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fT:H 5 & & #

¥%% POPULATION ESTIMATES BY THE JOLLY-SEBER METHOD %X
Table 1. Tabulation of ni,si,mi and Ni

i ni si mi Ni
1 54 54 0 -
2 146 143 10 511.37
3 169 164 37 778.97
4 209 202 56 962,89
5 220 214 53 945,31
6 209 207 77 882.12
7 250 243 112 802.46
8 176 175 86 653.52
9 172 169 110 628,78
10 127 126 84 478.44
11 123 120 77 506.38
12 120 120 72 462.86
13 142 0 95 -
Total 2117 1937 869

1

2 10

3 3 34

4 5 18 33

5 2 8 13 30

6 2 4 8 20 43

7 1 6 5 10 34 56

8 0 4 0 3 14 19 46

9 0 2 4 2 11 12 28 51

10 0" 0 1 2 3 5 17 22 34

11 1 2 3 1 0 4 8 12 16 30

12 0 1 3 1 1 2 7 4 11 16 26
13 0 1 0 2 3 3 2 10 9 12 18 35
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Table 3., Tabulation of chi

- o 0 2t o B o o B R o o S (o e S0 e P4 o A o S e R B 4 A S S P B s e A S ot e B e o o e o A S o e O o

1

2 10

3 3 37

4 5 23 56

5 2 10 23 53

6 2 6 14 34 77

7 1 7 12 22 56 112

8 0 4 4 7 21 40 86

9 0 2 6 8 19 31 59 110

10 0 0 1 3 6 11 28 50 84

11 1 3 6 7 7 11 19 31 47 77

12 0 1 4 5 6 8 15 19 30 46 72

13 0] 1 1 3 6 9 11 21 30 42 60 95
zh+1 14 57 71 83 121 110 132 121 107 88 60 0 0

Table 4. Population abundance and related parameters
estimated by the Jolly-Seber method
i pi Mi Ni fi Bi s[Ni] s[fi] s[Bi] sINi./Ni}
1 - 0.00 - 0.649 - - 0.110 - -
2 0.0685 35.03 511.4 1.015 263.0 149.8 0.111 178.6 149.5
3 0.2189 170.54 779.0 0.867 291.8 130.9 0.108 138.1 129.7
4 0.2679 258.00 962.9 0.564 406.5 142.2 0,063 120.7 141.0
5 0.2409 227.73 945.3 0.836 96.8 124.2 0.075 112.3 122.8
6 0.3684 324.99 882.1 0.790 107.1 97.2 0.071 75.1 95.3
7 0.4480 359,50 802.5 0.651 135.6 75.3 0.057 55.4 72.8
8 0.4886 319,33 653.5 0,985 ~-13.8 62.8 0,096 53.2 60.1
9 0.6395 402.13 628.8 0.686 49.0 63.5 0.081 34.8 60.8
10 0.6614 316.45 478,4 0.884 84.1 52.4 0.121 40,0 49,5
11 0.6260 317.00 506.4 0,771 74.5 66.3 0,129 40.1 64,2
12 0.6000 277.71 462.9 - ~- 70.0 - - 68.2
13 0.6690 - - - - - - - -
Input value for N(1)= 500



1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610

f: Jolly-Seber =M BASIC 7R 47 A4

Population estimates for the multiple marking sensus
by Jolly-Seber method (JOLLY)
Fumihiko Kato Feb., 1987

.- . e e

PRINT "%%x POPULATION ESTIMATES BY THE JOLLY-SEBER METHOD"
OPEN "LPT1:" FOR OUTPUT AS #1 :'Printout to printer., If you have not
’ printer, change "LPT1:" to "SCRN:".

'! reading data of T(No. of samples),ni=NS(I),si=R(I) and mhi=D1(I,J)
)
PRINT "%%% Reading number of sampling times No.= ";:READ T:PRINT T
OPTION BASE 1
DIM Al(T,T),Di(T,T),D2(T,T),NS(T),R(T),MS(T),RS(T),BS(T),Z2(T+1)
DIM P(T),M(T),N(T),S(T}),B(T)
DIM U1(T),U2(T),U3(T),U4(T),U5(T),NH(T,T),NH2(T,T)
DIM NHS(T),VN(T),VNN(T),VS(T),VB(T)
PRINT "%%x%x Reading data ni=NS(I),si=R(I) and mhi=D1(I,J) Xxxx"
PRINT
READ NS(1),R(1)
FOR I=2 TO T

READ NS(I),R(I)

FOR J=1 TO I-1

READ D1(I,J)

NEXT J
NEXT I
b

' calculation of totals

y
FOR I=1 TO T
TN=TN+NS(I): TR=TR+R(I)
NEXT I
FOR J=1 TO T-1
FOR I=J+1 TO T
RS(J)=RS(J)+D1(I,J)
NEXT I
NEXT J
FOR I=2 TO T
FOR J=1 TO I~-1
MS(I)=MS(I)+D1(I,J)
NEXT J
NEXT I
FOR J=1 TO T-1
TT=TT+RS (J)
NEXT J
y

’?  calculation of chi=D2(I,J)
r
FOR I=2 TO T
FOR J=1 TO T-1
FOR K=1 TO J
D2(I,J)=D2(I,J)+D1(I,K)
NEXT K
NEXT J
NEXT I
FOR I=2 TO T-1
FOR J=1 TO T-I
Z(I)=Z(I)+D2(I+J,I-1)
NEXT J
NEXT I
]

' calculation of pi=P(I),Mi=M(I),Ni=N(I),fi=S(I),Bi=B(I)
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1620 ?
1630 M(1)=0
1640 FOR I=2 TO T-1
1650 P(I)=MS(I)/NS(I)
1660 M(I)=R(I)*%Z(I)/RS(IL)+MS(I)
1670 N(I)=M(I)/P(I)
1680 NEXT I
1690 S(1)=M(2)/(M(1)-MS(1)+R(1))
1700 FOR I=2 TO T-2
1710 S(I)=M(I+1)/(M(I)-MS(L)+R(I))
1720 B(I)=N(I+1)-S{(I)*(N(I)=NS(I)+R(I))
1730 NEXT I
1740 P(T)=MS(T)/NS(T)
1750 7
1760 '’ Printout the input data and etc,
1770 ?
1780 PRINT#1,"*%%x POPULATION ESTIMATES BY THE JOLLY-SEBER METHOD *xx"
1790 PRINT#1,
1800 PRINT#1,"Table 1. Tabulation of ni,si,mi and Ni "
1810 PRINT#1,
1820 PRINT#1,"=======z=z===zzz=-=zcszszzzsssszzzssossssz=z===="
1830 PRINT#1," i ni si mi Ni"
1840 PRINT#1, "~ e e e e e e e e e e e "
1850 FOR I=1 TO T
1860  PRINT#1,USING" ### #####4444 #H3444 ###444" T, NS(I),R(1),MS (1)
1870 IF I=1 OR I=T THEN PRINT#1,"
ELSE PRINT#1,USING" #########s##",N(I)
1880 NEXT I
1890 PRINT#1,
1900 PRINT#1,USING"Total #####4##% K¥4##4 ###4#4" TN, TR, TT
1910 PRINT#I," ——————————————————————————————————————————
1920 PRINT#1, :PRINT#1,
1930 PRINT#1,"Table 2. Tabulation of mhi"
1940 F$=" rh "
1950 FOR I=1 TO T
1960 FOR J=1 TO T
1970 Al(I,J)=D1(I,J)
1980 NEXT J
1990 NEXT I
2000 FOR J=1 TO T
2010 BS(J)=RS(J)
2020 NEXT J ‘
2030 GOSUB *TRIANGLE
2040 PRINT#1,"Table 3. Tabulation of chi"
2050 F$=" zh+1"
2060 FOR I=1 TO T
2070 FOR J=1 TO T
2080 Al(I,J)=D2(I,J)
2090 NEXT J
2100 NEXT I
2110 FOR J=1 TO T
2120 BS(J)=Z(J+1)

2130 NEXT J

2140 GOSUB *TRIANGLE

2150

2160 '’ calculation of variances

2170 *? VINi]=VN(I),V[fi]l=VS[I],V[Bi]=VB(I) and V[N./N]=VNN(I)
2180 7

2190 PRINT "xxx INPUT N(1) N(1l) = ";: INPUT N(1)

2200 BO=N(1)
2210 B(1)=N(2)-S(1

(1) %x(N(
2220 PRINT "  N(1) =

(1)-NS(1)+R(1))
"IN(1),"N(2) = "iN(2)
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2230
2240
2250
2260
22170
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740

2750
2760
2770

2780
2790
2800
2810

PRINT " B(0) = ";BO,"B(1l) = ";B(1)
FOR I=1 TO T-1
UL(I)=N(I)=-NS(I)
U2(I)=M(I)-MS(I)
U3(I)=M(I)-MS(I)+R(I)
U4(I)=1/RS(I)-1/R(I)
NEXT I
FOR I=2 TO T-1
US(I)=(1-P(I))/MS(I)
NEXT I
FOR I=2 TO T
NH(I,I)=B(I-1)
NEXT I
NH(2,1)=(N(2)=B{1))%BO/N(1)
FOR I=3 TO T
NH(I,1)=NH(I-1,I)%(N(I)-B(I-1))/N(I-1)
NEXT I
FOR I=3 TO T
NH(I,I-1)=(N(I)=B(I-1))%B(I-2)/N{(I-1)
NEXT I
FOR H=2 TO T-3
FOR I=H+2 TO T
NH(I,H)=NH{I-1,H)*(N(I)-B(I-1))/N(I-1)
NEXT I
NEXT H
FOR I=2 TO T
NH2(I,I)=NH(I,I)
NEXT I
FOR I=2 TO T
NH2(I,1)=(NH(I,1)"2)/BO
NEXT I
I=3
FOR H=2 TO I-1
NH2(I,H)=(NH(I,H)"2)/B(H-1)
NEXT H
I=I+1: IF I<=T THEN 2550
FOR I=1 TO T
NHS (I)=0
NEXT I
FOR I=2 TO T
FOR H=1 TO I
NHS (I)=NHS(I)+NH2(I,H)
NEXT H
NEXT I
FOR I=2 TO T-1
VNN(I)=N(I)*%U1(I)*(U3(I)*U4(I)/M(I)+U5(I))
NEXT I
FOR I=2 TO T-1
VN(I)=VNN(I)+N(I)-NHS(I)
NEXT I
FOR I=1 TO T-2
VS(I)=(S(I)"2)%(U2(TI+1)%U3(I+1)*%U4(I+1)/M(I+1)"2+U2(I)*U4(I)/U3(I)
+(1-S(I))/M(I+1))
NEXT I
FOR I=2 TO T-2
VB(I)=(B(I) 2)*%U2(I+1)XU3(I+1)¥U4(I+1)/M(I+1)"2+U2(I)/U3(I)*(S(I)*R(I)
¥(1-P(I))/P(I))"2¥U4(I)+UL(I)*(N(I+1)-B(I))*(1-P(I))*(1-S(I))/U3(L)
AN(I+1)%UL(I+1)%UB(I+1)+(S(I)"2)%N(I)XUL(I)*U5(I)
NEXT I

’
’?  Printout the results
)
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2820 PRINT#1,

2830 PRINT#1," Table 4. Population abundance and related parameters"
2840 PRINT#1," estimated by the Jolly-Seber method "
2850 PRINT#1,

2860 PRINT#1,STRING$(79,"=")

2870 PRINT#1," i pi Mi Ni fi Bi";

2880 PRINT#1," s[Ni] s[fi] s[Bi] s[Ni./Ni]"

2890 PRINT#1,STRINGS$(79,"-")

2900 FOR I=1 TO T
2910  PRINT#1,USING"#4#";I;
2920 IF I=1 THEN PRINT#1," ="
ELSE PRINT#1, USING"## HEEE" p(I),
2930  IF I=T THEN PRINT#1,"
ELSE PRINT#1, USING"###### ##" M(I

2940 IF I=1 OR I=T THEN PRINT#1, ="

ELSE PRINT#1, USING"######## #"' (I);
2950 IF I=T-1 OR I=T THEN PRINT#l,"

ELSE PRINT#1,USING"##. ###" S(1);
2960 IF I=1 OR I=T-1 OR I=T THEN PRINT#1," S
ELSE PRINT#1, USING"######## #"' (1);

2970 IF I=1 OR I=T THEN PRINT#1,"

ELSE PRINT#1, USING"######## #" SQR(VN(I));
2980 IF I=T-1 OR I=T THEN PRINT#I,"

ELSE PRINT#1,USING"##, ###”'SQR(VS(I));
2990 IF I=1 OR I=T-1 OR I=T THEN PRINT#1,"
ELSE PRINT#1, USING"####### #" SQR(VB(I));

3000 IF I=1 OR I=T THEN PRINT#1,"

ELSE PRINT#1, USING"########.#";SQR(VNN(I))

3010 NEXT I
3020 PRINT#1,STRING$(79,"-")
3030 PRINT#1,USING" Input value for N(1)= #######4";N(1)

3040 PRINT#1,
3050 CLOSE #1

3060 END

3070 *TRIANGLE

3080 !

3090 '’ triangular table output subroutine

3100

3110 PRINT#1,

3120 LP=15 ¢’ number of columns/line

3130 NC=INT(75/LP) :? for 80 characters/line printer

3140 G$=STRINGS$(NC,"#")
3150 H$=STRING$(NC,"&")
3160 FOR IS=1 TO T STEP LP

3170 IE=IS+LP-1 -
3180 IF IE>T THEN IE=T
3190 PRINT#1,STRING$( (IE-IS+1)*NC+5,"=")

3200 PRINT#1," i&h";

3210 FOR I=IS TO IE

3220 PRINT#1,USING G$;1;

3230 NEXT I

3240 PRINT#1,

3250 PRINT#1,STRING$ ( (IE-IS+1)*NC+5,"~")
3260 FOR I=IS TO T

3270 PRINT#1,USING" ### ";I;

3280 FOR J=IS TO IE

3290 IF J>=I THEN PRINT#1,USING H$;" "; ELSE PRINT#1,USING G$;A1(I,J);
3300 NEXT J

3310 PRINT#1,

3320 NEXT I

3330 PRINT#1,

3340 PRINT#1,USING"& &";F$;
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3350
3360
3370
3380
3380
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950

FOR J=IS TO IE

PRINT#1,USING G$;BS(J);

NEXT J

PRINT#1,

PRINT#1,STRING$ ( (IE-IS+1)*NC+5,"-")

PRINT#1,
NEXT IS
RETURN
’
' Notation of variables
]
T ! number of samples
! NS(I) : ni = number caught in the ith sample
' R(I) i si = number of marked fish released after the ith sample
' DI1(I,J) : mhi = number caught in the ith sample last captured
! in the hth (1<=zh<=i-1)
' D2(I,J) : chi = number caught in the ith sample last caught
! in or before the hth sample
' MS(I) ¢ mi = number of marked fish caught in the ith sample
' RS(I) ! si = number of marked fish released after the ith sample
' Z(I) : zi = number of fish caught before the ith sample which
! are not caught in the ith sample but are caught
’ subsequently
' N(I) ! Ni = estimated total number in the population just before
! time ti
' M(I) ! Mi = estimated total number of marked fish in the
’ population just before time ti
' P(I) ¢ pi = proportion of marked in the sample
' S(I) ¢ fi = the ratio of the marked fish alive at time ti+l to
’ the marked fish in the population just after the ith
' release (estimate of probability of surviving)
' B(I) ¢ Bi = estimated number of new fish joining the population in
! the interval from time ti to time ti+l which are still
! alive and in the population at time ti+1
' VN(I) ¢ V[Ni] = variance of Ni
' VS(I) : VIfi] = variance of fi
' VB{(I) ¢ VI[Bi] = variance of Bi
' VNN(I) ¢ V[Ni./Ni] = approximation for V[Ni], error of estimation
' NH(I,H) : Ni(h) = number in the population at time ti which first
! joined the population between times th and th+1,
! that is, which are members of Bh (1<=zh<=i-1)
’ NH2(I,H) : Ni(h)"“2/Bh
' NHS(I) : summation of Ni(h)"2/Bh
H
'’ data
1
DATA 13 ¢ ' No of samples=T
‘data ni, sSi, ==e——eme———oo Mhi = HAS
DATA 54, 54 2! 1
DATA 146, 143, 10 2
DATA 169, 164, 3, 34 HEA |
DATA 209, 202, 5, 18, 33 A )
DATA 220, 214, 2, 8, 13, 30 HES
DATA 209, 207, 2, 4, 8, 20, 43 6
DATA 250, 243, 1, 6, 5, 10, 34, 56 o
DATA 176, 175, O, 4, 0, 3, 14, 19, 46 8
DATA 172, 169, o0, 2, 4, 2, 11, 12, 28, 51 HAE
DATA 127, 126, O, O, 1, 2, 3, 5, 17, 22, 34 P10
DATA 128, 120, 1, 2, 3, 1, o0, 4, 8, 12, 16, 30 HA b
DATA 120, 120, O, 1, 3, 1, 1, 2, 7, 4, 11, 18, 26 :? 12
DATA 142, o, o0, 1, o0, 2, 3, 3, 2,10, 9, 12, 18, 35 HA
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