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Abstract

:

Simple Summary


Elaeidobius kamerunicus Faust (Coleoptera: Curculionidae) was introduced into Malaysia from Cameroon in 1981 to increase oil palm pollination. Fruit set development and fruit production significantly increased after the introduction, until a reported decline that began in the late 1980s. Several factors may have contributed to such a decline, including the weevil’s behavior. In this study, we evaluated the diurnal behavior of E. kamerunicus on different starvation level, sexes and sources of E. kamerunicus (wild-caught and lab-reared) through two hours of direct observation. The frequency and the time spent for each behavior, namely the flying (F), moving (M), feeding (E), resting (R), grooming (G) and mating (C) on oil palm flowers were recorded and evaluated. There were significant differences in flying, resting and grooming behavior among starvation levels. A similar result was demonstrated by sources of E. kamerunicus for resting, feeding and mating behavior. Wild-caught E. kamerunicus had a bigger size compared to laboratory-reared E. kamerunicus due to environmental and food source factors, which were limited and less variable for the reared type. Overall, our findings indicate that starvation level, sexes and sources of E. kamerunicus affect the diurnal behavior of E. kamerunicus.




Abstract


The oil palm pollinating weevil, Elaeidobius kamerunicus Faust (Coleoptera: Curculionidae) was first introduced into Malaysia from Cameroon as the main oil palm pollinator in 1981. Since then, oil palm pollination has improved and the need for assisted pollination has reduced. However, their pollinating behavior may be influenced by starvation, sexes and sources (wild-caught and lab-reared). A study to determine the effect of starvation level, sexes and sources of E. kamerunicus on their diurnal behavior was conducted utilizing two hours of direct observation between 1130 and 1330 h. The frequency and the time spent for several diurnal behaviors on oil palm flowers were recorded and evaluated. Starvation prevented the weevils from conducting the activities because they probably had to focus more on searching for food to gain energy to perform other behavior. Wild-caught and lab-reared E. kamerunicus differed in their size, while sexes of E. kamerunicus significantly affect the diurnal behavior. However, an in-depth study is needed to determine the relationship between the diurnal behavior of E. kamerunicus and oil palm production.
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1. Introduction


The oil palm, African Elaeis guineensis pollinating weevil, Elaiedobius kamerunicus Faust (Coleoptera: Curculionidae), was first introduced to Malaysia from Cameroon in 1981 [1]. They were identified as the most efficient insect pollinators for oil palm because they carry more pollen grains than any other insect pollinator species [2] and are well adapted to the wet season [3]. Oil palm is its specific host on which breeding can occur [1]. Since their introduction, the Malaysian oil palm industry has grown significantly, with improvements in oil palm pollination, reducing the need for assisted pollination as well as increasing fruit set development and fruit production [4,5,6,7] and saving tens of millions of pounds on manual pollination led to great success for the oil palm industry [8]. As of December 2019, Malaysia had 5.9 million hectares of oil palm plantations [9]. The percentage of commercial oil palm plantations was 71.7%, while smallholder growers owned the remaining 28.3%. According to Parveez et al. [10], the Malaysian oil palm industry produced 19.86 million tons of crude oil palm (CPO), 17.19 tons per hectare of fresh fruit bunches (FFB), 20.21% of oil extraction rates (OER) and 16.88 million tons of oil palm for export in 2019.



This weevil is attracted to both male and female oil palm flowers due to the anise-like odor of estragole released by both flowers. However, at anthesis, the oil palm male flower released a distinct anise-like odor, which seemed to be stronger compared to the oil palm female flower [11] and it provides a food source and breeding site for E. kamerunicus [12]. Furthermore, the oil palm male flower provides nectar and pollen grains [13], while oil palm female flowers just provide nectar, which results in a higher abundance of E. kamerunicus on male inflorescence than the female inflorescence. Higher numbers of E. kamerunicus gathered on both oil palm flowers during the first day of anthesis, as had been reported previously by Dhileepan [3]. The high abundance of E. kamerunicus on the first day of flower anthesis is strongly correlated with the odor of estragole released by both flowers on the first day of anthesis, which decreased as the day of anthesis increased [13].



Elaeidobius kamerunicus was known as an insect with diurnal activity. Chiu [14] reported that several studies have been conducted to determine the active time of E. kamerunicus. He reported that the E. kamerunicus was more active between 1230 and 1430 h while inactive between 0730 and 0830 h. His finding was similar to the results of Subramanian [15] in Selangor, Malaysia, but differs from that of Yue et al. [16] who identified that E. kamerunicus was active between 1130 and 1230 h in China. The differences could be due to differences in the behavior of E. kamerunicus or the physiology of the palm trees that is influenced by climatic factors, especially rainfall and temperature [3]. However, these pollinator weevils were less active during the rainy and wet seasons [7,17].



Insect behavior depends on environmental factors, such as temperature and humidity, food sources, the population of the insect itself and the presence of predators. Changes in any of these factors could affect insect behavior. Lemoine et al. [18] reported that temperature influenced the feeding behavior of Popillia japonica (Coleoptera: Scarabaeidae) by changing plant interactions towards plants with high levels of nitrogen. Similarly, Exophthalmus jekelianus (Coleoptera: Curculionidae) mixes its diet by switching and feeding on different plant species to meet its protein and carbohydrate intake requirements [19]. However, when such an opportunity is restricted, many herbivorous insects adjusted their feeding response to balance the nutrient concentration in their food source [20].



Therefore, the objective of this study was to determine the effect of starvation levels, sexes and sources of E. kamerunicus on their diurnal behavior. This study is very important with regard to investigating the pollinating issues in the field, such as lacking male inflorescence, that provides the food sources to E. kamerunicus and its ratio that may affect oil palm production. Particularly, this is to find if there are any differences between wild-caught and laboratory-reared adult E. kamerunicus behaviors due to different environments. The results of this study are expected to provide new pieces of information and help researchers as well as farmers to manage their plantation, especially concerning the weevil’s population, plantation management and oil palm production.




2. Materials and Methods


2.1. Sampling Procedure


The samples were collected from seven years oil palm trees on mineral soil at smallholder plantation (2°50′14″ N 101°36′39″ E). Immature oil palm male flower was wrapped by using a muslin sheath to ensure oil palm flowers were free from pollinating weevil and other insects before the experiment. Spikelets of the wrapped male flower were cut at the stages of 75% anthesis or 3rd day of anthesis and brought back to the laboratory for further experiments. Then, on the 2nd day of female flower anthesis, parts of the female flowers were cut off and placed into a 250 mL schott glass bottle to maintain the estragole odor.



Weevils had proven to strive and adapt well in both wet and dry season throughout Malaysia [2]. Therefore, weevil individuals were obtained randomly throughout the experiment. For wild-caught adult E. kamerunicus, individuals were obtained by wrapping up dried male spikelets at the post-anthesis stage in the field. Then, adult E. kamerunicus were collected and used within two days after emergence [21]. These live adults were left to starve for 24 h before experiments to increase their motivation to search for food sources while unstarved weevils were left for 24 h in another container with a food source.



For laboratory-reared adult E. kamerunicus, individuals obtained from the field were reared at the laboratory, with a temperature between 26.5 °C and 28.9 °C on oil palm male inflorescence in a plastic container. Individuals were left to mate and breed within 24 h before being removed from the plastic container. Then, the first progeny was left to develop from egg until adult stage [22] as this generation has higher survival rate to proceed with the experiment. The adults that emerged were used as sample subjects within 48 h after emergence while unstarved weevils were left for 24 h in another container with a food source.




2.2. Laboratory Experiment


Two anthesizing oil palm male spikelets and parts of female flowers were tied together vertically and placed into a separate transparent plastic container (12 cm × 11 cm × 10 cm) with a small hole at the bottom for the entrance of E. kamerunicus during the experiments, respectively [21,22,23]. A pair of starved E. kamerunicus (treatment) were released into the transparent plastic container for each two-hour observation, respectively. Duration and frequency on the diurnal behaviors of E. kamerunicus including eating (E), moving (M), resting (R), mating (C), grooming (G) and flying (F) were observed visually and recorded using a mobile phone for two hours between 1130 and 1330 h with natural photoperiod and no artificial lighting involved [12]. For this study, the following behaviors are defined as follows: (i) eating: when the weevil protrudes its snout into the spikelet; (ii) moving: when the weevil is in motion moving from one point to another; (iii) resting: when the weevil is immobile at one point and remains stationary; (iv) mating: when male mounts the back of a female weevil and copulation takes place; (v) grooming: when the weevil uses its legs with the intention of cleaning its body; (vi) flying: when the weevil open its elytra and travels from one point to another using its wing. The experiments were repeated for 10 pairs of E. kamerunicus (replicates) for each treatment (sexes, starvation levels and sources of E. kameruncius) on both male spikelets and female flowers as food sources.




2.3. Data Analyses


A three-way MANOVA was run to determine whether there are significant differences that existed between levels of starvation, sexes and sources of E. kamerunicus based on the entire diurnal behavior of E. kamerunicus. Wilks lambda was reported to show the variance in the variables contributing to the model, for which values near to zero indicate that most of the variables are important. One-way ANOVA was then performed for each diurnal behavior to determine if it contributed significantly to the levels of starvation, sexes and sources of E. kamerunicus differences. Moreover, a paired t-test was run to analyze the differences in duration of each diurnal behavior between starved and unstarved E. kamerunicus. All analyses were conducted using MINITAB Version 16 software.





3. Results


3.1. Diurnal Behavior of E. kamerunicus Based on Levels of Starvation, Sexes and Sources of E. kamerunicus on Anthesizing Oil Palm Male Spikelets


Results of the three-way MANOVA on the six diurnal behaviors of E. kamerunicus indicated that there were significant differences between levels of starvation (Wilks lambda6,68 = 0.38783, p = 0.000), sexes (Wilks lambda6,68 = 0.75873, p = 0.004) and sources of E. kamerunicus (Wilks lambda6,68 = 0.53827, p = 0.000). There was also a significant interaction between levels of starvation and sources of E. kamerunicus (Wilks lambda6,68 = 0.74246, p = 0.002) as well as the interaction between sexes of E. kamerunicus and levels of starvation (Wilks lambda6,68 = 0.47321, p = 0.000) in influencing diurnal behavior of E. kamerunicus on oil palm male flowers. However, the interaction between the sources and sexes of E. kamerunicus was insignificant (Wilks lambda6,68 = 0.84173, p = 0.063).



The results of one-way ANOVA on each diurnal behavior of E. kamerunicus showed that three diurnal behaviors, M (F1,78 = 17.02, p = 0.001), R (F1,78 = 8.46, p = 0.005) and G (F1,78 = 27.19, p = 0.001) were significantly different between sources of E. kamerunicus. There were also significant differences in two diurnal behaviors, F (F1,78 = 17.46, p = 0.001) and R (F1,78 = 42.90, p = 0.001), with respect to levels of starvation. However, there were no significant differences in diurnal behaviors of E. kamerunicus of different sexes.



Although there was no significant difference for all diurnal behaviors between the sexes of E. kamerunicus on oil palm male flowers, the study showed that female E. kamerunicus performed better in flying, moving, eating and grooming behavior compared to male E. kamerunicus. It was observed that moving behavior recorded the highest frequency (p = 0.71, male = 18.75 ± 0.909, female = 18.82 ± 1.59) while the lowest was mating behavior (p = 1.00, male = 1.275 ± 0.253, female = 1.275 ± 0.253). However, laboratory-reared E. kamerunicus exhibited significantly more flying, resting, moving and grooming behavior compared to the wild-caught E. kamerunicus that exhibited more on eating and mating behavior. This study showed that the mean number of moving behaviors recorded the highest frequency (p = 0.001, laboratory = 22.2 ± 1.41, wild = 15.375 ± 0.864) while mating behavior recorded the least mean frequency (p = 0.81, laboratory-reared = 1.1 ± 0.133, wild-caught = 1.45 ± 0.33). In contrast, starved E. kamerunicus exhibited significantly more on flying behavior compared to unstarved E. kamerunicus that exhibited more on resting behavior (Figure 1).




3.2. Diurnal Behavior of E. kamerunicus as Affected by Levels of Starvation, Sexes and Sources of E. kamerunicus on Oil Palm Female Inflorescence


Results of three-way MANOVA for the six diurnal behaviors of E. kamerunicus indicated that there were significant differences between sources (Lambda Wilk6,68 = 0.48432, p = 0.000), sexes (Wilks lambda6,68 = 0.74500, p = 0.002) and levels of E. kamerunicus (Wilks lambda6,68 = 0.44134, p = 0.000). There was a significant interaction between levels of starvation and sources of E. kamerunicus (Wilks lambda6,68 = 0.23253, p = 0.000), the interaction between sexes of E. kamerunicus and levels of starvation (Wilks lambda6,68 = 0.73800, p = 0.002) as well as the interaction between the sources and sexes of E. kamerunicus (Lambda Wilk6,68 = 0.68567, p = 0.000) in influencing diurnal behavior of E. kamerunicus on oil palm female flower.



Results of one-ANOVA on each diurnal behavior of E. kamerunicus showed that two diurnal behaviors, i.e., flying (F1,78 = 19.04, p = 0.001) and resting (F1,78 = 13.13, p = 0.001), were significantly different between sources of E. kamerunicus. Meanwhile, there were significant differences in two diurnal behaviors, i.e., grooming (F1,78 = 12.28, p = 0.001) and eating (F1,78 = 22.27, p = 0.001) between levels of starvation. However, only moving behavior showed significant differences between sexes of E. kamerunicus (F1,78 = 10.93, p = 0.001).



Female E. kamerunicus showed significantly more flying, moving, eating and grooming behavior than the male E. kamerunicus. The moving behavior had the highest frequency (p = 0.001, male = 17.5 ± 1.48, female = 23.15 ± 1.22), while mating behavior had the lowest frequency (p = 0.66, male = 0.85 ± 0.127, female = 0.85 ± 0.127). On the other hand, wild-caught E. kamerunicus performed significantly more flying, moving and grooming behavior compared to laboratory-reared E. kamerunicus that exhibit more resting, eating and mating behaviors. Meanwhile, starved E. kamerunicus had higher frequency for flying, resting and eating behaviors compared to fed E. kamerunicus that exhibit more moving, grooming and mating behaviors. Results also showed that the mean number of moving behaviors recorded the highest frequency (p = 0.44, starved = 19.1 ± 0.99, fed = 21.55 ± 1.74), while mating behavior recorded the least mean frequency (p = 0.66, starved = 0.9 ± 0.133, fed = 0.8 ± 0.12).




3.3. Duration of Diurnal Behavior for Sources of E. kamerunicus (Wild-Caught and Laboratory-Reared) on Oil Palm Male Spikelets as Affected by Levels of Starvation


Results of the paired t-test showed that there were significant differences in time spent for flying (F) (T = 2.24, dk = 18, p < 0.05), moving (M) (T = 7.43, dk = 18, p < 0.05), resting (R) (T = 13.88, dk = 18, p < 0.05), eating (E) (T = 6.10, dk = 18, p < 0.05), grooming (G) (T = 7.04, dk = 18, p < 0.05) and mating behavior (C) (T = 6.70, dk = 18, p < 0.05) for wild male E. kamerunicus among starvation levels. The flying (7.60 ± 1.44), moving (1812 ± 82.6), resting (4028 ± 143) and mating (34 ± 9.92) behavior were performed longer by fed wild-caught male E. kamerunicus. In contrast, starved wild-caught male E. kamerunicus spent longer eating (2868 ± 126) and grooming (2163 ± 159) compared to other behaviors.



The results of paired t-test showed that there were significant differences in time spent for flying (T = 4.09, dk = 18, p < 0.05), eating (T = 13.28, dk = 18, p < 0.05), grooming (T = 7.12, dk = 18, p < 0.05) and mating (T = 6.07, dk = 18, p < 0.05) behavior for wild-caught female E. kamerunicus among starvation levels. Meanwhile, the moving (T = 0.62, dk = 18, p > 0.05) and resting (T = 1.04, dk = 18, p > 0.05) behavior were insignificantly different. The moving (2236 ± 231), resting (2659 ± 121) and mating (253.2 ± 31.2) behavior were longer for unstarved wild-caught female E. kamerunicus compared to flying (8.0 ± 0.869), eating (2804 ± 378) and grooming (2097 ± 525) behavior, which were longer for starved wild-caught female E. kamerunicus.



However, laboratory-reared male E. kamerunicus showed significant differences in time spent for flying (T = 3.36, dk = 18, p < 0.05), moving (T = 4.14, dk = 18, p < 0.05), resting (T = 9.96, dk = 18, p < 0.05), eating (T = 4.13, dk = 18, p < 0.05), grooming (T = 3.42, dk = 18, p < 0.05) and mating (T = 3.23, dk) = 18, p < 0.05) behavior for laboratory-reared male E. kamerunicus among starvation levels. Unstarved laboratory-reared male E. kamerunicus spent longer flying (7.6 ± 0.884), grooming (2441 ± 159), resting (3070 ± 288) and mating (161.2 ± 30.6). The eating (2720 ± 408) and grooming (2566 ± 530) behaviors, however, were longer for starved laboratory-reared E. kamerunicus males.



Meanwhile, there were significant differences in time spent for flying (T = 5.59, dk = 18, p < 0.05), moving (T = 6.96, dk = 18, p < 0.05), resting (T = 11.64, dk = 18, p < 0.05), eating (T = 10.19, dk = 18, p < 0.05), grooming (T = 13.41, dk = 18, p < 0.05) and mating (T = 3.23, dk = 18, p < 0.05) behavior for laboratory-reared female E. kamerunicus among starvation levels. Unstarved laboratory-reared female E. kamerunicus spent most of the time on moving (2446.8 ± 53.7), resting (2948 ± 185) and mating (161.2 ± 30.6) behaviors. On the other hand, starved laboratory-reared female E. kamerunicus spent most of the time flying (23 ± 3.62), eating (3101.6 ± 71.4) and grooming (2295 ± 134).




3.4. Duration of Diurnal Behavior of Sources of E. kamerunicus (Wild-Caught and Laboratory-Reared) on Oil Palm Female Flower as Affected by Levels of Starvation


Results of the paired t-test showed that there were significant differences in duration per diurnal behavior: flying (T = 4.31, dk = 18, p < 0.05), eating (T = 3.25, dk = 18, p < 0.05) and grooming (T = 0.88, dk = 18, p < 0.05) for wild E. kamerunicus males based on levels of starvation. In this study, unstarved wild-caught E. kamerunicus had longer flying (13 ± 1.86), resting (4245 ± 204) and mating (25 ± 13.2) behaviors compared to moving (1256 ± 135), eating (3938 ± 457) and grooming (1356 ± 240) behaviors, which were longer for starved wild-caught E. kamerunicus.



There were significant differences in the duration of moving (T = 8.04, dk = 18, p < 0.05) and eating behaviors (T = 2.84, dk = 18, p < 0.05) for wild-caught E. kamerunicus females among starvation status. On the other hand, flying (T = 2.01, dk = 18, p > 0.05), resting (T = 0.26, dk = 18, p > 0.05), grooming (T = 1.64, dk = 18, p < 0.05) and mating (T = 0.88, dk = 18, p > 0.05) behaviors were insignificantly different. The resting (3771 ± 117) and mating (25 ± 13.2) behaviors were performed longer by unstarved wild-caught E. kamerunicus females compared to flying (26.20 ± 8.22), moving (1612 ± 249), eating (2528 ± 101) and grooming (2131.4 ± 95.3) behaviors, which were longer for starved wild-caught E. kamerunicus females.



Meanwhile, there were significant differences in time spent for resting (T = 18.47, dk = 18, p < 0.05), eating (T = 20.82, dk = 18, p < 0.05) and grooming (T = 10.07, dk = 18, p < 0.05) behaviors of laboratory-reared E. kamerunicus males among starvation status but no significant differences in time spent for flying (T = 0.40, dk = 18, p > 0.05), moving (T = 1.79, dk = 18, p > 0.05) and mating (T = 1.70, dk = 18, p > 0.05) behaviors. The moving (2150 ± 186), resting (3982 ± 149) and mating (13.20 ± 4.12) behaviors were longer for unstarved laboratory-reared E. kamerunicus males. On the other hand, starved laboratory-reared E. kamerunicus males spent longer flying (3.2 ± 0.854), eating (1119.8 ± 32.3) and grooming (4137 ± 195) compared to other behaviors.



Starvation makes the weevils more active in moving (T = 3.77, dk = 18, p < 0.05), resting (T = 2.46, dk = 18, p < 0.05), eating (T = 9.03, dk = 18, p < 0.05) and grooming (T = 2.90, dk = 18, p < 0.05) for laboratory-reared E. kamerunicus females. On the other hand, the flying (T = 1.44, dk = 18, p > 0.05) and mating (T = 1.70, dk = 18, p > 0.05) behaviors were insignificantly different. Starved laboratory-reared E. kamerunicus females spent longer moving (2408 ± 187), resting (3540 ± 349), grooming (921.2 ± 63.6) and mating (13.20 ± 2.82) compared to other behaviors.





4. Discussion


A study on the diurnal behavior of the oil palm pollinator, E. kamerunicus, is very important to understand problems related to pollination activities. In this study, there were significant differences in the frequency of diurnal behaviors of E. kamerunicus, as affected by levels of starvation, sexes and sources of E. kamerunicus on both oil palm male spikelets and female flowers. At the same time, our results demonstrate that one-way ANOVA showed no significant differences for each diurnal behavior between sexes of E. kamerunicus on oil palm male spikelets. This may be due to the E. kamerunicus itself that is a host-specific insect pollinator, in which it needs the male spikelets to serve as a food source as well as a breeding site [6,24,25].



Female E. kamerunicus were more active and spent a long time on feeding (E) and moving (M) compared to males, even though the differences were insignificant. This is probably because they have to focus more on searching for food to gain energy as well as to search for a breeding site by using their long snout. Similarly, female Rhynchophorus ferrugineus (Coleoptera: Curculionidae) also showed this trend, where it actively moves in a search for food sources, as diet intake significantly affects female oviposition and the egg-laying process [12,26]. In contrast, male E. kamerunicus were more active in resting after the mating process, as they may not need as much energy as the female E. kamerunicus for the egg-laying process.



Additionally, female E. kamerunicus were also active in grooming behavior (G). As explained by Mc Iver [27], the male E. kamerunicus groom their feet to enhance the ability to grasp the female during the mating process as well as to improve their sensory abilities for detecting food sources by using chemoreception and mechanoreception sensilla. Jacquet et al. [28] reported that grooming behavior plays an important role in mating and calling behavior. Zhang et al. [13] also stated that grooming behavior enables female Eucryptorrhynchus brandti (Coleoptera: Curculionidae) to search their breeding site effectively. They also point out that grooming behavior is really important and can be considered as a positive biological indicator, in which the more the weevils groom, the healthier they are, having clean gustatory and olfactory areas and thermosensilla [13].



Laboratory-reared insects exhibit changes in physical traits as well as behavior as compared to wild ones [29]. In this study, different developments were demonstrated by the laboratory-reared E. kamerunicus, in which they have a smaller body size than the wild-caught E. kamerunicus. This showed the flying and eating behavior of lab-reared weevils was higher compared to wild-caught weevils (Figure 1). This could be due to different diets, spaces and environments during the larvae and adult stages. This contention is supported by Manley et al. [30], who studied Oryctes rhinoceros (Coleoptera: Scarabaeidae). They reported that laboratory-reared O. rhinoceros has a significant effect on biology itself, in which wild O. rhinoceros showed higher reproductive ability and had a larger body size compared to laboratory-reared O. rhinoceros.



Starvation influenced the diurnal behavior of E. kamerunicus on both oil palm flowers in which starved weevils spend more in feeding behavior compared to unstarved weevils (Figure 1). The unstarved weevils have to groom for much longer than starved weevils on both oil palm flowers [28]. In addition, starvation leads weevils to respond to physiological needs. This assumption is supported by the significant differences found between unstarved and starved weevils in the total duration of grooming behavior. Unstarved E. kamerunicus also showed more frequent mating behavior compared to starved E. kamerunicus. This could be due to starved E. kamerunicus being busy searching for food rather than finding a mate. Starving for 24 h increased their motivation to search for food and reduced the potential of E. kameruncius to find a mate. Oku et al. [31] concluded that starvation of Phyllotreta nemorum (Coleoptera: Chrysomelidae) stimulates and increase their movement activity in search of a food source.



Starvation in females may affect their reproductive ability, as reported by Barry [32] and Barry [33], who stated that starving Pseudomantis albofimbriata (Mantodea: Mantidae) females negatively affected their reproductive ability and interest towards males for mating. Food intake, size and condition of the body also influence the production of pheromones and attractiveness to the mate [34]. Mating behavior begins with the male E. kamerunicus touching the final back parts of the female body with its protarsus and antennae. At this moment, some chemical recognition may have occurred between both. Then, the male grabs the female with the legs and positions the posterior part of its body next to the female pygidium and inserts the aedeagus to begin copulation. This is similar to the observation reported by Ferreira, Gomes and Rodrigues [35] on the mating behavior of Leucothyreus albopilosus (Coleoptera: Scarabaeidae). On the other hand, starved male E. kamerunicus still performed mating behavior (K) but spent a shorter time compared to unstarved male E. kamerunicus. This condition will reduce the tandem duration that may affect the reproductive success of the male insect [1].



Flying behavior (F) of starved E. kamerunicus was higher compared to unstarved E. kamerunicus (Figure 1). This showed that starvation stimulates flying (F) activity in searching for food sources. Flying behavior was performed to find a mate for the mating process but was interrupted by a starving condition that focused on finding food rather than finding a mate. Similar results were demonstrated by a study of Oku et al. [31] on Phyllotreta nemorum (Coleoptera: Chrysomelidae) in Japan. Starved P. nemorum stimulated flight activity (male: 43.3%; female: 33.3%) more than unstarved P. nemorum (male: 19.4%; female: 6.3%). Therefore, E. kamerunicus could find their mate only if they had a sufficient food source.



Moving behavior (M) of starved male E. kamerunicus was longer. On the other hand, unstarved female E. kamerunicus spent a long time on moving behavior (Figure 1). This is probably due to the availability of food sources on oil palm male flowers [12]. The starved E. kamerunicus requires higher movement to search for food on oil palm male flowers rather than on oil palm female flowers. Anggraeni et al. [36] reported that there are three compounds in oil palm male flowers, namely palmitic acid, estragole and 1-dodecyne, while there are four compounds in oil palm female flowers, namely chloroacetic acid, 4-tetra decyl ester, palmitic acid, farnesol and squalene [11]. The farnesol and squalene compounds are only available in oil palm female flowers, and this may be the cause of E. kamerunicus visiting the oil palm female flower for a short period. By observation, there was a feeding behavior in starved E. kamerunicus on oil palm female flowers but not as extreme as the feeding behavior on oil palm male flowers (Figure 1). The E. kamerunicus was observed inserting its rostrum into the oil palm female flower, most probably searching for nectar [13].




5. Conclusions


In conclusion, starvation prevented the weevils from other activities because they had to focus more on searching for food to gain energy before performing other behaviors, which are very closely related to each other and, therefore, fed weevils were more active in mating and resting compared to unfed weevils. Female weevils tend to move more actively as they need to perform the egg-laying process. However, both male and female weevils are involved in oil palm pollination as they are attracted to the anise-like odor of estragole that is released by male and female oil palm flowers. This finding could provide information for oil palm production if sustainable management of an oil palm plantation is carried out effectively to maintain the numbers of oil palm male flowers, as they can provide the breeding site for E. kamerunicus.







Author Contributions


Conceptualization, N.F.A.L., D.M.N., I.A.G. and I.R.H.; Data curation, N.F.A.L.; formal analysis, N.F.A.L.; Investigation, N.F.A.L.; Methodology, N.F.A.L., I.A.G. and I.R.H.; Project administration, I.A.G. and I.R.H.; Resources, I.A.G. and I.R.H.; Supervision, I.A.G. and I.R.H.; Validation, I.A.G. and I.R.H.; Visualization, N.F.A.L. and D.M.N.; Writing—original draft, N.F.A.L.; Writing—review and editing, N.F.A.L., I.A.G., I.R.H. and D.M.N. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Grant FRGS/1/2021/WAB04/UITM/02/15 from Ministry of Higher Education, Malaysia.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data are contained within the article.




Acknowledgments


We would like to express our profound gratitude to the postgraduate students from the Centre for Insect Systematics, Faculty of Science and Technology, Universiti Kebangsaan Malaysia (UKM), as well as academic and non-academic staff for their constant help, advice and encouragement since the commencement of this research and throughout the fieldwork. This re-search was financially supported by Grant FRGS/1/2021/WAB04/UITM/02/15 from Ministry of Higher Education, Malaysia.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Travers, S.E.; Sih, A. The influence of starvation and predators on the mating behavior of a semiaquatic insect. Ecology 1991, 72, 2123–2136. [Google Scholar] [CrossRef]

	



Basri, M.W.; Masijan, Z.; Halim, A.H.; Tayeb, D.M. The population census and the pollination efficiency of the weevil, Elaeidobius kamerunicus in Malaysia—A status report, 1983–1986. In Proceedings of the 1987 International Oil Palm/Palm Oil Conferences. Progress and Prospect, Kuala Lumpur, Malaysia, 23 June–1 July 1987; Palm Oil Research Institute of Malaysia: Kuala Lumpur, Malaysia, 1987; pp. 535–549. [Google Scholar]

	



Dhileepan, K. Variation in populations of the introduced pollinating weevil (Elaeidobius kamerunicus) (Coleoptera: Curculionidae) and its impact on fruitset of oil palm (Elaeis guineensis) in India. Bull. Entomol. Res. 1994, 84, 477–485. [Google Scholar] [CrossRef]

	



Basri, M.W.; Halim, A.H.; Hitam, A.H. Current status of Elaeidobius kamerunicus Faust and its effects on the oil palm industry in Malaysia. PORIM Occas. Pap. 1983, 6, 39. [Google Scholar]

	



Chiu, S.B.; Khoo, K.C.; Hussien, M.Y. A method for estimation of the natural population of the pollinating weevil, Elaeidobius kamerunicus Faust of oil palm. In Biological Control in the Tropics; Universiti Pertanian Malaysia: Serdang, Malaysia, 1986; pp. 453–470. [Google Scholar]

	



Sambathkumar, S.; Ranjith, A.M. Insect pollinator of oil palm in Kerala with special reference to African weevil, Elaeidobius kamerunicus Faust. Pest Manag. Hortic. Ecosyst. 2011, 17, 14–18. [Google Scholar]

	



Syed, R.A.; Law, I.H.; Corley, R.H.V. Insect pollination of oil palm: Introduction, establishment and pollinating efficiency of Elaeidobius kamerunicus in Malaysia. Planter 1982, 58, 547–561. [Google Scholar]

	



Hussein, M.Y.; Lajis, N.H.; Ali, J.H. Biological and chemical factors associated with the successful introduction of Elaeidobius kamerunicus Faust, the oil palm pollinator in Malaysia. Acta Hortic. 1991, 288, 81–87. [Google Scholar] [CrossRef]

	



MPOB, Malaysian Palm Oil Board. 2020. Oil Palm Planted Area 2019. Available online: http://bepi.mpob.gov.my/images/area/2019/Area_summary.pdf (accessed on 31 January 2020).

	



Parveez, G.K.A.; Hishamuddin, E.; Loh, S.K.; Ong-Abdullah, M.; Salleh, K.M.; Bidin, M.N.I.Z.; Sundram, S.; Hasan, Z.A.A.; Idris, Z. Oil palm economic performance in Malaysia and R&D progress in 2019. J. Oil Palm Res. 2020, 32, 159–190. [Google Scholar]

	



Fahmi, M.H.M.; Ahmad Bukhary, A.K.; Norma, H.; Idris, A.B. Analysis of volatile organic compound from Elaeis guineensis inflorescences planted on different soil types in Malaysia. AIP Conf. Proc. 2016, 1784, 060020. [Google Scholar]

	



Salama, H.S.; Abdel-Razek, A.S. Development of the red palm weevil, Rhynchophorus ferrugineus (Olivier), (Coleoptera, Curculionidae) on natural and synthetic diets. J. Pest Sci. 2002, 75, 137–139. [Google Scholar] [CrossRef]

	



Zhang, G.Y.; Ji, Y.C.; Wen, X.J.; Li, Q.; Ren, Y.; Wen, J.B. Oviposition behavior of Eucryptorrhynchus brandti (Coleoptera: Curculionidae) on Ailanthus altissima (Mill.) Swingle (Sapindales: Simaroubaceae). Biocontrol Sci. Technol. 2017, 27, 1153–1167. [Google Scholar] [CrossRef]

	



Chiu, S.B. Some Aspects of the Ecology of Eleaeidobius kamerunicus Faust, the Pollinating Weevil of Oil Palm, with Emphasis on Developing Sampling Techniques. Master’s Thesis, Universiti Pertanian Malaysia, Serdang, Malaysia, 1984; p. 25. [Google Scholar]

	



Subramaniam, R.C. Laporan Latihan Praktikal di Highland Research Unit; Universiti Pertanian Malayia: Serdang, Malaysia, 1982. [Google Scholar]

	



Yue, J.; Yan, Z.; Bai, C.; Chen, Z.; Lin, W.; Jiao, F. Pollination activity of Elaeidobius kamerunicus (Coleoptera: Curculionidae) on oil palm on Hainan Island. Fla. Entomol. 2015, 98, 499–505. [Google Scholar] [CrossRef]

	



Syed, R.A. The pollinating insects of the African palm. Palmas 1984, 3, 19–64. [Google Scholar]

	



Lemoine, N.P.; Drews, W.A.; Burkepile, D.E.; Parker, J.D. Increased temperature alters feeding behavior of a generalist herbivore. Oikos 2013, 122, 1669–1678. [Google Scholar] [CrossRef]

	



Wright, G.A.; Simpson, S.J.; Raubenheimer, D.; Stevenson, P.C. The feeding behavior of the weevil, Exophthalmus jekelianus, with respect to the nutrients and allelochemicals in host plant leaves. Oikos 2003, 100, 172–184. [Google Scholar] [CrossRef]

	



Le Gall, M.; Behmer, S.T. Effects of protein and carbohydrate on an insect herbivore: The vista from a fitness landscape. Integr. Comp. Biol. 2014, 54, 942–954. [Google Scholar] [CrossRef]

	



Adaigbe, V.C.; Odebiyi, J.A.; Omoloye, A.A.; Aisagbonhi, C.I.; Iyare, O. Host location and ovipositional preference of Elaeidobius kamerunicus on four host palm species. J. Hortic. For. 2011, 3, 163–166. [Google Scholar]

	



Tuo, Y.; Koua, H.K.; Hala, N. Biology of Elaeidobius kamerunicus and Elaeidobius plagiatus (Coleoptera: Curculionidae) main pollinators of oil palm in West Africa. Eur. J. Sci. Res. 2011, 49, 426–432. [Google Scholar]

	



Emiliana, G.B.; Concepcion, R.B. Biology and ecology of pollinator weevil (Elaeidobius kamerunicus Faust), on oil palm (Elaeis guineensis Jacquin) in Cotabato Province. USM R&D J. 2011, 19, 39–51. [Google Scholar]

	



Eardley, C.; Roth, D.; Clarke, C.; Buchmann, S.; Gemmill, B. Pollinators and Pollination: A Resource Book for Policy and Practice, 1st ed.; African Pollinator Initiative (API): Pretoria, South Africa, 2006; p. 91. [Google Scholar]

	



Syed, R.A. Insect pollination of oil palm, feasibility of introducing Elaeidobius spp. into Malaysia. In Proceedings of the International Conference on Oil Palm in Agriculture in the Eighties, Kuala Lumpur, Malaysia, 17–20 June 1981; pp. 263–289. [Google Scholar]

	



Ince, S.; Porcelli, F.; Al-Jboory, I. Egg laying and egg laying behavior of Red Palm Weevil, Rhynchophorus ferrugineus (Olivier) 1790 (Coleoptera: Curculionidae). Agric. Biol. J. N. Am. 2011, 2, 1368–1374. [Google Scholar] [CrossRef]

	



Mc Iver, S.B. Sensilla of mosquitoes (Diptera: Culicidae). J. Med. Entomol. 1982, 19, 489–535. [Google Scholar]

	



Jacquet, M.; Lebon, C.; Lemperiere, G.; Boyer, S. Behavioural functions of grooming in male Aedes albopictus (Diptera: Culicidae) the Asian tiger mosquito. Appl. Entomol. Zool. 2012, 47, 359–363. [Google Scholar] [CrossRef]

	



Sowig, P. Habitat selection and offspring survival rate in three paracoprid dung beetles: The influence of soil type and soil moisture. Ecography 1995, 18, 147–154. [Google Scholar] [CrossRef]

	



Manley, M.; Melzer, M.J.; Spafford, H. Oviposition Preferences and Behavior of Wild-Caught and Laboratory-Reared Coconut Rhinoceros Beetle, Oryctes rhinoceros (Coleoptera: Scarabaeidae), in Relation to Substrate Particle Size. Insects 2018, 9, 141. [Google Scholar] [CrossRef] [PubMed]

	



Oku, K.; Vermeer, K.M.; Verbaarschot, P.; Jong, P.W.D. Effects of starvation and mating status on the activity of the flea beetle, Phyllotreta nemorum (Coleoptera: Chrysomelidae). Eur. J. Entomol. 2010, 107, 549–551. [Google Scholar] [CrossRef]

	



Barry, K.L. Influence of female nutritional status on mating dynamics in a sexually cannibalistic praying mantid. Anim. Behav. 2010, 80, 405–411. [Google Scholar] [CrossRef]

	



Barry, K.L. You are what you eat: Food limitation affects reproductive fitness in a sexually cannibalistic praying mantid. PLoS ONE 2013, 8, e78164. [Google Scholar] [CrossRef]

	



Kaspi, R.; Taylor, P.W.; Yuval, N. Diet and size influence sexual advertisement and copulatory success of males in Mediterranean fruit fly leks. Ecol. Entomol. 2000, 25, 279–284. [Google Scholar] [CrossRef]

	



Ferreira, K.R.; Gomes, E.S.; Rodrigues, R. Biological aspects and mating behavior of Leucothyreus albopilosus (Coleoptera: Scarabaeidae). J. Trop. Biol. 2016, 64, 547–557. [Google Scholar]

	



Anggraeni, T.; Rahayu, S.; Ahmad, I.; Esyanti, R.R.; Putra, R.E. Resources partitioning, and different foraging behavior is the basis for the coexistence of Thrips hawaiiensis (Thysanoptera: Tripidae) and Elaeidobius kamerunicus (Coleoptera: Curculionidae) on oil palm (Elaeis guineensis Jacq) flower. J. Entomol. Nematol. 2013, 5, 59–63. [Google Scholar]








[image: Insects 13 00940 g001] 





Figure 1. Mean (± SE) frequency of diurnal behavior of E. kamerunicus between (a) sexes (b) sources of E. kamerunicus and (c) levels of starvation on oil palm male inflorescence (MI) and female inflorescence (FI); F = flying, M = moving, R = resting, E = eating, G = grooming, C = mating/copulate. Note: same case letters indicate that there is no significant difference (p < 0.05). 
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