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Cape gannets Morus capensis are predatory seabirds in
the coastal waters of southern Africa where they feed
on commerc ia l l y  impor tan t  f i sh  spec ies .  Us ing  a
combina t ion  o f  in tens ive  mon i to r ing  a t  nes t  s i tes ,
tracking of radio-tagged birds and diet sampling, we
determined the foraging ranges and foraging areas used
by breeding gannets, and whether l inks existed between
the broad-scale spatial distr ibution of foraging birds and
the distr ibution of prey or the predominant wind regime.
A totaf of 270 Cape gannets dispersing to forage from
Malgas lsland, South Afr ica, were tagged over three
consecut ive  breed ing  seasons.  Moda l  dura t ions  o f
foraging f l ights were six or 24 hours, depending on
whether birds returned on the same day they left  or
remained at sea overnight. Few birds remained continu-
ously at sea over two consecutive nights. Non-radio-
tagged birds more frequently undertook shorter foraging
tr ips than radio-tagged birds, indicating a behavioural
response to handling. Some 23% of radio-tagged gannets
tr iangulated throughout a complete foraging tr ip foraged
within a maximum of about 60km of Malgas lsland, 44%
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foraged between about 60km and 120km of the island
and the remaining 33% flew beyond 120km, travel l ing a
total of at least 240km. Flight directions of gannets
depart ing from the island were non-random in two of the
three seasons. Return f l ight direct ions were non-random
in al l  three seasons. Most foraging f l ights were to the
south-west of the island, birds general ly returning with
the prevai l ing wind and from the same general direct ion
in which they departed. Birds returning with saury
Scomberesox saurus did so significantly more frequently
from a west-south-west direct ion. Birds feeding on the
other two prey species were equally likely to return from
any direct ion. Under average condit ions, the energy
benefi t  associated with returning under load with a
tai lwind as opposed to a headwind was equivalent to
12o/. of the average stomach sample mass. The observed
distribution of flights probably reflects the large area of
suitable foraging habitat to the south and south-west of
the island and the energetic advantages of returning with
the prevai l ing wind.
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Introduction

The foraging patterns of predatory seabirds should ref lect,
largely, the distr ibution, predictabi l i ty and mobil i ty of their
prey (Wanless et a/.  1998). The study of the nature of these
predator-prey interactions in offshore and pelagic marine
environments is chal lenging given the dif f iculty of sampling
and making observations at the appropriate spatial and
temporal scales. This problem is acute in volant seabirds
that nest on land, but have the abi l i ty to f ly rapidly, and
feed on patchi ly distr ibuted prey located at substantial
distances from the breeding site.

Gannets (genus Morus) are one such genus of coastal
seabirds, typical of temperate and cool{emperate waters
of the northern Atlantic, southern Afr ica and Austral ia and
New Zealand that feed on surface shoaling f ish and squid
(Nelson 1978). Substantial parts of their range overlap with
waters exploited intensively by coastal-based commercial
pe lag ic  f i sher ies  (Ber ru t i  and Co lc lough 1987,  Montevecch i

and Meyers  1995,  Hamer  e t  a l .  2000,  Bunce 2001) .  S tud ies
of diets and prey harvests of northern gannets Morus
bassanus and Cape gannets M. capensis at breeding sites
in the North-West and South-East Atlantic Ocean have
demonstrated correlat ions between relattve orooort ions of
spec i f i c  p rey  spec ies  in  the i r  d ie t  and in te rannua l
f luctuations rn the abundance of this prey determined by
fishery surveys and catches (Berrut i  and Colclough 1987,
Montevecchi and Berrut i  1991, Crawford and Dyer 1995,
Montevecch i  and Meyers  1995,  Crawford  1  999) .  The
strengths of such correlat ions were sensit ive to the spatial
scale over which f ishing and survey data are col lated. The
selection of the appropriate scales for analysis and their
correct interpretat ion requires detai led knowledge of the
foraging patterns and behaviour of seabirds. Such data are
impor tan t  fo r  assess ing  the i r  t roph ic  in te rac t ions  w i th
commercial f isheries (Hamer et al.2000) and understanding
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the causal I inks between prey abundance and seabird

biology as observed at the nest. The demonstrat ion of such

direct l inks would enhance their use as indicators of change

in  popu la t ions  o f  the i r  mar ine  prey  tha t  may prov ide

supplementary input in f ishery management models.

Cape gannets are colonial seabirds restr icted to breeding

on small  offshore islands off the south-western and southern

coasts of Afr ica (Nelson 1978, Crawford et al.  1983). The

present study was conducted during the austral summer on

gannets  b reed ing  a t  Ma lgas  ls land (33 '02 'S ,  17"56 'E)

Saldanha Bay, South Afr ica (Figure 1). The island provides

nesting sites for tens of thousands of breeding pairs of

gannets (Crawford et al.  1983, Crawford 1999) and l ies

within the Benguela upwell ing system. In common with the

world's other four eastern boundary current systems, the

Benguela system is characterised by equatorward surface

flow, coastal upwell ing, and high biological productivi ty, which

supports a large biomass of a number of pelagic shoaling

fish species (Crawford et al. 1987). Anchovy Engraulis

engrasicolus, sardine Sardlnops sagax, saury Scomberesox

saurus and horse mackerel Trachurus trachurus capensrs

are important consti tuents of the diet of Cape gannets

(Berrut i  ef a/.  1989). The proport ions of these prey species

in the diet of gannets have varied with environmental or

f ishing induced changes in their avai labi l i ty (Crawford 1999).

Develooments in electronics and assoctated miniatur-

isat ion have al lowed the development of transmitters and

other remote-sensing devices small  enough to be carr ied

by free-f lying individual seabirds (Wilson ef a/.  2002). This

has made possible the study of the foraging behaviour of

individual seabirds. In the present study, ut i l tsing favourable

coastal topography, we used conventional VHF telemetry to

examine some foraging variables of breeding Cape gannets.

Radio telemetry has been used as a tool to elucidate the

feeding behaviour of inshore feeding seabirds (Trivelpiece

et  a / .  1986.  Heath  and Randa l l  1989,  Wan less  e t  a /  1990 '

1991,  1998,  l rons  '1  998,  L i tzow and P ia t t  2003)  and some

offshore seabirds (Anderson and Ricklefs 1987, Hanison

and Stoneburner 198'1 , Lewis el al.2OO2). The relat ively small

unit cost of VHF transmitters allowed deployment of trans-

mitters on a large number of birds.
The aims in this study were: (1) to define the spatial scale

over which breeding Cape gannets, in particular, travel to

feed, (2) to establ ish whether birds ut i l ise specif ic foraging

areas within their potential foraging area, and (3) i f  so, to test

whether such patterns could be accounted for by distribution

of preferred prey species or the prevailing wind regime.

Material and Methods

Telemetry

Transmitters were attached (see below) for a period of one

to three days to a total of 270 birds attending chicks, with

individual birds each being tracked for a complete foraging

tr ip. ln 1987/'1988 and '1988/1989, radio{racking sessions

were conducted for a total of three to f ive days at monthly

intervals from October to March. During 1989/1990' sesstons

were restr icted to November and February, but lasted six

and seven days respectively. Transmitters (150-l 52MHz)

were housed in waterproof casings (50mm long x 15mm

diameter) with a f lexible antenna extended approximately
25cm long beyond the casing. The total package weighed

a max imum of  209,  approx imate ly  1% o f  adu l t  gannet  body

mass. Transmitter housings were t ied ventral ly to the base

of the shafts of two tail feathers using cotton carpet thread

Cyanoacrylate ester glue was applied to the knot to bond

the thread to the feather shaft and to prevent sl ipping. The
proximal section of the antenna was t ied and glued to the

feather shaft while the distal end was al lowed to project

beyond the tai l .  In thrs posit ion, the transmitter housing was

completely covered by the under-tai l  coverts.
Receiving equipment consisted of three S-element and

one 11-element vert ical ly polarised paired Yagi antennae
(nul l-peak system) mounted on a rotat ing mast and coupled

to radio transceivers (Yaesu 50W 2m FM mobile). A compass

rose. with zero set to true north, al lowed direct reading of

the bearings. The nul l-peak system has the abi l i ty to local ise

transmitters t2'  (Kenward 1987). At longer range, precrsron

was reduced to t5' .  During 1987/1988, radio{agged gannets

were tracked from one receiving stat ion located on

Malgaskop,  a  smal l  h i l l  (113m)  loca ted  on  the  main land

directly behind the island. Fl ight direct ions were obtained

to  and f rom Malgas  ls land on ly .  Dur ing  19BBi1  989 and

Figure 1:  Map of  the south-western Cape coast  of  South Afr ica

showing locat ion of  Malgas ls land and t racking stat ions Concentr ic

c i rc les represent the maximum potent ia l  recept ion range of

t ransmit ters f rom tracking stat ions,  indicated by f i l led t r iangles

1 8 "
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1989/1990, birds were tracked from a combination of four
of a possible f ive receiving stat ions, including Malgaskop
(Figure 1). These stat ions were located on high points along
the South-Western Cape coast (Figure '1 

) and al lowed
tr iangulat ion of bird posit ions at sea.

Handling procedure

At  leas t  one adu l t  gannet  i s  normal ly  in  a t tendance a t  a
nest si te throughout the chick-rearing period, with partners
a l te rna t ing  fo rag ing  and a t tendance du t ies  (Ne lson 1978) .
Adult gannets were caught between 09:00 and '16:00, after
having been recently rel ieved from attendance duties. After
weighing, the transmitter was attached and the bird then
released in vicinity of the nest si te. Gannets general ly left
for sea within 3O-minutes. lmmediately fol lowing release of
the adult,  the chick was weighed. The marked nest was
checked subsequently at 30-minute intervals from dawn to
dusk unti l  the radio-tagged adult returned. Chicks >5009
were  we ighed a t  3 -h  in te rva ls  (09 :00 ,  12 :00  and 15 :00) .  On
their return to the nest si te, adult gannets were caught and
induced to regurgitate their stomach contents, col lected
dur ing  fo rag ing  a t  sea .  Regurg i ta t ion  was induced by
invert ing the bird over a bucket and applying gentle pressure
to the stomach. Once stomach contents had been reco-
vered, radio transmitters were removed. A f inal weighing of
the  adu l t  and ch ick  a l lowed us  to  es tab l i sh  any  add i t iona l
mass gain. Adults can feed large chicks substantial amounts
of food within a few minutes of arr iving back at the nest.
Therefore, this procedure al lowed determination of foraging-
tr ip duration and chick meal-size. We recognise that the
total amount of food col lected on a foraging tr ip was under-
estimated on account of digestion and assimilat ion by the
adult.  However, the results are considered to be the best
estimate of the foraging performance of gannets, against
which tagged and control birds may be compared.

Flight directions and locations

Radio-tagged gannets were scanned from receiving stat ions
at 15-minute intervals from dawn to dusk (05:00-20:00 in
mid-summer). Gannets are visual predators and do not feed
at night (NJA, unpublished data, see also Garthe er ar.
1999). Al l  depart ing birds could be tracked from Malgaskop
for a minimum of 45 minutes. Ground speeds of f lying
gannets were determined by t iming birds f lying between a
prominent  rock  and Malgas  ls land on  a  ca lm day  (w inds
<Skm hr )  f rom Malgaskop.  Based on  th is  average f l igh t
speed, maximum detection distance from the island was
about  60km (F igure  1) .  B i rds  remain ing  w i th in  th is  d is tance
from Malgas lsland could be tracked for the whole duration
of their foraging tr ip from Malgaskop. Fl ight direct ions from
the island were recorded as the last bearing before the
signal was lost for outgoing birds and the f irst bearing
recorded for incoming birds. Gannets were located at sea
by tr iangulat ion of bearings to radiotagged birds taken
s imul taneous ly  f rom a t  leas t  two rece iv ing  s ta t ions .
Experimentation with a test transmitter indicated that we
could detect transmitters from receiving stat ions on the
Cape Peninsula (Table Mountain and Constantiaberg) at a
range o f  117km.

Because receiving stat ions for tr iangulat ing the posit ion
of gannets beyond the 60km radiotracking radius from
Malgas lsland were by necessity on high points to the south
of Malgas lsland, these extended foraging paths represent
a biased sample of al l  possible tracks. We were unable to
f ix the posit ions of gannets travel l ing north of Saldanha Bay,
birds travel l ing far offshore or far to the south of Constan-
t iaberg .

Diet samples

Diet samples were analysed immediately after col lect ion.
Each sample was weighed and then sorted into i ts compo-
nent f ish species. Diet samples retr ieved from Cape gannets
were frequently well  preserved and only rarely could prey
spec ies  no t  be  ident i f ied .

Weather data

Measurements of wind direct ion and speed are measured
routinely at Port Control,  Saldanha Bay, 4km from Malgas
lsland. Wind speed and direct ion is recorded continual ly.
The day was divided into four 4-h periods and four hourly
records were extracted for the days on which radio-tagged
birds were monitored.

Transmitter and handling erfecfs

Handling and attaching of devices on seabirds has the
potential to affect both behaviour and foraging pedormance.
These effects were tested by comparing foraging-tr ip
durations and meal masses of radio-tagged birds with those
of a control group of marked birds, the nests of which were
checked regularly at 30-minute rntervals. These biros were
marked by dabbing dye on feathers of the chest and back
with a paint brush on a 2m-long pole. Birds were not handled
unti l  captured for stomach sampling at the conclusion of a
foraging excursion.

Statistical methods

Spatial distr ibutions of incoming and outgoing f l ights were
tested for randomness by comparing observed frequencies
of f l ight direct ions grouped into seaside sectors of 20'
against expected frequencies, assuming that gannets ut i l ise
each sector randomly. Cells closest to the shorel ine were
grouped to avoid zero values in some months. The G
statist ic for the log-l ikel ihood rat io goodness-of-f i t  test for
expec ted  and observed d is t r ibu t ions  was computed.
Signif icance levels were set at p < 0.05.

The Benguela upwell ing system is a complex and dynamic
reg ion  (Shannon '1985)  and f i sh  survey  da ta  ind ica te
subs tan t ia l  changes in  mesosca le  f i sh  d is t r ibu t ion  (100-
1 000km) between seasons and between years (Hampton
1987). Accordingly, we tested for consistent f l ight patterns
at the smallest temporal scale compatible with an appropriate
sample size in each cel l .  Pooling data over seasonal and
interannual scales may reduce the chance of detecting
patterns in foraging. We tested for signif icant dif ferences
among observed f l ight direct ion frequency distr ibutions for
six defined seasons (early summer [October-December] and



Adams and Navar ro

l a te  summer  [January-March ] )  fo r  1987/1988,  19BB/1989
and 1989/1990 using the 1, test. By examtning the adjusted
standardised deviates calculated for each cel l  in the
contingency table (Everit t  1977), i t  was possible to identi fy
for each 20' f l ight sector where observed and expected
values dif fered signif icantly. Posit ive values indicate deviates
greater than expected, negative values indicate deviates
lower than expected, adjusted deviates >3.291 are signi-
f icantly dif ferent from expected values at p < 0.001 (Everit t
'1977). The signif icant p value was set conservatively to
account for repeated comparisons of the same dataset.

Under the assumption that potential prey species showed
consistent mesoscale patterns of distr ibution, a similar
approach was used to test for the effects of prey type on
fl ight direct ion on the combined dataset.

In the absence of other factors. i f  wind direct ion affects
f l ight patterns of Cape gannets, i t  was predicted that
gannets on their outward f l ights from Malgas lsland would
head at an angle to the wind that optimises f l ight eff iciency.
However, given that other factors may inf luence f l ight
direct ions, such wind effects may only be signif icant at high
wind speeds. In addit ion, i t  was predicted that the deviat ion
between ou tgo ing  f l igh t  d i rec t ion  and preva i l ing  w ind
direct ion would decrease signif icantly with increasing wind
speed. These predict ions were tested by examining the
correlat ion between both the deviat ion in f l ight direct ions
and the outgoing f l ight direct ion, and the wind direct ion at
t ime of departure. This analysis was performed at two
different wind speed categories (> or < 20km h-i).  Patterns
in the variances in direct ion of outgoing f l ight direct ions -
wind direct ion against wind speed - were examined (one-
tai led variance rat io F{est, Zar 1984).

Signif icant dif ferences in the distr ibution of foraging{r ip
durations ( log-l ikel ihood rat io test) and meal mass (nonpara-
metric, unpaired two sample analysis) were tested between
control birds and birds handled for attachment of trans-
mitters. Stomach sample mass was not corrected for
digestion. Accordingly, the data were separated into sam-
ples recovered from birds (1) the same day that they
departed from the colony and (2) that remained away
overnrgnr .

Results

Both the control and handled groups showed a tr imodal
distr ibution of foraging tr ips for birds returning from foraging
on the same day they departed, those remaining at sea
overnight before returning or those occasional ly remaining
at  sea fo r  two n igh ts  The f requency  d is t r ibu t ions  o f
foraging-tr ip durations of handled and control birds were
stgnif icantly dif ferent ( l '  = 625.4, df = 11, p < 0. 0001,
Figure 2). Control birds more frequently went on shorter
t r ips  than the  hand led  b i rds .

ln contrast, there were no signif icant dif ferences in the
meal mass between tagged and non-tagged birds that
returned within a day (Z= -1 .67561, p = 0 0938) or between
these two groups of birds when they stayed away overnight
( Z  =  - 1  1 6 8  ' 1 ,  p  =  0 . 2 4 2 7 ) .

The direct ions of f l ight combined for al l  three years
showed a non-random distr ibution. Birds general ly departed
and returned on a constant heading, concentrat ing in the

south-western sector. When examined on an annual basis.
the spatial distr ibution of f l ights of depart ing birds was non-
random in the breeding seasons of 1987/'1988 and 1989/
1990,  bu t  no t  s ign i f i can t ly  d i f fe ren t  f rom random in
19BB/1  989 (F igure  3 ,  Tab le  1 ) .  The f requency  d is t r ibu t ion
of arr ival f l ights was non-random in al l  seasons sampled.

Departure f l ights in 1989/1 990 and late summer '1988/

1989 were  dominated  by  f l igh ts  be tween 191"  and 210 ' ;

(a) 
Radiotaggeo gannets

n = 2 7 0

(b) 
control ganners
n = 2 0 5 2

s . A t 3 p 6 r l q , 9 $ . p
FORAGTNG TRtP  DURATION (h )

Figure 2:  Foraging t r ip durat ions of  (a)  radio- tagged and (b)  contro l
gannets

Table 1:  Resul ts of  log- l ikel ihood rat io goodness-of- f i t  test  to
assess whether the spat ia l  d ist r ibut ions of  f l ights to and f rom
Malgas ls land were di f ferent  f rom random

Breeding season G Stat is t ic

30

20

1 0

Sib '
4

b '
.6'' J 'cs

s

z
LIJ
f

uJ
t
I

30

20

1 0

d f

Al l  years
1 987/88
1 988/89
1 989/90

Outgoing flights
14.96
31 .07
7.53

18.14

5
5
5
5

<  0 .05
<  0 .05

N S

<  0 .05

Al l  years
1 987/88
1 988/8S
1 989/90

<  0 .005
<  0 .05
<  0 .05
<  0 .05

lncoming flights
4 9 . 1  9
30 .88
t z . 1 a

1 3 . 9 6

5
5
5
5
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1 987/1 9BB
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\
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Figure 3:  Fl ight  d i rect ions of  gannets depart ing and arr iv ing at
Malgas ls land lumped in 20'sectors for  three consecut ive breeding
seasons,  1987/1988, 1988/1989 and 1989/1990. Frequency of  a
part icular  f l ight  d i rect ion is  indicated by length of  bars.

f l i gh ts  dur ing  ear ly  summer  19BB/1989 and 1987/ '1  9BB were
dominated by direct ions from about 251-270". During late
summer 1987i 1988, f l ights were concentrated in the region
211-250".

The 12 test for seasonal dif ferences among f l ight patterns
was restr icted to '1987/1988 and 1988/1989. Inclusion of
the 1989i90 data resulted in violat ion of the test requirement
Ihat <20"k of the cells in the contingency table of expected
frequency occurrence should be <5 and no cel l  should have
an expected frequency of <1. Fl ight direct ion frequency
distr ibutions varred signif icantly between seasons (X, = 59.2,
df = 15, p < 0.0001). Adjusted residuals calculated for each
contingency table cel l  indicated gannets f lew out more
frequently than expected in the 231-250" sector and 211-
230 '  sec tor  in  ear ly  summer  1987/1988 and la te  summer
1987/1988 respectively (Table 2). In late summer '1 98B/
1989, birds f lew out more frequently than expected in the
< 1 9 0 ' s e c t o r .

Although only a relat ively small  proport ion of the variance
was explained, the direct ion of outgoing f l ights of individual
birds was correlated with the direct ion of their incoming
f l igh ts  ( r ,  =  0 .264,  n  =  159,  p  <  0 .001) .  Th is  ind ica tes  tha t
birds showed a tendency to return on the reciprocal bearing
to the direct ion in which they departed.

The maximum distance radio{agged birds travel led from
the island in a single foraging tr ip of 6-24h was highly variable
(<10km - >12okm, Figure 4). Of al l  birds tracked in the
reception area (see Figure 1), 23oh remained within receiving
distance of Malgaskop for the duration of the foraging tr ip
(within about 60km of the island), 44% reached their
maximum range within the area north of a l ine due west of
Constantiaberg to the southern l imit of the receiving range
from Malgaskop (60-120km from Malgas lsland), and 33%
of birds travel led to areas south of Constantiaberg (>120km
from Malgas lsland, Figures 4, 5). At least one bird moved
into False Bay to forage. Gannets avoided the inshore area
1Okm from the coast between Saldanha Bay and Table Bay.
Distances covered by birds whose position was fixed within
30 minutes of dusk and one hour of dawn were general ly
short and indicated that there was l i t t le or no movement at
night. There was no signif icant correlat ion between the
duration of a foraging tr ip and foraging range (p > 0.05)
Average f l ight speed of Cape gannets was 63km h-1 (range:
56-67km h 1) indicating that feeding areas were potential ly
nearly al l  within two hours f lying t ime of the breeding island.
Given the inherent bias in the data because of the l imited
tracking range, these data should be interpreted with caution.

ln al l ,  57"k of al l  winds recorded at Malgas lsland during
the study period were from a south-westerly to southerly
direct ion. The strongest winds were also recorded blowing
from this direct ion (Figure 6).

Examination of the frequency at which dif ferent sectors
were used by returning birds that fed on dif ferent prey
indicated that those eating saury returned signif icantly more
frequently in lhe 231-250' sector (p .  O.OO1, adjusted
res idua l  =  4 ,  F igure  7) .

There was some suggestion that wind inf luenced gannet
f l ights, because variabi l i ty in direct ion of departure f l ights
in relat ion to prevai l ing wind direct ion was signif icantly lower
a t  h igh  w inds  speeds (>20km h1)  than a t  low w ind  speeds
(F  =  2156,  p  <  0 .05) .  However ,  there  was no  s ign i f i can t
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correlat ion between f l ight direct ion of depart ing gannets and
wind direct ion when al l  data were considered at wind soeeds
>20km h  1  (p  >  0 .05) .  l t  i s  conc luded tha t  b i rds  d id  no t
select a specif ic heading relat ive to wind direct ion.

D iscuss ion

Breeding Cape gannets showed a behavioural response to
handling for the attachment of transmitters. The birds under
study increased the average duration away from the nest
compared to control birds (see also Adams and Klages
1999). Northern gannets handled as part of a study of
activi ty-specif ic metabolic rates showed similar adverse
responses to handling (Brrt-Friesen et a/.  '1989), with mani-
pulated birds spending less t ime at the nest than control
birds. However, northern gannets f i t ted with platform
terminal transmitters, in a similarly short handling procedure
as the present study, showed no dif ference in foraging{r ip
durations from those of control birds in a study examining
foraging ranges and feeding locations in the North Sea
(Hamer et al.  2000). The magnitude of such effects in
coastal seabirds appears case, species and breeding-status
dependent. For example, alcids feeding chicks were less
sensit ive to such disturbance than pre-breeding or incu-
bating birds (Wanless ef a/.  1985) and the frequency of
chick feeding by two species of auks, Uria aalge and Alca
torda, were adversely but dif ferential ly affected (Wanless et
a / .  1985,  1988,  19Bg) .  On the  o ther  hand,  a t tendance beha-
viours of the black-legged kittiwake Rissa triactyla were
unaffected by handling ( lrons 1998).

In addit ion to the behavioural effects associated with
handling (see above), the devices themselves, part icularly i f
2.5ok or more of body mass, may affect locomotory efficiency
and cost by adding mass and increasing drag (Gessaman
and Nagy '1988, Obrecht el a/.  19BB). However, i t  is suggested
that the tai l-mounted transmitters, weighing a maximum of
1% of body mass and completely covered by the undertai l
coverts, would have a negl igible effect on the abi l i ty of
gannets to catch prey. Lack of any signif icant dif ferences in
meal mass of the tagged and control Cape gannets supports
th is  conc lus ion .  S imi la r ly ,  in te rna l  and smal l  ex te rna l
temperature loggers attached to the legs of northern gannets
did not detrimentally affect their foraging efficiency (Garthe
el a/.  1999).

In summary, i t  is considered that the longer periods of
absence of radio{agged Cape gannets from nests ref lect
a  d i rec t  behav ioura l  resoonse to  hand l ino  ra ther  than
ineff icient prey capture.

ln al l .  67ok of al l  birds tracked at sea remarned north of
Constan t iaberg ,  w i th in  about  120km o f  the i r  nes ts  on  Malgas
lsland. The specif ic concentrat ion of birds recorded foraging
a max imum of  91-11Okm f rom Malgas  ls land may be  par t l y
an artefact of the two southern receiving stat ions being
located on the coast direct ly opposite this feeding area.
However. these measurements are consistent with at-sea
observations of Cape gannets of unknown status marked
with coloured dye at Malgas lsland and a recent study using
GPS tracking. These indicated a longshore foraging range
of  200km dur ing  summer  (Ber ru t i  1987)  and a  max imum

Figure 4:  Fl ight  paths and foraging ranges of  gannets t racked at
intervals throughout a complete foraging excursion

S

33'

Table 2: Adjusted residuals of chi-squared ratio goodness-of-fit test for outgoing flight directlons over four consecutive partial breeding seasons.
Al l  d i rect ions north of  due west  and <190'were grouped to increase sample s ize in rndiv idual  cel ls .  The remaining f l ights were grouped
in 20" sectors.  Posi t ive values indicate deviates greater  than expected,  negat ive values indicate deviates lower than expected.  Cr i t ical
values are f rom the Student 's  t -d ist r ibut ion wi th inf in i te deqrees of  f reedom

1 987/88 1 987/88 1 988/89 1 988/89

Fl ight  d i rect ion sector Ear ly summer Late summer Ea r l y  summer Late summer

< 1 9 0 '
191,210"
211 230"
231-250"
251-270"
>270 '

2 . 3

, 1 . 4

4 1 '
0 . 2
0 . 5

- t . o

0 8
3.6 '

- 2 . 0
L C

- 2 . 6

o .2
0 .8

- 2
0
0.5
2 .8

3 .9-
1 . 4

-  0 .6
-  1 . 4

- 0  5
.  Adjusted deviates > !3.291 are s igni f icant ly  d i f ferent  f rom expected values at  p < 0.001
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Figure 5:  Maximum distances at ta ined by indiv idual  gannets f rom
Malgas ls land dur ing foraging t r ips for  which radio locat ion data
were avai lable throughout a complete foraging t r ip

Figure 6:  Relat ive f requency of  occuTrence of  wind di rect ion and
strength recorded at  Malgas ls land dur ing days that  b i rds were
tracked by radiote lemetry.  Length of  bar represents f requency wi th
which a oart icular  wind soeed was recorded

distance of 104km (Gremil let et al.  2004) respectively;
although the later study, not restr icted by the topographic
constraints of VHF telemetry, indicated that some individual
birds travel led considerably farther than this (Gremil let el
al.  2004). The range in travel lrng distances recorded for
Cape gannets is similar to earl ier est imates for northern
(Kirkham et al.  1985, Tasker et a/.  1985) and Australasian
gannet  M.  ser ra to r  (Wingham 1985) .  Mean max imum
foraging range of northern gannets estimated from activi ty
budgets was 128km for birds that averaged 13h away from
nests on Hermaness, Shetland, UK (Garthe ef a/.  1999).
Al l  these measurements and estimates ref lect the coastal
feeding habits of gannets and foraging tr ips that are

180 200 220 240 260 2BO 300 320 340
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Figure 7:  Numbers of  Cape gannets returning to Malgas ls land
with s ingle species prey loads in re lat ion to arr ival  d i rect ion
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restr icted usually to 36h or Iess. These values are somewhat
less than earl ier est imates of foraging ranges of Cape
gannets of 270-360km based on distr ibution at sea and
recovery of banded adults (Rand 1 959) and of 470km based
on parental nest attendance and estimated f l ight speed
(Jarv is  1971) .  They  are  a lso  less  than the  max imum range
of 540km and the mean distance to farthest point on any
one tr ip of 232km measured for northern gannets using
sate l l i te  te lemetery  (Hamer  e t  a l .  2000) .  S ign i f i can t ly ,
foraging tr ips of these birds nesting on Bass Rock, South-
East Scotland, ranged from 13h to B4h (Hamer et a|.2000).

The fo rag ing  range o f  gannets  on  ind iv idua l  fo rag ing
excursions from Malgas lsland over the duration of the study
did not correlate with tr ip duration. This observation is
consistent with data that show gannets attending chicks
may spend <50% of their t ime at sea actual ly f lying (Adams
and K lages  1999,  Gar the  e t  a / .  1999) ,  p rov id ing  them wi th
considerable f lexibi l i ty to respond to variat ion in food
a v a i l a b i l i t y  a m o n g  f o r a g i n g  t r i p s  a n d  s t i l l  m a i n t a i n  a
consistent food del ivery rate to chicks (Burger and Piatt
'1  990,  Adams and K lages  1999) .  l t  i s  a lso  cons is ten t  w i th
the tr imodal distr ibution of foraging-tr ip durations coupled
with l i t t le movement at night. The present result is in marked
contrast to Hamer et al.  (2000), and that of Gremil let el a/.
(2004), who demonstrated that the tr ip duration of northern
gannets and Cape gannets explained most of the variat ion
in distance travel led. This may ref lect marked dif ferences
in the spatial and temporal predictabi l i ty of prey between
and within the two marine systems, although demonstrated
disturbance effects and the bias owing to the l imited tracking
range requrre some caution in interpretat ion.

Much o f  the  pa tch iness  in  seab i rd  d is t r ibu t ion  in  the
southern  Bengue la  upwel l ing  sys tem determined f rom
transects carr ied out at sea, which is probably related to
prey  pa tch iness ,  was  a t  sca les  o f  0 .3 -10km (Schne ider  and
Duf fy  1985) .  Th is  i s  a t  a  sca le  too  smal l  to  be  inves t iga ted
using VHF or indeed current satel l i te telemetry technology.
Non- random d is t r ibu t ion  o f  fo rag ing  f l igh ts  o f  seab i rds
reflect ing movement at larger spatial scales has been
considered to ref lect the location of favoured feeding areas
with respect to nesting sites (Harrison and Stoneburner
1981,  Anderson and R ick le fs  '1987,  Hamer  e t  a l .  2000) .
Such feeding areas may represent spatial ly predictable
mesosca le  (10-100km wide)  oceanograph ic  fea tures  (see
H u n t  a n d  S c h n e i d e r  1 9 8 7 ) ,  w h i c h  a r e  p r e s u m e d  t o
concentrate primary production and seabird prey (Heath
and Randa l l  1989,  Jouvent in  e t  a l .  1994) .  In  sp i te  o f  a
general ly consrstent pattern of dispersal maintained over a
number of seasons, we are unaware of any bathymetric
fea tures  in  the  southern  Bengue la  sys tem (Shannon 1985)
that concentrate seabird prey in such a spatial ly and
temporal ly predictable way Enhanced primary production
is associated with well-developed and spatial ly predictable
upwel l ing  ce l l s  loca ted  o f f  the  Cape Pen insu la  and Cape
Columbine  (Shannon 1985) .  120km to  the  south  and 30km
to the north respectively of the study site. A close associat ion
between these sources of enhanced primary production and
abundance o f  seab i rd  p rey  spec ies  a t  equ iva len t  spa t ia l
scales has not been demonstrated.

At a larger, regional scale (macroscale: 100 1 000km;
Hunt  and Schne ider  1987) ,  popu la t ions  o f  adu l t  sard ine  and

anchovy around South Afr ica are general ly restr icted to cold
coastal waters over the continental shelf (Armstrong et a/.
1987.  Crawford  e t  a l .  1987,  Hampton 1987) .  There fore ,  the
genera l l y  sou th-west  ma in ly  longshore  movement  o f
gannets may ref lect, part ly. the location of the shelf (Figure
1) .  B i rds  f l y ing  west  wou ld  soon encounter  the  edge o f  the
she l f  b reak  (depth  >200m)  and the  l im i t  o f  the  d is t r ibu t ion
of sardine and anchovy. Of note is the more westerly
distr ibution of the f l ight direct ions of gannets returning with
saury .  In  cont ras t  to  anchovy  and sard ine ,  saury  a re
associated with oceanic water and thermal fronts (Dudley
e t  a l .  1985,  Ber ru t i  19BB) .  The cont inenta l  she l f  b reak  and
associated oceanic water is in closest proximity to foraging
gannets  due west  o f  Ma lgas  ls land (F igure  1) .

Although wind speed and direct ion has a major inf luence
on la rge-sca le  fo rag ing  movements  o f  some pe lag ic
seabirds (Jouventin and Weimerskirch 1990, Weimerskirch
et al.  2000), there was l i t t le evidence of such inf luences
for Cape gannets depart ing from Malgas lsland (but see
Gr6mil let et al.  2004). Nevertheless, on account of the
direct ion and persistence of the prevai l ing wind, gannets
often left  quartering into the wind and food-laden gannets

200 400 600 ? 800
PAYLOAD MASS (x 10 

"kg)

Figure 8:  Total  energy requirements (calculated f rom Pennycuick
1989 )  f o r  a  100km f l i gh t  by  a  Cape  ganne t  (mass  =  2 .63k9 ,  w ing
span  =  1 .73m,  f l i gh t  speed  =  172m s1 )  ca r r y i ng  pay loads  rang ing
from zero,  through mean accumulated mass (0.358k9) to the
maximum recorded (0.95k9) under var ious wind condi t ions (NW:
no wind,  TW: ta i lwind,  HW: headwind).  The most f requent ly
recorded wind speed at  Malgas ls land was 6.5m s r
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returning to the colony frequently did so while f lying with a
tai l  wind. The coincident f l ight and wind pattern wil l  confer
some energetic benefi ts to food-laden gannets. Based on
programmes deve loped by  Pennycu ick  (1989) ,  we used the
approach o f  Schaf fner  (1990) ,  and quant i f ied  the  energy
savings inherent in the observed f l ight patterns in relat ion
to prevai l ing wind condit ions Variat ions in the wind strength
and payload have l i t t le effect on the total energy costs of
a  100km f l igh t  when b i rds  a re  f l y ing  downwind (F igure  B) .
However, with headwinds of the order experienced at
Malgas  ls land dur ing  the  summer ,  energy  cos ts  inc reased
substan t ia l l y ,  par t i cu la r ly  a t  h igh  loads  equ iva len t  to  the
maximum recorded for gannets (Figure B). For a payload
equivalent to the mean mass accumulated over a foraging
t r ip  (0 .358k9) ,  the  to ta l  energy  cos t  o f  a  1OOkm f l igh t  w i th
and against the wind of the most frequently recorded speed
(6 .5m s1)  i s  9 .98  x  105kJ  and 22 .4  x  105kJ  respec t ive ly .
However, because birds feeding chicks are central-place
foragers and must return to the nest, i t  is more appropriate
to examine dif ferences in energy costs of a 200km round-
tr ip. The dif ference between birds returning under load with
a  head w ind  versus  the  oooos i te  cond i t ion  is  2 .03  x  1OskJ
(30 7 r 105-28.7 x 1O5kJ). Assuming a metabolisable energy
content of 4.B9kJ g 1 wet mass for gannet prey (Adams el
a l .  1991) ,  th is  d i f fe rence is  equ iva len t  to  419 o f  f i sh .
Summed over  the  dura t ion  o f  a  b reed ing  season,  energy
sav ing  accrued by  feed ing  upwind o f  nes t ing  s i tes  may be
considerable There are very few suitable breeding sites off
the South Afr ican coast and constraints other than the local
wind regime may be more cri t ical in dictat ing whether or
no t  gannets  w i l l  b reed a t  a  par t i cu la r  s i te .  However ,
Pennycuick et a/.  (1990) noted that colonies of breeding
white-tai led tropicbirds Phaethon leptzirus are usually
downwind of favoured feedino areas.
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