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Distribution of seabirds in the African sector 
of FIBEX 

R.W. Abrams 
Pe rcy FitzPatrick Institute of African Ornithology, 

University of Cape Town , Rondebosch 7700 

The paper presents a quantitatil'(' accou11t of the abunda11ce of 
seabirds (excluding penguins) i11 rC'Imion to em·ironme11tal 
features in a small area of the Southern Indian Ocean. 
Plankton-eating birds were abunda/11. Piscivoruus birds were 
less numerous, bllt their biomass was sligluly higher than that of 
the p/anktivores. Cephalopod-eaters a11d species in a mixed-diet 
class were widespread, bllt not as abu11dant as either plallkti­
vores or piscivores. Planktivores 11'('1'<' most abunda111 in a 
narrow latitudinal hand at 6f0 - 63"5. 1-/igh plnnk1ivore abull­
dnnce was correlated positively (about 33 %) with relmively 
warm air and surface-water temperatun•s and low barometric 
pressure, and hi8h piscivore abundance (about 32 % ) with 
weak winds and cloudy to 1vet wewher. The abundance of 
cephalopod-eaters correlated very poorly (about 4 %) with 
these variables. 

Die anike/ bied ·n ku·amitaTiewe opname l'ftn die •·oorkums I'{// I 

seevoifls (ptkkewyne uitgesluit) in sam efwng met omge­
•vingskenmerke in ·, klein gedeelte va11 die Suidelike lndiese 
Oseaan. Plankton•·reteltde •·uiHs was volop. VisvreTers was 
minder talryk , maar hut biomassa 1va.1· ejfens grater as die Pall 

die planktonvreters . Die kefalopocle-l•reters en spesies met 'n 
gemengde dieet het wyd versprei I'Oorgekom , maar was minder 
volop as of die plankton- of die risvreters. Die planktonvreTers 
was die volopste in 'n smnl breed1egraadhand van 6r tot 63"S. 
'n Hoe voorkmmsyfer van planktonvreters was positief (so•vat 
33 'Yc,) met betreklike warm lug- en oppervlakwatertemperawur 
en lae barometerdruk gekorrefeer; 'n hoii voorkom.\syjer 
(sowat 32 %) vir visvreters het met ligtf' wind en bewolkte 
tot reenerige weer saamgehang. Die ••oorkomssyfer Fall 
kef'a/opode-eters heT swak (4 %) met hierdie l'erwulerlikes 
gl'korre/eer. 

Introduction 

Duri ng the austral summer of I YS0/198 1. an international 
survey was carried out. as part of BIOMASS (Biological 
Investigations of Marine Antarctic Systems and Stocks). in 
order to gain information on the distribution and abundance of 
krill Euphnusia .wperlw and its predators in the Southern 
Ocean (Anon. 1977). The survey. known as FIBEX (Firs t 
International BI OM ASS Experiment). was made in areas 
believed to contain dense concentrations of krill (Mauchlinc 
1980). 

This paper gives a preliminary account of the distribution of 
pclagic seabird~ (excluding penguin~ because they arc difficult 
to detect and count at sea) in the Fl B EX sector of the Southern 
Indian Ocean surveyed by South Africa. More particularly, 
the report deals with the abundance of sea birds in relation to 
selected environmental features, in a preliminary assessment 
of the usefulness of seabirds as indicators of peculiar oceanic 
biotopes and prey populations. 

Materials and methods 
The M.V. S.A. Agulhas operated from 16 February to 10 
March. 1981, in an area hounded by 59° and 69"S and !5° and 
300E (Fig. 1). All birds flying past. and passed by, the moving 
ship (mean speed = 23.4 km/h) in a 1-km-wide transect were 
recorded as described by Griffiths ( 1981 ), during 585 I 0-
minute sea bird observations (referred to as stations). 
Barometric pressure. air and surface-water temperatures. 
wind strength (Beaufort scale) and weather (cloud cover and 
precipitation, scaled from I (clear) to 6 (storm)) were 
recorded at each station. 

The avifauna was analysed according to species richnc~s 
(BSR = total number of species), Shannon-Wiencr diversity 
index (BSD = H = t:p log p. where pi is the proportion of the 
ith species in the communi ty). abundance (number of indivi­
duals) and biomass (total live-weight of all bird~) at each 
~talion in relation to four principal diet and four feeding­
method categories (Appendix I). Patterns of seabird disper­
sion we re examined from computer-drawn maps. using the 
SO PS plotting programme (Abrams et al. 1982). Linear and 
stepwise multiple regression and facto r analysis (PCA) were 
used to characterise rela tionships within the avifauna and 
between the birds and their environment. Linear correlation 
matrices. including all biotic and abiotic parameters, facilitate 

40 .;;, '\· ..... . 
'. 

·· .. 

50 

y> ., 
'0 

~ 
iV 
...J 

60 

roL---~~~~~----~~~~--~~--~ 
w· 10 o to 

Longitude 

Fig. l. Cruise track or 1hc M. V . S.A. Agu/lws in the South African 
sector of FIBEX in 1hc Southern Indian Ocean . lb Fcbruary-
10 March. 19XI. 
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Appendix 1 
Principal food-type and reedin~-method groups, body-wcighb and percentage abundance (numbers or individuals) of species ob.~rved in the 
FIB EX sector or the Southern Ocean. Food and feeding classification based on data in Ash mole (1971) and unpublished records taken from the 

FitzPatrick Institute which also maintains records of bird weights. 

Food-type Feeding-method Species Body-weight Abundance 
(kg) (0/o) 

Plankton Surface-filter Pachyptila spp. , prions 0,15 44,50 
Surface-seize 
Dip/patter 

Halobaena caerulea, blue petrel 0,20 16,55 
Ocetmites oceanic us, Wilson's stormpetrel 0,04 0,38 
Oceanodroma /eu.coltora, Leach's stormpetrel 0,05 0,34 

Cephalopods Surface-se•ze/scavcnge Diomedeaexulans, wandering albatross 8,60 0,06 
Surface-seize/scavenge Diomedea melanophris, blackbrowed albatross 3,50 0,02 
Surface-seize/scavenge Diomedea ea uta, shy albatross 4, I 0 <0,01 
Surface-seize/scavenge Diomedea chrysostoma, grey headed albatross 3,60 0,02 
Surface-seize/scavenge Phoeberriafusca, sooty albatross 2.50 0.05 
Surface-seize/scavenge Phoebetria palpebrata, lightmantled sooty albatross 2,70 0,43 
Surface-seizefscavengc Daption capense, pint ado petrel 0,45 0,13 
Surfaee -selle/scavenge Proce/laria aequinoctialis, whitechinned petrel I ,21 I ,36 
Surfacc-sei~e/scavenge Pterodromalessonii, whiteheaded petrel 0,75 0,24 
Surface-serLe/scavenge Fulmarus glacinloides. Antarctic fulmar 1.00 0,24 

1-Jsh Pursuit-plunge Pufjinusgriseus. sooty shearwater 0,79 20,50 
Dip/patte r Sterna paradisaea, Arctic tern 0,13 9.86 

Mixed Surfacc-scizclscavengc Macronectes gigameus, southern giant petrel 4.10 0, 13 
Surfacc-scize/sc<Jvengc Tlwlassoica anrarctica, Antarctic petrel 0.70 0,80 
Surface-seize/scavenge Pagodroma ni••ea, snow petrel 0,30 1,23 
Surface-seize/scavenge Pterodroma hrevirostris, Kerguelen petrel 0,33 3,37 -------------------- _______ ....:_ _ __;. __________________ _ 

focusing on noteworthy patterns. U se of this technique does 
not imply tests of hypotheses. since inferential s tatistics 
require certain assumptions to be met which are not valid for 
these data. Multi-colinca rity and non-normal d istributions 
were adjusted when multiple regressio ns we re calcula ted 
between diet groups and physical variables. These analyses are 
not , however, meant to be taken as inferential tests o f hypoth­
eses, but rather as characterisations of associat ions between 
:.eabirds and major environmental features. 

Results 
Seabirds tended to he clumped (Fig. 2) in the area between 
61 ° - o3°S, especially plankton-caters (Fig. 3). During this 
study two species and 25 birds were recorded at a n average 
observation station (Table I ) . Planktivores (including krill 
eaters) contributed the greatest nu mbers of species a nd indivi­
duals per station (Tables 2 and 3). A lthoug h there were rela ­
tively few piscivo rous species (Appendix I) . they were abun­
dant and accounted for a b iomass sl ightly higher than that of 
the planktivorc~. Cephalopod-eaters. and those species placed 
in a m1xcd-diet cla ss (species not d a!>sitiahlc as either predo­
minantly plankton-. cephalopod- or fi~h -eaters). were wide­
spread. but not as a bundant as e ither pla nktivorcs or pisci­
vores (Tabll.!~ 2 and.\) . Correlation~ between the pnncipal diet 
groupc; and the fccd111g methods u~cd by the birds (Table 4) , 
and between each of the fou r d ie t and feeding method groups 
separately (Tablcf> 5 and 6), showed that there was no trend in 
eo-occurrence between to diffe rent diet groups. Planktivores 
and piscivores eo-occurred together but were not e ntirely co­
incident, in a narrow latitudinal band at 6!0

- 63°$ (Figs . 3 
and 4) 

The abundance of planktivores and piseivores was corre­
lated with 33 per cent and 32 per cent. respectively, of the 
variation of the physical pa ramete rs considered he re; not 
more than 4 per cent of the variation o f abundance of 

cephalopod-catcrs wa~ explained by thc~e variables (Tab le 7). 
High planktivore abundance was associated with relatively 
warm air and surface-water temperatures and low barometric 

pressure. H igh p lanktivore abundance was a lso associated 
with cloudy to wet weather a nd relatively calm winds ( Fig . 5). 
H igh piscivore abundance was asso ciated with high barometric 
pressure, weak winds and clo udy weather (Table 7, Fig. 5). In 
addition to these primary biotic-abiotic associations , the 
various sea bird diet groups were associated with other combi­
nations of abiotic variables (Table 7). 

Discussion 
In the Southern Ocean, avian abundance and biomass tend to 
be high near the Subtropical Conve rgence (39°- 43°$), sub­
Antarctic and Pola r Fro nts (47° - 48°, 51°- 53°S, respectively; 
Valentine & Lutjeharms 1983) and the Antarctic Continental 
Water Bounda ry (variable), b ut species r ichness and abun­
dance do not usually reach levels observed in ne ri tic regions 
(Griffiths N al. 1982). The overall abundance and non-random 

Table I 
Mean species richnes.~ CBSRJ, diversity (BSD), abundance (number of 
individuals) and biomass (kg live-weight) of seabirds (excluding 
penguins) at 585 stations in the South Afr ican sector of FIB EX in the 

Mean 
S.D. 
Range 
Total 

BSR 
2.01 
1.29 
0-7 

southern Indian Ocean. 

BSD Abundance 

0.44 25.2-1 
0.43 39. 14 

O-I.R3 0-1574 
15601{ 

Biomass 

7,82 
25,77 

0-322,50 
46'i7 -- - ---------------

Table2 
Mean abundance (number of individuals) of seabirds (excluding 
penguins) according to four principal food-type classes at 585 stations 
in the South African sector of FIBEX in the southern Indian Ocean. -------------- --

----~o_d_t""y-'-p_e _________ _ 

Mean 
S.D . 
Range_· __ 

Plankton Cephalopods Fish Mixed 

16,44 
1\1.49 
0-1573 

0.69 
2.22 
0-44 

6.62 
3.U9 
0-460 

1.49 
3. 11 
0-32 
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Fig. 2. The distribution and mean abundance (no. individuals) of 
seabirds (excluding penguins) according to half-degree quadrats in 
the South African sector of FIBEX in the southern Indian Ocean. 
16 February-10 March, 1981. 

TableJ 
Coefficients of cor relation (r) between species richness (BSR), diversily 
(BSD), abundance (number of individuals) and biomass, and food-type 
groups of seabirds (excluding penguins) at 585 s tations in the South 

African sector of FffiEX in the southern Indian Ocean. 

Food type BSR BSD Abundance Biomass 

Plankton 0,526 0,230 0,826 0,521 
Cephalopods 0,469 0,419 0,251 0,285 
Fish 0,238 0,054 0,540 0,730 
Mixed 0,454 0,408 0,306 0,084 

Table4 
Coefficients of correlation (r) between food-type and feeding-method 
groups of seabirds (excluding penguins) a t 585 stations in the South 

African sector of FIB EX in the southern Indian Ocean. 

Feeding method 
Food type 

Plankton Cephalopods Fish Mixed 

Surface-seizing 0,398 0,422 -0,053 0,6 13 
Surface-filtering 0,945 0,156 0,202 0,048 
Pursuit-plunging 0,246 0.002 0,906 -0,136 
Dipping/pattering -0,100 -0,081 0,304 0,248 
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TableS 
Coefficients of correlation (r) between f .IOd-type groups or seabirds 
(excluding penguins) at 585 stations in the South African sector of 

FIBEX in the southern h dian Ocean . 

Food-type Plankton Cep 1alopods Fish 

Cephalopods 0,132 1,000 
Fish 0,184 - ),037 1.000 
Mixed 0.045 ),078 -0,021 

Table6 
Coefficients of correlation (r) between feeding-method groups of 
seabirds (excluding penguins) at 585 sfl tions in the South African 

sector of FIB EX in the southet n Indian Ocean. 

Feeding-method Surface- 'ursuil Dtppmgl 
filteri ng p unging Pattering 

Surface-seizing 0,240 ~.108 0,093 
Surface-filtering 1,000 
Pursuit-plunging 0,287 1,000 
Dipping/Pattering -0,171 · .0,081 1,000 

Tablc 7 
Coefficients of determination (R1

) betweet abundance (no. individual 
bi rds) of four food-type groups of seabinl ; (excluding penguins) and 
subsets of five physical variables (BAR = barometric pressure. AIR= 
air temperature, WAT = surface-water lemperature, WIN= wind 
strength, WEA = weather) in the South Aft ican sector of F'IBEX in the 
southern Indian Ocean. The directional ir nuence of each variable in 

Physical 
variables 

BAR 
AIR 
WAT 

BAR 
WAT 
WIN 

A IR 
WAT 
WIN 

BAR 
WIN 
WEA 

AIR 
WAT 
WEA 

AIR 
WIN 
WEA 

BAR 
A IR 
WEA 

WAT 
WIN 
WEA 

BAR 
WAT 
WEA 

BAR 
AIR 
WIN 

the regression equation is ind cated ( +, - ) . 
Food type 

Plankton Cephalopods Fish 

+ 0.33 + 0,04 
+ + 

+ 
+ 0,31 + 0,32 

+ + 
+ 0.22 + 0,04 + 0,31 

+ 

+ 
0,16 0,32 

+ + 

+ + 
+ 0,22 + 0,04 
+ + 
+ + 
- 0,14 + 0,04 0,31 

+ + + 

+ 0,04 
+ 

+ + 
0.16 0,31 

+ + 

+ 0,29 + 0,01 
+ + 

+ 
+ 0,04 0,32 
+ 

Mixed 

0,14 

+ 

+ 0,14 

+ 0, 14 

+ 0,13 

0,15 
+ 
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Fig. 3. The distribution and mean abundance (no. indiv iduals) o f 
plankton-eating ~cabirds (excluding penguins) according to ha lf­
degree quadra ts in the South A frican sector of FIBEX in the south­
e rn Indian Ocean, 16 February- 10 March, 1981. 

Fig. 4 . The distribution and mean abundance (no. individua ls) o f 
fish-eating seabi rds (excluding penguins) . acco rding 10 half-degree 
quadra ts in the South African sector of FIBEX in the southe rn 
Indian Ocean. 16 February- 10 March, 1981. 
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Fig. 5. Mean abundance per 585 stations of planktivorous (sol id bar) and p1scivorous 
(open bar) 'eab1rds in association with wind strength (Beaufo rt scale) (a) and 
weather ( I = clear to 6 ,., storm) (b) in the South A frican l>ector of F IB EX in the 
Southern Ocean. Sta tistical signi ficance by ANOVA (BMDPIV). 
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distribution of birds in the South A frican secto r of FIB EX was 
s imila r to that observed generally in the African sector of the 
Southern Ocean {cf. Griffit hs et al. 1982). 

In the a rea considered here, the abundance of planktivores, 
mostly prions Pachyptila spp. and the blue pe tre l Halobaena 
caerulea, is be lieved to re flect the birds' response to an abun­
dance of plankton and krill which tend to be concentrated near 
upwcll ing zo nes in the lat itudes associa ted with the Anta rct ic 
Continenta l Wate r Boundary (Ainley & Jacobs 1981, Deacon 
1982, Marr 1962). 

The eo-occurrence o f the main concentra tions of pisci­
vorous and planktivorous seabirds in areas of rela tive ly warm 
water (which could be upwcllcd subsurface Antarctic wate r) 
suggests a dynamic process in the vicinity of 61°- 63°S which 
enhanced seabird foraging. I propose tha t a dynamic process, 
such as a current-meander induced eddy (Pe tersen et al. 1982). 
passed eastwards through the study area and was detected by 
plankt ivoro us birds as a pa tch o f enriched wate r containing 
elevated nutr ient o r plankton {including euphausiids) conce n­
t ra tions. Piscivorous and othe r seabirds were subsequent ly 
attracted to the process , perhaps as larger prey were a ttracted 
to the plankton (including euphausiids) concent rations. Such 
a se ries of events expla ins the spatio-temporal fag be tween 
piscivores and planktivores and the longitudina l patchiness of 
bird dist ributions, and merits testing by biological and physical 
oceanographers. From the bird dist ribution it appears that 
prey distribution is not continuous a long a fron t. I feel that the 
extreme clumping of birds in certain areas can only represent 
their att raction to concentra ted food resources. The low 
percentage variance explained by correla tions of sea birds and 
abiotic fea tures necessita tes carefu l interpreta tion of the 
nature of seabird naviga t ion and foraging behaviour. Multi­
disciplinary input is needed to de termine if the redundancy of 
seabird-abiotic associat ions (Table 7) reflects the complicated 
environment. the use by seabirds of multiple cues in locating 
prey (see Baker 1972), o r, as is most likely, both condit ions 
apply. 

The presence of piscivores, chie fl y Arctic te rns Sterna 
paradisaea re latively close to Antarctica, presumably is 
associated wi th an enhanced avai lability of fish at the Antarctic 
she lf (Target! 1981) , and the presence of ice on which te rns can 
roost. Species in the mixed-diet class. especially the Antarctic 
petrel Thalassoica antarctica and snow pe tre l Pagodroma 
nivea which breed in Antarctica, were a lso abundant close to 
the continent. probably because of the increased availability of 
food a t the 1ce edges and polynas (Zink 198 1. Griffi ths 1983) , 
and at oceanic fronts o r othe r dynamic processes created by 
the East Wind and Circumpolar Currents (Ainley & Jacobs 
19H 1) . The Kcrguclcn pet re l Pcerodroma brevirostris predomi­
na ted amongst the mix..:d-dic t class observed farthe r north in 
the vicinity of 61° - 63°S. 

I suspect that planktivorcs . be ing re la tively small-bodied 
and requiring frequent meals o f small prey items, arc more 
dependent on regular location of pa tchy sources of abundant 
food than a re larger species . T he d istribution of la rge-bodied 
seabirds, ~uch as a lbatrosses. is more random since they appa­
rently require to encounte r food items less frequently 
(Griffith-; et al. 1\182). A ll these speculat ions a re in need of 
furthe r study. For instance, the possibility of barometric pres­
sure and weathe r fronts influencing the fo raging and disper­
sion of ce rta in seabirds (Mendclsohn 1981) requires non­
linear ana lysis which , while beyond the scope of this paper, is 
underway a t present. Temporal lags probably occur between 
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environmental changes and the birds' responses. A better 
understanding of these lags should begin to emerge when more 
fin e-scale environmental information becomes ava ilable. This 
should allow more rigorous statistical assessment of particular 
associat ions be tween individua l species, and trophic g roups of 
scabirds, and thei r environments . Ultimately. it is these asso­
ciations which might faci lita te the use of sea birds as predictors 
of prey population<;. We arc currently ana lysing much larger 
da ta se ts , including many more abiotic and bio tic variables, 
than a re reported he re, in examini ng the potential usefulncs~ 
of pe lagic sea birds as pred ictors of peculiar oceanic biotopes 
and prey populat ions. 
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