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Abstract. The role of invertebrate predation in shaping vertebrate communities is often overlooked. This is evident with
predaceous diving beetles (Coleoptera: Dytiscidae), which are often the top predator in many aquatic freshwater habitats.
During weekly monitoring of a reintroduction for an endangered frog, a group of a dozen adult diving beetles were
encountered attacking andquickly dismembering andconsuming a tadpole.A single adult divingbeetlewas alsodiscovered
burrowing its head inside and consuming a tadpole approximately 3–4 times its size by seemingly piercing its prey to suck
out its liquefied remains. This is in contrast with the well known behaviour of adult dytiscids, which involves tearing prey
into small pieceswith their chewingmouthparts.Althoughdytiscids are known to occasionally consumevertebrates such as
tadpoles, adults are typically considered scavengers, and this communal predatory behaviour and feeding method have not
previously been documented.Moreover, over 80%of the tadpoles in themonitored sitewere found in pondswith no beetles
and despite representing only a quarter of all ponds, half of the tadpoles across the landscape were in ponds free of diving
beetles, demonstrating a possible influence of diving beetles on tadpoles. These observations may have implications for
amphibian conservation since management efforts are not typically concerned with naturally occurring ubiquitous threats
such as those from small invertebrate predators, as it has rarely been observed in nature. Although amphibian conservation
plans expect some losses fromnatural predation, diving beetlesmay affect conservation efforts such as captive breeding and
reintroductions with populations where every individual is critical to success.
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Introduction

In situ and ex situ conservationprograms, including reintroductions
to formerly occupied sites and translocations to compensatory
habitats, have emerged as key management tools to mitigate the
global decline of amphibians (Zippel et al. 2011; Harding et al.
2016;Biegaetal. 2017;HeatwoleandRowley2018).However, the
success rate of such mitigation strategies has been relatively low,
with fewprojects resulting inself-sustainingpopulations (Germano
and Bishop 2009; Germano et al. 2015). Even initiatives that have
been successful have required very large release numbers or a
decade or more of intervention (Germano and Bishop 2009).
Although there have been many proposed strategies to improve
survival in managed populations (i.e. increased salinity to combat
chytrid (Clulow et al. 2018) or removal of invasive predatory fish
(Vredenburg2004;Klop-Toker et al. 2018)), recent outcomeshave
been mixed (Harding et al. 2016). One possible reason may be
because most conservation efforts are typically concerned with
managing ‘unnatural’ threats such as habitat loss, disease, and
invasive species, with little attention given to naturally occurring
threats that may also severely affect managed species, particularly
small and fragile populations where survival of every individual is
critical.

The role of invertebrate predation in shaping vertebrate
communities is often underestimated or entirely overlooked

(Nordberg et al. 2018), which has resulted in a lack of their
recognition in conservation planning. This is evident with
predaceous diving beetles (Coleoptera: Dytiscidae), which are
often the top predator in aquatic freshwater habitats around the
world (Wellborn et al. 1996; Culler et al. 2014) yet are
understudied as both an aquatic insect group and aquatic predator
(Yee 2014). Although many aspects of their ecology and life
history remain relatively unknown, diving beetles are considered
generalist predators that can cause trophic cascades due to their
high feeding rates on zooplankton, aquatic invertebrates, and
relatively small vertebrates (Cobbaert et al. 2010; Culler et al.
2014). The larvae are exclusively carnivorous and are commonly
known as water tigers due to their voracious appetite, advanced
chemical senses for detecting prey, and variety of hunting
strategies, which can shift from sit-and-wait to active hunting
basedonhabitat complexity (Michel andAdams2009;Yee2010,
2014). They also possess large hollow curvedmandibles that are
used to pierce and inject digestive enzymes into their prey, before
subsequently sucking and ingesting the liquefied mixture (Kehl
2014). This feeding behaviour allows larvae to consume much
larger prey, such as tadpoles (Tejedo 1993; Pearman 1995), fish
(Culler et al. 2014), and even snakes (Drummond and Wolfe
1981). Dytiscid larvae are such effective predators that some
tadpoles undergo dytiscid-induced behavioural changes such as
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altered activity levels (Tejedo 1993), avoidance of areas where
larvae are present (e.g. avoiding aquatic vegetation to prevent
ambush attacks) (Rubbo et al. 2006; Awan and Smith 2009), as
well as a truncation of hatching time or decrease in tadpole size
(Pearman 1995).

Although adult diving beetles are also known to occasionally
prey upon tadpoles (Cabrera-Guzmán et al. 2012) and fish
(Culler et al. 2014;Melisi and Piorkowski 2016), they aremostly
considered scavengers as they are perceived as less efficient and
clumsy at capturing active prey, especially larger prey, due to
their smaller body size and chewing parts that are more gape-
limited compared with those of the larvae (Culler et al. 2014).
However, recent evidence suggests that adults not only have the
capability to prey upon larger vertebrates but that their predatory
behaviour can have drastic effects on populations of endangered
species (Bittel 2019). For example, conservation efforts to save
the critically endangeredDevilsHole pupfishwas limited, until it
was discovered that adult diving beetles were consuming fish
twice their size and significantly hindering recruitment in the
managed population (Heil 2018; Bittel 2019). Once the beetles
were actively removed, researchers who had been recovering
zero to one egg permonth beganfinding up to 100 perweek (Heil
2018). Although the predation capacity of adult beetles remains
understudied,findings suchas this allude to their potential impact
on vertebrate populations within aquatic systems.

Methods and results

Predation of tadpoles by adult diving beetles was witnessed on
27 January 2014 at 2200 hours during nocturnal monitoring of a
compensatory reintroduction program of the green and golden
bell frog (Litoria aurea) (for details seeValdez et al. 2019). Prior
to dip-netting, a group of approximately a dozen adult diving
beetles (unidentified)were encountered engulfing, attacking, and
quickly dismembering a live striped marsh frog (Limnodynastes
peronii) tadpole (Fig. 1) within nearly aminute (Video 1: https://
archive.org/details/2014012722.15.21). In a different area of the
same pond, a single adult diving beetle was discovered already
consuming a L. peronii tadpole that was ~3–4 times its size
(Fig. 2; Video 2: https://archive.org/details/2014012722.16.53).
In contrast to the typical feeding method recorded for adults,
which are generally thought to tear their prey item into small
pieces with their chewing mouthparts (Culler et al. 2014), this
individual beetle had its head burroweddeep inside the tadpole in
a manner like the feeding method of larvae, which pierce their
prey and suck out its liquefied remains. To my knowledge, this
communal predatory behaviour and feeding method have not
been previously described in diving beetles.

Discussion

Besides the novelty of the grouping predatory behaviour and the
adult feeding method, it was concerning how voraciously and
quickly the adult diving beetles consumed their much larger
tadpole prey, especially considering that predation occurred
within a managed compensatory habitat enclosed by predator-
proof mesh that was designed to protect the managed sympatric
species from large vertebrate predators. Although diving beetles
were not observed preying upon tadpoles of the reintroduced
L. aurea species, it is possible that this interaction could at least

partly explain the few remaining adults and lack of recruitment
after only three years, despite being one of the largest, if not the
largest, amphibian reintroductions in Australia, with 10 000
tadpoles originally released (Valdez et al. 2019). During the
first year ofweeklymonitoringwhen tadpoleswerefirst released,
over 80% of tadpoles were found in ponds containing no beetles

(a)

(b)

Fig. 1. Agroup of approximately a dozen adult diving beetles (a) attacking
and (b) dismembering a striped marsh frog (Limnodynastes peronii) tadpole
in a managed pond in Newcastle, New South Wales, Australia.

Fig. 2. An adult diving beetle consuming a striped marsh frog
(Limnodynastes peronii) tadpole with its head burrowed inside its abdomen
in a managed pond in Newcastle, New South Wales, Australia.
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(J. W. Valdez, unpubl. data). Furthermore, although only one-
quarter of the naturally occurring ponds in the neighbouring
landscape were free of diving beetles they contained half of all
extant L. aurea tadpoles (J. W. Valdez, unpubl. data; for
description of study site and methodology see Valdez et al.
2015). These findings suggest that the presence of adult diving
beetles could have impacted the survival of L. aurea tadpoles to
some extent before they had a chance tometamorphose out of the
aquatic environment after reintroduction, thereby hampering the
success of conservation efforts.

These observations may have implications for future
amphibian conservation, given that current management efforts
are typically not concerned with naturally occurring ubiquitous
threats such as those from invertebrate predators. It is possible
that predation by diving beetles has been ignored until nowas it is
rarely observed in nature, perhaps due the beetles’ ability to
consume prey rapidly, especially when working together in a
group. Their voracious appetite is well documented, with
experiments showing the capability of adults to consume at least
nine tadpoles per day (Cabrera-Guzmán et al. 2012) and larvae
able to consume dozens in a day (Kruse 1983). The impact that
diving beetle presencemay have on conservation efforts can also
be exacerbated in compensatory and restored habitats, since they
are among the first macroinvertebrate predators to colonise new
freshwater habitats (Bilton 2014). Another potential problem is
that they have similar dispersal patterns to those of many
amphibian species, dispersing from permanent to temporary
ponds during the warmer breeding periods (Davy-Bowker 2002;
Bilton2014),with somedivingbeetles evendepositing their eggs
within amphibian egg clutches (Gould et al. 2019). As
temperatures continue to rise as a result of climate change, the
impact of diving beetles on amphibian populations could become
even more relevant to the success of conservation efforts,
particularly if greater predation (Rall et al. 2010) and dispersal
(Miguélez andValladares 2008; Bilton 2014) rates of the beetles
result in poorer premetamorphic survival of more populations of
endangered amphibians already close to extinction. With up to
half of amphibian species threatened with extinction (IUCN
2018), all possible threats that may negatively impact
conservation success must be identified. While invertebrate
predation on vertebrates is largely ignored and underestimated,
recent evidence suggests that it may be more common, with
larger impacts on vertebrate populations, than previously
thought (Nordberg et al. 2018; von May et al. 2019).
Although amphibian conservation plans typically expect
some losses from natural predation, diving beetles may
seriously hamper efforts, particularly for populations already
on the threshold of extinction where every individual is
critical to prevent further declines. Despite representing the
top predator and the most diverse or abundant coleopteran
taxon in numerous freshwater aquatic systems, many aspects
of the ecology of predaceous diving beetles remain unknown
(Yee 2014). However, the evidence presented here suggests
that diving beetles may be significant predators of tadpoles,
even those of much larger species, and their effect on
amphibian populations, specifically tadpoles, should not be
ignored. Further research should be conducted to quantify
their impact on amphibian populations, breeding, and the
success of amphibian conservation plans.
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