
c-----WHEN NBC>IN IS MADE C>REATrn THAN l• THIS HST PROCEEDS 
c-----To OVERLOOK EANLIEN RECORDS AND LISTS AS AN lMMJC,RATIUN THt rlRST 
c-----RECAPTURE OF ANY ANIMAL ~HAT WAS MARKED PNION TO NBblNe 

150 IF ILREAb-NREALl 154•154•171 
154 DO 168 L=l >3 

L.TL=LTJME+L. 
IF INCO~BILThl-NZl l68tl561l6B 

156 IF INCOMBILT!Mtl-5U0l l58•l58tl63 
158 .IREL.=N2/l000 

IF INREL-JRtLl l61•163tll6l 
C-----THE TEST INREL-JRELI DUl:NMINES FkOM THE CUNHtNT INT·L"li.:.J ktCUHD,';, 
C-·---THEMSEL.VES WHtTHER OR NUT TH~ MARKING TIME IJREL> OF A 61VtN 
C-----ANIMAL WAS PRIOR TO THE MO.ST RECENT MANKJNG TJMt IN.{t.Ll OF ANIMAL:. 
C-·---SO FAR TESTED. IF ANY MARKtU 1MMlbNA~TS Al NTJMt Akt 
C-----Ll.tiTt:D BEFORE NRtL HAS l:ltEN UPDATtD TU THt MOST Ht.;.J:.NT MAl<..:.INI.> 
c-----TIME• THEY ARE TEMPORAHIL.Y (LASSJ~ltD AS ~twLY MARKtU IHl:.WMl UNTIL 
C-----THE UPDATING UF NREL COHNtCTLY NtLLASSIFl~S THl:.M ISEI:. l6l + 00111 
C-----THE TEST INREL-JRELI FAILS IN THE SAML UNLIKt~Y AND UNIMPOHTANT 
C-----CIRCUMSTANCtS Ll,<;,TEU StCOND FOR NlHl:.K ~EL.O~. 

161 i'IREl.,=JREL 
IMMIG=NEwM 
Nl:.WM=O 
GO TO 163 

1161 NCHEK•NCHEK+l 
163 IF IL.REA~-NTIMl:.I l69tl6~tl7l 

165 KK=ll.K•l 
NTEST=NCOMBINTI 
IF <KK-1 l l67tl.68,l67 

167 WRITt <3•5l N2tll.K 
(-•---THE ABOVE EHRUR MESiAGt IS NOT PR~NTJ:.U WHEN KUMSX:3 

168 CONTINUE 
GO TO 171 

169 IF !LREAL-,JTJMtl 1711171.170 
170 JTIME•L.REAL 
l "fl IF I LT IME+3-NUMBR l 172ol141174 
172 LTIME•i.TIME+4 

(,(J TU l46 



174 IF <KK-11 17~•176tl88 
175 WRlTit C3•61 N2•KK 
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176 'IF· CJHME•NEIGIN+l. l U8tl.78tl77 ; ; 
177 ..1=JHME-NBG lN+'l · 

NIJ(J.l=N1JtJ>+1 
NMiaNMl.,;1 
GO TO 188 

178 IF INTEST .. •5001 l79ol79oUiO" 
179 IF INCHEK-21 ll80tl80t~80 

c-.. ---NCHEK FOR JMMIGRANU FAlL.i IF OTHl:.R t:HKOHS ARt: PRINTED. 
c---..,-NCHEK ALSO FAltS FOR THE !MMIGRM!TS WITH THE MOSJ RECENT 
C·----TlME lF NO NEWLY l\1ARKED AN-p<\A,l.S f\~E PRESENT AT. NT JM.E .~Nl.l 
C-·---RECENT MARKINGS ARE ABSENT IN PREVIOUS VALUES,UF NTJME~ 
c-.. ---LIHOOD AND IMPORTANCE Of .SIJCH AN t:RHOR IS SbH:iHT 

180 lMMIG•lMMIG+l 
GO TO 188 

1180 NEWM:NEWM+l 
GO TO 188 

183 !F IN2-3001 185tl85il86 
185 NW•NW•l 

GO TO 188 
186 MW.,MW•l 
188 NCHEK•l 
l.89 NT,.,~H+4 

lF Hff=NUMBRI l4ltl9l•ii9.4 
191 NNl,.NEWM+NMl+lMMlG+Niti 

NSlxNNl-MW-NW 
NNIYINBT>=NNX 
NSl Y (NErT l •N.Sl 
NNIXINBTl•NNIX!NBT!+NNI 
NSlXINBTl=NSIXlNBTl~NSi 
IF iNTIME-NBGlN-1! 1193•~193•2193 

1193 WRITE <3•1008tIMMIG~NNi1Nil1NTiME 
GO TO 20J. 

il93 NMIYINBTl•NMI 
NM1X<NBT):NM1XINBTl+NM! 
NTlaNUME-NBGlN • .. . . 
WRltE 13•1008) IMMIG,NN~~Nlilt!Nl.J(Jl~J•ltNTlltNHME 

201 lMIGINSTl=IMMlG 
IF CKOMiX-21 205t204t204 

204 READ 1200 1 NRfCI NHOl.D 
205 NHOL.DUl•NHO!.Dll>+lMMIG 

NHOLDl2l•NHOLOltl+NNl 
NHOL0l3)~NHOL0(31+NSI 

IF CNTIME-NBGlN-11 208tl205tl205 
1205 NPLUS•NT1ME-NBGIN+3 

DO 206 K•luNPl.US 
206 NHOLDIKl•NHO~OIK>+NIJIK-31 

NHOLDINPLU$+llmNT!ME . 
GO TO 209 

208 NHOl.D!41=NTIME 
209 WRITE 1200'NRE'l NHOL.O 

DO 210 . ..1~1~28 , 
210 NHO~.DIJ l=O· 

lF INTlME..,,.NBGIN-AI 220tl.·210•12l0 · 
1210 lF <K.OMSX-H 2J.2,,2:12illl . 

211 READ 1400 1 NAGGXl NAlJX 
212 NAlJ<ll•NIJlll 

NAJJXtl>•NAlJXill+NlJ!ll ... ,,, 
IF !NTIME•NBGiN-21 l214•213i213 

213 NTWO=NTlME-l-NaGlN .. , 
DO 214 l"'l•NTWO 
NAIJII+ll•NAlJll)+NlJll+l) 
NAli.IX'C I+l l•NAIJX ! i+l I +NAL.H 1+·11 
NZ l I'll »NZ I'< 1 >+NA l j'1 I ! 
NZIXU }otNlIX< i l+NA;IJd I 

214 CONTINUE .· : . . ·. . , . . . • ·····,, . , , 
1214 WRITE ( 309 • NA.gGR I INAI JI J l t..!•ltNT ll. •NT IM& 

· WRHE :1400~NAGGXl tNAlJXIJ.l tJ•loNH.hNHME 
!ljAGGR•NAGGR+l 
NAGGX•NAGGX+l 
DO 215 l • lt NB NOW 

215 NRI!ll=NRilll+NIJill 
220 NREC=NREC+l 

00 216 l•ltNBNOW 
216 NRlXlll•NRIXlll+NRllll 

WRITE <3•40081 INRll.JI t.l=l.tNBNOWl 
NAGGRsl 
NAGGX•l 
WRITE n•34008'1 NBG}N 
00 1220 NTlME•ltNBNOW 
NTONE•NTlME+l 
READ 1300 1 NAGGRI NAlJ 
WRITE 13•140081 INAlJIJl PJt'".l.fNTQNt.I 

1220 NAGGR•NAGGR+l 
WRITE 13•240081 INZllJl•..l=l•NBNOWI 
RETURN 
END 

l:·· 

.-.,.; 

MARKING 
MORE 
THt. 1.lKt-
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SUBROUTINE JOLLY INTwOtNAGI 
COMMON JPOPl3121tNAl41tNHOL.01281tNIJ124ltNRll241tNRIX124ltNlll24lo 

lNZlXC24l•NAlJ124ltNMIYC24ltNNIYl241tNSIYl241•NKtPtNPtNNIX1241t 
2NSIXl241tNMIXl241•NAlJXl241tNEXPtNX,ESTMl241tRECAP124l 
3tESTNOl241tESURVl241tEBORNC24ltESlPl241oVESTl24ltSEESTl241,StSUR 
41241tSEESSC24 I tSEBORl24 I ol>ENOl241•IMIGI241 

COMMON NOW,NBG!NtNBNOW,KOMPL.oKOMSP,KOMSTtLSl121 
5008 FORMAT 11111•' TIME PPTN RECAP PROB CAP NO MARKtD TvTAL PuP s 

lt POP SE ESTPOP NO iORN SE BIKTHS SURV RATt SE iUKV SE ~STS 

2URV' I 
6008 FORMAT ll4t215X•F6o41t2X•F8•2t2Xt512XtF8o21•1X•314X•F6o4ll 
7008 FORMAT 1l4t85Xt314XtF6,4ll 
8008 FORMAT 114t215X,F6o4lt2XtF8o2t2X•Jl2X•F8o2lo/ol4o5XtF6o4•///l 

NBl=NBNOW+l 
IF INAG•ll l221•2220t2220 

2220 00 221 JTIME•loNBl 
NNlYtJTIMEl=NNIXIJTIMEI 
NSIYIJTlMEl=NSIXIJTIMEI 
NMIYIJTIMEl•NMIXIJTIMEl 
NRllJTlMEl=NRlXIJTlMEI 

221 NZl!JTlMEl=NZlXIJTIMEI 
1221 RNO•Oo 

K=O 
L.=O 
DO 2221 M•l•l2 

24!21 L.SIMl,.l 
L.111•1 
ESTMlll•Oo 
DO 226 JTlME•2tN81 
RNNl •NNI YI JTIME I 
RNSl•NSIYIJTlMEI 
RNMI •NMI YI JTlME I 
RlMlG•IMIGtJTIMEl 
IF lJTIME-NBll 1222lt2222lt226 

12221 RNRl•NRllJTIMEI 
RNZl •NZI l.JTIME-11 
ESTMIJTlMEl•RNSi*RNZI/RNRl+RNMl 

c-----FOL.L.OWING TEST FOR MARKING TIMES ONLY LIKELY TO FAIL wHtN SAMPLE 
C-••••61ZE VERY SMALL AND TABLES NOT PRINTED 
22221 IFIRNSl•RNMl-RIMIGI 223•22312222 

2222 RECAP I JTlME I •RNM l/RNNI 
IF IL.-11 3222•422204222 

3222 L.aJT !ME 
4222 IF ILlll-11 223t15222t5222 
5222 K=K+l 

L.SIKlaL.lll 
L.Ul•l 

15222 IF IJTlME-NBll 25222t2261226 
25222 IF IRNRl-7o01 1223•1223•6222 

6222 IF IRNMl-7e01 1223tl223o224 
223 RECAPIJTIMEl•llllllo 

ESTPIJTIMEl=llllllo 
ESTNOIJTIMEl•llllllo 
$ENOIJTIMEl•llllllo 
SEESTIJTIMEl=lllllle 
ESURV4JT!MEl•llllllo 
SESURIJTIMEl•lllllle 
SEESSIJTIMEl•llllllo 
Llll,.Llll+l 
RNO•RNO+leO 
C.O TO 225 

1223 RNO•RNO•l•O 
224 ESTNOIJTIMEl•ESTMIJTlMEl/RECAPIJTlMEI 

ESTP IJTlMElsRNNllESTNOIJTIMEI 
VESTIJT!MEl•ESTNOIJTlMEl*IESTNOCJTJMEl-RNNll*lllESTMIJTIMEl-NN~I+ 

lRNlil! l/ESTMI JT IME I I* (!lo /RNRI l•I lo /RNS 11 I+ I Ho-RECAP CJT !ME I l /RNMI I I 
SEEST!JTIMEl•SQRTIVESTIJTIMEIJ 

225 IF lllNBNOW-21/RNOl•lo041 260tl225tl225 
c---·-FINAL VALUE IN THE FOREC.OJN(, TEST DtTERMINES wHETHER SUFFICIENT 
C-----SAMPLING TIMES HAVE ADEUUATE DATA ISEt STATEMtNTS 25222 AND 62221 
c-----TO PRINT TAB~E. 

1225 EBORNIJTlMEl•llllllo 
SEBORIJTIMEl=llllllo 

226 CONTINUE 
c-----IF POPULATION NOS RATHER UNSTABLE• ESTIMATE Nl FKOM TRtNUo NUT t/'12 

ESTNOlll=EiTNOIL.l 
ESURVlll=E:>TMl2llNSIY1ll 
DO 228 JTIME=ltNTWO 
JTAOD•JTIME+l 
RNS 1 =NS I YI J Tl ME I 
RNMI•NMlYIJTl'.>IEl 
RNRl•NRllJTlMEI 
TNSI •NSl YI JTAOO I 
TNMl•NMIYIJTAOOI 
TNRlaNRI .1 JTADD I 
VITEM•lllESTMl.JTAOOl-TNMll*IESTM1JTAODl-TNMl+TNSlll/EST~IJTAOOl**2 

11*1 ( lo/TNRI 1-1 lo/TNSI I) 
VFORMo: I I ESTMI JT IME 1-RNMI l II tSTMI JT I ME J-RNMl +RNSl l I*<! l. /R°'ll<I l-! l .1 

lRNSI l I 
IF<JTIME-211227,227•227 

227 RNZl•NZllJTIME-11 
ESURVIJTlMEl•ESTM!JTADDl/llRNSl*RNZl/KNRll+R~Sll 

1227 SESURIJTlMEl•SQRTIESURVIJTIMEl**2*1VlTEM+VFORM+lll.-ESURVIJTlMEll/ 
lESTMIJTADOl l I I 
SEESS<JTIMEJ=SQRTISESURIJTIMEl**2-tltSURVIJTIME1**2*11,-E:>URV1JTlM 

ltlll/ESTM<JTADDlll 
228 CONTINUE: 
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K.,,;O 
DO 230 J!IMfn2tNTWO 
lF 1EiTNOIJT1MEi-lllll.l9l 229•5229,5229 

229 IF lEiTNO{JTlME+l>-llllll.•l l229•'229t~229 
1229 i..lll .. l 

GO TO 4249 
;.229 ii.:."'K+l 

l..l.ll.,.l.S(Kl 
!F !l..lll-ll 230.230t4229 

4229 JTADDmJTlME+blil 
RNNI•NNIYIJTIMEl 
TNNI•NNIY!JTADDJ 
TNM!•NMlY!JTADDl 
RNiI•NSIY!JTIMEl 
TNSl•NSlYIJTADOJ 
RNMinNM!Y!JT!MEI 
RNRI•NRI <JTlMEl 
TNRI=NR!IJTAOOI 
TSURl/"'l 
J2•.JTA.OD-l 
00 34229 lTIME=JTlMEtJ2 

34229 TSURV•TiURV*ESURVtlTlMEl 
EBORNC~TIMEl•ESTNOt~TAODl-TSURV*(kSTNOIJTIMEl-RNNI+RNSll 
lF INBNOW-JTADDI 230,44229~4~229 

44229XTRA~IEiTNO(JTADDl•IESTNO!JTADDl•INNll*lll.-RECAPIJTAD~I1/T~Mlll+ 
l TSURV**2*E6TNOl JT !ME)* l EST NO I JT!MEl-RNNI l* I I 1 o-RECAPl JT IME I I IRNMI I 

VlTEM•CllEiTMIJTADOl-TNMil•IESTM1JTADDl-TNMI+TNSlll/ESTM!JTADOl**2 
ll*lCl.ITNRil-llo/TNSlll 
VFORMa!CESTMIJTIMEl•RNMllllESJMlJTIM~!-RNMl+MNSll 1*111.IMNRil-Cle/ 

lRNSlli 
SEBORIJTlMEl•SORTIEBORNIJTIME1~•2*VlTEM+IVFORM*l!ITSURV*RN~l*Cle-R 
1ECAP!JTJMElll/RECAPIJT1MEl1**2ll+lllESTNOIJTlMEl-RNNll*lk~TNOIJTAD 
201-EBORNIJTIMEll*!l~-RE,APIJTlMEll*lle-T~URVll/IESTMIJTIMEl-RNMl+R 
3NS1H+XTRAI 
.GO TO 230 

5229 lF IJTlME-21 23096229t430 
6229 K.=1 

Z30 CONTINUE 
EBORNllJ•ESTNOILl-ESURVlll*IESTNOlll•NNlYlll+NSIYllll 
DO 238 JTlME•LtNBNOW 
TOTAL•ESTNOILl*llESTNOC~l-EBORNl111/fSTNO!lll 
lF IEiTNOIJTIMEJ-llllllel 231•238•238 

231 lF CL•2l 23212321133 
Z32 Mao 

GO TO 1233 
Z33 M•1 

1233 SUM•O 
Jl•JTIME-1 
DO 237 l=leJl 
K=M 
lF IESTNOIIl-llllllel 123lt237t237 

1Z31 TERMA•EBORN!I I 
lF CJTIME-I> 236t236t2231 

2231 11•1+1 
MM•O 
DO 6235 J•lltJl 
IF IESTNOIJ>-llllllfil 234t6235t6235 

234 MMmMM,.l 
1F IE&TNOIJ+ll-llllllol 223Sol235•1235 

1235 KzK.+l 
t..Ul•LSIKI 
IF IMM-11 3235tll235t3235 

11235 Mal(. 

GO TO 3235 
2235 llll .. l 
3235 JLlll•J,.Llll 

IF <SUMI 5235•423505235 
4235 TOTAL•TOTAL*llESTNOIJLllll-EBORN1Jll/ESTNOIJll 
5235 TERMA•TERMA*llESTNOIJLllll-EBORN1JlllESTNOIJll 
6235 CONTINUE 

236 SUM•SUM+TERMA*TERMAIEBORNlll 
237 CONTINUE 

SENOIJTIMEl•SQRTllVESTIJTlMEll+ESTNOIJTJMEl•~UM-TOTAL*TOTAL/t~TNU( 
11 II 

238 CONTINUE 
WRITE 13150081 
WRITE <3•70081 NBGINtESURVllltSESURlll•SkESS<ll 
DO 253 JTlME•2tNTWO 
NTJME•JTJ ME+NBGI N-1 Nf,i\/~;.,; 

253 WRITE I 3t6008 I NT lMEtRECAPI JTIME I •ESTPI ~I tESTMI JT IM!i l ti:.STNOIJT 
11MEltSENOIJTIMEltSEEST!JTIMEltEBORNIJT1MEl•iEBORIJTIMEl•ES~RV 
21JTJMEltSESURIJTJMEltSEEiSIJTIMEl 

JTNOW•NOW•l 
WRITE 13t80081 JTNOWtRE,APINBNOWloESTP!JTIMtloESTM!NBNU~lti:.ST~Ut~b 
lNOWltSENOINBNOWltSEESTl~BNOWltNOWtRECAPINBll 

260 RETURN 
END 
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START 

SET UP ARRAY 
JATO TEST 
CLASSES OF 
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No 

PROCEED TO ADO 
SAMPLE TIME & 
LISTED ANIMALS 
TO ARRAY JPOP 

SET 
JA=NA 

SET UP ARRAY 
JPOP = SAMPLE 

TIME PLUS 
LISTED AN\MALS 

SET UP SECTOR 
ARRAY NA= 

CURRENT CLASS 
IA 

8 

c 

PROCEED TO 
SEARCH FOR SEC· 
TOR HOLO!NG IA 
CLASS ANIMALS 

NEXT= 1 

STOP 

NEXT 
=NEXT+ I 



NOGHS 

STOP 

START 

PROCEED TO 
TEST CURRENT 

COMBINATION 
OF CLASSES 
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PROCEED TO 
EQUIVALENT 

MALE 
COMBINATION 

Yes 

CALL NSUBl 

PROCEED TO 
COMBINE ANO 
ANALYSE THE 

SEXES JOINTLY 

ZEROISE 
ARRAY IMIG = Immigrants 

CALL JOLLY 

F 



NSUB1 

ENTER 

PROCEED TO 
GROUP DATA OF 
PRESENT CLASS 
COMBINATION 

ZEROISE 
DATA ARRAY 

NCOMB 

NEXT=O 

H 
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NEXT= NEXT+ I 

IDENTIFY 
CLASS OF 
ANIMALS 

IN SECTOR 

Yes 

No 

RETURN TO 
NOGHS 

cp 
I 

WRITE 
DATA IN 
ARRAY 
NCOMB 

H 



NSUB2 

ENTER 

ZEROlSE PRIME 
ARRAYS tmm;g, 

ranli Ri Zi 
Oj Sj m; 8ij 

SH iTO J LOWER LIMIT 
NOMINATED ON 
CONTROL CARD 

PROCEED:] 
COMPUTE DATA 

FROM SAMPLE 
i= !'!TIME 

---....---

ZEROISE COUNTS 
NEWM, IMMIG, 
NMI, MW, NW 

ZEROISE JOl'NT 
SEX ARRAY a;1. 

AND PRIME 
ARRAY Oi; 

PROCEED TO 
COMPUTE LINE 

OF TRELLIS 
TABLES 

PROCEED TO 
SEARCH DATA 

FOR ENTRIES OF 
NTIME SAMPLE 

K 

PROCEED TO 
EXAMINE 

NEXT ENTRY 
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r-;TERMINE 
SAMPLE TIME 

TO WHICli l "'""'0:'.. 

~--~ 
>'13~~~N•o< FROMN~~E~ 

SAM PL/ 

... 
Yes 

PROCEED TO 
EXAMINE EACH 

LISTING lN 
THIS ENTRY 

LISTING 
REFERS TO 
A REMOVED 

ANIMAL 

L 

UPDATE 
MARKED 

REMOVALS 
PINI 

No 

PROCEED.TO 
NEXT 

LISTING 

No 

UPDATE 
UNMARKED 
REMOVALS 

NW 



PROCEED TO 
SEARCH DATA 

FOR ALL LISTINGS 
OF SAME ANIMAL 

SET j= 
LOWER 
LIMIT i 
MINUS 1 

PROCEED THROUGH 
ALL DATA TO 

TEST IF ANIMAL 
A RECAPTURE 

DETERMINE 
SAMPLE TIME 

TO WHICH 
ENTRY BELONGS 

PROCEED i:o 
EXAMINE EACH 

LISTING IN 
THIS ENTRY 

p 

UPDATE MARKING 
TIME TEST, 
RECLASSIFY 

ANY IMMIGRANTS 

THE TEST 
ANIMAL ITSELF 
RE-LOCATED AT 

NTIME 

Q 
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PROCEED TO 
NEXT 

LISTING 

p 

UPDATE J 

R 

Yes 

ANIMAL IS A 
NEW ™MIGRANT 
UPDATE COUNT 

IMMIG 

M 

PROCEED TO 
EXAMINE 

NEXT ENTRY 

UPDATE PRIME 
ARRAY n,1 

UPDATE RECAP
TURE COUNT NMI 

M 

ANIMAL JS 
NEWLY MARKED 

·UPDATE COUNT 
NEWM 



Yes 

© 
I 
I 
l 

CALCULATE 
niands; 

ANO UPDATE 
THEIR ARRAYS 

UPDATE 
mi ARRAYS 

UPDATE JOINT 
SEX ARRAYS 
NHOLD imm1g1 

r:i Si 

T 
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ADD NHOLD 
VALUES TO 
JOINT SEX 
ARRAY nij 

ZEROISE 
JOINT SEX 

ARRAY 
NH OLD 

CALCULATE 
LEFT·HANO 

VALUE BOTH 
a,1 ARRAYS 

u 

SUMMATE FROM 
LEFT BOTH a;; 

ARRAYS, UPDATE 
BOTH Z i ARRAYS 

UPDATE PRIME 
ARHAY R; 

NTIME 

= NTIME + l 

I 

c1 

UPDATE JOINT 
SEX ARRAY R; 

RETURN 
TQ.NOGHS 



JOLLY 

ENTER 

' TRANSFER 
JOINT SEX 

ARRAYS TO 
PRIME ARRA VS 

"SET VALUES= 1 
RECAPTURE 

INTERVAL 
ARRAY LS 

PROCEEOTO 
FIRST SET OF 

CALCULATIONS 

Mi 0--i Ni Pi 
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x 

CALCULATE 

ai 

SET L= j 
TO ESTIMATE 

N, B, 

UPDATE ARRAY 
LS FOR No. SAM

PLES SINCE PRE· 
VIOUS MARKING 

PREPARE TO 
PRINT ASTERISKS 

FOR VALUES 
NOT CALCULATED 

UPDATE RNO TO 
TEST IF DATA 

ACCEPTABLE TO 
PRINT TABLE 

w 

UPDATE RNO TO 
TEST IF DATA >---....-- ACCEPTABLE TO 
PRINT TABLE 

CALCULATE 

Nl Pi 
<V!N,IN,lll 

RETURN 
TO NOGHS 



j= j + l 

No 

PROCEED TO 
SECOND SET OF 

· CALCULATIONS 

~i 

i=l 

CALCULATE 

~- (V<tb-lli 

~<w,;-~~1 
M;., 

PROCEED TO" 
THIRD SET OF 

CALCULATIONS s, 
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CAl..CUtAT~ SURVIVAL MARK· 
ING TIME iTO 

_NEXTMA::G 

CALCULATE 
s, 

CALCULATE 

<V(B;lP 

Yes 

SET VALUE 
RECAPTURE 
INTERVAL= l 

No 

CALCULATE 
FIRST VALUE 

BIRTHSB, 

PROCEED TO 
FOURTH SET OF 
CALCULATIONS 

j= L 

CALCULATE 

(V(N;))l 

RETURN 
TO NOGMS 
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i 

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 

The user information given on Pp. 1-14 appli.es 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 of core on the 

IBM 360/44. 

B. Input Description 

1. Control card format: 

Columns 1-20 As detailed on Pp. 6-7 



Columns 21-23 

Column 24 

Columns 25-80 

OPERATING INSTRUCTIONS 

ii 

Not used 

The number representing the value .of 

NSWl, 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 executing analyses 

of stored data or storing further data 

for ana1y~is. 

Not used· 

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., d?-ta set reference no. l 

FILE 2, 36 records of size 168 bytes, data set reference no. 2 

FILE 3., 36 reco.rds of size 148 byte.a,, data set reference no. 3 

FILE 41 36 records of s:ize .148 bytes., data set reference no. .4 

Data set refere~ce numbe.rs are used .in a direct acccess manne.r .. 

SYSTEM MATERIAL 

A. Program Listing 

The present program. listing is basically the same as that g.iven 



iii 

for the IBM 1130 oh Pp. 18-24., but in view of the fact that the IBM 

360/44 provides a much larger core, several J!lOdifications·have been 

introduced. 

1. Data capacity 

The size of NCOMB, the area -of core used for given 

selections of data for analysis, has been set at 6000 

words and may ·be further enlarged if desired (cf. 1584 

words in the IBM 1130 listing, which maximised NCOMB 

when 24 samples were permitted in the analyses). It 

should be noted that the increased size of NCOMB makes 

it less necessary to optimise the format of input data 

(a,s outlined on P. 13) because the size of NCOMB is 

less likely to be limiting. The listed data card for

mat of three animal records per card permits a maximum 

of 4500 animal records to be included in a given 

analysis when the size of NCOMB is 6000. 

2. Number of samples in analyses 

Vp to 36 consecutive samples can be included in a 

given analysis (c£. 24 in the IBM 1130 listing), but 

this numbe.r 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 

excepted andretain four digits ~er column). If values 

larger than three d~gits are expected, the format must 

be expanded at the expense 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 peen necessary in programming for the IBM 360 

computer to expand the subroutine JOLLY to bypass 

calculations including zero values in denominator 

expressions. The expansions ensure the printing of 

aste.risks where necessary in the table of estimates. 

such asterisks are additional to those already printed 

for any intermediate recapture samples as described 

on P.8. 

B. Flow Diagrams 

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

l.isting only to the extent of the changes in sections 3 ·and 4 above. 



NDATA 

v 

DIMENSION IA(4),N(4),INC{250),KNC(250) 
COMMON JPOP(312) 9 NA(4),IQQQ(510),NEXP,NX,RQQ(432),IMIG(36) 
COMMON NOW,NBGJ~,NBNOW,KOMPL,KOMSP,KOMST,LS(l8) 
DEFINE FILE 1(250,317,U,NEXP) 

1 FORMAT (I2,3Il,I3,3(2X,J5)) 
2 FORMAT (614) 
3 FORMAT ('DISK FULL 1 ,I6,' RECORDS') 

READ (5 1 2) NOW,NRGINfKOMPL,KOMSP,KOMSTjNSWl 
C-----IF PRIOR RECORDS LEF ON DISK WHEN NBG N IS INCREMENTED, EFFECTIVE 
C-----CAPACITY OF NCOMB IS REDUCED · 
C-----MAKE EACH DISK RECORD IDENTIFICATION ZERO (NSWl=l) FOR FIRST 
C-~---DATA CARDS ONLY. AT OTHER TIMES, PUT NSW1=2~ 

GO TO (9,12),NSWl 
9 DO 10 I=l,4 

10 NA(l)=O 
DO 11 I=l,250 

11 WRITE (1 1 1) NA 
12 CONTINUE 

NBNOW=NOW-NBGIN 
.00 1012 NP=l,250 
INC(NP)=O 

1012 KNC(NP)=O 
13 ,~~~1111t!1A36~+<IA<2>*100>+<IA<3>*10l+IA<4> 

IF (IA(l)-99) 16,28,28 
16 ?~ t¥N~~Nil~~g, 11,101511s 

1016 IF (KNC(NP)-312) 21,18, 8 
17 IF (JNCCNP)-1) 1024,18,18 
18 CONTINUE 

WRITE (6,3) NP 
CALL EXIT 

21 READ (1 1 NP) NA,KOUNT,JPOP 
DO 22 K=l,4 
LOT=KOU~T+K 

22 JPOP(LOT)=N(K) 
KOUNT=KOUNT+4 
WRITE (l'NP) NA,KOUNTtJPOP 
KNCINP)=KOUNT . 
GO TO 13 

1024 DO 25 K=l,4 
25 JPOP(K)=N(K) 

KOUNT=4 . 
DO 26 J=l,4 

26 NA(J)=IA(J) 
WRITE (l'NP) NA,KOUNT,JPOP 
INC(NP)=IB 
KNC(NP)=KOUNT 
GO TO 13 

28 CONTI NlJE 
CALL NOGHS 
END 
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NOGHS 

SIJBR.OUTI~E NOGHS 
COMMON JPOP(312),NA(4),~HOL0(40),N1J(36),NR1(36),NRIX(36),NZI(36), 

lNZIX(36),NAIJ(36),NMIY(36lJNNIYt36),NSIY(36),NREP,NP,NNIX(36), 
2NSIX(36),NMIX(36),NAIJX(3b ,NEXP,NX,ESTM(3b),RECAPC36) 
3rESTN0(36),ESURV(36),EBORN(36),ESTPC36),VEST(36),S~EST(36),SESUR 
4(36),SEESS(36),SEBOR(36),SENOf36),IMIG(36) 

COMMON NOW,NBGIN,NBNOW,KOMPL,KOMSP,KOMST,LS(l8),NCOMB(6000) 
C-----NOTE WELL ••• THE SIZE OF NCOMB MUST RE A MULTIPLE OF THE ARRAY N 
C-----IN PROGRAM NDATA 

DEFINE FILE 1(250,317,U,NEXP),2(36,42,U,NREP),3(36,37,U,NP),4(36,3 
17,U,NX) 

1004 FORMAT(//////,• KOMPL 9 ,I3,3Xi'KOMSP•,I2,3x,•KOMST 1 ,12,3x,•KOMSX•, 
112) . 

400~ ~g~=~~ ~~:l~:~~:11~~~~~~l3) 
14008 FORMAT (/,l3X,36I3) 
24008 FORMAT (/.7X,'NZI',3X,36I3) 
34008 FORMAT (//////,116,/) 

l\lUMBR=6000 
KALC=O 
KOMSX=l 
NRE:::=36 

C-----START SELECTING DATA I~ CURRENT CLASS COMBINATION 
29 CALL NSUBl(KOMSX,KOM4,~REC,NUMBRl 

GO TO (276,33,27lt288),KOM4 
33 WRITE (6,1004) KOMPL,KOMSP,KOMST,KOMSX 

C-----START ANALYSIS . 
CALL NSUB2 CNREC,NUMBR,KOMSX,NTWO) 

C-----START JOLLY FORULAE 
NAG=O 
CALL JOLLY (NTWO,NAG> 
KALC=KALC+l 

271 IF (KOMSX-2) 272~273,273 
272 KOMSX=2 

GO TO 29 
273 l<OMSX=3 

IF (KALC-2) 276,274,276 
274 00 1274 J=l,36 

1274 IMIG(J)=O . 
WRITE (6,1004) KOMPL,KJMSP,KOMST,KOMSX 
NB l=N8NOW+1 
DO 275 NREC=l,NBl 
Nf IVE=NREC+3 
READ (2'NREC> NHOLO 
WRITE (6,8) (NHOLD(N),N=l,NFIVE> 

275 IMIG(NRECl=NHOLD(l) 
WRITE (6,4008) (NRIX(Jl,J=l,NBNOW) 
NAGGX=l 
WRITE (6,34008) NBGIN 
DO 1275 NTIME=l,N8NOW 
NTONE=NTI ME+ 1 
READ (4'NAGGX) NAIJX 
WRITE (6 1 14008) (NAIJX(J),J=l,NTONEl 

1275 NAG~X=NAuGX+l 
WRITE (6,24008) (NlIX(J),J=l,NBNOWl 
NAG=l 
CALL JOLLY tNTWO,NAG) 

276 KALC=O 
KOMSX=l 
IF (KOMST-3) 278,280,280 

278 KOMST=KOMST+l _ 
GO TO 29 

280 KOMST=l 
'IF (KOMSP-1) 282,284,284 

282 KOMSP=KOMSP+l 
GO TO 29 

284 KOMS-P=l 
IF (KOMPL-5) 286,288,288 

286 KOMPL=KOMPL+l 
GO TO 29 

288 CALL EXIT 
END 
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SUBROUTINE NSUBl(KOMSX,KOM4,NREC,NUMBR) 
COMMON JPOP(312),NA(4),NHOLD(40),NJJ(36),NRI(36),~RIX<36>,NZI(36), 
l~ZIX(36),NAIJ(36),NMIY(36),NNIY(36),NSIY{36),NREP,~P,NNJX(36}, 
2NSIX(36),NMIX(36),NAIJX(36),NEXP,NX,RQQ(432),IMIG(36J 

COMMON NOW,NBGIN 9 NBNOw,KOMPL,KOMSP,KOMST,LS(l8),NCOM8(6000) 
4 FORMAT (///// 9

1 NCOMB FULL',15,• EXCEEDS 6000 KOMPL',13,' KOMS 
lP',13 9 ' KOMST•,13,• KOMSX',13) 

IF (KOMSX-1) ioo2q,10029,30 
10029 00 1029 J=l,40 

10zq NHOLD(J)=O 
DO 2029 J=l,NREC 
NNIX(J)=O 
NSIX(J)=O 
NMIX(J)=O 
NZIX(J)=O 

2029 NRIX(J}=O 
30 DO 1030 I=l,NUMBR 

1030 NCOMB ( l) =O 
NUMBR=O 
N,EXT=O 
KOM4=1 

31 NEXT=NEXT+l 
READ (l'NEXT) NA,KOUNT 
NPLOT=NA(l) 
IF (NPLOT-1) 137,1031,1031 

1031 NSPEC=NA(2) 
NSTAG=NA(3) 
NSEX=flJA{4) 
GO TO (35,135,235,34r,KOMPL 

34 KOM4=4 
GO TO 137 

35 IF f NPLOT-2) 36,31,31 
135 IF (NPLOT-2) 31,36,31 
235 IF CNPLOT-2) 36,36,31 

36 GO TO (37,38,120),KOMST 
37 IF (NSTAG-2) 120,31,31 
38 IF (NSTAG-2) 31,120131 

120 GO TO (121 1 123),KOM~X · 
121 IF <NSEX-2J 130,31,31 
123 IF (NSEX-2) 31,130931 
130 KOM4=2 

NUMBR=NUMBR+KOUNT 
IF (NUMBR-6000) 133,133,131 

131 WRITE (6,4) KOMPL,KOMSP,KOMST,KOMSX 
KOM4=3 
NUMBR=NUMBR-KOUNT 
GO TO 137 

133 ~K=NUMBR-KOUNT 
READll'NEXT) NA,KOUNT,JPOP 
DO 134 NTRY=l,KOUNT 
NT=NK+NTRY 

134 NCOMB(NT)=JPOP(NTRY> 
GO TO 31 

137 RETURN 
ENO 
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SUBROUTINE NSUB2 (NREC,NUMUR,KOMSX,NTWO) 
COMMON JPOP(312lrNA(4),NHOLDC40),NIJl36),NRI(36) 1 NRIX(36),NZI(36), 

lNZIX(36),NAIJ(3bJ,NMIYt36),NNIYt36),NS1Y(36),NREP,NP,NNIX(36), 
2NS1X(36),NMJX(36),NAIJX(36),NEXP,NX,RQQ(432),IMIG(36) 

COMMON NOWrNBGIN,NBNOWfKOMPL,KOMSP,KOMST,LS(l8),NCOMB(6000) 
5 FORMAT ,. ANIMAL No.•, 6,lx,•RECO~DED MORE THAN ONCE, KK=•,13,sx,• 

lOR IP KK=O, ERROR IN PROGRAM') 
6 FORMAT(' ER~OR IN DISK SEARCH OPERATION, ANIMAL N0. 1 ,16,lX,•NOT 

lRELOCATED, KK=',13) 

!88g ~g~~~t f ~:~~:~~~ft~3~~~~l3) 
14008 FORMAT (/,13X,36I3) 
24008 FORMAT (/,7X,'NZJ',3X,36I3) 
34008 FORMAT (//////,116,/) 

NREC=NOW-NBGlN+l 
DO 137 J=l,NREC 
IMIG(J)=O 
NR I ( J.) =O 
NZI(J)=O 
NNIY(J.)=0 
NSIY(J)=O 
NMIY(J)=O 

137 NAIJ(J)=O 
NREL=Oi 
NRE: =1 
NAGGR=1 
NAGGX=l 
00 220 NTIME=NBGIN,NOW 
NBT=NTIME-NBGIN+l 
NEWM=O 
IMMIG=O 
NMI=O 
MW=O 
NW=O 
MREC=O 
NCHEK=l 
NT=l 
DO 138 J=l,NREC 

138 NAIJX(J)=O . 
DO 140 J=l,NBNOW 

140 NIJ(J)=O 
141 NREAL=NCOMB(NT) 

IF (NREAL-500) 1142,1142,142 
142 NREAL=NREAL-500 

1142 IF (NREAL-NTIME) 189,143,189 
143 00 188 I=l,3 

NTI=NT+I 
N2=t-.ICOMB (~TI ) 
IF (N2-l) 189,144,144 

144 tf CNZ-1000) 183,183,145 
145 KK=O 

JTI ME=NBGIN-1 
L TIME=l 
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146 IF (NCOMSCLTIME)-500) 148,148,147 
147 LREAL=NCOMB(LTIMEl-500 

GO TO 149 
148 LREAL=NCOMB(LTIME) 
149 IF (LREAL-NBGINJ 171 1 150,150 

C-----THE FOREGOING TEST A~SUMES NBGIN IS ALWAYS A MARKI~G TIME. 
C--·--WHE~ NBGIN IS MADE GREATER THAN 1, THIS ~EST PROCEEDS 
C-----TO OVERLOOK EARLIER RECORDS AND LISTS AS AN IMMIGRATION THE FIRST 
C-----RECAPTURE OF ANY ANIMAL THAT WAS MA~KED PRIOR TO NBGIN. 

150 IF (LREAL-NREAL) 154,154,171 
154 DO 168 L=lt3 

. LTL=LTIME+l 
IF (NCOMB<LTLJ-NZJ 168,1561168 

156 IF (NCOMB(LTIME)-500) 158, 58,163 
158 JREL=N2/1000 

IF f NREL-JREL) 161,1631 1161 
C-----THE TEST tNREL-JREL) DtTERMINES FROM THE CURRENT (NTIME) RECJROS 
C-----THEMSELVES WHETHER OR NOT.THE MARKING TIME (JREL) OF A GIVEN 
C-----ANIMAL WAS PRIOR TO, THE MOST RECENT MARKING TIME (NREL) OF ANIMALS 
C-----SO FAR TESTED. · · IF ANY MARKED IMMIGRANTS AT NTIME ARE 
C-----LISTEO BEFORE NREL HAS BEEN UPDATED TO THE MOST RECENT MARKING 
C-----TIME, THEY ARE TEMPORARILY CLASSIFIED AS NEWLY MARKED (NEWM) UNTIL 
C-----THE UPDATING OF NREL CORRECTLY RECLASSIFIES THEM CSEE 161 + 001). 
C-----THE TEST (NREL-JREL) FAILS IN THE SAME UNLIKELY ANO UNIMPORTA~T 
C-----CIRCUMSTANCES LISTED SECOND FOR NCHEK BELOW. 

161 NREL=JREL 
IMMIG=NEWM 
NEWM=O 
GO TO 163 

1161 NCHEK=NCHEK+l 
· 63 IF (LREAL-NTIME) 169,165,171 
165 KK=KK+l 

NTEST=NCOMB(NTJ 
IF (KK-1) 1671168,167 

c-!~!-¥~iT~sbtE5~R~~RK~ESSAGE IS NOT PRINTED WHEN KOMSX=3 
168 CONTINUE 

GO TO 171 
169.IF CLREAL-JTIME) 171,171,170 
170 JTIME=LREAL . 
171 IF (LTIME+3-NUMBR) 172,174,174 
.172 LTIME=LTIME+4 . 

GO TO 146 · . 
174 IF (KK-U 17~1176,188 
175. WRITE lb~l .. . NZ .• KK . 

. 176 IF (JTIME-N8GIN+l) l88tl78,177 
177 J:JTIME-NBGIN+l 

NIJ(J):NIJ(J)+l 
NMl=NMI+l 
GO TO 188 

178 tf·(NTEST-500) 1791179{180 
179 IF (NCHEK-2) 11801 80~ 80 · 

c-~---NCHEK FOR IMMIGRANTS ~AILS IF OTHER ERRORS ARE PRINTED. 
C-----NCHEK ALSO FAILS FOR THE IMMIGRANTS WITH THE MOST RECENT MARKl~G 
C-----TIME If NO NEWLY MARKED ANIMALS ARE PRESENT AT NTIME ANO MORE 
C-----RECENT MARKINGS ARE ABSENT IN PREVIOUS VALUES OF NTIME. THE LIKE
C-----LIHOOO AND IMPORTANCE OF SUCH AN ERROR IS SLIGHT 

180 IMMIG=IMMIG+l 
GO TO 188 

1180 NEWM:s:NEWM+l 
GO TO 188 

183 IF CN2-300J 185,185,186 
185 NWzNw+l 

GO TO 188 
186 MW=MW+l 
188 NCfi_~K=l 

·•. 
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189 NT=~T+4 · 
IF lNT-NUMBR> 141,191,191 

191 NNI=NEWM+NMI+IMMIG+NW 
NSI=NNI-MW-NW 
NNIY(NBTl=NNI 
NSIY(NBT>=NSI 
NNIX(NBT)=NNIX(NBTl+NNI 
NSIX(NBT)=NSIX("IBT)+NSI >:.: 
IF lNTIME-NBGIN-1) 1193,2193,2193~-· 

1193 WRITE (6{1008)JMMIGtNNI,NSI,NTIME 
GO TO 20 

2193 NMIY(NBTl=NMI 
NMIX(NBTl=NMIX(NBT)+NMl 
NTl=NTIME-NBGIN 
WRITE (6 1 1008) lMMIG,NNI,NSI,CNIJ(JJ,J=l,NTlJ,NTIME 

201 IMIGCNBT>=IMMIG 
IF (KOMSX-2) 205,204,204 

204 READ (2'NRECl NHOLD 
205 NHOLDCll=NHOLD(l)+IMMI$ 

NHOLD(2)=NHOL0(2)+NNI 
NHOL0(3)=NHOLD{3l+NSI 
IF (NTIME-NBGtN~IJ 208,1205,1205 

1205 NPLUS=NTIME~NBGlN+3 
DO 206 K=4,NPLUS · 

206 NHOLO(K)=NHOLD(K)+NIJ~K-3) 
NHOLDCNPLUS+lJ~NTIME. 
GO TO 209 

208 NHOLOi4)=NTIME 
209 WRITE C2'NREC) NHOLD 

DO 210 J=l,40 
210 NHOLO(J):Q 

IF (NTIME-NBGIN-1> 220,1210,1210 
1210 IF CKOMSX-1) 212,212,211 

211 READ (4 1 NAGGX) NAIJx:· 
212 NAIJ(l)=NIJ(l) : 

NAIJX(l)=NAIJX(.l)•NIJCl) 
IF ( NTI ME-NBG IN-2) 1214 tll.j, 213 

213 NTWO=NTIME-1-NBGlN .. 
DO 214 l=l,NTWO ·. 
NAIJ(l+l)=NAIJ(J)+NIJ(l+l) 
NAIJXCI+l)=NAIJX(l+l)+NAIJ(l+l) 
NZl(l)=NZl(l)+NAIJ(l) 
NZIX(l)=NZIX(J)+NAIJ(l) 

214 CONTINUE 
1214 ~~lJ~ 1~:~:~8~1 1~21j~tlJ~~~l~~lll~~f~~E 

N~GGR=NAGGR+l . 
NAGGX=NAGGX+l 

.DO 215 I=ltNBNOW -
215 NRJ(l)=NRI ll+NIJ(I) 
220 NREC=NREC+l 
216 2~1~tt>!N~l~?~~~NRICI) 

WRITE (6,4008) tNRl(J),J=l,NBNOW) 
NAGGR=l 
NAGGX=l 
WRITE (6,34008) NBGIN 
DO 1220 NTIME=l,NBNOW 
NTONE=NTIME+l 
READ (3 1 NAGGRl NAIJ 

. ;; ; WRITE (6,1400.Bt (NAIJ(J),J=l,NTONE> 
· 1~20., NAGGR=NAGGR+l 

" ...... ·· WRITE (6,24008) {NZI (J) ,J=l,NBNOW) 
RETURN 
END 
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SUBROUTINE JOLLY (NTWO,NAG) 
COMMON JPOP(312)fNA(4),NHOLD(40),NIJ(36),NRIC36),~RIX(36),~lIC36) 

1NZIX{36),NAIJ(3b ,NMIY(36),NNIYC36),NSIY(36),NREP,NP,NNIX(36), ' 
2NSIX(36),NMIXC36),NAIJX(36),NEXP,NX,ESTM(36),RECAP(36) 
3rESTN0(36),ESURV(36),EBORNC36),ESTP(36),VESTC36),SEESTC36),SESUR 
4(36)1SEESS(36),SEBOR(36),SEN0(36),JMIGC36) 

COMMUN NOW,NBGIN,NBNOW,KOMPL,KOMSP,KOMST,LS(l8) 
5008 FORMAT (////,• TIME PPTN RECAP PROB CAP NO MARKED TOTAL PJP S 

lE POP SE ESTPOP NO BOR~ SE BIRTHS SURV RATE SE SURV SE ESTS 
2URV') 

6008 FORMAT (I4,2(5X,F6.4),2X;F8.2,2X,5(2X,F8.2),1X,3(4X,F6.4)} 
7008 FORMAT Cl4,85X,3(4X,F6e4 ) 
8008 FORMAT (I4,2(5X,F6.4),2X,F8.2,2X,3(2X,F8.2),/,I4,5X,F6.4,///) 

NBl=NBNOW+l 
IF (NAG-1) 1221,2220,2220 

2220 DO 221 JTIME=lrNBl 
NNIY(JTIME>=NNIX(JTIME) 
NSIY(JTIME>=NSIX(JTIME) 
NMIY(JTIME)=NMIX(JTIME) 

. NRl(JTIMEl=NRIX(JTIME) 
221 NZitJTIME>=NZIX(JTIMEt 

1221 RNO=O. 
K=O 
L=O 
DO 2221 M=lrl8 

2221 LSCM)=l 
Llll=l 
ESTM(l)=O. 
00 226 JT1ME=2rNBl 
RNNI=NNIY(JTIME) 
RNSI:NSIY(JTIME) 
RNMI=NMIY(JTIME) 
RIMIG=IMIG(JTIME) 
IF (JTIME-NBl) 12221,22221,226 

12221 RNRI=NRI(JTIMEt 
RNZI=NZI(JTIME-1) ' 
IF (RNRI-0.0) 3221,3221,4221 

3221 ESTM(JTIME)=lllllle 
GO TO 22221 

4221 ESTM(JTIME)=RNSI*RNZI/RNRt+RNMI 
C-----FOLLOWING TEST FOR MARKING TIMES ONLY LIKELY TO FAlL WHEN SAMPLE 
C-----SIZE VERY SMALL ANO TABLES NOT PRINTED 
22221 IFt~NSI-RNMI-RIMIG) 223,223,2222 

2222 RECAP(JTIME)=RNMI/RNNI 
IF (l-1) 3222,4222,4222 · 

3222 L=JTIME 
4222 IF (Llll-1) 223,15222,5222 
5222 K=K+l 

LS( K )=llll 
Llll=l 

15222 If (JTIME-NBl) 25222,226,226 
25222 IF (RNRI-7.0) 1223,1223,6222 

b222 IF (RNMI-7.0) 1223,1223,224 
223 RECAP(JTIME)=llllll. 

ESTP(JTIMEt=llllll. 
ESTNO(JTIME)=llllll. 
SENQ(JTIME)=llllll. 
SEEST(JTIMEJ=lllllle 
ESURV(JTIME)=lllllle 
SESUR(JTIME)=lllllle 
SEESSf JTIMEJ=llllll. 
Llll=Lll l+l 
RNO=RNO+l.O 
GO TO 225 

1223 RNO=RNO+l.O 
224 ESTNO(JTIME>=ESTMtJTIMEl/RECAPfJTIME} 

ESTP (JTIME)=RNNl/ESTNO(JTIME> 
IF (RNMI-0.0) 30224,30224,10224 

~811: 3~sf7~~f~2t2ist2~f~ti~~fit~gf~~(JTIME)-RNNI)*({(ESTM(JTIME)-R~Mt+ 
lRNSIJ/ESTM(JTIME)l*((le/RNRl)-tl.IRNSl))+({l.-RECAP(JTIME)J/RNMIJ) 
If (VEST(JTIMEJ-0.0) 1224,1224,2224 

C-----THE FOLLOWING DUMMY VALUE FOR VEST(JTIME) ENSURES THAT NO ERRONEOUS VALUE 
C-----IS PRINTED FOR SENO(JTIME) WHEN NRl(JTIMEl=O 
30224 VESTlJTIME)=-ESTNO(JTIMEl 

1224 SEESTf JTIME)=llllll. 
GO TO 1224 

_ 2224 -~J:_ST< JU ME) =SQRT( VEST( JT I ME)) 
3 2 2 4 IF <"RN 0-0., O l J Z 2 5 , 12 2 5 ' 2 2 5 

225 IF-( ( fNBt~ow-2-, /RNO l-G-:Y4T. 260' 1225 rl 225 
C-----FINAL VALUE IN THE FOREGOING TEST DETERMINES WHETHER SUFFICT~NT 
C-----SAMPLING TIMES HAVE ADEQUATE DATA (SEE STATEMENTS 25222 ANO 6222t 
C-----TO PRINT TABLE. 

1225 EBORN(JTIME>=llllll. 
SEBOR(JTIMEl=llllll. 

226 CONTINUE 
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C-----IF POPULATION NOS RATHER UNSTABLE, ESTIMATE Nl FROM TREND, NOT =N2 
EST~O(l)=ESTNO(L) 
ESURV(l)=ESTM(2)/NSIY(l) 

. DO 228 JTIME=l,NTWO 
JT ADO=JTI ME+ 1 
RNSl=NSIV(JTIMEJ 
RNMI=NMIY( JTIME) 
RNRI=NRI (JTIME) 
TNSI=NSIYCJTAOD) 
TNMl=NMIY(JTAOD) 
TNRI=NRl(JTADOl 

1226 ~~T~~~~It~S~~(3t~~bJ!~~~IJl~~~TMCJTADD>-TNMI+TNS1))/ESTM(JTAOD)**2 
l)*((l.ITNRI)-(1./TNSI)) . 

IF (RNRI-Q.0) 14227,14227,2226 . 
2226 VFORM=C(ESTM(JTIME)-RNMI)/(ESTM(JTIME>-RNMI+RNSJ))*((l./RNRI)-(1./ 

lRNSI)) 
IFCJTIME-2)1227,227,227 

221 RNZl=NZI(JTIME-1) 
ESURV(JTIMEl=ESTM(JTAODl/((RNSI*RNZI/RNRI)+RNSI) 

1227 REST=ESURV(JTIME>**2*lVITEM+VFORM+((l.-ESURV(JTIME))/ESTM(JTADD))) 
IF (REST-0.0) 2227,2227,3227 

2227 SESUR(JTIMEJ=llllll. -
GO TO 4227 

3227 SESUR(JTIMEl=SQRTlREST) 
4227 TEST=SESUR(JTIMEl**2-((ESURVtJTIME)**2*(1.-ESURV(JTIME)))/ESTM(JTA 

100)) 
IF (TEST-0.0) 5227,5227,6227 

14227 SESUR(JTIME)=llllll. 
ESURV(JTIME)=llllll. 

5227 SEESS<JTIME)=llllll. 
GO TO 228 

6227 SEESS(JTIME)=SQRT(TEST) 
228 CONTINUE 

K=O 
DO 230 JTfME=2,NTWO 
IF (ESTNO(JTIME)-111111.) 229,5229,5229 

229 IF (ESTNO(JTIME+l)-111111.> 1229,2229,2229 
1229 llll=l 

GO TO 4229 
2229 K=K+l 

Llll=LS(K) 
IF (Llll-1) 2301230,4229 

4229 JTADO=JTIME+Lll · 
RNNI=NNIY(JTIME) 
TNNI=NNIY(JTADO) 
TNMI=NMIY(JTAOO) 
RNSI=NSIY(JTIME) 
TNSI=NSJY(JTAOO) 
RNMI=NMIY(JTIME) 
RNRI =NR I ( JTI ME) 
TNRI=NRI (JTAOO) 
TSURV=l 
J2=JTADD-l 
DO 14229 ITIME=JTIME,J2 

1422q TSURV=TSURV*ESURV<ITIME) 
EBORN(JTIME)=ESTNO(JTAOO)-TSURV*CESTNO(JTIME)-RNNI+RNSI) 

24229 I~ l~2~?~o~6t09!2~ij~7~~~~;3~~~~9 
34229 IF (RNMI-O.Ol 74229,74229,44229 
44229 XTRA=iESTNO{JTAOO)*(ESTNO(JTAOD)-TNNI)*((l.-RECAP(JTADO))/TNMI))+ 

lTSURV**2*ESTNOlJTIME)*(E$TNO(JTIME)-RNNl)*((l.-RECAP{JIJME))/RNMI) 
IF <TNRI-0.0) 74229,74229,54229 

54229 IF (RNRI-0.0) 74229174229,64229 
64229 VITEM=(((ESTM{JTAOO -TNMIJ*(ESTMCJTADD>-TNMl+TNSI))/ESTM(JTAOD>**2 

ll*t(le/TNRl)-(1./TNSl)) 
VFORM=j(ESTM(JTIME)-RNMl)/(ESTM(JTIMEJ-RNMI+RNSl))*(ll./RNRil-<l./ 

lRNSI ) ) · 
WEST=EBORN(JTIME>**2*VITEM+(VFORM*(((TSURV*RNSI*(l.-RECAP(JTIMEl)) 

l /REC AP (' J TI ME ) ) ** 2 ) ) + ( ( ( E S TN 0 ( J Tl ME ) - RN N I ) * ( EST N 0 ( J T AD 0 ) - EB ORN ( J T IM 
2E))*ll.-RECAP(JTIME))*(l.-TSURV))/(ESTM(JTIMEl-RNMI+RNSI))+XTRA · 

IF (WEST-0.0) 74229,74229,84229 
74229 SEBOR(JTIME)=lllllle 

GO TO 230 
84229 SEBOR(JTIMEl=SQRT(WEST) 

GO TO 230 
5229 IF (JTIME-2) 230,6229,230 
6229 K=l 

230 CONTINUE 



xiii, 

EBO~Nll)=ESTNO(L)-ESURV(l)*{ESTNO(l)-NNIY(l)+NSIY(l)) 
DO 238 JTIME=L,NBNOW 
TOT~L=ESTNO(L)*((ESTNOCL)-EBORN(l))/ESTNO(l)) 
IF (ESTNOCJTIME)-lllllle) 231,238,238 

231 IF (l-2) 232,232,233 
232 M=O 

GO TO 1233 
233 M=l 

1233 SUM=O 
Jl=JTIME-1 
00 237 I=l,Jl 
K=M 
IF (ESTNO(l)-111111.) 1231,237,237 

1231 TERMA=EBORN(I) 
IF (JTIME-I) 236,236,2231 

2231 11=1+1 
MM=O 
00 6235 J= Il' Jl 
IF (ESTNO(JJ-111111.> 234~6235,6235 

234 MM=MM+l 
IF' (ESTNO(J+l)-111111.) 2235,1235,1235 

1235 K=K+l 
Llll=LS ( K) 
IF (MM-1) 3235,11235,3235 

11235 M=K 
GO TO 3235 

2235 Ll 11 =l 
3235 Jllll=J+Llll 

IF (SUM) 5235,4235,5235 
4235 TOTAL=TOTAL*((ESTNO(JllllJ-EBORN(J))/ESTNO(J)) 
5235 TERMA=TERMA*{(ESTNO(Jllll)-EBORN(J))/ESTNOCJ)) 
6235 CONTINUE 

236 SUM=SUM+TERMA*TERMA/EBORN(I) 
237 CONTINUE . 

VEST=(VEST(JTIMEJ)+EST~O(JTIME)-SUM-TOTAL*TOTAL/ESTNOCl) 
IF (YEST-0.0J 1237,1237,2237 

1237 SENO(JTIMEl=lllllle 
GO TO 238 

2237 SENOCJTIME)=SQRT(YESTJ 
238 CONTINUE 

WRITE (6,5008) 
WRITE (6,7008) NBGINiESURV(l),SESUR(l),SEESS<l> 
DO 253 JTIME=2,NTWO 
NTIME=JTIME+NBGIN-1 

253 WRITE (6,6008) NTIME,RECAP(JTIME),ESTP(JTIME),ESTM(JTIME> 1 EST~O(JT 
lIME),SENOfJTIME),SEEST(JTIME)fEBORN(JTIME),SEBOR(JTIME),E~URV . 
2(JTIME),SESUR(JTIME),SEESS<JT ME) 

JTNOW=NOW-1 
WRITE (618008) JTNOW1RECAPCNBNOW),ESTP(NBNOW>,ESTM<NBNOW),E$TNO(NB 
lNOW),SENu(NBNOW),SEE~T(N8NOW),NOW,RECAP(NRl) 

260 RETURN 
END 






