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Fig.S1. The distribution of the observed number of newborns (solid vertical bars),
from the onset of the birth season (July) per adult warthog of both sexes, and the
fitted model (solid black curve) with 95% confidence bands (shaded region). The
dashed black vertical line marks the location of the birth peak. The population-
averaged model (dashed curve) and location of peak birth month (dashed vertical

line) are shown in gray.
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Fig. S2. The distribution of the observed number of newborns (solid vertical bars),
from the onset of the birth season (July) per adult zebra of both sexes, and the fitted
model (solid black curve) with 95% confidence bands (shaded region). The dashed
black vertical line marks the location of the birth peak. The population-averaged
model (dashed curve) and location of peak birth month (dashed vertical line) are

shown in gray.
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Fig. S3. The distribution of the observed number of newborns (solid vertical bars),
from the onset of the birth season (July) per adult female hartebeest, and the fitted
model (solid black curve) with 95% confidence bands (shaded region). The dashed
black vertical line marks the location of the birth peak. The population-averaged
model (dashed curve) and location of peak birth month (dashed vertical line) are

shown in gray.
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Fig. S4. The distribution of the observed number of newborns (solid vertical bars),
from the onset of the birth season (July) per adult female impala, and the fitted
model (solid black curve) with 95% confidence bands (shaded region). The dashed
black vertical line marks the location of the birth peak. The population-averaged
model (dashed curve) and location of peak birth month (dashed vertical line) are

shown in gray.
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Fig. S5. The distribution of the observed number of newborns (solid vertical bars),
from the onset of the birth season (July) per adult female giraffe, and the fitted
model (solid black curve) with 95% confidence bands (shaded region). The dashed
black vertical line marks the location of the birth peak. The population-averaged
model (dashed curve) and location of peak birth month (dashed vertical line) are

shown in gray.
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Table S1. Results of the linear regression of the estimated month of birth peak,
birth synchrony and peak fecundity rate divided by their respective population-
averaged values (arithmetic mean for peak fecundity) for 1989-2003 on the annual,
seasonal and quarterly rainfall components in the preceding (Annuall, wetl, dryl,
earlywetl, latewetl, earlydry1 and latedry1) or current (Annual, wet, dry, earlywet,
latewet, earlydry, latedry) year. The wet season spans November-June, whereas the
late-wet season spans March-June. The Akaike information criterion-selected best

models are highlighted in bold face font. R? is the coefficient of determination.



Peak birth month Birth synchrony
Species Rain Estimate SE T P>|T| R2 AlCc  AAICc Wi Estimate SE T P>|T| R? AlCc  AAICc Wi
Topi earlywet -0.00042 0.00011 -3.80 0.0025 0.55 -73.9 0.0 0.66 -0.00003 0.00006 -0.58 0.5709 0.03 -91.5 46 0.04
wetl -0.00011 0.00014  -0.79 0.4467 0.05 -63.6 10.4 0.00 -0.00002 0.00005 -0.32 0.7544 0.01 -91.2 48 0.03
dry -0.00049 0.00035 -1.40 0.1878 0.14 -65.0 9.0 0.01 -0.00015 0.00013 -1.15 0.2730 0.10 -92.6 35  0.07
dryl -0.00003 0.00039  -0.09 0.9297 0.00 -62.9 11.1 0.00 -0.00002 0.00014 -0.16 0.8742 0.00 -91.2 49 0.03
annual -0.00027 0.00008 -3.20 0.0076 0.46 -71.5 2.4 0.20 -0.00005 0.00004 -1.29 0.2203 0.12 -93.0 31 0.08
annuall -0.00007 0.00011  -0.64 0.5364 0.03 -63.3 10.6 0.00 0.00000 0.00004 -0.10 09194 0.00 -91.1 49 0.03
earlywet1 0.00002 0.00018 0.14 0.8946 0.00 -62.9 11.0 0.00 0.00002 0.00006 0.31 0.7595 0.01 -91.2 48 0.03
latewet 0.00014 0.00031 0.44 0.6710 0.02 -63.1 10.8 0.00 -0.00008 0.00011 -0.67 0.5185 0.04 -91.6 44 0.04
latewet1 -0.00030 0.00020 -1.46 0.1696 0.15 -65.2 8.8 0.01 -0.00007 0.00008 -0.92 0.3751 0.07 -92.1 4.0 0.05
earlydry -0.00022 0.00069  -0.32 0.7532  0.01 -63.0 10.9 0.00 0.00012 0.00025 0.48 0.6432 0.02 -914 4.7 0.04
earlydryl -0.00090 0.00063  -1.42 0.1814 0.14 -65.1 8.9 0.01 -0.00024 0.00024 -1.00 0.3375 0.08 -92.2 3.8 0.06
latedry -0.00086 0.00049 -1.75 0.1061 0.20 -66.1 7.9 0.01 -0.00038 0.00017 -2.26 0.0434 030 -96.1 0.0 0.39
latedry1 0.00072 0.00057 1.27 0.2286 0.12 -64.6 9.3 0.01 0.00011 0.00022 0.52 0.6129 0.02 -91.4 46 0.04
wet -0.00031 0.00011  -2.72 0.0185 0.38  -69.6 4.3 0.08 -0.00005 0.00005 -0.90 0.3876  0.06  -92.0 4.0 0.05
Warthog earlywet -0.00025 0.00019  -1.30 0.2166 0.12 -58.7 4.2 0.06 -0.00015 0.00018 -0.81 0.4334 0.05 -59.6 3.7 0.06
wetl -0.00007 0.00018  -0.39 0.7051 0.01 -57.0 5.8 0.03 0.00001 0.00017 0.04 0.9689 0.00 -588 45 0.04
dry -0.00001 0.00047  -0.03 0.9772 0.00 -56.9 6.0 0.03 -0.00001 0.00044 -0.02 0.9831 0.00 -588 45 0.04
dryl -0.00053 0.00045 -1.16 0.2699 0.10 -58.3 4.5 0.05 0.00032 0.00044 0.73 04771 0.04 -59.5 39 0.06
annual -0.00011 0.00014 -0.76 0.4626 0.05 -57.5 5.4 0.03 -0.00009 0.00013 -0.66 0.5219 0.03 -59.3 4.0 0.05
annuall -0.00010 0.00013  -0.76 0.4613 0.05 -57.5 5.4 0.03 0.00002 0.00013 0.12 0.9045 0.00 -589 45 0.04
earlywet1 -0.00016 0.00021  -0.73 0.4793 0.04 -57.5 5.4 0.03 -0.00006 0.00020 -0.28 0.7862 0.01 -589 44 0.04
latewet 0.00015 0.00039 0.37 0.7150 0.01 -57.0 5.9 0.03 -0.00009 0.00036 -0.26 0.7992 0.01 -589 44 0.04
latewet1 0.00008 0.00027 0.28 0.7856 0.01 -57.0 5.9 0.03 -0.00057 0.00027  -2.160 0.0054 0.30 -63.3 0.0 0.38
earlydry 0.00095 0.00081 1.18 0.2621 0.10 -584 45 0.05 0.00041 0.00079 0.52 0.6157 0.02 -59.1 42 0.05
earlydryl -0.00173 0.00068 -2.54 0.0260 035 -62.9 0.0 0.51 0.00054 0.00077 0.70 0.4961 0.04 -59.4 39 0.05
latedry -0.00064 0.00066  -0.97 0.3516 0.07 -57.9 5.0 0.04 -0.00024 0.00063 -0.39 0.7067 0.01 -59.0 43 0.04
latedry1 -0.00011 0.00075  -0.14 0.8909 0.00 -56.9 6.0 0.03 -0.00005 0.00070 -0.08 0.9402 0.00 -588 45 0.04
wet -0.00016 0.00017  -0.93 0.3726  0.07 -57.8 5.1 0.04 -0.00014 0.00016 -0.87 0.4027 0.06  -59.7 3.6 0.06
Zebra earlywet 0.00014 0.00022 0.66 0.5246 0.03 -54.8 49 0.03 0.00002 0.00017 0.12 0.9099 0.00 -61.0 48 0.03
wetl -0.00022 0.00019  -1.15 0.2720 0.10 -55.8 4.0 0.06 -0.00011 0.00016 -0.73 0.4811 0.04 -61.6 42 0.04
dry 0.00023 0.00051 0.45 0.6583 0.02 -54.6 5.2 0.03 0.00020 0.00040 0.49 0.6353 0.02 -61.3 46 0.03




dryl -0.00103 0.00043 -2.38 0.0346 0.32 -59.8 0.0 0.40 0.00034 0.00040 0.85 0.4145 0.06 -61.8 4.0 0.04
annual 0.00005 0.00016 0.33 0.7450 0.01 -545 5.3 0.03 -0.00001 0.00012 -0.11 09134 0.00 -61.0 4.8 0.03
annuall -0.00020 0.00014 -1.44 0.1749 0.15 -56.6 3.2 0.08 -0.00002 0.00012 -0.21 0.8408 0.00 -61.0 4.8 0.03
earlywetl -0.00009 0.00024  -0.36 0.7257 0.01 -54.5 5.3 0.03 0.00012 0.00018 0.67 0.5151 0.04 -61.5 43 0.04
latewet -0.00019 0.00042  -0.45 0.6603 0.02 -54.6 5.2 0.03 -0.00017 0.00033 -0.50 0.6228 0.02 -61.3 4.6 0.03
latewet1 -0.00037 0.00028  -1.32 0.2104 0.13 -56.2 3.5 0.07 -0.00042 0.00020 -2.06 0.0622 0.26 -65.2 0.6 0.25
earlydry 0.00100 0.00089 1.12 0.2846 0.09 -55.7 4.0 0.05 0.00054 0.00072 0.75 0.4673 0.04 -61.6 4.2  0.04
earlydry1 -0.00107 0.00087  -1.23 0.2416 0.11 -56.0 3.8 0.06 0.00137 0.00061 2.23 0.0457 0.29 -65.8 0.0 0.34
latedry -0.00012 0.00075 -0.15 0.8796 0.00 -54.4 5.4 0.03 0.00012 0.00059 0.20 0.8473 0.00 -61.0 4.8 0.03
latedryl -0.00105 0.00076  -1.38 0.1929 0.14 -56.4 3.4 0.07 0.00009 0.00065 0.14 0.8912 0.00 -61.0 4.8 0.03
wet 0.00007 0.00020 0.37 0.7184 0.01  -54.5 5.3 0.03 -0.00003 0.00016 -0.21 0.8397 0.00 -61.0 4.8 0.03
Hartebeest earlywet -0.00004 0.00019  -0.20 0.8463 0.00 -59.3 4.2 0.04 0.00014 0.00035 0.39 0.7059 0.01 -41.4 85 0.01
wetl -0.00016 0.00016  -0.95 0.3588 0.07 -60.2 3.2 0.07 0.00048 0.00029 1.66 0.1230 0.19 -44.1 5.7 0.04
dry -0.00023 0.00043  -0.53 0.6056 0.02 -59.5 3.9 0.05 -0.00034 0.00082 -0.42 0.6808 0.01 -41.4 84 0.01
dryl -0.00024 0.00044 -0.55 0.5904 0.02 -59.6 3.9 0.05 0.00068 0.00082 0.83 0.4222 0.05 -42.0 7.8 0.02
annual -0.00005 0.00013  -0.36 0.7220 0.01 -594 4.1 0.05 -0.00003 0.00025 -0.10 0.9209 0.00 -41.2 86 0.01
annuall -0.00010 0.00012  -0.82 0.4296 0.05 -60.0 3.5 0.06 0.00033 0.00022 1.49 0.1628 0.16 -43.6 6.3 0.03
earlywetl 0.00007 0.00020 0.34 0.7428 0.01 -59.4 4.1 0.04 -0.00007 0.00038 -0.18 0.8630 0.00 -41.2 8.6 0.01
latewet -0.00011 0.00036  -0.29 0.7736  0.01 -59.3 4.2 0.04 -0.00029 0.00068 -0.43 0.6753 0.02 -41.4 84 0.01
latewet1 -0.00045 0.00022 -2.07 0.0611 0.26 -63.5 0.0 0.35 0.00112 0.00035 3.20 0.0077 0.46 -49.8 0.0 0.79
earlydry -0.00037 0.00078  -0.47 0.6452 0.02 -59.5 4.0 0.05 -0.00111 0.00146 -0.76 0.4611 0.05 -41.9 8.0 0.01
earlydry1 -0.00042 0.00077  -0.55 0.5956 0.02 -59.6 3.9 0.05 0.00030 0.00148 0.21 0.8404 0.00 -41.3 86 0.01
latedry -0.00029 0.00062  -0.46 0.6546 0.02 -59.5 4.0 0.05 0.00009 0.00119 0.08 0.9399 0.00 -41.2 86 0.01
latedry1 0.00032 0.00068 0.47 0.6469 0.02 -59.5 4.0 0.05 0.00042 0.00131 0.32 0.7519 0.01 -41.3 85 0.01
wet -0.00005 0.00016  -0.31 0.7636  0.01  -59.3 4.2 0.04 0.00005 0.00031 0.17 0.8661 0.00 -41.2 8.6 0.01
Impala earlywet -0.00039 0.00053 -0.73 0.4771 0.04 -29.8 3.4 0.05 0.00037 0.00085 0.44 0.6712 0.02 -15.7 4.2 0.03
wetl 0.00005 0.00050 0.10 09198 0.00 -29.2 4.0 0.04 -0.00039 0.00101 -0.39 0.7071 0.01 -15.7 4.2 0.03
dry -0.00196 0.00113 -1.74 0.1076 0.20 -32.3 0.9 0.17 0.00043 0.00184 0.24 0.8184 0.01 -15.6 4.4 0.03
dryl 0.00096 0.00126 0.76 0.4619 0.05 -29.8 3.4 0.05 -0.00152 0.00196 -0.77 0.4569 0.06 -16.2 3.7 0.04
annual -0.00033 0.00037  -0.88 0.3983 0.06 -30.0 3.2 0.06 -0.00025 0.00059 -0.43 0.6763 0.02 -15.7 4.2 0.03
annuall 0.00012 0.00037 0.34 0.7404 0.01 -293 3.9 0.04 -0.00042 0.00068 -0.62 0.5482 0.04 -15.9 4.0 0.04
earlywet1 -0.00019 0.00058  -0.32 0.7546  0.01 -29.3 3.9 0.04 -0.00198 0.00094 -2.11 0.0608 0.31 -19.9 0.0 0.28
latewet 0.00079 0.00103 0.77 0.4542 0.05 -29.9 3.4 0.05 -0.00210 0.00138 -1.52 0.1602 0.19 -18.0 1.9 0.11




latewet1 0.00038 0.00073 0.52 0.6135 0.02 -295 3.8 0.04 0.00266 0.00133 2.00 0.0730 0.29 -19.5 04 0.23
earlydry -0.00399 0.00199 -2.01 0.0675 0.25 -33.2 0.0 0.28 0.00074 0.00343 0.22 0.8339 0.00 -155 44 0.03
earlydry1l -0.00035 0.00227  -0.15 0.8814 0.00 -29.2 4.0 0.04 -0.00133 0.00333 -0.40 0.6987 0.02 -15.7 4.2 0.03
latedry -0.00157 0.00178  -0.88 0.3940 0.06 -30.1 3.2 0.06 0.00054 0.00266 0.20 0.8439 0.00 -15.5 4.4 0.03
latedry1 0.00168 0.00196 0.86 0.4072 0.06  -30.0 3.2 0.06 -0.00251 0.00319 -0.79 0.4491 0.06 -16.2 3.7 0.04
wet -0.00014 0.00048  -0.30 0.7717  0.01  -29.3 4.0 0.04 -0.00031 0.00075 -0.41 0.6883 0.02 -15.7 4.2 0.03
Giraffe earlywet -0.00006 0.00098  -0.06 09536 0.00 -12.7 6.6 0.02 -0.00024 0.00038 -0.63 0.5408 0.03 -39.1 7.7 0.01
wetl -0.00141 0.00079  -1.77 0.1022 0.21  -15.9 3.4 0.10 -0.00031 0.00034 -0.92 0.3767 0.07 -39.6 7.2 0.02
dry -0.00108 0.00225 -0.48 0.6390 0.02 -13.0 6.4 0.02 -0.00174 0.00075 -2.33 0.0382 0.31 -43.9 29 0.15
dryl -0.00196 0.00225  -0.87 0.4016 0.06 -13.6 5.8 0.03 -0.00046 0.00091 -0.51 0.6197 0.02 -39.0 7.8 0.01
annual -0.00020 0.00069  -0.29 0.7788 0.01 -12.8 6.5 0.02 -0.00030 0.00026 -1.17 0.2639 0.10 -40.2 6.6 0.02
annuall -0.00084 0.00062  -1.36 0.1977 0.13 -14.7 4.6 0.05 -0.00018 0.00026 -0.71 0.4897 0.04 -39.3 7.6 0.02
earlywetl -0.00013 0.00105 -0.12 0.9032 0.00 -12.7 6.6 0.02 -0.00008 0.00042 -0.20 0.8466 0.00 -38.7 81 0.01
latewet -0.00023 0.00189  -0.12 0.9049 0.00 -12.7 6.6 0.02 0.00002 0.00075 0.03 0.9800 0.00 -38.7 81 0.01
latewet1 -0.00282 0.00105 -2.69 0.0196 0.38 -19.3 0.0 0.52 -0.00060 0.00049 -1.21 0.2511 011 -40.3 6.5 0.03
earlydry 0.00468 0.00391 1.20 0.2549 011 -143 5.0 0.04 -0.00103 0.00161 -0.64 0.5318 0.03 -39.2 7.7 0.01
earlydry1 -0.00309 0.00400  -0.77 0.4549 0.05 -134 5.9 0.03 -0.00097 0.00159 -0.61 0.5521 0.03 -39.1 7.7 0.01
latedry -0.00533 0.00293  -1.82 0.0938 0.22 -l16.1 3.2 0.10 -0.00301 0.00098 -3.08 0.0096 0.44 -46.8 0.0 0.66
latedry1 -0.00077 0.00363  -0.21 0.8353 0.00 -12.7 6.6 0.02 -0.00006 0.00144 -0.04 0.9692 0.00 -38.7 81 0.01
wet -0.00013 0.00087  -0.15 0.8829 0.00 -12.7 6.6 0.02 -0.00019 0.00034 -0.54 0.5965 0.02  -39.0 7.8 0.01




Peak fecundity rate

Species Rain Estimate SE T P>|T| R? AIC AAIC Wi
Topi earlywet 0.00051 0.00027 1.90 0.0812 0.23 -48.8 0.6 0.16
wetl -0.00002 0.00028  -0.06 0.9498 0.00 -45.2 4.3 0.03
dry 0.00040 0.00070 0.57 0.5816 0.03  -45.5 4.0 0.03
dry1 -0.00015 0.00073  -0.20 0.8414 0.00 -45.2 4.3 0.03
annual 0.00038 0.00019  2.03 0.0646 0.26 -49.3 0.2 0.20
annuall -0.00003 0.00021  -0.14 0.8922 0.00 -45.2 4.3 0.03
earlywetl -0.00020 0.00033  -0.63 0.5436 0.03 -45.6 3.9 0.03
latewet 0.00030 0.00059 0.51 0.6185 0.02  -45.5 4.0 0.03
latewet1 0.00028 0.00041 0.69 0.5025 0.04 -45.7 3.8 0.03
earlydry -0.00122 0.00125 -0.97 0.3494 0.07 -46.2 33 0.04
earlydryl 0.00103 0.00125 0.82 0.4259 0.05 -459 3.6 0.04
latedry 0.00154 0.00094 1.64 0.1274 0.18 -48.0 1.5 0.10
latedry1 -0.00092 0.00111  -0.83 0.4206 0.05 -45.9 35 0.04
wet 0.00049 0.00023 2.09 0.0590 0.27 -49.5 0.0 0.22
Warthog earlywet -0.00006 0.00055 -0.11 09159 0.00 -29.1 2.8 0.05
wetl 0.00017 0.00050 0.35 0.7348 0.01 -29.2 2.7 0.05
dry -0.00052 0.00126  -0.42 0.6842 0.01 -29.2 2.6 0.06
dry1 -0.00089 0.00127  -0.70 0.4962 0.04 -29.6 23 0.07
annual 0.00009 0.00039 0.24 0.8166 0.00 -29.1 2.8 0.05
annuall 0.00003 0.00037 0.09 0.9307 0.00 -29.1 2.8 0.05
earlywetl 0.00005 0.00059 0.08 0.9337 0.00 -29.0 2.8 0.05
latewet 0.00157 0.00096 1.64 0.1271 0.18 -31.9 0.0 0.21
latewet1 0.00021 0.00074 0.28 0.7818 0.01 -29.1 2.7 0.05
earlydry -0.00251 0.00219 -1.15 0.2738 0.10 -30.5 1.4 0.10
earlydryl -0.00052 0.00228  -0.23 0.8225 0.00 -29.1 2.8 0.05
latedry 0.00060 0.00184 0.33 0.7501 0.01 -29.2 2.7 0.05
latedry1 -0.00186 0.00195  -0.95 0.3599 0.07 -30.1 1.8 0.08
wet 0.00031 0.00048 0.65 0.5277  0.03  -29.5 23 0.06
Zebra earlywet 0.00019 0.00050 0.37 0.7170  0.01 -31.4 2.4 0.05
wetl -0.00038 0.00045 -0.84 0.4165 0.06 -32.0 1.7 0.07
dry 0.00061 0.00116 0.53 0.6071 0.02 -31.5 2.2 0.05
dry1 -0.00137 0.00113 -1.21 0.2480 0.11 -32.8 0.9 0.10
annual 0.00003 0.00036 0.09 0.9290 0.00 -31.2 25 0.05
annuall -0.00030 0.00033  -0.89 0.3885 0.06 -32.1 1.6 0.07
earlywetl 0.00007 0.00054 0.13 0.8991 0.00 -31.2 25 0.05
latewet -0.00047 0.00097 -0.48 0.6386 0.02 -31.5 2.2 0.05
latewet1 -0.00096 0.00062 -1.54 0.1500 0.16 -33.7 0.0 0.16
earlydry 0.00253 0.00201 1.26 0.2305 0.12 -33.0 0.8 0.11
earlydry1 -0.00019 0.00211  -0.09 09283 0.00 -31.2 2.5 0.05
latedry -0.00014 0.00171  -0.08 09343 0.00 -31.2 25 0.05
latedry1 -0.00194 0.00179  -1.09 0.2989 0.09 -325 1.2 0.09
wet 0.00004 0.00045 0.09 0.9320 0.00 -31.2 25 0.05
Hartebeest  earlywet 0.00012 0.00070 0.16 0.8727 0.00 -22.0 3.0 0.05
wetl -0.00014 0.00064 -0.21 0.8360 0.00 -22.0 29 0.05
dry -0.00047 0.00163  -0.29 0.7777 0.01 -22.0 29 0.05
dry1 0.00083 0.00165 0.50 0.6233  0.02 -22.2 2.7 0.06
annual 0.00009 0.00050 0.19 0.8547 0.00 -22.0 3.0 0.05
annuall 0.00016 0.00048 0.34 0.7405 0.01 -22.1 29 0.05
earlywetl 0.00073 0.00073 1.00 0.3377 0.08 -23.1 1.9 0.09




latewet 0.00059 0.00135 0.44 0.6694 0.02 -22.2 2.8 0.06
latewet1 -0.00145 0.00086 -1.69 0.1163 0.19 -24.9 0.0 0.22
earlydry 0.00164 0.00293 0.56 0.5874 0.03  -22.3 2.6 0.06
earlydry1 0.00112 0.00292 0.38 0.7084 0.01 -22.1 2.8 0.05
latedry -0.00210 0.00230 -0.91 0.3786 0.07 -22.9 2.1 0.08
latedry1 0.00177 0.00256 0.69 0.5036 0.04 -22.5 2.5 0.07
wet 0.00019 0.00062 0.31 0.7639  0.01  -22.1 2.9 0.05
Impala earlywet -0.00010 0.00066 -0.16 0.8759 0.00 -23.9 4.1 0.04
wetl -0.00035 0.00059  -0.60 0.5610 0.03 -24.3 3.7 0.05
dry -0.00047 0.00152  -0.31 0.7613  0.01  -24.0 4.0 0.04
dryl -0.00091 0.00153  -0.59 0.5638 0.03 -24.3 3.7 0.05
annual 0.00013 0.00046 0.28 0.7854 0.01 -24.0 4.0 0.04
annuall -0.00023 0.00044  -0.53 0.6040 0.02 -24.2 3.8 0.05
earlywetl 0.00049 0.00069 0.70 0.4954 0.04 -245 3.5 0.06
latewet 0.00149 0.00119 1.25 0.2349 0.12 -25.6 2.4 0.10
latewet1 -0.00155 0.00077 -2.02 0.0658 0.25 -28.0 0.0 0.33
earlydry -0.00143 0.00274  -0.52 0.6117 0.02 -24.2 3.8 0.05
earlydryl -0.00048 0.00274  -0.17 0.8640 0.00 -23.9 4.1 0.04
latedry -0.00019 0.00222  -0.08 0.9339 0.00 -23.9 4.1 0.04
latedry1 -0.00027 0.00243 -0.11 09145 0.00 -23.9 4.1 0.04
wet 0.00026 0.00058 0.46 0.6560 0.02  -24.2 3.9 0.05
Giraffe earlywet 0.00015 0.00048 0.30 0.7665 0.01 -32.4 5.8 0.02
wetl -0.00058 0.00041  -1.42 0.1823 0.14 -345 3.8 0.06
dry 0.00072 0.00111 0.65 0.5278 0.03 -32.8 5.5 0.02
dryl -0.00092 0.00112  -0.82 0.4260 0.05 -33.1 5.2 0.03
annual 0.00004 0.00034 0.13 0.9005 0.00 -32.3 5.9 0.02
annuall -0.00035 0.00031 -1.12 0.2850 0.09 -33.7 4.6 0.04
earlywetl 0.00007 0.00052 0.14 0.8888 0.00 -32.3 5.9 0.02
latewet -0.00060 0.00092  -0.65 0.5298 0.03 -32.8 5.5 0.02
latewet1 -0.00134 0.00053  -2.52 0.0268 0.35 -38.3 0.0 0.38
earlydry 0.00405 0.00169 2.40 0.0334 032 -37.8 0.5 0.30
earlydryl -0.00074 0.00202  -0.36 0.7221  0.01 -32.5 5.8 0.02
latedry -0.00108 0.00161  -0.67 0.5168 0.04 -32.8 5.4 0.02
latedry1 -0.00094 0.00178  -0.53 0.6081 0.02 -32.6 5.6 0.02
wet -0.00005 0.00043  -0.11 09167 0.00 -32.3 5.9 0.02




SAS Code. SAS (version 9.3) code used to fit the random-coefficients regression
model to estimate parameters needed to calculate the timing of peak births, birth
synchrony and peak fecundity rate.

JHmmm - Sample SAS Code (SAS Version 9.3) used to fit the random coefficients
regression model to estimate parameters needed to calculate the timing of peak
births, birth synchrony and peak fecundity rate. Zebra is used as an example
species----------------- */

/*1.---Birthyear starts in July of the current year and ends in June of the following
year*/

/*2.---The plots option generates plots of the studentized conditional (BLUP) and
marginal residuals---*/;

/*3.---Newborn is the count total of the newborn calves in each birth month. Birth
month is defined as 1 for July for the current year and 12 for June of the following
year---*/

/*4.---m is the birth month whereas m2 is m x m.

/*5.---logfemales is the natural logarithm of the count total of the adult male and
female zebra in each month----*/.

/*6.---mu, lower and upper are the predicted number of newborn and its lower and
upper pointwise 95% confidence limits on the original or inverse link scale--*/

/*7.---This model was used for all the species with two minor modifications for topi,
warthog and impala. For topi and warthog the statement requesting for an
overdispersion parameter for the negative binomial model:-

Random _residual_ /subject=birthyear; was dropped since allowing for
overdispersion brought no improvement compared to not doing so. For impala the
overdispersion parameter was allowed to vary across four groups of birthyears
defined as follows: Group1: Drought years (1993,1997, 1999,2000), Group 2:
Average years (1989,1990,1991,1992,1995,1996,1994), Group 3: wet years
(2001,2002,2003) and Group 4: Flood years (1998)-*/.

/*8.----Detailed documentation for the other glimmix procedure statements and
options can be found in SAS user’s guides freely available online ----*/

ods graphics on;

ods output tests3=conception_tests3
Parameterestimates=conception_sol(where=(Effect #='Scale"))
covb=conception_covb



SolutionR=conception_solR estimates=estimates;

Proc glimmix data=Conception Noclprint Method=RSPL ic=pq initglm
plots=(studentpanel (BLUP Marginal));

where species in ('Zebra');

by species;

class birthyear ;

Model newborn=m m2 / dist=negbin link=log solution covb offset=logfemales cl;
Random int m m2/sub=birthyear type=uns;

Random _residual_ /subject=birthyear;

output out=Pred Pred(ilink)=mu LCL(ilink)=lower UCL(Ilink)=Upper;
nloptions tech=NMSIMP Maxiter=200000 maxfunc=200000 ;

/*9. ---Compute the variance of each random linear slope of month for each year---

*/

estimate '1989' | m
estimate '1990' | m
estimate '1991' | m
estimate '1992' | m
estimate '1993"' | m
estimate '1994' | m
estimate '1995' | m
estimate '1996' | m
estimate '1997' | m
estimate '1998' | m
estimate '1999' | m
estimate '2000' | m
estimate '2001" | m
estimate '2002' | m

/*10.---Compute the
birth year---*/

estimate '1989' | m2
estimate '1990' | m2
estimate '1991' | m2
estimate '1992' | m2
estimate '1993' | m2
estimate '1994' | m2
estimate '1995' | m2
estimate '1996' | m2
estimate '1997' | m2
estimate '1998' | m2
estimate '1999' | m2
estimate '2000' | m2
estimate '2001' | m2
estimate '2002' | m2

1/ subject 1 0;

1/ subject 0 1;

1/ subject 00 1;

1/ subject000 1;

1/ subject0000 1;

1/ subject00000 1;

1/ subject000000 1;

1/ subject0 000000 1;

1/ subject0 0000000 1;

1/ subject0 00000000 1;

1/ subject0 000000000 1;

1/ subject0 0000000000 1;
1/ subject0 00000000000 1;
1/ subject00000000000001;

variance of each random quadratic slope of month for each

1/ subject 1 0;

1/ subject 0 1;

1/ subject 0 0 1;

1/ subject000 1;

1/ subject0 000 1;

1/ subject00000 1;

1/ subject0000001;

1/ subject0000000 1;

1/ subject0 0000000 1;

1/ subject0 00000000 1;

1/ subject0 000000000 1;

1/ subject00000000000 1;
1/ subject0 00000000000 1;
1/ subject00000000000001;



/*11.---Compute the variance of the sum of the linear and quadratic random slopes
of month for each year---*/

estimate '1989' | m
estimate '1990' | m
estimate '1991' | m
estimate '1992' | m
estimate '1993' | m
estimate '1994' | m
estimate '1995' | m
estimate '1996' | m
estimate '1997' | m
estimate '1998' | m
estimate '1999' | m
estimate '2000' | m
estimate '2001' | m
estimate '2002' | m

run;
ods graphics off;

1
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m2 1/ subject 1 0;

m2 1 / subject 0 1;

m2 1 / subject 00 1;

m2 1 / subject000 1;

m2 1 /subject0000 1;

m2 1 /subject00000 1;

m2 1 / subject000000 1;

m2 1 /subject0000000 1;

m2 1 / subject000000001;

m2 1 /subject000000000 1;

m2 1 /subject00000000001;
m2 1 /subject000000000001;
m2 1 /subject000000000000 1;
m2 1 /subject00000000000001;

/*12.---Compute the covariance of the linear and quadratic random slopes of month
for each birth year using the estimated parameters and the standard result:

Cov(X,Y)=%(var(X +Y)—var(X )~ var(Y)).





