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\ SEABIRDS AS CONSUMERS IN THE SOUTHERN BENGUELA REGION 

D. C. DUFFY*, W. R. SJEGFRJED* AND S. JACKSON* 

Estimates of consumption of fish by breeding seabirds in the southern Benguela region converge on 
50 - 60 X JOl tonsofrood per year. TOlal annual 8vianconsumption offood is apprO)(imalely IS .S X 10" Ions. 
74 per cenl be.ing laken by species which feed on pelagic prey and mosl of the rest by species which frequently 
feed on offal at demersal trawlel's. Avian consumption is . imHar in magnitude to Ihat of Cape fur seal and 10 
Ihe catch of the oommercial fishery in Ihe southern Benguela rcgion, bUI far less than consumplion by noek, 
squid, and, probably, sharks and jellyfish. 

Skallings van die verbruik van vis dcur tolende sccvoels in die suidelikc Bcnguelaslreek loop uit op 'n 
eindlOlaal van 50 - 60 X 10) Ion voedsel per jaar. Dietotale vocdsclverbruik van seevoills kom op ongeveer 15,5 
X 10" ton te taan, waarvan 74 persenl dourspesies \Vat pelagiese prooi yang, gevree t word en dic meestevan die 
restant dcur spcsies lVat dikwcls aas op arval by bodemtreilers. Die hoeveelheid deur voels verbruik is 
vergelykbaar mel die deur Kaapse pel robbe en met die vangs van die handelsvissery in die suidelike 
Benguelaslreek, maar veel minder as die verbruik deur snoek, pylinkvisse en, waarskynlik, haaie en kwalle. 

Seabirds are putative competitors with fisheries in 
certain marine ecosystems (Furness 1982). This 
subject is a controversial one in the Benguela region 
off southern Africa with flSbermen charging (hat the 
predatory activilie of seabird deprive them of 
unacceptably large quantities of sllch commercially 
important fish as pilchard Sal'dinaps acel/a/us and 
anchovy Engraulis capensis (Davies J 958, Jarvis 
1971 , Anon. (983). If the controversy is to be 
resolved, there must be at least reliable information 
on the quantities of [Lsh consumed by the birds, 
biomass and production of the ' resource, and tbe 
quantities of fish taken by other predators, including 
man, in the ecosystem. This information has varied 
greatly in precision and accuracy. In this report, 
existing information, and its limitations, is reviewed 
and new data, especiaJly pertaining to bi tds at sea, are 
used to provide a revised assessment of the consu m p
tion of food by seabirds in the southern Benguela 
upwelling ecosystem, from 25° S off Nam..ibia, south 
to Cape Point 34° 22'S and east to 23°25'E. 

THE BENGUELA REGION 

Upwelling in the Benguela region extends as far 
north a 150 S along the south-western coast of the 
African subcontinent (Parrish el al. (983) an.d 
eastwards to about 20° E at 35°S, although local 
upwelling OCcurs even farther east at coastal head
lands (Shannon 1985). Th.e western boundary of the 

Benguela upwelling ecosystem is difficult to define 
biologically (Cushing 1971), because diverse faunal 
groups, such as plankton and birds, undoubtedly 
respond differently to environmental changes. Physi
cally, there is a strong ea-surJace temperature dis
continuity associated with the shelf-break in the 
southern Benguela region, whereas this front is 
apparently more diffuse (and poorly studied) in the 
north (Andrews and Hutchings 1980, Shannon op. 
cit.). On tbe south coast, the Agulhas Bank is 
biologically a part oftbe Benguela ecosystem, because 
pelagic fish use it for spawning, a a recruitment 
ground, and for' over-wintering" (Crawford el af. 
1983a, Bergh el al. 1985, Duffy el al. [985). The 
Agulhas Bank region also serves as a partial source of 
waleI' for the western Benguela ecosystem (Shannon 
op. cit.). 

Some 65 species of seabirds have been recorded 
within the Benguela region, 14 being rare .or 
accidental (Brooke 1981). Of the remaining 51 species, 
only 16 breed in the region. A further 24, including 
albatrosses, petrels and shearwaters, are visitors from 
the Southern Ocean, and II are visitors from the 
northern hemisphere (see Appendix I). To avoid 
confusion, the terms • resident" for species which 
reproduce ' at sites in the Benguela ecosystem and 
"non-resident" for species that breed elsewhere have 
been used . Within populations of resident species, 
"breeding" and "non-breeding" distinguish the repro
ductive states bf the individuals. Individuals of 
"resident" species may spend time away from the 
Benguela area . ... 

* Percy FitzPatrick Institute of African Ornithology, University of Cape Town, Rondebosch, 7700, South Africa 
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METHODOLOGICAL CONSTRAINTS . 

". 
The implesl deterministic model of tot~1 avian 

consumption in the Benguela region wO\lld be a 
product of avian biomass and the quantity of food 
consumed per unit avian biomass per year. Dietary 
information could then be used to calculate quantities 
of each prey species taken. However, in pract~ce, 
many factors affect lhe accuracy of estimates of the 
types and quantities of prey con umed by seabirds. A 
brief revicw of some of the major limitations is 
nccessary before a dcscription is given of methods for 
producing improved estimates of avian consumption 
In lhe Benguela region. , 

Seabird abundance 

etennining the numbers of seabird breeding in 
an area i. difficult for several rea on (see Duffy and 
Siegfried 1987 for a review of these). For example, 
so me species, such as the African Uacka s) penguin 
(scientific names of all species are given in Appendix 
I), nest in burrows and crevices and have 00 defined 
breeding eason (Shellon et al. 1982). Olhers (e.g. 
Cape cormorant and swift tern) change their colony 
si les and nesting seasons from year to year (Rand 
I 960a, Walter el al. in pres). Different. censu 
techniques arc therefore needed for different species. 

tlldies in other marine ecosystems have shown 
that consumption by non-breeding indi1,liduals of 
re ident species and by non-resident species may be at 
~ea .l . as important as con ~mption by breeding 
mdlVlduals ( anger 1972, Wiens and Scott 1975). 
Counting breeding individuals is simple compared to 
censusing non-residents or non-breeding individuals 
which for the most part must be counted at sea, fro l~ 
ship and! or aircraft (e.g. Briggs er al. 1985a). Such 
counts provide mea ures of relative abundance of 
different species, assuming consistent use of the same 
counting technique. Attempts at determiningabsolute 
den ities (numbers of individuals per unit area) of 
seabirds at ea are confounded by several factors . 
Some pecies are attracted to or follow, hips, so 
their numbers may be overestimated {Griffiths 1982). 
Seabirds move fasterthan hips, and Individuals may 
pass a ship and be counted several times by observers 
on board (Wiens el al. 1978). InstantaneolLS "snap
shot" methods (Tasker et al. L984), while attempting 
to overcome this problem, may lead to underestimates 
of numbers. Very few seabirds in an area are visible 
continuously, mo t individuals being bidden behind 
waves for some of the time (Dixon 1977, Duffy 
1 983a). The shorter the observation period (more 

"instantaneous"), the more birds that are likely to be 
missed by observers. 

Aerial transects a sist in removing biases in relative 
abundance estimates related to seabird mobility, 
because aircraft are faster than birds and facilitate 
instantaneous synoptic counts over large areas, with 
general similarity to srup-ba ed count (Briggs el al. 
1985a). However, aerial counts are highly weather
dependent, because many species are difficult to 
detect in waves or whitecaps (pers. ob .). Conditions 
suitab le for aerial transects may not yield data 
reflecting typical seabird distribution or abundance. 

Not surprisingly, estimates of seabird densities are 
rarely precise, exhibiting very large variances around 
mean values (e.g. Briggs el af. 1985a, b). T he e 
variances have been shown to decrease with increasing 
distance or duration of the counting unit (Schneider 
and Duffy 1985). Sea~onal and regional differcnces in 
seabird biomass are difticult to distinguish from 
small-scale temporal and patial variability cau ed by 
U1C movements of cold fronts. Oceanic convergences 
may also lead to local concentrations of seabirds. 

In the Benguela region, the distributions of many 
seahird spe ies are influenced by demersal trawlcrs 
(Garcia 1972, Abrams 19 Sa, Ryan and Moloney in 
prep.), and local counts may be influenced by lhis. 
During the non-breeding eason, certain resident 
species may lead largely pelagic exi lence . Non
breeding individuals of certain species uch as the 
Cape cormorant, may be restricted to area near 
~uhable mainland or island roosting sites. Breeding 
individuals arc re tricted to area within wimming or 
flying ranges of their colonies during their nesting 
seasons. 

Diet and food consumption of birds 

he diets of breeding birds can be sampled by 
analysing food regurgitations collected at ne ting 
colonies (e.g. Ainley et al. 198 1, Wilson (985). 
Sampling non-residen t and non-breeding individuals 
of re ident species is more difficult. amplcs can be 
obtained from some pecies at their roosts n land 
but, fo r most species, shooting feeding or roo ting 
bird at ea i the only feasible method at present. 

Two major problems c0nfound attempts to e ti
mate lnefood consumption by seabi rd populations in 
the southern Benguela region . First, population of 
resident species have not been stable in the region 
over the last three decades, evidenced by the results of 
direct censuses (cf. Crawford and Shelton 1978, 
Burger and Cooper 1984), and fluctuations in guano 
collections since the early 1900s (Duffy and Siegfried 
J987). Fish p.opulations exploited by both man and 
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seabirds in the Benguela region, have also fluctuated 
(Shannon et al. 1984), so that estimates of the 
proportions of prey populations consumed by sea
birds should be based on concurrent data for both 
birds and their prey. Estimates when seabird popula
tions are at their peaks may be gross overestimates if 
they are compared with non-concurrent data for prey 
populations at their minima. 

The second problem concerns the spatial scale at 
which estimates are made. This is crucial: the scale 
should be biologically meaningful (Bourne 1983, 
Duffy and Siegfried 1987, Hunt and Schneid-er 1987). 
F or instance, extrapolating from one or more limited 
areas of unusually high seabird density and prey 
consumption to the entire Benguela region wiIllead 
to an overestimate of prey consumption. 

Other problems also exist. For instance, avian 
assimilation efficiencies vary in relation to different 
prey species (Heath and Randall 1985, Jackson and 
Ryan 1986) and choice of energetic equations may 
produce differences of up to 14 per cent in estimated 
energetic requirements, independent of other vari
ables (Laugksch and Duffy 1984). 

METHODS 

Although descriptive stud ies of resident (e.g. Berry 
1976, Clinning 1978a, b) and non-resident (e.g. 
Lambert 1971 , lImmerhayes et al. 1974) seabirds 
exist for amibia, published quantitative data for 
bird populations at sea are not available. 

Recent fieldwork has been restricted by scientific 
and logi tic constraints (Siegfried and Field 198 1) to 
the southern Benguela region. Based on the present 
fie ld work , and for the plirpo e of estimating food 
consumption by seabirds at sea, tlle Benguela region 
was divided into f ur zones (Fig. 1): 25° _32° 30'S 
(1); 32°30'S- 18°30'E (2); 18°30'E- 200E (3); and 
20° E- 23° 2YE (4). Within these zones, the surveys 
were mostly restricted to areas with waters shallower 
than 200 m, except in Zone 2, where an aerial transect 
was operated over water 200- 1 000 m deep (Fig. 1). 
The areas of the inshore « 200 m depth) and 
offshore (200- 1 000 m)sector of the four zones were 
estimated by applying a microcomputer and graphic 
digitizer to South African Navy Charts 2 and 3. 

Most of the fieldwork was carried out in Zone 2, 
between Cape Columbine and Cape Point. 

This area, with a narrow continental shelf, is one of 
the mo t dynamic marine areas in the world (cL 
Andrews and Hutchings 1980, Shannon 1985). 
Zone I, with a wide shelf, has a more stable wind 
regime, resulting in morc persi lent upwelling. Zones 

3 and 4 also have relatively wide shelves and ex
perience inshore upwelling, but the water is stratified 
and stable over much of the shelf (Parrish et al. 1983). 

Seabird abundance 

Information used to estimate the abundance of 
seabirds was derived in three ways. Land-based 
counts of individuals nesting in colonies yielded 
popUlation estimates for breeding residents (Cooper 
et al. in prep.). More detailed information on popula
tions is available for the African penguin (Shelton et 
al. 1984), Cape gannet (Crawford et al. 1983b), 
crowned cormorant (Crawford et al. 1982a), bank 
cormorant '( Cooper 1981), Cape cormorant (Cooper 
et al. 1982) and kelp gull (Crawford et al. 1982b). 

At-sea counts of non-resident species and of 
breeding and non-breeding individuals of resident 
species were made [rom a South African Navy 
Albatross coastal-patrol aeroplane and from R.S. 
Africana. Aerial transects covered 1 OO-m-wide bands 
operating from an average height of l25 m and at an 
average cruising speed of 26 .1 km·h- t during April 
1985 - February 1986. Two transects were run every 
six weeks: an inshore leg of 101 km over waters 
shallower than 200 m and an offshore leg of 167,7 km 
over waters deeper than 200 m (Fig. 1). 

Surveys from R.S. Africana were made in Novem
ber 1983 (austral spring) and May- June 1984 (austral 
winter) in water less than 200 m deep while the srup 
was steaming at c. 15 km·h- I during acoustic surveys 
of pelagic fish. Between seven and 21 transects/were 
run in each zone, the mean length ranging from 17,7 
to 78,1 km (see Table II). Acoustic surveys attract 
relatively few of the ship-following seabirds which 
interfere with estimates of abundance (cf .. Griffiths 
1982, La Cock and Schneider 1982, Duffy and Hecht 
1984). All birds crossing a line perpendicular to the 
vessel's course within a band 300 m wide were 
counted from the bridge (11 m elevation). Total 
numbers of birds per species were converted to avian 
biomass per unit area by dividing the numbers of 
birds per species by tlle area (length X width) of tbe 
transect and multiplying by a species-specific body 
mass (see Appendix 1). 

Seabird diet 

Information on diet is based on analyses of 
samples obtained from regurgitations of food, 
induced by flushing birds' stomachs with water 
(Wilson 1985), from birds shot at foraging aggrega
tions (Jackson in press), and from the literature. 



· 774 
Tl:ze Benguela and Comparable Ecosystems 
South African Journal of Marine Science 5 1987 

5 

28' 

30· -

32° 

2 

. 
I 
I 

\ 
\ , 

\. 

" ; . 

, 

: 
I 

I 

\ 
I 
I . . . 

! ( 
I , • 
I • 
t "\ 
I • 
I 
\ """-

\\ -

'~ 
, . 

, 
'. 

\ 
\ 

\ 
'. 

\ . . 
\ . 

3 
<I 

18" 20" 

Fig. 1: The southern Benguela region showing the four zones and the positions of two aerial transects (A and 
B) for censusing seabirds, and (inset) the subregion used by Bergh at al. (1985) for calculation of 

carbon flow 

Samples obtained from resident birds returning to 
breeding colonies can be considered as random in 
that they were taken from birds conceivably having 
fed anywhere within the species daily foraging range. 
However, the time of day at which the samples were 
collected could bias results, if i.ndividual birds foraging 
close to a colony return sooner and feed on different 
prey from those birds returning later. Sanlples from 
individuals of non-resident species were definhely not 
random, because birds were shot while in (eeding 
groups. There is at present, no means of ensuring 
random sampling of non-resident species and non
breeding individuals of resident species without 

killing unacceptably large numbers of birds (Duffy 
and Jackson \986). . 

For this report (Appendix 2), prey were gTouped 
into three categories, ba ed on where bird might 
encounter them when foraging: pelagic = taken in the 
mid and upper levels (0- 100 m) of the water column; 
trawler = scavenged from trawlers (including pecies 
that arc lOO large or normally occur too deep for most 
seabirds to catch on their own); and in hore-benthic 
= specie taken on or near the bottom, usually in 
shaHow water « 5 m). These categories are to a 
certain extent arbitrary, because several prey species 
change their habitats with increasing body-size or 
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state of sexual maturity, and other species are too 
poorly known to permit easy categorization (cf. 
Smith 1977). 

Energy and food requirements of seabirds 

The total energy requirements of each species were 
estimated by mUltiplying the number of individuals' 
by the daily energy requirements of an individual of 
that species, taking into account assimilation effi· 
ciency. At-sea counts yielded higher Cape gannet 
numbers and lower African penguin numbers than 
did land-based censuses. The discrepancies probably 
result from differences in con picuousness between 
the two species. However, at-sea counts of Cape 
cormorants yielded popUlation estimates J ,038 times 
those obtained from land-based counts. Figures from 
land-based censuses of Cap_e gannets and African 
penguins were therefore multiplied by 1,038 to obtain 
combin~d population estimates for breeding and 
non-breeding individuals of these two species. 

The bioma s data for each species at sea were 
multiplied by an allometric estimate of daily energy 
expenditure in kilojoules (DEE - Walsberg 1983), 

DEE = 12,84 GO,61O 

where G is the pecies' mass in grammes. Becau e the 
anchovy is the dominant pelagic fish (Bergh et al. 
1985) and lhe single most important item in seabird 
diets in the southern Benguela region at present (cf. 
Crawford and Shelton 198 1, Furness and Cooper 
1982), it was u ed as the landard prey for converting 
carbon to wet mass, based on an .energy value for 
anchovyof6,37 kJ·g(wetweight)"1 br22,35 kJ·g(dry 
mass)"1 X 0,285 (dry/ wet ratio - Cooper 1978). A 
mean assimilation efficiency of75 per cent (Jackson 
1986) wa assumed. Carbon content was assumed to 
equal 0,4 X dry mass (Curl 1962). 

Then g Cd-I = 1,33 DEEX 0,04/22,35 =0,024 DEE, 

and g (anchovy)·d- ' = 1,33 DEE/ 6,37 = 0,209 DEE. 

The principal effects of seabirds as consumers in the 
southern Benguela region may be considered in terms 
of three major guilds, based on the birds' foraging 
locations: pelagic-foraging species which catch their 
own prey in the upper (0-100 rn) level of the water 
column; scavengers which primarily rely on offal and 
discarded by-catches from demersal trawlers, rather 
than catching [heir own food; and inshore-:foragers 
which feed in the intertidal zone or over the botlom in 
shallow water « 5 m). Species within each of these 

Table I: Abundance 01 resident breeding seabirds and their 
biomasses (tons wet mass) In the Benguela region 
between 2SoS and 23°2S'E. Abundance data from 
Brooke (1984, 1986), Cpoper (1984b), Cooper and 
Smith (i982), Cooper et at. (In prep.), Underhill 

(1986) and Shelton at at. (1984) 

Species Number of Biomass 
breeding pairs (metric tons) 

African penguin 53628 321,45 
White-breasted cormorant 1889 11,10 
Bank cormorant 8976 35,02 
Cape cormorant 216019 526,65 
Crowned cormorant 2592 4,15 
Cape gannet 42114 224,55 
White pelican 374 7,14 
Kelp gull 9403 18,96 
Grey-headed gull 27 0,02 
Hartlaub's gull 8395 4,87 
Caspian tern 45 0;06 
Swift tern 5440 3,75 
Damara tern 95 0,08 

All species 348997 I 157,80 

guilds will have generally similar diets and effects on 
prey species. Within aguild, although th<?re may be diet 
differences ba ed on species-specific size limitations or 
foraging methods, most diet appear to reflect -the 
relative abundance of prey organisms in the environ
ment(cf. Crawford and Shelton 1978, 1981). 

RESULTS AND DISCUSSION 

Bird biomass 

Two e timates of standing stock biomass of seabirds 
in the southern Benguela region (i.e. the area from 
25°S to 2jo25'E in water < 200 m deep (Fig. I) are 
presented using counts of birds at nesting colonies and 
at sea. The temporal and spatial variability in the 
abundance of seabird is then examined. 

RESIDENT SEABIRDS 

At p'resent, 92,7 per cent of the overall biomass of 
!<eabirds resident ' in the southern Benguela region is 
contributed by three species, Cape cormorant (45,5 per 
cent of bre<:ding biomass), African penguin (27,8 per 
cent) and Cape gannet (19,4 percent) - Table I. These 
three species, and the swift tern (0,3 per cent), are the 
only resident species which feed regularly on pelagic 
prey. The kelp gull (1,6 per cent) is the only major 
scavenging species. The balance of the resident biomass 
(5,4 per cent) is made up of eight inshore or bottom-
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foraging species (Table I). 
The greater species richness of the resident inshore

foraging avifauna, despite its relatively small biomass 
(Table I) suggests that the inshore environment i 
structurally more complex than that of the open sea. 
The two environments have similar levels of primary 
productivity per unit area (Carter 1982) and the higher 
avian biomass supported by the pelagic environment is 
partly a function of it greater area.(Diamond 1978). 

10 

Because of the scarcity and small size of islands '0 
Q along much of the coasts ofNarnibia and the southern ~ 

Cape of South Africa, the numbers of breeding birds VJ 

here are probably lower tban could be supported by ~ 
food resources (Duffy and La Cock 1985, Duffy and ~ 
Siegfried 1987). Where islands are more numerous, ~ 
nesting space is unlikely to limit seabird numbers now t5 
(Duffy and La Cock 1985), although competition with ~ 
Cape fur seals (Arctocepha/us pusi/lus po 'ibly was ;ti 
important in tbe past ( haughne sy 1984). ~ 

Seabird abundance within the Benguela area may a.. 

vary greatly within a year because of migration and 
dispersal. Many young Cape gannets disperse north
wards as far as the Gulf of Guinea at the end of summer 
(Rand 1959 Broekhuysen et al. 1961, Crawford et al. 
1983b), and they and Cape cormorants may also 
follow so-called "sardine runs" up the east co~ t of 
South Africa in winter (Rand 1959, I 960a). The 
eastward movements vary from year to year and in 
some years do not take place (Rand 1959, 1960a). 
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SPECIES Interannllal variability .in the abundance of breeding 
seabirds in the Benguela region is exempl.ified by the 
three-year smoothed means of commercial guano 
collections between the early 1900s and 1970 in 
Namibia and South Africa (Crawford and Shelton 
1978, Duffy and iegfried 1987). Considerable varia
tion occurred in guano collection between years, even 
when the data were smoothed. At longer intervaJs 
guano collections also varied greatly perhaps as a 
result of anomalies associated with EI Nino-Southern 
Oscillation events (La Cock 1986) commercial collec
ting of penguin eggs (Siegfried and Crawford 1978), 
changes in relative abundance of the guano-producing 

Fig. 2: Relative biomass of species. of seabirds in Zone 2 
(see Fig. 1) of the southern Benguela region. based 
on results of aerial surveys (transects A. B. Fig . 1). 

pecies (Duffy and La Cock 1985), variations in 
populations of Cape furseaIs (Shaughnessy 1984), and 
longer-term changes in the management of the guano 
industry. Crawford and Shelton (1978), Burger and 
Cooper (1984) and Cooper (1984a) present post hoc 
explanation for more-recently observed decreases in 
guano collections and the relative abundances of 
nesting seabirds, as the results of changes in stocks of, 
and species-<iominance in , commercially exploited 
fish. These explanations remain to be tested by 
examining the relatjonships between diet, reproductive 
success, and population trends in contemporary 
colonies of seabirds (cr. Batchelor and Ross 1984). 

Numbers refer to species' codes In Appendix 1 

SEABIRDS AT SEA 

Aerial transects - AlLhough aerial tran eet were 
operated only in Zonc2, they provide the best data on 
bird abundance in relation to waters of different 
depths. The mean annual standing biomass of all 
birds over water less than 200 m deep was 
0,089 g·m-2

• Over waters deeper than 200 m, annual 
standing stock was ° 021 g·m-2 (S.E. = 0,007 g·m-2) , 

more than four times lower. Pelagic-foraging species 
made up 98 per cent (0,087 g.01- 2) of the biomass 
in waters less lhan 200 m deep, and 93 per cent 
(0,020 g·m-2) of (he biomas in waters deeper than 
200 m; the difference being caused by an increase in 
the abundance of birds scavenging at trawlers. 

The most abundant species both over waters 
shallower than 200 m and over deeper waters was the 
Cape gannet (69 and 61 per cent of biomass respec-

/987 

Fig. 3: Rela1 
soutt 

tively - Fig. 2) .. 
per cent of the 
200 m. The secOl 
in deeper waters 
which contribute 
respectively. Of 
deeper waters, tb 
73 per cent of bi( 

Shipboard trans( 

Table \I: Temporal 
r 

Zone Area 
(k0l2) 

I 4990S 
2 4768 
3 13 379 
4 56149 



1987 

s in Zone 2 
gion, based 
I, B, Fig. 1). 
>pendix 1 

.ects were 
:stdataon 
, different 
ass of all 
leep was 
n, annual 
)7 g·m-Z), 

19 species 
: biomass 
per cent 

!per than 
lcrease in 
ers. 
r waters 
's was the 
,s respec-

1987 Duffy et al.: Seabirds as Consumers in Southern Benguela 777 

IOOO(lr------------------------------------------------------------------, 
Zone 1 Zone 2 Zono 3 Zone 4 

SPECIES 

Fig. 3: Relative biomass of species of seabirds during winter (May and June) in Zones 1-4 (see Fig. 1) of the 
southern Benguela region, based on shipboard surveys in waters < 200 m deep. Numbers refer to 

species' codes in Appendix 1 

tively - Fig. 2). The Cape cormorant contributed 26 
per cent of the biomass in waters shallower than 
~OO m. The second and third most imp'ortant species 
In deeper waters were ooty and Cory's shearwatcrs, 
which contributed 15 and 10 per cent of the biomass 
respectively. or pecies associated with trawler. in 
deeper waters, the white-chinned petrel accounted for 
73 per cent of biomass. 

Shipboard transects - Mean annual avian standing 

biomasses in waters shallower than 200 m were great
est in Zones 2 (0,0452 g·m-2) and 3 (0,0390 g·m-2). 

Corresponding values for Zones I and 4 were 
0,0221 g·m-2 and 0,0158 g·m-2 respectively, but these 
zones covered larger areas and had larger overall 
biomasses (Table II). The summer biomass in Zone 2 
(0,0776 g·m-2

) was six times greater than that of 
winter (0,0128 g·m-Z

), but there was little seasonal 
change in the other zones. The proportional contribu
tions of each species to total avian standing biomass 

Table II: Temporal variation in seabird standing (wet mass) biomass (ton,s) at sea in four zones (see Fig. 1) ofthe Benguela 
region, based on shipboard transects operated in summer (November) and winter (May-June) 

Summer (November) Winter (May- June) 

Zone Area Number of Total Biomass Standing Number of Total Biomass Standing 
(km2) transects distance (g.m-2) biomass transf,:cts distance (g·m-2) biomass 

(km) (tons) (km) (tons) 

I 49905 7 22,7 0,021 1068 21 33,9 0,023 I 143 
2 4768 21 26,9 0,D78 370 9 20,8 0,013 61 
3 13379 15 22,4 0,035 469 9 17,7 0,043 473 
4 56149 8 78.1 0,017 955 II 35,6 0,015 825 

Q 
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SPECIES 

Fig. 4: Relative biomass of species of seabirds during summer (November) in Zones 1-5 (see Fig. 1) of the 
southern Benguela region, based on shipboard surveys in waters < 200 m deep. Numbers refer to 

species' codes in Appendix 1 

in winter and summer are given in Figures 3 and 4 
respectively. 

Proportional contributions of southern and north
ern visitors and resident pecies to the lotal standing 
biomasses of each zone are given in Figure 5. The 
contributions of the three foraging guilds to total 
standing bioma ses changed between seasons (Fig. 6) 
but much of this i.s a result of the Cape ~annet 
switching from pelagic prey in ummer tofeedlng on 
offal from trawlers in winter (Batchelor and Ross 
1984, Cooper 1984a). 

There are few data on interannual trends in 
abundance of birds at sea in the ~enguela region. 
Abrams (1985a) proposed that an eight-fold increase 
in seabird abundance occurred in the southern 
Benguela region (Zone 2) between 1950 and 1980, as 
a response to the availability of offal from an 
increasing demersal fishery for hake. He suggested 
that the distribution of seabirds has become patchier~ 
with relatively more birds concentrating at the 
trawlers . Stanford (1953) , Liversidge (1959) and 

Grindley ([967) report aggregations of birds at 
trawlers in the 1950s and 1960s, but their data do not 
permit quantitative comparison. Patchy feeding 
opportunities might have preceded the advent of 
extensive demer al trawling. The whaling industry in 
the Bengue[a regioll (Townsend 1935, Be t 1970) 
po sibly provided a significant source of offal 
(M urphy 1936). Prior to this, seabirds might have fed 
more extensively in association with whales (cr. 
Evans 1982). In shorl, although the abundance of 
seabirds could have increased in response to greater 
food availability al trawlers as proposed by Abrams 
(op. ciL), the data osten ibly supporting this were 
collected by means of different melhods and, hence, 
are inconclusive. 

Seabird diet 

There is extensive information on the diets of most 
seabirds breeding in the Benguela region (Appen-
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SUMMER 

Zone I 

Zone 2 

Zone 3 

Zone 4 

[] Southern visitors 

D Resident species 

WINTER 

• Northern visitors 

Fig. 5: Relative biomass of resident and visiting species of 
seabirds during winter (May and June) and summer 
(November) in different zones of the southern 
Benguela region. based on resu lts of shipboard 

transects 

dix 2). There is much less information for non
resident species and for non-breeding individuals of 
resident species. However, their diets can be inferred 
from their degree of association with demersal 
trawlers and other food sources (e.g. Ryan and 

Zone I 

Zone 2 

Zone 3 

SUMMER 
3.8 

0.1 

1,8 

WINTER 
0.1 

Zone 4 

D Offal 

D Pelagic 
• Inshore - benthic 

Fig. 6: Percentage contribution to biomass of three foraging 
guilds (pelagic, oHal, inshore-benthic) of seabirds In 
different zones of the southern Benguela region. In 
winter and summer. Total biomasses presented in 

Table" 

Moloney in prep.). No matter how few, the data are 
generally characterized by variability over time or 
between collecting 10catiol1s so that generalization 
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Table 111 : Long-term changes in the relative abundance of three important prey items in the diets of resident seabirds in the 
southern Benguela region (Zones 1 and 2; see Fig. 1). All values are percentages 

Prey species 
African penguin Cape cormorant Cape gannet 

1953- 55*' I 971-78b 1980-81c 1953- 56*d I 977-78e 1981-851 1953-56*8 I 977- 79*h 1983-84*; 

Pilchard 47 I <I 24 5 <I 38 3 2 
Anchovy 39 84 60 16 50 45 26 72 67 
Horse mackerel 5 0 7 16 1 14 21 I <I 

Number of 
birds sampled 128 30 556 318 119 ~I 100 546 1427 903 

* = Weighted mean of studies in successive years 
a: Davies (1955, 1956), b: Cooper (1984a), c: Wilson (1985), d: Davies (1955, 1956), Rand (1960a), e: Cooper (1984a), f: Duffy el al. 
(in press), g: Davies (1955, 1956), Rand (1959), ·h: Crawford and Shelton (1981), Cooper (I 984a), i: Berruti (1987) 

about tile imporlance of individual prey pecies in 
diets tend to exhibit an inverse relationship between 
accuracy and precisi0n. 

Despite thi variability,. eabirds in the outhern 
Benguela region fall into three main trophic guilds: 
species (5) that feed on offal; species (36) that feed on 
pelagic prey; and species (10) that feed on benthic or 
intertidal organisms. Although a few species, such as 
the Cape gannet, kelp and Hartlaub's gulls, are 
members of more than one guild, most feeding by 
individual species is confined to a single guild 
(~ppendix 2). 

RESIDENT SPECIES 

All of the seabirds residenl in the southern Benguela 
region eat Ii h (Appendix 2). here are apparently no 
squid or cru. tacean pecialisl, as occur in ome other 
marine avifaunas (e.g. Croxall and Prince 1981). 
However many of the Benguela species take small 
qua nlities of quid , primarily Loligo vulgaris rey
naudii, mantis shrimp Prerygosquilla armata capen
sis, euphausiids and other crustaceans. The main 
prey are pelagic fish, principally anchovy, pilchard , 
hor e mackerel Trachurus capen is and pelagic goby 
SufJ7ogobius bibarboJus. The proportional contribu
tions of these species to the diets of the three most 
abundant resident specie have varied over the years 
(Table HI), in apparent association with certain 
trends in the relative biomasses of the fish species 
(Crawford and Shelton 1981, Burger and Cooper 
1984, Cooper 1984a). However caution should be 
exercised in interpreting these and other data, because 
African penguin and Cape cormorant d iets vary 
interannually as much as inter-decadally (Wilson 
i985, DUffy el of. in press). 1n addition, diets of 
resident species were obtained from birds hot at sea 
in the 1950s (Rand 1959, 1960a, b), whereas ub
sequent samples have usually been collected at 

breeding colonies. 

NON-RESIDE~T ~PECIES 

The diets of b th northern and outhern non
resident pecie in the Benguela region may differ 
greatly from those on their breeding grounds. Many 
of lhe non-resident speCie from the Southern Ocean 
consume large amounts of trawler offal, whereas 
non-resident species from north of the Benguela 
region tend to forage for themselves, taking mainly 
fish or crustaceans. ' 

Seabird food consumption 

RESIDENT SEABIRDS 

Three species, African penguin, Cape gannet and 
Cape cormorant, account for almost all the food 
consumed by breeding resident seabirds, approxi
mately 56,2 X 10J tons lish·year- I in the southern 
Benguela region ( able IV). Cape cormorant con-
umed 53 per cent of the total, African penguins 23 

per cent and Cape gannets 17 per cent. The next most 
important species by mass, the bank cormorant, 
con umed I 785 ton, most of it in the form of inshore 
fish and rock lobster Ja us lalandii. Kelp gulls took 
I 250 tons from the intertidal zone and by scavenging. 
All other re ident spec~e each consumed less than 
I 000 tons [ood·year- I. 

Comparing these estimates with previou ones is 
difficult (Table IV) because there has been little 
consistency in geographical areas covered, avian 
population size, energy values of prey or the birds' 
assimilation efficiencies. To facilitate comparison, all 
e timates of food consumption were converted and 
expressed as percentage bird-body mass·day- I (Table 
IV). 
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Table IV: Estimates of prey consumption by the three principal species of resident seabirds in the Benguela region 

Total Prey consumed Population 

Period 
consump- (% bird body-mass·d- l ) 

Approximate area 
(individuals X 101) 

Reference tion 
(X 10J t) Penguin Gannet Cormorant Penguin Gannet Cormorant 

1954- 55 18 10,6 14 23 S.W. Cape, S. Afr. /03 50 120 Rand 1959, 1960a, b 
1957- 58 37,5+ 26 26 47 Walvis Bay + ~50 200 Matthews 1961 
1958 45 30 47 31 S. Africa 130 61 80 Davies 1958 
1970 5a 

250b 
- 11 ,2 - W. Coast, S. Afr. - 50 - Jarvis /971 

1977 nd nd nd Entire Benguela nd nd nd Cooper 1981 b 
1978 16,4c 13 19 18 S.W. Cape, S. Afr. 72,4 17,4 37,5 Furness and Cooper 1982 
1978 63-72 9-11 9-11 13- 14 

~30d 
Entire Benguela 104,3 185,7 372,0 Laugksch and Duffy 1984 

Post 1964 50 nd nd Southern Benguela nd nd ~167c Bergh el al. 1985 
1978 56,2e 12 12,5 17 Southern Benguela /07 84 432 This study 
1978 16,8 13 - - S.W. Cape, S. Afr. 122 - - Nagy el al. 1984 
1978 22,1 

156,5 f 
13 - - Entire Benguela 160 - - Nagy el al. 1984 

1983- 84 - - - Southern Benguela - - - This study 
1983-84 115,8g - - - Southern Benguela - - - This study 

a. Cape gannets only 
b. No methods given 
c. Includes estimated energy costs of reproduction, growth of offspring, and non-breeders 
d. Bergh el al. (1985) assume a biomass of cormorants < 20 tons C, consumption 220 tons.year- l

, and dry/wet ratio C = 0, 10 
e. Population data from Brooke (1984. 1986), Cooper (1984b), Cooper and Smith (1982), Cooper el al. (in prep.), Underhill (1986) and 

Shelton el at. (1984) 
f. Based on all birds at sea, in waters shallower than 200 m 
g. Based on pelagic-feeding species at sea, in waters shallower than 200 m 
nd = no data available 

The early estimates, based on quantities of food 
found in the stomachs of shot African penguin , 
Cape gannets and Cape cormorants (Davies 1958, 
Matthew J 96 I) , indicated very high rate of food 
consumption, 10--47 per cent of a bird's body mass 
per day. However, Davies (op. cit.) and Matthews 
(op. cit.), as well as Rand (1959, J960a, b) assumed 
that bird did not feed everyday, because of weather, 
and that a portion of the populalion emigrated out of 
the area during part .of the year. Subsequently, time
budget (Furness and Cooper 1982), allometric ex pres
sions of energy requirements (Laugk ch and Duffy 
1984, this study), and doubly labelled water (Nagy el 
al. (984) estimates of daily food consumption varied 
between 9 and 13 per cent of an African penguin's 
body mass. Estimates for tbe Cape cormorant, from 
energy-requirement and time-budget tud ies, were 
[3- 18 per cent, and those for the Cape gannet were 
9- 19 per cent (Laugk ch and Duffy op. cit.). Addi
tional studies using the doubly labelled water tech
nique (Nagy et al. op. cit.) should produce reduction 
in the ranges attending estimates of the birds' food 
consu mption. 

The -various recent estimates converge on an 
annual consumption of aPl?roximately 50 - 60 X 103 

lons for the three main reSident specie. This may be 
too conservative in that, with the exception of 
Furness and Cooper (1982), none of the studies, 

including this one, incorporated the extra energy 
costs of reproduction and moult. Moreover, the 
estimates exclude the food requirements of non
breeding individuals of the three species. However, 
the proportions of the year spent by Cape cormorants 
and, especially, Cape gannets outside the study area 
are unknown at present. 

SEABIRDS AT SEA 

Consumption of food by birds at sea, including 
breeding and non-breeding individuals of resident 
species as well as non-residents, varied regionally 
(Table V). Consumption per unit area was greatest in 
Zones 2 and 3. Summer consumption in Zone 2 was 
5,7 times hig\1er than that in winter, but consumption 
of food in the other zones differed only slightly 
between seasons. . 

Considering only pelagically foraging species, food 
consumption was greatest in summer in all zones. 
Because much of the' consumption was credited to 
Cape gannets, the seasonal difference stems partly 
from the view that the species is primarily a pelagic 
forager in summer and a scavenger at trawlers in 
winter. Consumption of food in waters shallower 
than 200 m for each area ranged between 0,509 and 
1,89? g fish (wet mass)·m-2·year-1 for ~elagic-foraging 
speCles and 0,786-2,808 g food·m- .year- I for all 
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Table V: Estimates of biomass (tons wet mass) of pelagic 
fish (anchovy, pilchard, etc.) consumed annually 
by seabirds (all species) in the southern Benguela 

region in waters shallower th'cln 200 m 

Avian Fish Total food 
Zone Area (km2) biomass consumed consumed 

(tons) (tons) (tons) 

I 49905 I 104 56035 70244 
2 4768 215 9027 13388 
3 13379 521 22149 28763 
4 56149 890 28581 44 105 

Total 124201 2730 115792 156500 

seabird . Abrams (l985b) reported values of 1,8-
2, I g food·m-2·year- l. for primarily non-resident spe
cies at sea in the Bengucla region based on a different 
data set. These values are slightly lower than those for 
many other marine ecosystems ( chneider and Hunt 
1982). In upwelling area, consumption by resident 
and non-resident birds at sea wa cstimated at 
8 g food·m-2·year- ' off the western U.S.A. (Wiens 
and Scotl1975) and 11-45 g food·m-2·year-1 off Peru 
(Schaefer 1970). In non-upwelling syslems values 
range from 0,09 g food·m-2·year- 1 in the open north
eastern Pacific Ocean for primarily non-resident 
seabirds (Sanger 1972) to 07-.1,4 g food .m-2·year- 1 in 
the Bering ea for re ident and non-resident pecies 
(Huntetal. 198l). 

Primary productivity in the southern Benguela 
upwelling eco ystem is approximately 2,8 g Cm-2·d- 1 

(Shannon and Field 1985). Mean maximum con
sumption of food by the seabi rd in the ecosystem as 
a whole is 0,466 mg Cm-2·d- l , or about 0 02 per cent 
of the primary production. Thi fraction i~ slightly 
lower than values for the Bering Sea (0,03-0,05 per 
cent - Schneider and Hunt (982) and tbe outhern 
Ocean (0,1- 1,2 per cent - Abrams 1985b). 

ALL SEAB IRDS 

Estimates of food con umption by a ll . eabird in 
the Benguela region, [rom 25° S to 23° 25'E, inshore 
of the 200-ID contour, amount to 115791 tons·year- I 

for pelagic-feeding pedes and an additional 
40709 lons·year- I for other species (Table IV), as
suming that all foods had the same energy value as 
anchovy. In reality, some foods, slIch as squid , are 
energetically less rich, so that annual consumption 
values for all bird might be higher than the e timate 
of 156 000 tons reported here. 

Estimates at sea could have been inflated, because 
birds were att racted to ships (Griffiths 1982, Schneider 
and Hunt 1982). Comparing annual mean avian 

, 

Table VI: Estimates of biomass of pelagic fish consumed by 
predators and the biomass of these predators' 
populations in the southern Benguela region 

(after Bergh et al. [1985) and· this study) 

Predator Consumption Biomass 
(Ions wet mass) (Ions wet mass) 

Squid 3200000 ? 
Snoek 700000 75000 
Man 480000 -
Cape fur seal 320000 17 000 
Chub mackerel 250000 ? 
Seabirds 53000· 2730· 
Tuna 100000 20000 
Yellowtail 66000 15000 
Bryde's whale 15000 1500 
Dolphins 6000 6000 
Jellyfish ? ? 
Sharks ? ? 

Total 5 190000 

biomasses for the inshore part of Zone 2, the aerial 
estimate (0,089 g·m-2) wa almost twice the mean 
(0,04S g·m-2.) of the shipboard winter (0013 g·m-Z) 

and summer (0,078 g·m-2) estimates. This is the 
reverse of what would be expected if shipboard 
counts were inflated and does not support the 
assumption of attraction to ships. 

Food consumption by seabirds in comparison to 
other predators 

A comparison of food consumption by . eabirds 
and other predators in the Benguela region is made 
difficult by the paucity of data on the quantities of 
food con umed by such potentially important preda
tor as snoek Thyrsiles atulI , yellowtail Seriola 
la/andii, tunas Thunnus spp., sharks squid, and 
jellyfish (Cnidaria) . More information is avai lable on 
uch marine mammals as Bryde's whale Balaeonop

[era edeni, Cape fur seals and dolphin (Odontoeeti). 
Most of lhe available data are summarized by Bergh 
ef ai, (1985) in their construction of a preliminary 
carbon budget for a subsection of the southern 
Benguela region (Fig. I). Snoek and squid appear to 
be the most important predators (Table VI), although 
estimates for tbese predators may be revised down
wards as actual data on population size, time in 
ystem and consumption rate become available. The 

next most important predators, human , Cape fur 
seals and chub mackerel Scmnber japonicus appear 
to be roughly equ.ivalent followed by seabirds and 
tuna. CQnsumption by other predators suc~ as 
yellowtail whales and dolphin appears relatIvely 
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minor. Based on other marine ecosystems, sharks 
(Green 1978) and jellyfish (cf. Moller 1984, Purcell 
1985, van der Veer 1985) will probably be found to 
outrank seabirds when more information becomes 
available. 

Total consumption of food by a selection of 
principal predator in the outhern Bc:nguela region is 
estimated to be approximately 5 190000 tons wet 
mass· year- I (Table VI), seabirds accounting for about 
2.3 per cent of this. According to Shannon and Field 
(1985), maximum pelagic fish production and 
standing stock in the southern Benguela region are 
both approximately 2 X 106 lons, so that seabirds 
consume about 5,8 per cent of putative fish produc
tion. Bergh el 01. (1985) estimated anchovy biomass 
as 400000 tons, pilchard as 100000 ton, chub 
mackerel as 30 000 tons and horse mackerel as 10 ODO 
tons in the southern Benguela region. More recent 
(1984) surveys suggest an anchovy spawning stock of 
I - 1,6 X 106 tons(Hampton elal. 1985),sothattotal 
production may be even greater. and seabird con
sumption less important, than indicated here. 

CONCLUSIONS 

Seabirds apparently consume more food (156 500 
tons wet mass· year- I or 53 050 tons in the smaller 
area studied by Bergh el al. 1985) in the southern 
Benguela region than had been estimated previously, 
but this amount is sti ll relatively unimportant in 
comparison with consumption by other predato r or 
the total production of prey species. Reducing seabird 
numbers would have little, or no, effect on" the total 
quantity offish available for commercial exploitation 
(cf. May el al. 1979). 

Seabirds could provide an early warning of non
avian 0verlishing. u tained decreases in seabird 
populations, if interpreted ecologically, might indicate 
decreases in their prey, whereas the commercial 
fi hery could mask such decreases by increasing its 
fishing effort and maintaining its catch. Seabirds 
could be a buffer against overfishing, because their 
populations experience increased mortality during 
decreases in their food supply, resulting in smaller 
seabird populations and thus reduced pressure on the 
surviving resource (cf. Duffy 1983b). In contrast, the 
survival of a commercial fishery is not limited over 
the short term by its prey, but by the monetary return 
on its catch. A commercial fishery could, at least in 
theory, exterminate its resource and remain profitable 
until the Jast fish had been caught. By assigning a 
portion of the potential catch to natural predators, 
such as seabirds, fishery managers could increase 

resilience in the management of fish stocks and create 
a wider margin of error for human efforts to obtain 
food from the sea. 
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whales as APPENDIX 1 
haleships. 

Common and scientific names, foraging guild, body mass (wet, kg), and status of seabirds occurring in the 
It of four Benguela region 
:rn Cape, 

!Ienterate 
B == resident species, S == non-resident species from the Southern Ocean, N == non-resident species from the northern hemisphere 

essa and 
Species/ pecies Scientific name Mass (kg) Wadden tatus 

Taxon code 

InAvian Pelagic foraging 
:. Parkes 

I African penguin Spheniscus demersus 3,0 B 

tern and 2 Wandering albatross Diomedea exulans 8,5 S 

Namibia. 3 Shy albatross D. cauta 4,1 S 
4 Grey-headed albatross D. chrysostoma 3,7 S 

;)-Diet 5 Yellow-nosed albatross D. chlororhynchos 2,8 S 

n, South 6 Albatross spp. Diomeliea spp. 3,6 S 
7 Sooty albatross Phoebetria spp. 2,5 S 

lation of 8 Southern giant petrel MacrOllecles giganleus 4,5 S 

. Condor 9 Northern giant petrel M. hal/i 4,0 S 
10 Giant petrel spp. Macronectes spp. 4,2 S 

1978 - II Great-winged petrel Pterodroma macroptera 0,6 S 

ionships 12 Soft-plumaged petrel P. mol/is 0,3 S 

nmenlal 13 Kerguelen petrel P. brevirostris 0,4 S 

3. Final 14 Blue petrel Halobaena caerulea 0,2 S 

O.A.A.; 15 Broad-billed prion Pachyplila viI/ala 0,1 S 
16 Slender-billed prion P. belcheri 0,1 S 

: success 17 Prion spp. Pachyptila spp. 0,2 S 

n, Lpz. 18 Cory's shearwater Caloneetris diomedea 1,0 N 
19 Great shearwater Puffinus gravis 1,0 S 
20 Sooty shearwater P. griseus 1,0 S 
21 Little shearwater P. assimilis 0,2 S 
22 Manx shear water P. puffinus 0,5 N 
23 British storm-petrel Hydrobales pelagieus 0,Q3 N 
24 Wilson's storm-petrel Oceanites oceanicus 0,04 S 
25 Cape gannet Morus capensis 2,7 B 
26 Cape cormorant Phalacrocorax capensis 1,2 B 
27 Grey phalarope Phalaropus fulicarius 0,05 N 
28 Arctic skua Slercorarius parasiticus 0,3 N 
29 Kelp gull Larus dominicanus 1,0 B 
30 Sabine's gull L. sabini 0,2 N 
31 Swift tern Sterna bergii 0,4 B 
32 Common/ Arctic tern Slerna spp. 0,1 N 
33 Arctic tern S. paradisaea 0,1 N 
34 Antarctic tern S. viI/ala 0,1 S 
35 Tern spp. Sterna spp. 0,2 N 

Trawler-scavenging 

36 Black -browed al batross 

I 
Diomedea melanophris 3,8 S 

37 Pintado petrel Daption capense 0,4 S 
38 White-chinned petrel Procel/aria aequinoclialis 1,2 S 
39 Subantarctic skua Catharacla antarclica 1,4 S 

Inshore-benlhic foraging 

40 Kelp gull Larus dominicanus 1,0 B 
41 White pelican Pelecanus onocrolalus 9,6 B 
42 White-breasted cormorant Phalacrocorax carbo 3,0 B 
43 Bank cormorant P. negleetus 2,0 B 
44 Crowned cormorant P. coronatus 0,8 B 
45 Hartlaub's gull L. harllaubii 0,3 B 
46 Grey-headed gull L. cirroeephalus 0,3 B 
47 Caspian tern Slerna caspia 0,7 B 
48 Sandwich tern S. sandvicensis 0,3 N 
49 Damara tern S. balaenarum 0,06 B 
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APPENDIX 2 

Diets and foraging guilds of seabirds in the southern Benguela region 

Prey are grouped into three categories: benthi /i nshore (guild I), pehlgic (!uiId P), and lrawler(guild T , see Methods for details). N = % 
importance of individual prey items by numerical abundance, M = % importance of prey by mass,lInd F = % frequency of Occurrence 
of prey in stomach samples. Figures in parent hcses are combined figures for inshore and pelagic prey. No distinction between these prey 

categories was made in the studies cited 

. 
Prey 

Species Guild Method Pelagic Offal Inshore-benth ic Samples Reference Zones 

Fish I crust- l Ceph-
aceans alopods 

Fish ! Crust-J Ceph-
aceans alopods 

Resident 
African P N 97,3 - - - - 2,7 - 16 Davies 1955 I 
penguin M 99,8 

N 98,0 - 0,2 - - 1,8 - 11 2 Davies 1956 I 
M 99,2 - 0,7 - - 0.1 -
N 80,9 - 19,1 - - - - 19 Matthews 1961 I 
M 98,6 - 1,4 - - - -

N 56,0 - (40,0 ) - 4,0 - (40,0) 114 Crawford el al. 1985 I 
M 98,7 - - - 0,6 - - 30 Cooper 1984a 2 
N 60,6 8,7 (13,6) - 14,8 2,3 (13,6) 247 Rand 1960b 2& 3 
M 89,8 - - - 10,2 - -
N 73,9 - 5,3 - 7,4 - 3,0 556 Wilson 1985 2&3 
M 94,8 - 1,0 - 2,5 - 0,5 Wilson 1985 

White- I N - - - - 100,0 - - II Rand 1960a 2&3 
breasted M - - - - 100,0 - -
cormorant 

Crowned I N - - - - 60,0 40,0 - 12 Rand 1960a 2&3 
cormorant 

Bank I N 95,0 - - - 5,0 - - 41 Crawford el al. 1985 I 
cormorant N 0,2 0,2 6,3 - 61,6 21,6 3,4 73 Rand 1960a 2&3 

M 0,2 - - - 99,7 - -
Cape P N 99,2 - - - - 0,8 - 37 Davies 1955 I 
cormorant M 99,3 - - - - 0,7 -

N 88,9 10.5 0,4 - 0,2 - - 210 Matthews 196 I I 
N 93 - - - - 7 - 250 Matthews and 

Berruti 1983 I 
M 99,9 - - - - - -
N 95,6 - - - 4,4 - - 328 Crawford el al. 1985 I 
N 100 - - - - - - 18 Cooper 1985 I 
M 100 - - - - - -
N 94,4 0,14 0,18 3,1 2,0 - - 29398 Duffy el al. in press 1&2 
N 89,4 - (1,5) 0,9 7,7 - (1,5) 119 Cooper 1984a 2 
N 18,0 - 0,3 9,2 52,0 20,5 - 22 Ryan unpub!. data 2 
N 46,3 (8,8) - - 44,9 (8,8)* - 204 Rand 1960b 2&3 

Cape P(sum- N 100,0 - - - - - - 98 Davies 1955 I 
gannet mer) 

T(win- M 100,0 - - - - - -
ter) N 100,0 - - - - - - 191 Davies 1956 I 

M 100,0 - - - - - -
P N 99,6 - - - 0,3 - - 155 Matthews 1961 I 

M 99,2 - - - 0,8 - -
N 100,0 - - - - - - 240 Matthews and I 

Berruti 1983 
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Prey 

Pelagic Offal Inshore-benthic Sampl!!:S Reference Zones 

Fish Cru t- Ceph- Fish Crusl- Ceph-
aceans aJopods aceans alopods 

I)~,U - - - - -
89,6 - - - - 6.3 - 1437 Crawford 1'1 al. 1985 I 

81,2 - (0.3) 17,1 0.1 - (0.3) 203 Cooper 1984a 2 

81,9 - ( 11,5) 0,1 6,5 - ( 11,5) 257 Rand 1959 2&3 
94,2 - 2,2 0,8 2.8 - -

100,0 - - - - - - 8 Walter 1984 I 

- - - 67,0 - 33.0 - 3 Ryan unpub!. data 

90,0 - - 10,0 - - - 3S Walter 1984 I 
97,0 - - 3,0 - - -
73,6 9,0 6,2 - 10,4 0.2 - ? Walter et al. in 2&3 

press 

23,0 - - - 77,0 - - Randall and 4 
Randall 1978 

22,7 - (9,09) - 68.2 - (9,09) 22 Clinning 1978a I 

Non-resident 
84,7 2,5 - 12,8 - - - 48 Jackson in press 2 
99,0 0,4 0,1 <0,\ - - -

(88,0) 12.0 - - (88,0) - - 4 Jackson unpub!. 
data 2 

(96,0) (4,0) - - (96,0) (4 ,0) - 5 Jackson unpub!. 
data 2 

61,8 34,4 - 4,0 - - - 10 Jackson unpubJ. 
data 2 

38,7 24,4 0,4 - - - - 120 Jackson in press 2 
10,1 7,1 13,7 56,6 - -

- \7,0 - 83;0 - - - 4 Jackson unpubJ. 
data 2 
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APPENDIX 3 

Daily and anlU"lal carbon flux and food consumption 
by seabirds (mg or g wet weight) in different zones of 
the southern BengueJa region based on shipboard 
transects in May and June (winter) 1984 and Novem-

ber (summer) 1983, extrapolated over 12 months 

ca(bon Food 
Zonennd~-----,---------+------,--------

cason (mg.m" d- ') I (g.m-1.year- ') (mg.m-~d - ') I (g.m-1.year- ') 

I . Winter 
All birds 
Pelagic 
I. Slimmer 
All birds 
Pelagic 
2. Winter 
All birds 
Pelagic 
2. Summer 
All birds 
Pelagic 
3. Winter 
All birds 
Pelagic 
3. Summer 
All birds 
Pelagic 
4. Winter 
All birds 
Pelagic 
4. Summer 
All birds 
Pelagic 

2. All year 
Water 
< 200m 

0,460 
0,301 

0,422 
0,405 

0,263 
0,110 

1,501 
1,079 

0,668 
0,477 

0,685 
0,564 

0,225 
0,115 

0,268 
0,203 

All birds 1,408 
Pelagic 1,373 
Water 
> 200m 
All birds 0,373 
Pelagic 0,342 

Shipboard 

0, 168 
0,110 

0,154 
0,148 

0,096 
0,040 

0,548 
0,394 

0,244 
0,174 

0,250 
0,206 

0,082 
0,042 

0,Q98 
0,074 

Aerial 

0,514 
0,501 

0,136 
0,125 

4,027 
2,608 

3,688 
3,545 

2,307 
0,975 

13,079 
9,397 

5,80R 
4, 164 

5,967 
4,904 

1,973 
1,008 

2,334 
1,781 

12,263 
11 ,956 

3,249 
2,986 

1,470 
0,952 

1,346 
1,294 

0,842 
0,356 

4,774 
3,430 

2, 120 
1,520 

2, 178 
1,790 

0,720 
0,368 

0,852 
0,650 

4,476 
4,364 

1,186 
1,090 

Pelagic = birds feeding primarily on pelagic prey species 
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