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16. El gradiente de biodiversidad.
Especiacion, extincion, y biogeografia
historica. Radiaciones adaptativas



Introduccion

* la biogeografia es el estudio de los patrones de organizacion
espacial de la diversidad biolégica y de los procesos que han
generado y mantenido dichos patrones

» tiene dos vertientes principales:
* historica (evolutiva)
* ecoldgica

* NOS ocuparemos principalmente de la primera, y usaremos
algunos ejemplos para ilustrar algunos problemas
biogeograficos.

* el objetivo es ilustrar la tendencia hacia la integracion de
macroecologia y macroevolucion en un contexto filogenético
y biogeografico



Distribucion geografica actual
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observamos que no son “explicaciones alternativas” sino dos
facetas de un mismo problema: la diversificacion ocurre a lo
largo de la historia en un contexto ecologico que a) incluye
los resultados de la diversificacion, y b) cambia como
consecuencia de dichos resultados, asi como de procesos
geologicos y climaticos



Radiacion adaptativa:
ciclidos del lago Tanganica
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Body shape

Densidad en Cambio en Tasa media
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Gradiente de biodiversidad de murciélagos

”.’_-‘

Hipotesis: o S
%‘%
- Centro de origen. ' (7.”' u\%.
v

average of relative
ages of taxa

latitude



Gradiente de biodiversidad de aves
residentes



No. de especies de aves en G Bretana

Correlatos ecologicos: un ejemplo
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El gradiente latitudinal de biodiversidad

(Roy et al 1998)
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Fic. 1. Latitudinal diversity gradient of eastern Pacific (O0) and
western Atlantic (@) marine prosobranch gastropods, binned per
degree of latitude. The range of a species is assumed to be continuous
between its range endpoints, so diversity for any given latitude is
defined as the number of species whose latitudinal ranges cross that

latitude.



El gradiente latitudinal de biodiversidad
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Figure 1. Latitudinal gradients in species richness of marine coastal fishes (teleosts and elasmobranchs). Crosses and interrupted lines: Atlantic. Dots and thick lines:
Indo-Pacific. Based on but strongly modified from figure 4 in Rohde (1978 [6]) and figure 72 in Rohde (1993 [7]), data from various authors particularly in Briggs (1974
[8]). Only surveys from large areas are included. The highest diversity in the Indo-Pacific shown here is for the Philippines, for the Atlantic it is for the Western Caribbean,
the lowest in the northern Atlantic and Indo-Pacific, respectively, are those for Greenland and the Sea of Okhotsk. Note the much greater diversity in the Indo-Pacific than the
Atlantic, and an increase of diversity towards lower latitudes. - Also note that data for high latitudes are more complete than those for low latitudes, i.e., it can be expected
that the gradients are even steeper than shown here. © Klaus Rohde
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Relacion area-no. de especies
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Biogeografia insular: equilibrio dinamico
entre inmigracion y extincion
(MacArthur-Wilson 1967)
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Extincion e inmigracion son funciones que dependen del tamano de laisla y

de la distancia de la fuente de migrantes, respectivamente. "



Biogeografia insular: factores que afectan
el equilibrio
(MacArthur-Wilson 1967)
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Biogeografia insular: factores que afectan
el equilibrio
(MacArthur-Wilson 1967)
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Tasa de evoluciéon neutral y de especiacion
correlacionadas con la temperatura
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Fig. 3. Both ecological and macroevolutionary variables exhibit pronounced variation from the poles to the equator. (4) Depicted are the latitudinal gradient
in contemporary mean annual sea-surface temperatures (48) (dashed line) and ocean surface area per 0.5° latitude (solid line; negative numbers correspond to
southern latitudes). Different shades are used to represent four equal-area latitudinal bands of ==9.1 x 107 km? ocean area each. (B) Depicted are the effects
of ocean temperature on time-averaged speciation rates over the past 30 Ma in each of the four equal-area latitudinal bands. The line was fitted by using ordinary
least-squares regression. Speciation rates were calculated based on the latitudinal distribution of =150 FO of foraminifera morphospecies by using the Neptune
database (32); 95% Cls (vertical lines) were generated, as described in Appendix 3, by using a randomization procedure that explicitly controls for the effects
of variation in sampling efforts on paleontological analyses. The average sea-surface temperature within each latitudinal band over the past 30 Ma was
estimated, as described in Appendix 4, by using a robust paleotemperature calibration (33).

Kinetic effects of temperature on rates of genetic
divergence and speciation 15

Andrew P. Allen**, James F. Gillooly*, Van M. Savage$, and James H. Brown'" 9130-9135 | PNAS | June 13,2006 | vol. 103 | no.24



Hasta aqui

* la comprension de la abundancia y distribucion de
especies refleja diversos procesos que han operado a
escalas ecoldgicas e historicas

* el gradiente latitudinal de biodiversidad es uno de los
grandes patrones cuya comprension requiere la
integracion de perspectivas ecologicas e historicas

* la biogeografia insular ha provisto modelos sencillos
gue resultan en equilibrios dinamicos entre
inmigracion (extensible a especiacion) y extincion; el
“efecto de area” esta ampliamente documentado y
provee una referencia basal para entender la
diversidad
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Radiaciones evolutivas: filogenias a gran escala

Upham et al 2019. PLoS Biol 17(12): e3000494.
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Variacién en tasas de diversificacion entre linajes
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Un caso particular: roedores
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Linajes a traves del tiempo

b Comparing major subclades % 4 m

- Backbone-and-patch -1 DNA supertree
& - This study - Faurby & Svenning 2015
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Diversificacion: balance neto de especiacion y
extincion
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2 grupos de roedores sudamericanos:
caviomorfos y sigmodontinos
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Fig 1. Rodent richness and turnover across South America. (a) Rodentrichness, and (b) its turnover.
Turnover was calculated as the average of the Simpson-dissimilarity index (8SIM—[3]) between a focal cell

and each of its eight neighboring cells.
doi:10.1371/journal.pone.0151895.g001

Maestri & Patterson 2016 73



Son grupos bien distintos (histéricay
ecolégicamente)

Caviomorph
Richness

Sigmodontine
Richness
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importantes) importantes)
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Comentarios finales

* Observamos una tendencia a la integracion de
perspectivas ecologicas e historicas, superando una
falsa contraposicion.

* Analisis filogeneético, historia geografica, geologica y
climatica, caracteres bioldgicos.

« Radiaciones biologicas: ;existen realmente las
radiaciones no adaptativas?
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