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a b s t r a c t
Plastic ingestion by adult Procellariiformes has been widely recorded, but few studies have evaluated
intergenerational transfer. We assessed the prevalence of plastic particles, as well as their basic characteristics, in the gut content of dead Cory’s shearwater ﬂedglings stranded by light pollution on Canary Islands.
Eighty-three percent of birds were affected, containing on average 8.0 plastic pieces per bird. The average
plastic weight per bird was low (2.97 ± 3.97 mg) compared with other petrel species. We found no relationships between plastic loads and body condition or body size, but negative effects may be hidden or
delayed. We propose to use the ﬂedglings stranded by light pollution to carry out more precise studies
to understand the potential hidden costs of plastic ingestion; and to monitor in a long-term the marine
debris to develop management actions for the control of pollution at the marine environment.
Ó 2012 Elsevier Ltd. All rights reserved.

Plastics have brought important beneﬁts to humanity such as
health, safety, energy savings or material conservation (Andrady
and Neal, 2009), but they have also brought concerns about their
accumulation in the environment and transfer of chemicals to wildlife and humans (Thompson et al., 2009). Important amounts of
plastic debris are widely distributed in all habitats, especially in
the oceans, from the sea surface to the bottom (Barnes et al.,
2009). This debris negatively affects marine biota, including ﬁshes,
turtles, birds and mammals, basically by entanglement and ingestion (Laist, 1987; Derraik, 2002; Gregory, 2009). Plastic ingestion
by seabirds has been widely recorded, being Procellariiformes the
most affected order (more than 63% of species; Laist, 1997). Despite
the voluminous information on ingested plastic debris by adults
across the world (e.g. Colabuono et al., 2009; Hyrenbach et al.,
2009; van Franeker et al., 2011; Yamashita et al., 2011), the transfer
of plastic debris from parents to ﬂedglings has been studied in a
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limited number of species, mainly from the Paciﬁc Ocean (Hutton
et al., 2008; Young et al., 2009; Bester et al., 2010; Carey, 2011;
see also Copello et al., 2008).
Monitoring the incidence of plastic ingestion is crucial to assess
temporal trends of marine plastic debris and their potential effects
on ﬁtness of individuals (Vlietstra and Parga, 2002; van Franeker
et al., 2011). Furthermore, studying the gut contents of seabirds is
a cost-effective way to monitor plastic debris at sea (Ryan, 2008;
Ryan et al., 2009). In this study, we evaluate the prevalence of plastic debris ingested by Cory’s shearwater (Calonectris diomedea)
ﬂedglings in the Canary Islands, North Atlantic Ocean, as well as potential differences between sexes, years and date of ﬂedging. Furthermore, we assess the effect of plastics on the ﬁtness of
ﬂedglings measured as body condition and body size indices. Finally, we provide a description of plastic items, including size, mass,
color, and type.
During their ﬁrst ﬂights to the sea, many Cory’s shearwater
ﬂedglings become disoriented and end up stranded by artiﬁcial
lights on Tenerife, the largest island of the Canary Islands (Rodríguez
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Table 1
Sources of variation for number, mean length and mass of ingested plastics by Cory’s shearwater ﬂedglings after applying general linear models.
Independent variables

Response variables
Number of plasticsa
Estimate ± SE

Intersection
Year
2009
2010
2011
Sex
Female
Male
Date of ﬂedging

1.79 ± 3.11

Mean length of plasticsa
P

Estimate ± SE

0.629
0.005

1.77 ± 2.09

0.03 ± 0.18
0.40 ± 0.14

Ingested plastic massa
P

2.88 ± 3.72

0.23 ± 0.12
0.07 ± 0.09

0

0.550

0.02 ± 0.08

0

0.08 ± 0.13

0
0.500

0.443
0.010

0
0.747

0.10 ± 0.11

P

0.25 ± 0.21
0.29 ± 0.16

0
0.381

0.01 ± 0.01

Estimate ± SE

0.379
0.165

0
0.01 ± 0.01

0.211

0.00 ± 0.01

0.806

Signiﬁcant P-values are in bold.
a
Log-transformed variable.

Fig. 1. Examples of plastic items found in the proventriculus and gizzard of Cory’s
shearwater (Calonectris diomedea) ﬂedglings on Tenerife, Canary Islands.

and Rodríguez, 2009). Every year around 1,000 ﬂedglings are
collected and recovered during the rescue campaigns carried out
by La Tahonilla wildlife rehabilitation center (depending on the
local government), NGOs and civil cooperation (although an
increase in the number of rescued birds has been recorded since
rescue campaigns were established; see Rodríguez et al., 2012a).
The majority of them (>95%) are released into the sea, but some
ﬂedglings are found dead or agonizing whereas still some others
have to be euthanized if they cannot be rehabilitated (Rodríguez
and Rodríguez, 2009).
During 2009–2011 ﬂedging seasons (October–November), at
least 85 ﬂedglings died or were euthanized by rehabilitation center
personnel in Tenerife Island. Corpses were frozen at 20 °C for later
analysis. For every bird, date, body mass and six morphometric
measurements (wing, tarsus, culmen, bill length at nostril, bill depth
and bill depth at nostril) were obtained. The biometrics were taken
using a spring balance (±10 g), a ruler (nearest 1 mm) and a digital
caliper (±0.01 mm). We conducted a principal component analysis
with the six morphometric measurements and the ﬁrst principal
component was used as a body size index (BSI). A body condition
index (BCI) was calculated as the standardized residuals of an
ordinary least square regression between body mass on body size
index (see Rodríguez et al., 2012b for procedures). Birds were

Fig. 2. Size and mass of plastic items ingested by Cory’s shearwater (Calonectris
diomedea) ﬂedglings. Solid and dashed lines represent the cumulative percentage
and the mean values, respectively. Mass histogram is based on a subsample of 75
plastic items.

molecularly sexed following Rodríguez et al. (2012b) (45 males
and 40 females).
After recording the biometrics, we dissected the dead birds to
separate the intestine, proventriculus and ventriculus. Gut content
was isolated and rinsed in clean water. We looked for plastic items
discarding particles shorter than 1 mm because it is a very time
consuming task and they contribute little to plastic mass (van
Franeker et al., 2011). We categorized plastic debris by type (nylon
and irregular particles) and color, and we weighed them using a
digital balance (±0.0001 g) and measured its maximum length
(nearest 0.5 mm). We also isolated food remains (only cephalopods
beaks, the most abundant recognizable food item) and natural debris (wood, feathers and stones), and after being air dried, plastic
particles were counted and both particles types, beaks and natural
debris, weighed.
We used likelihood ratio tests to evaluate the incidence of plastic
ingestion between years and sexes. To test the hypothesis that ingested plastics reduce food intake we evaluated the relationship
between plastics and food remains by means of correlations. We
applied general linear models to evaluate (1) the differences in the
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Fig. 3. (A) Color distribution of plastic items ingested by Cory’s shearwater (Calonectris diomedea) ﬂedglings on Tenerife, Canary Islands. (B) Plastic size histograms according
to the most abundant colors. Vertical dashed lines represent the mean values.

characteristics (number, mass and mean length) of plastic ingested
by ﬂedglings between years, sexes and date of ﬂedglings (Table 1);
and (2) the effect of plastics on body condition and body size. We
built models with BCI and BSI as response variables and separately
included number, mean length, maximum length and mass of plastics as covariates. In BCI models, date of ﬂedging was always included as a covariate, because it is strongly correlated with
condition. In BSI models, sex was included as a factor because of
the evident sexual dimorphism of the species (see Rodríguez et al.,
2012b).
When normality assumptions were not reached, variables were
log-transformed, except maximum length (squared root transformed). Statistical analyses were conducted in SPSS v.19.0 software.
In total, 568 plastic particles were recovered, 314 (55.3%) being
nylon lines and the remaining 254 (44.7%) being irregular plastic
pieces (Fig. 1). The mean number of plastic particles recovered
per bird was 8.0 ± 7.9, ranging from 1 to 36. The mean length of
nylon lines and irregular plastics were 12.7 ± 8.0 mm (max
length = 75 mm) and 3.9 ± 3.5 (max length = 35 mm), respectively.
The mean length of plastic items and mean mass of plastic load
were 8.7 ± 7.7 mm and 3.8 ± 5.4 mg (Fig. 2). The mean weight of
plastic objects was 2.97 ± 3.97, ranging from 0.1 to 39.3 mg. The
number of plastic items and the total mass of ingested plastic were
highly correlated (Pearson’s Coefﬁcient = 0.679, P < 0.001).
At least nine colors were clearly distinguished, but the majority
of items were white colored (50.9%, Fig. 3a). Length of plastics
items varied according to their colors (F4, 536 = 20.098, P < 0.001),
white items being shorter than other colors (Fig. 3b). According
to our models, the abundance of plastics (number and mass of
items) depended on years. However, mean length of plastics was
similar between years and sexes. Date of ﬂedging had no impact
on the plastic features (Table 1).

Seventy-one out of 85 (83.5%) Cory’s shearwater ﬂedglings
contained plastic particles in their guts. Prevalence of plastic ingestion, in terms of number of affected ﬂedglings, did not vary between
sexes or years (G = 0.879, P = 0.349 and G2 = 0.367, P = 0.832, respectively). We did not ﬁnd any relationship between the number of food
items (squid beaks) and the number of plastics (Pearson’s Coefﬁcient = 0.071, P = 0.560) nor between total mass of ingested plastics and total mass of other remains (food remains and natural
debris), the total mass of neutral debris or the total mass of squid
beaks (all Pearson’s Coefﬁcients <0.089, all P-values >0.459). Neither
body condition index nor body size index were explained by any
plastic variables (number, mean length, maximum length and mass
of plastics). For both indices, the number of plastic items reached the
lowest P-values (0.344 and 0.581, respectively; see Fig. 4).
We have studied plastic ingestion by ﬂedglings stranded by light
pollution in the Canary Islands. To our knowledge, our study is the
ﬁrst one evaluating parental transfer of plastics in Cory’s shearwater ﬂedglings, as well as the ﬁrst description of plastic ingestion by
seabirds in the Canary Islands. That is of special relevance given that
adult individuals forage in the Canary current (Arcos et al., 2009),
where one of the most important ﬁsheries in the world occurs
nowadays. Thus, the information presented here can be used as
an indicator of plastic pollution in a marine ecosystem providing
vital food and economic resources for much of Western Africa and
Europe (Campredon and Cuq, 2001; Alder and Sumaila, 2004). In
fact, more than 50% of plastic items were clearly related to shipping
or ﬁsheries activities, i.e., nylon lines coming from ropes, ﬁshing
nets or any other ﬁshing gear.
The incidence (occurrence and number) of plastics is similar to
the one recorded for adult birds of the species during the
non-breeding season off the Brazilian coast (Petry et al., 2009;
Colabuono et al., 2009), but also for ﬂedglings of other shearwater
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Fig. 4. No relationships between the number of ingested plastic items and body
condition and body size indices, in Cory’s shearwater (Calonectris diomedea)
ﬂedglings.

species such as the ﬂesh-footed shearwater Pufﬁnus carneipes, the
wedge-tailed shearwater Pufﬁnus paciﬁcus on Lord Howe Island,
or the short-tailed shearwater Pufﬁnus tenuirostris on Phillip Island
(see Hutton et al., 2008; Carey, 2011). Intergenerational transfer of
plastics seems to be common in Procellariiformes (Copello et al.,
2008; Hutton et al., 2008; Young et al., 2009; Bester et al., 2010;
Carey, 2011; this study), and contrasts with the low incidence in
other seabirds, as for example auklets, where plastics occurred in
only one out of 2541 analyzed chick meals (Bond et al., 2010). In
this sense, Procellariiformes can accumulate plastics in the digestive tract, while other seabirds can easily regurgitate them (e.g.
gulls and skuas). Thus, the Cory’s shearwater ﬂedglings studied
here could be accumulating plastic since they hatched in mid-July
(i.e., during a 95–120 days period). The plastic mass ingested by
Cory’s shearwaters is low compared with other petrel species
(Ryan, 1987b; Moser and Lee, 1992; this study). Thus, the critical
level of 0.1 g of plastic proposed by the OSPAR commission was exceeded by 58% of fulmars Fulmarus glacilis in the North Sea (see van
Franeker et al., 2011). This value contrasts with our ﬁndings in a
similarly sized species; only two out of 85 Cory’s shearwater ﬂedglings exceeded this arbitrary threshold.
Plastic ingested may cause perforation or ulceration, reduce the
space for food in the guts provoking early satiation, or lead to
starvation and general debilitation (Ryan, 1988; Gregory, 2009).
Negative correlations between plastic loads and physical condition
(body mass) have been recorded in several species (e.g. Ryan,
1987a; Spear et al., 1995). We failed to ﬁnd any relationship between body condition or body size indexes and the number, the
size or the total mass of ingested plastics (see Fig. 4). Similarly,
we did not detect any sign of perforation or ulceration in the
sampled birds. Other studies based on a size-adequate and

homogenous sample also failed to ﬁnd relationships in both adults
(Yamashita et al., 2011) and ﬂedglings (Carey, 2011). However,
other consequences could be hidden. The ingested plastic particles
by seabirds accumulate contaminants as polychlorinated biphenyls (PCBs) and organochlorine pesticides (Colabuono et al.,
2010). Positive relationships between plastic loads and PCBs have
been recorded in other petrel species, such as the great shearwater
Pufﬁnus gravis and the short-tailed shearwater Pufﬁnus tenuirostris
(Ryan et al., 1988; Yamashita et al., 2011), suggesting that plastics
are an important source of persistent organic pollutants. In fact,
Tueten et al. (2009) have experimentally demonstrated that low
chlorinated PCBs absorbed to the plastics can be transferred to
the tissues of streaked shearwater Calonectris leucomelas ﬂedglings
(see also Yamashita et al., 2011 for a correlative study). The low
chlorinated congeners constitute more than 50% of total PCBs in
the adult Cory’s shearwaters from the Canary Islands (Roscales
et al., 2010). Assessing the plastic contribution to the high concentration of low chlorinated congeners is crucial to understand the
pollutant absorption process, but also to recognize the potential
hidden effects of plastic ingestion.
An open question is how adult Cory’s shearwaters ingest these
small plastic particles (note that this species has a bill size of ﬁve
centimeters and the normal size of their prey is about 10 cm long;
den Hartog and Clarke, 1996; Granadeiro et al., 1998; Xavier et al.,
2011). Plastics may be obtained from prey (secondary ingestion).
Little is known about the plastic ingestion prevalence on lower trophic level marine organisms. A 35% prevalence of plastic in the guts
of pelagic ﬁsh has been recently recorded and some characteristics
(size, mass and color) of those plastic items overlap with the plastic
fragments found in our study (see Boerger et al., 2010). However,
there is no information on plastic ingestion by squids, the main
prey of Cory’s shearwater in the Canaries (den Hartog and Clarke,
1996). Another non-exclusive hypothesis is that the small size of
plastic particles is due to fragmentation of particles in the gut of
birds.
Basic information on plastic debris, such as size, mass, or composition is quite limited for the North Atlantic Ocean (see MorétFerguson et al., 2010). Plastics transferred by adults to ﬂedglings
are longer than the reported for the western North Atlantic Ocean,
suggesting some type of selection on plastics (by shearwaters or by
their prey). Thus, 69% of plastic particles collected in the ocean
measured between 2 and 6 mm (Morét-Ferguson et al., 2010),
while plastics of similar sizes ingested by Cory’s shearwaters constituted only 44% of total plastic particles. There is no information
on the color of plastics at North Atlantic Ocean. Without this information, we cannot assess if shearwaters are selecting for any particular color. White plastics predominated in the guts of Cory’s
shearwater ﬂedglings, being smaller than other colored plastics.
Light colors (mainly white) were also the most frequent colors of
plastic items found in the gut contents of adult seabirds (Ryan,
1987b; Moser and Lee, 1992; Vlietstra and Parga, 2002), but also
of short-tailed shearwater ﬂedglings (Carey, 2011).
Our sampling procedure for plastic marine debris monitoring is,
in principle, less biased than the majority of previous studies based
on beached birds or birds accidentally killed by ﬁsheries (e.g. Ryan,
2008; Colabuono et al., 2009; van Franeker et al., 2011; Carey,
2011). Petrel ﬂedglings stranded by artiﬁcial lights constitute a
homogeneous sample, as these birds belong to the same cohort
(i.e. they are all the same age). In addition, they constitute an unbiased sample regarding body condition, as the fatal collision of
ﬂedglings stranded by light pollution is not dependent on their
body condition (Rodríguez et al., 2012b). Furthermore, light pollution has increased during the last years, as well as, the number of
ﬂedglings disoriented by artiﬁcial lights (Rodríguez et al., 2012a).
Despite of mitigation measures and the enhancement of rescue
campaigns, light pollution will inevitably bring over fatally
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stranded ﬂedglings during the next coming years. As with the
northern fulmar from the North Sea, where a monitoring program
is beneﬁciating from an international co-operation (see van Franeker et al., 2011), we propose to use light-dead seabirds to monitor
and quantify trends in marine litter in the Canary Current, but also
to evaluate other indicators of marine environmental health (see
Mallory et al., 2010). This large marine ecosystem holds one of
the most productive ﬁsheries in the world nowadays. Therefore,
establishing an adequate monitoring program should be a priority
to provide useful information for policy decisions.
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