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ABSTRACT

JIMENEZ-UZCATEGUI, G., VINUEZA, R.L., URBINA, A.S., EGAS, D.A., GARCIA, C., COTIN, J. & SEVILLA, C. 2017. Lead
and cadmium levels in Galapagos Penguin Spheniscus mendiculus, Flightless Cormorant Phalacrocorax harrisi, and Waved Albatross
Phoebastria irrorata. Marine Ornithology 45: 159-163.

Heavy metals are a threat to wildlife, and they have yet to be analyzed in seabirds from the Galdpagos Archipelago. To gauge their prevalence in
Galdpagos seabird species, we collected and analyzed feather samples from Galapagos Penguins Spheniscus mendiculus, Flightless Cormorants
Phalacrocorax harrisi, and Waved Albatross Phoebastria irrorata in seven different breeding areas in 2011 and 2012 as part of an ongoing
mark-recapture study. The results showed that lead is higher in penguins and cormorants; cadmium was found to be below the limit for
quantification in all our samples. The heavy metals recorded did not have a clear local source related to human activities, as breeding areas are

not located near populated areas. Environmental media (soil, water), marine currents, and atmospheric deposition are possible sources.
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INTRODUCTION

The bioaccumulation of metals in wildlife can result from their
introduction into the environment from natural and anthropogenic
sources, which can have indirect impacts that are difficult to
measure (Furness & Greewood 1993, Burger & Gochfeld 2004).
The idea of using organisms to monitor environmental health has
been suggested since 342 BC (Furness & Greewood 1993). Marine
birds are one such example. They have been used as indicators and
sentinels of contamination, because they occupy different levels
of the food web, are often widely distributed, and are long-lived
(Furness & Greewood 1993, Burger & Gochfeld 2004, Boersma
2008, Vega et al. 2009, Finger et al. 2015).

Heavy metals have been found in penguins, cormorants, and
albatross around the world, even in seemingly remote places such
as the Antarctic (Hindell et al. 1999, Metcheva et al. 2006, Calle
et al. 2014; Table 1). Given the wide prevalence of heavy metals
in marine bird tissues, we thought it would be worthwhile to
investigate their presence in birds of the remote Galdpagos Islands.
Metal levels in endemic Galapagos Penguin Spheniscus mendiculus,
Flightless Cormorant Phalacrocorax harrisi, and Waved Albatross
Phoebastria irrorata inhabiting the Galdpagos Archipelago have
never been evaluated.

Herein, we report on the analysis of the presence of lead (Pb) and
cadmium (Cd) in the above three species.

METHODS

Study area

The Galdpagos Archipelago, located on the Equator, ~960 km west
of mainland Ecuador, is composed of 13 islands and more than
100 islets and rocks (Snell et al. 1996). Seven areas were selected
to conduct our study according to the locations of the three species
studied: Galapagos Penguins were assessed on Isla Isabela at
Caleta Iguana (0°58.6'S, 91°26.7'W) and Puerto Pajas (0°45.3'S,
91°22.5'W), as well as on Islotes Marielas (0°35.8'S, 91°5.4'W).
Flightless Cormorants were assessed on Isla Fernandina, at the
Playa Escondida (0°15.7'S, 91°28.1'W) and Carlos Valle (0°15.6'S,
91°27.5'W) location, and at the Punta Albemarle I (0°9.2'N,
91°22.0'W) and Punta Albemarle II (0°9.7'N, 91°21.6'W) location
on Isla Isabela. Waved Albatross, was assessed on Isla Espaiiola, at
Punta Sudrez (Plot A: 1°22.3'S, 89°44.4'W and Plot B: 1°22.5'S,
89°44.1'W) and at Punta Cevallos (1°23.3'S, 89°37.2'W) (Fig. 1).

Sampling

Feather collection is the most common non-destructive and
non-invasive sampling protocol used to assess the presence of
heavy metals in birds (Burger 1993). Our sampling took place
in 2011 and 2012 in the breeding areas of the three species.
Each sample was individually preserved in an envelope along
with pertinent information (date, island, place, species, and
identification number).
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The effort was part of an ongoing mark-recapture study, in
which biological and clinical data are taken before marking each
individual. All samples collected in this research were taken from
live individuals prior to marking and releasing. Secondary feathers
were collected from the wings of cormorants and albatross, while
tail feathers were sampled from penguins. The same methodology
was applied to both juveniles and adults.

Laboratory analysis

The analyses were performed in the laboratory of the Department
of Chemical Engineering at Universidad San Francisco de Quito
(USFQ), Quito, Ecuador, using the US EPA (United States
Environmental Protection Agency 2007) method 7000B. Each
feather was cut into small pieces of approximately 1 cm x 1 cm
and labeled according to species and the place where they were
collected (Table 1). Samples were weighed in a beaker. Nitric acid
(HNOs, 50%) was added to the seven samples according to their
weight (Table 1) and heated for digestion for ~25 min (Niazi &
Littlejohn 1993, Barbieri et al. 2010). As a control measure, the
cadmium analysis was performed twice. In the second analysis, we
used a smaller amount of each sample (Table 1).

Calibrations were performed by successively diluting a base
solution of lead (995 ppm, Inorganic Ventures, Christiansburg VA)
and cadmium (1000 ppm, AccuStandard, New Haven CT). These
calibrations were also conducted to achieve a final concentration of
5% nitric acid.

The concentrations of these elements were determined using an
atomic absorption spectrophotometer (Buck Scientific, model
210 VGP, Norwalk CT) equipped with an air/acetylene flame. The
primary wavelengths of the hollow-cathode lead and cadmium
lamps were 283.3 nm and 228.9 nm, respectively. The detection
ranges were 0.08-20.00 ppm for lead and 0.01-2.00 ppm for
cadmium. The calibration curve was obtained with triplicate
measurements for each standard, yielding a calibration curve of
¥ =0.0146x + 0.0026 (R* = 0.9990) for lead and y = 0.17 L.x + 0.0047
(R? = 0.9995) for cadmium.
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Fig. 1. Galapagos Penguins (GAPE), Flightless Cormorants
(FLCO), and Waved Albatross (WAAL) breeding colonies sampled
in 2011 and 2012 in the Galdpagos Archipelago; GAPE, FLCO,
WAAL = number of individuals captured.

RESULTS AND DISCUSSION

By using the calibration curve obtained for lead, as well as the
dilution factor and the mass of the feathers in the sample, it was
possible to determine the lead concentration in the Galapagos
Penguin and Flightless Cormorant in five different areas. The lead
results for Waved Albatross in Punta Cevallos and Punta Sudrez
were below the limit of detection of the calibration curve (Table 1).

Our results showed that the lead concentrations recorded in Galapagos
Penguins were higher than in other penguin species, but mid-range
compared with cormorants (Table 1). It was surprising that the results
from less frequently visited areas, such as Islotes Marielas (penguins),
Puerto Pajas (penguins), and Punta Albemarle (cormorants) produced
the highest concentrations of this metal. In albatross, places with
higher boat-traffic, such as Punta Sudrez, produced values below the
limit of detection (LOD). Therefore, to analyze the sources of lead,
we tracked the movement and foraging distance of the three species.

Galapagos Penguins remain near their breeding areas, traveling
1-24 km from their nest site on a daily basis (Steinfurth ez al. 2008);
during non-breeding periods, they have been found 27-59 km away
from their nests (Boersma et al. 2013). Flightless Cormorants also
travel locally, being found within a 53 km range of their nesting
areas (Larrea 2007). In contrast, Waved Albatross occur widely
in the waters of the Humboldt Current, from at least El Choc6
(Colombia) southward to northern Chile (Awkerman et al. 2014).
Regarding the results found for lead, we expected that albatross
would have the highest concentration of the species we studied,
because they have more anthropogenic interactions, spending most
of their lives in the productive waters off the west coast of South
America, where there are industrial, semi-industrial, and artisanal
fishing boats (Jiménez-Uzcategui et al. 2006) and other sources of
lead. However, the concentrations of lead found in albatross were
below the LOD. We are at a loss as to why the highest levels of lead
were found in penguins and cormorants, compared with albatross;
also, we cannot explain why the levels of lead among Galapagos
Penguins were higher than those found in other penguin species to
date. In some way, food must be a source of both remote (e.g., Sun
& Xie 2001) and local contamination, since it has been recorded in
volcanic material (Teasdale et al. 2005).

Regarding cadmium, we found that the concentrations in Galapagos
Penguins, Flightless Cormorants, and Waved Albatross were lower
than in other seabird species studied to date (Table 1), i.e., the
different assays provided absorbance values below the LOD. That
was somewhat surprising, given that cadmium is found in the
ocean, at levels that vary, depending on the region, the currents,
and the upwellings (Delaney e al. 1993, Abouchami et al. 2014),
and upwellings occur close to Galapagos (Hayes & Baker 1989).
Cadmium has been found in Galdpagos corals at lower concentrations
in deeper areas (Abouchami et al. 2014). To better interpret our
results, further research is needed on both cadmium and lead levels in
penguin and cormorant prey species of the Galdpagos Islands.

In conclusion, our results provide the first data on metal
concentrations in feathers of Galapagos Penguins, Flightless
Cormorants, and Waved Albatross. In our study, the concentrations
of lead seemed to derive not from local human sources but from
natural sources, or from distant human sources carried to the area
by marine currents or atmospheric deposition (Duce et al. 1991,
Delaney et al. 1993, Sun & Xie 2001). The levels of these metals

Marine Ornithology 45: 159-163 (2017)



Jiménez-Uzcategui et al.: Lead and cadmium in Galdpagos seabirds

TABLE 1

161

Samples, methodology, and lead (Pb) and cadmium (Cd) concentrations in feathers of Galapagos Penguins, Flightless
Cormorants, and Waved Albatross in the Galapagos (GPS) archipelago compared with results from other studies

. Digestion 1 __ . Digestion 2 Mean = SD (ppm)
Species Location (Tr?(iifvei?lt:;lrs S) W?g)lit ! HNO; Vol W(zlg)l:t 2 HNO; Vol Source
& 50%mL: % 50% mL)* Pb Cd
Caleta Iguana, Y
Galapagos GPS, Ecuador 64 (29) 0.1645 20 0.0366 20 55.5+27.80 LOD
Penguin Puerto Pajas, .
Spheniscus GPS, Ecuador 54 (28) 0.1281 20 0.0303 20 71.3 +35.60 LOD This study
mendiculus Marielas,
GPS, Ecuador 53 (28) 0.0946 20 0.0438 20 193.0 + 48.30 LOD
St. Kilda, Finger et al.
Victoria, Australia 0.42+0.20 0.04+0.02 2015
. p Island, inger et al.
Eudyptula minor Victoria, Australia 0.08+003  0.04+0.03 2015
Notch Island, Finger et al.
Victoria, Australia 0-10£005  0.06 +0.02 2015
African Penguin  Biopark Zoom, 0.535 +0.233 0.152 + 0.080 Squadrone et
S. demersus Torino, Italy 0.698 + 0.517 0.192 £ 0.056 al. 2016
. Honda et al.
Adelie Penguin East Antarctica 0.28 £0.07  0.20 = 0.09 1986
Pygoscelis adeliae pyian Tsland Jerez et al.
Antarctica 0.14 £ 0.21 0.04 £ 0.02 2011
King George . 051 + 0.46 ) Jerez et al.
Gentoo Penguin Island, Antarctica 2011
P. papua King George ) Brasso et al.
Island, Antarctica 003003 5513
Chinstrap Penguin Ronge Island, Jerez et al.
P. antarctica Antarctica 0.14£0.09 0.10+0.05 2011
Flightless Valle-Escondida, 47 (30) 0.8046 30 0.0586 30 17.00 = 8.51 LOD
Cormorant GPS, Ecuador )
Phalacrocorax This study
Punta Albemarle,
harrisi GPS. Ecuador 47 (30) 10.719 40 0.1094 30 42.60 + 8.52 LOD
Double-crested R Burger &
Cormorant gifus S;Z ?\Zﬁ]dlgg A 1930 + 310 957 £ 167  Gochfeld
Ph. auritus ge M 1994
Great Cormorant . . Skoric et al.
Ph. carbo Fish Farm, Serbia 29.92 +0.00 - 2012
Punta Cevallos,
Waved Albatross GPS. Ecuad 5(5) 0.1331 20 0.0198 20 LOD LOD
Phoebastria » euador This study
i Punta Suarez
irrorata )
GPS. Ecuador 31 (24) 12.384 50 0.004 20 LOD LOD
Black-footed Burger &
Albatross Midway Atoll, 0.973 0152 Gochfeld
Phoebastria North Pacific
. 2000
nigripes
Wandering .
Albatross Bird Island, A LOD 0317 Anderson et
. South Georgia al. 2010
Diomedea exulans
Grey-headed
Albatross Bird Island, Anderson et
Thalassarche South Georgia LOD 0-196 al. 2010
chrysostoma
Bird Island, Anderson et
Black-browed  South Georgia LOD 0578 412010
Albatross - )
T. melanophris Patagoplan Shield, 431 02 Seco Pon et
Argentina al. 2011

2 Numerals 1 and 2 refer to the first and second Cd analysis for control (weight of feathers [g] and digestion [mL]), because the results
(ppm) were LOD; confirmed from both analyses.
® LOD = below the limit of detection.
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in tissues of the studied species were low; thus, this issue currently
is not critical to the well-being of these populations. However, the
occasional monitoring for these metals is warranted, as the planet
undergoes rapid environmental change during the Anthropocene.
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