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A ‘bad thing for biodiversity’
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Convention for Biological Diversity (CBD), 1992 —
emphasis on management for biodiversity as well as for commercial productivity

Sustainable Forest Management

Maintenance and appropriate enhancement of forest resources and
their contribution to global carbon cycles

Maintenance of forest ecosystems’ health and vitality

Maintenance and encouragement of productive functions of forests
(wood and non-wood)

Maintenance, conservation and appropriate enhancement of
biological diversity in forest ecosystems

Maintenance, conservation and appropriate enhancement of
protective functions in forest management (notably soil and water)

Maintenance of other socio-economic functions and conditions.

Key response variable — but measurement is a problem!
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Sustainable Forest Management

Maintenance, conservation and appropriate enhancement of
biological diversity in forest ecosystems

Key response variable — but measurement is a problem!




How can plantation forests be best managed for biodiversity?

Policy in Europe has been guided mostly by intuition

Make plantations More (native) tree
resemble native forest species diversity

More structural More
complexity deadwood




Setting the agenda

“a major scientific thrust will be needed to transform ideas on
managing forests for biodiversity into practical, effective tools. The
key components of this thrust will be careful natural history,

controlled and replicated field experiment, and intensive
monitoring”.

Simberloff (1999)

Key response variable — but measurement is a problem!




How can plantation forests be best managed for biodiversity?

Need biodiversity data
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METABARCODING

Powerful tool for informing management and policy decisions




DNA Barcoding

Established since 2003

Mitochondrial
Genome
(animals)

YN Cytochrome
Oxidase | gene (COI)
658bp

Same within species but differs between species




DNA Barcoding

mosquito-COI:
CGCGACAATGATTATTTTCAACTAACCATAAGGATATTGGAACATTATATTTT
ATTTTTGGAGCTTGAGCAGGAATAGTAGGAACTTCTCTAAGTATTTTAATTCG
AGCAGAATTAGGACACCCTGGAGCCTTTATTGGTGATGATCAAATTTATAATG
TTATTGTAACAGCTCATGCTTTTATTATAATTTTTTTTATAGTTATACCTATT
ATAATTGGAGGATTTGGAAATTGACTAGTCCCTCTAATACTAGGGGCCCCAGA
TATGGCTTTCCCTCGAATAAATAATATAAGATTTTGAATATTACCCCCCTCTT
TAACTCTTCTAATTTCTAGAAGTATAGTAGAAAATGGAGCTGGAACAGGGTGA
ACTGTATATCCTCCTCTATCCTCAGGAATTGCTCATGCAGGAGCTTCAGTAGA
TTTAGCTATTTTTTCATTACATTTAGCAGGAATTTCTTCAATTTTAGGAGCAG
TTAATTTTATTACAACAGTTATTAATATACGAGCACCAGGAATTACTCTTGAC
CGAATACCGTTATTCGTTTGATCTGTAGTAATTACAGCAGTATTATTATTACT
TTCTTTACCAGTATTAGCTGGAGCTATTACTATACTTTTAACAGATCGAAACT
TAAATACATCATTC




DNA Barcoding

SYSTEMS  Databases | Taxonomy | Identification | Workk

Advancing species identification and discovery by
providing an integrated environment for the assembly
and application of DNA barcodes.

PCR amplify
barcode region

SWALLOWTAIL BUTTERFLY




DNA Barcoding
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Separate sequencing reaction for each specimen




Metabarcoding

SYSTEMS  Databases | Taxonomy | Identification | Workk

ification and discovery by
environment for the assembly

He clusters for animals 202,779
1,772,072
1,576,039

PCR amplify
barcode region

SWALLOWTAIL BUTTERFLY
CARABID BEETLE 1
CARABID BEETLE 2

Next generation sequencers can sequence many taxa in parallel




Metabarcoding

You can sequence many
soups in a single run

Carabus sp.
Mosquito 345 426 33 0 2

Lasius niger 25 100 2 5




Testing using artificial communities Metabarcoding
of known composition

Methods in Ecology and Evolution

Methods in Ecology and Evolution doi: 10.1111/5.2041-210X.2012.00198.x

Biodiversity soup: metabarcoding of arthropods for
rapid biodiversity assessment and biomonitoring

Douglas W. Yu'?*, Yingiu Ji't, Brent C. Emerson?t, Xiaoyang Wang', Chengxi Ye',
Chunyan Yang' and Zhaoli Ding®

Species richness

115
11

s

° y =0.7055x - 0.0966

R*=0.7613, p=0.010

Sanger PD

12 125 13 135 14 145 15 155 16 165 17
454 Phylogenetic Diversity

Some drop-out of taxa
but ecological patterns
very well recovered

Species turnover

FC1 (42%)




Testing against gold-standard Metabarcoding

conventional biodiversity
assessments

Yingiu Ji,"* Louise Ashton, Scott

el = COLOGY. LETTERS

Kitching,” Paul M. Dolman,” Paul  Frology Letters, (2013) doi: 10.1111/ele.12162
Woodcock,? Felicity A. Edwards,®
Trond H. Larsen," Wayne W.

H " Suzan B'Emdltk|1z Kflth C . . . " " = . . -
Hamer? David 5. Wilcove A® Reliable, verifiable and efficient monitoring of biodiversity via

Catharine Bruce, " Xiaoyang metabarcoding
Wang,' Taal Levi,"*"® Martin

Lott, "™ Brent €. Emerson'” and
Douglas W, Yu''?*

e Accurately recovers ecological patterns
 led to the same management decisions
* Fraction of the time and cost




Arthropod biodiversity in UK plantation forests
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Forest Research

The Research agency of the Forestry Commission
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Forest Research

The Research agency of the Forestry Commission

Thetford Forest, UK

Sampled flying arthropods from 15 forest stands

5 x pure oak crops Stands

approximately
1-4 ha

4 x pure Scots pine crops

Understory
allowed to

6 x mixed oak and Scots pine crops regenerate

Suggested by
INTUITION!!




Thetford Forest, UK
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Forest Research

The Research agency of the Forestry Commission

Brandon

| hettord
L

® Oak

® Pine
® Mixed

Malaise traps placed at plot centres

%

8 weeks of trapping — samples collected

each week




Metabarcoding

SYSTEMS  Databases | Taxonomy | Identification | Workk

ification and discovery by
environment for the assembly

He clusters for animals 202,779
1,772,072
1,576,039

PCR amplify
barcode region

x1 SWALLOWTAIL BUTTERFLY
CARABID BEETLE 1
CARABID BEETLE 2

Next generation sequencers can sequence many taxa in parallel
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Forest Research
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< 2 months after sampling

1128 arthropod species detected

> 60% are Diptera

Lower prevalence of Hymenoptera, Hemiptera, Lepidoptera,
Coleoptera, Arachnida, and others
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Questions Forest Research

The Research agency of the Forestry Commission

Are mixed crop stands better for biodiversity
than single crop stands?
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Questions Forest Research

The Research agency of the Forestry Commission

Do structural indicators predict diversity?
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Questions Forest Research

The Research agency of the Forestry Commission

What management strategy will maximise
biodiversity across the whole landscape?
(gamma diversity)




estimated total species richness

Results Q*

Forest Research

The Research agency of the Forestry Commission

Result 1: Mixed stands are not more species rich than Oak stands

Mix vs. Oak: p=0.076
Mix vs. Pine: p=0.001
Oak vs. Pine: p=0.041
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NMDS2
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Results — Beta diversity
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NMDS2
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Results — Beta diversity

Result 2: Communities change over time
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Time




NMDS2
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Results — Beta diversity

The horizontal axis sorts samples by site
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Important for
regional
biodiversity
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Results

Species turnover strongly affected by dominance of conifers
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mvabund:
P =0.006
LR = 3163
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Results - Indicators c*

Forest Research

The Research agency of the Foresiry Commission

NMDS2

-0.4 -0.2 0.0 0.2 0.4

-0.6

Molecular ID
Malaise traps All arthropods
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NMDS2
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Results - Indicators C‘

Molecular ID
Malaise traps All arthropods Indicators & Simpson’s diversity

Forest Research

The Research agency of the Forestry Commission

%Pine, understory density
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Need to maximise variation in
these variables
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“Management for diversity calls for diversity of management”

Lindenmayer, Franklin, and Fischer, 2006

i.e. Don’t do the same thing everywhere
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“Management for diversity calls for diversity of management”

Lindenmayer, Franklin, and Fischer, 2006

i.e. Don’t do the same thing everywhere

; ‘lf "Pl?ﬂ 44 I AW %5 45 ﬂf:é:ﬁ

KUNMING INSTITUTE OF ZOOLOGY .CAS

[ +& “ MNATURAL
E Forest Research ENVIRONMENT

University of East Anglia The Research agency of the Forestry Commission RESEARCH COUNCIL




NMDS2

0.6

0.0 0.2 0.4

-0.2

-0.4

Results — Beta diversity

]
\\!’\
\\Ifl

I
~ 0ak 7}

il
\ﬁ%

[
i

-0.6 -0.4 -0.2 0.0 0.2 0.4

NMDS1

0.6

Forest Research

The Research agency of the Forestry Commission




