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ABSTRACT

Project Code: RDG 4620006

Project Title: Effect of Heat Stress on Blood Biochemistry, Hematology, Electrolyte and
Pathophysiology in Thai indigenous Chickens, Thai Indigenous Chickens
Crossbred and Broilers.

Investigator: Worapol aengwanich, DVM

Email Address: worapol.a@msu.ac.th

Project duration: October 2002 — October 2003

The objective of this study was conducted to determine the effect of chronic
heat stress on pathophysiclogy, electrolyte, hematology, blood biochemistry, feed intake
(F1) and avérage daily gain (ADG) in Thai indigenous chicken (TIC), Thai indigenous
chicken crossbred (TICC) and broiler (Br). Adaptation and pathophysiological change of
kidneys, liver, lungs and heart of three line chickens under chronic heat stress were
examined. The result revealed the following information: kidneys, liver, lungs and heart
damage of chickens maintained at 38+2°C was higher than that of chickens at 2612 °C.
At 38i2°C, kidneys, liver, lJungs and heart lesion scores of Br were higher than TIC and
TICC. On day 7, plasma sodium level of chickens maintained at 38+2°C was higher
than that of at 26+2°C. On day 14, plasma sodium level of chickens maintained at
38+2°C was lower than that of at 26+2 "C. Plasma sodium level of heat stressed TIC
was higher than TICC and Br, respectively. Plasma potassium level of heat stressed
chickens rose, especially on days 1 and 28 of experimental period (EP). Plasma
potassium level of heat stressed TIC and TICC were higher than Br. Besides, plasma
chloride level of heat stressed TIC was higher than TICC and Br, respectively.

The percentage of heterophil and heterophil: lymphocyte ratio (H:L ratio) of
chicken maintained at 38+2°C was higher than that of at 2612°C, and the percentage of
heterophil and H:L ratio of heat stressed Br was higher than TICC and TIC,
respectively. The percentage of lymphocyte of heat stressed chickens at 38+2°C was
lower than that of at 2612 "C. At 3812°C, the percentage of lymphocyte of Br was lower
than TIC and TICC, respectively. Packed cell volume (PCV) of TICC and Br maintained
at 3812°C was lower than that of at 2642 DC, but high heat could not affect on PCV of
TIC. PCV of heat stressed TICC and Br decreased on days 21 and 28, and 7 of EP,

respectively. On days 7 and 21, Hemoglobin concentration (Hb) of heat stressed



vV

chickens at 38+2°C was lower than that of at 26+2 "C. At 3822°C, Hb of TIC was lower
than TICC and Br, respectively.

On day 1, plasma glucose level of chickens maintained at 38+2°C was higher
than that of at 2642 °C then the level decreased on days 7, 14 and 21 of EP. Plasma
glucose level of heat stressed Br decreased faster than TICC and TIC. Plasma
cholesterol level of TIC was higher than TICC and Br. On day 7, plasma creatinine level
of Br maintained at 38+2°C was higher than TICC and TIC, respectively. At 381200, the
level of plasma serum glutamic oxaloacetic transaminase (SGOT) of Br was higher than
TICC and TIC, respectively. On days 21 and 28, the level of plasma lactate
dehydrogenase (LDH) of heat stressed Br and TIC that maintained at 3812°C was
higher than TIC. Plasma bilirubin level of chickens maintained at 38+2°C was higher
than that of at 26+2 °C. Plasma bilirubin level of Br maintained at 38+2°C was higher
than that of Br at 2642 c'C, but high heat did not affect on plasma bilirubin of TIC and
TICC. Feed intake (F1) and average daily gain (ADG) of chicken maintained at 38+2°C
was lower than that of at 26+2 °C. Furthermore, the level of plasma potassium, PCV,
plasma glucose, plasma cholesterol, FI and ADG of male were higher than that of
female chickens. Finally, when chickens exposed to prolong high heat, they could adapt
to this condition and TIC was tolerated to heat stress higher than TICC and Br,

respectively.

Keywords: Thai indigenous chicken, Thai indigenous chicken crossbred, breiler,
heat stress, pathophysiology, electrolyte, hematology, biochemistry,

feed intake, average daily gain
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Source DF Anova 58 Mean Sguare F Value Pr > F
TEMP 1 0. 05000000 0.05000000 0.00 D.9556
REP{TEMP}) 4 3B8.94444444 9.73611111 0.61 0.6585
SEX 1 3.47222222 3.47222222 0.22 0.6428
BREED 2 479.51944444 239, 75072222 14.95 0.0001
TEMP*SEX 1 8.02222222 B, 02222222 0.50 0.4811
TEWMP*BREED 2 89.10933333 44 _55416667 2.78 0.0B72
BREED*SEX 2 33.61944444 16,80972222 1.05 0,3546
TEMP*BREED*SEX 2 4,35277778 2.17638889 0.14 0.8733
TEM*BRE*SEX*REP (TEM) 20 228.25555556 11.41277778 0.71 0.8054
TIME 4 1303 . 26380089 325.81597222 20.32 0.0001
TEMP*TIME 4 296 . 38055556 74.09513889 4.62 0.0019
SEX*TIME 4 91.65277778 22.91319444 1.43 0.2304
BREED™TIME 8 318.16111111 39.77013389 2,48 0.0173
TEMP*BAEED*TIME 8 198.62777778 24.,82B47222 1.55 0.1509
TEMP*SEX*TINE 4 46.15833333 11.53858333 0.72 0.5B06
BREED*SEX*TIME a 178. 83388899 22.35486111 1.39 0.2080
TEMP*BREED*SEX*TIME 8 170,88333334 21.36041667 1.33 0.2371
Tests of Hypotheses using the Anova MS Tor REP(TEMP) as an error term

Source DF Anova S§S Mean Square F Value Pr > F
TEMP 1 0,05000000 0.05000000 0.01 0.9463
Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP (TEM) as an error term

Source DF Anova S8 Mean Square F Value Pr > F
SEX - 1 3.47222222 3.47222222 0.30 0.5873
BREED 2 479.51944444 238, 75972222 21.00 0.0001
BREED*SEX 2 33.61944444 16,80972222 1.47 0.2531
TEMP*SEX 1 8.02222222 8.02222222 0.70 0.4117
TEMP *BREED 2 89, 10833333 44 55416667 3.90 0.0370
TEMP*BREED*SEX 2 4.35277778 2.17638889 0,19 0.8279
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Source

DF Anava S8 Mean Square F Value Pr > F
TEMP 1 9.70688889 9.706688089 123.07 0.0001
REP(TEMP) 4 0.029886889 0.00747222 Q.09 0.9839
5EX 1 1.05800000 1.05800000 13.41 0.,0004
BREED 2 2.25369444 1.12684722 14.29 0.0001
TEMP*SEX 1 0.00138889 0.00138889 0.02 0.8947
TEMP*BREED 2 1.74669444 0.87334722 11.07 D.00014
BREED*SEX 2 0,52358333 0.26179167 3.32 0.0404
TEWMP*BREED*SEX 2 0.25436111 0.1271B056 1.61 0.2047
TEM*BRE*SEX*REP{TEM) 20 2.53177778 0.12658889 1.61 0.0670
TIME 4 0,25847222 0.06461806 0.2 0.5180
TEMP*TIME 4 7.01936111 1.75484028 22.25 0,000
SEX*TIME 4 0,97166111 0.24296528 3.08 0.0196
BREED*T IME 8 0.72644444 0.090B0556 1.158 t.3368
TEMP*BREED*TIME B8 1.70038889 0.21254861 2.69 0.0102
TEMP*SEX*T IME 4 0,11986111 0.02996528 0.38 0.8225
BREED*SEX*TIME ] 1.,09405556 0.136756534 1.73 0.1003
TEMP*BREED*SEX*TIME -1 _526688839 0.0B6586111 0.84 0.5740
Tests of Hypotheses using the Anova M3 for REP(TEMP) as an error term
Source DF Anova S5 Mean Square F Value Pr > F
TEMP 1 9,7068898% 9.70688889 1299.06 0.0001
Tests of Hypotheses using the Anova MS for TEW*BRE*SEX*REF(TEM) as an error term
Source DF Anova S§ Mean Square F Value Pr > F
SEX 1 1,06800000 1.05800000 8.36 ¢.0090
BREED 2 2.25365444 1.12684722 B.90 0.0017
BREED*SEX 2 0.52358333 0,26179167 2.07 01526
TEMP*SEX 1 0.001383889 0.001388R9 0.0t 0.9178
TEMP*BREED 2 1,74668444 0.87334722 G.90 0.0053
TEMP*BREED*SEX 2 0,25436111 0.12718056 1.00 0_3839
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Source DF Anova S5 Mean Square F Value Pr > F
TEMP 1 B.0p2222222 8.02222222 0.12 0.7257
AEP{TEMP) 4 2B5.45555656 71,36388889 1.10 0.3603
SEX 1 37.35565556 37.35555556 0.58 0.4495
BREED 2 1173.14444444 5B6.57222222 9.086 0.0002
TEMP*SEX 1 43,02222222 43.02222222 0.66 0.417%
TEMP*BREED 2 11421111111 57.10655556 0.88 0.4174
BREED*SEX 2 T7.87777778 38,938B8889 0.60 0.5502
TEMP*BREED*SEX 2 4521111111 22,60555556 0.35 0.70683
TEM*BRE*SEX*REP {TEM) 20 1114, 57777778 65,72688889 0.86 D.6356
TIME 4 701.17500000 175.29375000 2.1 0.0347
TEMP*TIME 4 208,49166667 52.12291667 .80 0.5251
SEX*TIME 4 255, 46388885 63,B6587222 0,99 0.4180
BREED*T IME 8 969, 55000000 121.19375000 1.87 0.0734
TEMP*BREED*TIME 8 656.23333333 82 .02916667 1.27 0.2701
TEMP*SEX*TIME 4 182.60277778 45,65069444 0.70 0.5906
BREED*SEX*TIME a8 5B6,.7687111111 73,34513889 1.13 0.34B8
TEMP*BAEED*SEX*TIME 8 625.45555555 78.18194444 1.21 0.3031
Tests of Hypotheses using the Anova M5 for REP(TEMP) as an error term

Source oF Anova 58 Mean Square F Value Pr > F
TEWP 1 B,02222222 8.02222222 0.11 Q.7543
Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP(TEM) as an error term

Source bF Anova S5 Mean Square F Value Pr>F
SEX 1 37.35555556 37.35555566 0.67 0.4226
BREED 2 1173, 14444444 586,57222222 10,83 0.0008
BREED*SEX 2 77.87777778 38,93688889 0.70 C.5090
TEMP*SEX 1 43.02222222 43.02222222 0.77 0,3300
TEMP*BREED 2 11421131111 57.105566556 1.02 0.3770
TEMP*BREED*SEX 2 45.21111114 22 ,60555556 0.41 0.6719
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Seurce DF Anova S$ Mean Square F Value Pr > F
TEMP 1 592, 23472222 592,23472222 32.15 0.0001
REP(TEMP) 4 58.,82222222 14, 70555556 0.80 0.5293
SEX 1 2.11250000 2.11250000 0.1 D._7356
BREED 2 134.83811111 67.41805556 3,66 0.0294
TEMP*SEX 1 6.23472222 6.23472222 0.34 0.5621
TEMP*BREED 2 350.83611111 175.41805556 9,52 0.0002
BREED*SEX 2 52.10833333 26.05416667 1.41 0.2481
TEMP*BREED*SEX 2 37.45277778 18.72638389 1.02 0,3667
TEM*BRE*SEX*REP (TEM) 20 337.34444444 16.86722222 0.92 0.5690
TIME 4 2234.28333333 558 .57083333 30.32 0.0001
TEMP*TIME 4 1051,85555556 252 . 96388859 14.27 0,0001
SEX*TIME 4 25.81111114 6.45277778 0.35 0,8433
BREED*TIME 8 577 .69166667 72.21146833 3.92 0.0005
TEMP*BAEED*TIME a 27B.80277770 34.,85034722 1.89 0,0700
TEMP*SEX*TIME 4 75.82777778 15.95694444 1.03 0.3964
BREED*SEX*TIME B 108, 863888089 13.60798611 0.74 0.6572
TEMP*BREED*SEX*TIME | 91.79722222 1147455270 .62 0,7568
Tests of Hypotheses using the Anova MS for REP(TEMP} as an eérror term

Source DF Anpva S8 Mean Square F Value Pr > F
TEMP 1 592 234722272 502,23412222 40.27 0.0032
Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP{TEM) as an error term

Source CF Angva 5§ Mean Square F value Pr > F
SEX -~ 1 2.11250000 2.11250000 0.13 ¢.727
BREED 2 134,.93611111 67.41805556 4.00 0.0346
BREED*SEX 2 5%,10833333 26.05416667 1.54 D.2378
TEMP*SEX 1 6.23472222 6.23472222 0.37 0.5500
TEMP *BREED 2 350.83611111 175.41805556 10.40 0.0008
TEMP*BREED*SEX 2 37,45277778 18,72638889 1.1 0.3490
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Source DF Anova S5 Mean Square F Value Pr > F
TEMP 1 700.138B8889 700.13388889 24 .69 0,0001
REF (TEMP) 4 143 . 22222222 35.80555556 1.26 0.23901
SEX 1 31.25000000 31.25000000 1.10 0.2985
BREED 2 11841111111 59.20555556 2.09 0.1296
TEMP*SEX 1 3.20000000 3.20000000 0.11 0.7377
TEMP*BREED 2 689 81111411 344 .90555566 12.16 0.0001
BAEED*SEX 2 496 . 30000000 248.15000000 8,75 0.0003
TEMP*BREED*SEX 2 75.83333333 37.91666667 1.34 0.2676
TEM*BRE*SEX*REP (TEM) 20 1028 ,34444444 §1.41722222 1.81 0.0296
TIME 4 2302 04166667 575.51041667 20,29 0.0001
TEMP*TIME 4 1205,90277778 323.97568444 11.42 0.0001
SEX*TIME 4 32,40277778 8,10069444 0.29 0 .BB66
BREED*TIME B 1198, 11666667 149.76458333 5.28 0.0001
TEMP*BREED*TIME B 679,27222222 84.90902778 2.99 0.0049
TEMP*SEX*TIME 4 103.08388889 25.76597222 0.91 0.4622
BREED*SEX*TIME 8 130,58B8BB89 16.32361111 0.58 0.7956
TEMP*BREED*SEX*TIME 8 105.27777778 13.15972222 0,46 0.8785
Tests of Hypotheses using the Anova M$S for REP{TEMP) as an errecr term

Source DF Anova 85 Mean Square F Value Pr > F
TEMP 1 70¢.13888889 700.13888889 19.55 0.0115
Tests of Hypotheses using the Anova MS Tor TEM*BRE*SEX*REP(TEM} as an error term

Source’ DF Ancva S8 Mean Square F Value Pr = F
SEX 1 31.25000000 31.25000000 0.61 0.4448
BREED 2 1184111111 59,20555556 1.15 0.3363
BREED*SEX 2 4895, 30000000 248,15000000 4.83 0.0135
TEMP*SEX 1 3.20000000 3, 20000000 0.06 0,8085
TEMP*BREED 2 689.81111111 344 80555556 6.71 0.0058
TEMP*BREED*SEX 2 75.83333333 a7.91666667 0.74 0.4909
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Source

DF Anova S§ Mean Square F value Pr > F
TEMP 1 D,43022222 0.43022222 49.27 4.0001
REP(TEMP) 4 0.05738889 0.01434722 1.64 0.1697
SEX 1 0.00242000 0.00242000 b.28 0.5993
BREED 2 0.09123444 0.04561722 5.22 0.0070
TEMP*SEX 1 0,01120222 0.01120222 1.28 0.2602
TEMP*BREED 2 0.20541444 0.t0270722 11.76 0.0001
BREED*SEX 2 0.04780333 0.02390167 2.74 0.0698
TEMP*BREED*SEX 2 0.00926778 0.00463389 0.53 0.5899
TEM*BRE*SEX*REP (TEM} 20 0.16074444 0.00803722 0.92 0.5631
TIME 4 0.89323667 0.22330017 25.57 0.0001
TEMP*TIME 4 0,55207222 0.13801806 15.81 0. 0001
SEX*TIME 4 0,02366333 0.00591583 0.68 0.6092
BREED*TIME 8 0,35964333 0.04495542 5.15 0.0001
TEMP*BREED*TIME 8 0,19847444 0.024B0931 2.84 0.0071
TEMP*SEX*TIME 4 0.03728111 0.00932028 1.07 0.3770
BREED*SEX*TIME 8 0.07999667 0, 00899058 1.15 0.3407
TEMP*BREED*SEX* TIME 8 0.06336556 0.00792069 0.9 a.5140
Tests of Hypotheses using the Anova MS Tor REP(TEMP) as an error term
source DF Anova S5S Mean Square F Value Pr > F
TEMP 1 0.43022222 0,.43022222 29.99 0.0054
Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP(TEM) as an error term
Source DF Anova S5 Mean Square F Value Pr > F
SEX - 1 0.00242000 0.00242000 0.30 0.5893
BREED 2 0.09123444 0.04561722 5.68 0.0112
BREED*SEX 2 0.04780333 0,02390167 2.87 0.0740
TEMP*SEX 1 0.01120222 0,01120222 1.39 0.25186
TEMP*BREED 2 0.20541444 0.10270722 12,78 0. 0003
TEMP*BREED*SEX 2 0.00926778 0.00463389 0.53 0.5709
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Source DF Anova S35 Mean Square F Value Pr > F
TEMP 1 49.08B88EBY 49. 08888889 13.33 0.0004
REP{TEMP) 4 15,28088B885 3.82222222 1.04 0.3916
SEX 1 36.45000000 36.46000000 9.90 0.0022
BREED 2 271.73811111 136 ,86805556 36.91 0.0001
TEMP*SEX 1 0. 20000000 0, 20000000 0.05 0.8162
TEMP*BREED 2 27.786811111 13.89305556 3.77 0.0264
BREED*SEX 2 2437500000 12.18750000 3.31 0.0407
TEMP*BREED*SEX 2 16,15833333 B, 07916667 2.19 0.1170
TEM*BRE*SEX*REP (TEM) 20 133, 64444444 6. 68222222 1.82 0,0283
TIME 4 102640833533 256.60208333 69.71 0.0001
TEMP*TIME 4 111,23055656 27.80763889 7.55 0. 00014
SEX*TINE 4 17 .56388988 4,39097222 1.18 0.3190
BREED*TIME 8 111. 16666667 13, 89583333 3.77 0. 0007
TEMP*BREED*TIME B 50,72777778 6.,34097222 1.72 0.1029
TEMP*SEX*TIME 4 B.0638B889 2.01597222 D.55 0.7012
BREED*SEX*TIME 8 27.71777778 3.47222222 0.94 0.4851
TEMP*BAEED*SEX*TIME 8 28,16111111 3,52013889 0.96 0.4748
Tests of Hypotheses using the Anova MS for RAEP(TEMP) as an error term

Source DF Anova S§S Mean Square F Value Pr>F
TEMP 1 49,03688889 49,088888B9 12,84 0.0231%
Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP(TEM} as an error term

Source DF Anova 55 Mean Square F Value Pr » ¥
SEX 1 36, 46000000 36.45000000 5.45 0,0300
BREED _ 2 271,73611111 135.86805556 20,32 0.0001
BREED*SEX 2 24,37500000 12.168750000 1.82 0.1872
TEMP*SEX 1 0,20000000 0,20000000 0.03 0.8644
TEMP*BREED 2 27.78611111 13.89305558 2.08 0.1512
TEMP*BREED*SEX 2 16.15833333 8.07916667 1.21 0.3194
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S0urce DOF Angva 88 Mean Square F Value Pr > F
TEMP 1 0.22542722 0.22542722 0.43 0.5119
REP (TEMP) 4 6.89277778 1.72319444 3.3 0.0137
SEX 1 0.28720056 0.28720056 0.55 0.4592
BREED 2 19.07089333 9.53544667 18.33 0.0001
TEMP*SEX 1 0,37264500 (. 37264500 0,72 0.3994
TEMP*BREED 2 0,57907111 0.28953556 0.58 0.5750
BREED*SEX 2 1.78615111 0.89307556 1.72 0.1851
TEMP*BREED*SEX 2 0.568017333 0.28008667 0.54 0.5854
TEM*BRE*SEX*REP(TEM) 20 14,.32351556 0.71617578 1.38 0.1532
TIME 4 23.19622556 5,7990563% 11.15 0.0001
TEMP*TIME 4 11.42894778 2.85723694 5.4%9 0.0005
SEX*TIME 4 0.66188556 0.16547139 0.32 0.88652
BREED*TIME ] 8.74088444 1.21761056 2.34 0.0242
TEMP*BREED*TIME 8 5.285852889 0.66074111 1.27 0,2681
TEMP*SEX*TIME 4 5,3083B556 1.32709628 2.55 0.0440
BREED*SEX*TIME 8 5.94810444 0.74351306 1.43 0.1941
TEMP*BREED*SEX™TIME 8 4.70563778 0.5B820472 1.13 D,3498
Tests of Hypotheses using the Anova MS Tor REP(TEMP) as an error term

Source OF Anova 58 Mean Square F Value Pr » F
TEMP 1 D,22542722 0.22542722 .13 0.7359
Tests of Hypotheses using the Anova NS for TEM*BRE*SEX*REP(TEM) as an error term

Spurce DF Anova 58 Mean Square F Value Pr>F
SEX 1 0.28720056 0.28720056 0.40 0.6337
BREED ™ 2 19.07088333 9.53544667 13.31 0.0002
BREED*SEX 2 1.78615111 0,89307566 1.25 D.3088
TEMP*SEX 1 0.37264500 0.37264500 0.52 0.4791
TEMP*BREED 2 0.57907111 0.28053556 0.40 0.6728
TEMP*BREED* SEX 2 0.56017333 C.2800B667 0.39 0.6814
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Source DF Anova 58 Mean Square F Value Pr > F
TEMP 1 14555,85201389 14955.89201389 58.40 0.0001
REP{TEMP) 4 656 ,74305556 164.18576389 0.64 0.6345
SEX 1 4745.7670138% 4745,76701389 18.53 0.0001
BREED 2 318.20502778 159,10451389 0.62 0.5394
TEMP*SEX 1 613.27812500 613.27812500 2.39 0.1250
TEMP*BREED 2 58.60902778 29.25451389 0.1 0.8922
BRAEED*SEX 2 583.65002778 291.82951389 1.14 0.3243
TEMP*BREED*SEX 2 255,36456333 127.68229167 0.50 0, 6090
TEM*BRE*SEX*REP(TEM) 20 3900.40861111 185.02493056 0,786 0.7518
TIME 4 3688, 44583333 922,11145833 3.60 0.0089
TEMP*TIME 4 2753,31805556 £08.32951389 2.69 0.0357
SEX*TIME 4 513.29027778 128.32256944 0.60 0.7350
BREED*T IME 8 494, 35000000 61.79375000 0.24 0.9819
TEMP*BREED*TIME 8 1513, 16111111 189, 14513889 0.74 0.6573
TEMP*SEX*TIME L] 423.05694444 105.,76423611 0.41 ¢.7989
BREED*SEX*TIME 8 2452 ,0B055555 306,61006944 1,20 0.3091
TEMP*BREED*SEX*TIME B 981 .9305556565 122.74131944 0.43 0.8682
Tests of Hypotheses using the Anova MS Tor REP{TEMP) as an errar term

Source DF Ancva 85 Mean Square F value Pr > F
TEMP 1 145955, B92013B9 14955,85201389 91.08 0.0007
Tests of Hypotheses using the Anova M5 Tor TEM*BRE*SEX*REF(TEM) as an error term

Source DF Anova SS Mean Square F Value Pr » F
SEX 1 4745.76701289 4745.76701389 24.33 0,0001
BREED 2 318,20802778 159,10451389 0.82 Q.,4565
BREED*SEX 2 583.65902778 291,82051389 1.50 0.2480
TEMP*SEX 1 613.27812500 613.27812500 3.14 0.0814
TEMP*BREED ? 5B.50902775 29.25451389 G.15 0.8617
TEMP*BREED*SEX 2 255.36458332 127 .608229167 0.65 00,5304
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Source DF Anova 59 Mean Square F Value Pr > F
TEMP 1 6.42222222 6.42222222 Q.05 0.8239
REP(TEMP} 4 2581.37222222 645, 34305556 5.00 ©.0010
SEX 1 3042, 22202222 3042.22222222 23.59 0.0001
BREED 2 1734.81111111 BE67 . 40555556 5.73 0.0018
TEMP*SEX 1 21,35555556 21.35555556 0.17 0.8850
TEMP*BREED 2 779.47777778 388.73888889 3.02 0.0533
BREED*SEX 2 3217777778 16.08B8888% 0.12 0.Baz28
TEMP*BREED*SEX 2 650.21111111 325.10555556 2,52 ¢.0857
TEM*BRE*SEX*REP{TEM) 20 7118.28444444 356.81472222 2.76 0.0005
TIME 4 2124,00833333 6531.00208333 4,12 0.0040
TEMP*TIME 4 1237.31388889 309,32847222 2.40 D.0554
SEX*TIME 4 1075.09722222 26B,77430556 2.08 0.Dass
BREED*TIME 3] 1662, 46666667 207 .8CB33333 1.61 08,1315
TEMP*BREED*TIME - 753,.24444444 84.15555656 0.73 0,6646
TEMP*SEX*TIME 4 122.43611111 30.60902778 0.24 D.9166
BREED*SEX*TIME -] 489.21111141 61.15138885 0.47 0.8717
TEMP*BREED*SEX*TIME 8 1683,78888889 210.47361111 1.63 0,1257
Tests of Hypotheses using the Anova MS for REP(TEMP} as an error term

Source DF Anova 35S Mean Square F Value Pr > F
TEMP 1 6.42222p22 6,42222222 0.01 0,9253
Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP(TEM) as an error tern

Source DF Anova 58 Mean Square F Value Pr>F
SEX . 1 3042,222p2222 3042 ,22222222 B8.55 0.,0084
BREED 2 1734.81111111 BE67. 40555556 2,44 0.1129
BREED*SEX 2 32.17777778 16.08B686888 0.05 D.,9559
TEMP*SEX 1 21.35555566 21.35555656 0.06 0.8090
TEMP*BREED 2 779.477TTTIB 389.73088889 1.10 0.3538
TEMP*BREED*SEX 2 650.21111111 325, 10555556 c.o, 0.4172
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Source DF Anova S8 Mean Sguare F Value Pr > F
TEMP 1 0.00022222 0.00022222 .05 0.8219
REP{TEMP) 4 0.022358889 D.00559722 1.28 0.2819
SEX 1 0,01800000 0. 01800000 4,13 0.0450
BREED 2 0.03469444 0.01734722 3,98 0.02t9
TEMP*SEX 1 0.00938889 0.00938889 2.15 0.1456
TEMP*BREED 2 0.00052778 0.00026389 0.06 0.9413
BREED*SEX 2 0.01675000 0.00837500 1.92 0.1521
TEMP*BREED*SEX 2 0.00936111 0.00468056 1.07 0.3460
TEM*BRE*SEX*REP[TEM) 20 0.08394444 0.00419722 0.96 0.5131
TIME 4 0.00666667 0.00166667 0,38 0,8209
TEMP*TIME 4 0.02255556 0,00563889 1.29 0.2782
SEX*TIME 4 0. 010888089 0, 00272222 0.62 0.6464
BREED*TIME 8 0.,0356568333 0.00444792 1,02 0.4265
TEMP*BREED*TIME 8 0.03419444 0.00427431 0.98 0.4564
TEMP*SEX*TIME 4 0.00755556 0.00188889 0.43 Q.7844
BREED*SEX*TIME 8 0.01602778 0.00200347 0.46 0.8816
TEMP*BREED*SEX*TIME 8 0.02786111 0.00348264 0.80 0,6052

Tests of Hypotheses using the Anpva MS for REP(TEMP) as an error term
Source DF Anpva 5S Mean Square F value Pr > F
TEMP 1 0.00022222 0.00p2z2222 0.04 0.e518

Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP(TEM) as an error term

Source DF Anova S8 Mean Square F Vvalue Pr > F
SEX - 1 0.01800000 0.01800000 4.29 0.0515
BREED 2 0.03469444 0.01734722 4.13 0.0315
BREED*SEX 2 0.01675000 .00837500 2.00 0.1621
TEMP*SEX 1 0.00538889 0.00938889 2.24 0.1504
TEMP*BREED 2 .00052778 0. 00026389 0.06 0.9382
TEMP*BREED*SEX 2 0.00936111 0.0046B056 1.12 0.3474
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Spurce DF Anova 58 Mean Square F Value Pr > F
TEMP 1 1477 .48050000 1477 .48050000 1.87 0.1750
REP (TEMP} 4 7142 ,73866667 1795 .68466667 2.26 0.0686
SEX 1 44393, 00272222 4493.00272222 5.68 0.0192
BREED 2 61B2.54433333 3091.27216667 3.91 0,0234
TEMP*SEX 1 367 .67605555 357.57605555 0.45 0.503
TEMP*BREED 2 27678100000 138,39050000 0.17 0.8398
BREED*SEX 2 3798.19544444 1899.09772222 2.40 0.0962
TEMP*BREED*SEX 2 43z2.83211111 216.41605556 0.27 0.7613
TEM*BRE*SEX*REP (TEM} 20 31684, 02666667 1584.20133333 2.00 0,0136
TIME 4 8756,01477778 2189.00368444 2.77 0.0317
TEMP*TIME 4 3987, 31366667 996, 62841667 1.26 0.2913
SEX*TIME 4 3633,92477778 008.48119444 1.18 0,3388
BREED*T IME 8 15318 ,182868889 1914.89786111 2.42 0.0200
TEMP*BREED*TIME 8 ¥709.80733333 963.73841667 1.22 0.2970
TEMP*SEX*TIME 4 1232, 99033333 308,24758333 0.39 0.8157
BREED*SEX*TIME B 6350, 4928B889 793.8%161111 1.00 0.43%0
TEMP*BREED*SEX*TIME 8 7678 81733332 959,85216667 1.21 0.2898
Tests of Hypotheses using the Anova MS for REP({TEMP) as an error term

Source DF Anova SS Mean Square F value Pr > F
TEMP 1 1477, 48050000 1477 .48050000 0.83 0.4145
Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP{TEM) as an error term

Source DF Anova 55 Mean Square F Value Pr > F
SEX 1 4493, 00272222 4493,00272222 2.B4 0.10%7
BREED 2 5182, 54433333 3091.27216667 1.95 0.1682
BREED*3EX 2 3708,19544444 1899.09772222 1.20 0.3223
TEMP*SEX 1 35757605565 357.576505555 0.23 0.6399
TEMP*BREED 2 276. 78100000 138.39050000 D.09 0.91687
TEMP*BREED*SEX 2 432,83211111 216,41605556 0.14 0.87M
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Source DF Anova S8 Mean Square F Value Pr > F
TEWP 1 414942 ,527036502 414942 62703502 5.31 0.0234
REP{TEMF) 4 491349.42641598 122837 .35660399 1.57 0.1878
SEX 1 5875,85702240 5B75.85702240 a.08 0.7844
BREED 2 1608734.63301116 804867 . 31650558 10.31 0.0001%
TEMP*SEX 1 16947 . 78782290 16947 .78782290 0.22 0.6424
TEMP*BREED 2 6844425617164 34222 12808582 0.44 0.6464
BREED*SEX 2 £4822,982819587 27411.41408793 0.35 Q.7049
TEMP*BREED*SEX 2 23905.98681110 11952 ,99340555 0.15 0.8583
TEM*BRE*SEX*REP(TEM) 20 1355779,42953634 67780.97147682 .87 0.6262
TIME 4 758984 ,84114939 189746.21028735 2.43 0.0830
TEMP*TIME 4 €62465.37217140 163116.34304285 2,09 0.0883
SEX*TIME 4 460583.62421024 115145 .90605256 1.47 0.2161
BREED*TIME ] 1297017.18248296 162127.14781037 2,08 0.0467
TEMP*BREED*TIME 8 43B259,45333433 54782 .43166679 0o.va 0.6893
TEMP*SEX*TIME 4 395689, 240830544 98922 .31207636 1.27 0.2886
BAEED*SEX*TIME 8 281143, 98261726 A5142.99782716 Q.45 0.8877
TEMP*BREED*SEX*TIME B 311244 ,99334764 338905.62416946 0,50 0.8547
Tests of Hypotheses using the Anova MS for REP{TEMP) as an errer term

Source oF Anova 58 Mean Square F Vajue Pr > F
TENP 1 414942 ,62703502 414942 62703502 3.38 0.1399
Tests of Hypotheses using the Anova MS for TEM*SBRE*SEX*REP({TEM) as an error term

Source DF Angva 5% Mean Square F Value Pr > F
SEX 1 5B75.B5702240 5B75.85702240 0.09 0.7715
BREED 2 1609734.63301116 804867 .31650558 11.87 0.0004
BREED*SEX 2 54822.82819587 27411.41409732 0.40 0.6727
TEMP*SEX 1 16947, 76782290 16947 . 78782290 0.25 0.5225
TEMP*BREED 2 68444 ,25617164 3422212806582 0.60 g.6111
TEMF*BREED*SEX 2 23905.98681110 11952 99340555 0.18 0.8396




ANTIIATAHWING 14 NamﬁLﬂﬂ:ﬁmaaﬁﬁmaaﬁhwmﬁmﬁﬁgﬁu

114

Source OF Ancva 58 Mean Square F Value Pr > F
TEMP 1 0.03264255 0,03254255 5.56 0.0204
REP{TEMP) 4 0.02281205 D,00565301 0.9 0.4316
SEX 1 0.00169494 0.00165494 ¢.29 0.5923
BREED 2 0.00082205 Q,00041102 0.07 0.9324
TEMP*SEX 1 0.01565395 0. 01565395 2.67 0,1058
TEMP*BREED 2 0.00746792 0.00373396 0.64 0.5316
BREED*SEX 2 0,00365335 0,00182867 Q.31 0.7333
TEMP*BREED*SEX 2 0.02354009 0.01177005 2.00 0.1403
TEM*BRE*SEX~REP (TEM) 20 0.13169725 0.00658486 1.12 0.3418
TIKE 4 a,07603992 0.01900898 3.24 0.0155
TEMP*TIME 4 0.247B0282 ,06187070 10.56 0.0001
SEX*TIME 4 0.04913146 0.012282B6 2.09 0.0878
BREED*TIME 8 0.07413145 0,00926643 1.58 0.1415
TEMP*BREED*TIME -] 0.08817361 0.01102179 1.88 0.0725
TEMP*SEX*TIME 4 Q.033B1658 0,00B45414 1.44 0.2268
BREED*SEX*TIME ] 0.03857940 0.004B2243 0.82 D.5B56
TEMP*BREED*SEX*TIME 8 0.11293709 0.01411714 2.40 0.02c8
Tests of Hypotheses using the Ancva MS for REP{TEMP} as an error term

Source OF Anova 5% Mean Square F Value Pr>F
TEMP 1 0.03264255 0.03264255 5.77 0.0741
Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP(TEM) as an error term

Source DF Anova SS Mean Square F Value Pr > F
SEX 1 0.00159494 0.00169494 0.26 0.6175
BREED- -4 0.00082205 0.00041102 Q.06 0,9397
BREED*SEX 2 0.00365335 0.00182667 0.28 0.7606
TEMP*SEX 1 0.01565395 0.01565385 2.38 0.1388
TEMP*BREED 2 0.00746792 0.00373396 0.57 0.5761
TEMP *BREED*SEX 2 0,02354008 0.01177005 1.79 g, 1931
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Source DF Anova 85 Mean Square F Value Pr>F
TEMP 1 2955 ,91566944 2955,91566044 20.77 ©.0001
REP { TEMP) 4 581 .82826111 145, 45706528 1.02 D.4018
SEX 1 2319.22506944 2319,22506944 16.30 0.0001
BREED 2 50192.98237639 25096.49118819 176.35 0.0001
TEMP*SEX 1 2.37160000 2,37160000 0.02 0.8976
TEMP*BREED 2 103.45960139 51.72980089 0.36 0,6965
BREED*SEX 2 1966 . 67651806 983,33825803 6.91 0.0018
TEMP*BREED*SEX 2 392.98420417 196.49210208 1.38 0.2580
TEM*BRE*SEX*AEP | TEM) "0 4B58.17407222 242,90870361 1.7% D.0s521
TIME 3 11405,79038333 3801,93012778 26.72 0.6001
TEMP*TIME 3 1161.44623611 387.14874537 2.72 0.0507
SEX*TIME 3 70.52544722 23.50848241 0.17 0.9195
BREED*TIME 6 12020.00347917 2003.33391319 14.08 0,0001
TEMP*BREED*TIME -] 1131. 50514306 188.58419051 1.33 0.2572
TEMP*SEX*TIME 3 97.00389444 32.33463148 0.23 0.8772
BREED*SEX*TIME -] 270.09321528 45.01553588 0.32 0.9265
TEMP*BREED*SEX*TIME 8 414 ,96575139 659.16095856 Q.49 0.8167
Tests of Hypotheses using the Ancva MS for REP(TEMP} as an error term

Source DF Anova 55 Mean Sguare F value Pr > F
TEMP 1 2955,91566944 2955 ,91566944 20,32 D.0108
Tests of Hypotheses using the Anova MS for TEM*BRE"SEX*REP(TEM)} as an error term

Source DF Anova 55 Mean Square F Value Pr > F
SEX 1 2319.22506944 2319.22506944 9,55 0.0058
BREED 2 50192,98237639 25096, 49118819 103.32 0.06001
BREED*SEX 2 1966,67651B06 ©B83,33825803 4.05 0.0334
TEMP*SEX 1 2.,37160000 2.37160000 0.01 0,9223
TEMP*BREED 2 103.45960139 51,72980069 0.21 0.8100
TEMP*BREED*SEX 2 392,99420417 196.49210208 0.81 0.4584
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Source DF Ancva S8 Mean Square F Value Pr > F
TEMP 1 283.44375245 283.44375245 4.29 a.0419
REP (TEMP) 4 321 .22736758 80.,30684189 1.22 0.3116
SEX 1 1731,85923711 1731.85923711 25.23 0.0001
BREED 2 15057 ,17223428 7528,58611714 114,02 0.000M
TEMP*SEX 1 74.,12286081 74.12286081 1.12 Q.29239
TEMP*BREED 2 0. 00000000 0. 00000000 0.00 1.0000
BREED*SEX 2 176.42730625 88.21365312 1.34 0.2694
TEMP*BREED*SEX 2 0. 00000000 0.00000000 0.00 1.0000
TEM*BRE*SEX*REP{TEM} 20 1105,01642863 55,25082143 0.B4 D.6624
TIME 3 1776,10541259 5892,03513753 8.97 00,0001
TEMP*TIME 3 956.88324589 318.96108196 4.83 Q.0041
SEX*TIME 3 15.30483737 5.10161246 0.08 0.9721
BREED*TIME 6 2677.95953950 446,32658992 6.76 ¢.0001
TEMP*BREED*TIME 6 654 ,43158427 109,07193071 1,865 0.1457
TEMP*SEX*TIME 3 127.45944910 42,48648303 0.64 0,5896
BREED*SEX*TIME 5} 453,34203018 75.55700503 1.14 0,3460
TEMP*BREED*SEX*TIME [ 538 ,76325565 89.79387594 1.36 0.2427
Tests of Hypotheses using the Anova MS for REP(TEMP} as an error term

Source DF Anova 58 Mean Square F value Pr > F
TEMP 1 283.44375245 283.44375245 3.583 0.1335
Tests of Hypotheses using the Anova MS for TEM*BRE*SEX*REP(TEM) as an error term

source DF Anpva 58 Mean Square F value Pr > F
SEX 1 1731.85823711 1731.85923711 31.35 0.0001
BAEED 2 15057.17223428 7528,58611714 136.26 0,000t
BREED*SEX 2 176.42730625 B8.21365312 1,60 0.2273
TEMP*SEX 1 74.12286081 74.12286081 1.34 0.2604
TEMP*BREED 2 0.00000000 0,00000000 0.00 1,0000
TEMP*BREED*SEX 2 0.00000000 0.00000000 0.00 1,0000
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26+2°C 73304360 71.09+377 62566 55.38+46.48 53.247.63 54.83:8.04 64,00+5.68 69.52+5.20 60.32+565

38+2°C 85184570 80.54+5.15 72.38+4.08 58.68+6.66 58.30+7.37 £5.13:6.11 70.38+4 51 75.32+46.27 78.98+581
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