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Appendix 1  
Details of weather stations from which data were used to calculate mean total monthly 

precipitation and mean maximum daily temperature for the three regions. 

	

Region	 Weather	station	 Lat	 Long	 Years	

Cape	Peninsula	 Kirstenbosch	 -33.98ºS	 18.43ºE	 2001-2010	

Western	Cape	province	 Tygerhoek	 -34.15ºS	 19.9ºE	 1965-2010	

Western	Cape	province	 Ladysmith	 -33.5ºS	 21.28ºE	 1979-2010	

Western	Cape	province	 Elgin	exp	farm	 -34.14ºS	 19.02ºE	 1963-2010	

Western	Cape	province	 Atlantis	 -33.61ºS	 18.48ºE	 1988-2010	

Eastern	provinces	 Barkly-Oos	(Caerleon)	 -30.93ºS	 27.60ºE	 1992-2010	

Eastern	provinces	 The	meadows	 -33.78ºS	 25.43ºE	 1959-1992	

Eastern	provinces	 Illovo	mill	 -29.35ºS	 31.3ºE	 1957-1996	

Eastern	provinces	 Ulundi	 -28.3ºS	 31.42ºE	 1997-2010	

Eastern	provinces	 East	London	 -33.03ºS	 27.83ºE	 1940-2010	

Eastern	provinces	 Bloemfontein	 -29.1ºS	 26.3ºE	 1959-2010	

Eastern	provinces	 Estcourt	 -29.02ºS	 29.87ºE	 1974-2001	

Eastern	provinces	 Lydenburg	 -25.11ºS	 30.48ºE	 1960-2010	

Eastern	provinces	 Mokopane	 -24.21ºS	 29.01ºE	 1997-2010	

Eastern	provinces	 Buffelspoort	 -25.75ºS	 27.48ºE	 1925-2010	



Appendix 2 
Results of generalised linear mixed models with binomial error structure investigating the 

relationship between rainfall and temperature on the number of breeding attempts initiated in 

each month (as a proportion of all breeding attempts made over each season). Rainfall and 

temperature for three different time periods  - the same month (month t) the previous month 

(month t-1) and the sum of the same and previous months (month t + month t -1) - were fitted 

as fixed effects with each time period treated separately and year as a random effect. n = 313 

breeding attempts made over 12 years across 8 months. 

	

	

Response	 	 Fixed	effects	 AIC	 ΔAIC	 WAIC	

Proportion	of	
breeding	
attempts	in	
each	month	

Time	period:	month	t-1	 	 	 	

	 rainfall	+	temperature	 130.04	 1.78	 0.10	

	 rainfall		 131.44	 3.18	 0.05	

	 temperature	 128.26	 0	 0.25	

	 Time	period:	month	t	 	 	 	

	 	 rainfall	+	temperature	 132.71	 4.45	 0.03	

	 	 rainfall		 131.78	 3.52	 0.04	

	 	 temperature	 130.89	 2.63	 0.07	

	 Time	period:	mean	(month	t	and	month	t-1)	 	 	 	
	 	 rainfall	+	temperature	 130.28	 2.02	 0.09	

	 	 rainfall		 131.49	 3.23	 0.05	

	 	 temperature	 128.52	 0.26	 0.22	

	 null	 129.85	 1.59	 0.11	



Appendix 3 
Results of generalised linear models with binomial error structure investigating the 

relationship between rainfall and temperature and breeding attempts initiated in the early 

breeding season (March-May) as a proportion of all breeding attempts made over the season. 

Mean rainfall and temperature were fitted as fixed effects. Two time periods hypothesised to 

be important were considered in separate models. These were the early breeding season 

(March-May) in the same season and the late breeding season (June - October) of the previous 

year. n = 313 breeding attempts. 

 

	 Response	 	 Fixed	effects	 AIC	 ΔAIC	 WAIC	
Proportion	of	
breeding	
attempts	in	
early	
breeding	
season	
(March-May)	

Time	period:	July-October	previous	year	 	 	 	

	 rainfall	+	temperature	 383.4	 2.3	 0.09	

	 rainfall	 381.4	 0.3	 0.23	

	 temperature	 382.4	 1.3	 0.14	

	 Time	period:	March-May	same	year	 	 	 	

	 	 rainfall	+	temperature	 383.1	 2.0	 0.10	

	 	 rainfall	 383.0	 1.8	 0.11	

	 	 temperature	 383.1	 2.9	 0.06	

	 null	 381.1	 0.0	 0.27	



Appendix 4 
Results of generalised linear models with Poisson error structure investigating the relationship 
between rainfall and temperature and breeding productivity among nests that did not fail due 
to nest competition with geese. Rainfall and temperature for three different time periods - the 
same month as laying (month t) the month following laying when nests contained eggs or 
small chicks (month t + 1) and the sum of the same and following months (month t + month t 
+1) were fitted as fixed effects with each time period treated separately and lay month, year 
and territory identity as random effects (n = 279 breeding attempts). An additional model with 
identical structure was also fitted to investigate the relationship with climate in the period two 
months after laying, by which point all eggs had hatched. This analysis was only fitted to a 
subset of data including breeding attempts that survived to the nestling stage (n = 245 
breeding attempts). 	

Response	 	 Fixed	effects	 AIC	 ΔAIC	 WAIC	
Breeding	
productivity	

Time	period:	month	t	 	 	 	

	 rainfall	+	temperature	 193.7	 2.9	 0.04	

	 rainfall		 192.2	 1.4	 0.08	

	 	 temperature	 192.9	 2.1	 0.06	

	 Time	period:	month	t	+	1	 	 	  

	 	 rainfall	+	temperature	 192.5	 1.7	 0.07	

	 	 rainfall		 190.8	 0.0	 0.16	

	 	 temperature	 190.9	 0.1	 0.16	

	 Time	period:	sum(month	t	and	month	t	+	
1)	

	 	  

	 	 rainfall	+	temperature	 192.8	 2.0	 0.06	

	 	 rainfall		 190.9	
	

0.1	 0.16	

	 	 temperature	 192.2	 1.4	 0.08	

	 	 null	 190.9	 0.1	 0.15	

	 Time	period:	month	t	+	2	(including	
breeding	attempts	that	hatched	chicks	
only)	

	 	 	

	 	 rainfall	+	temperature	 88.4	 3.8	 0.08	

	 	 rainfall		 86.6	 2.0	 0.20	

	 	 temperature	 86.6	 2.0	 0.20	

	 	 null	 84.6	 0.0	
	

0.53	



Appendix 5 
Parameters used in the population model in program Vortex – parameters and values in bold 
are different between the populations 1) shift in laying dates using observed productivity, 2) 
no shift in laying dates, with productivity taken from those birds breeding between June-
October only.  
Parameter	 Input	value	 	

Model	settings	 Population	1	(laying	
date	shift)	

Population	2	(no	
shift)	

Number	of	iterations	 1000	 1000	

Number	of	years	 21	 21	

Extinction	definition	 Only	1	sex	remains	 Only	1	sex	remains	

Number	of	populations	 1	 1	

Inbreeding	depression	 no	 no	

Reproductive	system	 	 	

Pair	system	 monogamous	 monogamous	

Age	at	first	breeding	(female)	 2	 2	

Age	at	first	breeding	(male)	 2	 2	

Maximum	age	of	reproduction	 101	 101	

Maximum	number	of	broods/year	 12	 12	

Maximum	number	of	progeny/year	 3	 3	

Sex	ratio	at	birth	(m/f)	 50/50	 50/50	

Density	dependent	reproduction	 no	 no	

%	adult	females	breeding	successful/year1	 78.0	 73.7	

EV	in%	adult	females	breeding	successful/year2	 11.5	 7.3	

Mean	number	of	offspring/female/year1	(±	SD)	 1.88	(±0.232)	 1.85	(±0.18)	

Mortality	rates	 	 	

%	mortality	from	age	0-1	(juveniles)	±	SD	 62.5±4.7	 62.5±4.7	

%	mortality	from	age	1-2	(sub-adult)	±	SD	 19.2±8.7	 19.2±8.7	

%	mortality	from	age	>2	years	(adult)	±	SD	 10.5±1.9	 10.5±1.9	

Initial	population	structure	 	 	

Initial	population	size	 10	 10	

Stable	age	structure	 yes	 yes	

Carrying	capacity	 200	 200	

1Based	on	age	of	colour	ringed	birds	monitored	in	this	population	(Martin	et	al.	unpubl.)	

2double	brooding	is	a	rare	event	(Curtis	et	al.	2005)	


