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THE MORTON ARBORETUM is an internationally recognized outdoor tree museum and tree research center located in Lisle, llinois. As
the champion of trees, the Arboretum is committed to scientifically informed action, both locally and globally, and encouraging the planting and
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partners in conservation projects. The Center for Tree Science seeks to create the scientific knowledge and technical expertise necessary to
sustain trees, in all their diversity, in built environments, natural landscapes, and living collections. The Arboretum also hosts and coordinates
ArbNet, the interactive, collaborative, international community of arboreta and tree-focused professionals.
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established in 1987 and is a registered charity with offices in the UK,
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EXECUTIVE
SUMMARY

Oaks are critical to the health and function of forest and shrubland
habitats in the United States, but many native oaks are threatened with
extinction in the wild. Ongoing conservation efforts exist for some
species, but with growing threats and limited resources and time,
prioritization and coordination of conservation actions is critical. To
facilitate these efforts, we conducted a comprehensive survey of both
the achievements and most urgent needs for in situ (on-site) and ex
situ (off-site) conservation of priority at-risk oak species in the U.S.

Of the 91 native U.S. oaks, we identified 28 species of conservation
concern based on extinction risk, vulnerability to climate change, and
representation in ex situ collections. For each of these 28 species we
completed an in-depth analysis of native distribution and ecology,
status of wild populations, threats, geographic and ecological coverage
of ex situ collections, and current conservation actions. This report
presents a summary of these results for native oaks across the U.S.,
examining patterns in threats and conservation efforts for the most at-
risk species. We also provide detailed summaries of findings (species
profiles) for each of the 28 species of concern, which include clear
recommendations for the most urgently needed conservation activities.

The 28 species of conservation concern are concentrated in a few
regional hotspots, such as coastal southern California (including the
Channel Islands), southwestern Texas, and the southeastern U.S.
(Florida, southern Alabama, coastal Georgia and South Carolina).
About half of the species of concern are trees and the other half are
shrubs. Climate change is the most common threat among all species
of concern, with over 80% of the species impacted or predicted to be
impacted by shifting climate. Human modification of natural systems
(e.g., disturbance regime modification, pollution) and human use of the
landscape (e.g., development, mining, roads) are the next most
common threats, each affecting 75% of the species.

To form a clear picture of current efforts to protect at-risk oaks, we
conducted a conservation action questionnaire. A total of 331
individuals from 255 organizations submitted responses to the
questionnaire, representing a range of sectors including private
companies, NGOs, governing bodies (city, county, state, national), and
universities. Respondents most commonly reported conservation
actions for species of concern with lower vulnerability, and for species
with native distributions in the southeastern U.S. The conservation
actions most frequently reported included population surveys (40
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institutions, 24 species), propagating germplasm (34, 25), and
collecting wild germplasm (26, 26), while the actions least commonly
reported were conservation genetics research (12, 17) and
reintroduction and/or translocation (11, 12).

We also conducted an ex situ collections survey for all native U.S.
oak species. A total of 162 institutions from 26 countries submitted
accessions data in response. The 91 native U.S. oak species are
collectively represented by more than 30,000 plants living in ex situ
collections globally, though there is a wide range in the number of
ex situ plants per species. The majority of plants in ex situ collections
are of unknown or horticultural origin. Only 44% of plants are
documented as wild origin, and approximately 7% of these have no
locality information. While some oak species of conservation concern
have been the focus of extensive collecting efforts, many are poorly
represented in ex situ collections. Nine species of conservation
concern are represented by fewer than 15 plants in ex situ
collections and four species of concern aren't held in any collections
in North America. We estimate that 20 of the 28 species of concern
have less than 50% of their native U.S. geographic range
represented in ex situ collections, and 13 species have less than
50% of their ecological diversity represented. For each species of
conservation concern, we provide maps that inform future collecting
efforts by identifying populations that are geographically and/or
ecologically underrepresented in ex situ collections.

It is clear that botanic gardens and arboreta, government agencies at
all levels, universities, and conservation organizations are doing
important work to advance the conservation of U.S. oaks at risk of
extinction. Collaboration and coordination across institutions and
sectors is critical for effective species conservation, as no one institution
can do all activities for all species. Cross-sector collaborative efforts to
protect at-risk oak species have proven to deliver results. Despite the
many challenges—such as clear communication of activities and
efficient data sharing—these multi-disciplinary partnerships have the
most promise for future conservation impact. This gap analysis of U.S.
oaks is designed to eliminate some of these challenges and facilitate
the sharing of information and development of partnerships. By
providing actionable recommendations and a list of stakeholders
currently engaged in conservation efforts for the 28 oak species of
conservation concern, we hope this report will catalyze efforts to
preserve our native oaks for generations to come.
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Oaks play a critical role both ecologically and economically in North
America, with more than 200 oak species known across Canada,
Mexico, and the United States. Wide diversity in leaf morphology,
habit, and climatic adaptations allow oaks to exist in most major
terrestrial habitats of North America. These keystone species
provide critical food and habitat for animals, and sustain essential
ecosystem services, including carbon storage, erosion and flood
control, and air quality maintenance. Oaks are also valuable sources
of timber, livestock feed, tannins, and other products.

In the United States, there are 91 native oak species, 16 of which
are listed by the International Union for Conservation of Nature
(IUCN) Red List of Threatened Species (hereafter “lIUCN Red List”)
as globally threatened with extinction. The Red List of US Oaks
(Jerome et al., 2017) identifies the threats to oaks, including habitat
loss, natural systems maodification, land use change, climate
change, and pests and diseases. A conservation gap analysis—a
comprehensive evaluation of conservation needs and successes,
both in situ (on-site, within native habitats) and ex situ (off-site, within
living collections or seed banks)—has never been completed for
oaks. This type of analysis can be used to identify broad
conservation and threat trends across a genus as a whole, in
addition to providing a clear picture of the current state of
conservation for each species. It can also guide efforts among the
conservation community to promote closer coordination, enabling
efficient use of limited resources for conservation action.

There are several conservation challenges associated with oaks that
necessitate conservation gap analysis and coordination of efforts.
Oak acorns are recalcitrant, meaning they are unable to survive the
drying and freezing conditions of a conventional seed bank. They
are therefore dependent on alternative methods of long-term ex situ
preservation including living plant collections and cryogenic tissue
preservation. Because oaks are long lived, slow to reproduce, and
can be huge canopy trees, living collections of high conservation
value must be spread across many institutions working in close
coordination. Oaks also prove to be very difficult to propagate
vegetatively. They do not root easily from cuttings and produce
high levels of tannins, which make tissue culture protocols
difficult to optimize. Lastly, hybridization among oak species
is common, which can make species identification challenging
when collecting seed in the wild. Hybridization can also cause

problems when using ex situ collections to produce acorns of
“true species” amidst a high concentration of many potentially-
interbreeding oak species.

In light of these challenges, we conducted a conservation gap
analysis of native U.S. oak species. Our goal was to better
understand the state of conservation needs and opportunities for
U.S. oaks, and to provide a clear road map forward for the
community of researchers, land managers, and conservationists
working to protect these important trees. By integrating multiple
threat metrics and platforms, we were able to identify potentially
vulnerable species outside those listed as threatened by the IUCN
Red List and NatureServe. This ensures a comprehensive and
proactive conservation strategy for species that are currently
threatened, as well as those that may be at risk in the near future.
For each species of concern, we determined a set of specific
recommendations to guide conservation efforts by characterizing
the following:

¢ Native distribution, including protected area coverage

e Threats to species; past, present, and predicted

e Conservation value of existing ex situ collections in botanic
gardens and arboreta globally

e |nsitu and ex situ conservation activities; past, present, and planned

This analysis utilized a new approach to determine the conservation
value of ex situ collections, and relied on a broad array of input and
participation by the oak conservation community to vet spatial data,
report conservation activities, and aid in the formation of
conservation recommendations. This report includes a genus-wide
summary of results for oaks across the entire U.S., as well as 28
individual species profiles that go into greater detail for each species
of concern. The results are designed to facilitate easy comparison
of circumstances across all of the species of concern, allowing
identification of the activities and species of greatest conservation
urgency. Although this analysis, like any prioritization methodology,
has inherent limitations and biases, our overarching goal is to
provide information that can be useful to botanic garden
staff, conservationists, land managers, private individuals, and
researchers. This report aims to guide scientifically informed and
strategic use of limited time and resources to protect U.S. oaks of
conservation concern.
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U.S. OAK SPECIES RICHNESS

We began by looking broadly at native oaks in the U.S. to assess
national distribution patterns. We combined county level occurrence
data from USDA PLANTS and Biota of North America Program
(BONAP) to determine species richness within each county and
create a heat map based on these values. This provided an estimate
of oak diversity hotspots in the U.S. States gather species
occurrence data in slightly different ways, sometimes resulting in
abrupt changes in apparent species richness across state borders
on the heat map. These differences do not reflect actual species
distribution patterns.

EX SITU COLLECTIONS

In January 2017 we distributed a request to institutions with ex situ
collections to provide their Quercus accessions data including any
associated wild provenance details. Data were accepted through
July 2017. The following collections were targeted for the ex situ
collection survey:

e Arboreta accredited at Level lll or IV through ArbNet

e |nstitutions that reported holding native U.S. oak species to the
BGCI PlantSearch database

e Participants of the Global Survey of Ex situ Oak Collections (BGCI,
2009)

e The Quercus Multisite group of the American Public Gardens
Association Plant Collections Network

The final contact list included over 500 institutions globally, whose
curators and plant record managers were emailed directly. We also
reached a broader audience through a BGCI online news story and
Cultivate newsletter, International Oak Society (IOS) newsletter
article, American Public Gardens Association professional
development community board posts, Plant Conservation Alliance
(PCA) Listserv email, and social media outreach.
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To create a unified dataset, we used R scripts to standardize, filter,
and compile all submitted accession records. A field naming scheme
was manually applied to each dataset, for merging and comparing
records among all contributing institutions. Specific data fields that
were standardized include: provenance type (wild, cultivated from
wild, horticultural, unknown), location within garden (nursery,
greenhouse, collections, propagation), and number of plants alive.
The dataset was also refined to include records for species and
botanical taxa only, and exclude hybrids as well as cultivars listed
without a specific epithet. Finally, we added or standardized latitude
and longitude coordinates for wild collection locations when
possible. When coordinates were not provided by an institution, we
manually geolocated each accession using locality and source data,
other spatial information available online, or coordinates provided
from another accession with the same locality description. We also
created a field to record how each coordinate pair was assigned.
When only county level locality data were provided, we assigned a
geographic county centroid; these are the coarsest data included in
the spatial dataset.

Some assumptions were made during the compilation of ex situ
collections data. First, we assumed all reported accessions to be
living plant specimens because oak acorns are recalcitrant and
cannot easily be stored using conventional seed banking methods
(species with recalcitrant seeds are also known as exceptional
species). Throughout this report, “ex situ collections” is used as an
equivalent of “living collections”, however it is possible a small
number of accessions are held in a pollen bank, in tissue culture, or
in cryopreservation. Second, for the 2017 ex situ collections survey,
institutions were asked to report the number of individuals
representing each accession. When these data were not available
or provided, we assumed the accession consisted of one individual.
Therefore when number of plants is reported in analyses, it
represents a minimum estimate of the total number of plants in ex
situ collections. Lastly, the term “accession” can have slightly
different meanings and situational applications across institutions.
We assumed the definition of accession to be, “plant material
(individual or group) of a single taxon and propagule type with
identical or closely similar parentage acquired from one source at
the same time” as defined in From Idea to Realisation — BGCl’s
Manual on Planning, Developing and Managing Botanic Gardens
(Gratzfeld, 2016).




SPECIES OF CONSERVATION CONCERN

To begin prioritizing the 91 native U.S. oaks, we identified species
of conservation concern (hereafter “species of concern”) by
integrating the following metrics:

e The Red List of US Oaks (Jerome et al., 2017): species ranked
as Critically Endangered (CR), Endangered (EN), Vulnerable (VU),
Near Threatened (NT), or Data Deficient (DD)

e NatureServe conservation status ratings (NatureServe, 2017):
species ranked Ciritically Imperiled (G1), Imperiled (G2), Vulnerable
(G8), or Apparently Secure (G4)

e USDA Forest Service Project CAPTURE risk assessment of tree
species’ vulnerability to climate change (Potter et al., 2017):
species falling within any of the vulnerability categories (A-E) of
the study

e [x situ representation, based on the 2017 ex situ collections
survey conducted as part of this study: less than 20 plants in ex
situ collections and/or less than ten ex situ institutions containing
the species

Each native U.S. oak species was assigned a certain number of
points per metric based on its level of severity (e.g., for The Red List
of US Oaks, CR = 5 points, EN = 4 points, VU = 3 points, NT = 2
points, DD = 1 point, LC = 0 points; for a complete summary of how
points were allocated for each metric, see Appendix B). A total score
was calculated for each species across all metrics. Species with
more than three total points were deemed “species of concern” for
this report. The threshold value of three was determined because it
1) captured all of the species assessed in a category of conservation
concern listed by the IUCN Red List and NatureServe, 2) resulted in
a manageable number of species to evaluate within the scope of
this study, and 3) reflected a natural break in the data we included.
Species with less than 10% of their native distribution within the U.S.
were not included as species of concern.

Quercus boyntonii in its typical habitat: sandstone outcrop within
pine-oak-hickory forest of Alabama (Sean Hoban)

Population of Quercus oglethorpensis in Bienville National Forest,
Mississippi (Matt Lobdell)

VULNERABILITY OF WILD POPULATIONS

We quantitatively assessed the vulnerability status of wild populations
of the U.S. oak species of concern through a scoring matrix that
calculates an average vulnerability score for each species (Table 1).
This matrix allows for visualization of the specific demographic factors
driving the final vulnerability score for each species and provides a
means of comparison and prioritization across species. Higher
average vulnerability scores represent species with the most at-risk
populations. The scoring matrix considers six factors relating to
demographic circumstances of the species in the wild, and ranks each
as emergency, high, moderate, low, or no vulnerability. Four factors
are modeled after assessment criteria used by the IUCN Red List
and/or NatureServe: population size, range and/or endemism,
population decline, and fragmentation. Specific qualitative and
quantitative thresholds for these indicators are based on thresholds
used within the IUCN Red List. Two additional demographic indicators
not explicitly measured by IUCN Red List or NatureServe assessment
methodologies are included: regeneration and/or recruitment and
genetic variation and/or integrity (Table 2). These additional indicators
provide the opportunity to more precisely pinpoint the various
dimensions of vulnerability facing species in the wild. They also play a
significant role in the vulnerability of certain oak species. While these
six demographic indicators rarely act in isolation (e.g., a species with
an extremely small population size is also likely to exhibit low genetic
diversity), by evaluating them individually and scoring them in a matrix,
the main demographic risks to populations in the wild become clear.
This type of visualization and cross-species comparison provides
additional context to an IUCN Red List or NatureServe assessment.

The vulnerability scoring matrix (Table 1) can be considered a
visualization of the symptoms of threat, without making assumptions
or drawing conclusions about underlying causes (i.e., the threats).
Each vulnerability category was assigned a score, with an increasing
score as vulnerability increases in severity. For example, a factor
evaluated as “emergency” received a score of 40, whereas a “low”
vulnerability factor received a score of five. The scores for each factor
were used to calculate an overall average vulnerability score per
species. If the vulnerability for a particular factor could not be
determined due to lack of information, the factor was ranked as
“unknown” and given no score. Unknown factors were not included
when calculating average vulnerability score, so as not to down
weight the final scores for poorly understood species.

Methods | Conservation Gap Analysis of Native U.S. Oaks * 7




Table 1. Vulnerability scoring matrix identifying the most severe demographic issues affecting each U.S. oak species of conservation
concern. A hypothetical species has been used to complete the matrix. Cells are highlighted where the species meets the respective
vulnerability threshold for each demographic indicator. Average vulnerability score is calculated using only demographic indicators with
sufficient data (i.e., excluding unknown indicators) and allows for objective comparison among species. Descriptions of the demographic
indicators can be found in Table 2.

Level of vulnerability
_Der_nographlc Moderate Low Score
indicators Score = 10 Score =5
Population size <50 <250 < 2,500 < 10,000 >10,000 Unknown 10
Range/endemism Extremely small range  EOO < 100 km? or E00 < 5,000 km? or E00 < 20,000 km? EOO0 > 20,000 kmzor ~ Unknown 5
or 1 location AOO<10km2or2-4  AOO<500km2or5-9 — or AOO < 2,000 km?  AQ0O > 2,000 km?
locations locations or 10+ locations
Population decline Extreme >=80% decline >=50% decline >=30% decline None Unknown 40
Fragmentation Severe fragmentation Isolated Somewhat isolated Relatively connected Connected Unknown 20
populations populations populations populations
Regeneration/ No regeneration or Decline of >50% Insufficient to maintain -~ Sufficient to maintain ~~ Sufficient to increase Unknown -
recruitment recruitment predicted in next current population current population size ~ population size
generation Size
Genetic variation/ Extremely low Low Medium High Unknown 0
integrity
Average vulnerability score 15

Table 2. Descriptions of demographic indicators contributing to the average vulnerability score.

Population Size Number of mature individuals that are reproductively mature (IUCN, 2012).

Range/endemism Three different measures can be used to assess this factor, including extent of occurrence (EQO), area
of occupancy (AOO), and number of locations, as defined by IUCN. EQO = “the area contained within
the shortest continuous imaginary boundary which can be drawn to encompass all the known, inferred
or projected sites of present occurrence of a taxon” (IUCN, 2012); AOO = the area within a taxon’s
EOO that is actually occupied by the taxon (IUCN, 2012); location = “a geographically or ecologically
distinct area in which a single threatening event can rapidly affect all individuals of the taxon present”
(IUCN Standards and Petitions Subcommittee, 2017). This indicator is meant to capture the risk of
extinction associated with the size and/or spatial characteristics of a species’ range; including the
likelihood that one threatening event could wipe out all subpopulations.

Population decline Past, current, or predicted future reduction in population size over ten years or three generations,
whichever is longer (IUCN, 2012).

Fragmentation Isolation of subpopulations from each other. Includes genetic isolation either at the pollen or seed level,
and/or the likelihood that a nearby subpopulation can recolonize a locally extirpated subpopulation. The
IUCN Standards and Petitions Subcommittee (2017) considers a species severely fragmented when “most
(>50%) of its total area of occupancy is in habitat patches that are (1) smaller than would be required to
support a viable population, and (2) separated from other habitat patches by a large distance.”

Regeneration/recruitment Reproductive ability of the species. Includes factors such as pollen and seed production, viability, and
seedling establishment. While oaks do use masting and vegetative reproduction strategies, many
species are suffering from a lack of regeneration, establishment, and/or sexual reproduction, which
have negative impacts on the demographic structure of a species or population.

Genetic variation/integrity Quality and depth of the gene pool. Takes into account issues such as inbreeding, levels of
heterozygosity, and introgression with other species.
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THREATS TO WILD POPULATIONS

Based on extensive literature review and expert input, we identified
the root causes (i.e., threats) driving the decline of wild populations
identified in the vulnerability matrix. Using the Threats Classification
Scheme (Ver. 3.2) of the IUCN Red List (Conservation Measures
Partnership, 2016), we identified 10 threat categories that applied
to the U.S. oak species of concern:

e Human use of species: wild harvesting

e Human use of landscape: agriculture/silviculture/ranching/grazing

e Human use of landscape: residential/commercial development/
mining/roads

e Human use of landscape: tourism/recreation

e Human modification of natural systems: disturbance regime
modification/pollution/eradication

e Human modification of natural systems: invasive species
competition

e Climate change: habitat shifting/drought/temperature extremes/
flooding

e Genetic material loss: inbreeding/introgression

e Pests/pathogens

e Extremely small/restricted population

Each threat category was individually considered regarding severity,
likelihood, and distribution among subpopulations for each species
of concern, and ranked as high, medium, low, or no impact. These
rankings were used to determine the most impactful threats to each
species of concern, which, in combination with known conservation
activities (see below), aided in the prioritization of recommended
conservation actions. Current threats, lasting impacts of past threats,
as well as predicted threats were all considered. Individual species
were not limited in the number of threats that could apply. Threat
rankings are meant to identify the factors most impacting a specific
species, and are not quantitatively comparable between species (i.e.,
the same threat may have the strongest impact on two different
species and thus ranked high for both, but could be impacting one
species more severely than the other).

CONSERVATION ACTIVITIES

We examined past, present and future planned conservation
activities for each U.S. oak species of concern. The Global Strategy
for Plant Conservation 2071-2020 (Conference of the Parties, 2011),
North American Botanic Garden Strategy for Plant Conservation
2016-2020 (BCGI, 2016), IUCN Conservation Actions in Place and
Conservation Actions Needed Classification Schemes (Ver. 2.0;
Conservation Measures Partnership, 2016), and Global Trees
Campaign Addendum from the ArbNet Arboretum Accreditation
Program application (The Morton Arboretum, 2017) were used to
identify 10 conservation action categories.

The 10 conservation action categories include:

e |and protection

e Sustainable management of land

e Population monitoring/occurrence surveys
e Wild collecting/ex situ curation

e Propagation/breeding programs

e Reintroduction/reinforcement/translocation
e Research

e Education/outreach/training

e Species protection policies

e Sustainable management of species

Conservation Action Questionnaire

In addition to literature review and expert input, we examined
conservation activities for each U.S. oak species of concern by
distributing a conservation action questionnaire to gather data on
past, present, or planned in situ and ex situ conservation initiatives.
Through extensive research we compiled a targeted and diverse
contact list for the questionnaire, which included individuals and
organizations outside of the botanic garden community. However,
we look at these findings as a minimum estimate of the conservation
actions for each species. In June and July 2017, we directly emailed
a link to the questionnaire to over 1,000 recipients including:

e USDA Forest Service regional botanists and geneticists, land
managers, and oak experts

e All 500+ institutions contacted for the 2017 ex situ collections
survey

¢ |nternational Oak Society members, via a newsletter article and
website article

e Plant Conservation Alliance (PCA) Listserv

e Collaborating researchers at universities

e Center for Plant Conservation (CPC) participating institutions

e Attendees of the 2016 USDA Forest Service Conference “Gene
Conservation of Forest Trees: Banking on the Future”

e SEINet and SERNEC herbaria consortium institutional collaborators

e Relevant organizations working in states where the species of
concern naturally occur, including:
— Native plant societies

NGOs (e.g., foundations, conservancies, land trusts, research

institutes, conservation trusts)

— State natural heritage program botanists

— State-level forestry and land management departments (e.g.,
fish and wildlife, natural resources, environmental protection,
conservation agencies)

— USDI Bureau of Land Management field offices and National
Park Service regional directors

If more than one individual from an institution reported the same
conservation activity for a specific species of concern, these
responses were counted as a single report of the activity.
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Spatial Analyses

To create a set of high-confidence data points representing the
known native U.S. distribution of each species of concern, we
compiled and standardized a variety of spatial point datasets.
Dataset manipulation was performed using R scripts. A species’
native distribution outside the U.S. was not considered in this studly,
due to incongruence among national spatial datasets needed for this
analysis. Raw spatial point data sources for U.S. oak species of
concern included:

e Global Biodiversity Information Facility (GBIF); downloaded March
2018 (gbif.org)

e Herbaria Consortiums, downloaded February 2018 via SERNEC
(SouthEast Regional Network of Expertise and Collections) Data
Portal (sernecportal.org)

¢ iDigBio Integrated Digitized Biocollections; downloaded May 2018
(idigbio.org)

e Hipp et al. (2017) occurrence point dataset (github.com/andrew-
hipp/oak-convergence-2017)

e The national network of forest survey plots managed by the Forest
Inventory and Analysis Program (FIA) of the USDA Forest Service;
downloaded July 2018 (fia.fs.fed.us/tools-data). Data points may
be “fuzzed” by up to one mile by FIA, but this margin of error is
not likely to have a significant effect on the results of the spatial
analysis.

e Communication with experts, including records from collection
trips and research projects

e Geolocated wild provenance localities of the accessions from the
2017 ex situ collections survey

e Florida Natural Areas Inventory (FNAI); received August 2017
(fnai.org)

e The Alabama Natural Heritage Program; downloaded August
2017 (alnhp.org)

e State plant atlases, including Alabama Plant Atlas and Atlas of
Florida Plants; downloaded August 2017 (floraofalabama.org;
florida.plantatlas.usf.edu)

— When no other spatial data points existed for a county in which
there was a reported species of concern, the county centroid
was used. These coarser-level datasets include:

— Biota of North America Program (BONAP); received June 2018
(Kartesz, 2018; bonap.net)

— NatureServe; downloaded June 2017 (explorer.natureserve.org)

— USDA PLANTS Database, maintained by the Natural
Resources Conservation Service; received May 2017
(plants.usda.gov)

For each species of concern, we utilized these documented in situ
occurrence point datasets in combination with geolocated wild
provenance records from the 2017 ex situ collections survey to
approximate how well current ex situ collections represent the
geographical and ecological breadth of wild populations. This
included identification of populations and ecoregions not yet
represented in living ex situ collections. Based on methods outlined
in Khoury et. al. (2015), circular buffers with a radius of 50 km were
placed around each in situ occurrence point. Each point plus its
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buffer zone provided an approximation of distinct populations, and
taken collectively serve as the inferred native range of the species.
A radius of 50 km was chosen because this appears to be the
reasonable maximum distance that wind-dispersed oak pollen has
been found to travel (Ashley et al., 2015; Schueler & Schltinzen,
2006). A 50 km buffer was also placed around the source locality
point of each plant living in ex situ collections, together representing
the native distribution “captured” in ex situ collections. We estimated
geographic and ecological coverage of ex situ collections using the
following formulas:

CAE50 = (Combined Area Ex situ) Combined total area of 50 km
circular buffers around ex situ accession wild provenance collection
points

CAI50 = (Combined Area In situ) Combined total area of 50 km
circular buffers around all documented in situ occurrence points
Ecoregions = U.S. Environmental Protection Agency (EPA) Level IV
Ecoregions of the Conterminous United States (U.S. EPA Office of
Research & Development, 2013)

Geographic coverage = CAE50 / CAI50
Ecological coverage = # of Ecoregions in CAES0 / # of Ecoregions
in CAI50

For each species of concern, we also estimated the proportion of
the inferred native range (CAI50) within protected areas. This was
calculated by finding the spatial intersection of CAI50 and the U.S.
Geological Survey Gap Analysis Program 2016 Protected Areas
Database (PAD-US; Version 1.4).

PRIORITY CONSERVATION ACTIONS

The identified threats to wild populations were compared with
reported past, current and planned conservation activities. This
allowed identification of priority conservation actions, which should
be continued, strengthened, and/or initiated to appropriately address
each species’ circumstances. Expert reviewers were identified for
each U.S. oak species of concern, and invited to confirm species
data and provide recommendations for activities they believed will
be most beneficial to the future stability or recovery of the species.

‘ &

Scrubby flatwoods of central Florida, dominated by Quercus inopina
(Ron Lance)




Quercus alba (Emily Beckman)

U.S. OAK SPECIES RICHNESS

There are 91 oak species native to the United States, many of which
are keystone species across the majority of forest and shrubland
habitats in the U.S., with the highest diversity located in the southern
half of the country (Figure 1). The major hotspot for oak diversity spans
the Southeast, including North Carolina, South Carolina, Georgia,
Florida, Alabama, Mississippi, Louisiana, and Arkansas. Southern
California and Brewster County in southwestern Texas also contain
considerable oak species diversity. See The Red List of US Oaks
(Jerome et al., 2017) for more details regarding Quercus distribution, as
well as ecological information, at both genus-wide and species levels.

Figure 1. Native U.S. oak species richness by county. County level
distribution data from USDA PLANTS and Biota of North America
Program (BONAP) have been combined to estimate species richness.

EX SITU COLLECTIONS OF ALL U.S. OAKS

A total of 162 institutions from 26 countries submitted accessions data
in response to our ex situ collections survey of native U.S. oak species
(Figure 2; Appendix C). This included all 20 member institutions of the
Quercus Multisite collection of the Plant Collections Network, a long-
term collaboration between the American Public Gardens Association
and the USDA Agricultural Research Service that provides coordination
among Nationally Accredited Plant Collections. Respondent institutions

RESULTS AND
ANALYSIS

located within the United States total 89 (65%). Of the institutions
reporting U.S. oak species, 86 (53%) reported species of concern, and
52 (32%) provided enough data to geolocate wild collection locations
of species of concern to at least county level.

situ collections survey of native U.S. oak accessions data.

The 91 native U.S. oak species are represented by at least 34,167
plants living in ex situ collections globally. There is a wide range in the
number of ex situ plants per species—over three orders of magnitude
difference between the most and least common species in collections
(Q. rubra [4018 plants], Q. tardifolia [0 plants]; Figure 3). Four species
are represented by over 2,000 individuals each (Q. alba, Q. bicolor;, Q.
macrocarpa, Q. rubra), but the majority of U.S. oak species are
represented by fewer than 150 plants in ex situ collections. The
maijority of plants in ex situ collections are of unknown or horticultural
origin (39% and 17%, respectively). Only 44% of plants are
documented as wild origin, and approximately 7% of these have no
source information. This pattern was fairly consistent within each
species, with the exception of Q. ajoensis, Q. carmenensis, Q.
cedrosensis, Q. chihuahuensis, Q. depressipes, and Q. similis, which
are represented exclusively by wild origin plants, though each has less
than ten plants in ex situ collections. There are five species whose
cultivated plants are of at least 75% wild origin and also number more
than 500 (Q. agrifolia, Q. douglasii, Q. engelmannii, Q. lobata, Q.
stellata). Quercus alba is the species with the most wild origin plants
in collections (1,555 individuals; 49% of total accessions), while four
species are represented by less than 20% wild origin plants (Q.
coccinea, Q. palustris, Q. rubra, Q. virginiana). No species has zero
wild origin plants in ex situ collections, with the exception of Q.
tardifolia, which is not currently held in any ex situ collections.
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Species of conservation concern

Wild

- Unknown
- Horticultural
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Figure 3. Ex situ collections survey results for all native U.S. oak species: number of plants per species in ex situ collections, categorized by

provenance type. (A) Species with more than 500 plants in ex situ collections. (B) Species with 100-500 plants in ex situ collections. (C) Species
with fewer than 100 plants in ex situ collections. Note change in scales. See Appendix C for exact numbers of plants in ex situ collections.
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Twenty-one (23%) native U.S. oak species can be found in more
than 50 ex situ collections globally, but 16 (18%) are represented in
fewer than ten collections (Figure 4). Quercus inopina is found in only
five ex situ collections; Q. ajoensis, Q. intricata, Q. toumeyi, and Q.
viminea, are found in three collections; Q. chihuahuensis, Q. robusta,
and Q. similis are found in two collections; Q. carmenensis, Q.
cedrosensis, and Q. depressipes are in one collection; Q. tardifolia
is not held in any ex situ collections. Six species (Q. ajoensis,

Q. carmenensis, Q. chihuahuensis, Q. depressipes, Q. robusta, Q.
similis) are only found in European ex situ collections, and one
species (Q. cedrosensis) is only found in a North American collection.
Most ex situ collections that hold U.S. oak species are located in
North America (97, 60%), but a substantial number of collections
are in Europe (46, 28%) and Oceania (16, 10%), with a few in South
America (2, 1%) and Asia (1, <1%). See Appendix C for a table of
the results presented in Figure 3 and 4.
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Figure 4. Ex situ collections survey results for all native U.S. oak species: number of ex situ collections per species, categorized by ex situ
collection location. (A) Species in more than 25 ex situ collections. (B) Species in fewer than 25 ex situ collections. Note change in scales.
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SPECIES OF CONSERVATION CONCERN

We identified 30 U.S. oak species of conservation concern, two of
which were removed because less than 10% of their native
distribution is within the U.S., resulting in a final list of 28 species of
concern (Table 3; Appendix B). These are not the only native U.S.
oak species necessitating conservation action, but rather provide a
starting point as to the current species and regions of priority for U.S.
oak conservation.

Results and recommendations for each U.S. oak species of
conservation concern are presented in Appendix E. Results include
native distribution and ecology, status of wild populations, threats,
known ex situ accessions, conservation actions reported in the
questionnaire and other known conservation activities, and
conservation gaps and recommendations. Species profiles are
presented in alphabetical order but can also be categorized as follows:

e (California
— Channel Island endemics: Q. pacifica, Q. tomentella
— Southern region: Q. cedrosensis, Q. dumosa, Q. engelmannii
— Northern region and/or broad distribution: Q. lobata, Q.
parvula, Q. sadleriana

e Southwestern U.S.
— Texas limited-range endemics: Q. carmenensis, Q.
graciliformis, Q. hinckleyi, Q. robusta, Q. tardifolia
— Concentrated in Arizona: Q. ajoensis, Q. palmeri, Q. toumeyi
— Broad distribution: Q. havardii, Q. laceyi

e Southeastern U.S.
— State endemics: Q. acerifolia, Q. boyntonii
— Concentrated in Florida: Q. chapmanii, Q. inopina, Q. pumila
— Broad distribution: Q. arkansana, Q. austrina, Q. georgiana,
Q. oglethorpensis, Q. similis

The 28 species of concern are located almost entirely in the southern
and western U.S. (Figure 5). Hotspots are found in coastal California
(including the Channel Islands), western Texas, southern Alabama,
Florida, and coastal Georgia and South Carolina. About half of the
species of concern are small trees and the other half shrubs. All of the
shrubs are located in the western U.S. except Quercus chapmanii, Q.
inopina, and Q. pumila, which occupy coastal scrub and flatwood
habitats, especially in Florida. Of the other oak species of concern in
the Southeast, the majority (Q. acerifolia, Q. arkansana, Q. austrina, Q.
boyntonii, Q. georgiana) prefer fairly specialized habitats that generally
include some combination of bluffs, steep slopes, sandy soil, and rock
outcrops. Quercus oglethorpensis and Q. similis are the remaining
southeasterly oaks and inhabit more moist areas. In the West, rare oaks
occupy a variety of habitats, including moist woodland, deep sandy
plains, and volcanic slopes. Seven species of concern in the West are
trees (Q. engelmannii, Q. graciliformis, Q. laceyi, Q. lobata, Q. robusta,
Q. tardifolia, Q. tomentella), six are shrubs (Q. gjoensis, Q. dumosa, Q.
havardii, Q. hinckleyi, Q. palmeri, Q. sadleriana), and the remaining five
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Figure 5. Species richness by county for U.S. oak species of
conservation concern, with protected areas shown in green;
Protected Areas Database (PAD-US) layer created by the USGS
National Gap Analysis Program (GAP), last updated in May, 2016.

species can appear in a shrub form or grow to trees. The largest
species of concern is Q. lobata, sometimes reaching 35 meters in
height (Jepson Flora Project, 2018), and the smallest is Q. hinckleyi,
with a maximum height of 0.75 meters (Backs et al., 2015).

Of the species of concern, 16 (57%) are considered threatened (CR,
EN, VU) and five (18%) have been assessed as Least Concern (LC)
on the IUCN Red List; the remaining seven (25%) species are Near
Threatened (NT) or Data Deficient (DD; Table 3). NatureServe ranks
ten (836%) species as threatened (G1, G2), eight (29%) as Vulnerable
(G3), and nine (32%) as Apparently Secure (G4, G5); one species
has not yet been ranked by NatureServe (Q. sadleriana). The four
species not considered threatened by either the IUCN Red List or
NatureServe (i.e., LC and G4 or G5) were included in this analysis
based on one of two factors: poor representation in ex situ
collections (Q. chapmanii [16 plants, 8 collections], Q. inopina [14
plants, 5 collections], Q. similis [4 plants, 2 collections]) or severe
climate change impact projections (Potter et al. 2017; Q. laceyi).




Table 3. List of U.S. oak species of conservation concern, showing general native distribution and habit, and threat ranks according to two
widely recognized species threat assessment platforms: IUCN Red List and NatureServe. The source for habit data is Flora of North America
North of Mexico (1997) unless otherwise indicated. Threat rankings are color coded based on the severity of threat level within each platform.
IUCN Red List categories and NatureServe rankings are not directly comparable, as they employ different methodologies, but the severity of
rankings generally correspond. See Appendix B for information regarding the selection process for species of conservation concern.

IUCNRed  NatureServe
Species name Native distribution Habit L:::;g;’:;‘ thrg:;hraalnk‘
Quercus acerifolia W Arkansas Tree or shrub<15m EN _
Quercus ajoensis S Arizona Shrub or rarely tree 2-3m VU G2G4
Quercus arkansana E Texas, SW Arkansas, Louisiana, Alabama, Georgia, NW Florida Tree<15m VU G3
Quercus austrina Alabama, N Florida, Georgia, South Carolina, SE North Carolina Tree<20m VU _
Quercus boyntonii Central Alabama Shrub <2 m or rarely tree <6 m - -
Quercus carmenensis Possibly SW Texas Shrub 0.5-2mor tree < 12 m EN G2?
Quercus cedrosensis S California Shrub 2-3m or tree <5 m* VU G2?
Quercus chapmanii S Alabama, Florida, SE Georgia, SE South Carolina Shrub 0.5-3m _ _
Quercus dumosa Coastal S California Shrub 1-4 m* EN G2
Quercus engelmannii S California Tree 5-25 m* EN G3
Quercus georgiana N Alabama, Georgia, N South Carolina, SW North Carolina Tree<15m EN G3
Quercus graciliformis SW Texas Tree<8m _ _
Quercus havardii SE Utah, NE Arizona, SW Colorado, E New Mexico, NW Texas, Oklahoma Shrub 0.3-1.5m oo
Quercus hinckleyi SW Texas Shrub<1m B -
Quercus inopina Central Florida Shrub<5m _ _
Quercus laceyi S Central Texas Tree 5-8 m _ _
Quercus lobata W California Tree <35 m* NT _
Quercus oglethorpensis NE Louisiana, Central Mississippi, Central Alabama, Georgia, W South Carolina Tree <20 m EN G3
Quercus pacifica Channel Islands (SW California) Shrub <2 m or tree <5 m* EN G3
Quercus palmeri W California, Arizona Shrub 2-6 m*
Quercus parvula W California Shrub 1-6 m or tree < 30 m*
Quercus pumila SE Mississippi, Florida, S Georgia, E South Carolina, SE North Carolina Shrub<1m
Quercus robusta SW Texas Tree <13 m
Quercus sadleriana NW California, SW Oregon Shrub 1-3 m*
Quercus similis E Texas, Louisiana, Arkansas, Mississippi, Alabama, Georgia, South Carolina Tree<25m _ _
Quercus tardifolia SW Texas Tree <15 m** DD _
Quercus tomentella Channel Islands (SW California) Tree <20 m* EN G3
Quercus toumeyi SE Arizona, SW New Mexico, W Texas Shrub or tree < 9 m*** DD -

*Jepson eFlora (Jepson Flora Project, 2018); **Rare Plants of Texas: A Field Guide (Polle, 2007); ***Trees of the American Southwest (Petrides, 2005); Q = Questionable Taxonomy;

? = Inexact Numeric Rank; *All G1 ranks are color coded red, although the G1 ranking overlaps with both CR and EN categories on the IUCN Red List

KEY

- Critically Endangered (CR) / Critically Imperiled (G1)
Endangered (EN) / Critically Imperiled (G1)
Vulnerable (VU) / Imperiled (G2)

Near Threatened (NT) / Vulnerable (G3)
- Least Concern (LC) / Apparently Secure (G4)
Data Deficient (DD) / Not Ranked (GNR)
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VULNERABILITY OF WILD POPULATIONS

We ranked the U.