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During breeding, seabirds are central place foragers and are sensitive to changes in local prey availability. As the breeding season progresses, foraging behavior and distribution is expected to change in response to possible changes in local prey availability. In addition, adult gender, and the increasing nutritional demands of a growing chick may also influence the foraging behavior of individuals. At present, relatively few studies have assessed the foraging behavior of adult birds during the late post-guard stages of chick rearing. Through a combination of GPS tracking and diet sampling we investigated the foraging distances, spatial distribution, and prey composition of adult Cape gannets (Morus capensis) during the guard and post-guard stages of chick rearing. We found no clear evidence for consistent sex-specific differences in foraging distances and spatial distribution during the guard stage, although marginal differences in the location of core foraging areas during the post-guard stage were apparent. Results, however, revealed a clear increase in foraging range from the early guard to the late post-guard stage of chick rearing. During December the diet was comprised almost exclusively of anchovy (Engraulis encrasicolus), the proportion of which had decreased significantly in the diet by January. This was mirrored by a substantial increase in the proportion of saury (Scomberesox saurus). These results suggest that Cape gannets show flexibility in the foraging behavior and diet, which may be related to changes in the abundance and distribution of prey or may reflect changes in the energetic requirements of the growing offspring. This study provides the first assessment of Cape gannet foraging behavior and spatial distribution during the post-guard stage of chick rearing. The importance of considering intra-annual variability in foraging distribution when using seabird tracking data in trophic and marine spatial planning studies are highlighted.
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INTRODUCTION

Animals often forage in environments characterized by heterogeneity in resource availability and distribution (Russell et al., 1992; Johnson et al., 2001). This is particularly evident within the marine environment, where high levels of spatio-temporal variability in the physical environment are expected to influence the distribution and availability of prey (Cherel and Hobson, 2007; Weimerskirch, 2007). During the breeding season, marine predators such as seals and seabirds are central place foragers and must balance periods of foraging at sea with regular periods of offspring attendance (Ricklefs, 1983; Guinet et al., 2001; Weimerskirch et al., 2009). This places constraints on their foraging behavior, increasing the vulnerability of individuals to changes in local environmental conditions and prey availability (e.g., Shaffer et al., 2003; Harding et al., 2007). However, behavioral plasticity may allow individuals to buffer the effects of resource limitation (Granadeiro et al., 1998; Sommerfeld et al., 2015). In this regard, range extensions (Furness and Birkhead, 1984; Burke and Montevecchi, 2009; Hennicke and Weimerskirch, 2014) and dietary shifts (Ainley et al., 2003; Lescroel et al., 2004; Elliott et al., 2010; Owen et al., 2013) have been well documented. However, when foraging ranges are restricted, individuals may instead increase the amount of time and effort allocated to foraging during periods of reduced prey availability (Harding et al., 2007; Angel et al., 2015). In addition, several studies have documented the onset of bimodal/dual foraging strategies (Wanless et al., 1994; Weimerskirch et al., 1994; Magalhães et al., 2008; Welcker et al., 2009; Jakubas et al., 2012). In these cases, birds alternate between short and long trips which generally, but not always (Carpenter-Kling et al., 2017), relate to chick and self-provisioning, respectively (Granadeiro et al., 1998; Weimerskirch, 1998). Understanding the range of behavioral expressions associated with foraging plasticity is important for population and ecosystem-based management.

Evidence of foraging and dietary plasticity in response to changes in the local environment has provided significant impetus for the use of seabirds as sentinels of change in the marine environment (Cairns, 1987; Piatt and Sydeman, 2007; Durant et al., 2009). However, in addition to the influence of local environmental conditions and resource availability, various intrinsic factors may also influence foraging behavior. For example, sex-specific differences in foraging distributions (González-Solís et al., 2000; Pinet et al., 2012) behavior (Lewis et al., 2002; Zavalaga et al., 2007; Pichegru et al., 2013), and diet (Forero et al., 2002; Owen et al., 2013) have been documented across various seabird taxa. In addition, foraging behavior, and preferences in diet may also reflect the changes in the nutritional requirements of the growing chicks (Cairns, 1987; Dall'Antonia et al., 2001; Shaffer et al., 2003; Harding et al., 2007). Indeed, changes in adult foraging behavior and distribution between the incubation, guard and post-guard stages of chick rearing have been identified in several seabird species (Stahl and Sagar, 2000; Huin, 2002; Rishworth et al., 2014b; Widmann et al., 2015). Understanding the extent to which these factors influence foraging behavior is therefore important if seabirds are to be used effectively as indicator species.

The monomorphic Cape gannet (Morus capensis) is a breeding endemic to southern Africa (Crawford et al., 1983). The distribution of its breeding colonies is limited to five islands on the west coast of South Africa and Namibia, and a single island off South Africa's south coast (Crawford et al., 2007). A pair generally produces a single offspring (Jarvis, 1974; Rishworth and Pistorius, 2015) and alternate periods of nest attendance and foraging during incubation and the early stages of chick rearing (Bijleveld and Mullers, 2009; Mullers and Tinbergen, 2009). However, when the chick is around 40–50 days old, the transition between the guard and post-guard phase takes place and both parents start spending progressively longer periods simultaneously at sea, returning to the nest for brief periods to feed the chick (Nelson, 1978; Rishworth et al., 2014b).

Foraging Cape gannets often travel several 100 km in search of prey (Grémillet et al., 2004; Moseley et al., 2012; Green et al., 2015), which generally comprises small pelagic fishes such as sardine (Sardinops sagax) and anchovy (Engraulis encrasicolus) (Berruti et al., 1993; Adams and Klages, 1999; Green et al., 2014). Both inter and intra-annual changes in the foraging behavior and diet of Cape gannets in response to variability in the availability and distribution of preferred prey have been identified previously (Mullers et al., 2007; Pichegru et al., 2010; Green et al., 2014, 2015). Despite this, no studies have attempted an explicit comparison of foraging behavior and spatial distribution between the guard and post-guard stages of chick rearing. In addition, while sex-specific differences in spatial distribution appear to be marginal during the early stages of chick rearing (Botha et al., 2017), little is known about the spatial distribution of females and males during the poorly studied post-guard stage.

Nest attendance patterns assessed continuously through VHF monitoring at Bird Island indicate that as the breeding season progresses and chicks age, Cape gannets increase their foraging trip durations (Rishworth et al., 2014b; Pistorius et al., 2015). Furthermore, while trip durations are similar during the early stages of chick rearing, females undertake significantly longer trips than males during the post-guard stage, which may be a result of differences in spatial distribution (Rishworth et al., 2014b). The aim of this study was therefore to provide the first comparative assessment of Cape gannet foraging distribution and diet during the guard and post-guard stages of chick rearing. In addition, we investigate the distribution of females and males during both stages of chick rearing to assess the occurrence of sex-specific spatial segregation during the post-guard stage.

MATERIALS AND METHODS

Ethics Statement

Data collection for the purpose of this study was undertaken in accordance with the ethics clearance reference A10-SCI-ZOO-008, issued by the Research Ethics Committee at the Nelson Mandela University. Previous studies on this species have shown that handling and device attachment do not appear to have a measurable negative impact on the foraging behavior, reproductive output or body condition of study birds (Grémillet et al., 2004; Pichegru et al., 2007; Rishworth et al., 2014c).

Study Site

Data collection for this study was conducted at Bird Island (33°50′26″S 26°17′10″E), Algoa Bay, South Africa during the 2015/16 austral summer. Bird Island is located in the eastern corner of Algoa Bay and at present hosts the world's largest Cape gannet colony (ca 90,000 breeding pairs) (Crawford et al., 2007). Algoa Bay is one of several log-spiral bays along the South African coastline (Goschen and Schumann, 2011). The oceanography of Algoa Bay and South Africa's south coast is largely influenced by the warm Agulhas current which flows in a southwesterly direction along the continental shelf (Schumann, 1987).

Device Deployments and Morphometric Measurements

GPS devices were deployed on adult Cape gannets during two separate periods (December and January) of the 2015/16 breeding season. Between 5 and 18 December 2015, 18 adults attending small chicks and between 15 January and 3 February 2016, 26 adult attending large chicks, were each fitted with a GPS unit (CatLog-S, Catnip Technologies, Hong Kong or Axy-trek GiPSy-5, TechnoSmart, Italy). The devices were sealed in heat shrink (CatLog-S) or an epoxy casing (TechnoSmart Axy-trek), with the total package weighing <25 g (~0.9% of adult body mass). Devices were programmed to record a fix at either 1 or 4 min intervals. The deployment procedure involved capturing the birds with a 3 m crooked-pole as they left the nest, following which the GPS unit was attached to the central tail feathers using waterproof Tesa® tape (Tesa, Hamburg, Germany). Wherever possible both partners of a breeding pair were fitted with devices in an attempt to obtain an even sex-ratio (visual discrimination is not possible in this monomorphic species; Rishworth et al., 2014a). Once the device was fitted, the bird was marked using a livestock marker and released. For retrieval, the nests of the marked birds were monitored between sunrise and sunset. When the marked bird returned, it was left to feed the chick, after which it was captured, the device removed, and the bird released safely. Adult birds were generally tracked for a single foraging trip. However, a second foraging trip was obtained for six individuals during the post-guard stage.

Body mass (to the nearest 25 g) of equipped birds was measured at both deployment and retrieval. In addition, culmen (to the nearest 0.1 mm) and wing cord length (to the nearest 1 mm) were recorded only at retrieval. Body condition of adult birds was calculated as the mass of the bird divided by the wing cord length. Morphometric measurements were also recorded for the chicks of all of the equipped birds to calculate chick age at the time of deployment. Chick age at the time of deployment was calculated following Mullers et al. (2009), using either culmen length or wing cord length (see Botha et al., 2017 for further details). All tracked adult birds were sexed by means of genetic analysis using breast feathers from each individual, following the Chelex® extraction method (see Rishworth et al., 2014a for further details). The handling of birds was minimized as much as possible to reduce stress (less than 10 min for adults and 5 min for chicks).

Data Processing and Statistical Analyses

Data processing and analyses were conducted in the R statistical environment (R Core Team, 2015). GPS tracks were cleaned by removing the points located at the colony and a speed filter was applied to the data to remove inaccurate GPS fixes (McConnell et al., 1992). To correct for irregular fix frequencies and differences in sampling rates, all tracks were regularized to 1 min intervals by means of linear interpolation using the package “adehabitatLT” (Calenge, 2006). Second trips obtained from six individuals during the post-guard stage were excluded from further statistical analyses. In four cases, battery failure occurred before birds returned to the nest, resulting in incomplete tracks which were retained for further analyses unless stated otherwise.

Spatial Distribution and Home Range Analysis

Spatial distributions of female and male Cape gannets during the guard and post-guard stages of chick rearing was quantified by means of kernel home range analysis using the “adehabitatHR” package (Calenge, 2006). Differences in sample size and individual contribution to the data may influence home range analysis (Soanes et al., 2013). As such, 9 females and 9 males were randomly selected for home range analysis during each stage. Both complete and incomplete GPS tracks were considered in this selection to reduce potential bias of including only complete (shorter) trips. To represent the total range and core foraging areas, the 95 and 50% volume contours were calculated respectively. Home ranges were calculated with the ad-hoc method as a smoothing parameter over a constant grid cell size of 200 m2. To assess the sex-specific differences in spatial distribution during each breeding stage, a utilization distribution overlap index (UDOI) was calculated as the measure of overlap between females and males (Fieberg and Kochanny, 2005). A randomization approach was then used to test the null hypothesis that there were no sex-specific differences in the spatial distribution during each stage. For the null hypothesis to be true, the degree of overlap calculated from the original data set should not be significantly different from a dataset in which sex was randomly assigned to individuals. We performed a total of 1,000 randomizations and for each permutation, sex was randomly allocated, following which home ranges and overlap indices were calculated. P-values were determined by the proportion of random overlaps that were smaller than the observed overlap (Breed et al., 2006; Cleasby et al., 2015).

Foraging Trip Parameters

For each GPS track, the total distance traveled (km), maximum distance from the colony (km), and total duration (h) of the foraging trip was calculated using the “geosphere” package (Hijmans, 2015). Total distance traveled and total duration, calculated using complete trips, were highly correlated (Pearsons correlation test, r > 0.8). As such, only total distance traveled was selected for further statistical analysis. However, to account for any potential bias associated with including only complete (generally shorter) tracks, maximum distance calculated using both complete and incomplete trips was also included in the analysis. Data normality was assessed by means of a Shapiro–Wilk's test. Data were right skewed and were therefore log-transformed before being incorporated into a linear model which included sex, stage of the breeding season, adult body condition (BC) and the interaction between sex and stage and sex, and body condition as predictor effects. An inspection of the residuals vs. fitted values suggested that the assumption of homogeneity of variance was not violated, and model residuals appeared normally distributed. Model selection was conducted using Akaike Information Criterion (AIC) scores, and the most parsimonious model identified as having the lowest AIC score (Akaike, 1998). Models with a delta AIC score of <2 were also considered among the most parsimonious models (Burnham and Anderson, 1998). All results are presented as Mean ± Standard Error (SE), unless stated otherwise.

Diet Composition

Diet samples were collected during both above-mentioned study periods. Samples were generally collected in the morning or late in the afternoon when individuals returned from foraging trips. Birds landing heavily alongside the colony were captured and inverted over a plastic bucket to induce regurgitation. Once a sample was obtained the bird was released. In addition, diet samples were also collected when birds regurgitated spontaneously due to handling, associated with the deployment of tracking devices.

Diet samples were processed on Bird Island. Each sample was weighed to obtain the total mass, after which it was separated according to it's comprising prey species. For each prey species, the total mass, number of individuals (estimated from whole fish and the number of heads and tails), and fork length of whole individuals, were obtained. The constituents of all samples were identifiable to species level.

Data were assessed separately for December and January to determine prey composition during the guard and post-guard phase respectively. Following the methods of Green et al. (2014), prey species were divided into five prey groups, namely anchovy, sardine, saury, other live prey (OLP), and fishery discards. The proportional contribution of each prey group to the diet was compared between December and January based on mass (% Mass), numerical abundance (% NA), and frequency of occurrence (% FO).

RESULTS

Tracking data was recorded for 21 females and 23 males. Of these, 18 foraging trips (9 females, 9 males) were recorded for birds rearing young chicks during the guard stage of chick rearing, whilst 26 foraging trips (12 females, 14 males) were recorded for birds rearing older chicks during the post-guard stage of chick rearing. In total, 4 foraging trips out of the 44 tracked individuals were incomplete as a result of battery failure.

Spatial Distribution and Home Range Analysis

The distribution and home ranges of Cape gannets covered a substantially larger area during the post-guard stage than during the guard stage of chick rearing (Table 1, Figure 1). This was evident both from visual assessment of all the foraging trips and from home ranges of 9 randomly selected individuals per sex and stage. During the guard stage, only a single female traveled well beyond Port Elizabeth (~60 km from Bird Island) (Figure 1). During the post-guard stage, a single female and three males extended their distributions well west of Plettenberg Bay (which is ~250 km from Bird Island). Two devices failed before the birds returned to the colony and as such, it is possible that the foraging ranges of these individuals may have extended even further. The remainder of male Cape gannets appeared to restrict their distribution to the area east of Cape St Francis, while the distributional range of several females extended west of Cape St Francis (Figure 1). The total ranges (95%) of females and males overlapped considerably during both stages (Table 1). Core areas (50%) of females and males overlapped less, particularly during the post-guard stage (UDOI < 0.1). During this period, the bulk of the female core areas generally extended westward while the bulk of the male core areas generally extending eastward of Bird Island (Figure 1). However, results from the randomization test suggested that the observed overlaps between females and males were not significantly lower than the randomly generated overlaps (Table 1). As such, the null hypothesis that there were no sex-specific differences in spatial distribution could not be rejected.


Table 1. Observed and randomized utilization distribution overlap indices (UDOI) (Fieberg and Kochanny, 2005) of the total (95% density contour) and core area (50% density contour) of female and male Cape gannets during the guard and post-guard stages of chick-rearing in the 2015/16 breeding season. Randomized UDOI is indicated as mean ± SD and p is the proportion of random overlaps that were smaller than the observed overlap.
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FIGURE 1. Foraging ranges of female (red) and male (blue) Cape gannets during the guard and post-guard stages of the 2015/16 breeding season. GPS tracks represent all tracked individuals while kernel home range plots represent 9 randomly selected females and males for each breeding stage. Density contours are represented as 95% (unfilled areas) and 50% (filled areas). The overlap of the 50% contours of females and males are indicated by the red and blue striped area. Bird Island is indicated by the yellow star.



Foraging Trip Parameters

The most parsimonious models for the response of total distance traveled and maximum distance from the colony included sex, stage, and body condition as predictor effects (Table 2). The individual effects of both sex and body condition were, however, not significant on either total distance or maximum distance (Table 3). On average, the distance traveled and duration of foraging trips were remarkably similar for females and males during both the guard and post-guard stages of chick rearing (Table 4). Total and maximum distances appeared to be inversely proportional to body condition (Table 3), suggesting that birds in poorer condition traveled further than birds in better condition condition. However, there was no clear linear trend to substantiate this. The individual effect of breeding stage on maximum distance was significant (Table 3). On average, both females and males substantially increased the distances and duration of their foraging trips between the guard and post-guard stage (Table 4). Total distance traveled was not significantly affected by stage of the breeding season (Table 3). This may reflects a bias toward shorter foraging trips as only complete tracks were used to calculate total distance. No interaction terms were retained in the most parsimonious models (Table 2). A second foraging trip was obtained for six individuals (1 female, 5 males) during the post-guard phase. For five of these individuals there was a substantial difference in the total distance, maximum distance and duration between the first and second trip (Table 5, Figure 2). For one individual (Individual 6), the maximum distances of the first and second trip were similar, although the total distance traveled and duration were greater during the second trip (Table 5). During shorter trips, individuals typically remained close to Bird Island (within 80 km) with distributions restricted to the east of Port Elizabeth (Figure 2). During the longer trips, distributions were generally restricted to the area between Cape St Francis and Port Alfred, barring a single individual which reached Mossel Bay, traversing a total distance of over 1,500 km (Table 5, Figure 2).


Table 2. Linear models of the total distance traveled (TD) and maximum distance from the breeding colony (MD) for Cape gannets as a function of sex, stage of the breeding season (stage), body condition (BC) and the interaction between sex and stage and sex and BC.
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Table 3. The most parsimonious linear models of the total distance traveled and maximum distance from the breeding colony for Cape gannets as a function of sex, stage, and body condition.
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Table 4. Foraging trip parameters and body condition of female and male Cape gannets attending chicks during the guard and post-guard stages of chick rearing in the 2015/16 breeding season at Bird Island, Algoa Bay.
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Table 5. Foraging trip parameters of six adult Cape gannets tracked over two consecutive foraging trips during the post-guard stage of the 2015/16 breeding season.
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FIGURE 2. Foraging trips (GPS tracks) for six individual Cape gannets tracked over two consecutive foraging trips during the post-guard stage of the 2015/16 breeding season. Both the longer (A) and shorter (B) trips are indicated for each individual (unique color). Bird Island is indicated by a yellow star.



Diet Composition

Amongst the five major prey groups identified, anchovy and saury were the most dominant, collectively comprising 86.2 and 97.5% to the overall diet of Cape gannets by mass and numerical abundance respectively (Supplementary Table 1, Supplementary Material). However, there was a clear change in the dietary composition between December and January (Table 6). During December, the diet was comprised almost exclusively of anchovy. While the presence of anchovy persisted in the diet during January, there was a substantial increase in the amount of saury in the diet and to a lesser extent, sardine and OLP (Table 6).


Table 6. The proportional contribution by mass (%), numerical abundance (%), and frequency of occurrence (%) of each of the five prey groups to the diet of Cape gannets during December and January of the 2015/16 breeding season.
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DISCUSSION

This study provides the first comparative assessment of Cape gannet foraging distributions and diet during the guard and post-guard stages of chick rearing. Sex-specific differences were not apparent during the early guard stages of chick rearing and there appeared to be only slight differences in the spatial distribution of females and males during the late post-guard stage. There were, however, clear changes in the overall distribution, distances, and dietary composition between the guard and post-guard stage. An additional foraging trip for six individuals during the post-guard phase also suggests the occurrence of a bimodal foraging strategy in Cape gannets.

Sex-Specific Foraging during the Guard and Post-Guard Stage

As recently reported for Cape gannets during the early stages of chick rearing (Botha et al., 2017), we found no clear patterns of sex-specific differences in foraging effort and spatial distribution during the guard stage. In addition, the present study expanded on this work by investigating sex-specific foraging during the post-guard stage. However, the foraging trip distances and the total distributional range were similar for females and males during the post-guard phase as well. Interestingly, Rishworth et al. (2014b) documented clear differences in the foraging trip durations between female and male Cape gannets attending chicks older than 50 days (post-guard stage). This was assumed to be indicative of differences in foraging locations during the later stages of the breeding season. The fact that our results did not reflect such a clear pattern, may be due to our relatively small sample size. However, differences in the distribution of core foraging areas do suggest a marginal level of sex-specific segregation during the post-guard stage.

Sex-specific foraging has been described for a large number of seabirds, including both sexually dimorphic (Lewis et al., 2005; Bearhop et al., 2006) and monomorphic species (Peck and Congdon, 2006; Pinet et al., 2012). These differences are often thought to occur as a result of intra-specific competition, or may reflect sex-specific nutritional requirements or parental investment strategies (Lewis et al., 2002; Phillips et al., 2004; Elliott et al., 2010). While sex-specific differences in foraging trip duration are apparent in Cape gannets (Mullers and Tinbergen, 2009; Mullers and Navarro, 2010), spatial segregation appears to be marginal and context specific, occurring only during periods of apparent resource limitation (present study, Botha et al., 2017). Comparatively, in both northern (Morus bassanus) and Australasian gannets (M. serrator), females are known to forage further offshore, utilizing different habitats to males, which appear to target relatively shallow and inshore areas (Stauss et al., 2012; Cleasby et al., 2015; Angel et al., 2016; Wells et al., 2016). Amongst sulids, documented cases of sex-specific foraging appear to be more common in sexually dimorphic species (Gilardi, 1992; Weimerskirch et al., 2006, 2009). Although previously described as monomorphic, recent evidence suggests that northern and Australasian gannets display a degree of reversed sexual size dimorphism (Stauss et al., 2012; Angel et al., 2015), which may well influence habitat use and facilitate spatial segregation at sea. Interestingly, Cape gannets do not exhibit the same level of dimorphism as its congeners, as apart from differences in culmen length, the body size of females and males are remarkably similar (Rishworth et al., 2014a). Therefore, the lack of clear and consistent niche partitioning between female and male Cape gannets is perhaps not all that surprising considering this high level of monomorphism. Furthermore, the exceptional extension of a single female and three male foraging trips during the post-guard stage clearly indicates that both sexes are capable of traversing considerable distances during breeding.

Changes in Foraging Distance, Spatial Distribution, and Diet

Foraging trip distances and the spatial range of adult Cape gannets increased substantially between the guard and post-guard stage of breeding. These results are consistent with nest attendance patterns recorded by means of VHF monitoring (Rishworth et al., 2014b; Pistorius et al., 2015). In addition, there appeared to be a clear shift from an anchovy (E. encrasicolus) dominated diet, to a more mixed diet, comprising particularly large quantities of saury (Scomberesox saurus). Although no previous studies have explicitly investigated foraging distributions of Cape gannets during the post-guard stage, intra-seasonal variability in foraging distances and diet have previously been documented along South Africa's west coast (Mullers et al., 2007; Mullers and Navarro, 2010). Collectively these results demonstrate considerable foraging flexibility during the chick rearing period.

Plasticity in foraging behavior allows seabirds to respond to changes in the distribution and availability of prey resources (Montevecchi et al., 2009; Hennicke and Weimerskirch, 2014) and increased levels of intra-specific competition (Lewis et al., 2001; Gaston et al., 2007; Elliott et al., 2009). The observed increase in foraging range of Cape gannets could have been a result of such changes in prey availability, enabled through foraging plasticity. This was also reflected in the diet composition of adults between December and January. Anchovy, a preferred prey species of Cape gannets at Bird Island (Green et al., 2014), entirely dominated the diet during December, but decreased substantially by middle to late January suggesting reduced accessibility to this prey resource for breeding adults or an increase in the availability of alternative prey species. However, a longer-term dataset, in conjunction with prey biomass estimates, would be required to further explore this notion. Alternatively, the observed changes in foraging behavior could be related to offspring development, as adult birds may adjust foraging and prey selection in response to the increasing nutritional demands or fasting abilities of the growing chick (Adams et al., 1991; Berrow and Croxall, 2001; Dall'Antonia et al., 2001; Shaffer et al., 2003).

While the majority of Cape gannets appeared to increase their foraging range during the post-guard phase, several individuals (38%) undertook relatively short foraging trips, remaining within 80 km of Bird Island. This may be related to the increased proportion of saury in the diet of birds during the late post-guard stage, which may have provided an alternative prey source closer to the breeding colony. Following distributional shifts or depletion of preferred prey, Cape gannets may shift their diet to less favorable prey as lower amounts of energy expenditure required to access these species could potentially outweigh their relatively poor nutritional value (Adams and Klages, 1999; Tew Kai et al., 2013). Additionally, the ability of older chicks to consume larger prey items such as saury may further facilitate such a dietary shift. It is also possible that the variability in foraging distribution between individuals during the post-guard stage represents the adoption of a bimodal foraging strategy during the late stages of the breeding cycle (Weimerskirch et al., 1994; Granadeiro et al., 1998; Welcker et al., 2009). For five of the six individuals from which a second foraging trip was recorded during the post-guard stage, the total, and maximum distances as well as the duration of the second trip differed substantially from the first. During the later stages of the breeding season, such strategies could allow adults to balance self-maintenance with provisioning for the increased demands of larger chicks (Weimerskirch, 1998). This warrants further investigation and would require a greater number of individuals to be tracked over multiple foraging trips throughout the breeding season.

In summary, this study provides the first comparative spatial assessment of foraging Cape gannets during different stages of chick rearing. While evidence of sex-specific segregation was minimal, our results indicate a substantial range extension between the early and late stages of chick rearing. Additionally, our results documented a shift in the dietary composition of adult Cape gannets during the late post-guard stages of chick rearing. These results suggest that Cape gannets may be able to buffer against the effects of resource variability throughout chick rearing through foraging and dietary flexibility. These strategies may also reflect changes in response to the needs of growing offspring. Irrespective of the mechanism driving the observed changes, this study highlights the importance of considering intra-seasonal variability when studying the behavior, foraging distribution and diet in seabirds.
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