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17 118.06 99.00 164.00 21.43 
(mm) 17 2.24 1.50 3.10 0.51 

Jaw weight (g) 17 0.14 O.IO 0.30 0.05 
B 17 10.00 3.00 21.00 5.45 
Ba 17 9.59 5.60 15.50 2.73 

17 3282.94 2700.00 4170.00 402.02 
Mn 17 21.82 9.00 57.00 11.60 
Sr 17 926.53 766.00 1210.00 106.63 

Zn 17 47.53 38.00 56.00 5.30 
s 17 12930.59 8420.00 15200.00 1605.35 
Ca 17 175058.82 149000.00 239000.00 22821.24 
p 17 86058.82 74000.00 113000.00 10021.67 
K 17 5044.71 2720.00 7620.00 1443.98 
Na 17 15588.24 11100.00 18800.00 1986.79 

Shark (cm) 9 l I0.17 98.00 141.00 13.12 

Jaw Thicksiess 9 2.55 2.27 2.82 0.21 
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B 9 28.78 17.00 48.00 9.63 
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42.00 9.47 
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Jaw Thickness (mm) 0 
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Sr 26 983.73 754.00 1282.00 155.12 
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Ca 26 165961.54 112000.00 235000.00 30585.59 
p 26 79603.85 57400.00 109000.00 13440.37 

K 26 5700.i9 1441.00 9641.00 1808.76 

Na 26 13508.08 11260.00 15720.00 1325.99 

Shark 21 132.05 115.00 165.00 l l.62 

21 2.72 1.75 3.25 0.37 

Jaw 21 0.15 0.07 0.23 0.04 

B 21 18.86 l0.00 31.00 5.87 

Ba 21 9.14 .5.00 15.00 2.90 

Mg 21 3304.24 2737.00 3925.00 265.66 

Mn 21 25.57 12.00 46.00 10.28 

Sr 21 1102.19 806.00 1442.00 172.43 

Zn 21 39.24 25.00 64.00 l0.85 

s ~1 

L.' 11548.00 6148.00 17952.00 2787.04 

Ca 21 179629.24 115247.00 218413.00 31229.83 
p 21 91267.00 62299.00 107859.00 13781.79 

K 21 6657.52 3508.00 15302.00 2874.42 

Na 21 13217.33 11080.00 17315.00 1474.19 

Shark Length 2 128.00 127.00 129.00 1.41 

Jaw Thickness 2 3.23 2.90 3.55 0.46 



2 020 0.20 0.20 0.00 
•") l 9.00 20.00 0. .<., 

Ba 2 10.50 l0.00 l 1.00 0.71 
3463.00 35 6.00 37.48 

27.00 

Sr 230.00 !367.00 

2 36.50 33.00 4.95 

s 2 10696.00 950.35 

Ca 2 196694.00 

2 99526.CO 
3384.00 9.90 

1"J.a 2 14049.00 13292.00 14806.00 1070.56 

985 Shark 8 19.88 102.00 152.00 8.67 

8 2.1 L60 3.30 0.54 

Jaw g 12 0.10 0.18 O.o3 
B 8 19.63 12.00 33.00 7.87 

Ba 8 9.34 4.80 14.10 3.!8 
l1 

" 4274.13 2900.00 7010.00 1462.05 

Mn 8 l 8.45 8.60 27.00 6.63 

Sr 8 798.13 724.00 899.00 64.88 

Zn 8 45.75 37.00 59.00 7.85 

s 8 14226.25 !2010.00 !6300.00 1765.97 

Ca 8 150250.00 i35000.00 179000.00 13604. lO 

p ~· 0 78125.00 70000.00 91000.00 685435 

K 8 4161.25 950.00 8570.00 2613.05 

Na 8 14538.75 8150.00 17100.00 2927.26 

986 14 128.Tl 109.00 149.00 11.20 

14 2.49 1.95 3.05 0.35 

Jaw 14 0.14 0.10 0.27 0.04 

B 14 7.14 0.00 15.00 4.20 

Ba 14 7.98 4.60 14.20 2.32 

Mg 14 2794.29 2460.00 3320.00 230.14 

Mn 14 26.21 19.00 42.00 6.35 

Sr 14 817.79 663.00 990.00 109.36 

Zn 14 36.21 27.00 43.00 5.28 

s 14 13175.71 7360.00 15900.00 2358.41 

Ca 14 161285.71 133000.00 228000.00 29350.48 

p 14 82071.43 70000.00 109000.00 11743.83 

K 14 6333.57 3690.00 8130.00 1111.38 

Na !4 14142.86 l 1400.00 16600.00 1816.89 

Shark 19 121.42 102.00 146.00 12.78 

0 

Jaw weight (g) 19 0.13 0.09 0.!9 0.03 

B 19 26.79 16.00 44.00 7.86 

Ba 19 15.79 10.00 27.00 3.91 

Mg 19 3064.00 2426.00 4096.00 352.19 

Mn 19 29.32 12.00 91.00 19.84 

Sr 19 999.00 758.00 1224.00 133.89 

Zn 19 42. 27.00 53.00 6.94 

s 19 13817.47 10912.00 17604.00 

19 155405.05 108648.00 202320.00 

19 80191.63 58822.00 101800.00 



7389.32 4005.00 12595.00 2388.54 

Na 15322.00 12466 00 8453.00 662.37 

30 125.88 152.50 13.89 
30 2.79 3.34 0.35 

0. 5 0.26 0.044 
n 
D 30 35.13 l l J 3 
Ba 5.30 3.71 

30 2960.00 3469.00 .... ~ 
,,L;j 

Mn 33 6.08 
30 !206.07 794.00 537 193.47 

Zn 30 ?. <: "" '(J,,J,..)/ 42.00 98.80 1701 
12216.97 7243.00 15980.00 21 71 

Ca 30 187050.00 124000.00 258000.00 33558.58 
p 30 90583.33 67600.00 120000.00 14329.60 

K 30 7213.43 4730.00 10200.00 1382.49 

Na 30 !0787.23 8164.00 15050.00 707.37 

Shark 3 01.67 99.00 !07.00 4.62 

3 2.47 2.05 3.15 0.60 

Jaw 3 0.12 o.n 0.14 0.02 

B 3 26.00 24.00 29.00 2.65 

Ba 3 24.00 12.00 31.00 10.44 
3 2874.33 2391.00 3374.00 491.70 

Mn 3 7.67 6.00 9.00 1.53 
Sr 3 858.67 596.00 1 i34.00 269.22 

Zn 3 56.00 46.00 72.00 14.00 

s 3 15112.00 8944.00 21504.00 6283.00 

Ca 3 136589.33 88754.00 180128.00 45838.28 
p 3 69045.00 45304.00 89667.00 22345.36 

K 3 7538.67 4957.00 9075.00 2249.23 

Na 3 15488.00 10406.00 21029.00 5326.35 

Shark Length 12 71.70 59.50 90.20 10.15 
Jaw Thickness (mm) 12 1.52 1.30 l.90 0.19 

Jaw 12 .07 0.05 0.09 O.Ol 
B 12 17.25 0.00 41.00 15.67 
Ba 12 14.99 3.70 24.50 6.19 
Mg 12 2758.33 2080.00 4410.00 573.27 
Mn 12 17.67 9.00 34.00 6.75 
Sr 12 952.25 767.00 1260.00 134.07 
Zn 12 61.17 47.00 75.00 7.70 

s 12 16316.67 10000.00 18900.00 2524.37 

Ca 12 134083.33 111000.00 177000.00 19133.30 
p 12 71666.67 57000.00 88000.00 9208.03 
K 12 8055.00 2060.00 10300.00 2099.31 

Na 12 1424!.67 11900.00 16900.00 1432.39 

Shark 20 95.42 78.00 115.00 13.52 
20 l.90 1.65 2.50 0.22 

Jaw 20 0.09 0.06 0.13 0.03 

B 20 20.80 4.00 38.00 9.91 
Ba 20 26.81 10.40 59.80 14.08 

20 2614.00 2230.00 3540.00 324.04 

Mn 20 7.ll 4.00 12.00 

Sr 20 842.95 707.00 1260.00 
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2.5 
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N 
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'-
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20 14126.00 

153000.00 

20 74300.00 
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ESP1985 

~LB1985 
ESP1986 

-0.5 0.5 

Factor Score 2 

46 

36.00 74.00 l l 
7490.00 17300 .. 00 3035.70 

124000.00 244000.00 28015.03 

60000.00 117000.00 133 8 YI .J, 

7 9l3AO 
6700~00 22500.00 4220.45 
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1 
Jo 

0 
l 

7 
l 

181 

l~ p 

•v~.,~v·- to shark 
in factor score 2 were more 
of gummy was carried 

were taken over 



to some extent 
depend their 

availabilities ~·~·~"·"""""''"' them. Calcium and 
0.4123 0.0081 g/kg 

Thus predominates over by 
of calcium to strontium 

(molar basis), whiskery cartilage is 
cartilage (Table 5.14) is 422:1 (molar basis). These 

:1 and 357:1 basis) for the 



species. 

of 

Gummy Whiskery 
Mean Std.Dev. Mean Std.Dev. Mean 
189 37 102 

(cm) 117.97 21.21 110.32 7.49 99.87 36.92 
2.42 0.60 l.50 0.32 1.59 0.52 
0.13 0.05 0.12 0.02 0.09 O.o3 
3063.68 610.13 3232.81 271.47 2997.20 380.44 
21.00 11.54 24J I 4.51 10.04 3.37 
1000.77 ! 95.55 835.l 5 76.08 542.48 141.73 
50.85 15.06 64.86 9.84 48.89 6.82 
13238.98 2665.15 12851.38 3704.53 17581.89 4563.46 
166885.27 31813.80 143398.24 12265.93 104764.64 22107.67 
82890.01 14219.57 76498.65 6247.65 57344.39 10307.40 
5983.53 2395.45 8369.73 1878.59 9822.52 2691.01 
14261.64 3203.86 16560.27 4171.65 21727.25 4458.78 
20.95 i2.03 
12.38 7.91 
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5.3.4.2 Male 

Clasper elongation male C "'""·1 ·"' begins at around 200 cm FL, smallest 

sperm 

with calcified claspers 
was 240 cm 

runmng 
most caught 

225 cm FL 5.6). largest male 
size at 50% maturity was approximately 

51 
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5.5.2.1 Vertebral ageing 

Vertebrae macki were orc)ce:ssea 
• _ _.,__,., of specimens varied 

cm FL (Figure 5 .15). The 
the majority 7.3 mm (Figure 5.1 

A~AA,.,UA for 534 
053 to 0.63. 
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Model v s Likelihood 

A I l.4 8.3 0.69 -834.98 
B 10.5 7.8 0.75 0.50 -834.l 7 
c 1 L3 8.2 0.62 l.54 -83 l 
D !0.8 7.9 0.65 l.49 0.29 -830.85 
E 10.8 8.7 0.58 0.03 
F 8.8 8.2 0.68 LOI 0.03 
G 10.2 10.0 0.36 2.14 0.03 
H 9.4 9.4 0.39 2.10 0.63 0.03 -778.07 

--~----· 

72 
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Parameter All Female 

v 

s 
m 
p 

0.39 

0.63 
0.03 

0.00037 
25099 

0.00037 
25092 

-1 cm year 

0.00035 0.018 0.00033 
25114 660 25095 

the results of 

of v, the coefficient variation of growth level of 
growth 
0.086 cm 

groups examined (Table 5.23). Mean measurement 
and 1.12 cm 

measurement error, was very similar bet-;veen 
it is assumed animals at liberty than 

the observed rr"'"'"Jt·h 
n~·~~r"r<~n>i·,~·"' of the measurement error. The mean '-"AL.L'-'i'vu•-~ 

less 30 days was 1.17 cm FL, and 
These are similar to those estimated 
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Fishery 

1994/95 1995/96 1996/97 
Cockburn Net Fishery Gillnet 0 0 11 

Cockburn and Pot 1 l 529 c 

Fishery 
0 

1 
0 0 

0 0 
l 
L 

0 37 
0 0 

Gulf 0 

0 0 180 

0 
0 0 



1 

7 0 

4 

9 
17 0 0 

Snapper 6 

Fishery 0 35 37 

South Coast Salmon Fishery Beach 119 232 76 
net 8 0 304 

Southern Lobster Pot 0 

\Vest Coast Beach seine 0 0 143 

South west Fishery 1 466 

West Lobster 2 Pot 0 21 

1335 567 
1 l 

10 267 

Windy 0 0 

3 0 0 
1 

0 0 
0 5 7 

0 0 21 



0 

1 

0 

to 

0 0 

336883 3021 310497 
1, Catches mostly reported to the Commonwealth 
2, Catches of lobster fishers by other methods are given ~"'""'""j"ph1 

5. 

5.27). 



5.27: 

Hernigaleidae 
Hemigaleus microstoma 

3 
4 

3 

l 

3 

1 

8 

2 
1 

Number observed 

1 

16 

3 



H"eterodontus 

2 

7 

2 
4 

0 

2 
655 

69 
Galeocerdo cuvier 1 
Loxodon 24 
Negaprion acutidens 147 
Rhizoprionodon acutus 3 

l 
1 

222 
Rhinobatidae 

Unidentified 7 
RJ1ynchobatidae 

19 
Pristidae 

Unidentified 2 
95 

81 

% 

() c 1 
V.J I. 

0.19 
0.05 

0.05 
0 

0.09 
30.65 

3.23 

l.12 
6.88 
0.14 

0.05 
0.05 
10.39 

0.89 

0.09 
4.44 



Year Raw catch Adjusted %catch Nominal Effective Catch rate Catch rate 
catch from effort effort effort 
(kg) good efficiency) 

reports (kg 
(km.gn.hr) {km.sn.hr) km.gn.h(1) km.gn.hri_ 

1975/76 94,262 161,679 58.3 64,691 65,756 65,756 2.46 2.45 
1976/77 138,716 213,652 64.9 67,6!0 77,105 78,647 2.77 2.71 
1977178 177,868 345,587 51.5 98,053 l 19,877 124,720 2.88 2.75 
1978/79 186,557 272,754 68.4 100,825 95,395 101,234 2.86 2.67 
1979/80 267, 180 388,509 68.8 144, l 73 160,165 173,368 2.43 2.23 
1980/81 290,992 413,099 70.4 165,128 193,!03 213,201 2.12 l.93 
1981/82 508,382 610,879 83.2 198,634 299,465 337,246 2.04 1.79 
!982/83 390,068 492,804 79.2 270,775 340,466 391,088 l.45 l.25 
1983/84 289,807 388,645 74.6 295,477 346,702 406,217 1.12 0.95 
1984/85 278,405 399,089 69.8 439,543 344,571 411,794 l.16 0.97 
1985/86 318,428 481.429 66.l 572,425 569,1!5 693,748 0.85 0.69 
l 986/87 336,291 441,362 76.2 600,743 628,075 780,933 0.70 0.56 
1987/88 412, 168 583,127 70.7 786,687 749,161 950,117 0.78 0.6! 
1988/89 324,644 447,028 72.6 665,386 497,416 643,461 0.90 0.70 
1989/90 314,268 409,592 76.7 557,851 570, 149 752,299 0.72 0.55 
l 990/91 402,835 493,594 81.6 516,733 501,489 674,939 0.98 0.73 
!991192 367,946 433,264 84.9 434,428 443,969 0.98 0.71 
!992/93 297,808 3 80.2 445,135 504,432 706,327 0.74 0.53 
!993/94 186, 179 226,905 82. l 381,944 421,647 602,215 0.54 0.38 
1994/95 2! l,291 261,291 80.9 350,226 584,940 0.65 0.45 
1995/96 l 92,011 233,802 82. l 33 355,849 0.66 0.44 
1996/97 196,750 90.8 327,306 338,324 512,786 0.64 0.42 
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parameters 
scenarios tested, and 

q 1975-1981 

19a1 was greater than 

"' "' 

Expected value 

scenarios q 1975_ 

Scenario 
A 284,700 (273,000 - 591,200) 0.496 - 0.0499) 
B 1,602,700 0.340 (0.205* .. 0.0739 (0.0000 - O. l 490) 
c (223,400 .. 5,689,700) 0.276 (0.205* - 0.496*) 0.0181 - 0.0856) 
D 326,900 (290,200 - 0.468 0.0027 (0.0000 - 0.0472) 
E 2 l 4,800 (l 90,300 - 0.562 0.0042 (0.0003 -
F 555,000 - 2,972,800) 0.326 0.001 i - 0.0583) 
G 406,700 (387,400 .. 0.428 - 0.0509) 
H 0.342 - 0.0778) 

401,600 0.362 
.l 263,300 (231,800 - 506, l 00) 0.565 

363,400 (316,700 - 0.410 (0.205 - 0.496*) 
284,800 {273,000 - 0.496 



5 1.3 status 

'""-""""'"'" estimate efficiency 
biomass was 50.5% (CI 22.8% - 6L7%) and mature 01omass 

(CI 16.5% - For scenarios the best estimates of total 
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~,~.,.u~-~ during 
one or two tags rate 

Rototags was 0.0358 year·1 (standard error 
tags was error 

rate over the was lowest 
The mean non-reporting rate over all months 

the estimated captured, 
of 

release between two 



i=l i=2 

Mar O.l l 0.000 
94 0.233 0.100 0.000 
94 0.163 CL086 0.049 

Jun 0~000 0.000 0.000 

Jul 94 0.377 0.000 0.383 
94 0.288 0.063 0.208 
94 0.423 0.059 0.291 

Oct94 0.319 0.042 0.319 
l'fov 94 0.202 0.000 0.383 
Dec 94 0.000 0.000 0.388 
Jan 95 0.152 0.147 0.494 
Feb 95 0.000 0.056 0.307 
Mar95 0.083 0.124 0.541 

95 0.187 0.049 0.358 
95 0.182 0.041 0.247 

Jun 95 0.823 0.172 0.000 

.Jul 95 0.000 0.043 0.326 
Aug 95 0.150 0.080 0.319 

95 0.441 0.069 0.342 
Oct 95 0.105 0.089 0.380 
Nov95 0.174 0.073 0.472 
Dec 95 0.487 0.000 0.242 
Jan 96 0.453 0.096 0.555 
Feb96 0.378 0.11 l 0.284 
Mar96 0.099 0.077 0.515 
Apr96 0.119 0.1 l l 0.530 
May96 0.124 OJ07 0.527 
Jun 96 0.000 0.076 0.370 -



Age-specific exploitation rates were highest 
the release the 



Table 5.34: Estimated age-specific exploitation rates of released Carcharhinus 
obscurus. Astrices indicate years for which age-specific exploitation 
rates were assumed (see text for details). 

Year after 1994 cohort 1995 cohort 
release (releases = 442) (releases= 324) 

2:~.t Exp. rate LRa,t Exp. rate 

l st 114.3 0.284 63.0 0.207 
2nd 26.2 0.083 0.083* 
3rd o.os* o.os* 
4th 0.03* 0.03* 
5th 0.02* 0.02* 
6th 0.01* 0.01* 

5.8.2.2 Demographic analysis 

A total of 17 life tables were constructed to examine the demography of C. obscurus in 
south-western Australian waters. These comprised one "base case" representing the most 
likely life history parameters, and 16 scenarios exploring the sensitivity of the results to 
variations in the life history parameters and exploitation rate from the "base case" values 
(Table 5.35). For each scenario the reproductive rate per generation, intrinsic rate of 
population increase, population doubling time and the proportion of recruits surviving to 
maturity were calculated for three levels of fishing: no fishing (Table 5.36), and those 
levels indicated by the exploitation rates of the 1994 and 1995 cohorts (Table 5 .3 7). The 
generation time and F MSY are independent of the level of fishing and were calculated 
once for each set of life history parameters (Table 5.36). 
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-.---~~·~~--~~·-,-~·--~~--~-----·--,..,,.._,..,..,...,.._~-~-· --~--~-·----·~---~~-~---,,,_ ____ __........,~=~·-~-

Scenario Increase 
Px 

"Base case" 
A 0 20 '! 10 0.083 :; 

B 0 20 "' 10 50 0.05 .) 

c 0 20 3 10 50 fl ~ 1 
U.!l. 

D* 20 3 10 50 0.083 
E* 0 20 3 10 50 0.05 

F 0 14 3 10 50 0.083 
G 0 24 3 10 50 0.083 
H 0 20 2 IO 50 0.083 

0 20 4 10 50 0.083 
J 0 20 3 8 50 0.083 
K 0 20 3 12 50 0.083 
longevity 
L 0 20 3 10 40 0.083 
M 0 20 3 lO 60 0.083 
Extremes 
N 0 14 2 12 60 0.05 
0 0 24 4 8 40 0.11 
l!,xploitation rates 
p 10 20 3 lO 50 0.083 

20 20 3 lO 50 0.083 



"Base 
A 3 0.175 

B 31.9 
c .53 0.015 45.8 0.099 0.008 
D 3.09 29.8 0.039 7.7 O. l 61 14 
E 8.83 1.9 0.036 

F 5.72 24.6 0.078 8.89 0.288 0.039 
G 2.32 33.2 0.026 26.8 0.126 0.013 
H 0. l 
I 21.8 0.175 
T 2.69 29.8 0.175 J 

K 4.03 29.8 0.049 14.2 0.175 
Longevity 
L 27.9 0.040 17.4 0.175 0.020 
M 3.53 31.1 0.043 16.2 0.175 0.022 
Extremes 
N 26.1 29.4 0.140 4.95 0.472 
0 0.508 30.3 -0.022 - 0.099 -
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Increasing the exploitation rates by 
more pessimistic outcomes (Table 

"".u""''.u rate of population increase were 
~n.Hv'H~,--~,. rate. For example, 

from the tag recapture data 
2.3% to 1.9% 1994 

The F MSY values estimated the 15 scenarios were (Table 5.36). The highest 
value was for the extremely optimistic scenario were 
than and most were 0.03. 
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