Biodiversity Data Journal 12: 137798 O
doi: 10.3897/BDJ.12.e137798 open

Short Communication

Morphology of immature stages of the black fig fly
Silba adipata (Diptera, Lonchaeidae)

Miguel A Juarez Maya?, Oscar Morales Galvan$, Jorge M Valdez Carrascof, Daniel lllescas Salvador$,
José M Gutierrez Ruelas!, Carlos P lllescas RiquelmeT

I Colegio de Postgraduados, Campus Montecillo, Posgrado en Fitosanidad-Entomologia y Acarologia, Texcoco, Estado de
México, Mexico

§ Universidad Auténoma Chapingo, Departamento de Parasitologia, Texcoco, Estado de México, Mexico

| SADER-SENASICA-DGSV, Direccién de Proteccion Fitosanitaria, Ciudad de México, Mexico

91 CONAHCYT/ Centro de Investigacion en Quimica Aplicada, Departamento de Biociencias y Agrotecnologia., Saltillo,
Coahuila., Mexico

Corresponding author: Carlos P lllescas Riquelme (carlos.illescas@ciga.edu.mx)
Academic editor: Paolo Biella
Received: 24 Sep 2024 | Accepted: 12 Nov 2024 | Published: 21 Nov 2024

Citation: Judrez Maya M, Morales Galvan O, Valdez Carrasco J, lllescas Salvador D, Gutierrez Ruelas J,
lllescas Riquelme C (2024) Morphology of immature stages of the black fig fly Silba adipata (Diptera,
Lonchaeidae). Biodiversity Data Journal 12: e137798. https://doi.org/10.3897/BDJ.12.e137798

Abstract

The black fig fly Silba adipata is an exotic and invasive pest of figs in several producing
areas of Mexico. The larvae of this species feed on the internal tissue of the syconium,
causing rot and premature drop. In addition to S. adipata, other species of fruit flies can
be associated with figs in Mexico. Therefore the recognition of their immature stages is
useful for plant health inspection procedures and timely management decisions. This
study aimed to describe the egg, larva (L3) and puparium stages of S. adipata, provide
photographic material for their recognition and discuss the most important external
morphological characteristics to differentiate them from Zaprionus indianus and
Anastrepha Iludens and discriminated amongst other species of Diptera of the
Drosophilidae and Tephritidae families associated with figs.

Keywords

fruit flies, Ficus carica, quarantine pests

©Juarez Maya M et al. Thisis an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and
source are credited.


https://doi.org/10.3897/BDJ.12.e137798
mailto:carlos.illescas@ciqa.edu.mx
https://doi.org/10.3897/BDJ.12.e137798

2 Juarez Maya M et al

Introduction

The fig tree (Ficus carica L.) is a deciduous and evergreen tree belonging to the family
Moraceae, composed of numerous varieties with great genetic diversity (Ben-Abdallah et
al. 2023, Ramadan 2023). This plant is native to the Middle East. It has been dispersed
by human action to different regions around the world, mainly due to its commercial value
and high adaptability to different environments, soils, climates and altitudes (Akbar 2020,
Ben-Temessek et al. 2023).

The main product of this plant is its syconia, commonly called figs. These are sold fresh or
dehydrated for human consumption, their positive effects on health or the manufacture of
various by-products depending on the geographical area (Ben-Temessek et al. 2023).
According to data from SIAP (2024), Mexico has a planted area of 2,168 ha, with a
production of 12,489 t, in 19 Federative Entities, with a production value around 16
million USD, with the State of Morelos being the main producer. The Mexican fig
production is destined for the export market, mainly to the USA and Canada (SENASICA
2024, SE 2024).

The incidence of pests and diseases is one of the major problems in the production and
marketing of figs. Within this complex of organisms, some species of fruit flies are the
most important due to their negative impact on yield, increase in production costs and the
trade restrictions imposed by fruit-importing countries to limit their entry and protect their
phytosanitary status (Aluja and Mangan 2008).

Fruit flies (Diptera) lay eggs on healthy fruits and their larvae feed on them, making them
unmarketable. Fruit flies associated with figs around the world belong to the families
Lonchaeidae, Drosophilidae, Tephritidae (Silvestri 1917a, Gongalves et al. 2008,
MacGowan et al. 2012, Mifsud et al. 2012, Radonji¢ et al. 2019, Arimoto et al. 2020, Aksit
and Cakmak 2022, Singh et al. 2022) and Chloropidae (Silvestri 1917b, Nartshuk 2011);
however, the diversity and importance of the species vary depending on the geographic
region.

The black fig fly, Silba adipata McAlpine (Diptera, Lonchaeidae), is a monophagous and
invasive species native to the Mediterranean and the Middle East (Britt et al. 2022).
Females lay eggs in the ostiole and the larvae subsequently feed on the internal tissues
of the fig, causing its premature drop (Abbes et al. 2021; Suppl. material 1). In Mexico, it
was initially reported in commercial fig orchards in Ayala, Morelos (NAPPO 2020) and
later in backyard fig trees in the State of Mexico (Bautista-Martinez et al. 2021). Currently,
this pest has spread to several areas of Mexico and is the most devastating in terms of
production (Paniagua-Jasso et al. 2024). This has meant that fresh Mexican figs for
export must undergo a radiation quarantine treatment in order to access the US market (
APHIS 2021).

Other flies (Diptera, Drosophilidae) associated with figs in Mexico are the African fig fly
Zaprionus indianus (Gupta), the spot-winged fly Drosophila suzukii (Matsumara) and the
vinegar fly Drosophila melanogaster (L.) (Bautista-Martinez et al. 2017). The larvae of
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these three species can develop in the syconia. However, Z. indianus is the only one of
this family considered a primary pest of F. carica by attacking mature figs; the last two are
secondary or opportunistic.

On the other hand, fig is mentioned as a host for several species of Tephritidae (Diptera,
Brachycera) such as Anastrepha Iudens (Loew) and Anastrepha spp. by the Mexican
Official Standards NOM-025-FITO-1995 and NOM-075-FITO-1997 (SAGARPA 1998,
SAGARPA 1999). However, in our opinion, this parasite-host relationship is for
prevention purposes, since no study has been conducted to confirm F. carica as a host
for species of this genus. The lack of comprehensive studies confirming this relationship
underscores the need for further research in this area. Given that multiple groups of fruit
flies are connected with figs in Mexico, it is crucial to accurately identify the species in
their immature stages. This is because they can be discovered in the field within figs or at
various points in the product logistics chain. The present work describes the immature
stages of S. adipate, indicating the most important parts for its recognition and mentioning
characteristics that distinguish it from species of Drosophilidae and Tephritidae.

Materials and methods

Immature stages of Silba adipata. Developing figs vr. Black Mission with signs of
irregular maturity, stem rot and emergence holes were collected in commercial orchards
located in the Municipalities of Tlayecac (18°45'38.466"N, 98°53'50.5932"W, 1,316 m
a.s.l.), Jaloxtoc (18°44'19.2182"N, 98°55'2.77"W, 1,277 m a.s.l.) and Tetela del Volcan,
(18°50'20.7"N, 98°45'16.5"W, 1,481 m a.s.l.), belonging to the State of Morelos, México in
September 2021, June 2022 and March 2023. The collected material was placed in
plastic containers and transferred to the insect taxonomy laboratory of the Departamento
de Parasitologia Agricola de la Universidad Auténoma Chapingo, Texcoco, State of
Mexico.

From the syconia in the containers, some newly-emerged larvae (L3) were selected,
these were boiled in water for 30 seconds, then preserved in 70% alcohol. The rest of the
emerged larvae were allowed to continue their cycle to obtain pupae and adults. The
males were identified from the chaetotaxy of the thorax and genitalia, with the keys and
illustrations of McAlpine (1956), McAlpine and Steyskal (1982), McAlpine (1987),
MacGowan and Freidberg (2008) and MacGowan and Rotheray (2021). To obtain eggs,
S. adipata adults were confined in entomological cages (25 x 25 x 25 cm). Adults were
supplied with tap water in cotton and a sugar-based diet with hydrolyed protein was
constantly provided with immature figs until the females laid eggs.

Morphological study of immature stages. Twenty-six larvae (L3) preserved in alcohol
were selected and photographs were taken of their bodies; anterior and posterior
spiracles; mouth-hooks; oral ridges and anal lobes with their respective dimensions. To
illustrate the cephalopharyngeal skeleton and posterior spiracles, the body's first anterior
third and posterior third were separated and immersed in 10% potassium hydroxide
(KOH) solution at 80°C for 20 minutes to macerate the tissue. They were then washed
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with running water and 70% and 100% alcohol. Finally, they were immersed in xylene
and then mounted on a slide glass with Canadian balsam to take the image.

The microscopy, image processing and analysis work were done at the Insect
Morphology Laboratory of the Colegio de Postgraduados, Campus Montecillo, Texcoco,
State of Mexico. The photographs were taken with a Carl Zeiss SteREO Discovery V20
microscope (Germany), with a Canon 2000D digital camera (Japan). Darktable 4.8.1,
ZereneStacker 1.04 and GIMP 2.10.34 programmes were used to capture and manage
the images. The measurements were obtained with the ImagedJ 1.53timage analyser.

The description of immature states was made, based on the schemes of McAlpine (1961),
McAlpine (1987), Frias et al. (2006), MacGowan et al. (2012), MacGowan and Rotheray
(2021) and Rodriguez et al. (2022). To make comparative observations with Z. indianus
and A. ludens, eggs, larvae and puparium of this species were obtained from the
Agricultural Entomology collection of the Department of Entomology and Acarology of the
Colegio de Postgraduados Campus Montecillo.

Results and Discussion

Silba adipata eggs are about 1.2 mm long, whitish, translucent, smooth, elongated and
almost straight (Fig. 1).

Figure 1. EE

Silba adipata eggs.

Larvae are yellowish-white in colour, slender and cylindrical. The ventral abdominal area
has creeping welts with some barely evident spines (Fig. 2A). Average length is 6.12 mm,
height is 1.044 mm and width is 1.004 mm in abdominal segment V. Anterior spiracles
(Fig. 2B) have 8 to 9 digits or respiratory lobes, with a semi-elliptical arrangement and
projecting forwards. The oral ridges are especially difficult to observe due to the
translucent integument of this area and the retractile nature of the pseudocephalon (Fig.
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2C and D). These can vary between specimens in terms of number, size and bifurcations.
Antennae and maxillary lobes are on the front part of the pseudocephalon (Fig. 2C
and D)

2|
int scl

Figure 2. EEI

Silba adipata larva. A Lateral, ventral and dorsal views of habitus; B Anterior spiracle; C
Pseudocefalon in lateral view; D Pseudocefalon in ventral view; E Larval cephaloskeleton; F
Mouth-hook; G Caudal segment; H Left posterior spiracle; I Anal lobes. Abbreviations: ant —
antenna; b scl — basal sclerite; cr wit — creeping welts; d corn — dorsal cornu; den scl — dental
sclerite; int scl — intermediate sclerite; m lob - maxillary lobes; mhk — mouthhook; pastm b —
parastomal bar; v corn — ventral cornu; or — oral ridges; d ap — dorsal apodeme; v ap — ventral
apodeme; b mhk - mouth-hook base; isp — interspiracular processes; ss — spiracular slit; ssc —
stigmatic scar.

Cephaloskeleton (Fig. 2E) with mouth-hook with rectangular-based, very sclerotized,
curved, smooth and non-bifurcated mouth-hooks, with a notch at their upper margin,
between the dorsal apodeme and the tip of the hook. Rounded dorsal apodeme and
ventral apodeme with a pointed end directed backwards. Dental sclerite, wide and
curved, located behind the ventral apodeme (Fig. 2F). Intermediate sclerite sclerotized,
wide, bar-shaped, parallel to the thinner parastomal bar. No accessory oral sclerites are
observed. Dorsal cornu highly sclerotized. Ventral cornu slightly sclerotized. Basal
sclerite shows black sclerotization, mostly confined to the anterior end of the basal
sclerite and the dorsal cornu.

Posterior spiracles (Fig. 2G) are located above the mid-line of the caudal segment; they
are elevated, short and very sclerotized, characteristic of Lonchaeidae. The plates have
three spiracular slits almost straight, longer than wide. The upper and lower slits are
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almost perpendicular to the central spiracular slit. In the spiracular plate (Fig. 2H), there is
a stigmatic scar on the inner margin and four hyaline interspiracular processes that
alternate between the spiracular slit and the stigmatic scar. They comprise a main trunk
that bifurcates and ends in 8 to 10 points. It has bifid anal lobes (Fig. 2I), with the posterior
part smaller than the anterior and has two to three rows of thick, sclerotizedmicrospines.

Puparium of S. adipata is reddish-brown, cylindrical and has 11 well-defined segments.
The posterior partis slightly narrower than the anterior. It has several transverse striations
mostly visible at the anterior, posterior and ventral ends. The vestiges of the anterior and
posterior spiracles of the larva are preserved (Fig. 3).

Figure 3. m

Silba adipata puparium. A Dorsal view; B lateral view; C Ventral view; D Anterior; E Posterior.

The information provided in the present study is useful for recognising the immature
stages of the black fig fly and distinguishing it from other groups of fruit flies,
Drosophilidae and Tephritidae, related to figs in Mexico and other countries in the
Americas.

Silba adipata eggs can be easily differentiated from those of Drosophilidae species that
lay eggs in the ostiole or within the syconium, such as Z. indianus, D. susukii and D.
melanogaster, since they have different numbers of respiratory filaments (4, 2 and 2,
respectively) (Matavelli et al. 2013, Bautista-Martinez et al. 2017), which are absentin S.
adipata. On the other hand, Anastrepha eggs are generally longer than those of S.
adipata and have a curved shape resembling a banana (Figueiredo etal. 2013).

The general morphology of S. adipata larvae presents characteristics that allow them to
be easily differentiated from the Drosophilidae species associated with fig. The larvae of
Zaprionus indianus and Drosophila spp. are smaller and translucent; their anterior
spiracles have a general stalk that ends in several long filamentous processes capable of
retracting into the body and their posterior spiracles are small, tubular, slightly sclerotic
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and project towards the posterior part (Teskey 1981, Matavelli et al. 2013, Van-Timmeren
etal.2017).

In general, Anastrepha larvae are larger and more robust than S. adipata larvae;
however, they have some similarities since both are phylogenetically related within the
superfamily Tephritoidea (Han and Ro 2016) and could be confused in early instars. In
particular, A. ludens differs from S. adipata because it has more digits in the anterior
spiracle (+12). Its posterior spiracles are not prominent; its spiracular openings are
almost linear and parallel to each other. lts oral ridges (11-17) are well defined and it also
has fine microspines surrounding the anal lobes (Carroll and Wharton 1989, Hernandez-
Ortiz et al. 2020, FAO 2021, Rodriguez et al. 2022). The cephalopharyngeal skeleton of
Anastrepha larvae and several species of Tephritidae present a well-formed and
sclerotized anterior sclerite (Frias et al. 2006, Steck and Ekesi 2015, Rodriguez et al.
2022), which is absentin S. adipata.

Dimensions and shapes of the mouth-hooks and cephaloskeleton of S. adipata are
similar to those of Silba lashker (Diptera, Lonchaeidae), another phytophagous species
associated with syconia of Ficus carica in India (MacGowan et al. 2012). Further
information will be needed to determine whether these attributes are sufficient to
separate it from Neosilba species associated with figs in South America (Uchbéa and
Nicacio 2010, Nicacio and Uchda 2011, Raga etal. 2015, Sousa etal. 2021).

The puparium of S. adipata retains the shape of the short and sclerotized posterior
spiracles, typical of several groups of Lonchaeidae. In Z. indianus, as in Drosophila spp.,
the pupae have tubular projections with filaments corresponding to the anterior spiracles
(Matavelli et al. 2013). The puparium of Anastrepha ludens is larger and oval in shape
(SENASICA 2017).

Silvestri (1917a) made a very detailed description of S. adipata (referred as Lonchaea
aristella), where he illustrated diagrams of the morphology of the development stages.
Description of the immature stages coincides with what was observed in the present
work; there is no other report where this description is made. Using optical microscopy, it
was possible to illustrate the anterior spiracle, the cephaloskeleton, posterior spiracles,
interspiracular processes and anal lobes of S. adipata, important structures for its
characterisation and separation from other dipteran larvae associated with figs,
characteristics that can be useful during phytosanitary inspections at any port of entry.
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