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SUMMARY

GARCIA-GODOS, I., GOYA, E. & JAHNCKE, J. 2002. The diet of Markham’s Storm Petrel Oceanodroma
markhami on the central coast of Peru. Marine Ornithology 30: 77-83.

We studied the diet of Markham’ s Storm Petrel Oceanodroma markhami on Paracas Peninsulaand LaViegalsland,
central Peru, in 1996, 1999 and 2000. A total of 95 samples was collected from adults captured in mist nets at
breeding col onies, using the water-offl oading technique. The diet was composed of fish (54% by mass), cephal opods
(36%) and crustaceans (10%). Among the fish, Peruvian Anchovy Engraulis ringens was the main prey (27.2%
of thetotal mass), followed by fish of unknown identity (16.7%). The Pelagic Squat L obster Pleuroncodes monodon
was the main crustacean prey (9.4%); the oceanic octopus Japetella sp. was the most frequent cephal opod eaten.
Prey composition varied among years, before and after El Nifio 1997/98. Fish was the main prey in samples dur-
ing 1999, when anchovy was first observed in the diet (43% by mass). Cephalopods were the main prey in 1996
(44%) and 2000 (84%). Fish prey suggests both inshore and off shore feeding, while cephal opods suggest offshore
feeding only. The observed pattern of the diet of the Markham’s Storm Petrel indicates opportunistic feeding.
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INTRODUCTION

Markham’ s Storm Petrel Oceanodroma markhami is confined to
the Peruvian Current and adjacent waters (Murphy 1936, Goodall
et al. 1951). Breeding areas have been known only since the early
1990s, when discovered at the Paracas National Reserve and La
Vieja and San Gallan Islands, on the central Peruvian coast
(Jahncke 1993). This storm petrel breeds annually. Egg laying
begins in June and fledglings leave their nests between late
November and early December (Jahncke 1994). The natural his-
tory of this species has been scarcely investigated.

Quantitative dietary data are available for only a few species of
storm petrels (Prince & Morgan 1987, Ridoux 1994). However,
Croxall et al. (1988) emphasized the importance of fish and
cephalopods on the diet of Pacific Ocean Oceanodroma species
and populations as compared to other crustacean feeding genera.
Until now the diet of Markham’s Storm Petrel has been unknown.

Major food web perturbationsin the Peruvian Current result from
fluctuationsin ocean climate due to warm (El Nifio) and cold (La
Nifia) events (Arntz & Farbach 1996, Morén 2000). Thiswaswell
shown during El Nifio 1997/98, which caused great changesin the
diet of Peruvian guano birds (Jahncke & Goya 1998) and other
seabirds, mainly because of prey depletion. Dueto their breeding
schedule Markham’ s Storm Petrels did not nest during the strong-

est phase of El Nifio in summer 1998, and therefore effects on diet
could not be assessed. Because the storm petrel’ s offshore distri-
bution limits are far from the Peruvian Current, it is probabl e that
El Nifio could affect these birds differently to other endemic
seabirds. On the other hand, dietary information obtained before
and after El Nifio 1997/98 could indicate some of the changes
brought by that environmental event and its influence on this
species. Herein, we report the first findings on the diet of
Markham’ s Storm Petrels.

METHODS

Fieldwork was conducted on the Paracas Peninsula (13°50'S,
76°22'W) in 1996 and at La Vigja Island (14°17'S, 76°11'W) in
1996, 1999 and 2000 (Fig. 1). These areas are located within the
Paracas National Reserve, on the Peruvian central coast. Samples
were collected during three-day periods during the breeding sea-
son (1996: May to September; 1999: August to November and
2000: August).

Birds were captured using mist nets when returning to their colo-
nies after dusk. Stomach contents were obtained by stomach
pumping, using the water-offloading technique (Wilson 1984,
Montalti & Coria 1993). Flushing was repeated up to three times
on each bird to collect the complete stomach contents. Plastic in-
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taken from Jahncke et al. (1999). The mean mass of

the Panama Lightfish Vinciguerria lucetia (1.054 g)
collected by IMARPE during spring 2000 was used
for al other fish species, because of their similar size.
Because of the small number of beaks recovered, it
was impossible to assign a mass to a particular spe-
cies of cephalopod. Instead we assigned them a gen-
eral massof 1.2 g, that was the mass of the most com-
plete specimen in the sample. The latter did not dif-

fer from the mean calculated mass of the few
cephalopods beaks identified and measured. Mass
used for crustaceans were: 2.15 g for Pelagic Squat
Lobster Pleuroncodes monodon, 0.011 g for
megal opod larvae of Xanthidae crabsand 0.006 g for
zoea larvae of Sandcrab Emerita analoga (Jahncke
et al. 1999). Mean mass assigned to Small Krill
Euphausia mucronata (0.05 g) was taken from
Santander et al. (1981). For other invertebrates of
similar size, we used the same mass assigned to the
megal opod larvae of Sandcrab.

Thefrequency of occurrence, percent by number and
by mass were calculated for each year and for all
samples pooled together. Frequency of occurrence
was tested statistically using chi-square for inde-
pendent samples; we used the Mann-Whitney U test
(Siegel 1956) to compare prey numbers. The esti-
mated stomach content mass was tested using asin-
glefactor ANOVA. Means are expressed + the stand-
ard deviation. In 1999, the total mass of 21 stomach
contents and the mass of the floating oil presentin 10
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Fig. 1. Location of the study areas, the Paracas Peninsula and La Vieja

Gallan Islands, the main known breeding grounds of Markham’s Storm Petrels.

fant feeding tubes (1 mm in diameter), 20-ml syringes and
seawater were used to obtain samples. Stomach contents were
preserved with alcohol (70%), and analyzed the day after collec-
tion. No mortality of birdswas observed. Prey items were identi-
fied to the lowest taxonomic level, using Santander et al. (1981)
and Garcia-Godos (2001). Dr. Unai Markaida (CICESE, Mexico)
identified cephal opod beaks.

Fish, cephalopods and crustaceans occurred as whole or frag-
mented individuals, eye lenses, otoliths and squid beaks. We
estimated the minimum number of itemsin each stomach content
using the appropriate remains having the highest number. For
example, when both cephalopod beaks and eye-lenses were
present, we assumed the minimum number of cephalopods to be
the highest number of pairs of beaks or eye-lenses present.

Prey data were transformed to mass for each species, except
cephal opods (see below). Because there are no length-mass equa-
tions for most of the prey found, we used average mass. For fish,
the mass assigned to Peruvian Anchovy Engraulis ringens was
taken for each given size (IMARPE unpubl. data), which was
estimated measuring regurgitated fish or otoliths and applying
IMARPE standard equations (unpubl. data). Average mass
assigned to Mote Scul pins Normanichthys crockeri (6.74 g) was

sampleswere measured using aportable digital scale
to the nearest 0.1 g.

and San Prey size could be estimated for some prey. Regur-
gitated fish was measured to the nearest 1 mm and
anchovy otoliths were measured to the nearest 0.01
mm to calculate the standard length (see above).
Equations for cephalopod beaks and size of Leachia sp. and
Abraliopsis sp. were taken from Clarke (1986) and Wolff (1984),
and for Loligo gahi from Pineda et al. (1996). These equations
were not used in the analysis by mass.

RESULTS

A total of 95 stomach contents of Markham's Storm Petrel was
collected, 14 from the Paracas Peninsula and 81 from La Vigja
Island (29 in 1996; 41 in 1999; and 11 in 2000). Most samples
(77%) contained solid remains that were classified into 13 prey
types. Diet was composed of fish, cephalopods and crustaceans
(Table 1). Fish was the main prey in 1999, whereas cephal opods
were the main prey in 1996 and 2000 (Fig. 2). The percentage by
mass of the pooled sample was dominated by the large amount of
fish consumed in 1999.

Overall, cephal opods were the main item consumed, representing
35.9% of the diet by mass, followed by Peruvian Anchovy
(27.2%), adult Pelagic Squat Lobster (9.4%) and Mote Sculpin
(4.5%). Unidentified fish accounted for 17% by mass of the total
sample. Other fish found were mesopel agi ¢ species having strong
diel vertical migration such as Pearly Lanternfish Mictophum
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nitidulum, Slimtail Lanternfish Lampanyctus parvicauda, Panama
Lightfish Vinciguerria lucetia and Codlet Bregmaceros
bathymaster (Wisner 1976, Cohen et al. 1990, Castillo et al.
1999hb).

Thefew cephal opod beaksidentifiable were from Japetella sp. (7),
Leachia sp. (3), Abraliopsis sp. (2), Mastigoteuthis sp. (1) and
Loligo gahi (1). Their specific contribution by mass could not be
calculated because of the high incidence of cephalopod remains
other than beaks (i.e. eye lenses and flesh).

Three stomach contents contained eggs of Peruvian Silverside
Odonthestes regia and nine contained other remains suggesting
scavenging behaviour. Unidentifiable mammal or seabird muscle
was found in two samples and eye-lenses (up to 11-mm diameter)
from squid much larger than the storm petrelswere found in seven
stomachs. Small pieces of algae were present in one sample; three
samples contained small pieces of plastic and aluminium paper
remains.

In 1996 there were no statistical differences in the frequency of
occurrence and percentage by number of crustaceans, cephal opods
and fish consumed (x7 and Mann-Whitney test, n.s.) between
Paracas Peninsula and La Vieja Island. Therefore, data were
pooled for further analyses. Statistical differences existed among
yearsin the occurrence of fish (x4 = 14.014, P <0.01), but not in
the frequency of occurrence of crustaceans and cephalopods. The
frequency of occurrence and percentage by number of fish varied
strongly between 1996 and 1999 (x% = 13.072, P < 0.01; Mann-
Whitney test, U = 484, P < 0.01). Differences were due to an
increase in fish and a decrease in squid consumption in 1999
(Table 1). Fish consumption rose considerably in 1999 when
Peruvian Anchovy was the main prey. Anchovy was not observed
in samples from 1996 and 2000. Other prey species consumed in
1996 such as Pelagic Squat Lobster, Mote Sculpin and Panama
Lightfish only accounted for only 3% by mass during 1999, and
were not present during 2000 (Table 1).

Fish sizes consumed by Markham’s Storm Petrel varied greatly.
Peruvian Anchovies directly measured in 1999 ranged in length
from 7.5 t0 11.0 cm (n = 11), and those estimated from otoliths
ranged from 6.1 to 15.2 cm (mean 10.4+3.3 cm, n = 14). The
Panama Lightfish ranged from 3.8 to 6.0 cm (n = 5), myctophids
were smaller than 7 cm and the single Codlet collected was 6.6 cm.
Cephalopod mass could be estimated only for Leachia sp. (0.49
t0 2.94 g, n = 3) and Abraliopsis sp. (249 gand 3.24 g, n = 2).
The single Loligo gahi weighted 55.23 g. Japetella sp. was the
smallest cephal opod species taken and reached 8.5 cm in mantle
length.

Fifty-one samples contained oil (60.7%). Mean oil mass was
1.8+1.4 g (range = 0.7-4.8 g, n = 10). There was no relationship
between oil mass and estimated stomach content mass (rg . on=
0.158, n = 10, P > 0.05). Qil proportion varied from %.3% to
100%.

DISCUSSION
Markham’ s Storm Petrel s off the Peruvian central coast consumed

mainly fish and cephal opods, although prevalence varied by year.
Fish was the main taxon by mass in 1999 but cephal opods were

the main prey consumed in 1996 and 2000. This general char-
acterization of diet is consistent with studies of diet in other storm
petrel species (Prince & Morgan 1987). Croxall et al. (1988) hy-
pothesized that al Oceanodroma species and populations of the
Pacific Ocean feed mainly on fish, with squid as the second-most
important prey. Our work partly agrees with that hypothesis, con-
sidering the great temporal variationinthe main prey. Likely, the
diet of Markham’s Storm Petrel reflects prey availability, aswas
suggested for Wilson’s Storm Petrel Oceanites oceanicus (Quill-
feldt 2002). However, the prevalence of some prey species (e.g.
pelagic cephalopods) is unknown in the Peruvian Current and
adjacent waters.

Changes in the diet of Markham'’s Storm Petrels were probably
influenced by El Nifio 1997/98. Cold sea surface temperatureswere
characteristic in 1996 (Ganoza et al. 1997, Pizarro et al. 1997).
During that year, Mote Sculpin, a coastal pelagic fish associated
with sub-Antarctic waters (Quiroz et al. 1996), and Pelagic Squat
L obster, a swarming planktonic crustacean associated with cold
waters (Segura & Castillo 1996, Paredes & Elliot 1997), were
abundant and the diet was comprised mainly of these two species.
No anchovy were observed in the diet then, probably because the
anchovy population was dispersed, and therefore less available to
the birds, during that year (Céardenas et al. 1997, Ganoza et al.
1997, Morén et al. 1997). The presence of subtropical waters 110
km offshore from the study area (Pizarro et al. 1997) could have
caused the presence of lightfish and lanternfish, warm water
mesopel agic species, in the diet during 1996. Despite the cold sea
surface temperatures observed during 1999 (Mordn & Crispin
1999, Vésquez & Tello 1999) Mote Sculpin was not present in the
area and Pelagic Squat Lobster was present from the coast to 125
km offshore (Castillo et al. 1999a,b). During 1999, storm petrel
diet was composed mainly of Peruvian Anchovy, which were con-
centrated from 54 to 145 km offshore of Paracas (Castillo et al.
1999a,b). High biomasses of lightfish and lanternfish were re-
corded off Paracas from 54 to 216 km offshore (Castillo et al.
1999a,b). The single Codlet recorded in 1999 was probably asso-
ciated with El Nifio, because it is a common species off Panama
(Sanchez et al. 1985). During 2000, more average oceanographic
conditions predominated in the study area, although subtropical
surface waters were unusually closeto the coast (IMARPE unpubl.
data). Cephal opods were the main prey consumed that year and the
only fish recorded was a Slimtail Lanternfish.

Among the cephal opods consumed, Japetella sp., asmall oceanic
octopus, appearsto be the main prey, followed by Leachia sp. and
Abraliopsis sp. (Table 1). Unfortunately there are no data on the
distribution of these cephalopods off the Peruvian coast. Never-
theless, Japetella is a bathypelagic species, while Abraliopsisis
an epipelagic oceanic species, Leachia and Mastigoteuthis are
mesopelagic, and Loligo gahi is neritic (Nesis 1972, Roper &
Young 1975, Roper et al. 1984, Nesis 1996). Except for Loligo,
all the cephalopod prey taken by Markham’ s Storm Petrel suggests
feeding in waters deeper than those of the continental shelf.

About 10% of samples contained remains that suggest scaveng-
ing. Itisknown that Procellariiforms scavenge dead or moribund
squid at the sea surface (e.g. Imber & Berruti 1981, Croxall et
al. 1988). All cephal opod species recorded in this study have ter-
minal reproduction and some (e.g. Cranchiidae) float on the sur-
face at death, where they could be taken by seabirds (Nesis
1996). The shallowest depth recorded for live Japetella sp. is
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TABLE 1

Diet composition of Markham’s Storm Petrel Oceanodroma markhami on the central coast of Peru

1996 1999
Occurrence  Number Mass Occurrence  Number Mass
(%) (%) (%) (%) (%) (%)

Crustaceans 51.61 23.94 24.37 51.43 22.79 2.80
Euphasiacea

Euphausia mucronata 22.86 11.76 0.47
Decapoda

Emerita analoga (zoea) 3.23 141 0.01

Pleuroncodes monodon 32.26 15.49 24.32 571 1.47 2.29

Phronima sp. 3.23 141 0.01

Fam. Xantidae (megal opa) 6.45 2.82 0.02
Isopoda 2.86 1.47 0.01
Undetermined crustaceans 6.45 2.82 0.01 31.43 8.09 0.04
Cephalopods* 70.97 50.70 44.43 65.71 32.35 28.15
Enoploteuthidae

Abraliopsis sp.
Mastigotheutidae

Mastigoteuthis sp.
Cranchiidae

Leachia sp.
Loliginiidae

Loligo gahi
Bolitaenidae

Japetella sp.
Fish 32.26 25.35 31.21 77.14 44.85 69.05
Engrauliidae

Engraulis ringens 25.71 11.03 43.20
Normanychtiidae

Normanichthys crockeri 6.45 2.82 13.86
Photichtyidae

Vinciguerria lucetia 3.23 5.63 4.34 2.86 0.74 0.56
Myctophidae

Lampanyctus parvicauda 3.23 141 1.08

Mictophum nitidulum 6.45 2.82 2.17 8.57 4.41 3.37
Bregmacerotiidae

Bregmacer os bathymaster 2.86 0.74 0.56
Undetermined larval fish 22.58 12.68 9.76 71.43 27.94 21.35
Tota prey number 71 136
Total mass (g) 97.24 187.58
Sample size 30 36

* Obtained from the addition of beaks and unidentifiable remains. Only the number of beaksidentified isshowed for cephal opod speciesin the pooled
sample.
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TABLE 1 (continued)

(Diet composition of Markham’s Storm Petrel Oceanodroma markhami on the central coast of Peru)

2000 Pooled
Occurrence  Number Mass Occurrence  Number Mass
(%) (%) (%) (%) (%) (%)

Crustaceans 14.29 8.33 0.05 47.95 22.58 9.73
Euphasiacea

Euphausia mucronata 12.12 7.37 0.30
Decapoda

Emerita analoga (zoea) 1.37 0.46 0.002

Pleuroncodes monodon 16.44 5.99 9.39

Phronima sp. 1.37 0.46 0.002

Fam. Xantidae (megal opa) 2.74 0.92 0.01
Isopoda 1.37 0.92 0.004
Undetermined crustaceans 14.29 8.33 0.05 19.18 6.45 0.03
Cephalopods* 85.71 75.00 83.63 69.86 41.01 35.87
Enopl oteuthidae

Abraliopsis sp. 2
Mastigotheutidae

Mastigoteuthis sp. 1
Cranchiidae

Leachia sp. 3
Loliginiidae

Loligo gahi 1
Bolitaenidae

Japetella sp. 7
Fish 28.57 16.67 16.32 53.42 36.41 54.40
Engrauliidae

Engraulis ringens 12.33 6.91 27.22
Normanychtiidae

Normanichthys crockeri 2.74 0.92 4.53
Photichtyidae

Vinciguerria lucetia 2.74 2.30 1.77
Myctophidae

Lampanyctus parvicauda 14.29 8.33 8.16 2.74 0.92 0.71

Mictophum nitidulum 6.85 3.69 2.83
Bregmacerotiidae

Bregmacer os bathymaster 1.37 0.46 0.35
Undetermined larval fish 14.29 8.33 8.16 45.21 22.12 16.99
Total prey number 12 219
Total mass (g) 1291 297.73
Sample size 7 73

Marine Ornithology 30: 77—83 (2002)



82 Garcia-Godos et al.: Diet of Markham's Storm Petrel Oceanodroma markhami

Mass (%)
(o))
o

20 4 :
10
0

1996

1999 2000

O Crustaceans O Cephalopods M Fish

Fig. 2. Annual variation of prey groups in the diet of Markham’s Storm
Petrels.

200 m (Nesis 1972, Roper & Y oung 1975), so scavenging appears
to bethe only way by which storm petrels could take them. On the
other hand, during the surveys at sea (see below), we recorded
Markham’ s Storm Petrels flying around carcasses of Southern Sea
Lions Otaria byronia, where Wilson’s, Hornby’s Oceanodroma
hornbyi and Wedge-rumped O. tethys Storm Petrel s were scaveng-
ing. This could explain the occurrence of red muscle fibrein some
stomach contents.

Thediet of Markham's Storm Petrel suggests some nocturnal for-
aging. The lanternfish and lightfish consumed are mesopelagic
species showing diel vertical migration patterns that surface at
night (Wisner 1976, Hulley 1990, Paxton et al. 1995, Castillo et
al. 1999b); the presence of photophoresin these species may aid
storm petrels in locating them. The cephalopods Japetella,
Leachia, Abraliopsis and Masthigoteuthis also have photophores
(Robinson & Young 1981, Roper et al. 1984, Y oung et al. 1998),
and exhibit vertical migration. Nocturnal foraging in relation to
prey bioluminescence among fish and cephal opods has been dis-
cussed by Imber (1973).

Distribution at seaof Markham’s Storm Petrel has been recorded
during surveys conducted in 1998 and 2000 (Jahncke et al. 1998,
1999; J. Pérez & |. Garcia-Godos unpubl. data). Ninety percent of
individuals recorded in these surveys were beyond the continen-
tal shelf (I. Garcia-Godos unpubl. data) up to 360 km offshore.
Thewide distribution pattern, thelarge variationsin the diet found
in this study, the distribution of their prey and the scavenging
habits indicate that Markham’s Storm Petrel forages oppor-
tunistically on available food occuring near the sea surface.
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