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Abstract 
Aphids are phytophagous insects that can affect the health of wild and urban vegetation, their effect being 

enhanced when they are exotic. The study was conducted in the garden of the Vasconcelos library, Mexico City. 
Insects were collected on ornamental Poaceae during December 2019, February 2020, and continued post-pandemic 
in 2023 (May-August 2023). Organisms were quantified and searched for natural enemies; morphological and 
molecular analyses of insects and plants were carried out. The aphid was determined as Pseudoregma panicola 
and Arundo donax as its host and first world report. Pseudoregma panicola and Arundo donax have molecular 
similarities with populations from Yunnan, China. The review of the scarce material from Mexico shows that P. 
panicola was collected from 1979 to 1981, on 3 wild species of Poaceae: ca. Phragmites in Morelos, Paspalum sp. and 
another undetermined species in Tamaulipas. The entomophagous present were: scarce larvae of Chamaemyiidae, 
and adults of the coccinellids Harmonia axyridis and Hippodamia convergens. The absence of parasitoids during 3 
years of research, in addition to the low population of entomophagous, indicates an unfinished process of adaptation 
to this urban pest.
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Introduction

Aphids are among the most significant pest groups 
affecting urban vegetation (Tello et  al., 2005). They 
damage a wide range of host plants by sucking the juices 
from leaves and stems and producing honeydew. The 
damage is evident through symptoms such as discolored, 
battered, and yellowed leaves, as well as stunted growth, 
which detracts from the aesthetics of green areas and could 
represent a disease reservoir (Peña-Martínez, 1992; Rozo-
Lopez et al., 2023; Tubby & Webber, 2010). Phytosanitary 
inspections are crucial in urban areas to ensure healthy 
vegetation, which, in turn, contributes to thermal comfort 
and indirectly reduces the risks of diseases (Tochaiwat 
et al., 2023; Yang et al., 2023).

In Mexico City, one of the largest cities in the world, 
commercial and tourist activities may facilitate the 
introduction of insect pests. The incursion of exotic aphids 
to Mexico can lead to severe economic impacts, like those 
generated by M. sorghi (also cited as M. sacchari) in 
sorghum crops during 2015 and 2016 (Peña-Martinez et al., 
2016; Rodríguez-del Bosque & Terán, 2015). Therefore, it 
is essential to promptly document the presence of these 
exotic phytophagous insects and their hosts to mitigate 
potential damage to agricultural activities (Barczak et al., 
2021; Korányi et al., 2021). Consequently, this study aims 
to report the presence of the aphid Pseudoregma panicola 
in ornamental plants in Mexico City.

Materials and methods

The sampling site was the garden of the Vasconcelos 
Public Library, located in Mexico City (19°26’53.5” N, 
99°09’01.8” W; 2,241 m asl). This garden was created in 
2006 to refurbish the city’s train station and incorporates 

168 plant species from different sites (garden staff, 
personal communication).

The sample period spans from December 2019 to 
February 2020, when we observed and collected pest 
insects weekly. Following the COVID-19 pandemic, 
sampling was restarted in January 2023 to follow up on 
maintenance staff observations about the pest on Poaceae 
specimens used as ornamentals. The fieldwork at each 
visit consisted of 2 steps: photographing leaves (adaxial 
and abaxial side) with aphid colonies, including a metal 
ruler as a size reference, and sampling of these leaves, 
preserving them in airtight plastic bags for subsequent 
processing (rearing, mounting, and identifying natural 
enemies) in the Laboratorio de Control de Plagas de la 
Facultad de Estudios Superiores, Iztacala, UNAM. At the 
same time, another part of the plant material was provided 
to the herbarium of the same institution for identification. 

The photographs were edited with Gimp software 
ver. 2.10.32 (The GIMP Development Team, 2023) to 
obtain tricolor images (green = leaf area, red = aphid 
specimens, white = background), including a centimeter 
scale. Then, images were processed with Image J software 
ver. 11 (Rasband, 2018) to estimate the area covered by 
the aphids on the adaxial and abaxial sides of the leaves. 
The abundance was calculated and compared with the M. 
sorghi infestation counting scale proposed for sorghum 
leaves (Bowling et  al., 2015), using the original photos 
and Image J. Means and standard errors were calculated 
using SPSS software ver. 24.0 (IBM, 2016).

Some aphid specimens were processed according to 
the technique described by Blackman and Eastop (1994) 
and were identified according to the Noordam keys (1991). 
Part of the specimen material was preserved in 96% 
ethanol and kept refrigerated. Later, it was sent to the 
Laboratorio de Estrategias Ambientales y Fitotecnologías, 
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of the Departmento de Bioingeniería at the Tecnológico 
de Monterrey for DNA extraction.

Molecular analyses were performed using cytochrome 
c oxidase I (COI) as suggested by several publications for 
aphids (Corsini et al., 1999; Folmer et al., 1994; Nováková 
et al., 2013; Zhang et al., 2011). A PCR reaction to amplify a 
COI fragment was performed using the primers LCOI490 
and HCO2198 (Folmer et  al., 1994). The reaction was 
performed using a denaturing step of 95° for 3 min, followed 
by 35 cycles of 95° for 1 min, 45° for 1.5 min, and 72° for 1 
min, and finishing with an extension of 3 min at 72°. The 
amplicon was purified using a QIAGEN PCR Purification 
Kit following the manufacturer’s instructions. Finally, the 
amplicon was sequenced using Sanger sequencing with 
the same primers, and the sequence was uploaded to NCBI 
with the accession number PQ196704. Once the sequence 
was obtained, a BLAST was performed to identify the 
organism (Altschul et al., 1990). Similar sequences were 
downloaded, cropped, and aligned (muscle algorithm) 
using MEGA XI when the organisms were identified. A 
phylogenetic tree was created using maximum likelihood 
(Tamura et al., 2021).

An ecological niche model was made with the field 
records in Mexico (by the authors) and from the Global 
Biodiversity Information Facility (GBIF.org, 2024) in 
Darwin Core format. The obtained data were subjected 
to 2 debugging processes: elimination of those records 
with coordinates 0 and 0, and elimination of duplicate 
data. Climatological variables were downloaded from 
WorldClim at a resolution of 5 arc minutes (≈ 10 km2) (Fick 
& Hijmans, 2017). The variables combining temperature 
and precipitation information, Bio8 - Mean temperature of 
the wettest quarter, Bio9 - Mean temperature of the driest 
quarter, Bio18 - Precipitation of the warmest quarter, and 
Bio19 - Precipitation of the coldest quarter, were removed 
due to the spatial anomalies they generate (Escobar  
et al., 2014).

The remaining 15 variables were used globally (except 
Antarctica) to avoid the risk of niche truncation (Chevalier 
et al., 2022). The variables were entered into the Niche A 
software (Qiao et  al., 2016), and a principal component 
analysis (PCA) was performed. The 15 components were 
used to conduct ecological niche modeling based on the 
calibration zone and a 0.5-degree buffer (M, of the BAM 
model, Soberón et  al., 2017). Using the ntbox package, 
more than 400 possible models were built within R, of 
which the one with the best omission and commission 
rates was kept (Osorio-Olvera et al., 2020). The resulting 
model was subjected to the MOP (Mobility-Oriented 
Parity) validation test, and only those regions that showed 
a low risk of extrapolation (near 1) were used (Owens 
et al., 2013).

Results

According to taxonomic identification and molecular 
test results, the specimens corresponded to Pseudoregma 
panicola (Takahashi) (Fig. 1). The host plant was 
determined by Izta Herbarium as Arundo donax L. 
The population density of P. panicola on this plant was 
estimated at 255 ± 65.4 individuals (range 75-750) per 
colony/leaf, with a more significant presence on the 
abaxial side, representing 46% of its cover. The leading 
group of associated entomophagous insects were silver 
fly larvae (Diptera: Chamaemyiidae), with an average 
abundance of 2.4 ± 0.8 (range 1-5) individuals/leaf over 
3 years, besides a few adults of coccinellids (Coleoptera: 
Coccinellidae), Hippodamia convergens L., and Harmonia 
axyridis Pallas (0.12 ± 0.01 individuals per leaf/year). The 
population density of all predators was low compared to 
the pests. In the case of coccinellids, they were occasional, 
and immatures were not obtained.

Molecular sequence analysis indicated that the aphid 
P. panicola and its host A. donax, are most closely 
related to those sequenced from South Africa, Egypt, 
India, Italy, USA, and China (Fig. 2). Specimens of P. 
panicola from the latter country are most closely related 
to those sequenced from Poaceae in Yunnan Province, 
China, and, to a lesser extent, to specimens collected 
from Phyllostachys nigra Lodd. former Lindl. In the same 
region, the Fujian Province (Rui-Ling et al., 2013) (Fig. 3).

The model was only built with 60 occurrence points, of 
which 3 were obtained by the authors. The MOP achieved 
acceptable accuracy and a low risk of extrapolation values 
for Mexico, despite the fact that only 63 occurrence points 
were established (Fig. 4). For Mexico, regions such as the 
Yucatán Peninsula, the Valley of Mexico and northern and 
central Mexico seemed the most suitable to P. panicola 
distribution.

Discussion

The aphid P. panicola is reported in 4 continents: 
Africa —Argelia (Samia y Benoufella-Kitous, 2021), Asia 
—China (Holman, 2009; Riu-Ling, 2013), Japan (Holman, 
2009), India (Holman, 2009; Singh & Singh 2018), Indonesia 
(Noordam, 1991), Nepal (Holman, 2009), and south of the 
Asian continent (Brumley, 2020), Oceania —Australia 
(Brumley, 2020) and New Zealand (Cottier, 1953), and 
America —Cuba, Costa Rica, Guadalupe, Puerto Rico, 
and Venezuela (Villalobos-Muller et al., 2010).

In Mexico, this species was initially reported by 
Peña-Martínez (1985), without specifying the host plant 
or location. Unedited documentary information from the 
Aphidomorpha collection of Mexico indicates that the 
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Figure 1. Colonies and structures of Pseudoregma panicola. A, Leaf of Arundo donax infested by P. panicola colonies; B, live 
adults and nymph waxy covered, 1 mm scale; C, first instar nymph, 0.5 mm scale; D, habitus of aptera, 0.5 mm scale; E, antenna, 
0.1 mm scale; F, frontal horns, 0.1 mm; G, ana plate bilobed, 0.1 mm scale; H, rostrum, 0.1 mm scale; I, cauda knobbed, 0.1 mm 
scale; J, K, sifunculus, lateral view and frontal view, 0.1 mm scale.
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Figure 2. Comparative dendrogram of Hormaphidinae aphids and comparative dendrogram of Arundo donax sequences, registered 
in Genbank and specimens from the study site.
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aphid was collected by J. Butze at Coatlán del Río, Morelos, 
in 1979, on a host tentatively identified as Phragmites. The 
insects were identified by Dr. Remaudière in 1981, and the 
slide was subsequently donated to the former Dirección 
General de Sanidad Vegetal, today named Senasica. There 
are 2 unique slides in the Aphidomorpha collection: 
the first was surveyed from undetermined Poaceae on 
September 2nd, 1981, and the second on Paspalum sp. 
on September 4th, 1981; both collected by J. Holman and 
R. Peña-Martínez from Reserva de la Biosfera El Cielo, 
Gómez Farías, Tamaulipas, and corroborated in 2024 by 
the aphid specialists Ana Lilia Muñoz Viveros and Rebeca 
Peña Martínez.

Regarding P. panicola feeding, different genera of 
Poaceae were recorded as hosts: Andropogon, Arthraxon, 
Bambusa, Capillipedium, Cyrtococcum, Eragrostis, Ich- 
nanthus, Indocalamus, Lasiacis, Oplismenus, Panicum, 
Paspalum, Phragmites, Phyllostachys, Pseudoechinola- 
ena, Setaria, Stenthotheca, and Thysanolaena (Favret 
& Miller, 2012; Holman, 2009; Rui-Ling et  al., 2013; 
Singh & Singh, 2018). Arundo donax is a new record of 
the host, which develops as secondary vegetation in the 
country, even as an ornamental, in various urban areas of  
Mexico City.

In Vasconcelos Library, A. donax occupies 80 m2 of the 
2,600 m2 total garden area and is placed as a green barrier 
to hide the walls and give a feeling of thickness. The 
origin of purchase of this plant is uncertain; furthermore, 

no aphids or any other phytophagous have been recorded 
that have affected it since its placement (garden staff, 
personal communication). This green area is located near 
downtown Mexico City, where 3 public transportation 
systems converge, providing connections to the south, 
north, and east of the city, as well as to the airport, 
potentially facilitating the introduction of pest insects. 
Records on Phyllostachys nigra in Mexico indicate its 
presence in Nuevo León, Sinaloa, and San Luis Potosí 
(iNaturalist, 2024). Additionally, there are a few reports on 
the American continent (GBIF 2023), which also does not 
correspond to the continental distribution of P. panicola, 
suggesting that this plant is not the cause of its dispersal 
in America. A possible approach to discern the dispersal 
of P. panicola in Mexico would be the trade from Yunnan 
and other provinces of China to Central America and 
the USA, where Mexico is part of the naval route, and 
where plants with roots and foliage are sold for floral 
arrangements (Economic Complexity Observatory, 2023).

According to the Bowling’s scale infestation per leaf, 
the abundance of P. panicola on A. donax (up to 750 
aphids) is higher than M. donacis (range 12 to 500 aphids) 
on the same host in Mexico (Vanegas-Rico et al., 2023), 
and M. sorghi on Sorghum (≈ 20-136 aphids) in Texas 
(Brewer et al., 2022). The low diversity of predators and 
the absence of parasitoids on P. panicola suggests that 
the potential natural regulators were in the process of 
adaptation during that period. Regarding exotic aphid 

Figure 3. Mobility-oriented parity (MOP) values of the worldwide ecological niche model of Pseudoregma panicola.
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populations, M. sorghi was detected in 2015, and more 
recently, M. donacis on A. donax in 2023. In the case of M. 
sorghi, at least 19 entomophagous (including 2 parasitoids) 
were recorded in northeastern Mexico sometime after its 
first report in the country (Rodríguez-del Bosque et al., 
2018). The effect of natural enemies in Texas, 14 predators 
and 2 parasitoids, shows low abundance after 3-4 years of 
population studies (Brewer et al., 2022) compared to the 
initial report as a pest, where more than 1,000 aphids per 
leaf were observed (Bowling et al., 2015). 

In the case of M. donacis, coccinellids and silver 
flies were observed preying on aphids during their first 
report in Mexico (Vanegas-Rico et  al., 2023). Recently, 
laboratory observations indicated that ladybugs and silver 

flies could consume all instars of M. donacis; in fact, a 
low percent of parasitism (˂  5%) was observed in the 
Valley of Mexico and Ensenada, Baja California (pers. 
com. Vanegas-Rico).

The identity of silver flies remains unknown due 
to limited material and inconclusive molecular results. 
This Diptera group can feed on different species of 
adelgids, aphids, soft scales, and other hemipterans 
(Gaimari et  al., 2024; Salas-Monzón et  al., 2020; Satar 
et  al., 2015; Vanegas-Rico et  al., 2010), exhibiting a 
density-dependence with their prey (Vanegas-Rico et al., 
2017). The last bioecological aspect is relevant because 
it influences the success of biological control programs 
(Gaimari, 1991; Havill et  al., 2018), and has favored the 

Figure 4. Ecological niche model of Pseudoregma panicola. The color bar depicts the environmental suitability of the species 
worldwide and Mexico.
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selection of some silver fly species as biological control 
agents in Europe (Justesen et al., 2023), USA (Ross et al., 
2011; Havill et al., 2018), and Israel (Mendel et al., 2020).

According to site management personnel statements, P. 
panicola is controlled through broad-spectrum insecticide 
and sanitary pruning. This last method is frequently used 
when dry, greyish leaves and white spots (aphid wax) 
are observed. As a result, the aphid population densities 
recorded since 2023 are low (18.5 ± 4.2) and scarcer in 
coccinellids (2.6 ± 1.4) and silver flies (0.4 ± 0.1). So 
far, there was no evidence of parasitism in additional 
surveys of 2024. In the 2023 and 2024 samples, predation 
was observed on the aphid colonies and coccinellid eggs, 
mainly by H. axyridis and sporadic Syphid and Scymninae 
larvae. This suggests the continued adaptation process of 
these entomophagous and a possible adverse effect of 
pest management. Therefore, a biological control strategy 
for conservation must be implemented to promote the 
permanence of beneficial organisms and increase their 
populations.

Arundo donax has been encouraged as an ornamental 
plant so that the first negative impact would be in this 
type of urban system. There is still no prospecting in the 
agricultural landscape, despite the wide distribution of A. 
donax in 27 states of Mexico, mostly as a riparian system 
weed (Goolsby et al., 2023). The tendency of the A. donax 
distribution model (Goolsby et al., 2023) is similar to the 
current climate modeling of the aphid proposed in this 
work. This shows the potential for the establishment of 
the aphid in different states of the republic, highlighting 
its suitability in the Basin of Mexico and northern and 
southwestern parts of the country where this plant 
develops as an invader in bodies of water.

Finally, the work confirms the presence of P. panicola 
in Mexico and its development as an urban pest of A. 
donax, representing a New World host record for this 
aphid, and the first report from North America. Molecular 
information suggests China as a possible place of origin 
for both the plant and the aphid. Although this process is 
not entirely clear, it is feasible that the economic routes 
for transporting live or forage plants from this Asian 
country are a significant element to consider for the 
potential introduction of Poaceae phytophagous insects. 
The impact on this family of plants is currently unknown, 
so future studies should focus in that direction.
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