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Abstract.--The diet of the Peruvian Diving-Petrel (Pelecanoides garnotii) was studied from 
211 stomach pumpings collected on San Gallan and La Vieja Islands, on the central coast 
of Peru. Planktonic invertebrates were the dominant food items representing 85.3% and 
91.1% of the items ingested on San Gallan and La Vieja, respectively. The remainder of the 
stomach contents was fish. Euphausia mucronata was the principal prey, composing 22.1% 
by mass of the food ingested on San Gallan and 30% on La Vieja. Fish larval stages repre- 
sented 23.6% and 19.4% of the ingested food mass on these islands, respectively. Peruvian 
anchovy was present in only 3.2% of the stomach contents on San Gallan and 7.8% on La 
Vieja. Prey consumption varied seasonally probably due to changes in resource availability. 
Planktonic invertebrates were the main prey in summer, while there was a high proportion 
of fish larval stages during in winter. 

LA DIETA DE PELECANOIDES GARNOTII A LA VIEJA Y SAN GALLAN, PERI• 
Sinopsis.--Se estudi6 la dieta del potoyunco peruano (Pelecanoides garnotii) en base a 211 
lavados estomacales recogidos en las Islas San Gallan y La Vieja en la costa central del Perfl. 
Invertebrados planct6nicos fueron el alimento principal representando el 85.3% y el 91.1% 
de los articulos ingeridos en San Gallan y La Vieja respectivamente. E1 porcentaje restante 
de los contenidos estomacales correspondi6 a peces. La presa principal fue Euphausia mu- 
cronata, alcanzando el 22.1% y el 30.0% en peso del alimento ingerido en San Gallan y La 
Vieja, respectivamente. Los estadios larvales de peces representaron el 23.6% y 19.4% del 
alimento ingerido en dichas localidades, respectivamente. La anchoveta peruana (Engraulis 
tingens) se present6 en s61o el 3.2% de los contenidos estomacales recolectados en San 
Gallan yen el 7.8% de los contenidos estomacales recolectados en La Vieja. E1 consumo de 
presas vari6 estacionalmente, debido probablemente, a cambios en la disponibilidad de re- 
cursos. Los invertebrados planct6nicos fueron la presa principal en verano, en tanto queen 
invierno se observ6 una gran proporci6n de estadlos larvales. 

Peruvian Diving-Petrels (Pelecanoides garnotii) are endemic birds of the 
Peruvian current whose distribution is restricted to Peru (Lobos de Tierra 
Island, 6øS) and Chile (Corral, 37øS). Formerly abundant, their popula- 
tion has been reduced due to habitat destruction by the guano industry 
and direct capture of birds by fishermen (Coker 1919; Murphy 1936; Hays 
1989). Duffy et al. (1984) estimated the breeding population of Peruvian 
Diving-Petrels in Peru as closer to 10,000 individuals than to 1000 or 
100,000. Hays (1989) considered this an overestimation and estimated 
4000 breeding individuals. Studies conducted by the Peruvian Marine Re- 
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search Institute (Instituto del Mar del Peru, IMARPE) estimated a maxi- 
mum breeding population of 13,000 pairs in 1996, restricted to only two 
islands on the central coast of Peru: La Vieja and San Gallan (Jahncke 
and Goya 1998). 

Hays (1989) suggested that Peruvian Diving-Petrels are threatened by 
industrial fishing activities that limit the availability of their main prey, 
the Peruvian anchovy (Engraulis tingens). However, no studies have been 
carried out on the diet of this species to support this suggestion. Fur- 
thermore, natural history information on this species is scarce. Studies 
conducted by Payne and Prince (1979) on South Georgia Island have 
shown that Pelecanoides georgicus and P. urinatrix exsul feed on crusta- 
ceans. Pelecanoides georgicus feeds mainly on euphausiids (76% by vol- 
ume), copepods (20%), and amphipods (4%), while P. urinatrix exul feed 
on copepods (68%), euphausiids (15%), and amphipods (17%). 

This paper reports the results of a study designed to determine the diet 
of Peruvian Diving-Petrels on San Gallan and La Vieja. 

METHODS 

Study area.--Field work was conducted on La Vieja Island (14ø17'S) 
from October 1995-November 1996 and on San Gallan Island (13ø50'S) 
in March and September of 1996 (Fig. 1). These islands are within the 
Paracas National Reserve on the central coast of Peru and differ from 

others of the Peruvian coast because they are high and have soil on their 
tops and flanks that allow this species to excavate nesting burrows (Mur- 
phy 1925). 

Sample collection.--Birds were captured using mist nest as they returned 
to their colonies after sunset. Each bird was measured and banded, and 
then its stomach was pumped to obtain diet samples (Emison 1968; Wil- 
son 1984; Montalti y Coria 1993). Earlier studies have shown that, while 
benign, the method of stomach pumping does not always provide high 
accuracy. The proportion of recovered stomach contents is unknown 
(Lishman 1985) and may not provide a uniform sample (Croxall and 
Furse 1980; Croxall and Prince 1980; Lishman 1985). Montalti y Coria 
(1993) obtained 100% efficiency with all Procellariiforms with which they 
tried the same method applied in this study. However, it is possible that 
some otoliths may be retained in the birds' muscular stomach, resulting 
in a biased estimate of diet. While this method has problems, it is far less 
dangerous than other methods (Duffy and Jackson 1986) and thus pref- 
erable for this endangered species. Nevertheless, five birds of 220 died 
during its use. We used infant feeding plastic tubes (1 mm in diameter), 
20 ml syringes, and sea-water to obtain the samples. The procedure, sim- 
ilar to the one described by Wilson (1984) and Montalti and Coria (1993) 
was repeated up to three times on each bird. Stomach contents were 
stored in sea-water, preserved with alcohol (70%), and were analyzed the 
day after collection. 

For each sample we identified the species of each item. Invertebrates 
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FIGURE 1. Location of San Gallan and La Vieja Island, Peril. 
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were identified using Santander et al. (1981), and otoliths were identified 
using the morphological patterns described by Garcia-Godos (1996). We 
collected 187 samples on La Vieja Island (in 1995:32 in October; in 1996: 
33 in January, 37 in March, 32 in May, 22 in July, 30 in September, and 
I in November). On San Gallan Island, we collected 33 samples (19 in 
March and 14 in September). 
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Data analysis.--Diet composition by number overestimates the impor- 
tance of small prey items, therefore data were transformed to mass for 
each prey species. Masses assigned to squat lobsters (Pleuroncodes mono- 
don; 2.15 g), megalopod larvae of Xanthidae (0.011 g), megalopod larvae 
of Emerita (0.007 g), zoea larvae of Emerita (0.006 g), and small squids 
(0.055 g) were means of our own measurements. Mass assigned to eu- 
phausiids (0.05 g) was obtained from literature (Santander et al. 1981). 
Masses assigned to other invertebrates were the same as those of mega- 
lopod larvae of Emerita, because of their similar dimensions. The mass 
assigned to fish larvae (0.33 g) was obtained from unpublished data col- 
lected by the SNP-1 Research Vessel of IMARPE in February 1995. The 
mass assigned to all fish species was the mean mass of mote sculpins 
(Normanichtys crocheri; 6.74 g) captured during the same cruise, because 
of their similar dimensions. 

Niche breadth was measured to assess how diving-petrels use the avail- 
able resources using Levins' standardized index (Krebs 1989). Trophic 
niche similarity was measured to determine if resources used were the 
same on both islands, using the percentage similarity index and the sim- 
plified Morisita index (Krebs 1989). 

RESULTS 

Ninety six percent (95.9%) of the stomach samples (n = 220) con- 
rained food remains that could be classified into 18 prey species. Table 1 
summarizes diet composition by mass of the 211 samples that contained 
food remains. Considering only the numbers of individual prey, Peruvian 
Diving-Petrel diet was dominated by planktonic invertebrates on both is- 
lands, representing 85.3% of food items on San Gallan (n = 5070) and 
91.1% on La Vieja (n = 31,504). Fish represented only 14.7% of items 
consumed on San Gallan (n = 5070) and 8.9% on La Vieja (n = 31,504). 

Euphausiids (Euphausia mucronata) were the main prey item by num- 
ber, 82.5% on San Gallan and 84.8% on La Vieja. They were present in 
67.7% of the samples collected on San Gallan (n = 31) and in 42.8% 
collected on La Vieja (n = 180). They contributed 22.1% and 30.0% by 
mass of the ingested food on San Gallan (947.7 g) and La Vieja (4461.1 
g), respectively. Other invertebrate species of minor importance were pre- 
sent in the diet on both islands (e.g., squat lobsters, zoea of Emerita, 
megalopod of Xanthidae). Squat lobsters were the second invertebrate 
species in importance. They were present in 32.3% of the stomach con- 
tents collected on San Gallan (n = 31) and on 51.7% collected on La 
Vieja (n = 180). Squat lobsters constituted 7.3% and 21.4% by mass of 
the food ingested on San Gallan (947.7 g) and La Vieja (4461.1 g), re- 
spectively. 

Fish was mostly present as larvae. Species were not determined due to 
the small size of the otoliths. Fish larvae were present in 32.3% of the 
contents collected on San Gallan (n = 31) and 29.4% on La Vieja (n = 
180). They represented 23.6% (947.7 g) and 19.4% (4461.1 g) by mass 
of the food ingested on these islands, respectively. Other fish that were 
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present in the diet were mote sculpin (Normanichthys crochet/), Peruvian 
anchovy (Engraulis ringens), lightfish ( Vincigerria lucetia), Peruvian Sil- 
verside (Odontesthes regia), lanternfish (Mictophum nitidulum), and other 
mictophids of unknown species. Mote sculpins, a coastal pelagic fish as- 
sociated to subantarctic waters (Bouchon and Quiroz, unpubl. data), were 
present in 22.6% of the stomach contents collected on San Gallan (n = 
31) and in 17.2% collected on La Vieja (n = 180). They contributed 
14.9% and 10.6% by mass to the food ingested on San Gallan (947.7 g) 
and La Vieja (4461.1 g), respectively. Peruvian anchovies on San Gallan 
were present in only 3.2% of the collected contents (n -- 31) and rep- 
resented 1.4% by mass of the ingested food (947.7 g). On La Vieja, an- 
chovy was present on 7.8% of the stomach contents (n = 180) and rep- 
resented 10.7% of the food (4461.1 g). 

Niche breadth measured for San Gallan was 0.2730 and for La Vieja 
was 0.2380. Niche breadth estimated for all sample pooled was 0.2640. 
Peruvian Diving-petrel diet between both islands for March and Septem- 
ber (Fig. 2) had percentage overlap values of 49.8% and 49.9%; and 
simplified Morisita values of 0.6001 and 0.6643, respectively. Comparing 
the diet for each island between March and September, percentage over- 
lap values were 21.3% and 26.3%; and simplified Morisita values were 
0.2196 and 0.2750. 

DISCUSSION 

Murphy (1936) reported that Peruvian Diving-Petrels congregated with 
other oceanic birds on shoals of Peruvian anchovies and silversides, and 
in areas of ocean water discolored by clouds of Munida (squat lobster) 
or other free-swimming crustaceans. Twelve stomachs contained only trac- 
es of gravel and varying amounts of small crustaceans, identified merely 
as the megalopod stage of a crab (probably Xanthidae) (Murphy 1936). 
The stomach contents collected during this study have shown the impor- 
tance of planktonic crustaceans in the diet (specially Euphausia and Pleu- 
roncodes), confirming Murphy's observations. However, contrary to the 
suggestion by Hays (1989), the only fish prey items important in the diet 
were larval stages and mote sculpins. 

Peruvian Diving-Petrel diving capabilities were studied by Zavalaga and 
Jahncke (1997). They found mean maximum dive depth of this species 
was 31.06 _+ 3.6 m (range = 10-83 m, n = 22), and that 91% of the 
maximum dives were between 10 and 50 m (Zavalaga andJahncke 1997). 
Euphausiids are widespread to at least depths of 300 m (Santander et al. 
1981), whereas larvae of Peruvian anchovy and Peruvian Pacific sardine 
(Sardinops sagax) are confined to the upper 60 m, and mictophids larvae 
to the upper 100 m (Sameoto 1981). All prey show diel vertical migration, 
remaining in deeper waters during the day and rising the surface by night 
(Santander et al. 1981; Sameoto 1981). Because Peruvian Diving-Petrels 
are mainly diumal foragers (Jahncke, unpubl. data), it is expected that 
these birds need to reach deep water strata to catch their main prey. 
Peruvian Anchovy schools during 1996 were available above 30 m depth 



Vol. 70, No. 1 Diet of Peruvian Diving-Petrels [77 

0.8 -- 

0.4 

0.2 

0 + 
LV 3/96 SG 3/96 

,•,;,;,',;,;,;,;,;, 

.H444444444444444• 

't44+t-H4444444-H-I• 

aq+H-H+H4+H-I+Hq 

LV 9/96 SG 9/96 

Fish larval stages 

- Mi••tophids 

O•j•j•hestes 
E•ulis 
Pleuroncodes 

J Euphausia 

FIGURE 2. Peruvian Diving-Petrel diet composition on San Gallan (SG) and La Vieja (LV) 
from contents collected in March and September 19915. 

in summer (February-March) and 60 m depth in winter (August-Septem- 
ber) (Segura et al. 1996; Cgrdenas et al. 1997). Eighty percent of the 
schools were distributed over 15 m depth in summer and 20 m in winter, 
no differences were observed between day and night vertical distribution 
(Segura et al. 1996; C•rdenas et al. 1997). However, Peruvian anchovy 
was present in only 7.1% of the stomach contents, representing 9.1% by 
mass of the ingested food. 

The niche breadth of the Peruvian Diving-Petrel on San Gallan and La 
Vieja islands is quite narrow. Only a few of the items were consumed in 
large quantities. Similarities in resources used on San Gallan and La Vieja, 
and differences in diet between months for each island, suggest that con- 
sumption of preys varies seasonally. Variations are probably related to 
changes in the availability of resources. In summer, planktonic inverte- 
brates represented almost 60% of the ingested food, followed by mote 
sculpin and south pacific saury. In winter, invertebrates were only 30% of 
the food, with a high proportion of fish larval stages (40%), besides mic- 
tophids (Fig. 2). Low niche breadth values and seasonal diet variations, 
suggest that Peruvian Diving-Petrels are opportunistic feeders that prey 
on plankton (zooplankton and ichthyoplancton) but can switch to tem- 
porarily abundant small sized schooling fishes depending on their avail- 
ability. 

Anchovy fishing activities were thought to be the main threat to the 
conservation of seabirds in Peru (Duffy et al. 1984; Hays 1989). However, 
our results show that Peruvian Diving-Petrels are mainly planktonic feed- 
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ers and that they feed on minimal amounts of Peruvian anchovies. There- 
fore, competition for food between this species and industrial fishing ac- 
tivity should not be seen as a threat to this seabird population. 
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