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APPENDIX 3.1 

APPENDIX 3.1 A. Overall linear regression relationships and ANOV A and Tukey 
(HSD) serial pairwise comparisons of means between cohorts using all data for 
morphometric characters. 

Whole body diameter (BD) 

(BD) = 33.663 + 0.0904 x (AGE) 
r2 = 0.07; P < 0.01; n = 1548; MSE = 18.45 
35.93 > F(a2:0.01:6.1SJ6) ::= 2.80; P< 0.01 

Mean spine ossicle length (S) 

(S) = 14.882 + 0.2534 x (AGE) 
~ = 0.68; P < 0.01; n = 1549; MSE = 5.51 
136.43 > F(a2;O.OI;6.1SJ7) ::= 2.80; P< 0.01 

Mean whole spine appendage length (WS) 

(WS) = 18.136 + 0.4606 x (AGE) 
r "" 0.72; P < 0.01; n = 1542; MSE = 14.81 
151.07 > F(a2;O.OI:6.1SJO) "" 2.80; P< 0.01 

Mean primary oral ossicle weight (PO) 

(PO) = 0.0357 + (8.292 x 10.4) x (AGE) 
~ = 0.33; P < 0.01; n = 566; MSE = 2.896 x 10-4 

Tukey serial test 

82::=83::=84>85>86::=87>88 

82::=83>84>85>86>87>88 

82::=83>84>85>86>87>88 

21.57 > F(a2:0.01;6.SSS) ::= 2.80; P< 0.01 82::=83::=84>85::=86::=87::=88 

Mean secondary oral ossicle weight (SO) 

(SO) = 0.0257 + (5.724 x 10.4) x (AGE) 
r2 = 0.28; P < 0.01; n = 575; MSE = 1. 723 X 10'4 
16.99> F(a2:0.01:6.S64) "" 2.80; P< 0.01 82""83",,84>85,,,,86::=87::=88 
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APPENDIX 3.1B. ANOYA and Tukey (HSD) serial pairwise comparisons of means 
between cohorts omitting data from sub adult individuals «AGE) < 3+ year) for 
morphometric characters. 

F(raUo) test Tukey serial test 

(a) Mean whole body diameter (BD) 

35.29> F(a2;O.OI;S,1261) "" 3.02; P< 0.01 

(b) Mean spine ossicle length (S) 

200.55> F(a2;O.OI;S,1262) "" 3.02; P< 0.01 82""83>84>85>86,,,,87 

(b) Mean whole spine appendage length (S) 

220.43 > F(a2;O.OI;S,I2S7) "" 3.02; P< 0.01 82""83>84>85>86,,,,87 

(c) Mean primary oral ossicle weight (PO) 

31.32> F(a2;O.OI;S,4SS) "" 3.05', P< 0.01 

(e) Mean secondary oral ossicle weight (SO) 

22.13> F(a2;O.OI;S,462) "" 3.05; P< 0.01 
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APPENDIX 3.2 

APPENDIX 3.2A. ANOVA and Tukey (HSD) serial pairwise comparisons of mean 
whole body diameter (BD) between sampling dates using all data for morphometric 
characters in each cohort (as estimated by (AGE». 

(BD) cm 

Replication Test of Fit (RTOF) 

Cohort 
year 

F(nttio) (RTOF analysis) 

82 NS; P = 0.63; p<B) = 0.74 
83 NS; P = 0.56; p<B) = 0.08 
84 NS; P = 0.03; p(B) < 0.01 
85 NS; P < 0.01; p(B) < 0.01 
86 NS; P < 0.01; p<B) < 0.01 
87 NS; P < 0.01; P<B) = 0.41 
88 NS; P = 0.05; p(B) = 0.25 

APPENDIX 3.2B 

Regression analysis 

r = 0.06; P = 0.24; n = 24; MSE = 9.88 
r = 0.02; P = 0.24; n = 63; MSE = 17.73 
r = 0.01; P = 0.20; n = 131; MSE = 17.88 
r < 0.01; P = 0.55; n = 691; MSE = 17.45 
r = 0.01; P = 0.02; n = 508; MSE = 16.03 
r = 0.01; P = 0.47; n = 72; MSE = 19.60 
r2 = 0.40; P = 0.01; n = 15; MSE = 25.09 

Curve fit test for asymptotic growth (von Bertalanffy growth equation) and seasonal 
oscillation in whole body diameter (BD) within cohorts over the study period. 

usmg (a) seasonal y = a + (b . cos((x - c) . 0.524» + (d . x) 
(b) asymptotic y = 1 . (1 - (m .e(-k X») 
(c) (a) & (b) y = b . (cos(x - c) . 0.524») + (1 . (1 - (m. e(-k. Xl») 

82 cohort using equation (a) 

Parameters SE ~O.OI(I)20)=2.53 

a = 41.48 l.l81 35.12 
b = 2.07 2.179 0.95 
c = 8.87 1.00 8.87 
d = 0.131 .0824 1.59 

Analysis of curve model significance 

Curve parameters are not significant 

83 cohort using equation (a) 

Parameters SE ~O.OI(I)S9)=2.39 

a = 43.91 0.947 46.37 
b = 0.753 0.675 l.l2 
c = 25.1 4.367 5.75 
d = -0.054 0.050 1.08 
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Analysis of curve model significance 

Curve parameters are not significant 

84 cohort using equation (a) 

Parameters SE t(O.OI(1 )130)=2.3 6 P 

a = 40.06 0.645 62.07 < 0.01 
b = l.319 0.5104 2.58 < 0.01 
c = 25.49 l.30 19.61 < 0.01 
d = -0.054 0.034 l.47 > 0.05 

reanalyse without the slope parameter 

Parameters SE ~0.01(1)131)=2.35 P 

a = 40.81 0.397 102.8 < 0.01 
b = 1.456 0.667 2.18 < 0.01 
c = 25.97 0.990 26.22 < 0.01 

Curve fit SS DF MS F P 

Curve 152.1 2 76.04 4.45 < 0.02 
Error 2238 131 17.08 
Total 2390 133 

Analysis of curve model significance 

MSE(regression) = 17.88 > MSE(c~e) = 17.08; r2 = 0.06. 

Curve analysis is weakly significant, linear regression analysis is preferred. 

85 cohort using equation (a) 

Parameters SE ~0.01 (I )130)=2.3 6 P 

a = 38.95 0.30 129.9 < 0.01 
b = l.358 0.1869 7.27 < 0.01 

c==24.77 0.606 40.89 < 0.01 

d = 0.0074 0.0165 0.45 > 0.25 

reanalyse without the slope parameter 

Parameters SE ~0.ol(I)704)=2.35 P 

a = 39.06 0.190 205.8 < 0.01 

b = l.361 0.194 7.03 < 0.01 

c = 24.85 0.568 43.77 < 0.01 

345 



CUIVe fit SS DF MS F P 

CUIVe 960.6 2 480.3 29.81 < 0.01 
Error I 1340 704 16. I I 
Total 12301 706 

Analysis of curve model significance 

MSECregression) = 17.45 < MSEccurve) = 16.11; r2 = 0.08; curve analysis is preferred. 

86 cohort using equation (c) 

Parameters SE ~o.OI(I)511)=2.33 P 

b = 0.967 0.219 4.53 < 0.01 
c = 24.92 0.795 31.34 < 0.01 
1=38.84 0.257 151.3 < 0.01 
m = 0.181 0.0284 6.38 < 0.01 
k = -0.230 0.0792 2.90 < 0.01 

CUIVe fit SS DF MS F P 

CUIVe 855.6 4 213.4 14.61 < 0.01 
Error 7597 519 14.64 
Total 8453 524 

Analysis of curve model significance 

MSEc .) = 1603 > MSEc ) = 1464,' r2 = 0.10,' curve analysis is preferred. regressIon' curve' 

87 cohort using equation (b) 

Parameters SE ~o.ol(I)70)=2.38 P 

1 = 36.99 0.51 72.06 < 0.01 
m = 42.94 1515 0.03 > 0.25 
k = -0.740 5.33 0.14 > 0.25 

Analysis of curve model significance 

Curve parameters are not significant 
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88 cohort using equation (b) 

Parameters SE ~o.ol(I)1l)=2.68 P 

1 = 33.73 3.428 9.84 < 0.01 
m = 25.85 109.1 0.24 > 0.25 
k = 0.256 0.323 0.79 > 0.25 

Analysis of curve model significance 

Curve parameters are not significant 
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APPENDIX 3.3 

APPENDIX 3.3A. ANOYA and Tukey (HSD) serial pairwise comparisons of spine 
ossicle length (S) between sampling dates using all data for morphometric characters 
in each cohort (as estimated by (AGE». PCB) = Bartlett's test of equal variances. 

(S) mm 

Replication Test of Fit (RTOF) 

F(ratio) (RTOF analysis) 
Cohort 

82 0.52 < F(al;O.OI;4;4.18) = 4.58 
P > 0.25; P(B)=O.54 

83 3.00 < F(al;0,01;6.SS) ~ 3.12 
P < 0.02; PCB) = 0.27 

84 1.53 < F(al;O.OI;6,126) ~ 2.93 
P > 0.10; PCB) = 0.11 

85 9.65 > F(al;O.OI;6.700) ~ 2.80 
P < 0.01; PCB) = 0.37 

86 19.7> F(al;O.OI;6,SI6) ~ 2.80 
P < 0.01; P(B) = 0.01 

87 2.63 < F(al;O.OI;S,6S) ~ 3.29 
P < 0.05; P(B) = 0.55 

88 3.03 < F(al;O.OI;2,1I) = 7.21 
P < 0.10; P(B) = 0.39 

APPENDIX 3.3B 

Regression analysis 

r = 0.63; P < 0.01; n = 24; MSE =5.66 

r2 = 0.46; P < 0.01; n = 63; MSE = 5.32 

r = 0.59; P < 0.01; n = 134; MSE = 6.08 

r = 0.56; P < 0.01; n = 708; MSE = 5.39 

r = 0.54; P < 0.01; n = 524; MSE = 4.82 

r = 0.37; P < 0.01; n = 72; MSE = 4.29 

r = 0.72; P < 0:01; n = 15; MSE = 4.57 

Curve fit test for asymptotic growth (von Bertalanffy growth equation) and seasonal 
oscillation in spine ossicle length (S) within cohorts over the study period. 

using (a) seasonal y = a + (b . cos((x - c) . 0.524») + (d . x) 
(b) asymptotic y = 1 . (l - (m .e(-k X») 
(c) (a) & (b) Y = b . (cos(x - c) . 0.524» + (1. (l - (m. e(-kX») 

82 cohort using equation (b) 

Parameters SE ~o.ol(I)2o)=2.53 P 

1 = 45.39 9.874 4.60 < 0.01 
m = 0.261 0.150 l.75 < 0.05 
k = 0.0394 0.0608 0.65 > 0.25 

Analysis of curve model significance 

Curve parameters are not significant. 
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83 cohort using equation (b) 

Parameters 

1 = 40.67 
m = 0.198 
k = 0.0601 

SE 

1.597 
0.0289 
0.0277 

Curve fit SS 

(a) Curve 311.1 
Error 291.2 
Total 602.3 

~O.OI(I)60)=2.39 

25.47 
6.84 
2.19 

DF MS 

2 155.6 
60 4.853 
62 

Analysis of curve model significance 

P 

< 0.01 
< 0.01 
< 0.02 

F P 

32.06 < 0.01 

MSE(regresSion) = 5.32 > MSE(curve) = 4.85; r2 = 0.52; curve parameter is weakly 
significant, linear regression analysis is preferred 

84 cohort using equation (b) 

Parameters SE t(o.ol(I)131)=2.35 P 

1 = 40.83 2.345 17.41 < 0.01 
m = 0.299 0.0362 8.25 < 0.01 
k = 0.0419 0.0153 2.74 < 0.01 

Curve fit SS DF MS F P 

Curve 1183 2 591.3 102.9 < 0.01 
Error 752.7 131 5.746 
Total 1936 133 

Analysis of curve model significance 

MSE(regression) = 6.08 > MSE(curve) = 5.75; r2 = 0.61. Curve parameter IS 

significant, curve analysis is preferred. 

85 cohort using equation (b) 

(i) Select all data 

Parameters SE ~O.OI(I)70S)=::2.33 P 

1 = 50.0 6.475 7.70 < 0.01 
m = 0.490 0.0707 6.93 < 0.01 
k = 0.0132 0.0059 2.26 < 0.02 
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Curve fit SS 

Curve 4729 
Error 3866 
Total 8595 

DF MS 

2 2365 
705 5.483 
707 

Analysis of curve model significance 

F P 

431.2 < 0.01 

Curve parameter is weakly significant, use linear regression analyses. 

(ii) Omit samples> 18 months 

Parameters SE ~O.OI(I)509)""2.33 P 

1 = 30.0 0.307 97.63 < 0.01 
m = 0.156 0.0106 14.79 < 0.01 
k=0.173 0.044 3.95 < 0.01 

Curve fit SS DF MS F P 

Curve 1090 2 545 111.3 < 0.01 
Error 2492 509 4.897 
Total 3582 511 

Analysis of curve model significance 

MSE(regression) = 5.11 > MSE(curve) = 4.90; r2 = 0.30. Curve parameters are 
significant, curve analysis is preferred. 

Therefore asymptotic curve fitted from months to to 18 in the 1985 cohort. 

86 cohort using equation (b) 

(i) Select all data 

Parameters SE ~O.OI(I)S2J)""2.33 P 

1=41.53 3.678 11.29 < 0.01 
m = 0.466 0,0405 11.51 < 0.01 
k = 0.0225 0.0067 3.33 < 0.01 

Curve fit SS DF MS F P 

Curve 3067 2 1533 322.6 < 0.01 
Error 2486 523 4.754 
Total 5553 525 

Analysis of curve model significance 
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MSE(regression) = 4.82 ~ MSE(curve) = 4.75; r2 = 0.55. MSE is lowered by only 
0.07, linear regression analysis is preferred. 

(ii) Omit samples> 26 months (see Figure 3.12) 

Parameters SE teO.OI (1)3 76):::: 2 .4 3 P 

I = 29.l1 0.301 96.81 < 0.01 
m = 0.293 0.017 17.17 < 0.01 
k=0.140 0.021 6.82 < 0.01 

Curve fit SS DF MS F P 

Curve lOll 2 505.4 136.4 < 0.01 
Error 1393 376 3.706 
Total 2404 378 

Analysis of curve model significance 

MSE(regression) = 4.50 > MSE(curve) = 3.71; r2 = 0.39. Curve analysis is preferred. 

Therefore asymptotic curve fitted from months to to 25mo. in the 1985 cohort. 

87 cohort using equation (b) 

(i) Select all data 

Parameters SE 'i0.01(1)71)::::2.38 P 

1=32.89 4.532 7.26 < 0.01 
m = 0.387 0.0483 8.01 < 0.01 
k = 0.0367 0.0330 1.13 > 0.10 

Analysis of curve model significance 

Curve parameter is not significant. 

(ii) Omit samples> 24 months 

Parameters SE 'i0.01(1)38)::::2.43 P 

1=26.41 0.407 64.89 < 0.01 
m = 7.903 119.9 0.66 > 0.25 
k = 0.567 2.266 0.25 > 0.25 
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Analysis of curve model significance 

Curve parameters are not significant. 

88 cohort 

Parameters SE ~o.ol(1)l2)~2.68 P 

1 = 40.0 48.7 0.82 > 0.25 
m = 1.009 0.6431 1.57 < 0.10 
k = 0.033 0.088 0.37 > 0.25 

Analysis of curve model significance 

Curve parameters are not significant. 
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APPENDIX 3.4 

APPENDIX 3.4A. ANOVA and Tukey (HSD) serial pairwise comparisons of mean 
whole spine appendage length (WS) between sampling dates using all data for 
morphometric characters in each cohort (as estimated by (AGE)). PCB) = Bartlett's test 
of equal variances. 

(WS) mm 

Replication Test of Fit (RTOF) 

F(llltio) (RTOF) 
Cohort 

82 0.78 < F(al;O.OI;4;4.18) = 4.58 
P > 0.25; P(B)=O.54 

83 2.58 < F(al;o.ol;6.SS) :::: 3.12 
P < 0.05; P(B) = 0.98 

84 1.63 < F(al;O.OI;6.126) :::: 2.93 
P> 0.10; PCB) = 0.42 

85 7.79 > F(al;O.OI;6.700) :::: 2.80 
P < 0.01; PCB) = 0.03 

86 16.04> F(al;O.01;6.S16) :::: 2.80 
P < 0.01; P(B) = 0.01 

87 2.73 < F(al;O.OI;S.6S) :::: 3.29 
P < 0.05; P(B) = 0.73 

88 3.07 < F(al;O.OI;2.1I) = 7.21 
P < 0.10; PCB) = 0.61 

APPENDIX 3.4B 

Regression analysis 

r2 = 0.49; P < 0.01; n = 24; MSE 23.19 

r = 0.47; P < 0.01; n = 63; MSE 19.77 

r = 0.67; P < 0.01; n = 134; MSE 14.86 

r = 0.61; P < 0.01; n = 708; MSE 14.02 

r = 0.54; P < 0.01; n = 524; MSE 12.71 

r2 = 0.48; P < 0.01; n = 72; MSE 10.69 

r2 = 0.76; P < 0.01; n = 15; MSE 10.05 

Curve fit test for asymptotic growth (von Bertalanffy growth equation) and seasonal 
oscillation in whole spine appendage length (S) within cohorts over the study period. 

using (a) seasonal y = a + (b. cos((x - c) .0.524» + (d. x) 
(b) asymptotic y = 1 . (l - (m .e(·k X») 
(c) (a) & (b) Y = b . (cos(x - c) . 0.524» + (l . (1 - (m. e(·k X») 

82 cohort using equation (b) 

Parameters SE ~O.OI(I)21)::::2.52 P 

1 = 80.61 5.964 1.35 > 0.10 

m = 0.332 0.515 0.64 > 0.25 

k = 0.0200 0.0833 0.24 > 0.25 

Analysis of curve model significance 

Curve parameters are not significant. 
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83 cohort using equation (b) 

Parameters 

1 = 63.33 
m = 0.240 
k = 0.0963 

Curve fit 

(a) 

SE t(o.ol(I)60)=2.39 P 

1.471 
0.0244 
0.0285 

SS 

Curve 1318 
Error 955.2 
Total 2274 

43.05 
9.85 
3.38 

DF MS 

2 659.2 
60 15.92 
62 

Analysis of curve model significance 

< 0.01 
< 0.01 
< 0.01 

F P 

41.4 < 0.01 

MSE(regression) = 23.19 > MSE(curve) = 15.92; r2 = 0.52. Curve analysis IS 

preferred. 

84 cohort using equation (b) 

Parameters SE ~o.ol(I)130)=2.36 P 

1==70.18 6.472 10.84 < om 
m = 0.383 0.0524 7.32 < 0.01 
k = 0.0308 0.0125 2.47 < 0.01 

Curve fit SS DF MS F P 

Curve 4104 2 2052 143.7 < 0.01 
Error 1856 130 14.28 
Total 5960 132 

Analysis of curve model significance 

MSE(regression) = 19.77 > MSE(curve) = 14.28; r2 = 0.61. Curve analysis IS 

preferred. 
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85 cohort using equation (b) 

(i) Select all data 

Parameters SE ~o.ol(l)70I):::;2.33 P 

1 = 97.94 23.10 4.24 < 0.01 
m = 0.615 0.0987 6.23 < 0.01 
k = 0.00919 0.00513 1.79 < 0.05 

Curve fit SS DF MS F P 

Curve 15430 2 7717 539.8 < 0.01 
Error 10020 701 14.3 
Total 25450 703 

Analysis of curve model significance 

Curve parameter is weakly significant, use linear regression analyses. 

(ii) Omit samples> 18 months 

Parameters SE ~o.ol(I)509):::;2.33 

1 = 45.75 0.626 73.05 
m = 0.175 0.0123 14.31 
k = 0.149 0.038 3.89 

Curve fit SS DF MS 

Curve 3020 2 1510 
Error 6447 506 12.74 
Total 9467 508 

Analysis of curve model significance 

MSE(regression) = 13 .22 > MSE(curve) 
preferred. 

P 

< 0.01 
< 0.01 
< 0.01 

F P 

118.5 < 0.01 

12.74; r2 = 0.33. Curve analysis IS 

Therefore asymptotic curve fitted from months to to 18. 
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86 cohort 

(i) Select all data 

Parameters SE ~o.OI(I)52J)~2.33 P 

I = 77.52 13.63 5.69 < 0.01 
m = 0.584 0.0676 8.64 < 0.01 
k = 0.0150 0.00632 2.37 < 0.01 

Curve fit SS DF MS F P 

Curve 9944 2 4972 395.1 < 0.01 
Error 6556 521 12.58 
Total 16500 523 

Analysis of curve model significance 

MSE(regression) = 12.71 > MSE(curve) = 12.58; r2 = 0.61. MSE is lowered by only 
0.13 by using the curve analysis, linear regression analysis is preferred. 

(ii) Omit samples> 24 months (see Figure 3.12) 

Parameters SE ~O.OI(I)J7S)~2.43 P 

1=44.42 0.608 73.11 < 0.01 
m = 0.336 0.Dl8 18.45 < 0.01 
k = 0.123 0.Dl7 7.01 < 0.01 

Curve fit SS DF MS F P 

Curve 3046 2 1523 150.7 < 0.01 

Error 3790 375 10.11 
Total 6835 377 

Analysis of curve model significance 

MSE(regression) = 11.92 > MSE(curve) = 10.11 ; r2 0.45. Curve analysis IS 

preferred. 
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87 cohort 

(i) Select all data 

Parameters 

1 = 53.51 
m = 0.485 
k = 0.0308 

SE 

10.92 
0.0521 
0.0278 

~O.Ol(1)71)~2.38 

4.90 
9.29 
l.11 

Analysis of curve model significance 

Curve parameter is not significant. 

P 

< 0.01 
< 0.01 
> 0.10 

(ii) Omit samples> 24 months (see Figure 3.12) 

Parameters SE ~O.Ol(I)38)~2 .43 P 

1 = 39.13 0.997 39.25 < 0.01 
m = l.792 4.58 0.39 > 0.25 
k=O.31O 0.346 0.89 > 0.25 

Analysis of curve model significance 

Curve parameters are not significant. 

88 cohort 

Parameters SE ~O.OI(1)12)~2.68 P 
1 = 75.0 158.9 0.47 > 0.25 
m = 1.006 0.4305 2.34 < 0.10 
k = 0.022 0.080 0.28 > 0.25 

Analysis of curve model significance 

Curve parameters are not significant, use linear regression analyses. 
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APPENDIX 3.5 

APPENDIX 3.5A. ANOVA and Tukey (HSD) serial pairwise comparisons of 
primary oral ossicle (PO) between sampling dates using all data for morphometric 
characters in each cohort (as estimated by (AGE)). Where; NS = not significant, PCB) 
= Bartlett's test of equal variances among groups, NT not tested, insufficient data. 

(PO) g 

Replication Test of Fit (RTOF) 

F(ratio) (RTOF) 
Cohort 

82 NS; P = 0.79 
PCB)= 0.24 

83 NS; P = 0.17 
PCB) = 0.98 

84 2.19 < F(al;o.ol;S.3s) = '3.59 
P < 0.10; PCB) = 0.95 

85 1.90 < FCal ;o.ol;s.2JO) :::::: 3.08 
P < 0.10; PCB) = 0.63 

86 3.04 < F(al;O.OI;S,193) :::::: 3.11 
P < 0.02; PCB) = 0.18 

87 Regression NS 
PCAOY) < 0.01; PCB) = 0.56 

Regression analysis 

r = 0.12; P = 0.35; n = 9; MSE = 1.925xl0·4 

r2 = 0.14; P = 0.05; n = 28; MSE = 3.892xlO·4 

r = 0.28; P < 0.01; n = 42; MSE = 4.7IOxl0·4 

r = 0.29; P < 0.01; n = 237; MSE = 1.803xlO·4 

r = 0.30; P < 0.01; n = 200; MSE = 2.692xlO·4 

r = 0.03; P = 6.31; n = 39; MSE = 4.66xlO-4 

APPENDIX 3.5B. Curve analyses 

Curve fit test for asymptotic growth (von Bertalanffy growth equation) and seasonal 
oscillation in primary oral ossicle weight (PO) within cohorts over the study period. 

using (a) seasonal y = a + (b . cos«x - c) : 0.524)) + (d . x) 
(b) asymptotic y = I . (l - (m .eC·k X»)) 
(c) (a) & (b) y = b . (cos(x - c) . 0.524)) + (I . (l - (m. eC·k . X»)) 

82 cohort 

Not tested, sample size too small (n = 9) 

83 cohort; using equation (a) 

Parameters SE ~o.ol(I)1S)=2.49 P 

a =0.1021 0.0069 14.84 < 0.01 
b = -0.0125 0.0167 0.75 > 0.1 
c = 33.6 0.7093 47.40 < 0.01 

·d = 0.0005 0.00043 1.18 > 0.1 
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Analysis of curve model significance 

Curve parameters are not significant 

84 cohort; using equation (a) 

Parameters SE ~0.0I(l)J9)=2.43 P 

a = 0.0852 0.0059 14.54 < 0.01 
b = 0.0043 0.0040 l.07 > 0.10 
c = 30.44 4.826 6.31 < 0.01 
d = 0.00104 0.00028 3.70 < 0.01 

Analysis of curve model significance 

Curve parameters are not significant, use linear regression 

85 cohort using equation (a) 

Parameters SE ~0.01 (I )130)=2.3 6 P 

a = 0.0702 0.0017 42.62 < 0.01 
b := 0.00064 0.0024 0.26 > 0.10 
c = 22.11 6.49 3.41 < 0.01 
d = 0.00072 0.00008 8.97 < 0.01 

Seasonal variation parameter not significant reanalyse using equation (b). 

Parameters SE ~0.01(1)2J4)=2.34 P 

1 = 0.0997 0.00585 17.03 < 0.01 
m = 0.3416 0.0364 9.38 < 0.01 
k = 0.00495 0.0180 2.75 < 0.01 

Curve fit SS DF MS F P 

Curve 0.0184 2 0.00937 53.72 < om 
Error 0.0408 234 0.000175 
Total 0.0596 236 

Analysis of curve model significance 

MSE(regression) = 1.925x10-4 > MSE(curve) = 1.750xlO-4; r2 = 0.32. Curve analysis 
is preferred. 
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86 cohort; using equation (c) 

Parameters SE ~O.OI(I)198)=2.35 P 

a = 0.0609 0.00307 19.86 < 0.01 
b = 0.00602 0.00236 2.55 < 0.01 
c = 28.86 0.6088 4.74 < 0.01 
g = 0.00108 0.00012 9.01 < 0.01 

Curve fit SS DF MS F P 

Curve 0.02558 3 0.00853 33.39 < 0.01 
Error 0.05055 198 0.000255 
Total 0.07613 201 

Analysis of curve model significance 

MSE(regression) = 3.892xlO-4 > MSE(curve) = 2.550xlO-4 ; r2 = 0.34. Curve analysis 
is preferred. 

Curve with significant seasonal variation fitted 

87 cohort 

Parameters SE ~O.OI(I)70)=2.38 P 

1 = 36.99 0.51 72.06 < 0.01 
m = 42.94 1515 0.03 > 0.25 
k = -0.740 5.33 0.14 > 0.25 

Curve fit SS DF MS F P 

Curve 267 2 133.7 8.43 < 0.01 
Error 1126 71 15.86 
Total 1393 73 

Analysis of curve model significance 

Curve parameters are not significant 
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88 cohort using equation (b) 

Parameters 

1=33.73 
m = 25.85 
k = 0.256 

Curve fit 

SE 

3.428 
109.1 
0.323 

t(0.01(1 )12)=2.68 P 

9.84 < 0.01 
0.24 > 0.25 
0.79 > 0.25 

SS DF MS F p 

Curve 270.1 2 
Error 274.3 12 
Total 544.4 14 

135.1 5.91 < 0.01 
22.86 

Analysis of curve model significance 

Curve parameters are not significant 
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APPENDIX 3.6. 

APPENDIX 3.6A. ANOVA and Tukey (HSD) serial pairwise comparisons of 
secondary oral ossicle (SO) between sampling dates using all data for morphometric 
characters in each cohort (as estimated by (AGE)). Where; NS = not significant, PCB) 
= Bartlett's test of equal variances among groups. 

(SO) g 

Replication Test of Fit (RTOF) 

F(natio) (RTOF) 
Cohort 

82 NS; P =0.79 
P(B)=O.24 

83 NS;P=0.17 
P(B) = 0.98 

84 2.19 < F(a.!:O.Ol:S,.3s) = 3.59 
P < 0.10; P(B) = 0.95 

85 1.90 < F(a.!:O.Ol;S,2JO) ~ 3.08 
P < 0.10; P(B) = 0.63 

86 3.04 < F(a.!;O.Ol;S,193) ~ 3.11 
P < 0.02; P(B) = 0.18 

87 Only regression NS 
P(AOV) < 0.01; P(B) = 0.56 

APPENDIX 3.6B 

Regression analysis 

r2 = 0.12; P = 0.35; n = 9; MSE = 1.197xlO·4 

r = 0.14; P = 0.05; n = 28; MSE = 2.516xlO·4 

r = 0.28; P < 0.01; n = 42; MSE = 2.483x10·4 

r = 0.29; P < 0.01; n = 237; MSE = 1.276xlO·4 

r = 0.30; P < 0.01; n = 200; MSE = 1.590x10-4 

r = 0.03; P = 0.31; n = 39; MSE = 1.914xlO-4 

Curve fit test for asymptotic growth (von Bertalanffy growth equation) and seasonal 
oscillation in secondary oral ossicle weight (SO) within cohorts over the study period. 

using (a) seasonal y = a + (b . cos((x - c) . 0.524» + (d . x) 
(b) asymptotic y = 1. (l - (m .e(·k.X») 
(c) (a) & (b) y = b . (cos(x - c) . 0.524» + (I . (I - (m. e(·k. X») 

Curve fit test for asymptotic growth in mean spine ossicle length (BD) from cohorts 
over the study period. 

82 cohort 

Not tested, sample too small (n = 9) 
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83 cohort using equation (a) 

Parameters SE ~O.OI(I)1)=3.00 P 

a = 0.0740 0.00535 13.83 P < 0.01 
b = 0.00001 0.00690 0.002 P> 0.25 
c = 19.22 0.0229 0.84 P> 0.25 
g = 0.000373 0.00034 1.10 P> 0.10 

Analysis of curve model significance 

Curve parameters not significant. 

84 cohort using equation (a) 

Parameters SE ~O.OI(I)40)=2.42 

a = 0.0579 0.00435 13.32 
b = 0.00474 0.00732 0.65 
c = 22.59 1.779 12.70 
g = 0.000785 0.00020 3.84 

Curve parameters not significant 

Refit curve using equation (b) 

Parameters 

1=0.00833 
m = 0.4421 
k=0.1045 

. SE 

0.00523 
0.07846 
0.05487 

Curve fit SS 

(a) Curve 0.00566 
Error 0.00885 
Total 0.01451 

~O.OI(I)40)=2.42 

15.95 
5.64 
1.90 

DF MS 

2 0.00283 
40 
42 

0.000221 

Analysis of curve model significance 

P 

< 0.01 
> 0.25 
< 0.01 
< 0.01 

P 

< 0.01 
< 0.01 
< 0.05 

F P 

12.8 < 0.01 

MSE(regression) = 2.516xl 0-4 > MSE(curve) = 2.21OxlO-4; r2 = 0.39. Curve analysis 
is preferred. 

85 cohort 

Parameters 

a = 0.0491 
b = 0.00223 

. c = 33.5 
g = 0.000511 

SE 

0.00137 
0.00214 
0.7370 
0.000067 

~O.OI(I)2J6)=2.34 P 

35.87 < 0.01 

1.05 > 0.10 
45.46 < 0.01 
7.69 < 0.01 
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CUIVe parameters not significant 

Parameters SE ~O.OI(I)237)=2.34 P 

1 = 0.0679 0.00280 24.29 < 0.01 
m = 0.3457 0.03255 10.62 < 0.01 
k = -0.0696 0.02159 3.22 < 0.01 

CUIVe fit SS DF MS F P 

CUIVe 0.01133 2 0.00566 46.62 < 0.01 
Error 0.02879 237 0.000122 
Total 0.04012 239 

Analysis of curve model significance 

MSE(regression) = 1.276xlO-4 > MSE(curve) = 1.215xlO-4 ; r2 = 0.28. Curve analysis 
is preferred. 

86 cohort; using equation (a). 

Parameters SE ~O.OI(I)202)=2.34 P 

a = 0.0431 0.00226 19.05 < 0.01 
b = 0.00656 0.00191 3.43 < 0.01 
c=16.49 0.3556 46.37 < 0.01 
g = 0.000712 0.000089 8.03 < 0.01 

Refit curve with equation (C) 

Parameters SE ~O.OI(1)202)=2.34 P 

1 = 0.0750 0.0129 5.81 < 0.01 
b = 0.00689 0.00203 3.40 < 0.01 
c = 40.0 0.2754 145.2 < 0.01 
m = 0.5281 0.05938 8.89 < 0.01 
k = -0.04265 0.01963 2.17 < 0.02 

CUIVe fit SS DF MS F P 

CUIVe 0.0132 4 0.00330 22.7 < 0.01 
Error 0.02924 201 0.000146 
Total 0.04244 205 

Analysis of curve model significance 

MSE(regresSiOn) = 1.590xlO-4 > MSE(curve) = 1.455xlO-4; r2 ~ 0.31. Curve analysis 
is preferred. 
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87 cohort; using equation (a) 

Parameters SE ~o.ol(I)36)=2.43 P 

a = 0.0580 0.00105 5.52 < 0.01 
b = 0.00481 0.00342 1.40 < 0.10 
c = 19.68 2.284 8.62 < 0.01 
g = 0.000022 0.000326 0.07 > 0.25 

Analysis of curve model significance 

Curve parameters not significant. 

88 cohort 

Not tested, sample size too small 
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APPENDIX 3.7. Estimation of life history parameters from von Bertalanffy growth 
curve analyses in the four principal A. planci cohorts (which settled between 1983 
and 1986) on Davies Reef. 

APPENDIX 3.7 A 

Analyses of whole body diameter growth and estimated age for estimation of life 
history coefficients using the von Bertalanffy equation in the form: 

where 

83 cohort 

~ = La> x (1 _ e(-K(t-tO») 

~ = whole body diameter (cm) at age (t) (month) 
La> = asymptotic whole body diameter (cm) 
K = growth constant (month-I) 
to = correction factor for the early phase of slow growth, a preliminary plot of growth data 
showed that to "" I Omo. and this value was used consistently through the analyses. 

Curve fit procedure was not successful, therefore the K parameter was estimated by priQr estimation of L., 
and holding its value as constant. The analyses of variance for the Curve fit estimates was therefore not 
applicable. 

Parameters 

La> = 44.04 
K = 0.0542 

SE 

0.5542 
0.00830 

~O.Ol(1)61) "" 2.66 

79.47 
6.53 

Analysis of curve model significance 

N/A 

84 cohort 

Parameters SE ~O.Ol(1)130) = 2.61 

L., = 41.91 
K = 0.0641 

0.8325 
0.0148 

50.34 
4.33 

Analysis of curve model significance 

Curve fit SS 

Curve 42.23 
Error 
Total 

2348 
2390 

DF MS 

132 
133 

42.23 
17.78 

MSE(curve) = 17.78; r2 = 0.02. 
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P 

< 0.01 
< 0.01 

P 

< 0.01 
< 0.01 

F p 

2.374 < 0.01 



85 cohort 

(i) 
Parameters 

L", = 39.50 
K=0.1154 

SE 

0.2410 
0.0261 

~O.OI(I)70S) ~ 2.58 

163.9 
4.42 

Analysis of curve model significance 

Curve fit SS 

Curve 29.45 
Error 12280 
Total 12300 

DF MS 

1 29.45 
705 17.41 
706 

MSE(curve) = 17.41; r2 = 0.002. 

(ii) 

P 

< 0.01 
< 0.01 

F P 

1.691 0.25> P > 0.10 

Curve fit procedure repeated using the equation for asymptotic growth and seasonal
oscillation in body size. 

y = b x (cos(x - c) x 0.524) + (L", . (1 _ (e·K(t.to») 

where b = amplitude of seasonal oscillation 
c = seasonal offset (months) of maxima or minima from January, each year. 

Parameters SE ~O.OI (I )705) ~ 2.5 8 P 

L..., = 39.51 1.190 33.20 < 0.01 
K = 0.08873 0.0187 4.75 < 0.01 
b = 2.020 0.4997 4.04 < 0.01 
c=9.1l1 1.2890 7.07 < 0.01 

Analysis of curve model significance 

Curve fit SS DF MS F P 

Curve 373.2 3 124.4 7.329 < 0.01 
Error 11930 703 16.97 
Total 12300 706 

MSE(curve) = 16.97; r2 = 0.03. 

86 cohort 

Parameters SE ~O.OI(I)SIO) ~ 2.58 P 

L", = 39.24 0.3234 121.34 < 0.01 
K = 0.0958 0.00935 10.25 < 0.01 
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Analysis of curve model significance 

Curve fit SS DF MS F P 

Curve 354.1 
Error 8125 
Total 8479 

1 354.1 22.84 < 0.01 
524 15.51 
525 

MSE(curve) = 15.51; ~ = 0.04. 

APPENDIX 3. 7B 

Analyses of spine ossicle growth and estimated age for estimation of life history 
coefficients using the von Bertalanffy equation in the form: 

~ = La) x (1 _ e(-K(t-to) 

where ~ = spine ossicle length (mm) at age (t) (month) 
La) = asymptotic spine ossicle length (mm) 
K = growth constant (month- l ) 

to = correction factor for the early phase of slow growth, a preliminary plot of growth data
showed that to ~ lOmo. and this value was used consistently through the analyses. 

83 cohort 

Parameters SE ~O.OI(I)6I) ~ 2.66 P 

L.., = 46.39 2.431 19.08 < 0.01 
K = 0.0213 0.00278 7.66 < 0.01 

Analysis of curve model significance 

Curve fit SS DF MS F P 

Curve 299.4 1 299.4 60.3 < 0.01 
Error 302.9 61 4.965 
Total 602.3 62 

MSE(curve) = 4.965; r2 = 0.50. 

84 cohort using equation (a) 

Parameters SE ~O.OI(I)IJ1) ~ 2.61 P 

La) = 48.35 2.413 20.04 < 0.01 
K = 0.Dl93 0.00192 10.05 < 0.01 
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Analysis of curve model significance 

Curve fit SS DF MS F P 

Curve 1169 1169 201.2 < 0.01 
Error 766.7 132 5.808 
Total 1935 133 

MSE(curve) = 5.808; r2 = 0.60. 

85 cohort 

Parameters SE ~o.ot(t)StO) ::::: 2.58 P 

L", = 34.29 0.781 43.90 < 0.01 
K = 0.0394 0.00260 15.15 < 0.01 

Analysis of curve model significance 

Curve fit SS DF MS F P 

Curve 1027 1027 204.9 < 0.01 
Error 2556 510 5.011 
Total 3582 511 

MSE(curve) = 5.011; r2 = 0.29. 

86 cohort 

Parameters SE ~0.01(1)51 0) ::::: 2.5 8 P 

L", = 31.94 0.593 53.86 <0.01 
K = 0.0521 0.00327 15.93 < 0.01 

Analysis of curve model significance 

Curve fit SS DF MS F P 

Curve 892.7 892.7 222.7 < 0.01 
Error 1511 377 4.009 
Total 2404 378 

MSE(curve) = 4.009; r2 = 0.37. 
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APPENDIX 4 

APPENDIX 4.1 

Summary of analyses used to group populations according to the significance of 
differences between frequency distribution analyses of morphometric variables. 

Groups 

Variable 

(ED) 

(UW) 

(WET) 

(S) 

(WS 

POA 

SOA 

IBA 

MA 

HP;::: ST;::: DO 
ST;::: DO;::: SU 
DA 

HP;::: ST 
ST;::: SU;::: DO 
DA 

HP;::: ST 
ST;::: SU;::: DO 
DA 

HP ;::: ST ;::: SU ;::: DO 
DA 

HP ;::: ST ;::: SU ;::: DO 
DA 

HP;::: ST 
ST;::: DO;::: SU 
DA 

HP;::: ST 
ST ;:::DO;::: SU 
DA 

HP 
ST;::: DO;::: SU 
DA 

HP;::: ST 
ST ;:::DO 
DO;:::SU 
SU;:::DA 

Kruskal-Wallis AOV Regions grouped 

Q(I.3)=3.23; Q(o.ol,S)=3.29 Guam 
Q(l-4)=1.98; Q(o.ol,S)=3.29 GuamlFiji 
Q(4-S)=6.58; Q(o.ol,S)=3.29 GBR 

Q(I.Z)=2.77; Q(o.ol,S)=3.29 Guam 
Q(2.4)=2.04; Q(o.ol,S)=3.29 GuamlFiji 
Q(4-S)=5.89; Q(o.ol,S)=3.29 GBR 

Q(I.Z)=l. 73; Q(o.ol,S)=3.29 Guam 
Q(2.4)=1.81; Q(o.ol,S)=3.29 GuamlFiji 
Q(4-S)=6.22; Q(o.ol,S)=3.29 GBR 

Q(I-4)=1.98; Q(o.ol.5)=3.29 GuamlFiji 
Q(4-5)=7.98; Q(o.ol,5)=3.29 GBR 

Q(l.4)=3.1O; Q(o.ol,5)=3.29 GuamlFiji 

Q(4-5)=6.'83; Q(o.ol,S)=3.29 GBR 

Q(I.Z)=2.71; Q(o.ol,S)=3.29 Guam 
Q(z.4)=2.09; Q(o.ol,S)=3.29 GuamlFiji 
Q(4-S)=5.30; Q(o.ol,S)=3.29 GBR 

Q(I.z)=2.87; Q(o.ol.S)=3.29 Guam 

Q(2.4)=1.86; Q(o.ol,5)=3.29 GuamlFiji 
Q(4-S)=5.53; Q(o.ol,S)=3.29 GBR 

Q(l.Z)=3.59; Q(o.ol.S)=3.29 Guam 

Q(Z.4) = 1. 93; Q(o.OI,S) =3.29 GuamlFiji 

Q(4-S)=4.10; Q(o.ol,5)=3.29 GBR 

Q(I.z)=2.63; Q(o.ol,S)=3.29 Guam 

Q(z.J)=1.32; Q(o.ol,S)=3.29 Guam 

Q(3-4)=2.1O; Q(o.ol,S)=3.29 GuamlFiji 

Q(4-S)=3.07; Q(o.ol,S)=3.29 Fiji/GBR 
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APPENDIX 4.2. 

Bartlett's test of equal variances, one-way ANOV A and comparison of means test for 
9 variables among 5 populations. Where; HP = Hospital Point, ST = South Tumon 
Bay, DO = Double Reef, SU = Suva Reef, DA = Davies Reef. 

Heteroscedasticity One-way AOV Comparison of mean ranks 
Variable 

(BD) B(X2) = 43.46; P< 0.01 K-W(.taL) = 296.9; P< 0.01 
view residual plot Population Mean Rank HP ~ 3T ~ DO 
use non-paramo (1) HP 29.6 Q(I_3)=3.23; Q(0.01.5)=3.29 

(2) 3T 69.9 3T ~ DO ~ SU 
(3) DO 111.8 Q(2_4)=1.98; Q(0.01.5)=3.29 
(4) 3U 122.4 DA 
(5) DA 261.6 Q(4-5)=6_58; Q(0.0I,5)=3.29 

(UW) B(X2) = 115.24; P< 0.01 K-W(.taL) = 207.9; P< 0.01 
view residual plot Population Mean Rank HP~ ST 
use non-paramo (I) HP 27.6 Q(1_2)=2.77; Q(0.01,5)=3.29 

(2) 3T 74.9 3T ~ 3U ~ DO 
(3) 3U 107.0 Q(2_4)=2.04; Q(0.0I,5)=3.29 
(4) DO 110.6 DA 
(5) DA 201.5 Q(4-5)=5.89; Q(0.0I,5)=3.29 

(WET) B(X2) = 149.23; P< 0.01 K-W(.taL) = 292.6; P< 0.01 
view residual plot Population Mean Rank HP~ 3T 
use non-paramo (1) HP 26.3 Q(I_2)=1.73; Q(0.0I,5)=3.29 

(2) 3T 69.0 ST ~ 3U ~ DO 
(3) SU 117.0 Q(2-4)= 1. 8 I ; Q(0.0I,5)=3.29 
(4) DO 128.8 DA 
(5) DA 260.4 Q(4-5)=6.22; Q(0.0I,5)=3.29 

(3) B(X2) = 58.55; P< 0.01 K-W(.taL) = 298.3; P< 0.01 
view residual plot Population Mean Rank HP ~ 3T ~ 3U ~ DO 
use non-paramo (1)HP 50.1 Q(1-4)=1.98; Q(0.0I,5)=3.29 

(2) 3T 52.1 DA 
(3) 3U 100.2 Q(4-5)=7.98; Q(0.01,5)=3.29 
(4) DO 112.1 
(5) DA 255.8 

(W3) B(X2) = 68.16; P< 0.01 K-W(.taL) = 282.7; P< 0.01 
view residual plot Population Mean Rank HP ~ 3T ~ 3U ~ DO 
use non-paramo (1) HP 40.8 Q(I-4)=3.10; Q(0.01,5)=3.29 

(2) 3T 55.5 DA 
(3) DO 96.6 Q(4-5)=6.83; Q(0.0I,5)=3.29 
(4) 3U 113.6 
(5) DA 255.8 

(POA) B(X2) = 78.67; P< 0.01 K-W(.laL) = 169.59; P< 0.01 
view residual plot Population Mean Rank HP~ 3T 
use non-paramo (1) HP 34.1 Q(I_2)=2.71; Q(0.0I,5)=3.29 

(2) 3T 75.4 3T ~ DO ~ 3U 
(3) DO 101.2 Q(2_4)=2.09; Q(0.01,5)=3.29 
(4) 3U 109.6 DA 
(5) DA 185.0 Q(4-5)=5.30; Q(0.0I,5)=3.29 
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(SOA) B(X2) = 52.42; P< 0.01 K-W('tal) == 140.70; P< 0.01 
view residual plot Population Mean Rank HP"" ST 
use non-paramo (l)HP 37.0 Q('_2)=2.87; Q(o.o,,~==3.29 

(2) ST 76.0 ST "" DO "" SU 
(3) SU 96.9 Q(2_4)=1.86; Q(o.ol,~=3.29 
(4) DO 102.1 DA 
(5) DA 172.8 Q(4-~==5.53; Q(o.o,,~==3.29 

elBA) B(x2) == 66.30; P< 0.01 K-W(,tal) == 145.34; P< 0.01 
view residual plot Population Mean Rank HP 
use non-paramo (1) HP 31.4 Q(I_2)==3.59; Q(o.ol,S)==3.29 

(2) ST 85.8 ST "" DO "" SU 
(3) SU 103.8 Q(2_4)==1.93; Q(o.ol,S)==3.29 
(4) DO 117.3 DA 
(5) DA 175.9 Q(4-S)==4.1O; Q(o.ol,S)=3.29 

(MA) B(X2) = 181.62; P< 0.01 K-W(,tal) == 129.76; P< 0.Dl 
view residual plot Population Mean Rank HP"" ST 
use non-paramo (I) HP 37.7 Q(I_2)=2.63; Q(o.ol,~=3.29 

(2) ST 73.2 ST""DO 
(3) SU 91.6 Q(2-J)=1.32; Q(o.ol,S)=3.29 
(4) DO 123.5 DO""SU 
(5) DA 164.9 Q(3-4)=2.1O; Q(o.ol,S)=3.29 

SU""DA 
Q(4-S)=3.07; Q(o.ol,S)=3.29 
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APPENDIX 4.3A 

Test for differences in frequency distributions of sex using two sample t-test (t) when 
normality and equal variance assumptions are met or Mann-Whitney U-test (M) when 
these criteria are not met. 

Reef: Davies Reef Hospital Pt. Sth. Tumon Double Reef 

n,.=52; nF40 n,.=22; nF18 n,.=19; nF21 n,.=20; nF16 

Variable 

(BD) t = 2.39 M = 0.20 t = -0.05 
P = 0.36 P = 0.86 P = 0.96 

(UW) t = 0.94 t=-0.16 t = -0.96 
P = 0.35 P = 0.87 P = 0.34 

(WET) t = 3.58 t=-0.19 t = -0.71 
P < O.OJ' P = 0.85 P = 0.48 

(S) t = -0.58 t = -1.37 t = -0.93 
P = 0.56 P = 0.18 P = 0.36 

(WS) t = 0.34; t = -1.79 t = -0.22 
P = 0.73 P = 0.08 P = 0.83 

(POA) t = 1.59 t = -0.34 t:= -0.02 
P = 0.12 P = 0.73 P = 0.98 

(SOA) t = 1.35 t=-0.78 t=0.16 
P = 0.18 P = 0.44 P = 0.88 

(IBA) M = l.21 t = 0.35 t = 0.17 
P = 0.17 P = 0.73 P = 0.86 

(MA) M = l.29 t=-0.18 M = 0.77 
P = 0.20 P = 0.86 P = 0.44 

where: n,.= number of male starfish 
nF number of female starfish 
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t = 1.54 
P = 0.13 

t = 1.75 
P = 0.09 

t=l.l7 
P = 0.25 

M = 1.04 
P = 0.30 

M = 0.80 
P = 0.43 

t = 1.33 
P = 0.19 

t = l.97 
P = 0.08 

t = 0.32 
P = 0.75 

t '" 0.79 
P = 0.44 

Suva Reef 

n,.=27;nF29 

M = 1.51 
P = 0.13 

t = -0.89 
P = 0.38 

t=-1.04 
P = 0.30 

t = -l.28 
P = 0.21 

t=-1.53 
P = 0.13 

t = -l.28 
P = 0.21 

t=-1.06 
P = 0.30 

t=-1.13 
P = 0.27 

t = -0.05 
P = 0.96 



APPENDIX 4.3B 

Test for differences in sex (omitting immature starfish from population samples) using 
least squares linear regression analyses of whole body and skeletal ossicle variables 
for slope and elevation from 5 populations (where: (BD) = whole body diameter 
(em); (UW) = underwater weight (g); (WET) = whole wet weight (g); S = spine 
ossicle length (mm); WS = whole spine length (spine + pedicel length) (mm); POA 
= primary oral ossicle weight (adjusted for number of arms) (g); SOA = secondary 
oral ossicle weight (adjusted for number of arms); IBA = inter-brachial ossicle weight 
(adjusted for number of arms) (g); MA = madreporite weight (adjusted for number 
of madreporites) (g). 

Whole body diameter (em) 

Davies Reef 

equation 

(a) (UW) = 0.107 X (BD)L872 

(b) (WET) = 0.281 x (BD)W4 

(c) S = 12.804 X (BDf254 

(d) WS = 14.845 X (BD)0338 

(e) POA = (1.650xlO-2) x (BD/424 

(f) SOA = (1.l2xlO-2) x (BD)L439 

(g) lBA = (2.185x1 0-2) x (BD)L407 

(h) MA = (3.490xlO-5) X (BDfo26 

statistics and F(ratlo) test for sex 

r2=0.58; n=92; p< 0.01; MSE=3.32xlO-2 

F(ratio)=O.42, F(a.1;O.OI;2.92)=4.82, p>0.25 

r2=O.79; n=211 ;p< 0.01 ;MSE=2.24x 10-2 

F(nltlo)==4.48, F(a.1;O.OI;2.2I1)=4.68, 0.025>p>0.01 

r=O.05; n=194; p< 0.01; MSE=1.64xlO-2 

F(ratlo)=1.42, F(a.1;O.OI;2.194)=4.71, 0.25>p>0.1 

r=O.07; n=168; p< 0.01; MSE=2.06xlO-2 

F(ratio)=O.77, F(a.1;O.Ol;2.168)=4.73, p>0.25 

r2=O.42; n=60; p< 0.01; MSE=3.80xlO-2 

F(ratio)=O·85, F(a.1;O.OI;2.60)=4.98, p>0.25 

r2=0.42; n=64; p< 0.01; MSE=3.99x1.0-2 

F(ratlo)=O.56, F(a.1;O.OI;Z.64)=4.88, p>0.25 

r=O.34; n=59; p< 0.01; MSE=5.46xlO-2 

F(nltiO)=O.68, F(a.1;O.OI;Z.59)=4.98, p>0.25 

r2=O.20; n=35; p=O.OI; MSE=O.227 
F(ratio)=O.40, F(a.1;O.Ol;1.35)=5.27, p>0.25 
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Whole body diameter (em) 

Hospital Point 

equation 

(a) (UW) = (8.346xlO-2) X (BDl573 

(b) (WET) = 0.179 x (BDi 503 

(c) S = not significant 

(d) WS = not significant 

(e) POA = (9.44xlO-3) x (BDi 540 

(g) IBA = (8.42xlO-4) x (BD/651 

statistics and F(ratio) test for sex 

r=O.72; n=40; p< 0.01; MSE=2.63xlO-2 

F(raUo)=O.28, F(a1;O.OI;2,40)=5.18, p>0.25 

r2=0.72; n=40; p< 0_01; MSE=2.43xlO-2 

F(ratio)=0.61, F(a1;o.ol;2,4o)=5.l8, p>0.25 

r=0.002; n=40; p=O.78 

r=O.OOl; n=40; p=O.89 

r2=O.38; n=40; p< 0.01; MSE=3.93xl0-2 

F(raUo)=O.39, F(a1;O.OI;2,40)=5.18, p>0.25 

r2=O.35; n=40; p< 0.01; MSE=4.99xlO-2 

F(ratio)=O.72, F(a1;O.OI;1,40)=5.l8, p>0.25 

r=0.39; n=40; p=O.OI; MSE=4.29xlO-2 

F(raUo)=O.53, F(a1;O.OI;2,40)=5.18, p>O.25 

r=O.09; n=40; p=O.Ol; MSE=O.194 

F(ratio)=O.26, F(a1;O.OI;1,40)=5.18, p>O.25 
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Whole body diameter (em) 

South Tumon Bay 

equation 

(a) (UW) = (9.963xlO·3) X (BDl557 

(b) (UW) = (4.550x10-2) X (BDl951 

(c) S = not significant 

(d) WS = not significant 

(e) POA = (7.65xlO-3) x (BD)L627 

(f) SOA = (4.42xlO-3) x (BDY 670 

(g) IBA = (8. 13xl 0-4) X (BD)1715 

(h) MA = (l.lOxlO-5) X (BDi310 

statistics and F(rado) test for sex 

r2=0.67; n=40; p< 0.01; MSE=3.04xlO-2 

F(rado)=1.41 , F(a.I;o.ol;Z.40)=5.18, 0.25>p>0.10 

r2=O.66; n=40; p< 0.01; MSE=4.29xlO-2 

F(radO)=0.53, F(a.I;o.ol;z.40)=5.18, 0.25>p>0.1 0 

r=0.21; n=40; p=O.03 

r2=0.08; n=40; p=0.08 

r=0.47; n=40; p< 0.01; MSE=2.81xlO-2 

F(ratio)=O.33, F(a.I;o.ol;z.40)=5.18, p>0.25 

r2=0.38; n=40; p< 0.01; MSE=4.37xlO-2 

F(ratio)=1.14, F(a.I;o.ol;z.40)=5.18, p>0.25 

r=O.37; n=40; p< 0.01; MSE=4.82xlO-2 

F(nltio)=O.15, F(a.I;o.ol;z.40)=5.18, p>0.25 

r2=0.34; n=40; p< 0.01; MSE=9.64xlO-2 

F(ratio)=0.15, F(a.I;o.ol;z.4o)=5.l8, p>0.25 
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Whole body diameter (em) 

Double Reef 

equation 

(b) (WET) = 0.624 x (BDi219 

(c) S = not significant 

(d) WS = not significant 

(e) POA = (6.20xW-4) x (BDi349 

(f) SOA = (3.97xlO·4 ) x (BDi366 

(h) MA = (1.93 X 10.5) x (BDll19 

statistics and F(rauo) test for sex 

r2=0.91; n=38; p< 0.01; MSE=I.43xl0·2 

F(raUo)=2.53, F(al:o.ol;2.J8)=5.18, 0.1O>p>0.05 

r2=O.73; n=36; p< 0.01; MSE=1.70xlO·2 

F(raUo)=O·82, F(al;o.ol;2,J6)=5.18, p>0.25 

~=O.08; n=35; p=O.47 

~=0.01; n=3S; p=O.68 

~=0.76; n=37; p< 0.01; MSE=3.50xlO·2 

F(rauo)=4.34, F(al;o.ol;2,J7)=5.18, 0.025>p>0.01 

r=O.76; n=37; p< 0.01; MSE=3.69xlO·2 

F(raUo)=3.31, F(al;o.ol;2,J7)=5.18, 0.05>p>0.02S 

r2=O.72; n=37; p< 0.01; MSE=4.16xl0·2 

F(raUo)=1.31, F(al;O.Ol;2.J7)=5.18, p>0.25 

r2=0.43; n=37; p< 0.01; MSE=O.121 

F(raUo)=0.43, F(al;O.Ol;2,JS)=5.18, p>0.25 
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Whole body diameter (em) 

Suva Reef 

equation 

(a) (UW) = (2.29x 10-2) x (BD)2269 

(b) (WET) = (5. 18xlO-2) x (BDi894 

(c) S = 0.715 X (WET)0990 

(d) WS = 0.558 X (WET/ 179 

(e) POA = (3.77xlO-3) x (WETi470 

(f) SOA = (3.35xlO-4) x (WETi374 

(g) IBA = (6.50xlO-5) x (WETi421 

(h) MA = (l.40 x 10-5) x (WETl275 

statistics and F(ratio) test for sex 

r=0.84; n=56; p< 0.01; MSE=4.41xlO-2 

F(ratio)=0.79, F(<Xl;O.Ol;2.S6)=4.98, p>0.25 

r=O.92; n=56; p< 0.01; MSE=3.07xl0-2 

F(ratio)=0.23, F(<Xl;O.Ol:2.56)=4.98, p>0.25 

[2=0.75; n=56; p< 0.01; MSE=I.42xl0-2 

F(ratio)=0.12, F(<Xl;O.Ol;Z.S6)=4.98, p>0.25 

r=O.77; n=56; p< 0.01; MSE=1.91xl0-2 

F(ratio)=0.47, F(<Xl;O.Ol;Z.56)=4.98, p>0.25 

[2=0.85; n=56; p< 0.01; MSE=4.65xlO-2 

F(ratio)=0.39, F(<Xl;O.Ol;Z.J7)=4.98, p>0.25 

[2=0.86; n=56; p< 0.01; MSE=4.22xlO-2 

F( ... tio)=O.32, F(<Xl;O.Ol;Z.56)=4.98, p>0.25 

r2=O.90; n=56; p=O.O 1; MSE=2.89x 10.2 

F(raUo)=0.02, F(<Xl;O.Ol;Z.56)=4.98, p>0.25 

r2=0.63; n=56; p=O.OI; MSE=O.127 
F(ratio)=1.34, F(<Xl;O.Ol;Z.56)=4.98, p>0.25 
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Underwater weight (g) 

Davies Reef 

equation 

(a) (BD) = 9.29 x (UW)0312 

(b) (WET) = 26.68 x (UW)0942 

(c) S = 13.16 X (UW)OI90 

(d) WS = 18.96 X (UW)0205 

(e) POA = 0.168 x (UW)0624 

(f) SOA = 0.017 x (UWl029 

(g) IBA = 0.013 x (Uwf721 

(h) MA = (8.08 x 10-4) x (UW)0911 

statistics and F(raUo) test for sex 

r2=0.58; n=92; p< 0.01; MSE=5.47xlO-3 

F(raUo)=1.25, F(al;o.OI;Z,92)=4.82, p>0.25 

r2=0.67; n=92; p< 0.01; MSE=3.50xlO-2 

F(nltio)=3.72, F(al;o.OI;Z,92)=4.82, p>0.25 

r=0.13; n=91; p< 0.01; MSE=1.96xlO-2 

F(ratio)=1.03, F(al;o.OI;Z,91)=4.82, p>0.25 

r2=0.12; n=90; p< om·, MSE=2.46xlO-2 

F(nltio)=1.24, F(al;O.OI;1,90)=4.85, p>0.25 

r=O.63; n=36; p< 0.01; MSE=2.72xlO-2 

F(nluo)= not tested 

r2=0.77; n=6; p=O.021; MSE=2.78xlO-2 

F(nlUO)= not tested 

r2=0.62; n=36; p< 0.01; MSE=3.74xlO-2 

F(nluo)= not tested 

r=O.32; n=36; p< 0.01; MSE=0.208 

F(nltio)= not tested 
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Underwater weight (g) 

Hospital Point 

equation 

(a) (BD) = 9.248 x (UW)0280 

(b) (WET) = 22.392 x (UW/ 921 

(c) S = not significant 

(d) WS = not significant 

(e) POA = 0.132 x (UW)0668 

(f) SOA = 0.092 x (UW)0652 

(g) IBA = (l.74xlO-2) x (UW)0654 

(h) MA = (1.16 x 10-3) x (UW)0758 

statistics and F(raUo) test for sex 

r2=0.72; n=40; p< 0.01; MSE=2.85xlO-3 

F(raUo)=O.43, F(a:J;O.OI;2,40)=5.18, p>0.25 

r2=0.90; n=40; p< 0.01; MSE=8_60xlO-3 

F(raUo)= 1. 92 , F(a:J;O.OI;2,40)=5.18, 0.25>p>0.1 

r=O.O 1; n=40; p=O.39 

r=O.lO; n=40; p=O.13 

r=0.66; n=40; p< 0.01; MSE=2.17xlO-2 

F(raUo)=O.81, F(a:J;O.OI;2,40)=5.18, p>0.25 

r=0.52; n=40; p< 0.01; MSE=3.64xlO-2 

F(ratio)=O.81, F(a:J;O.OI;2,40)=5.18, p>0.25 

r=O.57; n=40; p< 0.01; MSE=3.06xlO-2 

F(ratlo)=O.95, F(a:J;o.ol;2,40)=5.18, p>0.25 

r2=O.25; n=40; p=O.Ol; MSE=O.158 
F(rauo)=0.26, F(a:J;o.ol;2,4o)=5.18, p>O.25 
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Underwater weight (g) 

South Tumon Bay 

equation 

(a) (BD) = 9.911 x (UW)0262 

(b) (WET) = 12.724 x (UWl071 

(c) S = not significant 

(d) WS = not significant 

(e) POA = 0.116 x (UWl 693 

(f) SOA = 0.065 x (UW)0737 

(g) IBA = (1.30xlO-2) x (UW)0755 

(h) MA = (8.79 x 10-4) x (UW)0846 

statistics and F(nado) test for sex 

r2=0.67; n=40; p< 0.01; MSE=3.llxlO-3 

F(ratio)=1.12, F(a1;O.OI;2.40)=5.18, 0.25>p>0.1 0 

r=O.85; n=40; p< 0.01; MSE=1.93xlO-2 

F(ratio)=O·78, F(a1;O.OI;2.40)=5.18, 0.25>p>0.1O 

r=O.13; n=40; p=O.02 

r2=O.05; n=40; p=O.15 

r=0.83; n=40; p< 0.01; MSE=8.90xlO-3 

F(natio)=3.35, F(a1;o.OI;Z.40)=5.18, 0.05>p>0.01 

r2=O.72; n=40; p< 0.01; MSE=2.00xI0-2 

F(ratio)=3.54, F(a1;o.ol;z.40)=5.18, O.05>p>0.0 1 

r2=0.69; n=40; p=O.Ol; MSE=2.34xlO-2 

F(ratio)=1.96, F(a1;o.ol;2,4o)=5.18, 0.25>p>0.1 

r2=O.45; n=40; p=O.OI; MSE=8.07xlO-2 

F(nltio)=O.06, F(a1;o.ol;2.4o)=5.18, p>0.25 
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Underwater weight (g) 

Double Reef 

equation 

(a) (BD) = 7.700 x (UW)0334 

(b) (WET) = 13.652 x (UW)L094 

(c) S = 7.822 X (UW)0256 

Cd) WS = 8.951 X (UW)0308 

(e) POA = (4.38xlO,2) x (UW)0919 

(f) SOA == (2.81x10,2) x (UW)0932 

(g) IBA == (8.354xlO'3) x (UWl840 

(h) MA = (6.90 x 10'4) x (UW)0893 

statistics and FC"'tio) test for sex 

r2=0.91; n=38; p< 0.01; MSE=1.74xlO,3 

Fcratio)=O·15, FCa.I;o.ol;Z,38)==5.18, p>0.25 

r=0.93·, n=38; p< 0.01; MSE=1.53xlO,2 
F(ratio)=3.96, FCa.I;o.ol;Z,38)=5.18, 0.05>p>0.O I 

r2=0.37; n=37; p< 0.01; MSE=1.8IxlO,2 
F(ratio)= not tested 

r2=O.40; n=37; p< 0.01; MSE=2.39xl0'2 
F(ratio)= not tested 

r2=O.93; n=37; p< 0.01; MSE=2.51xlO'2 
FCraUo)=5.13, FCa.I;O.01;2,37)=5.18, 0.025>p>0.01 

r=0.94; n=37; p< 0.01; MSE=2.33xlO'2 
F(rauo)=4.28, FCa.I;o.ol;z.J7)=5.18, 0.025>p>0.0 I 

[2=0.80; n=37; p< 0.01; MSE=2.87xl0'2 
FcraUo)= 0.31, FCa.I;O.OI;Z.J7)=5.18, p>0.25 

[2=0.64; n=38; p< 0.01; MSE=O.119 
FCratio)=1.05, FCa.I;o.ol;z,3S)=5.18, p>0.25 
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Underwater weight (g) 

Suva Reef 

equation 

(a) (BD) = 6.900 x (UWl369 

(b) (WET) = 10.771 x (UW)L135 

(c) S = 4.393 X (UW)0391 

(d) WS = 4.962 X (UW)0460 

(e) POA = (3.06xIO·2) x (UW/011 

(f) SOA = (2.35xlO·2) x (UW)0966 

(g) IBA = (5.04xlO·3) x (UW)0979 

(h) MA = (7.85 X 10.4) x (UW)0938 

statistics and F(nouo) test for sex 

r2=0.84; n=56; p< 0.01; MSE=7.16xI0·3 

F(raUo)=O.04, F(a.l;O.Ol;2.56)=4.98, p>0.25 

r2=0.87; n=56; p< 0.01; MSE=5.05xlO·2 

F(raUo)=O.79, F(a.l;O.Ol;2.56)=4.98, p>0.25 

r=O.72; n=56; p< 0.01; MSE=1.59xW-2 

F(r.luo)=0.58, F(a.l;O.Ol;2.56)=4.98, p>0.25 

r=O.72; n=56; p< 0.01; MSE=2.27xlO·2 

F(nouo)=O.87, F(a.l;O.Ol;2.56)=4.98, p>0.25 

r=O.88; n=56; p< 0.01; MSE=3.81xlO·2 

F( ... tio)=O.52, F(a.l;O.Ol;2.37)=4.98, p>0.25 

r=O.87; n=56; p< 0.01; MSE=3.89xl0-2 

F(raUo)=O.26, F(cxl;O.Ol;2.56)=4.98, p>0.25 

r=0.88; n=56; p< 0.01; MSE=3.28xlO·2 

F(raUo)=O.76, F(cxl;O.Ol;2.56)=4.98, p>0.25 

r=o.65; n=56; p=O.Ol; MSE=O.121 
F(ratio)=2.02, F(a.l;O.OI;2.56)=4.98, O.2S>p>O.1 
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Whole wet weight (g) 

Davies Reef 

equation 

(a) (BD) = 3.281 x (WET)0324 

(b) (UW) = 0.463 x (WET)0708 

(c) S = 17.49 x (WETio81 

(d) WS = 24.82 X (WET)0095 

(e) POA = 0.047 x (WET)0545 

(f) SOA = 0.068 x (WET)0453 

(g) IBA = 0.012 x (WET)0451 

(h) MA = (l.34 X 10"-4) x (WET)0792 

statistics and FCl1luo) test for sex 

r=0.78; n=211; p< 0.01; MSE=2.98xl0·3 

FcraUo)=1.0, F(<1l;O.Ol;2.2II)=4.68, p>0.25 

r=0.67; n=92; p< 0.01; MSE=2.63xlO·2 

FCraUo)=O.93, FC<1l;O.Ol;2.92)=4.82, p>0.25 

r=O.04; n=194; p< 0.01; MSE=1.65xlO·2 

FCnouo)=1.79, FC<1l;O.Ol;2.194)=4.71, 0.25>p>0.1 

r=O.04; n=168; p=O.OI; MSE=2.11xlO·2 

F(nouo)=O.95, FC<1l;O.Ol;2.168)=4.73, p>0.25 

r=O.44; n=60; p< 0.01; MSE=3.63xlO·2 

F(notio)=O.78, F(<1l;O.Ol;2.60)=4.98, p>0.25 

r2=0.30; n=64; p< 0.01; MSE=4.80xlO·2 

FCJ1Itio)=O.28, F(<1l;O.Ol;2.64)=4.88, p>O.25 

r=O.30;n=59;p=o.Ol ;MSE=6.15xlO·2 

F(notlo)=O.43, F(<1l;O.Ol;2.60)=4.98, p>O.25 

r2=O.21 ;n=35;p=O.01 ;MSE=O.222 
Fcratlo)=O.35, F(<1l;O.Ol;2.3S)=5.27, p>O.25 
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Whole wet weight (g) 

Hospital Point 

equation 

(a) (BD) = 3.931 x (WET)0289 

(b) (UW) = 0.066 x (WET)0980 

(c) S = not significant 

(d) WS = not significant 

(e) POA = 0.019 x (WET)0676 

(f) SOA = 0.013 x (WET)0671 

(g) IBA = (3 .14x 10-3) x (WET)0630 

(h) MA = (8.03 x 10-5) x (WET)0840 

statistics and FCl1luo) test for sex 

r2=O.72; n=40; p< 0.01; MSE=2.91xlO-3 

Fc.-.uo)=O·31, FCC1l ;O.OI;2.40)=5.18, p>0.25 

r2=0.90; n=40; p< 0.01; MSE=9.28xlO-3 

Fcnouo)=O.74, FCC1l ;O.OI;2.40)=5.18, p>0.25 

r=O.Ol; n=40; p=O.50 

r2=0.02; n=40; p=OAl 

r2=O.64; n=40; p< 0.01; MSE=2.32xI0-2 

FCr.luO)=O.17, FCC1l ;O.OI;2.40)=5.18, p>0.25 

r=O.52; n=40; p< 0.01; MSE=3.66xlO-2 

FCraUo)=O.51, FCC1l ;o.ol;2.40)=5.18, p>0.25 

r2=0.50; n=40; p=O.Ol; MSE=3.57xlO-2 

Fcratio)=1.16, FCC1l ;O.OI;2.40)=5.18, p>0.25 

r2=O.29; n=40; p=O.Ol; MSE=O.150 
Fcratio)=O.14, FCC1l ;O.OI;2.40)=5.18, p>O.25 
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Whole wet weight (g) 

South Tumon Bay 

equation 

(a) (BD) = 6.149 x (WET)0223 

(b) (UW) = 0.242 X (WETt789 

(c) S = not significant 

(d) WS = not significant 

(e) POA = 0.046 x (WET)o.537 

({) SOA == 0.023 x (WET)o.578 

(g) IBA == (4.02xlO-3) x (WET)0611 

(h) MA = (2.19 X 10-4) x (WET)0696 

statistics and Fo .. uo) test for sex 

r=0.66; n=40; p< 0.01; MSE=3.23xlO-3 

F(nltio)=1.872, F(cxI;0.OI;2,4O)=5.18, 0.25>p>0.10 

r=O.85; n=40; p< 0.01; MSE=1.42xlO-2 

F(nltio)=1.67, F(cxI;0.01;2,40)=5.18, 0.25>p>0. ro 

r=O.16; n=40; p=O.Ol 

r=O.08; n=40; p=O.09; 

r2=O.68; n=40; p< 0.01; MSE=1.71xlO-2 

F(mlo)=O.31, F(cxI;0.01;2,4O)=5.18, p>0.25 

r=O.60; n=40; p< 0.01; MSE=2.98xlO-2 

F(ratio)=O·74, F(cxI;0.01;2,40)=5.18, p>0.25 

r=O.62; n=40; p=O.Ol; MSE=2.92xlO-2 

F(rado)=O·61, F(cx1 ;0.01;2,40)=5.18, p>0.25 

r=O.41; n=40; p=O.Ol; MSE=8.61xlO-2 

F(ratio)=O.02, F(cxI;0.01;2,4O)=5.18, p>0.25 
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Whole wet weight (g) 

Double Reef 

equation 

(a) (BD) = 3.923 x (WETr88 

(b) (UW) = 0.146 X (WET)0848 

(c) S = 3.82 X (WET)0249 

Cd) WS = 3.79 X (WET)0299 

(e) POA = (8.13xlO·3) x (WET)0767 

(f) SOA = (5.31xlO·3) x (WETl 772 

(g) IBA = (l.40x 1 0.3) x (WET)0736 

(h) MA = (2.48 X 10.4) x (WETrS8 

statistics and F(nlllo) test for sex 

r2=0.87; n=38; p< 0.01; MSE=2.53x10·3 

F(rauo)=l.Ol, F(a.!;O.Ol;2,38)=5.18, p>0.25 

r2=O.93; n=38; p< 0.01; MSE=1.l8xlO·2 

F(nluo)=O.85, F(a.!;o.ol;2,J8)=5.18, p>0.25 

r2=0.59; n=37; p< 0.01; MSE=1.27xlO·2 

F(nIIlo)=5.1O, F(a.!;O.Ol;2,37)=5.l8, 0.02>p>0.01 " 

r=O.49; n=37; p=O.Ol; MSE=2.03xlO·2 

F(nouo)=5.75, F(a.!;O.Ol;2,37)=5.l8, p< 0.01 "" 

r2=O.86; n=37; p< 0.01; MSE=2.08xlO·2 

F(nodo)=O' 97, F(a.!;O.Ol;2,J7)=5.18, p>0.25 

r=O.85; n=37; p< 0.01; MSE=2.26xlO·2 

F(rado)=O.44, F(a.!;O.Ol;1,37)=5.l8, p>0.25 

r2=O.80; n=37; p=O.Ol; MSE=2.88xlO·2 

F(nIIlo)=O.88, F(a.!:O.Ol;1,37)=5.l8, p>0.25 

r=O.44; n=37; p=O.Ol; MSE=O.120 
F(nouo)=O·05, F(a.!;O.Ol:1,3S)=5.18, p>0.25 
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Whole wet weight (g) 

Suva Reef 

equation 

(a) (BD) == 3.314 x (WETl 319 

(b) (UW) == 0.257 X (WETl 770 

(c) S == 2.08 X (WET)o.334 

(d) WS == 2.07 X (WET)0392 

(e) POA == (5.28xlO-3) X (WET)0837 

(f) SOA == (4.3IxlO-3) x (WET)0802 

(g) IBA == (8.73xW-4) x (WET/ 819 

(h) MA == (1.65 x 10-4) X (WET)0766 

statistics and F(rauo) test for sex 

r2=0.92; n==56; p< 0.01; MSE==3.38xI0-3 

F(r.ouo)=0.54, F(a1;O.OI;2,56)==4.98, p>0.25 

r2=0.87; n=56; p< 0.01; MSE==3A2xlO-2 

F(ratio)=1.06, F(a1;o.OI;Z,56)=4.98, p>0.25 

r=O.77; n=56; p< 0.01; MSE=1.29xlO-z 

F( ... uo)=O.22, F(a1;O.OI;2,56)==4.98, p>0_25 

r2=O.77; n=56; p< 0.01; MSE=1.88xlO-2 

F(raUo)=O.58, F(a1;O.OI;Z,56)=4.98, p>0.25 

r=0_89; n=56; p< 0.01; MSE=3.57xW-2 

F(raUo)=O.62, F(a1;O.OI;2,J7)=4.98, p>0.25 

r2=O.88; n=56; p< 0.01; MSE=3.38xlO-2 

F(ratio)=OA9, F(a1;O.OI;Z,56)==4.98, p>0.25 

r2=0_91; n=56; p=O_OI; MSE=2AOxlO-2 

F( ... uo)=O·03, F(a1;O.OI;2,56)==4.98, p>0.25 

r=0.63; n=56; p=O.OI; MSE=O.126 
F( ... uo)=1.16, F(a1;O_OI;2,56)==4.98, p>0_25 
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APPENDIX 4.4A 

Replication test-of-fit between least squares linear regression analyses and one-way 
ANOV A for all variables and all estimated ages (using spine ossicle pigment band 
counts). Ho = the population regression is linear (there is a linear trend), and HI = 

the population relationship is non-linear. Where P(V). = Bartlett's test for equal 
variances between age groups, * denotes test found unequal variances between age 
groups (when not tested then inequality assumed); P (rep. tof) = significance of 
replication test-of-fit between regression and ANOV A analyses. 

Davies Reef 

F(ratiO) test F(ratio) critical P(V) P(rep. t.o.f.) r;P(reg.) 

(BD) 1.10 < F(a1;0.01;5.224) ~ 3.08 0.99 >0.25 0.07;< 0.01 

(UW) 1.53 < F(a1;o.ol;5.l2I) ~ 3.15 0.68 0.25>P>0.1 0.13;< 0.01 

(WET) 1.28 < F(a1;0.01;5.224) ~ 3.08 0.78 >0.25 0.03; 0.02 

(S) 3.77 > F(a1;0.01;5.124) ~ 3.08 0.92 < 0.01 0.65;< 0.01 

(WS) 2.83 < F(a1;O.01;S.I99) ~ 3.11 0.86 0.05>P>0.01 0.68;< 0.01 

(POA) 1.04 < F(a1;0.01;4.90) = 3.53 0.66 >0.25 0.12;< 0.01 

(SOA) 0.57 < F(a1;0.01;4.64) ~ 3.60 0.06 >0.25 0.05; 0.08 

(IBA) 0.99 < F(a1 ;0.01 ;4.89) ~ 3.53 0.67 >0.25 0.04; 0.06 

(MA) 0.79 < F(a1;0.01;4.63) ~ 3.60 0.003 * >0.25 0.14;< 0.01 
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Hospital Point 

F(nltiO) test F(ratio) critical P (V) P (rep. tof.) r; P(reg.) 

(BD) 3.09 < F(a1;O.Ol;l,40) = 7.31 not tested 0.1>P>0.05 0.01; 0.49 

(UW) 3.43 < F(a1;O.Ol;l,40) = 7.31 0.31 0.1>P>0.05 < 0.01;0.85 

(WET) 1.45 < F(a1;O.Ol;l,40) = 7.31 0.47 0.25>P>0.1 < 0.01;0.84 

(S) 5.48xlO-5 < F(a1;O.Ol;l,40) = 7.31 0.43 >0.25 0.50;< 0.01 

(WS) 0.22 < F(a1;O.Ol;l,40) = 7.31 0.04 >0.25 0.43;< 0.01 

(FOA) 1.44 < F(a1;O.Ol;l,40) = 7.31 0.91 >0.25 0.05;0.16 

(SOA) 0.64 < F(a1;O.Ol;l,40) = 7.31 0.97 >0.25 0.04; 0.23 

(lBA) 2.33 < F(a1;O.Ol;l,40) = 7.31 0.84 0.25>P>0.1 0.07; 0.10 

(MA) 0.51 < F(a1;O.Ol;I,40) = 7.31 0.26 >0.25 0.02; 0.41 

South Tumon Bay 

F(nltio) test F(ratio) critical P(V) P(rep. t.o.f.) r2;P(reg.) 

(BD) 1.36 < F(a1;O.OI;I.40) = 7.31 0.76 0.25 0.08; 0.08 

(UW) 0.80 < F(a1;O.OI;I,40) = 7.31 0.41 >0.25 0.02; 0.38 

(WET) 1.33 < F(a1;O.OI;I,40) = 7.31 0.31 >0.25 0.03; 0.33 

(S) 0.27 < F(a1;O.OI;I,40) = 7.31 0.89 >0.25 0.35;< 0.01 

(WS) 0.39 < F(a1;O.OI;I,40) = 7.31 0.21 >0.25 0.43;< 0.01 

(POA) 0.02 < F(a1;O.OI;I,40) = 7.31 0.70 >0.25 0.06; 0.14 

(SOA) 0.04 < F(a1;o.ol;I,40) = 7.31 0.72 >0.25 0.02; 0.39 

(lBA) 0.04 < F(a1;O.OI;I,40) = 7.31 0.22 >0.25 < 0.01;0.84 

(MA) 0.12 < F(a1;o.ol;I,40) = 7.31 0.49 >0.25 0.03; 0.28 
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Double Reef 

F(nltio) test F(nltiO) critical P(V) P(rep. t.o.f.) r;P(reg.) 

(BD) 17.60 > F(a!:O.OI;J.40) = 4.31 0.94 < 0.01 0.21;< 0.01 

(UW) 10.58 > F(a!:o.ol;J,40) = 4.31 0.17 < 0.01 0.17; 0.01 

(WET) 8.13 > F(a!:O.OI;J.40) = 4.31 0.23 < 0.01 0.24;< 0.01 

(S) 13.58 > F(a!:O.OI;J.40) = 4.31 0.08 < 0.01 0.79;< 0.01 

(WS) 13.97 > F(a!:o.OI:J.40) = 4.31 0.13 < 0.01 0.84;< 0.01 

(POA) 16.25 > F(a!:o.OI:J.40) = 4.31 0.56 < 0.01 0.35;< 0.01 

(SOA) 12.13 > F(a!:o.ol;J.40) = 4.31 0.53 < 0.01 0.28;< 0.01 

(lBA) 10.36 > F(a!:O.OI;J.40) = 4.31 0.58 < 0.01 0.23;< 0.01 

(MA) 1.71 < F(a!:O.OI;J.40) = 4.31 0.37 0.25>P>0.1 0.14; 0.02 

Suva Reef 

F(ratio) test F(llItio) critical P(V) P(rep. t.o.f.) r2;P(reg.) 

(BD) 12.90 > F(a!:O.OI:4,74) ~ 3.56 0.96 < 0.01 0.63;< 0.01 

(UW) 3.20 < F(a!:o.ol:4,74) ~ 3.56 < 0.01 .. 0.025>P>0.01 0.67< 0.01 

(WET) 1.62 < F(a!:o.ol:4,74) ~ 3.56 < 0.01 .. 0.25>P>0.1 0.67;< O.oI 

(S) 12.77 > F(a!:O.OI:4,74) ~ 3.56 0.09 < 0.01 0.79;< 0.01 

(WS) 12.45 > F(a!:o.ol:4,74) ~ 3.56 0.24 < 0.01 0.81;< 0.01 

(roA) 5.52 > F(a!:O.OI:4,74) ~ 3.56 < 0.01 .. < 0.01 0.79;< 0.01 

(SOA) 3.95 > F(a1;o.ol:4,74) ~ 3.56 < 0.01 .. < 0.01 0.75;< 0.01 

(lBA) 5.21 > F(a!;O.OI:4,74) ~ 3.56 < 0.01 .. < 0.01 0.70;< 0.01 

(MA) 2.47 < F(a!;O.OI:4,68) ~ 3.60 0.27 0.1>P>0.05 0.48;< 0.01 
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APPENDIX 4.4B 

Replication test-of-fit between least squares linear regression analyses and one-way 
ANOV A for all variables and estimated age using spine ossicle pigment band counts 
(selecting mature age classes, where gonads were able to be sexed). Ho = the 
population regression is linear (there is a linear trend), and H} = the population 
relationship is non-linear. Where (P) vars. = Bartlett's test for equal variances 
between age groups, * denotes test found unequal variances between age groups 
(when not tested then inequality assumed); (P) rep. tof = significance of replication 
test-of-fit between regression and ANOV A analyses (test for linearity). 

Davies Reef 

F(IlIUo) test F(IlIuo) critical P(V) P(rep. t.o. f.) r2;P(reg.) 

(BD) 1.20 < F(a.I;0.01;S.194) '" 3.11 0.82 >0.25 0.06;< 0.01 

(UW) 0.80 < F(a.I;0.01;4.91) '" 3.51 0.99 >0.25 0.10;< 0.01 

(WET) lAO < F(a.I;0.01;S,194) '" 3.11 0.50 >0.25 0.02;<0.04 

(8) 3.76 > F(a.I;0.01;S,194) '" 3.11 0.83 < 0.01 0.65;< 0.01 

run test with 2nd order polynomial; 

(8)polY 2A4 < F(a.I;0.01;S,194) '" 3.11 0.83 0.05>P>0.025 0.66;< 0.01 

(W8) 2.65 < F(a.I;0.01;S,169) '" 3 .12 0.79 0.025>P>0.01 0.67;< 0.01 

(POA) 1.12 < F(a.I;0.01;4,60) = 3.65 0.20 >0.25 0.07; 0.04 

(80A) 0.57 < F(a.I;O.01;4,64) '" 3.60 0.06 >0.25 0.05; 0.08 

(lBA) OAI < F( a.I ;0.01 ;4,S9) '" 3.65 0.67 >0.25 0.01; 0.55 

(MA) 10.35 > F( a.I ;0.01 ;2,35) '" 5.27 0.56 < 0.01 0.10; 0.06 
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Hospital Point 

F(raUo) test F(raUo) critical P(V) P(rep. t.o.f.) r;P(reg.) 

(BD) 3.09 < F(al;O.Ol;l.40) = 7.31 not tested 0.1>P>0.05 0.01; 0.49 

(UW) 3.43 < F(al;O.OI;I.40) = 7.31 0.31 0.1>P>0.05 < 0.01;0.85 

(WET) 1.45 < F(al;O.Ol;I.40) = 7.31 0.47 0.25>P>0.1 < 0.01;0.84 

(S) 5.48xlO-5 < F(al;o.OI;I.40) = 7.31 0.43 >0.25 0.50;< 0.01 

(WS) 0.22 < F(al:O.Ol;1.40) = 7.31 0.04 >0.25 0.43;< 0.01 

(POA) 1.44 < F(al;o.OI;I.40) = 7.31 0.91 >0.25 0.05; 0.16 

(SOA) 0.64 < F(al;o.OI;I.40) = 7.31 0.97 >0.25 0.04; 0.23 

(lBA) 2.33 < F(al;o.ol;I,40) = 7.31 0.84 0.25>P>0.1 0.07; 0.10 

(MA) 0.51 < F(al;O.OI;l.40) = 7.31 0.26 >0.25 0.02; 0.41 

South Tumon Bay 

F(rauo) test F(rauo) critical P(V) P(rep. t.o.f.) r;P(reg.) 

(BD) 1.36 < F(al;O.OI;I.40) = 7.31 0.76 P=O.25 0.08; 0.08 

(UW) 0.80 < F(al;o.OI;I.40) = 7.31 0041 >0.25 0.02; 0.38 

(WET) 1.33 < F(al;o.OI;I.40) = 7.31 0.31 >0.25 0.03; 0.33 

(S) 0.27 < F(cxI;O.OI:I.40) = 7.31 0.89 >0.25 0.35;< 0.01 

(WS) 0.39 < F(cxI:O.Ol:I.40) = 7.31 0.21 >0.25 0.43;< 0.01 

(POA) 0.02 < FCcxl:O.Ol:I.40) = 7.31 0.70 >0 .. 25 0.06; 0.14 

(SOA) 0.04 < F(al:O.OI;I.40) = 7.31 0.72 >0.25 0.02; 0.39 

(IBA) 0.04 < F(cxI:O.OI:I.40) = 7.31 0.22 >0.25 < 0.01 ;0.84 

(MA) 0.12 < F(cxI:O.OI;I.40) = 7.31 0.49 >0.25 0.03; 0.28 
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Double Reef 

F(raUo) F(raUo) critical P(V) P(rep. t.o.f.) r;P(reg.) 

(BD) 0.40 < F(cxI;o.ol;2.3~ = 5.27 0.88 >0.25 0.05; 0.18 

(UW) 0.55 < F(cxI;0.0I;2,3~ = 5.27 0.36 >0.25 0.03; 0.33 

(WET) 0.34 < F(cxI;o.ol;1.3~ = 5.27 0.77 >0.25 < 0.01;0.93 

(S) 0.13 < F(cxI;0.01;2.3~ = 5.27 0.12 >0.25 0.73;< 0.01 

(WS) 1.13 < F(cxI;0.01;2,3~ = 5.27 0.18 >0.25 0.78;< 0.01 

(POA) 1.14 < F(cxI;0.01;2.3~ = 5.27 0.99 >0.25 < 0.01;0.75 

(SOA) 1.59 < F(cxI;0.01;2,3~ = 5.27 0.97 0.25>P>0.10 < 0.01;0.99 

(lBA) 0.36 < F(cxI;o.ol;2.3~ = 5.27 0.91 >0.25 < 0.01;0.65 

(MA) 0.09 < F(cxI;o.ol;l,3~ = 5.27 0.56 >0.25 < 0.01 ;0.58 

Suva Reef 

F(raUo) test F(rauo) critical P(V) P(rep. t.o.f.) r;P(reg.) 

(BD) 3.22 < F(cxI;o.ol;4,56) ::: 3.65 0.96 0.025>P>0.01 0.46;< 0.01 

(UW) 1.34 < F(cxI;0.01;4,56) ::: 3.65 0.15 >0.25 0.51;< 0.01 

(WET) 0.58 < F(cxI;0.01;4,56) ::: 3.65 :::0.0 I 0.25>P>0.1 0.51;< om 

(S) 5.85 > F(cxI;0.01;4,56) ::: 3.65 0.12 < 0.01 0.74;< 0,01 

run test with 2nd order polynomial; 

(S)poly 1.07 < F(cx1 ;0.01 ;3,56) ::: 4.13 >0.25 0.81;< 0.01 

(WS) 6.58 < F(cxI;0.01;4,56) ::: 3.65 0.23 < 0.01 0.75;< 0.01 

run test with 2nd order polynomial; 

(WS)poly 2,38 < F(ctl;O.Ol;3,56) ::: 4.13 0.10>P>O.025 0.81;< 0.01 

(POA) 3.33 < F(cxI;o.OI;4,56) ::: 3.65 0.24 0.025>P>0.01 0.68;< 0.01 

(SOA) 2.04 < F(cxI;0.01;4,56) ::: 3.65 0.24 :::0.01 0.62;< 0.01 

(lBA) 2.43 < F(cxI;0.01;4.54) ::: 3.65 0.29 0.10>P>0.025 0.55;< 0.01 

(MA) 2.10 < F(cxI;0.01;4,54) ::: 3.65 0.16 0.1>P>0.05 0.39;< 0.01 
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APPENDIX 4.5 

Response of all variables (whole body and skeletal ossicles) to estimated age (using 
spine pigment band counts) by comparing mean regression significance from 5 
populations using +S y x N(mean)' Analyses by least squares linear regressions of 9 
morphometric variables omitting the juvenile/sub-adult phase, 1-3 years for: Davies 
Reef outbreak (1988-91); Guam - Hospital Point, South Tumon Bay and Double Reef 
(1992); and Suva Reef (1992). Age was estimated using the spine pigment band 
ageing method in all adult individuals. Listed equations in table denotes there was 
a significant increase in the variable throughout the range of estimated age. 

Davies Reef Hospital Pt. Sth. Tumon Double Reef Suva Reef S yx<:mean) 

(BD) whole body diameter (cm) 

r< 0.01; r=O.Ol r=O.08 r=O.05 r=O.02 
P=O.79;n=166 P=0.49;n=40 P=0.08;n=40 P=O.18;n=35 P=O.45;n=31 
Sy..l=0.107 Syx=O.lOO Syx=0.092 S yx=O.097 Syx=0.117 SYX(mean)=O·103 

(UW) underwater weight (g) 

r< 0.01 r< 0.01 r=0.02 r2=O.03 r2=O.09 
P=0.64;n=80 P=0.85;n=40 P=0.38;n=40 P=O.33;n=35 P=O.1O;n=31 
Syx=0.268 Syx=0.181 Syx=0.213 Syx=0.245 Syx=0.303 Syx(mean)=O·242 

(WET) whole wet weight (g) 

r2< 0.01 r2< 0.01 r2=O.03 r< 0.01 r=0.12 
P=0.53;n=166 P=0.84;n=40 P=0.33;n=40 P=O.93;n=35 P=O.06;n=31 
S yx=0.287 S y.x=0.270 S y x=O.296 S Y x=O.259 S yx=O.342 S YX(mean)=O·291 

(S) spine ossicle length (mm) 

r=0.45 r=O.50 r=O.35 r=O.72 r=O.25 
P< 0.01;n=166 P< 0.01 ;n=40 P< 0.01;n=40 P< 0.01 ;n=35P< 0.01;n=3l 
S yx=O.07l S yx=O.068 Sy.x=O.068 S yx=O.057 S yx=O.092 Sy.x(mean)=O·07l 
S=2.83"A+16.5 S=2.99"A+7.28 S=2.68"A+8.88 S=2.08"A+12.72 S=1.31"A+15.75 

(WS) whole spine appendage length (mm) 

r=O.4l r=O.43 r2=O.43 r=O.80 r=O.22 
P< 0.01;n=150 P< 0.01;n=40 P< 0.01;n=40 P< 0.01;n=35 P< 0.01;n=3l 
S yx=O.079 S yx=O.080 Sy.x=O.081 S yx=O.056 S yx=O.109 Syx(mean)=O·08l 
WS=4.60"A+24.9 WS=4.13"A+9.6 WS=S.40"A+6.3 WS=3.61"A+15.0 WS=2.16"A+22.9 

(POA) primary oral ossicle weight (adjusted*) (g) 

r2< 0.01 r2=O.05 r2=0.06 r< 0.01 r=O.16 
P=O.84;n=69 P=O.16;n=40 P=O.14;n=40 P=O.76;n=35 P=O.03;n=31 
Sy.x=O.242 S yx=O.239 Syx=0.2l7 S yx=O.173 S yx=O.221 SYX(mean)=O·218 
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(SOA) secondary oral ossicle weight (adjusted*) (g) 

r=O.OI r=0.04 r2=0.02 r< 0.01 r2=O.12 
P=0.44;n=59 P=0.23;n=40 P=0.39;n=40 P=0.99;n=35 P=0.06;n=31 
SI'.x=0.257 Su:=0.263 S I'x=O. 259 Syx=0.255 Syx=0.244 S y X(mean)=O.256 

(IBA) inter-brachial ossicle weight (adjusted*) (g) 

r2< 0.01 r2=O.07 r2< 0.01 r< 0.01 r2=0.05 
P=0.95;n=68 P=0.1O;n=40 P=0.84;n=40 P=0.65;n=35 P=O.26;n=30 
S yx=O.293 S Y x=O·248 S Y x=O·268 S Y x=0.229 S yx=0.247· S YX(mean)=O.257 

(M) rnadreporite ossicle weight (adjusted **) (g) 

r< 0.01 r=O.02 r=O.03 r=O.Ol r=O.02 
P=O.83;n=48 P=O.41 ;n=40 P=O.28;n=40 P=O.58;n=35 P=O.45;n=29 
S yx=O.406 S yx=O·391 S yx=O·381 S yx=O·373 S yx=O·334 SYX(mean)=O·377 

Therefore ranked S Y X(mean) = S > WS > BD > PO > UW > SO > IB > WET> M 

where: 
r2 
p 

n 

= coefficient of determination 
= probability of regression significance 
= sample size 

SYX 

SYXIY(mean) 

= standard error of estimate 
= (standard error of estimate) / (Y(mean)) indicates the accuracy which 
regression predicts the dependence of Y on X). 

* 

** 

total ossicle number related to arm number therefore weight adjusted for 
the number of arms per starfish. 

madreporite weight adjusted for total number of madreporites according 
to each individual. 
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APPENDIX 4.6. Assessment of life-history characteristics from the von Bertalanffy 
growth equation using: whole body diameter (BD), spine ossicle length (S), whole 
wet weight (WET) and underwater weight (UW) as growth variables from five 
populations from the Western Pacific region. 

Analyses of growth in variables and estimated age for estimation of life history 
coefficients were conducted using the von Bertalanffy equation in the form: 

~=L",x(l-

where ~ = size of growth variable at age (t) (month) 
L", = asymptotic growth variable 
K = growth constant (month-I) 
to = correction factor for the early phase of slow growth, a preliminary plot of growth data 
showed that to ::: 10mo. and this value was used consistently through the analyses. 

APPENDIX 4.6A 

Whole body diameter (BD) 

Davies Reef (pre-outbreak cohorts) 

Parameters 

L", = 44.39 
K = 0.0415 

SE 

1.886 
0.0114 

~O.OI(2)51) ::: 2.67 

23.54 
3.64 

Analysis of curve model significance 

Curve fit SS 

Curve 48.32 
Error 886 
Total 934.3 

DF MS 

51 
52 

48.32 
17.37 

MSE(curve) = 17.37; r2 = 0.05. 

P 

< 0.01 
< om 

F P 

2.781 0.10 < P < 0.25 

Curve fit ANOV A was not significant, therefore the K and 4, parameters are 
considered to be not reliable. 

Davies Reef (post-outbreak cohorts) 

Parameters 

L", = 42.20 
K = 0.0510 

SE 

0.7142 
0.0039 

~O.OI(2)189) ::: 2.60 

59.09 
15.07 
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< 0.01 
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Analysis of curve model significance 

Curve fit SS 

Curve 7093 
Error 3687 
Total 10780 

DF MS 

1 7093 
189 19.51 
190 

MSE(curve) = 19.51; r2 = 0.66. 

Hospital Point (Guam) 

Parameters 

L., = 23.69 
K = 0.1426 

SE 

0.7659 
0.1089 

~O.OI(2)38) = 2.71 

30.93 
1.31 

Analysis of curve model significance 

Growth curve parameter not significant 

South Tumon Bay (Guam) 

Parameters 

L., = 29.41 
K = 0.0632 

SE 

2.2920 
0.0217 

~O.OI(2)38) = 2.71 

12.83 
2.91 

Analysis of curve model significance 

Curve fit SS 

Curve 25.97 
Error 224.8 
Total 250.8 

DF MS 

38 
39 

25.97 
5.916 

MSE(curve) = 5.916; r2 = 0.10. 

F P 

363.6 < 0.01 

P 

< 0.01 
0.05 < P < 0.10 

P 

< 0.01 
< 0.01 

F p 

4.39 0.025 < P < 0.05 

Curve fit ANOV A was only weakly significant, therefore the K and L.x, parameters 
are considered to be not reliable. 

Double Reef (Guam) 

Parameters 

L., = 31.13 
K = 0.0690 

SE 

1.097 
0.0119 

~O.OI(2)38) = 2.71 

28.38 
5.78 
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Analysis of curve model significance 

CUIVe fit SS 

CUIVe 477.9 
Error 514.5 
Total 992.4 

DF MS 

I 477.9 
38 13.54 
39 

MSE(curve) = 13.54; r2 = 0.48. 

Suva Reef (Fiji) 

Parameters 

L.,=34.15 
K = 0.0483 

SE 

1.300 
0.0045 

~O.Ol(l)7.1) = 2.65 

26.27 
10.70 

Analysis of curve model significance 

CUIVe fit SS 

CUIVe 3538 
Error 1056 
Total 4593 

DF MS 

72 
73 

3538 
14.66 

MSE(curve) = 14.66; r2 = 0.77. 

APPENDIX 4.6B 

Spine ossicle length (S) 

F 

35.3 

< 0.01 
< 0.01 

F 

P 

< 0.01 

P 

241.3 <0.01 

Davies Reef (combined pre-outbreak cohorts) 

Parameters 

L", = 45.20 
K = 0.0225 

SE 

2.378 
0.00316 

~O.Ol(l)Sl) ~ 2.67 

19.01 
7.12 

Analysis of curve model significance 

CUIVe fit SS DF MS 

CUIVe 253.7 I 253.7 
Error 292.4 51 5.732 
Total 546 52 

MSE(curve) = 5.732; r2 = 0.46. 
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F P 

44.25 < 0.01 



Davies Reef (combined post-outbreak cohorts) 

Parameters SE t(O.OI(l)189) ::l 2.60 P 

L., = 39.97 1.2580 31.77 < 0.01 
K;:: 0.0296 0.0024 12.32 < 0.01 

Analysis of curve model significance 

Curve fit SS DF MS F P 

Curve 1167 1167 207.6 < 0.01 
Error 950.1 169 5.622 
Total 2117 170 

MSE(curve) = 5.622; r2 = 0.55. 

Hospital Point (Guam) 

Parameters SE ~O.OI(1)J8) ;:: 2.71 P 

4.,;:: 28.98 3.671 7.89 <0.01 
K;:: 0.0275 0.0067 4.13 < 0.01 

Analysis of curve model significance 

Curve fit SS DF MS F P 

Curve 66.57 1 66.57 36.7 < 0.01 
Error 68.93 38 1.814 
Total 135.5 39 

MSE(curve) = l.814; r2 = 0.49. 

South Tumon Bay (Guam) 

Parameters SE ~O.OI(1)J8) ;:: 2.71 P 

L.,;::25.14 2.811 8.94 < 0.01 
K = 0.0382 0.0099 3.86 <0.01 

Analysis of curve model significance 

Curve fit SS DF MS F P 

Curve 36.08 36.08 20.57 < 0.01 

Error 66.66 38 1.754 
Total 102.7 39 

MSE(curve) = l.754; r2 = 0.35. 

400 



Double Reef (Guam) 

Parameters 

L", = 28.61 
K = 0.0330 

SE 

1.283 
0.0035 

~O.Ol(2)J8) = 2.71 

22.30 
9.37 

Analysis of curve model significance 

CUlVe fit SS DF MS 

CUlVe 626.2 1 626.2 
Error 92.53 38 2.501 
Total 718.8 39 

MSE(curve) = 2.501; r2 = 0.87. 

Suva Reef (Fiji) 

Parameters SE ~O.Ol(l)70) = 2.65 

L", = 26.39 0.9445 27.94 
K = 0.0380 0.0029 12.98 

Analysis of curve model significance 

CUlVe fit SS DF MS 

CUlVe 2029 1 2029 
Error 289 70 4.129 
Total 2318 71 

MSE(curve) = 4.129; r2 = 0.88. 

APPENDIX 4.6C 

Whole wet weight (WET) 

p 

< 0.01 
< 0.01 

F P 

250.4 < 0.01 

P 

< 0.01 
< 0.01 

F P 

491.5 < 0.01 

Davies Reef (combined pre-outbreak cohorts) 

Parameters 
L", = 2601 
K = 0.0489 

SE 
248.1 
0.0457 

~O.Ol(2)31) :::: 2.67 
10.48 
1.07 

Analysis of curve model significance 

Growth curve parameter not significant 

P 
< 0.01 
0.20 < P < 0.50 
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Davies Reef (combined post-outbreak cohorts) 

Parameters 

L"" = 2358 
K = 0.0593 

SE 

119.7 
0.0212 

~O.OI(2)170) = 2.61 

19.70 
2.80 

Analysis of curve model significance 

Curve fit SS DF MS 

p 

< 0.01 
< 0.01 

F p 

Curve 2.388x106 
Error 7.273xI07 
Total 7.512x107 

2.388x106 5.583 0.025 < P < 0.05 
170 4.278xlOs 
171 

MSE(curve) = 4.278xl05; r2 = 0.03. 

Curve fit ANDY A was not significant, therefore the K and L..o parameters are 
considered to be not reliable. 

Hospital Point (Guam) 

Parameters 

L.., = 512.2 
K = 0.1015 

SE 

55.78 
0.1615 

~O.OI(2)38) = 2.71 

9.18 
0.61 

Analysis of curve model significance 

Growth curve parameter is not significant 

South Tumon Bay (Guam) 

Parameters 

L"" = 987.0 
K = 0.0405 

SE 

439.7 
0.0452 

~O.OI(2)38) = 2.71 

2.24 
0.90 

Analysis of curve model significance 

Growth curve parameters are not significant 
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P 

<0.01 
> 0.25 

P 

0.01 < P < 0.025 
0.10 < P < 0.25 



Double Reef (Guam) 

Parameters 

L., = 1453 
K = 0.0361 

SE 

248.5 
0.0160 

~O.OI(2)J8) = 2.71 

5.85 
2.26 

Analysis of curve model significance 

Growth curve parameter is not significant 

Suva Reef (Fiji) 

Parameters 

L., = 2750 
K = 0.0098 

SE 

1429 
0.0064 

~O.OI(2)72) = 2.65 

1.92 
1.53 

Analysis of curve model significance 

Growth curve parameters are not significant 

APPENDIX 4.6D 

Underwater weight (UW) 

p 

< om 
0.01 < P < 0;025 

P 

0.10 < P < 0.25 
0.10 < P < 0.25 

Davies Reef (combined pre-outbreak cohorts) 

Parameters 

L.,= 189.9 
K = 0.0151 

SE 

80.68 
0.0126 

~O.OI(2)J4) :::: 2.73 

2.35 
1.19 

Analysis of curve model significance 

Growth curve parameters are not significant 

P 

0.02 < P < 0.05 
0.20 < P < 0.50 

Davies Reef (combined post-outbreak cohorts) 

Parameters 

L",:= 115.5 
K = 0.0546 

SE 

9.169 
0.0227 

~O.OI(2)84) = 2.64 

12.60 
2.41 

P 

< 0.01 
0.01 < P < 0.02 
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Analysis of curve model significance 

Growth curve parameter is weakly significant 

Curve fit SS 

Curve 3151 
Error 70320 
Total 73470 

DF MS 

84 
85 

3151 
837.2 

MSE(curve) = 837.2; r2 = 0.04. 

F P 

3.764 0.05 < P < 0.10 

Curve fit ANOV A was not significant, therefore the K and L,., parameters are 
considered to be not reliable. 

Hospital Point (Guam) 

Parameters 

L", = 30.05 
K = 0.0926 

SE 

4.522 
0.1056 

~0.01(2)38) = 2.71 

6.65 
0.88 

Analysis of curve model significance 

Growth curve parameter is not significant 

South Tumon Bay (Guam) 

Parameters 

L", = 55.4 
K = 0.0469 

SE 

19.8 
0.0466 

~0.01(2)38) = 2.71 

2.80 
1.01 

Analysis of curve model significance 

Growth curve parameter is not significant 

Double Reef (Guam) 

Parameters 

L", = 66.12 
K = 0.0457 

SE 

9.028 
0.0186 

\0.01(2)38) = 2.71 

7.32 
2.46 

Analysis of curve model significance 

P 

< 0.01 
0.20 < P < 0.50 

P 

< 0.01 
0.20 < P < 0.50 

P 

< 0.0l 
0.01 < P < 0.02 

Growth curve parameter is weakly significant 
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Curve fit SS DF MS 

Curve 5064 5064 
Error 11280 38 296.7 
Total 16340 39 

MSE(curve) = 296.7; r2 = 0.3l. 

Suva Reef (Fiji) 

Parameters 

L., = 177.2 
K = 0.0078 

SE 

102.5 
0.0055 

~O.Ol(2)72) = 2.65 

1.73 
1.42 

Analysis of curve model significance 

Growth curve parameters are not significant 
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F P 

17.07 < 0.01 

P 

0.10 < P < 0.20 
0.05 < P < 0.10 
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