DIET OF THE FIORDLAND CRESTED PENGUIN
DURING THE POST-GUARD PHASE OF
CHICK GROWTH

By Y. M. van HEEZIK
ABSTRACT

The stomach contents of 50 adult Fiordland Crested Penguins were collected
during the post-guard phase of chick growth. Twenty-two food species were
identified from 19 families. The composition of the diet, expressed as percentages
of calculated weight, was 85% cephalopods, 13% crustaceans and 2% fish. The
sexes did not differ in their diets. The cephalopods and fish were juvenile and
larval forms, indicating that the penguins were feeding on pelagic macro-
zooplankton and micro-nekton. The main cephalopod taken was Notwrtodarus
sp., and so the penguins were foraging mainly over the continental shelf, which
extends no more than 10-15 km from the shore.

INTRODUCTION
Eudyptid penguins characteristically feed offshore on small shoaling species of
euphausiids, cephalopods and small fish. The proportions of these three groups
in the penguin diet vary between localities, but crustaceans and cephalopods
usually make up at least 85% of the diet (Duroselle & Tollu 1977, Croxall &
Furse 1980, Croxall & Prince 1980, Williams & Siegfried 1980, Williams &
Laycock 1981, Croxall et al. 1985, Brown & Klages 1987).

The Fiordland Crested Penguin (Eudyptes pachyrhynchus) breeds on the
south-west coast of the South Island. Its distribution extends southwards to
include Stewart Island, the Solander Islands, and Codfish Island. General
features of their growth, breeding cycle, mouit and display behaviour have been
described by Warham (1974), but very little is known about their diet. In this
study I examined the diet of adult Fiordland Crested Penguins during the post-
guard phase of chick growth.

METHODS

I visited two colonies in Fiordland: Jackson’s Bay on 9-11 October 1984 and
Martin’s Bay on 4-7 November 1984. At dusk I captured penguins returning
from foraging as they made their way up the beach, measured them to sex
them (Warham 1974) and weighed them. I was not able to differentiate between
breeders and non-breeders.

By water-offloading (Wilson 1984) I collected nine vomits at Jackson’s Bay
and 41 at Martin’s Bay. I decanted off excess fluid and preserved the rest in
alcohol in sealed plastic bags.

The vomits were sorted for otoliths, cephalopod beaks, and crustacean
remains. I weighed the crustaceans after blotting off surface moisture. Very
few fish were entire, and so I sorted, identified and weighed the otoliths and
applied allometric equations of Lalas (1983) to calculate both fish length (total
length) and weight. Cephalopod beaks were identified as far as possible. I
measured upper rostral lengths on squid beaks and upper hood lengths on
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TABLE 1 — Species composition of the diet of 50 Fiordland Crested Penguins in Fiordland,
South Island
SPECIES FAMILY SWT SOCCUR
(n=50)
Cephalopods
Arrow Squid Nototodarus sleoanii Ommastrephidae
Warty Squid Moroteuthopsis ingens orychoteuthidae 71 94
Octopus Ocythoe tuberculata Cctopodidae
Octopus Octopus maorum Cctopodidae 14 52
Crustaceans
Krill Nyctiphanes australis Euphausiidae
Squillid shrimp Stomatopoda 13 94
Crab megalopa QOmmatocarcinus Goneplacidae
Fish macgillveryi
Hoki Macruronus novaezelandiae Merlucciidae <1 74
Sprat Sprattus antipodum Clupeidae <1 30
Red cod Pseudcphycis bachus Moridae <1 82
Long~snouted
pipefish Stigmatephora Syngnathidae <1 16
macrepterygia
Warehou Seriolella brama Centrolophidae <1 4
Ahuru Auchenoceres punctatus Moridae <1 28
Tarakihi Nemadactylus macropterus Cheilodactylidae <1 2
Monkfish Kathestcma giganteum Uranoscopidae <1 6
Lantern fishes Myctopnidae <1 B
Common roughy Paratrachichthys trailli Trachichthyidae <1 16
Cockabully Trypterygion spp. Trypterygidae <1 2
Grenadier cod Tripterphycis gilchristi Moridae <1 4
Sole Peltorhamphus tenuis Fleurcnectidae <1 10
Maori chief Notothenia anqustata Nototheniidae <1 2
/Black cod
Silversides Argentina elongata Argentinidae <1 2

beaks and then calculated weight estimates of the animals (Lalas 1983). Because
appropriate allometric equations are not available for all of the cephaloped species
encountered, I used the equation for Nototodarus also for Moroteuthopsis, both
of which belong to the order Decembrachiata, and I used the equation for
Robsonella australis (Lalas 1983) also for Octopus maorum and Ocythoe tuberculata,
all three belonging to the family Octopodidae. As they were all small juveniles,
any error was probably small. For dorsal mantle lengths I measured only intact
mantles. However, I could not weigh entire animals because the tentacle mass
and the mantle appear to separate very quickly after ingestion, and were seldom
intact. Finally, I calculated the total weights for each species in each stomach
S%nil‘p{f and the length-frequency distributions for the two most common species
of fish.

RESULTS
Number of species
Altogether, 22 species from 19 families were identified from the 50 vomits collected
(Table 1). Two vomits contained nothing and were stained green from bile. All
stomachs with more than about seven pairs of squid beaks contained both
Nototodarus and Moroteuthopsis. In those stomachs, an average of 61% by number
of these two cephalopod species were Nototodarus and 39% Moroteuthopsis. Of
the Octopodidae, 94% of all individuals were Ocythoe.
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Relative importance of species

Of the 22 species recorded, cephalopods and crustaceans contributed 98% of
the total weight of food ingested. Of the cephalopods, squid (Nototodarus and
Moroteuthopsis) constituted 71% and Octopodidae 14% of the total (Table 1).

The bulk of the weight of crustaceans was made up of the euphausiid
Nycriphanes australis, but occasionally crab megalopa (Ommatocarcinus macgilleeryy)
and squillid shrimps were also present. The remaining 2% by weight was made
up of 15 species of fish belonging to 13 families. Red cod (Pseudophycis bachus),
hoki (Macruronus  novaezelandiae), sprat (Sprattus antpodum) and ahuru
(Auchenoceros punctatus) were in many of the stomachs, whereas the remaining
species were in few stomachs.

Percentage frequency of occurrence

In general, frequently occurring species also contributed largely to the bulk of
the diet. However, red cod and ahuru were present in 82% and 28% of the
stomachs respectively, but they were too small to be significant in terms of weight.
Being small, they are digested rapidly, which mntroduces a potential error in
reconstructing the penguin’s diet. Both the flesh and otoliths of larval fish
consumed early in a foraging trip may well have disappeared by the end of the
foraging trip, reducing the apparent contribution of fish in the diet. However,
even when such errors are compensated for by muldplying the fish component
in the diet by a factor of, say, three, its percentage contribution increases only
from 2% to 9%. To get a more accurate correction factor I would need to know
the duration of the foraging trip as well as the rate of digestion of larval fish.

Size

The measurements of mantle lengths indicated that only juvenile squid were being
taken (Fig. 1). Calculations of fish lengths and weights indicated that the penguins
were taking only small larval and post-larval fish which contributed very little
to the bulk of the diet. Mean total lengths of hoki and red cod were 35.2 mm
(SD=35.5) and 28.0 mm (SD=7.3) respectively (Fig. 1).

Sexual differences in diet

Of the 50 penguins captured, 35 were females and 15 males. Their diets were
almost identical, cephalopods and crustaceans comprising 98% and 97%
respectively of their intake. Patterns of intake of the fish species were essentially
similar (X?= 0.56, d=2, X?=0.82, df=2, p > 0.05, grouping crustaceans,
cephalopods and fish together, for % weight and % occurrence respectively).

Stomach content weights

The mean calculated weight of all stomach contents except the empty ones was
348 g (n=48, SD =330, range = 46 - 1608 g). The mean body weight of the
penguins was 3.05 kg (n =48, SD =0.40, range = 2.1 - 3.9 kg). Total calculated
stomach weights were < 10% body weight in 32 birds, < 20% in 13 birds,
and 23, 25, 42, 50 and 62% in the remaining birds.

DISCUSSION
With their diet being mainly cephalopods, small crustaceans and post-larval fish,
adult Fiordland Crested Penguins in Fiordland in 1984, both male and female,
were probably feeding on the macro-zooplankton.
In samples of spilt food and stomach contents from dissected chicks cellected
berween 1966 and 1971, Warham (1974) also found that the identifiable prey
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FIGURE 1 — Size-frequency distributions of squid, red cod and hoki found in the stomachs
of Fiordland Crested Penguins

of Fiordiand Crested Penguins were predominantly cephalopods and sometimes

small euphausiids described as being probably Nycriphanes australis, Warham

{1974 also found squid beaks up to 10 mm long, far larger than any in this

study. Warham (1974) found no ideniifiable fish remains, but Reischek (1884)
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claimed young blue cod (Parapercis colias) to be the main prey species. 1
found no blue cod in this study, or in the diet of Fiordland Crested Penguins
at another locality (van Heezik 1988) where blue cod were known to be
abundant at the time of sampling.

The proportion of cephalopods in the diet compared with crustaceans
and fish may be exaggerated by the more rapid digestion of flesh and
diagnostic remains (Blake et al. 1985, Gaston & Noble 1985, Jackson & Ryan
1986, Adams & Klages 1987). Chitinous cephalopods beaks are likely to
remain in the stomach much longer than crustacean remains and fish otoliths.
The fish remains in this study were mainly tiny larval fish and hence were
rapidly digested. If these fish are totally digested within two hours after
ingestion (van Heezik & Seddon, in press), if we assume a foraging trip to
last 12 hours, and if fish are taken as much at the beginning as at the end
of a trip, and we multiply the weight of the fish by even a factor of 6, the
precentage contribution of fish would increase only to 16% of the total weight,
compared with 61% squid, 12% octopods and 11% crustaceans.

A further possible bias is that the squid and octopus beaks in the stomach
contents had accumulated over more than one day, resulting in an
overestimation of cephalopods in the diet. However, the calculated values
for weights of squid in individual stomachs are not very high (n=46, X =
254 g, SD =265 g, range = 5 - 1436 g), 43 of these values being less than
600 g. These values are not an unrealistic meal size for an adult which is
also feeding a chick (i.e. 8% adult body weight). Meals of King Penguins
(Aptenodytes patagonicus) varied between 8.5% and 12% of adult body weight,
depending on how meal mass was calculated (Adams & Klages 1987).
Moreover adults regurgitate loose beaks along with food to their chicks and
so regularly pass loose beaks from their stomachs to those of their chicks,
as also observed in the King Penguin (Adams & Klages 1987). Almost all
the beaks I recovered in each stomach were small and unstained, apparently
at the same stage of digestion, i.e. wings intact with little or no sign of
abrasion or wear. Therefore it seems likely that most of the beaks in the
stomachs of adults feeding chicks had been accumulated during a single
foraging trip.

When comparing feeding ranges of Macaroni and (Gentoo Penguins,
Croxall & Prince (1980) suggested that certain features of the breeding biology
of Macaroni Penguins comply with those characteristics described for offshore
feeders: only one chick raised per clutch, long incubation stints rather than
daily changeovers, fewer and longer foraging trips, and breeding in vast
colonies. They made a rough estimate of foraging ranges, based on length
of foraging trip and assumed swimming speed. However, when actual
foraging ranges are determined by radio telemetry, for several species of
penguin they turn out to be smaller than theoretical ranges calculated on
the basis of time at sea and average swimming speed (Wilson 1985,
Trivelpiece et al. 1986). Although the Fiordland Crested Penguin raises only
one chick and spends more than one day at sea at a time during incubation
(Warham 1974), and possibly throughout fledging also, the relatively large
numbers of Nototodarus in the diet indicate that foraging is confined to a
distance no further than the width of the contenental shelf (Mattlin er al.
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1985), which extends only about 10 km off the coast near the study sites.
This short foraging range imples a distributionally predictable prey (Frost
et al. 1976). Although little is known about squid and fish off the coast of
Fiordland, the diet of the Fiordland Crested Penguin shows that squid and
crustacea are abundant and predictable foods during the post-guard chick-
feeding phase of the breeding cycle.

ACKNOWLEDGEMENTS

1 thank D. Rhodes and M. 1. Butler for field assistance, the Fiordland Park
Aathority and The University of Canterbury for the use of their huts, and
J. Cooper, L. S. Davis, B. D. Heather, J. B. Jillett and P. Seddon for
critically reading the manuscript. M. J. Imber helped identify cephalopod
beaks, and C. Paulin helped with some otoliths. Funding was provided by
a Department of Internal Affairs Wildlife Scholarship as well as a grant from
the Otago Acclimatization Society.

LITERATURE CITED

ADAMS, N. J.; KLAGES. N. T. 1987. Seasonal variation in the diet of the King Penguin (Aprenodytes
patagonicus) at sub-antarctic Marion Island. J. Zool, Lond. 212:303-324.

BLAKE, B. F.; DIXON, T. |.; JONES, P. H; TASKER, M. L. 1985. Seasonal changes in the feeding
ecology of Guillemots (Uria ealgae) off north and east Scotland. Estuarine Coastal and Shelf
Sci. 200 559-568.

BROWN, C. R.; KLAGES, N. T. 1987. Seasonal and annual variation in diets of Macaroni /Eudyptes
chrysolophus) and Southern Rockhopper (E. chrysocome chrysocome) Penguins at sub-Antarctic
Marion Island. }. Zool. Lond. 212:7-28.

CROXALL, J. P,; FURSE, J. R. 1980. Food of Chinstrap Penguins Pygoscelis antarctica and Macaroni
Penguins Eudypies chrysolophus at Elephant Istand group, South Shetland Islands. Ibis 122:237-245.

CROXALL, J. P.; PRINCE, P. A. 1980. Food, feeding ecology and ecological segregration of seabirds
at South Georgia. Biol. J. Linn. Soc. 14:103-131,

CROXALL, J. P.; PRINCE, P. A.; BAIRD, A.; WARD, P. 1985. The diet of the Southern
Rockhopper Penguin Eudyptes chrysocome chrysocome at Beauchene Island, Falkland Islands.
J. Zool. Lond. (A) 206:485-496.

DUROSELLE, T.; TOLLU, B. 1977. The Rockhopper Penguin (Eudyptes chrysocome moseleyt) of
Saint Paul and Amsterdam Island. In “Adaptations within Antarctic Ecosystems”. Proceedings
of the third SCAR symposium on Antarctic Biology. (Ed. G. A. Llane). Washington:
Smithsonian Institution.

GASTON, A. ].; NOBLE, D.G, 1985. The diet of Thick-billed Murres /Uria lomvia) in west Hudson
Strait and northwest Hudson Bay. Can. |. Zool. 63:1148-1160.

JACKSON, S.; RYAN, P. G. 1986. Differential digestion rates of prev by White-chinned Petrels
(Procellaria aequinoctialis). Auk 103:617-619.

LALAS, C. 1983. Comparative feeding ecology of New Zealand marine shags (Phalacrocoracidae).
Unpubl. PhD thesis, University of Otago.

MATTLIN, R. H.; SCHEIBLING, R. E.; FORCH, E. C. 1985. Distribution, abundance and size
structure of arrow squid (Notowdarus sp.) off New Zealand. NAFO Sci. Coun. Studies 9:39-45.

REISCHEK, A. 1884. Notes on New Zealand ornithology. Trans. NZ Inst. 17:187-198.

TRIVELPIECE, W. Z.; BENGSTON, |. L.; TRIVELPIECE, S. G.; VOLKMAN, N. J. 1986.
Foraging behaviour of Gentoo and Chinstrap Penguins as determined by new radio-telemetry
techniques. Auk 103:777-781.

VAN HEEZIK, Y. M. 1988. The growth and diet of the Yellow-eyed Penguin, Megadyptes antipodes.
Unpubl. PhD thesis, University of Otago.

VAN HEEZIK, Y. M.; SEDDON, P. In press. Stomach sampling in the Yellow-eyed Penguin
(Megadypies antnipodes); erosion of otoliths and squid beaks, J. Field Orn.

WARHAM, J. 1974. The Fiordland Crested Penguin Eudvptes pachyrhynchus. Ibis 116 (1):1-27.

W’ILLIAMSS, A. ].; SIEGFRIED, W. R. 1980. Foraging ranges of krill-eating penguins. Polar Rec.
20:159-162.

WILLIAMS, A. J.; LAYCOCK, P. A. 1981. Euphausiids in the diet of some sub-aniarctic Eudypies
penguins. S. Afr. J. Antarct. Res. 10/11:27-28.

WILSO?;, ]RA P. 1984. An improved stomach pump for penguins and other seabirds. J.Field Orn.
55:109-111.

WILSON, R. P. 1985, The Jackass Penguin (Spheniscus demersus) as a pelagic predator. Mar. Ecol.
Progr. Ser. 25:219-227.

Y. M. VAN HEEKIZ, Depariment of Zoology, University of Otago, Dunedin
Present address: Percy Fitzpatrick Institute of African Ornithology,
University of Cape Town, Rondebosch, Cape Town, South Africa



