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The Morton Arboretum is located on 
ancestral homelands of the Council 

of Three Fires—Ojibwe, Odawa, and 
Potawatomi—and many other tribes 
that resided on or migrated through 
this land for generations, including 

the Illinois, Miami, Sauk, Fox, 
Kickapoo, and Dakota.  I 

acknowledge and respect the 
traditional caretakers of this land 

and their ways of knowing









“The global botanic garden and arboretum community 
is the single strongest force for plant conservation in 
the world”     -Paul Smith, BGCI

3000 botanic gardens reach >100 million people per 
year. Mission: contribute to science, education, and 
conservation, solving global challenges

The Morton 
Arboretum



The Morton Arboretum

• Educate and inspire... 1 million visitors + 30,000 students / year
• Training, policy work, tree care... in 200+ communities 
• Groundbreaking plant science... evolution, community ecology, 

climate forecasting, soil and root biology, arboriculture 
• Tree breeding... selection, improvement, cultivar release
• Science communication & global conservation action



Provide knowledge and tools for conservation

l  Gene conservation in situ and ex situ
l  Metrics for conservation progress & priorities
l  Connect genetic diversity to conservation policy
l  Plant health and disease

Emma Spence, Bethany Zumwalde, Bailie Munoz, Alissa Brown, Emily Schumacher, Austin 
Koontz, Loren Ladd, Kaylee Rosenberger





We need to safeguard genetic, trait, ecological diversity 
from across species’ native distribution

We have limited time, money, resources, space

Tools for the ex situ community to assess and report on 
our progress

Challenge: conserve options



(1975)





Today’s talk

1. Context: Genetic diversity and the CBD Kunming 
Montreal Global Biodiversity Framework
 

2. Looking back: How have countries reported on 
their genetic diversity to the CBD, in the past?
 

3. Looking forward: Tools to assess genetic diversity
• DNA based studies
• Simulations
• Gap analysis
• Effective size?



The Kunming Montreal Global Biodiversity Framework



The Kunming Montreal Global Biodiversity Framework

• Global treaty among 196 Parties (195 countries 
plus EU, all UN states except Vatican and USA)

• Created in 1992, in force since 1993
• Commits to

• Conservation 
• Sustainable use 
• Fair and equitable sharing of benefits

• Requires periodic reporting on state of biodiversity

• Strategic Plan for Biodiversity 2011-2020, including 
the Aichi Biodiversity Targets. 



The Kunming Montreal Global Biodiversity Framework

Target 4: … to maintain and restore the genetic diversity within and 
between populations of native, wild and domesticated species to maintain 
their adaptive potential, including through in situ and ex situ conservation 
and sustainable management practices…

2050 Vision: a world of living in harmony with nature where… 
biodiversity is valued, conserved, restored and wisely used, maintaining 
ecosystem services, sustaining a healthy planet and delivering 
benefits essential for all people.

Goal A: … genetic diversity within populations of wild and domesticated 
species, is maintained, safeguarding their adaptive potential



Target 4 is our focus today but genetic diversity is
relevant to other Targets

• 1 (spatial planning)
• 2 (effective restoration)
• 3 (30% area in effectively governed Pas, OECMs)
• 6 (invasive species)
• 9 (sustainable use of wild species)
• 10 (sustainable fisheries, forestry, agriculture)
• 11 (ecosystem services)

The Kunming Montreal Global Biodiversity Framework



KM GBF Target 4: … to maintain and restore the genetic 
diversity within and between populations of native, wild and 
domesticated species to maintain their adaptive potential, 
including through in situ and ex situ conservation and 
sustainable management practices…

● to maintain and restore the genetic diversity (do not lose, but 
also perform actions to benefit – connectivity, supplementation)

● within and between populations (inbreeding and speed of 
adaptation, breadth across environments)

● native, wild and domesticated species (all native species)
● maintain adaptive potential (emphasizes changing environment)

The Kunming Montreal Global Biodiversity Framework



KM GBF Target 4: … to maintain and 
restore the genetic diversity within and 
between populations of native, wild and 
domesticated species to maintain their 
adaptive potential, including through in 
situ and ex situ conservation and 
sustainable management practices…

Zero draft Goal A: 
Genetic diversity is 
maintained or enhanced 
on average by 2030, and 
for [90%] of species by 
2050

The Kunming Montreal Global Biodiversity Framework



● Scientific research and consensus (10+ papers)
● Policy briefs and webinars- to NFPs, and with CBD Secretariat

The Kunming Montreal Global Biodiversity Framework





● Submission of comments on the GBF drafts, SBSTTA
● Attendance in person at COP15, discussed with delegates
● Continuing to work with UNEP WCMC, AHTEG

The Kunming Montreal Global Biodiversity Framework



Analysis of 114 National Reports to the CBD



Analysis of 114 National Reports to the CBD

Aichi Target 13

By 2020, the genetic diversity of cultivated 
plants and farmed and domesticated 
animals and of wild relatives, including 
other socio-economically as well as 
culturally valuable species, is maintained, 

and strategies have been developed and 
implemented 

for minimizing genetic erosion and 
safeguarding their genetic diversity.



Analysis of 114 National Reports to the CBD

• National reports are the means of reporting to the CBD; obligated every 4 years

• We assessed the content of National Reports submitted by 57 countries in 2014 
and 2018 – the two most recent cycles of reporting

• Selected countries represent varying income levels, geography, biodiversity, and 
primary language



• We assessed genetic diversity with respect to biodiversity status, 
threats, actions, obstacles, and progress towards targets
 

• Caveat: NRs are summaries; some conservation actions or 
knowledge in a country may not be included due to limited time, 
space, knowledge, capacity or access to data by the report writers

Analysis of 114 National Reports to the CBD



• Countries noted the value of genetic diversity for resilience to 
environmental or climate change, productivity in agriculture/ forestry/ 
fisheries, developing new varieties

• 70% and 79% of countries had a national-level genetic diversity 
target in the 5th and 6th NRs (thus 21-30% lacked such a target)

• 13% of countries reported on strategies for minimizing genetic 
erosion, even though Aichi Target 13 called for such strategies

Analysis of 114 National Reports to the CBD



• Common genetic diversity actions related to seed banks, research 
agencies or breeding programs, and laws or policies (all ex situ)
 

• Genetic studies, genetic monitoring, training were rarely mentioned

Analysis of 114 National Reports to the CBD



• When genetic diversity was mentioned regarding specific species we 
categorized the text as relating to action, threat, status or change

• Neglected species included wild harvested species, species providing 
cultural value or ecosystem services, and horticultural species

Analysis of 114 National Reports to the CBD



We conclude that in reporting to the CBD- the largest and most comprehensive 
instrument for directing biodiversity conservation globally- Parties focused on a 
small set of genetic diversity conservation actions, a biased subset of species, 
and insufficient indicators or genetic monitoring programs. 

• Report on genetic diversity in all species (can focus on subsets)

• Report on genetic studies, genetic knowledge, in situ/ ex situ links, 
local knowledge/ use of genetic diversity

• Improved Glossary for terms relating to genetic diversity; foster 
communication and collaboration across science-policy

• Develop national strategies on genetic diversity

Analysis of 114 National Reports to the CBD



Assessing genetic diversity ex situ



1. DNA based studies
2. Simulations
3. Gap analysis
4. Effective population size

Assessing genetic diversity ex situ



Assessing genetic diversity ex situ



Species Number 
Plants

P. ekmanii 93

P. sargentii 99

Z. decumbens 205

Z. lucayana 244

Q. georgiana 36

Q. oglethorpensis 145

Q. boyntonii 77

H. waimeae 16

H. hannerae 43

M. pyramidata 40

M. asheii 14

11 taxa in 5 genera
Palms, cycads, oaks, 
magnolias, hibiscus 

Assessing genetic diversity ex situ



Species Number 
Plants

Genetic 
Diversity

P. ekmanii 93 0.88

P. sargentii 99 0.95

Z. decumbens 205 0.85

Z. lucayana 244 0.95

Q. georgiana 36 0.73

Q. oglethorpensis 145 0.94

Q. boyntonii 77 0.70

H. waimeae 16 0.40

H. hannerae 43 0.69

M. pyramidata 40 0.80

M. asheii 14 0.79

Assessing genetic diversity ex situ



Species Number 
Plants

Genetic 
Diversity

Gold 
standard

P. ekmanii 93 0.88

P. sargentii 99 0.95

Z. decumbens 205 0.85

Z. lucayana 244 0.95

Q. georgiana 36 0.73

Q. oglethorpensis 145 0.94

Q. boyntonii 77 0.70

H. waimeae 16 0.40

H. hannerae 43 0.69

M. pyramidata 40 0.80

M. asheii 14 0.79

Assessing genetic diversity ex situ



Hoban et al 2020 
Proceedings B, “Taxonomic 
similarity does not..” 

Assessing genetic diversity ex situ



100 to 200 plants?

Hoban et al 2020 
Proceedings B, “Taxonomic 
similarity does not..” 



A multi use tool

• Relatedness- how related (inbred) are 
individuals

• 74% of samples are full siblings

• Redundancy- is each allele or population 
“backed up” (still conserved if one is lost)

• 95% of alleles in 2+ copies; 73% of alleles 
in 10+ copies

• Representation: each location
• Three of four populations have 50+ 

samples ex situ, one population only has 6 
samples all at one garden

Schumacher et al 2024, International 
Journal of Plant Sciences



Assessing genetic diversity ex situ with DNA 

Main message:

• DNA studies can identify how much 
genetic diversity is conserved

• DNA studies can identify other aspects 
relevant to managing and enhancing a 
collection in the future



Improving collections with simulations



Novel approach: Use simulations to 
estimate minimum sample size needed

Improving collections with simulations



150

1501000

30

1. Species 
geographic ranges

2. Modeled 
geographic ranges

30 30

3. Simulated seed 
sampling

4. Evaluate how 
each sampling did

Improving collections with simulations



Improving collections with simulations



Number of individuals resampled
(possible sampling strategies)

Improving collections with simulations





Rosenberger et al 2022, 
Biological Conservation
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Rosenberger et al 2022, 
Biological Conservation
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Most species it is 200 to 450

Minimum size from 125 to >500



l Fraxinus excelsior, European ash
l 2 million ash seed, 60+ sites
l Built a model at large & small scale

Improving collections with simulations



Optimal stopping point estimate
l 30 populations, 30 trees (0.5% improvement)
l Close to a priori advice in sampling manual

Hoban, Kallow, Trivedi 2018, Biological Conservation

Improving collections with simulations





Improving collections with simulations

Where to sample across the 
range? The best strategies 
were:



Improving collections with simulations

Where to sample across the 
range? The best strategies 
were:

• Randomly
• Stratified
• Edge
• Core



Improving collections with simulations
Within a population – how to sample?



36 maternal plants
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Sampling strategies

Within a population - sample widely (randomly or on a grid)

Improving collections with simulations

Hoban and Strand 2015



Main message: Simulations complement 
DNA based studies 

They can provide advice on minimum 
sampling and sampling logistics, both across 
all species and tailored to each species

Improving collections with simulations



Gap analysis of populations and species



Use GIS tools to estimate which 
species and populations are the least 
well conserved

Gap analysis of populations and species



Quick method can be applied to 
many species

1) Compile known wild locations 
(herbaria, etc)

2) Compile known ex situ seed 
source locations

3) Calculate the “coverage” of the 
ex situ seed sources (40%)

Emily Beckman & Murphy Westwood

Gap analysis of populations and species



assessments of in situ conservation of forest trees based on basic 
botanical and ecological data... how well each species is 
represented in protected areas... under certain conditions this 
approach can pinpoint gaps at the level of genetically differentiated 
populations without actually using genetic data.

(2005)

Gap analysis of populations and species



Quercus georgiana- 
Georgia oak 

Ø 29% geographic 
coverage

Ø 41% ecological 
coverage

Beckman et al 2019

Gap analysis of populations and species



Q. austrina

Q. arkansana

Q. inopina

Q. parvula



Can be used to prioritize- 
which species need more? 
(and when are we done?) 

Gap analysis of populations and species



Closing the gaps!  New sites, 
100s of new seedlings   

Gap analysis of populations and species



Range wide collection of 
the desert-adapted oak 
Quercus havardii

l previously present in only 
one botanic garden!

l shared hundreds of seeds 
with nine botanic gardens

Zumwalde et al 2022, Evolutionary 
Applications “Assessing ex situ genetic 
and ecogeographic conservation”



E Beckman et al 2021, BGCI



E Beckman et al 2021, BGCI



l 600 Crop Wild Relatives of the US (cereal, 
fruit, nut, oil, pulse, roots, tubers, vegetables)

l 7000 species globally
 

Khoury et al 2020, 
PNAS

Gap analysis of populations and species





l Overall 3% of species range protected ex situ
l Overall 40% of species range protected in situ

l Conclusion: we have very little of species’ geographic 
ranges protected ex situ
 

Gap analysis of populations and species

Khoury et al 2020, Ecological Indicators



Main message: Gap analyses can 
identify which species have much of 
their ecogeographic range covered, and 
which do not

Gap analysis of populations and species



What about effective population size?



What other tools can we use to quickly assess 
genetic diversity status ex situ?

What about effective population size?



• Proportion of populations with an effective 
population size (Ne) above 500

• Proportion of distinct populations maintained

What about effective population size?



Relevant: “Sufficiently large” to 
prevent genetic erosion/ inbreeding, 
and maintain adaptive capacity

Understandable: Long been used in 
forestry, agriculture, fisheries, 
conservation biology

Ne > 500
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Hoban et al 2020, Laikre et al 2020, Hoban et al 2021, Lakire et al 2021, 
Fady & Bozzano 2021, Frankham 2022

What about effective population size?



Measurable- data available? 

Use 1/10th of census size (Nc)

Or for gene banks, number of 
maternal plants sampled

Ne > 500
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What about effective population size?



l 8 countries: South Africa, Mexico, Sweden, 
Belgium, France, Japan, Australia, Columbia
 

l Diversity of sources (Red List, management 
reports, databases, expert consultations)
 

What about effective population size?

Hoban et al 2023. Monitoring 
status and trends in genetic 
diversity for the Convention on 
Biological Diversity: An ongoing 
assessment… Cons Lett



(Mostly) resolved issues
l  Repeatable methodology
l  Standard data storage 
l  Reflecting uncertainty/ disagreements
l  Allowing even scant information 

How to maintain genetic diversity in situ?

Hoban et al. Too simple, too 
complex, or just right? Advantages, 
challenges & resolutions for 
indicators of genetic diversity 
-ecoevorxiv



Opportunity to assess genetic diversity status of 100s of 
species in a semi-standard way, without genetic data

Can be used for:
l prioritizing species under greatest genetic threat
l quantify progress over time, nationally
l identifying populations for management measures
l connect genetic diversity concerns to the public and 

policy people → increase concern and funding

How to maintain genetic diversity in situ?

Faster and more 
meaningful than 
change in DNA 
summary stats

Hoban et al. Too simple, too 
complex, or just right? Advantages, 
challenges & resolutions for 
indicators of genetic diversity 
-ecoevorxiv



Could we measure effective population size in ex 
situ collections, including gene banks?  

• Essentially, related to number of maternal plants 
sampled

• Botanic Gardens Conservation International 
PlantSearch

How to maintain genetic diversity in situ?



Big question- what diversity do we need?

What amount and type of diversity is 
needed to survive?

Depends on the type of selection pressure 
and the standing variation for selection

Pest/ disease resistance may occur in 1 of 
100 plants, or 1 in a million plants





• Genetic diversity is a big part 
of the CBD Kunming Montreal 
Global Biodiversity Framework
 

• We’ve learned lessons about 
better reporting of genetic 
diversity to the CBD
 

• There are different tools to 
assess genetic diversity, with 
different advantages:

• DNA based studies
•  Simulations
•  Gap analysis
•  Effective size



We can and are: 
quantifying progress, 

producing practical advice, 
guiding prioritization, 

and leveraging diverse data

We envision and are working towards 
well-documented, diverse, 
representative, backed-up 

collections of plant biodiversity

hobanlab.com |      evbio.uchicago.edu

Graduate students: NSF INTERN program

Undergraduate students: REU & RAMP

shoban@mortonarb.org


