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Qué es la polinizacion...
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Figure 1.1 The central processes of pollination in a
typical angiosperm flower, with the route taken by
pollen from anther to stigma (followed by pollen tube
growth into the style) in an animal-pollinated species.
(Modified from Barth 1985.)

Wilimer (2011) Pollination and Floral Ecology. Princeton Univ. Press
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...y por qué vale la pena estudiarla
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Figure 1.2 Key interactions of major biclogical topics and themes promoting interest in the study of pollination.
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Wilimer (2011) Pollination and Floral Ecology. Princeton Univ. Press
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Las angiospermas no fueron las
unicas...
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:I o - Figure 4.1 A modern phylogeny of seed
Abiotic pollination plants, indicating the occurrence of abiatic
_ Biotic pollination and biotic pollination modes; an this view, bi-
1 unknown otic pollination has arisen at least three times,
e Equivocal (Redrawn from Pellmyr 2002, based on earlier
sources.)

Wilimer (2011) Pollination and Floral Ecology. Princeton Univ. Press
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...pero les fue muy bien
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Figure 4.5 The timing of major radiations in the
land plants, with angiosperm radiation becoming 0
dominant from about 120 million years ago. (Re- 150 120 90 60
drawn from Lunau 2004.) Million years before today

Willmer (2011) Pollination and Floral Ecology. Princeton Univ. Press
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...pero les fue muy bien

Figure 4.6 Timings of radiations in insect evolution, with major pollinating taxa appearing between B85 and 50 mil-
lion years ago, at similar times to the appearance of zygomorphic flowers and brush blossoms and then keeled pap-

ilienate flowers. Origins of vertebrate groups containing pollinators are also shown; functional pollinators within

these groups appeared rather later. (Maodified from Schoonhoven et al. 2005, based on earlier authors.)

Wilimer (2011) Pollination and Floral Ecology. Princeton Univ. Press
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Muchas plantas son polinizadas por
animales (sobre todo insectos)
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Ollerton et al. (2011) Oikos 120: 321-326
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| as interacciones forman redes
complejas...

...y el desafio es entender las causas de esta
estructura y sus consecuencias ecologicas y evolutivas

Insect
abundance

Floral
abundance

Figure 1 The results of the quantitative sampling for a plane-pollinator community showing the trophic links (pollen and/or nectar feeding) during July 1997, Each species of
plant and inscct is represented by a rectangle: the lower line represents flower abundance, the upper line represents insect abundance (Col, Coleoptera; Dipt, Diptera; Hym,
Hymenoptera; Lep, i.a:pisluprurn]_ The widch of the rectangles and the size of the interaction berween them 1s proportional ro their abundance ar the field site. Plants shown as a
dotted line were present at the field site, bur not recorded |J:L the .L.;L||1|3Hn_s_'|, Interactions shown as a dotted line were observed less than 10 times |_l|||'i|1"_y the .L.;ll|1]*rﬁl'|g ]}L'rind. The

plant and pollinator species are listed in the Appendix.

Memmott (1999) Ecology Letters 2: 276-280

0. Introduccién



Esquema de la charla

1. ¢ Especializacion reciproca?
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ON

THE VARIOUS CONTRIVANCES

BRITISH AND FOREIGN ORCHIDS
FERTILISED BY INSECTS,

AND ON THE GOOD EFFECTS OF INTERCROSSING.

Br CHARLES DARWIN, M.A., FR.5., &c.

WITH ILLUSTRATIONS.

LONDON :
JOHN MURRAY, ALBEMARLE STREET

1862,

Charles Darwin

Orquidea estrella de Madagascatrr,
Angraecum sesquipedale
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Xanthopan morgani praedicta Lionel Walter
Rothschild
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¢, Especializacion reciproca?

Las relaciones entre las flores y los insectos polinizadores son los
arquetipos de los resultados de las interacciones coevolutivas
(Crepet 1983).

Las flores de cada especie de insecto estan adaptadas en su
forma, estructura, color y olor a los agentes polinizadores
particulares de los que dependen. [...] Evolucionando juntos, las
plantas y sus polinizadores se ajustan mas y mas a las
peculiaridades del otro (Keeton y Gould 1993).

La belleza visual caracteristicamente asociada a las flores es el
efecto de su coevolucidn con insectos u otros animales
polinizadores (Anonimo, Wikipedia).
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Ecology, 17(4), 1996, pp. 1043-1060
© 1996 by the Ecological Society of America

GENERALIZATION IN POLLINATION SYSTEMS, AND WHY IT MATTERS'

Nickolas M. Waser23 Lars Chittka,*s Mary V. Price 23
Neal M. Williams,* and Jeff Ollerton®

Abstract

One view of pollination systems is that they tend toward specialization. This
view is implicit in many discussions of angiosperm evolution and plant—pollinator
coevolution and in the long-standing concept of ‘“‘pollination syndromes.”” But
actual pollination systems often are more generalized and dynamic than these
traditions might suggest. To illustrate the range of specialization and generalization
in pollinators’ use of plants and vice versa, we draw on studies of two floras in
the United States, and of members of several plant families and solitary bee genera.
We also summarize a recent study of one local flora which suggests that, although
the colors of flowers are aggregated in ‘‘phenotype space,” there is no strong
association with pollinator types as pollination syndromes would predict. That
moderate to substantial generalization often occurs is not surprising on theoretical
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Figure 1 Bipartite graphs depicting two-mode networks characterstic of plant-animal mutualistic interactions. Species in each set {nodes
arranged along the vertical lines and conneeted by thin oblique lines) are sorted in deercasing number of interactions per species, Plant—
pollinator nerworks (Olesen & Jordano 2002): INO, remperate forest, Kibune forest, Kyoro, Japan (8 = 932, &£ = 1876} ABIS, arcric
tundra, Abiske, Sweden (8= 142, £ = 242). Plant—frugivore networks: MONT, neotropical montane rainforest, Monteverde, Costa Rica
¥ = 2140, k= 436) Wheelw l‘i;_[hl, & al, 1845 CORR, ng'l'l-l.:h.".':a!i-:n'l Mediterranean forest, Sierra de Cazorla, SE 3pain (Y= 34, k= 148)
(P Jordano, unpubl. dara).

Jordano et al. (2003) Ecology Letters 6: 69-81
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Ecology, 85(5), 2004, pp. 12511257
© 2004 by the Ecological Society of America

ASYMMETRIC SPECIALIZATION: A PERVASIVE FEATURE OF
PLANT-POLLINATOR INTERACTIONS

DiEGO P. VAzZQUEZ'? AND MARCELO A. AIZEN?

\National Center for Ecological Analysis and Synthesis, University of California, 735 State Street, Suite 300,
Santa Barbara, California 93101-3351 US4
*Laboratorio Ecotono, C.R.U.B., Universidad Nacional del Comahue, Quintral 1250, (§400) Bariloche,
Rio Negro, Argentina
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FiG. 1. Distribution of asymmetric specialization in plant-pollinator interaction networks. Plots show the average spe-
cialization of interaction partners (p) vs. the degree of specialization (s). (a) An example to illustrate the inability of the
correlation coefficient to characterize asymmetric specialization. Heuristic data are shown for two communities with identical
correlation coefficients (» = 0.4265), one with higher values of s and p (large open circles) than the other (black dots). Data
for the Inouye and Pyke (1988) data set are shown for plants (b) and pollinators (c). Large open circles represent observed
s-p values; black dots and line indicate the null space for model 1; gray dots and line indicate the null space for model 2.
Notice that most extreme specialists (species with low values of &) do not have reciprocally specialized interaction partners
(low values of p); a similar pattern was observed for all data sets (see Appendix B).
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PNAS | August5, 2003 | wol 100 | no. 16 9383-9387

The nested assembly of plant-animal
mutualistic networks

Jordi Bascompte'*, Pedro Jordano®, Carlos J. Melian®, and Jens M. Olesen$
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Fig. 1. Plant-animal mutualistic interaction matrices. Numbers label plant
and animal species, which are ranked in decreasing number of interactions per
species. A filled square indicates an observed interaction between plant j and
animal j. a-¢ correspond to perfectly nested, random, and real mutualistic
matrices [plant-pollinater network of Zackenberg (J.M.O. and H. Elberling,
unpublished work}], respectively. Values of nestedness are N = 1 (a), N = 0.55
(b), and N = 0.742 (P = 0.01) (c). The box outlined in a represents the central
core of the network, and the line in ¢ represents the isocline of perfect
nestedness. On a perfectly nested scenaria, all interactions would lie before
the isocline {on the left side).

1. ¢Especializacion reciproca?



¢, Especializacion reciproca?

* La especializacion reci

* Pero... hay muchos es

oroca es (muy) rara.

neclalistas

especializados asimétricamente en

generalistas.

e Esta estructura tiene implicancias importantes
para la dinamica ecologica y evolutiva.

1. ¢Especializacion reciproca?
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AMER. ZooL., 41:825-839 (2001)

The Costs of Mutualism'

JupiTH L. BRONSTEIN?

Department of Ecology and Evolutionary Biology, University of Arizona, Tucson, Arizona 85721

* La mayoria de los
mutualismos involucran tanto
costos como beneficios.

e Los mutualismos estan
moldeados no solo por sus
beneficios sino tambiéen por
SuUS Costos.

200
Gross Benefit
Number n o 0 O
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Seeds 1504
Qe -0
Cost i
1004
50 - Net Benefit
D{r' 1 | | T T
0 1 2 3 4 5 6

Foundresses per Fig

FiGg. 2. A graphical model of costs and benefits of
mutualism to Ficus aurea female function (seed pro-
duction). Gross benefits quickly saturate since a single
foundress imports sufficient pollen into a fig to initiate
a full complement of seeds; costs (seed loss to foun-
dress offspring) rise and then saturate as available ovi-
position space fills up. The net benefit (i.e., gross ben-
efits minus costs) is therefore maximal when a single
foundress enters each fig.
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FiG. 1.

Non-inflected benefits
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or cost (C)
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or cost (C)
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CONCEPTS & SYNTHESIS

EMPHASIZING NEW IDEAS TO STIMULATE RESEARCH IN ECOLOGY

Ecology, 91(3), 2010, pp. 12761285 y
@ 2010 by the Ecological Society of America

Benefit and cost curves for t}’pical pollination mutualisms

Wittiam F. Marris.'* Dieco P. Vizouez, ™ anp Natacha P. CHACOFF
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A wide variety of net-benefit curves can result from combinations of saturating benefit and cost curves. Solid lines are
benefit curves; dashed lines are cost curves.
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CONCEPTS & SYNTHESIS

EMPHASIZING NEW IDEAS TO STIMULATE RESEARCH

IN ECOLOGY

Ecology, 91(3), 2010, pp. 12761285 .
@ 2010 by the Ecological Society of America

Benefit and cost curves for typical pollination mutualisms
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Fig, 3. Net-bengfit curves for female reproductive success
of three plants in typical pollination mutwalisms. Circles
represent  the data {among-Hower means are shown for
grapefruoit and bluebells). Numbsers at the top of each panel
indicate the number of flowers that received each number of
insect visits. Curves represent the predictions of all models with
AAIC < 2, For grapelruit, the simple saturating (selid line) and
umimodal (dashed line) models shared the lowest AINC. For
atamisque, 4 model with sigmoidal benefit and cost curves with
the same asymptote (=olid linc) had the lowest ALC, followed by
the model with sigmoidal cost and benefits curves with different
asympiotes (dashed line, AAIC = 197y For blucbells, the
simple salurating model outperformed all others. AIC values
and parameter estimates for all models are in Appendix C:
Table C2.
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Mo, seedsflower

= Mo robbing visits
<1 or mara robbing visits

UU 2 4 B -] 10

Mo. legitimate visits/flowar

Fiz. 4. For a given number of keginmate visits, bluebell
Mowers that also received robbing visits produced lewer seeds
than did Nowers that were only visited legtimatelyv. Data are
means *+ SE. Curves are the besi-fit simple saiurating net-
benefit model in which robbed and wunrobbed flowers have
different parameters (see maximum-likelihood parameter esti-
mates and AIC values in Appendix O Table C3), The numbers
at the top are numbers of unrcbbed (first row) and robbed
(second row) flowers that received each number of visits



¢, Beneficio mutuo?

* Los mutualismos, incluyendo las interacciones
planta-polinizador, involucran tanto costos
como beneficios.

* En ese sentido, los mutualismos son en
realidad antagonismos balanceados que
Involucran costos y beneficios.

* El beneficio neto es dinamico y depende de la
acumulacion de costos y beneficios.

2. ;Beneficio mutuo?
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Red planta-polinizador de Villavicencio
(6 anos)

Polinizadores

|||||||
|||

59 especies de plantas Plantas

196 especies de visitantes florales

1050 interacciones interespecificas (links)
28015 visitas

Vazquez, Chacoff, Cagnolo (2009) Ecology 90: 2039-2046
Chacoff et al. (2012) J An Ecol 81: 190-200

Vazquez et al. (2012) Ecology 93: 719-725
Chacoff, Resasco, Vazquez (2018) Ecology 99: 21-28



¢, Podemos predecir las
Interacciones en una red?
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Ecology, SR}, 2009, pp. 2039-246
o 2004 by the Ecolomical Society of America

Evaluating mu]tiple determinants of the structure
of plant—animal mutualistic networks

. 4 3
Dieco P. Vazouez, '~ Natacha P. CHacorr,! ann Luciaso CacnoLo’
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Fig. . Plant-pollinator interaction matrices. (a) Observed plant—pollinator matrix in the Mente Desert of Villavicencio Mature
Reserve (Mendoza, Argentina). (b) Intersction matrix resulting from one iteration of the randomization algorithm, using the NT
probability matrix (resulting from all possible combinations of abundance N and temporal overlap T) to assign interactions. In
cach matrix, rows represent pollinator species. columns represent plant species, and arcle diameter of a matrix clement vy s
proporbonal 1o the square root of the number of interactions between pollinator f and plant 5.



Oikos 000: 001-009, 2014
doi: 10,111 Heik.0145" - |
© 2014 The Authors. Oikos © 2014 Nordic Sociery Oik  Annual Review of Ecology, Evolution, and

Subject Editor: Anna Traveser. Editor-in-Chief: Dries Bonre, Accepred 26 June 200 S’}-‘._‘:ff:‘?.i'fﬂﬁ{'f

[dentitying Causes of Patterns
Species traits and abundances predict metrics of plant-pollinator i1 Fcolooical Networks:
network structure, but not pairwise interactions E¥ it i A ST, S o
DDOTTUNnItES and 1.11rmicaclolls
-F_“ i 7 '\ 7 -( ‘r‘-lr" L :-[—- I
ECE0 G I .
. . . i, v Carsten F. Dormann,' Jochen Friind,
Colin Olito and Jeren : A )
Ecology Letters, (2012) and H. Martin Schaefer

C g {eolin.olito@gmail.co)
TG, Canaedla LETTER

Phenology drives mutualistic network structure and diversity

Francisco Encinas-Viso,'* Tomas A.

PROCEEDINGS Processes entangling interactions in
Revilla?* and Rampal S. Etienne’ ; - (O F Hiacs H 1
- T Fommunltles. forbidden Imk_s are more
SOCIETY important than abundance in a
Oikos 120: 1351-1356, 2011 ngblrd_ piant I'IE'[W{Jrk

doi: 100111 1. 16000706, 2001, 19477 %
& 2011 The Auchors. Oikos @ 2011 Nordic Sociery Oikos

Subject Editor: Regino Zamora. Accepred 2 February 2011 e e
SR e ntin-Bugoni', Pietro Kiyoshi Maruyama' and Marlies Sazima’

The relative contribution of abundance and phylogeny to
the structure of plant facilitation networks

voL. 183, MO, § THE AMERICAN NATURALIST MAY 2014

bt R A R Species Abundance, Not Diet Breadth, Drives the Persistence
of the Most Linked Pollinators as Plant-Pollinator
Networks Disassemble

Rachael Winfree,"* Neal M. Williams,” Jonathan Dushoff,’ and Claire Kremen®



¢, Complejidad predecible?

e Las interacciones planta-polinizador estan
determinadas por los caracteres fenotipicos de
las especies, su historia filogenética, su
distribucidon espacio-temporal, y una buena
cuota de azar (neutralidad).

3. ;Complejidad predecible?



Esquema de la charla
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4. ¢ Establilidad espacio-temporal?
5.



We may perhaps regard the organisms, both plants
and animals, occupying any given habitat, as
woven into a complex but unstable web of life. The
character of the web may change as new
organisms appear on the scene and old ones
disappear during the phases of succession, but the
web itself remains.

R. Yapp (1922, Ecology 10: p. 11)

4. ;Estabilidad espacio-temporal?



Ecology Letters, (2008) 11: 564-575 doi: 10.1111/j.1461-0248.2008.01170.x

LETTER
Long-term observation of a pollination network:

Theodora Petanidou. ™ fluctuation in species and interactions, relative
Athanasios S. Kallimanis,” Joseph jnvariance of network structure and implications
Tzanopoulos,’ Stefanos P. ] o ]

for estimates of specialization

Sgardelis® and John D. Pantis?

Table 2 Similarity between any pair of study years, given as number of common resources (plant species, insect species and interactions), and

as Jaccard and modified Simpson indices

1983 and 1984 and 1985 and 1983 and 1984 and 1983 and
1984 1985 1986 1985 1986 1986
Number of species/ interactions observed in both years
Plants 88 106 95 90 91 80
Insects 207 238 224 230 193 183
Interactions 282 407 355 331 288 246
Interactions of core species 223 290 276 254 248 221

Number of interactions “lost’ between years, i.e. observed only in one over two years
Total number of interactions

observed only in one year 1292 1665 1717 1697 1348 1314
Interactions lost among species

present in both years 383 (29.6%) 603 (36.3%) 495 (28.8%) 510 (30.1%) 363 (26.9%) 289 (22.0%)

Interactions between a species

present in both years and a partner

687 (53.2%) 890 (53.4%) 919 (53.6%) 908 (53.5%) 694 (51.5%) 731 (55.6%)

species present in one year
Interactions between species

222 (17.2%) 172 (10.3%) 303 (17.6%) 279 (16.4%) 291 (21.6%) 294 (22.4%)

that are present in only one year

Jaccard similarity index

Plants 0.721 0.841 0.742 0.714 0.722 0.601
Insects 0.429 0.447 0.438 0.420 0.426 0.389
Interactions 0.179 0.196 0.171 0.163 0.176 0.158

Interactions of core species 0.299 0.327 0.302 0.300 0.307 0.291

L T A L ]



Red planta-polinizador de Villavicencio

T -~

Vazquez, Chacoff, Cagnolo (2009) Ecology 90: 2039-2046
Chacoff et al. (2012) J An Ecol 81: 190-200

Vazquez et al. (2012) Ecology 93: 719-725

Chacoff, Resasco, Vazquez (2018) Ecology 99: 21-28
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Red acumulada (6 anos)

Polinizadores

59 especies de plantas Plantas

196 especies de visitantes florales
28015 visitas
1050 interacciones interespecificas (links)

Vazquez, Chacoff, Cagnolo (2009) Ecology 90: 2039-2046
Chacoff et al. (2012) J An Ecol 81: 190-200

Vazquez et al. (2012) Ecology 93: 719-725

Chacoff, Resasco, Vazquez (2018) Ecology 99: 21-28



Ecology, 99(1), 2018, pp. 21-28 _
2017 by the Eoological Soceety of America

Interaction frequency, network position, and the temporal
persistence of interactions in a plant—pollinator network

3 2 1 2 5 T
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¢, Estabilidad espacio-temporal?

* Las redes planta-polinizador son altamente
dinamicas.

* La persistencia temporal (y espacial) de las
iInteracciones es mayor en el nucleo de la red
gue en la periferia.

e Pero aun las interacciones del nucleo son
periféricas en algun momento.
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Plant Pollinator
species species

Figure 1. Mustration of symmetry of interaction strengeh. Circles
represent plant species, while squares represent pollinator species
that interact with them. This Agure only represents the detail of
pairwise interactions, but it should be understood that each of these
hypathetical species interact with many other hypothetical species.
All interactions with other species are not drawn for simplification.

Silvia Lomascolo

Arrows represent the effect of one interactor on the other, measured
a% the proportion of visits represented by that species o the other,
also called interaction strength. The thickness of the arrow is pro-
[J:thimml tor the xl:n.'ngih of the interaction. In the firse pair, (A the
interaction is asymmetrie, as the thickness of both arrows s
different. In the second pair, (B) the interaction is symmeerically
weak, as interaction strength is similar for both species, but i low.
That means that these species mostly interact with other species, yer,

the reciprocal effect is similar. In the third pair, (C) the interaction
is symmetrically serong, which means that both interaction parners
represent a similarly high proportion of all visits of the other
partner.
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Figure 6. Results of the test of coevolution between corolla aperture
of the flower and body width of the interacting insect (W), and
between corolla and insect proboscis length (L) in relation to sym-
metry (symm) and frequency (freq). The test statistic, called the
coevolutionary ratio (¢7), was calculated as the ratio between evolu-
tionary change in traits in pairs of interacting plant and insect spe-
cies (largest number set as denominator). Blue points represent the
observed correlation coefficient between symmetry or frequency
levels and median value of ¢r for corolla length and proboscis length
(symm L, freq L) and for corolla aperture and body width (symm
W, freq W). Green circles represent the mean of 999 values of the
correlation coefficients between the level of symmetry or frequency
and the ¢r, calculated from random pairs of plants and pollinators.
Error bars represent the 95% confidence interval. The correlation
between levels of symmetry with coevolution is higher than expected
by chance alone for corolla aperture and insect body width.
However, this is not the case between frequency and coevolution for
either pair of traits.
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¢, Coevolucion?

* Nuestros resultados sugieren que la
especializacion reciproca no es una condicion
iIndispensable para la coevolucion.

* Este proceso puede ocurrir entre especies con
cuyas fuerzas de interaccion reciprocas son de
magnitudes similares.
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Ursus Wehrli: Kunst Aufraumen (El arte de ordenar)



Todd McLellan: Things come apart



LOS ARBOLES PIERDEN z SDONDE EMPIEZA
LAS HOJAS CUANDO MAS A P Y DONDE TERMINA S550

LAS NECESITAN.. EL VIENTO? \Q

ALGUN LUGAR
SE DEBE ESTAR
LLENANDO DE

B

NO TENDRIAN
OUE ESTAR MAS
ABRIGADOS EN
INVIERNO?

j—‘» S 3: @’ : e il o r
_DE DONDE 5ALIO Y DONDE ESTA

A DONDE
VAN LAS NUBES EL PRIMER HOMBRE QUE ENTERRADA
CUANDO EL CIELO HABITO EL MUNDO? TODA LA GENTE

QUE SE MURIO

SE DESPEJA?
A TRAVES DE

OE LA
HISTORIA?
A AGUARLES PAN,%":N?E 2 LA BolRw
LA FIESTA A
OTROS..

POR QUE S| LA TIERRA iTOBI, ESTE MUNDO ESTA
DA VUELTAS NO NOS LLENO DE MISTERIOS!
MAREAMOS?

POR EJEMFPLO:
JQUE DAN EN LA TELE
CUANDO ESTAMOS
DORMIDOS?

~Y HAY OTRAS QUE
NI SIQUIERA SE HACEN
PREGUNTAS.
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