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The diet of African penguins Spheniscus demersus in Namibia consisted mainly of sardine Sardinops 
sagax in the 1950s. Since the collapse of pelagic fish stocks in the 1970s, birds fed mainly on bearded 
(pelagic) goby Sufflogobius bibarbatus, a low-energy prey species. We present diet data for African 
penguins breeding at Mercury Island, the largest colony for this species in Namibia, between 1996 and 
2009. Bearded goby was the main prey item throughout the study period, both in terms of frequency of 
occurrence (67.8%; SD 31.2) and in terms of mass (59.2%; SD 31.5). Diet composition varied through-
out the year as well as between years; birds occasionally fed on a variety of fish species other than 
bearded goby. In Namibia, poor prey abundance is considered as a major factor contributing to the 
decline of penguin numbers after the collapse of the sardine stocks. However, bearded goby appears to 
be relatively abundant along Namibia’s southern coast and low prey quality rather than low abundance 
appears to be a key factor influencing population dynamics of African penguins and other marine top 
predators in southern Namibia.

Keywords: African penguin, bearded (pelagic) goby, Benguela upwelling system, diet, Mercury Island, prey quality, 
Spheniscus demersus, Sufflogobius bibarbatus

African penguins Spheniscus demersus are pelagic feeders, 
their main prey being sardine Sardinops sagax and anchovy 
Engraulis encrasicolus when available (Rand 1960, Matthews 
1961, Wilson 1985, Randall and Randall 1986, Crawford 
and Dyer 1995, Petersen et al. 2006). In Namibia, their diet 
consisted mainly of sardine in the 1950s (Matthews 1961). A 
combination of overfishing of pelagic fish stocks and environ-
mental changes led to the collapse of the sardine stock and a 
decline of the anchovy stock off Namibia in the early 1970s, 
and ecosystem degradation (Armstrong and Thomas 1995, 
Cury and Shannon 2004, de Young et al. 2004, Roux and 
Shannon 2004, van der Lingen et al. 2006). 

Subsequently, the diet of African penguins in Namibia was 
found to be dominated by bearded (pelagic) goby Sufflogobius 
bibarbatus (Crawford and Shelton 1981, Crawford et al. 1985, 
Ludynia 2007, Ministry of Fisheries and Marine Resources 
[MFMR] unpublished data). The energetic value of bearded 
goby is 55–61% of that of sardine and anchovy (Balmelli and 
Wickens 1994, KL unpublished data). Low-energy prey and 
a decrease in prey’s nutritional quality have been shown to 
lead to reduced breeding success and to influence population 
trends in seabirds (Wanless et al. 2005, Mavor 2005, 2006, 

Harris et al. 2007). Indeed, the African penguin population of 
Namibia has declined by 72% since the 1950s (Kemper et al. 
2001) and diet quality has been suggested as a potentially 
important factor in this decline (Kemper et al. 2007). 

Given the downward trend in African penguin numbers 
and its recent listing as Endangered (IUCN 2010), continued 
research and monitoring of the population’s ecology including 
trophic relationships is essential. Here, we update informa-
tion on the diet of African penguins in Namibia by assessing 
a diet sampling time-series collected between 1996 and 
2009 at Mercury Island, the most important African penguin 
breeding site in Namibia and close to the northern extreme 
of the species’ range. We assess intra- and interannual 
variation in the composition and energy content of the diet, 
and discuss implications of the findings for the population 
dynamics of African penguins and other top predator popula-
tions in Namibia. 

Material and methods

Mercury Island (25°38′ S, 14°50′ E; Figure 1) is located 
along the southern Namibian coast in the northern Benguela 
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upwelling system, and in 2009 supported the largest African 
penguin breeding colony in Namibia with 2 565 breeding 
pairs (measured as numbers of nests containing eggs or 
chicks at peak breeding; MFMR unpublished data). For the 
purpose of this study, years were defined as from 1 July 
of one year to 30 June of the next year to account for the 
penguin breeding season at Mercury Island, where breeding 
activities peak roughly between November and February 
(Kemper 2006). 

Diet sampling
Penguins with visibly full stomachs were captured as they 
arrived at the colony. Diet samples were obtained from them 
using the stomach-flushing method following Wilson (1984). 
Regurgitation was induced by filling the birds’ stomachs with 
water. Birds were only flushed once, therefore the entire 
stomach content was not necessarily obtained. Between one 
and 10 penguins (median 8) were sampled per sampling 
session. 

Samples were collected, drained and weighed. Prey items 
were identified to species level according to Bianchi et al. 
(1999). Identification was based on complete specimens 
as well as remains (mainly heads, tails and flesh in the 
case of fish). Otoliths or cephalopod beaks were not used 
for species identification. Caudal length was measured for 
complete fish specimens. The frequency of occurrence 
was calculated as the percentage of samples collected 

per month that contained a given species. Samples were 
pooled per month to determine the percentage mass contri-
bution of each species to the total wet mass of the samples 
for that month. 

Differences in diet composition between years were 
revealed using a correspondence analysis (Greenacre 1984) 
in the open source software package R 2.10.1 (http://www.
r-project.org, Nenadić and Greenacre 2007). A chi-squared 
(χ2) test was used to test for differences in length distribu-
tions of bearded goby between years. Energy content of 
prey species was calculated using bomb calorimetry of 
homogenised samples of entire fish represen tative of the 
various size classes found in the penguin diet (bearded goby 
3.68 kJ g–1 wet mass, juvenile hake Merluccius capensis 
3.52 kJ g–1, squid (unidentified species) 3.24 kJ g–1; KL 
unpublished data), except the species for which energy 
content were previously estimated by Balmelli and Wickens 
(1994; anchovy 6.03 kJ g–1 wet mass, sardine 6.59 kJ g–1, 
horse mackerel Trachurus capensis 5.65 kJ g–1). For 
remaining species, the average value for teleosts was used 
(5.91 kJ g–1 wet mass; Balmelli and Wickens 1994). 

Results

Diet composition 
A total of 620 diet samples was collected during 34 months 
between July 1996 and January 2009. Between one and 46 
samples were collected per month (median 16 samples); 
some months were not sampled (Tables 1, 2; see also 
Appendices 1 and 2). Diet composition varied throughout 
the year as well as between years (Tables 1, 2). Bearded 
goby was the main prey item throughout the study period, 
both in terms of frequency of occurrence and in terms of 
mass and was present in every month sampled. The mean 
frequency of occurrence per month was 67.8% (SD 31.2) 
(Table 1) and the mean percentage of mass was 59.2% (SD 
31.5) after pooling all samples within months (Table 2). 

Other prey species that were present in the diet with 
relatively high frequencies of occurrence were anchovy, 
hake, horse mackerel and squid (Table 1). In terms of mass, 
pelagic species (anchovy, sardine, round herring Etrumeus 
whiteheadi combined), hake and horse mackerel constituted 
large percentages of mass in single months, but were not 
found consistently during the entire study period (Table 2). 
Squid was present in the diet in 32 months and in 38.6% of 
all individual samples; it constituted 3.1% of the total mass 
(Table 2). The mean mantle length of 17 intact individuals 
from 2005 and 2008 was 3.2 cm (SD 1.0). Other species 
which sporadically made up a substantial percentage of the 
diet were mullet Liza spp. (e.g. 23.4% and 52.4% of total 
mass in March 2003 and in October 2003 respectively), 
gurnard Chelidonichthys spp. (e.g. 13.2% in October 2001) 
and unidentified fish (including unidentifiable remains; e.g. 
large proportions in October and November 1996, February 
1999, November and December 2001, November 2003 and 
January 2004 of between 15.5% and 67.4%).

The correspondence analysis showed that bearded 
goby was the main factor grouping five out of the 10 years 
sampled according to the frequency of occurrence of prey 
species in the diet (Figure 2). Correspondence analysis 
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Figure 1: Map of the west coast of Namibia and South Africa 
showing the locality of Mercury Island
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separated the year 2005/2006 from all other years sampled 
due to the higher frequency of occurrence of sardine 
(Figure 2). Sardine were absent from samples collected in 
three years: 1996/1997, 2000/2001 and 2002/2003 (see 
Tables 1, 2). Samples containing round herring, horse 
mackerel, hake and squid separated years 2001/2002 and 
2003/2004 from other years. The diet in 2008/2009 was 
influenced by a large frequency of occurrence of anchovy 
and the diet in 2007/2008 by a combination of sardine and 
anchovy in addition to bearded goby (Table 1). 

Goby length in diet
Intact bearded goby individuals found in the diet samples 
were between 2.0–11.5 cm caudal length (CL), this 
corresponding to 2.3–14.1 cm total length (TL) (J-PR 
unpublished data). Mean caudal length was 6.04 cm (SD 
2.11 cm, n = 1 656; mean total length was 7.35 cm, SD 
2.62 cm). Size frequencies differed between years (χ2 = 
1 477.1, df = 126, p < 0.001). Penguins fed mainly on 
large gobies in 2000/2001 and 2003/2004 and on small 
individuals in 2001/2002 and 2005/2006; fish lengths were 
bimodally distributed in 2004/2005, 2007/2008 and 2008/
2009 (Figure 3). 

Energy content of diet
The mean energetic content of diet samples calculated 
from the percentage of mass in each month was 4.11 kJ g–1 
(SD 0.44) wet mass. The month in which the energy content 
of the diet was highest was November 2003 (5.19 kJ g–1, 
Figure 4) when the penguins fed mainly on horse mackerel 
(31.1% of the diet in terms of mass) and clupeoids (mainly 
round herring; 23.7%, Table 1). In February 2003, 82.2% 
of the diet (in terms of total mass) consisted of bearded 
goby and the energetic content was the lowest measured 
at 3.66 kJ g–1 (Figure 4). Of all years sampled, energetic 

content of the diet was highest in 2005/2006; the only other 
years with above average energy values were 2003/2004, 
2007/2008 and 2008/2009 (Figure 4). However, sample 
sizes were relatively small in most of these years (e.g. 24 
samples in 2007/2008 and 10 samples in 2008/2009). 

Discussion

There are various methods to determine diet composi-
tion in seabirds (see review by Barrett et al. 2007), each 
with advantages and disadvantages. The stomach flushing 
method has several limitations, especially when birds are 
flushed once as was done in this study, because the gastric 
system is emptied completely only after repeated flushings 
(e.g. Gales 1987, Neves et al. 2006). Mass calculations and 
resulting energetic values of penguin diet therefore need 
to be interpreted with caution because it is likely that the 
entire stomach contents may not have been obtained. In 
addition, we estimated only the wet mass of each species in 
the samples and it is possible that the more readily digest-
ible species in the diet could have been under-represented 
in samples. Randall and Randall (1986) used reconstituted 
mass of prey species to overcome this shortcoming, but 
the often advanced state of digestion of prey items in our 
study made estimations of fish lengths for entire samples 
difficult. Squid, which was present in numerous samples 
in our study — but of minor importance in terms of mass 
— may have been a case of underestimating easily digest-
ible prey. Randall and Randall (1986) found that squid were 
an important dietary component of African penguins in the 
Eastern Cape of South Africa. They, on the other hand, 
may have overestimated the importance of squid in the diet 
through reconstituting squid mass from the numbers and 
sizes of beaks in samples, considering that squid beaks are 
often retained in the stomach for extended periods of time 
(Jackson and Ryan 1986, van Heezik and Seddon 1989). 
The presence and size of squid in the diet samples of 
African penguins from Mercury Island was not determined 
from beaks but from complete or semi-digested individuals. 

It was possible to identify the fish species in the diet 
samples from complete or semi-digested individuals; otolith 
identification was not required for identifying specimens 
even if they were partially digested. This could have skewed 
the samples against species encountered farther away 
from the colony, because these were more likely at a later 
stage of digestion or possibly fully digested at the time of 
sampling. However, breeding African penguins at Mercury 
Island feed relatively close to the colony and return daily to 
it (Ludynia 2007). Therefore, it is likely that all prey in their 
stomachs was ingested within a day prior to sampling. Thus, 
we are confident that the method used here is a reliable 
estimate of diet composition. 

Despite its disadvantages, stomach flushing of penguins 
seems to be an appropriate method to identify diet composi-
tion and changes in diet (Barrett et al. 2007) and is widely 
used in penguin research (e.g. Wilson 1984, Clausen and 
Pütz 2002, Takahashi et al. 2003, Herling et al. 2005). 
Another commonly used method for determining diet 
composition is stable isotope analysis (Sydeman et al. 
1997, Bearhop et al. 1999, Quillfeldt et al. 2005, Weiss et al. 
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Figure 2: Correspondence analysis of diet composition of African 
penguins from Mercury Island, Namibia, between 1996 and 2009 
using the frequency of occurrence of each prey species per year 
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2009). However, since the diet of African penguins consists 
of fish species from similar trophic levels, a switch between 
prey species would not be detectable with this method. 

According to Crawford and Shelton (1981) and Crawford 
et al. (1985), bearded goby became the main prey species 
in the diet of African penguins in Namibia following 
the collapse of the sardine stock in the 1970s. Here, 
we show that bearded goby remains the main prey of 

penguins at Mercury Island, Namibia, more than 30 years 
later. According to Randall and Randall (1986), African 
penguins show selectivity in their prey choice, which may 
be related to the prey’s food value, shoaling characteris-
tics or abundance and availability. A high energetic food 
value may explain a preference for sardine and anchovy by 
African penguins (Randall and Randall 1986). It is unlikely 
that bearded goby is preferred over other prey species by 
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Figure 3: Size frequency distributions of intact bearded goby found in the diet of African penguins at Mercury Island, Namibia, between 1996 
and 2009

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
W
i
t
w
a
t
e
r
s
r
a
n
d
]
 
A
t
:
 
0
6
:
1
8
 
7
 
F
e
b
r
u
a
r
y
 
2
0
1
1



Ludynia, Roux, Jones, Kemper and Underhill568

penguins on the basis of its food value, considering that its 
energy content is about 40% lower than that of sardine or 
anchovy. Feeding almost entirely on bearded goby, as in 
February 2003, leads to a reduced energetic value of the 
diet compared to times when birds feed on energy-richer 
species. African penguins are adapted to feed pelagically 
on shoaling fish (Wilson 1985, Wilson and Wilson 1995). 
Shoals of juvenile goby are found in midwater. Adult 
bearded goby, however, are generally dispersed on the 
seabed during the day (Cruickshank et al. 1980, Melo and 
Le Clus 2005, Utne-Palm et al. 2010). This lack of shoaling 
behaviour should thus make gobies less unattractive to 
foraging African penguins, relative to shoaling species 
such as sardine and anchovy. In several years, birds fed 
on relatively large bearded gobies, presumably close to the 
seabed. This could indicate a lack of shoaling fish available 
to the birds at that time, although in 2000/2001 penguins fed 
on large bearded goby in addition to (shoaling) anchovy. 

Abundance and availability seem to be the main factors 
influencing the prey choice of African penguins at Mercury 
Island. The diet in 2003/2004 contained relatively high 
proportions of round herring and horse mackerel and in 
2005/2006, relatively high proportions of sardine. The diet 
of bank cormorants Phalacrocorax neglectus, which feed 
selectively on bearded goby at Mercury Island (Ludynia et 
al. 2010), consisted almost exclusively of this species, even 
in years characterised by relatively large percentages of 
other species in the penguin diet (MFMR unpublished data). 
This indicates that, although bearded goby were available 
to penguins in these years, they selected more energy-rich 
prey when it was available. Therefore, the diet composition 
of African penguins at Mercury Island reflected local prey 
availability, as has been reported for other penguin species 
(Davis and Renner 2003, Tremblay and Cherel 2003). 

Low-energy food, even if abundant or easy to obtain, may 
negatively affect chick growth, breeding success and thus 

population trends, a phenomenon that has become known 
as the junk-food hypothesis (e.g. Grémillet et al. 2008, 
Österblom et al. 2008). Prey abundance and prey quality 
are equally important factors influencing top predators in the 
marine environment (Österblom et al. 2008). For example, a 
shift from high-energy sandeel Ammodytes sp. to low-quality 
pipefish Enterulus sp. has caused breeding failures in 
common guillemots Uria aalge (Mavor et al. 2005, 2006, 
Harris et al. 2007). Even a change in the energetic value of a 
particular prey species can lead to reduced breeding success 
(Wanless et al. 2005). In the Benguela upwelling system, 
the negative impact of low-energy food on seabird breeding 
success has been shown for Cape gannets (Lewis et al. 
2006, Grémillet et al. 2008, Mullers et al. 2009). 

Changes in breeding success and numbers of African 
penguins in South Africa have been related to the abundance 
of sardine and anchovy (e.g. Crawford and Shelton 1978, 
1981, Crawford et al. 2001, Crawford et al. 2006). Anchovy 
was the main prey for breeding African penguins at Robben 
Island, on the south-western coast of South Africa, between 
1989 and 1992 (Crawford and Dyer 1995). Recently, an 
eastward shift of these pelagic fish stocks is believed to have 
caused a decline in penguin numbers at Robben Island and 
other breeding colonies in the western part of its South African 
distribution (Crawford et al. 2008). No detailed published data 
are available on the diet composition of African penguins 
in South African waters since this eastward shift of prey. In 
particular, more information is needed to assess whether the 
continuous decline in numbers of African penguins in South 
Africa is related to a switch in diet composition, to decreased 
abundance and possibly to reduced quality of sardine and 
anchovy around the breeding sites. 

In Namibia, low prey abundance was suggested as a 
major factor contributing to the decline of penguin numbers 
after the collapse of sardine stocks (Crawford and Shelton 
1981, Crawford et al. 2001). However, considering that 
bearded goby appears to have been relatively abundant 
along Namibia’s southern coast, based on the diet of top 
predators including African penguins (this study), Cape fur 
seals Arctocephalus pusillus pusillus (Mecenero et al. 2006) 
and several cormorant species (MFMR unpublished data), 
low prey quality rather than low prey abundance per se 
appeared to be a key factor influencing population dynamics 
of African penguins and other marine top predators in 
southern Namibia. Numbers of penguins in adult plumage 
in Namibia declined at an exponential annual rate of 2.5% 
between 1996/1997 and 2008/2009 and 3.8% per year at 
Mercury Island during this period (MFMR unpublished 
data). Between 1996/1997 and 2009/2010, numbers of 
breeding pairs during peak breeding periods varied between 
approximately 1 800 and 3 200 at Mercury Island (MFMR 
unpublished data). These numbers should not necessarily 
be linked directly to diet composition as other factors, such 
as heat waves and flooding of nests, may also influence the 
number of breeding birds. This study supports the belief that 
food quality is generally low for African penguins at Mercury 
Island and presumably in the entire northern Benguela 
upwelling system (Crawford et al. 1985, Kemper et al. 2007). 
The suggestion that an increase in biomass of bearded 

E
N

E
R

G
Y 

C
O

N
TE

N
T 

(%
)

0

−20

SAMPLE DATE

01
/9

7

−10

−10

20

30
01

/9
8

01
/9

9
01

/0
0

01
/0

1
01

/0
2

01
/0

3
01

/0
4

01
/0

5
01

/0
6

01
/0

7
01

/0
8

01
/0

9

Monthly
Yearly

Figure 4: Monthly and yearly energy contents of diet samples of 
African penguins at Mercury Island, Namibia, between 1996 and 
2009. Data are shown as percentage difference from the overall 
mean (indicated as 0%) 

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
y
 
o
f
 
W
i
t
w
a
t
e
r
s
r
a
n
d
]
 
A
t
:
 
0
6
:
1
8
 
7
 
F
e
b
r
u
a
r
y
 
2
0
1
1



African Journal of Marine Science 2010, 32(3): 563–572 569

goby (Utne-Palm et al. 2010) is keeping the ecosystem 
productive and sustains predators (Pennisi 2010) has to be 
balanced by the fact that the replacement of small pelagic 
fish by bearded goby has resulted in a drastic decline in the 
energy content in seabirds’ diets. A substantial increase 
from current population numbers may only be expected if 
the stock of small pelagics increases so the quality of prey 
can recover. 
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Season Month No. of 
samples

Frequency of occurrence (%)
Bearded 

goby Anchovy Sardine Hake Horse 
mackerel Squid Round 

herring Others

1996/1997 July 1996 1 100.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00
September 1996 10 100.00 0.00 0.00 0.00 0.00 20.00 0.00 80.00
October 1996 30 53.33 16.67 0.00 0.00 3.33 40.00 3.33 83.33
November 1996 4 25.00 50.00 0.00 0.00 25.00 25.00 0.00 100.00

1998/1999 September 1998 7 100.00 57.14 0.00 0.00 0.00 57.14 0.00 14.29
December 1998 16 56.25 12.50 0.00 0.00 18.75 56.25 0.00 37.50
February 1999 10 90.00 0.00 0.00 20.00 0.00 0.00 0.00 30.00
March 1999 6 100.00 0.00 0.00 0.00 0.00 33.33 0.00 0.00
April 1999 15 100.00 6.67 13.33 0.00 6.67 20.00 0.00 0.00

2000/2001 May 2001 46 76.09 50.00 0.00 4.35 4.35 34.78 4.35 23.91
2001/2002 October 2001 32 43.75 62.50 0.00 25.00 15.63 53.13 0.00 84.38

November 2001 32 6.25 50.00 3.13 0.00 25.00 68.75 34.38 65.63
December 2001 33 21.21 21.21 9.09 6.06 51.52 42.42 42.42 57.58
January 2002 40 50.00 22.50 2.50 35.00 32.50 50.00 17.50 35.00
February 2002 16 68.75 37.50 0.00 12.50 0.00 56.25 6.25 56.25
March 2002 24 95.83 4.17 0.00 4.17 12.50 41.67 0.00 12.50
April 2002 18 72.22 0.00 0.00 0.00 38.89 33.33 0.00 0.00
June 2002 6 100.00 16.67 0.00 0.00 16.67 83.33 0.00 33.33

2002/2003 December 2002 16 50.00 37.50 0.00 18.75 56.25 43.75 0.00 50.00
January 2003 32 78.13 37.50 0.00 21.88 15.63 12.50 0.00 3.13
February 2003 32 84.38 0.00 0.00 40.63 3.13 0.00 0.00 18.75
March 2003 16 75.00 0.00 0.00 31.25 0.00 6.25 0.00 37.50
April 2003 8 75.00 12.50 0.00 37.50 12.50 12.50 0.00 12.50

2003/2004 October 2003 24 25.00 37.50 0.00 54.17 0.00 50.00 4.17 79.17
November 2003 24 8.33 62.50 8.33 16.67 45.83 41.67 41.67 58.33
December 2003 24 41.67 8.33 0.00 50.00 50.00 54.17 0.00 58.33
January 2004 24 20.83 41.67 20.83 12.50 37.50 58.33 4.17 75.00

2004/2005 February 2005 16 100.00 12.50 0.00 18.75 18.75 18.75 6.25 18.75
March 2005 8 100.00 62.50 12.50 37.50 50.00 12.50 0.00 12.50

2005/2006 March 2006 16 50.00 62.50 62.50 0.00 18.75 43.75 0.00 12.50
2007/2008 February 2008 16 100.00 6.25 12.50 37.50 0.00 18.75 0.00 12.50

March 2008 8 37.50 75.00 25.00 12.50 0.00 25.00 0.00 0.00
2008/2009 December 2008 5 100.00 80.00 20.00 60.00 60.00 80.00 0.00 40.00

January 2009 5 100.00 80.00 20.00 20.00 60.00 20.00 0.00 20.00

Appendix 1: Monthly frequency of occurrence (percentage of samples containing the species per month) of prey species in African penguin 
diet samples collected at Mercury Island, Namibia, between 1996 and 2009 
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Season Month No. of 
samples

Mass (%)
Bearded 

goby Anchovy Sardine Hake Horse 
mackerel Squid Round 

herring Others

1996/1997 July 1996 1 96.97 0.00 0.00 0.00 0.00 3.03 0.00 0.00
September 1996 10 95.58 0.00 0.00 0.00 0.00 0.88 0.00 3.54
October 1996 30 63.81 4.86 0.00 0.00 0.01 3.04 0.29 27.99
November 1996 4 14.57 3.36 0.00 0.00 2.24 12.33 0.00 67.50

1998/1999 September 1998 7 94.54 4.67 0.00 0.00 0.00 0.55 0.00 0.24
December 1998 16 64.06 0.69 0.00 0.00 4.83 19.77 0.00 10.65
February 1999 10 25.07 0.00 0.00 5.97 0.00 0.00 0.00 68.96
March 1999 6 99.79 0.00 0.00 0.00 0.00 0.21 0.00 0.00
April 1999 15 96.52 1.52 1.09 0.00 0.004 0.87 0.00 0.00

2000/2001 May 2001 46 77.49 20.21 0.00 0.1 0.35 0.91 0.49 0.45
2001/2002 October 2001 32 22.86 11.92 0.00 35.36 2.18 3.09 0.00 24.59

November 2001 32 5.92 2.81 0.54 0.00 7.62 8.94 22.89 51.28
December 2001 33 15.42 2.55 0.69 1.51 20.56 2.96 17.39 38.92
January 2002 40 49.83 1.53 2.22 20.14 7.71 4.33 5.47 8.77
February 2002 16 67.96 5.64 0.00 0.41 0.00 6.99 1.23 17.77
March 2002 24 93.27 5.35 0.00 0.03 0.46 0.82 0.00 0.07
April 2002 18 86.42 0.00 0.00 0.00 12.52 1.06 0.00 0.00
June 2002 6 83.72 0.57 0.00 0.00 4.79 10.54 0.00 0.38

2002/2003 December 2002 16 29.45 5.45 0.00 6.59 55.27 2.48 0.00 0.76
January 2003 32 79.9 9.23 0.00 7.19 3.27 0.38 0.00 0.03
February 2003 32 82.19 0.00 0.00 16.55 0.13 0.00 0.00 1.13
March 2003 16 65.82 0.00 0.00 5.19 0.00 0.11 0.00 28.88
April 2003 8 80.65 10.01 0.00 7.22 1.54 0.29 0.00 0.29

2003/2004 October 2003 24 7.86 7.86 0.00 19.32 0.00 2.13 0.1 62.73
November 2003 24 5.03 10.06 2.56 4.52 31.14 2.98 23.74 19.97
December 2003 24 34.34 0.41 0.00 19.29 35.04 3.35 0.00 7.57
January 2004 24 21.48 3.17 3.12 0.5 15.89 3.22 1.73 50.89

2004/2005 February 2005 16 86.27 7.18 0.00 0.86 1.32 1 3.22 0.15
March 2005 8 79.96 8.33 0.09 1.4 9.92 0.19 0.00 0.11

2005/2006 March 2006 16 42.56 34.82 19.11 0.00 1.22 1.63 0.00 0.66
2007/2008 February 2008 16 95.12 0.09 0.02 4.39 0.00 0.28 0.00 0.10

March 2008 8 31.66 60.61 1.38 5.62 0.00 0.74 0.00 0.00
2008/2009 December 2008 5 59.24 10.17 0.02 4.2 5.08 5.57 0.00 15.72

January 2009 5 57.67 11.88 0.19 0.58 28.16 1.34 0.00 0.18

Appendix 2: Monthly percentage of mass of prey species in African penguin diet samples collected at Mercury Island, Namibia, between 
1996 and 2009
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