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Abstract

The Azores holds the largest population of Cory's shearwater Calonectris borealis (Cory,

1881) (Aves, Procellariiformes) in the world. Apart from a few mammal-free islets, the bulk

of  the population breeds in coastal  areas on the main human-inhabited islands, where

several non-native predators have been introduced. Throughout the entire year of the 2019

breeding season, we used motion-triggered cameras and regularly visited three colonies of

Cory's shearwater to identify nest predators and the factors affecting nest predation. A total

of 292,624 photos were obtained, of which 97.7% were of Cory’s shearwaters, 1.7% of

non-target  species  (e.g.  other  birds,  rabbits)  and  0.52% of  potential  predators. Of  the

monitored nests, 25.7% were predated (n = 9), mainly by black rats (n = 8), but also by

cats  (n  =  1).  The  relative  abundance  of  black  rats  in  the  nests  was  the  main  factor

explaining nest mortality.  This variable was significantly and negatively related with the

daily survival rate of Cory’s shearwater nestlings. Identification of the main nest predators
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is crucial for the management and conservation of native bird populations, particularly on

oceanic islands, which harbour an important number of threatened and endemic species.
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seabirds

Introduction

Biological invasions together with habitat degradation and climatic changes are currently

the most  important  biodiversity  erosion drivers  and a significant  component  of  human-

caused global environmental change (Vitousek 1988, Vitousek et al.  1997).  Despite an

increasing awareness of these threats, namely of biological invasions, the rate of spread of

species outside their native range is not slowing down (Seebens et al.  2017). Oceanic

island  communities  are  extremely  susceptible  to  invasive  species  and  the  dramatic

consequences  of  invasions  for  native  biodiversity  are  well  known  (Oppel  et  al.  2010, 

Russell et al. 2017). Island communities are characterised by low species richness, but a

high rate of endemism and invasive species threaten the existence of species that are not

present elsewhere in the world (Williamson 1996, Whittaker and Fernández-Palacios 2007,

Russell  et  al.  2017).  Invasive mammals, especially opportunist  predators,  are the most

damaging non-native animals for islands worldwide (Medina et al.  2013, Dawson et al.

2014, Doherty et al. 2016, Russell et al. 2017). Most introduced mammal species were

established on oceanic islands during the European colonisation (Vitousek 1988). Invasive

mammal predators are implicated in the decline or extinction of more than 700 species of

island native vertebrates (Doherty et al. 2016). Particularly, colonial nesting seabirds have

been severely affected by the introduction and spread of non-native mammal predators

(Bicknell et al. 2009).

The Azores Archipelago, located in the North Atlantic Ocean, is one of the most isolated

archipelagos worldwide and a high priority area for seabird conservation. Regular breeding

species are the Monteiro's storm-petrel (Hydrobates monteiroi (Bolton et al.,  2018)), an

endemic bird considered as Vulnerable (Bolton et  al.  2008,  BirdLife-International  2018, 

BirdLife-International 2023), the band-rumped storm-petrel (Hydrobates castro (Harcourt,

1851)),  the  Bulwer's  petrel  (Bulweria bulwerii (Jardine  &  Selby,  1828)),  the  Cory’s

shearwater  (Calonectris borealis (Cory,  1881)),  the Barolo's  shearwater  (Puffinus baroli

(Bonaparte, 1851)), the Manx shearwater (Puffinus puffinus (Brünnich, 1764)), the yellow-

legged gull (Larus michahellis atlantis Dwight, 1922), the sooty tern (Onychoprion fuscatus

(Linnaeus,  1766)),  the  roseate  tern  (Sterna dougallii dougallii Montagu,  1813)  and the

common tern (Sterna hirundo hirundo Linnaeus, 1758) (Del Nevo et al. 1993, Monteiro et

al. 1996a, Monteiro et al. 1996b, Monteiro et al. 1999, Bolton et al. 2008). The impacts of

mammal predators on seabird populations in the Azores Archipelago have been reported

for several seabird species (Monteiro et al. 1996a, Monteiro et al. 1996b, Amaral et al.

2010, Hervías et al. 2013b, Hervías et al. 2013a, Lamelas-López et al. 2021). Additionally,
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the introduction of mammals in the Azores has probably caused the disappearance of the

Fea's  petrel  (Pterodroma feae (Salvadori,  1899))  and  the  white-faced  storm-petrel

(Pelagodroma marina (Latham,  1790))  and  has  led  to  the  population  decline  of  other

Procellariiform species (Monteiro et al. 1996a). Currently, introduced mammal species are

present in all the main nine islands (De León et al. 2005) and are probably one of the most

important threats to Azorean native birds (Monteiro et al. 1996a).

Although only  one mammal  species was present  in  the Azores before the Portuguese

arrival in the 15  century, the Azores noctule Nyctalus azoreum (Thomas, 1901) (Frutuoso

1561), nowadays, both rodents (house mouse Mus musculus Linnaeus, 1758, black rat

Rattus rattus (Linnaeus, 1758) and Norway rat Rattus norvegicus (Berkenhout, 1769)) and

carnivores (ferret  Mustela furo Linnaeus, 1758, weasel Mustela nivalis Linnaeus, 1766,

feral cat Felis catus Linnaeus, 1758 and feral dog Canis lupus familiaris Linnaeus, 1758)

are present. Each of these exotic species potentially represent a threat to native birds, thus

identification of the main nest predators and the factors influencing nest predation is crucial

for the conservation of  such bird species. Moreover,  invasive species can interact with

each  other  (e.g.  mesopredator  release  effect;  Courchamp et  al.  (2001),  Russell  et  al.

(2009),  Hervías et  al.  (2013b))  and it  is,  therefore,  important  to understand the overall

impact of  several  invasive species and the possible consequences of their  eradication,

before implementing well intentioned conservation programmes.

In  the  present  study,  we  monitored  nests  of  Cory’s  shearwater  on  three  colonies  on

Terceira  Island  (Azores)  using  motion-triggered  cameras.  Over  the  last  years,  this

technology  has  become  an  important  tool  for  understanding  the  impact  of  invasive

mammals on seabird breeding success (Edney and Wood 2020). The Cory’s shearwater is

one of the most abundant Procellariiforms in the north-east Atlantic Ocean (Cramp and

Simmons 1977, Ramos et al. 2003) and the Azores constitute a pivotal conservation area

for this species, given that the Archipelago hosts around 188,000 breeding pairs (BirdLife-

International 2004), which represents about 60% of the world population (Monteiro et al.

1996a,  Hagemeijer  and  Blair  1997).  In  the  Azores,  Cory’s  shearwaters  return  to  the

colonies to breed by February-March, laying a single egg in May, chicks hatch by late July-

early August and fledge by the second half of October up to early November (Monteiro et

al.  1996b).  Nest predation is  considered the highest  cause of land mortality  for  Cory’s

shearwater populations. Previous studies indicate the negative effects of invasive species

on Cory’s shearwater survival in the Azores (Hervías et al. 2012, Hervías et al. 2013b, 

Hervías  et  al.  2013a).  However,  they  also  highlight  complex  responses where  several

exotic species interact and have both positive and negative effects on the bird population

(Hervías et al. 2013).

Our objectives were: (1) to identify Cory’s shearwater nest predators and (2) to determine

the  abiotic  and  biotic  factors  that  may  directly  or  indirectly  affect  nest  predation.  In

particular, we measured variables related with nest characteristics, as the maximum width

and height of the cavity entrance, the nest entrance area, the nest depth and the amount of

nest  entrance  coverage  by  vegetation;  and  surrounding  habitat,  as  cover  of  tree  and

shrubs, herbaceous plants, rocky areas and barren areas within a 25 m radius of the nest,

as well as distance to the nearest urban areas, according to another studies about nest

th
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predation in the Azores (Hervías et al. 2013b, Lamelas-López et al. 2020a). Additionally,

we estimated the activity of predators and Cory’s shearwaters using Relative Abundance

Indices.  We expected  that  predation  will  be  mainly  affected  by  predators’  activity  (i.e.

relative abundance). In relation to the environmental characteristics, we hypothesised that

most accessible nests, i.e. wider nests in uncovered and highly visible areas, will be more

predated than narrower nests or with vegetation at their entrance.

Material and methods

Study area 

The Azores Archipelago is a group of nine volcanic islands and 26 islets, located in the

North Atlantic Ocean about 1500 km from Europe and 1900 km from North America (37° to

40° N latitude and 25° to 31° W longitude). The Archipelago is divided into three groups,

the Western group, formed by Corvo and Flores Islands, the Central group, formed by

Faial, Pico, São Jorge, Graciosa and Terceira Islands and the Eastern group, formed by

São  Miguel  and  Santa  Maria  Islands.  The  Azorean  climate  is  characterised by  stable

temperatures, a high annual rainfall and relative air humidity and persistent winds (e.g. http

://www.climaat.angra.uac.pt/).  The Azorean landscape has suffered severe modifications

as a consequence of human settlement, mainly associated with land-use changes by the

replacement  of native  forests  by  agricultural  fields,  forestry  plantations,  namely  of

Japanese  cedar  Cryptomeria japonica D.Don  and  Australian  cheesewood  Pittosporum 

undulatum Vent. and urban areas (Gaspar et al. 2008, Triantis et al. 2010). Currently, less

than 3% of the Archipelago is covered by pristine forest (Gaspar et al. 2008, Norder et al.

2020), which is restricted to the highest elevations and most inaccessible areas.

The Azores Archipelago harbour regular breeding species such as the Monteiro's storm-

petrel,  the  band-rumped  storm-petrel,  the  Bulwer's  petrel,  the  Cory’s  shearwater,  the

Barolo's  shearwater,  the  Manx  shearwater,  the  yellow-legged  gull,  the  sooty  tern,  the

roseate tern and the common tern. The colonies of these species are generally located on

small islets close to the main islands and coastal cliffs dominated by low forests of native

and exotic vegetation and rocky/uncovered areas (Del Nevo et al. 1993, Monteiro et al.

1996a, Monteiro et al. 1996b, Monteiro et al. 1999, Bolton et al. 2008).

Site description 

The  study  was  performed  on  three  colonies  of  Cory’s  shearwater,  on  Terceira  Island

(27º10' W, 38º40' N) (Fig. 1).

Chanoca is located in the southern coast of Terceira Island. This area is formed by cliffs

enclosing small rocky bays and it is covered by rocky and barren areas and a low density

of herbaceous plants. Sour fig Carpobrotus edulis (L.) N.E.Br. is the dominant plant in the

area, being relatively abundant and widespread. Chanoca is located next to an urban area

(< 200 m) and it is frequently used by local fishermen to gain access to the sea.
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Raminho is located in the north-western part of Terceira Island. The area is formed by cliffs,

dominated by a low forest of native vegetation, namely Erica azorica and small and scarce

individuals of  Morella faya (Aiton) Wilbur.  The nests are located in the rocky cliffs and

within the forest. Although the colony is relatively inaccessible, there is a narrow dirt road

that goes through the forest to the lowest part of the colony, near to the coast. Raminho is

located approximately 700-800 m from the nearest urban area.

Agualva is located in the northern part of Terceira Island. The area consists of a rocky area

scarcely covered by native vegetation, mainly Erica azorica Hochst. ex Seub. Although it is

relatively isolated (> 1400 m from the nearest urban area), it is crossed by a walking trail

(PR2TER - Baías da Agualva).

Camera-trapping 

Fieldwork  was  performed  between  4  April  and  25  October  2019,  covering  the  entire

breeding  season  of  Cory’s  shearwater  in  the  Azores  (Monteiro  et  al.  1996a).  At  the

beginning of  the breeding season,  we searched for  nests  in  the three aforementioned

breeding sites.  Once an occupied nest  was located,  we installed one motion-triggered

infrared  camera  Bushnell  Trophy  HD,  Moultrie  880i  and  990i  (henceforth  referred  as

cameras). The cameras were fixed on a wooden pole, adjacent shrub or rock and deployed

Figure 1.  

Cory’s  shearwater  Calonectris diomedea breeding sites (Agualva,  Chanoca and Raminho)

monitored between April and October 2019 on Terceira Island (27º10' W, 38º40' N), Azores,

Portugal.
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at 50-100 cm from the nest entrance. Cameras were configured to take 8 MB-photos, with

30  s  of  delay  between  records  (Lamelas-López  et  al.  2020a).  Date  and  time  were

automatically recorded for each photo. Cameras recorded continuously during the entire

breeding season. If a nest was predated, the camera was moved to another occupied nest.

A total of 37 nests were monitored using camera-traps (14 in Chanoca, 13 in Raminho and

10 in Agualva), but two cameras in Chanoca were stolen and it was impossible to retrieve

any information from those nests. Nests were visually inspected every 10 days to verify

nest predation, camera functioning and to replace cameras SD cards and batteries when

necessary.

From camera-trap records, we obtained the Relative Abundance Index (RAI) (O'Connell et

al. 2011) of both Cory’s shearwater and its potential predators. The RAI was calculated as

the number of  records of  a  species during a sampling effort  of  100 camera-trap days

(Lamelas-López et al. 2020a, Lamelas-López and Marco 2020).

Nest characteristics and habitat variables 

For each nest, we measured the maximum width and height of the cavity entrance, the

nest entrance area (calculated by multiplying nest width and height) and the nest depth

(distance from the entrance to the back of the cavity) (see Hervías et al. (2013b)). We also

visually estimated the amount of nest entrance covered by vegetation, as a proxy of nest

visibility and accessibility.

In addition, we calculated the cumulative proportion of covered (trees, shrubs and herbs

cover) and uncovered areas (cover of rocky and barren areas) within a radius of 25 m from

the nest. Nest UTM coordinates were recorded using a GPS navigator (Garmin eTrex). We

also measured the distance from the nest to the nearest urban area using the ArcGIS

software (ESRI 2011).

Statistical analysis 

We calculated the daily mortality rate (DME) as (P/D), where P stands for “Predation” and

is the status of the nest at the end of the breeding season (i.e. predated or not predated)

and D stands for  “Days”  and is  the number of  days when the camera was recording.

Consequently,  the  daily  mortality  rate  is  a  continuous  value  between  0  (i.e.  the  nest

survived) and 1 (i.e. the nest was predated after the first day of recording). The DME was

used  as  a  response  variable  in  two  zero-inflated  beta-regressions;  one  including  only

abiotic factors and the other only biotic factors. The beta-regression distribution is suitable

for continuous proportional data with a high frequency of zeroes, as in our dataset. Log-

transformation was applied to all variables with outliers (i.e. nest area; nest depth; distance

from the nearest urban centre and the RAIs of Rattus sp.). Before creating the models, we

calculated the Pearson Correlation Coefficient (r) to test for potential correlation between

the abiotic factors and, independently, between the biotic factors.

Since  we  found  high  correlation  between  nest  area  and  nest  depth  (r  =  0.45,  Suppl.

material 1) and between the distance from the nearest urban centre and percentage of
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vegetation near the nest (r = 0.44, Figures S1), the model including abiotic factors included

only the log-transformed distance from the nearest urban centre and the log-transformed

nest area as fixed factors and the site included as a random factor. No issue was detected

in the model residuals (Suppl. material 2).

No  concerning  correlations  were  detected  between  biotic  factors  (Suppl.  material  3).

Nevertheless, since most nests were presumably predated by rats, we only included the

log-transformed RAI of Rattus sp. as a fixed factor and the site as a random factor. No

issue was detected in the model residuals (Suppl. material 4).

Moreover, we tested which factors affected the activity of rats around Cory’s shearwater

nests  formulating  a  linear  model  were  the  log-transformed RAI  of  Rattus sp.  was  the

response  and  the  presence  of  vegetation  at  the  entrance  of  the  nest  (binary),  the

percentage of vegetation near the nest, the log-transformed nest area, the log-transformed

nest depth, the log-transformed distance from the nearest urban centre and the RAIs of

potential predators of rats (cat and least weasel) were the fixed factors and the site was the

random factor. This model was simplified using stepwise selection with the R function step.

The  final  model  included  the  presence  of  vegetation  at  the  entrance  of  the  nest,  the

percentage of vegetation near the nest and the log-transformed distance from the nearest

urban centre and did not show any concerning pattern in the residuals (Suppl. material 5).

An overview of  the model  can be found in Table 1.  Models were created using the R

packages glmmTMB (Brooks et  al.  2017),  validated using DHARMa (Hartig  2022)  and

visualised using ggeffects (Lüdecke 2018). All analyses were performed in R (RCoreTeam

2023).

Model Response Distribution Fixed effects Random effects 

Abiotic factor DME Zero-inflated beta distribution logArea + logDistUrb Site

Biotic factor DME Zero-inflated beta distribution logRAIrr Site

RAI Rattus sp. logRAIrr Gaussian VegEntr + Cover + logDistUrb Site

Results

A total  of  292,624  photos  were  obtained,  of  which  286,061  (97.7%)  portrayed  Cory’s

shearwaters, 5045 (1.7%) non-target species (e.g. other birds, rabbits) and 1518 (0.52%)

potential  predators (Table 1).  Overall,  nine of  the thirty-five successful  monitored nests

(25.7%)  across  the  three  monitored  colonies  were  predated  throughout  the  breeding

season. Of these, two were predated by black rats (22.2%) and one (11.1%) by feral cats.

Table 1. 

Overview of the statistical models with the daily mortality estimates (DME) and the log-transformed

RAI of Rattus sp. (logRAIrr) as responses. Fixed factors are coded as follows: log-transformed nest

area  (logArea),  log-transformed  distance  from  the  nearest  urban  centre  (logDistUrb),  log-

transformed  RAI  of  Rattus sp.  (logRAIrr),  presence  of  vegetation  at  the  entrance  of  the  nest

(VegEntr), the percentage of vegetation near the nest (Cover).
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Predators were not identified in six nests (66.7%), but the high activity of rats in these

nests suggests that they were the most likely predators (Table 2; Fig. 2).

Predator Prey age-class Number of records Number of predated nests Mean RAI

Domestic cat - Felis catus Chick 176 1 7.26

Black rat - Rattus rattus Egg 973 8* 42.62

House mouse - Mus musculus N/A 363 0 10.10

Least weasel - Mustela nivalis N/A 6 0 0.20

The highest nest predation was recorded in Agualva (33.3% of the nests),  followed by

Raminho (30.8%) and Chanoca (15.4%). The mean RAI of Cory’s shearwater in nests that

were predated (12,798.2) was higher than in nests that were not predated (9806.0). The

same was true for the RAI of recorded predators, such as black rats (81.8 vs. 29.1 for

predated and not predated nests, respectively) and cats (8.4 vs. 6.9), but not for potential

predators of eggs or chicks such as the least weasel (0.0 vs. 0.3) and the house mouse

(8.1 vs. 10.8).

No abiotic factor significantly affected the DME, while the log-transformed RAI of Rattus sp.

was significantly and negatively related to the nest survival (p < 0.001, GLMM; Fig. 3; Table

3).

The best model explaining the RAI of Rattus sp. included the percentage of vegetation

nearby the nest (despite this factor being non-significant),  the log-transformed distance

from the nests to the urban areas and the presence of vegetation at the entrance of the

Table 2. 

Detected potential predator species, prey age-class, total number of photos recorded, number of

predated nests and mean Relative Abundance Index (RAI) of potential predators. *Black rats were

only recorded predating two nests,  but the high RAI detected nearby the other predated nests

suggest that they were likely responsible for the predation of eight nests; N/A – Non applicable.

Figure 2.  

Photos of predation events on Cory’s shearwater nests. Left: black rat preying on an egg in

Raminho; Right: cat preying on a chick in Agualva.
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nest. The RAI of Rattus sp. was marginally significantly (p = 0.07, LM; Fig. 4 - Right) and

positively  related  to  the  log-transformed  distance  from  the  nearest  urban  centre  and

significantly  (p  =  0.02,  LM;  Fig.  4 -  Left)  and  negatively  related  to  the  presence  of

vegetation at the entrance of the nest.

Response Conditional model Variance SD 

DME Site 6.42E-11 8.01E-06

Estimate SE z-value Significance 

Intercept -3.56791 1.80982 -1.971 0.0487 *

logDistUrb -0.18838 0.16936 -1.112 0.266

logArea 0.08966 0.17658 0.508 0.6116

Zero-inflation model 

Intercept 1.0609 0.3867 2.743 0.00609 **

DME Site 6.70E-01 8.19E-01

Estimate SE z-value Significance 

Intercept -6.2332 0.55015 -11.33 < 2e-16 ***

logRAIrr 0.60395 0.07612 7.934 2.12e-15 ***

Zero-inflation model 

Intercept 1.0609 0.3867 2.743 0.00609 **

logRAIrr Site 4.29E-09 6.55E-05

Estimate SE z-value Significance 

Intercept -0.35059 1.2469 -0.281 0.779

Cover 0.01662 0.01149 1.446 0.148

VegEntr -1.15858 0.49786 -2.327 0.020 *

logDistUrb 0.39758 0.21946 1.812 0.070 .

Discussion

The  impacts  of  rodents,  particularly  rats  and  cats  on  insular  biota  have  been  widely

documented (Courchamp et al. 2003, Towns et al. 2006, Jones et al. 2008, Oppel et al.

2010, Medina et al. 2013, Doherty et al. 2016, Russell et al. 2017). These species have

been reported as major  seabird  and terrestrial  bird  predators  in  many oceanic  islands

worldwide (e.g.  Long (2003),  Jones et  al.  (2008),  Dumont  et  al.  (2010),  Russell  et  al.

(2017)). Our results show that black rats and cats, both included in the top 100 invasive

species list (Lowe et al. 2000), are the main predators of Cory’s shearwater juveniles in the

Azores. Specifically, we observed instances of black rats preying on eggs, as well as a

Table 3. 

Outputs of the three statistical models with daily mortality estimates (DME) or the log-transformed

RAI of Rattus sp. (logRAIrr) as response variables.
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single cat capturing a young chick of Cory's shearwater. Our findings are in accordance

with the results of Hervías et al. (2013b) for Corvo Island, Azores. However, Hervías et al.

(2013b) found that the cat was the main predator, while on Terceira our results support a

predation dominance by the black rat. Rodents have been identified as major predators of

Calonectris shearwaters in other parts of the world. For instance, black rats were the main

cause of breeding failure (up to 85% in some years) in Corsica (Calonectris diomedea; 

Thibault  (1995))  and  Norway  rats  were  the  main  cause  of  breeding  failure  (83.9% of

breeding failure) in Sasudo Island, Japan (Calonectris leucomelas; Lee and Yoo (2002)).

Feral cats and black rats are also the main predators of other seabirds (Del Nevo et al.

1993, Monteiro et al. 1996a, Amaral et al. 2010, Lamelas-López et al. 2021) and terrestrial

bird  species  (Alcover  et  al.  2015,  Lamelas-López et  al.  2020a)  in  the  Azores,  Canary

Islands  (Hernández  et  al.  1990,  Hernández  et  al.  2008,  Medina  and  Nogales  2008),

Madeira (Menezes and Oliveira 2002) and Cabo Verde (Semedo et al. 2020, Medina et al.

2020).

The abundance of introduced mammal predators (Thibault 1995, Igual et al. 2006), as well

as nest characteristics, are known to affect Cory’s shearwater nest success (Granadeiro

1991,  Thibault  1995,  Igual  et  al.  2006,  Bourgeois  and Vidal  2007).  We found that  the

relative abundance of black rats in Cory’s shearwater nests was the main factor explaining

nest mortality. This variable was significantly and negatively related with the daily survival

estimate of Cory’s shearwater nests. This observation contrasts with the results of Hervías

et al. (2013b), who found that nest survival increased with black rat activity, suggesting that

Figure 3.  

Relationship  between daily  mortality  estimate (DME) of  Cory`s  shearwater  nests  and log-

transformed Relative Abundance Index of black rats (RAI100 Rattus rattus).
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rats  are  an alternative  food resource to  the  main  predator,  the  cat.  This  supports  the

mesopredator  release  effect  hypothesis,  which  states  that  a  secondary  predator  can

increase its abundance when the top-predator is removed (Courchamp et al. 2003, Russell

et al. 2009). On the other hand, our results are consistent with Lamelas-López and Santos

(2021), who found that bottom-up regulation is the major driver of predator abundance

(rodents, cats and mustelids) in the Azores. Contrary to Corvo Island, where cats are the

only  top-predator,  several  large  predators  are  present  on  Terceira  Island,  which  might

explain why our study does not support  the results of  Hervías et al. 2013b. The other

variable affecting the relative abundance of black rats was the vegetation cover at the nest

entrance. This variable was not significantly related with the survival, but was significantly

and negatively related to the relative abundance of black rats, which may be explained by

the fact that the vegetation at the nest entrance protects the nest, making it less accessible

and detectable. The distance to the urban areas was positively and marginally significantly

related with the relative abundance of black rats. This is in accordance with the idea that

the introduction and establishment success of invasive species are directly linked to human

activities (Russell et al. 2017).

Other potential nest predators of Cory’s shearwater eggs and chicks include house mice

and mustelids.  In our study, we detected both species in the nests,  but predation was

never recorded. The impact of the house mouse as bird nest predator has rarely been

reported for the Azores (Hervías et al. 2013) and Madeira (Zino et al. 2008), while that of

mustelids is yet to be assessed, although they are often reported as potential threats to

both seabirds (Del Nevo et al. 1993, Neves et al. 2011, Lamelas-López et al. 2020b) and

terrestrial birds (Fontaine et al. 2019).

Conclusions

The  identification  of  the  main  nest  predators  is  crucial  for  the  management  and

conservation of native bird populations (Sanders and Maloney 2002, Rader et al. 2007, 

Figure 4.  

Relationship  between  log-transformed  Relative  Abundance  Index  of  Rattus sp.  and  the

presence of vegetation at the nest entrance (Left) and the log-transformed distance from the

nearest urban centre (Right).
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Richardson et al. 2009). This is particularly relevant for oceanic islands, which harbour an

important number of threatened and endemic species (Whittaker and Fernández-Palacios

2007). Our study also indicates that the main predators can vary amongst Azores islands,

possibly depending on the complexity of the local trophic network. These results highlight

the importance of conducting thorough preliminary studies before any eradication attempts

to evaluate trade-offs.  Our results  showed that  the removal  of  feral  cats from Terceira

would benefit bird conservation and would not impact black rats, as the relative abundance

of cats does not seem to be related with that of black rats (Lamelas-López and Santos

2021). The coordinated removal of feral cats and the control of black rats could potentially

maximise conservation gains for Cory’s shearwater, in particular and for Azorean native

birds, in general.

Acknowledgements

We gratefully acknowledge the Natural Park of Terceira Island for logistic support and to

Jose  Ortolá,  Natalia  Fierro,  Ana  Sánchez,  Giulia  Spadoni  and  Clara  Polaino  for  field

assistance We also thank to Rui Medeiros for help with Figure 1.

Funding program

LLL was supported by a grant  from the Fundação para a Ciência e Tecnologia -  FCT

(SFRH/BD/115022/2016);  VN was supported by a contract  Investigadores MarAz – PO

Azores 2020; IRA was funded by Portuguese national funds through FCT – Fundação para

a Ciência e a Tecnologia, I.P., under the Norma Transitória – DL57/2016/CP1375/CT0003.

Open access was funded by the project FCT-UIDB/00329/2020-2024 (Thematic Line 1 –

integrated ecological assessment of environmental change on biodiversity).

Ethics and security

Our  methods  met  all  ethical  guidelines  stipulated  by  the  standards  and  policies  of

Portuguese law and special  care was taken in  order  to  minimise disturbance of  biota.

Fieldwork  was  conducted  under  permit  from  the  Azores  Government,  Regional

Environmental and Climate Changes Directorate.

Author contributions

LL-L, MF and VN contributed to the conception/design of the study. LL-L performed the

fieldwork.  LL-L  and  MF  performed  the  data  analysis. PAVB  and  IRA  contributed  with

logistical support. All authors contributed to manuscript writing.

12 Lamelas-Lopez L et al



Conflicts of interest

The authors have declared that no competing interests exist.
Disclaimer: This article is (co-)authored by any of the Editors-in-Chief, Managing Editors
or their deputies in this journal.

References

• Alcover JA, Pieper H, Pereira F, Rando JC (2015) Five new extinct species of rails

(Aves: Gruiformes: Rallidae) from the Macaronesian Islands (North Atlantic Ocean).

Zootaxa 4057 (2): 151‑190. https://doi.org/10.11646/zootaxa.4057.2.1

• Amaral J, Almeida S, Sequeira M, Neves VC (2010) Black rat Rattus rattus eradication

by trapping allows recovery of breeding roseate tern Sterna dougallii and common tern 

S. hirundo populations on Feno Islet, the Azores, Portugal. Conservation Evidence 7:

16‑20. URL: http://hdl.handle.net/10400.3/4499

• Bicknell TJ, Reid J, Votier S (2009) Probable predation of Leach’s Storm‐petrel 

Oceanodroma leucorhoa eggs by St Kilda Field Mice Apodemus sylvaticus hirtensis.

Bird Study 56 (3): 419‑422. https://doi.org/10.1080/00063650903216618

• BirdLife-International (2004) Birds in Europe: population estimates, trends and

conservation status. BirdLife International, 374 pp. URL: https://www.nhbs.com/birds-in-

europe-book

• BirdLife-International (2018) Hydrobates monteiroi. https://www.iucnredlist.org/species/

22735624/132665118. Accessed on: 2023-10-30.

• BirdLife-International (2023) Species factsheet: Monteiro's storm-petrel Hydrobates

monteiroi. Accessed on Oct-2023. BirdLife International URL: http://

datazone.birdlife.org/species/factsheet/22735624

• Bolton M, Smith A, Gómez-Díaz E, Friesen V, Medeiros R, Bried J, Roscales J, Furness

R (2008) Monteiro's Storm-petrel Oceanodroma monteiroi: a new species from the

Azores. Ibis 150 (4): 717‑727. https://doi.org/10.1111/j.1474-919x.2008.00854.x

• Bourgeois K, Vidal É (2007) Yelkouan shearwater nest-cavity selection and breeding

success. Comptes Rendus Biologies 330 (3): 205‑214. https://doi.org/10.1016/j.crvi.

2006.12.007

• Brooks M, Kristensen K, Benthem K,, Magnusson A, Berg C, Nielsen A, Skaug H,

Mächler M, Bolker B (2017) glmmTMB Balances Speed and Flexibility Among

Packages for Zero-inflated Generalized Linear Mixed Modeling. The R Journal 9 (2). 

https://doi.org/10.32614/rj-2017-066

• Courchamp F, Langlais M, Sugihara G (2001) Cats protecting birds: modelling the

mesopredator release effect. Journal of Animal Ecology 68 (2): 282‑292. https://doi.org/

10.1046/j.1365-2656.1999.00285.x

• Courchamp F, Chapuis J, Pascal M (2003) Mammal invaders on islands: impact, control

and control impact. Biological Reviews 78 (3): 347‑383. https://doi.org/10.1017/

s1464793102006061

• Cramp S, Simmons KE (1977) Handbook of the birds of Europe and the Middle East

and North Africa. Vol. 1. Oxford University Press, 913 pp. URL: https://www.vliz.be/nl/

imis?refid=4894 [ISBN 0-19-857506-8]

Nest predation of Cory's shearwater Calonectris borealis (Aves, Procellariiformes) ... 13

https://doi.org/10.11646/zootaxa.4057.2.1
http://hdl.handle.net/10400.3/4499
https://doi.org/10.1080/00063650903216618
https://www.nhbs.com/birds-in-europe-book
https://www.nhbs.com/birds-in-europe-book
https://www.iucnredlist.org/species/22735624/132665118
https://www.iucnredlist.org/species/22735624/132665118
http://datazone.birdlife.org/species/factsheet/22735624
http://datazone.birdlife.org/species/factsheet/22735624
https://doi.org/10.1111/j.1474-919x.2008.00854.x
https://doi.org/10.1016/j.crvi.2006.12.007
https://doi.org/10.1016/j.crvi.2006.12.007
https://doi.org/10.32614/rj-2017-066
https://doi.org/10.1046/j.1365-2656.1999.00285.x
https://doi.org/10.1046/j.1365-2656.1999.00285.x
https://doi.org/10.1017/s1464793102006061
https://doi.org/10.1017/s1464793102006061
https://www.vliz.be/nl/imis?refid=4894
https://www.vliz.be/nl/imis?refid=4894


• Dawson J, Oppel S, Cuthbert R, Holmes N, Bird J, Butchart SM, Spatz D, Tershy B

(2014) Prioritizing islands for the eradication of invasive vertebrates in the United

Kingdom overseas territories. Conservation Biology 29 (1): 143‑153. https://doi.org/

10.1111/cobi.12347

• De León A, Mínguez E, Neves V (2005) Factors affecting breeding distribution and

seabird richness within the Azores archipelago. Atlantic Seabirds 7: 15‑22. URL: https://

www.researchgate.net/publication/

29816285_Factors_affecting_breeding_distribution_and_seabird_richness_in_the_Azores_archipelago

• Del Nevo A, Dunn E, Medeiros F, Le Grand G, Akers P, Avery M, Monteiro L (1993) The

status of roseate terns Sterna dougallii and common terns Sterna hirundo in the Azores.

Seabird 15: 30‑7. URL: http://www.seabirdgroup.org.uk/journals/seabird-15/

seabird-15.pdf#page=33

• Doherty T, Glen A, Nimmo D, Ritchie E, Dickman C (2016) Invasive predators and

global biodiversity loss. Proceedings of the National Academy of Sciences 113 (40):

11261‑11265. https://doi.org/10.1073/pnas.1602480113

• Dumont Y, Russell JC, Lecompte V, Le Corre M (2010) Conservation of endangered

endemic seabirds within a multi‐predator context: the Barau's petrel in Réunion Island.

Natural Resource Modeling 23 (3): 381‑436. https://doi.org/10.1111/j.

1939-7445.2010.00068.x

• Edney A, Wood M (2020) Applications of digital imaging and analysis in seabird

monitoring and research. Ibis 163 (2): 317‑337. https://doi.org/10.1111/ibi.12871

• ESRI (2011) ArcGIS Desktop. 10. Redlands, CA: Environmental Systems Research

Institute. URL: https://www.scirp.org/(S(czeh2tfqyw2orz553k1w0r45))/reference/

ReferencesPapers.aspx?ReferenceID=1620574

• Fontaine R, Neves VC, Rodrigues TM, Fonseca A, Gonçalves D (2019) The breeding

biology of the endemic Azores woodpigeon Columba palumbus azorica. Ardea 107:

47‑60. https://doi.org/10.5253/arde.v107i1.a4

• Frutuoso G (1561) Saudades da terra. In: Rodrigues JBO. (Ed) Published in 6 volumes

from 1978 to 1983. Instituto Cultural de Ponta Delgada, Ponta Delgada.

• Gaspar C, Borges PA, Gaston KJ (2008) Diversity and distribution of arthropods in

native forests of the Azores archipelago. Arquipelago - Life and Marine Sciences 25:

1‑30. URL: http://hdl.handle.net/10400.3/249

• Granadeiro JP (1991) The breeding biology of Cory’s shearwater Calonectris diomedea

borealis on Berlenga Island, Portugal. Seabird 13: 30‑39. URL: http://

seabirdgroup.org.uk/journals/seabird-13/seabird-13.pdf#page=31

• Hagemeijer EJ, Blair MJ (1997) The EBCC atlas of European breeding birds: The

distribution and abundance. T&AD Poyser, 479 pp.

• Hartig F (2022) DHARMa: Residual Diagnostics for Hierarchical (Multi-Level / Mixed)

Regression Models. 0.4.6. URL: https://CRAN.R-project.org/package=DHARMa

• Hernández E, Nogales M, Quilis V, Delgado G (1990) Nesting of the Manx Shearwater (

Puffinus puffinus Brünnich, 1764) on the island of Tenerife (Canary Islands). Bonner

Zoologische Beiträge 41: 59‑62. URL: https://digital.csic.es/handle/10261/23726

• Hernández M, Martin A, Nogales M (2008) Breeding success and predation on artificial

nests of the endemic pigeons Bolle's laurel pigeon Columba bollii and White-tailed

Laurel pigeon Columba junoniae in the laurel forest of Tenerife (Canary Islands). Ibis

141 (1): 52‑59. https://doi.org/10.1111/j.1474-919x.1999.tb04262.x

14 Lamelas-Lopez L et al

https://doi.org/10.1111/cobi.12347
https://doi.org/10.1111/cobi.12347
https://www.researchgate.net/publication/29816285_Factors_affecting_breeding_distribution_and_seabird_richness_in_the_Azores_archipelago
https://www.researchgate.net/publication/29816285_Factors_affecting_breeding_distribution_and_seabird_richness_in_the_Azores_archipelago
https://www.researchgate.net/publication/29816285_Factors_affecting_breeding_distribution_and_seabird_richness_in_the_Azores_archipelago
http://www.seabirdgroup.org.uk/journals/seabird-15/seabird-15.pdf#page=33
http://www.seabirdgroup.org.uk/journals/seabird-15/seabird-15.pdf#page=33
https://doi.org/10.1073/pnas.1602480113
https://doi.org/10.1111/j.1939-7445.2010.00068.x
https://doi.org/10.1111/j.1939-7445.2010.00068.x
https://doi.org/10.1111/ibi.12871
https://www.scirp.org/(S(czeh2tfqyw2orz553k1w0r45))/reference/ReferencesPapers.aspx?ReferenceID=1620574
https://www.scirp.org/(S(czeh2tfqyw2orz553k1w0r45))/reference/ReferencesPapers.aspx?ReferenceID=1620574
https://doi.org/10.5253/arde.v107i1.a4
http://hdl.handle.net/10400.3/249
http://seabirdgroup.org.uk/journals/seabird-13/seabird-13.pdf#page=31
http://seabirdgroup.org.uk/journals/seabird-13/seabird-13.pdf#page=31
https://CRAN.R-project.org/package=DHARMa
https://digital.csic.es/handle/10261/23726
https://doi.org/10.1111/j.1474-919x.1999.tb04262.x


• Hervías S, Silva C, Pipa T, Oliveira N, Henriques A, Geraldes P, Mealha S, Diaz E,

Bravo I, Oppel S, Medina F (2012) Invasive mammal species on Corvo Island: is their

eradication technically feasible? Airo 22: 12‑28. 

• Hervías S, Ramos J, Nogales M, Ruiz de Ybáñez R (2013a) Effect of exotic mammalian

predators on parasites of Cory's shearwater: ecological effect on population health and

breeding success. Parasitology Research 112 (7): 2721‑2730. https://doi.org/10.1007/

s00436-013-3443-y

• Hervías S, Henriques A, Oliveira N, Pipa T, Cowen H, Ramos JA, Nogales M, Geraldes

P, Silva C, de Ybáñez RR, Oppel S (2013b) Studying the effects of multiple invasive

mammals on Cory’s shearwater nest survival. Biological Invasions 15 (1): 143‑155. 

https://doi.org/10.1007/s10530-012-0274-1

• Igual JM, Forero MG, Gomez T, Orueta JF, Oro D (2006) Rat control and breeding

performance in Cory's shearwater (Calonectris diomedea): effects of poisoning effort

and habitat features. Animal Conservation 9 (1): 59‑65. https://doi.org/10.1111/j.

1469-1795.2005.00005.x

• Jones H, Tershy B, Zavaleta E, Croll D, Keitt B, Finkelstein M, Howald G (2008)

Severity of the effects of invasive rats on seabirds: A global review. Conservation

Biology 22 (1): 16‑26. https://doi.org/10.1111/j.1523-1739.2007.00859.x

• Lamelas-López L, Marco F (2020) Using camera-trapping to assess grape consumption

by vertebrate pests in a World Heritage vineyard region. Journal of Pest Science 94 (2):

585‑590. https://doi.org/10.1007/s10340-020-01267-x

• Lamelas-López L, Fontaine R, Borges PV, Gonçalves D (2020a) Impact of introduced

nest predators on insular endemic birds: the case of the Azores woodpigeon (Columba

palumbus azorica). Biological Invasions 22 (12): 3593‑3608. https://doi.org/10.1007/

s10530-020-02343-0

• Lamelas-López L, Pardavila X, Borges PV, Santos-Reis M, Amorim I, Santos M (2020b)

Modelling the distribution of Mustela nivalis and M. putorius in the Azores archipelago

based on native and introduced ranges. PLOS ONE 15 (8). https://doi.org/10.1371/

journal.pone.0237216

• Lamelas-López L, Santos MJ (2021) Factors influencing the relative abundance of

invasive predators and omnivores on islands. Biological Invasions 23 (9): 2819‑2830. 

https://doi.org/10.1007/s10530-021-02535-2

• Lamelas-López L, Pietrzak M, Ferreira M, Neves V (2021) Threats and conservation

status of common and roseate terns Sterna hirundo/S. dougallii in the Azores: a case

study for Terceira Island. Marine Ornithology 49: 301‑309. URL: http://

www.marineornithology.org/article?rn=1437

• Lee K, Yoo J (2002) Breeding population of streaked shearwaters (Calonectris

leucomelas) and the effect of Norway rat (Rattus norvegicus) predation on Sasudo

Island. Journal of the Yamashina Institute for Ornithology 33 (2): 142‑147. https://

doi.org/10.3312/jyio1952.33.142

• Long JL (2003) Introduced mammals of the world: Their history, distribution and

influence. Csiro Publishing, Oxon, UK, 589 pp. https://doi.org/10.1071/9780643090156

• Lowe S, Browne M, Boudjelas S, De Poorter M (2000) A selection from the global

invasive species database. 100 of the world’s worst invasive alien species. The Invasive

Species Specialist Group (SSC), IUCN, Gland, 12 pp.

• Lüdecke D (2018) ggeffects: Tidy data frames of marginal effects from regression

models. Journal of Open Source Software 3: 772. https://doi.org/10.21105/joss.00772

Nest predation of Cory's shearwater Calonectris borealis (Aves, Procellariiformes) ... 15

https://doi.org/10.1007/s00436-013-3443-y
https://doi.org/10.1007/s00436-013-3443-y
https://doi.org/10.1007/s10530-012-0274-1
https://doi.org/10.1111/j.1469-1795.2005.00005.x
https://doi.org/10.1111/j.1469-1795.2005.00005.x
https://doi.org/10.1111/j.1523-1739.2007.00859.x
https://doi.org/10.1007/s10340-020-01267-x
https://doi.org/10.1007/s10530-020-02343-0
https://doi.org/10.1007/s10530-020-02343-0
https://doi.org/10.1371/journal.pone.0237216
https://doi.org/10.1371/journal.pone.0237216
https://doi.org/10.1007/s10530-021-02535-2
http://www.marineornithology.org/article?rn=1437
http://www.marineornithology.org/article?rn=1437
https://doi.org/10.3312/jyio1952.33.142
https://doi.org/10.3312/jyio1952.33.142
https://doi.org/10.1071/9780643090156
https://doi.org/10.21105/joss.00772


• Medina F, Bonnaud E, Vidal E, Nogales M (2013) Underlying impacts of invasive cats

on islands: not only a question of predation. Biodiversity and Conservation 23 (2):

327‑342. https://doi.org/10.1007/s10531-013-0603-4

• Medina FM, Nogales M (2008) A review on the impacts of feral cats (Felis silvestris

catus) in the Canary Islands: implications for the conservation of its endangered fauna.

Biodiversity and Conservation 18 (4): 829‑846. https://doi.org/10.1007/

s10531-008-9503-4

• Medina FM, Melo T, Oliveira P, Nogales M, Geraldes P (2020) Trophic ecology of an

introduced top predator (Felis catus) on a small African oceanic islet (Santa Luzia, Cabo

Verde Islands). African Journal of Ecology 59 (1): 88‑98. https://doi.org/10.1111/aje.

12800

• Menezes D, Oliveira P (2002) Conservation of Zino’s petrel through restoration of its

habitat. Contributions of the workshop on invasive alien species on European islands

and evolutionary isolated ecosystems and group of experts on invasive alien species.

Directorate of Culture and of Cultural and Natural Heritage. Portugal.

• Monteiro LR, Ramos JA, Furness RW (1996a) Past and present status and

conservation of the seabirds breeding in the Azores archipelago. Biological

Conservation 78 (3): 319‑328. https://doi.org/10.1016/s0006-3207(96)00037-7

• Monteiro LR, Ramos JA, Furness RW, del Nevo AJ (1996b) Movements, morphology,

breeding, molt, diet and feeding of seabirds in the Azores. Colonial Waterbirds 19 (1). 

https://doi.org/10.2307/1521810

• Monteiro LR, Ramos JA, Pereira JC, Monteiro PR, Feio RS, Thompson DR, Bearhop S,

Furness RW, Laranjo M, Hilton G, Neves VC, Groz MP, Thompson KR (1999) Status

and distribution of Fea's petrel, Bulwer's petrel, Manx shearwater, little shearwater and

band-rumped storm-petrel in the Azores archipelago. Waterbirds 22: 358‑366. https://

doi.org/10.2307/1522111

• Neves VC, Panagiotakopoulos S, Ratcliffe N (2011) Predation on roseate tern eggs by

European starlings in the Azores. Arquipelago - Life and Marine Sciences 28: 15‑23.

URL: http://www.ibigbiology.com/fotos/publicacoes/

publicacoes_Neves11_PredationroseateterneggsEuropeanstarlingsAzores.pdf

• Norder S, de Lima R, de Nascimento L, Lim J, Fernández-Palacios JM, Romeiras M,

Elias RB, Cabezas F, Catarino L, Ceríaco LP, Castilla-Beltrán A, Gabriel R, de Sequeira

MM, Rijsdijk K, Nogué S, Kissling WD, van Loon EE, Hall M, Matos M, Borges PV

(2020) Global change in microcosms: Environmental and societal predictors of land

cover change on the Atlantic ocean islands. Anthropocene 30 https://doi.org/10.1016/

j.ancene.2020.100242

• O'Connell AF, Nichols JD, Karanth KU (2011) Camera traps in animal ecology: methods

and analyses. Springer, London, UK. [ISBN 978-4-431-99494-7] https://doi.org/

10.1007/978-4-431-99495-4

• Oppel S, Beaven B, Bolton M, Vickery J, Bodey T (2010) Eradication of invasive

mammals on islands inhabited by humans and domestic animals. Conservation Biology

25 (2): 232‑240. https://doi.org/10.1111/j.1523-1739.2010.01601.x

• Rader M, Teinert T, Brennan L, Hernández F, Silvy N, Wu XB (2007) Identifying

predators and nest fates of bobwhites in Southern Texas. Journal of Wildlife

Management 71 (5): 1626‑1630. https://doi.org/10.2193/2006-185

16 Lamelas-Lopez L et al

https://doi.org/10.1007/s10531-013-0603-4
https://doi.org/10.1007/s10531-008-9503-4
https://doi.org/10.1007/s10531-008-9503-4
https://doi.org/10.1111/aje.12800
https://doi.org/10.1111/aje.12800
https://doi.org/10.1016/s0006-3207(96)00037-7
https://doi.org/10.2307/1521810
https://doi.org/10.2307/1522111
https://doi.org/10.2307/1522111
http://www.ibigbiology.com/fotos/publicacoes/publicacoes_Neves11_PredationroseateterneggsEuropeanstarlingsAzores.pdf
http://www.ibigbiology.com/fotos/publicacoes/publicacoes_Neves11_PredationroseateterneggsEuropeanstarlingsAzores.pdf
https://doi.org/10.1016/j.ancene.2020.100242
https://doi.org/10.1016/j.ancene.2020.100242
https://doi.org/10.1007/978-4-431-99495-4
https://doi.org/10.1007/978-4-431-99495-4
https://doi.org/10.1111/j.1523-1739.2010.01601.x
https://doi.org/10.2193/2006-185


• Ramos JA, Moniz Z, Solá E, Monteiro LR (2003) Reproductive measures and chick

provisioning of Cory's shearwater Calonectris diomedea borealis in the Azores. Bird

Study 50: 47‑54. https://doi.org/10.1080/00063650309461289

• RCoreTeam (2023) R: A Language and Environment for Statistical Computing_. R

Foundation for StatisticalComputing, Vienna, Austria. 4.3.1. URL: https://www.R-

project.org

• Richardson TW, Gardali T, Jenkins S (2009) Review and meta-analysis of camera

effects on avian nest success. Journal of Wildlife Management 73 (2): 287‑293. https://

doi.org/10.2193/2007-566

• Russell J, Lecomte V, Dumont Y, Le Corre M (2009) Intraguild predation and

mesopredator release effect on long-lived prey. Ecological Modelling 220 (8):

1098‑1104. https://doi.org/10.1016/j.ecolmodel.2009.01.017

• Russell J, Meyer J, Holmes N, Pagad S (2017) Invasive alien species on islands:

impacts, distribution, interactions and management. Environmental Conservation 44 (4):

359‑370. https://doi.org/10.1017/s0376892917000297

• Sanders MD, Maloney RF (2002) Causes of mortality at nests of ground-nesting birds in

the Upper Waitaki Basin, South Island, New Zealand: a 5-year video study. Biological

Conservation 106 (2): 225‑236. https://doi.org/10.1016/s0006-3207(01)00248-8

• Seebens H, Blackburn T, Dyer E, Genovesi P, Hulme P, Jeschke J, Pagad S, Pyšek P,

Winter M, Arianoutsou M, Bacher S, Blasius B, Brundu G, Capinha C, Celesti-Grapow

L, Dawson W, Dullinger S, Fuentes N, Jäger H, Kartesz J, Kenis M, Kreft H, Kühn I,

Lenzner B, Liebhold A, Mosena A, Moser D, Nishino M, Pearman D, Pergl J, Rabitsch

W, Rojas-Sandoval J, Roques A, Rorke S, Rossinelli S, Roy H, Scalera R, Schindler S,

Štajerová K, Tokarska-Guzik B, van Kleunen M, Walker K, Weigelt P, Yamanaka T, Essl

F (2017) No saturation in the accumulation of alien species worldwide. Nature

Communications 8 (1). https://doi.org/10.1038/ncomms14435

• Semedo G, Paiva V, Militão T, Rodrigues I, Dinis H, Pereira J, Matos D, Ceia F, Almeida

N, Geraldes P, Saldanha S, Barbosa N, Hernández-Montero M, Fernandes C,

González-Sólis J, Ramos J (2020) Distribution, abundance, and on-land threats to Cabo

Verde seabirds. Bird Conservation International 31 (1): 53‑76. https://doi.org/10.1017/

s0959270920000428

• Thibault J (1995) Effect of predation by the black rat Rattus rattus on the breeding

success of Cory’s shearwater Calonectris diomedea in Corsica. Marine Ornithology 23:

1‑10. URL: http://www.marineornithology.org/article?rn=316

• Towns D, Atkinson IE, Daugherty C (2006) Have the harmful effects of introduced rats

on islands been exaggerated? Biological Invasions 8 (4): 863‑891. https://doi.org/

10.1007/s10530-005-0421-z

• Triantis K, Borges PV, Ladle R, Hortal J, Cardoso P, Gaspar C, Dinis F, Mendonça E,

Silveira LA, Gabriel R, Melo C, Santos AC, Amorim I, Ribeiro S, Serrano AM, Quartau J,

Whittaker R (2010) Extinction debt on oceanic islands. Ecography 33: 285‑294. https://

doi.org/10.1111/j.1600-0587.2010.06203.x

• Vitousek P, D'antonio C, Loope L, Rejmanek M, Westbrooks R (1997) Introduced

species: a significant component of human-caused global change. New Zealand

Journal of Ecology 21: 1‑16. 

• Vitousek PM (1988) Diversity and biological invasions of oceanic islands. Biodiversity

20: 181‑189. 

Nest predation of Cory's shearwater Calonectris borealis (Aves, Procellariiformes) ... 17

https://doi.org/10.1080/00063650309461289
https://www.R-project.org
https://www.R-project.org
https://doi.org/10.2193/2007-566
https://doi.org/10.2193/2007-566
https://doi.org/10.1016/j.ecolmodel.2009.01.017
https://doi.org/10.1017/s0376892917000297
https://doi.org/10.1016/s0006-3207(01)00248-8
https://doi.org/10.1038/ncomms14435
https://doi.org/10.1017/s0959270920000428
https://doi.org/10.1017/s0959270920000428
http://www.marineornithology.org/article?rn=316
https://doi.org/10.1007/s10530-005-0421-z
https://doi.org/10.1007/s10530-005-0421-z
https://doi.org/10.1111/j.1600-0587.2010.06203.x
https://doi.org/10.1111/j.1600-0587.2010.06203.x


• Whittaker RJ, Fernández-Palacios JM (2007) Island biogeography: ecology, evolution,

and conservation. Oxford University Press, Oxford, 403 pp.

• Williamson M (1996) Biological invasions. Chapman & Hall, London, 246 pp.

• Zino F, Hounsome MV, Buckle AP, Biscoito M (2008) Was the removal of rabbits and

house mice from Selvagem Grande beneficial to the breeding of Cory's shearwaters 

Calonectris diomedea borealis? Oryx 42 (01): 151‑154. https://doi.org/10.1017/

s0030605308000665

Supplementary materials

Suppl. material 1: Pearson Correlation Coefficient between the abiotic factors

Authors:  Lucas Lamelas-Lopez, Marco Ferrante, Paulo A.V. Borges, Isabel A. Rosario, Veronica

Neves

Data type:  Figure

Brief  description:   Pearson  Correlation  Coefficient  between  the  abiotic  factors:  the  log-

transformed distance from the nearest urban centre (logDistUrb), the log-transformed nest area

(logArea), the log-transformed nest depth (logDepth), the percentage of vegetation near the nest

(Covered) and the presence of vegetation at the nest entrance as a binary variable (Veg_Entr2).

Download file (7.72 MB) 

Suppl. material 2: Model validation plot of the daily mortality rate model including

abiotic factors

Authors:  Lucas Lamelas-Lopez, Marco Ferrante, Paulo A.V. Borges, Isabel A. Rosario, Veronica

Neves

Data type:  Figure

Brief  description:   Model  validation  plot  created  using  the  simulateResiduals  function  in

DHARMa of the daily mortality rate model including abiotic factors.

Download file (7.72 MB) 

Suppl. material 3: Pearson Correlation Coefficient between the biotic factors

Authors:  Lucas Lamelas-Lopez, Marco Ferrante, Paulo A.V. Borges, Isabel A. Rosario, Veronica

Neves

Data type:  Figure

Brief  description:   Pearson  Correlation  Coefficient  between  the  biotic  factors:  the  Relative

Abundance Index (RAI) of the Cory’s shearwater (RAI_Cd), the log-transformed RAI of Rattus sp.

(logRAIrr), the log-transformed RAI of the least weasel (logRAImn), the RAI of the domestic cat

(RAI_Fc) and the RAI of the house mouse (RAI_Mm).

Download file (7.72 MB) 

 

 

 

18 Lamelas-Lopez L et al

https://doi.org/10.1017/s0030605308000665
https://doi.org/10.1017/s0030605308000665
https://doi.org/10.3897/BDJ.11.e112871.suppl1
https://doi.org/10.3897/BDJ.11.e112871.suppl1
https://doi.org/10.3897/BDJ.11.e112871.suppl1
https://arpha.pensoft.net/getfile.php?filename=oo_930342.tiff
https://doi.org/10.3897/BDJ.11.e112871.suppl2
https://doi.org/10.3897/BDJ.11.e112871.suppl2
https://doi.org/10.3897/BDJ.11.e112871.suppl2
https://arpha.pensoft.net/getfile.php?filename=oo_930345.tiff
https://doi.org/10.3897/BDJ.11.e112871.suppl3
https://doi.org/10.3897/BDJ.11.e112871.suppl3
https://doi.org/10.3897/BDJ.11.e112871.suppl3
https://arpha.pensoft.net/getfile.php?filename=oo_930346.tiff


Suppl. material 4: Model validation plot of the daily mortality rate model including

biotic factors

Authors:  Lucas Lamelas-Lopez, Marco Ferrante, Paulo A.V. Borges, Isabel A. Rosario, Veronica

NevesLucas Lamelas-Lopez,  Marco Ferrante,  Paulo  A.V.  Borges,  Isabel  A.  Rosario,  Veronica

Neves

Data type:  Figure

Brief  description:   Model  validation  plot  created  using  the  simulateResiduals  function  in

DHARMa of the daily mortality rate model including biotic factors (i.e. the log-transformed RAI of

Rattus sp.).

Download file (9.01 MB) 

Suppl. material 5: Model validation plot of the log-transformed RAI of Rattus sp.

model

Authors:  Lucas Lamelas-Lopez, Marco Ferrante, Paulo A.V. Borges, Isabel A. Rosario, Veronica

Neves

Data type:  Figure

Brief  description:   Model  validation  plot  created  using  the  simulateResiduals  function  in

DHARMa of the log-transformed RAI of Rattus sp. model including the presence of vegetation at

the entrance of the nest,  the percentage of vegetation near the nest and the log-transformed

distance from the nearest urban centre.

Download file (9.01 MB) 

 

 

Nest predation of Cory's shearwater Calonectris borealis (Aves, Procellariiformes) ... 19

https://doi.org/10.3897/BDJ.11.e112871.suppl4
https://doi.org/10.3897/BDJ.11.e112871.suppl4
https://doi.org/10.3897/BDJ.11.e112871.suppl4
https://arpha.pensoft.net/getfile.php?filename=oo_930347.tiff
https://doi.org/10.3897/BDJ.11.e112871.suppl5
https://doi.org/10.3897/BDJ.11.e112871.suppl5
https://doi.org/10.3897/BDJ.11.e112871.suppl5
https://arpha.pensoft.net/getfile.php?filename=oo_930348.tiff

	Abstract
	Keywords
	Introduction
	Material and methods
	Study area
	Site description
	Camera-trapping
	Nest characteristics and habitat variables
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Funding program
	Ethics and security
	Author contributions
	Conflicts of interest
	References
	Supplementary materials

