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Abstract:
							                           

Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) also known as “spotted wing Drosophila” is a polyphagous herbivore of Asian origin with a short life cycle, and high dispersal and reproduction rates. The arrival of this invasive pest forced a reevaluation of management strategies in Northern Patagonia. The aims of this work were to quantify the inter-annual variation of population levels, explore the influence of cultivated and wild hosts, assess the dispersal of the pest, and adjust a statistical model to describing population patterns as a function of degree days and relative humidity. We selected a cherry and raspberry orchard located in Plottier, Neuquén. Transect sampling was carried out and 33 traps were placed across an área of 12.5 km2 between 2018 and 2023. D. suzukii used fruit crops such as peach, vineyard, and plum trees as alternate hosts. D. suzukii exhibited seasonal behavior, with higher captures observed during summer and autumn. The adjusted GAMM model showed an increase in captures at 1,500 degree days (DD) and population peaks between 3,000 and 3,200 DD. This model is the first to be used in Argentina with trap capture count. Unlike conventional models, it allows for the integration of nonlinear variables.



Keywords: Alternative host, GAMMs, Population fluctuation, Soft-skin crops, Trap capture.
		                         


Resumen:
						                           

Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) es un herbívoro polífago de origen asiático con un corto ciclo de vida, alta tasa de dispersión y reproducción. El arribo de la plaga a la Patagonia Norte replanteó las estrategias de manejo sanitario. Los objetivos del trabajo fueron cuantificar la variación inter-anual de los niveles poblacionales, explorar el rol de los hospederos alternativos, conocer la dispersión de la plaga y ajustar un modelo estadístico para describir patrones poblacionales en función de los grados días y la humedad relativa. Se seleccionó un huerto frutal de frutas finas localizado en Plottier, Neuquén. Se realizó un muestreo en transectas y se colocaron 33 trampas en una superficie de 12,5 km2 durante 2018 y 2023. D. suzukii presentó un comportamiento estacional, observándonse mayores capturas durante el verano y otoño. La mosca utilizó como hospederos alternativos los cultivos frutales como duraznero, vid y ciruelos. El modelo GAMM ajustado describió un incremento en las capturas a los 1500 GD y picos poblacionales entre los 3000 y 3200 GD. Este modelo, es el primero en utilizarse en Argentina, con datos de conteo de trampas de captura, que a diferencia de los modelos convencionales, permite relacionar variables no lineales.



Palabras clave: Fluctuación poblacional, Frutas finas, GAMMs, Hospedero alternativo, Trampas de captura.
                                








INTRODUCTION


Northern Patagonia is one of the main irrigated production areas of Argentina, it includes different productive valleys due to the presence of large rivers such as the Neuquén, Limay, Negro and Colorado rivers (Oyarzabal et al., 2018; Rodriguez & Muñoz, 2022). The region has a temperate and semi-arid climate and is part of the South American Arid Diagonal (Martinez Carretero, 2013). Extensive fruit growing contributes to its social, economic, and productive development (Ferraro, 2015). The main crops are stone and pome fruit trees, covering a total area of 37,000 ha. The cherry crop has approximately 700 cultivated ha, and has shown remarkable growth in the export market in recent years. In 2022, 2,600 t were exported during the off-season to northern hemisphere destinations such as China, the United States, and Spain (SENASA (Servicio Nacional de Sanidad y Calidad Agroalimentaria), 2023). On the other hand, the small areas cultivated with berries represent an alternative to traditional crops such as apples and pears. Among these, strawberries occupy a prominent place in terms of cultivated area, with 200 ha concentrated in the Confluencia of Neuquén region, followed by raspberries, with 40 ha, and to a lesser extent, blackberries and currants (INDEC (Instituto Nacional de Estadística y Censos), 2018).


Drosophila suzukii Matsumura, 1931 (Diptera: Drosophilidae), commonly known as spotted wing Drosophila, was first detected in the Northern Patagonia region in 2014, in an orchard of raspberries in the town of Choele Choel, Río Negro. The same year, its presence was reported in the provinces of Buenos Aires, in blueberry fruits, and Entre Ríos, in traps placed in orange and blackberry crops (Cichón et al., 2015; Díaz et al., 2015; Santadino et al., 2015). The arrival of this invasive pest forced a reevaluation of management strategies, especially in Northern Patagonia, where the presence of pests in cherries and berries crops was historically low (Cichón et al., 2019).


D. suzukii is a polyphagous herbivore of Asian origin (Walsh et al., 2011; Cini et al., 2012). Thin-skinned fruits such as raspberries and cherries seem to be preferred hosts; other hosts are unsuitable unless damaged or overripe, and for these the fly is not considered a significant threat (Bellamy et al., 2013). Most of the affected species belong to the Rosaceae family, with Prunus L. and Rubus L. being the most commonly cited genera. Other prominent families are Myrtaceae and Ericaceae, and to a lesser extent Vitaceae (Kirschbaum et al., 2021). In addition to cultivated species, D. suzukii can develop on native and exotic species of wild and ornamental plants (Lee et al., 2015). Dispersal rates of 200 to 300 m per day in the absence of wind and from 3,000 to 9,000 m over their lifetimes were determined at different altitudes during autumn (Tait et al., 2018; Vacas et al., 2019). The fly’s high dispersal rate allows it to alternate between hosts according to fruit availability, synchronize its populations, and survive in a wide variety of environments (Liebhold et al., 2004; Martinez et al., 2022).

In temperate regions, the biological cycle of D. suzukii presents a bimodal behavior, with two density peaks, a smaller one in spring, early in the season, and a higher one in autumn (Escudero-Colomar, 2015; Sorribas et al., 2015; Wang et al., 2019). The activity thresholds for D. suzukii adults range between 7.2 and 30.0 °C. Outside this range, reproduction and development parameters are affected and may even come to a halt (Tochen et al., 2014; Dos Santos et al., 2017; Winkler et al., 2020).

Insect phenology can be predicted using degree-day (DD) models, which are based on an understanding of the relationships between temperature and pest development (Pilkington & Hoddle, 2006; Hanson et al., 2015). Through DDs, regional phytosanitary alarm can be established and opportune times for controls decided (Bado et al., 2018). Because D. suzukii has short generation times, with overlapping generations, models using DDs alone show some limitations. In recent years, mathematical and statistical models have been developed, adding other relevant environmental and temporal factors of population dynamics and even age or cohort modeling (Wiman et al., 2014; Leach et al., 2019; Kamiyama et al., 2020; Ørsted et al., 2021). To be effective, the models should take into account those factors specific to each agroecosystem (Leach et al., 2019; Kamiyama et al., 2020).

This work aims to: (1) quantify the inter-annual variation in population levels of D. suzukii in a fruit-producing in the irrigated valleys of Northern Patagonia; (2) explore the influence and role of cultivated and wild hosts; (3) assess fly dispersal; and (4) adjust a statistical model that allows describing populations patterns as a function of climatic indices such as degree days and relative humidity.





MATERIAL AND METHODS




Study area


An 8.5 ha fruit orchard located in the rural area of Plottier, Neuquén (38º58'28''S, 68º20'13''W) with the presence of the D. suzukii fly was selected, which was in commercial production of raspberries, blackberries and cherries. The surrounding area was dominated by cultivated species such as peach trees and vineyards, and wild species such as Lycium chilense Miers ex Bertero and Lycium gillesianum Miers (Solanales: Solanaceae), commonly called as “yaoyin”.

Transect sampling was carried out, and a raspberry plot was chosen as the center point within the fruit orchard. From it, three transects of 2,000 m were drawn in the directions: S-N, N-E, and N-W (Fig. 1). The traps were placed every 200 m. In addition, four traps were added to cover all the squares, resulting in a total of 33 traps.
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Figure 1. 





Transects and traps locations in the study area.
















The transects included different ranges of habitats, or environments, from productive plots to uncultivated areas with patches of native species. Inside the fruit orchard, the traps were placed in the center of the crop, in the canopy of the plants, at 1.5 m height. Outside the orchard, traps were also placed on fences, posts, bushes, household crops, and native vegetation. The traps were installed on December 14, 2018 and removed on January 26, 2023. They consisted of 1,500 ml clear plastic bottles with 24 0.5 mm diameter holes in the middle, containing 300 ml of 50 % apple cider vinegar as attractant (Fig. 2). The baits were renewed every two weeks, and at the time of replacement the samples were removed and stored in airtight containers with 70 % ethanol, indicating trap number and date for subsequent observation in the Plant Health laboratory of the EEA Alto Valle of INTA. The insects thus collected were identified, sexed and counted, and flies belonging to the Drosophilidae family were classified as either “D. suzukii” or “other Drosophilidae”.
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Figure 2.





Trap used for sampling adults of Drosophila suzukii.
















Daily records of minimum and maximum temperatures and average relative humidity (RH) from January 1 to December 31, 2018-2023 were obtained from the IPAF Patagonia station (Plottier, Neuquén - 38º57'0''S 68º19'48''W) and the INTA Alto Valle station (Allen, Río Negro - 39º1'48''S 67º44'24''W). Degree day (DD) units, a time-temperature combination denoting “physiological time” or age (Vermeulen et al., 1988), were calculated starting on July 1 with Degree Day Utility (DDU) software (University of California, Davis, USA (https://ipm.ucanr.edu/WEATHER/ddconcepts.html)), using minimum and maximum thresholds of, respectively, 7.2 °C and 30.0 °C (Tochen et al., 2014).





Habitat type


Based on research by Buck et al. (2023), nine habitats categories were established to explore the influence of vegetation surrounding the traps on population abundance. The clasification criteria were: human intervention (cultivated or wild plant), crop type (raspberry, apricot, peach, etc.), production system (monoculture, polyculture, home garden), crop management (irrigation, pruning, weeding, sanitation measures) and host type (main host, alternative host, no host). Traps were grouped according to these criteria and, due to the heterogeneity of the study area, some habitats comprised a single trap (Table I).





Fruit sampling


In the 2021/22 season, within the orchard 500 g-samples of cherry and raspberry were randomly collected from each sampling frame (four cherry and three raspberry sites), bagged, and transported to the laboratory. The raspberries were placed in containers with filter paper to avoid drowning of the larvae in the fruit juice, and the cherries were placed above absorbent stones. Both samples were covered with a porous net to favor aeration. After 10 days, the emerged adults of D. suzukii (males and females) were quantified.

In the studied area, potential host plants of D. suzukii, both cultivated and wild, were identified. Samples were collected from these plants at fruit maturity stage, also during 2021/22 season, when the prevalence of D. suzukii infestation was higher. From stone fruit trees, 200 to 500 fruits per species were harvested, depending on fruit availability in the field. In vineyards, 10 bunches per variety were taken and 20 grapes per bunch were evaluated. These samples were conditioned in the field in the same way as the cherries and raspberries. In the laboratory, the presence of juvenile stages of D. suzukii such as eggs, larvae, and pupae were examined under magnification 24 hours after harvesting. Fruits with infestations were placed in aerated containers and left for 10 days. In the case of wild fruits (“yaoyin”), fruiting branches were collected due to the smaller size of the fruits and placed in containers to await emergence.
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Table I.





Criteria used to determine the types of habitat to be sampled







Notes: a A family garden refers to a biodiverse environment characterized by the presence of weeds and low planting density, b the plants had dry branches and few fruits, generally in the upper area of the tree crown















Statistical analysis


R software (version 4.3.3; R Core Team, 2024), the RStudio (Posit Team, 2024) and tidyverse environment (Wickham, 2016) were used for all data analysis tasks, including processing, visualization, and modeling.

A descriptive plot was performed to analyze the cumulative total captures of Drosophila suzukii during the period from 2019 to 2022, considering the distance from the orchard.

To analyze the effect of season on captures at each sampling distance, total captures in each trap in each season (summer, fall, winter, spring) were summed. Descriptive analysis was performed by calculating means and standard errors.

To understand the influence of the vegetation surrounding the traps, traps were grouped according to habitat type, and total captures per trap between 2019 and 2022 were calculated. A GLMM with negative binomial distribution was fitted because of the overdispersion of the data, with habitat as a fixed effect and trap and year as random effects. Tukey’s post hoc tests were performed for comparison of means. The packages emmeans (Lenth, 2021), multcomp (Hothorn et al., 2024), lme4 (Bates et al., 2015), performance (Lüdecke et al., 2021) and DHARMa (Hartig, 2022) were used.

Generalized additive mixed models (GAMMs), which allow modeling non-linear terms in the linear predictor (Wood, 2017), were used to analyze the evolution of D. suzukii populations as a function of climatic indices. The variables used were total D. suzukii captures (captures), cumulative degree days (DD), mean relative humidity (RH), trap number (trap), and growing season (season). The levels of the variable season were: 2018/19, 2019/20, 2020/21, 2021/22, 2022/23. Five models were tested to achieve the best fit, and that with the highest explained variance, highest adjusted R2-squared (R2), and lowest UBRE (Un-Biased Risk Estimator) was selected. The negative binomial family was first used, but due to lack-of-fit, the family of Poisson distribution with log link function was chosen. Distance, latitude, and longitude terms were tested, although they were not incorporated into the model. The smoothing parameters used were “te” (tensor product smooth) and “s” (smooth). The former modeled the nonlinear interaction between DD and RH, conditioned by season, and the latter DD with trap as a random effect. The external packages DHARMa (Hartig, 2022), mgcv, gamm (Wood, 2003, 2004, 2011, 2017; Wood et al., 2016), gratia (Simpson, 2024), and itsadug (van Rij et al., 2022) were used for statistical analyses. The final model in its general form was as follows:
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The model describes the captures of D. suzukii adults. The response variable capture has a Poisson distribution with mean µ (for this distribution ) due to the i-th component of the covariate DD, j-th component of RH, k-th component of season, and l-th component of trap. The link function is log, in which 𝜂ijkl is the linear predictor. The latter corresponds to the fixed effect of the intercept (𝛽଴ሻ plus the tensor 𝑓ଵ, a smoothed interaction term for the variables DD and RH by season, and 𝑓ଶ, a smoothing term representing the random effect due to trap and DD. 

The first-derivative matrices were extracted and the maximum and minimum absolute points were obtained for trap 2, located at the epicenter of the sampling, since it was considered the most representative of the fly’s population dynamics within the fruit orchard.







RESULTS




Inter-annual variation and dispersal analysis 


During the period from 2019 to 2022, from a total of 168,226 drosophilids, 38,518 adult D. suzukii (17,409 females and 21,170 males) were captured throughout the whole sampling area. A decrease in captures was observed as the distance from the fruit orchard increased (Fig. 3).
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Figure 3.





Cumulative total captures of Drosophila suzukii during the period from 2019 to 2022 considering the distance from the orchard. 







Each point represents the total captures of a trap.











In the Table II the mean capture values per trap are presented for both inside and outside the orchard across the different seasons. Inside the fruit orchard (0 to 200 m from the central sampling point), the mean number of flies captured per trap ranged from 300-700 in summer, 800-1,300 in autumn, 60-90 in winter, and 2-4 in spring. Outside the orchard, captures ranged from 0-20 in summer, 0-100 in autumn, 0-60 in winter, and 0-1 in spring. Higher mean captures outside the orchard were observed in autumn at distances of 400-600 m, with a mean of 98.3 flies per trap, and at 1,800-2,000 m, with a mean of 37.2 flies per trap.
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Table II. 





Cumulative mean captures of Drosophila suzukii at each time of the year and at each distance.







Notes: Values expressed as mean ± SE, a= the trap located in the center of the study (epicenter).















Influence of habitat type


The total captures of D. suzukii in the nine defined habitat types showed significant differences during the period from 2019 to 2022 (Fig. 4).
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Figure 4. 





Cumulative mean captures of Drosophila suzukii in each habitat.







Means ± SE followed by the same letter are not significantly different between according to Tukey's test.











The largest number of captures ocurred in the “Raspberry” and “Cherry” habitats. The “Raspberry” habitat recorded 211 times more captures than the “Wild” habitat and 6 times more captures than the “Peach/Vineyard” habitat. The “Yaoyin” habitat, containing potential native host species of D. suzukii, showed no significant differences compared to habitat wild host species (the “Wild” habitat). In addition, more adults were captured at sites with vineyards located near other fruit crops (such as in the “Peach/ Vineyard” habitat) compared to sites with only vineyards.

Fruit infested with D. suzukii (eggs, larvae and pupae) were found in the habitats with cultivated species, except for apricot tree. No fly stages were found in “Yaoyin” habitat (Table III). The largest numbers of emerged adults per kg of fruit were recorded mainly in raspberry, followed by blackberry, strawberry, and cherry.
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Table III.





Infestations of Drosophila suzukii in cultivaded and wild fruits in the 2021/22 season.







Notes: a= To calculate the number of adults per kg, it was considered that the samples weighed approximately 0.5 kg (one berry = 2.5 g)















Modeling of population dynamics


The GAMM explained 91.9 % of the variability of the total captures of D. suzukii in the sampling area (deviance explained= 91.9 %, adjusted R2= 0.767). The bioclimatic index DD and the climatic variable RH achieved a significant interaction that was affected by the variable season. Also, the variable trap showed a significant effect. The 2022-23 season was the only season that did not show significance, because of the short sampling period that ended in January 2023


Figure 5 depicts smoothed curves fitted by the GAMM, showing the conditional effect of DD at a constant RH of 53 % in all traps and for each season (2018-19, 2019-20, 2020-21, 2021-22). The y-axis is represented by conditional modes (CM) that measure population trends from the parametric fixed effect (positive CM= above average, negative CM= below average). A similar pattern in D. suzukii activity was observed in all seasons, namely, captures decreased with accumulated DD (from July 1), being below average at 800 DD. From this point onwards, low activity was maintained, in general up to 1,500 and 1,700 DD. From these values, captures began to increase again, reaching peak values at the end of the season.
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Figure 5.





Conditional effect of degree days (DD) on total Drosophila suzukii captures for each season. 







The GAMM model generated “smoothing curves” for each season at a constant RH of 53 %. DDs were accumulated from July 1 and ended on June 30 of the following year (Tº min= 7.2 ºC, Tº max= 30.0 ºC).











To explain the effect of the significant interaction between the covariates DD and RH, a 2D contour plot conditioned by the development cycle was generated. The x and y axes represent, the predictor variables DD and RH, respectively, while the z axis represents the response variable capture (Fig. 6). As shown in the previous figure (Fig. 5), a period of increasing captures was observed in all seasons starting at 1,500 DD. Adults were found in the traps even until the beginning of the following season, and a progressive decrease in captures was observed over time.

For each season, the following summary information was derived: 1) Season 2018/19: minimum captures occurred between 1,200 and 2,250 DD, no influence of RH was observed (i.e. changes in population density were independent of RH) until 3,000 DD at which time the population reached its maximum under conditions of high RH (between 70 % and 90 %); 2) Season 2019/20: minimum captures occurred at 1,500 DD independent of RH levels, and the maximum population occurred between 3,000 and 3,200 DD, with RH between 70 % and 90 %; 3) Season 2020-21: two minimum captures occurred, one at 1,500 DD with 90 % RH and the other at 2,000 DD with 30 % RH.
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Figure 6.





2D contour plot by season.







a. Season 2018-19. b. Season 2019-20. c. Season 2020-21. d. Season 2021-22 The contour plot shows the relationship between two predictor variables (x-axis= DD and y-axis= RH) with the response variable (z-axis= Capture, in conditional mode, positive values are greater than average and negative values are less than average). The colors represent the model predictions, with yellow indicating higher-than-expected values and green representing lower-than-expected values. Contour lines connect points of equal values. Vertical contour lines would suggest an effect of degree days (DD) but no effect on the y-axis variable (RH), whereas horizontal contour lines would indicate the opposite, an effect of the predictor variable RH but no effect from DD.











Two peaks of activity were recorded, one at 2,900 DD with 90 % RH and the other between 3,000 and 3,200 DD with low RH (between 30 % and 40 %); 4) Season 2021/22: minimum capture numbers occurred between 1,500 and 2,000 DD with a RH below 40 %. The population peak in this season occurred between 3,000 and 3,200 DD with 50 % RH.

The model identified the critical DD values for each trap based on the DD and a RH of 53 %. Table IV shows the critical DD values for the trap placed at the epicenter of the study.
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Table IV. 





Critical degree day (DD) values for the sampling epicenter trap.







Notes: a= This value was overestimated by the model as sampling started later, on December 24, 2018.

















DISCUSSION


While the life cycle, hosts, and dispersal ability of D. suzukii have been extensively studied, knowledge about its regional behavior is necessary, as climatic conditions and fruit species diversity are site-specific (Elsensohn & Loeb, 2018). In this study, cumulative D. suzukii trap captures during the 2019-2022 period decreased with increasing distance from fruit orchards. Generally, more flies were captured inside orchards than outside, likely due to the monocultures of cherries and berries crops inside fruit orchards, which promote rapid and explosive population growth (Cini et al., 2012; Klick et al., 2012). Dispersal to alternative hosts was primarily observed during autumn, with mean trap captures of approximately 100 flies recorded at distances of 400–600 m from the orchards. During winter, adult flies were still captured both within and outside the orchards, while captures were minimal in spring (no more than 4 flies per trap inside the orchards and 1 fly per trap outside), suggesting limited dispersal during this season. There were no wild species reported as alternative hosts in the studied area. The only species that could be considered susceptible to fruit infestation were "Yaoyin" shrubs (L. chilense and L. gillesianum), which bear fruit during the summer and autumn. However, traps set in this and the “Wild” habitat (harboring plants without host fruits) captured few individuals of D. suzukii and no infestations were found in their fruits. These results suggest that these plant species are not alternative hosts in the region, or that the probability of infestation is low. In contrast, in the surrounding fruit crops (peach trees, plum trees, and vineyards), D. suzukii damage was found on fruit, mainly overripe, and adults were captured in traps in these habitats. The time of the season and extent to which D. suzukii used these hosts was unclear, as fruit were harvested between December and March, with peak captures of individuals occurring later. It could be that the fly takes advantage of stone fruits and grapes in overripe state, fallen to the ground, with surface damage and even by-products such as pomace, which could be food sources that ensure off-season reproduction (Stewart et al., 2014; Little et al., 2017; Bal et al., 2017). On the other hand, Elsensohn & Loeb (2018) found that the use of alternative host sources may be independent of D. suzukii’s population density.

GAMMs have lower interpretability compared to traditional models such as generalized linear and mixed models. However, they offer greater flexibility by non-linear relationships between variables (Wood, 2017). Also, GAMMs were used to describe the behavior of population using trap catch data. Establishing critical degree day values (first capture, population peak) could determine the level of imminent risk of damage to implement opportune seasonal management actions to reduce pest pressure (Bado et al., 2018; Leach et al., 2019; Kamiyama et al., 2020). A pattern in D. suzukii activity observed in this study predicted unimodal seasonal behavior, with population explosions in the autumn and subsequent declines during the winter. Similar results were described in other temperate regions (Klesener et al., 2018; Thistlewood et al., 2018; Kamiyama et al., 2020). The model determined that population increases occurred in early summer, starting at 1,500 DD, namely on January 11, January 5, January 3, January 3, and December 27 in the 2018/19, 2019/20, 2020/21, and 2021/22 seasons, respectively. However, when the critical time points for the trap located at the epicenter of the study were determined, it was found that the first captures in 2019/20 and 2020/21 happened much earlier, in September, after mid-winter. These captures could correspond to the first adult flights of the season, with winter morphology, just out of diapause (unpublished data). For this reason, it was determined that the period of high risk for regional crops occurred during the summer and autumn, which have climatic conditions (temperature and relative humidity) that promotes population growth. Therefore, it is suggested that export crops, such as cherries should consider these first flights in their management strategies.

The influence of RH on the population dynamics of D. suzukii has not been extensively studied (Winkler et al., 2020). However, it is known that a high RH favors its development and survival (Tochen et al., 2016). In statistical models that employed RH as a climatic index, it was not a significant predictor or had low correlation with captures (Leach et al., 2019; Kamiyama et al., 2020). In the present work’s model, a significant interaction with DDs was found. The period of highest RH in the region occurs between April and August, with maximums recorded in the winter quarter (June-July-August) due to the higher frequency of rainy days that allow reaching average relative humidities of 100 %. However, humidity fluctuates widely during the day, due to air temperature and the presence of wind. Wind is a very important meteorological factor in the valleys of northern Patagonia, directly affecting fruit crops and reducing humidity levels. Wind gusts (instantaneous speed >50 km/h) occur throughout the year, triggering large daily and intraday oscillations in humidity levels (Rodriguez & Muñoz, 2022). For example, in the climate records for April there were days with 80 % RH and others with 40 % RH. This would thus explain why the model identified population peaks at high and low RH values, which may seem contradictory given the preference of D. suzukii for periods of high RH for its development. Indeed, the fly’s population density peaked in the months of higher RH and moderate temperatures (means below 20 °C). On the other hand, the low captures during the spring season, which occurred in periods of high humidity, corresponded to rainy days. In this study, in situ humidity sensors were not used, so there may be microclimatic factors, such as the effect of irrigation on relative humidity (RH), that could not be accounted for.

Despite RH oscillations, we found an association between trap captures and DD. The decrease in adult captures during the course of the winter could be due to a bottleneck effect due to winter frosts, which in the region can record absolute minimum temperatures of -12.9 °C (Rodriguez & Munoz, 2022), and, as mentioned above, to the absence of wild hosts and habitats. Although in this study we do not present data on D. suzukii’s sexual behavior, we observed that the females collected in late autumn and afterwards were diapausing (by dissection and observation of the ovaries using a binocular dissecting microscope).

The significance that the variable trap achieved in the adjusted model reflected the difference in total captures for traps located inside and outside the orchard. This is why each trap must be considered in the context of the habitat or environment and the climatic variables, to determine the best management strategy.

Due to the great variability between growing seasons with respect to the influence of climatic conditions on captures, making field predictions would require more years of data collection and a higher sampling frequency. In this study, sampling was conducted every 15 days, which precluded determining the exact dates for the first and last capture of adults. Notwithstanding, we believe that our findings provide a thorough and useful account of the general behavior of D. suzukii in the irrigated valleys of Northern Patagonia region.

This work constitutes the first study of the spatio-temporal dynamics of D. suzukii in the irrigated valleys of Northern Patagonia region and the first in Argentina using GAMMs with count data for population analysis. In future studies, more years of sampling should be considered, as well as sampling in other sites of Northern Patagonia to determine more clearly the influence of different environmental and climatic parameters, predict seasonal changes in population dynamics, and establish efficient control measures. In addition, it is suggested to evaluate other DD estimation methods, and due to the regular RH fluctuations in the region, to consider in these methods the number of days with RH above 55-60 %.
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