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APPENDIX 3.1

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

Flaio Tukey serial test

Whole body diameter (BD)

(BD) = 33.663 + 0.0904 x (AGE)
r’ =0.07, P <0.01; n = 1548; MSE = 18.45
35.93 > Fraponsisg ~ 2-80; P< 0.01 82~83~84>85>86~87>88

Mean spine ossicle length (S)

(S) =14.882 + 0.2534 x (AGE)

r* = 0.68; P <0.01;, n = 1549; MSE = 5.51

136.43 > F 0016157 = 2.80; P<0.01 82~83>84>85>86>87>88
Mean whole spine appendage length (WS)

(WS) = 18.136 + 0.4606 x (AGE)

= 0.72; P < 0.01; n = 1542; MSE = 14.81

151.07 > Fpap01:6150 = 2.80; P<0.01 82~83>84>85>86>87>88
Mean primary oral ossicle weight (PO)

(PO) = 0.0357 + (8.292 x 10™*) x (AGE)

 =0.33; P <0.01; n = 566, MSE = 2.896 x 10™

21.57 > Fip o555 = 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" x (AGE)
r'=0.28;P<0.0l;n=575 MSE = 1.723 x 10™
16.99 > Fgp.0.01:6.564 ~ 2-80; P< 0.01 82~83~84>85~86~87~88
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APPENDIX 3.1B. ANOVA and Tukey (HSD) serial pairwise comparisons of means
between cohorts omitting data from sub adult individuals ((AGE) < 3+ year) for
morphometric characters.

Fraiio test Tukey serial test
(a) Mean whole body diameter (BD)

35.29 > Fap0s1261 = 3.02; P<0.01 82~83~84>85~86~87
®) Mean spine ossicle length (S)

200.55 > Fop0015026 = 3.02; P<0.01 82x83>84>85>86~87
(b)  Mean whole spine appendage length (S)

220.43 > F g 00:5125n = 3.02; P<0.01 82~83>84>85>86~87
(c) Mean primary oral ossicle weight (PO)

31.32 > Fg 0015455 = 3.05, P< 0.01 82~83~84>85~86~87
(e) Mean secondary oral ossicle weight (SO)

22.13 > Fgoousaen = 3.05; P< 0.01 82~83~84>85~86~87
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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 F oy (RTOF analysis) Regression analysis

year

82  NS;P =063, P® =074 2 =0.06; P = 0.24; n = 24; MSE = 9.88
83 NS;P=0.56; P® =0.08 =002, P=0.24;n=63, MSE = 17.73
84  NS; P =003 P®<0.01 ?=0.01; P=0.20; n = 131; MSE = 17.88
85 NS; P <0.01; P® <001 r’ <0.01; P=0.55;n = 691; MSE = 17.45
86  NS;P<0.01; P® <0.01  =0.01; P =0.02; n = 508; MSE = 16.03
87  NS;P<0.01; P® =041 ? =0.01; P=0.47, n = 72; MSE = 19.60
88  NS;P=0.05P® =025 r* =040, P =0.01,n = 15, MSE = 25.09

APPENDIX 3.2B

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

usihg (a)seasonal y=a+(b.cos((x-¢c).0524)+(d.x)
(b) asymptotic y =1.(l - (m . )
©@&®) y=b.(cos(x-¢).03524)+ (. -(m. e*

82 cohort using equation (a)

Parameters SE  tomape=2-53 p
a=41.48 1.181 35.12 < 0.01
b=2.07 2.179 0.95 >0.25
c = 8.87 1.00 8.87 <0.01
d =0.131 .0824 1.59 > 0.1

Analysis of curve model significance

Curve parameters are not significant

83 cohort using equation (a)

Parameters SE toosn=2-39 P
a=43.91 0.947 46.37 <0.01
b =0.753 0.675 1.12 >0.1
c=1251 4.367 5.75 <0.01
d =-0.054 0.050 1.08 >0.1
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Analysis of curve model significance

Curve parameters are not significant

84 cohort using equation (a)

Parameters SE tooiyan=2-36 P

a = 40.06 0.645 62.07 < 0.01
b=1319 0.5104 2.58 <0.01
c=2549 1.30 19.61 <0.01
d =-0.054 0.034 1.47 > 0.05

reanalyse without the slope parameter

Parameters SE tooapsn=2-35 P

a =40.81 0.397 102.8 <0.01
b = 1.456 0.667 2.18 <0.01
¢ =2597 0.990 26.22 < 0.01
Curve fit SS DF MS F P

Curve 152.1 2 76.04 445 <0.02
Error 2238 131 17.08
Total 2390 133

Analysis of curve model significance
MSE . egression = 17.88 > MSE,,,, = 17.08; r* = 0.06.

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

85 cohort using equation (a)

Parameters SE tooanse=2-36 P

a =38.95 0.30 129.9 <0.01
b =1.358 0.1869 7.27 <0.01
¢ =24.77 0.606 40.89 <0.01
d =0.0074 0.0165 0.45 >0.25

reanalyse without the slope parameter

Parameters SE toorayny=2-35 P

a = 39.06 0.190 205.8 <0.01
b =1.361 0.194 7.03 <0.01
c=2485 0.568 43.77 <0.01
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Curve fit SS DF MS F P
Curve 960.6 2 480.3 29.81 <0.01

Error 11340 704 16.11
Total 12301 706

Analysis of curve model significance

MSE . gression) = 17.45 < MSE ., = 16.11; r* = 0.08; curve analysis is preferred.
86 cohort using equation (c)
Parameters SE toormsn=2.33 P
b = 0.967 0.219 4.53 < 0.01
c=2492 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
Curve fit SS DF MS F P

Curve 855.6 4 2134 1461 <0.01
Emor 7597 519 14.64
Total 8453 524

Analysis of curve model significance

MSE =16.03 > MSE = 14.64; * = 0.10; curve analysis is preferred.

(regression) (curve)

87 cohort using equation (b)

Parameters SE tooraym=2-38 P

1=136.99 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 tooianz=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. ANOVA 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)). P, = Bartlett's test of equal variances.

(S) mm

Replication Test of Fit (RTOF)

Fi.ie (RTOF analysis) Regression analysis

Cohort

82 0.52 < Fgyponaa1m = 4.58 r* = 0.63; P < 0.01; n = 24; MSE =5.66
P > 0.25; P,=0.54

83 3.00 < Fyomess ~ 3-12 r* = 0.46; P <0.01; n = 63; MSE = 5.32
P <0.02; Pg, = 0.27

84 1.53 < Fipomsaze ~ 2.93 £ =0.59; P <0.01; n = 134; MSE = 6.08
P >0.10; Py, = 0.11

85  9.65> Fionsm0 ~ 2.80 r* = 0.56; P < 0.01; n = 708; MSE = 5.39
P <0.01; Pg, = 0.37

86  19.7> Fyomsse * 2.80 r* = 0.54; P <0.01; n = 524; MSE = 4.82
P <0.01;, Pg, = 0.01

87 263 < Fomses = 329 ¥ =037, P <0.01;, n = 72; MSE = 4.29
P <0.05; Pg, = 0.55

88  3.03 < Foamy = 7-21 ? =0.72; P <0.01; n = 15; MSE = 4.57

P <0.10; Pg, = 0.39

APPENDIX 3.3B

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. (1 - (m .e* )
(©)(@ & ®) y=b.(cos(x-¢c).0.524) +(d.(1-(m. e*™)

82 cohort using equation (b)

Parameters SE tooann=2.53 P

1=4539 9.874 4.60 <0.01
m = 0.261 0.150 1.75 < 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 SE to.010y0=2-39 P

1 = 40.67 1.597 25.47 < 0.01

m = 0.198 0.0289 6.84 <0.01

k = 0.0601 0.0277 2.19 <0.02

Curve fit SS DF MS F P

(a) Curve 311.1 2 155.6 3206 <0.01
Error 2912 60  4.853
Total 602.3 62

Analysis of curve model significance

MSE gressiony = 3-32 > MSE ., = 4.85; r’ = 0.52; curve parameter is weakly
significant, linear regression analysis is preferred

84 cohort using equation (b)

Parameters SE tooiysn=2-35 P

1 =40.383 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 MsS F P
Curve 1183 2 591.3 1029 <0.01
Error  752.7 131 5.746
Total 1936 - 133

Analysis of curve model significance
MSE yrecsion = 6.08 > MSE,,, = 5.75; r* = 0.61. Curve parameter is
significant, curve analysis is preferred.

85 cohort using equation (b)

(1) Select all data

Parameters SE too1ay0s~2-33 P

1=350.0 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 DF MS F P

Curve 4729 2 2365 431.2 <0.01
Error 3866 705  5.483
Total 8595 707

Analysis of curve model significance

Curve parameter is weakly significant, use linear regression analyses.

(i) Omit samples > 18 months

Parameters SE toonsos™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 - <001

Curve fit S8 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 . gressiomy = 3-11 > MSE ., = 4.90; r* = 0.30. Curve parameters are
significant, curve analysis is preferred.

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

.86 cohort using equation (b)

(1) Select all data

Parameters SE tooiays2y¥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 3226 <0.01
Error 2486 523 4754
Total 5553 525

Analysis of curve model significance
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MSE

(regression) =482 =~ MSE

(curve)

= 4.75; r* = 0.55. MSE is lowered by only

0.07, linear regression analysis is preferred.

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

Parameters SE tooapre¥2.43 P
1=29.11 0.301 96.81 <0.01
m = 0.293 0.017 17.17 <001
k =0.140 0.021 6.82 <0.01
Curve fit SS DF MS F P

Curve 1011 2 505.4 1364 <0.01

Error 1393 376  3.706

Total 2404 378
Analysis of curve model significance

MSE . ;ession = 4.50 > MSE ., = 3.71; 1 = 0.39. Curve analysis is preferred.

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

87 cohort using equation (b)

(1) Select all data

Parameters SE tooam™2-38 P

1=3289 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.

(11) Omit samples > 24 months

Parameters SE tooaps~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 to.oayz~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)). P, = Bartlett's test
of equal variances.

(WS) mm

Replication Test of Fit (RTOF)

Faioy (RTOF) Regression analysis

Cohort

82  0.78 < Fuporaa18) = 458 r* = 0.49; P < 0.01; n = 24; MSE 23.19
P > 0.25; P,=0.54

83 258 < Fiypoess = 3.12 r’ = 0.47, P <0.01; n = 63; MSE 19.77
P <0.05, Py =0.98

84 1.63 < Fy 0016126 = 2.93 r* = 0.67; P <0.01; n = 134; MSE 14.86
P >0.10; Py, = 0.42

85  7.79 > Fiypo16700 = 2.80 r = 0.61; P <0.01; n = 708, MSE 14.02
P <0.01; Py, = 0.03

86  16.04 > Fiy 00656 = 2.80 * =0.54, P <0.01; n = 524; MSE 12.71
P <0.01; Pg, = 0.01

87 273 <Foomses = 3-29 r’ = 0.48; P <0.01; n = 72; MSE 10.69
P <0.05; Pg, = 0.73 :

88  3.07 < Fap0aay = 7-21 r’ = 0.76; P < 0.01; n = 15; MSE 10.05

P <0.10; Pg, = 0.61
APPENDIX 3.4B

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 -¢).0.524) +(d . x)

(b) asymptotic y =1. (1 - (m .e™*-?))
(©) (@) & () y=b.(cos(x-¢).0.524) + (1. (1 - (m. e* ™)

82 cohort using equation (b)

Parameters SE toorapn~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 SE  toomawn=2-39 P

1=63.33 1.471 43.05 <0.01

m = 0.240 0.0244 9.85 <0.01

k = 0.0963 0.0285 3.38 <0.01

Curve fit SS DF MS F P

(a) Curve 1318 2 659.2 41.4 <0.01
Error 955.2 60 15.92
Total 2274 62

Analysis of curve model significance

MSE egressiony = 23.19 > MSE
preferred.

15.92; r* = 0.52. Curve analysis is

(curve) =

84 cohort using equation (b)

Parameters SE tooansn=2.36 P

1=70.18 6.472 10.84 <001

m = 0.383 0.0524 7.32 <001

k = 0.0308 0.0125 2.47 <001

Curve fit ss DF MS F P
Curve 4104 2 2052 1437 <0.01
Error 1856 130 1428
Total 5960 132

Analysis of curve model significance

MSE(rcgrcssion)
preferred.

= 19.77 > MSE = 14.28; r* = 0.61. Curve analysis is

(curve)
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85 cohort using equation (b)

(1) Select all data

Parameters SE - teoaymy®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 S8 DF MS F P
Curve 15430 2 7717 539.8 <0.01
Error 10020 701 143
Total 25450 703

Analysis of curve model significance

Curve parameter is weakly significant, use linear regression analyses.

(i) Omit samples > 18 months

Parameters SE to.01050932.33 P

1=4575 0.626 73.05 <0.01

m =0.175 0.0123 14.31 <0.01

k =0.149 0.038 3.89 <0.01

Curve fit SS DF MS F P
Curve 3020 2 1510 118.5 <001
Error 6447 506 12.74
Total 9467 508

Analysis of curve model significance

MSE gressiomy = 13.22 > MSE
preferred.

12.74; r* = 0.33. Curve analysis is

(curve) =

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

(1) Select all data

Parameters SE
1=7752 13.63
m = 0.584 0.0676
k =0.0150 0.00632
Curve fit SS
Curve 9944
Emror 6556
Total 16500

to.010)5232- 33

5.69
8.64
237

DF MS
2 4972

521 12.58
523

Analysis of curve model significance

MSE(regression) =12.71 > MSE =

(curve)

<0.01
<0.01
<0.01
F P

395.1 <0.01

12.58; r* = 0.61. MSE is lowered by only

0.13 by using the curve analysis, linear regression analysis is preferred.

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

Parameters SE

1 =44.42 0.608

m = 0.336 0.018

k=0.123 0.017

Curve fit SS
Curve 3046
Error 3790
Total 6835

tooaprs™2-43
73.11

18.45

7.01

DF MS

2 1523
375 10.11
377

Analysis of curve model significance

MSE = 11.92 > MSE

(regression)

preferred.

{curve)
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<0.01
<0.01
<0.01

F P

150.7 <0.01

= 10.11; r* = 045.

Curve analysis is



87 cohort

(1) Select all data

Parameters SE tooiayn~2-38 P

1 =53.51 10.92 4.90 <0.01
m = 0.485 0.0521 9.29 < 0.01
k =0.0308 0.0278 1.11 > 0.10

Analysis of curve model significance

Curve parameter is not significant.

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

Parameters ) SE t(oio,(,),,,zz.43 P

1=39.13 0.997 39.25 <0.01
m = 1.792 4.58 0.39 >0.25
k =0.310 0.346 0.89 >0.25

Analysis of curve model significance

Curve parameters are not significant.

88 cohort

Parameters SE to.oian2y~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, Py,
= Bartlett's test of equal variances among groups, NT not tested, insufficient data.

(PO) g

Replication Test of Fit (RTOF)

F o) RTOF) Regression analysis

Cohort

82 NS,;P=0.79 ?=0.12; P =0.35;n = 9; MSE = 1.925x10™
Pg=0.24

83 NS;P=0.17 r? = 0.14; P = 0.05; n = 28; MSE = 3.892x10™
Pg, = 0.98

84 219 <Fgposss = 3.59 = 0.28; P < 0.01; n = 42; MSE = 4.710x10™
P <0.10; Pg = 0.95

85  1.90 < Fiy0s30 = 3.08 ? =0.29; P <0.01; n =237, MSE = 1.803x10™
P <0.10; Pg, = 0.63

86  3.04 < Fomsiom = 3-11 = 0.30; P <0.01; n = 200; MSE = 2.692x10™
P <0.02; Pg =0.18

87  Regression NS > = 0.03; P = 0.31; n = 39; MSE = 4.66x10*

Piaov < 0.01; P, = 0.56

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 - ¢): 0.524)) + (d . x)
(b) asymptotic y =1. (1 - (m &™)
(©) (a) & (b) y=b. (cos(x - ¢).0.524)) + (1. (1 - (m. e*?)

82 cohort

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

83 cohort; using equation (a)

Parameters SE toorans=249 P

a=0.1021 0.0069 14.84 <0.01
b =-0.0125 0.0167 0.75 >0.1

c =336 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 tooiaps =243 P

a =0.0852 0.0059 14.54 <0.01
b = 0.0043 0.0040 1.07 >0.10
c=3044 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 tooiansn=2-36 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 tooapag=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 <0.01
Error  0.0408 234 0.000175
Total 0.0596 236

Analysis of curve model significance

MSE egressiony = 1.925x10* > MSE

is preferred.

= 1.750x10%; r? = 0.32. Curve analysis

(curve)
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86 cohort; using equation (c)

Parameters SE tooiayes=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 S8 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 egressiony = 3-892x10"* > MSE ., = 2.550x10%, r* = 0.34. Curve analysis

is preferred.

Curve with significant seasonal variation fitted

87 cohort

Parameters SE - toonaym=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 2 133.7 843 <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 SE
1=33.73 3.428
m = 25.85 109.1
k =0.256 0.323
Curve fit SS
Curve 270.1
Error 2743
Total 544.4

DF

12
14

t(0.01(1)12)=2.68 P

9.84 < 0.01
0.24 >0.25
0.79 >0.25
MS F P

135.1 591 <001

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, P,
= Bartlett's test of equal variances among groups.

(80) g

Replication Test of Fit (RTOF)

Fius) (RTOF) Regression analysis

Cohort

82 NS; P =0.79 r’=0.12; P=0.35, n = 9; MSE = 1.197x10™
Pg=0.24

83 NS; P =0.17 r =0.14; P = 0.05; n = 28; MSE = 2.516x10™
Pg, = 0.98

84 219 < Fyoms3s = 3.59 r’ = 0.28; P < 0.01; n = 42; MSE = 2.483x10"
P <0.10; Py, = 0.95

85 1.90 < Figi.001:5230 * 3.08 = 0.29; P <0.01; n = 237, MSE = 1.276x10™
P <0.10, Py, = 0.63

86 3.04 < Fiui 001510 = 311 r* = 0.30; P < 0.01; n = 200; MSE = 1.590x10*
P <0.02; Py = 0.18

87  Only regression NS £ =0.03; P =0.31; n = 39; MSE = 1.914x10™

Piaov, < 0.01; P, = 0.56

APPENDIX 3.6B

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 -¢).0.524)) +(d . x)
(b) asymptotic y =1. (1 - (m . )
(©) (@ & (b) y=b.(cos(x -¢).0.524) + (1. (1-(m. e* )

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  toman=3-00 P

a =0.0740 0.00535 13.83 P <0.01
b = 0.00001 0.00690 0.002 P>0.25
c=1922 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 tooiapn=2-42 P

a =0.0579 0.00435 13.32 <0.01
b = 0.00474 0.00732 0.65 > 0.25
¢ =2259 1.779 12.70 <0.01
g = 0.000785 0.00020 3.84 <0.01

Curve parameters not significant

Refit curve using equation (b)

Parameters . SE tooayn=2-42 P

1=10.00833 0.00523 15.95 <0.01

m = 0.4421] 0.07846 5.64 <0.01

k =0.1045 0.05487 1.90 <0.05

Curve fit SS DF MS F P

(@) Curve 0.00566 2 0.00283 128 <0.01

Error  0.00885 40 0.000221
Total 0.01451 42

Analysis of curve model significance

MSE epression) = 2.516x10* > MSE = 2.210x10™; r* = 0.39. Curve analysis

1s preferred.

(curve)

85 cohort

Parameters SE tooapse=2-34 P

a = 0.0491 0.00137 35.87 <0.01

b =0.00223 0.00214 1.05 >0.10
.c =335 0.7370 45.46 <0.01

g = 0.000511 0.000067 7.69 <0.01
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Curve parameters not significant

Parameters SE  tomapn=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
Curve fit SS DF MS F P

Curve 0.01133 2 0.00566 46.62 <001
Ermror  0.02879 237 0.000122
Total 0.04012 239

Analysis of curve model significance
MSE ., essiony = 1.276x10* > MSE, ., = 1.215x10°%; 1* = 0.28. Curve analysis

is preferred.

86 cohort; using equation (a).

Parameters SE toorapey=2.34 P

a = 0.0431 0.00226 19.05 <0.01
b = 0.00656 0.00191 3.43 <0.01
c=1649 0.3556 46.37 <0.01
g = 0.000712 0.000089 8.03 <0.01

Refit curve with equation (c)

Parameters SE T temapey™2.34 p

1=0.0750 0.0129 5.81 <0.01

b = 0.00689 0.00203 3.40 <0.01

c =400 0.2754 145.2 <0.01

m = 0.5281 0.05938 8.89 <0.01

k =-0.04265 0.01963 217 <0.02

Curve fit SS DF MS F P

Curve 0.0132 4 0.00330 227 <001

Error  0.02924 201  0.000146
Total 0.04244 205

Analysis of curve model significance

MSE g essiom = 1.390x10* > MSE ) = 1.455x10%, > = 0.31. Curve analysis
is preferred.
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87 cohort; using equation (a)

Parameters SE

a =0.0580 0.00105
b = 0.00481 0.00342
c=19.68 2.284

g = 0.000022 0.000326

toorape=2-43

5.52
1.40
8.62
0.07

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 3.7A

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

L‘ =L x(l- e(-h'(t-h)))

where L, = whole body diameter (cm) at age (t) (month)
L, = asymptotic whole body diameter (cm)
K = growth constant (month™)
t, = correction factor for the early phase of slow growth, a preliminary plot of growth data
showed that t, ¥ 10mo. and this value was used consistently through the analyses.

83 cohort

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

Parameters SE toormen = 2.66 P
L, =44.04 0.5542 79.47 <0.01
K =0.0542 0.00830 6.53 <0.01

Analysis of curve model significance

N/A
84 cohort
Parameters SE tooranan = 2.61 P
L, =41091 0.8325 50.34 < 0.01
K = 0.0641 0.0148 433 <0.01

Analysis of curve model significance

Curve fit SS DF MS F P
Curve 42.23 1 42.23 2.374 <0.01
Error 2348 132 17.78
Total 2390 133

MSE ., = 17.78; * = 0.02.
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85 cohort

®

Parameters SE tooiayns ¥ 2.58 P

L, = 39.50 0.2410 163.9 <0.01
K =0.1154 0.0261 4.42 <0.01

Analysis of curve model significance

Curve fit SS DF MS F P

Curve 29.45 1 29.45 1.691 025>P>0.10
Error 12280 705 17.41
Total 12300 706
MSE ., = 17.41; * = 0.002,
(i1)

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

y =bx (cos(x - ¢) x 0.524) + (L_ . (1 - (€**™)

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

Parameters

L, = 39.51
K =0.08873
b =2.020
c=9.111

SE

1.190

0.0187
0.4997
1.2890

tooiayms = 2.58

33.20
4.75
4.04
7.07

Analysis of curve model significance

Curve fit

SS

Curve 373.2

11930
12300

DF MS

3 1244
703 16.97
706

MSE ., = 16.97; r* = 0.03.

86 cohort
Parameters

L, =39.24
K =0.0958

SE

0.3234

0.00935

toorsio ~ 2-58

121.34
10.25

P
<001
<0.01

< 0.01
< 0.01

F P

7.329 <0.01

P

<0.01
< 0.01



Analysis of curve model significance

Curve fit S8 DF MS F P
Curve 354.1 1 354.1 22.84 <0.01
Error 8125 524 1551
Total 8479 525

MSE e, = 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:

L=L,x( - ¥t

where L, = spine ossicle length (mm) at age (t) (month)
L, = asymptotic spine ossicle length (mm)
K = growth constant (month™)
t, = correction factor for the early phase of slow growth, a preliminary plot of growth data™
showed that t, ¥ 10mo. and this value was used consistently through the analyses.

83 cohort

Parameters SE toorayn ~ 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 4 603 <00l
Error 3029 61  4.965
Total 602.3 62

MSE ., = 4.965; * = 0.50.

84 cohort using equation (a)

Parameters SE tooianay = 2.61 P
L, = 48235 2413 20.04 <0.01"

K =0.0193 0.00192 10.05 <0.01
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Analysis of curve model significance

Curve fit SS " DF MS
Curve 1169 1 1169
Emror 766.7 132 5.808
Total 1935 133
2 _
MSE(CUWC) = 5.808; r - 0.60.
85 cohort
Parameters SE toormsio * 2.58
L, = 34.29 0.781 43.90
K =0.0394

0.00260 15.15

Analysis of curve model significance

Curve fit SS DF MS
Curve 1027 1 1027
Ermror 2556 510 5.011
Total 3582 511

MSE vy = 5.011; r’ = 0.29.

86 cohort

Parameters . SE tooasio ¥ 2.58

L,=31.94 0593  53.86

K =0.0521 0.00327 15.93

Analysis of curve model significance

Curve fit SS DF MS
Curve 892.7 1 892.7
Error 1511 377 4.009
Total 2404 378

MSE e, = 4.009; 1* = 0.37.
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F P

201.2 <0.01

<0.01
<0.01

F P

2049 <0.01

<0.01
<0.01

F P

2227 <001



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 Kruskal-Wallis AOV Regions grouped
Variable
(BD)
HP ~ ST = DO Qu.373.23; Q0157329 Guam
ST~ DO =~ SU Qp.4=1.98; Q.01.5=3.29 Guam/Fiji
DA Q4.576.58; Q0157329 GBR
(UWw)
HP = ST Qu=2.77; Q015329 Guam
ST = SU = DO Qp.4=2.04; Qp01.5=3.29 Guam/Fiji
DA Q.5=5.89; Qp.01.5=3.29 GBR
(WET)
HP ~ ST Qu.=1.73; Q0157329 Guam
ST = SU = DO Qu.=1.81; Qg 5=3.29 Guam/Fiji
DA Qu576.22; Qg 1,5=3.29 GBR
)
HP ~ ST = SU ~ DO Q4=1.98; Q0157329 Guam/Fiji
DA Q:.5=7.98; Qqg.01.5=3.29 GBR
(WS
HP ~ ST = SU ~ DO Q1.4=3.10; Q.01,5=3.29 Guam/Fiji
DA Q1.5=6.83; Q01.5=3.29 GBR
POA
HP ~ ST Qu2=2.71; Qg 01.5=3.29 Guam
ST = DO = SU Qp.4=2.09; Q.015=3.29 Guam/Fiji
DA Q4.5=5.30; Q015329 GBR
SOA
HP =~ ST Qu.572.87; Q01,5329 Guam
ST = DO = SU Q.4=1.86; Qg 01.5=3.29 Guam/Fiji
DA Q.5=5.53; Q.01.5=3.29 GBR
IBA
HP Q1.=3.59; Q0157329 Guam
ST ~ DO = SU Qu.4=1.93; Q01.5=3.29 Guam/Fiji
DA Q15=4.10; Qp015=3.29 GBR
MA
HP ~ ST Q1.2=2.63; Qpo,5=3-29 Guam
ST = DO Q3)=1.32; Q.01,5=3.29 Guam
DO = SU Q;.4=2.10; Qg 015=3.29 Guam/Fiji
SU ~ DA Q1.5=3.07; Q0157329 Fiji/GBR
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APPENDIX 4.2.

Bartlett's test of equal variances, one-way ANOVA 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(y}) = 43.46; P< 0.01 K-W,,,, = 296.9; P< 0.01

view residual plot Population Mean Rank HP = ST = DO
use non-param. (1) HP 29.6 Qu.3=3.23; Q15329
2) ST 69.9 ST = DO ~ SU
(3) DO 111.8 Qp.4=1.98; Qg .01.5=3.29
4) SU 122.4 DA
(5) DA 261.6 Q(1.5=6.58; Qg ,5=3.29
(UW) B(x}) = 115.24; P<0.01 K-W,,,,, = 207.9; P< 0.01
view residual plot Population Mean Rank HP ~ ST
use non-param. (1) HP 27.6 Qu=2.77; Qo 57329
(2) ST 74.9 ST = SU ~ DO .
3)SuU 107.0 Q.9=2.04; Qpo,5=3-29
(4) DO 110.6 DA
(5) DA 201.5 Q.5=5-89; Qpo1.5=3-29
(WET) B(y) =149.23; P<0.01 K-W,,,, = 292.6; P<0.01
view residual plot Population Mean Rank HP = ST
use non-param. (1) HP 26.3 Qu2=1.73; Qp.01.5=3-29
(2) ST 69.0 ST = SU =~ DO
3)su 117.0 Qu.=1.81; Q,5=3-29
4) DO 128.8 DA
(5) DA 260.4 Qu.576.22; Q01 ,5=3.29
(S)  B(x}) = 58.55, P<0.01 K-W,,, = 298.3; P< 0.01
view residual plot Population Mean Rank HP = ST » SU = DO
use non-param. (1) HP 50.1 Qu.4=1.98; Q01,5329
(2) ST 52.1 DA
(3)Su 100.2 Qu5=7.98; Qpo1,5=3-29
(4) DO 112.1
(5) DA 255.8
(WS) B(x}) = 68.16, P< 0.01 K-W,,,, = 282.7; P< 0.01
view residual plot Population Mean Rank HP = ST = SU = DO
use non-param. (1) HP 40.8 Q-4=3.10; Qo1.5=3.29
(2) ST 555 DA
3) DO 96.6 Q0.5=6.83; Qpo1.9=3.29
(4) SU 113.6
(5) DA 255.8
(POA) B(x}) = 78.67, P<0.01 K-W,,,, = 169.59; P< 0.01
view residual plot Population Mean Rank HP ~ ST
use non-param. (1) HP 34.1 Qu.2=2.71; Qpo15=3-29
(2) ST 75.4 ST = DO = SU
(3) DO 101.2 Q.4=2.09; Q1,5=3.29
(4) SU 109.6 DA
(5) DA 185.0 Q4.575.30; Qpo1,5=3-29

371



(SOA) B(x}) = 52.42; P< 0.01
view residual plot
us¢ non-param.

(IBA) B(x}) = 66.30; P< 0.01
view residual plot
use non-param.

(MA) B(x*) = 181.62; P<0.01
view residual plot
use non-param.

K"W(sm.) = 140.70; P< 0.01

Population
(1) HP
(2) ST
(3)sSU
“4) DO
(5) DA

K-W,,,, = 145.34; P< 0.01
Mean Rank

Population
(1) HP
(2) ST
(3) SU
4) DO
(5) DA

K-W,., = 129.76; P< 0.01
Mean Rank

Population
(1) HP
(2) ST
3)su
4 DO
(5) DA

Mean Rank HP =~ ST

37.0
76.0
96.9
102.1
172.8

31.4
858
103.8
117.3
175.9

37.7
73.2
91.6
1235
164.9
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Qy.22-87; Qq01,5=3-29
ST ~ DO = SU
Qp.47=1.86; Qu01.5=3.29
DA

Que5=5-53; Quor=3-29

HP

Qu273.59; Quo1.5=3-29
ST ~ DO = SU
Qp.9=1.93; Qo 57329
DA

Q1 574.10; Qpo1,5=3-29

HP ~ ST
Qu.=2.63; Q15329
ST ~ DO
Q25=1.32; Q157329
DO ~ SU
Qp.4=2.10; Q01,5329
SU = DA
Qu.5=3.07; Qo 5329



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 Suva Reef

n,=52; n~40 n,=22; n~18 n,=19; n~21 n,=20; n~16 n_ =27;n~29

Variable
(BD) t=12.39 M=020 t=-005 t=154 M =1.51
P=036 P=08 P=09 P=013 P=0.13
(UW) t=0.94 t=-016 t=-096 t=175 t=-0.89
P=035 P=087 P=034 P=009 P =038
(WET) t=358 t=-019 t=-071 t=1.17 t=-1.04
P <001 P=08  P=048 P=025 P =030
() t=-0.58 t=-137 t=-093 M=1.04 t=-1.28
P =0.56 P=018 P=036 P=030 P =021
(WS) t=0.34; t=-179 t=-022 M=080 t=-1.53
P=073 P=008 P=083 P =0.43 P=013
(POA) t=1.59 =034 t=-002 t=133 =_1.28
P=0.12 P =073 P=098 P=0.19 P =021
(SOA) t=135 t=-078 t=0.16 t=1.97 t=-1.06
P=0.18 P=044 P=08 P=008 P=0.30
(IBA) M =121 t=0.35 t=0.17 t =032 =-1.13
P=0.17 P =073 P=08 P=075 P =027
(MA) M =129 t=-018 M=077 t=0.79 t=-0.05
P =0.20 P=08 P=044 P=044 P =0.96
where: n,= number of male starfish

n/~= number of female starfish
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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
(cm); (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 (cm)

Davies Reef

equation statistics and F,,, test for sex
(a) (UW) = 0.107 x (BD)'*¥" ’=0.58; n=92; p< 0.01; MSE=3.32x10"
Fli0™0.42, Fap0012974-82, p>0.25
(b) (WET) = 0.281 x (BD)*** *=0.79; n=211;p< 0.01;MSE=2.24x10"
Fiaio=4-48, Fia.001221y=4-68, 0.025>p>0.01
(¢) S = 12.804 x (BD)°?* *=0.05; n=194; p< 0.01; MSE=1.64x10"
Fraio=1-42, Fgomazis9=4.71, 0.25>p>0.1

(d) WS = 14.845 x (BD)*** 2=0.07; n=168; p< 0.01; MSE=2.06x10"
Fiai=0-77, Faaoo12168~4-73, p>0.25

(e) POA = (1.650x10%) x (BD)"** ?=0.42; n=60; p< 0.01, MSE=3.80x10"
Fio=0-85, Fia0012,60=4-98, p>0.25

(f) SOA = (1.12x10%) x (BD)"**® ’=0.42; n=64; p< 0.01; MSE=3.99x10"
Fiai0=0-56, Fiog 012,69=4.88, p>0.25

(g) IBA = (2.185x10) x (BD)"* r°=0.34; n=59; p< 0.01; MSE=5.46x10"
Fri0=0.68, Fioy 0012,59=3.98, p>0.25

(h) MA = (3.490x107%) x (BD)*%% 1*=0.20; n=35; p=0.01, MSE=0.227
Fii0y=0-40, Fiy.001235=5.27, p>0.25
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Whole body diameter (cm)

Hospital Point

equation
(a) (UW) = (8.346x10%) x (BD)**"
(b) (WET) = 0.179 x (BD)***
(¢) S = not significant
(d) WS = not significant
(e) POA = (9.44x10?) x (BD)**
() SOA = (5.09x10%) x (BD)"**
(g) IBA = (8.42x10™) x (BD)""

(h) MA = (2.172x10™) x (BD)"**°

statistics and F, test for sex

(ratio)

r=0.72; n=40; p< 0.01; MSE=2.63x10~
Fini0=0-28, Fa0012.49=5-18, p>0.25

1*=0.72; n=40; p< 0.01; MSE=2.43x10%
F 2i0)=0.61, Fm;o_m;z_,,o)-_-ils, p>0.25

’=0.002; n=40; p=0.78
r’=0.001; n=40; p=0.89
’=0.38; n=40; p< 0.01; MSE=3.93x10"

F o039, Fiaromain=5-18, p>0.25

’=0.35; n=40; p< 0.01; MSE=4.99x10"
Fii070.72, Fioy 002407518, p>0.25

’=0.39; n=40; p=0.01; MSE=4.29x107
Fui=0.53, Foora.ao=5.18, p>0.25

=0.09; n=40; p=0.01; MSE=0.194
Firai=0.26, F(d;o.ol;z.m)zs«ls, p>0.25
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Whole body diameter (cm)

South Tumon Bay

equation
(a) (UW) = (9.963x10”) x (BD)**¥
(b) (UW) = (4.550x10%) x (BD)***!
(¢) S = not significant
(d) WS = not significant
(e) POA = (7.65x10™) x (BD)"*¥
(f) SOA = (4.42x10%) x (BD);-670
(g) IBA = (8.13x10") x (BD)'""*

(h) MA = (1.10x107%) x (BD)**"°

statistics and F,,, test for sex
'=0.67; n=40; p< 0.01, MSE=3.04x10"
Frai=1-41, Fa0012.405-18, 0.25>p>0.10

1*=0.66; n=40, p< 0.01; MSE=4.29x10?
Fiai=0-53, Fr0or2.40=5-18, 0.25>p>0.10

’=0.21; n=40; p=0.03
r’=0.08; n=40; p=0.08
7=0.47; n=40; p< 0.01; MSE=2.81x10"

Fai=0.33, Fla10012,40=2-18, p>0.25

r’=0.38; n=40; p< 0.01; MSE=4.37x107
Fiin=1-14, Fai0012.40=5-18, p>0.25

=0.37; n=40; p< 0.01; MSE=4.82x10"
F o015, Fior 0012407518, p>0.25

r’=0.34; n=40; p< 0.01; MSE=9.64x10"
Flai=0.15, Fiano012.40=5-18, p>0.25
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Whole body diameter (cm)

Double Reef

equation

(@) (UW) = (5. 38x]0'3) X (BD)2'732

(b) (WET) = 0.624 x (BD)**

() S = not significant
(d) WS = not significant

(e) POA = (6.20x10*) x (BDY***

(f) SOA = (3.97x10™) x (BD)***

(8) IBA = (1.17x10™*) x (BD)***®

(h) MA = (1.93 x 10™) x (BDy*'?®

statistics and F,.q,, test for sex
r’=0.91; n=38; p< 0.01; MSE=1.43x10"
Fiaiy=2-53, Fao012.56=5-18, 0.10>p>0.05

r’=0.73; n=36; p< 0.01; MSE=1.70x10%
F ai0y=0.82, F(a_,;&m:z‘Js):S.lS, p>0.25

r’=0.08; n=35; p=0.47
=0.01; n=35; p=0.68

2=0.76; n=37; p< 0.01; MSE=3.50x10"
Fiio=4.34, Fg001237=5.18, 0.025>p>0.01

r’=0.76, n=37; p< 0.01; MSE=3.69x10~
Fiaiy=3-31, Fy0010.37=5.18, 0.05>p>0.025

’=0.72; n=37, p< 0.01; MSE=4.16x10"
Faio=1-31, Fanoor237=5-18, p>0.25

’=0.43; n=37; p< 0.01; MSE=0.121
Firaie=0-43, Fyi001235=3.18, p>0.25
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Whole body diameter (cm)

Suva Reef

equation

(@) (UW) = (2.29x10%) x (BD)Y***

(b) (WET) = (5.18x10?) x (BD)***

(¢) S =0.715 x (WET)***®

(d) WS = 0.558 x (WET)'""®

(e) POA = (3.77x10™) x (WET)*°

(f) SOA = (3.35x10™) x (WET)»*™

(g) IBA = (6.50x10®%) x (WET)**#

(h) MA = (1.40 x 107%) x (WET**"

statistics and F,,,, test for sex
r’=0.84; n=56; p< 0.01; MSE=4.41x107
Fiaiiy=0.79, Fiaa0012,56=4.98, p>0.25

r’=0.92; n=56; p< 0.01; MSE=3.07x10"
Frun=0.23, Fay0012.56=4-98, p>0.25

r’=0.75; n=56; p< 0.01; MSE=1.42x10"
Flra0=0-12, Fiay0012.56=4.98, p>0.25

’=0.77, n=56; p< 0.01; MSE=1.91x107
Flai0=0.47, Fia10012,56=4.98, p>0.25

r’=0.85; n=56; p< 0.01; MSE=4.65x107
F(nu°)=0.39, Frai00 2a7=4.98, p>0.25

£=0.86, n=56; p< 0.01; MSE=4.22x10>
Flai=0.32, Fai0012,59=4.98, p>0.25

’=0.90; n=56; p=0.01; MSE=2.89x107
Flau=0-02, Fiy6012.59=4-98, p>0.25

r=0.63; n=56; p=0.01, MSE=0.127
Fiaio=1-34, Fao01259=4.98, p>0.25
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Underwater weight (g)

Davies Reef

equation

(a) (BD) = 9.29 x (UW)*2

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

(€) S =13.16 x (UW)**®

(d) WS = 18.96 x (UW)™®

(e) POA = 0.168 x (UW)5%

(f) SOA = 0.017 x (UW)'9%

(g) IBA = 0.013 x (UW)*™!

(h) MA = (8.08 x 10'4) X (UW)°'9“

statistics and F,,, test for sex

r’=0.58; n=92; p< 0.01; MSE=5.47x10"
Fiain=1-25, Fa0012,=4.82, p>0.25

r'=0.67; n=92; p< 0.01; MSE=3.50x10%
Firi=3.72, Foi 00120482, p>0.25

’=0.13; n=91; p< 0.01; MSE=1.96x10"
Firai=1.03, Fia0012,61,=4.82, p>0.25

r’=0.12; n=90; p< 0.01; MSE=2.46x10"
Fiaio=1-24, Fia0012,90=4-85, p>0.25

r’=0.63; n=36; p< 0.01; MSE=2.72x10"
F 0= Dot tested

1*=0.77; n=6; p=0.021;, MSE=2.78x10"
F 0= 1Ot tested

r’=0.62; n=36; p< 0.01; MSE=3.74x10"
F o= DOt tested '

’=0.32; n=36; p< 0.01; MSE=0.208
F 0= DOt tested
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Underwater weight (g)

Hospital Point

equation

(a) (BD) = 9.248 x (UW)*2

(b) (WET) = 22.392 x (UW)***!

(¢) S = not significant

(d) WS = not significant

(e) POA = 0.132 x (UW)?58

() SOA = 0.092 x (UW)°52

() IBA = (1.74x107%) x (UW)**

(h) MA = (1.16 x 107 x (UW)*"*®

statistics and F,,,, test for sex

r’=0.72; n=40; p< 0.01; MSE=2.85x10"
Firaioy=0-43, Fgooma.40=5-18, p>0.25

1’=0.90; n=40; p< 0.01; MSE=8.60x10"
Fini=1.92, Foo12.40=5-18, 0.25>p>0.1

=0.01; n=40; p=0.39
’=0.10; n=40; p=0.13
’=0.66; n=40; p< 0.01; MSE=2.17x10~

Faio=0-81, Fiat;0012,40=5-18, p>0.25

°=0.52; n=40; p< 0.01; MSE=3.64x10~
Fiatioy=0-81, Fiat0.012,40=5-18, p>0.25

%=0.57; n=40; p< 0.01; MSE=3.06x10~
Fi0y=0.95, Fiay 001240518, p>0.25

1’=0.25; n=40; p=0.01; MSE=0.158
Fatiy=0-26. Fiaa0012,40=3-18, p>0.25
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Underwater weight (g)

South Tumon Bay

equation statistics and F,4,, test for sex

(a) (BD) = 9.911 x (UW)*2? ’=0.67; n=40; p< 0.01; MSE=3.11x10"
Firain=1-12, Fa10012.4075-18, 0.25>p>0.10

(b) (WET) = 12.724 x (UW)I"! =0.85; n=40; p< 0.01; MSE=1.93x10"
Fi0=0.78, Fio1.0012,40=5-18, 0.25>p>0.10

(¢) S = not significant ’=0.13; n=40; p=0.02

(d) WS = not significant r’=0.05; n=40; p=0.15

(e) POA =0.116 x (UW)*6% *=0.83; n=40; p< 0.01; MSE=8.90x10"

Fiio=3-35, Fasomain=5-18, 0.05>p>0.01

(D) SOA = 0.065 x (UW)*"™ 1*=0.72; n=40; p< 0.01; MSE=2.00x10"
Firio=3-54, Fao02.40=5.18, 0.05>p>0.01

(g) IBA = (1.30x10%) x (UW)*™* 1*=0.69; n=40; p=0.01; MSE=2.34x10"
Firai=1.96, Faa0012.40=3.18, 0.25>p>0.1

(h) MA = (8.79 x 10™) x (UW)*3 1*=0.45; n=40; p=0.01; MSE=8.07x10?
Firai0=0.06, Figr.omian=5-18, p>0.25
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Underwater weight (g)

Double Reef

equation

(a) (BD) = 7.700 x (UW)*3*

(b) (WET) = 13.652 x (UW)-®*

(©) S = 7.822 x (UW)*%

(d) WS = 8.951 x (UW)**%

(e) POA = (4.38x10%) x (UW)*™®

() SOA = (2.81x107?) x (UW)***2

(g) IBA = (8.354x107) x (UW)*#°

(h) MA = (6.90 x 10™) x (UW)*#?

statistics and F,,, test for sex

r’=0.91; n=38; p< 0.01; MSE=1.74x10"
Flain=0-15, Feyo0m236=5.18, p>0.25

r’=0.93; n=38; p< 0.01; MSE=1.53x10"
Fiaio=3.96, Fooon.35=5.18, 0.05>p>0.01

=0.37; n=37; p< 0.01, MSE=1.81x10"
Faiy™ MOt tested

"=0.40; n=37, p< 0.01; MSE=2.39x10"
F 0= DOt tested

r’=0.93; n=37; p< 0.01; MSE=2.51x10"
Fiaio=5.13, Fggorasn=5.18, 0.025>p>0.01

r’=0.94; n=37; p< 0.01; MSE=2.33x10?
Firai0y=4.28, Fiai0.01237=5-18, 0.025>p>0.01

1’=0.80; n=37; p< 0.01; MSE=2.87x10"
Fiaioy™ 031, Fag01237=5.18, p>0.25

1’=0.64; n=38; p< 0.01; MSE=0.119
Fiauo=1.05, Fayo012,35=5.18, p>0.25
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Underwater weight (g)

Suva Reef

equation

(a) (BD) = 6.900 x (UW)°3%

(b) (WET) = 10.771 x (UW)"1*

(c) S =4.393 x (UW)*>

(d) WS = 4.962 x (UW)**&®

(e) POA = (3.06x102) x (UW)'!

() SOA = (2.35x107) x (UW)**%

(8) IBA = (5.04x107) x (UW)**”®

(h) MA = (7.85 x 10™) x (UW)*%

statistics and F,, test for sex

’=0.84; n=56; p< 0.01; MSE=7.16x10"
Firaie=0.04, Fi10012.59=4.98, p>0.25

r’=0.87; n=56; p< 0.01; MSE=5.05x10"
F(nﬁ°)=0.79, F(m;0.01;2.56)=4'98’ p>0.25

’=0.72; n=56; p< 0.01; MSE=1.59x10?
Fi0)=0-58, Fio1.001.2,5~4-98, p>0.25

r’=0.72; n=56; p< 0.01; MSE=2.27x107
Fai0y=0-87, Fay001:2,59=4-98, p>0.25

%=0.88; n=56; p< 0.01, MSE=3 .81x10?
Firai=0.52, Fiay001257=4.98, p>0.25

=087, n=56, p< 0.01; MSE=3.89x10°
Firatiy=0-26, Fa 001259498, p>0.25

’=0.88; n=56; p< 0.01, MSE=3.28x107
Firai0y=0.76, Fani0012.56=4.98, p>0.25

r’=0.65; n=56; p=0.01; MSE=0.121
Fioniy=2-02, Fa0012.50=4.98, 0.25>p>0.1
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Whole wet weight (g)
Davies Reef

equation statistics and F,q,, test for sex
(a) (BD) = 3.281 x (WET)*** ’=0.78; n=211; p< 0.01; MSE=2.98x10"
Fiaioy™1-0, For0.01221=4.68, p>0.25

(b) (UW) = 0.463 x (WET)*"® =067, n=92; p< 0.01; MSE=2.63x10?
Firaiey=0-93, Fiay0012.024 .82, p>0.25

(¢) S = 17.49 x (WET)**®! =0.04; n=194; p< 0.01; MSE=1.65x10?
Finin=1.79, Fagoonaisg=4-71, 0.25>p>0.1

(d) WS = 24.82 x (WET)**™ r’=0.04; n=168; p=0.01; MSE=2.11x10?
F 10095, Fnooa168~4.73, p>0.25

(e) POA = 0.047 x (WET)** *=0.44; n=60; p< 0.01; MSE=3.63x10"
Fi0y=0.78, Fai,001,60=4-98, p>0.25

() SOA = 0.068 x (WET)**** 1*=0.30; n=64; p< 0.01; MSE=4.80x10~
F(l'lﬂo)=0‘28’ F(GJ;O.OI;Z.M)=4‘88’ P>07-5

(g) IBA = 0.012 x (WET)**" 2=0.30;n=59:p=0.01;MSE=6.15x107
F(nu0)=0'43 > F(ul ;0.01 ;z.so)=4-98, p>0.25

(h) MA = (1.34 x 10™) x (WET)*™? 2=0.21:n=35;p=0.01;MSE=0.222
Firio=0-35, Fapo01239=5-27, p>0.25
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Whole wet weight (g)

Hospital Point

equation statistics and F,,, test for sex -

(@) (BD) = 3.931 x (WET)**® ’=0.72; n=40; p< 0.01; MSE=2.91x10?
Fai=0-31, Faio012.40=5-18, p>0.25

(b) (UW) = 0.066 x (WET)**® ’=0.90; n=40; p< 0.01; MSE=9.28x10"
Fiai0y=0.74, Fio1.0012,40=5-18, p>0.25

(¢) S = not significant ’=0.01; n=40; p=0.50

(d) WS = not significant r’=0.02; n=40; p=0.41

(e) POA = 0.019 x (WET)*%" =0.64; n=40; p< 0.01, MSE=2.32x10"

Frin=0.17, Fi 0124018, p>0.25

(f) SOA =0.013 x (WET)*¢"! ’=0.52; n=40; p< 0.01; MSE=3.66x10"
Fiio=0-51, Fioy 001240318, p>0.25

(g) IBA = (3.14x107) x (WET)**® r’=0.50; n=40; p=0.01; MSE=3.57x10?
Fiain=1-16, Fiy 001240518, p>0.25

(h) MA = (8.03 x 10 x (WET)*#? ’=0.29; n=40; p=0.01;, MSE=0.150
Fiaioy=0-14, Fy0.012,40=5-18, p>0.25
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Whole wet weight (g)

South Tumon Bay

equation statistics and F,,, test for sex

(a) (BD) = 6.149 x (WET)**® ’=0.66; n=40; p< 0.01; MSE=3.23x10"
Fiaio=1.872, Foy0012.40=3-18, 0.25>p>0.10

(o) (UW) = 0.242 x (WET)*™® ’=0.85; n=40; p< 0.01; MSE=1.42x10"
Firaio=1.67, Fa0012.40=5-18, 0.25>p>0.10

(¢) S = not significant ’=0.16; n=40; p=0.01

(d) WS = not significant ’=0.08; n=40; p=0.09,

(e) POA = 0.046 x (WET)**’ 1*=0.68; n=40; p< 0.01; MSE=1.71x10"

Flain=0-31, F(ul:O.Ol:ZAO):S‘]Sa p>0.25

(f) SOA = 0.023 x (WET)*¥8 ?=0.60; n=40; p< 0.01; MSE=2.98x10?
Finio=0.74, iy 0012407518, p>0.25

(2) IBA = (4.02x107) x (WET)*"! 1’=0.62; n=40; p=0.01; MSE=2.92x10"
Firaiy=0-61, Fai 001240518, p>0.25

(h) MA = (2.19 x 10™) x (WET)*** #=0.41; n=40; p=0.01;, MSE=8.61x10"
Fiaiioy=0.02, Fioy 0.01.2,40=5-18, p>0.25
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Whole wet weight (g)
Double Reef

equation statistics and F g, test for sex

(@) (BD) = 3.923 x (WET)***® r’=0.87, n=38; p< 0.01; MSE=2.53x10"
Firui=1.01, Foa.012035=5.18, p>0.25

(b) (UW) = 0.146 x (WET)*# ’=0.93; n=38; p< 0.01; MSE=1.18x10"
Fra0=0-85, Fian0.01:235=5-18, p>0.25

(©) S = 3.82 x (WET)*** r’=0.59; n=37; p< 0.01; MSE=1.27x10"
Finio=5.10, Fusoor33m=5.18, 0.02>p>0.01"

(d) WS = 3.79 x (WET)*** %=0.49; n=37, p=0.01; MSE=2.03x107
Fiai=3-75, Fao1257=5.18, p< 0.01**

(e) POA = (8.13x10%) x (WET)*™ =0.86; n=37, p< 0.01, MSE=2.08x10"
Fiaie=0.97, Fa001237=5-18, p>0.25

(f) SOA = (5.31x10") x (WET)*"™ ’=0.85; n=37; p< 0.01; MSE=2.26x10"
Fiai=0.44, Fa1001230=5.18, p>0.25

(g) IBA = (1.40x10>) x (WET)*"™¢ =0.80; n=37; p=0.01; MSE=2.88x10
Fra1y=0-88, Fioy00123n=5.18, p>0.25

() MA = (2.48 x 10") x (WET)"** 1’=0.44; n=37; p=0.01; MSE=0.120
Finiy=0-05, Fapoorazs=5.18, p>0.25
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Whole wet weight (g)
Suva Reef

equation

(a) (BD) = 3.314 x (WED)**¥?

() (UW) = 0.257 x (WET)*"™

(€) S =2.08 x (WET)***

(d) WS =2.07 x (WET)*>*?

(e) POA = (5.28x107%) x (WET)*®’
(f) SOA = (4.31x10”) x (WET)*®”
() IBA = (8.73x10™) x (WET)**”

(h) MA = (1.65 x 10™) x (WET)*"™*

statistics and F,, test for sex

r’=0.92; n=56; p< 0.01; MSE=3.38x10"
Flri=0.54, Fp0012.56~4.98, p>0.25

r’=0.87; n=56; p< 0.01; MSE=3.42x10"
Fiai0=1.06, Fiay.0012,59=4-98, p>0.25

1’=0.77; n=56; p< 0.01; MSE=1.29x10™
Frin=0.22, Faip02.56~4.98, p>0.25

’=0.77, n=56; p< 0.01; MSE=1.88x10"
Fiaioy=0-58, Fianio01.2.56=4.98, p>0.25

r’=0.89; n=56; p< 0.01; MSE=3.57x107
Fini0j=0-62, Fiay01237=4-98, p>0.25

’=0.88; n=56; p< 0.01; MSE=3.38x10"
Finio=0-49, Fag0012.59=4.98, p>0.25

*=0.91; n=56; p=0.01; MSE=2.40x1072
Flaio=0.03, Fiai0012,594-98, p>0.25

’=0.63; n=56; p=0.01;, MSE=0.126
Frio=1-16, Fap02.59~4-98, p>0.25
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APPENDIX 4.4A

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

Davies Reef

F iy teSt F oy critical P(V) P(rep. t.o.f) %;P(reg.)
(BD) 110 < Fsoouszg ~ 308 0.99 >0.25 0.07;< 0.01
(UW) 153 < Feoosay ® 315 0.68 0.25>P>0.1 0.13;<0.01
(WET) 128 < Faoomsagy ~ 308 0.78 >0.25 0.03; 0.02
(Sﬁ 377 > Faoonsangy = 3-08  0.92 <0.01 0.65;< 0.01
(WS) 283 < Faoonsiom ~ 311 0.86 0.05>P>0.01 0.68;< 0.01
(POA) 1.04 < Fasoonsey = 353  0.66 >0.25 0.12;<0.01
(SOA) 057 < Faoonasy ~ 3.60 0.06 >0.25 0.05; 0.08
(IBA) 099 < Frpous =353 067 >0.25 0.04; 0.06
MA) 079 < Faroonass = 3.60 0.003 * >0.25 0.14;< 0.01
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Hospital Point

F(mdo) test

(BD) 3.09 <
(UW) 343 <
(WED 145 <
® 5.48x10° <
(WS) 022 <
(POA) 144 <
(SOA) 064 <
(IBA) 233 <
(MA) 051 <

South Tumon Bay

F(mﬁo) test

(BD) 1.36
UWw) 0.80
(WET) 1.33
) 0.27
(WS) 0.39
(POA) 0.02
(S04) 0.04
(IBA) 0.04
(MA) 0.12

F(nuo) critical

Fratn01:1,40 = 7.31
F0011.40 = 7.31
Far00,40 = 7.31
Faapoa0 = 731
Faoon1,40 = 731
Foat0011.40 = 7.31
Foiooa0 = 7.31

F(u.l;O.Ol;l..so) =7.31

Faona = 7.31

F .0 Critical

Foro01.40 = 731
Fasoont40 = 731
Faoon40 = 7.31
Fas001,40 = 7.31
Fason1,40 = 731
Fapontag = 731
Fao,.40 = 7.31
Foona0 = 731

F

(@0.01.40) = 7-31

P (V)

not tested
0.31
0.47
0.43
0.04
0.91
0.97
0.84

0.26

P(V)

0.76
0.41
0.31
0.8%
0.21
0.70
0.72
0.22

0.49

390

P (rep. tof.)

0.1>P>0.05
0.1>P>0.05
0.25>P>0.1
>0.25
>0.25
>0.25
>0.25
0.25>P>0.1

>0.25

P(rep. t.o.f.)

0.25

>0.25
>0.25
>0.25
>0.25
>0.25
>0.25
>0.25

>0.25

1%, P(reg.)

0.01; 0.49
<0.01;0.85
<0.01;0.84
0.50:< 0.01
0.43,<0.01
0.05;0.16
0.04; 0.23
0.07.; 0.10

0.02; 0.41

1*,P(reg.)

0.08; 0.08
0.02; 0.38
0.03; 0.33
0.35;<0.01
0.43;<0.01
0.06; 0.14
0.02; 0.39
<0.01;0.84

0.03; 0.28



Double Reef

Faioy test
(BD) 1760 >
Uw) 10.58 >
(WET) 813 >
S 13.58 >
(WS) 13.97 >

(POA) 1625 >
(SOA) 12.13 >
(IBA) 1036 >

MA) .71 <

Suva Reef

F o) test

\

(BD) 12.90
(UW) 320 <

(WET) 162 <

&) 1277 >
(WS) 1245 >
(POA) 552 >
(804) 395 >
(dBA) 521 >
(MA) 247 <

F 0y Critical

Flas0013.40 = 431
Fapos.40 = 431
Faoo40 = 431
Fat0013.40 = 4.31
Fat0013.40 = 431
Feaoo3.40 = 431
Faio013.40 = 431
Foooa.40 = 431

Fot003.40 = 431

F 0 Critical

F(u;0‘01;4,74) ~ 3.56
Fiat001:479 = 3.56
F(a:;o.ox;4,74) ~ 3.56
F;M:O.o1;4.74) ~ 3.56
Fato0474 = 3.56
Feag001479 ® 3.56
Fao01474 = 3.56
Fav001:474 = 3.56

Fat001:468 = 3.60

P(V)

0.94
0.17
0.23
0.08
0.13
0.56
0.53
0.58

0.37

P(V)

0.96
<0.01
<0.01
0.09
0.24
<0.01
<0.01
<0.01

0.27
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P(rep. t.o.f)

<0.01
<0.01
<0.01
<0.01
<0.01
< 0.01
<0.01
<0.01

0.25>P>0.1

P(rep. t.o.f)

<0.01
0.025>P>0.01
0.255P>0.1
<0.01

<0.01

<0.01

<001

<0.01

0.1>P>0.05

r*;P(reg.)

0.21;< 0.01
0.17; 0.01

0.24,< 0.01
0.79;< 0.01
0.84;< 0.01
0.35;<0.01
0.28;<0.01
0.23,<0.01

0.14; 0.02

r*;P(reg.)

0.63;<0.01
0.67< 0.01
0.67,<0.01
0.79;< 0.01
0.81;<0.01
0.79;< 0.01
0.75:< 0.01
0.70;< 0.01

0.48,<0.01



APPENDIX 4.4B

Replication test-of-fit between least squares linear regression analyses and one-way
ANOVA for all variables and estimated age using spine ossicle pigment band counts
(selecting mature age classes, where gonads were able to be sexed). H, = 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 ANOVA analyses (test for linearity).

Davies Reef

F oy test F 0 critical P(V) P(rep. t.o.f) r*P(reg.)
(BD) 120 < Faroosiog ® 311 0.82 >0.25 , 0.06;< 0.01
(UW) 080 < Ferooen ® 351 0.99 >0.25 0.10;< 0.01
(WET) 140 < Fasoosisg ® 3-11  0.50 >0.25 0.02;<0.04
® 376 > Faioosios ~ 311 0.83 <0.01 0.65,< 0.01

run test with 2nd order polynomial;

(S)pay. 244 < Faoosisg = 311 0.83 0.05>P>0.025 0.66;< 0.01
(WS) 265 < Fegoosien ® 312 0.79 0.025>P>0.01 0.67,<0.01
(POA) 112 < Fuasooassy = 3.65 020 >0.25 0.07; 0.04
(SOA) 057 < Faooasy = 3.60 0.06 >0.25 0.05; 0.08
IBA) 041 < Faoorusy = 3.65 067 >0.25 0.01; 0.55
(MA) 1035 > Fapoass =527 0.56 <0.01 0.10; 0.06
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Hospital Point

F 0 test

(BD) 3.09 <
(UW) 343 <
(WET) 145 <
(©)) 5.48x10° <
(WS) 022 <
(POA) 1.44 <
(S0A) 064 <
(IBA) 233 <

MA) 051 <

South Tumon Bay

Fi0 test

(BD) 1.36 <
Uw) 080 <
(WET) 133 <
() 027 <
(WS) 039 <
(POA) 002 <
(SOA) 004 <
(IBA) 004 <
(MA) 012 <

F o Critical

Fa0011.40 = 7.31
Faoonaam = 7.31
Fiosoo11,40 = 7.31
Fat010,40 = 7.31
F(a.l;o.m;l,.w) =17.31
Fat001:1.40 = 7-31
Fasoonaan = 7.31
Faora40 = 7.31

Far0011,40 = 7.31

Fiaio) Critical

Fooo1140 = 7-31
Fo001:1.40 = 7-31
Fatoo1,40 = 731
Faro0a.40 = 7-31
Fiaro011.40 = 731
Flot.010,40 = 7-31
Foi01,40 = 7-31
Fooo1140 = 7.31

F(a.l;o.ox;l.w) =17.31

P(V)

not tested
0.31
0.47
0.43
0.04
0.91
0.97
0.84

0.26

P(V)

0.76
0.41
0.31
0.89
0.21
0.70
0.72
0.22

0.49
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P(rep. t.o.f)

0.1>P>0.05
0.1>P>0.05
0.25>P>0.1
>0.25
>0.25
>0.25
>0.25
0.25>P>0.1

>0.25

P(rep. t.0.f.)

P=0.25
>0.25
>0.25
>0.25
>0.25
>0.25
>0.25
>0.25

>0.25

;P(reg.)

0.01; 0.49
<0.01;0.85
< 0.01;0.84
0.50;< 0.01
0.43;<0.01
0.05; 0.16
0.04; 0.23

0.07, 0.10

'0.02; 0.41

%, P(reg.)

0.08; 0.08
0.02; 0.38
0.03; 0.33
0.35;<0.01
0.43;<0.01
0.06; 0.14
0.02; 0.39
<0.01;0.84

0.03; 0.28



Double Reef

F(mi.,) F(mio) critical
(BD) 040 < Foso02s = 5-27
Uw) 055 < Faroo125 = 527

(WET) 034 < Fomass =527

(S) 013 < Faooass =527
(WS) 1.13 < Faspo123m = 5.27
(POA) L4 < Feonass =527
(SOA) 1.59 < Fatooz3s = 5.27
(IBA) 036 < Fiao1235 = 5.27
(MA) 009 < Faooass =527
Suva Reef
Flratio) €St F .40 Critical

(BD) 322 < Foo456 = 3.65
Uw) 134 < Feoonese & 3.65

(WET) 058 < Flaooase = 3.65
(S) 58 > Fla001456 = 3.65
run test with 2nd order polynomial;
(8)paiy. 1.07 < Fonase = 413
(WS) 658 < Fios 001456 = 3.65
run test with 2nd order polynomial,

(WS 238 < Flaioonse % 413

(POA) 333 < Famus 365
(SOA) 204 < Faponsse = 365
(BA) 243 < Faomusy = 3.65
(MA) 210 < Foonsy = 3.65

P(V)

0.88
0.36
0.77
0.12
0.18
0.99
0.97
0.91

0.56

P(V)

0.96
0.15
=0.01

0.12

0.23

0.24
0.24
0.29

0.16
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P(rep. t.o.f)

>0.25
>0.25
>0.25
>0.25
>0.25
>0.25
0.25>pP>0.10
>0.25

>0.25

P(rep. t.o.f.)

0.025>P>0.01
>0.25
0.25>P>0.1

< 0.01

>0.25

<0.01

0.10>P>0.025
0.025>P>0.01
~0.01

0.10>P>0.025

0.1>P>0.05

r;P(reg.)

0.05; 0.18

0.03; 0.33

<0.01:0.93
0.73:< 0.01
0.78;< 0.01
<0.01:0.75
<0.01;0.99
<0.01:0.65

< 0.01;0.58

*;P(reg.)

0.46,< 0.01
0.51;<0.01
0.51;<0.01

0.74;,<0.01

0.81;<0.01

0.75;<0.01

0.81;<0.01
0.68;<0.01
0.62;<0.01
0.55;< 0.01

0.39;<0.01



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 *Sy y /Y .- 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 Sy«{mean)

(BD) whole body diameter (cm)

r’< 0.01; r’=0.01 r'=0.08 ’=0.05 r'=0.02
P=0.79;n=166 P=0.49;n=40 P=0.08:n=40 P=0.18;n=35 P=0.45;n=31
Syx/=0.107  §,,=0.100 §,,=0.092 §,,=0.097  S,,=0.117 Sy yimeay=0-103

(UW) underwater weight (g)

r’< 0.01 r’< 0.01 r’=0.02 r’=0.03 r*=0.09
P=0.64n=80 P=0.85;n=40 P=0.38;n=40 P=0.33;n=35 P=0.10;n=31
Sy,~0268 S,,=0.181 §,,=0.213 §,,=0.245  §,,~0.303 S, yimeay=0.242

(WET) whole wet weight (g)

r’< 0.01 r’<0.01 ’=0.03 r’<0.01 r'=0.12
P=0.53;:n=166 P=0.84:n=40 P=0.33;n=40 P=0.93;n=35 P=0.06;n=31
Syx=0287  §,,=0270 S§,,=0.296 S,,0.259  S,,=0.342 Sy yinemy=0-291

(8) spine ossicle length (mm)

’=0.45 =0.50 =035 =072 =025

P< 0.01;n=166 P< 0.01;n=40 P< 0.01;n=40 P< 0.01;n=35 P< 0.01;n=31

Sy =0071  §,,=0.068 §,,=0.068 S8;,=0.057 §;,,=0.092 Sy ymea~0.071
$=2.83*A+16.5 §=2.99*A+7.28 S$=2.68"A+8.88 S=2.08*A+12.72 S=1.31*A+15.75

(WS) whole spine appendage length (mm)
r’=0.41 7=0.43 ’=0.43 ’=0.80 r’=0.22
P< 0.01;n=150 P< 0.01;n=40 P< 0.01;n=40 P< 0.01;n=35 P< 0.01;n=31

$,,=0.079  §,,=0.080 S§,,=0.081 §,,=0.056  S,,=0.109 Sy mea~0-081
WS=4.60"A+24.9 WS=4.13*A+9.6 WS=540*A+6.3 WS=3.61"A+15.0 WS=2.16*"A+22.9

(POA) primary oral ossicle weight (adjusted*) (g)
r’< 0.01 =0.05 =0.06 r’< 0.01 =0.16

P=0.84:n=69 P=0.16;n=40 P=0.14;n=40 P=0.76;n=35 P=0.03;n=31
S, =0242  §,,=0239 §,,=0217 8§,,=0.173 87,0221 Sy ymea0-218
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(SOA) secondary oral ossicle weight (adjusted*) (g)
r’=0.01 ’=0.04 r’=0.02 < 0.01 £=0.12
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
Syx=0257  §,,=0.263 §,,=0.259 §,,=0255 §,,=0.244 Sy ymen=0.256

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

r’< 0.01 ’=0.07 r’< 0.01 r’<0.01 ’=0.05
P=0.95:n=68 P=0.10;n=40 P=0.84;n=40 P=0.65;n=35 P=0.26:n=30
Syx=0293  §,,=0.248 §,,70.268 S§,,=0229  5,,=0.247- S, yimeaw=0-257

(M) madreporite ossicle weight (adjusted **) (g)
r’< 0.01 r=0.02 =0.03 ’=0.01 7=0.02

P=0.83;n=48 P=0.41;n=40 P=0.28;n=40 P=0.58;n=35 P=0.45;n=29
Sy =0.406 Syx=0391 §,,~0.381 §,,=0.373 Syx=0.334 Sy yimeany=0.377

Therefore ranked Sy y(eany = S > WS > BD > PO > UW > SO > IB > WET > M

where:
1’ = coefficient of determination
P = probability of regression significance
n = sample size
Syy = standard error of estimate
Sy /Y (meany = (standard error of estimate) / (Y ,..,,) 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=L_x(-

where L, = size of growth variable at age (t) (month)
L, = asymptotic growth variable
K = growth constant (month™)

t, = correction factor for the early phase of slow growth, a preliminary plot of growth data
showed that t, ¥ 10mo. and this value was used consistently through the analyses.

APPENDIX 4.6A
Whole body diameter (BD)

Davies Reef (pre-outbreak cohorts)

Parameters SE tooays = 2.67 P
L,=4439 1.886 23.54 <0.01
K =0.0415 0.0114 3.64 <0.01

Analysis of curve model significance

Curve fit ss ~ DF  MS F P
Curve 48.32 1 4832 2781 0.10 <P <0.25
Error 886 51 17.37
Total ~ 934.3 52

MSE ey = 17.37; 1* = 0.05.

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

Davies Reef (post-outbreak cohorts)

Parameters SE to.oiaysy = 2.60 P
L, = 4220 0.7142 59.09 <0.01
K =0.0510 0.0039 15.07 <0.01
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Analysis of curve model significance

Curve fit SS DF MS F P
Curve 7093 1 7093 363.6 <0.01
Error 3687 189 1951
Total 10780 190

MSE ey = 19.51; r* = 0.66.

Hospital Point (Guam)

Parameters SE tooaps = 271 p
L, =23.69 0.7659 30.93 <0.01
K =0.1426 0.1089 1.31 0.05<P<0.10

Analysis of curve model significance

Growth curve parameter not significant

South Tumon Bay (Guam)

Parameters SE tooreps = 2.71 P
L, =294l 2.2920 12.83 <0.01
K =0.0632 0.0217 291 <0.01

Analysis of curve model significance

Curve fit SS DF MS F P
Curve 25.97 1 25.97 439 0.025<P<0.05
Error 2248 38 5.916
Total 250.8 39
MSE = 5.916; r* = 0.10.

(curve)

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

Double Reef (Guam)

Parameters SE toops = 2.71 P
L,=3113 1.097 28.38 <0.01
K =0.0690 0.0119 5.78 <0.01
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Analysis of curve model significance

Curve fit

MSE

Suva Reef (Fiji)

Parameters

L, =34.15
K =0.0483

Curve
Error
Total

(curve)

SS DF MS
477.9 1 477.9
514.5 38 13.54
992.4 39

= 13.54; r* = 0.48.
SE toogm = 2.65
1.300 26.27
0.0045 10.70

Analysis of curve model significance

Curve fit

MSE

Curve
Error
Total

(curve)

SS

3538
1056

4593

DF MS

1 3538
72 14.66
73

14.66; r* = 0.77.

APPENDIX 4.6B

Spine ossicle length (S)

F P

353 <0.01
P

< 0.01

<0.01

F P
2413 <0.01

Davies Reef (combined pre-outbreak cohorts)

Parameters

L, = 45.20
K =0.0225

SE

2.378
0.00316

tonsy = 2.67

19.01
7.12

Analysis of curve model significance

Curve fit

MSE

ss DF  MS
Curve 253.7 1 253.7
Ermror 2924 51 5.732
Total 546 52
(curve) — 5.732; r’ = 0.46.
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Davies Reef (combined post-outbreak cohorts)

Parameters SE tooiayssy = 2.60
L,=39.97 1.2580 31.77
K =0.02% 0.0024 12.32

Analysis of curve model significance

Curve fit N DF MS
Curve 1167 1 1167
Error  950.1 169 5.622
Total 2117 170

MSE ey = 5.622; 1* = 0.55.

Hospital Point (Guam)

Parameters SE tooapy = 2.71
L,=2898 3.671 7.89
K =0.0275 0.0067 4.13

Analysis of curve model significance

Curve fit SS DF MS
Curve 66.57 1 66.57
Error 68.93 38 1.814
Total 135.5 39
— v 2
MSE, .., = 1.814; * = 0.49,

South Tumon Bay (Guam)

Parameters SE tooraps = 271
L,=2514 2.811 8.94
K =0.0382 0.0099 3.86

Analysis of curve model significance

Curve fit SS DF MS
Curve 36.08 1 36.08
Error 66.66 38 1.754
Total 102.7 39
MSE = 1.754; r* = 0.35.

(curve)
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<0.01
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F P

36.7 <0.01

<0.01
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F P

20.57 <0.01



Double Reef (Guam)

Parameters SE © teoaps = 2-71 P
L, = 2861 1.283 22.30 <0.01
K =0.0330 0.0035 9.37 <0.01

Analysis of curve model significance

Curve fit SS DF MS F P
Curve 626.2 1 626.2 2504 <0.01
Error 92.53 38 2.501
Total 718.8 39
_ -
MSE ey = 2.501; 1* = 0.87.

Suva Reef (Fiji)

Parameters SE tooiaym = 2.65 P
L, =26.39 0.9445 27.94 <0.01
K =0.0380 0.0029 12.98 < 0.01

Analysis of curve model significance

Curve fit SS DF MS F P
Curve 2029 1 2029 491.5 <0.01
Error 289 70 4.129
Total 2318 71
MSE = 4.129; r* = 0.88.

(curve)

APPENDIX 4.6C

Whole wet weight (WET)

Davies Reef (combined pre-outbreak cohorts)

Parameters SE tooam = 2.67 P
L, = 2601 248.1 10.48 <0.01
K =0.0489 0.0457 1.07 0.20 <P <0.50

Analysis of curve model significance

Growth curve parameter not significant
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Davies Reef (combined post-outbreak cohorts)

Parameters SE tooianmy = 2.61 P
L, = 2358 119.7 19.70 <0.01
K =0.0593 0.0212 2.80 < 0.01

Analysis of curve model significance

Curve fit S8 DF MS F P

Curve 2.388x10° 1 2.388x10° 5.583 0.025 <P <0.05
Error 7.273x107 170  4.278x10°
Total 7.512x10" 171

MSE ey = 4.278x10°; r* = 0.03.

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

Hospital Point (Guam)

Parameters SE tooiang = 2.71 P
L, =5122 55.78 9.18 <0.01
K =0.1015 0.1615 0.61 >0.25

Analysis of curve model significance

Growth curve parameter is not significant

South Tumon Bay (Guam)

Parameters SE toorape = 2.71 P
L,=9870 439.7 2.24 0.01 <P <0.025
K =0.0405 0.0452 0.90 010 <P <0.25

Analysis of curve model significance

Growth curve parameters are not significant
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Double Reef (Guam)

Parameters SE tooaps = 2.71 p
L,=1453 2485 5.85 < 0.01
K =0.0361 0.0160 2.26 0.01 <P <0:025

Analysis of curve model significance

Growth curve parameter is not significant

Suva Reef (Fiji)

Parameters SE toam = 263 P
L, = 2750 1429 1.92 0.10 <P <0.25
K =0.0098 0.0064 1.53 0.10<P<0.25

Analysis of curve model significance

Growth curve parameters are not significant

APPENDIX 4.6D

Underwater weight (UW)

Davies Reef (combined pre-outbreak cohorts)

Parameters SE tonapy = 2.73 P
L,=1899 80.68 235 0.02 <P <0.05
K =0.0151 0.0126 1.19 0.20 <P <0.50

Analysis of curve model significance

Growth curve parameters are not significant

Davies Reef (combined post-outbreak cohorts)

Parameters SE toormes = 2.64 P
L,=1155 9.169 12.60 <0.01
K =0.0546 0.0227 2.41 0.01 <P <0.02
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Analysis of curve model significance

Growth curve parameter is weakly significant

Curve fit ss DF  MS F p
Curve 3151 1 3151 3764 0.05<P<0.10
Error 70320 84 837.2
Total 73470 85

MSE ey = 837.2; I = 0.04.

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

Hospital Point (Guam)

Parameters SE tooaps = 2.71 P
L, =30.05 4.522 6.65 <0.01
K =0.0926 0.1056 0.88 0.20 <P <0.50

Analysis of curve model significance

Growth curve parameter is not significant

South Tumon Bay (Guam)

Parameters SE tooaps = 2.71 P
L,=554 19.8 2.80 <0.01
K =0.0469 0.0466 1.01 0.20 <P <0.50

Analysis of curve model significance

Growth curve parameter is not significant

Double Reef (Guam)

Parameters SE tooaps = 2.71 P
L,=66.12 9.028 7.32 <0.01
K =0.0457 0.0186 2.46 0.01 <P <0.02

Analysis of curve model significance

Growth curve parameter is weakly significant
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Curve fit SS DF MS F P

Curve 5064 1 5064 17.07 <0.01
Error 11280 38 296.7
Total 16340 39

MSE sy = 296.7; 1* = 0.31.

Suva Reef (Fiji)

Parameters SE tooaym = 2.65 P

L,=177.2 102.5 1.73 0.10<P <020
K =0.0078 0.0055 1.42 0.05 <P <0.10

Analysis of curve model significance

Growth curve parameters are not significant
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