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Presenter
Presentation Notes
These different actions typify what I call a “Diversified Farming System”, and collectively or individually, can lead to better pollination services by supporting and attracting the pollinators (both wild and honey bees)

In this talk I am focusing on effects of native plant hedgerow restoration (enhancement) and effects on native bee community composition, diversity, and abundance in hedgerows and how this impacts bee communities and pollination services into adjacent field.  We also are assessing pest and natural enemy insects in a similar manner but will not report on those data for this talk.



What’s interesting is the co-benefits.  They don’t just support pollination, these techniques also support other essential inputs to agricultural system



Hedgerow RestorationHedgerow Restoration

• Native shrubs, grasses, forbs
• Successive bloom/undisturbed ground (nesting habitat)

– Habitat for wild bees and natural enemies
– Could reduce pesticide usage

• Restore ecosystem services in adjacent crops?

Buckwheat

Presenter
Presentation Notes
Working with a number of groups- newly restored hedgerows designed for pollinators and mature hedgerows designed to enhance beneficial insects and suppress pest insects. 

Evidence that both nesting and foraging (among other) factors may be limiting wild bee populations in ag systems. The precedence given floral restorations is supported by evidence that large-scale declines in forage plants are associated with large-scale declines in pollinators, particularly for Bombus species,49,60,61 and by the studies of bee reproduction and floral

resources, although nest site restoration may also be critical and merits further study. (winfree 2010)
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Tscharntke et al 2005 Ecol Lett

Local mgmt:
Organic

Conventional

Presenter
Presentation Notes
Where is the best place to do restoration?



In a simple landscape, there can be a large effect of local mgmt, but that effect is relatively minimal in a complex landscape, where the heterogeneity in the landscape itself is having the large effect.



Figure 2 Diversity of arable weeds in relation to local management (extensive vs. intensive) and landscape composition (simple vs. complex; based on findings of Roschewitz et al. 2005). Intensive farming means conventional practices with applications of mineral fertilizers and pesticides, contrasting with extensive (organic) farming. The solid lines show the different responses, while the dotted lines are for orientation only and indicate that diversity is higher in organic fields, while landscape complexity can compensate for the intensive conventional agriculture. In addition to this weed biodiversity pattern, the higher weed cover means enhanced cereal aphid control (I. Roschewitz, T. Tscharntke and C. Thies, 2005, personal communication).



•Most studies are from Europe (e.g. Carvell et al 2008, 
Pywell et al 2005) 

•Field margin forb-mixes

•Bumblebees

•Only a few studies of HR in US 

•None yet evaluate the effects on pollination function

•Or separate floral versus nesting effects

•No cost-benefit analyses of hedgerow enhancement

Studies To DateStudies To Date

Presenter
Presentation Notes
(Hillary: you don’t need to say all this- just some background notes for you).

Studies in the UK- AES, can increase bee diversity and abundance.  Bee diversity correlated with flowering plant diversity in european countries (Batary et al 2010 Ag Ec & Env).  Organic Ag supports trap nesting bees (Holzschuh, A.

Steffan-Dewenter, I.Tscharntke, T. 2010)  carvell et al (2007), pywell et al (2005)- forage mixes can attract bumble bees- increasing div and abu in field margins.  Long term effects on populations not known.Conservation headlands, where

pesticide and herbicide applications at the crop edge are reduced, are more likely to encourage annual plants

than perennials and biennials, which are the preferred forage species for most bumble bees (Fussell & Corbet

1992; Dramstad & Fry 1995; Critchley et al. 2004). Uncropped margins left to regenerate naturally may

provide suitable forage species on some sites but can encourage pernicious weeds and can take several years to develop suitable mid-successional communities (Corbet 1995; Carvell et al. 2004). Sowing a mixture of annual or perennial grassland

species on arable field margins has been shown to overcome some of the above restrictions and significantly

enhance the abundance and diversity of bumble bees and their forage plants (Carreck & Williams 2002; Meek

et al . 2002; Carvell et al . 2004; Pywell et al . 2005, 2006). However, these studies have either been conducted at a

single location or during a single year, where factors such as soil geology, the local Bombus spp. assemblage, climatic

conditions and timing in relation to the establishment of field margin habitats may influence the outcome. Furthermore, many agri-environment scheme assessments have been compromised by a lack of standardized management practices or seed mixtures across study sites (Carvell et al 2007).  Landscape enhancement of floral resources for hbs (Decourtye and Mader et al. 2010) “As yet no experimental restoration has evaluated the relative effectiveness of restoring floral and nesting resources. However, a number of studies have suggested that either floral or nest site availability can limit bee reproduction or population size” (Winfree 2010).



1. Do native plant hedgerows increase native bee 
abundance and diversity in homogeneous 
agricultural landscapes?

2. Are hedgerows exporting pollinators to 
adjacent crops or competing with adjacent 
crops (source or concentrator)?

3. How do hedgerows impact pollination function 
and how do costs and benefits compare?

QuestionsQuestions

Presenter
Presentation Notes
Most work on margins and bees- forb mixes and bumble bees in UK.  Shrub/forb perennial mixes- less input after the first few yrs of establishment and possibly more nesting not just foraging resources.  Will focus on Q1,4,5 in this presentation



Site 
selection

• All sites in 
intensively 
farmed region 
of landscape

• Paired design

• All sites > 
1km apart

Control

Control

Control

Control

Mature Hedgerow

Mature Hedgerow

Mature Hedgerow

Mature Hedgerow

Presenter
Presentation Notes
2009 Mature HR sites.  All mature hr paired with a control site > 1km, <3km away.  We collected preliminary data in 2008 and did full data collection in 2009 and 2010.  2010 bees currently are being IDed by robbin thorp.



Control: unmanaged edge

Transects = 350 m

Presenter
Presentation Notes
Typically weedy, relatively unmanaged field edges in our region northern california



Hedgerow SitesHedgerow Sites

4 ‘mature’ hedgerows/yr

• > 10 years

• 4 controls/yr

• Adjacent to Tomato fields

Presenter
Presentation Notes
Comment on diff between ‘objectives’ of mat and new restoration- multiple ecosystem services.  New hedgerows were designed to enhance native bee communities.  Mature hedgerows were originally designed to enhance natural enemy insects- but many of the same plants as used to enhance native bees in the new restorations.  Both are planted primarily with perennial plants that if properly managed in the first 3 yrs should require little in the way of upkeep after plant establishment.  In the mature hedgerows we are monitoring and conducting experiments on both native bees and natural enemy insects.  The economic cost-benefit formulae that I will show you later in the presentation can incorporate benefits from multiple ecosystem services (however we’ll just focus on the potential benefits from enhanced pollination services in this talk). 



SamplingSampling
4 x per season

Community Sampling:

- Pan traps

- Aerial netting

- Visual Observations

Nesting resources 
assessment

Floral assessment

Presenter
Presentation Notes
Mature hedgerows

Each site was visited 4 times per year between April and August. Westphal et al 2008 showed that different sampling methods collect only a portion of the existing bee community, therefore we combined three common methods, pan trapping, aerial netting and visual observations,. We also assessed nesting and floral resources within sites.
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Presenter
Presentation Notes
Ordination and cluster analyses indicate that pan and net sampling off of flowers sampled two distinct communities of bees, more related to each other (within sample method) than to communities sampled at the same sites using the other sample method.  Therefore we report on pan data and net data separately.  



Cluster Analysis: Comparing Sampling Methods

Net

Pan

Presenter
Presentation Notes
Cluster analyses showing net samples grouping with each other and pan samples (green) grouping with each other.  Not a lot of signal separating control from hedgerow communities from pan trapping data- possibly because pans sample more transient species than net samples, whereas net sampling focuses on bees that are actually using the edge resources.
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Q1. Do native plant hedgerows increase native bee abundance and diversity in 
homogeneous agricultural landscapes?

L. incompletum

Presenter
Presentation Notes
Abundance. No sig nif difference in abundance with net or pan trapping.  Black bars indicate number of L. incompletum- ubiquitous species.  With this species removed, there was sig nif greater abundance of bees at hedgerow than control sites.  
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Presentation Notes
Species richness and diversity, using both net and pan trapping was greater at hedgerow than control sites.  Therefore alpha and beta diversity greater at hedgerow sites than control sites- possibly providing greater stability of pollination services.
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Presenter
Presentation Notes
Net samples- bees accessing floral resources in control or hedgerow edges, showed communities of bees were most similar within control samples and hedge communities had greater beta diversity than control samples. The average distance among sites using netted data and Sorensen-Bray distance measure, a measure of Beta diversity, was 0.396 and 0.729 control and hedgerow sites respectively.  



Q2. Are hedgerows exporting pollinators to adjacent crops 
or competing with them?

Presenter
Presentation Notes
How does this translate into pollinators into adjacent fields?  Source vs attractor- collections and experiments into the fields: comparison of abundance between control and hedgerow fields.  Hedgerows could just be concentrating existing pollinators and therefore decrease pollination services to adjacent agricultural lands.  We did visual observations of native bees in edges and into adjacent tomato fields in the mature hedgerow sites and their controls.  
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Presenter
Presentation Notes
2009 Native bees from visual observations.  Similar result from 2008 data.  Suggests that hedgerows are acting as a source of native bees not a concentrator (ie not lower levels of bees in adjacent habitat).  We have found the same pattern for natural enemy insects.



Q3. In progress: Can hedgerows improve 
pollination services in adjacent crops?

Presenter
Presentation Notes
Functional experiment 2010- potted brassica plants in edges and 3 distances into fields.  Some problems with unintended pollination from moving the plants and brushing against each other and timing of stigma receptivity.  We’re conducting experiments this winter in order to refine our protocol for the 2011 season.  Will report on the findings from 2009 experiment anyways to show the type of data we intend to collect and how it will feed into the economic cost-benefit formulae.



Pollination Treatments

Supplemental Ambient (Open) Bagged

Pollen Deficit = Supplemental - Open

Presenter
Presentation Notes
We used brassica rapa ‘phytometers’ as model plant since field tomato is not pollinator dependent.  We moved the plants to the field and did pollination treatments: Supplemental, open, and bagged flowers.  Supplemental-open = pollination deficit.  Compare pd between control and hedgerow and with distance from edge
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Presentation Notes
Visual observations of pollinators on the brassica plants followed a similar pattern to visual observations of native bees in edges and on tomato plants- there were more bees observed in hedgerows than control edges and into fields adjacent to hedgerows than adjacent to control edges.
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Presenter
Presentation Notes
We used canola as our model crop and data from phytometer study

We are calculating differences in pollination deficit between hedgerow and control sites mean proportional weight change (following methods of Morandin and Winston 2006 Ag Ec & Env), PWC, where WSC and WOC are the weights (g) of canola (Brassica rapa; obligate outcrosser) seed from supplementally cross-pollinated and open-pollinated flowers in each control site, respectively, and WSH and WHO are the weights (g) of canola seed from supplementally cross-pollinated and open-pollinated flowers in each hedgerow site, respectively, and nC and nH are the number of control and hedgerow sites, respectively. 



Where Pp is the estimated change in profit ($) per acre with a hedgerow, resulting from altered pollination, Y is the average yield per acre (tons) of fields in our study region, MV is the current market value per ton of the crop.  We have factored in the increase in harvesting cost, or average variable cost (AVC), 



Where BY  is the estimated net economic benefit in dollars per field at Y years from the time of initial hedgerow restoration, Px can be either Pp, the mean profit difference resulting from differential pollination deficit, on a per field basis, between control and hedgerow sites, and/or PPC, the average profit change attributed to having a hedgerow adjacent to the field for pest control, and C is the average cost of establishing and maintaining a 350 m insectary hedgerow for the first three years. 





Profit Increase

PX = Profit increase due to pollination*

Y = Average yield 

PWC = Weight increase from first formula

MV = Market value crop (canola)

AVC = Average variable cost 

(potential cost increase due to greater yield)

*PX : PP or PPC
PP  = Profit associated with pollination services
Ppc = profit increases associated with higher 
levels of pest control

PX  MV  AVC Y PWC

Presenter
Presentation Notes
Profit increase per field based on whether there is a hedgerow present.  Profit increase increases with lower pollination deficit and higher market value of canola (or other pollinator dependent crop).



Hedgerow Control

3.8 % yield 
increase

Example Findings:

Market value * yield = $24,192 
(1.038) = $25,111

Market value * yield = $24,192 

= 13% increase in profit

Presenter
Presentation Notes
From supplemental pollination studies.  Reminder that there were some problems from the study with getting unintended pollination from moving the plants – therefore these values are only for demonstration purposes.  We are doing receptivity studies on B. rapa this winter to try and refine the experiment for 2011.  With that caveat in mind, we found that there was a 3.8% yield increase in hedgerow over control fields in seed weight.  Ave proportional weight deficit per pod (supplemental –open)/open formula.  



    UYCPY xYB 33 

C = Cost of establishment and maintenance for the first three years

U = Annual upkeep after first three years (est. $100/yr)

Y = Current Year

Break-Even Point: 8 years after installation, w/ no cost share BY = $248

Most have been installed under EQIP with 50% cost share (est. $1500)

Add in benefits from natural enemy pest control = shorter break-even

Flexible formula, can accommodate rotation of pollinator dependent and pollinator- 
independent crops                 longer break-even

Net Economic Benefit

Presenter
Presentation Notes
We can calculate benefit from a hedgerow Y years after it has been installed.  We include no profit from yrs 1 to 4 because plants first need to establish before they can provide a resource increase.  

For example, if our numbers were correct from the 2010 pollination experiment, 8 yrs after installation (assuming a canola crop each yr or similarly pollinator dependent crop- these assumptions can be adjusted in the model) 



Presenter
Presentation Notes
We can calculate benefit from a hedgerow Y years after it has been installed.  We include no profit from yrs 1 to 4 because plants first need to establish before they can provide a resource increase.  

For example, if our numbers were correct from the 2010 pollination experiment, 8 yrs after installation (assuming a canola crop each yr or similarly pollinator dependent crop- these assumptions can be adjusted in the model) 



Conclusions
– Pan & Net Sampling Capture Different Portions 

of the Community

– Hedgerows support higher native bee Alpha & 
Beta diversity than Controls

– Hedgerows export rather than concentrate bees

– Increased pollination can result in increased 
yield; hedgerows more than pay for themselves 
within 7-8 years



Major Partners
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