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The Role of Biodiversity In
Organic Farm Systems
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Biodiversity and Organic Farming —

O &
USDA National Organic Program Standard 205.2

A production system that ..... promote(s) ecological balance,
and conserve(s) biodiversity.

Compliance with the requirements to conserve biodiversity
requires that a producer incorporate practices in his or her

organic system plan that are beneficial to biodiversity on his or
her operation

Over 125 comparisons to conventional
farming systems




Outline for today

O

Define and measure biodiversity
How organic farming benefits biodiversity
How organic farming benefits from biodiversity

Ecological scales Institutional scales

global international

blome national
Iandscape @ Human-ecosystem state/provincial @
interactions @

ecosystem municipal
@ plot @ family g
plant individual

Fig. 2. Selected ecological and institutional scales (adapted from Leemans, 2000).




What is biodiversity?




What is biodiversity?
Biodiversity is the sum total

of all biotic variation from the
level of genes to ecosystems. Genetic diversity in a rabbit population

N N N | W o N
Genetic Diversity @j@%}@@

Species Diversity
Ecosystem Diversity

Species diversity in a prairie ecosystem

Endemism, species turnover,
rarity, functional diversity,
ecosystem resilience, trophic
Interactions, ecological
redundancy.....

ESSENTIALS OF CONSERVATION BIOLOGY, Fourth Edition, Figure 2.1 © 2006 Sinau
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Presentation Notes
Is the term not suitable?
http://conservationbytes.com/2010/12/17/biowealth/

Get eternal life slide????


Associated Biodiversity

Birds

Insects

Weeds

Soil Biota
Riparian areas
Natural areas

Biodiversity classification in farm systems

Planned Biodiversity

Crops
Livestock
Cover Crops
Windbreaks @&
Grass Margins
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Not just a loss of something, also losing ecosystem services



Genetic Diversity

(= T
I
O Food
= Water
B Raw materials
o _| B Genetic resources
= O Medicinal resources
8 B Ormamental resources
=
*
0 & 7
=
4]
=
&> -
= &
the sterile banana r”
By Frad Paarce

S Costanza et al. 2010




Species Diversity
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It Is about more then just birds!

“IT ISN'T JUST ABOUT THE LOVE OF
BIRDS AND BUTTERFLIES; IT’S

ABOUT OUR SURVIVAL™
IUCN DIRECTOR GENERAL




Why Is Biodiversity Important?

O

Human
Landscapes

Planned
Biodiversity

Creates conditions Ecosystem services
that promote

N _ " Average value of
Associated o
y. $145 trillion/yr
*Nicholls and Altieri 2004

*Costanza et al 2014




Ecosystem Services
Costanza et al 1997, MA 2005

O

4 Food production ¥ Nutrient cycling
¥ Climate regulation J Waste treatment
‘Gas regulation ‘Raw materials
Disturbance regulation ‘Genetic resources
Water regulation ‘Recreation
"'Water supply ‘Cultural
Erosion control Pollination
:Soil formation :Biological control




Ecosystem Services and Dis-services

supporting services:
S0l steacture and fersiling
Nutrient cveling

- Weter provision

-Crenetic bindiversity

Regulating services:

-Senil refention

-Holfimation

-Mhung hurial

-Maturet control of plant pesis
-Fonad sowerces & habitat for
teneficial insects

-Warer purification
Atmaspieric regalaiion

Ecosystem dis-services:
-Pest damaye

-Campetition for water from
ey ecosvitenms
~Comperiton for pollination

To

O

From

Agricultural
ccosystems

Provisioning services:
Jood, fiber, and fuel
prodiction

MNon-marketed services:
-Werer suppnly

-5l conservation
Climate change mitigalion
-Aestheric landscapes

-Wilalife habira

Ecosystem dis-services:

-Halarar foxs

-Nutrient runeaff

-Pesticide poisoming of
non-target species




Organic farming and ecosystem services?

O

Biodiversity effects on pest control

Organic JA"~3 Conventional

P Increased arthropod diversity
L 2?
e 4 P Higher diversity of natural enemies
Yy ’ﬂ Improved natural pest control
9’?
w Comparable pest abundance

L 29

\\-‘_\.-

b Comparable pest damage levels
! 27? y
L ' Comparable crop yields

Figure 4. Step-by-step procedure required to link an increase in biodiversity with
the effectiveness of pest control as an ecosystem service for organic and conven-
tional growers.




Relationship between services

Yield gap
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How do we measure
biodiversity




How Is biodiversity measured?

Richness
Abundance
Evenness
Diversity Indices




How Is biodiversity measured?

O

Sample A Sample B




Loss of Biodiversity




Changes In biodiversity

Extinctions per thousand species per millennium

100 000 1 . PLANETARY BOUNDARIES

Distant past Recent past
(fossil record) | (known extinctions)

Projected future
extinction rate is
more than ten times
higher than currentrate|

10 000 4

1000 -

g
I

For every thousand
mammal species, less
10 1 thanone went extinct
every millennium

. &
|

0.1 1

Current extinction rate
is up to one thousand|
times higher than the
fossil record

Long-term average
extinction rate

A

Marine Mammals  Mammals Birds Amphibians All species 88Uy ajewi\D

species

Boundaries for processes in red have been crossed. Data sources: ref. 10 and supplementary information

Source: Millennium Ecosystem Assessment
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While exttinction is a natural process, the rate of loss is greater now than what is observed in the fossil record and only expected to increase.

Moreover, the current rate is well past the boundary the plant can sustain. In fact the rate of extinction could be of greater concern the climate change


http://www.nature.com/nature/journal/v461/n7263/fig_tab/461472a_F1.html



Loss of crop richness

m Hay

m Sorghum
= Soybean

B Beans

m Oats

W Sugarbeets
m Corn

M Barley




Global Land Cover

Legend Anthromes (v2), Ellis et al. 2010

- Range and Cropland
|:] Seminatural and Wild
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Indeed when Erle Ellis et al. classifed the anthomes we see the extent of these lands


“Why should conservationists have a positive
interest in, for example, farming? There are many
reasons, but the plainest 1s: Conservationists
eat.”’

Wendell Berry



Presenter
Presentation Notes

http://writersalmanac.publicradio.org/
Wendell Berry, turned 80 August  5th. 
Writer, teacher, farmer, activist, 
said this about moving back to Kentucky where generations of his family had farmed, 
"My education had implied, over and again, that you couldn't amount to anything in a place like this. I grieved over that. I liked the work of the farms. I liked this country, this place. But, at Stanford, I thought I was at the commencement of some kind of an academic vagabondage that would carry me I didn't know where."
The Man Born to Farming
FARMING: A HAND BOOK (1970):
The grower of trees, the gardener, the man born to farming, whose hands reach into the ground and sprout, to him the soil is a divine drug. He enters into death yearly, and comes back rejoicing. He has seen the light lie down in the dung heap, and rise again in the corn. His thought passes along the row ends like a mole. What miraculous seed has he swallowed that the unending sentence of his love flows out of his mouth like a vine clinging in the sunlight, and like water�descending into the dark?



Conservation theory -
Maintain biodiversity and food production

O

Natural Extensive Shifting Permanent Intensive Degraded
habitats use cultivation croplands croplands lands

Biodiversity value _—

“¥ield”, or direct use value

Phalan et al, 2011
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Each ASTER scene covers an area of 10.5 by 12 kilometers.
http://visibleearth.nasa.gov/view_rec.php?id=17562


Biodiversity and Yield Tradeoffs
Z -
T | o=
S |\ | Species better suited to
= , Land Sharing
= \
>
5
2 s
1 TTeeal L
- Yield
Phalan et al, 2011




Linking Question

O

[s organic farming better identified as Land Sparing
or Land Sharing (Wildlife-friendly)?




How does organic farming
benefit biodiversity




Greater richness and abundance on organic farms
| |Organic
0 | -Nln-:rgnnrganic
= 40
S 30 p=0.015 F=E:cm5
32 ]
D10 |p= 0030 |
0l | .___ h_l_
- 2: 2= 0.045 ,;ir_= 0.006
LS sl
7 1.5 . |
gl | |
E‘-G_S |p q.m [ |
9- Grangre Insecnvnri_'ﬂlnmwum o N




key

ign in

Study Des




Greater richness of plants and pollinators

O

35 1 O Edge
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Farming system

Figure 2. Species richness of (a) vascular plants and (b)
pollinators in conventional and organic triticale field edges
and centres (mean * se). C/O: conventional/organic fields, E/C:
edge/centre in field, Int: Interaction term. **** p=0.0001, ** p=<0.01, ns
p>0.1. Statistics see Table 3.

doi:10.1371/journal.pone.0019502.g002
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E 5 - * p=0.001, ** p=0.01, * p=0.05, ns p=-0.1. Statistics see Table 3.
a %:10.1371/journal.pone.0019502.g003
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Greater fungal richness

O

Natural Potato Maize
10+ . _
'|' * * *
Lo [T _
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July ‘07 July ‘07 July ‘07 Sept‘07  July ‘08 Sept ‘08

Fig. 1 Mean arbuscular mycorrhizal fungal (AMF) richness + SE in grasslands (natural) and in organic (grey bars) and conventional (black bars)
potato and maize fields sampled at various sampling dates (July ‘07, July' 08, Sept. ‘07 and Sept. '08). The significance (P < 0.05) of pair-wise
comparisons of organic vs conventional treatments is indicated by an asterisk. July 2007: maize (n = 16; t = 0.703; P = 0.501); potato

(n =10;t = 1.986; P = 0.082); September 2007: maize (n = 16;t = 2.353; P = 0.034); July 2008 (n = 10; t = 2.722; P = 0.026); September
2008 (n = 10; t = 2.595; P = 0.032). AMF richness is assessed as the number of forward and reverse terminal restriction fragments (T-RFs)

divided hv twa




Greater arthropod evenness

O

2 BALANCING SPECIES-RICH COMMUNITIES

A

Conventional farming Organic farming

—
=

oo

In(abundance)

Arthropod species - Arthropod species

Crowder et al. 2004




Increased biodiversity In organic systems
O

NoO

Positive Negative Difference
Birds 10 0] 4
Mammals 3 0 0]
Butterflies 4 0] 3
Spiders 8 0 3
Earthworms 8 0] 6
Beetles 16 2 5
Arthropods 10 5 4
Plants 23 1 3
Soil microbes 18 1 11
Total 100 9 39




Greater richness across organisms
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Greater richness across functional groups
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Greater richness across cover types
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Questions?




Measuring biodiversity across space and time

O

Time (yr)

3
10
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http://www.sciencedirect.com/science/article/pii/S016788090300152X

http://pubs.rsc.org/en/content/articlelanding/2010/em/c0em00234h#!divAbstract


Within organic

10
- EAKI 16 3.0
- EAKI
9
—EATO |
14 —EAPW 7

S M
Estimated Abundance
BEVI, NOFL

Expected Abundance
(421
Estimated Abundance
EAKI EATO, EAPW FISP, GCFL, OROR
=]

4

6
3

4
2

2
1
0 0

0.0 0.4 0.8 1.2 1.6
0 20 40 60 80 100 Local Diversity (Shannon Index) 100m

Percent grass cover 100m

Shrubland birds
.~ Quinnetal.2014



Presenter
Presentation Notes
For shrubland birds, there are more local opportunities. Eastern Kingbirds and Orchard Oriorles were more abunant at points associatd with grass buffers. Eight speceis were more abundant in heterogeneous points. This heterogeneity can be driven by small fields, field edges, and patchs of non-crop habitat. 


The landscape context of organic farms




Response to organic farm practice vary by scale
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Given the measured benefit, our more recent work has focused on how organic farmers can optimize their contribution to biodiversity conservation. In particular we looked at micro, local, and landscape scale effects (or field, farm, landscape). For many species there are conservation opportunities at a local scale. For example, the Grasshopper Sparrow was more abundant at sites on farms with local grassland patches while dickissels were more abundant at patches of alfalfa. However, for other species, the larger landscape around the farm may be more important. Western Meadowlark and Ring-neck pheasant abundance were not influenced by local (i.e. farm management) rather it was the landscape around a farm out to 5000m. This suggest that for meadowlarks and pheasant larger cross-property efforts may be necessary.


A greater effect In more simple landscapes

Effect size (log response ratio)

04 06 0-8 1-0
Proportion of landscape covered by arable field

Tuck et al. 2014




Reduced richness in more simple landscapes
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Fig. 1. Plant species richness and breeding bird species richness model
estimates and residuals plotted against landscape complexity (per-
centage of arable crops in a buffer zone with 1000-m radius). Organic
fields: open circles and dotted line. Conventional fields: filled circles

and solid lne Wingvist et al. 2011




Other measures of conservation success
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Presentation Notes
For shrubland birds, there are more local opportunities. Eastern Kingbirds and Orchard Oriorles were more abunant at points associatd with grass buffers. Eight speceis were more abundant in heterogeneous points. This heterogeneity can be driven by small fields, field edges, and patchs of non-crop habitat. 


Bell's Vireo Conservation — Breeding Success

O

Number of nests Percent nest success
2012 & 2013 2012 & 2013

Conventional  Organic Protected Farmland  Protected Total




Bell’s Vireo nesting success

O

Fig. 7. Bell's Vireo DSR as a funtion of %Soybean Fig 8. Bell's Vireo DSR as a funtion of %Mowed Linear Grass
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Like the american robin, Bell’s vireo nest success was also greater at sites with soybean. Nest success was also greater when nests were adjacent to mowed grass strips.


Fig 9. Bell's Vireo DSR as a funtion of %Alfalfa
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Fig 10. Bell's Vireo DSR as a funtion of %Road
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Nest success was lower at sites adjacent to alfalfa fields and roadways


DSR
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The organic matrix and DSR

O

American Robin DSR as a funtion of %Wheat American Robin DSR as a funtion of %Soybean
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Estimated Daily Survival Rate (DSR) for American Robins as
a function of percent wheat and percent soybean within 50
meters of the nest.
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Within organic systems American Robin nesting success is greater when nests are found in embedded in soybean fields then other land use types, including pasture or grassland. Nest success was lower when the nests were adjacent to wheat fields.


Going Forward

FURTHER RESEARCH AND PRACTICE




Patch-Matrix interactions

Urban matrix

Grassland

patch

Farmland £ ¢
| matrix

Less suitable
matrix

Mare suitable
matrix

US DA National

—— Agroforestry
_ Center
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http://nac.unl.edu/buffers/guidelines/2_biodiversity/1.html


Scale Is Important




Linking local and landscape

Perspective. Conservation and farming A. Balmford er al. 7

(b)

-1 ".i
SR A I

land sparing across multiple farms

land sharing

Figure 5. Schemaric summarizing what some ‘biodiversity-friendly’ certification schemes currently endorse (a) compared with
landscapes that involve land sparing within large farms (&) or across a group of farms (¢). In each landscape, the same total area
(denoted by the green shapes) is given over to wild nature, but recent evidence suggests that its value for other species and for
ecosystem services might increase from left to right, raising the question of whether certfication could be realigned towards
incentivizing high-yield farmers to collectively set aside adjacent areas of land for conservation. Developed from ideas in
Edwards er al. [92] and Komar [97].




Organic farming can complement protected areas

O

Organic farming around
protected areas

7~ Undisturbed (ﬁiﬁ, o

'\, core area

ESSENTIALS OF CONSERVATION BIOLOGY, Fourth Edition, Figure 17.12 © 2006 Sinauer Associates, Inc.




Organic farming and ecosystem services?

O

Biodiversity effects on pest control

Organic JA"~3 Conventional

P Increased arthropod diversity
L 2?
e 4 P Higher diversity of natural enemies
Yy ’ﬂ Improved natural pest control
9’?
w Comparable pest abundance

L 29

\\-‘_\.-

b Comparable pest damage levels
! 27? y
L ' Comparable crop yields

Figure 4. Step-by-step procedure required to link an increase in biodiversity with
the effectiveness of pest control as an ecosystem service for organic and conven-
tional growers.




Organic farming and ecosystem services
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Herbivores Parasitoids Predators
Functional group

Figure 2. Species richness (determined as morphospecies counts of arthropods
in vacuum samples) of herbivores (ANOVA, F, | = 18.3, P = 0.0006) and
parasitoids (ANOVA, F, | = 6.12, P = 0.0249) was significantly greater on
organic than conventional farms, whereas predator richness among
management types was more similar (ANOVA, F, |, = 3.25, P = 0.0903,
each analysis using as the error term farm nested in type of management
practice: organic or conventional). * = < 0.05, ** = < 0.001, ns = not
significantly different.

70
ns
l 70 Gonventional
60 - s Organic
50 -

Mean percent crop damage

ns
ns ns
40 -
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20 -
10 - e f_i
0 ‘A
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LT LFBS LFM LFCH FSU FCH
Pest category

Figure 3. Neither damage to tomato foliage by thrips (LT), flea beetles
(LFB), leafminers (LFM), or chewing insects (LFCH), nor fruit damage by
sucking insects (FSU) and chewing insects (FCH), was significantly different
on organic versus conventional tomato crops (ANOVAs, F, | -values < 1.4,
P-values > 0.2, with error term farm nested in type of management practice:
organic or conventional) . NS = not significantly different.




Organic farming and ecosystem services?

O

Organic farming, landscape, and biodiversity Wingvist et al.

Table 2. Results from recent studies on the effect of organic farming, landscape complexity, and their interaction on
the ecosystem services in the arable landscape. For information regarding the definition of landscape in each study,
see the main text

Ecosystem service Organic Landscape Interaction References
Biological control (b) ns * 0.057 Wingvist et al.’
Pollination (a) ns ns 0.054 Brittain et al.'®
Seed predation * ns ns Diekotter et al.”
Seed removal ns ns Kok Fischer et al.”
Litter decomposition ns ns ns Diekétter et al.”

P < 0.1 (ns), P<0.05(*), P <0.01 (*), P <0.001 (**).
“Additional effects were significant in the model: seed species (***) and predator exclusion (***), (a) = abundance of
visits, (b) = removal of aphids from plastic labels placed in the field for 24 h.




Diversified farming and ecosystem services

Improved soil quality
Carbon sequestration
Water-holding capacity
Energy Use

Climate resilience
Control of weeds & pests*
Pollination*




Managing tradeoffs
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Visualizations can help communicate complex ideas and can help participants to better understand alternatives.  


The End

O

“My sorrow In having been for so long on two
losing sides (conservation and agrarian) has been
compounded by knowing that those two sides have

been in conflict with each other.”
Wendell Berry, Conservationist and Agrarian

T
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"

-- Questions --







Farm Assessment —
Missing Biodiversity and Eco Serv

Lane StewarpsHip Projeer

) | Home | ABOUT US| JOIN Us | CONTACT US| CALENDAR | RESOURCES | SEARCH |
Soil & Water )
Assessment Tool A Guide to the Art and Science of

On-Farm Monitoring

The Monitoring 7Tool Box

(8

Fieldprint

Calculator Land Use Soil Loss Irrigation Energy Use Climate Impact Summary

A SYSTEM FOR MEASURING
SUSTAINABLE PERFORMANCE
THROUGHOUT THE SPECIALTY

CROP SUPPLY CHAIN.
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There are tools for farm assesment. The SWAT is a frequently used tool and the M

However they lack biodiveristy measures

http://www.fieldtomarket.org/tool.php
http://www.fieldtomarket.org/tool.php

Health Farm Index

O

A farm scale monitoring tool

Biodiversity
© What should farms maintain
o Agriculture for Biodiversity

Ecosystem services

o What processes should farms provide
o Biodiversity for Agriculture




Individual Indicator Evaluation

Biodiversity State (88) @

Planned Vegetation
Richness (Crops, Cover
Crops, Pasture)

% Rare Landscape Livestock Species
Elements Richness

Number of Landscape

Elements Avian Indicator Species

Avian Conservation Score Native Species Ratio ECOSyStem Se rViCGS (91)

Crop Yield

Satisfaction with

atisfaction with Profit
Management

Microclimate Regulation Market Opprotunities

Continious Living Cover abitat Abundance

Soil Conservati cent of waterways
Structures buffered/sheltered




Natural vs Agroecosystems

O

Important structural and functional differences between natural
ecosystems and agroecosystems (Gliessman 2000)

Natural Ecosystems  Agroecosystems

Net Productivity
Trophic interactions
Species Diversity
Genetic Diversity
Nutrient cycles
Stability (resilience)
Human control
Temporal permanence
Habitat heterogeneity




Natural vs Agroecosystems

O

Important structural and functional differences between natural
ecosystems and agroecosystems (Gliessman 2000)

Natural Ecosystems  Agroecosystems

Net Productivity Medium High

Trophic interactions Complex Simple, linear
Species Diversity High Low

Genetic Diversity High Low

Nutrient cycles Closed Open
Stability (resilience) High Low

Human control Independent Dependent
Temporal permanence Long Short
Habitat heterogeneity Complex Simple
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