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AbstrAct—We studied the micro- and macrohabitat preferences of black rats (Rattus rattus) and house mice 

(Mus musculus) on St. Eustatius, a small, inhabited Caribbean island. Our study builds upon a preliminary assess-
ment of invasive alien rodents on St. Eustatius, which has no extant native rodent species. We deployed tracking 
tunnels (baited cards with ink left overnight to track animal visitors to the card) in 12 macrohabitats to determine 
the presence and relative abundance of rodent species. Data were collected between July 2017 and May 2019. We 
collected data in 5 × 5 meter (n = 120) plots to determine whether grass cover, leaf litter cover, number of living trees, 
and other microhabitat components influenced habitat use by rats and mice. Rats were more likely to occur in mi-
crohabitats with more live trees, but with fewer logs and less grass and bare ground. Mice were more likely to occur 
in microhabitats with more bare ground. Rat tracks were recorded in all macrohabitats, whereas mouse tracks were 
detected in all but four, namely: C, M2, M3, and M5. Based on tracking tunnel data, the relative abundance of rats 
and mice ranged from 0% to 70%, respectively, in all macrohabitats over the study period. Rat relative abundance in 
forest macrohabitats differed significantly from that in other macrohabitats. Rat relative abundance in regenerating 
grassland differed significantly from that in other macrohabitats. There is evidence of habitat selection by rats at the 
micro- and macrohabitat scale, which could be linked to food availability. However, our study revealed only weak or 
no patterns of habitat selection by mice. Rat relative abundance differed significantly between the second and third 
assessment, and between the fourth and fifth assessment. Mouse relative abundance differed significantly between 
the first and second assessment. 

Development has increased in intensity on many 
Caribbean islands over the last century, and the expan-
sion of global trade and the movement of humans, bio-
logical material, and other commodities has provided a 
range of pathways for the introduction of alien species 
(Kairo et al. 2003). This has led to significant varia-
tion in the availability of spatial and temporal resourc-
es on Caribbean islands. Black rats (Rattus rattus) and 
house mice (Mus musculus) are two of the world’s most 
successful invasive mammalian ‘tramp’ species (Clark 
1980; Wanless et al. 2007). Thanks to their plasticity 
and omnivorous diets, these rodents have successful-
ly invaded thousands of islands worldwide via human 
dispersal. Many, if not most, islands in the Caribbean 
many have been colonized by one or more species of 
invasive rodent (Kairo et al. 2003). Furthermore, the 
warm climate and constant availability of food in the 
tropics can lead to year-round breeding, although popu-
lations may be constrained by other factors, such as net 
primary productivity, precipitation, and the presence of 
competitors (Harper and Bunbury 2015). The absence 
of other competing rodent species allows invasive ro-

dents on oceanic islands to occupy all available habitats 
at varying densities (Harper et al. 2005; Russell et al. 
2011). 

A number of empirical studies have been published 
on spatial and temporal fluctuations in rodent popula-
tions in continental systems (Brown and Heske 1990; 
Ernest et al. 2000; Madsen and Shine 2009; Russell 
and Ruffino 2012). Whilst fluctuations are apparently 
maintained by density-independent abiotic conditions, 
these are also regulated by density-dependent intra- 
and inter-specific interactions (Kot and Schaffer 1984; 
Schaffer 1985; Schaffer et al. 1986). Varying patterns 
have been documented in small mammal populations, 
including relatively stable populations, annual cycles, 
multiannual cycles, and irregular multiannual fluctua-
tions (Hansson and Henttonen 1985; Henttonen 1985; 
Taitt and Krebs 1985). Rodents may perceive and re-
spond to habitat characteristics at a variety of scales. 
In New South Wales, Australia, Cox et al. (2000) de-
termined that use of habitat by the black rat was in-
fluenced by leaf litter cover. In New Zealand, Brown 
et al. (1996) trapped a similar number of rats in for-
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est and scrubland habitats, but captured more mice in 
scrubland. On tropical forested island systems lacking 
high-order predators or congenerics, the factors and/or 
processes that regulate small mammal population fluc-
tuations have been poorly studied (Russell and Ruffino 
2012). Tropical islands generally support higher rodent 
densities compared with temperate regions, although 
these can vary between habitats and among seasons, of-
ten related to precipitation rates (Samaniego Herrera et 
al. 2017). For example, Shiels and de Arellano (2018) 
documented black rats in all habitats sampled within the 
Caribbean National Forest, Puerto Rico, whereas mice 
were only detected along forest edges. Fluctuations in 
rodent populations on tropical islands are typical, and 
do not necessarily infer a decrease or increase in abun-
dance. Rodent diet and impacts on native species vary 
according to species and the availability of resources. 
Generally, however, invasive rats have a greater local 
impact compared with mice (Samaniego Herrera 2014).

St. Eustatius, a special municipality of The Neth-
erlands, is situated in the northern Lesser Antilles, and 
has a human population of approximately 3,900 (Statis-
tics Netherlands 2018). It is home to two terrestrial pro-
tected areas (TPAs), which overlap with two Important 
Bird Areas. Black rats and house mice likely coexist-
ed on St. Eustatius with the native oryzomyine rice rat 
(Pennatomys nivalis) until the latter was extirpated by 
European settlers in the early 20th century (Brace et al. 
2015). Black rats are widely distributed on St. Eusta-
tius, which they co-occupy with house mice in shrub-
lands and other habitats at lower altitudes (Madden et 
al. 2019). The presence of rats and mice in rural areas 
can have significant negative impacts not only on na-
tive bird species, but also on invertebrates, reptiles, and 
indigenous flora (Shiels et al. 2013; Samaniego Herrera 
2014). Our study builds on a preliminary assessment of 
invasive alien rodents on St. Eustatius (Madden et al. 
2019). The main aim of this study was to measure the 
relative abundance (RA) of black rats and house mice 
in 12 vegetation types over 22 months, and to relate 
their occurrence to micro- and macrohabitats. We pre-
dicted that rat RA would differ significantly between 
vegetation types, especially those with higher floristic 
diversity, e.g., forested areas compared with grasslands 
or shrublands. We anticipated that mouse populations 
would be limited to open, grassy habitats at lower ele-
vations. We further predicted that temporal fluctuations 
in rat and mouse RA would not differ significantly over 
the study period. Finally, we hypothesized that micro-

habitat components such as number of stems and/or 
leaf litter cover would be an important predictor of rat, 
but not mouse, activity. 

MaterialS and MetHodS

Study Areas
St. Eustatius (21 km2) (17o28’–17o32’N, 62o59–

63oW) comprises two volcanic areas separated by low-
lands (Van Andel et al. 2016). Boven (289 m) to the 
north consists of five extinct volcanic centers, whereas 
the Quill (600 m) to the south is a dormant stratovolca-
no (Roobol and Smith 2004). The Quill (~220 ha) and 
Boven (~320 ha) are TPAs that are actively managed 
by the St. Eustatius National Parks Foundation (Collier 
and Brown 2008). Both areas are covered in secondary 
dry forest (Van Andel et al. 2016). Fieldwork was con-
ducted in 12 of 15 different vegetation types described 
by De Freitas et al. (2012), which we further examined 
in 2019 (Fig. 1). Due to their steep topography, we were 
unable to effectively conduct fieldwork in vegetation 
types M6 (Capparis-Antirhea mountains) and M8 (An-
tirhea-Coccoloba mountains). We excluded vegetation 
type B (Coccoloba beach), since this area was too small 
for the required fieldwork. Our study did not include 
any assessment of rodent populations in urban areas.

Vegetation on St. Eustatius varies from xe-
ric shrubland with cacti to seasonal deciduous forest 
(Roobol and Smith 2004; De Freitas et al. 2014). The 
former consists of open, grassy shrubland with few 
trees, while the latter is dominated by Bourreria bac-
cata, Pisonia subcordata, Guettarda scabra, and to a 
lesser extent Bursera simaruba (Van Andel et al. 2016). 
Annual average precipitation is 986 mm, and vegeta-
tion at higher elevations receives more rainfall than 
elsewhere on the island (De Freitas et al. 2012). There 
are no natural streams or bodies of fresh water on St. 
Eustatius, however black rats and mice are believed to 
obtain sufficient moisture through the consumption of 
plant material or rainwater droplets (Shiels et al. 2014). 
Tracking tunnels

In order to measure the RA of invasive rodent spe-
cies, data were collected in 12 vegetation types between 
July 2017 and May 2019. With the exception of the 
first assessment, which took place over seven months 
(Madden et al. 2019), tracking tunnels in assessments 
two to six were deployed quarterly (May 2018, August 
2018, November 2018, February 2019, and May 2019). 
Ten footprint tracking cards were placed in each veg-
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etation type at 50 meter intervals, baited with peanut 
butter, and tracked over three consecutive nights (first 
and second assessments; Madden et al. 2019) or over-
night (subsequent assessments; Brown et al. 1996). We 
followed the same methods described by Madden et al. 
(2019). A total of 1,200 tracking tunnels were deployed 
over the study period. 
Microhabitats

In order to determine whether particular microhab-
itat components were important predictors of rat and 
mouse activity, we collected data in a 5 x 5 meter plot 
at each of the tracking tunnel locations (n = 130). We 
combined all data to produce an average from each 
vegetation type. The microhabitat components were:
1. Elevation: a Garmin Montana 680t GPS device 

was used to measure elevation. 
2. Rock cover: the percentage of rock cover was esti-

mated by eye on two separate occasions and aver-

aged (Barun et al. 2011).
3. Bare ground: the percentage of bare ground was 

estimated by eye on two separate occasions and av-
eraged (Barun et al. 2011).

4. Grass cover: the percentage of grass cover was es-
timated by eye on two separate occasions and aver-
aged (Barun et al. 2011).

5. Leaf litter depth: a minimum of five measurements 
(one in the center and one in each corner) were tak-
en within each plot and averaged to determine leaf 
litter depth (Cox et al. 2000). 

6. Leaf litter cover: the percentage cover of leaf litter 
was estimated by eye on two separate occasions 
and averaged (Cox et al. 2000). The four “cover” 
categories added up to 100%. 

7. Number of stems: the number of stems standing 
between 45° and 90° and ≤ 10 cm in diameter was 
counted (Van Andel et al. 2016). 

fig. 1. Landscape ecological vegetation map of St. Eustatius showing locations of tracking tunnels and vegetation plots. 
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8. Number of shrub species: the number of shrub spe-
cies was counted (Van Andel et al. 2016).

9. Number of tree species: the number of tree species 
was counted (Van Andel et al. 2016). 

10. Number of live trees: the number of living trees 
was counted (Van Andel et al. 2016).

11. Number of logs: all logs (dead or alive) greater 
than 10 cm in diameter, lying on or otherwise par-
allel to the ground, were counted (Cox et al. 2000).

12. Canopy cover: the percentage cover of the canopy 
was assessed using the same method as for leaf lit-
ter cover (Cox et al. 2000).

13. Canopy height: the maximum height of the canopy 
was measured with a Bushnell Elite™ rangefinder. 

Statistical analyses
We transformed percent average rodent rela-

tive abundance, percent rock cover, grass cover, leaf 
litter cover, canopy cover, canopy height, and under-
story height with an arcsine square root transformation 
(Sokal and Rohlf 1995) in order to balance variables 
with large numbers (e.g., counts of ground stems) to 
those with smaller numbers (e.g., counts of trees). We 
used a Friedman’s chi-square test to determine signifi-
cant differences in mean rat and mouse RA per vegeta-
tion type over the study period, followed by a post-hoc 
test where relevant. A multiple regression model was 
constructed to investigate which microhabitat com-
ponents were the most important predictors of rat and 
mouse occurrence. All six assessments were combined 
into one dataset. A correlation matrix including all mi-
crohabitat components was calculated to eliminate any 
highly correlated variables from the regression model. 
Microhabitat components were deleted from the model 
if they could be reconstituted by linear combinations 
of remaining variables; reconstitution was considered 
acceptable if R2 exceeded 0.90. Remaining microhab-
itat components constituted the independent variables 
for the regression, while rat or mouse RA was used as 
the dependent variable. The model was accepted when 
α ≤ 0.05. The advantage of multiple regression analysis 
was expected to lie in using data from all six assess-
ments. However, averaging of microhabitat compo-
nent data had the potential to mask significant rat- or 
mouse-component associations based on the tracking 
tunnel data. We performed a Shapiro-Wilks test to de-
termine for normality of the rat and mouse RA datasets 
(Shapiro and Wilk 1965). We performed an analysis 

of variance (ANOVA) to compare rat and mouse RA 
between each assessment of rats and mice in all veg-
etation types combined. If the data were not normally 
distributed, we performed a Wilcoxon rank sum test. 
All analyses were performed in the R environment ver-
sion 3.5.0 (2018). Statistical significance was based on 
α ≤ 0.05. 

reSultS

Tracking tunnel data revealed rat and mouse RA 
from 0% to 70%, respectively, at elevations ranging 
from sea level to 507 meters. The highest mean RA of 
rat tracks were recorded at elevations of 300–349 meters 
(51.67%), 350–399 meters (33.05%), and 250–299 me-
ters (30.00%), which fall inside the 250-meter bound-
ary of the Quill National Park. The highest mean RA 
of mouse tracks were recorded at elevations of 50–99 
meters (53.90%) and 0–49 meters (38.88%), which fall 
outside the boundaries of the terrestrial protected areas. 
More rat than mouse tracks were recorded above100 
meters, however mouse tracks were also recorded in-
side the crater of the Quill at elevations of 250–299 me-
ters. Both house mouse and rat tracks were detected in 
seven vegetation types (L1, L2, H1, H2, M1, M7, and 
M9; Figs. 1, 2, and 3), at elevations of 0–299 meters. 
Four vegetation types (C, M2, M3, and M5; Figs. 1, 2, 
and 3) detected only rats and no mice. 

There was a significant difference in mean rat RA 
over the study period (Friedman χ2 = 14.31, df = 5, P = 
0.01). A post-hoc test revealed significant differences in 
rat RA between macrohabitats. In particular, rat RA in 
vegetation type M5 (lower Quill slope) differed signifi-
cantly from all other vegetation types except M1 (Quill 
crater) and M3 (Quill rim; Fig. 2; Table 1). Rat RA in 
vegetation type M9 (regenerating grasslands) differed 
significantly from six vegetation types (C, M1, M2, 
M3, M5, and M7; Fig. 2; Table 1). Similarly, rat RA 
in vegetation type M4 (lower Quill dry slope) differed 
significantly from vegetation types in coastal areas and 
the upper, wetter slopes and crater of the Quill (C, M1, 
M2, and M3; Fig. 2; Table 1). There was no significant 
difference in mean mouse RA over the study period 
(Friedman χ2 = 5.15, df = 5, P = 0.40). Rat RA dif-
fered significantly between assessments two and three 
(ANOVA (F(1,10) = 20.46, P = 0.001) and four and 
five (ANOVA (F(1,10) = 14.99, P = 0.003). Mouse RA 
differed significantly between assessments one and two 
(ANOVA (F(1,10) = 5.46, P = 0.04). 

Inspection of the correlation matrix revealed signifi-
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cant multicollinearity between six microhabitat compo-
nents, namely: grass cover and canopy cover, number of 
stems and number of shrub species, and number of trees 
alive and number of tree species. Consequently, before 
running multiple linear regression analyses on the rat 
and mouse datasets we removed canopy cover, num-
ber of shrub species and number of tree species from 
the models. After running an initial model we inspect-
ed the variance inflation factor (VIF) of each indepen-
dent variable and removed four additional components 
with scores >10, namely: elevation, grass cover, leaf 
litter cover and canopy height. Inspection of the VIF 
of the remaining microhabitat components resulted in 
values of between 1.25 and 3.62, which we considered 
acceptable to run a revised model. Multiple regression 
analysis of the independent variables revealed that rats 
were more likely to occur in microhabitats with fewer 
logs (r = -1.97; P = 0.05), less bare ground (r = -2.48; P 
= 0.02), and less grass cover (r = -2.42; P = 0.02), but 
with more live trees (r = 5.15; P < 0.001; Table 2). Con-
versely, mice were more likely to occur in microhabi-
tats with more bare ground (r = 2.01; P = 0.05; Table 3). 

diSCuSSion

This work builds on an initial study conducted 
in 2017 and 2018 that combined rat and mouse data 
(Madden et al. (2019). In contrast, this study analyzed 
the two species separately. This allowed us to build a 
more comprehensive overview of invasive rodent pop-
ulations in rural areas on St. Eustatius over a longer 
timeframe. Black rats and house mice were present and 
unevenly distributed in 12 rural macrohabitats. Black 
rats were the most abundant and ubiquitous species, de-
tected in all vegetation types; house mice were detect-
ed in eight. As expected, more rat tracks were recorded 
at higher elevations, whereas more mouse tracks were 
recorded at lower elevations. Studies elsewhere (e.g., 
Salibay and Luyon 2008; Shiels et al. 2014; Christie et 
al. 2017) have recorded lower rat densities at elevations 
>2,000 meters, however maximum elevation does not 
exceed 600 meters on St. Eustatius. 

Black rats and house mice exhibited clear and in-
verse patterns of habitat use on St. Eustatius. Black 
rats preferentially used microhabitats with less grass 
and bare ground, fewer logs, but more living trees. Cox 
et al. (2000) determined that black rats in New South 

fig. 2. Relative abundance (± SE %) of black rats (Rattus rattus) per macrohabitat (vegetation type) on St. Eustatius 
between July 2017 and May 2019 based on tracking tunnel data.
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Wales, Australia, were more likely to occupy microhab-
itats with a dense understory, numerous vertical stems, 
and dense leaf litter cover. Our linear regression model 
did not reveal a significant relationship between rat RA 
and leaf litter cover or number of stems within micro-
habitats. Nevertheless, the number of live trees, logs, 
bare ground, and grass cover were significant predic-
tors of rat RA. The results of our model do not entirely 
concur with Cox et al. (2000) or Brown et al. (1996), 
however they do reveal that rats can persist in a variety 
of microhabitats and may not necessarily be influenced 
by the same independent variables in different environ-
ments. 

At a macrohabitat scale, rat RA exhibited signifi-
cant differences between vegetation types. Overall, 
rats had a clear preference for forested areas with a 
mosaic of macrohabitats compared to forest fragments 
or grass/shrub habitats. Specifically, rat RA in vege-
tation type M5 (Pisonia-Eugenia mountains) differed 
significantly from all other vegetation types except 
M1 (Myrcia-Quararibea mountains) and M3 (Chion-
anthus-Nectandra mountains; Fig. 1; Table 1). This is 
unsurprising considering M1, M3, and M5 are located 
in the upper, wetter slopes and inside the crater of the 
Quill, although we expected M2 (Coccoloba-Chionan-

thus mountains) to have similar rat RA. Van Andel et 
al. (2016) describe M2 as “lower and denser than that 
in the crater bottom, with smaller trees growing on and 
between large boulders,” which may account for the dif-
ference. Rat RA in vegetation type M9 (Rauvolfia-Anti-
gonon mountains) differed significantly from vegetation 
types C, M1, M2, M3, M5, and M7 (Table 1). This is to 
be expected given the differences in vegetation types, 
with M9 classified as regenerating grassland dominated 
by invasive flora such as Corallita (Antigonon leptopus; 
Van Andel et al. 2016). Floral composition in vegetation 
types M1, M2, and M3 is structurally more complex 
than M9, and thus may provide adequate food, nesting, 
and other resources. De Freitas et al. (2012) described 
vegetation type C as consisting of low shrubs/trees, 
species-poor vegetation, with fruit-bearing Coccoloba 
uvifera being the dominant species. This suggests that 
resources such as food might be limiting rat popula-
tions in M9 compared with C. Similarly, rat RA in veg-
etation type M4 (Capparis-Pisonia mountains) differed 
significantly from vegetation types C, M1, M2, and M3 
(Table 1). M4 is located on the lower, dryer slopes on 
the south side of the Quill, and is heavily dominated by 
Quadrella cynophallophora and Ficus citrifolia, with a 
shrub and herb layer characterized by Randia aculeata 

fig. 3. Relative abundance (± SE %) of house mice (Mus musculus) per macrohabitat (vegetation type) St. Eustatius 
between July 2017 and May 2019 based on tracking tunnel data.

Downloaded From: https://bioone.org/journals/Caribbean-Journal-of-Science on 10 Sep 2020
Terms of Use: https://bioone.org/terms-of-use	Access provided by Universidad de Puerto Rico, Mayaguez



 2020]           Madden et al.: Habitat PreferenCeS of rodentS on St. euStatiuS        208

and Rauvolfia viridis (Van Andel et al. 2016). As with 
M9, it is likely that rat populations in M4 are limited by 
food or other resources compared with those in coastal 
areas and forested areas on the wetter slopes and inside 
the crater. Specific microhabitat components may act as 
cues in determining macrohabitat use by black rats. As 
suggested by Cox et al. (2000), the strong association 
between rat RA and microhabitat components could in-
dicate that rats are “opportunistic in macrohabitat use, 
but within large patches, individuals may preferentially 
use some microhabitats more than others.”

House mice were more likely to occur in microhab-
itats with more bare ground, but did not otherwise ex-
hibit strong preferences for the other microhabitat com-
ponents. Mouse population demography and behavior 
is thought to depend on microhabitat components such 
as dense ground cover, especially in the presence of 
black rats (Moller 1978; Brown et al. 1996). Our study 
did not find a significant association with mouse RA 
and number of stems (Table 3). Additionally, mice were 

less (though not significantly) likely to occur in micro-
habitats with greater tree densities, in stark contrast 
to rats (Table 2). Grass cover in our regression model 
was identified as a marginally significant predictor of 
mouse occurrence, whereas bare ground was identified 
as the most important predictor. This is contrary to a 
number of other studies that suggest that mice are more 
likely to occur in sheltered microhabitats, which offer 
greater refuge from predation. For example, Arthur 
et al. (2005) determined that house mouse abundanc-
es were greater in microhabitats (outdoor enclosures) 
with increased habitat cover (grass and logs), which re-
duced their exposure to predators. Similarly, Dickman 
(1992) revealed that house mouse abundance roughly 
correlates with vegetation density in Western Australia. 

At a macrohabitat scale, mouse RA did not dif-
fer significantly between vegetation type. However, 
mouse RA was higher than rat RA in vegetation types 
L1 and L2 (lowland areas characterized by scattered 
trees, shrubs, and extensive grass cover; de Freitas et 

B H1 H2 L1 L2 M1 M2 M3 M4 M5 M7
H1 0.72 - - - - - - - - - -
H2 0.89 0.71 - - - - - - - - -
L1 0.22 0.60 0.34 - - - - - - - -
L2 0.07 0.07 0.07 0.14 - - - - - - -
M1 0.35 0.07 0.04 0.04 0.03 - - - - - -
M2 0.67 0.46 0.53 0.20 0.04 0.25 - - - - -
M3 0.23 0.03 0.03 0.07 0.03 0.50 0.18 - - - -
M4 0.03 0.13 0.13 0.10 0.56 0.04 0.04 0.04 - - -
M5 0.03 0.03 0.03 0.03 0.03 0.08 0.03 0.12 0.03 - -
M7 0.35 0.14 0.14 0.11 0.07 0.75 0.60 0.53 0.07 0.04 -
M9 0.03 0.07 0.07 0.07 0.18 0.03 0.04 0.03 0.66 0.03 0.04

table 1. Post-hoc Pairwise Wilcox test between rat relative abundance in 12 vegetation types on St. Eustatius. Signifi-
cance levels (P-values) are shown. Bold typeface indicates significance. 

table 2. Multiple linear regression of microhabitat 
components on black rat relative abundance on St. Eustati-
us. Significance levels (P-values) are shown. Bold typeface 
indicates significance. Model α <0.001.

t P
Grass cover -2.42 0.02
Bare ground -2.48 0.02
Leaf litter cover -0.29 0.77
No. of stems -1.44 0.15
Live trees 5.15 <0.001
Logs -1.97 0.05

table 3. Multiple linear regression of microhabitat com-
ponents on house mouse relative abundance on St. Eustatius. 
Significance levels (P-values) are shown. Bold typeface in-
dicates significance. Model α = 0.05.

t P
Grass cover 1.94 0.06
Bare ground 2.01 0.05
Leaf litter cover 0.90 0.37
No. of stems 0.79 0.43
Live trees -1.79 0.08
Logs -0.93 0.36
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al. 2012; Fig. 3). Similarly, mouse RA was higher than 
rat RA in vegetation types M4 and M9 (lower elevation 
areas characterized by low tree diversity, shrubs, grass-
es, and herbs; de Freitas et al. 2012; Fig. 3). We were 
surprised to detect mouse tracks inside the Quill crater 
during the second, third, fourth, and sixth assessments, 
especially since mice were not detected in any of the 
nearby vegetation types (Fig. 3). Unlike rats, mice are 
neophilic (Crowcroft 1973), therefore it is unlikely that 
they initially avoided the tracking tunnels. It is possi-
ble that the denser ground cover inside the Quill crater 
compared with the surrounding forest could account for 
the presence of a population of mice within this vege-
tation type (see Brown et al. 1996; Pocock et al. 2014; 
Shiels et al. 2018). We also note that a study on Hawai’i 
documented house mice at elevations from sea level to 
>3,500 meters (Cole et al. 2000). 

We did not test whether the presence of rats affected 
mouse occurrence and distribution (e.g., through pre-
dation or exclusion through scent marking). In the ma-
jority of macrohabitats sampled, however, there was an 
inverse relationship between rat and mouse RA (Figs. 2 
and 3). Our results are similar to Shiels et al. (2017), who 
found that black rats dominated forest habitat on Maui, 
whereas house mice dominated the adjacent grassland. 
If our data represent true population densities, house 
mice do not occur in any forest macrohabitats of the 
Quill except the crater (Fig. 3), whereas rats occur in 
all vegetation types at differing densities. However, if 
behavioral interference from rats is stronger in micro-
habitats with lower percentages of bare ground, then 
comparison of rat and mouse RA from tracking tunnel 
data could be confounded. If interference does occur, 
it may have affected comparisons of mouse and rat RA 
between assessments and habitats. 

Rat RA differed significantly between assessments 
two and three (May to August 2018) and four and five 
(Nov 2018 to February 2019; Fig. 2; Table 2). Such dif-
ferences might be explained by fluctuations in rainfall, 
especially since monthly rainfall on St. Eustatius is ir-
regular (Van den Burg et al. 2012). The main flower-
ing season of tree species in dry forest habitats is May 
(pers. obs.), with subsequent fruit availability in July/
August. This could in part account for the differences 
in rat RA, however as mentioned earlier rodent popu-
lations on tropical islands are known to fluctuate and 
do not necessarily infer a decrease or increase in abun-
dance (Russell et al. 2011). Mouse RA did not differ 
significantly over the study period except between as-

sessments one and two (July 2017 to May 2018; Fig. 3; 
Table 2), suggesting that food or other resources were 
either not limiting mouse populations, or were equal-
ly limiting, in the macrohabitats where mice occurred 
(Banks and Dickman 2000). Mouse RA was highest in 
November 2018 and lowest in May 2019, coinciding 
with the wet and dry seasons respectively. 

This paper presents results that warrant further re-
search. As stated earlier, rodent populations on tropical 
islands are generally denser than their temperate coun-
terparts. When planning conservation efforts related to 
invasive rodents in the tropics, therefore, it is essential 
to understand temporal and spatial patterns in popu-
lations (Samaniego Herrera et al. 2017). Overall, the 
paucity of significant temporal differences in rat and 
mouse RA indicates that populations are relatively sta-
ble throughout the year. This is expected given the is-
land’s tropical climate. Our results are consistent with 
other studies (Harper and Carrion 2011; Harper et al. 
2015; Russell and Holmes 2015) that document stable 
rodent populations year-round, but cite the dry period 
as most optimal for eradication purposes. We hope that 
the results of this study will be useful for local govern-
ment and protected area managers to develop policies 
and conservation strategies to manage invasive rodents 
in rural areas, especially TPAs.
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