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Abstract

:

Simple Summary


In West Africa, termites are commonly used as protein feed for poultry by smallholder farmers who trap them by placing containers filled with organic matters on termite tracks. The objective of this study conducted in Burkina Faso was to test and improve the technique to increase the availability of termites for traditional poultry farmers. The study focused on termites of the genus Macrotermes and found that the quantity of termites trapped varied with the containers’ types, substrates placed in the container, habitats, harvesting times, duration of trap deposition, and season. These results allow to provide information to farmers on how to optimize the trapping of Macrotermes species and increase the quantity of termites available as protein source for their poultry.




Abstract


This study aimed to promote the use of termites as feed in traditional poultry farming by developing sustainable and inexpensive termite trapping techniques. Various tests were carried out in Burkina Faso to improve the traditional technique of trapping termites of the genus Macrotermes using a reversed container filled with organic matters. We studied the effect of containers’ types, substrates, habitats, harvesting times, duration of trap deposition, and season on the quantity of termites trapped. Calabashes and terra cotta pots trapped more termites than iron boxes, but calabashes were quickly destroyed by termites. The quantity of termites harvested increased proportionally with the volume of the pot and was higher in a cultivated habitat than in a forest, despite the higher number of termite mounds in the forest. The quantity of termites harvested was lowest in the cold-dry season and highest during the rainy season, however, sizeable amounts of termites were collected throughout the year. Among six substrates and mixtures of substrates tested, maize cobs trapped the highest number of termites and cow dung the lowest. The best time of harvest varied among seasons and, if substrates are abundant, it is more efficient to empty the containers on a daily basis.
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1. Introduction


Termites play an important role in tropical ecosystems. They are major agents in the preliminary stages of the decomposition of plant litter, particularly in savannas and arid forests of Africa [1]. In addition, termites are rich in protein and are commonly used as human food and animal feed. They are the second most consumed insect order after Orthoptera and are among the most nutritious insects [2]. Termites can be easily collected around farms at low cost [3]. By using termites, rural poultry farmers can offset the high cost of animal protein (e.g., fish meal) and plant protein (e.g., cottonseed cake and soybean meal) used in animal feed, in particular poultry and fish. The use of termites in food and feed has already been described by many authors e.g., [4,5,6,7,8,9]. In West African countries such as Togo, Ghana, Benin and Burkina Faso, termites are traditionally used to feed poultry in smallholder farms [7,8,10,11,12].



In Burkina Faso, the main termite genera used in poultry feed by rural poultry farmers are Macrotermes, Trinervitermes, Cubitermes, and Odontotermes [8,13]. Studies by Pousga et al. [3] have shown that the termite species Macrotermes subhyalinus (Rambur) and Macrotermes bellicosus (Smeathman) could theoretically substitute imported fishmeal in growing rations for poultry. Ideally, 10% of the chicken diet should be supplied as termites or other insects. Different harvesting techniques are used for different termite genera. Termites of the genus Macrotermes are mainly harvested in two ways: By partial destruction of the termite mound and by trapping [7,8]. Some poultry farmers have developed controlled termite trapping techniques that preserve termite mounds [6,7,8]. In Burkina Faso, these techniques are mainly based on used containers such as terra cotta pots, iron or plastic containers, calabashes, or baskets made from leaves of palmyra palm (Borassus akeasii). These containers are filled with plant and animal substrates, such as crop residues, tree debris, and animal dung [7,8,14]. However, techniques for trapping or collecting termites are not well mastered by all poultry farmers. In addition, during certain periods of the year, it is more difficult to obtain termites than in other periods and the quantities obtained are often small. This makes termite collection difficult for smallholder farmers, who often decide to abandon the method [12]. In view of the high nutritional quality of termites, their availability in the natural environment and their benefits on poultry growth, there is a need for a better understanding of termite trapping techniques in order to improve them. This will allow efficient and sustainable use of these insects in poultry feed and facilitate the work of poultry farmers. This study was conducted to evaluate the effect of factors that can influence the quantity of termites of the genus Macrotermes trapped according to the season. Specifically, the aim of the study was to: (i) Identify the best containers and substrates for Macrotermes spp. trapping; (ii) evaluate the effect of trap sites and the duration of trap deposition on the quantity of Macrotermes spp. harvested according to the season; and (iii) identify the best times of the day for Macrotermes spp. harvesting according to the season.




2. Materials and Methods


2.1. Experimentation Area


Termite trapping tests were carried out in the Hauts-Bassins region in Burkina Faso, about 15 km north-west of the city of Bobo-Dioulasso, in the Nazi Boni University (UNB) property in the village of Nasso (4°41′ W; 11°20′ N) and in a classified forest in the village of Dinderesso (4°43′ W; 11°22′ N) (Figure 1). The region is located in the southern Sudanese zone, where the rainy season lasts 5 to 6 months with 1100 mm precipitation per year [15]. The Nasso station is located in a woody savannah where vegetation is mainly composed of Detarium microcarpum G., Daniellia oliveri H. and D., Vitellaria paradoxa C. F. and G., Parkia biglobosa J., Borassus spp., Eucalyptus spp., Poaceae, etc. [16]. At the Dinderesso site, the dominant species were large trees of Tectona grandis L. Other trees included Daniellia oliveri (Rolfe) Hutch. and Dalz, Nauclea latifolia Smith, Guiera senegalensis J.F. Gmel, Cola cordifolia (Cav.) R. Br., Pilliostigma thonningii (Schumach.) Milne-Redh, and Khaya senegalensis (Desr.) A. Juss. The soil was mainly covered by Poaceae. At Dinderesso, the soil was covered by a thick litter composed of tree leaves whereas the litter was much thinner at Nasso (Figure 2).




2.2. Identifying Trap Deposition Sites


To ensure the colonization of a substrate (food bait) by termites, it is necessary to verify their presence on the site. This requires attracting them first before setting up a device. This step consisted, firstly, in identifying the presence of plant or animal matters (e.g., animal droppings) attacked by termites on the ground; secondly, in depositing a small quantity of substrate (about 100 g) on the mud tubes indicating the termites’ tracks on the surface of the ground, at a distance not exceeding 1.5 m from one point to another. During the rainy season, 100 g of substrate was covered by terra cotta pots to protect them from the rain. Twenty-four hours later, if the substrate was colonized by Macrotermes spp., the site was considered suitable. If, on the other hand, 24 h later, the substrate was not colonized by termites or colonized by other species, the site was not considered for the study. Preliminary observations had shown that, at the two sites, two species of Macrotermes are present, M. bellicosus and M. subhyalinus, the second one being the most abundant. However, during this study, we did not attempt to identify the Macrotermes species in each trap.




2.3. Trapping Method


Termite harvesting was carried out following the method practiced by poultry farmers on farms, based on containers filled with substrates. This method has been described by many authors e.g., [7,8,11]. The general procedure was as follows: Substrates were placed in the container and moistened with water; the reversed container was placed on scraped soil at a site previously selected as suitable for termite trapping; the trap was protected from predators by closing the borders of the container with soil and from sunlight by covering it with leaves of palmyra palm; at the end of the trapping period, the trap was lifted and emptied. The process is illustrated in Figure 3.




2.4. Harvesting, Drying, and Weighing of Termites


Harvesting consisted of emptying the container with the colonized substrate and sorting out the termites (Supplementary File S1 Figure S1). First, the content was poured into another container and the large particles of substrate not consumed by the termites were sorted by hand. Then, the rest of the content, consisting of soil, and small pieces of substrate and termites, was placed on stacked sieves with mesh sizes ranging from 0.2 cm to 2 cm with the larger mesh placed above. After sieving the substrate, only a little bit of sand and termites remained on the last sieve, which was placed in a container with water. After stirring, the rest of the sand went down into the water, leaving the termites and some impurities smaller than 0.2 cm on the sieve. The termites were rinsed in two to three containers of water until they were clean. The last pieces of substrates were removed with soft tweezers. After sorting, the termites were placed into plastic containers and left to dry in the sun for 24 h in the dry season and 48 h in the rainy season. While drying the termites at a constant temperature in an oven would have provided more consistent data throughout the year, this option was not available on site. After drying, the termites were placed into labeled plastic bags and weighed in the laboratory using a 0.01-g precision balance. The processes described above were applied to all the experiments carried out during the study. The variables measured during the experiments were the masses of termites dried in the sun, the temperature, and the relative humidity of the environment during harvesting. All data on average temperature and relative humidity during harvest are shown in the Supplementary File S1, Tables S1 and S2.




2.5. Influence of Containers on Termites Trapping


To test the effect of the containers on termite trapping, an experiment was carried out at the Nasso station and in the classified forest of Dinderesso in November 2017. Three types of containers were used: Terra cotta pots, iron boxes, and calabashes (fruits of Lagenaria sp.). Containers with a volume of 2 dm3 and an opening of 15.5 cm in diameter for the iron container, 15.5–16.5 cm for the terra cotta pots, and 17 cm for the calabash were used. For the experiment, a completely randomized block design (blocks dispersed in time) with three treatments (containers) and five replicates per day was carried out over four days, i.e., 20 repetitions for each treatment. The blocks were considered as successive trials [17,18,19,20].




2.6. Influence of Seasons and Substrates on Termite Trapping


Experiments were carried out at the Nasso station to evaluate the quantities of termites trapped according to substrates and seasons. Substrates were chosen based on the results of surveys conducted on termite use in Burkina Faso [8] and the results of our preliminary tests on station. Three substrates (cow dung, maize cobs, and maize stems) were used to form six treatments (maize cobs (Ms), maize stems (MS), cow dung (CD), maize cobs and stems mix (Ms + MS), maize cobs and cow dung mix (Ms + CD), and maize stems and cow dung mix (MS + CD)). Terra cotta pots (volume: 2 dm3, diameter of the opening: 16 cm) were used for trapping. A terra cotta pot was chosen as the container for all the tests because it was identified as the best container for termite trapping in preliminary station trials [21]. The volume of the container was chosen as the unit of measurement; each terra cotta pots filled with substrate was moistened with 100 mL of water. The substrates were obtained from farmers and herders in the village of Nasso. The pots were ordered from a potter of Bobo-Dioulasso. The experimental device used was a completely randomized block design (blocks dispersed over time) of 6 treatments and 4 replicates per day for 5 days where the blocks were assimilated to successive essays [17,18,19,20]. All harvests were carried out at 7 a.m., i.e., 24 h after the traps were set. Twenty-four 2-dm3 terra cotta pots were used each day and each treatment was repeated four times a day for five days. Five successive trials (blocks) (5 days) were carried out every two months from February 2018 to December 2018. A total of 30 essays were carried out during the experiment. In addition to these variables, after weighting all termites, for all replicates, soldiers were sorted out and weighted separately.




2.7. Influence of Sites on Termite Trapping


In Nasso and in the forest of Dinderesso, essays were carried out in the dry season (April and December) and in the rainy season (August) to evaluate the influence of sites in different seasons on termite trapping. Using maize stems as substrate, a test was conducted simultaneously at both sites. For 4 days, every morning (at 7 a.m.), 5 terra cotta pots of 2 dm3 containing maize stems moistened with 100 mL of water each were placed at the two sites. Harvesting took place the next day at the same time when other terra cotta pots were placed. The experimental design was a completely randomized block design (blocks dispersed over time) of 2 treatments (trapping site) and 5 replicates where the blocks were assimilated to successive essays [17,18,19,20]. A total of 15 essays were carried out during the experiment.




2.8. Influence of the Volume of Containers on Termite Trapping


To assess the effect of the volume of the containers on the quantity of termites harvested, three terra cotta pots of different volumes (2 dm3, 4 dm3, and 6 dm3) and opening diameters (16 cm, 20 cm, and 24 cm, respectively) were used with maize stems to trap termites. To humidify the substrate, 100 mL, 200 mL, and 300 mL of water were used respectively for the three volumes of terra cotta pots. A completely random block system, dispersed over the time of three treatments (container volume: 2 dm3, 4 dm3, and 6 dm3) and 2 replicates was used. Ten successive trials (lasting 10 days) were carried out in the months of April, August, and December 2019. A total of 30 essays were carried out during the experiment.




2.9. Influence of Trapping Duration on Termite Trapping


Using 2-dm3 terra cotta pots with a 16-cm diameter opening and maize stems as substrate, the effect of the duration of trap deposition on the quantity of termites harvested was assessed at the Nasso station. Each essay lasted three days. Each day at 7 a.m. on three successive days, 10 terra cotta pots of 2 dm3 filled with maize stems moistened with 100 mL of water were placed on pre-identified termite tracks. On the fourth day, at 7 a.m., all 30 terra cotta pots were collected (10 terra cotta pots had stayed on the soil during 24 h, 10 terra cotta pots for 48 h, and 10 terra cotta pots for 72 h). From that day on and for the next three days, the same process was repeated a second time. A system of completely random blocks, dispersed over the time of three treatments (trap settling time: 24 h, 48 h, and 72 h) and 10 replicates was carried out. Two successive trials (7 days) were carried out every two months, from April 2019 to February 2020. A total of 12 essays were carried out during the experiment.




2.10. Influence of Harvest Time on Termite Trapping


The essays carried out during this experiment were aimed at identifying the best time for termite harvesting according to the season (dry and rainy). To do this, 2-dm3 terra cotta pots with a 16-cm diameter opening were used with maize stems to trap termites. One hundred mL of water per terra cotta pot was used to moisten the substrate. The traps were placed and harvested at the following times of the day: 6 a.m., 8 a.m., 10 a.m., 12 a.m., 2 p.m., 4 p.m., and 6 p.m. All traps were left 24 h, thus, traps deposited at 6 a.m. were collected the next day at 6 a.m. and so on. The experimental design was a completely randomized block (blocks scattered over time) of 7 treatments (harvest hours) and 5 repetitions per day where the blocks were assimilated to successive trials. Four successive trials (4 days) were carried out every two months from April 2019 to February 2020. A total of 24 essays were carried out during the experiment.




2.11. Statistical Analysis


The statistical analyses were carried out using R software version 3.6.0 [22]. Analyses of the effect of the volume of containers (2, 4 and 6 dm3) were conducted on the weight of dry termites produced per dm3. Analyses on the effect of duration of exposure (24, 48, and 72 h) were conducted on the weight of dry termites produced per 24 h. The normality of the data and the homogeneity of the variance were tested using the Shapiro–Wilk test and the Fligner test. Based on these, statistical tests were selected for the comparisons of means. To assess the effect of the type of containers on the weight of the termites harvested, the Kruskall–Wallis test was used. To assess the influence of substrates, seasons, sites, volume of container, and harvesting hours, one-way and two-way ANOVAs (with a month as the second fixed factor) were performed. The comparison of the means was carried out with the Student–Newman–Keuls test or the Tukey test at the 5% level.





3. Results


3.1. Influence of Containers on Termite Trapping


Figure 4 shows the quantities of termites ranging from 4.6 g to 8.4 g in Nasso and from 1.6 g to 3.5 g in Dinderesso. There was a significant difference between the quantity of termites collected in the different containers in Nasso (chi-squared = 13.165; df = 2, 57; p < 0.001) and in Dinderesso (chi-squared = 16.043; df = 2, 57; p < 0.001), with the metal box collecting less termites than the two other containers types at both sites.




3.2. Influence of Seasons and Substrates on Termite Trapping


Both the substrate (F = 17.990; df = 5, 684; p < 0.0001) and the month of trapping (F = 79.964; df = 5, 684; p < 0.0001) as well as interactions (F = 3.285; df = 25, 684; p < 0.0001) were significant in a 2-way ANOVA. Figure 5 shows the quantities of termites harvested based on six treatments in six months of the year. The highest quantities were obtained from maize stems in February (5.92 g); the combination of maize stems and cow dung in April (8.7 g); the combination of maize cobs and cow dung in June (5.1 g); maize cobs in August (8.4 g); maize stems in October (4.3 g); and maize stems in December (2.6 g). For all months, the lowest average was obtained by the cow dung substrate. Masses for this substrate varied from 1.6 g in December to 5.3 g in August. Highly significant differences were found between substrates in February (F = 5.217; df = 5, 114; p < 0.0001), April (F = 5.983; df = 5, 114; p < 0.0001), and August (F = 7.672; df = 5, 114; p < 0.0001); significant differences in June (F = 4.066; df = 5, 114; p < 0.01), December (F = 4.194; df = 5, 114; p < 0.01), and October (F = 2.948; df = 5, 114; p < 0.05). The months of April and August were the most productive and the month of December the least productive.



Figure 6 shows the average masses of workers and soldiers harvested according to the substrate of all months counted together. The quantity of termites (soldiers + workers) ranged from 2.8 g from cow dung to 5.6 g from maize stems. Statistical analyses showed a significant difference in the total amount of harvested termites (workers: F = 10.96; df = 5, 714; p < 0.0001; soldiers: F = 4.06; df = 5, 714; p = 0.001) among substrates. However, in all substrates, soldiers’ weight represented a very small part of the samples, from 2.7% (cow dung + maize stem) to 5.2% (cow dung).




3.3. Influence of Sites on Termite Trapping


Both the site (F = 14.542; df = 1, 114; p = 0.0002) and the month of trapping (F = 94.655; df = 2, 114; p < 0.0001) as well as interactions (F = 4.285; df = 2, 114; p = 0.016) were significant in 2-way ANOVA. Figure 7 shows the average masses of termites harvested according to the sites in the rainy season (August), the hot dry season (April), and the cold dry season (December). For each period, the quantities collected in Nasso were higher than those collected in Dinderesso. Statistical analyses showed significant differences between the termite masses collected at the two sites in August (F = 20.315; df = 1, 38; p < 0.0001) and December (F = 2.486; df = 1, 38; p < 0.01). In April, there was no significant difference between sites (F = 0.319; df = 1, 38; p = 0.7).




3.4. Influence of the Volume of Containers on Termite Trapping


Figure 8 shows the average quantities of termites harvested per dm3 of volume, according to the volume of the containers. Bigger containers provided higher amounts of termites, which varied from 2.07 g to 6.74 g for the 2-dm3 terra cotta; from 3.36 g to 12.95 g for the 4-dm3 terra cotta pots; and from 4.72 g to 20.35 g for the 6-dm3 terra cotta. However, there was no significant difference in the mass of termite harvested per dm3 among containers’ volumes (F = 2.02; df = 2, 171; p = 0.136). In contrast, the month of trapping was highly significant (F = 158.14; df = 2, 171; p < 0.0001). The best yields were obtained in August regardless of the volume of the terra cotta pots and the lowest averages were obtained in December.




3.5. Influence of Trapping Duration on Termite Trapping


Figure 9 shows the quantities of termites harvested per 24 h of exposure, according to the length of time the traps were set. Both the duration (F = 158.99; df = 2, 342; p < 0.0001) and month of trapping (F = 141.49; df = 5, 342; p < 0.0001) as well as interactions (F = 27.15; df = 10, 342; p < 0.0001) were significant in a 2-way ANOVA. The highest quantities per 24 h were obtained 24 h after deposition in all months except in April, and the third day always provided a lower number of termites than the first two days. The highest yields were obtained in August and the lowest ones in February.




3.6. Study of the Influence of Harvest Hours on Termite Trapping


In all months, significant differences in yields were found among harvest hours: April (F = 6.248; df = 6, 133; p < 0.0001), June (F = 15.169; df = 6, 133; p < 0.0001), August (F = 4.335; df = 6, 133; p < 0.0001), October (F = 20.180; df = 6, 133; p < 0.0001), December (F = 62,129; df = 6, 133; p < 0.0001), and February (F = 134.650; df = 6, 133; p < 0.0001) (Figure 10). However, the best time for harvesting was highly variable among seasons. In February and October, the highest yields were obtained at 6pm, in June at 6am, and in December at midday. The highest average was obtained in February at 6 pm (12.97 g) and the lowest also in February at 8 a.m. (2.52 g). Average temperature and relative humidity at harvest are shown in Supplementary File S1, Table S2. In December and February, the two months showing the highest variations in yield among harvest times, the most successful harvest occurred when humidity was lowest and the least successful when the temperature was lowest. In other months, which showed less variations in temperature and humidity during the day, yields were less variable.





4. Discussion


The tests carried out in this study have enabled us to assess factors that affect the trapping success of termites of the genus Macrotermes in Burkina Faso. The study of the effect of the containers showed that terra cotta pots and calabashes are more effective than iron boxes for trapping Macrotermes spp., despite the fact that iron boxes (e.g., large tomato cans) are commonly used for that purpose in Burkina Faso [8]. The effectiveness of the terra cotta container could be explained by its composition. Terra cotta pots are porous, allowing excess moisture to evaporate, and at the same time, insulating the substrate from extreme temperatures. Their effectiveness for trapping termites had already been mentioned by Farina et al. and Ouedraogo [23,24]. Recently, Dao et al. [14] also observed that terra cotta pots were more effective to collect Macrotermes spp. and Odontotermes spp. than iron boxes and plastic buckets. The effectiveness of calabash could be explained by the fact that it itself constitutes a substrate in addition to the food baits that are introduced to attract termites. Its use in Burkina Faso for termite trapping was cited by Van Huis [25]. However, in terms of durability, the terra cotta pots appear to be the best container for Macrotermes spp. trapping because, after a few days of use, the calabash is fully destroyed by termites.



The use of terra cotta pots of different sizes during three different months (April, August, and December) shows that the quantity of termites harvested is proportional to the volume of the terra cotta pot, at least within the range of the volumes tested in this study. Thus, the larger the pot, the greater the quantity of termites harvested.



In addition to the containers, termite trapping success also varies with the substrate. For Macrotermes spp., maize residues, in particular maize cobs, give better results than cow dung and mixtures including cow dung. This is due to a preference of termite species for certain feed sources over others [26]. Macrotermes spp., being fungus-growing termites, harvest a wide range of plant material with which they build a fungus comb in termite mounds, which degrades the substrates of the plants harvested by the termites [1,27,28,29]. Among our tested substrates, cow dung is the least effective substrate to trap Macrotermes spp. in any season of the year. This could be explained by the fact that cow dung, although being a substrate of plant origin, has already undergone decomposition through its passage in the digestive tract of cattle. This could make it less attractive to termites, seeming to prefer the residues of undecomposed maize. Substrates, however, have to be selected according to the termite species targeted. Recent experiments made in Northern Burkina Faso [14] showed that Macrotermes spp. are preferably attracted by sorghum stems and much less by cow dung and mixtures containing cow dung, as observed in this study. In contrast, cow dung and mixtures containing cow dung were very effective to trap species of the genus Odontotermes.



For all substrates tested, the number of soldiers harvested was very small compared to the high number of workers (from 2.7% to 5.2% in weight but much less in numbers because soldiers are much heavier than workers). The role of workers in the termite mound mainly consists of harvesting and transporting plant debris from outside to the termite mound [30]. Thus, they are easily lured and trapped in the containers full of attractive substrates. Soldiers, whose role is to defend the colony [31], are found in small quantities in the traps. This is fortunate because Macrotermes soldiers are known to hurt and even kill young chicks by biting their throat and, therefore, it is usually advised to give Macrotermes spp. only to poultry older than a month [7,8]. A solution to avoid injuries would be to dry the termites, as done in our studies, but the extraction of termites from the substrate would be too time-consuming for the farmer. It is likely that methods involving the collection of termites directly from mounds may result in a higher proportion of soldiers, even though farmers have developed techniques to avoid the collection of a high quantity of soldiers even when termites are collected from the mounds [30].



Our trials carried out in all seasons showed that the trapping of Macrotermes spp. can be conducted throughout the year. However, there are variations in the quantities of termites harvested according to the seasons. In general, the lowest harvests were obtained in December (cold dry season), and the highest in the middle of the rainy season in August. The hot dry season in April was also more favorable than the cold dry season in December. This could be due to the seasonal variations in temperature and relative humidity (Supplementary File S1, Tables S1 and S2). The activity of Macrotermes spp. is known to be very sensitive to climatic conditions [1,32]. In Northern Burkina Faso, Dao et al. [14] also collected more Macrotermes spp. in the rainy season than in the dry season. Interestingly, in surveys in both Burkina Faso [8] and Ghana [7], farmers tended to say that trapping with baited inverted containers is particularly well adapted to the dry season since, in the rainy season, termite tracks are usually washed off by the rain. This comment, however, is probably more applicable for Odontotermes spp., whose tracks and mounds are less conspicuous than those of Macrotermes spp.



It must be noted that the experiment on the influence of the season and substrates may have been biased by the fact that the placement and harvest of termite traps was done at 7 a.m. whereas another experiment showed that the most favorable time for harvest dramatically changes with seasons. Even during months that, at first view, seem less favorable for Macrotermes spp. trapping, sizeable amounts can be obtained by choosing the right time of the day for harvesting. For example, the month of February recorded the highest mass when the harvest took place at 6 pm. In December, when temperatures are the lowest, harvesting at midday in full sunshine provided the best results. These observations disagree with the results of surveys of poultry farmers in Burkina Faso by Diawara [13] and Dao et al. [8] who stated that, to get the maximum number of termites, the harvest had to be done before sunrise. For the trapping of Macrotermes spp., this statement was true only for the month of June, at the beginning of the rainy season. For the other months, especially in the cold dry season, our results show that it is quite the opposite. It is commonly stated that termites hide during the day and are most active at night [26,33]. The fact that large quantities of termites are collected at different times of the day could be explained by the terra cotta’s thermoregulatory capacities, which could favor the termites’ daytime activity. In addition, the terra cotta pots do not allow daylight to pass, which could also be favorable for termite activity. Termites of the genus Macrotermes are known to be extraordinary adaptive [26], and we can therefore hypothesize that the termites shift their period of activity from night to day to ensure the transport of nutrients from the outside into the termite mound when climatic conditions are favorable.



Tests carried out in Nasso and Dinderesso to evaluate the influence of habitats on the trapping of Macrotermes spp. showed that more termites were caught in Nasso (savannah) than in Dinderesso (classified forest), throughout the year. The difference was greater in the dry season (April and December) than in the rainy season (August). This was surprising considering that the Dinderesso site seemed to be richer in termites, with much larger Macrotermes mounds than the Nasso site. This could be explained by the biomass cover of the soil. Indeed, the forest soil in Dinderesso is entirely covered by plant debris and dead leaves (Figure 2), so that the termites have enough food at their disposal and therefore were probably less interested in the substrate that was brought to them. At Nasso, despite the absence of large termite mounds, the presence of a soil poorly covered by dead plants may have favored a better colonization of the substrates, hence the better termite harvest at this site compared to Dinderesso.



Another experiment that tested the number of termites trapped after one, two, and three days showed that the highest number of termites trapped per 24 h was obtained after one day and the lowest after three days. Thus, if enough substrate is available, it is recommended to empty the traps and renew the substrate on a daily basis. However, this experiment was conducted with small 2-dm3 pots, in which the substrate was quickly consumed. It is possible that larger pots containing higher amounts of substrate may be kept longer.



Finally, it is important to note that, in contrast to other termite collection methods based on mounds destruction or on digging holes in the mounds e.g., [8,30]. The trapping method with reversed pots used in this study could contribute significantly to the protection of termite mounds and to the preservation of biodiversity in general. Indeed, according to farmers, this trapping technique allows them to collect close to the farm over a long period without affecting termite populations.




5. Conclusions


The development of local protein resources such as termites, which are low-cost, suitable, and can be used by all poultry farmers, requires the sustainable optimization of harvesting techniques for these resources. This study has enabled us to provide information to farmers on how to optimize the trapping of Macrotermes species. The various tests have shown that the quantity of termites harvested varies according to the season, the containers, the substrates, the habitat, the length of time the traps have been set, and the time of harvest. Taking each factor into account can considerably improve the quantity of termites trapped and their use as a protein source in poultry feed among smallholder poultry farmers. These data are appropriate for Macrotermes but preliminary data suggest that other genera suitable for trapping such as Odontotermes react differently. It would be important for breeders to be able to use several species of termites during all seasons of the year. To diversify the sources of protein available to improve traditional poultry farming in West Africa, studies on other species such as Odontotermes spp. are needed.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/insects13010062/s1, Supplementary File S1. Figure S1: Termite sorting process; Table S1: Average temperature and relative humidity during termite trapping tests; Table S2: Average temperature and relative humidity during the study of the influence of harvest hours on termite trapping. Supplementary File S2: Rough data of all experiments.





Author Contributions


Conceptualization and methodology, M.K., F.S., A.N.C.D., S.P., K.C., J.P.N. and I.S.; statistical analysis, A.N.C.D.; investigation, A.N.C.D.; writing-original draft preparation, A.N.C.D., F.S., and M.K. writing-review and editing, S.P., K.C., J.P.N. and I.S.; supervision, M.K., F.S. and I.S.; project administration, M.K. and F.S. All authors have read and agreed to the published version of the manuscript.




Funding


This study was carried out as part of the project IFWA—Sustainable use of insects to improve livestock production and food security in smallholder farms in west Africa (grant no. 400540_152154), funded by the Swiss Agency for Development and Cooperation and the Swiss National Science Foundation, in the framework of the Swiss Program for Research on Global Issues for Development (R4D). M.K. was partly funded through the CABI Development Fund (supported by contributions from the Australian Centre for International Agricultural Research, the UK’s Foreign, Commonwealth & Development Office, and others).




Data Availability Statement


All data of this study are publicly available in Supplementary File S2.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Kaiser, D.; Konaté, S.; Linsenmair, K.E. Termites et communautés de fourmis. In Atlas de la biodiversité de l’Afrique de l’Ouest; Adjima Thiombiano et Dorothea Kampmann, Ed.; Ouagadougou, Burkina Faso and Frankfurt/Main, Germany, 2010; Volume 2, pp. 324–331. Available online: https://www.uni-frankfurt.de/47671336/BF-Atlas-complete2.pdf (accessed on 10 December 2021).

	



Lavalette, M. Les Insectes: Une Nouvelle Ressource en Protéines Pour L’alimentation Humaine. Ph.D. Thesis, Université de Lorraine, Nancy, France, 2013. [Google Scholar]

	



Pousga, S.; Sankara, F.; Coulibaly, K.; Nacoulma, J.P.; Ouedraogo, S.; Kenis, M.; Chrysostome, C.; Ouedraogo, G.A. Effets du remplacement de la farine de poisson par les termites (Macrotermes sp.) sur l’évolution pondérale et les caractéristiques de carcasse de la volaille locale au Burkina Faso. Afr. J. Food Agric. Nutr. Dev. 2019, 19, 14354–14371. [Google Scholar]

	



Kenis, M.; Kone, N.; Chrysostome, C.A.A.M.; Devic, E.; Koko, G.K.D.; Clottey, V.A.; Nacambo, S.; Mensah, G.A. Insects used for animal feed in West Africa. Entomologia 2014, 2, 107–114. [Google Scholar] [CrossRef]

	



Kinyuru, J.N.; Konyole, S.O.; Owuor, B.O.; Kenji, G.M.; Onyango, C.A.; Estambale, B.B.; Friis, H.; Roos, N.; Owino, V.O. Nutrient composition of four selected winged termites in western Kenya. J. Food Compo. Anal. 2013, 30, 120–124. [Google Scholar] [CrossRef]

	



Pomalégni, S.C.B.; Sankara, F.; Pousga, S.; Coulibaly, K.; Nacoulma, J.P.; Gbemavo, D.S.J.C.; Kpadé, C.P.; Kenis, M.; Chrysostome, C.A.A.M.; Mensah, G.A. Document Technique et d’Information: Technique de Récolte de Termites Pour L’alimentation de la Volaille Locale à Siniéna (Ouest du Burkina Faso); INRAB: Cotonou, Benin, 2017. [Google Scholar]

	



Boafo, H.A.; Affedzie-Obresi, S.; Gbemavo, D.S.J.C.; Clottey, V.A.; Nkegbe, E.; Adu-Aboagye, G.; Kenis, M. Use of termites by farmers as poultry feed in Ghana. Insects 2019, 10, 69. [Google Scholar] [CrossRef] [PubMed]

	



Dao, A.N.C.; Sankara, F.; Pousga, S.; Coulibaly, K.; Nacoulma, J.P.; Ouedraogo, S.; Kenis, M.; Somda, I. Traditional methods of harvesting termites used as poultry feed in Burkina Faso. Int. J. Trop. Insect Sci. 2020, 40, 109–118. [Google Scholar] [CrossRef]

	



Traore, I.; Pousga, S.; Sankara, F.; Coulibaly, K.; Nacoulma, J.P.; Kenis, M.; Mensah, G.A.; Ouedraogo, G.A. Étude du comportement alimentaire de la pintade locale (Numida meleagris, L.) à l’Ouest du Burkina-Faso. Int. J. Biol. Chem. Sci. 2020, 14, 154–169. [Google Scholar] [CrossRef]

	



Hardouin, J. Production d’insectes à des fins économiques ou alimentaires: Mini-élevage et Bureau for Exchange and Distribution of information on Minilivestock (BEDIM). Notes Fauniques Gembloux 2003, 50, 15–25. [Google Scholar]

	



Chrysostome, C.A.A.M.; Coubéou, P.T.; Dakpogan, H.; Mensah, G.A. Comment collecter des termites avec des noix de rônier pour l’alimentation des pintadeaux? In Référentiel Technico-Économique Pour la Production Avicole; Fiche technico-économique de la CASPA, Ministère des Affaires Etrangères du Danemark et Ministère de l’Agriculture, de l’Elevage et de la Pêche du Bénin: Cotonou, Benin, 2009; Volume 1. [Google Scholar]

	



Sankara, F.; Pousga, S.; Dao, N.C.A.; Gbemavo, D.S.J.C.; Clottey, V.A.; Coulibaly, K.; Nacoulma, J.P.; Ouedraogo, S.; Kenis, M. Indigenous knowledge and potential use of termites as poultry feed in Burkina Faso. J. Insects Food Feed 2018, 4, 211–218. [Google Scholar] [CrossRef]

	



Diawara, M. Impact de L’utilisation des Termites en Aviculture Traditionnelle au Burkina Faso. Mémoire du Diplôme d’Ingénieur du Développement Rural; Université Polytechnique de Bobo-Dioulasso: Bobo-Dioulasso, Burkina Faso, 2013. [Google Scholar]

	



Dao, A.N.C.; Nacambo, S.; Sankara, F.; Pousga, S.; Coulibaly, K.; Nacoulma, J.P.; Somda, I.; Kenis, M. Evaluation des méthodes de piégeage des termites au nord du Burkina Faso. Int. J. Biol. Chem. Sci. 2020, 14, 2556–2566. [Google Scholar] [CrossRef]

	



Dipama, J.M. Principaux facteurs environnementaux du Burkina Faso. In Atlas de la Biodiversité de l’Afrique de l’Ouest; Adjima Thiombiano et Dorothea Kampmann, Ed.; Ouagadougou, Burkina Faso and Frankfurt/Main, Germany, 2010; Volume 2, pp. 119–149. Available online: https://www.uni-frankfurt.de/47671336/BF-Atlas-complete2.pdf (accessed on 10 December 2021).

	



Sanou, A.G. Étude de Facteurs de Développement de Musca domestica L. (Diptera: Muscidae) et Mise au Point de Systèmes de Production de Masse de L’insecte Pour L’alimentation de la Volaille. Ph.D. Theis, Université Nazi BONI, Bobo-Dioulasso, Burkina Faso. 2019. [Google Scholar]

	



CIRAD-GRET. L’expérimentation en milieu paysan. In Memento de L’agronome; Editions Quae: Paris, France, 2002; pp. 511–536. [Google Scholar]

	



Dagnelie, P. Principes D’expérimentation: Planification des Expériences et Analyse de Leurs Résultats; Les Presses agronomiques de Gembloux: Gembloux, Belgium, 2003; pp. 1–398. [Google Scholar]

	



Payne, C.; Badolo, A.; Sagnon, B.; Cox, S.; Pearson, S.; Sanon, A.; Bationo, F.; Balmford, A. Effects of defoliation by the edible caterpillar ‘‘chitoumou’’ (Cirina butyrospermi) on harvests of shea (Vitellaria paradoxa) and growth of maize (Zea mays). Agroforest Syst. 2019, 94, 231–240. [Google Scholar] [CrossRef]

	



Sanou, A.G.; Sankara, F.; Pousga, S.; Coulibaly, K.; Nacoulma, J.P.; Ouedraogo, I.; Nacro, S.; Kenis, M.; Sanon, A.; Somda, I. Production de masse de larves de Musca domestica L. (Diptera: Muscidae) pour l’aviculture au Burkina Faso: Analyse des facteurs déterminants en oviposition naturelle. J. Appl. Biosci. 2019, 134, 13689–13701. [Google Scholar] [CrossRef]

	



Dao, A.N.C. Inventaire et Optimisation des Techniques de Collecte et de Production de Termites Dans Trois Régions du Burkina Faso: Centre Ouest, Plateau Central et Nord. Mémoire du Diplôme d’Ingénieur du Développement Rural; Université Polytechnique de Bobo-Dioulasso: Bobo-Dioulasso, Burkina Faso, 2016. [Google Scholar]

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2018. Available online: https://www.R-project.org/ (accessed on 10 December 2021).

	



Farina, L.; Demey, F.; Hardouin, J. Production de termites pour l’aviculture villageoise au Togo. Tropicultura 1991, 9, 181–187. [Google Scholar]

	



Ouedraogo, S. Contribution à L’étude sur L’utilisation des Termites (Macrotermes sp.) en Aviculture Traditionnelle au Burkina Faso; Mémoire d’Ingénieur du Développement Rural, Institut du Développement Rural/Université Polytechnique de Bobo-Dioulasso: Bobo-Dioulasso, Burkina Faso, 2016. [Google Scholar]

	



Van Huis, A.; Van Itterbeck, J.; Klunder, H.; Mertens, E.; Halloran, A.; Muir, G.; Vantomme, P. Edible Insects: Future Prospects for Food and Feed Security; Forestry Paper 171; FAO: Rome, Italy, 2013. [Google Scholar]

	



Duboisset, A. L’importance Agricole des Termitières Épigées Dans le nord du Cameroun. L’exemple des nids de Macrotermes subhyalinus et d’Odontotermes magdalenae. Ph.D. Thesis, University Paris XII, Paris, France, 2003. [Google Scholar]

	



Wood, T.G.; Lee, K.E. Abundance of mounds and competition among colonies of some Australian termite species. Pedobiologia 1971, 11, 341–366. [Google Scholar]

	



Grassé, P. Termitologia. Anatomie, Physiologie, Reproduction des Termites; Fondation Singer-Polignac, Masson: Paris, France, 1982; Volume 2, pp. 1–676. [Google Scholar]

	



Coulibaly, T. Diversité et Dégâts Des Termites Dans les Vergers de Manguiers (Mangifera indica L.; 1753 Anacardiaceae) de la Région de Korhogo (Côte D’ivoire) et Essai de Lutte Par Utilisation D’extraits Aqueux de Trois Plantes Locales. Ph.D. Thesis, Université Félix Houphouët-Boigny, Abidjan, Côte d’Ivoire, 2014. [Google Scholar]

	



Sawadogo, J.B. Contribution des Termites Dans L’émission des Gaz à Effet de Serre (Méthane et Gaz Carbonique) en Zone Sahélienne: Cas du Burkina Faso. Ecole Doctorale Sciences et Technologies; Université de Ouagadougou: Ouagadougou, Burkina Faso, 2013. [Google Scholar]

	



Zaremski, A.; Fouquet, D.; Louppe, D. Les Termites Dans le Monde; édition Quӕ: Versailles, France, 2009; pp. 1–93. [Google Scholar]

	



Kasseney, B.D.; Nyamador, W.S.; Mondedji, A.D.; Ketoh, G.K.; Glitho, I.A. Termiticidal activities of few plant extracts against Macrotermes subhyalinus Smeathman and Trinervitermes geminatus Wasmann (Isoptera: Termitidae) survival. Afr. J. Agric. Res. 2016, 11, 2475–2480. [Google Scholar]

	



Moore, A.J. African Fungus-Growing Termites and Other Insects for Human and Poultry Nutrition. Master’s Thesis, Science in Applied Environmental Sciences Centre for Rural Development Systems University of KwaZulu-Natal, Durban, South Africa, 2004. [Google Scholar]








[image: Insects 13 00062 g001 550] 





Figure 1. Location of the experimental sites. Source: National Topographic Database-Geographic Institute of Burkina Faso. 
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Figure 2. View of the two sites: Dinderesso (left) and Nasso (right). 
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Figure 3. Termite trapping process. 
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Figure 4. Average masses of dry termites harvested per container, according to container’s type and site. The histograms represent the averages of 20 replicates and those with the same letters at the same site are not significantly different at the 5% level. Error bars represent standard errors. 
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Figure 5. Average masses of dry termites harvested per container according to the substrates (MS = maize stems; Ms + MS = maize cobs + maize stems; Ms = maize cobs; CD + MS = cow dung + maize stems; and Ms + CD = maize cobs + cow dung; CD = cow dung). Error bars represent standard errors. Histograms with the same letter, in the same month, are not significantly different at the 5% level. 
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Figure 6. Average masses of soldiers and workers harvested per container according to substrates (MS = maize stems; Ms + Ms = maize cobs + maize stems; Ms = maize cobs; CD + MS = cow dung + maize stems; and Ms + CD = maize cobs + cow dung; CD = cow dung). Error bars represent standard errors. Histograms with the same letter are not significantly different at the 5% level. Means ± SE for soldiers: MS: 0.181 ± 0.012; Ms + MS: 0.146 ± 0.010; Ms: 0.143 ± 0.010; CD + MS: 0.119 ± 0.008; Ms + CD: 0.147 ± 0.010; and CD: 0.143 ± 0.009. 
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Figure 7. Average masses of termites harvested per container according to sites and months. Histograms with the same letter in the same month are not significantly different at the 5% level. Error bars represent standard errors. 
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Figure 8. Average masses of termites harvested per container and per dm3 of volume, according to the volume of containers. In the same month, there was no significant difference between containers’ volumes at the 5% level. Error bars represent standard errors. 
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Figure 9. Average masses of termites harvested per container and per 24 h, according to trapping duration. Error bars represent standard errors. Histograms with the same letter in the same month are not significantly different at the 5% level. 
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Figure 10. Average masses of termites harvested per container at different hours of the day. Histograms with the same letter during the same month are not significantly different at the 5% level. Error bars represent standard errors. 






Figure 10. Average masses of termites harvested per container at different hours of the day. Histograms with the same letter during the same month are not significantly different at the 5% level. Error bars represent standard errors.



[image: Insects 13 00062 g010]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file8.jpg
QoS
Sa0
W
Stes
s

ab
bbb b

aoren
swao
"
Stwsn
sw

ab ab ab

aos
Sa0
W
sres
s

October December

Substrates

August

oononroNre

goorowroaro

(6) soyuiia) o ssew






media/file13.png
on
I

Mass of termites (g)
o TN

M
L

MNasso

April

Dinderesso

Nasso Dinderesso

August
Termites collection site

Nasso

Dinderesso

December





media/file12.jpg
Mass of termites (g)

nili..

Nasso Dmdsresso [ Onderesso | Nasso | Dinderesso

Aol August December
1ermvws collection site:

Nasso






media/file18.jpg
Mass of termites (g)

Harvesttimes






media/file9.png
December

ab ab ab

October
Substrates

August

mﬁunﬂ?ﬁﬁd.ﬂuzﬁanu

(B) sayw.ia) jo ssely

m98T554321ﬂ






media/file14.jpg
Mass of termites (g) per dm3

2dm3 4dm3 6dm3 [ 2dm3 4dm3 6dm3 | 2dm3 4dm3 6dm3

Apil August December
Month and volume of containers





media/file5.png
1. Preparation and
substrate humidification

2. |dentification of the
deposition site

Termite trapping process

3. Scrapping of the
deposition site

6.Trap lifted after 24 hours

5. Protecting the trap from
the sun

4. Protecting the trap from
predators






media/file15.png
w

—

2dm3 4dm3 6dm3  2dm3 4dm3 6dm3  2dm3 4dm3 6dm3

Mass of termites (g) per dm3

o

April August December
Month and volume of containers





media/file19.png
Mass oftermites (g)

B
= N e
I I i

14
12
10

= N L =

6h | 8h [10h{12h14h|16h|18h

April

Gh | 8h 10h|12h|14h|{16h18h
October

6h | 8h |10h{12h{14h[16h{18h

June

6h | 8h [10h{12h|14h[16h|18h

December

Harvesttimes

6h | 8h |10h{12h[14h[16h[18h
August

6h | 8h (10h|12h14h16h(18h
February






media/file2.jpg





nav.xhtml


  insects-13-00062


  
    		
      insects-13-00062
    


  




  





media/file11.png
Mass of termites (g)
- M (] £ (4] o

o

m Mass of workers
W Mass of soldiers

MS Ms+MS Ms CD+MS WMs+CD CD
Substrates





media/file6.jpg
Mass of termites (g)

0
9
8
7
6
5
%
3
2
1
0

Calabash [Terra cotta| metal box

pot

Nasso

Calabash [Terra cofta metal box

Dinderesso
Containers





media/file1.png
4°40;0"W 4°30,0"W 4°20,0"W 4*10;0"W 4°0'p"W
BURKINA FASO I
‘p % - r
+ o
Niger % ! Qib
SATIRI
MA
lz - 4
e nin g
?»3' Ghana Togo - ;q
—= Commune of Bobo-Dioulasso =
Province of Houet
Cote-d'Ivoire E Hauts Bassins region /
KARANGASSO - SAMBLA s
Classifi s ? LENA
"' 1
Ty
z Nasso Station -y : RNO =
3 ' BOBO-D + e
= w -
Ai A b
) ,
L8 +?)
N
Legend
é s
-
a B Study area
o+ Railway z
& ) KARANGASSCO - VIGUE S
=— National road =
PE
Urban area
Classified forest of Dinderesso
Commune of Bobo-Dioulasso
. 0 375 75 15
Surrounding commune Source: BNDT-IGB Juin 2020 Author: Kawasse km
4°40'0"W 4°30'0"W 4°20'0"W 4°10'0"W 4°00"W






media/file10.jpg
Mass of termites (g)

®

o

IS

Py

N

°

1

Ms

Ms+MS

Ms  CD+MS Ms+CD
Substrates

cD

mMass of workers
@ Mass of soldiers.





media/file7.png
Mass of termites (g)

Calabash [Terra cotta| metal box

MNasso

Calabash |Terra cotta| metal box
pot

Dinderesso
Containers





media/file16.jpg
12

® s

Mass of termites (g) per 24h
-

i 0 1 ;o

2ahagh72h

April

2anasn72n amahm mmzh lhlﬁhnh
June Awgust | October De:emh«
Month and duratlon of exposure

2ahagh72n
February





media/file3.png





media/file17.png
Mass of termites (g) per 24h

12

Y
o

00

1 ab

24h48h72h

April

b b

24h48h72h  24h48h72h  24h48h72h  24h48h72h
June August October December
Month and duration of exposure

a b c

24h48h72h
February





media/file4.jpg
1. Preparation and 2. Identfication of the 3. Scrapping o the
substrate humidification depositonsite depositonsite

Termite trapping process

6.Traplifted after 24 hours 5. Protecting the trap from 4. Protecting the trap from
the sun predators





media/file0.jpg
Logond
u sueyaes

Ratvay

| Natonairosa
Utan area
Classd orest o Dincaresso
Commune of Bobo Diulsso.
Surounding commune






