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APPENDIX 4 

Average concentrations (ppm) of mineral elements in the combined contents (excluding shell) of eggs of J 2 species of sea birds on Marion 
Island. All values represent an average of three samples and each sample consisted of a composi te of at least three eggs of each species 

except the light-mantled sooty albatross for which only one egg ''as available. 

Micro elements Macro elements 

Cu Cd Zn Mn Sr Mg K Na Ca p N 

King penguin 3,44 0,74 39,80 0.59 14,26 511 6 145 JO 703 4 047 7 680 75 135 
Gentoo penguin 1,40 0,01 20,70 0.90 0,38 495 6 700 6 300 3 766 8 240 86 716 
Macaroni penguin 2.88 0,48 45.35 1.14 18,23 441 5 758 9 724 4 447 4 980 81 060 
Rockhopper penguin 1.70 0,01 3 1.00 I ,OJ 0,55 297 6 100 5 300 4 122 8 060 74 935 
Wandering albatross 4,23 0,71 65,85 1.13 13.64 409 4186 5 174 4 260 9 620 73 428 
Sooty albatross 2,40 0.01 27,20 0,50 0.70 123 5 300 6 300 3 86 1 8 600 80 638 
Light-mantled sooty albatross 4,55 0,01 67,17 0,22 0,20 189 4928 6 181 4 545 9 498 79 460 
Northern giant petrel 5,75 0.01 51,98 2,38 J 1,90 91 5 516 7 040 2 416 6 740 85 885 
Southern giant petrel 3,70 0,01 34,70 1,10 0,45 140 4 000 4 000 4 858 6 080 83 083 
Imperial cormorant 4,60 0.01 38,10 1,00 0,50 159 2 900 6000 2 299 4 620 100000 
Sub-Antarctic skua 2,70 0,01 47,00 0,70 0,27 liS 4 800 4 600 5 550 5 380 92465 
Kelp gull 1,60 0,0 1 20,60 0 ,60 0,40 56 6000 5 900 3 854 10 180 89 500 

Terrestrial invertebrates: a food resource for birds at 
Marion Island 

A.E. Burger 

Percy FitzPatrick Institute of African Ornithology, 
U niversity of Cape Town, Rondebosch 7700. 

The density, biomass and energy content of the terrestrial 
macro-invertebrates (Oiigoclweta, Mollusca, Amneida, Lepi
doptt>ra and Coleoptera) were measured in 19 vegetation types 
at lvfarion Island in the sub-Anlllrctic. The mean ammal 
density and dried biowass of the combined samples was I 980 

organisms , - • ami 16.86 x 111- 2 respectil'l'(v ( u·eiglued in 
proportion to the percentage area uf each vege/atiun type). 
Earthworms comprised 86.8 per ce/11 of the biomass. earrlt
worm cocoons 2.2 per cem. Lepidoptera lanae 3.7 per Cell/, 

Lepidoptera adults and pupae 0,1 per cent, weevil larvae and 
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pupae 1,5 per cent. II'C'e l·il adults 0 ,7 per cent, spiders 0.8 per 
ce111, snails 1,1) per cen1, ami slugs 1,3 per l'etll. There ll'ere no 
lilarked sea 1-.m 11 /rends in the montllfy mriations of' hiomas.1·, 

tlemit_r. mc'tllt itcill man and ~pccies composition of the conl
hi.,e.l swdpkJ. nor in !he bioma~.\ within each ''egetmion 
CIIIII{Jil!x . Jn,·c•rll!bra/e hiomass dij/C'rC'd g relllfy het•ree/1 
l'egetalion l,l'f1l's, wi1h 11111.11 specie.1 sholl'ing clear lwbitril 
pre/(•r.?Jices. The r:reate.vt hiomas~ u·as finmd i11 l'e!fetation 
ccmmm11ith'> influenced hy nwnuring of hirds ami ll'(i/s ( par
ticul.,.{y Cutul.l plumo~a and Callitriche anta rctica com -
1111/'lilies ) ami cer/a in m ire collllllllllities. Witlli11 1he 100 ha 
.11u.ly area. /erro!striaf ill l'Crtebrate~ .wppon ed 27.5 per ce/11 of 
t'h' reside11t ~ho!.llli'Jilll. Chivnis mi.1or, and I 1.1) pa cem of 
the kelp gulk Laru:, dominica nu,. The s tandi//!! crop of 
nw cro-inn•rtehmti!S in this area was ahout 16.86 t (dried li/OSS). 

of' which tile hirds ate a,'>MII 8 per c·en/ allnwlffy. Terrestrial 
inrertehrales are particularly important to the hird.1 during 
u·inter uhen other. !ll;>r,• {umured f.wd, i.1 less al'llilahle. 

Introduction 
During t:lc IIN biologi<::al cxpec;it ion to M a rio n b land (Van 
Zindcren Bal-.ker Sr.. et al. 1971 ). biologis ts notcJ that flock~ 

of ~heat ilbi l h. Chionis minor, and kelp g ulls Lams tlominicmws. 
~ometimcs fo raged C\ten~ive ly fo r invertebrates on in land 
,·egctatcd areas. T hi' phenomenon was recognb cd a s a 
p~lt.::nti:tlly import:mt patll\\a) in the energy a nd minera l 
systems of the island (Van Z i·ldc rcn l3<ikkcr Sr .. 1971 ), s ince 
the den~ i t ies or inverte~mll-::s . p~lrt ic ula rly earthworms and 
C:lterpillars. were founJ t-.1 be h i ~(h i 1 some a reas (Huntlcy, 
llJ71 ). In addition t·J preyi.1:; on the imerteb ra tcs. the furag
ing birds uproot nnny pl.; , ,t~ i.l t11cir '>Ca re:, c!To rt ~. T hi:> may 
subsequen t ly cause cr•lsi,>n or rctarda tkm or vegct:Hion 
~ucccssion (Humley. 1971 ). 

T here arc no birds on \lari.)n bland '~hich feed exclusive ly 
on terrc~trial animal-. or plants. The sheathbill i ~ the onl} 
speci~s breeding on the i' land wh ich b no t a sea bird . Shen th
b ills and. to a lesser extent, kelp g ulb are primarily !!>Cavengcrs 
at pengtJin and seal colonies, taking carcasses. eggs, chick,, 
~e:tl placentae. krill and fish swlen from penguin'>. and guano 
(Williams et al. 1975). Tnc gulls fo rage C'\tensh c ly f1)r marine 
invertebrates in the otl'shore ke lp-bed-; and in thl.! inter tidal 
7one, and may ki ll -,mall petre ls on occa~io11S. Shcathb ills al~o 
c:tt con-.iderablc quantJtt<.:s of inte rt idal algae and 
i'lvertebratcs. Both -.pccies arc thu-. gcncra list feeder!>. Thei r 
exploi ta t ion of terrestl ia l invertebrates ha~ a)::pa rently 
evolved in the absence of competit ion from o ther verteb rates 
for the~e resources on Marion b iJnd . Kcrguclen tern~ • 
. s·tana l'irgala. ma:r al ... o cat terrc ... t• ial iJl\'ertebrates ( Bcrru ti 
& Harris. 19/6). but since the porw lation of th i' :-.pec ics <~t 

Marion b land i<> k:ss than 30 pa irs (Berruti & ll arr is, 1976) 
and th i-. foraging behaviour is infrequent. the impact of tern 
predatit)n on the imcrtebrates i'\ negligible. 

T his paper report, on the dcn~i t). bioma~~ and energy 
content of sc!cct.;:d te rres tria l inve rteb rates, and the foraging 
behav iou r of shea thb ilh a nd ke lp gulls in a study a rea on the 
eastern coastal p lnin of M a rio n Is land. The terrcstria I 
ia\·ertcbratcs studied \\ere carth\\orms ( \litro.1colex kt·r
!!lll'lam/11 Grube). Oightle;s lepido pteran' ( PrinKieaplwga 
1W1rio11i V i .: tte and l~·mhryonop.vis lwllic<'lla btton ). colc
opteran wee' ils (Curculionidae, mostly Hcte11uwrrhimt1 
1imilis \Vatcrhouse). '>piders (,\tyro spp. C am bridge). snail:. 
( 1\'o!odiscn\ hookeri Reeve) and slugs (an unidenti lied species ). 

These larger inve rte brates, or macro-faUlKt (OLium, 1971), 
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comprise the bulk of the terrestrial invertebrate biomass on 
Marion Island. The meso-fauna, including rove-beet les 
(Colco ptcra. SlctphyiLnidae), small flies (Diptera). aph ids 
(Hemipte ra). Co llembo lla and acarid mites. \\ere nu t con
s iC:crcd. altho ugh these sometimes occurred in large numbers 
(Burf_:;c r. 1979). Si1carhbills :~ nd gulls were not seen to cat 
tliese small organ isms in appreciable quantit ies and they were 
not fo und in the stomach contents o f the birds. 

Methods 
Terrestria l inverteb rates and the foraging activities o f sheath
bills and kelp gul ls were studied between April 1976 and May 
1977 in a 100 ha study area. 200 m "ide. alo ng 5,0 km o f 
co astline between P1 ion Valley nnd East Cape. The birds in 
the study area were co tmted about every ten days and their 
fu raging activities nvled a t tile same time. There were, on 
average. 198 shcathbills and 66 kelp gulls resident in the study 
area. These birds very seldom f~,ragcd more than 200 m from 
the shore. The relative areas of 19 vegetation types within the 
study area were determined a long 68 transects. each 200 paces 
lo ng and perpendicu lar to the shoreline, spaced regularly 
thro ughout the study area. After 10 paces along a transect. the 
vcgetativ n within a 10 x 10 m arcJ w~s assigned to one of 19 
veget:ttiv n types. The percentage area of each vegetation type 
was ca leulnted from the aggreg:ltcs. 

Sampling fo r terrestr ia l invertebr<. tes occurred at randomly 
selected sit.:s in each ve3etation type. Generally. the samples 
were t:1kcn f10m the same pr.tch of e::ch ' egetation type in 
each mo nth. r ive samples were cullccted from each vegetation 
t; pc in the ~ccvnd half of eJch mo n th. E2ch sample consisted 
o f a co re !d ia.11ete r 8 c m). co,ering 50.5 cm~ o f ~ubstrate and 
about 10 cm deep. Virtually all the animals were found in t!.e 
upper 4 cm o r subs tr;ttc. A rela tive ly s mall core was de
liberat;;ly chosen lo investigate the spatial variabi lity or 
invertebrate abundance and bio m;.ss \\ ithin <;ampling area~. 

Cores included li'e plants. litter. peat and soil. In the labo ra
to ry the cores were sorted through by hand and all the visible 
macro-invertebrate~ removed. counted . dried in a convectio n 
oven for 4X hours at 60-70 C and weighed. The samples were 
stored in a deep free;e until the energy co ntents were deter
mined . The s piders. earthworm cocoons and weevil adults 
were a nalysed using a Phi llipson microbomb calorimeter and 
the remaining samples using a Ga llenkamp ba llist ic bomb 
calo rimete r. 

Analy~i!> of the data was fac ilitated by U N IVAC Statjo b 
computer programs provided by the Madison Academic 
Computi ng Centre. Wisconsin. When means or pooled data 
fro m a ll ll) vegetatio n types \\ere calculated. the variable:. 
were weighted in pro po rtio n 10 the percentage a rea o f each 
vegetatio n type in the :-.tudy area. 

Vegetation types 
The 'cgeta tio n was cla!>silied according i~) information sup
plied by N.J.M. Grcmmen (in litt., 1976). The classificatio n 
provided by Huntlcy (197 1) was found to be incomplete and 
too generalised. a lthough his descriptio n o f the physiognomy 
a nd edaphic conditions . together with those of Smith ( 1976a) 
~hould be referred to fo r further details. The folio \\ ing 
vegetation types were recognised. being arbitrarily numbered 
fo r reference within this paper ( Plute I). The list does no t 
include al l possible vegetation types on Marion lslm1d. but 
includes those co mmo n on the eas te rn coasta l plain. Figures 
in parentheses refer to the relative area (percentage) of each 

vegcmtion type within 200 m of the shore in lhc study are>~. 
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Plate J. Examples of the 19 vegetation communities where 
terrestrial in venebrates were studied at Marion Lsland. Tbe 
numbers refer to the numbering system used in the text. The 
marker pole has a width of I 0 cm. 

Mires and bogs 
Mosl abundant on level areas, mires and bogs cover large 

tracts of the coastal plain. They all have soft, peaty substrates, 
short vegetation with the water table at or slightly below the 
surface. 

I) Juncus scheucherioides bog. (4 per cent of the study area), 
which has a sparse plant cover of Junms .vcheuc!terioide.\' and 
the grass. Agroslis magel/anica. 

Mire types 2-6 have well-developed, characteristic b ryo
phyte layers with Agroslis magel/anica invariably dominant in 
the herb layer. These types could be included in Huntley·s 
( 1971) types four and five. 

2) Drepanocladus tmcinallts-Agrosris magel/anica mire (4 
per cent). 

3) B/eplwridop!tyl/um densi/olium-Agrostis magel/anica 
mire (5 per cent), which is frequently waterlogged. 

4) Clasmatoco/ea humilis -Agrosris magel/anica mire (6 per 
cent). which is simila r in appearance and often on adjacent, 
s lightly drier areas to type three. Ranunculus birematus is 
o ften present. 

5) Jamesoniel/a coloraf(l- ;lgrosTis magel/anica mire (3 per 
cent), which occurs in less waterlogged areas and has a well 
developed herb layer. 

6) Mixed s pecies mire ( 17 per cent), which has a well
developed herb layer with several species o f bryophytes 
present. This mire usually occurs on slightly raised ground 
which is possibly better drained than the o ther mires. 

7) Degenerated bog (2 per cent). Eroded and sparsely 
vegetated, peaty bogs with. Agrostis magellanica and occasion
ally Ranunculus birematus present. 

8) Uncinia dikei- Ptydwmnion ringiammt mire (11 per cent). 
Characterised by relatively dense vegetatiotl dominated by the 
sedge, Uncinia dikei. and Pryclwmnion ring ia1111111 mos:., with 
Agru.l'lis magellanica present. 

S lope communities 
Due to the hummocky nature of the coastal lowlands on 

Marion Island, there are many small areas of s lopes, charac
terised by well drained soils and fairly tall vegetation (Smith, 
1976a). 

9) B/eclmll/11 penna-marina fembrake (7 per cent). A densely 
vegetated community of ferns, equivalent to H untley's ( 197 1) 
type nine. 

10) Acaena magel/anim herbfield (6 per cent). A densely 
vegetated community which is equivalent to Huntley's ( 1971 ) 
type eight. 

I I ) Agrosti.1· hergiana grass communi ty (2 per cent), which 
occurs on grey lava slopes and often along the banks o f 
streams. 

Saltspray conmlUnitics 
These vegetation communities occur where much salt spray 

is blown inland near the shore. 13ryophytes arc ei ther absent 
or sparse. 

12) Tillaea nwsdww community ( I per cent), which is a 
compact mat of Til/aea moschata. This is equivalent to 
Huntlcy's (1 971) type one. 

13) Cotula plumosa- Til/aea mosclwta community (2 per 
cent), which is also mat-like and has these two plant species 
eo-dominant. 
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14) A zorello se/ago-mixed species commwlity (5 per cent), 
which is characterised by the cushion plant, A:orello se/ago, 
with Til/aea moscltata. Coni/a plumosa, Poa coakii and other 
angiosperms present. 
Biotically influenced communities 

These communities owe their phys iognomic and floristic 
characte rs to manu ring and o ther influences of birds and seals 
(Huntley, 1971 ). These communities generally have taller, 
more luxuriant plants th.an in the other nutrient-poor com
munities. 

15) Callirriclte antarctica community (3 per cent), which 
occurs on revegetated seal wallows and other h igh ly manured 
sites. Poa cookii grass is usually present. 

J 6) Poa cookii tussock grassland (9 per cent), which com
monly occurs on slopes bordering penguin colonies and where 
burrowing petrels nest. 

17) Clasmatocolea vermicu/aris Marcltantia berteroana mire 
(3 per cent), which has a well developed bryophyte layer with 
a sparse herb layer of Agrostis magellanica, Cow/a plumosa, 
Poa cookii and other species. 

J 8) Coftlia plumosa community (9 per cent), which almost 
inva riably occurs at the borders of penguin colonies and seal 
wallows. The growth. form of Cotula plumosa in this com
mun.ity is more luxuriant than in type 13, and Tillaea moscltata 
is generally absent. 

Lowland fjacldmark community 
19) Lowland A zorello selago- Andraea spp. fjaeldmark 

community ( I per cent), which has sparse vegetation cover 
and little soil and occurs 0 11 windswept, rocky hillt.ops on the 
coastal plain. 

Density and biomass of invertebrates 
Earthwom1s were by far the most common invertebrates in 
the samples, comprising 68,4 per cent of all the organisms 
and 86,8 per cent o f the dried biomass (Table J ). Earthworm 
cocoons were common, but con tributed only 2,2 per cent of 
the dried biomass. 

All the Lepidoptera adults and pupae and almost all of the 
larvae encountered were Pringleapltaga marioni. Some of the 
sma ller la rvae may, however, have been Emhryonopsis 
halticella but these probably contribu te very little to the 
biomass. Although Lepidoptera adults were seldom found. the 
larvae contributed 3,7 per cent o f the dried biomass (Table I ). 
The paucity of adults is partially a sampling erro r, since 
adults of bo th s pecies were caught readily by o ther means 
(Burger, 1979). The very low number of adu lts relative to 
larvae was, howe,er. no t entirely unexpected. since Pring le
aplwxa kcrguelensi~ at Kcrguelcn, which may be conspecific 
with P. marioni (Vari , 1971 ). has a larval stage lasting several 
years while the adults live for only a bout three weeks (Paulian, 
1953). The life-histories o f Lepidoptera on Marion Island are 
still unknown (Vari. 1971 ). 

Weevil larvae and pupae were also more abundant. with a 
greater biomass than the adults. The life-histories of these 
beetles on Marion Island are still not known. but at Heard 
Island weevil larvae arc present for far longer periods than 
adults (Brown. 1964). Spiders we re surprisingly common but 
con tributed little to the total invetiebratc biomass (Table 1). 
These data do no t s upport an earlier statement that the 
density o f spiders on Marion Island is commonly between 
three and ten times that o f beetles. and several hundred times 
that o f the flightless Lepidoptera (Smith, 1977). 

Slugs were relatively uncommon, yet, because of their bulk, 
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contributed disproportionately to the total invertebrate 
biomass (Table I). 

T he weighted mean annual density and biornass of all the 
invertebrates considered was I 980 organisms m 2 and 
16,86 g m " (dried mass) respectively (Tables I and 3). The 
average fresh mass o f the invertebrates was six times their 
dried mass. The mean fresh biomass of a ll the invertebrates 
considered would thus be 101 g m- 2• The mean standing crop 
of macro-invertebrates wi thin the I 00 ha study area was thus 
J 980 mill io n organisms or 16.86 t (dried mass). 

The invertebrates studied were a ll present throughout the 
year, and occurred in simi lar proportions in all months (Table 
2). The monthly fluctuati ons in the combined densities and 
biomass of invenebrates were irregular, with no clear seasonal 
pattern being apparent (Fig. I). There were slightly fewer 
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Fig. I. Wciglued monthly mean~ of tmal bioma,\. densit) and mean item ma\\ of terrestrial macro-in,erte
brates in 19 \'Cgetation types at Marion Island. 
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T able 1 

Mean a nnual density (no. m- •), dried biomass (g m 0 ) a nd mean individual mass (mg) of tcrrc~t rial invertebrate:. from 1140 core~ in 
19 vegeta tion types at Marion Island. 

Density Bioma~~ l\lean 
individual 

Weighted Max. C V' o o of Weighted Max. CV' ''• of m as~ 
mean ( ~ .. > total mean ( ".,) total 

number' bioma>~ 

Earthwo rms 1354 29800 154 68.4 14,63 42 1.00 182 1!6,8 I 0,8 
Earthworm cocoons 356 12600 311 18.0 0.37 14,00 319 2.2 1,0 
Lepido ptera lanae 46 800 237 2,3 0.62 26.HO 327 3,7 13,5 
Lepidoptera adults & pupae I 200 1507 0,1 0,02 7.37 IMO 0.1 20,0 
Weevil larvae & pupae 106 3400 202 5.4 0.42 15.00 222 2,5 4.0 
Weevi l adults 25 800 360 1,3 0.12 4.20 374 0,7 4,8 
Spiders 41 800 316 2,1 0, 14 3,40 347 0,8 3,4 

Snails 33 2800 711 J.7 0 . .12 .1 1.00 712 1.9 9,7 
Slugs 18 1600 444 0.9 0.22 11.00 436 1.3 12.2 
Total 1980 42800 146 100.0 16.86 4.16,40 162 HXl,O -- -- - - - -- - -
'Co-efficient of Variatio n ( IOO x standard deviation/metl n). 

Table 2 

Monthly percentage composition (by total dried mas~) o r terrestrial invertebrate\ in 19 vegetation type~ at Marion I ~ l and. Data from 
95 cores per month. 

Earthworm Lepidoptera 
Month Earth\\ Orms COCOOil\ lttrvae 

-- - - -
May !<4 4 4 
Jun. 7.1 3 ') 

Jul. 1{4 2 7 
Aug. 1!5 3 4 
Sep. 85 2 (i 

Oct. 1{7 3 3 
Nov. 1!9 1 4 
Dec. 86 I 5 
Jan. 88 2 4 
Feb. 87 3 4 
Mar. 86 2 4 
Apr. 82 J 4 

Lepidoptera Weevi l 
adults & l<~rvac & 

p upae pupae 
-

0,5 2 
0.4 (i 

() 2 
0.4 .1 
() .1 
() J 
0 2 
0 4 
0 3 
0 2 
0 J 
0,3 .3 

Weevil 
tu.lu ll~ 

0,2 
2 
0.2 
I 
0.4 
0.4 
I 

I 
2 

Spiocr~ 

I 
0.4 
0.4 

l 
0,3 
1 
1 

Snails 

J 
I 
0,5 
0.2 
2 

2 

Slugs 

3 
3 
4 
2 
2 
2 

2 

2 
3 

o rganism s present , wi th s lightly lower b io mas!- in some . ,., Vegetation commun i tie~ on ~lopes ( types 9, 10 and I I ) 
winter m om l1s (June. July and August) and in early su mmer supported moderate to low invertebrate popu la tions. The 
(October, No,ember and December). The mean den~ity and Blec/umm pemw-marina fembrak.e (type 9) was particularly 
biomass peaked in late summer and ea rly w inte r. The mean impoverished. \1 hich is perhaps ~urprising. since the vegetation 
mass per item remained rela tively constant a ll year (Fig. 1). is re latively l'lll a nd apparently pro ductive (Smith. 1976a). 

Invertebrate biomass di!Tered great!) between the 19 l tnertcbrate densities and biomasses '<Uied considerably 
vegetation types (Table 3). Vegetation types I 5-18. which were '' ithin mire wmmunitie~. Some mires (type~ I. 2, 4. 6 and 8) 
influen ced by manuring and o ther :~ct ions of birds and seals. luld rela tively high b io masses and densi ties of inverte brates. 
supported the greatest dcnsiti<:s and biomasses of invertc- while these were low in o ther mires. Se\cral mire'> appea red 
brates. Cofltla p/umosa communities (type 18 ) and ('a//itric/11' very ~imi lar i .1 structure (e.g. types 2, 3 and 4. Pla te I) yet 
a11Utrcrica commun ities (type 15) had the most abundant differed grea tly in the [nvertebrate po pulations they supported . 
macro-invertebrate fauna. Veget:llion growth is taller and A more detailed study of the chemical and physical fac tors 
more productive in areas w:1ere vertebrate excreta fall ( H unt- affecting invertebrate dis tribution, particularly within mires, 
Icy, 1971; Smit h, J976b). provid ing mo re varied micro- is needed. 
habitats and probably greater food abundance for M on thly changes in the invertebrate biornass wi thin each 
in, ertebrm.es. 'egetation comple\ shm\cd no clear sea~ona l trends ( Fig. 2). 

The fjac ldmark vegetatio n (type 19) had low densi ties a nd The bio t ically influenced veget:Jtion commu nities 'upportcd 
biomass of invertebrate fa una. probably a reflection or the the greatest imcrtebratc bioma~s in all mo nths. 
barren, rock.y nature of the habitat. Earthworms occurred in e ' ery \Cgetation type \\ hich wa~ 

Salts pray vegetation communities (type~ 12. 13 and 14) ~ampled (Ta ble 4) ami had their greatest biomass in the 
supported average to low popu lations of invertebrates. The biotically influenced vegeta tion ty pes and in cert:~in mires 
saline nature of the substra te and the compact. mat- like (types I , 2, 4, 6 and 8). Their cocoons '' ere s i.rnilarly distri
s tructure of the vegetat ion, particularly in Tillaea moscham buted . 
communities (type 12), appears to be unsuitable fo r the Lepidoptera larvae were most abundant in Dr<>panocladus 
invertebrates considered here. tmcinatus-Agro~tis magel/anica mires (type 2) ami in the 
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Table 3 

Annual mean densi ty and dried bioma~~ of terrestrial invertebrates 
biotically influenced vegetation , particu lar ly the biotically 
influenced mires (type 17). H unt ley ( 1971) found similar 
high densities of these larvae in Drepanocladus vegetation, 
relative to other mires. The present data on the Lepidoptera 
adults :111d pupae are insufficient to indicate spatial distribu
tion. 

in 19 ,·egclation t~pe; at \l arion bland. Data from 60 cores per 
'cgctmion I ) pc. 

Dcm,it) (animab m 2) 

Vcg.: tation 
I) p..: \1can S.D.1 C. V. 

~\ l ire!> I 1237 1039 84 
2 1860 1852 100 
3 193 202 I 04 
4 1467 1284 NX 
5 263 307 117 
6 1937 1361 70 
7 317 439 J39 
8 JXH7 1343 71 

Slopes 9 347 41 8 121 
10 114J 915 80 
11 1243 997 80 

Sa lt~pra) 12 66.1 45.1 C1H 
J3 1540 890 51! 
14 I-M7 IJ35 92 

Biouc 15 5027 4932 9N 
16 2670 1466 55 
17 2(,97 197.1 73 
18 5553 5754 I 0-1 
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C. V. The biomass of weevil larvae, pupae and adults was 
g reates t in Clasmarocolea lmmilis . lf!rostis nwgellanica mires 
(type 4) <md in biotically influenced vegetatio n types. They 
were also re latively common in lowland fjacldmark vegetation 
(type l9). Spiders were most abundant in Uncinia dikei
Ptyclwnmion ringianum mires ( type 8) and. to a lesser extent . 
in some o ther mires (types 2 and 5). in Co111la plumosa 
Tillaea mo~chata saltspray communities ( type 13), in Poa 
cookii tussocks (type 16) and in Colllla plumosa hummocks 
(type 18). 
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Snails ''ere absent from all saltl>pra) vegetation types. most 
biotically inAucnced types and most mires. Their bi.omass was 
greatest in Uncinia- P!yclwnmion mi.res (type 8 ), Poa cookii 
tussock vegetation (type 16) and on slo pe communities. Slugs 
\\ere found in only se, en 'egetation types and predominantly 
in slope communities. 

The coenlcienl of varia tion (CV 100 x s tandard deviation/ 
mean) was used to compare the amount of variation i11 popu la
tions ha\ ing different means (Soka l & Rohlr. 1969). The CV 
of dens ity and biomas~ o f all the invertebrates considered wa:. 
high (Table I). The CV of total invertebrate dens ity and bio
mass wi thin each vegetat ion type was also hig h (Table 3). In 
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Fig. 2. Mo n thly \'tt lucs o r mean ilwcrtcbratc biomas~ in each 'cgctatio n-typc complex ~ ~ Marion Island . 
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Table 4 

Annual mean biomass (dried gm ')of terrestrial invertebrates in each of 19 \Cgetation types at Marion Island. 
--- --- -- -- -- -- -- -- -- -
Vegetation Earthworm Lepidoptera Lepidoptera Weevil Weevil 

type Earthworm~ cocoon~ larvae adults & larvae & adults Spider~ Snaib 
pupae pupae 

- --~~ -- ~ - ~-- - -- -
Mires 

I 9.18 0,22 0.30 0 0,06 0,06 0 0 
2 15, 14 0.28 2.64 0 0.24 0,01 0.16 0 
3 0,10 0 0.14 0 0,32 0.12 0.06 0 
4 9,84 0.20 0,28 0 1,30 0,38 0,02 0 
5 0.86 0,02 0.10 0 0.26 0,08 0.1 6 0 
6 15,82 0.34 0.5-1 0.08 0,28 0.08 0.08 0.30 
7 2,42 0,04 0.12 0 0,18 0.04 0.01 0 
8 13,92 0,26 0.50 0 0,40 0,10 0,24 1.28 

Slopes 
9 2.14 0,08 0.04 0 0.08 0.06 0.06 0,16 

10 7,52 0.16 0,14 0 0,48 0,16 0.12 0.06 
11 7,08 0,12 0,50 0 0,08 0 0, 10 0.32 

Saltspray 
12 3.06 0,01 0.68 0 0.30 0,10 0 0 
13 8.54 0.24 0.44 0.20 0.18 0.06 0,22 0 
14 8,00 0,30 0.88 0,06 0.34 0. 12 0.08 0 

Biotic 
15 34,56 1,86 I ,02 0.01 0,58 0.1 8 0,06 0 
J6 21.34 0.24 0.110 0 0.38 0,08 0,40 1.16 
17 17,38 0.36 1.96 () 0.78 0,14 0.04 0 
18 4.1, 14 1,34 0,97 0 0,75 0,:15 0,29 0 

Fjaeldmark 
J9 6.12 0.06 0.111 0 0,50 0.14 0.01 0.24 

Weighted 
mean 14,63 0,37 0,62 0,02 0,42 0, 12 0, 14 0,32 

I ~"'"'ht-ill 
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Fig. 3. Monthly percentage~ of sheathbill and kelp gull popul:uions which foraged for terre~trial irwerte
brates within the study area. No data were available on kelp gull foraging during May and June 1976. 
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additior1 to the differences of density and biomass hetwc<'" 
vegetation types. there was a lso thus considerable variation 
ll'ithin vegetation types. which was probably the resuh of 
micro-habitat pre ferences by t'le invertebrates. 

The energy contents of terrestrial invertebrates at Marion 
Island arc given in Table 5. The energy contents of earth-

worms from each vegetation type were very simi lar: sig11ificant 
differences were found between t11e energy content o f earth
worms from slope vegetation ' types 9. I 0 and I I) and those 
from saltspray vegetation (types 12. 13 and 14) (Student's 

Hest P< 0,05 but P> 0,0 I) but other energy contents o f 
earthworms were not significantly different (P> 0,05). 
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Table 5 

Mean ( S.D.) energ) contents or terre~tria l invertebrate\ (including 
ash) at ~larion hland. 

Organi-rns \'cgewtion t) pc 
F.ncrg) coment 

(k.J g ' dry ma~~) 11 

-
Farth11 orm'> I 17,()() 0.09 2 

2 18,02 0,83 3 
3 No data 
4 18,10 ' 0, 14 2 
5 16,56 0,71 2 
6 I 8,57 0,60 ::! 
7 17,59 0,65 2 
8 IH.28 0,28 2 

All mire'> 17,83 0.75 15 
9 19.74 2.51 3 

10 17.44 + 0,55 3 

" 18.90 0.71 2 
All ~lope~ ll$.67 I 1,76 8 

12 16.24 0.53 2 
13 17,63 1.]8 4 
14 17.59 0.65 2 

All salhpra) t)pe~ 17,31 1,19 l) 

15 17,69 0,73 2 
]6 17.52 0,49 2 
17 17.91 0.54 2 
Ill 17.37 0.0-' 2 

All biot ic types 17,62 I 0,45 8 
fjaeldmarl.. 19 17.87 0.25 2 

All can hwo 1 111~ 17.89 1. 12 41 
Eartl111orm cocoo n-, All !)PC'> :!0.95 ().35 2 
Lepidoptera lan:~c All type' 20,3.1 2,49 2 
Wee1il lanae 
and pupae All t)pc, IK.24 0.51 4 
Weevi l adult~ All i)PC' IX. IS 0.2 1 2 
Spider:. All t)JlC'> 21.40 0,14 2 
Snails All types 8.0~ 0.32 2 
Slug, All t)JlC' 17.19 O.OH 2 

Table 6 

The occurrem:e and llla'>> or food item .. in the oc .. ophagu' and 
giua rd content' of I .I ' heathbi lls " hich were foraging o n inland 

area,. 

Terrc>trial 1:1\l.'rkhratc> 
ranhworn1' 
Larth\\orm cocoon, 
Lepidoptera larvae 
Lepidoptera aduli~ ;md pupae 
Wee-il larvae and pupae 
Wee' il adult~ 
Spider, 
Snaib 
Slug, 
U nidcn t ilictl i n~t·ncbrah.: mat ter 

Intertidal organism!> 
Pmplt)ra algae 
l)ip tera larvae 

Other items 
Penguin flc~h 
Penguin excreta 
Plant matter 

Occurrence 
( ",.) 

100 
3 1 
(>2 

31 
::!3 
J9 
2J 

H 
() 

77 

8 
8 

15 
8 

54 

Dried 111<1\> 

( ",) 

20,2 
<>.:! 

16,g 
u 
0.1 

21.4 
0.8 
0, 1 
0.0 

J 1.5 

..J.I 
0.1 

0.~ 
trace~ 

0.1 
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Table 7 

Linear correla tion coefficients belween the occurrence and mass of 
terre,trial imcrtcbraiC' in the oesorhagu~ and gizzard contents of 
sheathbilb and their densi ty, biomass a nd ma-,\ per ite.m in the 

sutmratc. Data from Table., I and 6. 

I 11\Crtcbratl!:> in 'hcathbllls 
''" Occurrence 
uo ~la~., 

'P < 0.05 

l n1ertcbratc~ in ~ubo;tratc 

Densii) Bioma~., Mean item 

0,!!01 

()...J6 
0,!!2' 
0.53 

ma!>s 

0,14 
0.09 

Food and foraging of birds 
With the exception of s lugs, a ll the Lnvertebra te species con
~idered in this ~tudy were found in the oesophagus and giz
Lard contents of s henthbUis (Table 6). The vegetation ty pes in 
which slug:, \I ere the most common (l) pes 9. 10 and 11) were 
very seldom vis ited by foragLng sheathbills. Most of the 
unidentified imertebrate matier in the samples appeared to 
be derived from earthworms and very li ttle from other soft 
bodied invertebrates. Earthworm~ were rhu~ more prevalent 
in the diet of «heathbilb than the data in Table 6 suggest. 
Sheathbills collected while feeding on 'egetated areas had 
ingested very litlle food which was no t terrestria l inver tebrates 
(T able 6). 

T he occu rrem:c and mass or invertebra tes in I he oesophagus 
and giZtard contents ofsheathbills were significantly correlated 
w ith their density and biomass in the subs trate of the 19 
vegetation types (T able 7). There was. however, no significant 

correla tion between the mean mass per ite m of the 
im enebrates and their occurrence or mass in the gut contents 
of sheathbills. Predation by sheathbills on invertebrates was 
roughly proportional to the abundance of the imertebrates 
ra ther than their mean ite m mass. above a certain minimum 
site. Although sheathbills were occasionally seen lO cat 
smaller invertebrates than those considered here, these were 
not found in the gut contents 11 hich were analysed. and they 
appear to be of negligible importance in the b irds· diet. 

1'\o gut contents from J..elp gulls 11cre a1ailable for analysis. 
Lepidoptera larvae and earthworms were found in a few 
regurgitation:. obtained from kelp gull chicks at Marion 

Is land. Observation of fo raging gu lls indicated that these 
rclati1 ely larger im ertebrates 11ere eaten frequcntl). 

She:llhbills and kelp gulls showed marked seasonal trends in 
their foraging for in,ertebrale!> (Fig. 3). Both \pecic~ sought 
te rrestria l invertebrates mo re frequentl y in winter than at 
other times of the yelr. Short-term fluctuations in their 
l'o raging behaviour were partially due to weather cond iti.ons. 
During stormy 11e:1thcr. gull~ were observed to forage less 
at sea and 10 prey more on terrestria l invertebrates. Sheath
bills and kelp gull~ preyed le~\ on terTestrial imcnebrates on 
days when s now c~wered the coasta l plain. b ut these vur i ~uions 

ha1e been ma,ked b~ combining the data into monthly mean~ 
(rig. 3). 

An annual mean of '27.5 per cent of the \heathbiUs and 

12.9 per cent o f the kelp gulls were fo rag ing fo r terrestrial 
in,ertebrate:, during slmpling censuses (Fig. 3). The quantity 

of invertebrates ea te n was estimated. assum ing that the energy 
needs of these proportions of the s tudy populations (on 

average, 54 out of 198 sheathbills and 9 out o r 66 kelp gu lls) 
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"ere enl i1 cly met by tenc~trial in\'cnehatcs. 1 h1 ~ a~~um ptiPn 
"as suprortetl t.y ot•cr,atiOih tl•at im.llvict·a l~ recorded a-; 
foraging for tCII C~Il ial in,cltetratc~ ~rull little tln~e fora~ing 
f'llr other resou rce:- (Hurgcr. in prer·aratitln) and that -.uch 
~heatht ill -. inge,h:d little other food (Tal·lc {;). 

The energy rcquilcmcJliS of tl~e~e ti l t!~ \\CJC calcultllcd 
from estimate~ or their Daily E\ i~tence 1-ncrgy ( DF E) LI">Lilg 

the fo lio\\ ing formula: 
log OrE log 317,7 0.7052 log W (King, 1974) 

where D EF is in kcal day I (multiplied by 4.1~7 to ortain 
kJ day 1 ) and 11' i., the frc~h tod) mass of the bird in kg. The 
energy actually ingested was calculmcd. ~swming an assim ila
tion efficiency of 75 per cent (Wicncr & G l owaci~ski. 1975). 

The ma~... of organisms, \\ith a mean energ~ content 
of l R k.J g 1 (Table 5). needed to ~upply this energy was ca lcu
lated. The dail) and annual intaJ..e of terrestrial imenebrates 
by an indi' idual bird and by the rcrcentage of the population 
of sheathbills and kelp gulls which foraged ror this rood 
"ithin the stud) area arc given in Table ~. To~ether, both 
species ingest 2.6 I o• U ( I 423 kg, dri.::d ma~s) annually in 
the 'tudy area. 

Discussion 
J·e\\ \pccic~ uf' terre,trial ill\crtcl:llah!:, liCt..Ur at l\1arion hland 
and neighbou ring r rincc Edward Island (Y:!n 7im!cr..:n 
BaJ.. ker Sr .. ('/ al. 1971 ). hH instance. only a rout 27 !>pecics 
or insecb ha\e teen recorded atthc•e i~lands ( l)rcu\, 1971). 
The low ~pecies rid1nc~~ at the Prince EcJ,, ard group i~ 

allributed to the geologically "'young" age of the blands, 
their isolation and the relati,·e !>implicit~ of their ccos:y,tems 
(Va n Z inderen Bakkcr Sr .. 1971). 

9'7 

Although few terrestrial in"crtebr~tle specie~ occur on 
l\1arion l ~land . the combined den.,itie~ ami bioma,., or 
macro-in' crtcbratcs arc ... urpri,ingl) high, arrroaching tl~o~c 

nf tempent[C regions. "I he t ioma;;s of macro-ill\'ertebnllcs in 
19 \egeunion t~res on the coa,tal plain on Marion J ,lal~d 

\\as 16.H(l gm ' (d ried mttss) nr a tout 101 g 111 ' (fre:-.h ma!>s). 
The numbers nf smaller imertchrate:,. ~uch <h <!carid mites 
and ( ollcmboll<1. are al-;o \Ometime\ 'er~ high (Burger. 
1979). and "ould sign llicantly add to the total imertcbrate 
biomas~. 'lo data on the dcn~ity and biomass of macro
lmertebrates in other sub-Antartic areas arc a\ailable 
for comparison. Terrcst ria I macro-in vertebra tcs are absent 
from the Antarctic (Gre..,~i tt. 1967) and the tota l t iomass of 
terrestrial in' ertcbrate~ i-, lo", protably less than 5.2 g m 1 

(i"rcsh 111<1SS), even in the mo~ t 1'a vou n1 ble areas (Ho ldgate, 
1967). B~ \\ay or comparison. at a moorland 'i te in Britain. 
the total li'e bioma~~ of imertebratcs. including micro
invertebrates. wa~ abou t 2W gm " ICragg. 1\16 1 ). Al grassland 
and meatkm '>ite~ in Britain the lhe riomass of ~oi l and litter 
imenehratcs wa~ about 190 g 111 " (\1acfadycn . 1963). 

rhc dominam;e or calth\\01111' in tl:c •oil :l:d litter f:tl a 
of l\1arion I<;Jand is abo dHu:•cteri,ti<: of m:~n) Ltn rnate 
region~ (Wal lwork, 1970). The dcn!->i ty <l l~ d ti1 1r a~s of ~ :· lt h

" orrn\ on the coa\tal piu in of \1 a rion hland a re • '111 ila r to 

tho'ie of natural habitat... in tcmp:rate legion!>, ltt Jt,\\cr th•n 
those in tcmrcrate agr it.:ulllll~il p:1 ~turcs (Tal·le ')J. The 
abundance of ca1th\\OII11' ~urro11s ~mith'~ ( 19i7) <tatcn~cnt 

that plant products on M<!rion Island <lrc plim:•Jily wed 'ia 
a dc t ritu~. rather than a graLing, l'ood chain. 

The den, it). bioma~:>. mean organ1'm ma~-. and 'i'ecie' 
compo~ition or tcrrc~ t rial imcrtcbratc:- on Marion Island 

I abl1· H 

humate' 111' the o.:n..:rg) and dried ma,~ 11f terr..:\11 ial ill\.:rtcbratc' required w meet the cncrg) 
demand, of 'hcathbill, and kelp gull,. 

One 
bu·d 

Shcathblll 

Popuhlllllll 111 
'rud} an:a 

One 
bird 

Kelp C.ull 

Popula 1 km 111 
'tud) area 

Hl'd) m a" ! f.. g) 0.45.1 
7(> 1 
1015 

0.941 
Da1ly .:,i,tcncc cm:rg) ( U l 
Dad) ing.:,lcd cncrg) CU l 
Annual! ) 111gcsrcd cncrg) (f..J) 
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Annuall) 111gc~tcd ma,, 1 I. g) 
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varied from month to month, but there were no clear seasonal 
trends. On sub-Antarc tic Heard Island many insect species 
have seaso nal cycles, with adu lt emergence occurring only 
during summer (Brown. 1964). Such scaSOMl patte(ns were 
les:. evident on Marion Is land, a lthough a study of popu la tion 
dynamics is needed to confirm this. The yea r-round presence 
of earthworm cocoons and insect larvae cannot be interpreted 
as reflecting year-round reproduction until the dormancy 
periods. if any, are known. On lleard Island. the insects often 
overwinter in larval stages CBrO\\n, 1964). 

The monthly variations of biomal>l> and densities were slight. 
in relation to the great difference!> found between the mean 
biomasses of different vegetation types. This miglll be attri
buted to the equability of the climate of Marion Island: the 
temperature, windspeed and rainfall remain remarkably 
constant throughout the yea r (Schult.c. 197 1). 

The biotically influenced vegetation (types 15-18) and 
certain mires (types 2, 4, 6 and 8) supported the greatest 
total populations of invertebrate::.. Those vegetation types 
which were favourable for some invertebrates were generally 
favourable for all the types con~idered. with certain excep
tions. Snails and slugs, for instance. often had their greatest 
denl>ities and biomass in vegetation types. s uch as slope 
vegetation, which had lower than average total invertebrate 
densities and biomass. 

Difl'erences in the spatial distr ibution of the invertebra tes 
considered here cou ld be the result of their p reference for 
vcg.etnlion s tructure and factors such as pH and the nutrient, 
water, oxygen and organ ic contents of the substrates. Some 
of thc:,e factors have been ~hown to djffer between vegetation 
types on Marion Island (Smith, 1976a) but a detailed analysi\ 
of their effects on imertcbrate di\tribution has not been 
attempted. 

Terrestrial invertebrates rcpre:-.ent a patchily distributed 
food resource, with great difl'erence~ in biomass between 
adjacent vegetation type:-. nnd abo considerable va riatio n 
within vegetation types. The foraging success of the predatory 
b irds could be signilicantly influenced by their selection of 
forag ing s ites. The invertebrates considered in th is study 
include a ll those of importance in the d iet of s heathbills and 
probably also those important in the diet of kelp gulls. The 
smalle~t of these imertebratc organi-;m~ apparently rcpre,en t ~ 

the minimum item size \\hich i' profitable to be included in 
the foraging efl'on of the,e bird'. Although indi' idual binh 
may lul\c prey site preference' that differ from those of other,, 
the population appearl> to ingc!'>t all available ill\-crtcbmtc'\ 
above a minimum site. 

The standing crop of macro-invertebrates within the 100 ha 
~tudy a rea was es ti m a tcd to be 16,R6 t (d ried mass). The 
~heathbills and kelp gulls resident in this area annually ingest 
about I 423 kg (dried mas<;) of invertebrates. which amount~ 
to RA per cent of the standing crop. Information on the annual 
producth ity of the invertebrate~. applied to the present data 
on :.landing crop, would allow a more realistic estimate of the 
ctrect!> of predation by birds. lt is already apparent. ho"e'cr. 
that large amounts of matter and energy pass from the in 
'ertcbratcs to the birds. 

Es timates of mass and energy transfer from terrestrial 
invertebrates to birds on the ent ire coasta l p lain must be 
rega rded as tentat ive. The areas of each vegetation type on 
the en tire coastal plain arc not known. The coastal plain of the 
is land is abou t 100 km" in area. The standing crop o r m<!CI'(l 
invertebrates within this area \\Ould be I 686 t (dried mass). if 
the proportions of each vegetation type were the same as 
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those in the study area. which b unlikely. There are 3 500 
sheathbills and 923 kelp gulls resident on Marion Island. I f 
the s<tme percentage of b irds fo raged for invertebrates as in 
the study area, the annua l i.ntnkc of terrest rial inverrebratcs 
on the whole is land could be 3,56 x 10• kJ (20 t , d ried mass) 
and 0. 74 x I 0" kJ ( 4 1, dried mass) by sheathbills and kelp gu lls 
respectively. Together they would thus ingest 4.30 x 10' kJ 
(24 t. dried mass) of invertebrates. 

Terrestrial invertebrates annually supply about a quarter and 
an eighth of the energy need\ of the sheathbill and gull 
populations respectively. \\ilhin the study area. and probably 
about the same proportion of the energy needs of the total 
island populations of these birds. Other food items, such as 
eggs and carcasses of penguins, kri ll and fish stolen from 
penguins. ca rcasses and p lacen tae from seals, and marine 
organ isms, supply most o f the food to these two species. 
Terrestrial invertebrates arc. however. important. since they 
are avai lable in winter. when food from penguins and seals 
is less abundant. The increase during winter in the numbers of 
sheathbills and kelp gulls foraging for terrestrial tll\ertebratc~ 
\\a~ not the result of an increase in invertebrate density, bio
mas'> or mean item mass. but was related to a decrease in the 
"' ailability of o ther. more favoured food (Burger, in prepara
tion). 

The evidence suggest~ s trongly that the availability of 
terrestrial invertebrates allows the is land's populations o f 
these bi rds. particularly sheathb ilb. to be larger, by reduc ing 
the incidence of starvatio n during winter. Elsewhere in the 
-,ub-Antarctic and Antarctic where terrestrial invertebrates arc 
les:, abundant, or absent, sheathbill populations emigrate 
during winter (Joncs, 1963). or." here migration is impossible. 
they :-.ubsist on a meagre fare of marine jetsam, algae and 
penguin and seal faeces ( Downe:-. <'I al. 1959). 
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Cephalopod prey of the sooty albatrosses Phoebetria fusca 
and P. palpebrata at Marion Island 

A. Berruti and T. Harcus 

Percy ritzPat rick Institute of African Ornithology, 
U nive rsity of Cape Town, Rondcbosch 7700. 

711l' sooty alhatross Phocbclria fusca alf(/ light-mal/lied 
sooty alha1ross P. palpebntta are large~P allopatric in rfte ir 
hreeding and pelagic ranges. hul hreed symparrically at i\Jlarion 
Island. Re[!llfl!itated l'l'-lt\ ol (ood remains (mainly cepftalopod 
hea/,s) were analysed w (Hsc•ss differences in rite foods o( these 
two species at M01·ion /:,land. Lower beak!. of C<•plwlopods were 
identified ro species, a11d rite masses of •droll! animals 11·ere 
estimated. Tlrirfy-se••en ceplwlopod srNcies wen· identified 
/i'om J 295 heaks derh·ed jro1rr hotlr alha!ro.l·ses. Tire mean 
e~rinrmed ceplwlopod prey mass (2/9 g ami 2<J5 g (or P. 
fusca nnd P. palpebrata l'l''flc>Ctire/y) u·as high. a~ dige~tiun 
tc:nds to eliminate .\1/mller, less resistant hea/,s. K ondakovia 

lo ng imana II'GS tiiC• mo.\·f important speciev h.l' mass. rt/1(1 

rite• Onycfwletlllridae. Crancltiidae and Hisriofc•ru!tidae rlre 
11111.11 important lamilic•1 in rite /ood of hotlt vpecies. Most 
ceplwlopod prey ~pede\ were bio/uminl'.\C£'1/f. hut non-bio
/uminesce/11 ceplwlopod1· con.Hituted a ltir.:fta proportion hy 
ma.1s. Remains o( (ts!r, hird1· and cmswcetms were prese/11 in 
small amounts. DUJ(•rellces in species composition and mass o( 
replwlopod prey between 1fte two alhatrusse.\ H'ere small. and 
partitioning offoocl reMlurces hy spatial separation o/'.f(•edinl! 
area.\ is apparent~l' more si.lfnificanf in tfte segregation of 
P. fusca and P. palpebrata at J\larion !.1land. 


