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Background—the SSE models

The field of phylogenetic comparative methods aims at understanding trait
(like body size, eye colour, presence/absence of tail, compound/simple eyes,
number of chromosomes) evolution on the between species level. From a sta-
tistical point of view this implies that the sample (usually some average mea-
surement for each species) cannot be considered to be an independent one.
The relationships between the species are described by their phylogeny—a
rooted binary tree (in the graph theory sense) that indicates when species
diverged from each other. With a given tree one assumes some model for the
evolution of the trait, e.g. a multi—state Markov chain, Brownian motion.
Most contemporary methods make a crucial assumption—the evolving
trait does not affect the speciation, it only evolves “on top” of the phy-
logeny. This is of course in stark contrast to any biological intuition—after
all something had to differentiate between the species to make them distinct.
The Binary state speciation and Extinction (BissE) model [9] as the first
(and still is one of the few used) exception to this. BissE models a binary
trait (two states e.g. compound, simple eyes denoted as 0 and 1) and has six
parameters—the speciation rate in state 0 (\g), in state 1 (1)), the extinc-
tion rate in state 0 (i), in state 1 (uo), the transition rate from state 0 to 1
(go1) and the transition rate from state 0 to 1 (q10). The BiSSE model has
since then been generalized to many other models, e.g., multi-state models



(MuSSE [5]), with geographical distribution (GeoSSE [6]) or hidden Markov
chain models (HiSSE [2], GeoHiSSE [3]).

Thesis project

These SSE (State Speciation and Extinction models) are by now well estab-
lished in the community. However, they very often only their output is re-
ported, without, e.g., parameter uncertainty. Laws of Large Numbers (LLNs)
and Central Limit Theorems (CLTs) have been developed for these models
[8] and furthermore, these have been translated into a more applied setting
[1, 12]. The aim of the thesis is to take studies (e.g., [4, 7, 10, 11, 13], but
there are also many others in the literature) that used the BiSSE, MuSSE,
HiSSE (and possibly other variations of these) and for the found parameter
estimates derive LLNs, CLTs, and other asymptotic properties (similarly as
in [12]). Then, as a next step calculate asymptotic confidence intervals, com-
pare to simulated ones (e.g., parametric bootstrap) for the given sample size
and deduce whether the conclusions of the studies are valid or not.

Goals

The below general goals are for an “ideal” thesis. Depending on the student
they will be made more specific in the direction of the student’s interests.

1. Become familiar with the modelling approach in evolutionary biology.

2. Explore different biological studies that employ these models and the
conclusions they draw.

3. Apply the various asymptotic results (e.g., [8, 1, 12]) to the studies and
discuss if the conclusions still hold.

4. Compare asymptotics with results (from simulations) for the given sam-
ple size and discuss how this relates to Authors’ conclusions.

Data

The topic will use data from the literature and also simulated ones.
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