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ABSTRACT: As a biotic interaction, drilling predation is affected by the evolutionary histories of the predator and prey, as
well as the environment. A unique location with distinctive evolutionary histories and environmental conditions is the
remote island of Rapa Nui. For mollusks, an evolutionary history in relative isolation has led to high rates of endemism
(35-40%), in an area that has some of the most nutrient-poor waters of the global ocean. Here, we use death assemblages
collected in Rapa Nui to answer two main questions: (1) How does a pervasive interaction like drilling predation play out
in an isolated, oligotrophic marine system? and (2) What role do the environment (exposed vs. sheltered sites) and species
traits (feeding, mobility, life habit) play in ‘protecting’ the prey? We predicted that predation would be low relative to
other tropical and subtropical islands given the oligotrophic conditions and found that the average drilling frequency (DF)
was 5.67% (n = 6122). We observed no significant differences in DF between feeding guilds, mobility types, or life habits.
Sheltered sites dominated by the infaunal bivalve Ctena bella had higher predation. In terms of passive defenses for
C. bella, larger body size was not an effective defense against drilling predators. We show that drilling predation in Rapa
Nui is lower than in high-latitude regions, and it is dependent on how sheltered or exposed sites are. Historically and
currently, Rapa Nui has been subject to multiple anthropogenic stressors, including over-extraction and tourism, making

efforts to understand its endemic species and their interactions fundamental.

INTRODUCTION

Predation is a key biotic interaction that is both affected by evolutionary
histories and environmental factors. By reducing prey fitness through mortality
and non-lethal predation, predators cause changes in prey species’ fitness and
population dynamics (Meyer and Byers 2004; Peckarsky et al. 2008; Preisser
and Bolnick 2008; Matassa and Trussell 2011; Harper 2016). Through this
process, predators become important drivers of species evolution in ecosystems
(Vermeij 1977, 1993; Aberhan et al. 2006; Stanley 2008; Finnegan et al. 2011).
In addition to evolutionary histories, multiple environmental variables can also
determine how predatory interactions play out. Examples of environmental
factors that can affect the intensity of biotic interactions are productivity and the
energy of the environment. For instance, higher productivity sometimes leads to
higher predation (Leibold 1989; Elliott and Leggett 1996; Bohannan and
Lenski 2000; Leonard-Pingel and Jackson 2016). In terms of wave energy,
wave-swept shores have been linked to lower foraging time and lower predation
(Menge 1978; Etter 1996; Gusmao et al. 2018). Temperature can also have
a direct impact on predation rates as many physiological processes such as
consumption rates are temperature-dependent (Sanford 2002; Dell et al.
2014). In tropical environments where temperatures are high, metabolic
rates are also elevated (Allen and Gillooly 2007), and consumption increases
(Ashton et al. 2022). This high predatory pressure in marine tropical
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environments has been used to explain the presence of passive defensive traits
in mollusks such as spines, thicker shells, ornamentation, and larger body size
(Vermeij 1974; Palmer 1979; Kitchell et al. 1981; Boggs et al. 1984; Han and
Jablonski 2008).

Drilling predation, where a gastropod predator drills a hole through the
shell of its prey, presents an ideal system to study the role of passive defensive
traits. For example, size-limited predation, where larger prey individuals are able
to escape predators, is a defensive passive strategy that influences the size-
structure of communities (Osenberg and Mittelbach 1989; Persson 1997; Urban
2007; Aristov and Varfolomeeva 2019). For gastropods, predation is size-limited
because some of them use their foot to hold their prey, and if the prey is too
large, they cannot hold it (Carriker 1981). If this is considered in terms of
optimal foraging however, predators should prefer larger prey because it
maximizes their energy return (Kitchell et al. 1981; Leighton 2002). All
else being equal, predatory gastropods should select larger individuals until
a size refuge by the prey is attained (e.g., Leonard-Pingel and Jackson
2013; Chattopadhyay et al. 2015). Another morphological trait that can be
considered a passive defense is shell thickness (Kitchell et al. 1981; Boggs
et al. 1984). Individuals with thicker shells have a lower energetic gain for a
gastropod predator because the cost of drilling through them is higher than
the cost of drilling through individuals with thinner shells.
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Fig. 1.—Map of Rapa Nui (Easter Island) showing the sites where shells were collected.

Drilling predation also presents the benefit of being well-studied across
a wide range of environments, latitudes, and time periods (Vermeij 1993;
Kowalewski et al. 1998; Harper and Peck 2003; Kelley et al. 2003; Kowalewski
2004; Leonard-Pingel and Jackson 2013; Martinelli et al. 2013; Visaggi et al.
2013; Chattopadhyay et al. 2015; Martinelli et al. 2015; Visaggi and Kelley
2015; Archuby and Gordillo 2018; Smith et al. 2018; Mondal et al. 2019;
Gordillo et al. 2020; Zuschin et al. 2022), for an updated review see
(Klompmaker et al. 2019), which allows for comparison of predation frequencies
between taxa and locations. The existing dataset on drilling predation, however,
is still insufficiently detailed to allow us to understand the full range of natural
variability in the interaction (Harper 2016), or to allow us to predict how
important the role of these predators will be in a given environment (Klompmaker
et al. 2019). New information from understudied or remote locations helps refine
and add to our knowledge.

Oceanic islands that have evolved in more isolation than continental
marine environments are of special evolutionary interest to study biotic
interactions because of their unique species composition (Whittaker and
Fernandez-Palacios 2007). Rapa Nui (Easter Island, Fig. 1) is one of the
world’s most isolated oceanic islands and this isolation has led to very high
rates of endemism among the different marine groups present on the island
(Rehder 1980; Boyko 2003; Fernandez et al. 2014). Pioneer work by Osorio
and Cantuarias (1989) described the intertidal zonation for many molluscs
along the Rapa Nui coastline, while Kohn (1978) mentioned for the first time
the presence of gastropod predators on the island. The predatory gastropods

include the muricid Neothasis nesiotes, Pisania decapitata englerti, and
Strigatella flavocingulata which feed on polychaetes (Kohn 1978).

Today, Rapa Nui’s isolation is becoming a thing of the past due to the
growing tourism industry and associated human impacts (Figueroa and Rotarou
2016). Historically, the island’s natural resources have also been subject to
intense over-extraction due to overpopulation (Hunt and Lipo 2009), which
might have put a strain on the populations of coastal mollusks. In this context of
evolutionary isolation, some of the world’s most oligotrophic waters (Morel
et al. 2010; Andrade et al. 2014), and human impact, it becomes interesting as
well as important for the preservation of an endemic fauna, to understand how
predatory interactions play out. An informative first approach is to study drilling
predation, as the traces left by drilling gastropods can be easily quantified,
requiring no direct intervention or experimentation.

Based on the oligotrophic local conditions (Morel et al. 2010; Andrade
2014), we predict that drilling predation will be lower than in tropical and
subtropical regions. Based on the different exposure of the east and west
sides of the island to environmental factors such as wave action and winds
(Morel et al. 2010; Andrade et al. 2014; Easton et al. 2018; Petit et al. 2021), we
predict that drilling predation will be higher in more stable, protected sites in the
northwest part of Rapa Nui. We also attempt to determine if morphological
traits such as shell size and thickness protect prey against predators, as well as
understand whether any prey items are preferred based on their mobility, life
habit, or feeding guild. Findings from this study will help comprehend the
relative importance of the environmental context and species traits in driving
predation and community structure in isolated, nutrient-poor ecosystems.
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DRILLING PREDATION IN MOLLUSKS FROM RAPA NUI

TaBLE 1.—Total number of drilled and undrilled
individuals per collection site.

Collection Whole Drilled

site individuals individuals DF (%) Exposure
Anakena 460 47 10.22 Protected
Hanga Roa 841 46 5.47 Protected
Hanga Take Ure 1386 57 4.11 Exposed
La Perouse 743 62 8.34 Protected
Ovahe 785 16 2.04 Protected
Vaihu (east) 215 7 3.25 Exposed
Vaihu (west) 511 21 4.11 Exposed

METHODS

Study Site and Sample Collection

We carried out sampling in Rapa Nui, Polynesia (27°6’S, 109°21'W) in
April 2017. The closest continental landmass and island to the east are
Chile (~ 3700 km), and the Juan Fernandez Islands (~ 3100 km) respectively
(Fig. 1). To the west, Ducie Island (Pitcairn Island group) is located ~ 1600 km
away. The closest islands to the north are the Galapagos (~ 3800 km).

Sampling was carried out in coastal sites around the entire island to cover as
much mollusk diversity as possible (Fig. 1). Wave exposure was variable among
sites, with the southeast side of the island being more exposed than the
northwest, which is considered more protected (Easton et al. 2018; Petit et al.
2021; Table 1). All the collection sites on Rapa Nui had large volcanic rocks or
gravel, and in general, very limited space for shells to accumulate. Most of the
shell assemblages we found were located in sand pockets between large volcanic
rocks. Only one of our sampling sites, Anakena, is a sandy beach. We collected
molluscan specimens manually at six sites on the island (Fig. 1). At each
location, we sampled randomly within sand pockets until we collected a
minimum of 500 individuals. The sampling effort was equivalent for all sites but
there was variability in the abundance of shells that resulted in a range of 500—
1200 total counts of shells per site (Table 1). After collection we processed
samples through a 4 mm sieve to allow for comparability with the fossil record
given that smaller shells have a lower probability of being preserved relative to
larger ones (Kidwell 2001; Cooper et al. 2006).

Species Abundance, Life Habits, Mobility and Feeding Types

We identified mollusk shells to the species level using published literature
(Rehder 1980; Osorio and Cantuarias 1989; Coloma et al. 2004; Spencer et al.
2007; Raines and Huber 2012; Fernandez et al. 2014). To understand if predators
prefer prey with specific traits, we used prior studies (Kohn 1978; Rehder 1980;
Boyko 2003; Raines and Huber 2012) and databases (NMITA database) to
classify prey according to their life habits (infaunal or epifaunal), their mobility
(mobile, low mobility, sessile) and their feeding type (filter feeders, grazers,
scavengers/predators, drilling predators, chemosymbionts, parasites).

Drilling Frequencies

We analyzed all unfragmented individuals for the presence of drill holes.
For a drill hole to be considered predatory, the trace had to have a regular
circular outline and be perpendicular to the shell (Kowalewski 2002; Kelley
et al. 2003; Yanes and Tyler 2009). We considered a predatory drill hole to be
successful when it was complete (the hole went through the shell). We also
quantified the presence of incomplete drill holes (the hole did not go through
the shell, it is considered a failed predation attempt), and of multiple drill holes
(more than one complete drill hole per shell). To calculate predation frequency,
we used the number of drilled individuals per species, divided by the total
number of individuals from that same species in a sample (Lower Taxon
Frequency; Kowalewski 2002). When calculating predation frequency for
bivalves, a correction was applied where only the right shells were considered
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Fi6. 2—Mean drilling frequency per site, calculated with species with n = 30.
Each color represents a different site. The horizontal dashed line indicates the
pooled drilling frequency value for all individuals. The horizontal bars on the
boxplot represent median values, boxes enclose the 25th to 75th percentiles, and
whiskers indicate the maximum and minimum values. Dots represent the different species
with n > 30 at each site.

to avoid overestimating the number of individuals. We calculated these
predation frequencies for each site (only pooling data for species with 30 or
more individuals; Fig. 2), for the 11 most abundant species (Fig. 3), and for all
the pooled life habits, mobility and feeding types (Fig. 4A-4C).

Testing Which Factors Are Stronger Predictors of Drilling Frequencies

To determine whether different species traits (feeding mode, mobility,
and life habit) or wave exposure of the site (exposed vs protected) were good
predictors of drilling frequencies for the different species, we used a generalized
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Fi. 3.—Mean drilling frequency per species pooled across all sites (n = 30). Each
species is represented by a different color. The horizontal dashed line indicates the
pooled drilling frequency value for all individuals sampled.
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Fi6. 4—Dirilling frequency boxplots. A) Drilling frequency for mollusks pooled by feeding mode. B) Drilling frequency for mollusks pooled by mobility. C) Drilling
frequency for mollusks pooled by life habit (infauna or epifauna). The horizontal dashed line indicates the pooled drilling frequency value for all individuals. The horizontal
bars on the boxplot represent median values, boxes enclose the 25th to 75th percentiles, and whiskers indicate the maximum and minimum values.

linear model (GLM) and modeled the response variable (drilling frequency)
with a Poisson distribution to account for the large number of zeros in the
dataset. We checked for overdispersion in all models by calculating the ratio of
model residual deviances to residual degrees of freedom. We carried out GLM
analyses using the ‘glm’ function in the ‘stats’ package in R (R Core Team
2022, vers. 4.2.0). The ‘dropl’ function with chi-squared test was used to
determine which of the fixed-factors to keep. Code and data files are provided
as supplementary material.

Drilling Frequency,—y ;x1m) ~ Feeding Mode; + Mobility

+ Life Habit; + Exposure,,

To complement the GLM analysis we also carried out four Kruskal-Wallis
tests to determine whether drilling frequencies (DF) were significantly different
between: (1) exposed or protected sites; (2) life habits; (3) feeding guilds; and
(4) mobility types. We chose non-parametric Kruskal-Wallis tests because the
distribution of DF was left-skewed due to all the zeros.

Ctena bella as Prey: Passive Defenses, Site Stereotypy,
and the Role of the Environment

The bivalve Ctena bella (Conrad, 1837) (Lucinidac) was the most
abundant (n = 455) and drilled prey (DF = 23.3%). Given that it was the
most drilled prey species and possibly subject to higher predation pressure,
we selected it to test whether prey size or shell thickness conferred any
protection from predators. To analyze the relevance of these passive defense
traits for C. bella, we measured shell size (height, width, length), thickness and
mass in individuals from three sites where the species was very abundant
(Anakena: n = 148; Hanga Take Ure: n = 253; Hanga Roa: n = 70). Shell
thickness was measured with a thickness gauge at the center of the right valve.
Linear measurements were made to the nearest 0.01 mm, weight to the nearest
0.01 mg, and all measurements were log, transformed. Other relevant biotic
information about the species was obtained from online databases (NMITA
database: http://porites.geology.uiowa.edu/database/mollusc/mollusclifestyles.
htm). To determine whether shell size or wave exposure of the site (exposed
vs. protected), had a significant effect on the probability of an individual being
drilled, we used a generalized linear model (GLM) with a logit link function and
binomial response variable (drill-hole = 1, no drill-hole = 0). Shell weight
(Pearson’s correlation, r = 0.93, df = 471, p value = 2.2"'®) and thickness
(Pearson’s correlation, r = 0.82, df = 471, p value = 2.27'°) were positively
significantly correlated with shell length, so they were not included in the models.
We checked for overdispersion in all models by calculating the ratio of model

residual deviances to residual degrees of freedom. We carried out GLM analyses
using the ‘glm’ function in the ‘stats” package in R (R Core Team 2022). The
‘drop1” function with chi-squared test was used to determine which of the fixed-
factors to keep. Code and data files are provided as supplementary material.

Drilling; ~ Shell size; + Exposure;

To complement the GLM analysis we also carried out Kruskal-Wallis
tests to determine whether DF for Ctena bella were significantly different
between exposed or protected sites.

RESULTS
Species Abundance, Life Habits, Mobility, and Feeding Types

The death assemblages yielded 6122 mollusks from nine bivalve and 36
gastropod species. Two of the bivalves are from continental Chile (Mesodesma
donacium (n = 1), and Ameghinomya antiqua (n = 1) and may have been
transported to Rapa Nui. The rest of the species have been previously described
for the island (Rehder 1980).

Most of the mollusks found are epifaunal (89%), with the exception of Ctena
bella and the two bivalves from continental Chile. Among the mobility types,
75% of the individuals belong to species with low mobility, 24% were found to
be actively mobile, and 1% sessile (Table 2). The dominant feeding type were

TABLE 2.—Relative abundance and mean drilling frequency for each life
habit, mobility type, and feeding type of Rapa Nui mollusks.

Trait Relative abundance Mean DF (%)
Life habit

Epifauna 89.4 34

Infauna 10.6 11.3
Mobility

Mobile 243 43

Low mobility 75.2 2.5

Sessile 0.4 22

Feeding type

Chemosymbionts 10.4 18.8

Ectoparasites 0.1 0

Filter feeders 0.5 1.8

Grazers 85.1 4.1

Scavengers/predators 2.7 2.7

Drilling gastropods 1.1 1.7
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TABLE 3.—Abundance of unfragmented and drilled individuals of the 11 most abundant bivalve and gastropod species from Rapa Nui. Drilling
frequencies for each species are also shown.

Species Bivalvia/Gastropoda Whole individuals Drilled individuals DF (%)
Ctena bella (Conrad, 1837) Bivalvia 455 106 233
Diodora granifera (Pease, 1861) Gastropoda 80 3 3.7
Euchelus alarconi (Rehder, 1980) Gastropoda 88 1 1.8
Hipponix antiquatus (Linnaeus, 1767) Gastropoda 749 14 1.8
Melampus pascus (Odhner, 1922) Gastropoda (Pulmonata) 124 2 1.6
Nerita lirellata (Rehder, 1980) Gastropoda 253 29 11.5
Nerita morio (G.B. Sowerby 1, 1980) Gastropoda 430 25 5.8
Echinolittorina pascua (Rosewater, 1970) Gastropoda 322 3 0.9
Pilosabia trigona (Gmelin, 1791) Gastropoda 299 2 0.7
Hinea akuana (Rehder, 1980) Gastropoda 1406 37 2.6
Trimusculus odhneri (Hubendick, 1946) Gastropoda 524 19 3.6

grazers (85%), followed by chemosymbionts (10%) and scavengers/predators
(3%, Table 2). Other smaller feeding types also found in the samples were
drilling gastropods (1%), filter feeders (0.5%), and ectoparasites (0.5%).

Among drilling gastropods, three potential predators were found: Pascula
citrica (Muricidae, n = 33), Neothais nesiotes (Muricidae, n = 32), and
Morula praecipua (Muricidae, n = 1). The pooled relative abundance of
drilling gastropods per site varied between 0% (Vaihu S) and 2% (Ovahe).
Naticid gastropods were not found in the samples.

Drilling Frequency Per Site and Species

Mean and median drilling frequency (DF) and standard error for all sites
were 5.67% = 1.61 and 1.90 £ 1.61, respectively. These DF were calculated
with the prey species from each site whose n = 30 (Fig. 2). Sites with less than
30 individuals had usually no drilled specimens. Values for the collection sites
ranged between 2% (Ovahe) and 10% (Anakena). Only La Perouse and
Anakena had DF values higher than the overall mean. The eleven most
abundant prey species (n = 30) had DFs between 0.7 and 23% (Fig. 3,
Table 3). Drilling frequencies for the 45 species in the samples ranged
from 0% to 30% but this was affected by singletons and species with less
than 10 individuals.
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FiG. 5.—Modeling results showing the predicted drilling frequency (DF) for
different feeding modes (chemosymbionts, grazers and scavenger/predators) in both
exposed and protected sites (shown in light blue and dark blue respectively). The
grazers had significantly lower predation than the other two feeding modes (Table 5),
and protected sites had significantly higher predation (Table 5).

Drilling Frequencies for Life Habits, Mobility and Feeding Types

Infaunal organisms, represented by Ctena bella, had the highest drilling
frequency (Fig. 4; DF = 23.3%). This DF is also reflected in the feeding types
(Fig. 4A) and mobility (Fig. 4B) as C. bella is an infaunal lucinid. When we
tested for significant differences between groups we found that there were no
significant differences between (1) exposed or protected sites (Kruskal-Wallis
chi-squared = 0.052, df = 1, p value = 0.819); (2) life habits (Kruskal-Wallis
chi-squared = 2.5, df = 1, p value = 0.114); (3) feeding guilds (Kruskal-
Wallis chi-squared = 2.5, df = 1, p value = 0.114); or (4) mobility types
(Kruskal-Wallis chi-squared = 0.167, df = 1, p value = 0.683).

Testing Which Factors are Stronger Predictors of Drilling Frequencies

The generalized linear model showed that beach exposure and feeding
mode were significant explanatory predictors of drilling frequencies in
mollusks from Rapa Nui (Fig. 5, Table 5). Mollusks with grazing feeding
habits had significantly lower drilling frequencies than chemosymbionts and
scavengers/predators (Fig. 5). Wave-protected collection sites had signifi-
cantly higher drilling frequencies than exposed ones (Fig. 5). We found no
evidence for overdispersion in residuals for the models as the ratio of model
residual deviances to residual degrees of freedom was smaller than 1. Given
that these results contradict the Kruskal-Wallis tests, it is likely that their
significance is driven by Ctena bella, a very abundant infaunal bivalve.

Ctena bella as Prey: Passive Defenses and the Role of the Environment

Samples of C. bella from Anakena, Hanga Take Ure, and Hanga Roa
(Fig. 1) were used for further analyses (Fig. 6). We found that fragmentation
rates were below 25% in all sites (Anakena 10%, Hanga Take Ure 9%, Hanga
Roa 23%). The DFs for incomplete, complete, and multiple drill holes are
presented in Table 4.

The generalized linear model showed that beach exposure was a significant
explanatory predictor of drilling predation for C. bella but shell mass was not
(Fig. 7, Table 6). We found no evidence for overdispersion in residuals for the
models as the ratio of model residual deviances to residual degrees of freedom
was smaller than 1.

TABLE 4 —Fragmentation and drilling frequencies (incomplete, complete,
and multiple) for the bivalve Ctena bella in three sites in Rapa Nui.

Incomplete ~ Complete ~ Multiple
Site N Fragmentation DF DF DF
Anakena 199 10.3% 3% 20.1% 2.5%
Hanga Take Ure 258 9.2% 0.8% 10.8% 2.3%
Hanga Roa 75 22.6% 5.6% 20.7% 2.8%
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TABLE 5.—Summary of generalized linear model statistics for the effects

of beach exposure, mobility, life habit, and feeding on drilling predation

frequencies. (4) The effect of dropping variables from the full model, with

Akaike Information Criterion (AIC) and chi-square statistics. (B) The final

predictive model (showing estimates, standard errors and p-values). Bold
text indicates statistical significance.

A—Variable df AIC Pr ()
Beach exposure 1 145.16 0.01216
Mobility 1 138.88 0.97872
Life habit 0 140.88 —
Feeding 1 174.19 2.806°"
B—Variable Estimate SE p value
Intercept 2.937 0.352 2716
Beach exposure 0.470 0.190 0.0134
Mobility 0.007 0.266 0.9787
Life habit 0.012 0.293 0.9672
Feeding -1.995 0.295 1.55° 1

The results from the Kruskal-Wallis test provided support for the GLM
results as the differences in DF between exposed and protected sites were
significant (Kruskal-Wallis chi-squared = 21.808, df = 1, p value = 3.014e-00).

DISCUSSION
Low Drilling Frequencies in Rapa Nui

This study provides information on drilling predation from death assemblages
in Rapa Nui, one of the most isolated islands on the planet. Given the
remoteness of the island and the oligotrophy of its waters, our prediction was
that drilling predation would be lower than in other tropical and subtropical
regions. In agreement with our prediction, we found that the drilling
frequency obtained for mollusks from Rapa Nui (6%) is lower than what has
been reported for tropical and subtropical regions such as 12% for modern
mollusk assemblages from Brazil (Visaggi and Kelley 2015), 7% for modern
infaunal tellinids from Australia (Martinelli et al. 2015), 18% for mollusks
from the Miocene in Panama (Fortunato 2007), and 16-27% for large
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bivalves from the Neogene in Panama and Costa Rica (Leonard-Pingel and
Jackson 2013). The pooled drilling frequency for modern mollusks from
Rapa Nui is even lower than the mean drilling intensity of 17% estimated for
subtropical mollusk assemblages from the Cretaceous to the Pleistocene
(Table 4; Mondal et al. 2019), a time when new predators and prey were
evolving in marine communities (Vermeij 1977). The drilling frequencies
from our findings are more like drilling intensities reported for high latitude
regions in the southern hemisphere (10% for mollusks from the Atlantic
coast of Patagonia, (Martinelli et al. 2013), and ~ 2% for limpets from the
same coast, (Archuby and Gordillo 2018). These low predation rates in Rapa
Nui may be explained by the combination of the subtropical nature of the
island (lower temperatures than in tropical environments), the hyper-oligotrophy
of the surrounding waters, the harsh environmental conditions and wave action,
and the presence of other predators such as fish (Morel et al. 2010; Andrade
et al. 2014; Gusmao et al. 2018).

Environmental Factors and Drilling Predation in Rapa Nui

The relationship between drilling predation and primary production is
still not clear (Klompmaker et al. 2019), but previous studies have identified
primary productivity as a factor that influences predator-prey interactions
(Leibold 1989; Bohannan and Lenski 2000). Rapa Nui is located in the
South Pacific Gyre, an area that has been described as “the world’s largest
oceanic desert” (Morel et al. 2010; Andrade et al. 2014). This region is the
most oligotrophic subtropical zone of the global ocean (Morel et al. 2010;
Andrade et al. 2014), and that might be one of the reasons why predation is
low. A recent study of infaunal invertebrates near coral reefs in Rapa Nui found
that wave action and disturbance might be more important than predation in
driving local community structure (Gusmao et al. 2018). This finding agrees
with our results, where we found that protected sites had significantly higher
drilling frequencies than sites exposed to wave action. The coast of Rapa Nui
has cliffs and rocks, and there is a lack of intertidal or subtidal ecosystem
engineers such as coral reefs or mangroves to protect it, leaving the communities
from shallow habitats to face harsh and unstable environments (Gusmao et al.
2018). Hydrodynamic stress has also been suggested as the major driving factor
structuring benthic soft-bottom communities on the island (Gusmao et al. 2018).
Our results imply that drilling frequencies were significantly affected by
exposure to high energy and waves, and this may also explain the preference for

Fi6. 6.—Photos of C. bella shells with drill holes. The close-up image shows a beveled drill hole. Scale bars = 1 cm.
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Fi6. 7—Modeling results showing the likelihood of a shell being drilled by
predators (0-1) for C. bella in both exposed and protected sites. Protected sites had
significantly higher predation values (Table 6).

certain life habits. Given that a large proportion of the mollusks in our samples
were epifaunal mobile grazers exposed to the environment, it is possible that the
infaunal taxa preferred by predators (Ctena bella) might be more protected and
easier to access and drill in the sediments.

Identity of the Drilling Predators

Predation data obtained from death assemblages provide no certainty on
which of the predators found was responsible for the drill holes observed.
Therefore, the most conservative approach is to attribute the drill holes to the
guild of drilling predators, both naticids and muricids (Harper 2016). The only
predators found in our samples were muricids, but there are two species of
naticids, Mammilla simiae and Notocochlis cernica that are mentioned by
(Rehder 1980) as present in low abundances in Rapa Nui. The mention of
these naticids is particularly important given that the main drilled prey, Ctena
bella, is infaunal. It is possible that we did not find naticids in our samples
because they are rare, they got reworked in the sediment due to wave action, or
perhaps, C. bella may have more semi-infaunal habits in which case it could
have been accessible by muricids (see Gordillo and Archuby 2014 for an
example of predation of an infaunal venerid by a muricid).

TABLE 6.—Summary of generalized linear model statistics for the effects

of beach exposure and shell mass on the likelihood of a Ctena bella shell

being drilled. A) The effect of dropping variables from the full model, with

Akaike Information Criterion (AIC) and chi-square statistics. B) The final

predictive model (showing estimates, standard errors, and p-values). Bold
text indicates statistical significance.

A—Variable df AIC Pr (%)
Beach exposure 1 487.88 2.1787%
Mass 1 469.93 0.7723
B—Variable Estimate SE p value
Intercept -1.976 0.318 555710
Beach exposure 1.120 0.271 3.747%
Mass 0.104 0.360 0.772
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Passive Defenses

The shells of prey often contain valuable information about the predator’s
preference and the prey’s mechanisms of defense. Optimal foraging theory
applied to drilling predation suggests that prey shell thickness and body size
can be significant predictor variables for prey survival or predator success
(Leighton 2002). The generalized linear model results for C. bella, however,
do not support this as larger body size or thicker shells did not confer a
benefit in terms of survival for C. bella.

CONCLUDING REMARKS

We provide the first in-depth look at drilling predation in Rapa Nui. This
remote island is dominated by species with tropical affinities and endemics
that have evolved together in a setting where nutrients in the water are very low,
past and present anthropogenic impacts very high, and environmental factors
such as wave action and sediment mixing are also very strong. This particular
context helps understand the comparatively low predation documented (5.67%).
Despite the low drilling frequencies, predators showed a preference for infaunal
taxa, particularly C. bella. Rapa Nui is under strong human impact, and its
endemic molluscan fauna would benefit from some protection as we continue to
learn more about these species and their interactions.
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