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Venue: Symposium # S21, held online at IALE meeting — Toronto May 11-14 2020
Funded by: Center for Urban Environments (CUE)
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Graduate member: Sophie Breitbart, Ph.D. candidate, UTM

Presentations link (iPoster)

https://2020toronto-ialena.ipostersessions.com/Default.aspx?s=iale 2020 gallery

Attendance

Participants: Nine oral presentations from Canada and USA

Faculty: Lisette Waits, Menalie Murphy, Nusha Keyghobadi, Brad Fedy, William Peterman
Postdocs: Lindsay Miles, Hossam Abdel Moniem

Graduates: Payton Phillips, Felipe Torres

Objectives and Relevance to the CUE

Landscape genetics is an interdisciplinary field that unites population geneticists, landscape
ecologists, and spatial statisticians through a common goal: to develop novel research
approaches that answer questions about how our dynamic landscapes shape evolutionary
processes. A main goal of this symposium is to present current landscape genetics research on
different urban-dwelling taxa and discuss how this research can inform policy and practices to
better manage our urban and urbanizing landscapes. In addition to building international
relationships and facilitating the exchange of ideas among stakeholders, support from the CUE
Symposium Grant helped implementing several aspects of CUE’s vision. First, the grant allowed
participants to share their research with policymakers directly and facilitate the primary, crucial
steps of translation from research into applications such as urban designs and laws that
prioritize urban sustainability and health for both people and urban biodiversity. Next, the
broad audience membership fulfilled CUE’s commitment to bridge knowledge across sectors
and subdisciplines. Finally, our research and CUE’s shared emphasis on maintaining cross-
disciplinary relationships spanning the world will remain indefinitely: the success of this field
relies on the constant collaboration of researchers in otherwise autonomous disciplines, as well
as representatives from government, NGOs, and the private sector, to link research,
application, and policy. In conclusion, our symposium tied directly with the CUE mission, and
strategic plans and supported professionals and early career scientists and practitioners thriving
to achieve these goals with the multidisciplinary field of landscape genetics.
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By linking landscape ecology and
population genetics, the
interdisciplinary field of landscape
genetics enables us to understand
how landscape patterns and
ecological processes can shape species population structures. In our rapidly changing
landscapes, the human footprint can dramatically affect the connectivity of our natural
resources and influence dispersal for species and their genes at the landscape scale.
Consequently, we may lose genetic and biological diversity, which is crucial for maintaining
ecosystem services and biodiversity markets. Studying how landscape structure and function
affect both genetic diversity and spatial distribution of natural populations in complex
landscapes has an increasing demand when we try to link research, application, and policy to
manage our urban and urbanizing landscapes. Currently, landscape genetics in urban and
urbanizing ecosystems is gaining the attention of researchers as a growing field of study. We
present a conceptual framework for different landscape perspectives and alternative
approaches for quantifying connectivity in landscape genetics research. We discuss how these
tools can inform policy and practices to better manage our landscapes.

What is Landscape Watch The Full Presentation Here...
Connectivity?

Landscape Genetics asa TOOI éh - Closing Remarks for "Landscape Genetics as a Tool for Managing H impacted
. it Landscapes
for Managing Human- Lindsay Miles, University of Toronto M

University of Toronto Mississauga

impacted Landscapes: Closing

Remarks

Lindsay Miles: PDF;
Symposium Cochair; UTM

Urban Evolution Outreach

In recent years, humans have - prese -,
"g gy > &"&00 o “‘2,"};'?9 ‘¢ "'b.~'.,~

drastically altered the natural AN 7R < o--;,,,,,,, % ”3, A
7% \ \

landscape through agriculture ~ %010 /;,,fsg, hos Q" 1;‘

and urban expansion. Here, / ’0 "““

we have heard that human ~

land-use has contributed to a loss of genetic diversity in a number of organisms of conservation
concern. However, we have also heard that urbanization has helped spread non-native species
and contributes to the maintenance of high genetic diversity within and between cities. These
changes in genetic diversity can influence how these organisms evolve to the changing
landscape. The reduced genetic diversity is likely to reduce the adaptive potential and thus
these organisms with lower genetic diversity are not likely to persist in the urban environment.



For those organisms like the feral pigeon, rapid land-use change has not reduced genetic
diversity and these birds are likely to persist in the urban environment. Given these differing
responses to the urban environment, the next step will be to link the identification of corridors
and barriers to gene flow. When we can find commonalities in landscape factors that most
likely contribute to dispersal, we will be able to manage land-use in a way that promotes gene
flow for a variety of taxa of conservation concern.
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Where are the frogs?
Environmental DNA (eDNA)

Understanding distribution and

connectivity of species in E —
changing environments is critical ﬂ_
for meeting conservation goals.
Species rarity may influence both species niche underlying observed distribution and
connectivity. Rabinowitz identified these rarity forms using the axes of geographic range (small
vs. large), habitat specificity (specialist vs. generalist) and local abundance (sparse vs. dense).
Synthesizing across multiple systems, | will address how rarity influences both where species
occur and how they are connected in the landscape. | will incorporate occurrence data from
environmental DNA (eDNA) to estimate distribution. Then within the distribution, estimate
functional connectivity using a variety of neutral genetic data. The models systems presented
will cover a range of environmental constraints, anthropogenic influence and taxon.
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Approximate Bayesian Computation
Connectivity

The identification and demographic
assessment of biologically meaningful
populations is fundamental to species’
ecology and management. Additionally, given the significance of animal dispersal to population
dynamics and geographic variability, understanding how dispersal is impacted by landscape
patterns has major ecological and conservation importance. We used genetic data to define
subpopulations, identify the landscape components that most influence connectivity, and
assess the role of population connectivity in maintaining genetic diversity for greater sage-
grouse (Centrocercus urophasianus) at the state-level. Across the range of the species, we have




qguantified functional connectivity with network analyses and the development of landscape
resistance surfaces using microsatellite genotypes from 6,844 individuals across the 10.7 million
km2 range. We have used a combination of these empirical data and extensive simulations to
address multiple unique — but related — questions. In this presentation we will summarize the
results of this large-scale project and discuss how our contributions have been received and
applied by resource management agencies.
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Alpine areas are changing
dramatically and rapidly under
a changing climate. Altered
climate and weather regimes
can affect populations directly
through survival and
reproduction, and indirectly by inducing changes in land cover and other landscape features.
For high altitude alpine species, rising tree line represents an important indirect impact of a
generally warming climate. Over two decades our group has used landscape genetics
approaches to explore the potential effects of rising tree line, and loss of connectivity among
high altitude alpine meadow habitat, on genetic diversity of the Rocky Mountain apollo
butterfly (Parnassius smintheus). | will summarize our findings, highlighting in particular the
potential synergy between rising tree line and changing weather patterns (with more frequent
extreme meteorological events) in eroding genetic diversity of populations.
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Climate change can have
particularly severe
consequences for high-
elevation species that are
well-adapted to snow conditions within their habitats. One such species is the wolverine, Gulo
gulo, with several studies showing a strong, year-round association of the species with
persistent spring snow cover. Here, we assess the influence of additional climatic, vegetative,




topographic and anthropogenic variables on genetic structure in wolverines in the contiguous
United States using a multivariate, multiscale landscape genetic approach. This approach allows
us to detect landscape-genetic relationships due to usual dispersal and mating movements, and
also due to less frequent long-distances dispersal. Results suggest that a combination of snow
depth, terrain ruggedness, and housing density best predict gene flow in wolverines, and that
the relative importance of variables is scale-dependent. Environmental variables were
responsible for 78.9% of the explained variation at small scales (i.e., up to ~230 km), and 64.6%
at broad scales (i.e., beyond ~ 420 km). In contrast, a null model based only on geographic
accounted for only 17.1% and 11.4% of the variation at small and broad scales, respectively.
Snow depth was the most important variable for predicting genetic structures overall, and at
small scales, where it contributed 42.9% to the variance explained. At broad spatial scales,
housing density and terrain ruggedness were most important with contributions to explained
variation of 54.6% and 24.9%, respectively. While the small-scale analysis most likely captures
gene flow within typical wolverine habitat complexes, the broad-scale analysis reflects long
distance dispersal across areas not typically inhabited by wolverines. These findings help to
refine our understanding of the processes shaping wolverine genetic structure, which is
important for maintaining and improving functional connectivity among remaining wolverine
populations.
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Understanding how
organisms move across the
landscape is important for
developing land use and
management strategies that will maintain functional connectivity, which is essential to the long-
term persistence of populations on the landscape. However, direct assessment of movement
can be difficult or impossible in some systems. The number of individuals present in a
population, life history traits, and body size all contribute to the challenge of accurately
assessing movement and functional connectivity. Landscape genetics provides a lens through
which functional connectivity can be assessed, circumventing many of the obstacles to directly
observing movement. When assessing movement, scale is an important, but underappreciated,
factor shaping the observed movement patterns. Increasingly, studies are finding that animal
movement and habitat selection are multiscale processes, and that there is rarely a single
characteristic scale at which wildlife universally respond to landscape or habitat features.
Although scale is a cornerstone of landscape ecology, it is infrequently incorporated into
landscape genetic analyses. In this study, we conducted a landscape genetic analysis to
determine landscape resistance and functional connectivity for the terrestrial salamander
Plethodon shermani residing in a working forest landscape in the Southern Appalachian




Mountains. Specifically, we optimized landscape resistance surfaces using combinations of
relevant habitat and topographic landscape features, each assessed at multiple spatial scales.
The resistance surface that best explained spatial patterns in genetic differentiation was a
multiscale combination of aspect, solar exposure, and topographic position. This multiscale
resistance surface was vastly better than the same resistance surface created from each
landscape variable at its original scale. Our results highlight the importance of incorporating
spatial scale in landscape genetic analyses to more accurately assess landscape resistance and
functional connectivity across the landscape.
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Estimating Pollen Pool Plants Within Sites Sampled Differentiated Pollen Pools that Genetic Consequences of
Differentiation were, on average, More Differentiated than Pollen Pools at Sites Pollination by Trapliners
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tropical ecosystems, where
pollination networks have been thought to have highly generalized structures. However,
accumulating evidence suggests that not all floral visitors provide equally effective pollination
services, potentially reducing the number of realized pollinators and increasing the cryptic
specialization of pollination networks. Thus, there is a need to understand how different
functional groups of pollinators influence pollination success. Here, we examined whether
patterns of contemporary pollen-mediated gene flow in Heliconia tortuosa are consistent with
the foraging strategy of its territorial or traplining hummingbird pollinators. Territorial
hummingbirds defend clumps of flowers and are expected to transfer pollen locally. In contrast,
traplining hummingbirds forage across longer distances, thereby increasing pollen flow among
forest fragments, and are thought to repeatedly visit particular plants. If trapliners indeed visit
the same plants repeatedly along their regular routes, this could lead to a situation where
neighboring plants sample genetically distinct pollen pools. To test this hypothesis, we
genotyped 720 seeds and 71 mother plants from 18 forest fragments at 11 microsatellite loci.
We performed TwoGener analysis to test pollen pool differentiation within sites (among
neighboring plants within the same forest fragment: ®SC) and between sites (among forest
fragments: OCT). We found strong, statistically significant pollen pool differentiation among
neighboring mother plants (OSC = 0.0506), and weaker, statistically significant differentiation
among sites (OCT = 0.0285). We interpret this pattern of hierarchical pollen pool differentiation
as the landscape genetic signature of the foraging strategy of traplining hummingbirds, where
repeatable, long-distance, and high-fidelity routes transfer pollen among particular plants.
Although H. tortuosa is also visited by territorial hummingbirds, our results suggest that these
pollinators do not contribute substantially to successful pollination, highlighting differences in
realized pollination efficiency. This cryptic reduction in the number of realized pollinators
potentially increases the vulnerability of pollination success to the decline of populations of
traplining hummingbirds, which have been shown to be sensitive to forest fragmentation. We
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conclude that maintaining habitat connectivity to sustain the foraging routes of trapliners may
be essential for the maintenance of pollen-mediated gene flow in human-modified landscapes.
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Why didn't the lizard cross the road? Landscape genetics reveals barriers to movement depend on
species disturbance-tolerance
[

Payton Phillips: Graduate
Assistant; Temple University

Anthropogenic development
creates barriers which reduce
population connectivity of
native species. However, it is not fully understood how features of urbanization, such as roads,
might impact species differently depending on their tolerance to disturbance created by
development. We used landscape genetic techniques to understand how development on
Curacao, a biodiverse Caribbean island, alters the movement of three lizard species — two
geckos (Hemidactylus mabouia and Phyllodactylus martini) and an anole (Anolis lineatus). These
three species represent a gradient of tolerance to human development, with P. martini being
an intolerant native species and A. lineatus being a tolerant native species. The invasive gecko,
H. mabouia, is highly tolerant to human development and has been spread throughout the
Caribbean by human movement and trade. Tissue samples were collected from lizards in urban
and natural areas across the island for microsatellite genotyping. Using the R package
ResistanceGA, we optimized island-wide resistance surfaces to best explain species movement
based on landscape features. We included layers for land use (natural vegetation types, low
urbanization, high urbanization), local and major roads, and density of tourist attractions. Local
roads most strongly impacted native species, decreasing movement for A. lineatus and P.
martini by 3 and 20 times, respectively in accordance with their tolerance to disturbance. These
results reinforce the knowledge that roads negatively impact native populations, in this case
creating a barrier to movement and reducing genetic connectivity. For the invasive gecko, H.
mabouia, the null model was a competing model, suggesting that movement of this species is
more random with respect to the environment than that of its native counterparts. This
highlights that development may not play a limiting role to the spread of species that have
already been introduced by humans, providing them with another advantage over their native
counterparts.




