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Ecology

A&B

Ranges and range overlap:
No stable coexistence possible without phenotypic differences

Unified neutral theory of biodiversity (Hubbell)
Project range changes with changes in environmental variables

https://en.wikipedia.org/wiki/Unified_neutral_theory of biodiversity



Evolution

A&B

Ranges and range overlap:

Modes of speciation (allopatric / parapatric / sympatric)
Niche trait evolution: niche traits calculated from range information
Reconstruct or project range changes over evolutionary time



Annual killifish: fish with an egg bank
In the lab: a lot of individual variation in life histories
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Naumann & Englert 2018



blastula — dispersed cell§ Diapause |

somites ~_

Diapause 2

head formation

Strategy determination
is relatively accessible, apparently complete but small

observable

Three developmental
arrests possible

seemingly ready to hatch gBlETez I ERe]



Delaying strategies
Diapause = developmental arrest
remain in the same developmental stage

Diapause has evolved repeatedly in killifish (Cyprinodontiformes):

5 times
°

8| Bluefin notho B
Nothobranchius rachovii

|

- Mangrove Kkillifish
Kryptolebias marmoratu:

0 .

P

~— Pearl killifish
Austrolebias charrua

Helmstetter et al. 2016



South-American Austrolebias killifish ecology




Ranges: primarily considered are areas of endemism (Costa 2010)
all extant (current) species described in 2010 exclusive to one such area
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Large and small species. Some large species are piscivores of small ones.

Coexistence with other annual fish genera limited to W and P areas of endemism
(ignoring immigrants from rivers into temporary ponds)
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Which phylogenetic trees are the
most reliable to build models with?



Not totally self-evident which phylogenetic tree(s) are most suitable
for comparative analysis and biogeographical reconstructions

Which trees are most reliable to build models with?

bar  multi genes phylogenomics

optimal
zone

# taxa

mtDNA, 5 nDNA loci

# genes

Philippe et al 2017



Community Phylogenetics

PHYLOGENIES AND COMMUNITY ECOLOGY

Campbell O. Webb!, David D. Ackerly?, Mark A. McPeek?,
and Michael J. Donoghue'

Competitive interactions Environmental filtering

A S A S XX X7 ¥

Over-dispersion Under-dispersion

Webb et al. 2002 Annu Rev Ecol Syst



A) Environmental filtering/ B) Niche differentiation/
phylogenetically clustered phylogenetically dispersed

O @
L

Coexistence/
co-occurrence

Phylogenetic distance Phylogenetic distance



size and jaw data from Costa (2006) revision
(a) miDNA (b) 28S rDNA

Large sizes evolved three times
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Van Dooren et al bioRxiv 2018



large sizes evolved three times _ Log Desey : I

stabletraits (Elliot and Mooers 2014) e

distribution modelling of evolutionary changes along trees

distributions for trait changes with fat tails |

— larger changes more likely el g
a=].85

Models fitted across posterior of tree distributions &= 1.00 (Cauchy)

Changes on branches towards specialized piscivores
systematically rank among fastest changes

{a) miDA, (b} 285 rDmA

Evul-tiursiry Rute Lower Jiw Langlh Soers
Ewnluticnary Rate Lowsr Jaw Length Score

Ewclutanary Rate Body Langth Saor Evolutonary R Bady Langth Scons

Van Dooren et al bioRxiv 2018



nDNA concatenated

(a) l—:mm

Maximum clade credibility trees from Bayesian analyses coalescent using *BEAST

coalescent

(6)
g

A. nigripinnis (C)

mtDNA concatenated
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e PP =0.90 Group |
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lack circles indicate a posterior probability (PP) from 0.90 — 1.00 and grey circles indicate a PP from 0.75 to 0.90.
Highlighted, colour-coded regions represent three major clades that are recovered in all trees.

Helmstetter et al bioRxiv 2018



biogeographic reconstruction,
areas of endemism

using BioGeoBears
(Matzke 2013)

O—

potentially sympatric speciation
of two clades of large species

Chaco W invaded four times €
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Latitude

Longitude

Nearly all known Austrolebias locations

verified and synonyms resolved, updated
continually, analysed until March 2017
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Latitude

What are the environments experienced?
What are the environmental differences between locations?

Longitude

e Environmental variables:

- Worldclim climatic data
- 10 soil composition variables
- two variables for river basin characteristics



Ranges x environmental variables:

Niche trait calculations: environmental variables "typical" for a species

~ OMI (Outlying Mean Index, Dolédec et al 2000):

Standardized environmental variables at each spatial cell
Weighted by abundance of a species and averaged

PCA on the result to characterise variability between species

-  We don’t have abundance data, species have different trophic roles

—-> NICHE TRAITS

Standardized environmental variables at each capture location of a species

PCA on all species averages
First two scores retained as niche traits



Niche traits somewhat related to areas of endemism
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Surface (Ingram and Mahler) modelling of shifts in selection regimes

size (length) and Niche traits PC1 and PC2
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stabletraits (Elliot and Mooers 2014) again

rapid evolution at trait shifts

Coalescent tree

mtDMNA tree

nDMNA tree

40

&

g e

) Apod

The Western Paraguay area of endemism has been invaded repeatedly
similar niche traits shifts in at least two species, A. monstrosus A. vandenbergi



Todo cambia

Salta: Se pavimentaran 45 km de
la Ruta 13 en Rivadavia

La obra se realizara por medio del Fondo de Reparacion Historica con la
inversion de 50 millones mas otros 30 millones que aportara Vialidad de
la Provincia




Una localidad salteria, ultima en
ranking de ciudades
ambientales del Conicet

Investigadores del Conicet elaboraron un indice en base a los problemas
ambientales y los recursos naturales y sociales de 511 partidos del pais




Does size divergence allow coexistence in otherwise similar niches?
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Does size divergence allow coexistence in otherwise similar niches?
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-20

-25

Latitude

e global river basin shapefile 500 m threshold

-30

-35

e Maxent species distribution modelling of all species with data

Environmental variables:

- Worldclim climatic data

- 10 soil composition variables

- two variables for river basin characteristics
- unstandardized PCA before model fitting

- Background points: roadside points

Using library dismo in R (beautiful tool)
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From ranges to range overlaps

an alternative way to assess odds of speciation modes

Using detailed range predictions or data

VOL. 155, NO. 4 THE AMERICAN NATURALIST APRIL 2000

Detecting the Geographical Pattern of Speciation from
Species-Level Phylogenies

Timothy G. Barraclough®” and Alfried P. Vogler">"



Simulations of speciation events and range shifts at cladogenetic events and
in between speciations (anagenetic)

A) Start B) Speciation
i) Allopatric i} Sympatric
T
| |
C) Range movements D) End
Spacies
i) Random walk ii) Major shifts !
2 §
1
| N ™ . h
(e 5
™ & =l ®
aga of nada

Predictions from simulations on the dependence of range overlap on node age

overlap: part of range of the smallest range among a pair of species
occupied by both species



Step size of random walk

Small Medium

Allopatric speciation A 05

Both co-occurring

L X
Sympatric speciation 0s4°* 051¥*



Intercept

One intercept or more?

Table 1: Summary statistics for plots of the degree of sym-
patry against relative node age

Spear-
man’s
rank
. fect Standard
A = sympatric - error of
1 & = allopatric Taxon n r, P Intercept intercept
Warblers 14 .66 .02 054 +.120
—.052
Fairy wrens 11 .76 .02 .049 +.091
—.045
Cranes 14 54 .07 012 +.046
—.012
Auks 22 .63 .004 011 +.081
—.011
0 10 20 Swordtail fish 18 47 .14 024 +.082
—.024
step size of random walk Fruitflies 19 .48 .001  .174 +.185
—.127
Leathoppers 35 .57 .06 079 +.080
—.054
Tiger beetles 12 .39 .21 .208 +.147
—.116

Note: Intercepts were fitted by linear regression of arcsine transformed
sympatry, hence the standard errors of the untransformed intercept are
asymmetric; # = number of nodes.



We propose to use mixtures of regressions to
estimate intercepts and slopes for potentially different speciation modes

estimate the proportion of speciation events according each mode



Step size of random walk

Small Medium
Allopatric speciation | ;1,5}. : 0.5 4o
0
150 300 100 200 u 150 300

Both co-occurring

Sympatric speciation




Another proposal

Evolution, 60(3). 2006, pp. 601-615

THE GEOGRAPHY OF MAMMALIAN SPECIATION: MIXED SIGNALS FROM
PHYLOGENIES AND RANGE MAPS

BENJAMIN M. FITZPATRICK! AND MICHAEL TURELLI?
Section of Evolution and Ecology and Center for Population Biology University of California, Davis, California 95616
2E-mail: mturelli@ucdavis.edu

No predictions from simulations,
assuming range overlaps can be treated as traits of species



"we used nested averages of the pairwise
overlaps between species in each clade"
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overlaps calculated from river basins
example of differences in overlap values
between Barraclough and Vogler (blobs)
and Fitzpatrick and Turelli (dots)
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Austrolebias mixture regression using the R flexmix library (Leisch)
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Predict node states using posterior probability per mixture component
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How reliable are these results?

- Are there really three groups of speciation
events?

- Are the posterior probabilities correct?



Simulations of cladogenetic and anagenetic
within- and between-area range changes

on the basis of the phylogenetic tree estimated
for the concatenated nDNA loci

An area of endemism with ranges
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In between speciation events: random walks of ranges




At speciation events, different scenarios simulated:

(1)50% jump dispersal and 50% allopatric speciation within area

(2) 50% jump dispersal 25% allopatric speciation 25% parapatric speciation (0.2 overlap)

(3) 50% jump dispersal 25% allopatric speciation 25% parapatric speciation (0.5 overlap)

(4) 50% jump dispersal 25% allopatric speciation 25% sympatric speciation

(5) 50% jump dispersal 25% parapatric speciation (0.2) 25% parapatric speciation (0.5 overlap)
(6) 50% jump dispersal 25% 25% parapatric speciation (0.5) 25% sympatric speciation

200 simulations per combination of parameters




Do BioGeoBEARS on each simulation.

Probability of correct assignment to ancestral area in BioGeoBEARS simulations
We should fous on nodes with large ML probabilities of a prediction

0.96

0.94 +

0.92

0.90

0.88

Fraction where ancestral area
is predicted correctly

086 g/ =

T T T T T T T
0.60 0.65 0.70 0.75 0.80 0.85 0.90

Minimum ML probability of
predicted ancestral states



Value (0.47) in the data of the summed prior of the two components with intercepts > 0.2

02 04 06 08 1.0

Weighted average of the
intercepts with values above 0.2

02 04 06 08 1.0 02 04 06 08 1.0

Summed prior probabilities of
components with intercepts above 0.2



Scenario 1

Allopatric

Scenario 4

Allopatric

Sympatric

Predicted

intercept < 0.2

Predicted

intercept > 0.2

Predicted

intercept <0.2

Predicted
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Predicted

intercept > 0.2
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Western Paraguay
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Original Article

Patterns of co-occurrences in a killifish metacommunity are
more related with body size than with species identity

Andrés Canaveroy, Daniel Hernandez, Matias Zarucki, Matias Arim

First published: 06 November 2013 | https://doi.org/10.1111/aec.12103 | Cited by: 6



Summary

Update community phylogenetics with more evolutionary and biogeographic modelling
More insightful view of ranges and niches in Austrolebias

Repeated evolution of a similar niche shift
scope for eco-genetics

Niche shift involved in spread of piscivores & repeated assemblages with large differences
Introgression: we need to prepare to fit phylogenetic networks
Modesty: replace "inference" by "predictions"” and aim to propose new

hypotheses for further testing

Check the mixture regressions with more simulations?
Or give up on the overlap regression method altogether?



competition and predation

competition and predation
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Patos Lagoon

Patos Lagoon
Patos Lagoon
Patos Lagoon
Patos Lagoon

A, elongatus La Plata

A, vazferroirai Rio Negro

A, viarius Patas Lagoon

A, charrua Patos Lagoon

A. arachan Rio Megro

A, reicharti Patos Lagoon

A, robustus La Plata

A. bellotti La Plata

A, melanoorus Rio Megro

A, nigripinnis La Plata

A, paucisquama Patos Lagoon

A. affinis Rio Negro

A, juanlang Rio Negro



Total length (mm)

A. affinis A. arachan A. bellottii A. charrua A. cheradophilus A. elongatus
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