MARAM IWS/DEC10/PB/P5


Feasibility study regarding closed areas around African penguin colonies
RJM Crawford1
1Departement of Environmental Affairs, Private Bag X2, Rogge Bay 8012, South Africa

Various scenarios have been suggested for a feasibility study “to assist the design of an experiment which could have the potential to achieve adequate power within a realistic time period to confirm the effects of closure [to pelagic fishing in areas near to colonies] on African penguins”. These have included alternating closures between pairs of nearby islands (Butterworth 2010) and keeping closures in place around the same islands (Crawford 2010, Pichegru et al. 2010, Wanless and Moseley 2010). Alternation has been proposed because it will provide estimates of process error (Butterworth 2010). Non-alternation has been proposed inter alia because some demographic parameters of African penguins will probably respond to food availability in the previous year as well as in the current year, and one key parameter considered a major driver of colony dynamics (recruitment of first breeders to a colony) is likely to be influenced by feeding conditions over the previous 3–6 years (Crawford 2010), the span of ages at which most birds breed for the first time. A study to assist the design of an experiment, which could have the potential within a realistic time period to confirm the effects on African penguins of closure to pelagic fishing in areas near to colonies, is outlined below.

The study would measure 18 parameters of African penguins at two pairs of nearby colonies (Dassen and Robben islands; St Croix and Bird islands), where fishing around the first-mentioned colony of each pair (Dassen and St Croix islands) is kept closed for at least three years but preferably longer. The 18 parameters, which are not necessarily all independent of each other, are listed in Table 1 (note that three of these parameters are in the first row of Table 1). Table 1 also indicates whether the parameters that are measured are likely to depend on food availability in the year of measurement, the previous year, or earlier years. All 18 parameters have been measured in recent years at one or more colonies.
The study will estimate survival of adult birds at colonies around which fishing is allowed or prohibited. The relatively tight estimates of survival obtained from capture-mark-recapture analysis using programmme MARK (Altwegg 2009) make this a promising parameter to monitor. Preliminary analyses by RA have indicated that banding about 200 adults at each colony annually would give sufficient power to detect inter-colony differences in adult survival. Although life history theory predicts that seabirds will respond to a reduction in food abundance by changes in behaviour and breeding effort, thereby buffering adult survival (Cairns 1987), some studies indicate a trade-off in which survival of breeding seabirds may be reduced by food shortage (Harris et al. 1998, Furness 2007). A penguin will expend more energy the further it travels to forage, which will both reduce the rate of energy delivered to offspring and increase adult maintenance costs (Boersma et al. 2009). At Dassen Island, estimates of adult survival are available from 1995 (Wolfaardt et al. 2008, Altwegg 2009) and over the period 1995–2007 were significantly negatively related to the catch of anchovy made within 15 nm of the island (Crawford 2010a). However, over the 16-year period 1995–2010 only two estimates will be applicable to years when fishing was closed around the island. It is necessary to collect more information during periods of closure.
In addition to survival, the other 17 parameters will be monitored in order to ascertain how many and which penguin responses are in the predicted direction. Such information is essential to the design of a biologically-plausible experiment with ability within a realistic time period to confirm the effects of closure.
The closure of St Croix Island to fishing in 2009 and 2010 provides opportunity to extend this until 2013, thereby providing a five-year continuous closure against which the response of longer-term processes influencing African penguin population dynamics may be gauged. Unfortunate as the re-opening of Dassen Island to fishing in 2010 was, its closure for a further three years (2011–2013) will provide much needed information of penguin responses to food for parameters that are influenced not only by its availability in the year of parameter measurement, but also by its availability in previous years. Conversely, the rapid alternation of closures between colonies is likely to confound the responses of African penguins to a substantial subset of parameters (> 60%) available for estimation. Further, extrinsic variability (such as differing habitats at and management of islands and their surrounding waters) can be minimized by maintaining the closures at same colonies. Surveys of fish abundance in the vicinity of colonies will be important in gauging how fish availability is varying between colonies and how it may be influenced by fishing. 
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Table 1. The postulated dependence on food availability of parameters of African penguins, which could be monitored in a closure feasibility study, in the year of measurement (present), the previous year and earlier years
	Parameter
	Present year
	Previous year
	Earlier years

	Foraging trip parameters (trip duration, distance travelled, maximum distance from colony)
	√
	
	

	Chick condition
	√
	
	

	Chick growth
	√
	
	

	Mass at fledging
	√
	
	

	Adult moulter count
	√
	
	

	Immature moulter count
	√
	√ (fledglings leave colonies for ca. 18 months before returning to moult from immature to adult plumage)
	

	Breeding pairs (active + potential nests)
	√
	√ (condition post moult will influence decision to return to colony or remain at sea to fatten)
	

	Breeding participation index 1 (proportion of total nests that are active)
	√
	√ (condition post moult will influence decision to participate in breeding)
	

	Breeding participation index 2 (ratio of nests x 2 to adult moulters)
	√
	√ (condition post moult will influence decision to participate in breeding; distribution of food in previous year will influence decision on whether to moult at colony or elsewhere)
	

	Hatching success
	√
	√ (poor condition at onset of breeding may cause early abandonment)
	

	Fledging success
	√
	√ (if condition is poor at onset of breeding and deteriorates further birds may abandon breeding attempt)
	

	Breeding success
	√
	√ (poor hatching success will reduce breeding success; hatching success will be influenced by condition at onset of breeding)
	

	Immature survival
	√
	√ (fledglings leave colonies for ca. 18 months before returning to moult from immature to adult plumage; early survival likely to be influenced by mass at fledging)
	

	Adult survival
	√
	√ (inter-season survival will depend on conditions before and after moult) 
	

	Immature settlement index (immature moulter count/breeding pairs of previous year)
	√
	√ (index is based on counts made in successive years)
	

	Breeder recruitment index (= Bt/(Bt–Bt–1), where Bt = breeding pairs in year t)
	√
	√ (index is based on counts made in successive years)
	√ (recruitment of first breeders will depend on experience over 3–4 y post fledging)


1

