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Abstract.--Timing and duration of foraging trips, and maximum diving depths were re- 
corded in Magellanic Penguins (Spheniscus magellanicus) during the chick-rearing stage at 
two breeding colonies in Argentina. Measures were taken with capillary depth gauges made 
from plastic tubing containing an inner layer of soluble indicator powder. Most penguins 
returned to their nests at dusk and during the night. At the San Lorenzo colony, penguins 
dove to a maximum depth of 90 m, with a modal maximum depth of 68 m. Penguins at 
Punta Loberia dove to a maximum depth of 80 m, with a modal maximum depth of 42 m. 
Whereas at San Lorenzo all the dives were deeper than 20 m, 35.5% of the dives from 
Punta Loberia did not reach 20 m. Diving patterns of the Magellanic Penguin followed 
the behavior of its main prey, Anchovy (Engraulis anchoita), and were also correlated with 
the topography of the sea shelf surrounding each breeding colony. 

PROFUNDIDAD DE BUCEO DEL PINGOINO DE MAGALLANES 

Sinopsis.--Se registr6 para los Pingfiinos de Magallanes (Spheniscus rnagellanicus) el tiempo 
y duraci6n de los viajes de alimentaci6n y la mfixima profundidad de buceo alcanzada, 
durante el periodo de crianza de los pichones, en dos colonias de aves en Argentina. Las 
medidas fueron tomadas con indicadores capilares de profundidad construidos con tubos 
plfisticos que contenlan una capa interna de polvo indicador soluble. La mayorla de los 
pingiiinos regresaron a sus nidos al atardecer y durante la noche. En la colonia de San 
Lorenzo la mfixima profundidad de buceo rue de 90 m, con una modal mfixima de 68 m. 
Los pingiiinos de Punta Loberla bucearon a una profundidad mfixima de 80 m, con una 
modal mfixima de 42 m. Mientras en San Lorenzo todos los buceos fueron mils profundos 
que 20 m, el 35,5% de los buceos en Punta Loberla no alcanzaron los 20 m. E1 patr6n de 
buceo de los ping/iinos sigui6 el comportamiento de su principal presa, la Ancholta (Engraulis 
anchoita), y estuvo tambi6n correlacionado con la topografia del rondo marino alrededor de 
cada colonia. 

Study of behavioral ecology in seabird species requires precise infor- 
mation about diving patterns, including maximum and modal diving 
depths (Adams and Brown 1983). Indirect inferences about diving depths 
of penguin species have been based on captures in fishing nets and the 
analysis of penguin prey (Croxall and Furse 1980, Croxall and Prince 
1980). Direct measurements have been made with electronic gauges 
(Kooyman et al. 1982, Trivelpiece et al. 1986) and with autoradiographic 
depth gauges (Adams et al. 1988, Brown 1987, Wilson and Bain 1984). 
However, the use of these devices is limited by size restrictions, operability 
and exposure time. Thus, many measurements have been made with 
capillary dive recorders which are based on the Boyle's Gas Law, can be 
built quite easily, and are inexpensive. The accuracy and limitations of 
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capillary depth gauges for the study of free-swimming birds have been 
exhaustively described (Burger and Wilson 1988). Direct studies of diving 
depths have only been made in 10 of the 17 known penguin species (R. 
P. Wilson and M-P. Wilson, pers. comm.). Here, we report on diving 
depths of the Magellanic Penguin, measured with capillary dive recorders. 

METHODS 

This study was carried out during two consecutive breeding seasons 
(1987 and 1988) at two breeding colonies of the Magellanic Penguin, 
Spheniscus raagellanicus: Estancia San Lorenzo (42ø04'S, 63ø21'W) and 
Punta Loberla (44ø35'S, 65ø22'W). All recordings were made in Decem- 
ber, because during that period both parents guard the nest and follow 
a chick-feeding routine that has been previously described (Scolaro 1984). 

During the first 22 d after hatching (guard stage), one of the parents 
takes care of the brood while the other goes to sea, returning with food 
about 2 d later (Scolaro 1984). Thus, only nests with chicks smaller than 
22 d old were chosen for this study, and dive gauges were fixed to birds 
awaiting their relief. Nests were monitored every 2 h during daylight 
hours and gauges were easily recovered when birds returned from the 
sea. 

Dive recorders were made as described by Montague (1985), using a 
10-cm section of plastic capillary tubing, either 2.0 or 0.8 mm internal 
diameter. The inner walls were covered with a water-soluble mixture of 

methylene blue and talc (1:3, respectively), and one end was sealed. Thus, 
the height of the air column at the maximum diving depth corresponds 
to the length of blue-colored tubing. This length was read to the nearest 
0.1 mm using calipers. Standarization of the gauges (column height versus 
meters below sea level) was made from a boat by releasing to 90 m depth 
six devices attached every 2 m. Simulation of penguin underwater activity 
was made with 24 recorders released three times to 44 m depth, as 
suggested by Burger and Wilson (1988). 

The 2.0 mm tubes were discarded after this test because their air-water 

columns were disrupted more often than those of 0.8 mm tubes, showing 
a higher tendency to accumulate water droplets in their lumens. Each 
dive recorder was attached with epoxy resin to a colored plastic, numbered 
flipper band, and attached around the wing at the shoulder. The flipper 
bands were similar in size and shape to those previously used in Ma- 
gellanic Penguins (Scolaro 1983). 

RESULTS 

About 60% of penguins returned to their nests between 0800 and 2000 
h while 40% returned between 2000 and 0800 h (Fig. 1). The duration 
of foraging trips showed two modes of ca. 24 h (n = 26) and 48 h (n = 
35), with very few individuals (3%, n = 2) returning between 60 and 72 
h. Birds arriving between 1000 and 1800 h (n = 25) made shorter trips 
than those (n = 38) returning before 1000 or after 1800 h (X 2 = 16.2, 
df = 1, P < 0.001). Maximum diving depths were not significantly 
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FIGURE 1. Proportions of penguins returning to their nests at different times of day. 

correlated with the time interval between tagging and recapture, nor with 
the recapture time (X 2 = 2.8, df = 3, and X2 • 6.3, df = 3, P > 0.05, 
respectively). 
Total data showed a maximum diving depth ranging from 6 to 90 m, 
with a median maximum depth of 50 m and a modal maximum depth 
of 68 m. Diving depths recorded from San Lorenzo colony were deeper 
than those from Punta Loberia (X 2 = 37.7, df = 8, P < 0.001) and they 
were non-randomly distributed (X 2 = 25.8, df = 8, P < 0.001) with 11 
dives reaching less than 20 m and 52 dives exceeding 20 m (82.5%). 

At San Lorenzo colony, all the dives exceeded 20 m, with a range of 
24-90 m. The median maximum depth was 66.5 m and the modal max- 
imum depth was 68 m. In contrast, 64.5% of Punta Loberla records 
exceeded 20 m, and only two of these surpassed 60 m (Fig. 2). 

The diving depths of males were not different from those of females 
(X 2 = 4.3, df = 3, P > 0.05). 

DISCUSSION 

Penguins dive to feed, but also dive for other purposes (Croxall and 
Lishman 1987, Trivelpiece et al. 1986). Thus, records of maximum diving 
depths could be related to many different factors, such as prey habits, 
predator evasion, topography of the oceanic floor or exploratory activity. 

The disruption of the air-water column in capillary diving gauges 
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FIGURE 2. Diving-depth profiles for Magellanic Penguins at two latitudinally separated 
colonies. 

probably reflects underwater activity of the birds, such as violent pulling 
and jarring. Five percent of the 0.8 mm gauges recovered from returning 
birds showed water droplets in their lumens (and were discarded), sug- 
gesting that Magellanic Penguins have active underwater locomotion. 
The use of narrow tubes minimizes the water column breaks; on the other 
hand, by using devices on the flipper where movements and changes in 
acceleration are greater, the breakage is higher. Thus, as Burger and 
Wilson (1988) have pointed out, attachment of the devices to the body 
by means of waterproof adhesive tape or special glue would greatly reduce 
the likelihood of errors associated with maximum depth gauges. 

Capillary diving recorders only provide evidence of the deepest dive 
during a relatively long foraging excursion. Therefore, they might only 
reflect occasional exploratory dives from birds that otherwise show an 
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epipelagic behavior (Burger and Wilson 1988). If this were true, the 
frequency of the deeper immersions should increase in those birds re- 
maining out of their nests for a longer time. As such a correlation was 
not observed, the maximum depths found in our sampling of 63 dives 
cannot be considered to result from exploratory deep dives. On the con- 
trary, they could represent the normal pattern for this species and reflect 
probable foraging and prey-catching behaviors of this species. 

The different diving patterns for each breeding colony were probably 
related to the topography of the sea shelf at each site. The 80 m isobath 
is only 2.2 km offshore at San Lorenzo, but 7.5 km from the Punta 
Loberla coastline (Argentine Navy, Nautical Charts No. 3, 58 and H-216). 
Thus, the modal maximum diving depth for San Lorenzo can be reached 
1.0-1.5 km from shore (the 68 m isobath), whereas the modal maximum 
diving depth for Punta Loberia (the 42 m isobath) is 1.8-2.0 km from 
the coastline. Thus, Magellanic Penguins could forage at the shortest 
distance where prey are available, as has been shown for other Spheniscus 
penguins (Wilson et al. 1989, R. P. Wilson and M-P. Wilson, pers. 
comm.). 

Maximum diving depths of Magellanic Penguins could be related to 
the behavior of Anchovy (Engraulis anchoita), which form about 97.2% 
(by number) of the stomach contents in both colonies during December 
(Scolaro, unpubl. data). During daytime, Anchovy form compact shoals 
at depths greater than 35 m and down to 75-100 m, while at night they 
form thin and dispersed layers near the surface (3-20 m) (Brandhorst et 
al. 1971). In addition, it is known that Anchovy behavior makes catching 
them at night very difficult (Brandhorst and Castello 1971). Therefore, 
modal diving depths suggest that Magellanic Penguins have a diurnal 
foraging pattern; maximum depth values are variable according to location 
and time of year and probably reflect changes in prey ecology (R. P. 
Wilson and M-P. Wilson, pers. comm.). 

However, all depths recorded cannot be related to feeding activity; 
penguins arriving at the nest after 48 h did not always bring food to their 
chicks. These birds probably explored areas farther than 2 km offshore, 
suggesting that Anchovy is not always an available source of food near 
the colonies. Besides, the time some penguins rest on shore before the trip 
and also during foraging still remains unknown (Scolaro 1983). 

Most penguin species are diurnal foragers, leaving their breeding sites 
at dawn and returning at dusk (Richdale 1957, Warham 1963, Wilson 
1985, Wilson et al. 1989). However, nocturnal feeding has recently been 
observed in Macaroni Penguins (Croxall et al. 1988). Our findings show 
that many Magellanic Penguins return at night, as has also been men- 
tioned for another colony of this species (Capurro et al. 1988). A large 
percentage of the penguins (40%) arrive between 2100 and 0800 h of the 
following day. As overnight monitoring was restricted to minimize human 
perturbation of penguins (Hockey and Hallinan 1981) we could not 
determine exact arrival times at the colony. However, depth records of 
penguins returning during the night were not different from birds arriving 
during daylight hours. 



Vol. 62, No. 2 Diving Depths in Magellanic Penguins [209 

ACKNOWLEDGMENTS 

We thank S. H. Otafio and J. A. Upton for assistance in the field. We appreciate the 
reviewers' and editor's suggestions. These surveys were partially supported by SECYT and 
CONICET and we appreciate the staff assistance. The authors are members of the Carrera 
del Investigador del CONICET, Argentina. 

LITERATURE CITED 

ADAMS, N.J., AND C. R. BROWN. 1983. Diving depths of the GentDo Penguin (Pygoscelis 
papua). Condor 85:503-504. 

ADAMS, N.J., R. P. WILSON, AND C. h. R. BAIN. 1988. The use of Thallium as a 
radioactive source in autoradiographic devices for penguins at sea. J. Field Ornithol. 
59:43-45. 

BRANDHORST, W., AND J.P. CASTELLO. 1971. Evaluaci6n de los recursos de Ancho•ta 
(Engraulis anchoita) frente a la Argentina y Uruguay. II. Abundancia relativa entre las 
latitudes 39 ø y 45øS en relaci0n alas condiciones ambientales en febrero-marzo de 1970. 
Proy. Des. Pesq., Set. Inf. Tic., Mar del Plata, Argentina, Publ. 32:1-47. 

BRANDHORST, W., J.P. CASTELLO, R. PEREZ HABIAGA, AND B. H. ROA. 1971. Evaluaci6n 
de los recursos de Anchoita (Engraulis anchoita) frente a la Argentina y Uruguay. V. 
Abundancia relativa entre las latitudes 34ø3ffS y 42øS en relaci6n alas condiciones 
ambientales en octubre-noviembre de 1970. Inst. Biol. Mar., Mar del Plata, Argentina, 
Set. Contrib. 184:1-30. 

BROWN, C. R. 1987. Traveling speed and foraging range of Macaroni and Rockhopper 
Penguins at Marion Island. J. Field Ornithol. 58:118-125. 

BURGER, A. E., AND R. P. WILSON. 1988. Capillary-tube depth gauges for diving animals: 
an assessment of their accuracy and applicability. J. Field Ornithol. 59:345-354. 

CAPURRO, A., E. FRERE, M. GANDINI, P. GANDINI, T. HOLIK, V. LICHTSCHEIN, AND P. 
DEE BOERSMA. 1988. Nest density and population size of Magellanic Penguins (Sphen- 
iscus magellanicus) at Cabo Dos Bahias, Argentina. Auk 105:585-588. 

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

, AND G. S. LISHMAN. 1987. The food and feeding ecology of penguins. Pp. 101- 
133, in J.P. Croxall, ed. Seabirds: feeding ecology and role in marine ecosystems. 
Cambridge Univ. Press, Cambridge, U.K. 

, AND P. t. PRINCE. 1980. The food of the GentDo Penguins Pygoscelis papua and 
Macaroni Penguins Eudyptes chrysolophus at South Georgia. Ibis 122:245-253. 

, R. W. DAVIS, AND m. J. O'CONNELL. 1988. Diving patterns in relation to diet 
of GentDo and Macaroni Penguins at South Georgia. Condor 90:157-167. 

HOCKEY, P. t. R., AND J. HALLINAN. 1981. Effect of human disturbance on the breeding 
behaviour of Jackass Penguins Spheniscus demersus. S. Aft. J. Wildl. Res. 11:59-62. 

KOOYMAN, G. L., R. W. DAVIS, J.P. CROXALL, AND O. P. COSTA. 1982. Diving depths 
and energy requirements of King Penguins. Science 217:726-727. 

MONTAGUE, T. L. 1985. A maximum dive recorder for Little Penguins. Emu 85:264- 
267. 

RICHDALE, L. E. 1957. A population study of penguins. Oxford Univ. Press, Oxford, 
U.K. 

SCOL^RO, J.A. 1983. The ecology of the Magellanic Penguin Spheniscus magellanicus. A 
long-term population and breeding study of a temperate-latitude penguin in southern 
Argentina. M.Ph. thesis. Univ. Bradford, Bradford, U.K. 

1984. Timing of nest relief during incubation and guard stage period of chicks 
in Magellanic Penguin (Spheniscus rnagellanicus) (Aves: Spheniscidae). Hist. Nat., Cor- 
rientes, Argentina 4:281-284. 

TRIVEL?IECE, W. Z., J. L. BENGTSON, S. G. TRIVEI•PIECE, aND N.J. VOLI•M^N. 1986. 
Foraging behavior of GentDo and Chinstrap Penguins as determined by new radiote- 
lemetry techniques. Auk 103:777-781. 

WARHAM, J. 1963. The Rockhopper Penguin Eudyptes chrysocorne at Macquarie Island. 
Auk 80:229-256. 



210] d. A. Scolaro and A.M. Suburo J. Field Ornithol. 
Spring 1991 

W•LSON, R. P. 1985. Diurnal foraging patterns of the Jackass Penguin. Ostrich 56:212- 
214. 

, AND A. R. BAIN. 1984. An inexpensive depth gauge for penguins. J. Wildl. 
Manage. 48:1077-1084. 

, M-P. WILSON, D.C. DUFFY, B. ARAYA M., AND N. KLAGES. 1989. Diving 
behaviour and prey of the Humboldt Penguin (Spheniscus humboldti). J. Ornithol. 130: 
75-79. 

Received 27 Oct. 1989; accepted 15 Aug. 1990. 

MEETINGS OF INTEREST 

Animal Behavior Society, 27th annual meeting, University of North Carolina, Wilmington, 
North Carolina, 1-6 June 1991. 

Address inquiries to: Janet Driscoll, ABS Secretary, 2550 W. 43rd Avenue, Denver, 
CO 80211-1732. 

American Ornithologists' Union, 109th Stated Meeting, Montreal, Quebec, Canada, 13- 
17 August 1991. 

For information contact: AOU Local Committee, Department of Renewable Resources, 
McGill University, 21,111 Lakeshore Road, Box 197, Ste. Anne de Bellevue, Quebec, 
H9X 1C0, Canada. 

4th International Behavioral Ecology Congress, Princeton University, Princeton, New 
Jersey, 17-22 August 1992. 

Details available from: ISBE Committee, Department of Ecology and Evolutionary 
Biology, Princeton University, Princeton, NJ 08544-1003. 

22nd International Ethological Conference, Kyoto, Japan, 22-29 August 1991. 
Contact: 22nd IEC Conference Secretary, % Simul International, Inc., International 
Conference Department, Kowa Building No. 9, 1-8-10 Akasaka, Minato-ku, Tokyo, 
107 Japan. 


