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Abstract

Principles developed for sustainable management in agroecosystems can be applied to urban ecosystems, especially the use of nectary plants to conserve beneficial insects, such as pollinators and predators. In this study, common northern Midwest native plants were compared to conventional bedding plants for insect visits. Native plants attracted 88% of the total number of insects and 72% of the total number of ant visits.  Six ant species were found visiting native plants: Crematogaster cerasi  (Fitch), Formica incerta  Emery, Formica subseicea Say, Lasius neoniger  Emery, Myrmica americana Weber, and Solenopsis molesta (Say), compared to one species found under bedding plants, Lasius neoniger.  Of the ten plant species with the highest number of insect visits, nine species were native: Asclepias tuberosa L., Echinacea purpurea Moench., Eupatorium maculatum  L., Helianthus tuberosus  L.,  Heliopsis helianthoides Sweet., Liatrus pycnostachya Michx., Physostegia virginiana  Benth., Rudbeckia hirta L.,  and Solidago canadensis  L..  Solidago canadensis was found to have significantly more insect visits than other native species. At peak flowering, bedding plants, compared to natives, contained 29% more moisture, 109% more nitrogen, 46% more phosphorus, 75% more potassium, and 367% less biomass. Native plants use less nutrients and have greater biomass at peak flowering.
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Introduction

The implementation of right to know laws and public disapproval of pesticide spraying of street trees in urban areas, propelled the use of biorational insecticides, such as selective miticides, insect growth regulators, nematodes, entopathogenic fungi, and Bacillus thuringiensis, that have short residual action compared to conventional pesticides and conserve beneficial insects. Other ways to manipulate urban ecosystems to conserve beneficial insects have been neglected by research. Urban ecosystems provide persistent habitats with high plant species diversity that offers a good potential for beneficial insect conservation, analogous to the benefits of orchards and vineyards for conserving beneficial insects (Altieri 1987, Pickett and Bugg 1998).  Until recently, native plants have not been widely used in urban landscapes, but instead bedding plants are used. Bedding plants are bred for reduced sexual function, reduced pollen and nectar production, and reduced seed production to alleviate the need for deadheading. However, native plants producing pollen and nectar have been demonstrated in conservation biological control research to support beneficial insects (Jervis et al. 1996, Pickett and Bugg 1998). In addition, areas with native plants are usually not mowed, ground litter builds up under the plants, and usually mulch is added to help conserve moisture. In notill agricultural systems, this type of undisturbed vegetation usually supports greater numbers of ground predators such as ants, ground beetles, rove beetles, and spiders (Speight and Lawton 1976, Lavigne and Campion 1978, Brust et al. 1986, House and Brust 1989, Stinner and House 1990, Robertson et al. 1994).

Installing permanent flowerbeds with native plants will increase plant species diversity, offer habitat for overwintering, and provide flowers with nectar and pollen. Presently much of the urban landscape is a monoculture of turf with some ornamental shrubs and bedding plants (Hipp 1993). Research from sustainable agriculture supports increased insect diversity and reduction in pest numbers in polycultures when compared to moncultures. The resource concentration hypothesis identifies monocultures as having higher numbers of specialist pest insects compared to polycultures (Root 1973).  In 150 experiments, 53% demonstrated a reduction of pest numbers in polycultures compared to monocultures, in 18% of the studies pest numbers increased, and 29% showed no difference (Risch et al. 1983). Andow (1991) demonstrated the complementary nature of the resource concentration hypothesis and natural enemies' hypothesis.  Higher densities of natural enemies occurred in polycultures for 53% of the insect species (68 insect species) and only 9% (12 insect species) had lower densities. Raupp and Shrewsbury (2006) evaluated the enemies hypothesis and found that survival of the specialist azalea lacebug, Stephanitis pyrioides Scott, was lower in complex habitats when exposed to endemic natural enemy populations. The lepidopteran herbivore, bagworm, Thyridopteryx ephemeraeformis (Haworth), had 71% higher mortality in shrubs that were surrounded by flowering plants. Parasitism rates exceeded 70% in shrubs that were adjacent to a central bed of fowering plants, but less than 40% in shrubs that were in distant, less complex habitats (Ellis et al. 2005). Natural enemies, such as spiders and parasitic wasps were most abundant in euonymus beds surrounded by flowering plants, which was due to vegetation complexity and floral resources  (Rebek et al. 2005). 
Native plants and exotic weeds serve as alternative sources of prey, provide pollen and nectar, and offer microhabitats for cover and overwintering (van Emden 1962, 1965).  Altieri and Whitcomb (1979) surveyed the effect of weeds on beneficial insects and suggested that specific weeds or nectary plants should be maintained in crop fields to support biological control agents. They presented data demonstrating that three successive plantings of tansy phacelia, Phacelia tanacetifolia Benth., resulted in increased parasitism from 5% in weed free orchards to 75% in orchards with nectary plants. In another study, catches of adult syrphid flies were greater in fields bordered with P. tanacetifolia and the syrphids had increased egg production due to pollen feeding at a time when aphid prey was low (Hickman and Wratten 1997). 

One book on arboriculture supports the use of native plants as nectar sources for beneficial insects (Harris 1992). Larvae of the red-humped caterpillar, Schizura concinna (J.E.Smith), are significant defoliators along California highways and rates of parasitism were increased when pesticide usage was changed to insecticidal soap from a broad spectrum insecticide, which conserved parasitoids utilizing nectar of flowering natives (Pinnock 1978). However, other arboricultural texts label native plants and nectary plants as weeds interfering with tree growth and propose removal from the landscape (Czapar and Holt 1997). Native plants are used in organic production to provide shelter and food for beneficial insects and their use is suggested for conserving beneficial insects in hedgerow and roadside plantings (Bugg et al. 1998). The authors recommend that native plants used for farmscaping may be used around community gardens, schoolyards, and private residences to improve pest control. A number of native plants are suggested as nectar sources (Bugg and Heidler 1981). Some research has supported that landscape flowering plants were suggested to enhanced beneficial insects and pest control (Al-Doghairi and Cranshaw 1999, Colley and Luna 2000). Research showed that lady beetles (Coccinellidae), lacewings (Chrysopidae, Hemerobiidae), syrphid ßies (Syrphidae), and parasitic wasps (Hypoaster sp., Trichogramma sp., and Macrocentrus sp.) fed on nectar and pollen provided by borders of flowering plants around farms, with many insects captured around 76 m into adjacent feld crops (Freeman-Long et al. 1998). For urban landscapes, Braman et al. (2002) reported that commercially available wildflower mixes attracted predators, such as spiders, Geocoris spp., and Orius spp into adjacent turf with significant season-long increases numbers. Conservation strips were successful at increasing predator, parasitoid, and alternative prey abundance in golf course fairways and roughs overall. Increases were most evident within 4 m of conservation strips. Predation of cutworm, Agrotis ipsilon (Hufnagel), larvae was greater in fairways adjacent to conservation strips than fairways adjacent to roughs only (Frank and Shrewsbury 2004).
It is suggested that the use of conventinal insecticides in lawns reduces species diversity of beneficial insects that control pest insects. Formicids, staphylinids, carabids, and histerids were by far the most abundant predators in turf  (Cockfield and Potter 1983, 1985; Potter and Braman 1991, Way and Khoo 1992, Potter 1995), and additionally spiders may be important predators in home lawns (Cockfield and Potter 1983). On golf courses, these predatory insects were more abundant in the rough compared to the greens where insecticides are not routinely used (Smitley et al. 1998, Rothwell and Smitley 1999). Published studies indicate that predator activity can be suppressed for 6 wk after insecticide application (Cockfield and Potter 1983,1984; Arnold and Potter 1987; Vavrek and Niemczyk 1990; Potter 1994) and broad-spectrum insecticides reduce the ability of predators to control turf pests (Cockfield and Potter 1983, Potter et al. 1989). Terry et al. (1993) reported 70% reduction in egg predation of Japanese beetle and general reduction in predatory insect abundance from isazofos treatments (Novartis, Greensboro, NC). 

Recently, native plants have been used in buffer strips and in revegetation projects to absorb nutrients from urban runoff and conserve wildlife, but the effects of these native plants on beneficial insect conservation have not been studied. In a 500 paper annotated bibliography on the benefits of buffer strips for natural resources management (Correll 1997b), the conservation of biological control agents by the use of nectar bearing native plants was not addressed. Interest among natural resource managers in restoration of natural ecosystems has concentrated on revegetation with native plants and establishment of plant communities that will support bird, hummingbird, and butterfly populations (Harker et al. 1993, Letourneau 1999). Concerns over eutrophication of urban waterways from nonpoint source pollution containing N and P from lawn fertilizers (Browman et al. 1979, Bannerman et al. 1993, Sharpley et al. 1993, Carpenter et al. 1998), has renewed interest in using native plants in lakeside, roadside, and backyard revegetation projects as buffer strips to absorb excess nutrients (Hipp et al. 1993, Osborne and Kovak 1993, Castelle et al. 1994, Correll 1997a). 

This research was conducted to ascertain the benefits provided by native plants for conserving beneficial insects in lakeside restorations and urban landscapes. Data were collected from two landscape types: conventional landscapes containing annually renewed bedding plants and sustainable landscapes composed of perennial native plants. The attractiveness of bedding plants and native plants to beneficial insects was determined by 1). Behavioral observation of insects at flowers; 2). insects caught in sticky traps; 3). ants numbers and diversity at bait stations; and 4). insect preference for particular plant species. Also, the nutrient content of native plants and bedding plants at peak flowering was measured to determine if natives require less nutrients for flowering. A reduction in fertilizer inputs would contribute to the reduction in nonpoint source pollution of nitrogen and phosphorus in urban watersheds.

Materials and method 

Site description

The Minnesota Landscape Arboretum  (Chanhassan, Carver County), is located in the east-central part of Minnesota, approximately 15 miles southwest of Minneapolis. Two types of landscapes were used, a sustainable landscape planted with 25 species of native plants (Table 1) and a conventional landscape containing 31 species of bedding plants (Table 2). The sustainable landscape received minimal watering, no fertilization, and bark mulch was added to retain moisture. The conventional landscape received daily watering, routine fertilization, and no mulch. The two landscape types were within 500 meters. Each landscape type was replicated. The sustainable landscapes contained two adjacent beds (length x width: 239 m by 7.3 m; 240 m by 7.3 m; total area 3,058 sq m). The conventional landscape contained four adjacent beds (length x width: 82 m by 12 m; 70 m by 12 m; 57 m by 12 m; 38 m by 12 m; total area 3,400 sq m).

Twenty-four stations were chosen in each landscape type and permanently identified using numbered flags. The flagged stations were chosen based on proximity to specific plant species in order to obtain representative and replicated samples of the entire landscape. These stations were used for data collection on behavioral observations of beneficial insects visiting flowers, sticky trap collection, ant diversity analysis, and nutrient and moisture analysis. 

Each parameter had 3 replicated blocks: behavioral observation, flowers with most insects, insects on sticky cards, ant visits, NPK, and moisture analysis. Data were analyzed by PROC GLM for treatment, replicate, and treatment by replicate interactions and then combined.  If the replicate term was significant, each replicate was analyzed independently with PROC GLM, Levene test for homogeneity (transformed if necessary), and Tukey-Kramer HSD multiple range test (SAS Institute 2003).
Behavioral observation: Number of beneficial insects found on flowers of native and bedding plants 
The goal of this survey was to determine the number and taxa of beneficial insects visiting each landscape type.  Teams of 2 observed flowers at each of the 24 flagged stations in the 2 landscape types, 8 times in the 3 month experimental period. Observations were conducted for two-2 minute intervals between 1000 and 1500 h at each flagged station and the number of insects visiting the flowers and taxa of insect was recorded. Data were collected on 23, 24, 28, 30 July and 4, 6, 11 and 12 Aug. 

Ant diversity: Number of ants under native or bedding plants
Baiting experiments were conducted to compare the abundance and number of ant species in each landscape. Round coffee filters (Mr. Coffee) with a 19 cm diameter were placed flush with the soil and pierced with the site flag. Two baits, a carbohydrate source (Welch's grape jelly) and a protein source (Friskies cat tuna), were placed on each filter to attract ants. Each landscape type had 24 bait stations divided into 3 replicate blocks. The baits were exposed in the landscapes for a period of 18 h. Direct visual counts were taken at the 48 stations, 3 times in the evening from 1600 to 2000 h, and once the next day at 0800 h.  Data were collected on 26, 27 July and 2, 5, 6, 12, 13, 23 and 24 Aug. Representative ants were captured and preserved in alcohol for species identification.
Sticky traps: Number of beneficial insects in native or bedding plants

The goal of this experiment was to determine the number and taxa of flying insects in each landscape type. Standard yellow sticky traps (Gempler's No bait, length x width: 20.3 x 30.5 cm) were placed at the 24 flagged stations, divided into 3 replicate blocks, in each landscape type. Traps were left for a 48 h period on four dates; 24, 30, July and 6, 13 Aug. In the laboratory, the insects were counted and identified to taxa under a dissecting microscope at 12 X magnification. 
Nutrients: Percentage of nitrogen, phosphorus, and potassium in native and bedding plants

The goal of this experiment was to determine the levels of nitrogen, phosphorus, potassium, and moisture present during peak flowering for key species in each landscape type. From the conventional landscape, the vegetative material was collected from the bedding plants Pelargonium  L.'Her. X hortorum 'Sincerity red' (n=12, four plants in each of three plots) and Petunia Juss. 'Celebrity Niagara mix' (n=12, four plants in each of three plots).  In the sustainable landscape, Liatris pycnostachya  Michx. (n=12, four plants in each of three plots) and Echinacea purpurea  Moench. (n=12, four plants in each of three plots) were sampled. These species were chosen because they were the most popular plants in each landscape type.  Plant samples were collected on two dates, 5 Aug. and 2 Sept., and separated into leaves and brought that day to the University of Minnesota Soil Lab for testing for nitrogen, phosphorus, potassium, and moisture analysis.  Samples were dried and prepared by dry ash 10% HCl method and analyzed by an ARL 3560 ICPAES.
Vegetative parts: Biomass, length, and percentage moisture of native and bedding 

Other studies demonstrated that greater biomass of perennial plants aids in nutrient abatement by providing persistent vegetative structure above and below ground to slow runoff and absorb nutrients (Correll 1997a). It was investigated whether native species maintain a greater vegetative biomass than conventional bedding plants. The biomass experiment was conducted on 2 Sept. at the identical location as the nutrient sampling. Samples were collected from Pelargonium. X hortorum 'Sincerity red' (n=15, five plants in each of three plots) and Petunia 'Celebrity Niagara mix' (n=15, five plants in each of three plots) and Tagetes  L. 'Orange star' (n=15, five plants in each of three plots) in the conventional landscape and from Liatris pycnostachya (n=15, five plants in each of three plots), Echinacea purpurea  (n=15, five plants in each of three plots), and Rudbeckia hirta L. (n=15, five plants in each of three plots) in the sustainable landscape. These species were chosen because they are the most popular plants in each landscape type. The plants were measured to determine total length and then separated into leaves, flowers, and stem.  Once separated, the samples were weighed and then dried at 70C for 10 d for determination of the dry weight and percent moisture. 
Results

Behavioral observation: Number of beneficial insects found on flowers of native and bedding plants 

Native plants attracted 88% of the total flower visits by insects  (native mean ± SEM: 12.30 ± 0.72 insects per station) compared to bedding plants (bedding mean ± SEM: 1.71 ± 0.12 insects per station) (Fig. 1) (F = 217.47;  df = 1, 364; P <0.0001 for habitat; F = 1.68; df = 7, 364; P = 0.115 for date; and F = 1.54; df = 7, 364; P = 0.1527 for habitat and date interactions). Of the 12 taxa of insects identified, 8 out of 9 taxa chose the native plants for flower visits. The taxa were Bombus spp., other bees, Cantharidae, Lepidoptera, Odonata, Phymatidae, other bugs, and Pompilidae. Only one insect, Apis mellifera L., preferred the bedding plants. Coccinellidae, Syrphidae, and parasitoids showed no significant difference in preference for native or bedding plants (Table 3). Cantharidae were very abundant in the native plants. When Cantharidae was removed from the data analysis, significantly greater number of insects were still found in native plants (F = 21.04; df=1, 364; P<0.0001 for habitat; F=1.91; df=7, 364; P=0.0671 for date; and F = 1.21; df = 7, 364; P  = 0.2946 for habitat and date interactions)

Ant diversity: Number of ants under native or bedding plants

Native plants attracted 72% of the total ant visits (native mean ± SEM: 28.17 ± 2.41 ants per station) compared to bedding plants (bedding mean ± SEM: 10.91 ± 1.52 ants per station) (Fig. 1) (F = 14.98; df=1, 46; P<0.0003). Six species of ants were found under native plants: Crematogaster cerasi  (Fitch), Formica incerta Emery, Formica subseicea Say, Lasius neoniger  Emery, Myrmica americana Weber, and Solenopsis molesta (Say). This compares to one species found under bedding plants, Lasius neoniger.

Sticky traps: Number of beneficial insects in native or bedding plants
Sticky traps showed no significant differences in mean number of beneficial insects per trap between native plants (native mean ± SEM: 65.10 ± 5.86 insects per trap) and bedding plants (bedding mean ± SEM: 59.67 ± 2.64 insects per trap) (Fig. 1) (F = 0.97; df = 1, 181; P = 3.257 for habitat; F = 18.46; df =  3, 181; P <0.0001 for date; and F= 8.46; df = 3, 181; P< 0.0001 for habitat and date interactions). Numerous parasitoids were found in the two landscapes. Spiders, bees, and Cantharidae showed statistical preference for native plants, but more Syrphidae were found visiting the bedding plants (Table 4). 
Behavioral observation: Highest ranked plant species for insect visits 

Of the top ten plants most visited by beneficial insects, nine out of ten were native plant species (Table 5) (F=264.92; df=1, 734; P<0.0001). Solidago canadensis  received significantly more visits that the other plant species. Cosmos was the only bedding plant in the top ten plants for insect visits. Some of the taxa of insects preferred certain plant species (Table 6).

Nutrients: Percentage of nitrogen, phosphorus, and potassium in native and bedding plants

Nitrogen, phosphorus, and potassium were significantly higher in bedding plants as Petunia and Pelargonium, compared to native plants such as Liatris pycnostachya and Echinacea purpurea  (Fig. 2). Bedding plants had 109% greater nitrogen levels (bedding mean ± SEM: 4.44% ± 0.15 nitrogen) compared to native plants (native mean ± SEM: 2.12% ± 0.06 nitrogen) (t=14.39; df= 46; P<0.0001). Bedding plants had 46% greater phosphorus levels (bedding mean ± SEM: 0.44% ± 0.01 phosphorus) compared to native plants (native mean ± SEM: 0.30% ± 0.26 phosphorus)  (t=5.03; df=46; P<0.0001). Bedding plants had 75% greater levels of potassium (bedding mean ± SEM: 3.94% ± 0.41) compared to native plants (native mean ± SEM: 2.25% ± 0.09 potassium) (t=4.03; df=46;P<0.001). 

Vegetative parts: Biomass, length, and percentage moisture of native and bedding plants

Native plants had significantly more biomass and less moisture when compared to bedding plants (Fig. 3). Native plants had 56% greater wet weights (native mean ± SEM: 32.93 ± 2.42 g) compared to bedding plants (bedding mean ± SEM: 21.06 ± 2.21 g) (t=3.6; df =87; P<0.0002). Native plants had 367% greater dry weights (native mean ± SEM: 11.04 ± 0.82 g) compared to bedding plants (bedding mean ± SEM: 2.36 ± 0.40 g)  (t=8.36; df=87; P<0.0001). Native plants had 148% greater length (native mean ± SEM: 119.69 ± 9.83 cm) compared to bedding plants (bedding mean ± SEM: 48.23 ± 4.01 cm) (t=6.91; df=88; P<0.0001). In addition, moisture levels were found to be 29% higher in bedding plants (bedding mean ± SEM: 85% ± 0.59 moisture) compared to native plants (native mean ± SEM: 66% ± 0.71 moisture) (t=20.14; df =87; P<0.0001). 

Discussion

Native plants accrued significantly more visits by beneficial insects compared to bedding for behavioral observation, sticky traps, and ant baits. Soil under native plants had litter on the soil surface, while there was bare soil under bedding plants. Litter probably contributes to improved habitat for ants. Plant residues on the soil surface retard evaporation (Bond and Willis 1969), moderate soil temperatures (McCalla and Army 1961), and make the habitat more suitable for predators such as ants and ground beetles. Weed cover in crop systems resulting from practices such as notill, border strips, or cover crops usually contains more predaceous insects such as carabids, syrphids, and cocinellids compared to weed free fields (Altieri, 1987). Predatory insects, such as carabids and spiders, reach higher abundance under reduced tillage (Brust et al. 1986, House and Brust 1989, Stinner and House 1990, Robertson et al. 1994) or in weedy fields (Speight and Lawton 1976, Lavigne and Campion 1978). Carabids were several times higher in notill maize plots compared to plowed plots, while fall armyworm, Spodoptera frugiperda (J.E.Smith), and the banded cucumber beetle, Diabrotica balteata  LeConte, were in greater abundance in plowed maize fields (Stinner and House 1990). Generalist predators such as pink lady beetle, Coleomegilla maculata De Geer, sevenspotted lady beetle, Coccinella septempunctata L., and green lacewing, Chrysoperla carnea  Stephens, but not the braconid parasitoid Macrocentrus grandii Goldanich, were more abundant in cornfields adjacent to fields with herbaceous vegetation (Bruck and Lewis 1998). Research by Orr and Pleasants (1992) demonstrating the effects of nectary plants on M. grandii longevity.  
Pickett and Bugg et al. (1998) review the use of nectary plants for conserving beneficial insects in agroecosystems. Native plants documented as nectar sources are sunflower, Helianthis annuus L., swamp smartweed, Polygonium coccineum  L., and turkey mullein, Eremocarpus setigerus  Benth.. The authors review other studies on both weedy exotic and native plants demonstrating that they serve as nectary plants for beneficial insects, such as common knotweed, Polygonun aviculare  L., (Bugg et al. 1987), toothpick ammi, Ammi visaga Lam., (Bugg and Wilson 1989), wild carrot, Daucus carota L.,  (Judd 1970), sweet fennel, Foeniculum vulgare Miller var. dulce Battandier and Trabut,  (Maingay et al. 1991), chickweed, Stellaria media Cyr, (Batra 1979, Foster and Ruesnik 1984) and flowering buckwheat, Fagopyrum esculentum Moench., (Bugg and Dutcher 1989). In general, plants in the family Umbelliferae have shallow nectaries accessible to parasitic insects (Jervis 1996). However, the effects of nectary plants on reducing populations of pests have been elusive in some studies (Bugg and Dutcher 1993, Jervis et al. 1996).

References for practitioners suggest the use of native and exotic nectary plants for enhancing biological control agents in backyard gardens  (Daniels 1995, Starcher 1995, Steffan and Whitaker 1996, Steffan 1997, Flint and Dreistadt 1998) and in organic gardens (Poncavage 1991, Ellis and Bradley 1996). Seed catalogs catering to organic farms indicate whether a plant is a native and the family of beneficial insect attracted to the plant (Morton and Morton 1999). Numerous research papers and extension commodity guides support cover crops or nectary plants for use in grape, almond, apple, and pecan production (Bugg and Wadington 1994, Costello and Daane 1999, Ingels et al. 1999). Native plants may be a more practical and attractive alternative, compared to some weedy exotics, for urban landscapes.

In addition, this research demonstrates that conventional bedding plants need more nutrients and water for peak flowering than native plants, while native plant species are usually larger. The persistent biomass of native plants compared to bedding plants can reduce runoff and act as a buffer to absorb water and runoff containing N and P from urban lawns (Hipp et al. 1993, Osborne and Korak 1993, Castelle et al. 1994, Correll 1997b). Eutrophication of urban recreational water, and the resultant excessive growth of nuisance algae and aquatic weeds, remains one of the major environmental concerns for urban watersheds. Phosphorus has been projected as the major essential nutrient most generally accessible as the target nutrient for the control of the offending plant growth (Browman et al.1979). A significant amount of phosphorus and nitrogen enters surface water from urban nonpoint sources, such as runoff of fertilizer applied to lawns and gardens. Urban runoff is the third most important cause of lake deterioration in the United States, affecting approximately 28% of urban lake area that does not meet water quality standards (Carpenter et al. 1998). Eutrophication accounts for approximately 50% of the impaired lakes and 60% of the impaired rivers in the United States.

Use of native plants in urban landscapes and in lakeside restorations are an important way to protect pollinators. The Xerces Society promotes a pollinator conservation program for healthy ecosystems and bountiful harvests (http://www.xerces.org/Pollinator_Insect_Conservation/index.htm)   In her March 29, 2007 testimony to Congress, Professor May Berenbaum of the University of Illinois, explains that the native bee pollinators are in decline and not well surveyed, but are very important for pollination of apples, tomatoes, blueberries, and cranberries. (http://www7.nationalacademies.org/ocga/testimony/Colony_Collapse_Disorder_and_Pollinator_Decline.asp). Also, honey bee loss from Colony Collapse Disorder (CCD) Collapse Disorder (CCD) is due to a combination of multiple factors, such as disease, mite infestations in hives, insecticide use in hives, and insecticides in the foraging environment. Use of native plants not treated with insecticides is important to pollinator conservation.
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Fig 1.  Mean number of beneficial insects visiting native and bedding plants: Insect visits during 2 min of behavioral observation of flowers; sticky trap catches; and ant visits to bait stations under plants. 
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Fig 2.  Nutrients: Percentages of nitrogen, phosphorus, and potassium in native and bedding plants 

[image: image2.jpg]" native

PBbedding
<
p<0.0001 £<0.0001
p<0.0001
s |
N P K

nutrients





Fig 3.  Biomass: Wet weight, dry weight, length, and percentage moisture of native and bedding plants
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Table 1.  Native species in the sustainable landscape
	Species and common name
	Species and common name

 

	Asclepias incarnata L.

swamp milkweed
	Lobelia cardinalis L.

cardinal flower

	Asclepias tuberosa L.

butterfly milkweed
	Lobelia siphilitica L.

great blue lobelia

	Campanula rotundifolia L.  

harebell
	Monarda fistulosa L.

wild bergamot

	Chelone obliqua L.  

turtlehead
	Physostegia virginiana Benth.

obedient plant

	Cimcifuga racemosa Nutt.

black snakeroot
	Rudbeckia hirta L.

black-eyed Susan

	Dalea purpurea Vent. 

purple prairie clover 
	Rudbeckia laciniata Ait.

yellow coneflower

	Echinacea purpurea Moench. 

purple coneflower 
	Silphium intergrifolium L.

rosin weed

	Eupatorium maculatum  L. 

Joe Pye weed
	Silphium terebinthinaceum Jacq.

prairie dock

	Filipendula rubra B.L. Robinson  

queen of the prairie 
	Solidago canadensis L.

tall goldenrod

	Gentiana quinquefolia Small 

stiff gentian 
	Solidago rigida L.

stiff goldenrod

	Helianthus tuberosus L. 

Jerusalem artichoke 
	Verbena stricta Vent.

hoary vervain

	Heliopsis helianthoides Sweet. 

false sunflower 
	Vernonia fasciculata Michx.

ironweed

	Liatris pycnostachya Michx.

prairie blazing star
	


Table 2.  Bedding plants in the conventional landscape
	Cultivar and common name
	Cultivar and common name



	Ageratum L.

'Blue horizon' ageratum
	Heliotropium arborescens L. 

heliotrope 

	Amaranthus cruentus L.

'Red cathedral' amaranthus   
	Hunnemannia fumariifolia Sweet. Mexican poppy 

	Anchusa capensis Thumb 

'Blue angel' bugloss
	Lobularia maitima Desv. 

'Snow crystals' sweet alyssum 

	Antirrhinum majus L. 

'Liberty mix' snapdragon
	Mirabilis jalapa L.

four o’ clock

	Begonia L. 

'Eureka greenleaf scarlet' begonia 
	Nicotiana L. 

'Sensation hybrids' 

	Calendula L.

'Indian prince' pot marigold 
	Nierembergia Ruiz and Pavon.

'Purple robe' cup flower

	Callistephus chinensis Nees.

'China aster' China aster
	Pelargonium L'Her. x hortorum
'Sincerity red' zonal geranium

	Canna x generalis L.H.Bailey

'Miss Oklahoma' canna 
	Petunia Juss. 

'Celebrity Niagara mix' petunia 

	Cleome hasslerana Chodat. 

 'Pink Queen' spider flower 
	Phlox L. 

'Pink posey' annual phlox 

	Celosia argentea L. 

'Forest fire improved' cockscomb
	Salvia farinacea Benth.

'Blue bedder' mealycup sage 

	Centaurea cyanus L.

'Blue boy' bachelor buttons 
	Salvia spendens F. Sellow and Roem. 'Bonfire red' salvia 

	Cosmos Cav.

'Sonata hybrids' cosmos 
	Salvia viridis L.

'Claryssa hybrids' salvia

	Dahlia Cav. 

'Park princess' dahlia hybrids
	Sanvitalia procumbens Lam. 

'Sprite yellow' creeping zinnia

	Dianthus L.

'Crimson eye' pinks 
	Tagetes L. 

'Orange star' marigold 

	Gaillardia Foug.

'Red plume' blanket flower 
	Zinnia L. 

'State fair hybrid' zinnia 

	Gazania Gaertner. 

'Daybrak bright yellow' gazania  
	


Table 3.  Behavioral observation: Mean and total number of beneficial insects found on flowers of native and bedding plants per two-minute interval
	
	Native Sustainable Landsape
	Bedding Sustainable Landscape
	Statistics: F, df, P

	 Insect taxa
	Total
	Mean ± SEM
	Total
	  Mean ± SEM
	

	Cantharidae
	4,8886
	9.58 ± 0.72
	221
	0.39 ± 0.10
	166.44, (1,364), 0.0001

	Syrphidae
	343
	0.52 ± 0.12
	359
	0.62 ± 0.06
	0.49, (1,364), 0.4845

	Bombus  spp.
	336
	0.68 ± 0.10
	91
	0.16 ± 0.02
	26.95, (1,364), 0.0010

	True bugs
	275
	0.52 ± 0.16
	73
	0.13 ± 0.03
	5.86, (1,364), 0.0160

	Other bees
	185
	0.38 ± 0.07
	71
	0.12 ± 0.02
	12.19, (1,364), 0.0005

	Odonata
	51
	0.10 ± 0.02
	5
	0.01 ± 0.01
	20.47, (1,364), 0.0001

	Parasitoids
	43
	0.08 ± 0.02
	21
	0.04 ± 0.01
	2.24, (1,364), 0.1349

	Apis mellifera
	41
	0.08 ± 0.03
	115
	0.20 ± 0.03
	9.96, (1,364), 0.0017

	Phymatidae
	36
	0.07 ± 0.02
	0
	0.00 ± 0.00
	20.45, (1,364), 0.0001

	Lepidoptera
	33
	0.06 ± 0.01
	10
	0.02 ± 0.01
	9.97,(1,364), 0.0017

	Pompilidae
	19
	0.03 ± 0.01
	0
	0.00 ± 0.00
	10.04,(1,364), 0.0017

	Coccinellidae
	4
	0.08 ± 0.004
	5
	0.10 ± 0.004
	0.02,(1,364), 0.8768

	Totals
	6,252
	
	971
	
	21.04,(1,364), 0.0001

	Observations
	189
	
	191
	
	


  Table 4.  Sticky traps: Mean number per trap of beneficial insects found in native or bedding plants

	
	Native
	Bedding
	Staistics: F, df, P

	Insect
	Total 
	Mean ± SEM
	Total 
	Mean ± SEM
	

	Parasitoids
	 1,136
	  12.21 ± 1.56
	 1,535
	  16.00 ± 1.57
	3.11,(7,181),0.0793

	Syrphidae
	    163
	   1.75 ± 0.28 
	    325
	3.38 ± 0.37
	15.92,(7,181),0.0001

	Cantharidae 
	    159
	   1.70 ± 0.21
	      12
	0.12 ± 0.05
	58.35,(7,181),0.0001

	Spiders
	     84
	   0.90 ± 0.14
	      15
	0.15 ± 0.04
	28.97,(7,181),0.0001

	Bees
	     28
	   0.30 ± 0.08
	        7
	0.07 ± 0.03
	6.94,(7,181),0.0009

	Other beneficials 
	     18
	   0.19 ± 0.04
	        2
	0.16 ± 0.04
	 0.50,(7,181),0.5035

	Total beneficials
	1,588
	 65.10 ± 5.86
	 1,919
	 59.67 ± 2.69
	 0.97,(7,181),0.3257

	Total  insects
	6,054
	
	5,729
	
	

	Observations
	      96
	
	      96
	
	


Table 5.  Behavioral observation: Highest ranked plant 

species for total insect visits 
	Plant species
	Habitat
	Mean ± SEM

	     Solidago canadensis
	native
	   43.5 ± 8.46a

	   Eupatorium maculatum
	native
	   32.9 ± 6.76b

	   Rudbeckia hirta
	native
	24.0 ± 2.49bc

	   Heliopsis helianthoides
	native
	15.4 ± 4.29cd

	   Liatrus pycnostachya
	native
	  14.5 ± 1.66cde

	   Helianthus tuberosus
	native
	 11.0 ± 1.25fde

	   Physostegia virginica
	native
	9.3 ± 4.57fde

	  Echinacea purpurea
	native
	  6.8 ± 0.82fde

	   Cosmos  "Sonata hybrids" 
	bedding
	5.9 ± 2.06fde

	 Asclepias tuberossa
	native
	5.8 ± 1.02fde

	F=264.92; df=1, 734; P<0.0001


.

Table 6.  Behavioral observation: Plant species most visited by insect taxa 
	Insect species
	Habitat
	Plant species
	Statistics F, df, P

	Apis mellifera
	bedding
	Heliotropium arborescens
	19.1,(35,224), 0.0001

	Other bees
	native
	Solidago canadensis
	4.4,(35,224), 0.0001

	Cantharidae
	native
	Eupatorium maculatum
	3.24,(35,224), 0.0001

	Pompilidae
	native
	Solidago canadensis
	3.24,(35,224), 0.0001

	Syrphidae
	native
	Solidago canadensis
	2.64,(35,224), 0.0001



