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Inference of species boundaries (beyond the MSC)

Software: Delineate

Software: Decrypt

Delimitation models that bring speciation to 

the multispecies coalescent

� Phylogenetic modeling approach that delineates species versus 

population lineages under a protracted speciation model

� Model of the geography of genetic divergence under a spatially 

explicit coalescent to evaluate competing hypotheses about 

cryptic diversity (inferred under the MSC)

https://github.com/jeetsukumaran/delineate

https://becheler.github.io/pages/applications.html
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� approach integrates an explicit model of speciation into the “censored” 

or “multispecies” coalescent model to organize a set of population 

lineages sampled from one or more species into mutually-exclusive and 

jointly-comprehensive subsets, where each subset of population lineages 

represents a distinct species.

Software: DELINEATE

(Sukumaran, Holder, and Knowles, 2020)



Seemingly fractal nature of species diversity

With more geographic sampling, get more and more species inferred under the MSC 



Heteronotia binoei complex –

species tree from Moritz et al. 

2016 (7-8 loci)  All lineages 

diagnosable using BPP.

planiceps –

7-8 

lineages, 2 

spp

spelea – see 

below

146 samples

10 candidate species

30 lineages

Seemingly fractal nature of species diversity

With more geographic sampling, get more and more species inferred under the MSC 



Software: DELINEATE

File: constraints1.txt

File: Dynastes_calib_GeoPop.tre
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Software: DELINEATE Running a Species Delimitation Analysis

delineate-check -c Downloads/constraints1.txt -t 

Downloads/Dynastes_calib_GeoPop.tre -f newick

To do a quick check of your files from your terminal:

(base) m-c02wt02ehh24:~ knowlesl$ delineate-check



Software: DELINEATE Running a Species Delimitation Analysis

delineate-estimate partitions -c Downloads/constraints1.txt 

-t Downloads/Dynastes_calib_GeoPop.tre -f newick

(base) m-c02wt02ehh24:~ knowlesl$ 



Software: DELINEATE Running a Species Delimitation Analysis

File: constraints1.delimitation-results.json

File: constraints1.delimitation-results.trees



Software: DELINEATE Running a Species Delimitation Analysis

File: constraints1.delimitation-results.json



Software: DELINEATE Running a Species Delimitation Analysis

File: constraints1.delimitation-results.trees



Software: DELINEATE Running a Species Delimitation Analysis

File: constraints1.delimitation-results.trees



Software: DELINEATE Running a Species Delimitation Analysis

File: constraints1.delimitation-results.trees



Software: DELINEATE Running a Species Delimitation Analysis

Open in Text editor: constraints1.delimitation-results.trees



Software: DELINEATE Running a Species Delimitation Analysis

Open in FigTree; File: constraints1.delimitation-results.trees

First tree reflects constraints in configuration file

(yellow are unknowns)



Software: DELINEATE Running a Species Delimitation Analysis

Open in FigTree; File: constraints1.delimitation-results.trees

To quickly visualize assigned species 

identities of the lineages of interests 

(i.e., the unknowns)

MLE



Software: DELINEATE Running a Species Delimitation Analysis

Open in FigTree; File: constraints1.delimitation-results.trees

unknown lineage assigned to

pre-existing species

unknown lineages assigned to

new species



Software: DELINEATE Data Requirements

Original Alpha Taxonomy

File: constraints1.txt



Software: DELINEATE Data Requirements

Original Alpha Taxonomy

Hypotheses based on different species criteria:

� Taxonomic practices vs 

diversity differences

1 species

5 species



Could test different hypotheses about species boundaries 

based on different species criteria

Huang & Knowles (2016) Syst. Biol.

Speciation Continuum
Species tree



Software: DELINEATE Data Requirements

Original Alpha Taxonomy

Hypotheses based on different species criteria:

“Lumper”Taxonomy “Splitter”Taxonomy



Software: DELINEATE
Data Requirements



A new era of species delimitation models that brings 

speciation models to the multispecies coalescent

� Erroneous species boundaries are
inferred from current model-based   
genetic approaches based on MSC

� Relying on heuristics to interpret 
results from current genetic methods 
(e.g., bpp) is not the answer

� Future of genetic-based species delimitation 
is with speciation-based delimitation models

Delimitation under the MSC: 

� genetic structure = species 

in which species criteria is explicitly incorporated 

into test of species status of unknowns

(e.g., “splitter” vs “lumper”)



Our work pioneers a new age of species delimitation approaches that deal 

with the problem directly by modeling the issue instead of ignoring it! That 

is, by actually incorporating an explicit model of the speciation process — in 

particular, an extended or protracted speciation process — into species 

delimitation, we are able to discriminate between species and population (or 

other) boundaries in genomic data. 

Processes contribute to the generation of this structure apart from speciation, 

including population isolation or divergence. This results in “population” units 

being conflated with “species” units when these approaches are applied 

without corroborating data. This confusion between populations and 

species has become more and more problematical recently, ironically  

due to the increasing resolution and scope of the data
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Software: Decrypt

� Model of the geography of genetic divergence under a spatially 

explicit coalescent to evaluate competing hypotheses about 

cryptic diversity (inferred under the MSC)

https://becheler.github.io/pages/applications.html
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