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Introduction I am currently in the second year of the agronomist engineering formation in the Ecole National Superieur Agronomique de Rennes. During this year, we have to do an internship in another country. I have chosen to do mine in Crop & Food Research, Lincoln, New Zealand with the Pollination Entomologist Brad Howlett. I have chosen this internship for several reasons. Firstly, the topic: I like ecology and I want to work in an ecological field. The study of insects for pollination is an interesting and valuable ecological application on agriculture. Secondly, I wanted to do my internship in a research center to have a good approach of the scientific world. In fact, I would like to eventually work as a researcher. Thirdly, I wanted to go very far from France to discover new cultures and new lifestyles. And specifically in New Zealand to see gorgeous landscapes. I wanted to go to an English country to improve my English level. So this internship responsive at my expectation. I worked on several projects with Brad Howlett, Melanie Walker and Romina Rader, but spent a large amount of time on a project which studies the occurrence and abundance of insect pollinators around specific landscape features. So my report will present Crop & Food Research, then I will present like a scientific report my project, and to finish there will be a brief presentation of all work that I did.
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I/- Crop & Food Research Presentation 1. Crop & Food Research, a New Zealand’s company New Zealand is a country of four million in a southern hemisphere and covers a total of 265,000 km2. There are two mains islands – North Island and South Island – and one secondary – Stewart Island. Landscapes of North Island are dominated by a large thermal area, active and dormant volcanoes and a 400 km2 lake: the Lake Taupo. In the South Island, landscapes are more mountainous with Alps chain. The climate is mild and temperate, mainly maritime. But it can vary according regions. The main cities are Wellington – the capital – Auckland – the biggest city of New Zealand – and Christchurch – the biggest city of the South Island and the second of New Zealand. Agriculture is the main export industry in New Zealand and is developed everywhere on the country (appendices 1, 2 & 4). Pastures are Figure 1:Crop & Food Research located site developed because the climate is wet and temperate (appendices 3). There is a diversification with farmed deer or viticulture. There are eight Crop & Food Research sites in New Zealand. They are located close to major cities, in attractive areas (figure 1). The headquarter is in Lincoln (20 km from Christchurch), where I did my internship. Their missions are ‘knowledge and value from scientific discovery’. They are developing their research in Australia through Crop & Food Research Australia and there staff is now 325.92 STE (appendices 5)



2. Crop & Food Research, a biological sciences company Crop & Food Research’s vision is to conducting world leading and collaborative science, bringing science and business together in long-term relationships, applying our strong commercialisation Figure 2: Crop & Food Research’s logo capability to convert intellectual capital into value and helping to transform New Zealand's economy. They are considered like a highly respected biological sciences company. They have five centres of innovation:
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Sustainable land and water use, High performance plants, Personalised foods, High value marine products and new biomolecules and biomaterials. To reach their goal, they have created eight teams. Each team works on a different topic, but they can use competence of different teams for one project. Teams work about sustainable productive environments, seafoods and marine extracts, plant and food composition, nutrition and health, new and ornamental crops, plant Genetic Technologies, food and biomaterials innovation, crop improvement.



3. Crop & Food Research, a sustainable productive company A Crop & Food Research’s team works on sustainable productive. That means using the land, water and air but keep them in good condition for the generations to come. So scientists define sustainable practices and they help develop management systems that are economically viable and environmentally sustainable. To do this the Sustainable Productive Environments team integrates skills in soil science, crop agronomy, plant physiology, entomology, plant pathology, weed science, molecular microbiology, computer modelling and biometrics. The team works with lots of sector (arable, vegetable, horticulture, dairy, intensive livestock and organics sectors) and for different clients (government departments and regional councils, growers, seed firms, fertiliser and agrochemical companies as well as food processing companies). They have currently several projects : Integrated pest management for vegetable crops ; IRAP: Keeping nutrients in crops, not groundwater ; Greenhouse gas down and forage up ; Integrated control of powdery scab of potato ; Soil quality monitoring for the arable industry ; Developing decision support systems ; Assessing indigenous aphid populations ; Molecular microbiology. A part of them work is to understand the role of native pollinators. More specifically, they try to improve understanding of the environmental impacts of genetic modification by pollen dispersal, especially by indigenous pollinators, within and between productive and natural environments. So there are entomologists in this team like Brad Howlett. Currently, he works with Melanie Walker and Romina Rader. They have several projects: study abundance and diversity of pollinators in New Zealand pasture, estimate the displacement distance of pollinators around a field and their capacity to convey viable pollen, and study the occurrence and abundance of insect pollinators around specific landscape features.
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Figure 3: Indigenous Fly: Melangyna novae-zealandiae (Black Hover Fly)



II/- The occurrence and abundance of insect pollinators around specific landscape features 1. Introduction Varroa destructor was introduced in New Zealand in 2000 for the North Island and in 2006 for the South Island. It’s an external parasite of adult and larva stage of honey bees. Infested colonies are weakened by the decrease of adult honey bees and emerging bees may be less active (MAF 2003). The infection of honey bee (Apis mellifera) hives with varroa in the South Island will have a significant effect on the availability of honey bees to pollinate seed crops. It is expected to cost South Island agriculture $314 million by 2035, and currently annual impacts on arable industries are likely to be $1.57 million (MAF 2003). To address this, a collaboration of industry personnel and arable seed producers (brought together by Foundation for Arable Research [FAR]) who all have interest in sustaining ongoing pollination in the presence of varroa set up a project (SFF pollinator project). Indeed, although the honey bee is considered as the most important crop pollinator, many crops attract a wide array of insect species that can contribute to pollination (Howlett 2006). So this project will provide an understanding of both managed and unmanaged pollinators in an effort to sustain the current level of pollination in a rapidly growing industry. If successful, this project will reduce the cost of Varroa to seed industry by, for example, developing an integrated pollination strategy for industries reliant on insects for pollination service, managing honeys bees more efficiently and harnessing unmanaged bees and flies for pollination services. If the role of unmanaged insects in crop pollination can be increased by 20% then fewer honey bee hives will be required for crop pollination services. A part of this project is to study the influence of specific landscape features on the occurrence and abundance of pollinators to know if some bees or flies can be managed. This part was studied in this report. Some work has been conducted over the past four years. They found that common indigenous pollinators include: bees (Leioproctus and Lasioglossum) and flies (Syrphidae, Calliphoridae, Stratiomyidae, Bibionidae and Tachinidae) (FRST 2003) ; abundance and diversity of key indigenous and exotic species varies greatly within and between fields and between regions (FRST 2003) ; a range of flies and bees are effective and efficient pollinators of seed crops and could contribute significantly to crop pollination (FRST 2003; Howlett 2006) ; the occurrence and abundance of flower visiting insects to white clover seed crops varies considerably between fields (FAR 2004-2007). The objectives of this study are to find positive associations between landscape features and pollinator occurrence and abundance to assist seed growers in crops placement and timing to maximise pollination services.
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2. Materials & Methods 2.1. Field sites The places used for this study were located in Canterbury Plains near Lincoln, South Island, New Zealand. Canterbury is undulating plains and it’s intensively cultivated. Very little of original vegetation remains. The soil contains greywacke gravels, some loess and fine alluvium so fertility is high (Leathwick, Wilson et al. 2003).



2.2. Traps localization Six dairy farms within 20 km of Lincoln Township were chosen for study. In each Dairy farm, there were four treatments and one control. Each treatment represented a different landscape feature. So there were four different landscapes features: Water (pond or ditch), Gorse hedgerow, Pine/Macrocarpa hedgerow and Garden; and the control was in a Dairy pasture (Appendices 6). At each replicate, 2 windows traps and 1 fly attractant trap were used.



2.3. Window & fly attractant traps Window traps and fly attractant traps was used to catch insects (appendices 6). The window trap design is an effective method for collect flower visitors and has been used previously to sample flower visitors in brassica and onion crops (Howlett, unpublished data). It consisted of a transparent perspex window positioned upon a yellow 6 L plastic tray. The perspex pane lengthways is 36.4 x 27 cm and the widthways is 23.8 x 27 cm. Traps were placed at 1 m above the ground supported on 4 poles. The tray was filled with 1 L of water containing detergent. The detergent reduces the surface tension of the water, it was used to ensure efficient capture of insects. Fly attractant traps are small bottles (height: 15 cm; diameter: 8 cm) with a yellow lid with four little holes. The bottles contained fly attractant (formula designed by EnviroSafe® which catches a broad range of fly species including house, bush and blow flies (excluding fruit fly)). Traps were attached to a pole and positioned 20 cm above the ground. The use of two kinds of trap allowed for a better estimation of present insects. This is because traps can be biased in the types of insects they catch.



2.4. Work organization All traps were placed out on Tuesday, 27 November 2007 and they were left out for a period of 18 consecutive days. Trays were emptied and refilled with water and detergent after 4, 11 and 18 days to prevent insect samples from drying out (traps were not refilled after 18 days of trapping). Collected insects were placed in labelled vials containing 75% ethanol. Fly attractant traps were not changed during the 18 days and insects captured were put in labelled vials. So there were 90 samples for the window -7-



traps (one for one farm, one landscape and one “week”) and 30 samples for the fly attractant traps (one for one farm and one landscape). Afterwards, samples were sorted in the laboratory (see part III/- 3.1.).



2.5. Insects observation To have a better estimation of insect populations and to see how the insects behaved on flowers, observations were also conducted at each trap site. The principle was for all landscape features to count 50 white clover flowers and note all insects on these flowers, and check all other flowers within 5 meters of the traps and those insects on or near both hedgerows and the water features, all insect within 10 meters each side of the trap along the hedgerow or the water were noted.



3. Results – During the time of my internship, only insects of the window traps were – – able to be sort so only these results will be present. –



3.1. Data presentation After samples were sorted, results were input in an Excel® sheet. All “weeks” were added to have an estimation of number insects on 18 days. So the result’s table had 30 rows (number of replicate: 5 farms x 6 features) and 26 columns (number of different insects observed) (Appendices 7). To have a better view of the data, box plots were done with the statistical software R (R Development Core Team 2007; R commander 2007). One box plot was draw for each insect with features and each insect with farms (Appendices). The scrip was: > Data ## n : insect number > n ## Boxplots > for (i in 1:n){ + X11() ## Open a new graph sheet + boxplot((Data[,i+2]~Feature), ylab=names(Data)[i+2], xlab="Feature", data=Data,main=names(Data)[i+2]) + } > for (i in 1:n){ + X11() + boxplot((Data[,i+2]~Farm), ylab=names(Data)[i+2], xlab="Farm", data=Data,main=names(Data)[i+2]) + }
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3.2. Data transformation A log(n+1) transformation was used because there was a correlation between residual versus fitted led values with the untransformed data. The log(n+1) transformation made the data suitable for ANOVA. Residual versus Fitted plots were made for each insect with R (Appendices): > ##Draw the Residual vs Fitted plot for each insect for the untransformed data > + + + +



for (j in 1:n){ g ##Load the log(n+1) data > Dataset ##Draw the Residual vs Fitted plot for each insect for the transformed data > + + + +



for (j in 1:n){ g ## Create the P-value table > > > > > > > >



Pvalue + + + + + + + + + + + + + +



for(j in 1:n){ Pvalue[j+1,1]=names(Dataset)[j+2] Anova write.table(Pvalue, file = "F:/Pvalue.txt", sep="\t")



ANOVA’s results are presented on the next table, if the P-value is lower than 0.05 the hypothesis H1 is accepted:



Insects Calliphoridae Brown.Blow.fly Euro.Blue.Blow.fly Euro.Green.Blow.fly Bronze.thorax.fly Muscid



Feature (Df=4) 9 °C and egg development in adult females >11 °C (Wall et al. 1992). Larval development faster with fluctuating temps that support development (Davies and Ratcliffe 1994). Larval and pupal mortality



(Bisdorff and Wall 2006).



Calliphora vicina (RobineauDesvoidy, 1830), (introduced).



Calliphora stygia (Fabricius,1794), (Introduced).



Calliphora quadrimaculata (Swedarius, 1787), (Native).



from meat or faeces (Wall et al. 2002).



increases with prolonged exposure to cool temps 1 °C (Donovan et al. 2006).



Adults abundant around hedgerows (Henning et al. 2005).



Optimal larval development occurs at 25 °C (Williams and Richardson 1984)



Most abundant from spring to autumn (Dear 1986, Cottam et al. 1998) but can occur in winter (Dear 1986).



Throughout New Zealand (Dear 1986).



Maggots develop in carrion (Miller and Walker 1984) and are also found in dog faeces (Lawson and Gemmell 1985). Primary fly associated with cutaneous myasis in sheep (Miller and Walker 1984). Maggots usually develop in carrion (Miller and Walker 1984) but also noted in dog faeces (Lawson & Gemmell 1985). In highland areas with no carrion present, larvae apparently feed on the decaying leaf bases of snow tussock (Dear
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1986).



Pollenia pseudorudis (Rognes,1985), (Introduced).



Adults begin hibernation (often in buildings) in autumn (Heath et al. 2004)..



Hydrotaea rostrata (RobineauDesvoidy, 1830)



Active throughout spring-autumn in southern Australia (Archer and Elgar 2003b).



Adults frequently mate on or near carrion (Archer and Elgar 2003a).



Delia platura (Meigen, 1826)



Adults common during summer in New Zealand (Butcher 1984), however, abundance can be variable within and between years (Broatch et al. 2006).



Found throughout New Zealand (Butcher 1984).



Pollenia are parasitic on earthworms (Heath et al. 2004).



Feed on nectar (Authors pers. obs.)



P.pseudorudis has a resistance to freezing (active following 2hrs at 10 C) (Heath et al. 2004).



Feed on carrion (Dadour et al. 2001, Archer and Elgar 2003b, Lang et al. 2006) and biosolids (Dadour and Voss 2004). Feeds on stems and seeds of a range of commercial crops (Butcher 1984).



Feed on nectar (Authors pers. obs.).



Lifecycle significantly delayed at cooler temperatures (12 - 18°C compared to warmer 19 - 30°C (Dadour et al. 2001).



Feed on nectar (Authors pers. obs.).



Flies abundant on crop flowers before 7-10 am and 4 – 8 pm during summer Authors pers. obs.). Larval development > 0.6°C (Lee et al. 2000).
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Tachinidae: Proscissio spp. (Native). Protohystricia spp. (Native). Pales spp. (Native).



Tachinids as arthropod parasitoids occupy a high trophic level and might be sensitive to habitat structure and composition (Stireman et al. 2006).



Tachinids are parasitoids and their larvae feed within the host body cavity of Arthropods (Cantrell 1986, Stireman et al. 2006). Proscissio cana parasitizes the New Zealand grass grub(Merton 1982).



Shrubs and grasslands may increase abundance of Proscissio cana Hutton (Merton 1980). Many tachinids are flower visitors (Stireman et al. 2006) including species of Protohystricia (Primack 1978, Robertson and Lloyd 1993, Robertson and Macnair 1995) and Pales spp. (Primack 1979).



Abundant in forest margins and home gardens under the fallen leaves of native and exotic broad-leaved trees (Harris 1983, Harris 2005). Eat dead plant material but also implicate in damaging grass rootlets (Harris 2005). Feeds on decaying organic material in stagnant water. (Dyer 2006).



Adults collected on blossoms and are probably nectar feeders (Harrison 1990).



Dilophus nigrostigma (Walker 1848), (Native).



Peak activity from November to February (Harrison 1990). Abundance of organic material is strongly correlated to larvae numbers (Vorsatz & Rode, 1967).



Dilophus nigrostigma adults are common on flowers (Harrison 1990). Dilophus larvae found to be highly aggregated in grassland (Blackshaw and D'Arcy-Burt 1997).



Eristalis tenax (Linnaeus, 1758)



In New Zealand peak abundances of females recorded in winter and males in summer (Irvin et al. 1999).



Adults found mostly on white and yellow flowers feeding on nectar and pollen (Haslett 1989, Dyer 2006). Males can have home ranges of 500 m2 (Wellington
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Pollen protein to mature reproductive organs and develop eggs. (Gilbert 1986, Dyer 2006). Also feed on nectar (Gilbert 1986, Dyer 2006)



Protohystricia sp. is a more abundant flower visitor under cold ( 30° C (Jarlan et al. 1997). Males become active at > 10° C (Wellington and Fitzpatrick 1981). Larval development rapid at > 20° C. Cloudy conditions or a high midday sun increases male



and Fitzpatrick 1981).



Melangyna novae zelandiae (Macquart, 1855)



Abundance peaks between January and February (Irvin et al. 1999).



Melanostoma fasciatum (Macquart, 1850)



Odontomyia spp.



Most abundant Spring – early Summer (Cayrou and Ghino 2005, Coin 2005)



Adults visit a wide range of flowering plants feeding on nectar and pollen (Irvin et al. 1999). Movement restricted by hedgerows (Wratten et al. 2003).



Larvae are normally found in water such as ponds (Evenhuis 1989, Williams 1997, Rozkosny and Kovac 2001, Hawking et al. 2006) and adults abundant in swampy areas (Fulton 1911, Colless and McAlpine 1991, Hilty 2002, Coin 2005) and flowers (Borror and White 1970, Borror et al. 1989, Johnson and Triplehorn 2004).



aggression. (Wellington and Fitzpatrick 1981).



Feed on aphids and Lepidopteran larvae (Miller and Walker 1984, Scott 1984, Wratten et al. 1995, Walker et al. 2005).



Pollen appears essential for egg maturation (Irvin et al. 1999). Feed on nectar (Miller and Walker 1984, Wratten and Thomas 1990).



Syrphids are considered thermoregulatory (Graham et al. 1997). Sun Basking by many syrphids may increase body temperature to allow foraging activity (Morgan and Heinrich 1987).



Larvae feed on worms, small crustacea, and insects in moist ground (Hilty 2002) or on algae (Killermont 2004, Coin 2005)



Feed on nectar. (Evenhuis 1989, Colless and McAlpine 1991, Durden and Zappler 1999, Hilty 2002, Coin 2005).



Most abundant where mean annual temperature >12.8ºC, mean annual rainfall >1000 mm. (Robertson 1985) Larvae found in water of temperature < 38.5ºC. (Winterbourn 1968).
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Bombus terrestris ( Linnaeus 1758)



Bombus hortorum ( Linnaeus 1761)



Bombus ruderatus ( Fabricius 1775)



Usually flying Sept. May in NZ but queens and workers may forage in all seasons (Donovan 2007). Foraging queens abundant early to late spring (Donovan 2007). Drones common mid spring to late autumn while workers are most abundant mid-spring summer (Donovan 2007). Occurs all year round but most abundant during spring and summer (NovemberFebruary)(Donovan and Macfarlane 1984, Donovan 2007).



Individuals may be seen flying at any time of the year in regions with mild (Donovan 2007) In cool and cold regions, bees will not be observed flying during the winter (Donovan 2007). Queens emerge in late



Most common bumblebee throughout most of New Zealand (Macfarlane and Gurr 1995) and very common in urban areas (Donovan 2007). Less common in native vegetation (Goulson and Hanley 2004).



Feeds on pollen and nectar (Donovan and Macfarlane 1984).



Forages on more than 500 species of introduce plants and also on natives (Donovan 2007).



Will forage at low temps. (< 10°C) (Donovan 2007). A queen spends the winter in small dry and sheltered cavities excavated in the ground and rising spring temperatures stimulates her emergence (Donovan 2007).



South of the North island and South Island from sea level to 1250 m )(Donovan 2007).Common in improved pasture (Goulson and Hanley 2004), near road verges, shingle river margins and nonnative scrub (Goulson et al. 2006) Most common in lightly settled districts with warm dry climate in both main islands. (Macfarlane and Gurr 1995, Donovan 2007). Common near road verges, shingle river margins



Feed on pollen and nectar (Donovan and Macfarlane 1984).



Often seen foraging on flowers with deep, tubular corollas, especially introduced clovers (Trifolium pratense) (Donovan 2007). Queens nest in dry cavity protected from wind and sunlight with fibrous material (Donovan 2007).



New nests are founded each year in New Zealand (Donovan and Macfarlane 1984, Donovan 2007).



Feed on pollen and nectar (Donovan and Macfarlane 1984).



Flower preference for foraging are similar to B. hortorum (Donovan 2007)[ (Donovan 2007). Has only been observed visiting the flowers of one native species (Donovan 2007). Nest in underground



Most common and active in regions where climate is warm and dry (Donovan 2007). Climate appears to influence the length of hibernation of queens (Donovan 2007) Hibernation is complete in cool and cold regions (Donovan 2007).



- 32 -



spring (Donovan 2007). Drones and workers become abundant during early summer (Donovan 2007).



improved pasture and non-native scrub (Goulson et al. 2006).



Bombus subterraneus ( Linnaeus 1758)



Has mainly been captured between December and March however the flight period is likely to be more extensive (Donovan 2007).



Restricted mainly to the central South Island between 80 to 1000 m (Donovan 2007). Found to be abundant near lakes (Goulson and Hanley 2004).



Feed on pollen and nectar (Donovan and Macfarlane 1984).



L. sordidum (Smith 1853) L. cognatum (Smith 1853)



Sometimes seen in winter months, however, peak abundance from Spring October through to early/mid autumn (Donovan 2007).



L. sordidum is common through North and South Islands, L. cognatum, North Island and north South Island (Donovan 2007).



Feed on nectar and pollen (Donovan 2007).



sheltered tunnels (Donovan 2007).
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Favours introduced Fabaceae flowers especially Lupinus spp. and pasture legumes(Donovan 2007). Nest below ground but also in above-ground hives (Donovan 2007). L. sordidum forages for nectar and collects pollen from a diverse range of native and exotic plants (Donovan 2007) L. cognatum also forages on native and exotic species (Donovan 2007). All species nest in earth with L. sordidum nests found in ocean beaches, river beds and bare ground of crumbling clay (Donovan 2007).



Fertilised females inactive in nests within soil during winter (Donovan and Macfarlane 1984).



Leioproctus species (19 described within New Zealand’s biogeographical zone) (Donovan 2007).



Most species can be observed flying between Sept.- Feb. in NZ with peak abundances in Dec. and Jan. (Donovan 2007).



Species found throughout NZ, with some species widely distributed e.g. L. Boltoni (Cockerell 1904) and L. huakiwi (Donovan 2007), and others restricted to specific locations e.g. Leioproctus purpureus (Smith 1853) is found close to sandy coasts (Donovan 2007)



Feed on pollen and nectar (Donovan and Macfarlane 1984).
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Variable foraging preferences with some, visiting flowers from a range of plant families e.g. L. huakiwi while others with distinct preferences e.g. L. vestitus ( Smith 1876 ) for fabaceae and plantaginaceae. Nest in bare earth (Donovan and Macfarlane 1984, Donovan 2007) with location often varying between species e.g. L. metallicus (Smith 1853) prefers beach and dune sand and beneath wood or stones while L. huakiwi (Donovan 2007) utilises ocean cliffs, bared sheep tracks in hilly pasture, clay tracks, sand in forest, packed gravel, soil beneath kiwifruit vines and avocado trees (Donovan 2007).



All species diapuse during winter (Donovan and Macfarlane 1984, Donovan 2007).



General Calliphorid Info: Pupae overwinter in the soil during winter (Cottam et al. 1998). Mininimum temperatures may be reasonable predictor of fly abundance with cooler overnight temperatures leading to lower abundance (Cottam et al. 1998). Calliphorid numbers can vary greatly within and between years (Cottam et al. 1998). The abundance of Calliphorid flies across a day can be significantly influenced by the combined effects of ambient temperature, wind speed, relative humidity and solar radiation (Vogt et al. 1983). The composition and abundance of Calliphorid species vary between different habitats such as urban, grassland and woodland (Hwang & Turner 2005). The substrate wich C. vicina larvae are fed can significantly influence larval development rate with lamb liver, beef mince, pork mince and canned dog food good substrates for larval development (Donovan et al. 2006).



General Tachinid Info: Many tachinids are thought to be pollinators (Stireman et al. 2006) including Protohystricia huttoni (Robertson & Macnair 1995) Look Up for H. rostrata –flower visitor. Respiration, Temperature Regulation and Energetics of Thermogenic Inflorescences of the Dragon Lily Dracunculus vulgaris (Araceae) Roger S. Seymour, Paul Schultze-Motel Proceedings: Biological Sciences, Vol. 266, No. 1432 (Oct. 7, 1999), pp. 1975-1983 This article consists of 9 page(s).
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Appendices 9: within field variation in Honey Bee Visitation between onion male sterile and fertile lines in New Zealand



1. Honey Bee visitation between male sterile and fertile (hybrid) crops. Free explain in Insect Pollination of crops that there are twice as many honeybees on male fertile as on male sterile rows and moreover they tend to move more within rows than between them. Indeed, a honeybee crosses to another row in a mean of 15% of all movements from umbel to umbel when it forages on male sterile rows and 8% when it forages on male fertile rows. When a honey bee foraging on male fertile rows it spends longer per umbel than when foraging on male sterile rows whether collecting nectar only or pollen. And a honey bee visits about twice as many umbels before moving to another row when it foraging on fertile rows. In general, the distance between two umbels visited is between 0.4 and 1.7m, but several flew 2m between umbels. So leavings gaps in the male fertile rows might encourage bees to move from the male fertile to male sterile plants. (Lederhouse, Caron et al. 1968; Nye 1970; Benedek and Gaal 1972; Lederhouse, Caron et al. 1972; Williams and Free 1974; Benedek 1977; Kubisova and Haslbachova 1981; Woyke 1981; Jablonski, Skowronek et al. 1982; Woyke and Dudek 1984; Free 1993)



This kind of study are had done about sunflower. They show that honey bees mostly visited male-sterile cultivars. (Tepedino and Parker 1982; Skinner 1987) There are other studies who deal with sterile and fertile male flowers, but not exactly on the same subject : it’s about brassica and celery. (Quiros, Rugama et al. 1985; SteffanDewenter 2002)



2. What factors might make some varieties more attractive tan others for honey bee ?



Nectar I have found two different information : first, the most important factors influencing the attractiveness of nectar are its abundance and sugar concentration. And
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a reason onion nectar may sometimes be relatively unattractive to honeybees is its high potassium ion concentration (1800-7400 p.p.m.). (Free 1993) Second, potassium concentrations and sugar concentrations of the nectar did not significantly correlate with the number of bee visits received by an umbel. And there results suggest that selection for flowers with high nectar production may lead to a higher rate of pollination of the onion seed crop. (cf. document pdf) (Silva and Dean 2000) Moreover male fertile lines have been found to secrete more nectar and more concentrate nectar than male sterile lines. And the sugar concentration of nectar in flowers bees had visited was less than in flowers bees had not visited (Free 1993) Pollen “The selection of pollens did not seem to be influenced by their age, colour, moisture or protein content and there is no evidence that bees select pollen for its nutritive value.” But there are maybe a correlation between the intensity of a pollen’s odour and its selection, but because such evidence was rather subjective Levin and Bohart (1955) could not be sure of this. It was reported that pollen contains phytosteroles, hexane or ethyl ether that attract bees and (except phytosteroles) initiate the behavioural response of packing the corbiculae. Moreover the acetone-soluble lipid fraction of pollen significantly increased the amount of food taken and a C18 straightchain trienoic acid was very attractive to honeybees. (Free)(Perdesen and Todd 1949; Levin and Bohart 1955; Louveaux 1959; Taber 1963; Lepage and Boch 1968; Robeinson and Nation 1968; Hopkins, Jevans et al. 1969; Waller, Carpenter et al. 1972; Free 1993)



Study about avocado Phenolic compounds extracted from avocado honey were attractive to bees and adding them to a solution of sucrose increased its attractiveness. (Afik, Dag et al. 2006)



3. What are the implications for differential visitation for by bees to hybrid seed production



Free explains that honeybees moved quite freely between male sterile and male fertile rows, so unattractiveness of male sterile plants to pollen-gatherers would not seem to limit hybrid seed production. But he say too that “this can be particularly problematical when honey bee pollen-gatherers are more efficient pollinators, and when, as frequently occurs, the male fertile flowers produce more nectar than the male sterile.” (Free 1993) Moreover the attractiveness of a species may differ at different times of the day and at different stages of flowering. (Free 1993)
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black shiny
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blotchy wing



Dance fly



Chloropidae
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Crane flies
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Grey triangle fly Blue Muscid Common House fly Other Muscid
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Sphaeroceridae
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Agromyzidae



Anthomyiidae



Morn-evening fly 3 spotted fly Sarcophagidae



Striped thorax fly



NEMATOCERIDAE



Honey bee Bumblebee Leioproctus (bigger native bee) Lasioglossum (small bee) Wasps



Tachinidae



Ginger Blister fly Proscissio Grey-black tachinid Blue tachinid Campbellia lancifer Other Tachinidae Syrphidae



Drone fly Black Hoverfly



Orange fly



Culcidae Sciaridae Mycetophilidae Cecidomyidae Chironomidae Psychodidae



Diptera (flies) Ephemeroptera (Mayflies) Odonata (Dragonflies) Plecoptera (stone flies) Hemiptera (Bugs) Neuroptera (Lacewings) Coleoptera (Beetles) Trichoptera (caddisflies) Lepidoptera (moths/butterflies)
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Simulidae Scatopsidae 3 striped thorax fly OTHER ORDERS Collembola Ephemeroptera Psocoptera Homoptera Heteroptera



Orange Hoverfly Blue Hoverfly Three lined Hoverfly Black Soldier fly Other Syrphidae



Spiders Others



Aphids Thysanoptera Coleoptera Trichoptera Acari Araneida



Stratiomyidae



Green soldier fly Tabanidae



Lepidoptera Wasps



Tabanid



Unknown



Asilidae



Robber fly Appendices 10: Insects differentiated
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