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First records of scuttle fly puparia (Diptera: Phoridae)
on cranaid Andean harvestmen (Opiliones: Cranaidae)
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Abstract. Few cases of insects as parasites of the Order Opiliones have been recorded so far, most of them involving Diptera. Only
three cases have been recorded of phorids as parasitoids of the harvestmen family Gonyleptidae. Seven first-time events of Phoridae
immatures on harvestmen (Cranaidae) are reported here. The cases describe puparia of Phoridae on adults of five Andean species
from Colombia and Ecuador, belonging to Bucayana Mello-Leitdo, 1942, Neocranaus Roewer, 1913, Phareicranaus Roewer, 1913 and
Ventrivomer Roewer, 1913 (all cranaid genera). Two distribution patterns of the puparia on the harvestmen’s body were observed and
described. Our data could suggest that the flies herein studied have specificity in their host choice.
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Although Opiliones is a diverse order with at least 6,534
described species (Kury 2013), few cases of parasitoids have
been recorded for the group. A detailed study was published
by Cokendolpher & Mitov (2007), who recorded only eight
cases of insects as parasites/parasitoids on harvestmen;
almost all of them were dipterans Ceratopogonidae or
Phoridae (e.g., Lane 1947, Cokendolpher 1993). More
specifically, three events have been recorded of parasitoid
phorids on Brazilian harvestmen of the family Gonyleptidae:
Goniosoma spp., Goniosoma spelaeum Mello-Leitao, 1933 and
Iporangaia pustulosa Mello-Leitao, 1935 (Cokendolpher &
Mitov 2007). Borgmeier (1931) reported nine females of
Muyriophora opilionidis (Borgmeier, 1931) pursuing harvestmen
(Opiliones: Laniatores) in Nova Teutonia, Santa Catarina,
Brazil,, Borgmeier (1969) made an additional record of a
female Megaselia luteicauda (Borgmeier 1925) on a dead
harvestman. Despite relating these flies” species with
harvestmen, neither of the events presents evidence of
parasitism, and it is convenient to study them further, as
Disney (1994) indicated.

Phoridae is one of the largest families of Diptera, with
approximately 4,022 species worldwide, with 1,487 in the
Neotropics (Pape et al. 2009) and 226 in Colombia (Ament &
Brown 2016). This family is the third-largest group of parasitic
dipteran flies (Brown 2018). Even though phorids are
commonly described as scavengers, they exhibit a wide
variety of life histories, with their reproductive biology
encompassing diverse behavioral strategies,
parasitic ones (Brown 2018). Parasitoids are found in three of
the five major subfamilies of Phoridae recognized by Brown
(1992): Hypocerinae, Aenigmatiinae, and Metopininae
(Feener & Brown 1997). These parasitoids use a wide range of
invertebrates as hosts, including myriapods and Opiliones
(e.g., Disney 1994, Marshall 2012).

This note reports seven events of Phorid puparia,
probably Metopininae (see comments below), fixed on the
femora of all legs and dorsal scutum of cranaid harvestmen.
This is the first report of parasitic flies infesting cranaid

including

harvestmen.

Fly puparia were identified at the family level following
Foote (1991) and Smith (1989). Harvestmen were identified
using the taxonomic literature of the group (Roewer 1913,
Pinto-da-Rocha & Kury 2003, Pinto-da-Rocha & Bonaldo
2011). Digital images were partially made using a Leica MZ16
stereomicroscope and  Auto-Montage Pro
(Syncroscopy, version 5.03.0061) or Cameras manually
coupled to a stereomicroscope. Images from a scanning
electron microscope (SEM) were obtained with a Jeol JSM-
6390LV. Map was built using ArcGIS® 10.1 software
(Environmental Systems Research Institute 2003).
Repositories and acronyms:

- Museu Nacional de Rio de Janeiro - MNRJ (Rio de

Janeiro, Brazil).

- Instituto de Ciencias Naturales - ICN-Ao (Bogota,

Colombia).

The records involving Ventrivomer ancyrophorus (Butler,
1873) and one record of Neocranaus aff. albiconspersus are
based on photographs (Figure 1a, f and a James Christensen’s
photograph)  available at the following  link:
https:/ /www flickr.com/ photos/ primevalnature /11298753
456/in/ photolist-fycSfC-i3wNYN-k1iCuF-5fDgCk-dpETtd-
idiHZo-dpE]8k-dpEUmQ-idr4L5-vDn9Kw-vnmhoS-
wXX55L [accessed on august 25, 2020].

software

Material examined:

Bucayana bucayana (ICN-Ao-700) male: COLOMBIA,
Narifio, Barbacoas, Altaquer, Reserva Natural Rio Nambi,
1450 m, 8.iv.2010, E. Flores and Animal Taxonomy students;
Neocranaus sp. (MNR] 8844*) female: COLOMBIA, Quindjio.
Sector La Patria; Neocranaus aff. albiconspersus (unvouchered
specimen) female: COLOMBIA, Quindio, Armenia, Sendero
Universidad del Quindio; Neocranaus aff. albiconspersus (ICN-
Ao0-436) female: COLOMBIA, Quindio, Armenia, Campus
Universidad del Quindio, [04°33'13.71” N, 75°39'42.99” W],
1480 m, 6.x.2010, manual collection, John Paniagua;
Phareicranaus aff. roeweri (MNR] 9463*) male: ECUADOR,
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Pichincha, road Gualea-Chontal, on gully, point 01, 0.2095 N,
-78.7314 W, 1091 m., 17. vi.2018, Kury A.B., Giupponi A,,
Medrano M. All the vouchers with an asterisk (*) were lost in
the MNR] fire (2/1X/2018).

Cases: Seven events of the occurrence of phorid puparia
on five species of Opiliones are reported here: (1) 10 puparia
were found on the femora I-IV of a female of a possibly
undescribed species of the genus Neocranaus (MNR] 8844*)
(Figure 1g); (2-3) seven puparia were observed attached to
femora II-IV of two females of Neocranaus aff. albiconspersus
[(ICN-AO-436 (Figure le) and an unvouchered specimen
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(Figure 1f)]; (4) 14 puparia were found on the dorsal scutum
(13 in the abdominal region, one in the prosomatic region) of
one male of Bucayana bucayana (ICN-AO-700) (Figure 1b); (5
and 6) two events coming from the same locality and
occurring on Ventrivomer ancyrophorus — 14 puparia were
observed on the dorsal scutum of an alive male (J. Christensen
photograph), and 17 puparia on the dorsal scutum of a female
from Mindo on the western slope of the Andes in Ecuador
(Figure 1a); (7) 12 hatched puparia attached to the dorsal
scutum of a male of Phareicranaus aff. roeweri (MNR] 9463*)
from Pichincha, Ecuador (Figure 1c).

Figure 1. Parasitized individuals (a-c, e-g): a. Ventrivomer ancyrophorus, female from Mindo, Ecuador; b. Bucayana bucayana
(ICN-A0-700), from Narifio, Colombia; c. Phareicranaus aff. roeweri (MNR] 9463), male from Pichincha, Ecuador; d.
Puparia of a Phoridae, taken from leg IV of Neocranaus sp. (MNR] 8844). e, f. Neocranaus aff. albiconspersus (ICN-Ao-436
and unvouchered specimen), two females from Armenia, Colombia; g. Neocranaus sp. (MNR] 8844), female from

Armenia, Colombia; Scale bars =5 mm (g) and 1 mm (d).

Two patterns of distribution of the puparia on the body of
harvestmen were detected: one pattern with the puparia on
the dorsal scutum (Figures 1a, b, ¢; 2) and another with the
puparia on the femora of the legs (Figures 1le, f, g; 2). A
morphological difference between the puparia of each pattern
was detected in the shape of the anterior spiracular
projections. Puparia from which adults had not emerged were

distributed on the dorsal scutum have anterior spiracular
projections with a pointed termination (Figure 1b), while
those on the legs have a finger-like shape with a rounded tip
to the anterior spiracular projections (Figures 1d, g; 3). The
pattern of distribution of puparia on the dorsal scutum and the
pointed termination to the anterior spiracular projections was
found in the genera Ventrivomer Roewer, 1913, Bucayana
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Mello-Leitao, 1942 and Phareicranaus Roewer, 1913 in samples
from Ecuador, while the second pattern was observed only in
Neocranaus Roewer, 1913 from Colombia (Figure 2).

The existence of these two distribution patterns that occur
allopatrically and according to the presence of morphological
differences in the anterior spiracular projections suggests that
at least two species of flies are involved in these parasitic
events, one of them present only in Opiliones of the genus
Neocranaus from Colombia.

O. Villareal et al.

Morphological features, such as

respiratory horn organs, rupture zones, and standard

the presence of

posterior spiracles, allowed us to identify the flies as members
of Phoridae (Figures 1d, 3a-d). The main phorid genus
associated with harvestmen is Myriophora Brown, 1992
(Metopininae) (Disney 1994). Borgmeier (1931) reported nine
females of Myriophora opilionidis Borgmeier (1931) pursuing a
harvestman (Opiliones: Laniatores), although parasitism was
not confirmed (Brown 1992).
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Figure 2. Map showing the geographic records of Phoridae parasitizing cranaid harvestmen, and pattern of distribution

of the puparia on the body and legs.

Figure 3. SEM pictures of the puparium of a Phoridae (taken from Neocranaus sp. - MNR] 8844). a. dorsal view. b-d. Details
of anterior spiracular projections. Scale bars = a: 500 pm, b: 50 pm, c: 20 pm, d: 5 pm.
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Based on puparia only, it is difficult to define which group
of phorids these belong to due to the lack of information about
immature stages in literature. However, the current literature
on the ecological relationship between Phoridae and
harvestman provides clues about the identity of these
parasitoids. The low incidence of records of this occurrence
may indicate that it occurs accidentally since Myriophora are
commonly associated with diplopods, which they pursue by
following the trail of defensive chemicals, specifically
benzoquinone (Brown 1992, Hash & Brown 2015, Hash et al.
2017). In addition to diplopods (Juliformia = Julida,
Spirobolida,  Spirostreptida), use
benzoquinone in their defense (Machado et al. 2005, Hash et
al. 2017). It's known that Phorids can use benzoquinone to
detect prey, even if it seems difficult to deal with the same
groups of flyes, since in Opiliones, the flies are ectoparasites,
while in Diplopoda, they are endoparasitic flies, and by the
very different nature between the exoskeleton of harvestmen
and diplopods. This seems to indicate that the parasitism of
these phorids in harvestmen is not accidental.

Based on the observation of the material, no possible exit
orifice for the larvae was observed in the harvestmen’s body.
Cases of endoparasites recorded for other parasitic Diptera,
such as Myriophora, consume practically all the internal
tissues of their host during larval feeding, causing the host’s
death (Hash et al. 2017). We presume, then, that it is not a case
of endoprasitism.

This paper raises relevant aspects concerning ecological
interactions between phorids and harvestmen, being the first
report of parasite flies infesting harvestmen of the family
Cranaidae. The fact that the
observed/ collected alive with phorid puparia stuck to their
body suggests: (1) as has been reported for other dipterans,
these species of Phoridae are koinobionts, allowing their host
to stay alive after parasitism; (2) unlike what happens with
some hymenopteran ectoparasites of arachnids, a single
harvestman host can support more than one parasitoid.

The pathway for the evolution of parasitism from free-
living lifestyles has evolved at least 223 times in just 15
Animalia phyla (Weinstein & Kuris 2016). Multiple
hypotheses for this evolutionary lifestyle transition have been
proposed (close co-habitation, predator-prey interactions,
pre-adaptation, phoresy) (Athias-Binche & Morand 1993,
Crook 2014, Poulin 2007). This paper suggests that the path
traced by the phorids to use the harvestman as a host was
probably pre-adaptation by the phorids (Myriophora) system
of benzoquinone localization and its parasitoid/necrophagic
family habits.

Some relevant aspects of this relationship remain to be
investigated. For example, does the fixation of puparia to the
body of living harvestmen favor their survival? Perhaps the
chemical defenses of the harvestmen also protect the puparia
from predators. Is the harvestmen/phorid relationship
accidental, or are the harvestmen specifically targeted by the
parasitoids, i.e., suggesting host specificity? To test these
hypotheses further, more investigations are needed, into,
among other things, whether the defensive glands of the
harvestmen are affected by parasites. In this sense, no puparia
were found stuck near the glands (Figures 1; 2).

In the most current unpublished proposal of phylogenetic
relationships, presented in its doctoral thesis, Villarreal (2016)

harvestmen  also

harvestmen hosts were
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suggest that all three genera - Bucayana, Neocranaus, and
Ventrivomer and additionally Phareicranaus aff. roeweri -
belong to the same clade. After studying a large number of
specimens of harvestmen, mainly but not exclusively from
MNR]J, which represented almost all the families of
Gonyleptoidea, from the Atlantic Forest (in Brazil) and the
northern Andes, we have found only these seven cases of this
kind of association between puparia and harvestmen, s
reported herein. All of them are related to an Andean clade of
cranaid (sensu Villarreal 2016) (Figure. 2), which suggests
specificity in the choice of the host in this group of flies.
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