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Guano production by 14 species of sw f ace-nesling birds on 
1\1arion Island was dnerminrd. The amwa/ production by all 
species is 3 6151 of dried gut1110 (aholll 33 000 t f resh) of which 
98 per cell/ is J'oided by penguins. King penguins, (60,4 per cell/), 
and macaroni penguins. (32 per cem), are the chief producers. 
Albatrosses, gimll petrels, cormoranls, skuas, gulls and sheath
bills IOgether are responsible for 2 per cent of the toud xurmo 
production. J\1os/ guano is produced during summer and 53 
per cent of the annual production occurs in December, January 
ami February. Virtually all of the g uano is voided on the 
coastal plain of the island, particular~'· on the eastem coast. 
Only 112 1, or 3 per cent ojthe wmual total ofguano is I'Oitlnl 
in ••egetated areas. The remainder falls in penguin or cormorant 
colonies abutting I he sea, •rhich are generally del'() id of J'l'f!eta
tion. There are no large accumulations of g uano on i'vlarion 
Island, because of 1he high rainfall. The mineral element (IJI(/ 

enerJ!)' co111e111 of the guano (~/'selected species is given. Guano 
appears to be a major source of N and P for the soils il{ the 
coastal plain. The is/aJI(/'s soils are deficielll in these eleiiiC'IIts 
a11d plan/ ~trowth is e11hanced in rrgio11s of gua11o deposition. 

Introduction 
Previous descriptions of the manuring e!Tects of bird guano 
in sub-Anta rctic terrestrial ecosystems (Gillham. 1961) and 
on Marion Island in particu lar (Van Zinderen Bak.ker Sr .. 
1971: 1-luntley. 1971: Smith. 1976b. 1977) have been largely 
qualitative. On Marion Island, primary productivity incrcuses 
s ignificantly in freshwater and terrestria l localities influenced 
by the large popu la tions of b irds and seals (G robbelaar, 
1974: Smith. 1976a & b, 1978 .) 

This paper presents quantitative estimates of the mass, 
energy and nutrient composit ion o f guano deposited on the 

island by 14 species of diurna lly-active, surface-nesting birds. 
The species are: king penguin. Aptenady tes patagonicus: 

gentoo penguin, Pyt:oscelis papua; macaroni penguin, 
Eudyptes chryso/opl111s; rockhopper penguin. £. chry.wrome; 
wandering albatross. Diomedea e:wlans; grey-headed alba
tross, D. chrysostoma: sooty albatross, PhoebNria f usc'fl; 
light-mantled sooty albatross. P. palpebraw; northern giant 
petrel. Macronectes halli; southern giant petrel, M. giganteus; 
imperial cormorant, Phrilrlcrocorax a/biventer: sub-Antarctic 
s kua, Cat!wracta antarctiw; kelp gull , Larus domi11icanus; 
and lesser she.athbill, Chionis minor. 

Thi.s list represents 14 o f the 16 diurnally-active, surface
nesting species fo und on Marion Is land, the o thers being the 
Antarctic tern. Stema J'illara. and the Kerguelcn tern. S. 
1•irgata. The breeding populations of both terns amount to 
fewer than 50 pairs ( Berruti & Ha rris . 1976 : Williams et al. 
1978). The balance of the known breeding avifauna o n Marion 
Island consists of 10 species of small petrels ( Procellariidae 
and Pelecano ididac) which nest underground and arc mainly 
nm:turnally active o n the island (Williams et al. 1979): they 
were not included in the present resea rc h programme. 

Methods and materials 
Censuses of the po pulations of surface-nesting birds on 
Marion Island were taken during January 1974-Junc 1975 
(Williams et al. 1975) and again during January 1976-May 
1977 (Williams N al. 1979). Counts were made by observer:. 
o n foot and from aerial photographs of the larger penguin 
colonies. Estimates. rather than head counts, were made in a 
few cases. 

Informatio n on the body masses of birds and fact o rs 
a ffecting the p resence and mean density of birds on the island 
was gathered by monito ring " range of sub-populatio ns o f 
individual species (Williams et al. 1975). Where necessary, 

additio nal information was obtained from published sou rces. 
T he hourly rate o f guano productio n was measured in 
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several ways. lndividual birds were caged for periods of two 
to 24 hou rs and guano was collected on aluminium foil or 
aluminium trays below the cages. A 11 penguin;, skuas, gulls 
and some sheathbi lb (at night) were treated in this way. 
Penguin chicks used for guano sampling were selected while 
they were in creches. fo llowing the brood period. si nce human 
presence was probably least disruptive in the colonies at this 
time. Strong plastic sheeting was pegged out around the 
nests of breeding wandering albatrosses and gi:111t petrels and 
the guano collected ofT the sheets. The prevalence of rain and 
strong winds severely limited the usefulness of th is method. 
The defaecation frequency of free-living sheathbills wa:-. 
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determined from foca l-animal observ at ions. The mass of 
guano per defaecation was obtained by collecting droppings 
ofr smooth surfaces. The daily guano output by sheathbills 
was calculated from diurnal and nocturnal rates using the 
ratio of 11 hours night to 13 hours daylight. 

Guano samples were stored in glass vials in <1 deep-free7c 
until analysed. The dry mass was determined by drying 
weighed subsamples in a coll\ection oven at 60-70 C until a 
constant mass was obtained. Energy contents were deter
mined using a Gallenkamp ball ist ic bomb calorimeter. 
Following digestion of the dried guano samples (Alien et al. 
1974). the concentrations of calcium. sodium. potassium and 

T able l 

Mean daily (24-hour) guano production ( standard deviation a.nd range), and output p::r kg of body m~.,~. by surface-nest ing bircb 
on Marion Island. 

Mean 
Species sampling 

N time (hrs) 

Penguin adults 
King 16 2.5 40 .. 
Gen too (feeding chicks) 12 5,:1 560 

Fresh 
(g bird- ') 

310 ( 60 t J92) 
250 (281 960) 

34.-l 
91..1 

Dried 
(g bird ') 

28,7 ( 8,8- 110,0) 
44.5 (23,1 - 162,3) 

Dried 
(g kg- ') 

Gentoo (non-breeding) 9 22,0 139 I 11 9 ( 45 420) 24,7 17,4 ( 8,7- 54,2) 

2,9 
15,2 
4. 1 
4.9 
1.6 
1,3 
1,5 

Rockhoppcr (feeding t:hicks) 9 4,0 79 
Rockhoppcr (non-breeding) 8 4,0 42 
Rock hopper (moulting) 22 24,0 17 
Macaroni (moulting) (8 24,0 23 I 

Penguin t:hicks in creches 
King 8 2.0 467 
Gentoo 2 2.0 534 
Rock hopper 16 4.0 231 

Other birds 
Giant petrels (adullsl 19 18.0 
Wandering albatross 

(chick 1-2 months old) 5 22.0 
(chick 4-7 months old) 6 22.0 
(all chicks) 11 22.0 

Sub-Antarc tic skua (full-grown) 20 4.0 194 
Kelp gull (full-gro\\n) 6 4.0 181 
Lcs5cr ~heath bill (full-gro'' n) 25 

Table 2 

Annual production of guano (dr) ma!>:. l by surface-ne,ting bird~ on 
l'vlarion Island. 

Species Guano (t) 

King penguin 2 182.20 60,37 
Gentoo penguin 45.60 1.26 
Macaroni p<!nguin I 145,40 3 1.69 
Ruckhoppcr penguin 179,10 4.95 
A ll penguin~ J 552,20 98.28 
\Vandering albatross 5.33 0.15 
Gre)-hcadcd albatross 2.10 0,06 
Sooty albatross 0.85 0,02 
Light-ma ntled sooty albatro~s 0.08 0,00 
Northern giant petrel 0.1 J 0.01 
Southern giant petrel 0.92 O.OJ 
Imperial cormorant 11,81 0.32 
Sub-Antarctic ,kua 13.5 1 0,37 
Kelp gull 6,0X 0, 17 
Lesser sheath bi 11 21.50 0.59 
All except penguin~ 62,31 1.72 

Total 3 614,51 100.00 

54 ( 15 162) 
20 (24 84) 
18 t 3 66) 
17 ( 6 59) 

493 ( 30- 1 428) 
110 (456 612) 
143 ( 30 542) 

no data 

no data 
no data 
no data 

95 ( 32 384) 
64 (120 294) 

no data 

13,2 10.5 
4,3 - 2.1 
3,4 1.9 
7,0 !.. 4,0 

6.1,4 74,5 
23,6 1,4 
28,4 15,3 

J,2 1.8 

10.2 10.2 
12,4 5,7 
11,4 - 7,7 
24,7 - 14,6 
36.1 20.9 
16.7 10,7 

( 4.3- 36.3) 
( 2.5- 8.9) 
( 0,8- 9.0) 
( 1,3 - 15,0) 

( 4,3- 231 ,2) 
(22,6- 24.6) 
( 4,1- 51.5) 

( 1, 1- 7,9) 

( 2.5- 25.6) 
( 7,6- 19.5) 
( 2.5- 25.6) 
( 5,9- 60.5) 
( 13.3- 66.6) 
( 5.1 - 43,8) 

0,8 

15.4 
36.1 
33.4 

magnesium were determined by atomic absorption spectro
scopy ( Pringlc et al. 1968) and total phosphorus was deter
mined using the molybdenum blue method (Murphy & Riley, 
1962). I norganic nitrogen (N II ,+- N and N!-1 3- - N) was 
determined using th~.: MgO- Devarda alloy steam disti llation 
method (Bremner. 1965a). T otal nitrogen was determined 
using the regular macro-Kjeldahl method ( Brcmncr. 1965b) 
and uric acid using the ammonia- silver lactate method 
(Alien et al. 1974). Protein was measured wi th fo li n-phcnol 
reagent ( Lowry et al. 1951) and '>tilphur by a turbidimetric 
method. 

Two samples were analysed for energy con tent, and three 
for mineral element contenl per species: each sample in
cluded guano from three indi vidua l birds. 

Results 
The daily output of fresh and dried guano for nine species i !< 
given in Table I . Data for aduiL king penguins include 
guano from bLrds feeding chicks. and probably also from 
non-breeding birds. Guano was collected from 17 northern 
giant petrels and two southern giant petrels but the data h<Jvc 
been combined. M ost measurements of guano output were 
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made during daylight. Guano output at night possibly may 
be lower than by day and the total daily (24-hour) outruts 
estimated here should therefore be treated as preliminary 
estimates. 

Detai ls on the numbers and occu rrence on the island of the 
14 species considered are given in the Appendix. These birds 
produce a total of 3 615 t of guano (dried mass) per ycur 
(Table 2). This amounts to about 33 000 t of fresh guano. 
About 9X per cent of the annual guano production was 
voided by penguins. mostly by king and macaroni penguins. 

Guano was deposited in 142 of the I km' quadn1ts a t 
Marion Island (Fig. I). About 87 per cent (3 153 I) of the 
total annual production occurred within seven of these 
quadr;s ts. These seven quadrats included the largest of the 
king and macaron i penguin colon ies. Virtua lly a ll guano was 
voided on the coastal lowlands. wi thin I km of the shore, 
and most of it fell in penguin colonies abutting the shore. The 
leeward cast coast received mo re than the west coast. Very 
little guano (0,01 6 () fro m surface- nesting birds was deposi ted 
in the mountainous interior of the island. Of these bir·ds, 
only the light-mantled sooty albatross nested furt~er than 
3 km from the coast. 

Little guano was deposited d irect ly on vegcta t'!d areas. T he 
colonies o f imperial cormorant~ and king, macaruni and rock
hopper penguins arc largely devoid of planh and arc often 
eroded down to bed-rock. Guano deposited there generally 
tloes no t contact vegetation. During their annua l moult. 
small grou ps of king penguins may wander away from their 
colonies to deposit guano on vegetated areas. lt was estimated 
that about 5 per cent of the moulting king rcnguins do this. 
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Gentoo penguin~ and all the other non-penguin species on 
t:1e is land generally breed and moult on vegetated areas. A 
total of 112 tonnes (dried mass) of guano. or 3.1 per cent of 
the annual production by surface-nesting birds. was est imated 
to be deposited on vegetated areas. D istributed over about 
100 km " of coasta l lowlands. th is amounts to an average of 
1. 12 kg ha- •. In addition. appreciable amounts of the volati le 
components of guano. especially nitrogen compound<; (Alien 
<'I al. 1967), may be deposited by rain on vegetated inland 
areas nea r t!1e la rger penguin colonies (Lindeboom, 1979). 
There were significan t seasona l variations in guano production 
with the greate!>t output occurring during summer (Fig. 2). 
when most of the birds c:msidcred here breed. Over 50 per 
cent of the annual guano production occurs in three months: 
December, January and February (see Appendix). During 
the winter most of the guano is deposited by king penguin 
chicks and their a11endan1 parents. and by gentoo penguins. 

The amount of guano which is actually deposited on to 
vegeta ted a reas shows little seasona l var iation (Fig. 2). 
During early summer much is deposited here by mou lting 
king penguins which wander inland. and during winter 
gentoo penguins produce most, during their breeding season. 

The energy content and concentrations of selected cle
ment:. in guano of surface-ne~ting birds on Marion Island 
arc givc11 in Tables 3 and 4 respectively. The concentrations 
of N and nitrogenous compounds in this guano arc gi,cn in 
Table 5. An attempt has been made to estimate the total 
energy and nutrient· conlribution by the guano of surface
nesting birds to the Marion Is land ecosystem (Table 6). 
Where possible, the energy and nutrient contributions by 
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Fig. I. Annual total of guano from surface-nesting birds deposited 

in 1 km2 quadrats on Marion Island. The dashed line indicates 

the upper limi t of the coastal plain (150 m a.s.l.}. 

Fig. 2. Month ly production of guano (dried mass) by sur
face-nesting: b irds at Marion Island (a) and the amount of 
)!Uano which falls on vegetated area (b). Note that the ver 
tical axes of (a) and (b) have different scales. Data from 
Appendix I. 
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adult and chick penguins were first calculated separately and 
then combined. The nutrient contribution by macaroni pen

guins was calculated usi11g nutrient concentrations in rock
hopper penguin guano. Contributions by all albatrosses and 
giant petrels were calculated usi ng the mean values from 
wandering albatross and giant petrel guano. The contribution 
from the imperial cormorants, sub-Antarctic s kuas, kelp 
gulls and lesser sheathbills was calculated using mean values 

from skua, gull and sheathbill guano. 

Discussion 
About 3 615 t (dried mass) of guano is deposited annually on 
Marion Island by three million b irds. Although many esti
mates have had to be made in calculating guano production, 
the final total compares favourably with avai lable data from 
the guano platforms of Namibia/South West Africa. ln this 
ar id region an average of I 694 t (sun-dried mass) of guano is 
llarve.sted annually from p latforms used throughout the year 

for b reeding and roosting by one million Cape cormorants, 
Phalacrocorax capensis (Berry, 1976). 

Table 3 

Energy content (kJ g- 1, dried mass) of guano from selected bird 
species o n Marion Is land. The mean ± one standard deviation is 

given. 

Species 

King penguin (adult ) 
King penguin (chick) 
Macaroni penguin (moulting adult) 
Rockhopper penguin (adult ) 
Rockhopper penguin (moulting adult) 
Rockhopper penguin (chick) 
Gentoo penguin (adult) 
Wandering a lbatross (chick) 
Giant petrel (adult ) 
Sub-Antarctic skua (full-grown) 
Kelp gull (full-grown) 
Lesser sheathbill (full-grown) 

Energy content N 
-

14,39 +- 2,20 2 
J 5.29 j 2,08 2 
13.80 ± 0,93 14 
J1,8 1 ± 0,19 2 
13,57 ± 0,81 8 
16,65 - 0,94 2 
12,31 ± 0,37 2 
17.39 ± 0,29 2 
17,78 ± I ,00 2 
17,66 0,30 2 
17,28 1_ 5,05 2 
17,05 I 1,87 3 

Table 4 

Nutr.ieni e lement concentrations (mg g- 1 of dried mass) in guano of selected species of birds on Marion Island. Each concentra tion is 
the mean of three determinations. 

Species Total P Ca Mg K Na s --

King penguin 
adult 17,5 8,8 46,7 ::- 28,2 7,0 ~ 2,4 30,5 6.8 23.8 - 3,5 0,55 ::::0,24 
chick 38,6 13,4 78,0 - 25,3 2,1 0.4 9,4 2,8 11,4 ± 1,5 0,05 + 0,05 

Gentoo penguin 
adult 33,8 ..l- 24.3 57,9 - 14,8 7.8 3,4 35,9 + 6,9 9,7 = 5,2 0,20 0,21 

Rockhoppcr penguin 
adul t 31 ,9 ..:- 10, 1 38,4 ± 17,9 9,7 ::::8.0 32,8 ± 11,8 8,3 = 1,3 0,17 . 0, 12 
chick 15,2 ± 2,3 21.9 - 4,4 3,5 :::0.4 14,1 + 1,3 10,6 ± 3.7 0.11 0,07 

Wandering a lbatross 
chick 10,8 2,0 4,6 -'- 3,6 3,8 ~2,0 18,1:::: 2,3 24,3 - 8,5 0, 14 ' 0.01 

Giant petrel 
a dull 9,0 ± 1,6 8.8± 7.,9 3,5-t2,9 28,7 ~ 5.5 7,5 + 5,5 0,08 ± 0,14 

Sub-Antarctic skua 
full-grown 10,9 + 6,0 41.4 + 27,0 2,3 + I ,3 16,0- 4,2 10,5 .i 2,9 0,05 ± 0.09 

Kelp gull 
full -grown 4) + 2,6 158,3 143,0 2,9 + 0.6 6.1 ± 3,1 14.7 6, 1 0,05 ±0,09 

Lesser shcathbill 
full-grown 13,0 - 6,5 43.7 , 5,2 6,5 - 6, 1 14,0± 9, 1 16,7 1 8,3 
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Table S 

Concentrations of nitrogen, protein and uric acid (mg g-• of dried mass) in guano of selected ~pccies of birds. The mean one standard 
deviation b shown. 

Species NH ,- N NO, N Total N Protein Uric acid V 

King penguin (adult ) 14.6 7.2 1.5 0.8 140,6 232.4 370.0 232.4 270,9 246,4 4 
King penguin (chick) 24,6 - 4,1 1.4 0,5 76.3 6.1 164.0 77.1 69.3 51.5 3 
Macaroni penguin (adult ) 12,3 - I ,4 1.5 0,2 194,0 18,3 .'\92,0 168,2 445,7 128,4 3 
Macaroni penguin (moulting) 17.3 7,3 0. 1 0,2 200,8 47,5 27 
Rockhopper penguin (adult) 16.9 5,2 2.9 2.0 186,7 44.1 379.3 306,2 381,0 231,1 3 
Rockhoppcr penguin (mouli ing) 21.3 - 1.0 0,1 0. 1 211 ,1 .15,0 - - 25 
Rockhopper penguin (chick) 36.6 3.2 1.2 1.7 208,5 47.4 159,0 2.8 336,5 t 74.3 2 
Gentoo penguin (adult ) 21.1 4.1 4.2 J.O 121 ,3 59,2 96.3 18.8 339.3 120.2 3 
Wandering albatross (chick) 42.8 22,1 1,8 2,7 151.9 18.0 210.7 97,J! 69,7 ~ 42,6: 10 
Giant petrel (adul() 18,5 7, 1 2,0 1, 1 205.0 112,5 311 ,0 251,1 296,3 262,0 3 
Sub-Antarctic skua (full -grown) 14,7 2.4 4.4 4,8 127,0 64.2 227.7 43,9 45,0 77,9 3 
Kelp gull (full-grown) 18,1_ 26,8 0.2 0.3 73.3 95,1 70,0 36,6 68,3 ..!. 87,2 3 
Lesser sheathbi ll (ful l-grown! 7.6:± 4,2 76,5 24, 1 - 46,0 ' 45,31 7 

1n= 2; ' n= 3. 

Table 6 

Approximate amounts of energy and selected elements deposited annually in the guano of surface-nesting birds on Marion Island. 

Energy Total N p 
Species (kJ JOS) (I) (t) 

King penguin 323 237.77 60,71 
Gentoo penguin 6 5,53 1.54 
Macaro ni penguin 160 226, 10 26.96 
Rockhopper penguin 24 35.92 5,19 
All penguins 513 505,32 94.40 
Albatrosses & giant petrels 2 1,68 0,09 
All other bird~ 9 4,88 0,50 

Total 524 511,88 94,99 

Approximately 97 per cent of the guano deposited on 
Marion Island f~llls on bare rock or mud in penguin or 
cormorant colonies. and is diluted to form pools and streams 
o f liquid or semi-liquid guano which ultimately drain to the 
sea. Very little guano appears to accumulate in permanent 
deposits . Wh ile the guano is on the floors of penguin colonies. 
it s upplies large concentrations of micro-organisms with 
energy and nutrients. Lesser sheathbills also eat appreciable 
quantities of fres l1ly voided penguin guano (Burger, in prepara
tion). Much of the guano returns rapidly to the marine eco
system. The primary producers in the intertidal kelp beds 
and offshore areas p robably benefit from t'he nutrients in the 
guano produced on the island. 

The amount of guano deposited di.rectly on vegetated areas 
appears insignificant relative to the total production . This 
portion. together with the nutrients from guano which 
reaches vegetated areas by lateral seepage from penguin 
colonies and from precipitated volatile componen ts. appears 
to be a major sou rce of essential nutrient elements. 

The soils and vegetation in many areas on Ma rion Island 
arc deficient in certain elements. In wet mires many elements 
appear to be deficient and in other areas N. P and sometimes 
Ca are deficient (Smith, 1976a). Nutrients en ter the island's 
terrestrial ecosys tem from the atmosphere, volcanic rocks. the 
sea and from animal deposits. Algal mats found in many 
mires have been found to fix atmospheric N (Cro(mle. 1973). 
but the amo unts fixed ha'c not been accurately determined. 
Weathering of rocks is believed to contribute some elements,. 

Ca Mg K Na s 
(I) ( I) (t) (I) (kg) 

135.30 9,97 43.94 38.76 665 
2.64 0,35 1,64 0.44 9 

34,53 7.53 26.82 10.1<0 160 
6,37 1.54 5,29 1,55 28 

I 78.84 19.39 77.69 51,55 862 
0,06 0,03 0.22 0,15 
4.29 0,21 0,64 0,74 3 

183,19 19,63 71<,55 52,44 866 

notably re (Smith, 1976a). The sea is an important source 
of Na. K. Ca. Mg, Cl and SO,, which are blown ashore in 
sea-spray during the frequent ga les (Grobbelaar. 1975 ; Smith, 
1976a). 

The excreta of seals can be seen to stimulate plant growth 
in the vicinity of wallows. The amount and composition of 
seal excreta deposited has ye t to be determined. but should 
be far less than that deposited by birds. Avian deposits, o ther 
than guano, including ca rcasses, eggs and feathers , occur in 
substantial amounts on Marion Is land and arc rich in many 
nutrients (Siegfricd et al. 1978: Williams & Bcrruti, 1978; 
Wi lliams et al. 1978). Guano however. represents about 
85 per cent o f the dry mas!> of all avian deposits and 
the nutrients in eggs and carcasses frequently enter the island's 
ecosystem via the guano of predatory and scavenging birds. 

The major inputs of N. P and, in some areas. Ca and S , 
to the island's te rrestria l ecosystem appear to be from guano. 
In the Antarctic. most o f the organic matter. N and P in the 
soils originates from penguin guano and o ther avian deposits 
(Tedrow. 1966: Alien <·tal. 1967). Elsewhere, N and P in 
guano were found to cause increased primary productivity in 
areas where many birds were concentrated (Leentvaar. 1967: 
McColl & Burger, 1976). 

Superficia lly, the ellccts of guano deposition on Marion 
Is land can be seen in the vigorous plant growth and prevnlence 
or coproph ilous p lant species in the immediate vicinity of 

penguin colonies and around the nes ts of other birds. Jn 
s lopes of tussock ~:,rrassland containing the nests of burrowing 
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petrels. Smith (1976b) found increased concentrations of N 
and P. rei a t ive to C content, in the soil and increased concen
trations o f N. K. Fe a nd Na in the vegetatio n , relative to 
o ther vegetated areas 011 Mario11 Island. T he concentratio ns 
of Ca and Mg remained unchanged. 

Smitll ( 1978} a lso showed that manuring by gentoo penguins. 
wandering albatrosses, giant petrels and kelp gulls modified 
the soil chemistry and vigour of plant growth near nests and 
roost sites on Marion Js land. Manuring was important in 
m ainta ining Nand P levels in the soil which were compatible 
with vigoro us plant growth . 

In general, because precipitation greatly exceeds evapora
tion on Marion l sland. guano deposits arc di luted and seldom 
chemically 'scorch ' vegetation as they do 0 11 m o re arid islands 
frequented by seabirds (G illham, 1977). 

The areas around albatross and giant petrel nests invariably 
have a more luxuriant vegetation than adjacent a reas. 
d o minated by such coprophi lo us plant species as Poa cookii. 
Callitriche amarctica a nd Co/Uia plumoso. During one year. 
2.88 kg of guano (dry mass) is deposited at each wandering 
a lbatross nest. Within an area o f 5 · 5 m centred around the 
nest, guano deposition is thus I 15 gm 2• Thi.s compares 
fa vourably with the agricultural deposition of fertilizer: in 
the USA a rtificial ferti lizer is applied to pastures and general 
fie ld c rops a t the rate o f 11- 11 0 gm ' per year (Collings, 
1955). 
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APPEN DIX 

Calcula tion of the annual guano production h~ earh sperieJ. 
Daily guano production by species fo r which no data were 

available was estimated, in proportion to body mass. from the 
measured guano production of closely related species. Where no 
data were available for penguins. rock hopper penguins (body mass 
2,7 kg) were the data source. For all Procellariiformes, giant 
petrel ~ (body mass 4,0 kg) and wandering albatrosses (adult body 
mass 9.0 kg) were the data source for adult and chick gua11o, 
respective!} . 

During the incubation a nd brood periods. one adult wa1> assumed 
to be present per nes t. Unless otherwise ::.pccified . the number of 
occupied ne\tS during the incubation and fledgling periods was 
taken to be the average of occupied nests a t the s ta rt and at th e 
end of each period. The moulting periods of penguins on Mario n 
Island were estimated from data gi,·en by Stonehouse ( 1960), 
Richdale ( 1957) a nd Warham (1963. 197 1). The guano output by 
chic!- ~ of imperial cormorants. sub-Antarctic skuas. kelp gull~ 

and lesser ~heathbi lls "a' not calculated separately, but an 
estimate was made o f the output by the enti re popula tion. 

U nless o ther'\\ ise ::.pccified. the ~pa tial dis tribution of the annual 
guano production of each species was assumed to occur in propor
tion to the number of breeding pairs per I km~ quadra t. as given by 
Siegfried e1 al. ( 1978). Further details on the specific dbtribution 
of guano a re o n fi le at the F itzPai rick Ins titu te. 

(a) Guano production by king penguin.\ 
There were 2 15 234 pairs o f king penguins at Marion l~l a nd at 

the s tnrt of incuba tion. and based on M ougin's ra ti o::. (Prevost, 
(1976), there were 274 458 immature birds. The following data, from 
Stonehouse ( 1960) and Ba rrut ( 1976), were used to calculate the 
number of adults and chicks present at each s tage of the breeding 
cycle: both members of the pair are ashore during 17 da} s of court
ship: o ne b ird per pa ir is ashore during 53 days o f incuba tion and 
33 day~ guarding the chick: the tledgling time b 44 wed::.: aduh~ 
come ashore for a period of three days e'·ery three weeks to feed 
chicks ufter the guard phase; egg mortality is 35,7 per cent ; and 
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chick mortality d uring the guard phase is 14,8 per cent. C hick 
morta lity during the pos t-guard period is unknown but was est i
mated at JO per cent, based on observa tions at a colony s tudied on 
Marion Island. There were thus. on a verage, 430 468 adults 
courting, I 76 8 15 adults incuba ting. 128 155 adults guarding a 
~ imilar number of chicks and. during the post-guard period. 14 318 
adults and I 00 226 chicks present. 

King penguins b reed asynchronous ly, laying between 15 Novem
ber and 20 February (Barrat. 1976). For the purpose of this Mudy. 
laying was assumed to h:l\'e occurred on December 15, hatching on 
6 February and fledging on I I December. Adults and immature 
birds come ashore to moult for 30 days (S10nehouse, 1960) and the 
timing of moult was estimated from da ta given by Barrat ( 1976). 

The daily output of guano (dry mass) by an adult i~ 34,4 g and 
by a chick aged 3-4 months, is 63,4 g (Table I ). The overall mean 
da ily output of chicks of all ages was taken to be half of this 
'alue (3 1.7 g). 

The output of moulting adults a nd immature b irds was estimated 
tO be I 5.1 g. based on the output o f moult ing rock hopper penguins. 
Adult king penguins ha\e a mean mas~ of 12,0 kg. 

Quad rat 

R1 6 
(' 16 
C l7 
C l8 
D20 
E2 1 

125 
023 
Q2 1 
QlO 

T o tal 

Spatial distribution of king penguin guano. 

N o. o f b irds 

No. of 
pai rs 

14 702 

-
78 835 
7 87 1 
9 581 

--
3 ()()() 

200 
80000 
21 045 

No. o f 
moulters 

46 718 
20000 

2.1 I 453 
25 420 
30 916 
20 000 
9 6 19 

687 
252 784 

67 329 

Guano o utput (t) 

Breeding 
adults & 

M oulting 
ad. & 

chicks imm. 

127,2 21. 16 

- 9,06 
682,3 104.85 
68,1 11,52 
82,9 14,00 

- 9.06 
26.0 -1.36 

1,7 0,31 
692.4 J 14.51 
182,1 30,50 

1 862,8 3 19,33 

{b) Guano production by genwu penguinf 

Total 
(t) 

148,40 
9,06 

787, 16 
79,64 
96,93 

9,06 
30,32 

2,04 
806,90 
212,64 

2 182. 15 

There were I 343 pair~ of gentoo penguins a t Marion Island at 
the s ta rt of incubation and, us ing Mougin's ratios (Prcvos t, 1976), 
there "ere 2 760 immature birds. Gentoo penguins arc resident 
and come ashore at night (Van Zinderen Bakker J r. 197 1) for a n 
estimated time of eight hours per day in summer (September to 
February) and t\\ehe houn. per day in \\inter (March to August) . 
Adults and imma ture b irds come ashore to mo ult for 30 days. 
During the 36 days o f incubation. s tarting on 21 July, the number 
of adults a~hore was calcula ted from the mean egg mortality o f 
22 per cent (Siegfried et al. 1978). The nes tling period is 105 days 
including a 26-da) brood period (Williams. in preparation). The 
number of occupied nest~ at this time is ca lculated from monthly 
chick mortality data given by Williams et al. ( 1978). 

The a~erage production of guano (dry mass) per 24 hours by 
non-moulting adults a nd immature bi rds was 58,0 g (Table 1). The 
daily output by chicks of all ag~ was taken to be I 1,8 g. es timated 
at half the output o f chick~ aged 50-60 days (Table 1 ). T he es ti
mated dai ly output of m oult ing ndults and immature birds which 
have a mean mas~ of 6.0 kg was 7,6 g . based o n the output of 
moulting rockhopper penguins. 

(c) Guano produclion by macaroni penguins 
There \\ ere 449 892 pai rs o f macaroni penguins at Marion Island 

a t the s tart o f incubation and, us ing Mougin 's ratios (Prcvos t. 
1976). there were 891 905 immature bird~. The numbers o f breed
ing adults ashore in each month was calcula ted u::.ing the percentage 
of a sub-po pulation seen ashore during regular censuses (Wil liams, 
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in preparation). The numl:er of chicks present in each momh was 
calcula ted from mortalit) data gi\en by William~ et nl. ( 1978). 
Adults and immature birds come a~horc to moult for 28 day'>. 

The estimated daily production of guano (dr} ma") by an adult 
courting, incubating and brooding (October-December) wa:-. 
7,3 g, during the post-guard period (January and February) it ''a:-. 
22,5 g and the output b) a chick wa, 24.2 g. ba,ed on the output of 
rockhopper penguins of similar age and breeding \tatu\. Adult 
macaroni penguins baYe a mean ma\~ of 4.6 kg. The daily output of 
guano by; moulting adults and immature bird'> wa ... 7,0 g (Table 1 ). 

(d ) Guano producTion by rock hopper penguim 
The re were 93 286 pairs of rock hopper penguin~ a t Marion 1\la nd 

at the s ta r t of incuba tion and, using Mougin\ ratios (Pri:\o,t. 1976) 
there were 342 359 immature birds. The number~ of breed ing tldult;; 
a nd chicks p resen t in each month were e~t i mtlled in a ' imilar 
ma nner to the maca ro n i penguins. Ad ult a nd im mntu re roc l-. hoppc r 
penguins come ashore to rrou1t for 28 da ys. 

The da ily o utput of guano (d ry ma;s) by an adult d uring court
sh ip, incubation and brood ing wa; taken to be 4,3 g. which i'> the 
o utput obtained from 1oaAng adult; (T able I). The dai ly o utput 
by a n adult feedi ng chick; ( i.e. in February ttnd March) Wlh 13.2 g 
and by a moulting adult or immature bird v.a~ 3,4 g (Table I). The 
daily output by ch icks of all ages \\a-. taken 10 be 14.2 g per bird. 
half of the output by chid.s aged 50·60 Jay~ (Table I ). 

(e) Guano production hy h'utulering alhatro.1 11'1 

T here \\t:re I 852 pai~ of \\andcring a1hatrl'"c' at Marion 
Island at the l>tan of incuhltion. The folio" ing dat:l. from Tic I.. el l 
(196R), "ere u~ed to calculate the number of adult, and chic!..' 
present in each month: ccurhhip period 27 da~' ''hen t\\0 birds 
\\Cre pre~cnt per ne:,t fer 45 per cent of the time: incul•atron 7~ 
days: nc~tling pericd 278 da)' including a 32-Ja~ hn· od period: 
chick mortality J9 per cent: after the brood period each chick " 
fed for three days when tl e pan;:nt remain~ for about .10 minute .... 
At Marion Island the n:can Jay;ing date \HI\ 30 Dccen'l-er and egg 
morta lity wa, 30.4 per cent (per;onal ob~enation). 

T he da ily p roduction of gua no (dr)' ma~s) by an adult "a' e, ti
ma ted to be 7,2 g, based on the output by :1d ult gian t petn: l\. Adult 
wandering a lba tros,es have a mea n ma~; of' 9 kg (Tick..: ll. 1968). 
The daily product ion by chicks wa~ c~tima tcd to he I 0,2 g d u ring 
Ma rch to M ay and 12,4 g du ring .J une to December (Table I ). 

M o nth ly production of g uano hy wandering alhn t ro,~c~ 

No. o i' bi rd-days 

Month Adult~ Chi.:!..s 
---
Jan. 48 701 
Feb. 4J 988 
Mar. 43 449 15 I 71 
Apr. 22 263 35 010 
\!lay 253 36 177 
Jun. 245 35 010 
Jul. 253 36 177 
Aug. 253 36 177 
Sept. 245 35 010 
Oct. 253 36 177 
NO\. 245 35 0 10 
Dec. 46 747 24 ~07 
-
Total 

Guano output (1. dried) 

Adulh 

0.351 
0.317 
0.313 
0.160 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0,..'37 

1.492 

Chic!-., 

0.155 
0,157 
0.369 
0 ,4l4 
0.449 
0.449 
0.434 
0.449 
0.434 
lU04 

3.834 

Total 

!U~I 

0.317 
0...168 
0.517 
0 .. '71 
0.·06 
0.451 
0.451 
0.4J(l 
0,451 
0,436 
0.64 1 

5.326 

{ f ) Gua11o production b) ~:rcr-headed allmtro.\lt'.\ 
T here \ve re 3 370 pai r~ of g re)-hcadcd albat rW·8C'- at Marion 

b la nd a t the start o f the incuba tion period. T he fo llmdng data. 
fro m Ticke ll and Pinder (11)75). were u~ed to calculntc the nu rnbcrs 
o f ad ults and chicks pre ct~ t in each month : coumhip 26 day~. 
when bot h ITembers of the pni r 11e rc at tl~c ne\1 1'111' 50 per cent o r 
the d:t): incubation pe riod 72 days s tart ing o n 19 October : nc•nling 
period J 41 day:; including a brood period of 23 t lit) ' i egg monali Ly 
46 per cenl; and chick mortality 15 per cent. 
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T he daily output of dry guano by an adult and by a chick wa~ 
estimated to be 3.0 g and 4.7 g rc.,rx:cthely. Adult grey-headed 
albatrossc.> have a mean mas; of 3. 7 kg (Tiel--ell & Pindcr. 1975). 

1\lonthl} producti:>n of guano b) gre}-he:tdcd albatro ... ~c~. 

Month 

Oct. 
Nov. 
Dec. 
.I an. 
Feb. 
Mar. 
Apr. 
May 

--
T o tal 

No. of bird-da)'> 

Adult> 

I 27 280 
90 270 
c;g 9.:10 
41 170 

Chicks 

55 490 
48 524 
5 1 956 
48 5 10 
32 907 

Guano outp:Jt (t, dried) 

Adult; 

0,382 
0.27 1 
0.207 
0. 124 

0,984 

Chick~ 

0,26 1 
0,228 
0 .244 
0.22~ 

0. 155 

1,116 

T otal 

0,382 
0.27 1 
0.207 
0,385 
0.228 
0,244 
0.228 
0,155 

2, 100 

(g) Guano production by sooty albatro.\\'1!,\ 
Tb.erc \\ere 2 030 pairs of sooty alba tro..,,e, a t Marion ! ~land at 

tr.c ~tart of the incubation period. T he following d:ua. from Bcrruti 
( 1977 and personal communication). \\Crc U'>ed to calculate the 
numbers of adult~ and chick~ pre~~nt in each month: court>hip 25 
da}S during which both member:. Of' the pair \\ere pre,Cnl for 50 
per cent of the da): incubation period 68 <.la)' \tarting on 10 
October: nestling period 170 da} s including a brood period of 2 1 
day~: mean egg monalit} 35 per cent and chic!-. mortalit) 54 per 
cent. Egg and chick mortality \\ere calculated for 10-da:r periods 
u:.ing unp~b!ished field data (Bcrruti. per~onal communication). 
Guano output by adults returning to feed chick, after the brood 
period "as negligible. 

T he daily output of guano (d ry mlh\1 b) an adult and b> a 
chick \\a~ estimated to be 2,0 g and 3,2 g re-,pccti,cly. Adult soot) 
albatrosses ha ' e a mean mass or 2.5 kg (lkrru ti , 1977). 

Month 

Sept. 
Oct. 
N ll\. 
Dec. 
Jan. 
F~b. 

1\ lar. 
Apr. 
1\ l<l} 

Jun. 

--
Total 

Mo nthly p roduction of guano by 'outy a 1 bat ro~~c~. 

No. of b ird-days 

Adul ts 

32 5 14 
58 692 
.J9 860 
42 683 

6 930 

Chicks 

14 757 
3 1 351 
26 149 
26 192 
22 731 
20667 

5 481 

G ua no output ( t, dried) 

Adult... 

0.065 
0, 117 
O.l!Xl 
O.Ol!S 
0,014 

0.381 

Ch kb 

0.04 7 
0.1 ()() 
0.084 
O,OS4 
o.cm 
0.066 
O,OIS 

0.472 

Total 

0,065 
0, 117 
0.100 
0,132 
0.1 14 
0.084 
0.0!!4 
0,073 
0,066 
O,Olll 

O,ll53 

(h) Guano produced hy li~rlu-mantled ~ooty alh ttrones 
There \\ere 176 pairs of ligh t-mantled ~oO t) n l batro~,cs at Marion 

), land at the s tart of incuba tion. The folio\\ ing da ta, from Ucrru ti 
( 1977 a nd persona l communica tion) \\ere tl'>ed to calculate the 
number o f adults a nd ch icks <hhnre in each mo nth : courtship 
period 19 days, d uring w hich both membe rs nf the pai r \\ e re ashore 
for 50 pe r cen t of the day: incubation period (:,7 days ~t art i n g o n 
29 Octobe r ; nes tling pe riod 170 days inc luding n 20-day brood 
period . Egg and chick mortality were a~sumed to be ,i rni lar to 
thlbe ul' the ,ooty a l batros~ . Guano output by adulh re turning to 
feed chicks al't<::r the brood pe riod was negligib le. 

The da ily o utput uf g uano (d ry ma~s) by an adult nncl by a 
chick was estimated to be 2,2 g and 2,8 g rc~pec tivel). Adult light-
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mantled sooty albatrosse~ have a mean mass of 2,8 kg (Berruti, 
1977). 
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Monthly production of guano b) southern giant petrels. 

No. of bird-days Guano output (t. dried) 

Monthly production of guano by light-mantled sooty albatrosses. Month Adult~ Chicks Adults Chicks Total 

No. of bird-da}s Guano output (t, dried) 

Month Adults Chicks Adult:. Chicks Total 

Oct. 3 866 0,009 - 0,009 
No, . 4 770 0.010 - 0.010 
Dec. 4 061 0,009 0,009 
Jan. 2 370 2 948 0.005 0.011 0.016 
Feb. 2 J42 0.008 0.008 
Mar. 2 354 - 0.008 0,008 
Apr. 2 047 -- 0.007 0,007 
May I !!81 - 0.007 0,007 
June. I 085 - 0.00-1 0,004 

--
Total 0,033 0,045 0,078 

(i) Guano production hy norlhern gion/ pelrds 
There were 208 pairs of northern giant petreb at Marion lslond 

at the s tart of incubat ion. The following data, from Williams er al. 
(in preparation). were used to calculate the number of adults and 
chicks present in each month: incubation period 60 da}~ starting 
on 15 August; nest ling period 116 days, including a 22-d:ty brood 
period: egg morta lity 23.8 per cent and nestling mortality 14,3 per 
cent. The guano output by adults feeding chick~ after the brood 
period was negligible and the output of non-breeding and courting 
bird~ was not considered. 

The daily output of guano (dry mass) by an aduli "as 3,2 g 
(Table I) and the output of tl chick, based on the output of nestling 
wandering alb;mosscs, was 5.1 g. Adult nonhcrn giant petrel~ 

have a mean mass of 4.0 kg. 

Monthly production of guano by northern giant petrels. 

\1 onth 

Aug. 
Sept. 
Oct. 
No'. 
Dec. 
Jan. 
Fe h. 
--
Total 

No. of bird-days 

Adult:. 

2 760 
5704 
4 944 

888 

Chicks 

2 36R 
4 440 
4 588 
4 58ll 
I 18-1 

Guano output (t. dried) 

Adult~ 

0.009 
0,018 
0.016 
0.003 

0.046 

C'h1cks 

0.012 
0.023 
0.023 
0.023 
0.006 

o.mn 

To tal 

0,009 
0,018 
0.021:! 
0,026 
0,023 
0,023 
0.006 

0, 133 

(j) Guano pmducrion hy sow/tern giant pelrefs 
There were I 337 pairs of southern giant pctreb at Marion Island 

a t the s tan of incubmion. T he following data, from Will iams er al. 
(in preparation). were used to calculate the number of adults and 
chicks present in each month: incubation 60 da)<> starting o n 27 
September, nest ling period 119 day~. including a 24-day brood 
period; egg mortal it> 26.3 per cent: and nestl ing mortality 12.5 per 
cent. The guano output by adulls returning 10 feed chicks aficr 
the brood period wa<> negligible and the output by court ing and 
non-breeding hirds "as nm considered. 

The daily product ion of guano (dry mass) by a n ad~1h w~1s 

3.2 g (Table I) and the output b) a chick. based on the output by 
\\andcring albatro~s nestlings, was estimated to be 5,7 g. Adult 
southern giant petrels have a mean mass of 4,5 kg. 

Sept. 
Oct. 
Nov. 
Dec. 
Jan. 
1-cb. 
Mar. 

TOtal 

4 644 
35 991 
33 6-15 
17 556 

4 620 
28 644 
28 644 
25 872 
22 176 

0.015 
0, 11 5 
0.108 
0,056 

0.294 

(k J Guano produl'lion by imp('rial com1orml/s 

0.026 
0,163 
0.163 
0.147 
0,126 

0,625 

0,015 
0, 11 5 
0.134 
0,2 19 
0.163 
0.147 
0,126 

0,9t9 

There \\ere 647 cormorants present all year at Marion T~land 
The daily production of guano (dry mass) was estimated 
to be 50 g per bird, based on the dai ly production of 56,2 g for the 
guanay Plwlacrocorax bougam·il/ii (Avila, 1954) which has body 
dimensions about JO per cent larger than those of the 
cormorant (Murphy, 1936). The annual dry guano production is 
J I ,811 wnnes or 0,984 t per month. 

( I) Guano produi'/ion by sub-An/arctic skuas 
The summer population of sub-Antarctic skua-; at Marion Island 

was 2 516 birds. The number of birds present on the i;land in any 
month was calculated using the percentage of a sub-population 
(mean ~ummer count "as 63 birds) which "as pre~cnt in each 
month in the area between Transvaa l Cove and East Cape. The 
daily production of guano (dry ma~s) was 24.7 g per bird (Table 1). 

Monthly production of guano by sub-Antarctic skuus. 

No. of Guano output 
~lonth 0 

o pre~ent bird-da)~ (t. dried) 

Jan. 100 77 996 1.927 
Feb. 100 70448 1,740 
Mar. 65 50 697 1,252 
Apr. 56 42 269 1,044 
May 16 12 479 0,308 
Jun. 5 3 774 0.093 
Jul. 2 J 560 0,039 
Aug. 10 7 800 0,193 
Sept. 64 48 307 1.193 
Oct. 100 77 996 1.927 
Nov. .100 75 480 1,864 
Dec. 100 77 996 1.927 

Total 1.1,507 

(m) Guano production by kelp gull\ 
There were 923 kelp gulls present at Marion Island all }ear. The 

gulls roost at night and often feed by day at on·~hore kelp beds, 
and thus ~pcnd only about 50 per cent of their time on land (per
sonal observat ion). Daily production of dry guano is 36. 1 g per 
bird (Table I). Annual production is 12.164 tonne~ of dry guano, 
diwibuted throughout the year, of "hich approximately 6,082 
tonnes, or 0,507 t per month, falb on land. 

(n) Guano production by h•lser shearhbi/1~ 
T here \\Cre 3 528 lesser sheathbills pre~ent a ll yea r at Marion 

Island. The daily production of guano (dry mao,<;) was 16.7 g per 
bird and the annual production by the population was 21,50-1 
tonnes or 1,792 t per month. 
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Montbly guano production by king penguins (t, dried) 

Breeding adults Chicks Moulting birds 

Month 
Guarding Post- Post-

Total 

Courting Incubating chicks guard Guarded guard Adults !m matures 

Nov. 29,616 - - 14,776 - 95,3 15 65,001 - 204,708 
Dec. 222, 122 97,3 19 - 5,418 - 34,949 32,500 3 1,082 473,390 
Jan. - 188,556 - - - - - 62,165 250,721 
Feb. - 36,495 96,988 - 89,375 - - 31,082 253,940 
Mar. - - 48,494 9,851 44,688 63,543 - - 166,576 
Apr. - - - 14,776 - 95,31.5 - - ll0,091 
May - - - 15,269 - 98,492 - - J 13,761 
Jun. - - - 14,776 - 95,315 - - 110,09 1 
Jul. - - - 15,269 - 98,492 - - 11 3,761 
Aug. - - - 15,269 - 98,492 - - 113,761 
Sep. - - - 14,776 - 95,315 32,500 - 142,591 
Oct. - - - J 5,269 - 98,492 65,001 - 178,762 

Total 251,738 322,370 145,482 135,449 134,063 873,720 195,002 124,329 2 182,153 

Monthly guano production by gentoo penguins. 

No. of bird-days Guano production (t, dried) 

Month Breeding N on-breeding Mouliing Breeding Non-breeding Moult ing Total 
adults adults & birds Chicks adults adults & birds Chicks 

immatures immatures 

Jan. - 28 520 40 290 - - 1,654 0,306 - 1,960 
Feb. - 25 760 40290 - - 1,494 0,306 - ! ,800 
Mar. - 84 413 - - - 4,896 - - 4,896 
Apr. - 81 690 - - - 4,738 - - 4,738 
May - 84 413 - - - 4,896 - - 4,896 
Jun. 39 000 41 400 - - 2,262 2,401 - - 4,663 
Jul. 57 970 42 780 - - 3,362 2,481 - - 5,843 
Aug. 57 970 42 780 - - 3,362 2,481 - - 5,843 
Sep. 31 850 27 600 - 4 864 1,847 1,601 - 0,057 3,505 
Oct. 27 477 - 4! 400 !8 240 1.594 - 0.315 0,215 2,124 
N ov. 26 591 - 4! 400 18 848 1,542 - 0,3 15 0,222 2,079 
Dec. 27 477 28 520 - 608 1,594 1,654 - 0,007 3,255 

Total 15,563 28,296 1,242 0,501 45,601 

Monthly guano production by macaroni penguins. 

No. of bird-days (thousands) Guano output (t, dried) 

Month 
Breeding Moulting adults Breeding Moulting adults Total 

adults Chicks & immatures adults Chicks & immatures 

Oct. 5 035 - - 36,76 - - 36,76 
Nov. 9 808 - - 71,60 - - 71,60 
Dec. 10 765 5 094 - 78,60 123,3 - 201,86 
Jan. 6256 8 066 12 487 140,76 J95,2 87,41 423,37 
Feb. 4 155 2 253 12 487 93,48 54,5 87,41 235,42 
Mar. - - 12 597 - - 88, 18 88,18 
Apr. - - 12 597 - - 88,18 88, 18 

Total 421,19 373,0 351,18 ] 145,36 
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Monthly production of guano by rockhopper penguins. 

No. of bird-days (thousands) Guano output (t, dried) 

Month Breeding Moulting adults: Breeding Moulting adults Total 

adults Chicks & immaturcs adults Chicks & immatures 

Oct. 19 - - 0,08 - - 0,08 
Nov. 4 467 - - 19,21 - - 19,21 
Dec. 3 847 - - 16,54 - - 16,54 
Jan. 4 394 1 205 4 793 18,89 17, 10 16,30 52,30 
Feb. 2 703 737 4 793 35,68 10,47 16,30 62,44 
Mar. 565 232 - 7,46 3,29 - 10,75 
Apr. - - 4 752 - - 16,16 16, 16 
May - - 472 - - 1,6 1 1,61 

Total 97,86 30,87 50,35 179, !0 

Spatial distribution of skua guano 

Quad rat No. of Guano Quadrat No. of Guano Quad rat No. of Guano 
number birds (t) number birds (t) number birds (l) 

F2 1 28 0,150 B9 10 0,054 R20 33 0, 177 
F22 28 0,150 F5 30 0, 161 R21 33 0,177 
E21 100 0,537 G4 30 0,161 Q21 118 0,633 
D20 76 0,408 G5 20 0,107 P21 17 0,091 
E22 80 0,429 H3 12 0,064 P22 22 0, 118 
Dl8 96 0,515 12 12 0,064 021 9 0,048 
Dl9 26 0,140 13 10 0,054 022 13 0,070 
D21 76 0,408 J2 30 0,161 023 22 0,118 
C 19 52 0,279 J3 20 0,107 N21 8 0,043 
C I8 58 0,311 K2 22 0, 11 8 N22 8 0,043 
C t7 188 1,009 L2 20 0. 107 N23 25 0, 134 
C l6 108 0,580 MI 40 0,215 M22 12 0,064 
C l5 18 0,097 NI 20 0,107 M23 25 0,134 
C14 J8 0,097 01 12 0,064 L22 20 0, 107 
ClJ 18 0,097 P3 10 0,054 L23 68 0,365 
Bl4 20 0,107 Q3 10 0,054 K23 20 0, 107 
B l5 20 0,107 Q4 12 0,064 L24 60 0,322 
Bl6 108 0,580 QS 10 0,054 K24 25 0,134 
BIO 8 0,043 Q6 10 0,054 J23 16 0,086 
AIO 14 0,075 Q7 20 0,107 J24 22 0,118 
All 14 0,075 Q8 20 0,107 125 35 0,188 
Bl2 16 0.086 Q9 40 0.215 124 23 0,123 
Bl3 14 0,075 QIO 60 0,322 123 12 0,064 
A9 14 0,075 R6 ll 0,059 H22 7 0,038 
A8 4 0,021 Pll 16 0,086 H23 10 0,054 
B8 12 0,064 P12 14 0,075 G2 1 10 0,054 
C7 8 0,043 R18 48 0,258 G22 25 0,134 
D6 8 0,043 Rt9 19 0,102 

Total 2 516 ] 3,507 
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Spatial distribution of kelp gull guano. 

Quadrat No. of Guano Quad rat No. of Guano Quad rat No. of Guano 
number birds (t) number birds (t) number birds (tl 

AS 2 0,013 J25 2 0,013 Q8 8 0.053 
A9 2 0.013 K25 8 0.053 R8 2 0.013 AlO 2 0,013 L24 20 0.132 Q7 2 O.OIJ All ..j 0,016 M24 36 0,237 Ro 6 O.()..jO 
Al2 4 0,026 M23 0 0,039 Q5 6 0.()4() 
AIJ 4 0,026 N23 X 0,053 Q4 J 0,020 814 14 0,092 023 s 0,053 QJ 8 0,053 815 14 0,092 P2J 2 0.013 0 1 2 0.0 13 Bl 6 58 0,382 P22 6 0 ,040 N I 8 0,053 
C l6 20 0, 132 Q22 24 0 ,158 MI 18 0, 118 
C l7 140 0,923 Q21 44 0,290 Ll 2 0.013 CIS 120 0 ,79 1 R21 26 0,17 1 K2 18 0.1 18 Cl9 34 0,224 R20 2 0,013 12 2 0,0 13 
020 4 0,026 Rl 9 4 0.026 HJ 8 0,053 021 6 0,040 Rl 8 16 0,105 G4 8 0.053 E2l 6 0,040 Q14 14 0.092 F5 8 0.053 E22 24 0.158 QIJ 4 0.026 F6 8 0,053 
F22 6 0,040 RI J 2 O,OJ3 E6 4 0,026 
G22 18 0, 119 Rl 2 2 0.013 0 6 2 0.013 G23 8 0,053 Rll 2 0.0 13 C7 2 0,013 
H23 8 0,053 RIO 6 0,040 87 4 0,026 
123 6 0,040 QIO 6 0.040 88 2 0.013 124 8 0.053 Q9 10 0.066 F21 22 0.145 

-- -
Total 923 6.082 

Spatial di.,tribution of lesser shcathbill guano. 

Quad rat No. of G uano Qutadrat No. of Guano Quad rat No. of G un no number birds ( t) number bi rds ( t) number birds ( l) 

125 60 0,366 AIO 48 0,293 Q6 2 0,012 124 40 0.244 A9 40 0,244 Q7 34 0,207 123 17 0, 104 A8 4 0,024 QS 34 0 ,207 H2J 40 0.244 C6 4 0,024 Q9 34 0.207 G22 30 0,183 C'7 10 0.061 Q JO 10 0.061 G23 10 0.061 06 8 0.049 QJJ 2 0,0 12 F22 30 0, 183 07 4 0.024 0 14 10 0,061 E22 20 0, 122 E6 8 0.049 Rl 3 2 0,012 E21 40 0,244 F5 HO 0.488 Q l7 10 0,061 
E20 10 0.061 F6 uo 0,792 Rl 8 50 0.305 021 84 0,512 G-1 (>0 0.366 Rl 9 IX 0.110 020 162 0.987 G5 10 0.061 R20 IX 0.110 Cl9 65 0.396 113 28 0.171 R21 18 0.110 Cl8 133 0,811 114 10 0.061 Q21 120 0,731 Cl7 857 5.224 12 -14 0,268 Q22 40 0.244 Cl6 33 0.201 13 10 0,061 P22 7 0.043 Bl6 159 0.969 J2 60 0.366 P23 2 0.012 815 45 0.274 K2 20 0.122 023 7 O.()..jJ Bl4 45 0,27-1 1.1 10 0.061 N2J 7 O.()..jJ 813 25 0,152 1.2 20 0 .122 M23 25 0. 152 Bl2 14 0,085 MI 80 0,488 M24 5 0.030 131 I 5 O,OJO M2 15 0.091 L23 10 0.06 1 RIO 10 0.061 N I 40 0.244 L24 11 7 0,71.1 89 10 0,061 N2 5 O,OJO K24 10 0.06 1 B8 4 0,024 0 1 40 0,244 K25 32 0,195 U7 10 0,061 02 5 0.030 J25 JO 0,183 AIJ 25 0 ,152 Q3 12 0,073 
Al2 14 0,085 Q4 12 0.073 
Al l 40 0,244 QS 20 0.122 

Total 3 528 2 1.503 


