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Abstract: Seabirds belong to one are the most threatened bird groups in the world. One of the main threats and most 
relevant risk for local extinction of these birds is the predation by introduced mammals (cats, rats, and mice). Due 
to the severity of the impact of predators on seabirds, investigation of the effect of predation by cats and rodents 
(mice and rats) on the reproductive success of seabirds is needed to assess whether the success increases when 
the predator is managed and for how long. Our objective was to evaluate, through a global systematic literature 
review and a meta-analysis, the effectiveness of predator control on the reproductive success of seabirds, taking 
into account the type of predator and the control period. After the review, 85 articles published between 1974 and 
2022 were selected, resulting in 14 articles (16 datasets) adequate for the meta-analysis. For comparison among 
studies, we used the effect size of the predator control in the meta-analysis models, accounting for their sample 
sizes. We detected that when predators are controlled, seabird reproductive success increases significantly (mean 
effect size = 1.4, range: 1.19–1.64). This control was significant for mice/rats as predators (mean = 1.61, range: 
1.31–1.98, n = 14) but not for cats (mean = 0.60, range: 0.12–2.96, n = 2). Moreover, short-term predator control 
(<4 years; mean = 1.52; range: 1.25–1.84, n = 11) was more effective than long-term control (≥ 4 years; mean 
= 1.15, range: 0.52–2.54, n = 5). Thus, the need of these long-term studies must be evaluated on a case-by-case 
basis, also considering their increased costs. We also highlight the need for further studies with quantitative data on 
the percentage of nests with reproductive success, both in the absence and in the presence of the predator control.
Keywords: : population; predator control; nest survival; Felis catus; rats and mice.

Efeito da predação por gatos e roedores no sucesso reprodutivo de aves marinhas: 
uma revisão sistemática global e meta-análise

Resumo: As Aves marinhas pertencem a um dos grupos de aves mais ameaçados do mundo. Uma das principais 
ameaças e fonte de risco mais relevante para a extinção local dessas aves é a predação por mamíferos introduzidos 
(gatos, ratos e camundongos). Devido à gravidade do impacto dos predadores nas aves marinhas, é necessária uma 
investigação do efeito da predação por gatos e roedores (ratos e camundongos) no sucesso reprodutivo das aves 
marinhas a fim de avaliar se o sucesso aumenta quando o predador é manejado e por quanto tempo. Nosso objetivo 
foi avaliar, através de uma revisão sistemática global da literatura e de uma meta-análise, a eficácia do controle de 
predadores no sucesso reprodutivo das aves marinhas, levando em consideração o tipo de predador e o período de 
controle. Após a revisão, foram selecionados 85 artigos publicados entre 1974 e 2022, resultando em 14 artigos 
(16 conjuntos de dados) adequados para a meta-análise. Para comparação entre os estudos, utilizamos o tamanho 
do efeito do controle do predador nos modelos de meta-análise, considerando também o tamanho da amostra de 
cada estudo. Detectamos que quando os predadores são controlados, o sucesso reprodutivo das aves marinhas 
aumenta significativamente (tamanho médio do efeito = 1,4, intervalo: 1,19–1,64). Este controle foi significativo 
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para os camundongos/ratos como predadores (média = 1,61, variação: 1,31–1,98, n = 14), mas não para gatos 
(média = 0,60, variação: 0,12–2,96, n = 2).  Além disso, o controle de predadores a curto prazo (<4 anos; média =  
1,52; variação: 1,25–1,84, n = 11) foi eficaz como o controle a longo prazo (≥4 anos; média = 1,15, variação: 
0,52–2,54, n = 5). Assim, a necessidade desses estudos de longo prazo deve ser avaliada caso a caso, considerando 
também o aumento dos custos. Destacamos também a necessidade de mais estudos com dados quantitativos sobre 
a porcentagem de ninhos com sucesso reprodutivo, tanto na ausência como na presença do controle do predador.
Palavras-chave: população; controle de predador; sobrevivência dos ninhos; Felis catus; ratos e camundongo.

Introduction 

Seabirds are a highly and globally threatened group (Croxall et al. 
2012, BirdLife International 2018) since most species are considerably 
sensitive to disturbance, due to their longevity, late maturation, low 
fecundity, wide reproductive range, extensive parental care, and fidelity 
to mate and nest site (Schreiber and Burger 2002, Le Corre 2008). 
About a third of seabird species, are threatened, and 70% have been 
in population decline over the past 60 years (Paleczny et al. 2015).  A 
contributing factor to this scenario is that the majority of the species 
nest on the ground (Ricklefs 2000) and breed on coastal or oceanic 
islands (Simberloff 2000) on all continents (Otero et al. 2018). Thus, 
the colonies of seabirds are usually more susceptible to predation by 
exotic species than other birds (Spatz et al. 2023). Many studies show 
that the introduction of exotic predators, especially cats (Felis catus) 
and small rodents (rats and mice), has been the main cause of seabird 
population declines on islands (Schulz et al. 2005, Cuthbert et al. 2013, 
Spatz et al. 2017, Leo et al. 2018).  These predators have generalist 
strategies and especially rats and mice have high adaptability to the 
environment (Major et al. 2006). Cats, rats and mice have different 
predation strategies in seabird colonies, cats attack adult birds more 
often than rodents, while the latter prefer eggs and newborn chicks 
(Newton and Fugler 1989, Mills et al. 2018). Understanding the effects 
of these predators on the seabird populations is essential for adopting 
effective mitigation measures and for achieving the conservation of 
these species (Le Corre 2008).  

Globally, the damage caused by seabird predation is increasing due 
to the spread of introduced mammals, although several efforts have been 
made to control and eradicate these predators (Clout 2001, Jones et al. 
2008, Brooke et al. 2018). Commonly, cats are introduced to islands 
to control rats and mice populations (Van Aarde 1977, Ruffino et al. 
2008, Dilley et al. 2016). However, the cats end up attacking newborn 
and adult birds (Newton and Fugler 1989; Keitt and Tershy, 2003, 
Scoleri et al. 2020), risking the breeding season (Wendeln et al. 2000, 
Bolton et al. 2013, Dilley et al. 2016). Cat predation can therefore play 
into population number decline and even local extinction (Quammen 
1996, Atkinson 2001, Clout and Russell 2006). In this sense, predator 
control seems to be the main option to ensure the success of seabird 
colonies (Bester et al. 2002, Keitt et al. 2011, Jones et al. 2016), being 
a commonly used method to optimize nesting success, especially 
for ground-nesting species (Gibbons et al. 2007, Amaral et al. 2010, 
Jones, 2010). In most studies, however, predators are controlled, but 
not completely eradicated (Courchamp et al. 2000, Russell et al. 2009, 
Numfor et al. 2017). 

Due to the severity of the impact of predators on seabird colonies 
(Jones et al. 2016), investigation of the effect of predation by cats, rats 

and mice on the reproductive success of seabird is needed to assess 
whether in fact the success increases when the predator is managed and 
for how long (Jones et al. 2016). The evaluation of the overall effect 
of predator control on seabird reproduction worldwide is important 
for indicating the kind of predators that are more harmful to the 
attacked populations and for helping in the establishment of successful 
controlling actions. So far, two global reviews evaluated related to the 
evaluation of cat and rodent predation on seabirds were published, both 
more than 12 years ago. One of these reviews evaluated the effects of cat 
predation on vertebrates in general (Medina et al. 2011) and the other the 
effects of rat predation on seabirds (Jones et al. 2008). In the literature, 
there are no updated global review studies about the effects of predator 
control (cats and rodents) on the reproductive success of seabirds. 

Here we reviewed the literature on the effect of predation by cats, 
rats and mice on the reproductive success seabird, in the absence 
and presence of control of these predators. This kind of information 
may help in conducting adequate predator control programs during 
appropriate time periods, considering both the effectiveness of the 
control for the target predator and the costs of such programs. Our 
objective was to evaluate, through a meta-analysis, the effectiveness 
of predator control on the reproductive success of birds, taking 
into account the type of predator and the control period (number 
of reproductive seasons in which the predator was controlled). We 
expected that controlling predators (either cats or rodents) would 
increase the seabird reproductive success. Furthermore, we expected 
that reproductive success would increase when the predator was 
controlled for a longer period of time.

Material and Methods 

Our literature review followed the steps recommended by 
Nakagawa and Poulin (2012) for conducting meta-analysis, outlined 
in the Preferred Reporting Items to Protocol for Systematic Review 
and Meta-Analysis – PRISMA (Moher et al. 2009), and was performed 
by one of the authors (CC;). The searches were carried out in the 
following databases: ISI Web of Knowledge (ISI 2022), SCOPUS 
Preview (SCOPUS 2022) and Scholar Google (Scholar 2022). We 
restricted the studies to those whose predators were cats, rats and 
mice (rodents), and used the following combination of keywords in 
the English language: Predator OR cat OR rat OR mice AND seabird 
AND management OR presence OR control AND reproductive 
success OR nesting success. We conducted the bibliographic survey 
in March 2022 and considered published articles, books and theses. 
In addition, websites of seabird conservation organizations were 
consulted. Furthermore, we checked backward citations. 
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After the search, we filtered the documents according to five 
exclusion criteria: (1) duplicate studies; (2) articles focusing on prey 
other than seabirds; (3) studies whose predators were not cats or 
rodents; (4) studies that did not analyze or discuss the effects of predator 
management or control in the seabird population or on reproductive 
success; and (5) review papers. Initially, these criteria were applied 
through screening of titles and abstracts of the articles. For the studies 
that had insufficient information in the title and abstract, we also 
screened the methods section, also excluding those that meet any of 
these criteria. 

For the remaining studies included in the review, the following 
descriptive information was extracted: publication year, study area 
description (island or continental area, country, and continent), predator 
and seabirds species, predator origin (introduced or native), number of 
nests monitored, nest position (ground or suspended), colony density 
(clustered or isolated nests in holes or crevices), conservation status 
(based on IUCN red list; IUCN 2022), and methods used to measure 
the effect of the predator on the reproductive success of the seabird. 

1. Data analysis 
For the meta-analysis, we considered studies (sampling units) that 

contained quantitative data on the reproductive success (percentage 
of nests with reproductive success in relation to the total number of 
evaluated nests), both in the absence and in the presence of predator 
control. For the studies that presented discontinuous sample data and/
or more than one species in different habitats, we separated them into 
distinct records. From each record, we extracted reproductive success 
data considering the treatments absence and presence of predator 
control, control time and predator type. When the reproductive success 
metric was not available in the text, we contacted the authors requesting 
information on the mean and standard deviation of nest success. 

For allowing the comparison among studies with distinct 
characteristics (e.g., sample sizes and specific characteristics of each 
study) we calculated the effect size for each study through dividing 
the reproductive success in the presence of predator control by the 
reproductive success in the absence of predator control, generating a 
response rate considered adequate for meta-analyses (Hedges et al. 1999, 
Prevedello et al. 2013). Thus, values greater than one represented an 
increase in the reproductive success with predator control and values 
smaller than one represented a decrease in such success. We also took 
into account the duration of this control by considering the number of 
breeding seasons during which the predator was controlled. We counted 
such time length in years since all seabird species evaluated in the studies 
have annual reproductive cycles. Then, we categorized the variable 
‘predator control time’ into <4 (less than four years) and ≥4 years 
(greater or equal to four years) since the data dispersion did not show 
symmetry. We assumed that it was a reasonable division of response 
time, once the reproduction of seabird species is annual. Predators were 
categorized into felines (domestic cat – Felis catus Linnaeus, 1758) or 
rodents (rats and mice of different species). 

To assess the combined results of the studies for each of the two 
categories of predator control time, we obtained a single measure 
through meta-analysis models. We combined all effect sizes from the 
studies independent of control predator time within each category 
(Prevedello et al. 2013). The single measure estimate represents a 
weighted average of all studies, and the confidence interval calculation 

for this measure considers intra- and inter-study variability at the same 
time. The weight of each individual study was defined by the inverse 
proportion to its variance, a method that gives higher weights to studies 
with larger samples and lower weights to studies with smaller samples 
(following Hoeksema et al. 2010). We represented this calculation and 
the distribution of the measurements in the studies using a specific 
graph, the “forest plot”, which presents the individual effects of each 
study with their respective confidence intervals. 

The results of the evaluated studies may present differences 
associated with several factors (methods, populations, or statistics 
in measuring the effects). To assess the presence of heterogeneity, 
we applied the I2 test (Schwarzer 2007). This test allows assessing 
whether the differences observed between the studies were greater than 
expected (P < 0.05) or occurred by chance (P > 0.05). The alternative 
test hypothesis assumes variability/heterogeneity as significant. Then, 
we used these results to interpret the differences between the studies 
and to choose the most appropriate model for combining the effects. In 
meta-analysis, when the heterogeneity between effects is significant, 
random effects models should be used as the calculation of intra and 
inter-study weightings are more robust and account for such differences. 
On the other hand, when heterogeneity is not significant, fixed effects 
models are more suitable (Schwarzer 2007). Finally, publication bias 
was assessed using the Egger’s test (Egger et al. 1997). In the absence 
of publication bias between studies, the distribution graph assumes a 
shape similar to that of an inverted funnel around the combined value. 
Still, when there is a bias associated with the measures, the distribution 
shifts to one of the directions (positive or negative), showing the bias 
(Peters et al. 2006). We performed all analyzes in the R environment (R 
Core Team 2021) with the “Meta” package (Schwarzer 2007). 

Results 

Searches in the databases using combinations of keywords found 
3377 articles and three theses. After applying the five exclusion criteria 
(Figure S1, Supplementary Material), 85 articles published between 
1974 and 2022 were selected (Table S1, Supplementary Material). 
Although the studies were carried out on all continents, the spatial 
distribution of the areas covered in the studies analyzed was very varied, 
with oceanic islands, coastal islands, beaches, atolls and coastal regions. 
Furthermore, some studies did not present the geographic coordinates 
of the areas, making it difficult to create a map. These studies were 
carried out in America, Europe, Africa, Asia, Oceania, and Antarctica, 
majority of which were conducted on islands (n = 73) and, in some 
cases, continental areas (n = 12), with more than one species of bird 
studied in the same location (n = 20). Of the 85 studies used to compose 
the review, 14 had the adequate data to perform the meta-analysis. 
The selected studies for review provided information on nine predator 
species and eighty-three species of seabirds.  Moreover, among the 85 
studies, 45 studies of them presented information on predation by rats 
(Rattus exulans Peale, 1848; Rattus rattus Linnaeus, 1758; and Rattus 
norvegicus Berkenhout, 1796); 14 studies on predation by mice (Mus 
musculus Linnaeus, 1758; Mus domesticus Schwarz and Schwarz, 
1943; Peromyscus maniculatus elusus Wagner, 1845; and Apodemus 
sylvaticus hirtensis Linnaeus, 1758); 21 studies on predation by cats 
(Felis catus Linnaeus, 1758); and 5 studies mentioned cats and rats in 
the same system preying on seabirds simultaneously. In two studies, 
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seabird populations were preyed upon by native rodents (Peromyscus 
maniculatus elusus Wagner, 1845 and Apodemus sylvaticus hirtensis 
Linnaeus, 1758). 

Regarding the attributes that make birds more susceptible to 
predation, the majority of species nest on the ground (~80%), nesting 
in isolated nests, holes or crevices, and few with dense colonies (25%). 
In the studies used for the meta-analysis (n = 16), all birds nest on the 
ground and the majority in isolated nests, in crevices (n = 11). In 58% 
of the studies analyzed, the clutch size was not reported, in 36% it was 
one egg (n = 31) and in five studies clutch size was two eggs, with an 
incubation period greater than 40 days in most studies (~85%) and less 
than 30 days in 13 studies. In the studies used for meta-analysis, the 
majority (92%), the clutch size was one egg with an incubation period 
longer than 40 days in 11 studies (~84%) and less than 30 days in two 
studies. Population size was reported in 56 studies analyzed, but 24 
studies reported the number of nests sampled, ranging between 10 and 
20% of the total number of nests in the colony. Most of the articles  
(n = 39) reported a negative effect of predation on seabird population 
and 33 studies considered the effect of the predator on the reproductive 
success of the birds. Nevertheless, few of them investigated this 
effect on bird reproductive success (n = 14, which were used in our 
meta-analyses), with the assessment of predation intensity being more 
common (n = 46). 

Among the studies used for meta-analysis in 31% (n = 5), birds 
breed in dense colonies with gregarious nests. Of these, 1 study 
recorded reproductive success of the seabirds (nest survival > 50%) in 
the presence of predators. On the other hand, in studies with isolated 
colonies in holes (n = 11), five studies indicated reproductive success 
(nest survival > 50%) in the presence of predators and in all these 
studies the predators were rodents. Furthermore, 45% the studies that 
lasted < 4 years focused on seabird species with endangered status (n 
= 5), breeding isolated in holes. For studies lasting ≥ 4 years, 18% of 
the species are in the endangered category (n = 2); of these, one species 
breeds isolated in holes, and the remaining three in dense colonies.  

1. Meta-analysis 

Our review indicated that two studies investigated reproductive 
success in the absence and presence of predator, also evaluating 
responses before and after predator control (Rayner et al. 2007, Hughes 
et al. 2008). Because of that, we considered the comparative response 
in the absence and presence of predator control, since all other studies 
evaluated these two treatments. In summary, 14 studies presented 
information on predation by rodents, and two by felines (). Studies 
included in the meta-analysis (n = 14) occurred between 1975 and 2021 
and were conducted on islands or atolls, with five studies in America, 
one in Africa, one in Asia, four in Europe, and two in Oceania. In 38% 
of them, research was conducted on small islands or atolls, with a 
sampling effort lower than 4 years (Taukihepa Island, in New Zealand; 
Spit Island, in Midway Atoll; Steeple Jason and Grand Jason Islands, in 
Falklands Islands Archipelago; Port-Cros Island, in France; and Kure 
Atoll, in Hawaii). These studies provided information on five predator 
species (cats, mice, and rats) and eleven seabird species. Only four 
seabird species were investigated in more than one study. Predation 
of Phaethon rubricauda (Boddaert, 1783) by rodents was investigated 
in three studies and two studies investigated predation of Calonectris 
diomedea (Scopoli, 1769), one of them by cats and the other one by 
rodents. Furthermore, four studies investigated seabird predation by 
rodents, with two focusing on Pterodroma cookii (Gray, 1843) and two 
on Puffinus griseus (Gmelin, 1789). Among the recorded seabird species 
preyed upon, the majority (n = 9) are migratory, whereas two are resident 
species: Synthliboramphus hypoleucus scrippsi (Green and Arnould, 
1939) and Pachyptila macgillivrayi (Mathews, 1912). In addition, most 
studies (n = 13) dealt with introduced predator species, and one analyzed 
the predation by a native species (the rodent Peromyscus maniculatus 
elusus Wagner, 1845). All studies reported the use of traps to control the 
predator, but none of them informed the number of traps used or even 
mentioned the size of the predator population. Among the 14 studies, 
one of them presented discontinuous sample data, with an interval of 

Figure 1. Mean effect size of predator control on reproductive success of seabirds in relation to uncontrolled conditions (i.e., presence of predators). We considered 
the combined effect of 16 studies (General) and also the effects of these studies divided by the type of predator (felines or rodents) and period of predator control 
(<4 years or ≥ 4 years). For each case, the combined effect and CI 95% (error bars) are shown. The horizontal dashed line indicates no effect of predator control.
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one year, while another one described the control of two predator species 
(cats and rats) in different locations. Hence, they were separated into 
different data sets, totalizing 16 sample units. 

The meta-analysis of the 16 datasets indicated a significant 
overall increase (mean effect size = 1.40, 95% CI = 1.19–1.64,  
n = 16; Figures 1 and 2), in the reproductive success of seabirds 
where predator control occurred (Table 1, Figure 2). This increase 
was dependent, however, of predator species and length of control 
period (Figure 1). Regarding effect size as a function of predator 
group, rodent control resulted in a significant increase of 61% in 
reproductive success (n = 14) compared to uncontrolled conditions 

(Figure 1, Table 1). On the other hand, controlling the cats did not 
alter significantly the seabird reproductive success (n = 2; Figure 1;  
Table 1, Figure 2). When considering the time period of predator 
control, reproductive success increased 52% in studies with predator 
control during < 4 years (n = 11; Figure 1, Table 1, Figure 2),  
but did not change significantly in studies with predator control for  
≥ 4 years (n = 5; Figure 1; Table 1; Figure 2). Finally, heterogeneity 
was significant in all models (Heterogeneity Test, I2 = 97–99%, P-values  
< 0.01; Table 1), indicating variability between results but with absence 
of significant publication bias (Figure S2, Supplementary Material) as 
indicated by the Egger’s test (P > 0.45 for all tests) (Table 1; Figure 2). 

Figure 2. Meta-analysis results (forest plot) considering the effect size and 95% CI combined between the studies according to period of predator control (a; <4 and 
≥4 years) and type of predator (b; feline or rodents). The red diamonds show the studies combination; the blue squares show individual studies (the square size is 
proportional to the study contribution for the meta-analysis estimates); dotted lines indicate the model estimates; and continuous lines indicate no effect (response 
rate = 1). At the bottom of the graph, there is the summary measure and its confidence interval (red diamond).
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Discussion 

Our findings indicated an overall >50% increase in seabird 
reproductive success when exotic predators are controlled. In general, 
studies that assessed bird population size before predator control and 
after predator introduction showed that these populations declined 
dramatically with predation (Imber 1975, Scofield and Christie 2002, 
Uhlmann et al. 2005, Jones et al. 2021). There were a few cases, however, 
in which some seabird populations still persisted in colonies where cats 
or rodents were introduced or naturally occur (Dobson 1988, Nogales 
et al. 2004, Whitworth et al. 2005, Parker et al. 2017, Caravaggi et al. 
2018, Thomsen and Green 2019). The indication of possible causes for 
this persistence in the presence of predators is hampered by the paucity 
of available data. Most studies on predation of seabird nests by cats and 
rodents have not provided quantitative data, nor have they considered 
the effects of predation on reproductive success, presenting predation 
as the cause of population decline. Still, several studies recommended 
predator control as an important conservation tool (Schaffiner 1991, 
Millus et al. 2007, Pascal et al. 2008, Vanderwerf and Young 2014, 
Murphy et al. 2019, Bicknell et al. 2020) and highlighted the importance 
of long-term monitoring (Bellingham et al. 2010, Whitworth et al. 2013, 
Jones et al. 2016, Dilley et al. 2017). 

Our results suggested that predation is higher in dense colonies 
with gregarious nests than in isolated colonies. This is not unexpected, 
considering that large bird colonies are potentially more easily detected 
by predators via auditory, olfactory, and visual cues (Rodgers 1987, 

Varela et al. 2007). However, the behavioral attributes that increase 
the susceptibility of birds to predation, such as breeding in isolated 
or dense colonies and building ground or suspended nests are aspects 
that still seek a consensus in the literature (Atkinson 1985, Becker 
1995, Oro 1996, Velando and Freire 2001, Imber et al. 2003, Jones 
et al. 2008, Ruffino et al. 2009). Regarding the conservation status of 
birds in the studies analyzed, birds with threatened status responded 
quickly after predator control, regardless of the of control period. In 
agreement with this pattern, there is the suggestion that threatened 
species can respond quickly after the eradication of predators. The 
recovery of the population and its ecological functions, however, 
may require much longer periods and additional management efforts 
(Prior et al. 2018). 

While our findings are relevant, they should be interpreted 
cautiously due to sample size limitations, reflected in some result 
heterogeneity. This highlights the need for further studies on exotic 
predator controlʼs impact on seabird reproduction, though such studies 
are challenging and unlikely to increase significantly in the near future. 
Nonetheless, our results remain valid, as the methods applied during our 
meta-analysis require a minimum of 10 studies (Harbord et al. 2009). 
Our meta-analysis results indicated that rodents are more detrimental 
to the reproductive success of seabirds than cats. Our literature 
review indicated that, although predation by both cats and rodents are 
considered major threats to the persistence of seabird colonies, there is a 
more extensive literature on the negative effects of predation by rodents 

Table 1. Summary of meta-analysis results about effects of predator control on seabird reproductive success, including combined effect between studies, confidence 
interval of combined effect estimates, heterogeneity test between studies, and publication bias test. Abbreviations: CI, confidence interval; I², heterogeneity between 
studies. The measures can only be interpreted with their gross value between 0 and 100% and a CI = 95%. 

Variable Pooled effect CI 95% Heterogeneity test p-value publication bias test 

Effect size ratio

General 1.40 1.19–1.64 I2 = 98%; p < 0.01 0.467

Predator: Feline 0.60 0.12–2.96 I2 = 99%; p < 0.01 –

Predator: Rodent 1.61 1.31–1.98 I 2= 98%; p < 0.01 –

Study time <4 years 1.52 1.25–1.84 I2 = 98%; p < 0.01 –

Study time ≥ 4 years 1.15 0.52–2.54 I2 = 97%; p < 0.01 –

Management effect – predator control

General 68% 51–82% I2 = 99%; p < 0.01 0.801

Predator: Feline 42% 4–92% I2 = 100%; p < 0.01 –

Predator: Rodent 72% 56–83% I2 = 99%; p < 0.01 –

Study time <4 years 78% 63–88% I2 = 99%; p < 0.01 –

Study time ≥ 4 years 35% 17–59% I2 = 98%; p < 0.01 –

Predator effect

General 45% 30–62% I2 = 99%; p < 0.01 0.895

Predator: Feline 49% 27–72% I2 = 99%; p < 0.01 –

Predator: Rodent 45% 27–63% I2 = 99%; p < 0.01 –

Study time <4 years 52% 32–72% I2 = 99%; p < 0.01 –

Study time ≥ 4 years 29% 20–39% I2 = 99%; p < 0.01 –
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(rats and mice) than by cats (Burger and Gochfeld 1994, Sanders and 
Maloney 2002, Rayner et al. 2007, Hughes et al. 2008, Le Corre 2008, 
Medina et al. 2011). In addition, only three studies assessed predation 
by cats and rodents simultaneously (Jones et al. 2003, Le Corre 2008, 
Nishijima et al. 2014).  Although the observed results on cat predation 
control are not conclusive because of the low number of studies 
evaluating the effects of felines on seabird reproduction, cats and rodents 
differ in several characteristics that may affect their effect on seabirds. 
For example, the two predators differ in their predation strategies: 
cats primarily target adult birds, whereas rodents preferentially prey 
on eggs and newborn chicks. Such characteristics may cause different 
effects on their prey populations, independent of specific ecological 
and biological traits of the seabird species (Fleet 1974, Hughes et al. 
2008, Russell and Le Corre 2009, Parker et al. 2017). Predator effects 
on seabirds may differ according to several factors, such as predator 
population size and hunting strategies, including approaches and 
prey-capture methods (Valkama et al.1999, Leighton 2002, Le Corre 
2008, Barbraud et al. 2021). Still, none of the studies analyzed by us 
indicated the size of the predator population. However, our review 
findings indicate that cats and rodents have different strategies, as cats 
exerted greater predation pressure than rats in dense colonies with 
gregarious nests. Considering the difference in predation between cats 
and rodents, Newton and Fugler (1989) mention that cats attack more 
adult birds, causing population declines, than rodents, which attack eggs 
and newborns, indicating a strong impact on reproduction, especially in 
small colonies. Furthermore, the effect of cat predation on adult seabirds 
(which was not within the scope of our review) is maximized by the fact 
that seabirds have delayed sexual maturation, meaning the loss of adult 
individuals can disproportionately affect population stability, as adults 
are more frequently targeted (Major et al. 2006, Frost and Taylor 2018). 
Therefore, the effect of predation by cats tends to be more negative on 
the number of breeding adults than on immediate reproductive success, 
leading to population decline over time (Newton and Fugler 1989, 
Hughes et al. 2008). In contrast, rodents are generally more numerous 
than cats and primarily prey on eggs and chicks, directly impacting 
seabird reproductive success in the short term (Jones et al. 2016). 

We detected that predator control lasting less than 4 years was 
effective in enhancing seabird reproductive success (Table 1). 
Longer-term control efforts (≥4 years) also showed a positive but non-
significant impact on reproductive success, with an average increase 
of 12%. However, only 6 long-term control studies were included in 
our analysis and our results may reflect variability in approaches that 
grouped studies on both cat and rodent control, despite the distinct 
demographic impacts of these predators (population numbers vs. 
reproductive success).  It is known that the sustained control of 
predators generally promotes greater reproductive success (Jones  
et al. 2016, Brooke et al. 2018) and is crucial for preventing predator 
reintroduction (Brooke et al. 2018). Unexpectedly, our findings did 
not fully support our expectation that that extended predator control 
would yield higher reproductive success, although this prediction aligns 
with numerous previous studies advocating for prolonged monitoring 
to ensure effective predator control and enhance seabird reproductive 
success (Courchamp et al. 2003, Rayner et al. 2007, Le Corre 2008, 
Lavers et al. 2010, Robertson 2013, Jones et al. 2016). Our results 
indicated, however, that even short-term predator control can quickly 
reduce adverse impacts on seabirds. Furthermore, islands where there is 

lower predator impact on seabirds may exhibit more rapid responses to 
eradication efforts (Brooke et al. 2018). Therefore, short-term removal 
of introduced predators on islands brings substantial benefits to seabird 
colonies (Jones et al. 2016, Holmes et al. 2019), mainly by increasing 
reproductive success (Lavers et al. 2010; Brooke et al. 2018).

Finally, we conclude that reproductive success is clearly affected 
by the presence of introduced predators, mainly small rodents. The 
exclusion of predators increases seabird reproductive success by 
an average of 40%. Rodent control seems to be more relevant for 
increasing reproductive success than cat control, but this assumption 
requires further investigation. Predator control studies conducted on a 
short-term basis (up to 4 years) are effective for allowing an increase in 
reproductive success of seabirds. In comparison, the benefits of long-
term control should be assessed on a case-by-case basis, considering 
their higher costs. Finally, we highlight the need for more monitoring 
studies that gather quantitative data from before, during, and after 
predator control interventions. Studies focusing specifically on the 
effects of introduced cats on seabird reproduction are also needed. 
Such data will provide quantitative metrics to reevaluate the effect sizes 
revealed by our meta-analyses therefore improving our understanding 
on the effect of introduced predators on seabird colonies. 

Supplementary Material 

The following online material is available for this article: 
Table S1 – List of selected articles for review and meta-analysis.
Figure S1 – Flowchart of articles research and selection results. 
Figure S2 – Publication bias test for effect size ratio in 16 studies.
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