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Abstract

Rhynchophorus ferrugineus (Olivier) (Coleoptera: Curculionidae) is one of the most dangerous
palm pests worldwide. Here we report the invasion process of R. ferrugineus in Uruguay.
Beyond morphological and molecular identification, we infer the geographic origin of the
invasive population, describe the succession of introduced and native palms attacked, provide
an easy-to-use key to differentiate the invader R. ferrugineus from the native Rhynchophorus
palmarum, and model the ecological niche of R. ferrugineus in Uruguay and neighboring
countries. First detected in 2022, the Uruguayan population of the weevil is the first to establish
on mainland America, following the earlier island records from Curagao and Aruba.
Phylogenetic analysis showed that the Uruguayan R. ferrugineus sequences clustered within a
single clade, most closely related to sequences from southern China, and clearly distinct from
the sequences of Curacao and Aruba, indicating at least two independent introduction events
into the Americas from different source regions. After four years, R. ferrugineus has spread
across an area of nearly 80,000 square kilometers and in January 2026 it reached Argentina,
invading two points near the border with Uruguay. Over the first two years after the invasion,
attacks focused on Phoenix canariensis, yet the three most common native palms in Uruguay,
Butia odorata, Butia yatay, and Syagrus romanzoffiana, are currently being attacked. The
diagnostic key to differentiate the pair R. palmarum / R. ferrugineus is based on three
characters: the tip of the rostrum, the tegminal plate, and the ratio between the interocular space
and the width of the rostrum at the base. Niche models showed that Uruguay and the
neighboring areas of Argentina and Brazil are suitable for R. ferrugineus, and these are precisely
the areas where both the highly susceptible P. canariensis and the native B. odorata, B. yatay,
and S. romanzoffiana are present. Neighboring countries should therefore be prepared for the
expansion of R. ferrugineus in the short term.

Introduction

Rhynchophorus ferrugineus (Olivier) (Coleoptera: Curculionidae) is one of the most dangerous
pests for palms worldwide because of its high ensuing mortality rate (1, 2). Its larvae feed on
the meristematic tissue of the palm crown or of offshoots, causing damage that either kills the
palm directly or facilitates the entry of lethal pathogens and secondary insect pests (1, 3, 4). R.
ferrugineus has been reported attacking at least 40 species of palm trees (2), such as Cocos
nucifera L., Phoenix canariensis Chabaud, and P. dactylifera L., in its native and invasive
regions (1, 4-8). P. canariensis colonization represents a recent association (2), demonstrating
its ability to colonize new hosts. For these reasons, it has been categorized as a quarantine pest
in several countries in Africa, America, Asia, and Europe (9). In the last four decades, its
invasive capacity has allowed it to colonize all continents except mainland America (2).
Molecular and historical evidence suggest that R. ferrugineus is native to Southeast Asia
(1, 10). Travel, trade, and transportation are the main drivers of the rapid intercontinental
geographic expansion of R. ferrugineus (11), with ornamental palm trade contributing
significantly (1). In 1985, it was reported, for the first time, in the Middle East, very likely due
to transport of palm trees from Asia (2, 4). Afterwards, this weevil has been reported in the
Mediterranean, Canary Islands, North Africa, Japan, China, Taiwan, and the Caribbean Islands
(1, 2). The phylogenetic reconstructions suggest possible geographic regions from which the
invasive individuals originated, with Pakistan pointed as the origin of the populations that
invaded the Middle East, and Thailand, Malaysia and southern China as the origin of those that
invaded the Mediterranean (10). To date, R. ferrugineus has not been reported in mainland
America. The closest records come from the Caribbean islands of Curagao and Aruba. The
Curacao population probably originated from Egypt or the Mediterranean Basin, and the
Aruban one from Curacao, with the differences between them reflecting either post-introduction
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72  mutation or a second introduction event from Egypt, the Mediterranean Basin, or the native
73 range in Northeast Asia (10).
74 Environmental niche analyses suggest that much of the American continent has
75  favorable climatic conditions for R. ferrugineus, including South America (12, 13). The
76  negative consequences of this weevil's presence in mainland America could be significant,
77  given its potential impact on native and commercial palms (14-16). In addition, such impacts
78  could add to or synergize with the damage already generated by other palm tree borer-weevils,
79  such as R. palmarum (17) and Dynamis borassi Fabricius (18).
80 Taxonomic confirmation of R. ferrugineus is paramount for rapid preventive
81  management. However, some morphological variation occurs among species of this genus in
82  diagnostic features such as coloration (10, 19, 20), endophallus armature (2, 21), concavity of
83  subgenal sutures (19, 22), and pronotal shape (10, 22). In America, misidentification between
84  the native Rhynchophorus palmarum (L.) and the invasive R. ferrugineus should be particularly
85 avoided, given the similar attack symptoms, confusing reddish coloration of R. palmarum (19),
86 and documented variability in some classical morphological characters for taxonomic
87  differentiation shown by R. palmarum, such as shape of the pronotum, mandible, and subgular
88  suture (3, 23). Molecular analysis with the mitochondrial gene cytochrome c oxidase I (COI)
89  has allowed a very accurate differentiation of R. ferrugineus from five of the eight species
90 currently recognized in the genus, namely R. vulneratus (Panzer), R. bilineatus (Montrouzier),
91  R. cruentatus (Fabricius), R. phoenicis (Fabricius), and R. palmarum (L.) (5, 10, 19). For
92  example, this made it possible to determine that the species that invaded California in the United
93  States corresponded to R. vulneratus and not, as initially reported, to R. ferrugineus (10).
94 This work is aimed at investigating the invasion process of R. ferrugineus in Uruguay,
95 the first country in mainland America reached by this weevil. Beyond morphological and
96  molecular identification, we infer the geographic origin of the invasive population, describe the
97  succession of introduced and native palms attacked in recent years, and develop an easy-to-use
98  diagnostic morphological key for the pair R. ferrugineus/R. palmarum. Finally, we model the
99  ecological niche of R. ferrugineus to generate a regional suitability map and identify areas
100  where the weevil could expand from Uruguay by spreading across susceptible native palms.
101
102  Methods
103
104  Morphological identification
105
106  Between March and July 2022, thirty-one specimens, sixteen females and fifteen males
107  presumably belonging to R. ferrugineus, were analyzed. All specimens were collected manually
108  from the crown of P. canariensis palm trees. Material examined: Uruguay: Canelones, Santa
109  Lucia, 2022,3 Q@ and 1 & (34°27'01.74"S 56°22'52.23"W); Canelones, Estacion Margat, 2022,
110 2 & (34°28'52.71"S 56°20'40.15"W); Canelones, Prado, 2022, 8 Q and 4 & (34°31'37.14"S
111 56°16'26.67"W). San José, Colonia Wilson, 2022, 3 @ (34°42'10.20"S 56°31'25.43"W).
112 Florida, Mendoza, 2022, 2 & (34°17'00.68"S 56°12'49.35"W). Montevideo, Lezica, 2022, 2 ¢
113 and 6 & (34°47'46.30"S 56°14'57.02"W).
114 Taxonomic identification was based on direct observation using an Olympus SZX16
115  and a Nikon SMZ1270 stereomicroscope. Eight dissections of male genitalia were performed
116  to confirm the diagnosis of the species. The genitalia were cleaned in KOH 10%, rinsed in
117  distilled water, and subsequently mounted in glycerin to identify the morphological diagnostic
118  characters. Morphological characterization of R. ferrugineus was based on previous taxonomic
119  studies (3, 22-24).
120 In addition to species determination, we applied morphological characterization to
121 develop an easy-to-use diagnostic morphological key for the pair R. ferrugineus/R. palmarum.
122 For that, we expanded the characterization of the morphological variation made by Lohr et al.
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123 (19), by working with 65 more exemplars of R. palmarum collected in Argentina, Brazil,
124  Colombia, Guatemala, México and Nicaragua (Museo de Zoologia, Facultad de Ciencias, and
125  Coleccion Nacional de Insectos of the Instituto de Biologia, Universidad Nacional Auténoma
126  de México, México City) (Supplementary Table 1). As a result, morphological variation in R.
127  palmarum characters important for distinguishing the R. ferrugineus/R. palmarum pair was
128  assessed in 520 R. palmarum exemplars to date: 65 during this study added to the 455 from
129  Lohr et al. (19). The diagnostic characters of those exemplars were contrasted to the 31 R.
130  ferrugineus collected in Uruguay in 2022 to determine the invader species, following the
131  classical characters proposed by Giblin Davis et al. (3) and Wattanapongsiri (23), yet
132 considering the morphological variation of R. palmarum described in Lohr et al. (19).

133

134  Molecular analysis

135

136  Molecular analyses of the mitochondrial cytochrome c oxidase I (COI) gene were conducted
137  with two aims: to confirm the morphological identification of the specimens collected in
138  Uruguay, and to infer the geographic origin of the invasive population, including whether it
139  shares a haplotype with the only previous R. ferrugineus record for the Americas, in Aruba and
140  Curagao (10).

141 DNA was extracted from the legs of 13 adult R. ferrugineus beetles collected in
142 Uruguay, following the protocol by Medrano et al. (25) with slight modifications, which uses
143 NaCl 5M for protein precipitation. PCR was carried out to amplify a fragment of the COI gene
144  using the conserved primers LCO1490 and HCO2198 from Folmer et al. (26). PCR products
145  were evaluated using agarose gel electrophoresis. Amplified COI PCR products were sent to
146 Macrogen Inc. (Seoul, Korea and sequencing on both strands. The generated files in ab1 format
147  were used as input in the R package sangeranalyseR (27) to perform trimming by quality and
148  the generation of a consensus sequence for each individual. A BLAST search was conducted to
149  compare the consensus sequences with the NCBI standard nr database.

150 A phylogenetic tree was estimated by maximum likelihood (ML) with the R package
151  phangorn (28). The tree was bootstrapped 100 times to assess node support. To find the best-
152 fitting substitution model, the phangorn JModeltest function was used. Model selectionion was
153  based on the Bayesian Information Criterion (BIC). Tree visualization and editing were
154  performed using the R package ggtree (29).

155
156  Ecological modeling and potential expansion from Uruguay
157 We modeled the R. ferrugineus ecological niche using global occurrence data to assess

158  the distribution potential for the red palm weevil in Uruguay and neighboring countries. We
159  compared the suitability of R. ferrugineus occurrence with native palm distributions shared with
160  Argentina and Brazil.

161 Presence records of the red palm weevil were collected from the Global Biodiversity
162  Information Facility (http://www.gbif.org/species) database, and complemented with a review
163  of the scientific literature (12) and cross-validated against the specialized invasive-pest
164  databases EPPO (https://gd.eppo.int/) and CABI (https://www.cabidigitallibrary.org/). To
165 avoid pseudoreplication of local environments owing to artificial clustering of occurrence sites,
166  we reduced the dataset such that each observation fell inside a separate 20 km grid cell, leading
167  to atotal of 429 distinct occurrence records for the red palm weevil, including the new records
168  from Uruguay and Argentina (Supplementary Table 2) (30, 31). We downloaded the 19
169  bioclimatic variables from the WorldClim database version 2 (http://www.worldclim.org/),
170  averaged for the 1970-2000 period, at a spatial resolution of 2.5 minutes, approximately 20-
171  kilometer resolution at the equator (32). Of these, we chose the seven that are relatively
172 uncorrelated globally (33): annual mean temperature, mean diurnal temperature range,
173  maximum temperature of the warmest quarter, minimum temperature of the coldest quarter,
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174  annual precipitation, precipitation of the wettest quarter, and precipitation of the driest quarter
175  (34). The selected geographical distribution records and bioclimatic variables were imported
176  into the MaxEnt model to analyze and generate a regional and worldwide suitability map for R.
177  ferrugineus distribution.

178

179  Results

180

181  First reports and current distribution in Uruguay
182

183  Rhynchophorus ferrugineus was first detected in a public park in Canelones and in the city of
184  Santa Lucia, two sites approximately 13 km apart, between February and April 2022 (Figure
185  1A). Detection was visual, prompted by the symptoms shown by ornamental P. canariensis
186  palms (Figure 1B, C). Adults and larvae were collected from the crowns after they had fallen,
187  once the leaves started detaching. The affected area was located 40-50 km north of Montevideo,
188  the main port of entry to Uruguay. During 2022 and 2023, R. ferrugineus became well
189  established in Montevideo, the capital city. Attacks focused primarily on P. canariensis. Since
190 then, other introduced ornamental palms, including Washingtonia robusta H.Wendl,
191  Washingtonia filifera (Gloner ex Kerch., Burv., Pynaert, Rodigas & Hull) de Bary, and
192  Trachycarpus fortunei (Hook.) H.-Wendl., also began to be attacked.

193 Between the second half of 2023 and early 2024, several reports indicated that R.
194  ferrugineus had begun to attack native hosts (Figure 4A). In April and May 2024, R. ferrugineus
195  was collected from dead B. odorata Noblick palms in Montevideo. Simultaneously, larvae were
196  collected from the native S. romanzoffiana Glassman palm in Canelones city, near the location
197  of'the first reports from 2022. Molecular methods later confirmed these larvae as R. ferrugineus.
198  Mortality of B. yatay Becc. palms, the third native palm attacked by R. ferrugineus, was later
199  confirmed.

200 Four years after the confirmed start of the invasion, R. ferrugineus has spread across
201 nearly 80000 km?, approximately 370 km from west to east and 240 km north from the southern
202  coast (Figure 1A). At present, the true expansion of R. ferrugineus in Uruguay is probably
203  underestimated. In January 2026, R. ferrugineus arrived in Argentina, where it is still restricted
204  to the regions bordering Uruguay (Figure 1A). It was first recorded attacking a P. canariensis
205  palm on Martin Garcia Island (30), in the Rio de la Plata, the natural frontier between Argentina
206  and Uruguay. The island lies 4 km from the nearest point on the Uruguayan coast. In August
207 2026, R. ferrugineus was also detected in the Entre Rios province (31), 170 km north of Martin
208  Garcia Island. This probably represents a second introduction event from Uruguay, since R.
209  ferrugineus individuals were collected inside an exemplar of the native palm S. romanzoffiana
210  located near the Uruguay River coast. R. ferrugineus is already present in Uruguay less than 10
211 km away, on the opposite bank of the river.

212

213 Morphology

214

215 Morphological characterization confirmed that the collected exemplars in Uruguay

216  since 2022 belong to R. ferrugineus. The morphological comparison of the 65 R. palmarum
217  specimens of South and Central America performed in this work, together with the R.
218  ferrugineus from Uruguay, confirmed the suitability of the three candidate diagnostic characters
219  to differentiate the two species: two proposed by Lohr et al. (19) and others (3, 22-24), and one
220  confirmed here. These characters are: the tip of the rostrum, the ratio between the interocular
221  space and the width of the rostrum at the base, and tegminal plate (Figure 2). We did not find a
222 clear difference in pronotum shape as an easy-to-use diagnostic character to differentiate R.
223 ferrugineus from R. palmarum (3, 21), consistent with the results of Hallet (22) and Rugman
224 Jones (10). We therefore did not include this character in our diagnostic key until a more
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225  extensive revision of the Rhynchophorus genus is performed. Nonetheless, differences in the
226  male tegminal plate shape were consistent, as suggested by Wattanapongsiri (23) and Lohr et
227  al. (19), and we propose to consider it as a diagnostic character.

228

229 Key to the South and Central American species of Rhynchophorus of economic
230 importance (adults)

231

232 la. Tip of rostrum not grooved but oval distally (Figure 2A); male genitalia: tegminal plate is
233 round and flat, being from circular-shaped to fan-shaped plate (Figure 2C); interocular space
234 between 0.54 and 0.64 times the width of the rostrum at the base (Figure
235 2 )it e sae e e sneeenneeennnee IR fEPPUZINCUS
236

237 1b. Tip of rostrum dorsally grooved or nearly truncated (Figure 2B); male genitalia: tegminal
238  plate is triangular (Figure 2D); interocular space between 0.12 and 0.35 times the width of the

239 rostrum at the base (Figure 2F) .......cccvioiiiiiiieceeee et R. palmarum
240

241  Molecular marker determination

242

243  We obtained 13 barcode sequences of R. ferrugineus samples from Uruguay. Several sequences
244 were retrieved from the BLAST search using Uruguayan sequences as query. Some hits were
245  notincluded in the analyses due to their short length. A 375 base pair alignment was employed,
246  including 258 sequences assigned to R. ferrugineus. Four haplotypes were observed from the
247 13 R. ferrugineus samples, with three segregating sites between them. In addition, sequences
248  from R. cruentatus (2), R. bilineatus (2), and R. vulneratus (3) were added (Acc. Numbers in
249  Supplementary Table 3). The ML tree is shown in Figure 3. The Uruguayan sequences clustered
250  within a single clade, most closely related to R. ferrugineus sequences from southern China
251 (35). This Uruguayan clade is clearly distinct from the Caribbean sequences of Aruba and
252 Curacao: Uruguayan sequences differ from Curacao and Aruba by 10-11 and 11-12
253 substitutions out of 375 bp, respectively, compared to a single substitution separating Aruba
254  from Curagao.

255

256  Ecological modelling

257

258  The ecological niche model analysis showed a high area under the receiver operating
259  characteristic curve (AUC > 0.9, training AUC = 0.970, test AUC = 0.969), indicating strong
260  predictive performance (Supplementary Figure 1). The predicted habitat suitability for R.
261  ferrugineus in Uruguay and the neighboring regions of Brazil and Argentina is shown in Figure
262  4B. The worldwide high-resolution map is given in Supplementary Figure 2. Near the southern
263 Uruguayan coast, where the first attacks were reported in 2022, the model shows medium
264  suitability. On the Argentinian side, the recently invaded region also shows intermediate
265  predicted suitability for R. ferrugineus. P. canariensis palms, the most attacked host during the
266  invasion of Uruguay, are commonly present in the areas of medium predicted suitability for R.
267  ferrugineus. Moreover, the suitable areas overlap with the known distribution of the native
268  palms currently being attacked by R. ferrugineus. The Maxent model shows how climatic
269  factors influence the potential distribution of R. ferrugineus. Among all modeled bioclimatic
270  variables, mean temperature from the coldest quarter, annual mean temperature, and mean
271  diurnal range contributed most to the model (45.6,26.0, and 20.0 %, respectively). All
272 remaining variables explain less than 10% of the potential distribution (Supplementary Figure
273 1)
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275  Discussion

276

277  The geographical distribution of R. ferrugineus has expanded to mainalnd America. This record
278  adds to the report on Curagao and Aruba islands for the Western Hemisphere (10). To test
279  whether the Uruguayan population shares a haplotype with this earlier Caribbean invasion, we
280 added the COI sequences from Aruba and Curagao deposited by Rugman-Jones et al. (10)
281  (GenBank KF311433 and KF311454-458, respectively) to our analysis. Consistent with
282  Rugman-Jones et al. (10), the five Curagao sequences were identical to each other and differed
283  from the single Aruba sequence by a single nucleotide substitution. In contrast, all 13 R.
284  ferrugineus sequences from Uruguay differed from both Curagao and Aruba by 10 to 12
285  substitutions out of 375 bp, and are clustered with sequences from southern China (35). This
286 indicates that the Uruguayan and Caribbean populations of R. ferrugineus do not share a
287  haplotype and most likely represent at least two independent introduction events into the
288  Americas, from different source regions within the native range: most likely Thailand/Malaysia
289  for the Caribbean (10), and China for Uruguay. Asia is the region that traded the most with
290  Uruguay (36), which could have facilitated this second introduction event. Whether R.
291  ferrugineus entered Uruguay inside a palm host remains an open question, and the introduction
292 of adults cannot be ruled out either, since ports are a focus of invasive coleopterans worldwide
293 (37, 38).

294 At the time of the first reports in 2022, R. ferrugineus was detected almost
295  simultaneously at two locations 55 km apart near Montevideo city. This rapid initial
296  geographical expansion could be explained by the weevil's capacity to fly up to 60 km in 24
297  hours (39). Moreover, this weevil likely arrived before 2022, as many attacked palms were
298  already reported at both locations, suggesting the presence of more than one generation. The
299  life cycle of this species takes 45 to 180 days (40). Given the identical symptoms shown by P.
300 canariensis when attacked by both the exotic R. ferrugineus and the native R. palmarum, early
301 attacks by R. ferrugineus were likely mistaken for those caused by R. palmarum. This likely
302  hindered assessment of the red palm weevil's spread, both in terms of the hosts attacked and its
303  geographical extent. Several reports indicated an increase in dead P. canariensis palms from
304  2020-2021, before the presence of R. ferrugineus was confirmed. Thus, the exact time, place,
305 and circumstances under which R. ferrugineus invaded mainland South America through
306  Uruguay, which is acting as a bridge for the weevil to invade Argentina, remain unknown.

307 Invasion seems to have followed a two steps process since 2022. During the first two
308  years, R. ferrugineus attacked mostly P. canariensis and other ornamental palms, and only from
309 2024 onwards the attacks focused on the native B. odorata, B. yatay and S. romanzoffiana. This
310 pattern is similar to that reported in other areas (5, 41), with frequent initial attacks on the
311  ornamental palm P. canariensis and less frequent attacks on other palm species. Of great
312 concern, the three most common native palms in Uruguay and in the neighboring areas of
313  Argentina and Brazil, B. odorata, B. yatay, and S. romanzoffiana, are being attacked. All three
314  species have been reported as hosts of R. ferrugineus outside South America, where they are
315 cultivated as ornamentals (1, 42). This association emphasizes the potential impact of this
316  weevil on American native palms (Figure 4A, B), as B. odorata and B. yatay are key
317 components of the Butia palm ecosystem, which is already of serious conservation concern
318  (43).R. ferrugineus has been previously reported to complete its life cycle on Butia palms under
319 laboratory conditions (44).This weevil is also likely to affect other species of the genus, such
320  as B. noblickii, which is categorized as endangered according to the [IUCN (45).

321 Currently, the main concern is its rapid geographic expansion toward neighboring
322 Argentina and Brazil, similar to what has been reported in previous events in other countries
323 (41, 46). This is supported by the niche analysis carried out in this study and those performed
324 by Ge et al. (13) and Wang et al. (47). However, this contradicts the findings of Fiaboe et al.
325  (12), likely because the current model used presence data from Uruguay. The risk of this pest
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326  invading other countries close to Uruguay is high. This risk arises not only from the suitability
327  for R. ferrugineus shown by the niche models, but also from the predominance of the highly
328  susceptible P. canariensis across Uruguay and its distribution associated with roads and cities
329  leading into Brazil and Argentina. In addition, there is an overlap of the area already invaded
330 by R. ferrugineus, mostly attacking P. canariensis, the natural corridors of suitability to
331  Argentina and Brazil, and the distribution of the native hosts attacked by R. ferrugineus, such
332  as B. odorata, B. yatay, and S. romanzoffiana (Figure 4B). Besides natural expansion, palm
333  trade should also be considered. Uruguay was an exporter of P. canariensis as ornamental palms
334  (Figure 4C), although its transport and commercialization are now forbidden. Nevertheless,
335  smuggling of P. canariensis adult palms, each worth several thousand US dollars, across land
336  borders without natural barriers, to Brazil for instance, makes exhaustive controls extremely
337  difficult. Brazilian researchers have already reported the introduction of R. ferrugineus to Brazil
338  from Uruguay (48). The weevil was found infesting a P. canariensis in Sao Paulo state, in
339  January 2022, on a palm that had been brought from Uruguay by land transport in December
340  2021. This single infected palm was not enough to establish an invader population, and no
341  further sightings have been reported. This shows that a single infested palm can establish a
342  focus more than 1000 kilometers away from the source area. It also has implications for the
343  timing of the Uruguayan invasion. Palms leaving Uruguay were already infested by late 2021,
344  months before the weevil was officially detected. R. ferrugineus was most likely present in
345  Uruguay one to two years before its confirmation in 2022, which is consistent with the increase
346  in dead P. canariensis reported since 2020-2021.

347 Management strategies aimed at mitigating the spread of R. ferrugineus in Uruguay are
348  mainly focused on chemical control (49). Aside from the known pros and cons of insecticides
349  for controlling the red palm weevil (50, 51), conditions leading to efficient management are
350 currently lacking in Uruguay, such as knowledge of the length of the life cycle and the timing
351  of flight peaks. Knowing the annual variation in life cycle stages is crucial for proper chemical
352  control, since the efficacy of authorized insecticides and application methods depends on R.
353  ferrugineus life stages (52, 53). Another factor is that although local governments reacted
354  rapidly at the beginning of the invasion by implementing controls, the rapid spread and the fact
355 that attacks occurred mainly on private properties drastically reduced the capabilities of those
356 institutions to contain R. ferrugineus. This hinders regional management, since the decision to
357  control lies in private hands, with costs for treatment and extraction that are almost impossible
358  to afford for average families. This results in a rapid spread of R. ferrugineus that will not stop
359 until the population of susceptible palms drastically decreases.

360 Neighboring countries should be prepared for the expansion of R. ferrugineus in the
361  short term. Besides chemical control, which is a fundamental step in this process, an accurate
362  taxonomic diagnosis is essential. This could be challenging for R. ferrugineus since, besides
363  coloration, several diagnostic morphological characters are shared with R. palmarum (19),
364  which is abundant in Uruguay, Argentina, and Brazil (17). Molecular analysis of the COI gene
365 allows for accurate diagnosis (19); however, it can be a costly and time-consuming strategy. To
366  provide authorities, researchers, and laypersons with an easy-to-use tool for morphological
367  differentiation, we provide an updated key for differentiating the invasive R. ferrugineus from
368  the native R. palmarum. To devise adequate containment measures, and to understand the cause
369  behind the current crisis, it is necessary to evaluate the combined effects of agricultural
370  management, host susceptibility, and climate variables on infestation levels of palms caused by
371  R. ferrugineus, as has already been done for other South American pest weevils such as R.
372 palmarum and Dynamis borassi (54).
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397  Figures captions

398

399  Figure 1: Invasion process of Uruguay by Rhynchophorus ferrugineus since 2022. (A)
400  South America and Uruguay map indicating the location of the first report of Rhynchophorus
401  ferrugineus (black dot) in 2022. Stars represent the two recent invasions in Argentina. For
402  Uruguay, its current distribution is shown by the grey-filled states. Dark grey: palms have been
403  confirmed to be killed by R. ferrugineus. Light grey: only the weevil was captured, yet dead
404  palms have not yet been confirmed. Scale bar: 50 km (B) Phoenix canariensis in Prado Park,
405  Canelones, Uruguay. In 2022, a group of three P. canariensis, more than a hundred years old,
406  started being attacked. While two palms showed the typical symptoms by May 2022, the third
407  was still without evident signs of attack. In April 2024, all palms were killed by R. ferrugineus
408  and dozens of palms in the surroundings. At the back, Syagrus romanzoffiana and Butia odorata
409  palms remain unattacked. (C) At the beginning of the XX century, P. canariensis was planted
410  as an ornamental palm on several portions of the roads in Uruguay. In this case, a portion of
411  more than 4km long with hundreds of palms, Paso Pache, Florida, Uruguay. In March 2022,
412  the first P. canariensis showed the typical generalized crown decay caused by R. ferrugineus
413  (red arrow). In 2024, all palms were dead. Satellite pictures on the right show comparatively the
414  same portion of the road in 2019, three years before the arrival of R. ferrugineus, and in 2024,
415  when few palms were still alive. Pictures by M. Bollazzi. Google Earth Pro 7.3.6.10201 (64-
416  bit) (34°20'25.16"S 56°14'48.18"W).

417

418  Figure 2: Characters for taxonomic differentiation between the invader Rhynchophorus
419  ferrugineus and the native weevil R. palmarum. Tip of rostrum dorsally (A, B), tegminal plate
420 (C, D), and interocular space and rostrum at the base (E, F) (dotted lines). Scale bar 1 mm.
421  Pictures by M. Bollazzi, A. Listre y A. Vazquez-Ordoiez.

422

423  Figure 3: Maximum likelihood phylogenetic tree based on COI gene fragments for species
424  of the genus Rhynchophorus. Each tip represents one haplotype; the number of specimens
425  sharing it is given in parentheses (n). Colored tips highlight the haplotypes from Uruguay (this
426  study, red), and from the only previous R. ferrugineus records for insular Americas, Aruba
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427  (blue) and Curagao (green); gray tips correspond to all other GenBank haplotypes. Black dots
428  on internal nodes indicate bootstrap support over 0.9. The grid on the right shows, for each
429  haplotype, in which biogeographic region it has been recorded (black = present, gray = absent);
430 "No data" indicates GenBank records with no country of origin reported. Scale bar:
431  substitutions per site.

432

433  Figure 4: Niche analysis showing the potential distribution for R. ferrugineus in Southern
434  South America compared to the distribution areas of the native palm hosts that R.
435  ferrugineus has already attacked. (A) The first reports of native Butia odorata palms attacked
436 by Rhynchophorus ferrugineus date from late 2023 and early 2024. Left side: two B. odorata
437  palms with attack symptoms in a spot where a Phoenix canariensis was killed by R. ferrugineus
438  a year before (the remaining P. canariensis trunk is marked with a yellow arrow at the back).
439  (B) R. ferrugineus ecological niche modeling for Uruguay and portions of Argentina, Brazil,
440  and Paraguay, superimposed on a schematic known distribution of the native palms B. odorata,
441  B. yatay, and Syagrus romanzofiana (43, 55-57). (C) Three P. canariensis palms ready to be
442  traded as ornamental palms beside a road in 2022. The picture was taken in the area where R.
443  ferrugineus started attacking palms (black dot in Figure 1A). Pictures by M. Bollazzi.

444
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Figure 1
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Figure 2

R. ferrugineus

R. palmarum
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Relationship
between
interocular

Width of Dorsal Widthof  space and width

Collection catalogue subgenal suture Interocular  rostrumat  of rostrumat  Tegminal plate (male

number (mm) space (mm)  base (mm)  base genitalia) Sex Collection label info

CNIN-102515 002 0.22 160 014 Undocumented Female Xochitepec, Mor. Palma Datilera. 30-XII-73. Col.J. Hendrichs 5.

CNIN-102517 002 04 150 027 Undocumented Female Costa Grande. Gua. August 1936. Palmiem. J. Hendrichs

CNIN-102518 002 036 160 023 Undocumented Female Pueblo Nro. Chis. 31 Dec. 57. Palmienmark. Col. J. Herndrichs 5.

CNIN-102519 008 036 158 023 Undocumented Female Xochitepec, Mor. 23-1X-73. Palma datilera. Col. J. Herndrichs, 5.

CNIN-102520 002 0.2 180 012 Undocumented Female Comitan, Chis. Sept. 1951. Agua Miel.J. Hendrichs

CNIN-102521 008 038 164 023 Undocumented Female Sn. Quintin, Chis. April 1950. Col. Dich Vieth J. Hendrichs

CNIN-102522 002 036 170 021 Undocumented Female Real del Puente, Mor. 9 Sept. 61. Faulender Stamm J. Hendrichs

CNIN-102523 002 036 174 021 Undocumented Female Comitan, Chis. April 1950. Agua Hendrichs

CNIN-102524 002 03 150 020 Undocumented Female Noinformation

CNIN-102525 002 038 164 023 Undocumented Male Comitan, Chis. April 1950. Agua Miel. J. Hendrichs

CNIN-102526 002 036 170 021 Undocumented Female 1

CNIN-102527 002 034 174 020 Undocumented Male 1

CNIN-102528 002 0.44 168 026 Undocumented Female Noinformation

CNIN-102529 002 052 168 031 Undocumented Male Costa Grande. Gua. August 1936, Palmem. J. Hendrichs

CNIN-102530 002 04 164 024 Undocumented Male Tomatlan, Jal.

CNIN-102532 006 0.42 166 025 Undocumented Female Jaxtepec, Mor.

CNIN-102533 Notvisible 0.2 130 047 Undocumented Male Mexico. Nayarit Rio Santiago Las Adjuntas I1.13-17-1X-91 R. Baraba E. Barrera

CNIN-102534 002 028 154 018 Undocumented Male Noinformation

CNIN-102531 004 04 156 026 Undocumented Male Tabasco. 65

CNIN-102535 002 03 174 047 Undocumented Female Oaxtepec, Mor. 28 Agosto 1983. Col. ALFV y GLFV

CNIN-102536 002 036 150 024 Undocumented Male Oaxtepec, Mor. 28 Agosto 1983. Col. ALFV y GLFV

CNIN-102537 004 032 162 020 Undocumented Male Oaxtepec, Mor. 28 Agosto 1983. Col. ALFV

CNIN-102538 002 032 160 020 Undocumented Female Oaxtepec, Mor. 28 Agosto 1983. Col. G+ALFV

CNIN-102539 002 028 170 016 Undocumented Female Estr. Am. 1. Km 64. Manaus, Amazonas, Brasil. 27-VII-97. A. Faustino. 3011

CNIN-102540 002 036 150 024 Undocumented Male Cerro de Ortega, Colima, Colima. 26-XII-2976

CNIN-102541 002 044 160 028 Undocumented Female Brasil:Para. Tucurui. Bagagem. 4-VIll-1980. eq. Nunes de Mello

CNIN-102542 002 038 176 022 Undocumented Male Mexico: Chiapas: Ocosingo Chajul Reserva Montes Azules. 28-1V al 5-V-86. Col. . Arias, R. Barba, L. Cervantes

CNIN-102543 006 03 172 047 Undocumented Female Mexico: Chiapas: Ocosingo Chajul Reserva Montes Azules. 28-1V al 5-V-86. Col. . Arias, R. Barba, L. Cervantes

CNIN-102544 004 045 174 026 Undocumented Male Mexico: Chiapas: Ocosingo Chajul Reserva Montes Azules. 28-1V al 5-V-86. Col. . Arias, R. Barba, L. Cervantes

CNIN-102545 002 024 170 014 Undocumented Female JJulié 2. Campto. Cd. Alemin, Ver. 19-XI-1952

CNIN-102546 004 024 170 014 Undocumented Male Brasil: Para Tucurui Paraquequara. 11-VII-1980. eq. Nunes de Mello

CNIN-102547 002 038 166 023 Undocumented Male Sta. Ines. Guadalajara. al. XI-45. Forestal

CNIN-102548 002 04 166 024 Undocumented Female Tecoman, Col. Mexico. XI-70

CNIN-102549 002 034 166 020 Undocumented Male Tulum Quinta Roo. Mexico. XI-81. E. Pech

CNIN-102550 004 036 164 022 Undocumented Female Tulum Quinta Roo. Mexico. XI-81. E. Pech

CNIN-102551 002 036 174 021 Undocumented Female Tulum Quinta Roo. Mexico. XI-81. E. Pech

CNIN-102552 Notvisible 028 148 019 Undocumented Female Loc. Tapachula. Chis. Platano y camotal. Julio-68.

CNIN-102554 002 032 168 019 Undocumented Female Comitan, Chis. April 1950. Agua Hendrichs

CNIN-102555 002 034 166 020 Undocumented Male Puerto Vallarta, Jalismo, Méx. 22-X-82. Garcia

CNIN-102556 002 034 174 020 Undocumented Female Noinformation

CNIN-102557 Notvisible 034 172 020 Undocumented Male Noinformation

CNIN-102559 002 04 158 025 Undocumented Male Mazatian, Sin. VII-1941. V. Rodriguez

CNIN-102560 002 0.42 170 025 Undocumented Male México: Oaxaca, Nopala-San Isidro Liano Grande. S6msnm. 15°57°227"N 97°17483"W. 14-07-2004. L. Cervantes A. Delgado C. Mayorga 5. Gamez

CNIN-102561 002 04 170 024 Undocumented Female México: Oaxaca, Nopala-San Isidro Liano Grande. S6msnm. 15°57°227"N 97°17483"W. 14-07-2004. L. Cervantes A. Delgado C. Mayorga 5. Gamez

CNIN-102562 002 038 174 022 Undocumented Male Pueblo Nro. Chis. 31 Dec. 57. Palmenmark. Col. J. Herndrichs S.

CNIN-102563 Notvisible 034 150 023 Undocumented Male México: Veracruz, Jalapa. 16-VII-85. Col.J. Pefia

CNIN-102564 Notvisible 028 124 023 Undocumented Female Mexico, Jalsco, Chamela Estacion de Biologia, UNAM. A. Pescador. 12-15 Ene 1982

CNIN-102565 002 044 160 028 Undocumented Female lguala. Gro. VIl 1934

CNIN-102565 002 038 166 023 Undocumented Female Guatemala

CNIN-102567 Notvisible 0.42 166 025 Undocumented Female Tecoman, Col. Mexico. XI-70

CNIN-102568 002 034 170 020 Undocumented Female lguala. Gro. VL1934

CNIN-102569 002 038 160 024 Undocumented Male Tecoman, Col. Mexico. XI-70

CNIN-102570 Notvisible 045 170 027 Undocumented Female Tecoman, Col. Mexico. 8-IX-53. Cocos nucifera. M. Ramirez Genel Colector. Douglas Barner Colector.

CNIN-102571 004 032 160 020 Undocumented Male Valle de Oxaca. C. C Hoffmann

CNIN-102572 Notvisible 034 166 020 Undocumented Female Valle de Oxaca. C. C Hoffmann

CNIN-102573 002 038 150 025 Undocumented Male Tecoman, Col. Mexico. XI-70

CNIN-102574 004 036 164 022 Undocumented Male Ex-Coll. A A. Chayé. 1901

CNIN-102575 002 0.45 168 027 Undocumented Male Ex-Coll. A A. Chayé. 1901

CNIN-102576 Notvisible 0.42 168 025 Undocumented Female Guatemala

MZFC-6530 012 024 095 025 Undocumented Male Canderas, Tabasco. 14-V-83. G-1¢S. B. Solis Trejo

MZFC-6531 002 021 089 024 Undocumented Male Nicaragua: Depto Rivas, Isla de Ometepec, 4 km NE Reserva Biol. San Ramoy 13m. N 11° 24712, B 2912000, ez col.

MZFC-6532 007 026 11 024 Undocumented Female Mex. Gro. Mpio Atoyac. Las Parotas. 10-IX-1985. Rodriguez. G.

MZFC-6533 002 026 079 033 Undocumented Male Nicaragua: Depto Rivas, Isla de Ometepec, 4 km NE Reserva Bidl. San Ramoy 13m.N11°24712, B 29-1-2000,. ez col.

MZFC-6550 triangular Male Loc. Plan del Rio, Ver. Fecha. 29-Sep-81. Hosp. Palma de Coco. Col. M. Poxse H.

MZFC-6555 triangular Male Argentina. Misiones.
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Especie,Longitude,Latitude
Rhynchophorus_ferrugineus,-56.191083,-34.119219
Rhynchophorus_ferrugineus,100.614388,14.079264
Rhynchophorus_ferrugineus,130.60806,31.24939
Rhynchophorus_ferrugineus,8.743211,42.128113
Rhynchophorus_ferrugineus,2.480199,41.594479
Rhynchophorus_ferrugineus,98.918804,8.080709
Rhynchophorus_ferrugineus,-0.52,39.55
Rhynchophorus_ferrugineus,30.003619,31.203041
Rhynchophorus_ferrugineus,99.960007,9.573516
Rhynchophorus_ferrugineus,-4.508806,36.628614
Rhynchophorus_ferrugineus,6.52097,43.18191
Rhynchophorus_ferrugineus,9.702869,39.925602
Rhynchophorus_ferrugineus,-0.53,39.74
Rhynchophorus_ferrugineus,-0.92,39.17
Rhynchophorus_ferrugineus,0.03,38.79
Rhynchophorus_ferrugineus,-7.643002,37.133591
Rhynchophorus_ferrugineus,8.97976,38.966964
Rhynchophorus_ferrugineus,-0.540464,38.665501
Rhynchophorus_ferrugineus,31.063587,36.859185
Rhynchophorus_ferrugineus,-8.401752,40.211851
Rhynchophorus_ferrugineus,-5.5041,36.079936
Rhynchophorus_ferrugineus,-0.26,38.91
Rhynchophorus_ferrugineus,-0.58,38.89
Rhynchophorus_ferrugineus,6.1899,43.10166
Rhynchophorus_ferrugineus,-8.707396,40.133742
Rhynchophorus_ferrugineus,72.749554,19.804194
Rhynchophorus_ferrugineus,24.085405,35.550009
Rhynchophorus_ferrugineus,-9.14791,38.640447
Rhynchophorus_ferrugineus,9.267168,41.471041
Rhynchophorus_ferrugineus,-6.341858,36.635366
Rhynchophorus_ferrugineus,-8.78233,38.657877
Rhynchophorus_ferrugineus,5.81446,43.10312
Rhynchophorus_ferrugineus,121.504638,25.155139
Rhynchophorus_ferrugineus,12.090002,41.986018
Rhynchophorus_ferrugineus,0.18,40.46
Rhynchophorus_ferrugineus,1.891337,41.54517
Rhynchophorus_ferrugineus,-5.937982,37.354469
Rhynchophorus_ferrugineus,13.369467,38.117895
Rhynchophorus_ferrugineus,17.209557,40.416616
Rhynchophorus_ferrugineus,23.741863,37.863559
Rhynchophorus_ferrugineus,5.552,43.20653
Rhynchophorus_ferrugineus,-8.154774,37.083393
Rhynchophorus_ferrugineus,2.134444,41.417028
Rhynchophorus_ferrugineus,2.89897,42.69643
Rhynchophorus_ferrugineus,14.930291,38.164694
Rhynchophorus_ferrugineus,25.460895,35.293185
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Rhynchophorus_ferrugineus,46.509998,24.82
Rhynchophorus_ferrugineus,8.22,40.669998
Rhynchophorus_ferrugineus,-8.764011,39.179858
Rhynchophorus_ferrugineus,79.96277,6.842338
Rhynchophorus_ferrugineus,16.313503,38.826096
Rhynchophorus_ferrugineus,-8.77799,37.438952
Rhynchophorus_ferrugineus,-1.378784,37.563081
Rhynchophorus_ferrugineus,-4.141974,36.883774
Rhynchophorus_ferrugineus,-8.581847,39.942645
Rhynchophorus_ferrugineus,-3.588481,37.176338
Rhynchophorus_ferrugineus,-9.130116,38.999886
Rhynchophorus_ferrugineus,125.522001,6.313832
Rhynchophorus_ferrugineus,-6.005328,36.215801
Rhynchophorus_ferrugineus,-4.560547,37.018907
Rhynchophorus_ferrugineus,-0.47,39.26
Rhynchophorus_ferrugineus,-0.52,38.24
Rhynchophorus_ferrugineus,-0.95,38.76
Rhynchophorus_ferrugineus,-8.672688,41.151163
Rhynchophorus_ferrugineus,25.375232,37.103625
Rhynchophorus_ferrugineus,6.73,43.457
Rhynchophorus_ferrugineus,-9.328468,38.807341
Rhynchophorus_ferrugineus,10.32,36.849998
Rhynchophorus_ferrugineus,70.870003,31.82
Rhynchophorus_ferrugineus,73.25,29.98
Rhynchophorus_ferrugineus,71.900002,30.83
Rhynchophorus_ferrugineus,70.93,30.969999
Rhynchophorus_ferrugineus,70.480003,29.950001
Rhynchophorus_ferrugineus,-8.693089,40.47929
Rhynchophorus_ferrugineus,80.227508,12.866747
Rhynchophorus_ferrugineus,3.37417,39.570668
Rhynchophorus_ferrugineus,27.386013,37.409778
Rhynchophorus_ferrugineus,0.657921,40.801197
Rhynchophorus_ferrugineus,-8.411915,37.089808
Rhynchophorus_ferrugineus,24.391329,35.352233
Rhynchophorus_ferrugineus,-8.806307,41.706864
Rhynchophorus_ferrugineus,-8.740128,40.674214
Rhynchophorus_ferrugineus,6.96191,43.6992
Rhynchophorus_ferrugineus,9.402766,39.147253
Rhynchophorus_ferrugineus,77.16977,9.623295
Rhynchophorus_ferrugineus,-0.697472,38.001551
Rhynchophorus_ferrugineus,100.497168,7.007433
Rhynchophorus_ferrugineus,9.146581,39.19544
Rhynchophorus_ferrugineus,16.758209,40.789688
Rhynchophorus_ferrugineus,-3.941121,36.65571
Rhynchophorus_ferrugineus,9.42741,42.71599
Rhynchophorus_ferrugineus,99.320848,15.608643
Rhynchophorus_ferrugineus,23.49693,37.951188
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Rhynchophorus_ferrugineus,-8.235878,40.899446
Rhynchophorus_ferrugineus,35.066389,31.884167
Rhynchophorus_ferrugineus,104.904197,22.831864
Rhynchophorus_ferrugineus,-3.119295,36.982411
Rhynchophorus_ferrugineus,-9.150035,39.503355
Rhynchophorus_ferrugineus,19.876357,39.621688
Rhynchophorus_ferrugineus,-8.942353,39.336585
Rhynchophorus_ferrugineus,-7.130712,37.258635
Rhynchophorus_ferrugineus,-4.753157,36.488985
Rhynchophorus_ferrugineus,-8.983032,38.473381
Rhynchophorus_ferrugineus,3.12805,42.057925
Rhynchophorus_ferrugineus,11.540879,42.730911
Rhynchophorus_ferrugineus,22.567042,36.758278
Rhynchophorus_ferrugineus,-8.796355,42.146087
Rhynchophorus_ferrugineus,22.864841,37.541702
Rhynchophorus_ferrugineus,3.131449,42.480344
Rhynchophorus_ferrugineus,73.790989,19.341151
Rhynchophorus_ferrugineus,120.691354,24.105685
Rhynchophorus_ferrugineus,-0.77,38.19
Rhynchophorus_ferrugineus,35.69012,32.801373
Rhynchophorus_ferrugineus,56.326389,24.992881
Rhynchophorus_ferrugineus,9.475193,42.467633
Rhynchophorus_ferrugineus,16.837522,40.361046
Rhynchophorus_ferrugineus,8.73952,41.917215
Rhynchophorus_ferrugineus,3.88262,43.59316
Rhynchophorus_ferrugineus,8.80403,42.48025
Rhynchophorus_ferrugineus,20.005188,39.447521
Rhynchophorus_ferrugineus,23.540084,40.013954
Rhynchophorus_ferrugineus,3.148326,42.263212
Rhynchophorus_ferrugineus,-7.183986,39.925831
Rhynchophorus_ferrugineus,0.591423,40.618741
Rhynchophorus_ferrugineus,120.801848,23.830519
Rhynchophorus_ferrugineus,81.799686,6.716076
Rhynchophorus_ferrugineus,19.091639,42.24624
Rhynchophorus_ferrugineus,-0.985933,37.597597
Rhynchophorus_ferrugineus,-6.246847,38.05378
Rhynchophorus_ferrugineus,-8.439327,41.540594
Rhynchophorus_ferrugineus,-8.492829,42.072843
Rhynchophorus_ferrugineus,-7.426594,39.281088
Rhynchophorus_ferrugineus,-8.934147,39.743949
Rhynchophorus_ferrugineus,23.329569,39.192899
Rhynchophorus_ferrugineus,15.077036,38.636075
Rhynchophorus_ferrugineus,55.201138,25.103031
Rhynchophorus_ferrugineus,4.259647,39.879335
Rhynchophorus_ferrugineus,9.43678,41.103595
Rhynchophorus_ferrugineus,-1.839291,37.258634
Rhynchophorus_ferrugineus,120.522733,14.683542
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Rhynchophorus_ferrugineus,100.973817,13.158133
Rhynchophorus_ferrugineus,8.533694,40.667521
Rhynchophorus_ferrugineus,8.716851,39.092385
Rhynchophorus_ferrugineus,13.040474,41.855623
Rhynchophorus_ferrugineus,15.722924,38.253628
Rhynchophorus_ferrugineus,74.847513,14.607739
Rhynchophorus_ferrugineus,14.33237,41.249542
Rhynchophorus_ferrugineus,12.534383,41.870923
Rhynchophorus_ferrugineus,75.71,12.476389
Rhynchophorus_ferrugineus,-1.168408,37.935821
Rhynchophorus_ferrugineus,102.828477,5.444231
Rhynchophorus_ferrugineus,35.555673,32.457549
Rhynchophorus_ferrugineus,15.155185,44.189896
Rhynchophorus_ferrugineus,-8.264683,41.873617
Rhynchophorus_ferrugineus,121.032972,14.236333
Rhynchophorus_ferrugineus,16.427439,43.503422
Rhynchophorus_ferrugineus,24.710548,40.991452
Rhynchophorus_ferrugineus,23.914391,40.156026
Rhynchophorus_ferrugineus,3.531032,43.294575
Rhynchophorus_ferrugineus,-8.922775,42.457731
Rhynchophorus_ferrugineus,106.530922,-6.743758
Rhynchophorus_ferrugineus,3.037622,42.930159
Rhynchophorus_ferrugineus,15.838611,38.621944
Rhynchophorus_ferrugineus,14.277275,40.900255
Rhynchophorus_ferrugineus,-8.380332,40.741199
Rhynchophorus_ferrugineus,-8.330219,39.693178
Rhynchophorus_ferrugineus,-8.094312,38.950758
Rhynchophorus_ferrugineus,18.65163,42.40173
Rhynchophorus_ferrugineus,25.118,35.2823
Rhynchophorus_ferrugineus,121.205567,14.137283
Rhynchophorus_ferrugineus,18.848004,42.285087
Rhynchophorus_ferrugineus,9.072712,41.122858
Rhynchophorus_ferrugineus,81.954448,21.260711
Rhynchophorus_ferrugineus,19.446465,41.318934
Rhynchophorus_ferrugineus,3.090559,43.189744
Rhynchophorus_ferrugineus,98.763557,7.776136
Rhynchophorus_ferrugineus,101.905445,14.392342
Rhynchophorus_ferrugineus,12.33085,42.574728
Rhynchophorus_ferrugineus,120.570692,23.407173
Rhynchophorus_ferrugineus,-6.158068,37.528667
Rhynchophorus_ferrugineus,15.788055,39.815556
Rhynchophorus_ferrugineus,18.133256,40.488932
Rhynchophorus_ferrugineus,14.629171,40.74522
Rhynchophorus_ferrugineus,7.495711,43.771685
Rhynchophorus_ferrugineus,10.414998,43.403687
Rhynchophorus_ferrugineus,7.222458,43.678528
Rhynchophorus_ferrugineus,120.457947,23.571342


https://doi.org/10.64898/2026.09.11.750795
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.09.11.750795; this version posted September 15, 2026. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under a CC-BY 4.0 International license.

Rhynchophorus_ferrugineus,5.2187,43.40324
Rhynchophorus_ferrugineus,107.058359,12.46171
Rhynchophorus_ferrugineus,-8.303087,41.190326
Rhynchophorus_ferrugineus,39.890292,43.484582
Rhynchophorus_ferrugineus,-9.380332,39.138542
Rhynchophorus_ferrugineus,35.878561,34.540308
Rhynchophorus_ferrugineus,-9.31601,39.363473
Rhynchophorus_ferrugineus,28.701811,36.965348
Rhynchophorus_ferrugineus,106.987393,20.794538
Rhynchophorus_ferrugineus,55.901898,25.693039
Rhynchophorus_ferrugineus,102.838112,25.093847
Rhynchophorus_ferrugineus,80.019432,9.689403
Rhynchophorus_ferrugineus,87.010568,22.988771
Rhynchophorus_ferrugineus,120.535235,22.902873
Rhynchophorus_ferrugineus,26.289172,38.364824
Rhynchophorus_ferrugineus,2.894385,42.192966
Rhynchophorus_ferrugineus,12.979245,41.364333
Rhynchophorus_ferrugineus,-2.940069,35.27916
Rhynchophorus_ferrugineus,-4.723517,37.670522
Rhynchophorus_ferrugineus,26.748449,38.400353
Rhynchophorus_ferrugineus,-6.881819,38.835064
Rhynchophorus_ferrugineus,-2.434931,36.836332
Rhynchophorus_ferrugineus,-5.660085,40.121555
Rhynchophorus_ferrugineus,-8.186143,39.937508
Rhynchophorus_ferrugineus,-8.787236,37.724595
Rhynchophorus_ferrugineus,-7.313332,38.022124
Rhynchophorus_ferrugineus,9.10085,41.7541
Rhynchophorus_ferrugineus,3.827396,39.92455
Rhynchophorus_ferrugineus,13.73293,43.305563
Rhynchophorus_ferrugineus,10.502193,42.945721
Rhynchophorus_ferrugineus,3.52145,43.50343
Rhynchophorus_ferrugineus,2.55975,42.69623
Rhynchophorus_ferrugineus,17.771835,40.295069
Rhynchophorus_ferrugineus,1.624706,41.196314
Rhynchophorus_ferrugineus,2.669764,42.473013
Rhynchophorus_ferrugineus,-6.210509,36.793345
Rhynchophorus_ferrugineus,9.335,42.887501
Rhynchophorus_ferrugineus,14.85014,37.126576
Rhynchophorus_ferrugineus,14.271121,37.03356
Rhynchophorus_ferrugineus,-8.307448,41.374499
Rhynchophorus_ferrugineus,14.813922,44.725372
Rhynchophorus_ferrugineus,16.407558,38.391996
Rhynchophorus_ferrugineus,22.078972,38.243482
Rhynchophorus_ferrugineus,8.840556,45.513346
Rhynchophorus_ferrugineus,80.17081,6.363538
Rhynchophorus_ferrugineus,12.808401,42.023382
Rhynchophorus_ferrugineus,14.782217,36.708645
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Rhynchophorus_ferrugineus,-6.193297,36.466888
Rhynchophorus_ferrugineus,114.182574,22.577599
Rhynchophorus_ferrugineus,76.259916,11.186743
Rhynchophorus_ferrugineus,-0.9187,41.629406
Rhynchophorus_ferrugineus,23.962885,40.349007
Rhynchophorus_ferrugineus,4.074347,43.818286
Rhynchophorus_ferrugineus,35.095697,32.889224
Rhynchophorus_ferrugineus,34.53777,31.560248
Rhynchophorus_ferrugineus,74.288354,15.333902
Rhynchophorus_ferrugineus,-5.634911,37.474052
Rhynchophorus_ferrugineus,91.557197,26.876316
Rhynchophorus_ferrugineus,102.466432,17.688561
Rhynchophorus_ferrugineus,121.542854,23.894821
Rhynchophorus_ferrugineus,-6.093323,40.043389
Rhynchophorus_ferrugineus,-8.423844,42.414676
Rhynchophorus_ferrugineus,-0.025994,39.989555
Rhynchophorus_ferrugineus,39.239596,43.981013
Rhynchophorus_ferrugineus,76.502,22.83801
Rhynchophorus_ferrugineus,120.717507,21.957316
Rhynchophorus_ferrugineus,23.722193,38.332933
Rhynchophorus_ferrugineus,74.936952,13.565082
Rhynchophorus_ferrugineus,18.05307,40.270606
Rhynchophorus_ferrugineus,13.447911,41.620173
Rhynchophorus_ferrugineus,-5.297474,36.29559
Rhynchophorus_ferrugineus,76.436283,9.575803
Rhynchophorus_ferrugineus,-0.770078,38.470516
Rhynchophorus_ferrugineus,25.830837,35.012008
Rhynchophorus_ferrugineus,-9.004378,42.726088
Rhynchophorus_ferrugineus,120.32111,22.630293
Rhynchophorus_ferrugineus,2.588603,39.533557
Rhynchophorus_ferrugineus,113.544013,22.196472
Rhynchophorus_ferrugineus,4.429219,43.764081
Rhynchophorus_ferrugineus,75.673173,12.918215
Rhynchophorus_ferrugineus,29.075381,40.961427
Rhynchophorus_ferrugineus,103.522882,10.630916
Rhynchophorus_ferrugineus,120.555344,22.708359
Rhynchophorus_ferrugineus,36.073371,36.588138
Rhynchophorus_ferrugineus,72.803252,19.346422
Rhynchophorus_ferrugineus,3.059375,39.850605
Rhynchophorus_ferrugineus,34.855604,32.105156
Rhynchophorus_ferrugineus,79.830024,11.078946
Rhynchophorus_ferrugineus,75.399372,11.876311
Rhynchophorus_ferrugineus,77.73262,13.412238
Rhynchophorus_ferrugineus,76.642074,10.598632
Rhynchophorus_ferrugineus,-5.395632,37.524289
Rhynchophorus_ferrugineus,80.236626,7.29543
Rhynchophorus_ferrugineus,10.775054,42.91393
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Rhynchophorus_ferrugineus,76.487399,10.132429
Rhynchophorus_ferrugineus,14.081208,37.28083
Rhynchophorus_ferrugineus,9.629149,40.875464
Rhynchophorus_ferrugineus,8.284234,44.148981
Rhynchophorus_ferrugineus,9.33381,40.322229
Rhynchophorus_ferrugineus,-5.80833,36.749001
Rhynchophorus_ferrugineus,8.794905,41.726964
Rhynchophorus_ferrugineus,55.381819,25.201136
Rhynchophorus_ferrugineus,1.101272,41.153
Rhynchophorus_ferrugineus,13.632389,43.48127
Rhynchophorus_ferrugineus,16.979469,43.327467
Rhynchophorus_ferrugineus,3.223136,43.472596
Rhynchophorus_ferrugineus,13.711773,41.25238
Rhynchophorus_ferrugineus,76.319249,9.715832
Rhynchophorus_ferrugineus,10.234939,42.752112
Rhynchophorus_ferrugineus,9.212194,44.311033
Rhynchophorus_ferrugineus,35.265,32.541667
Rhynchophorus_ferrugineus,14.341178,37.577043
Rhynchophorus_ferrugineus,-7.829853,41.514182
Rhynchophorus_ferrugineus,8.931082,44.408632
Rhynchophorus_ferrugineus,-7.893204,39.052994
Rhynchophorus_ferrugineus,9.068014,42.654258
Rhynchophorus_ferrugineus,8.102463,43.923866
Rhynchophorus_ferrugineus,-7.348178,40.35985
Rhynchophorus_ferrugineus,13.9228,42.809861
Rhynchophorus_ferrugineus,11.393096,42.438988
Rhynchophorus_ferrugineus,82.078895,19.052451
Rhynchophorus_ferrugineus,12.744088,37.578569
Rhynchophorus_ferrugineus,8.533055,44.529737
Rhynchophorus_ferrugineus,9.981674,44.040876
Rhynchophorus_ferrugineus,17.63807,40.501817
Rhynchophorus_ferrugineus,1.52053,38.953641
Rhynchophorus_ferrugineus,13.881268,40.754121
Rhynchophorus_ferrugineus,4.14793,43.517476
Rhynchophorus_ferrugineus,11.033087,43.092107
Rhynchophorus_ferrugineus,3.065246,39.307837
Rhynchophorus_ferrugineus,80.244598,7.709484
Rhynchophorus_ferrugineus,32.412412,34.790665
Rhynchophorus_ferrugineus,10.76379,43.893655
Rhynchophorus_ferrugineus,14.528403,37.209374
Rhynchophorus_ferrugineus,12.701397,41.681249
Rhynchophorus_ferrugineus,16.480657,38.667824
Rhynchophorus_ferrugineus,9.615672,44.1703
Rhynchophorus_ferrugineus,18.123425,42.651258
Rhynchophorus_ferrugineus,9.78537,40.569797
Rhynchophorus_ferrugineus,10.610267,43.16489
Rhynchophorus_ferrugineus,14.042311,37.467646
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Rhynchophorus_ferrugineus,17.328834,40.600355
Rhynchophorus_ferrugineus,8.549693,39.313627
Rhynchophorus_ferrugineus,120.389799,23.261074
Rhynchophorus_ferrugineus,15.34595,41.248853
Rhynchophorus_ferrugineus,23.978605,38.088923
Rhynchophorus_ferrugineus,77.605812,13.090814
Rhynchophorus_ferrugineus,14.566273,35.857696
Rhynchophorus_ferrugineus,114.146118,30.663766
Rhynchophorus_ferrugineus,121.437492,31.274473
Rhynchophorus_ferrugineus,22.746632,37.718547
Rhynchophorus_ferrugineus,16.078627,39.129275
Rhynchophorus_ferrugineus,5.16071,43.63318
Rhynchophorus_ferrugineus,99.23422,13.603419
Rhynchophorus_ferrugineus,98.625201,8.116868
Rhynchophorus_ferrugineus,79.602227,13.748314
Rhynchophorus_ferrugineus,1.946316,41.273513
Rhynchophorus_ferrugineus,-7.759037,41.3102
Rhynchophorus_ferrugineus,14.880437,44.543381
Rhynchophorus_ferrugineus,-8.54105,42.892228
Rhynchophorus_ferrugineus,-5.155322,36.763644
Rhynchophorus_ferrugineus,120.625999,23.726761
Rhynchophorus_ferrugineus,75.22779,12.118626
Rhynchophorus_ferrugineus,15.170651,37.576828
Rhynchophorus_ferrugineus,-3.781612,37.047549
Rhynchophorus_ferrugineus,74.897739,12.877611
Rhynchophorus_ferrugineus,-3.621313,40.162951
Rhynchophorus_ferrugineus,119.290268,26.152744
Rhynchophorus_ferrugineus,-8.942094,37.007171
Rhynchophorus_ferrugineus,-4.486205,37.41223
Rhynchophorus_ferrugineus,-4.885309,37.263185
Rhynchophorus_ferrugineus,-2.666235,36.747658
Rhynchophorus_ferrugineus,-8.01793,38.529291
Rhynchophorus_ferrugineus,-2.060664,37.411438
Rhynchophorus_ferrugineus,76.359822,9.370031
Rhynchophorus_ferrugineus,100.4525,7.442222
Rhynchophorus_ferrugineus,24.418225,40.938217
Rhynchophorus_ferrugineus,-8.705699,39.624368
Rhynchophorus_ferrugineus,-0.122623,38.594547
Rhynchophorus_ferrugineus,13.671421,37.580014
Rhynchophorus_ferrugineus,30.524321,36.509842
Rhynchophorus_ferrugineus,14.345376,40.626369
Rhynchophorus_ferrugineus,16.685809,43.164651
Rhynchophorus_ferrugineus,17.008261,41.011553
Rhynchophorus_ferrugineus,20.599216,38.631896
Rhynchophorus_ferrugineus,16.145372,41.894947
Rhynchophorus_ferrugineus,-5.955339,38.96224
Rhynchophorus_ferrugineus,14.254765,36.034087
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Rhynchophorus_ferrugineus,3.556047,43.700433
Rhynchophorus_ferrugineus,27.605125,37.245907
Rhynchophorus_ferrugineus,8.4645,44.297651
Rhynchophorus_ferrugineus,26.5036,39.175253
Rhynchophorus_ferrugineus,73.135559,18.289277
Rhynchophorus_ferrugineus,75.966904,10.784673
Rhynchophorus_ferrugineus,121.170862,24.850358
Rhynchophorus_ferrugineus,21.702252,36.950028
Rhynchophorus_ferrugineus,101.277924,21.91876
Rhynchophorus_ferrugineus,120.430113,16.040392
Rhynchophorus_ferrugineus,76.240569,10.130511
Rhynchophorus_ferrugineus,76.96944,8.50241
Rhynchophorus_ferrugineus,-2.041561,36.84712
Rhynchophorus_ferrugineus,75.631902,11.576761
Rhynchophorus_ferrugineus,-7.597874,37.944345
Rhynchophorus_ferrugineus,80.794073,6.02444
Rhynchophorus_ferrugineus,15.236503,38.194394
Rhynchophorus_ferrugineus,-16.841638,32.653221
Rhynchophorus_ferrugineus,-5.014731,40.263131
Rhynchophorus_ferrugineus,74.509078,15.838217
Rhynchophorus_ferrugineus,14.733937,42.044002
Rhynchophorus_ferrugineus,28.219965,36.437123
Rhynchophorus_ferrugineus,80.699722,16.662453
Rhynchophorus_ferrugineus,74.765346,13.11627
Rhynchophorus_ferrugineus,32.732081,34.654874
Rhynchophorus_ferrugineus,100.492065,13.800873
Rhynchophorus_ferrugineus,21.295038,37.820044
Rhynchophorus_ferrugineus,78.218954,12.401496
Rhynchophorus_ferrugineus,99.717537,7.502116
Rhynchophorus_ferrugineus,-0.281238,39.566746
Rhynchophorus_ferrugineus,-8.085827,37.699046
Rhynchophorus_ferrugineus,23.121968,40.590332
Rhynchophorus_ferrugineus,31.346864,30.078723
Rhynchophorus_ferrugineus,76.689208,10.129672
Rhynchophorus_ferrugineus,76.683284,9.713094
Rhynchophorus_ferrugineus,-6.043114,37.702896
Rhynchophorus_ferrugineus,101.028861,14.52042
Rhynchophorus_ferrugineus,34.794286,31.274207
Rhynchophorus_ferrugineus,120.699295,23.108397
Rhynchophorus_ferrugineus,85.410225,25.012552
Rhynchophorus_ferrugineus,23.704499,40.724684
Rhynchophorus_ferrugineus,-7.750069,42.447918
Rhynchophorus_ferrugineus,121.099332,14.539858
Rhynchophorus_ferrugineus,-17.178322,32.720865
Rhynchophorus_ferrugineus,-8.535351,39.477115
Rhynchophorus_ferrugineus,106.132753,11.24815
Rhynchophorus_ferrugineus,-69.93224,12.52806
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Rhynchophorus_ferrugineus,-68.850844,12.138003
Rhynchophorus_ferrugineus,-58.25,-34.1825
Rhynchophorus_ferrugineus,-58.235138186605276,-32.66438584327827
Rhynchophorus_ferrugineus,-58.03047,-33.2524
Rhynchophorus_ferrugineus,-55.23771,-34.37589
Rhynchophorus_ferrugineus,-56.51667,-33.36667
Rhynchophorus_ferrugineus,-55.21667,-34.8
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S_haplotypes_accessions

Haplotype N Species  Regions Accession_numbers
Hol |46 R ficaiCari v - USB 13193 136231 1454 KR 1455731 1456311457 K31 1458.KF4 13073 KT420893 KUS 16538 KX220060, 474870 474860474380, LC4749 10, C474520,1 C4745221L CA74S2
i - 794 NWB07795 MWS07796NWE07797 MWS07 751 0 3 ol e ' ’
46 R MZ798800;MZ798801;MZ798802;MZ798803;MZ798804;MZ798805;MZ798806;MZ798807;MZ798808;MZ798809;MZ798810;MZ798811;MZ798812;MZ798813;MZ798814;MZ798815;MZ798816;MZ7
98817;MZ798818;MZ798819;MZ798820;MZ798821;MZ798822;MZ798823;MZ798824;MZ798825;MZ798826;MZ798827;MZ798828;MZ798829;MZ798830;MZ798831;MZ798832;MZ798833;MZ79883
4:MZ798835:MZ798844:MZ798845:MZ798846:MZ798847:MZ798848:MZ798849:MZ798854:MZ798855:MZ798856:MZ798857
32| R forrugineu: NA MZ798850;MZ798851;MZ798852:MZ798853;MZ7 98858 MZ79B850;MZ798B60;MZ798B61:MZ798862 MZ7 98863 MZ7 98864 MZ79BE65,MZ798673,MZ7 98874 MZ798875,MZT98876:MZT9B877:MZT
98578;M2798879:MZ798880:MZ798881:MZ79B686;MZ79BB57;MZ798BBE; MZ7 98889, MZ79B8O0:MZ79B801;MZ79B892;MZ79BB93;MZ798894;MZ798895:MZ7 98899
15| R forrugineu: NA MZ798536;MZ798837;MZ7 98836 MZT 98630 MZ798840,MZ798641,MZ798642;MZ7 98543, MZ7 98866 MZ798867,MZ7 98868, MZT9B860,MZ798670,MZ798571,MZ798872
10| R forrugineu:| Middie_East KF311360:MHO16278:MW507799;:MV W
7R MZ798862;MZ798863;MZ798884;MZT 98885 MZ798896;MZ798697 MZ798695
6| Rfemugineu: Uruguay PZ903441
5| R ferrugineu:| East_Asia;Southeast Asia KF311501:KF311502,KF311506;KF311508,KY620241
5| R ferrugineu:| Uruguay PZ903442
4|Rfemugineu: Middie_East:South_Asia GUSB1530:KF311366,KY458 175,KY456176
3[R ferrugineu:| East_Asia GUSB1517:KF413071KY629300
3|R ferrugineu:| Middle_East:South_Asia GUSB1582:KF311369,KY458177
3|R ferrugineu:| Caribbean;East_Asia KF311433,KF413064:KY620299
3[R ferrugineu:| East_Asia KF413069:KY629250,KY629251
H15 3[R ferrugineu:| East_Asia KY620274,KY629276,KY629280
2R ferugineu:| Southeast_Asia
2R _Asia KF311443,M2414223
2|R ferugineus| East_AsiaiEurope KF311461:KY629276
2R ferugineu| South_Asia KF311481:KF311487
2|R ferrugineu:| East_Asia KF413063:KY629301
2|R ferugineu:| East_Asia KF413065:KY629266
2|R ferrugineu:| East_Asia
2|R ferrugineu:| East_Asia KF413070:KY629275
1R ferugineu:| Middle._East GUs81526
1R ferugineu:| Middle._East GUSB1545
1R ferugineu:| Middle._East GUSB1548
1R ferugineu:| Middle._East GUSB1549
1| R ferugineu:| Southeast_Asia KF311379
1| R ferugineu:| Southeast_Asia KF311383
1| R ferrugineu:| Southeast_Asia KF311384
1| R ferugineu:| Southeast_Asia KF311388
1| R ferugineu:| Southeast_Asia KF311389
1| R ferrugineu:| Southeast_Asia KF311382
1| R ferugineu:| Southeast_Asia KF311389
1R ferrugineu:| Southeast_Asia KF311403
1R femugineu| South_Asia KF311444
1R ferugineu| South_Asia KF311446
1R ferugineu| South_Asia KF311447
1R ferugineu| South_Asia KF311448
1| R ferugineu:| Southeast_Asia KF311471
1| R ferrugineu:| Southeast_Asia KF311474
1R ferugineu| South_Asia KF311482
1R LAsia KF311480
1| R ferugineu:| Southeast_Asia KF311462
1| R ferugineu:| Southeast_Asia KF311496
1R ferugineu:| Southeast_Asia KF31148
1| R ferugineu:| Southeast_Asia KF311507
1| R ferrugineu:| Southeast_Asia KF311509
1| R ferugineu:| Southeast_Asia KF311510
1| R ferugineu:| Southeast_Asia KF31125
1R ferrugineu:| East_Asia KF413066
1R ferrugineu:| East_Asia KF413067
1R ferugineu| South_Asia KUB96492
1R ferugineu| South_Asia KUB96507
1R ferrugineu:| East_Asia KY620226
1R ferrugineu:| East_Asia KY620235
1R ferrugineu:| East_Asia KY620236
1R ferrugineu:| East_Asia KY620238
1R ferugineu:| East_Asia KY620247
1R ferugineu:| East_Asia KY620249
1R ferrugineu:| East_Asia KY620254
1R ferugineu:| East_Asia KY620263
1R ferugineu:| East_Asia KY620265
1R ferugineu:| East_Asia KY620279
1R ferugineu:| East_Asia KY620281
1R ferugineu:| East_Asia KY620283
1R ferrugineu:| East_Asia KY620200
1R ferrugineu:| East_Asia KY620291
1R LAsia KY620205
1R ferugineu:| East_Asia KY620206
1R ferrugineu:| East_Asia KY620208
1R ferugineu| South_Asia 0452623
1|R ferrugineu:| Uruguay PZ903443
1|R ferrugineu:| Uruguay PZ903444
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Supplementary Figure

Average Sensitivity vs. 1 - Specificity for Rhynchophorus_ferrugineus
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Supplementary Figure 1 _Figure 1: AUC result of Maxent modelling.

Jackknife of regularized training gain for Rhynchophorus_ferrugineus

wc2,1_2.5m_bio_1 1 Without variable =
With only variable =
wc2.1_2,5m_bio_11 1 With all variables =

wc2.1 2.5m bio 12 §
wc2.1 2.5m_bio 17 y
wc2,1 2.5m_bio_18 y

wc2,1_2.5m_bio_2 y

Ervironmental Wariable

wc2,1_2.5m_bio 5 §

1.0 1.2 1.4 1.8 1.8 2.0 2.2 2.4
regularized training gain

Supplementary Figure 1 Figure 2: Jackknife plot of the training gain for Rhynchophorus
ferrugineus.
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Code: Variable Percent contribution %
Bio 11: Mean Temperature of Coldest Quarter 45.6
Bio 01: Annual Mean Temperature 26.0
Bio 02: Mean Diurnal Range 20.0
Bio 17: Precipitation of Driest Quarter 2.5
Bio 18: Precipitation of Wettest Quarter 24
Bio 05: Max Temperature of Warmest Month 2.3
Bio 12: Annual Precipitation 1.2

Supplementary Figure 1 Table 1: Environmental variables used in this study and their
percentage contribution (%) to variation in the data.
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Supplementary Figure 2

Worldwide distribution potential of R. ferrugineus obtained by MaxEnt modelling

Rhynchophorus ferrugineus
MaxEnt Model
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