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Section 1. Seabird data 
 

Seabird colonies not considered. Among all South African seabird colonies, some 
colonies were removed from the analysis because they were considered to be 
irrelevant or unsuitable for analyses. The African penguin Spheniscus demersus 
colony of Geyser was removed because Geyser Island (34.69°S, 19.41°E) is a small 
island (450 × 150 m) that has been taken over by seals and where few penguins have 
been observed breeding since 1997. The colony of De Hoop (34.49°S, 20.47°E) was 
not used because the colony was initiated only in 2003 and never reached >18 
individuals. For Cape cormorants Phalacrocorax capensis, Marcus Island (33.04°S, 
17.97°E) and Geyser Island (34.69°S, 19.41°E) are localities where only a few birds 
have been observed from time to time. Therefore, we did not consider them as 
established colonies. No Cape cormorant breeding localities situated in the Eastern 
Cape Province (Jahleel Island, Breton Island, St Croix Island, Seal Island, Stag Island 
and Bird Island) were included because they were poorly monitored over the period 
considered (1987 to 2007). The colonies that were not included in the study are shown 
in Fig. 1 noted with an asterisk. 
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Section 2. Fish data 
 

Corrected catch data as an indicator of abundance. Fishermen do not fish 
randomly or uniformly in space (see Fig. S2.1). South African purse-seine fishermen 
fish all year long and rarely fill up the quotas. We therefore assumed that catch data 
can be used as an indicator of fish abundance as long as some corrections are made. 
Fishing events may represent sampling events (though non-uniformly distributed); 
therefore, we consider that the estimation of fish abundance obtained from these 
events is increasingly accurate with the number of fishing events. In order to produce 
an index of fish abundance, we computed the average catch within spatial zones (e.g. 
grid cells, coastal sections) and defined periods (e.g. 1 month, several months) as 
follows:  

 

where i is the fishing event, j is the area, k is the period considered and N is the 
number of fishing events. During May and November each year, stock assessment 
surveys are performed on small pelagic fish (e.g. sardine and Cape anchovy) in order 
to define fishing quotas for the following year. We therefore used these hydroacoustic 
survey data (in g m–2) to validate the use of the index of abundance derived from 
catch data ( ). For both sardine and anchovy, we compared the observations 

that matched in space (within grid cells of 10' × 10') and time (i.e. May and 
November) between hydroacoustic data from scientific research surveys and catch 
data from commercial fisheries for the period between 1988 and 2001. This represents 
a total of 1035 concurrent observations (grid cells of 10' × 10') of which 83% 
correspond to May and 17% to November and of which 57% are relative to sardine 
catches and 43% to anchovy catches. We performed a linear regression with the 
observations from hydroacoustic assessments as the dependent variable and purse-
seine fishery catch as the independent variable. We found that the regression was 
positive and significant (slope b = 0.35222; p < 0.0001; N = 1035) with a relatively 
low goodness of fit (R2 = 0.0434) revealing dispersion of the data (Fig. S2.2). The 
important dispersion of the model residuals might be an artefact of how the data were 
grouped by month (to adjust to monthly purse-seine fishery data), when spatial 
distribution of small pelagic fish species can change substantially within a month. No 
autocorrelation was found in the residuals. 

Since we found proportionality between the fishery-independent hydroacoustic 

surveys and (derived from fishery data) we concluded that  
(in t haul–1 grid cell–1 mo–1) could be used as a reasonable indicator of fish abundance 
in our study. 
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Fig. S2.1. Distribution of the purse-seine fishing effort on sardine and anchovy 
(combined, number of hauls per grid cell of 10' × 10') over the period 1987 to 2007. 
Data were processed and plotted with the PBSmapping package developed by 
Fisheries and Oceans Canada on the R software 2.7.0 (R Core Development Team). 
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Fig. S2.2. Relationship between raw catch data and hydroacoustic data that concur in 
time and space 
 
 

Coastal sections. We defined a circle with a centre located at 28°S, 23°E and a 
radius of 10 degrees (Fig. S2.3). The lower part of the circle was divided into portions 
of 5 angular degrees. The intersections of the portions of the circle with the 0 to  
500 m depth zone determined the coastal sections. The first section stares at the 
border between Namibia and South Africa. Twenty zones were defined to cover all 
fishing events (see Fig. S2.1); these zones correspond to approximately 100 km of 
coast. 
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Fig. S2.3. Coastal sections defined off South Africa and used to describe the 
distribution of prey along the coast. The 20 coastal sections are numbered. The circle 
and portions of 5 angular degrees (dotted lines) are shown. This figure was generated 
with the PBSmapping package developed by Fisheries and Oceans Canada on the R 
software 2.7.0 (R Core Development Team). 
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Fig. S2.4. Example of identification of peaks of prey abundance (PoA) along the 
South African coast that were related to Cape gannet Morus capensis colonies. (a) 
The NW–SE gradient (thick line) and locations of the Cape gannet (closed circles). 
The distribution of sardines and anchovys (pooled together) off South Africa is 
presented along the NW–SE gradient for 2 contrasted years: (b) 2000 and (c) 2003. 
We identified 2 PoAs. We associated Lambert’s (A) and Malgas (B) colonies to the 
western PoA and Bird Island in Algoa Bay (C) to the eastern PoA. The boundary 
between the western and eastern regions is located around 20°E (11th coastal section). 
We extracted for each colony in each year the magnitude of the PoA (Ab.A, Ab.B and 
Ab.C) and the distance of the PoA to the colony (Dist.A, Dist.B and Dist.C). Using 
the same method we extracted the magnitude and the distance of the PoA for each 
seabird colony studied. 
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Section 3. Statistical analysis 
 
Table S3.1. Generalised additive model selection based on the generalised cross-
validation (GCV) score. The response variable is the number of breeders at the 
different colonies. The covariates are: the index of nesting space (Surf) set as a linear 
covariate, the colony (Col) set as a factor covariate, the magnitude of the peak of prey 
abundance (Magn.PoA) set as a smooth term s(Magn.PoA) and the distance 
(Dist.PoA) of the peak of prey to each colony set as a smooth term s(Dist.PoA). For 
each covariate included in a model we either provide the significance level (***p < 
0.0001, **p < 0.001, *p < 0.05) or the p-value when the effect is not significant. A 
slash indicates that the covariate was not included in the model. We provide as 
statistics for model selection, the number of observations (N), the adjusted R2  
(R2 adj.), the deviance explained (Dev. expl.), the GCV score and the rank of the 
models based on the CGV score (RankGCV). Selected models are in bold 
 
 Covariates Statistics 

Surf Col s(Magn.PoA) s(Dist.PoA) N R2 
adj. 

Dev. 
expl. GCV RankGCV 

 
African penguin  
Spheniscus 
demersus 

*** / / / 291 0.166 0.169 1.61E+07 4 
/ *** / / 291 0.717 0.733 5.78E+06 2 
/ / 0.79 / 291 0.003 0.001 1.94E+07 7 
/ / / *** 291 0.083 0.110 1.82E+07 5 
/ / 0.56 *** 291 0.085 0.116 1.83E+07 6 

*** / 0.19 0.25 291 0.175 0.185 1.61E+07 3 
/ *** * * 291 0.728 0.746 5.63E+06 1 

 
Cape gannet  
Morus capensis 

*** / / / 50 0.645 0.653 2.45E+08 3 
/ *** / / 50 0.656 0.662 2.02E+08 2 
/ / ** / 50 0.305 0.360 5.11E+08 6 
/ / / *** 48 0.448 0.549 4.71E+08 5 
/ / ** *** 48 0.630 0.737 3.62E+08 4 
*** / * *** 48 0.735 0.752 1.96E+08 1 

 
Cape cormorant 
Phalacrocorax 
capensis 

* / / / 136 0.032 0.039 7.28E+07 4 
/ *** / / 136 0.385 0.413 4.80E+07 2 
/ / 0.26 / 136 0.008 0.015 7.46E+07 7 
/ / / 0.13 136 0.044 0.073 7.35E+07 5 
/ / 0.30 0.14 136 0.051 0.088 7.37E+07 6 

** / 0.12 ** 136 0.164 0.247 6.93E+07 3 
/ *** 0.14 0.77 136 0.397 0.433 4.80E+07 1 

 


