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ABSTRACT: Swimming and diving capabilities of Jackass Penguin Spheniscus demersus were
examined. Mean maximum speed over a 10 m course in a rock pool was 12.4 km h-' for breeders, 9.5
km h-' for juveniles and 4.6 km h-' for fledglings. Theoretically fledglings could not swim fast enough
to catch adult Cape Anchovies Engraulis capensis, the normal prey of adults. Fledglings probably feed
on fish larvae. Moulting penguins swam at speeds comparable to fledglings and did not feed. When
travelling to the foraging area, breeding penguins swam at 4.8 km h-'. Maximum theoretical foraging
range is 24.2 km, but actual range was < 20 km. Mean duration of dive was 22.3 S inside Saldanha Bay
and 146 S outside the bay. During long dives outside Saldanha Bay, penguins were probably foraging.
At midday, when most Jackass Penguins are at sea, largest numbers were seen outside the bay in 30 to
40 m depth. Penguins fitted with depth gauges dived routinely to 30 m, but spent most time in the upper
water layers. Maximum recorded depth was 130 m. There was a positive correlation between distance
swum and amount of food ingested. This suggests that the anchovy on which they feed formed small
schools which were encountered frequently.

INTRODUCTION

Penguins are flightless marine birds which rely on
their swimming abilities to travel to their foraging
grounds, and to locate and capture prey. Swimming is
much slower than flying so flightlessness would seem
disadvantageous. Penguins cannot theoretically cover
as large a foraging area as aerial seabirds and are not,
therefore, adapted to feed on temporally or spatially
unpredictable prey where a large area must be covered
in order to encounter the prey. Penguins are, nevertheless, one of the most successful bird families in the
Antarctic and sub-Antarctic, comprising about 80 % of
the bird biomass on many islands (Croxall 1984).
Penguins feed on pelagic prey (Zusi 1975) which
have several adaptations for avoiding predation, i.e.
aggregative behaviour (Hamner et al. 1983) which
reduces the probability of predator-prey encounter
(Cushing & Harding-Jones 1968),schooling (Pitcher &
Partridge 1979, Partridge 1980) where aggregations
are highly organised so that the prey can react to
minimize predation after they have been discovered
(Partridge 1980), and die1 vertical migration (Boden &
Kampa 1967).
This paper presents data on the behaviour of the
Jackass Penguin Spheniscus demersus to illustrate
O Inter-ResearchIPrinted in F. R. Germany

how the species is adapted to feed on its principal prey,
the Cape Anchovy Engraulis capensis (Rand 1960,
Furness & Cooper 1982, Wilson 1985).

MATERIALS AND METHODS

Field work was conducted at Saldanha Bay (33"03'S,
17"58'E), southwestern Cape Province, South Africa
from May 1980 to July 1981 and in May 1984 particularly at the penguin breeding colony at Marcus Island,
Saldanha Bay.
The maximum speeds of Jackass Penguins of different ages: juveniles (first year birds), feathered chicks
about to depart to sea, breeding adults, and moulting
adults, were determined by timing, with a stop watch,
birds swimming over a 10 m distance in a rock pool
(dimensions approximately 15 X 2 X 1 m).The birds
were given a 1 m stretch in which to accelerate before
being timed. They were alarmed when released, apparently traveling as fast as possible and generally swimming directly from 1 end to the other. Any bird that did
not swim the course directly was omitted from calculations. The state of moult.Was scored as percentage of
the old feathers lost. Premoult birds were recognised
by their pale plumage and greater mass and post-
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moult birds by their dark plumage, short tail, and lack
of skin around the eye (Cooper 1978).
Jackass Penguins normally travel by swimming
underwater, alternating with periods on the surface. I
measured both the surface-paddling speed and the
underwater speed of penguins at sea by noting the
angular difference between surface 'stops' and the
distance between myself and the birds at succesive
stops (using a simple device for measuring angular
displacement and a rangefinder). The use of vectors
coupled with the time taken between surface stops
allowed calculation of speed. It was assumed that the
penguins travelled in a straight line while underwater.
The rangefinder could not b e used reliably if the birds
were further away than about 300 m. T h e maximum
error in measurements, as determined by calculating
unknown distances between randomly placed poles on
a beach and then checking with a measuring tape, was
less than 10 % .
At midday on 28 May 1984, 15 Jackass Penguins
guarding chicks were weighed to the nearest 50 g and
fitted with autoradiographic speed/distance meters
(Wilson & Bain 1984a) which were attached to the
feathers with hose-clips (Lishman & Croxall 1983). The
speed/distance meter consisted of a spring-mounted
bead of radioactive phosphorus 32Pand a waterproofed
film. The bead position was determined by the speed
that the penguin swam. This position was recorded
autoradiographically on the film. The time spent
travelling at various speeds was ascertained by reading the optical density of the trace on the film (Wilson
& Bain 1984a). These birds left the island to forage on
29 May. The chicks were weighed at 1500 h on 29 May
and subsequently the nests were checked every hour
for returning adults which returned after approximately 11 h at sea. When the penguins with devices
returned, they and their chicks were reweighed and
the devices removed. The increase in mass of the
chicks plus the increase in mass of the adults was
assumed to represent a relative measure of the mass of
food that the penguins had ingested that day.
Penguin density at sea in specific areas was noted by
running transects in a 10 m motor-boat at a constant
speed (between 25 km h-' and 30 km h-'), and counting the numbers of penguins visible per kilometre. The
penguins were spotted from the middle of the boat
where the observer was about 4 m above the water. A
semi-circle (90" on either side of the boat) was surveyed a n d any penguins within about 70 m were
counted. All transects were conducted on days with
good visibility when single penguins on the surface
could b e seen easily u p to the 70 m limit. Transects
were conducted in Langebaan Lagoon, and inside and
outside Saldanha Bay (Fig. 1). Fourteen transects were
conducted from May 1980 to July 1981 inclusive

between 1115 h and 1330 h when most Jackass Penguins are at sea (Wilson 1985). The route of each
transect is shown in Fig. 1.
Dive durations for travelling and foraging Jackass
Penguins were determined with a stop watch by
observing the birds from islands (Jutten, Malagas and
Marcus) and from stationary boats.
The depth to which Jackass Penguins dive and the
time spent at each depth was examined by using autoradiographic depth gauges described by Wilson & Bain
(1984b). The devices worked on the same principle
as the speed/distance meters (see above) with a
radioisotope (32P)recording time spent at each depth
autoradiographically on film. The device did not
record individual dives, but recorded the cumulative
total time spent at each depth by the bird per foraging
trip. Between 15 December 1980 and 30 May 1981,
depth gauges were attached to 15 breeding adults
before they left the island at dawn to forage, and
recovered when they returned in the evening.
In order to investigate the schooling behaviour of the
penguins' prey, the stomachs of 61 Cape Anchovies
caught by purse-seine fishing boats were examined
and graded as empty, full or intermediate. Thirty-one
of'the fish were taken from a shoal estimated at l500 t
approximately 5 km south of Saldanha Bay on
23 March 1981, and 30 fish were taken from 9 smaller
shoals, each estimated between 20 and 50 t, caught
approximately 90 km north of Saldanha Bay on
14 April 1981. The stomachs of 122 anchovies taken by
17 Jackass Penguins between 15 March 1981 and 22
J u n e 1981, were graded i n the same way.

RESULTS
The speeds of travel of different age categories of the
Jackass Penguin in different modes varied considerably (Table 1). A Kruskal-Wallis l-way analysis of
variance (Siege1 1956) showed that the maximum
speed of non-moulting adults was significantly higher
than the maximum speed of juveniles which in turn
was significantly higher than the maximum speed of
fledglings (P < 0.001). Penguins swimming over short
distances underwater do not seem capable of speeds in
excess of about 20 km h-'. Most values lie between 10
and 20 km h-' (e.g. Meinertzhagen 1955, Clark &
Bemis 1979) though the lower speeds may not be
representative of the birds' maxima.
The comparatively high maximum speed of premoult penguins (approx 13.5 km h-') dropped to only
4 km h-' when moult started (Fig. 2). The maximum
speed of birds remained very low until about 70% of
the old feathers had been shed, rising to about 10 km
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Fig. 1. Map of Saldanha Bay illustrating densities of Jackass penguins Spheniscus demersus
at sea along transects made from boats between
1115 h and 1330 h, May 1980 through July 1981
Number of runs per transect: A-C: 5; F-G: 2;
B-F: 2; D-E: 1; G-H: 1; A-J: 1; J-B: 1. Stars
indicate islands where penguins breed

Table 1. Penguin swlmming speeds. Activities: (1) underwater sprint; (2)undenvater; (3) 'normal' underwater travel; (4) 'normal'
surface travel; (5) normal travel, underwaterlsurface; (6)return to home island after release elsewhere. Method of calculation: (A)
stopwatch; (B) goniometer and stopwatch; (C) speed meter; (D) timed
Species

Distance
Mean

Jackass Penguin adult
Jackass Penguin juvenile
Jackass Penguin fledgling
Jackass Penguin
Jackass Penguin groups
Jackass Penguin groups
Jackass Penguin
Jackass Penguin
Jackass Penauin
Jackass Penguin groups
Jackass Penauin
Jackass penguin
Emperor Penguin
Aptenodytes forsteri
King Penguin
Aptenodytes patagonicus
Adelie Penguin
Pygoscelis adelie
Little Blue Penguin
Eudyptula minor
Little Blue Penguin

10 m
l0 m
10 m
Short
< 200 m
< 200 m
Not given
Not given
200 m
< 200 m
< 4 0 km
900 km

Short

Short

Speed (km h-')
n
SD

max
18.8
12.8
6.2
11.6
3.1
6.5

-

10.6
2.1

Activity, Method of
calculation, Source
(1)
(1)
(1)
(2)
(4)
(5)
(5)
(5)
(5)
(3)
(3)
(6)

This study
This study
This study
Clark & Bemis 1979
This study
This study
Frost et al. 1976
Davis 1955
Siegfried et al. 1975
(B) This study
(C) Wilson & Bain 1984a
(D) S. Afr. J. Sci. 1979
(A)
(A)
(A)
(A)
(B)
(B)

-

(2) (A)

Kooyman et al. 1971

12.1

(2) (A)

Clark & Bemis 1979

13.3

(2) (A)

Meinertzhagen 1955

-

(3)
(2) (A)

Barton 1979
Clark & Bemis 1979

6.2
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h-' upon completion of moult (Fig. 2). By way of
comparison, the maximum speeds of prey species of
Jackass Penguins are shown in Table 2.
When travelling to and from their feeding grounds,
Jackass Penguins normally travelled underwater,
alternating with periods on the surface. The underwater speed of Jackass Penguins in the bay was 6.7 km
h-' (SD 1.7, n = 20), similar to the value of 6.6 km h-'
recorded by Wilson & Bain (1984a) using a n autoradiographic speed distance meter on free-swimming
penguins (Table 1). These underwater speeds must be
combined with the surface travelling speed to obtain
the average penguin travelling speed. The ratio of time
spent underwater to time spent on the surface for a
travelling Jackass Penguin was 22.3 s (Table 3) to 17.8
s (Siegfried et al. 1975). Jackass Penguins travelled at
1.5 km h-' when swimming on the surface (Table l ) ,
therefore the actual travelling speed, which is composed of surface and underwater components, was
(22.3 X 6.7) (17.8 X 1.5)/40.1 = 4.4 km h-'. Direct
measurements showed the actual travelling speed was
4.7 km h-' (SD 1.6, n = 18) (Table 1). Jackass Penguins generally leave their breeding islands around

+

90

Fig. 2. Spheniscus demersus. Maximum speeds
of 5 categories of Jackass Penguins, timed over
a 10 m course in a rock pool. Vertical bars are
standard deviations

100

dawn and return in the late afternoon (Frost et al.
1976). If they travel at 4.4 km h-', allowing for the
return journey, the maximum range of a Jackass Penguin during the approximately l l h period is 24.2 km.
The 15 penguins fitted with distance meters travelled a mean distance of 40.2 km (SD 22.0) which means
that most birds did not venture further than 20.1 km
from their breeding island. The regression of mass of
fish caught per bird versus distance travelled has a
correlation coefficient (r) of 0.89 (Fig. 3).
During the transects, no penguins were seen in
Langebaan Lagoon or in Saldanha harbour, and very
few were seen in the bay. Most Jackass Penguins were
found outside the bay in water approximately 30 to
40 m deep. Few were seen in water deeper than 50 m
(Fig. l ) .
Inside the bay, the mean duration of dives for
Jackass Penguins was 22.3 S (SD 11.6, n = 34). Outside
the bay the mean duration was 146 S (SD 59.5, n = 16).
When disturbed by a boat, the birds typically dived for
less than 15 s (Table 3 ) .
The mean time spent at various depths for 15 foraging penguins, as determined by the autoradiographic

Table 2. Maximum speeds of Jackass Penguin prey
Species
10 cm 'fish'
Clupoeids (10 cm long)
Jack Mackerel Trachurus symmetricus
Round Herring Etrumeus teres
Anchovy adult Engraulis capensis
Anchovy larvae Engraulis mordax

Max speed (km h-')
ca 9
ca 2.5
7.6
ca 11
ca 8
1.1

Source
Wardle 1975
Webb 1975
Hunter & Zweifel 1971
Local fishermen (speed relative to fishing vessel)
Local fishermen (speed relative to fishing vessel)
Hunter 1972
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Table 3. Penguin dive times

Species

Dives

Jackass Penguin
Jackass Penguin
Jackass Penguin
Jackass Penguin
Humboldt Penguin
Spheniscus humboldti
Galapagos Penguin
S.rnendiculus
Macaroni Penguin
Eudyptes chrysolophus
Gentoo Penguin
Pygoscelis papua
Gentoo Penguin
Gentoo Penguin
Chinstrap Penguin
P. antarctica
Adelie Penguin
P. adelie
Adelie Penguin
Adelie Penguin
Emperor Penguin
Aptenodytes forsteri
Emperor Penguin

Mean

Dive times
SD

In bay
Disturbed by boat
Outside bay
Fishing?

22.3

11.6

146.9
ca 20

59.5

Fishing

75

45

< 15

< 30
Force dived

(S)

Range

n

7-48
42-247
< 45

34
16
-

This study
This study
This study
S~egfriedet al. 1975

-

18

Duffy 1983

< 79

-

Boersma l976

< 300

-

Scholander 1940

Source

Fishing?
Fishing
Force dived

128

< 120
< 203
< 420

8
-

Kooyrnan 1975
Trivelpiece et al. unpubl.
Scholander 1940

Fishing

91

< 139

-

Trivelpiece et al. unpubl.

< 45

< 360

-

-

Wilson
Smith unpubl.
Donald 1895

C1080
< 540

-

Kooyman et al. 1971
Kooyman l975

114
-

Forced dived
Exploring under ice
Fishing?

-

birds were assumed to be foraging rather than travelling, was 78 min.
Anchovies from a 1500 t school had significantly less
full stomachs than anchovies from 20 to 50 t schools
which had less full stomachs than anchovies caught by
penguins (Table 4) (2 X 2 contingency tests, p < 0.05;
Siege1 1956).
DISCUSSION
Maximum speed and prey availability

20

40

60

The ability to swim fast enhances the penguin's
chances of capturing prey. The principal prey of the
Jackass Penguin in the Saldanha Bay region is the
Cape Anchovy, but Round Herring Etrumeus teres and
Jack Mackerel Trachurus trachurus are also taken
(Wilson 1985). Since the Jackass Penguin feeds in open

80

Dlslance travelled (km)

Fig. 3. Spheniscus demersus. Relation between mass of
anchovy ingested and total distance travelled per foraging
trip, for Jackass Penguins breeding at Marcus Island during
May 1984

depth gauge (Wilson & Bain 1984b) is shown in Fig. 4.
The maximum depth recorded was 130 m, but most
birds did not dive deeper than 30 m. In general more
time was spent at shallow depths. The mean time per
11 h foraging trip spent deeper than 3 m, where the

Table 4. Number of anchovy with full, partially full, and
empty stomachs from a l500 t school, 20 to 50 t schools and
from penguin stomach samples

~

1500 t
school
Full stomachs
Partially full stomachs
Empty stomachs

20-50 t
schools

Penguin
diet

1 (3 %)
4 (13 %) 25 (21 %)
8 (26 %) 18 (60 %) 86 (70 %)
22 (71 %) 8 (27 % ) 11 (9 % )
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Fig. 4. Spheniscus demersus. Mean time spent
at different depths for 15 foraging Jackass Penguins that spent 1 d at sea
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water (Rand 1960), 'stalking' the prey does not seem
likely (Hobson 1979). To capture any of these fish the
bird must swim faster than its prey, at least over short
distances. The data show that while breeding adults
can outpace all their prey species, juvenile penguins
may experience difficulty securing Round Herring.
Fledglings would be unable to catch any of the prey
species, suggesting that fledglings have different foods
from adults. Most of the slow-moving macrozooplankton in the region (Thiriot 1978) are too small or live too
deep (e.g. Talbot 1974) to constitute Jackass Penguin
prey. Fish larvae (from about 12 mm long) do occur in
Jackass Penguin stomachs (Wilson unpubl.). The maximum speed of fish larvae is considerably less than the
maximum speed of fledgling Jackass Penguins and so
young Jackass Penguins may rely on larval and
juvenile fish. Rand (1960) also concluded that 'immature' Jackass Penguins (no distinction was made
between juvenile and fledgling) preyed upon slowmoving species.
The smooth-feathered surface of a non-moulting
penguin is crucial for fast, efficient swimming (Nachtigall & Bilo 1980).The loss of speed during moult can
be attributed to the loose uplifted feather layer covering the body. Although moulting Jackass Penguins
may not venture into the water for thermoregulatory
reasons (Erasmus et al. 1981), they may also suspend
feeding (Cooper 1978) because they are too slow to
capture their prey. Fasting and regenerating new
feathers substantially reduces the size of the pectoralis
and supracoracoideus muscles (pers. obs.), the principal swimming muscles (Schreiweis 1982). Although
freshly-moulted penguins have no old feathers to
reduce their swimming efficiency, their maximum
speed of only 10 km h-' is probably the result of their
wasted musculature. Post-moult Jackass Penguins can
still theoretically outswim anchovies. After feeding,
post-moult Jackass Penguins are capable of speeds up

28

30

32

to 18.8 km h-' (Fig. 2). This is substantially faster than
the average breeding adult and demonstrates the
value of fresh plumage, which is smoother than the
pre-moult plumage.

Foraging habits
Although the theoretical foraging ranges of penguins are often large, up to 100 km for Gentoo Penguins Pygoscelis papua, Adelie Penguins P. adelie,
Chinstrap Penguins P. antarctica (Lishman in press),
Rockhopper Penguins Eudyptes chrysocome and
Macaroni Penguins E. chrysolophus (Williams & Siegfried 1980), and up to 500 km for King Penguins
Aptenodytes patagonicus (Croxall & Prince 1980), my
data, and telemetric studies (Trivelpiece et al.
unpubl.), indicate that penguins have much smaller
foraging ranges than have been supposed.
The greatest density of Jackass Penguins at sea, at
9 km from Marcus Island, was within the maximum
range of 24.2 km postulated above. Jackass Penguins
can potentially travel 48.4 km during a foraging trip of
11 h. If 18 km is used in commuting between the island
and the foraging area, there is theoretically a further
30.4 km available for the distance covered by the
penguins when actually foraging. There is a tendency
for birds to move along the coast rather than out to sea.
This has also been reported by Siegfried et al. (1975)
and Cooper (1984). The near-shore distribution of the
Jackass Penguin is consistent with the distribution of
pelagic shoal fish which are found within the 200 m
contour (Crawford 1981).
Siegfried et al. (1975) found that Jackass Penguin
dives are of short duration, similar to those within the
bay during the present study. Penguins probably do
not forage during short dives of about 22 S. Observations from high vantage points on the islands showed

Wilson: Jackass Pengu~nas a pelagic predator

that during such dives, penguins were travelling in a
straight line within 2 to 3 m of the surface. The long
duration of dives outside the bay probably reflects a
much deeper dive during which birds forage. Dives of
travelling Gentoo and Chinstrap Penguins are also of
short duration compared to their foraging dives
(Trivelpiece et al. unpubl.). Penguins can dive deeply
(Kooyman et al. 1971, Conroy & Twelves 1972, Kooyman et al. 1982, Adams & Brown 1983, Lishman &
Croxall 1983) which increases the volume of sea available to them in proximity to their breeding sites compared with that available to other seabirds.
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Fig. 5. Echo-trace from a Simrad EK5 echo-sounder set at 38
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Although no published data are available on the
depth distribution of the Cape Anchovy, other anchovy
species, e.g. Engraulis ringens and E. rnordax, generally occur within 30 m of the surface (Guillen et al.
1969, Jordan 1976, Huppert et al. 1980, Johannesson &
Vilchez 1980) as do Jackass Penguins.
The short range of the Jackass Penguin necessitates
a distributionally predictable prey (Frost et al. 1976).
This condition is satisfied by a single, large, spatially
predictable prey patch or many small prey patches
which are encountered relatively frequently.
Anchovy school size is highly variable (Smith 1970).
The Cape Anchovy occurs in massive schools of many
tons of fish (Fig. 5; Stuttaford 1983) and in small,
widely scattered schools (Fig. 6 ) ; Shelton & Hutchings
1981, Stuttaford 1983). If penguins fed on single, large,
spatially predictable fish schools the birds would all be
expected to travel approximately the same distance
during a foraging trip irrespective of how much they
ingest. If the fish schools were not spatially predictable

the birds would b e expected to travel very variable
distances that bear no relation to the amount of fish
ingested. However, for penguins feeding on small
schools of randomly distributed prey, where there are
numerous prey encounters, a positive correlation
between distance travelled and amount of food
ingested is expected. The latter is seen in my data (Fig.
3).
Large aggregations of animals have a small surface
areaholume ratio compared to small aggregations.
When fish school, the mean effective surface area
exposed to predators of individual school fish
decreases with increasing school size causing the predator-prey encounter rate to decrease (Brock & Riffenburg 1960, Cushing & Harding-Jones 1968) but the
comparatively small surface area of large schools
makes feeding less efficient for planktivores (Eggers
1976). Thus small schools of anchovy may be feeding
(Cushing 1977). The incidence of anchovy with full
stomachs from small schools compared to large schools
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s u p p o r t s this and t h e e v e n h i g h e r i n c i d e n c e of full
s t o m a c h s of a n c h o v i e s c a u g h t b y J a c k a s s P e n g u i n s
( T a b l e 4) i m p l i e s t h a t J a c k a s s P e n g u i n s a r e f e e d i n g o n
s u c h s m a l l schools. S m a l l schools a r e l i k e l y to b e
e n c o u n t e r e d m o r e often u n d e r conditions of r a n d o m
s e a r c h a n d t h u s a r e a spatially p r e d i c t a b l e food source
w h i c h can be exploited b y t h e p e n g u i n w i t h its limited
foraging range.
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