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Gandini et al. (2016) recently published a paper showing an exponential population increase of 20 

southern rockhopper penguins (Eudyptes chrysocome chrysocome; hereafter: SRP) on Isla Pingüino, 21 

Santa Cruz, Argentina (hereafter: IP). Alongside population counts, reproductive success was 22 

measured in some years, and the authors furthermore present the numbers of tourists that visited 23 

the island each year as a potential source of disturbance.  24 

The observed population increase is remarkable and worthy of publication, especially when 25 

considering the “vulnerable” conservation status of the species. The interpretation of the results and 26 

the conclusion that this population increase could not be obtained by intrinsic growth but was likely 27 

driven by immigration – probably from the Falkland Islands/Islas Malvinas (hereafter FI-M) – is, 28 

however, flawed for several different reasons that I will discuss below. In order to prove my point, I 29 

will demonstrate with a population model that the population could have grown intrinsically to its 30 

current size without immigration.  31 

1) Reproductive success was calculated “as the ratio of the number of grown chicks [counted at 32 

the end of January, during late chick-rearing] to the number of breeding pairs [counted in the 33 

beginning of December, and therefore during the late incubation period], expressing therefore 34 

the average number of grown chicks per breeding pair”. While mortality in chicks during the late 35 

chick-rearing stage is low, breeding failure during the incubation period is common (Raya Rey et 36 

al. 2007; Poisbleau et al. 2008). Birds that lose both of their eggs during incubation will 37 

subsequently leave the colony (personal observations) and will as a matter of fact not be 38 

counted. As a consequence, reproductive success as measured by Gandini et al. (2016) is likely 39 

overestimated and population numbers are likely underestimated. The deviation from the “true” 40 

numbers can thereby be expected to vary among years as nest failure rates during incubation 41 

differ inter-annually (Raya Rey et al. 2007). Importantly, the number of breeding pairs and 42 

reproductive success are still useful as they reflect the long-term trend, and I therefore also 43 

applied these values to the population model (see below). Given the already existing time-series 44 
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it would also not be advisable to change the timing of the future counts as this would confound 45 

comparability. However, these methodological issues (i.e. obtaining an overestimated value of 46 

breeding success due to underestimating the number of breeding pairs) hinder direct 47 

comparisons with other studies. As a consequence, comparisons of reproductive success 48 

between the study by Gandini et al. (2016) and the studies on breeding success in SRP by 49 

Clausen and Pütz (2002) [n.b. this publication was cited incorrectly as “Clausen and Pütz (2003)” 50 

and was published in Aquatic Conservation, not Waterbirds], Raya Rey et al. (2007) and 51 

Poisbleau et al. (2008) are problematic.  52 

2) Existing literature on population dynamics should be taken into account more carefully when 53 

trying to understand the drivers of the population increase on IP. First of all, one should keep in 54 

mind that the population on IP is in a state of new colonization or potentially recovery from a 55 

previous population decline. Such a population (as on IP), well below it has reached its carrying 56 

capacity, is not controlled by density dependence effects (e.g. competition for food or breeding 57 

space), and exponential growth is therefore quite typically observed during this phase (Crawford 58 

et al. 1999; van den Hoff et al. 2009). In contrast to IP, SRP colonies in the FI-M populations are 59 

well-established, although populations have declined dramatically during the 20th century (Pütz 60 

et al. 2003). While the exact reasons for the decline are unclear, mass mortality events occurred 61 

at irregular intervals (affecting breeding success and adult survival especially during moult) and 62 

these were suspected to be linked with El Niño (Boersma 1987). Conspicuously, the most recent 63 

of these events during the 2015/16 summer once more coincided with this broad-scale climate 64 

pattern (D. Gianuca & M. Tierney personal communications). However, the decline in the FI-M 65 

was interrupted by a period of stabilization in the late 1990s (Pütz et al. 2003) and even an 66 

overall population increase by 51% (not 36% as stated by Gandini et al. 2016) between 2005 and 67 

2010 (Baylis et al. 2013). Remarkably, different colonies within the FI-M archipelago (and even 68 

on the same islands) also differed in their population trends (Baylis et al. 2013). The reasons for 69 

such different trends (e.g. with populations in few locations declining, while the overall 70 
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population is increasing or vice versa) remain unclear. While local predation risks could explain 71 

different trends between nearby colonies (e.g. by few specialised predators; Raya Rey et al. 72 

2012), different wintering areas and environmental conditions or pollution in these areas might 73 

explain differential trends between colonies in the North compared to the South of the FI-M 74 

archipelago (Baylis et al. 2013). 75 

Finally, the statement that “there is no evidence of changes in the oceanographic features 76 

(sea surface temperature or primary productivity) of the waters around our study area” (Gandini 77 

et al. 2016) ignores existing knowledge of long-term changes over the Patagonian Shelf, also 78 

during the study period (Sumaila et al. 2011; Hartmann et al. 2013; Etcheverry et al. 2016), and 79 

calls for more research into the effects of environmental conditions on SRP on IP.  80 

3) Intrinsic versus extrinsic drivers of the population increase on IP. Gandini et al. (2016) conclude 81 

that the exponential population increase on IP could not be driven by intrinsic factors alone, but 82 

more likely by immigration (originating most probably from the FI-M). They justify this 83 

conclusion with an outdated reference about the generally high mortality of immatures and 84 

delayed age of first breeding in penguins. However, a more recent source reported that the 85 

post-fledging annual survival probability in immature SRP can be as high as 81% in their first year 86 

of life, and 98% thereafter (Dehnhard et al. 2014). The same study found that 11% of immatures 87 

started breeding with 3 years of age, and 50% with 4 years of age. These data also reflect a high 88 

philopatry in SRP, thus leaving very little space for emigration (although one cannot rule out that 89 

few individuals left their natal colonies and started breeding elsewhere). Using a simplified 90 

population model and neglecting any immigration, emigration and density dependence effects 91 

(the latter for the sake of simplicity and as the population has not yet reached its carrying-92 

capacity; see above), I demonstrate in Table 1 that the population on IP could indeed have 93 

grown intrinsically to its current numbers. Deviation of the modelled results compared to the 94 

actual counts during some years may thereby be attributed to the use of averaged values in the 95 
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model, thus not taking annual variation in survival, recruitment or reproductive success into 96 

account.  97 

4) Clarification about the potential negative effects in the FI-M compared to IP. While the exact 98 

reasons for the occasional mass mortality events in the FI-M require further investigation, some 99 

of the other potential causes for the differences in population trends between the FI-M and IP 100 

are inaccurately quoted and require clarification. Firstly, tourism in the FI-M is regulated and 101 

while cruise ship tourists have reached substantial numbers (Peck 2016), the offshore islands 102 

destinations can only be reached by zodiac (Falkland Islands Tourist Board 2016) thus limiting 103 

passenger numbers due to logistics. Furthermore, the seabird colonies at these sites are 104 

recognized as Important Bird Areas and managed accordingly (Falklands Conservation 2012). 105 

These sites are therefore particularly targeted by smaller expedition vessels, which are limited to 106 

a size of 200 passengers, who are typically accompanied by guides to few selected areas of the 107 

visited seabird colonies (Ingham and Summers 2002; Strange et al. 2007). These expedition 108 

vessels follow the guidelines of the International Association of Antarctica Tour Operators 109 

IAATO, thus tourists may only approach penguins to 5 m (Ingham and Summers 2002), and 110 

therefore a larger distance than is usual on IP (2 m). Larger vessels, particularly of the luxury 111 

class with 1,000 or more passengers target particularly the capital Stanley. One can therefore 112 

summarise that while more than 5,000 tourists may visit a SRP colony in the course of one 113 

breeding season, potential disturbance effects in most colonies of the FI-M are limited to few 114 

hours during several days, and are scattered over 5 months and affecting only few hundred 115 

nests in colonies of several thousand breeding pairs. Thus, tourism should not have a worse 116 

effect on SRP in the FI-M than on IP. Secondly, although introduced predators in the FI-M can 117 

harm smaller birds (especially passerines), there is at present no evidence for a strong effect of 118 

introduced predators on SRP adult or chick survival (Matias and Catry 2008; Quillfeldt et al. 119 

2008; Poisbleau & Dehnhard unpublished data). Thirdly, oil pollution, as correctly stated by Pütz 120 

et al. (2013), presents a danger for SRP not only in the FI-M, but equally so in Argentinian waters 121 



6 
 

over the Patagonian Shelf, although Gandini et al. (2016) ascribes the risk of oil pollution only to 122 

the FI-M.   123 

 124 

To conclude, while I disagree with the interpretation of the results, I hope that Gandini et al. will 125 

continue their study on this extraordinary population, enabling them to examine whether the 126 

population is in fact growing due to intrinsic or extrinsic factors.  127 

 128 
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Table 1. Number of breeding pairs of southern rockhopper penguins on Isla Pingüino, Santa Cruz, 216 
Argentina as published by Gandini et al. (2016) and results of a simplified population model based on 217 
the function Ni+1 = Ni * Фi + Bi (derived from equation one in Pradel and Lebreton 1999). Ni equals the 218 
number of breeding birds in year (i), Фi  the survival from year (i) to (i+1), and Bi the number of 219 
individuals that start breeding in year (i+1) and were not breeding in year (i). For Фi, I used the 220 
average adult survival probability from New Island, FI-M (0.9211; Dehnhard et al. 2013; n.b. the 221 
study period did not coincide with a mass mortality event); Bi was calculated from the average 222 
breeding success (0.545 as presented by Gandini et al. 2016, although likely overestimated) 223 
multiplied with the number of breeding pairs in the year Ni-4 and a recruitment rate of 70% at 5 years 224 
of age (Dehnhard et al. 2014). Model estimates for 1990 to 1994 still take count data (for N) into 225 
account for the calculation of recruiting birds, but from 1995 all model estimates are based solely on 226 
previous model outputs.  227 
 228 

Year Counted number of breeding 
pairs on IP (both colonies) 

Modelled number of 
breeding pairs on IP 

Difference between counted 
and modelled numbers in % 
of counted breeding pairs 

1985 81   

1986 61   

1987 142   

1988 175   

1989 270   

1990 199 264 16.4 
1991 no data 255  
1992 no data 262  
1993 no data 275  
1994 180 305 34.6 
1995 no data 331 35.4 
1996 no data 354  
1997 no data 376  
1998 265 399 25.2 
1999 250 425 35.0 
2000 328 455 19.3 
2001 379 487 14.2 
2002 392 520 16.3 
2003 379 555 23.2 
2004 414 592 21.5 
2005 418 632 25.7 
2006 no data 675  
2007 501 721 22.0 
2008 548 770 20.3 
2009 617 823 16.7 
2010 805 879 4.6 
2011 850 938 5.2 
2012 no data 1002  
2013 954 1070 6.1 
2014 1105 1143 1.7 
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