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Abstract
Gnathiid isopods are common external parasites/micropredators that feed on the blood of marine fishes. During the course of
processing samples of gnathiid isopods collected from light traps in the central Philippines, we observed a gnathiid attached to
and apparently feeding from the abdomen of another gnathiid. Because the abdomens of both gnathiids were enlarged, it was
unclear whether one actually fed on the blood meal of the other. Introduction of unfed gnathiids with fed gnathiids revealed that
one gnathiid could and did feed on the blood meal of another. This is the first observation of apparent conspecific
kleptoparasitism reported for gnathiid isopods.

Keywords Micropredator . Hematophagous . Coral reef . Philippines

Introduction

Parasitism is one of the most common consumer strategies
(e.g., Weinstein and Kuris 2016) and the duration of infection
ranges from acute (one-time) to chronic and permanent (fac-
ultative obligate). Parasites that spend much or most of their
life history as free-living and only associate temporarily with
hosts maymore appropriately be considered Bmicropredators^
(Kuris and Lafferty 2000; Lafferty and Kuris 2002).

Perhaps the best-studied micropredators are blood-feeding
arthropods such as mosquitoes and ticks (e.g., Mans and Nietz
2004; Gargili et al. 2017). These organisms attach temporarily
while feeding on the blood of vertebrate hosts. The uptake of
blood from a host typically occurs from the insertion of a

proboscis into a blood vessel of a host, and the blood meal
is clearly visible through the translucent abdomen.

Gnathiid isopods (Isopoda: Gnathiidae) are the marine
equivalent of terrestrial ticks and mosquitoes. They have three
larval phases (Smit and Davies 2004; Tanaka 2007) and to
molt from one phase to the next they must obtain a blood meal
from a fish host. Unfed gnathiids are considered Bzuphea^ and
following each blood meal, they become Bpranizae^ with a
clearly distended abdomen. After the third blood meal, they
metamorphose into sexually dimorphic non-parasitic adults
(Smit and Davies 2004; Tanaka 2007). Gnathiids infest a wide
range of hosts to obtain their blood meals (Ferreira et al. 2009;
Coile and Sikkel 2013), and accordingly are referred to as
generalists with preferences (Jones et al. 2007; Nagel and
Grutter 2007).

Given that the blood meal obtained by blood-feeing arthro-
pods is clearly visible through the abdomen and that the thin
abdominal tissue likely allows for the passage of chemical
cues, it seems possible that blood-feeding arthropods could
feed on the blood meals of one-another. Yet, to our knowl-
edge, this has never been reported.

Methods, results, and discussion

As part of a continuing study on gnathiid isopod host and
habitat associations (Sikkel et al. 2014, Santos and Sikkel
2017), in 2018 on Siquijor, central Philippines (9° 8′39.30″
N, 123°30′29.30″E), we collected gnathiids using light traps
(Artim and Sikkel 2016). After the light traps were collected,
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the benthic fauna from the light trap was surveyed for
gnathiids under stereomicroscopes. While searching for
gnathiids, in 8 instances, three researchers (PCS, MOS, and
RCG) independently observed two gnathiids that remained
still and connected to one another. Both gnathiids had
distended abdomens, but the ventral side of the cephalon of
one gnathiid, where the mouthparts are situated, were laid
directly onto the pereon of the other, where the blood meal
is located. This suggested the possibility that one zuphea
gnathiid was obtaining a blood meal from a praniza gnathiid.
Based on these observations alone, it was not possible to de-
termine if this was the case. Thus, we introduced 30 zuphea in
a 10-cm diameter plastic dish with 6 pranizae. Sample sizes
were opportunistic and based on the number of live gnathiids
that were collected and available at the time. After 3 h, one
zuphea attached to one praniza and the pair was monitored
continuously for 1.5 h during which they remained attached to
one another. Observations discontinued for 8.5 h during the
night, but the pair was in contact the following morning and
remained so for an additional 2 h before detaching. During
attachment, the feeding structure of the zuphea was observed
to be inserted into the pereon of the praniza and the abdomen
of the zuphea became clearly distended, while the abdomen of
the praniza became less so (Fig. 1). For the gnathiid that had
its blood meal Bstolen,^ we did not observe any immediate
negative effects such as injury or death. In a second treatment,
12 dead pranizae and 9 live zuphea were placed together in a
plastic dish over 13 h, and none of the zuphea attached to the
dead pranziae.

Our observations suggest that ectoparasitic gnathiid iso-
pods can obtain some blood meals from fish hosts indirectly.
There are two possible explanations for indirect feeding. First,
indirect feeding may simply be a bi-product of the use of
chemical cues to locate fish hosts, combined with the close
proximity of gnathiids to one another in dishes. Although

gnathiid host-finding mechanisms are poorly understood,
studies have shown that gnathiids appear to be able to use
chemical cues, or a combination of visual and chemical cues
to find hosts (Nagel et al. 2008; Sikkel et al. 2011; Jenkins
et al. 2018). Chemical cues may permeate through the abdo-
men of a recently fed praniza and be detectable by a zuphea,
thereby attracting it to a Bhost.^ This postulate is supported by
findings from mosquitoes that integrate use of thermal, olfac-
tory, and visual cues to locate hosts (reviewed in Gibson and
Torr 1999; McMeniman et al. 2014; Van Breugel et al. 2015).
If such a multi-sensory strategy is also utilized by gnathiids,
then it may explain why no zuphea attached and fed on dead
pranizae in the second treatment. The chemical cues produced
by decomposing blood from a dead gnathiid are also likely
different from those produced by freshly ingested blood.

A second, and non-mutually exclusive, explanation for this
observed feeding behavior is that it actually reflects a
kleptoparasitic strategy. Kleptoparasitism is the act of one or-
ganism stealing food from another, and these interactions are
most commonly described from terrestrial organisms.
Nevertheless, kleptoparasitism does occur in aquatic systems,
with the majority of examples involving interactions between
invertebrates (reviewed in Iyengar 2008). For example, ma-
rine snails such as Trichotropis cancellata can kleptoparasitize
tube polychaete worms by stealing food directly from their
mouth using their pseudoproboscis (Iyengar 2002).
Trichotropis cancellata are also suspension feeders so are
factuative kleptoparasites, however kleptoparasitism appears
to provide a growth advantage, as snails using only this strat-
egy were found to grow quicker than those that were purely
suspension feeders, albeit at the expense of their host who’s
growth rates were reduced (Iyengar 2002, 2004).

Marine organisms can also be obligate kleptoparasites;
however, this occurs less frequently (reviewed by Iyengar
2008). Maine copepods Ascidicola rosea appear to obtain
their food solely from the sea squirtCorella parallelogramma,
it positions itself in the oesophageal region and feeds directly
from the host’s food (Gotto 1957). Corella parallelogramma
can host as many as 8 different copepod species this way
(Gotto 1957). Intraspecific marine kleptoparasitic interactions
appear less common, and of those reported, these interactions
seemingly represent cooperative hunting and social foraging
activity patterns rather than true kleptoparasitism (i.e., Vijai
et al. 2017).

For gnathids living in high densities or where hosts are
rare, kleptoparasitism may reduce the energetic costs asso-
ciated with locating a susceptible host to infest. However,
though no immediate negative effects were observed for
the gnathiid that was fed upon, potentially the loss of its
blood meal may delay or prevent its further development.
Although we are unaware of the frequency with which this
interaction occurs, the reduced necessity for some
gnathiids to find a fish host to infest for obtaining a blood

Fig. 1 Fed gnathiid isopod (pranzia) having its blood meal taken directly
by an unfed gnathiid (zuphea)
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meal provides insight into how gnathiid interactions may
change if fish host populations decline.

Acknowledgements We thank the municipality of San Juan, Siquijor,
Philippines, for permission to conduct this study. We also thank Dr.
Hilconida P. Calumpong, Dr. Janet S. Estacion, Dr. Rene A. Abesamis,
and the staff of the Silliman University Institute for Environmental and
Marine Sciences for logistic support.

Funding information Funding was generously provided by grants from
the National Geographic Society and the US National Science
Foundation (OCE-1536794, PC Sikkel, PI). Financial assistance for RL
Welicky from the Claude Leon Foundation of South Africa for this re-
search is also acknowledged. This is contribution number 268 from the
NWU-Water Research Group.

Compliance with ethical standards

Ethical approval All applicable international, national, and/or institu-
tional guidelines for the care and use of animals were followed. All
procedures performed in studies involving animals were in accordance
with the ethical standards of Silliman University, Arkansas State
University, North-West University, and the Government of the
Philippines.

Conflict of interest The authors declare that they have no conflict of
interest.

References

Artim JM, Sikkel PC (2016) Comparison of sampling methodologies and
estimation of population parameters for a temporary fish ectopara-
site. Int J Parasitol Parasites Wildl 5:145–157

Coile AM, Sikkel PC (2013) An experimental field test of susceptibility
to ectoparasitic gnathiid isopods among Caribbean reef fishes.
Parasitology 140:888–896

Ferreira ML, Smit NJ, Grutter AS, Davies AJ (2009) A new species of
gnathiid (Crustacea: Isopoda) parasitizing teleosts from Lizard
Island, Great Barrier Reef, Australia. J Parasitol 95:1066–1075

Gargili A, Estrada-Pena A, Spengler JR, Lukashev A, Nuttall PA, Bente
DA (2017) The role of ticks in the maintenance and transmission of
Crimean-Congo hemorrhagic fever virus: a review of published
field and laboratory studies. Antivir Res 144:93–119

Gibson G, Torr SJ (1999) Visual and olfactory responses of
haematophagous Diptera to host stimuli. Med Vet Entomol 13:2–23

Gotto RV (1957) The biology of a commensal copepod, Ascidicola rosea
Thorell, in the ascidian Corella parallelogramma (Müller). J Mar
Biol Assoc U K 36:281–290

Iyengar EV (2002) Sneaky snails and wasted worms: kleptoparasitism by
Trichotropis cancellata (Mollusca, Gastropoda) on Serpula
columbiana (Annelida, Polychaeta). Mar Ecol Prog Ser 244:153–
162

Iyengar EV (2004) Host-specific performance and host use in the
kleptoparasitic marine snail Trichotropis cancellata. Oecologia
138:628–639

Iyengar EV (2008) Kleptoparasitic interactions throughout the animal
kingdom and a re-evaluation, based on participant mobility, of the
conditions promoting the evolution of kleptoparasitism. Biol J Linn
Soc 93:745–762

Jenkins WG, Demopoulos AW, Sikkel PC (2018) Effects of host injury
on susceptibility of marine reef fishes to ectoparasitic gnathiid iso-
pods, vol 75. Symbiosis, pp 113–121

Jones CM, Nagel L, Huges GL, Cribb TH, Grutter AS (2007) Host spec-
ificity of two species of Gnathia (Isopoda) determined by DNA
sequencing blood meals. Int J Parasitol 37:927–935

Kuris AM, Lafferty KD (2000) Parasite-host modeling meets reality:
adaptive peaks and their ecological attributes. In: Poulin R,
Morand S, Skorping A (eds) Evolutionary biology of host-parasite
relationships: theory meets reality. Elsevier Science, New York, pp
9–26

Lafferty KD, Kuris AM (2002) Trophic strategies, animal diversity and
body size. Trends Ecol Evol 17(11):507–513

Mans BJ, Neitz AW (2004) Adaptation of ticks to a blood-feeding envi-
ronment: evolution from a functional perspective. Insect Biochem
Mol Biol 34(1):1–17

McMeniman CJ, Corfas RA, Matthews BJ, Ritchie SA, Vosshall LB
(2014) Multimodal integration of carbon dioxide and other sensory
cues drives mosquito attraction to humans. Cell 156(5):1060–1071

Nagel L, Grutter AS (2007)Host preference and specialization inGnathia
sp., a common parasitic isopod of coral reef fishes. J Fish Biol 70:
497–508

Nagel L,Montgomerie R, Lougheed S (2008) Evolutionary divergence in
common marine ectoparasites Gnathia spp. (Isopoda: Gnathiidae)
on the Great Barrier Reef: phylogeography, morphology, and behav-
iour. Biol J Linnean Soc 94:569–587

Santos TRN, Sikkel PC (2017) Habitat associations of fish-parasitic
gnathiid isopods in a shallow reef system in the central
Philippines. Mar Biodivers 1–14

Sikkel PC, Sears WT, Weldon B, Tuttle BC (2011) An experimental field
test of host-findingmechanisms in a Caribbean gnathiid isopod.Mar
Biol 158:1075–1083

Sikkel PC, Tuttle LJ, Cure K, Coile AM, HixonMA (2014) Low suscep-
tibility of invasive red lionfish (Pterois volitans) to a generalist ec-
toparasite in both its introduced and native ranges. PLoS One 9(5):
e95854

Smit NJ, Davies AJ (2004) The curious life-style of the parasitic stages of
gnathiid isopods. Adv Parasitol 58:289–391

Tanaka K (2007) Life history of gnathiid isopods-current knowledge and
future directions. Plankton Benthos Res 2:1–11

Van Breugel F, Riffell J, Fairhall A, Dickinson MH (2015) Mosquitoes
use vision to associate odor plumes with thermal targets. Curr Biol
25:2123–2129

Vijai D, Puneeta P, Matsui H,MorookaM, Sakurai Y (2017) Intraspecific
kleptoparasitism in squid school and schooling behavior of its prey.
Mar Biodivers 47:637–638

Weinstein SB, Kuris AM (2016) Independent origins of parasitism in
Animalia. Biol Lett 12:20160324

Parasitol Res

View publication statsView publication stats

https://www.researchgate.net/publication/329130913

	Apparent kleptoparasitism in fish—parasitic gnathiid isopods
	Abstract
	Introduction
	Methods, results, and discussion
	References


