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Abstract

Two species of gall midges have been associated with the deformation of small avocado fruits in several
Central American countries. In recent years, similar symptoms were detected in a small avocado-pro-
ducing region in Nayarit, Mexico. Therefore, the objective of this study was to identify the insect species
associated with those avocado damage symptoms and its natural enemies. Sampling was conducted dur-
ing the main flowering and initial fruit set period across five sites. A total of 944 deformed fruits, 1 to
2 cm in diameter, were collected and kept in 500 ml plastic containers to await the emergence of flies and
parasitoids. Fruits from which no insect emergence occurred were dissected. This information was used to
estimate the parasitism rate. In the study area, only Bruggmanniella perseae Gagné, 2004 (Diptera, Cecid-
omyiidae) was identified infesting avocado fruits of Hass and Mendez varieties. Furthermore, four genera
and six species of parasitoids were recovered. The highest parasitism rate was recorded in the Mendez
variety (31.49%). The highest parasitism rate (16.69%) was caused by Rileya insularis (Ashmead, 1894)
(Chalcidoidea, Eurytomidae), followed by Zorymus umbilicatus (Gahan, 1919) (Chalcidoidea, Torymi-
dae), and two species of Galegpsomyia Girault, 1916 [G. perseae Hansson, 2023 and G. gonzalezi Hansson,
2023 (Chalcidoidea, Eulophidae)]. This work provides the first characterization of the male of G. perseae
and includes images to facilitate identification of all recovered parasitoid species.
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Introduction

Mexico is the world’s leading producer and exporter of avocado, it has a cultivated area
0f 268,311 hectares and its production exceeding 2.7 million tons (FAO 2023; SIAP
2025). It is also considered the center of origin for this crop, as well as for many of its
associated herbivores (Boheman 1845; Williams 1977). Nayarit ranks as the fourth-
largest avocado-producing state in Mexico, with a production of 73,685 tons from
12,823 hectares. Seventy-eight percent of this production is concentrated in Tepic and
Xalisco municipalities, making avocado the third most important perennial crop in the
state, with an economic value exceeding 37 million dollars (SIAP 2025).

In Central America, two gall midge species have recently been reported causing
direct damage to small avocado fruits: Asphondylia websteri Felt, 1917 (Diptera, Cecid-
omyiidae) and Bruggmanniella perseae Gagné, 2004 (Diptera, Cecidomyiidae) (Gagné
et al. 2004; Hoddle 2008). Asphondylia websteri is a polyphagous species (Gagné and
Jaschhof 2014), and Hoddle (2008) reported its larvae developing inside small fruits
of the Hass avocado cultivar in Guatemala, causing fruit deformation. Additionally,
Gagné and Jaschhof (2021) noted the distribution of A. websteri in Mexico on six
hosts, including Persea americana Mill., 1768, but did not provide details on the af-
fected organ or variety. This appears to be the only record of this gall-inducer on av-
ocado in the Mexican territory.

Bruggmanniella perseae was first described and reported in avocado fruits in
Colombia and Costa Rica (Gagné et al. 2004). To date, it has been reported infesting
the Hass and Mendez cultivars in several Neotropical countries, including Mexico
(Delgado-Ortiz et al. 2017; Gagné and Jaschhof 2021; Laureano-Ahuelicin et al.
2022; Garcia-Escamilla et al. 2024). This gall midge causes deformation of small fruits
(between 1 and 2 c¢m in length). The larva forms a chamber inside the fruit where
it develops; the third instar excavates a tunnel and pupates near the exterior to fa-
cilitate adult emergence, which ultimately leads to the abortion of the damaged fruits
(Gagné et al. 2004).

It is currently unknown whether a gall midge causes any significant economic dam-
age to avocado, or if infestation and damage occur in fruits likely destined for natural
abscission. Nonetheless, some natural enemies associated with gall midges have already
been reported in avocado. For example, Laureano-Ahuelicdn et al. (2022) found para-
sitoids of the genera 7orymus Dalman, 1820 (Chalcidoidea, Torymidae), Paragaleop-
somyia Girault, 1917 (Chalcidoidea, Eulophidae), and species from Pteromalidae in
Mexico. Recently, Hansson and Hanson (2023), in a revision of the Galeopsomyia
genus (Chalcidoidea, Eulophidae) from the Neotropical region, described four species
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that emerged from avocado fruits with gall midge damage (G. druparum Hansson,
2023; G. gonzalezi Hansson, 2023; G. leonae Hansson, 2023 and G. perseae Hansson,
2023), suggesting that at least one species could be a parasitoid of B. perseae; however,
the specific role these wasps play within the fruit remains unknown. The same authors
described the males of G. gonzalezi and G. leonae; therefore, the morphological charac-
teristics of the males of G. perseae and G. druparum remain unknown.

In Mexico, B. perseae has been recorded from fruits of Hass and Mendez avocado
cultivars in three central producing states (State of Mexico, Michoacdn, and Morelos)
(Delgado-Ortiz et al. 2017; Laureano-Ahuelicdn et al. 2022; Garcia-Escamilla et al.
2024). Asphondylia websteri has also been reported in the country (Gagné and Jaschhof
2021), although no further details are known regarding this gall inducer. More recent-
ly, the “Comité Estatal de Sanidad Vegetal de Nayarit (CESAVENAY)” (State Com-
mittee for Plant Health in Nayarit) detected damage in avocado fruits from different
orchards that is consistent with that caused by gall midges, along with the presence
of at least two species of parasitoids (Ing. Claudio Chavarin-Palacio, CESAVENAY,
personal communication). The gall midge responsible is suspected to be the same spe-
cies previously reported in central Mexico. Therefore, the objective of this study was to
identify the gall midge species associated with immature avocado fruits and to identify
the associated parasitoids.

Materials and methods

Fruit collection

Surveys were conducted between January and April 2025 in five commercial avocado
orchards of Hass and Mendez cultivars, in the municipalities of Tepic and Xalisco,
Nayarit (Table 1). Fruits measuring 1 to 2 cm in diameter, with peduncles 10 to
12 cm long and exhibiting deformations consistent with gall midge damage as de-
scribed by Gagné et al. (2004), were collected. In the orchards El Rebaje, El Ahuacate,
El Rodeo, and San José Costilla, 10 trees were randomly selected per orchard, whereas
in the larger orchard at San Carlos, 30 trees were sampled due to the higher availability
of damaged fruits. In each tree, only symptomatic fruits were collected. They were cut
off from the selected trees and placed in emergence chambers made from 0.5 L TUC®
plastic containers. The container lid had a perforation (8 cm ©) covered with organza
fabric for ventilation. A small perforation (1.5 cm ©) at the bottom of each container
allowed the insertion of fruit peduncles. Each peduncle was placed inside an Eppen-
dorf tube containing water and secured with modeling clay to maintain turgidity. Ab-
sorbent paper was placed at the bottom of the container to prevent excess moisture;
each container held between 25 and 35 fruits. Emerged specimens (parasitoids and gall
midges) were captured with a buccal aspirator and placed in 1.5 ml Eppendorf tubes
containing 70% ethyl alcohol for subsequent processing and identification.
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Table I. Locality and collected fruits in each sampling plot in Tepic and Xalisco, Nayarit, Mexico.

Locality and Collection Latitude, Longitude Altitude Cultivar Number of
municipality date (d-m-y) masl fruit collected
El Ahuacate, Tepic 10-01-2025  21°30'52.0"N, 104°57'04.2"W 1,014 Mendez 161
San Carlos, Tepic 27-01-2025 21°31'17.7"N, 104°56'39.3"W 963 Mendez 400
El Rodeo, Tepic 10-01-2025 21°32'07.8"N, 104°54'39.8"W 1,145 Hass 48
San José Costilla, Xalisco  10-01-2025  21°21'48.0"N, 104°52'09.0"W 991 Mendez 185
El Rebaje, Xalisco 05-04-2025  21°26'51.1"N, 105°03'55.5"W 764 Hass 150
Total 944

Sample processing

All collected fruits were transported to the Laboratorio de Parasitologia Agricola
at the Universidad Auténoma de Nayarit. They were inspected daily for 21 days.
Fruits from which no gall midges or parasitoids emerged were dissected using a
scalpel and examined under an OPTIKA® SZM-LED2 stereomicroscope (Pon-
teranica, Bergamo, ITA). These observations allowed for the quantification of
non-emerged organisms (gall midges and parasitoids). Parasitism percentages were
calculated by dividing the total number of parasitoids by the total number of col-
lected individuals.

A subsample of the gall midges (10 adults and 10 third-instar larvae) was mounted
following the Gagné methodology (1994), with minor modifications (substituting
NaOH with 10% KOH for maceration). A sample of 10 adult parasitoids of each
species underwent progressive dehydration in 80%, 90%, and 96% ethanol solutions,
with 30-minute immersion at each concentration. Following the final ethanol concen-
tration, they were placed in a glass container with amyl acetate for 24 h. The processed
specimens were then air-dried at room temperature for 24 h on absorbent paper tow-
els. Once dry, photographs of entire specimens were taken using a Canon EOS T7
camera (Canon Inc., Taiwan) adapted to an OPTIKA® SZM-LED2 stereomicroscope
(Ponteranica, Bergamo, ITA).

Sample processing of males of Galeopsomyia perseae

Hansson and Hanson (2023) did not provide a description of the male of G. perseae.
Therefore, a description of the male is presented, based on conspecific specimens col-
lected in the present study and following the format of these authors. For measuring
diagnostic structures of G. perseae males, a sample of 10 specimens was used. Each
specimen was dissected, and the structures (mesosoma, gaster, head, and antenna) were
mounted on double-sided adhesive tape pre-affixed to microscope slides. The struc-
tures of each specimen were photographed, and the average for each set of measure-
ments was calculated. All measurements were performed using the software IMAGE]
version 1.54 (National Institutes of Health 2011).



Bruggmanniella perseae parasitoids in avocado 1035

Morphological identification

The morphological identification of larvae, pupae, and adults of gall midges was per-
formed using a MOTIC® BA210 compound microscope (Kowloon Bay, Kowloon,
HKG), following the dichotomous keys of Gagné (1989, 1994), Gagné et al. (2004),
Dorchin et al. (2015), Lin et al. (2019), Garcia et al. (2020), and Lin et al. (2020).
Terminology for adult gall midge morphology follows McAlpine (1981), while that for
immature stages follows Gagné (1989).

The morphological identification of parasitoids was conducted using an OPTIKA®
SZM-LED?2 stereomicroscope (Ponteranica, Bergamo, ITA). For parasitoids of Galeop-
somyia genus, the keys and terminology proposed by Hansson and Hanson (2023)
were followed. For identification of Eurytomidae parasitoids, the terminology and di-
chotomous keys of Gates (2008) were used. For the Torymidae, the terminology and
morphological keys proposed by Grissell (1976, 1997) were followed. Additionally, the
specimens belonging to the family Eurytomidae were verified by the group specialist,
Dr. Michael W. Gates (University of California, Riverside), whereas the specimens
of the family Torymidae were confirmed by Dr. Aitor Martinez-Romero (Univer-
sitit de Barcelona). Specimens were deposited in the Insect Collection of the Cole-
gio de Postgraduados with the following voucher numbers: B. perseae CEAM-Di-001;
R. insularis CEAM-Hy-051; G. perseae CEAM-Hy-053; G. gonzalezi CEAM-Hy-052;
T. umbilicatus CEAM-Hy-054.

Results

A total of 944 avocado fruits were collected, of which 746 corresponded to the Mendez
cultivar and 198 to Hass. A total of 192 adult gall midges emerged, predominantly
from Mendez fruits (180 individuals) compared to Hass (12 individuals). Among non-
emerged individuals, 127 larvae and 102 pupae were recorded in Mendez, whereas 116
larvae and 16 pupae were found in Hass. All specimens correspond to B. perseae, and
representative images of larvae (Fig. 1A, B), pupae (Fig. 1C-E), and adults (Fig. 1F,
G) are shown.

Regarding parasitoids, 147 adults emerged and 79 non-emerged individuals were
recorded (Table 2). The parasitism rate per cultivar was higher in Mendez (31.49%)
compared to Hass (12.20%). Six parasitoid species were identified, comprising two
species of Rileya Ashmead, 1888, two of Galeopsomyia, and one species each of Torymus
and Zorymoides Walker, 1871 (Fig. 2). Rileya insularis (Ashmead, 1894) (Fig. 2A, B) ex-
hibited the highest parasitism rate at four of the five sampling sites (El Rebaje 5.43%;
San José Costilla 15.20%; El Ahuacate 20.86%; and San Carlos 21.67%). The second
most prevalent species was 7. umbilicatus (Gahan, 1919) (Fig. 2C, D) which was pre-
sent at four sites; at El Rodeo it showed the highest parasitism rate (10%), followed by
G. perseae (Fig. 2E, F) at 6.7% (Table 2).
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Figure 1. Bruggmanniella perseae. A. Third instar larva, ventral view; B. Third instar larva, lateral view;
C. Pupa, dorsal view; D. Pupa, lateral view; E. Pupa, ventral view; F. Female adult, lateral view; G. Male

adult, lateral view.

Table 2. Organisms reared from Bruggmanniella perseae and parasitism rate across five sampling plots in

Tepic and Xalisco, Nayarit, Mexico.

Place Bruggmanniella perseae Parasitoids Total Parasitism
Adults Larvae Pupae < § N N specimens (%)

§ & § 5§ 3 ¢

Y O -

~ ™ &}
San José Costilla 40 46 35 24 10 2 1 0 0 158 23.41
El Rebaje 6 104 9 7 3 0 0 0 0 129 7.75
El Rodeo 6 12 0 3 0 2 0 0 30 16.66
El Ahuacate 44 33 20 29 13 0 0 0 0 139 30.21
San Carlos 96 48 47 70 22 3 10 23 4 323 40.86
Total 192 243 118 130 51 5 13 23 4 779 29.01
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A total of 36 specimens belonging to the genus Galeopsomyia were identified
to species level. Of these, 13 specimens were identified as G. perseae (Fig. 2E, F),
found at three of the five sampling sites, and 23 specimens belonged to G. gonza-
lezi (Fig. 2G, H), which emerged from the San Carlos locality in Tepic. Galeopsomyia
gonzalezi ranked third in parasitism rate, followed by G. perseae (Table 2). The spe-
cies with the lowest emergence were ZTorymoides sulcius (Walker, 1839) (Chalcidoidea,
Torymidae) (Fig. 21, J), with five specimens, and Rileya sp. (Chalcidoidea, Eurytomi-
dae) (Fig. 2K, L), with four specimens. The latter could not be identified to species
level and was recorded from the San Carlos and San José Costilla orchards.

Description of the male of Galeopsomyia perseae

Average body length 2.26 mm (1.62-2.64) (dry specimens). Antenna with radicle
yellow and scape yellow-brown, elongated with dorsal and ventral edges (Fig. 3B);
a dark brown plate situated at the inner apex of the scape; dorsobasal whorls of
long setae on the first five flagellomeres present on F1-F4 and dorso-ventrobasal
whorls on C1 (Fig. 3B). Gaster ovoid, longer than the thorax (Fig. 2F). Other
diagnostic characteristics are as described for the female, which are detailed in
Hansson and Hanson (2023).

Measurements for males (mm): Head length, frontal view 0.50 (0.37-0.55); head
width, frontal view 0.63 (0.48-0.70); mouth width 0.23 (0.19-0.25); malar space
length 0.19 (0.13-0.22); eye length 0.28 (0.22-0.30); radicula length 0.038 (0.029-
0.043); radicula width 0.030 (0.025-0.035); scape length 0.217 (0.016-0.024); scape
width 0.059 (0.046-0.069); plaque length 0.081 (0.060—0.095); pedicel length 0.083
(0.067-0.090); pedicel+flagellum length 0.986 (0.754—1.06); F1 length 0.064 (0.046—
0.075); F1 width 0.055 (0.039-0.072); F2 length 0.027 (0.010-0.090); F2 width
0.051 (0.041-0.059); F3 length 0.014 (0.010-0.016); F3 width 0.047 (0.038-0.061);
F4 length 0.014 (0.011-0.016); F4 width 0.044 (0.034-0.053); clava length 0.039
(0.029-0.043); clava width 0.042 (0.035-0.050); mesosoma length 0.81 (0.58-0.91);
mesosoma width 0.61 (0.41-0.70); gaster length 1.18 (0.79-1.44); gaster width 0.38
(0.24-0.45); longest subbasal seta longer than the first five flagellomeres on F1, length
0.051 (0.041-0.055).

Comments

Females of G. perseae can be differentiated from other species of the genus primarily
by their laterally compressed gaster, the very short Gt?, and the smooth median line
between Gt' and Gt* (Fig. 3A). Females of G. gonzalezi are differentiated from other
species in the genus by the presence of a speculum in the forewing, which is very large
and covers almost the entire area below the marginal vein (Fig. 3G). Males have anten-
nae with dark brown scapes, widest at the middle; the antennal plaque is black and
situated on the anterior half; they possess dorsobasal whorls of long setac on F1-F4
and ventrobasal whorls of long setaec on C1-C2 (Fig. 3F). Furthermore, they also have
the speculum below the marginal vein (Fig. 3G).
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Figure 2. Parasitoids of Bruggmanniella perseae recovered from Nayarit, Mexico. Rileya insularis
A. Female; B. Male; Torymus umbilicatus: C. Female; D. Male; Galeopsomyia perseae: E. Female; F. Male;

Galeopsomyia gonzalezi: G. Female; H. Male; Torymoides sulcius: 1. Female; ). Male; and Rileya sp.:
K. Female; L. Male.

Discussion

The presence of B. perseae associated with deformed fruits of Hass and Mendez avocado
cultivars was detected in Nayarit. Although the predominant cultivar in Nayarit is Hass
(SIAP 2025), some additional sampling from the cv. Choquette, Booth 7, and Booth
8 were taken during April and July of 2025 to determine the distribution of B. perseae
across those cultivars; however, a gall midge has not been found in them to date.
Although Gagné and Jaschhof (2021) reported the presence of A. websteri in
Mexico, after examining 944 fruits from five sampling sites and different collection
dates in Nayarit, this species has not been found. In contrast, B. perseae has been
detected in Hass and Mendez cultivars in several Neotropical countries, including
Mexico (Delgado-Ortiz et al. 2017; Gagné and Jaschhof 2021; Laureano-Ahuelicin
etal. 2022). In some places of Costa Rica and Colombia, it has even been considered
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100 um

Figure 3. Comparison of diagnostic structures (abdomen: A, E. antennae; B, F. and wings; C, D, G, H.
between G. perseae (left) and G. gonzalezi (right). Male antennae (red arrow indicates the position of the
sensorial plate). Female abdomen: A. G. perseae, E. G. gonzalezi.

an emerging pest (Gagné et al. 2004). In the present study, intensive and systematic
sampling to assess whether infestations cause economic damage in the study area was
not conducted. However, in Nayarit, it was confirmed that the deformation of small
fruits observed since the 2022-2023 harvest were caused by B. perseae. Furthermore,
at least six species of parasitoids were detected that may be contributing to regulation
of this gall midge’s population.

Parasitism rates have been reported in gall-inducing cecidomyiid species; for ex-
ample, Doganlar et al. (2011) reported parasitism levels of up to 66% in Dasineura
oleae Angelini, 1831 and Lasioptera oleicola Skuhravi, 2011 (Diptera, Cecidomyi-
idae). Likewise, Chavalle et al. (2018) reported average parasitism rates of 22.3%
for Sitodiplosis mosellana Géhin, 1857, 8% for Haplodiplosis marginata von Roser,
1840, and 2% for Contarinia tritici Kirby, 1798 (Diptera, Cecidomyiidae) in two
cereal-growing regions of Belgium. Similarly, Batta and Doganlar (2019) reported an
overall parasitism rate of 36% for D. oleae across five olive-producing sites in Pales-
tine. In the present study, the highest parasitism rates were recorded in the Mendez
cultivar (23.41%, 30.21%, and 40.86%: Table 2).
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Rileya insularis stood out as the species with highest emergence from fruits
damaged by B. perseae in Nayarit, accounting for 16.70% of the total parasit-
ism. This eurytomid has been associated to other gall midges, including at least
10 species of the genus Asphondylia Loew, 1850 and Neolasioptera impatientifolia
(Felt, 1907) (Diptera, Cecidomyiidae) (Gates 2008). Therefore, the present study
constitutes the first report of R. insularis associated with a different genus of gall
midge. The distribution of R. insularis encompasses the entire Nearctic region,
Central America, and South America, including Mexico (Gates 2008; UCD Com-
munity 2023).

Torymus umbilicatus ranked second in general parasitism (6.55%). The genus 7o-
rymus includes at least 410 species worldwide, Mexico has 27 reported species among
which 77 umbilicatus is included (UCD Community 2023). Most species are solitary
ectoparasitoids, although some could be obligatory or facultative hyperparasitoids of
concealed hosts, including some gall midges (Graham and Gijswijt 1998; Hanson
2006; Matsuo 2020). Three species of the genus Asphondylia and one of Lasioptera
Meigen, 1818 (Diptera, Cecidomyiidae) are reported as primary hosts for 7 umbili-
catus (UCD Community 2023); therefore, this finding represents a new host record
for this torymid species. In the present work, through dissection of fruits with gall
midge damage, this species was observed developing as an ectoparasitoid of third-
instar larvae of B. perseae. Recently, Laureano-Ahuelicdn et al. (2022) mentioned a
species of the genus Zorymus associated to B. perseae in avocados in the State of Mexico.
It is therefore important to examine the material to determine if it is the same spe-
cies as that we found in Nayarit.

Two species of Galeopsomyia were found. This genus, distributed in tropical
and subtropical regions of the New World, comprises 322 described species, most
of which have been reared from gall midges (Hansson and Hanson 2023; UCD
Community 2023), including four species that emerge from fruits presumably de-
formed by B. perseae (Hansson and Hanson 2023). In Mexico, another two spe-
cies of Galeopsomyia had previously been reported, but none associated to avocado
fruits (Ruiz-Cancino et al. 2001; UCD Community 2023). Galeopsomyia perseae
and G. gonzalezi have been reared from B. perseae-deformed avocado fruits and are
reported only from Costa Rica (Hansson and Hanson 2023). Therefore, both species
represent the first records for Mexico.

Conclusions

Bruggmanniella perseae was the only gall midge species found causing deformation of
Hass and Mendez avocado fruits in Nayarit, Mexico, during the 2024-2025 season.
Six species of parasitoids associated with B. perseae were identified. Rileya insularis
was the most frequent and abundant species, followed by 7 umbilicatus, which was
observed as an ectoparasitoid of third-instar B. perseae larvae. Galeopsomyia perseae
and G. gonzalezi are reported for the first time in Mexico. Additionally, the male of
G. perseae is characterized and illustrated for the first time.
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