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INTRODUCTION

Islands are some of the most important repositories for 
biodiversity, with 15–20% of terrestrial biodiversity held 
on only 5.3% of the world’s land area (Weigelt, et al., 2013). 
Tropical islands are particularly important due to their high 
levels of endemism (Myers, et al., 2000). Island species 
are also highly vulnerable to anthropogenic impacts, of 
which invasive alien species (IAS) introductions are often 
the most severe (Russell, et al., 2017), causing 86% of 
island endemic species extinctions (Bellard, et al., 2016). 
Moreover, IAS also interrupt ecosystem functioning 
through predation of, and competition with, other biotic 
components (Athens, et al., 2002; Towns, et al., 2006; 
Hilton & Cuthbert, 2010). 

Over the past 50 years, eradication of IAS has been 
increasing (Towns, et al., 2013; Jones, et al., 2016), with 
the removal of invasive rodents proving highly eff ective in 
targeted species recovery and island ecosystem restoration 
(Le Corre, et al., 2015; Croll, et al., 2016). Over 90% 
of rat eradication attempts have been successful, with 
increasingly larger islands being eff ectively targeted 
(Holmes, et al., 2015). However, the rate of eradication 
failure on tropical islands has been 2–2.5 times higher 
than on temperate islands (Russell & Holmes, 2015). 
This discrepancy is due to several contributing factors 
(Holmes, et al., 2015). Probably the most signifi cant are 
the benign climate facilitating rodent reproduction (Harper 
& Bunbury, 2015), and bait competition from abundant 
land crabs (Wegmann, 2008; Griffi  ths, et al., 2011).

Land crabs comprise over a hundred species in three 
broad groups, burrowing crabs, hermit crabs and coconut 
crabs, although the latter single species (Birgus latro) is 
technically a hermit crab. As the largest invertebrates on 
islands, particularly coral atolls, land crabs are often the 
apex land predator (Burggren & McMahon, 1988), and can 
attain high population densities and occupy the niches of 
vertebrates on small oceanic islands. As such, they act as 

allogenic ecosystem engineers (Green, et al., 2008; Paulay 
& Starmer, 2011) through their signifi cant infl uence on 
forest structure, plant species composition, soil formation 
and nutrient transfer and cycling (Green, et al., 1999; 
Sherman, 2002; Gutiérrez & Jones, 2006; Gutiérrez, et 
al., 2006; Sherman, 2006; Green, et al., 2008; Lindquist, 
et al., 2009). As keystone consumers (Paine, 1966), 
the removal of or reduction in crab abundance through 
the introduction of IAS can trigger a trophic cascade of 
eff ects, leading to ‘meltdown’ in island ecosystems in the 
worst cases (O’Dowd, et al., 2003; Pitman, et al., 2005; 
Nigro, et al., 2017). Moreover, as smaller crab species 
in particular are vulnerable to predation by rodents (St 
Clair, 2011; Samaniego-Herrera & Bedolla-Guzmán, 
2012) and invasive rodents are found on >80% of island 
groups (Atkinson, 1985), an improved understanding of 
the interaction between rodents and land crabs is urgently 
required. However, land crabs have rarely been monitored 
before and after rodent eradications (but see Nigro, et al., 
2017), and basic tools such as inventories are lacking for 
most tropical islands where rodent eradications are being 
planned.

The Pacifi c Invasives Initiative (PII) commissioned the 
fi rst review on land crab interference in rodent eradications 
about 10 years ago (Wegmann, 2008) and many lessons 
have been learnt since. To improve the justifi cation and 
implementation of rodent eradications on tropical islands, 
we conducted literature reviews on two main topics: the 
role of land crabs in invasive rodent eradications and the 
vulnerability of land crabs to rodent invasion. A case study 
from six tropical islands is presented, demonstrating the 
utility of monitoring land crabs both pre- and post-rodent 
eradications. Based on our previous observations of land 
crabs across islands, we expected (a) bait uptake to be 
highest on the islands where large burrowing species were 
abundant, and (b) population abundance of small burrowing 
species to increase over time after rodent eradications.
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 METHODS

 Land crabs and rodent eradications
Following Burggren & McMahon (1988), we consider 

land crabs to be crabs that show signifi cant behavioural, 
morphological, physiological, or biochemical adaptations 
permitting extended activity out of water. This includes a 
few families of the diverse infraorders Anomura (hermit 
crabs) and Brachyura (burrowing crabs), yet there are over 
a hundred species that can be considered land crabs. Land 
crab distribution ranges from tropical to subtropical areas, 
hence the scope of this paper focuses on islands located 
between ~25° north and south of the equator. We also focus 
on the two most common rodent eradication methods: 
aerial and hand broadcast of bait directly onto the ground 
(Howald, et al., 2007; DIISE, 2016).

The islands included in the review are a subset from 
the Database of Island Invasive Species Eradications 
(DIISE, 2016). These were selected based on the following 
criteria: 1) location: between latitudes ~25° north and 
south of the equator, 2) target IAS taxa: Muridae, 3) whole 
island eradications, 4) toxicant used: 2nd generation 
anticoagulant, 5) main bait delivery method: hand or 
aerial broadcast, 6) quality of data: good or satisfactory, 
the latter were updated to good, and 7) eradication status: 
known or ‘to be confi rmed’, the latter were updated to 
failed or successful. Islands without land crabs such as 
the Galapagos Islands and Western Australia islands were 
excluded. 

For each island, we collated the following additional 
data: bait rates used during the rodent eradications, 
island type (savanna, tropical seasonal forest or tropical 
rainforest), presence/absence status and abundance for 
each land crab group (hermit, coconut, burrowing), 
land crab group identifi ed as the main bait competitor 
and timing of the eradication (dry or wet season). This 
information was collated through review of project 
documents (i.e. feasibility studies, operational plans, post-
operation reports and scientifi c papers). We also sought 
inputs from project managers when we required further 
clarifi cation/confi rmation or information was missing from 
the documents available. Given the scarcity of scholarly 
information on land crabs, and the lack of a single source 
with the basic biology and current taxonomy for all land 
crabs (as most crab species are marine), we conducted an 
additional literature review to compile such information.

A 2-way ANOVA test for unbalanced designs was used 
to evaluate the variations in bait rates in relation to island 
type and main bait competitors. Data were log-transformed 
to achieve normality. All analyses were performed in R 3.4. 

 Rodent impacts on land crabs 
Some of the information on the impacts of rodents 

on land crabs was collated from the project documents 
mentioned above. In addition, we also searched the Web 
of Science, Scopus and Google Scholar for published 
literature using keywords: [island OR atoll OR cay OR 
archipelago] AND [rodent OR rat OR rattus OR mus] AND 
[“land crab” OR invertebrate]. We collated information on 
impacts through review of the resulting publications and 
relevant references listed in these.

 Case study: Mexican tropical islands
 Study sites

As part of a wider restoration programme led by 
Grupo de Ecología y Conservación de Islas (GECI) 
(Samaniego-Herrera, et al., 2011), bait uptake and land 
crab monitoring was conducted on six Mexican tropical 
islands. The islands, three in the Gulf of Mexico, one in 
the Mexican Pacifi c, and two in the Caribbean Sea fall 
into the three categories of tropical island ecosystems 
described by Russell and Holmes (2015): savanna, tropical 
seasonal forest and tropical rainforest, respectively (Table 
1; Fig. 1). The aims of the monitoring were to inform 
the specifi c rodent eradication plans by assessing the 
potential interference of each land crab community, and to 
compare such communities before and after the removal 
of the invasive rodents. Invasive rodents (Table 1) were 
successfully eradicated from all islands either by hand or 
aerial broadcast of bait (Samaniego-Herrera, et al., 2014; 
Samaniego-Herrera, et al., 2018), following international 
best practices (Keitt, et al., 2015). 

 Bait uptake 
Two types of bait were used: placebo bait for pre-

eradication assessments and toxic bait for the actual rodent 
eradications. The toxic bait consisted of 2 g cereal bait 
pellets containing 25 ppm brodifacoum (second generation 
anticoagulant), manufactured by Bell Labs. The placebo 
bait, also from Bell Labs, was identical but non-toxic. Total 
bait uptake (i.e. by the target and non-target species) was 
measured before and during each eradication operation. 
Pre-eradication, bait uptake was monitored to help decide 
application rates for the eradication. During eradications, 
the monitoring took place to (a) validate the intended bait 
rate, by estimating bait density on the ground immediately 
after the bait drops, (b) assess the daily uptake rate, by 
repeating measurements every 24 hours, and (c) investigate 
the relationship of bait uptake rate, rodent abundance, and 
land crab diversity and abundance, by combining results 
from diff erent islands. 

In all cases, bait uptake was measured daily for 6–10 
consecutive days in a systematic way, starting on the same 
day of bait broadcast. For all pre-eradication studies bait 
was broadcast by hand, whereas for the eradications either 
aerial or hand broadcast was used (Table 1). Bait uptake 
was measured in fi xed circular plots as described by Pott, 
et al. (2015). A subset of the resulting dataset was included 
in the meta-analysis by Pott, et al. (2015), which showed 
the utility of bait availability studies. However, there are 
three major diff erences with the present study. Firstly, Pott 
and colleagues only used a subset of the Mexican dataset 
due to the limited data available for the other islands 
(e.g. data from only two of the 6–10 days available were 
analysed). Secondly, the results presented here derived 
from standardised monitoring methodologies. Lastly, our 
focus is to investigate the role of land crabs in the overall 
bait uptake in more detail, distinguishing for crab type 
(hermit and burrowing).

Fig. 1 Dominant vegetation on the islands where the case 
study took place.
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 Land crab recovery 
On all islands, land crab activity was monitored twice 

a year, at the end of each dry and wet season, both before 
(2–3 years) and after (1–5 years) each rodent eradication. 
Every season, several (6–18) fi xed plots (25 m × 2 m) 
were used to estimate crab density; the exception was on 
Isabel Island, where two 300 m × 6 m plots were used. 
Plots were walked for 3–5 consecutive nights. One person 
with a headlamp walked in the middle of the plot, starting 
one hour after sunset. In order to walk all plots within 90 
minutes (i.e. the peak activity period), several observers 
participated each night on some islands. The number of 
land crabs, by species, was recorded. Minimum training 
is required to carry out this task given the morphological 
diff erences of the species present.

 Data analysis
Bait uptake trends (always measured in the dry season) 

were investigated using a linear mixed model (R software 
package nlme) for bait availability, where the density 
of bait (kg/ha), using the diff erence of target density 
minus measured density as the response variable (i.e. 
comparing rates of decline rather than actual densities), 
was dependent on time (days) and interactions of time with 
fi xed eff ect covariates (i.e. covariates which would aff ect 
bait availability). These fi xed eff ects included whether 
the study was conducted prior to or during the eradication 
(distinguishing between fi rst and second bait application), 
whether rats or mice were the target species and how 
abundant they were (according to local mark-recapture 
studies by Samaniego-Herrera (2014)), and the abundance 
of both types of land crabs: hermit and burrowing (low 
– high, based on the monitoring in this study, therefore 
standardised). Although each island used diff erent bait 
application rates, we were specifi cally interested in the 
rates of decline in bait availability. Inter-island diff erences 

were accounted for by including island as a random eff ect 
in our model. Diagnostic plots were visually checked for 
violations of model assumptions.

For land crab activity, an index of density was estimated 
as the number of nocturnal surface-active crabs per hectare. 
First, we used 2-way ANOVA to test the diff erence in density 
between seasons (dry and wet) and islands only for the pre-
eradication periods (i.e. avoiding potential confounding 
eff ects caused by the eradications), as obvious fl uctuations 
were occurring at least on some islands. In order to 
compare trends during favourable periods (hence closer to 
real density, as inactive crabs typically bury themselves), 
and given that the lower land crab activity during the dry 
season was confi rmed for some islands, further analysis 
comparing pre- and post-eradication density used data 
from wet seasons only. Diff erences in density among island 
types (savanna, seasonal, rainforest) and periods (pre- and 
post-eradication) were tested with linear models. Data 
were log-transformed to achieve normality. All analyses 
were performed in R 3.4.

 RESULTS

 Land crabs and rodent eradications
The resulting database contains 108 eradication 

attempts spread over 101 tropical islands (Appendix 1; 
detailed spreadsheet: www.pacifi cinvasivesinitiative.org/). 
On some islands, there were two eradication attempts 
targeting a single rodent species or there were two rodent 
species being targeted by a single eradication attempt. 
Island sizes range from 0.1 ha to 4,310 ha (median = 10 ha). 
Most attempts (86.1%) targeted only rats (Rattus exulans, 
R. norvegicus, R. rattus or R. tanezumi), 2.8% only mice 
(Mus musculus) and 11.1% targeted both rats and mice.

Archipelago 
Island

Area 
(ha)

Ecosystem 
type

Dominant 
vegetation1

Species 
eradicated
(year)2

Eradication 
method and 
bait rate (total 
kg/ha)

Main bait competitors 
(seasonal fl uctuation)

Arrecife Alacranes   

Pájaros 3 Savanna Shrubs and 
grasses

Mus musculus 
(2011)

Hand broadcast
17 kg/ha

Hermit crabs
(low fl uctuation)

Pérez 13 Savanna Shrubs Rattus rattus 
(2011)

Hand broadcast
17 kg/ha

Hermit crabs
(low fl uctuation)

Muertos 15 Savanna Shrubs Mus musculus
(2011)

Hand broadcast
17 kg/ha

Small burrowing crabs
(low fl uctuation)

Isabel 82 Tropical 
seasonal 
forest 

Deciduous 
forest

Rattus rattus 
(2009)

Aerial broadcast
20 kg/ha

Large burrowing crabs3

(high fl uctuation)

Banco Chinchorro   

Cayo Norte                  
Mayor

30 Tropical 
rainforest

Mangroves 
& evergreen 
forest

Rattus rattus 
(2012)

Aerial broadcast
42 kg/ha

Large burrowing crabs
(moderate fl uctuation)

Cayo Centro 539 Tropical 
rainforest

Mangroves 
& evergreen 
forest

Rattus rattus
(2015)

Aerial broadcast
60 kg/ha

Large burrowing crabs
(moderate fl uctuation)

Table 1 General description of the six Mexican islands where land crabs were monitored before and after the successful 
rodent eradications.

1See Fig. 1.
2Always end of dry season.
3There was virtually no crab interference during the rat eradication; bait lasted for weeks.
Sources: Samaniego-Herrera, et al., 2013; Samaniego-Herrera, et al., 2014; Samaniego-Herrera, et al., 2018.
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Eighty-nine (82.4%) of the eradication attempts 
were successful and 19 (17.6%) failed (Table 2). Land 
crab interference was reported as important in 56.2% of 
the successful attempts and in 100% of the failed ones. 
However, for the latter, in addition to land crab interference 
other potential factors that may have contributed to the 
failure were also reported. Examples of such factors are 
gaps in bait coverage, which in turn can increase in area as 
land crabs take bait at the edges.

Over 82% of the eradication attempts used higher bait 
rates (x̄  = 25.7 kg/ha, range: 3–163 kg/ha) compared to those 
typically used on temperate islands (12 kg/ha; Broome, et 
al., 2014). In all cases, the justifi cation for using higher 
bait rates was high rodent abundances (either estimated or 
assumed) and land crab presence, although abundance of 
either was rarely quantifi ed. On some islands, additional 
factors such as high abundance of small invertebrates 
(e.g. ants and cockroaches, also bait consumers) were also 
mentioned.

Land crab abundances were reported as having 
been estimated either through measurements (21.5%) 
or observations (55.9%) during the planning phase; the 
rest (22.6%) of the cases did not try to estimate land 
crab abundance. On most islands, land crabs have been 
identifi ed to the genus level. Through our research on 
current taxonomy, we identifi ed 165 species of land crabs 
in 52 genera and 15 families, of which seven genera have 
been reported as important bait consumers (Table 3). For 
most islands (90.7%), only three or fewer land crab species 
were reported to be present.

Considering all islands, the 2-way ANOVA test 
revealed signifi cant diff erences in total bait rates used 
depending on which type of land crab was the main source 
of interference (F = 11.33, p<0.001) and on the interaction 
between crab type and island type (F = 3.65, p<0.001), 
whereas island type was marginally signifi cant (F = 3.02, p 
= 0.05). Higher bait rates (17–163 kg/ha) were used when 
burrowing crabs were the main bait competitors (n= 8), 
followed by hermit crabs (3–83.3 kg/ha; n= 55) and cases 
with ‘no interference’ (8–33.2 kg/ha; n= 39), i.e. low crab 
abundance (Fig. 2). When considering only successful 
attempts, the patterns remained the same.

 Rodents impacts on land crabs
Accounts of insular land crab populations being 

negatively impacted by invasive rodents included 15 
populations of ten species across nine countries and 
overseas territories (Table 4). These impacts are mainly 
in the form of population suppression and ecological 

extirpation. Pascal, et al. (2004) fi rst suggested possible 
rat predation on Gecarcinus ruricola on Hardy Islet, after 
they found numerous crab carapaces in rat middens and the 
index of crab abundance increased after the rat eradication. 
Samaniego-Herrera & Bedolla-Guzmán (2012) and 
Samaniego-Herrera (2014) confi rmed invasive rats can 
indeed cause ecological extirpations of land crabs; they 
documented how G. quadratus, a small burrowing crab, 
shifted from being extremely rare before the R. rattus 
eradication to being the most abundant species four years 
post-eradication. Evidence of rodent predation on land 
crabs as well as the dramatic recovery responses following 
rat eradication is growing (Harper & Bunbury, 2015; 
Samaniego-Herrera, et al., 2017). For example, Nigro, et 
al. (2017) showed that the recovery of two carnivorous 
species (Geograpsus spp.), the smallest of the Palmyra 
atoll crabs, led to a dramatic widening of the crab trophic 
niche following the rat eradication on Palmyra atoll, which 
is altering the ecology of the atoll presumably towards a 
more natural state. Likewise, Russell, et al. (2015) showed 
land crab trophic position diff ered depending on what 
invasive rat species is present.

 Case study: Mexican tropical islands
 Bait uptake

Linear mixed models were constructed, including 
period (trials or during eradication), rodent species (R. 
rattus or M. musculus), rodent abundance (high or low) and 
land crab abundance (high or low) per crab type (hermit 
or burrowing) as covariates. The model with the greatest 
support (49.8%) revealed a complex relationship between 
the diff erence in bait density from target density (response 
variable) and all variables tested and some interactions 
(Table 5). Essentially, the rate of decline of bait density 
depends on (a) days since broadcast, declining over time, 
(b) the type of crab, declining faster with burrowing crabs, 
(c) the density of burrowing crabs, declining with high 
density, (d) the density of hermit crabs, declining with 
high density, (e) study type, declining faster during trials, 
(f) the broadcast, declining faster after fi rst broadcast, (g) 
the density of rats, declining with high density, and (h) 
the density of mice, declining with high density. Fig. 3 
illustrates the variability in bait density among plots and 
islands after the rodent eradications, although in all cases 
(trials and eradications) bait was still readily available after 
the recommended four nights (Keitt, et al., 2015). The 
faster decline in available bait when burrowing crabs are 
abundant is a novel result. 

 Land crab recovery
For the pre-eradication period, the 2-way ANOVA 

revealed signifi cant diff erences in land crab density 
depending on island type (highest on rainforest islands) 

Fig. 2 Total bait used (median, IQR, range and outliers) in 
successful rodent eradications on tropical islands with 
land crabs, by type of dominant land crab and type of 
island. None = land crabs were present at low densities 
therefore interference was minimum.

Target species Failed Successful
% n % n

Mus musculus 28.6 2 71.4 5
Rattus exulans 17.4 12 82.6 57
Rattus norvegicus 0 0 100 3
Rattus rattus 18.5 5 81.5 22
Rattus tanezumi 0 0 100 2
TOTAL 17.6 19 82.4 89

Table 2 Success rate of hand and aerial rodent eradication 
projects, per target species, on tropical islands with land 
crabs.

Island invasives: scaling up to meet the challenge. Ch 1C Rodents: Lessons
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Infraorder Family Genus1 No. 
species1

Documented bait 
consumer? 2

Documented rodent 
vulnerability?3

Anomura Coenobitidae Birgus 1 Yes Yes
Coenobita 17 Yes

Diogenidae Clibanarius 4  
Calcinus 1

Porcellanidae Petrolisthes 1
Brachyura Eriphiidae Eriphia 2

Gecarcinunidae Barytelphusa 1
Parathelphusidae Adeleana 1

Austrothelphusa 1
Geelvinkia 1
Holthuisana 2
Rouxana 3
Terrathelphusa 1
Thelphusula 2

Gecarcinidae Cardisoma 4 Yes
Discoplax 7 Yes
Epigrapsus 3
Gecarcinus 4 Yes Yes
Gecarcoidea 3 Yes
Johngarthia 5 Yes Yes

Grapsidae Geograpsus 5 Yes Yes
Sesarmidae Aratus 1

Armases 5
Chiromantes 4
Episesarma 1
Geosesarma 24
Karstama 3
Labuanium 2
Metasesarma 1
Metopaulinas 1
Neosarmatium 1
Parasesarma 1
Sesarma 8
Sesarmoides 1
Sesarmops 1

Mictyridae Mictyris 1
Ocypodidae Afruca 1

Austruca 1
Cranuca 1
Gelasimus 2
Leptuca 12
Minuca 6
Ocypode 6 Yes Yes
Tabuca 1
Uca 1 Yes
Ucides 2

Geryonidae Carcinus 1
Potamidae Cerberusa 1

Potamon 2
Potamonautidae Madagapotamon 1

Malagasya 1
Pseudothelphusidae Guinotia 2

Table 3 Current taxonomy of the 52 genera and 165 species of land crabs with island records.

1According to Ng, et al. (2008), McLaughlin, et al. (2010) and Shih, et al. (2016).
2According to this review.
3 See Table 4.
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(F = 28.01, p <0.001) and season (higher in wet season) (F = 
15.05, p <0.001). However, Tukey comparisons confi rmed 
that the increase during wet seasons was signifi cant only 
on two islands (Isabel and Muertos).

Given the diff erences between seasons on some islands, 
trends in land crab abundance between pre and post 
eradication periods was evaluated only for wet seasons. The 
linear model confi rmed that land crab densities (pooling 
species) are signifi cantly higher (R2 = 0.19, F = 30.27, p 
< 0.001) post-eradication (1–5 years later) on all islands, 
except on Cayo Norte and Pérez where the increase was 
not signifi cant. On Isabel Island, the smallest burrowing 
crab (G. quadratus) showed a substantial trend of increase 
over a period of fi ve years after the rat eradication (Fig. 4).

DISCUSSION

 Land crabs and rodent eradications
Interference by land crabs remains poorly understood, 

documented and managed, despite its signifi cant impact on 
rodent eradication operations on tropical islands. It appears 
that inconsistent application of recommended practices 

(Wegmann, 2008; PII, 2011; Keitt, et al., 2015) continues 
across projects (Broome, 2011), e.g. a lack of estimating 
land crab densities and undertaking consumption trials to 
inform baiting rates. Without determining how signifi cant 
the land crab problem is on an island and how it fl uctuates 
with seasons, managers tend to automatically apply a 
mitigation strategy of high bait application rates. 

However, the use of high bait rates increases the cost of 
operations, adds logistical complexity and, if unnecessarily 
high, potentially increases the risk to non-target vertebrates 
(Pitt, et al., 2015) (as invertebrates are not susceptible to 
anticoagulants (Broome, et al., 2012)). The highest total 
bait rate used in a rodent eradication to date was 186 kg/ha 
on Palmyra Atoll (Wegmann, et al., 2012). This high bait 
rate (spread over two applications) was determined and 
approved on the basis of sound fi eld studies (Wegmann, 
et al., 2008; Wegmann, et al., 2011) as it had been 
demonstrated that the diverse and abundant land crab 
community represented a signifi cant bait ‘sink’, warranting 
drastic mitigation measures. Importantly, Palmyra has an 
exceptionally wet climate and this eradication case is an 
outlier, as the second highest bait rate used to date is 94.2 
kg/ha for the eradication of R. exulans on two Gambier 

 Species Mean size 
(mm)

Invasive rodent Rodent 
impact

Island/archipelago Reference

Birgus latro 640 Rattus rattus Population 
suppression

Tetiaroa Atoll, 
Society Islands, 
French Polynesia

Genet & Gaspar, pers. 
comm. 2017

Gecarcinus 
lateralis

37.7 Rattus rattus Ecological 
extirpation

Pérez Island, Arrecife 
Alacranes, Mexico

Samaniego-Herrera, et 
al., 2017

Rattus rattus Ecological 
extirpation

Banco Chinchorro, 
Mexico

This study

Rattus rattus Ecological 
extirpation

Half Moon Caye, 
Belize

Samaniego-Herrera, et 
al., 2015

Gecarcinus 
quadratus

38.5 Rattus rattus Ecological 
extirpation

Isabel Island, Mexico Samaniego-Herrera & 
Bedolla-Guzmán, 2012

Gecarcinus 
ruricola

69 Rattus rattus Population 
suppression

Hardy Island, 
Martinique

Lorvelec & Pascal, 2005 

Geograpsus 
crinipes

46.4 Rattus rattus Ecological 
extirpation

Palmyra Atoll,
Tropical Pacifi c

Nigro, et al., 2017

Rattus sp. Ecological 
extirpation

Mañagaha Island, 
Northern Mariana Is

Paulay & Starmer, 2011

Geograpsus 
grayi

55.3 Rattus norvegicus, 
R. exulans

Ecological 
extirpation

Raoul Island, New 
Zealand

Bellingham, et al., 2010

Rattus rattus Ecological 
extirpation

Palmyra Atoll, 
Tropical Pacifi c

Nigro, et al., 2017

Rattus sp. Ecological 
extirpation

Mañagaha Island, 
Northern Mariana Is

Paulay & Starmer, 2011

Johngarthia 
planata1

92.5 Rattus rattus Population 
suppression

Clipperton Island, 
eastern Pacifi c

Pitman, et al., 2005

Ocypode kuhlii 50 Rattus norvegicus, 
R. exulans

Ecological 
extirpation

Raoul Island, New 
Zealand

Bellingham, et al., 2010 

Ocypode 
quadrata

45 Mus musculus, 
Rattus rattus

Population 
suppression

Alacranes Islands, 
Mexico

This study
 

Uca spp. 25–40 Rattus exulans, R. 
tanezumi

Population 
suppression

Wake Atoll,
Tropical Pacifi c

Carlton & Hodder, 2003

Table 4 Documented land crab species negatively impacted by invasive rodents on tropical islands.

1Referred to as Gecarcinus planatus before 2008.
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islets (Kamaka and Makaroa)(Appendix 1). In addition, 
the largest rat eradication on a rainforest island (539 ha 
Cayo Centro, Banco Chinchorro), where large land crabs 
are abundant, was successful using 60 kg/ha over two 
applications (Samaniego-Herrera, et al., 2018). Moreover, 
there have been several instances where managers reported 
that the bait rates used were higher than required based on 
their observations of bait availability 5–15 days post bait 
application, which also coincided with ‘fewer land crabs 
than expected’ (Steve Cranwell, Araceli Samaniego, Elenoa 
Seniloli, pers. comm.). Studies (Samaniego-Herrera, et al., 
2014; Samaniego-Herrera, et al., 2018) have shown that 
temporal land crab interference can vary substantially 
even on rainforest islands, the lowest peaks of activity 
being over the driest months. Thus, timing the eradication 
operation to coincide with the driest conditions of the 
year is recommended, particularly on islands with high 
abundance of burrowing crabs. Unquestionably, land crab 
activity is only one of the many factors that must be taken 
into account while planning an eradication (PII, 2011), so 
this has to be done in tandem with the other components, 
for example, minimising operational risks and the potential 
lethality to non-target species. Land crab interference with 
bait stations was outside the scope of this paper, but it is 
certainly a problem (Wegmann, 2008).

In addition to land crab abundance, land crab species 
composition also aff ects bait uptake. Burrowing land 
crabs, in particular large species (e.g. genera Cardisoma, 
Johngarthia and Discoplax), are generally the most 
problematic, although coconut crabs (B. latro) can be as 
troublesome even though they are usually in low to medium 
abundances. This has been refl ected in the tendency to 
use higher bait rates on islands with abundant burrowing 
crabs, and confi rmed by our case study where bait 
availability was quantifi ed. Hermit crabs appear to be more 
widespread globally, so they may cause less interference 
on individual islands but aff ect more islands overall. Note 
that burrowing crabs, although larger, are more elusive 
than hermits due to their propensity to burrow or seek 
shelter under rocks or leaf litter during the day (Bliss, 
et al., 1978). Species richness of land crabs per island is 
likely to be generally underestimated. On the few islands 
for which comprehensive inventories exist (e.g. Christmas 
Island, Seychelles or French Polynesia), a list of 5–12 
species of land crabs is common (Orchard, 2012), which is 

higher when compared to the three or fewer species usually 
recorded by eradication managers.

At present, bait uptake trials (e.g. Pott, et al., 2015) 
are the best way to predict bait rates required for rodent 
eradication. However, if climatic conditions are not very 
similar during implementation, the ‘land crab scenario’ 
could be very diff erent and signifi cantly aff ect the bait 
consumption rate. In order to better predict the potential 
variability of bait uptake in the presence of certain land 
crab communities, future monitoring of climatic conditions 
and land crab communities on a suite of islands is required. 
Note that carnivorous and intertidal crabs may also consume 
bait (confi rmed for ghost crabs, A. Barnaud pers. comm.), 
but due to their generally low abundance (probably due to 
vulnerability to rats) and/or limited distribution (coastal), 
they tend to be neglected. The implications for failed 
eradication attempts are important. Estimations of bait 
uptake rates may no longer be true if a second eradication 
attempt occurs within a few years of the fi rst one, i.e. when 
crab populations are more abundant because rats haven’t 
had the time to fully recover and therefore haven’t again 
supressed the land crabs.

Behaviours as well as consumption capabilities vary 
widely among groups and species, hence the importance of 
identifying species or at least type of crab (hermit, coconut, 
burrowing; Fig. 5). Hermit crabs are small and slow eaters 
and walkers compared to the average burrowing crab. They 
can take only one piece of bait at a time and they do not 
cache food. In contrast, most burrowing crabs are able to 
take up to three pieces of bait at a time (depending on crab 
size/species) and walk quickly to their burrow where they 
cache the bait (G. Harper & A. Samaniego pers. obs.). How 
much bait they can accumulate, how fast, and how long it 
takes for it to be eaten has not been determined.

Land crab activity is regulated by a combination of 
air and soil surface temperature, relative humidity, the 
intensity of insolation (solar radiation) and the availability 
of protective cover, be it leaf litter, suitable cavities, or 
soil for burrowing, which is further infl uenced by the soil 
compaction (Bliss, et al., 1978; Green, 1997; Brook, et al., 
2009). The optimum temperature for land crab activity 
appears to be about 30oC, with virtually no activity below 
18oC (Bliss, et al., 1978). Hence, in order to mitigate the 
desiccating eff ects of the high temperatures that crabs 
require to be active, their activity is largely restricted 
to periods and locations with high humidity. To reduce 
interference by land crabs, on ‘wet’ subtropical islands 
cooler months should be targeted for eradications.

The thermoregulatory abilities of hermit crabs 
(Coenobita spp.) are low, which is less of a problem where 
there is little temperature variation, as often occurs on wet 
tropical islands, but on arid islands they are essentially 
nocturnal (Achituv & Ziskind, 1985). Wind strength will 
also aff ect activity through increasing desiccation (Barnes, 
1997). For burrowing crabs (e.g. Gecarcinus spp.) on 
seasonally arid islands, activity is dictated by relative 
humidity, with little or no activity below 77% RH, through 
to high activity above 95% RH (Bliss, et al., 1978; Green, 
1997; Capistrán-Barradas, et al., 2003). Burrowing crabs 
probably occupy burrows to reduce their water loss. Often, 
unseasonal rain or even showers will initiate short periods 
of activity, but if conditions are very dry land crabs can 
remain underground for several months (Bliss, et al., 1978). 

The eff ects of humidity and insolation on land crab 
activity strongly suggest nocturnal land crab monitoring 
will detect the highest crab activity and species diversity, 
particularly if all habitats are sampled and the season is 
taken into account. Land crabs are long-lived species, so 
monitoring tends to indicate how many land crabs are 
active at that time, not how many are actually present. 

Fig. 3 Bait availability days after hand or aerial broadcast 
during six rodent eradications on Mexican islands.
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Rodent impacts on land crabs
Except for New Zealand, little has been documented 

regarding impacts of invasive rodents on island 
invertebrates in general (St Clair, 2011). Furthermore, 
few land crab accounts exist, due to the limited research 
conducted in the tropics (Brook, et al., 2009) and the low 
proportion of rodent eradications carried out in this region 
(Howald, et al., 2007; Holmes, et al., 2015). Our list of 
land crab species impacted by rodents is most likely to 
be severely under-reported as Rodentia comprise over 
a quarter of terrestrial mammal species known to forage 
on intertidal food sources. Burrowing crabs make up a 
substantial proportion of this and the number of species is 
highly likely to be an underestimation (Carlton & Hodder, 
2003).

Adding to the impacts of invasive rodent predation on a 
wide range of plants and animals (Carlton & Hodder, 2003; 
St Clair, 2011; Sunde, 2012; Harper & Bunbury, 2015), the 
suppression of native ecosystem engineers, such as land 
crabs, by rats and other invasive species such as ants, cats 
and dogs, could have signifi cant and enduring consequences 
on relatively simple island ecosystems (Carlton & Hodder, 
2003; O’Dowd, et al., 2003). Land crabs are often the largest 
invertebrates on tropical islands, and particularly atolls, 
and will occupy the niches of vertebrates on small oceanic 
islands (Burggren & McMahon, 1988). They are highly 
integrated in the ecosystem energetics of tropical islands, 
as they control recruitment and species composition of 

seedlings on the forest fl oor (Green, et al., 1999; Lindquist 
& Carroll, 2004). They also regulate nutrient dynamics 
through substantial leaf litter consumption (Kellman & 
Delfosse, 1993; Capistrán-Barradas, et al., 2003; Gutiérrez 
& Jones, 2006; Gutiérrez, et al., 2006). Hence, they may 
govern the growth and productivity of tropical forests 
(Lindquist, et al., 2009) and sustain diversity at large 
scales (Young, et al., 2013; Nigro, et al., 2017). Moreover, 
plant composition will be infl uenced by soil structure, 
which is aff ected by land crab activity through inland 
transfer of marine debris and shells, removal of algae 
from rock surfaces subsequently deposited as faeces, and 
by increasing leaf litter breakdown through deposition 
underground in burrows. Given the critical role land crabs 
play in island ecosystems, it is recommended that these 
are included as outcome indicators and monitored post-
eradication.

  CONCLUSION

Land crabs are a diverse group. For management 
purposes, it is useful to distinguish three groups: hermit 
crabs, coconut crabs and burrowing crabs, noting the latter 
vary widely in size. The ecology and climatic tolerances of 
each group is diff erent, as is their capacity as bait consumers. 
Assessing species richness and abundance of land crabs 
should be a priority in the planning phase of rodent 
eradication projects in the tropics, so that their interference 
can be effi  ciently managed during eradications. Similarly, 
changes to the land crab community should be measured 

Value Std Error DF t-value p-value
Day -1.456 0.275 2768 -5.287 > 0.001
Period 4.204 1.014 2768 4.142 > 0.001
Bait application -4.658 1.056 2768 -4.407 > 0.001
Day x Burrowing -2.343 0.262 2768 -8.914 > 0.001
Day x Hermit -1.135 0.338 2768 -3.357 > 0.001
Day x Period -0.896 0.254 2768 -3.521 > 0.001
Day x Bait application 1.115 0.275 2768 4.050 > 0.001
Hermit x Bait application 6.912 1.610 2768 4.291 > 0.001
Day x Rodent -0.019 0.005 2768 -3.725 > 0.001
Day x Burrowing x Bait application 1.672 0.431 2768 3.875 > 0.001

Table 5 Signifi cant parameters in relation to bait availability after rodent eradications, according to linear mixed 
models for six rodent eradications on Mexican tropical islands.

 Fig. 4 Population increase of Gecarcinus quadratus on 
Isabel Island, Mexico after the ship rat eradication in 
2009. The single record in 2008 was a new record for 
the island.

Fig. 5 Types of land crabs in relation to potential interference 
with rodent eradications on tropical islands. Sizes refer 
to the range of mean size across species.

Island invasives: scaling up to meet the challenge. Ch 1C Rodents: Lessons
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post-eradication as indicators of ecosystem recovery. Once 
enough data are gathered regarding bait consumption 
in a standardised manner, we will improve our ability to 
predict appropriate bait rates for the eradication of invasive 
rodents on diff erent types of tropical islands, as is currently 
done for temperate islands. Where compatible with other 
factors (e.g. non-target species and human activities), 
rodent eradications on tropical islands should be timed for 
the driest conditions or alternatively on ‘wet’ subtropical 
islands, the coolest months. 
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