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10 years after this paper was published

Manel, S. (2003). Landscape genetics: combining landscape ecology and population 
genetics. Trends in Ecology & Evolution, 18, 189–197. doi:10.1016/s0169-
5347(03)00008-9



“… facilitating the integration of researchers 
in the fields of population genetics, 
landscape ecology, and spatial statistics “

“Landscape genetics [during these 10 years] 
has helped a move from the study of gene flow 
in a purely theoretical space characterized by 
geographical distances only, to the study of 
gene flow in heterogeneous and fragmented 
landscapes“

☺



But before 2003, many studies moved “from the 
study of gene flow in a purely theoretical space 
characterized by geographical distances only”…

34 years before in fact…



Johnson, F. M., Schaffer, H. E., Gillaspy, J. E., & Rockwood, E. S. (1969). 
Isozyme genotype-environment relationships in natural populations of the 
harvester ant, Pogonomyrmex barbatus, from Texas. Biochemical Genetics, 
3(5), 429–450. 



Schaffer, H. E., & Johnson, F. M. (1974). Isozyme Allelic 
Frequencies Related to Selection and Gene-Flow 
Hypotheses. Genetics, 77(1), 163–168.
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Origins of molecular ecology
Hewitt GM (1975) A sex chromosome hybrid zone in 
the grasshopper Podisma pedestris. Heredity 35: 
375–387.

Two chromosome types (XO and neoXY form) in the 
Southern French Alps. 

The two spatial distributions are separated by 
geographic barriers such as high mountain ridges 
and lowlands. 

Genetic dynamics of hybrid zones and the 
biogeography of this situation. 

Such chromosomal races frequent event in relatively 
immobile species that are subjected to isolation and 
expansion by major climatic and ecological changes



A review of «paleo-landscape
genetics» contributions

Hedrick PW, Ginevan ME, Ewing EP (1976) Genetic polymorphism 
in heterogeneous environments. Annual Review of Ecology and 
Systematics,7, 1–32.



...and also…

Joost S., Kalbermatten M., Bezault E. & Seehausen O. (2012) In: Data Production and Analysis in 
Population Genomics (eds. Pompanon F & Bonin A), pp. 295-314. Humana Press.



Low number of loci considered, for instance 6 AFLP loci analyzed together 
with temperature data in Skøt et al. in 2002



1980’s

• Recognitition of the importance of the 
interaction between the genome and the 
environment to better understand evolution 
(Berry, 1989) 

• Connecting genetics and ecology (Jelinski, 
1997)

Berry, R.J., (1989) Ecology : where genes and geography meet, 
Journal of Animal Ecology, 58:733-759.



• David Galbraith proposed «to place genetic diversity information into a 
spatial framework» in 1995

• Natural Resources DNA Profiling and Forensic Centre in Peterborough 
(Canada)

• They were the first to have systematically used GIS to analyze the 
geographical distribution of genetic markers 

• Galbraith and White: “spatial issues in genetics (…) solely deal with 
geographical structuring and with effects on populations of reduced gene 
flow (…) due to fragmentation of the landscape. Much more is required to be 
known about genetic processes in landscapes”. 

• Then GIS were used to try to separate the effects of natural selection from 
the ones of genetic drift, and many landscape genetics studies (many 
reports) were applied to the Canadian’s fauna since the second part of the 
1990s.

• Several studies corresponding to the definition proposed by Galbraith have 
been achieved, but without referring to the landscape genetics designation. 

Secchi, E.R, Wang, J.Y, Murray, B.W., Rocha-Campos, C.C., and White, B.N. (1999). Population 
differentiation in the franciscana (Pontoporia blainvillei) from two geographic locations of Brazil as 
determined by mitochondrial control region sequences. Canadian Journal of Zoology 76: 1622-1627.



Progresses of landscape
genetics during the last 14 years



A toolbox for genetic connectivity analysis

• Landscape genetics provides tools to correlate the 
spatial heterogeneity of landscapes with estimates of 
gene flow

• Mantel tests to relate a matrix of genetic distances 
between individuals or populations to matrices of 
geographical or landscape distances (e.g. based on 
least-cost paths)

• !! Non-independence between the response and 
predictor variables, the degrees of freedom are not 
known, methods to select the best model (AIC) are not 
valid !!

• Raufaste, N. and Rousset, F. (2001) Are partial Mantel 
tests adequate? Evolution 55, 1703–1705



Scale

• Temporal-scale effects

• The effects of spatial scale on genetic patterns 
have only recently been tackled 

• Researchers have found that distinct 
landscape effects are often detected only up 
to certain distances 



GIS

• Geographic information systems (GISs) facilitate the 
interpretation of results and communication with 
practitioners

• The use of geo-referenced genetic data within a GIS is a 
prerequisite for spatial-based analysis of spatial 
ecological processes

• One important application of GIS in landscape genetics 
is the overlay of land use, land cover, … with genetic 
groups or genetic boundaries

• Database is key together with computer science issues 
given that big data are available

• Spatial statistics





Seascape genetics

• Marine ecosystems have been largely 
understudied in landscape genetics

• “Seascape genetics would gain from using 
more large-scale sampling to capture wide-
ranging patterns of connectivity”

• Seascape genetics “would gain from being 
more aware of the progress being made in 
terrestrial landscape genetics»



Landscape genomics

• A powerful tool for studying adaptive genetic 
variation 

• Specific landscape genomic approaches have 
also been developed that directly correlate 
allele frequencies with environment factors

• One important point is the need to account 
for genetic structure and/or demographic 
effects



Conclusion

• The virtue of the landscape genetics’ paper of 2003: it 
has increased general awareness of the important 
effects that spatial patterns of landscape elements and 
environmental factors exert on neutral and adaptive 
genetic variation

• Landscape genomics contributes to our understanding 
of the nature of genes involved in local adaptation to 
environmental heterogeneity

• Landscape genomics has still to proceed from 
identifying the genomic regions under selection to 
characterizing the underlying genes, understanding 
genome architecture and ecological functions as well 
as their interactions.



Conclusion

• Big data and the key role of computer science

• Bioinformatics

• Collaboration, interdisciplinary teams

• Landscape genomics: where molecular
ecology, environmental enginmeering (drones) 
Geo-environmental sciences and 
bioinformatics meet

• Integrate theoretical population genetics





Detect patterns of linkage disequilibrium



Landscape epigenomics




