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Abstract

:

Berberis microphylla (calafate) is an evergreen shrub that grows spontaneously in the Argentinean and Chilean Patagonia with a very harsh climate. This Sub-Antarctic zone is affected by the “El Niño” and “La Niña” pattern, which is measured using the Oceanic Niño Index (ONI). The objective of this study was to analyze the floral phenology and its pollinator insects, in relation to the climatic conditions observed. This work was developed in Ushuaia (Argentina) during 2010, 2014, 2015, and 2016. Significant differences were observed for the development of flower bud and floral phenology between the four years studied. On 26 October, between 84 and 100% of flower buds was recorded in the shrubs tested during the years 2010, 2014, and 2015 and then decreased abruptly in 2010 and more slowly in 2014 and 2015. However, in 2016 on the same date, it was recorded 70% of button flowers increasing to 90% on 5 November and then slowly evolving towards the anthesis phase. On the other hand, the anthesis phase was developed rapidly for 2010 and 2015 and slower for 2014 and 2016. A peak in anthesis occurred on 2 November in 2010, while in the other years, it was observed later in 16 November. The hoverflies of the genus Carposcalis and Allograpta, both insects verified to be responsible for the pollination of calafate, were registered between 2014 and 2016. Carposcalis was significantly more present in 2014, while in 2015 and 2016, Allograpta was predominant. The insect activity was also related with the climatic conditions, i.e., air temperature, air relative humidity, wind speed, and gust of wind along the day during the anthesis phase, and which also modified its life cycle. So, it was observed in 2016, the year with winter temperatures higher than normal, that adult hoverflies ended their hibernation period earlier and began to lay eggs on the juvenile calafate sprouts; hence, the emerging larvae ate the pollen grain of button flowers, causing a decrease in future fruits harvested. The results presented show that the “La Niña” and “El Niño” effects in these latitudes are the opposite of those expected. Spring 2016 developed under a strong “La Niña” effect, as occurred in 2010 with temperatures warmer than in 2014 and 2015, where both years developed under the “El Niño” effect. This study showed how climatic conditions can modify the floral phenology of B. microphylla and its pollinator insect frequency, their activity, and their life cycle.
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1. Introduction


Berberis microphylla (calafate) is an evergreen shrub that grows spontaneously in the Argentinean and Chilean Patagonia (Figure 1). It lives for many years and forms clumps from 2 to 3 m wide by 2 m high. The phenology and shoot growth of this species has been described [1,2]. Plant rest comprises from April to September, then the flowering period is extended to middle November, when the fruit set was accomplished and new sprouts enlarge [2]. The evolution of the flower in its morphological and histological aspect [3,4] as well as the plant productivity in relation with the floral bud development and the fruit set [5] were also studied. The small blue fruits contain carbohydrates, organic acids, and phenolic compounds, with an important antioxidant activity [6]. These properties make it a nutritional and medicinal fruit that has been used by the ancestral people, and today, it is preserved and marketed freeze-dried [7,8]. At present, this Patagonian native berry is still an underutilized fruit species and its development into a new crop is relevant for the diversification of agricultural production in Argentina [9].



In this Sub-Antarctic zone of southern Patagonia, the climate is very harsh, temperatures are low throughout the year, snow can still occur in spring and summer, and the variation in the photoperiod is very pronounced, with 7 h of light per day in winter and more than 16 h in summer. It has been studied how changes in light, nutrient supply, and seasonal climatic variations affect the content of leaf pigments in B. microphylla, suggesting that this species has a high plasticity [10], as was also observed by Radice et al. [5]. However, few studies have been performed on the population and activity of hoverflies in this region [11]. In fact, bees do not survive in this climate, so the hoverflies perform the function of pollinating the calafate flowers indirectly by touching the stamens when introduce their heads into the flower to take nectar. Thus, pollen is adhered and can be transferred to another flower [11].



Climate effect has gained more attention due to global warming. Hence, we decided to resume the results already published by our team on the phenology of this species, to better analyze the cyclical climatic variations in the continent caused by the “El Niño” and “La Niña” effects in relation to pollinator insects [5,12] with the integration of new original data on climate and insect activity.



“El Niño” and “La Niña” are the warm and cool phases of a recurring climate pattern across the tropical Pacific, respectively, called the El Niño–Southern Oscillation (ENSO). Both phenomena affect South America, including Patagonia. Some authors consider that an increase in the continent and oceans’ temperature significantly affected many natural systems [13,14]. Phenology is the science that studies biological phenomena that occur periodically, coupled to seasonal rhythms, and are related in general to the climate and, more specifically, to the annual course of weather in a particular location, where it has been highlighted how native species are especially suitable to notify these changes [15,16]. For this reason, the USA National Phenology Network (USA-NPN; www.usanpn.org, accessed on 22 October 2023) was created in 2007 in order to collect phenological data of plants. An example of the relevance of this approach is the demonstration that the monitoring of variation in the Quercus robur foliar mass and the presence of the caterpillar Opheroptera brumata are an indicator of food abundance for Parus major, a bird widespread in European forests [17]. For this reason, wild plant phenology is considered an important biological indicator in understanding the behavior of ecosystems and how they respond to environmental changes [18]. Therefore, the objective of this study was to show the floral phenology of B. microphylla and its pollinator insects in relation to climatic conditions in order to assess the response of plants and insects to the cyclical climatic variations caused by the “El Niño” and “La Niña” effects in Tierra del Fuego.




2. Materials and Methods


Climatic conditions. Ushuaia (Tierra del Fuego) is a city with a cold climate in general since the temperature varies from −1 °C to 13 °C and rarely goes below −5 °C or rises above 17 °C. A large part of the days of the year are cloudy, humid (relative humidity is 77% on average), and with very frequent winds from S—SW coming from the Antarctic. Winters are snowy with a regular occurrence of frost and the annual precipitation is 628 mm (https://www.weather-atlas.com/es/argentina/ushuaia-clima, accessed on 22 October 2023).



The mean, maximum, and minimum air temperature, the mean relative air humidity, and the mean wind speed and maximum wind speed (gust) were registered hourly every day during October and November for the years studied along the flowering period of the calafate. Also, the mean air temperature of the winter months (June, July, August, and September) prior to flowering were considered. The data were provided by a weather station of CADIC—CONICET (54°49′21″ S, 68°19′25″ W and 24 m asl).



The cumulative growing degree days [19] were calculated as the sum of mean air daily temperatures above 0 °C, from September 1 until 26 October and 2 November for the 2010, 2014, 2015, and 2016 years. According to the optimal evolution of floral phenology of the year 2010, with concentrated phases, the dates 26 October (button flower peak) and 2 November (anthesis peak) were selected to calculate the cumulative growing degree-days for both dates and the four years studied.



The Oceanic Niño Index (ONI) supplied by the National Oceanic and Atmospheric Administration (NOAA) were taken on consideration for this evaluation since it is the index that indicates the intensity of the effects of “El Niño” (warm) y “La Niña” (cool) according to the sea surface temperature (SST) of the eastern tropical Pacific. The events are defined as five consecutive overlapping 3-month periods at or above the +0.5° anomaly for warm (El Niño) events, and at or below the −0.5° anomaly for cool (La Niña) events. (https://ggweather.com/enso/oni.htm, accessed on 22 October 2023).



Plant Material. Plants of B. microphylla G. Forst. growing near Ushuaia city (Tierra del Fuego (54°49′21″ S, 68°19′25″ W and 24 m asl) were selected as described in a previous work [20]. One-year-old shoots (eight per plant) were chosen in the spring of 2010, 2014, 2015, and 2016 from the North, East, South, and West orientations (two shoots from each sector), as reported by Radice and Arena [5]. Floral phenology, in particular the development of button flowers and the anthesis phases, was registered according to Radice [21], during all-spring seasons, and the data were recorded twice a week for every reproductive shoot selected. Finally, the number of harvested fruits per shoot was registered in February of every year. Values are expressed in percentage (harvestable fruits/flowers × 100).



Pollinator insects. Previous research showed that Berberis microphylla shrubs are visited during the studied phenological stages by two hoverflies identified as Carposcalis (ex Platycheirus) and Allograpta, and on a lesser extent, by a butterfly of the genus Tatochila [22]. The frequency of visits of both hoverflies in the B. microphylla shrubs were registered in 2014, 2015, and 2016 and expressed in percentage of each one. Also, the activity of the three insects mentioned was registered by time of day (records at one-hour intervals) and by duration of the activity (measured in seconds). The insect activity and recording data in the field was made in the period of full bloom, from 9:00 to 17:00 between 20 and 29 October in 2014. A total of 6120 cases of insect activity were counted among the three species and expressed in percentage.



The number of infected flowers by Carposcalis and Allograpta hoverflies was evaluated in the 2014, 2015, and 2016 years (n = 300 each year), as the percentage of flower infection of each plant. Also, the incidence of Mizus persicae (green aphid) was observed during the flowering time of calafate.



Statistical analysis. Climate data were analyzed for each variable via ANOVA and Tukey’s Test. The results of the phenology, presence, and activity of insects were analyzed via Χ2 and a post hoc test. Pearson correlations between the presence of every pollinator insect and the air temperature, air relative humidity, wind speed, and maximum wind speed registered at the time of the activity were also made. SPSS Statistics 29 were used for all analyses.




3. Results


3.1. Climatic Conditions


The mean air temperatures of October were significantly superior for 2016 with respect to the other three years, while November 2014 was the month with significantly lower mean air temperatures in relation with the other years (Table 1). Negative minimum air temperatures were registered in October 2010, 2014, and 2015, while October and November 2016 showed minimum air temperatures above 0 °C, the same as November 2015. In addition, the 2014, 2015, and 2016 spring period was interrupted by snowfall, accumulating 21.1, 15.1, and 16.4 cm, respectively (Table 2). Several days of October 2014 were affected by snow, although most of them were in the pre-growth period of button flowers. Regarding the mean relative air humidity, spring 2010 showed significantly lower values compared to the other three years studied (Table 1). Conversely, spring 2016 was significantly more humid with respect to the others. The mean wind speed was significantly the lowest for October 2010 and the highest for October 2016, although the maximum wind speed were similar for all years during October and significantly lesser in November 2016 with respect to the other years (Table 1).



The cumulative growing degree-days were different according to the years. Significantly higher values were observed in 2016 compared with the other three years. The values obtained for 2015 were significantly lower with respect to the 2010 and 2016 values (Table 3).



The mean air temperatures of the winter months were also considered. Several differences were observed among the years studied. The mean air temperatures in June and September 2016 were significantly higher than the same months of the other years (Table 4). On the other hand, July, August, and September 2015 were the months with the lowest mean air temperatures with respect to the same months of 2010, 2014, and 2016.



The analyzed four years performed in very different global climate situations. As reported in Table 5, the spring of 2010 was progressed in the climate of a strong “La Niña” condition, while the spring of 2014 was under a strong “El Niño” effect which continued throughout the year 2015 and ended in the autumn of 2016. The “La Niña” pattern appeared again during spring 2016.




3.2. Floral Phenology


Significant differences were observed for the flower bud development between the four years studied (Figure 2A). The proportion of button flowers decreased strongly in the year 2010 from 26 October, disappearing after 2 November. The proportion of button flowers was not significantly different between the 2010, 2014, and 2015 years, and similar trends were observed for the years 2014 and 2015 with a high button flower quantity on 26 October and a rapid decline thereafter. On the contrary, in the spring of 2016, a long period of permanence of the button flower phase was observed, with a maximum peak on 5 November and still 50% of them on 16 November. Significant differences were observed between the button flower quantity on 26 October for 2010 and 2016.



Anthesis phase started on 28 October for the 2010 and 2014 years, although the evolution of this phase was very different. While in 2010, the maximum values were observed between 2 and 5 November, but in 2014, more than 60% of the flowers in the anthesis phase was observed between 5 and 25 November (Figure 2B). In 2015, the anthesis phase began on 5 November with a fast increment to 16 November, followed by a rapid decrease in the flower ratio. The anthesis phase of 2016 showed a similar evolution to 2014, but with a longer onset delay and poorer rates, with a maximum value below 50%. A peak in anthesis occurred on 2 November in 2010, while it was observed later in 16 November in the other years. As a result, the button flower and anthesis phases were more concentrated in 2010, 2014, and 2015 with respect to 2016.




3.3. Pollinator Insects


Although the proportion of hoverfly visits was not evaluated in 2010, Carposcalis was the hoverfly variety that was significantly more frequent (85%) than Allograpta (15%) in 2014, while Allograpta had significantly more visits (61 and 79%) than Carposcalis (39 and 21%) in 2015 and 2016, respectively. Shrub productivity was evaluated by registering the proportion of branches with ripe fruits, that is to say, the fruits that are harvestable to the end of the different productive cycles, as reported in Table 6. In 2010, the proportion of branches with harvestable fruits was the highest (75%), while this value decreased significantly in the followings years (25, 41, and 11%).



When the hoverfly activity was evaluated in relation with the temperature on spring 2014, it was noticed that hoverflies were present when the temperature was superior to 7.4 °C. Carposcalis was observed in a greater range of air temperature, air relative humidity, wind speed, and inclusive gusts of wind with respect to the other two insects (Figure 3). In fact, the most frequent activity (60%) was shown between 8 and 10 °C (Figure 3A), and continued working with winds of up to 30 Km/h (Figure 3B) and gusts of wind at 54.7 Km/h (Figure 3C). Allograpta was observed on plants at 8 °C and the highest frequency of this insect was observed between 8 and 10 °C. It was active with winds of 10 to 20 Km/h and with standard gusts of up to 40.2 Km/h. Nevertheless, Tatochila autodice, the butterfly, was very restricted to a range of temperature of 11.6–14.1 °C and a wind speed minor than 3.2 Km/h, with eventual gusts of wind at 14.5 Km/h (Figure 3).



As shown in Table 7, there was a negative and significant correlation between air temperature and air relative humidity for the three pollinator–insect, which was particularly strong for the butterfly. However, there was a positive effect with the wind speed for the two hoverflies (namely 25.7 Km/h for Carposcalis and 12.9 Km/h for Allograpta). T. autodice activity, as seen in Figure 3B, was very poor and negatively correlated with the wind speed and gust of wind.



On the other hand, larvae belonging to the previously mentioned hoverflies were found in the flowers of calafate (Figure 4). A wide variation in the number of infected flowers was observed between the year 2016 (65%) and the other three years studied (<5%). In 2016, 34.8% and 44.5% of flowers were observed as infected by Carposcalis and Allograpta larvae, respectively [22].



The cycle of pollinator insects of calafate was modified. In this study, it was observed that the years with temperatures higher than normal, as occurred in 2016, the adult hoverflies ended their hibernation period earlier and began to lay eggs on the juvenile calafate sprouts; hence, emerging larvae ate the pollen grain of button flowers, causing a decrease in future fruits’ production. Additionally, in the spring of the same year, the infection by green aphids, a parasite very frequent in this species, began, which settled mainly on the flowers, while in the other years, this aphid appeared later when flowering ends.





4. Discussion


Climatic conditions. During the studied period, the weather conditions varied with the years, i.e., the springs of 2010 and 2016 were warmer than those of 2014 and 2015, although in November 2016, the occurrence of snowfall was atypical. As a result, relating the climatic conditions with the “El Niño” and “La Niña” cycles, in these latitudes, the “La Niña” phenomenon produces a warmer climate, while “El Niño” is associated with a cooler climate, in agreement with the observations in earlier years by Arena et al. [10]. In any case, B. microphylla has shown a great physiological and anatomical adaptation to extreme situations of temperature and a lack of humidity [23]. Temperature is one of the primary microclimatic factors driving the rates of growth and leaf area development [24].



Phenology. Although phenology in general terms regards the timing of the annual cycles of plants and animals for different aspects, this study focused only on the reproductive phases of calafate and some aspects of the pollinator visits and activity. These phases are extremely sensitive to climate changes, but not all species are responding at the same speed or in the same way. This can alter the way species interact and the way ecosystems function in general (e.g., plants may flower before butterflies emerge to pollinate them). Climate warming has the potential to substantially influence the structure, composition, and function of ecosystems [14].



Woody species flower earlier than herbaceous species only in response to increasing annual temperatures, and a significantly greater phenological response to warming yearly average temperatures was observed in spring blooming species [25].



Nevertheless, there are different responses to climate warming; Bradley et al. [26] support that flowering is related to the photoperiod and phenological responses may be accentuated at more polar latitudes, that is to say, plants can sprout in advance but then slow down to flower when they reach their photoperiodic level. Snowfalls that occurred in October of 2014 and November of 2015 and 2016 strongly influenced the start of the anthesis phase. Coincidentally, on 26 October of the years 2010 and 2014, the proportion of flowers in the anthesis phase was the same, but the maximum expression in 2014 was reached 10 days later than in 2010. The anthesis phase in 2015 was delayed even more, possibly due to the very low temperatures that occurred in September of that year. On the other hand, the fertility of the flowers could be damaged due to the sensitiveness of their reproductive organs during this stage to the low temperatures, and, as a consequence, the plants could produce less fruits [27]. During the year 2016, a quite abnormal floral phenology was registered, with a very long period of permanence of floral buds and also a delayed and prolonged anthesis phase. Too low temperatures occurred on 4 and 6 November, together with snowfall, that could affect the normal phenology. Also, although there are no studies on how many hours of cold are necessary to break plant dormancy, the temperatures above the normal averages recorded during the winter months were possibly not enough to meet such physiological requirements. In fact, plants that grow in cold winter climates only resume growth in spring once their chilling requirements have been fulfilled, leading to a later onset of spring phases [28]. In addition, the anthesis phase was delayed by late snowfalls that further altered the development of flowers. Similar results were observed in grapevines [24].



The date of bloom is so important that the U.S. Environmental Protection Agency has included it as an indicator variable of climatic change [28]. It is well known that insects are strongly affected by the environmental temperatures disturbing their phenology [29,30], whereby, we hypothesize that winter and early spring warming accelerated the growth of aphids that are normally present when calafate reached the fruit set stage. Although, the flowering of calafate in the town of Ushuaia normally occurs in the months of October and November, but winter temperatures also have an important effect on this period, which is why it is necessary to consider them.



Pollinator Insects. The visits and activity of pollinator insects was conditioned by the air temperature, humidity, wind speed, and particularly, by gusts of wind that are very frequent in the Ushuaia Bay. The Allograpta and Carposcalis (ex Platycheirus) genus are two hoverflies recognized by Radice and Arena [22] as specific syrphid pollinators of B. microphylla. Although Allograpta is present with average winds of up to 10 Km/h, gusts of the same intensity are not enough to help it fly, given that it is heavier than Carposcalis. According to Lucas [31], an abundance of pollinator hoverflies is usually observed at a temperature between approximately 14 °C and 15 °C, while it is reduced at both higher and lower temperatures. In our study, similar results were observed with respect to the air temperature. Also, an activity increase was noted at the same rate as the insolation hours. On the other hand, syrphid flight was affected by spring temperature variation [32,33,34]. Conversely, climatic changes affect hoverfly phenology, namely on the variation in emergence dates, flight periods, and voltinism [35,36]. For some authors, the phenology of hoverflies and the species they pollinate are synchronous [37]; however, in our observations, they seem to differ. Additionally, Lucas [31] observed a significantly different abundance of hoverflies between the two years and three different sites studied, related to insolation, mean daily temperature, and mean rainfall. According to the results presented on the calafate, the dynamics of the populations of these two hoverflies is linked to periods of drought and humidity, as stated by Wolda [38]. According to Ball and Morris [39], dry conditions favor a higher presence of hoverflies, while other authors observed that moderate levels of rain increase hoverfly abundance because they improve the insect’s body temperature and provide the offer of nectar from the flowers [40,41]. According to all these results, it can be said that significant phenology changes under climate variations can have strong impacts on community structures and ecosystem functions [16].



Finally, it is possible to highlight that the development of floral phenology observed in 2010 was desired in any production system, which is to say, with an intense floral expression concentrated in a relatively short period. Coincidentally, that year developed under climatic conditions that favored sunny and dry days with a great activity of insects that quickly pollinated the flowers. Consequently, at the end of the reproductive cycle, the highest proportion of branches with harvestable fruits was observed.



In addition of being essential for the pollination of calafate, syrphids are also important natural enemies of aphids, whiteflies, and other agricultural and forestry pests [42,43]. A single hoverfly larva can eat 20 to 30 aphids a day and up to 400 during its development [42]. The supply of food for hoverflies in Ushuaia at the beginning of spring is not very diversified, especially in years with a mild winter when adult syrphids shorten their lethargy. So, the first laid eggs are placed on the leaves close to the flower buds. Then, the first larvae introduce into the button flowers feed on pollen and successively on the aphids that appear on the pedicels and floral pieces. Something similar was observed by Huang and Lin [44] in Allograpta micrura Ali, finding larval stages inside flower buds, flowers, and fruiting structures. In addition, the appearance of green aphid adults was brought forward during the spring of 2016 due to the higher records of temperature and especially the relative humidity for the adult phase as described in peach green aphid by Ramadam et al. [45].



Hoverflies overwintering as adults in the forest are those flying around during the first warm days in spring and laying their eggs on aphid-infested plants. It also happens that those hoverflies that hibernated, as larva hidden in the ground, appear as adults later in the spring and lay eggs in the same places too [46]. For some authors, winter temperatures affect the life cycle of hoverflies more than spring temperatures [47,48]. They claim that early winter snowfalls advance the first adult flights in spring. On the other hand, hoverfly pupae generally require dampness or relatively high humidity to successfully mature into adults, since in dry conditions, larvae migrate to the ground looking for moisture [48]. This fact could explain the end of the larvae cycle in button flowers during the spring of 2016, which was very humid, as a consequence showing in the reduced number of not-damaged flowers that was observed.




5. Conclusions


The present study demonstrates that variation in climatic conditions in Ushuaia (Argentina) significantly modifies the reproductive phenology of B microphylla and its pollinator insects. Although the spring of 2016 developed under a strong “La Niña”, as in 2010, it could be that this effect delayed its expression in Ushuaia due to a long preceding period of strong “El Niño” (19 months in 2014–2016), with cooler temperatures leaving the environment and the soil saturated with humidity. The differences observed from a phenological point of view are not only due to the different cold requirements of these species, but also due to the temperatures during the spring. On the other hand, it is shown that the described climate change can significantly alter the population of pollinating insects, given that there is an early appearance when winter temperatures are higher than normal. However, this effect causes greater infection of calafate flowers by syrphid larvae, which can reduce the production of harvestable fruit. This study showed how climatic conditions can modify the floral phenology of B. microphylla and the frequency and activity of its pollinator insects.
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Figure 1. Berberis microphylla (calafate) grown in Tierra del Fuego. (A) Shrub with flowers; (B) flower in anthesis phase with Carposcalis sp. sucking nectar; and (C) details of fruits. 
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Figure 2. Phenology of Berberis microphylla (calafate) growing in the Ushuaia bay during 2010, 2014, 2015, and 2016 spring periods. (A) Evolution of button flowers; (B) evolution of flowers in anthesis phase. Values are expressed in percentage. Different letters among years show significant differences according to χ2 and post hoc test (p ≤ 0.05). 
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Figure 3. Frequency of pollinator hoverflies (% of hoverfly visit with respect to the total number of insect visits) measured in spring of 2014 according to (A) temperature; (B) wind speed and gust of wind. (C) Values are expressed in percentage ± error bar according to χ2 and post hoc test (p ≤ 0.05). 
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Figure 4. Presence of insects on Berberis microphylla. (A,B) Eggs of hoverflies over leaf of calafate; (C,D) hoverflies larvae feeding on an aphid; and (E) hoverflies larvae (arrow). 
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Table 1. Mean (Mean), maximum (Max) and minimum (Min) air temperature (°C), mean air relative humidity (%) (RH), and mean wind speed (Km/h) (Mean Wind Speed) and maximum wind speed (Km/h) (Wind Gust) registered during October and November 2010, 2014, 2015, and 2016 years in Ushuaia (Argentina).
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Variable

	
Year

	
October

	
November




	
Mean

	
Max

	
Min

	
Mean

	
Max

	
Min






	
Temperature

°C

	
2010

	
7.4b

	
18.0

	
−1.8

	
8.3a

	
19.7

	
−0.8




	
2014

	
6.1c

	
17.4

	
−2.9

	
6.9b

	
17.3

	
−1.1




	
2015

	
6.4c

	
19.9

	
−0.6

	
8.0a

	
17.9

	
0.1




	
2016

	
8.5a

	
17.8

	
1.8

	
8.2a

	
19.7

	
0.7




	
RH

%

	
2010

	
62c

	
90

	
32

	
64c

	
91

	
29




	
2014

	
69a

	
100

	
26

	
69b

	
92

	
40




	
2015

	
66b

	
96

	
22

	
68b

	
95

	
34




	
2016

	
70a

	
96

	
32

	
73a

	
95

	
37




	
Mean Wind Speed

Km/h

	
2010

	
8.8b

	
35.4

	
1.6

	
10.3b

	
32.2

	
1.6




	
2014

	
9.0a

	
37.0

	
1.6

	
11.0ab

	
37

	
1.6




	
2015

	
8.9ab

	
35.4

	
1.6

	
11.6a

	
35.4

	
1.6




	
2016

	
10.1a

	
35.4

	
1.6

	
10.0b

	
38.6

	
1.6




	
Wind Gust

Km/h

	
2010

	
24.6a

	
83.7

	
1.6

	
26.0ab

	
74

	
1.6




	
2014

	
24.4a

	
72.4

	
1.6

	
27.1a

	
66

	
1.6




	
2015

	
23.3a

	
69.2

	
1.6

	
28.3a

	
70.8

	
1.6




	
2016

	
24.0a

	
66.0

	
1.6

	
25.0b

	
74

	
1.6








Different letters for the same column and variable show significant differences according to Tukey’s Test (p ≤ 0.05).













 





Table 2. Snowfall (cm) registered in October and November of 2010, 2014, 2015, and 2016 years in Ushuaia (Argentina).
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Year

	
October (Day)

	
November (Day)

	
Total




	
11

	
12

	
13

	
20

	
30

	
31

	
2

	
3

	
4

	
6






	
2010

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
0




	
2014

	
2.0

	
1.5

	
12.6

	
-

	
2.0

	
3.0

	
-

	
-

	
-

	
-

	
21.1




	
2015

	
-

	
-

	
-

	
2.4

	
-

	
-

	
2.3

	
10.4

	
-

	
-

	
15.1




	
2016

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
15.4

	
1.0

	
16.4











 





Table 3. Cumulative growing degree-days (°C) from September 1 to October 26 and November 2 of 2010, 2014, 2015, and 2016 years.
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Date

	
Year




	
2010

	
2014

	
2015

	
2016






	
26 October

	
320b

	
278bc

	
225c

	
387a




	
2 November

	
486b

	
423bc

	
332c

	
612a








Different letters for the same file show significant differences according to χ2 Test.













 





Table 4. Mean air temperature (°C) registered on June, July, August, and September of 2010, 2014, 2015, and 2016 years in Ushuaia (Argentina).
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Month

	
Year




	
2010

	
2014

	
2015

	
2016






	
June

	
2.6b

	
2.9b

	
1.8b

	
5.3a




	
July

	
2.6a

	
2.8a

	
0.9b

	
2.9a




	
August

	
3.8a

	
3.3ab

	
2.3b

	
2.8ab




	
September

	
4.9b

	
4.1bc

	
2.6c

	
6.6a








Different letters for the same month show significant differences according to Tukey’s Test (p ≤ 0.05).













 





Table 5. Warm (red) and cold (blue) periods based on a threshold of +/−0.5 °C for the Oceanic Niño Index (ONI) [3-Month Mean SST anomaly for the “El Niño” 3.4 region (i.e., 5° N–5° S, 120°–170° W)]. Spring period signed by gray shading. Values taken from Golden Gate Weather Service (https://ggweather.com/enso/oni.htm, accessed on 22 October 2023). Months are signed by the first capital letter, i.e., DJF: December–January–February.
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	Year
	DJF
	JFM
	FMA
	MAM
	AMJ
	MJJ
	JJA
	JAS
	ASO
	SON
	OND
	NDJ





	2010
	1.5
	1.2
	0.8
	0.4
	−0.2
	−0.7
	−1.0
	−1.3
	−1.6
	−1.6
	−1.6
	−1.6



	2014
	−0.4
	−0.5
	−0.3
	0.0
	0.2
	0.2
	0.0
	0.1
	0.2
	0.5
	0.6
	0.7



	2015
	0.5
	0.5
	0.5
	0.7
	0.9
	1.2
	1.5
	1.9
	2.2
	2.4
	2.6
	2.6



	2016
	2.5
	2.1
	1.6
	0.9
	0.4
	−0.1
	−0.4
	−0.5
	−0.6
	−0.7
	−0.7
	−0.6










 





Table 6. Frequency of visits of Carposcalis and Allograpta hoverflies in different years and branches with harvestable fruits (BHF). Values are expressed in percentage.
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Year

	
Percentage (%)




	
Carposcalis

	
Allograpta

	
BHF






	
2010

	

	

	
75a




	
2014

	
85a

	
15b

	
25c




	
2015

	
39b

	
61a

	
41b




	
2016

	
21b

	
79a

	
11c








Different letters for the same column show significant differences according to Tukey’s Test (p ≤ 0.05).













 





Table 7. Pearson Correlation between every pollinator insect and the climatic parameters at the time of insect activity registered. Air temperature (°C) (Air Temp), air relative humidity (%) (RH), wind speed (Km/h) (Wind Speed), and maximum wind speed (Km/h) (Wind Gust).
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	Insect
	AirTemp
	RH
	Wind Speed
	Wind Gust





	Carposcalis sp.
	−0.076 **
	−0.059 **
	0.042 **
	0.070 **



	Allograpta sp.
	−0.100 *
	−0.095 *
	0.154 **
	0.126 **



	Tatochila autodice
	−0.594 **
	−0.594 **
	−0.594 **
	−0.594 **







* and ** mean significant correlation at 0.05 and 0.01 p level, respectively.
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