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Abstract 

Increases in human population lead to an increase in urban wastes, which could affect 

wildlife in several ways. Urban pollutants can affect erythrocytes of birds generating 

morphological membrane and nuclear anomalies. The Kelp Gull (Larus dominicanus) 

is an opportunistic species, which take advantage of urban environments, thus being 

highly exposed to environmental pollution. In northeastern Patagonia, the dynamic of 

the waste management was transformed in the last decade and consequently, gulls 

changed their movements in response to changes in waste management systems. The 

food available to the seagulls went from being a mixture of urban/fishing discards 

until 2015, when this landfill closures, to being domestic urban offerings. In order of 

evaluating genotoxicity and changes in pollutants exposition due to these changes, we 

analyzed the frequencies of erythrocytes nuclear abnormalities and micronuclei 

(ENAs and MN respectively) in 58 blood smears from adults extracted during the non-

breeding season in two periods in landfills with different waste compositions: a mixed 

landfill (ML) in 2013 before closure (n = 24) versus an urban landfill (UL) (n = 34) in 

2021. We found that Kelp Gull showed high values of abnormalities with an average of 

151.5 /10,000 RBC in comparison with other seabird species. The bud and notched 

types of ENAs were the most prevalent abnormalities in both sites. We did not find 

significate differences in the overall abnormality frequency between sites, however 

we found significant higher frequencies in displaced and tailed types of ENAs in ML. 

We also found poikilocytosis, as seen previously in other animals exposed 

experimentally to pollutants such as metals and crude oil. Cellular abnormalities 

found in the Kelp Gull suggest an exposition of individuals to pollutants in foraging 

areas. The hemispheric distribution and the synanthropic characteristics of the 

species denote its importance as a suitable global monitor of genotoxicity.  
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1. Introduction 

Pollution in urbanized and industrial areas could increase mutagenic rates and induce 

heritable DNA damage affecting wildlife (Sommers et al., 2004; de Souza et al. 2017; 

Giraudeau et al., 2020). Detection of nuclear abnormalities in erythrocytes is one of 

the methods most applied for detecting genotoxicity, generally used as biomarkers of 

DNA damage (Fenech, 2000; Gomez-Meda et al., 2006; de Lemos et al., 2007). DNA 

corruption during mitosis might be one of the consequences triggered by pollutants 

on blood cells (Baesse et al., 2015). Such factors suggest some urban animal species 

could be considered as good sentinels of pollution because they express the anomalies 

by pollutants even if their body condition shows no outright change (Santos et al., 

2017; de Souza et al., 2017; Csiszar et al., 2019; Brandts et al., 2022). 

Human populations are increasing in relation to urban development, with 

concomitant increases in other factors such as garbage, which can contain polluted 

discards. Several animal species show population increases in urban settings, (Yirga et 

al., 2015; Luna et al., 2021) and may consequently be exposed to greater negative 

effects of urban pollutants (Steigerwald et al., 2015; Katlam et al., 2018). Among 

vertebrates, mammals and birds may take advantage of urban garbage in many ways 

(Oro et al., 2013), thus increasing their exposure to several types of threats (Matejczyk 

et al., 2011; Plaza et al. 2020).  

There are many kinds of waste disposal depending on human activities in the 

environment; landfills focused more specifically on urban activities only, where 
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organic and inorganic remnants can be found by opportunistic species (Ergene et al., 

2007; Alimba and Bakare, 2016), or landfills where agricultural discards from rural 

areas are also found (Brousseau et al., 1997), and/or fisheries discards from coastal 

activities, which also include port discards (Bertellotti et al., 2001; Yorio and 

Giaccardi, 2002), thus supplementing the waste from strictly urban settings. In these 

types of landfills, chemicals and diverse microorganisms could be released into the 

ground, surface waters, and surrounding air (Vilavert et al., 2012; McIntyre et al., 

2022). In urban landfills Persistence Organic Pollutants (POPs) are the most abundant 

chemical, toxins as brominated flame retardants (PBDE, OBDE, HBB), 

hexachlorocyclohexane (HCH), polychlorinated biphenyls (PCBs), hexachlorobenzene 

(HCB), and hexachlorobutadiene (HCBD) are among these chemicals (Weber et al., 

2008). In agricultural landfills, agrochemicals, pharmacological and biological hazards 

are the greatest threats affecting opportunistic wildlife (Battin, 2004; Jayaraj et al., 

2016; Plaza et al., 2020), and in landfills associated to fisheries, risks are more related 

with biological threats such as viruses and bacteria (D’Amico et al., 2018). 

Seabirds are commonly used as biomonitors of pollution and ecosystem health (Elliott 

and Elliott, 2013). Among seabirds, gulls are a group of mostly opportunistic birds, 

which are known to increase around human populations, likely due in part to the 

increased food availability due to human waste (Bertellotti et al., 2001). Landfills are 

key spaces where these groups of seabirds find the energetic requirements for 

survival and reproduction, driving their population expansion throughout the world 

(Duhem et al., 2008; Delgado et al., 2021). The Kelp Gull (Larus dominicanus) is a large 

size gull, with adult body mass ranging between 730 and 1,200 g (Torlaschi et al., 
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2000) and is widely distributed along the southern hemisphere inhabiting most of 

South America, Southern Africa, Australia, New Zealand, and Antarctica (BirdLife 

International, 2022). This gull is an opportunistic and generalist species, which takes 

advantage of several kinds of anthropogenic food sources (Bertellotti and Yorio, 

1999), mainly during its non-breeding stages (Bertellotti et al., 2003; Ludynia et al., 

2005; Frixione and Alarcón, 2016), increasing and expanding their populations in 

several areas throughout the hemisphere (Coulson and Coulson, 1998; Frixione et al., 

2012). 

For many years Kelp gulls attracted to the urban area of Puerto Madryn in Patagonia 

(Fig. 1) used to forage over a unique landfill, which concentrated both urban wastes as 

well as discards from local fisheries (Bertellotti and Yorio, 2000; Lisnizer et al., 2011). 

Over many years as a new policy around waste management was implemented, this 

dual-functioning landfill was closed in 2015. Now, fishery discards are processed for 

use in composting, and therefore the fisheries waste in the local landfill is greatly 

diminished. On the other hand, the urban waste is deposited in a single landfill that 

gathers the domestic garbage produced by the five most populated cities of 

northeastern Chubut, Patagonia 

(www.argentina.gob.ar/sites/default/files/provincia_de_chubut.pdf). These waste 

management modifications led to a change in the food available for Kelp gulls. In the 

past most of the gulls of the area fed on the mixed urban/fisheries landfill, whereas 

now they feed on the new urban-waste only landfill located 30 km south from Puerto 

Madryn (Fig. 1) (Bertellotti, in progress). Thus, over the last 10 years, the food 
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resources available to the seagulls went from being a mixture of urban/fishing 

discards, to being mostly domestic urban offerings.  

Here, we will compare the presence and frequency of erythrocyte nuclear 

abnormalities in the Kelp Gull, evaluating and contrasting the genotoxicity in a 

polluted environment during two periods of time separated by a significant change of 

the dynamics and distribution of waste management and therefore food availability: 

that of the previous mixed urban/fisheries waste landfill to the now strictly domestic 

urban one.  

2. Material and methods  

As part of a monitoring program on Kelp Gull populations responses to waste 

management and distribution, we randomly captured and sampled 34 adult Kelp Gull 

of unknown sex at the mixed waste landfill (hereafter ML) located near the port and 

industrial city of Puerto Madryn, Chubut, Patagonia Argentina, in 2013 before the 

landfill was closed due to changes in waste management policies (42°46′ S; 64° 54′ W; 

Fig. 1). Then, we randomly captured 21 Kelp Gull adults of unknown sex in the newer 

urban only landfill during 2021 (hereafter UL) (42°02’ S; 65°11’ W; Fig. 1). All 

captures were conducted during the non-breeding season. During breeding (October-

January) Kelp gulls congregate along the northeastern Patagonian coast foraging in 

the areas directly around breeding colonies (Kasinski et al., 2021). Once the breeding 

process is finished, gulls could move to urban areas in continental spots where several 

kinds of discards are available (Frixione et al., 2022). Therefore, both spots of capture 
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congregated the major number of adults during non-breeding stage of the study area 

in each year of sampling.  

 
Figure 1: Sites of captures: mixed landfill, (ML) and urban landfill (UL) located in 

Puerto Madryn and surroundings, in northeastern Patagonia, Argentina. 

Birds were captured using a canon net and maintained in shaded cages until blood 

samples were taken. Individuals were classified as adults considering plumage, beak, 

and leg colors (Bertellotti and Yorio, 2000). Blood samples were obtained from the 

ulnar vein and a thin blood smear was made with a fresh blood drop (Blanco et al., 

2001). Each smear was fixed in ethanol, stained with Tinción 15 (Biopur; D’Amico et 

al., 2018), and photographed under a 100x magnification objective (oil inmersion, 

LeicaDM500) (Baesse et al., 2015). Erythrocyte counts were processed with the 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



7 
 

software ImageJ 1.52 s. Photomicrographs were first converted into 8-bit black-and 

white images, and erythrocytes were identified and counted using threshold 

parameters for circularity and size (pixel2). An average of 2,110 erythrocytes per bird 

was counted. Slides were coded, randomized, and blind-scored by a single observer to 

reduce experimental bias (de Souza et al., 2017). Nuclear shape abnormalities were 

classified as micronucleus (MN), nuclear anomalies (ENAs) including bud, segmented, 

notched nuclei, tailed nuclei, polymorphic, enucleated (Oudi et al., 2019), displaced 

nuclei (de Souza et al., 2017) or “other” nuclear unclassified shape abnormalities (Fig. 

2). Additionally, we also counted an abnormal shape expressed on the membrane of 

erythrocytes named poikilocytosis, a condition which has been registered in fish and 

seabirds (among others) exposed to pollution (Leighton, 1985; Marenkov et al., 2021). 

We calculated the prevalence and the frequency of MN and ENA types in terms of 

number per 10,000 cells (Schmid, 1975). As nuclear abnormalities are developed in 

short periods of time related to the short life span of bird erythrocytes (28–45 days, 

Rodnan et al., 1957), this characteristic makes blood cells as a good biomarker of 

recent exposure to pollutants. The same procedures were applied for poikilocytosis.  

2.1. Statistical Analyses 

To evaluate the frequencies of anomalies between years of sampling we used a GLM 

with negative binomial distribution taking into account statistical overdispersion 

(Crawley, 1993). We evaluated differences between years for the global frequencies of 

anomalies and for each kind of nuclear anomaly. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



8 
 

All the statistical analyses were carried out using the “MASS”, “car” software and for 

graphics the “ggplot2” package of the R version 4.0.1 (R Core Development Team, 

2020). 

 

Figure 2: Nuclear abnormalities found in erythrocytes of the Kelp Gull: A) notched, B) 

enucleated, C) bud, D) displaced, E) other (polymorphic: segmented and reduced size), 

F), other, G) micronucleus, H) tailed, and I) segmented. 

3. Results 

We registered nuclear abnormalities in every individual, with the bud (97.1%) and 

notched (96.4%) traits being the most prevalent abnormalities (Table 1). For both 

sites combined, we found an average of 151.5 nuclear anomalies per 10,000 
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erythrocytes (range: 24.5–424.5, SD 87.6), with 161.8 nuclear anomalies in ML (range: 

29.4–337.1, SD 79.9) and 136.7 in UL (range: 24.5–424.5, SD 97.3).  

We found no significate differences in total frequencies of nuclear anomalies between 

locations (GLM: Z = -1.08, p = 0.2). However, when anomalies were considered 

individually, we found significant differences for displaced (GLM: Z = -3.7, p < 0.0005) 

and tailed anomalies (GLM, Z = -3.8, p < 0.0005), being both more frequent in the ML 

(Figure 3). All other specific anomalies showed no significant differences between 

locations. 
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Figure 3: Frequencies of nuclear anomalies (micronucleus, enucleated, segmented, 

other, bud, tailed, displaced, and notched) by 10,000 erythrocytes in Kelp Gull adults in 

ML and UL in northeastern Chubut, Argentina. (“*” = significant differences) 

We detected a clear pattern of poikilocytosis in 75.8% of individuals, being similar 

both study sites (ML: 76.4%; UL: 75%). The mean frequencies of these malformed 

erythrocytes were 13.9/10,000 RBC, also similar between sites (ML: 14.4/10,000 

RBC; UL: 13.2/10,000 RBC).  
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4. Discussion 

Nuclear abnormalities have been studied in both the field and in controlled laboratory 

experiments in several groups of animals (Cavalcante et al., 2008; Morita et al., 2016; 

Zapata et al., 2016; Suarez-Rodriguez et al., 2017; Santovito et al., 2020). In birds there 

is a broad spectrum of genotoxicity research conducted in passerines (Baesse et al., 

2015; Souto et al., 2018), raptors (Frixione and Rodríguez-Estrella, 2020; Stocker et 

al., 2022), and aquatic birds (Barata et al., 2010; Quirós et al., 2008), among others. 

Genotoxicity in seabirds has been scarcely studied, although there are some studies 

registering baseline values of MN and ENAs in several species (De Mas et al., 2015; 

Oudi et al., 2019).  

Studies of nuclear anomalies in erythrocytes on seabirds were conducted mainly in 

Antarctic penguins. For instance, an average of 16.2 and 31.3 ENAs /2,000 RBC has 

been registered for adults and chicks respectively of Adelie penguins (Pygoscelis 

adeliae). Barbosa et al. (2013) found 19.10 ENAs/10,000 RBC, and Olmastroni et al. 

(2020) found no more than 20 ENAs/10,000 RBC in Adelie penguins. In Gentoo 

penguins (Pygoscelis papua), an average of 14.6 and 15.3 ENAs/2,000 RBC has been 

registered for adults and chicks, respectively (D’Amico et al., 2016). In other 

scavenging species as the South Polar Skua (Stercorarius maccormicki) contrasting 

lower values were found in Antarctica (0.71 ENAs/10,000 RBC) (Kursa and Besrukov 

2008).  

In gulls, ENAs records are scarce; for example, the Lesser Black-backed Gull (Larus 

fuscus) showed no more than 50 ENAs/10,000 RBC (Santos et al., 2020) and in 
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Audouin’s Gull (Ichthyaetus audouinii) captured in Italy and Tunisia, mean values of 

ENAs were between 33.3 and 66.6/10,000 RBC (Borghesi 2016). In our study, 

micronuclei evidenced to be lower than other anomalies; however, the mean 

frequency of micronuclei is the highest ever registered for a seabird in the southern 

hemisphere (3.7/10,000 RBC). In comparison with other scavenging species of the 

southern hemisphere (South Polar Skua: 0.07 MN/10,000 RBC) (Kursa and Bezrukov, 

2008), the current study showed higher frequencies in both type of landfills (ML, 3.8 

and UL, 3.5 MN/10,000 RBC). Other studies on the Laridae family of the Tunisian 

coastal areas showed similar frequencies in a highly contaminated industrial area (3.6 

MN/10,000 RBC) (Oudi et al., 2019).  

The present study is the first showing erythrocytes abnormalities in the synanthropic 

Kelp Gull, evidencing high frequencies of ENAs in the species, being more than 160 

ENAs/10,000 RBC in ML, registering the highest values in literature on seabirds. The 

bud and notched were the most abundant types of ENAs in Kelp Gull from both 

landfills (Table 1). It is reported that toxic metals could induce abnormal chromosome 

segregation, attached chromosome and gene amplifications during S phase of the cell 

cycle, attributed to the formation of notch and bud nuclei (Tolbert et al., 1982; 

Shimizu et al., 1998, 2000). Increase of ENAs observed may lead to increase genetic 

imbalance, which is the basis of carcinogenesis (Mix, 1986; Guha and Khuda-Bukhsh, 

2003). Therefore, high values of ENAs found in Kelp Gull could be not unexpected 

values for the species, considering their landfill foraging areas during nonbreeding.  
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When compared both landfills ML and UL, displaced and tailed nuclei showed 

significate higher frequencies in gulls from ML, and most of the anomalies showed a 

similar pattern (see Table 1). Misshapen nuclei indicating nuclei displacement were 

registered in captive fish and birds exposed to toxic concentrations of metals in a 

controlled experiment (Gill and Pant, 1985; Romero et al., 2009; Marenkov et al., 

2021). Experimental studies in Australian parakeets (Melopsittacus undulates) also 

showed higher frequencies of ENAs in individuals exposed to industrial pollutants and 

found the displaced nuclei as the most frequent nuclear anomaly (de Souza et al., 

2017). These results could be related to the fact of gulls fed on significantly different 

and more diverse waste at the ML, until 2015 when it closed (Bertellotti and Yorio, 

1999, 2000; Yorio and Giaccardi, 2002; Bertellotti et al., 2003). Pollutants from the 

industrial port and urban areas and from the mixed landfills could contain 

contaminated products that may potentially affect the DNA of gulls as showed in their 

nuclear erythrocyte shape (Baesse et al., 2015). Soil and air pollution, metals from 

industrial waste and pollution from port activities in urban areas have been widely 

recognize as carcinogenic (Cachot et al., 2006; Singh et al., 2011; Sharifuzzaman et al., 

2016; Pan et al. 2018). In fact, some reports showed that organisms of urbanized 

coastal sites close to this study area evidenced morphological and other kind of 

anomalies caused by marine pollution: gastropods imposex (Bigatti et al., 2009), 

exoskeletal asymmetries in crabs (Lezcano et al., 2014) and cellular nuclear 

abnormalities in mussels (Izquierdo et al., 2003). In Norway, for example, high DNA 

damage has been registered in gulls of urban areas caused by genotoxic agents of 

these polluted environments (Keilen et al. 2022).  
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We found high percentages of poikilocytosis in Kelp Gull in both ML and UL, and 

detected kidney shaped erythrocytes, which was similar to the “convolutioned” 

erythrocytes as called by Leighton in 1985 found in the Herring Gull (Larus 

argentatus) exposed to crude oil. Poikilocytosis could be formed by a mutagenic result 

affecting microtubules formation, and proteins such as spectrin and actin that are 

associated with the inner surface of the plasmalemma (Leighton, 1985). These 

erythrocyte shapes were also identified in fish experimentally exposed to metals 

(Marenkov et al., 2021), and several researchers have shown poikilocytosis due to 

metals exposure in fish (Naskar and Amhad, 2005; Soni et al., 2006; Tomova et al., 

2008). As mentioned before, the feeding areas of Kelp Gull led them to be exposed to 

metals coming from industrial waste. Therefore, it is possible that the novel 

poikilocytosis found in our study is associated with this related exposition to the 

metal polluted area, where gulls fed on quite often. 

Further studies should extend research related to blood anomalies and polluted 

environments, and using Kelp Gull as a model of study would be informative, as the 

ecological characteristics and the wide distribution of the species across the southern 

hemisphere is unique. Future research also should expand efforts to conduct further 

toxicological analyses in other seabirds of Patagonia, especially in gulls, closely related 

to our species. In particular, as synanthropic species are quite resilient (i.e., tolerant to 

human presence and disturbances), they may serve as model species for study of 

genotoxicity problems at a global scale.  

5. Conclusions 
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Synanthropic Kelp gulls evidenced high frequencies of nuclear abnormalities, being 

the highest measured in gulls and in seabirds in general. The occurrence and 

frequencies of nuclear abnormalities are considered high and differed between type of 

landfills, due to the change from mixed landfill (urban, fisheries to urban only). Kelp 

gulls showed poikilocytosis which has previously been shown to be related to 

pollutant exposure. The Kelp Gull is proposed as a good monitoring species for coastal 

areas of the southern hemisphere in accordance with its ecology and distribution. 

Acknowledgements 

We thank Dra. Laura Agüero for her valuable help in field and laboratory works, and 

PhD Brian Walker for the English language edition. We also thanks Nelson Barillaro 

and Sergio Taffetani from Pescargen S.A. for providing fish baits.  

Funding  

Fieldwork and laboratory work were supported the Fondo para la Investigación 

Científica y Tecnológica - Agencia Nacional de Promoción Científica y Tecnológica 

(PICT 2018-02178 to Marcelo Bertellotti and Verónica L. D’Amico). Postdoctoral 

fellowship CONICET of Martín G. Frixione, and doctoral fellowship CONICET and 

Chubut province of Miguel A. Adami. 

Permits 

Field permits were obtained from the environmental agency Dirección de Fauna y 

Flora Silvestre, Chubut.  

Declaration of competing interest  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



16 
 

The authors declare there are no competing interests. 

CRediT authorship contribution statement  

Marcelo Bertellotti, Verónica L. D’Amico and Martín G. Frixione conceived the idea and 

design. Martín G. Frixione conducted the analyses of ENAs and wrote the paper. 

Verónica L. D’Amico, Miguel A. Adami and Marcelo Bertellotti organized fieldwork, 

collected data, and prepared the blood smears for lab analyses. Marcelo Bertellotti 

and Verónica L. D’Amico contributed substantial materials, resources, and funding for 

field and laboratory work. 

References 

Alimba, C.G., Bakare, A.A., 2016. In vivo micronucleus test in the assessment of 

cytogenotoxicity of landfill leachates in three animal models from various ecological 

habitats. Ecotoxicology 25(2), 310–319. https://doi.org/10.1007/s10646-015-1589-3 

Baesse, C.Q., de Magalhães Tolentino, V.C., da Silva, A.M., de Andrade Silva, A., Ferreira, 

G.Â., Paniago, L.P.M., de Melo, C., 2015. Micronucleus as biomarker of genotoxicity in 

birds from Brazilian Cerrado. Ecotoxicology and environmental safety 115, 223–228. 

https://doi.org/10.1016/j.ecoenv.2015.02.024 

Barata, C., Fabregat, M.C., Cotín, J., Huertas, D., Solé, M., Quirós, L., Piña, B., 2010. Blood 

biomarkers and contaminant levels in feathers and eggs to assess environmental 

hazards in heron nestlings from impacted sites in Ebro basin (NE Spain). 

Environmental Pollution 158(3), 704–710. 

https://doi.org/10.1016/j.envpol.2009.10.018 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



17 
 

Barbosa, A., De Mas, E., Benzal, J., Diaz, J.I., Motas, M., Jerez, S., Serrano, T., 2013. 

Pollution and physiological variability in gentoo penguins at two rookeries with 

different levels of human visitation. Antarctic Science 25(2), 329–338. 

https://doi.org/10.1017/S0954102012000739 

Battin, J., 2004. When good animals love bad habitats: ecological traps and the 

conservation of animal populations. Conservation Biology 18(6), 1482–

1491. https://doi.org/10.1111/j.1523-1739.2004.00417.x 

Bertellotti, M., Yorio, P., 1999. Spatial and temporal patterns in the diet of the Kelp Gull 

in Patagonia. Condor 101, 790–798. https://doi.org/10.2307/1370066 

Bertellotti, M., Yorio, P., Blanco, G., Giaccardi, M., 2001. Use of tips by nesting Kelp 

Gulls at a growing colony in Patagonia. Journal of Field Ornithology 72 (3), 338–348. 

DOI: 10.1648/0273–8570–72.3.338 

Bertellotti, M., Pagnoni, G., Yorio, P., 2003. Comportamiento de alimentación de la 

Gaviota Cocinera durante la temporada no reproductiva en playas arenosas de 

Península Valdés, Argentina. El Hornero 18(1), 27–42. 

http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S0073-

34072003000100005&lng=es&tlng=en. 

Bigatti, G., Primost, M.A., Cledón, M., Averbuj, A., Theobald, N., Gerwinski, W., 

Penchaszadeh, P.E., 2009. Biomonitoring of TBT contamination and imposex incidence 

along 4700 km of Argentinean shoreline (SW Atlantic: From 38S to 54S). Marine 

Pollution Bulletin 58(5), 695–701. https://doi.org/10.1016/j.marpolbul.2009.01.001 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



18 
 

BirdLife International, 2022. Species factsheet: Larus dominicanus. Available at 

http://www.birdlife.org 

Borghesi, F., 2016. Developing sampling protocols for biomonitoring contaminants in 

Mediterranean seabirds.  https://medtrix.fr/wp-

content/uploads/2020/07/Plaquette_ROMPOM.pdf 

Brandts, I., Cánovas, M., Tvarijonaviciute, A., Llorca, M., Vega, A., Farré, M., Teles, M., 

2022. Nanoplastics are bioaccumulated in fish liver and muscle and cause DNA 

damage after a chronic exposure. Environmental Research 113433. 

https://doi.org/10.1016/j.envres.2022.113433 

Brousseau, P., Lefebvre, J., Giroux, J.F., 1996. Diet of ring–billed gull chicks in urban 

and non–urban colonies in Quebec. Colonial Waterbirds 22–30. 

https://doi.org/10.2307/1521803 

Cachot, J., Geffard, O., Augagneur, S., Lacroix, S., Le Menach, K., Peluhet, L., Budzinski, 

H., 2006. Evidence of genotoxicity related to high PAH content of sediments in the 

upper part of the Seine estuary (Normandy, France). Aquatic toxicology 79(3), 257–

267. https://doi.org/10.1016/j.aquatox.2006.06.014 

Cavalcante, D.G.S.M., Martinez, C.B.R., Sofia, S.H., 2008. Genotoxic effects of Roundup® 

on the fish Prochilodus lineatus. Mutation Research/Genetic Toxicology and 

Environmental Mutagenesis 655(1–2), 41–46. 

https://doi.org/10.1016/j.mrgentox.2008.06.010 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



19 
 

Coulson, R., Coulson, G., 1998. Population change among Pacific, Kelp and Silver Gulls 

using natural and artificial feeding sites in south–eastern Tasmania. Wildlife Research 

25, 183–198. https://doi.org/10.1071/WR97027 

Crawley, M.J., 1993. GLIM for ecologists.  

Csiszar, A., Balasubramanian, P., Tarantini, S., Yabluchanskiy, A., Zhang, X.A., Springo, 

Z., Ungvari, Z., 2019. Chemically induced carcinogenesis in rodent models of aging: 

assessing organismal resilience to genotoxic stressors in geroscience 

research. Geroscience 41(2), 209–227. https://doi.org/10.1007/s11357-019-00064-4 

D’Amico, V.L., Marcelo, B., Benzal, J., Coria, N., Vidal, V., Diaz, J.I., Barbosa, A., 2016. 

Leukocyte counts in different populations of Antarctic Pygoscelid penguins along the 

Antarctic Peninsula. Polar Biology 39(2), 199–206. https://doi.org/10.1007/s00300-

015-1771-3 

D'Amico, V.L., Fazio, A., Palacios, M.G., Carabajal, E., Bertellotti, M., 2018. Evaluation of 

physiological parameters of kelp gulls (Larus dominicanus) feeding on fishery discards 

in Patagonia, Argentina. Waterbirds 41(3), 310–315. 

https://doi.org/10.1675/063.041.0311 

Delgado, S., Zorrozua, N., Arizaga, J., 2021. No evidence of habitat effect on clutch size, 

egg quality, and hatching success of the Yellow–legged Gull Larus michahellis at a 

micro–spatial scale. Marine Ornithology 49, 241–246. 

http://www.marineornithology.org/content/get.cgi?rn=1430 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



20 
 

De Mas, E., Benzal, J., Merino, S., Valera, F., Palacios, M.J., Cuervo, J.J., Barbosa, A., 2015. 

Erythrocytic abnormalities in three Antarctic penguin species along the Antarctic 

Peninsula: biomonitoring of genomic damage. Polar Biology 38(7), 1067–1074. 

https://doi.org/10.1007/s00300-015-1667-2 

de Lemos, C.T., Rödel, P.M., Terra, N.R., de Oliveira, N.C.D.A., Erdtmann, B., 2007. River 

water genotoxicity evaluation using micronucleus assay in fish 

erythrocytes. Ecotoxicology and Environmental Safety 66(3), 391–401. 

https://doi.org/10.1016/j.ecoenv.2006.01.004 

de Souza, J.M., Montalvão, M.F., da Silva, A.R., de Lima Rodrigues, A.S., Malafaia, G., 

2017. A pioneering study on cytotoxicity in Australian parakeets (Melopsittacus 

undulates) exposed to tannery effluent. Chemosphere 175, 521–533. 

https://doi.org/10.1016/j.chemosphere.2017.02.087 

Duhem, C., Roche, P., Vidal, E., Tatoni, T., 2008. Effects of anthropogenic food resources 

on yellow–legged gull colony size on Mediterranean islands. Population Ecology 50(1), 

91–100. https://doi.org/10.1007/s10144-007-0059-z 

Eggen, T., Moeder, M., Arukwe, A., 2010. Municipal landfill leachates: a significant 

source for new and emerging pollutants. Science of the Total Environment 408(21), 

5147–5157. https://doi.org/10.1016/j.scitotenv.2010.07.049 

Elliott, J.E., Elliott, K.H., 2013. Tracking marine pollution. Science 340(6132), 556–558. 

DOI: 10.1126/science.1235197 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



21 
 

Ergene, S., Çavaş, T., Celik, A., Köleli, N., Kaya, F., Karahan, A., 2007. Monitoring of 

nuclear abnormalities in peripheral erythrocytes of three fish species from the Goksu 

Delta (Turkey): genotoxic damage in relation to water pollution. Ecotoxicology 16(4), 

385–391. https://doi.org/10.1007/s10646-007-0142-4 

Fenech, M., 2000. The in vitro micronucleus technique. Mutation 

Research/Fundamental and Molecular Mechanisms of Mutagenesis 455(1–2), 81–95. 

https://doi.org/10.1016/S0027-5107(00)00065-8 

Frixione, M.G., Alarcón, P.A.E., 2016. Composición de la dieta post-reproductiva de la 

Gaviota Cocinera (Larus dominicanus) en el Lago Nahuel Huapi, Patagonia Argentina. 

Ornitología Neotropical 27, 217–221. 

https://journals.sfu.ca/ornneo/index.php/ornneo/article/view/107/ON%2027%20

%281%29%20217-221.pdf 

Frixione, M.G., Casaux, R., Villanueva, C., Alarcón, P.A., 2012. A recently established 

Kelp Gull colony in a freshwater environment supported by an inland refuse dump in 

Patagonia. Emu 112(2), 174–178. https://doi.org/10.1071/MU11031 

Frixione, M. G., Rodríguez–Estrella, R., 2020. Genotoxicity in American kestrels in an 

agricultural landscape in the Baja California peninsula, Mexico. Environmental Science 

and Pollution Research 27(36), 45755–45766. https://doi.org/10.1007/s11356-020-

10392-0 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



22 
 

Frixione M.G., Lisnizer, N., Yorio P., 2022. Más allá del mar: variación espacio–temporal 

en la explotación de recursos de origen antrópico en el Valle Inferior del Río Chubut. 

Reunión Argentina de Ornitología, Puerto Madryn, Argentina. 

Gill, T.S., Pant, J.C., 1985. Erythrocytic and leukocytic responses to cadmium poisoning 

in a freshwater fish, Puntius conchonius Ham. Environmental Research 36(2), 327–

337. https://doi.org/10.1016/0013-9351(85)90028-3 

Giraudeau, M., Watson, H., Powell, D., Vincze, O., Thomas, F., Sepp, T., Isaksson, C., 

2020. Will urbanization affect the expression level of genes related to cancer of wild 

great tits?. Science of the Total Environment 714, 135793. 

https://doi.org/10.1016/j.scitotenv.2019.135793 

Gómez–Meda, B.C., Zamora–Perez, A.L., Luna–Aguirre, J., González–Rodríguez, A., Luisa 

Ramos–Ibarra, M., Torres–Bugarín, O., Zúñiga–González, G.M., 2006. Nuclear 

abnormalities in erythrocytes of parrots (Aratinga canicularis) related to genotoxic 

damage. Avian Pathology 35(3), 206–210. 

https://doi.org/10.1080/03079450600711003 

Guha, B., Khuda–Bukhsh, A.R., 2003. Ameliorating effect of β–carotene on 

ethylmethane sulphonate–induced genotoxicity in the fish Oreochromis 

mossambicus. Mutation Research/Genetic Toxicology and Environmental 

Mutagenesis 542(1–2), 1–13. https://doi.org/10.1016/j.mrgentox.2003.07.012 

Izquierdo, J.I., Machado, G., Ayllon, F., D’Amico, V.L., Bala, L.O., Vallarino, E., Garcia–

Vazquez, E., 2003. Assessing pollution in coastal ecosystems: a preliminary survey 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



23 
 

using the micronucleus test in the mussel Mytilus edulis. Ecotoxicology and 

Environmental Safety 55(1), 24–29. https://doi.org/10.1016/S0147-6513(02)00041-

6 

Jayaraj, R., Megha, P., Sreedev, P., 2016. Organochlorine pesticides, their toxic effects 

on living organisms and their fate in the environment. Interdisciplinary 

Toxicology, 9(3–4) 90–100. https://doi.org/10.1515/intox-2016-0012 

Katlam, G., Prasad, S., Aggarwal, M., Kumar, R., 2018. Trash on the menu. Current 

Science 115(12), 2322–2326. https://www.jstor.org/stable/26978598 

Keilen, E.K., Borgå, K., Thorstensen, H.S., Hylland, K., Helberg, M., Warner, N., Ruus, A., 

2022. Differences in Trophic Level, Contaminant Load and DNA Damage in an Urban 

and a Remote Herring Gull (Larus argentatus) Breeding Colony in Coastal 

Norway. Environmental Toxicology and Chemistry. https://doi.org/10.1002/etc.5441 

Kursa, M., Bezrukov, V., 2008. Health status in an Antarctic top predator: micronuclei 

frequency and white blood cell differentials in the South Polar 

Skua. Polarforschung 77(1), 1–5. 

https://epic.awi.de/id/eprint/28705/1/Kur2008b.pdf 

Maness, T.J., Emslie, S.D., 2001. An analysis of possible genotoxic exposure in adult and 

juvenile Royal Terns in North Carolina, USA. Waterbirds 352–360. 

https://doi.org/10.2307/1522065 

Marenkov, O.M., Izhboldina, O.O., Nazarenko, M.M., Mylostyvyi, R.V., Khramkova, O.M., 

Kapshuk, N.O., Nesterenko, O.S., 2021. Influence of heavy metals on physiological and 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



24 
 

biochemical parameters of Pseudorasbora parva (Cypriniformes, 

Cyprinidae). Regulatory Mechanisms in Biosystems 12(4), 745–752. 

https://doi.org/10.15421/0221103 

Matejczyk, M., Płaza, G.A., Nałęcz–Jawecki, G., Ulfig, K., Markowska–Szczupak, A., 2011. 

Estimation of the environmental risk posed by landfills using chemical, 

microbiological and ecotoxicological testing of leachates. Chemosphere 82(7), 1017–

1023. https://doi.org/10.1016/j.chemosphere.2010.10.066 

McIntyre, J.A., O'Driscoll, N.J., Spooner, I., Robertson, G.J., Smol, J.P., Mallory, M.L., 2022. 

Scavenging gulls are biovectors of mercury from industrial wastes in Nova Scotia, 

Canada. Chemosphere 135–279. 

https://doi.org/10.1016/j.chemosphere.2022.135279 

Mix, M.C., 1986. Cancerous diseases in aquatic animals and their association with 

environmental pollutants: a critical literature review. Marine environmental 

research 20(1–2), 1–141. https://doi.org/10.1016/0141-1136(86)90013-9 

Morita, T., Hamada, S., Masumura, K., Wakata, A., Maniwa, J., Takasawa, H., Honma, M., 

2016. Evaluation of the sensitivity and specificity of in vivo erythrocyte micronucleus 

and transgenic rodent gene mutation tests to detect rodent carcinogens. Mutation 

Research/Genetic Toxicology and Environmental Mutagenesis 802, 1–29. 

https://doi.org/10.1016/j.mrgentox.2016.03.008 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



25 
 

Naskar, R., Sen, N.S., Ahmad, M.F., 2006. Aluminium toxicity induced poikilocytosis in 

an air–breathing teleost, Clarias batrachus (Linn.). Indian Journal of Experimental 

Biology 44, 83–85. 

Leighton, F.A., 1985. Morphological lesions in red blood cells from herring gulls and 

Atlantic puffins ingesting Prudhoe Bay crude oil. Veterinary Pathology 22(4), 393–

402. https://doi.org/10.1177/030098588502200415 

Lezcano, A.H., Quiroga, M.L.R., Liberoff, A.L., Van der Molen, S., 2015. Marine pollution 

effects on the southern surf crab Ovalipes trimaculatus (Crustacea: Brachyura: 

Polybiidae) in Patagonia Argentina. Marine Pollution Bulletin 91(2), 524–529. 

https://doi.org/10.1016/j.marpolbul.2014.09.038 

Lisnizer, N., Garcia–Borboroglu, P., Yorio, P., 2011. Spatial and temporal variation in 

population trends of Kelp Gulls in northern Patagonia, Argentina. Emu–Austral 

Ornithology 111(3), 259–267. 

Luna, Á., Romero–Vidal, P., Arrondo, E., 2021. Predation and scavenging in the city: A 

review of spatio–temporal trends in research. Diversity 13(2), 46. 

https://doi.org/10.3390/d13020046 

Ludynia, K., Garthe, S., Luna-Jorquera, G., 2005. Seasonal and regional variation in the 

diet of the Kelp Gull in northern Chile. Waterbirds 28(3), 359–365. 

Olmastroni, S., Pompeo, G., Jha, A.N., Mori, E., Vannuccini, M.L., Fattorini, N., Corsi, I., 

2019. Erythrocytes nuclear abnormalities and leukocyte profile of the immune system 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



26 
 

of Adélie penguins (Pygoscelis adeliae) breeding at Edmonson Point, Ross Sea, 

Antarctica. Polar Biology 42(7), 1343–1352. 

Oro, D., Genovart, M., Tavecchia, G., Fowler, M.S., Martínez–Abraín, A., 2013. Ecological 

and evolutionary implications of food subsidies from humans. Ecology Letters 16(12), 

1501–1514. DOI: 10.1111/ele.12187. 

Oudi, A., Chokri, M.A., Hammouda, A., Chaabane, R., Badraoui, R., Besnard, A., Santos, 

R., 2019. Physiological impacts of pollution exposure in seabird's progeny nesting in a 

Mediterranean contaminated area. Marine pollution bulletin 142, 196–205. 

https://doi.org/10.1016/j.marpolbul.2019.02.056 

Pan, L., Wang, Y., Ma, J., Hu, Y., Su, B., Fang, G., Xiang, B., 2018. A review of heavy metal 

pollution levels and health risk assessment of urban soils in Chinese 

cities. Environmental Science and Pollution Research 25(2), 1055–1069. 

Plaza, P.I., Blanco, G., Lambertucci, S.A., 2020. Implications of bacterial, viral and 

mycotic microorganisms in vultures for wildlife conservation, ecosystem services and 

public health. Ibis 162(4), 1109–1124. https://doi.org/10.1111/ibi.12865 

Quirós, L., Ruiz, X., Sanpera, C., Jover, L., Piña, B., 2008. Analysis of micronucleated 

erythrocytes in heron nestlings from reference and impacted sites in the Ebro basin 

(NE Spain). Environmental Pollution 155(1), 81–87. 

Rodnan, G.P., Ebaugh, F.G., Fox, M.S., Chambers, D.M., 1957. The life span of the red 

blood cell and the red blood cell volume in the chicken, pigeon and duck as estimated 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



27 
 

by the use of Na2Cr51O4: with observations on red cell turnover rate in the mammal, 

bird and reptile. Blood 12(4):355–366. https://doi.org/10.1182/blood.V12.4.355.355 

Romero, D., Hernández–García, A., Tagliati, C.A., Martínez–López, E., García–

Fernández, A.J., 2009. Cadmium–and lead–induced apoptosis in mallard erythrocytes 

(Anas platyrhynchos). Ecotoxicology and Environmental Safety 72(1), 37–44. 

R Core Team, 2021. R: A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. Available at http://www.R–

project.org/ 

Santos, C.S., Brandao, R., Monteiro, M.S., Bastos, A.C., Soares, A.M., Loureiro, S., 2017. 

Assessment of DNA damage in Ardea cinerea and Ciconia ciconia: A 5–year study in 

Portuguese birds retrieved for rehabilitation. Ecotoxicology and environmental 

safety 136, 104–110. https://doi.org/10.1016/j.ecoenv.2016.10.039 

Santovito, A., Audisio, M., Bonelli, S., 2020. A micronucleus assay detects genotoxic 

effects of herbicide exposure in a protected butterfly species. Ecotoxicology 29(9), 

1390–1398. 

Schmid, W., 1975. Micronucleus test. Mutation Research 31, 9–15. 

Sharifuzzaman, S.M., Rahman, H., Ashekuzzaman, S.M., Islam, M.M., Chowdhury, S.R., 

Hossain, M.S., 2016. Heavy metals accumulation in coastal sediments. 

In Environmental remediation technologies for metal-contaminated soils (pp. 21-42). 

Springer, Tokyo. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



28 
 

Shimizu, N., Itoh, N., Utiyama, H., Wahl, G.M., 1998. Selective entrapment of 

extrachromosomally amplified DNA by nuclear budding and micronucleation during S 

phase. Journal of Cell Biology 140, 1307–1320. 

https://doi.org/10.1083/jcb.140.6.1307 

Shimizu N., Shimura, T., Tanaka, T., 2000. Selective elimination of acentric double 

minutes from cancer cells through the extrusion of micronuclei. Mutation Research 

448, 81–90. 

Singh, D.P., Gadi, R., Mandal, T.K., 2011. Characterization of particulate-bound 

polycyclic aromatic hydrocarbons and trace metals composition of urban air in Delhi, 

India. Atmospheric Environment 45(40), 7653–7663. 

https://doi.org/10.1016/j.atmosenv.2011.02.058 

Slack, R.J., Gronow, J.R., Voulvoulis, N., 2005. Household hazardous waste in municipal 

landfills: contaminants in leachate. Science of Total Environment 337, 119–137 

Somers, C.M., McCarry, B.E., Malek, F., Quinn, J.S., 2004. Reduction of particulate air 

pollution lowers the risk of heritable mutations in mice. Science 304(5673), 1008–

1010. 

Soni, P., Sharma, S., Sharma, S., Kumar, S., Sharma, K.P., 2006. A comparative study on 

the toxic effects of textile dye wastewaters (untreated and treated) on mortality and 

RBC of a freshwater fish Gambusia affinis (Baird and Gerard). Journal of 

Environmental Biology 27(4), 623–628. 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



29 
 

Souto, H.N., de Campos Júnior, E.O., Campos, C.F., Rodrigues, T.S., Pereira, B.B., Morelli, 

S., 2018. Biomonitoring birds: the use of a micronuclei test as a tool to assess 

environmental pollutants on coffee farms in southeast Brazil. Environmental Science 

and Pollution Research 25(24), 24084–24092. https://doi.org/10.1007/s11356-018-

2466-4 

Steigerwald, E.C., Igual, J.M., Payo–Payo, A., Tavecchia, G., 2015. Effects of decreased 

anthropogenic food availability on an opportunistic gull: evidence for a size–mediated 

response in breeding females. Ibis 157, (3), 439–448. DOI: 10.1111/ibi.12252. 

Stocker, J., Morel, A.P., Wolfarth, M., Dias, J.F., Niekraszewicz, L.A.B., Cademartori, C.V., 

Silva, F.R.D., 2022. Basal levels of inorganic elements, genetic damages, and 

hematological values in captive Falco peregrinus. Genetics and Molecular Biology 45. 

Suarez–Rodriguez, M., Montero–Montoya, R.D., Macias Garcia, C., 2017. Anthropogenic 

nest materials may increase breeding costs for urban birds. Frontiers in Ecology and 

Evolution 5, 4. https://doi.org/10.3389/fevo.2017.00004 

Tolbert, M.E., Kamalu, J.A., Draper, G.D., 1981. Effects of cadmium, zinc, copper and 

manganese on hepatic parenchymal cell gluconeogenesis. Journal of Environmental 

Science & Health Part B 16(5), 575–585. 

Tomova, E., Arnaudov, A., Velcheva, I., 2008. Effects of zinc on morphology of 

erythrocytes and spleen in Carassius gibelio. Journal of Environmental Biology 29(6), 

897–902. https://pubmed.ncbi.nlm.nih.gov/19297988/ 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



30 
 

Torlaschi, C., Gandini, P., Frere, E., Peck, R.M., 2000. Predicting the sex of Kelp Gulls by 

external measurements. Waterbirds 518–520. 

Vilavert, L., Nadal, M., Schuhmacher, M., Domingo, J.L., 2012. Longterm monitoring of 

dioxins and furans near a municipal solid waste incinerator: human health risks. 

Waste Management Research 30, 908–916. 

Weber, R., Gaus, C., Tysklind, M., Johnston, P., Forter, M., Hollert, H., Zennegg, M., 2008. 

Dioxin–and POP–contaminated sites—contemporary and future relevance and 

challenges. Environmental Science and Pollution Research 15(5), 363–393. 

Yauk, C.L., Fox, G.A., McCarry, B.E., Quinn, J.S., 2000. Induced minisatellite germline 

mutations in herring gulls (Larus argentatus) living near steel mills. Mutation 

Research/Fundamental and Molecular Mechanisms of Mutagenesis 452(2), 211–218. 

Yirga, G., Leirs, H., De Iongh, H.H., Asmelash, T., Gebrehiwot, K., Deckers, J., Bauer, H., 

2015. Spotted hyena (Crocuta crocuta) concentrate around urban waste dumps across 

Tigray, northern Ethiopia. Wildlife Research 42(7), 563–569. 

Yorio, P.M., Giaccardi, M., 2002. Urban and fishery waste tips as food sources for birds 

in northern coastal Patagonia, Argentina. Ornitología Neotropical 13, 283–292. 

https://ri.conicet.gov.ar/handle/11336/101331 

Zapata, L.M., Bock, B.C., Orozco, L.Y., Palacio, J.A., 2016. Application of the 

micronucleus test and comet assay in Trachemys callirostris erythrocytes as a model 

for in situ genotoxic monitoring. Ecotoxicology and environmental safety 127, 108–

116. https://doi.org/10.1016/j.ecoenv.2016.01.016  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



31 
 

Table 1: Mean frequencies of nuclear anomalies by 10,000 erythrocytes in Kelp Gull 

adults captured in mixed landfill (ML) and urban landfill (UL) in northeastern Chubut, 

Argentina. (SE in parentheses) 

 
notched segmented displaced bud tailed enucleated other MN total 

ML 30.1 (3.2) 14.0 (2.5) 18.2 (3.2) 35.0 (4.9) 23.2 (2.5) 1.4 (0.4) 
36.1 
(4.2) 

3.8 (0.9) 
161.8 
(13.7) 

UL 35.6 (5.2) 11.0 (3.7) 6.0 (1.6) 44.4 (7.5) 9.5 (1.9) 0.6 (0.3) 
26.2 
(7.7) 

3.5 (0.6) 
136.7 
(19.8) 

mean 32.4 (2.8) 12.8 (2.1) 13.1 (2.1) 38.9 (4.2) 17.5 (1.9) 1.1 (0.3) 
32.0 
(4.0) 

3.7 (0.6) 
151.5 
(11.5) 
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Highlights 

-Erythrocytes abnormalities were analyzed considering changes in the urban waste 

management in the study area 

-Gulls evidenced high frequencies of nuclear abnormalities and poikilocytosis  

-Changes in waste management showed a diminished occurrence on some types of 

nuclear abnormalities 
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