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Abstract
During a biodiversity survey in the forest of central Guyana, an adult male of the damselfly Hetaerina caja dominula Hagen 
in SelyS was found parasitized by a tachinid larva. This constitutes the first record of a parasitoid on an adult odonate, and of 
an odonate as host of a tachinid larva. CO1 DNA sequencing of the larva placed it closest to the tachinid genera Actinodoria 
TownSend, Euhalidaya walTon, and Cryptomeigenia Brauer & BergenSTamm in the tribe Blondeliini (subfamily Exoristinae). 
Pictures are provided of the third instar fly larva protruding from the host, of its posterior spiracles, and of the first and second 
instar cephaloskeletons. 
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Zusammenfassung
Im Rahmen einer Erfassung der Biodiversität in den Wäldern von Zentral-Guyana wurde ein Männchen der Kleinlibelle Hetaerina 
caja dominula Hagen in SelyS gesammelt, welches von einer Tachiniden-Larve parasitiert war. Dies ist der erste Nachweis sowohl 
eines Parasitoiden in einer erwachsenen Libelle als auch einer Libelle als Wirt einer Tachiniden-Larve. Die Sequenzierung und der 
Vergleich der DNA (CO1) platzierte die gefundene Larve in die Nähe der Tachinidengattungen Actinodoria TownSend, Euhalidaya 
walTon und Cryptomeigenia Brauer & BergenSTamm aus dem Tribus Blondeliini (Unterfamilie Exoristinae). Die Abbildungen 
zeigen das dritte Larvenstadium beim Verlassen des Wirtes, die hinteren Stigmenöffnungen sowie die Kopfskelette des ersten und 
zweiten Larvenstadiums.
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Introduction
An adult male of the damselfly Hetaerina caja dominula Hagen in SelyS, 1853 (Odonata: Calopterygidae) was 
collected during a biodiversity survey in the forest of central Guyana. Later that same day while injecting the 
specimen with ethanol to preserve it, a fly larva began to crawl out of the ventral side of its thorax (Figs 1, 2). 
Due to the unusual nature of this occurrence, the damselfly and larva were preserved in situ for further study, 
the results of which are presented here.
Larval and adult odonates are known to be attacked by endoparasites including gregarine Protozoa, Trematoda, 
and Cestoda that infest their aquatic larvae but are able to persist in their terrestrial adults, and ectoparasites that 
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infest only adults including larvae of Hydrachnida water mites and of Erythraeidae terrestrial mites, and adult 
ceratopogonid flies. The only known parasitoids of odonates are egg parasitoids belonging to the Aprocrita 
(Hymenoptera), mostly Chalcidoidea (CorBeT 1999).
Currently there are about 8,500 described species of tachinid flies worldwide (o’Hara 2013), of which about 
3,000 occur in the Neotropical Region (o’Hara 2008). During their larval stage tachinids are parasitoids 
of Arthropoda, almost exclusively Insecta, although the specific hosts of many species are still unknown. 
The vast majority of hosts are plant-feeding insects, mostly caterpillars (Lepidoptera). Other hosts include 

2 3 Fig. 2: Third instar tachinid larva exiting the host after the damselfly was injected with alcohol. Fig. 3: Detail of 
third instar tachinid larva posterior spiracles.

Fig. 1: Adult male of Hetaerina caja dominula Hagen in SelyS (Calopterygidae) from Guyana parasitized by a tachinid fly larva.
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Heteroptera, larval and adult Coleoptera of about 20 families, Hymenoptera (larval Symphyta and a small 
number of Vespoidea and Formicidae), Orthoptera, Blattaria, Mantodea, Phasmatodea, Dermaptera, Diptera, 
and Embioptera (arnaud 1978, wood 1987, STireman et al. 2006, o’Hara 2008). A first instar tachinid 
larva feeds in its host without damaging vital organs. During the second instar there is more rapid feeding 
on non-vital tissues and the larva is generally attached posteriorly to an air supply via a respiratory funnel. 
The host may appear normal, or lethargic, or may display atypical behaviour induced in some way by the 
parasitoid. The third instar larva leaves the respiratory funnel and feeds less discriminately. Except in rare 
cases, the host is killed and the third instar larva continues to feed until fully grown or until the food supply 
is exhausted (wood 1987, o’Hara 2008).

Materials and methods
Collection data for the damselfly and its parasitoid are as follows: Guyana, Potaro-Siparuni Region, Camp 2, 
Potaro River rapids (05°03'58.70''N 59°39'24.10''W, 560 m a. s. l.), 19 March 2014, leg. N. von ellenrieder.
Photographs were taken with a Nikon DS-Fi1 camera coupled to a Nikon SMZ1500 stereomicroscope.
The damselfly host specimen and fly larval remains are deposited in the alcohol collection of the California 
State Collection of Arthropods, Sacramento, California, USA (CSCA), and the DNA is accessioned into the 
CSCA Frozen Tissue Collection (CSCA FTC) and stored in 100 % EtOH at – 80 °C.
gDNA was extracted from the fly larva using a modified non-destructive insect protocol for the DNEasy 
Blood and Tissue Kit (Qiagen, Inc., Valencia, CA). The larva was placed in a 1.5 mL microcentrifuge tube 
with 20 μL Proteinase K solution and 180 μL ATL buffer and incubated for 24 hours in a 55 °C water bath. 
200 μL manufacturer’s AL buffer was added to each tube and sample mixed briefly and incubated at 70 °C 
for ten minutes. 200 μL of 100 % EtOH was added to each tube and mixed briefly. The specimen was then 
retrieved and placed in 100 % EtOH and retained as voucher. The remaining mixture was pipetted into 
DNEasy Spin Column and standard kit protocol was followed for ethanol washes and elution in 50 μL AE 
buffer. Primers LepF (5’-ATTCAACCAATCATAAAGATATTGG-3’) and LepR (5’-TAAACTTCTGGATGTC
CAAAAAATCA-3’) (HeBerT et al. 2003) were used for amplification of the CO1 region of the mitochon-
drial DNA. Polymerase Chain Reaction (PCR) was carried out in a PTC-200 Thermal Cycler (MJ-Research: 
Bio-Rad, Hercules, CA) with the following conditions: 94 °C for 3 minutes, 32 cycles of 20 s at 94 °C, 20 s at 
50 °C, 30 s at 72 °C, followed by a final extension of 5 min at 72 °C. PCR was performed with the following 
parameters for each reaction: 5 U Platinum Taq (Invitrogen, Carlsbad, CA), 5 μL of manufacturer’s 10 × buffer 
(20 mM Tris-HCl pH 8.4 and 500 mM KCl), 2.5 mM MgCl2, 10 uM dNTP’s (Sigma-Aldrich, St. Louis, MO), 
0.1 μL each primer, 3 μL of DNA template and ddH2O to 50 μL. Amplicons were purified using QIAquick 
PCR Clean-up kit (Qiagen) and eluted in 30 μL of manufacturer’s EB buffer.
Sequencing reactions utilizing the same forward and reverse primers were performed using the Applied Bio-
systems Big Dye Terminator V3.0 sequencing chemistry on an ABI 3730 DNA sequencer. Electropherograms 
for the CO1 gene were edited and aligned with Sequencher version 4.6 (Gene Codes Corporation, Ann Arbor, MI). 
The resulting molecular sequence was compared with those available in BOLD (raTnaSingHam & HeBerT 2013) 
and GenBank datasets (NCBI).

Results
A third instar tachinid larva (length: ~ 4 mm) began to emerge, posterior end first, from the posterior thoracic 
venter of its adult damselfly host (length: 45.5 mm) when ethanol was injected into the damselfly. The two 
specimens were quickly placed in ethanol and the larva died with its anterior portion still within the host 
(Figs 1, 2). Dissection of the damselfly revealed that the fly larva had been lodged in a space between the 
flight muscles at the base of the thorax, as evidenced by the discovery of a respiratory funnel in that position. 
A respiratory funnel allows a tachinid larva to obtain air through a connection between its posterior spiracles 
(Fig. 3) and the tracheal system of the host. In the present case, injection of ethanol into the damselfly apparently 
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caused the tachinid larva to back out of the host 
using the respiratory funnel and its connection to 
the host’s tracheal system as a route to effect its 
exit.
After further dissection of the thorax, the cepha-
loskeleton of the second instar larva (Fig. 4) was 
found in a space in the posterior part of the thorax 
near the abdomen. The remains of the first instar 
(including the cephaloskeleton) were found in the 
third abdominal segment (Figs 5, 6). The distinc-
tive single mouth hook of the cephaloskeleton of 
the first instar readily identified the larva as that of 
a tachinid fly (wood 1987).
The CO1 DNA sequence of the third instar larva 
is available at GenBank (NCBI) under accession 
number KP455292. It was compared with avail-
able sequences in BOLD and GenBank (NCBI) 
[accessed January 2015], revealing a similarity of 
97.49–91.36 % with unspecified species of Actino-
doria TownSend, 1927, 97.08 % with Actinodoria 
argentifrons (van der wulp, 1890), 91.55–90.63 % 
similarity with unspecified species of Cryptomei-
genia Brauer & BergenSTamm, 1891, 90.64–90.63 
% similarity with unspecified species of Euhali-
daya walTon, 1914, 91.09–91.04 % with unspeci-
fied species of Zaira roBineau-deSvoidy, 1830, 
and 91 % with unspecified species of Italispidea 
TownSend, 1927 (all five genera belonging to the 
tachinid tribe Blondeliini, subfamily Exoristinae). 
The tree-based identification from BOLD shows 
it nesting in a subclade including Actinodoria and 
Euhalidaya (Fig. 7), sister to a clade including 
species of Italispidea, Cryptomeigenia, and Zaira.

Discussion
The damselfly host was collected as it was leaving its perch on vegetation overhanging a section of rapids 
near the bank of the Potaro River, and its behaviour did not seem out of the ordinary. The fact that it was still 
flying indicates that the fly larva had not yet started to feed indiscriminately.
Tachinid larvae are insufficiently known to permit an identification of the larva reported here based on mor-
phological characters. The CO1 DNA sequence of the larva similarly did not identify the specimen, but this is 
not unexpected as there are as yet relatively few sequences for Neotropical tachinids in GenBank (NCBI). The 
sequence data did, however, show high similarity with genera of Blondeliini, suggesting that the unidentified 
larva probably belongs to a species of this tribe. Interestingly, the Blondeliini are quite eclectic parasitoids with 
a diverse host range that encompasses immature stages of Lepidoptera and sawflies, both adults and larvae of 
beetles, as well as cockroaches (Calodexia van der wulp), walking sticks (Phasmophaga TownSend), earwigs 
(Anechuromyia meSnil & SHima), grasshoppers (e. g., Anisia van der wulp, Leiophora roBineau-deSvoidy) 
and tipulid flies (Admontia Brauer & BergenSTamm) (arnaud 1978, SHima 2006).

4
5

Figs 4, 5: Cephaloskeletons of tachinid larva. – 4: Nearly 
lateral view of cephaloskeleton of second instar larva. – 5: 
Lateral (above) and dorsal (below) views of cephaloskele-
ton of first instar larva. Scale bars = 0.1 mm.
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The closest matching genus genetically is Actinodoria, a Neotropical genus with four described species ranging 
from Mexico to Trinidad (wood 1985, wood & ZumBado 2010). The only host records for this genus are from the 
caterpillar of a skipper (Urbanus HüBner) (wood & ZumBado 2010) and from a phasmid (Calynda bicuspis STål) 
from Costa Rica (JanZen & HallwaCHS 2005). Euhalidaya, a small New World genus with species found in the 
United States, Mexico, Brazil, Peru, and Chile, is also known to include phasmid parasitoids (guimarãeS 1971, 
wood & ZumBado 2010). The other genus possibly close to our species is Cryptomeigenia, a speciose and under-
studied group that is widely distributed in the New World, from Canada south to Brazil (guimarãeS 1971, wood 
1985, wood & ZumBado 2010). Known hosts for this genus are adults of Scarabaeidae (Coleoptera) (wood 1985).

Fig. 6: Location of first instar tachinid larva exuvia in abdominal segment III of adult Hetaerina caja dominula Hagen in SelyS 
(Calopterygidae) (see arrow).

Fig. 7: Subclade including the tachinid fly larva based on CO1 sequences, generated by the BOLD TaxonID tree-based identification 
tool using the neighbor joining algorithm.
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Since hosts are nearly always killed by tachinid larvae before they reach the adult stage, the parasitoids are 
usually only detected when their hosts are being reared (e. g., caterpillars). Studies in which adult odonates 
are reared are very rare, as are findings of dead adult damselflies or dragonflies in a forest. It is possible that 
certain specialized tachinid flies parasitize adult odonates as their usual hosts but have evaded detection 
because adult odonates caught in the wild are seldom kept in captivity. It is also possible that this constitutes a 
case of accidental parasitism, given the similar shape of walking sticks, known hosts of the related species of 
Actinodoria and Euhalidaya, to the abdomen of a damselfly. Odonates would be most vulnerable to parasitism 
during the resting stage of emergence after ecdysis, when they are at the same time more easily located and 
unable to flee.
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