Teodrica 10:
Interacciones en las comunidades



Repaso Tedrica 9: Estructura
comunitaria
 ;Qué es una comunidad? ; Atributos?
« ;,Como estimamos la diversidad de especies?

 ;Qué procesos determinan la estructura
comunitaria?

» ;,Como varia la biodiversidad geograficamente,
y por qué?

e ;COmo varia la estructura comunitaria en el
tiempo?



Tedrica 10: Esquema conceptual

Depredacion como fuerza organizadora: redes troficas

Mutualismo como fuerza organizadora: redes
mutualistas

Modelos de organizacion comunitaria

Importancia comunitaria: especies clave y especies
dominantes

Estabilidad comunitaria

Biografia de islas
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Redes troficas

Red trofica de Little Rock Lake, Wisconsin, EE.UU. Fuente: Martinez N (1991)
Ecol. Monogr. 61: 367-392.
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Redes troficas: definiciones

—

Table 20.1 Definitions of food web
terminology.

Top predators: species eaten by nothing else in the food
web (also called apex predators)

Basal species: species that feed on nothing within the
web (usually plants)

Intermediate species: species that have both predators
and prey within the web

Trophic species: groups of organisms that have identical
sets of predators and prey

Cycles within a food web: species A eats species B and
species B eats A

Cannibalism: a cycle in which a species feeds upon itself

Interactions: any feeding relationship (line with an
arrow in a food web diagram)

Possible interactions: among s species in a food web,
there can be s2 possible interactions, including
cannibalism

Connectance: number of actual interactions in a food
web divided by the number of possible interactions

Linkage density: average number of links or interactions
per species in the web

Omnivores: species that feed on more than one trophic
level

Compartments: groups of species with strong linkages
among group members but weak linkages to other groups
of species

Figure 20.5 illustrates these definitions.
SOURCE: Modified from Cohen (1978) and Pimm (1982).

Copyright © 2009 Pearson Education, Inc.
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Generalizaciones sobre redes
troficas

1.Relacion positiva entre no. de enlaces y numero de
especies

2.L.as cadenas troficas son cortas (explicaciones:
energia, equilibrio dinamico)

3.La proporcion de depredadores tope, intermedios y
especies basales es constante

4.lL.a omnivoria es comun

5.La mayoria de las interacciones son débiles, pocas
fuertes

Ecologia: Teorica 10



Generalizacion 1:
No. de enlaces vs. no. de especies
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No. de enlaces vs. no. de especies

Generalizacion 1:
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Figure 20.9 The relationships between
connectance | C) and species richness (5.
(a) Par a compilation from the literature
of 40 food webs from terrestrial,
freshwarer and marine environments.

i After Briand, 1983.) (b) For a compilation
of 95 insect-dominated webs from various
habitats. | After Schoenly ef al., 1991.)

i) For seasonal versions of a food web
for a large pond in northern England,
varving in species richness from 12 to 32
i After Warren, 1989, (d) For food webs
from swamps and streams in Costa Rica
and Veneznela. (Afrer Winemiller, 1920.)
(ta—d) after Hall & Raffaelli, 1923.)
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Generalizacion 2:
Largo de las cadenas

2 4 6
Food chain length
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Explicaciones del largo de las cadenas:
energia vs. dinamica poblacional
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Generalizacion 3:
Proporcion constante de especies
tope, intermedias y basales
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Generalizacion 4:
La omnivoria es comun
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Fig. 2. Mean proportions (=8D) of non-basal taxa with trophic positions that were integers for the four ecosystems. Data are
shown for real food webs (black diamonds), randomized food webs that randomize secondary and higher consumers (white
squares), and all non-plant taxa randomized (gray triangles).
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Generalizacion 5: Muchas
interacciones débiles, pocas fuertes
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Fig. 2. Interactionstrength variability. (3) Random sample of the Caribbean
food web containing 30% of the species and 11% of the interactions. Each
node represents a species or taxon. Arrows represent trophic interactions

hetween predators and their prey. Arrow thickness is proportional to the Fuente BaSCOmpte et al 13
interaction strength. Loops represent cannibalism. (&) Fregquency distribution .
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Tedrica 10: Esquema conceptual

« Mutualismo como fuerza organizadora: redes
mutualistas

Ecologia: Teorica 10
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Redes mutualistas

Polinizadores

|

HH

Plantas

Red planta-polinizador de Villavicencio, Mendoza, Argentina. Fuente: Chacoff,
Resasco, Vazquez (2018), Ecology 99: 21-28.
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Generalizacion 1. Pocas interacciones
potenciales ocurren realmente (baja
conectancia

0.60¢
Hummingbirds

§ Bumblebees
< 040} &
&
=
=z
Q
© Euglossine, oligolectic

0.20 and stingless bees

[ Agaonid
wasps -

20 40 60 80 100 120 %0 160
NUMBER OF SPECIES

Fic. 2.—Connectance decreases with increasing species richness in plant-pollinator
mutualisms. Differences in connectance values for different types of pollinators suggest
specific modes of interaction (polygons include the range of values for different groups; see
table 1).

Jordano (1987) Am. Nat. 129: 657-677
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Generalizacion 2. Pocas especies con
muchas interacciones, muchas con
pocas
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Generalizacion 2. Pocas especies con
muchas interacciones, muchas con
pocas
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F1G. 2. Plant and pollinator records from Pikes Peak,
Colorado (USA), from records in Clements and Long (1923).
(A) Frequency distribution of the proportions of 94 native
plant species receiving visits from different numbers of an-
imal species and genera. (B) Frequency distribution of the
proportions of 268 native animal species visiting different
numbers of plant species and genera,
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Figure 2 Cumulative distribution of connectivities (number of links per species, &, or degree) for different examples of the plani—animal
interaction networks analysed (pollination and seed-dispersal mutualisms: Jordane 1987; Olesen & Jordano 2002). For these two-mode
networks (see Fig, 1 for examples of the bipartite graphs) the distnibutions of links, /&), for the animal and plant species sets are given
separately. Panels show the log-log plots of the cumulative distributions of species with 1, 2, 3, ..., & links (dots), power-law fits (solid lines)

and truncated power-law fits (dotted lines), The distdbutions depart in most cases from the power-law beyond cut-off values, £,

Ecologia: Tedrica 10 18

Waser et al. (1996) Ecology 77:1043-1060; Jordano et al. (2003) Ecol. Lett. 6: 69-81



Generalizacion 3. Muchas interacciones
son débiles, pocas son fuertes
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Generalizacion 4. Las redes
mutualistas tienden a estar anidadas
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Generalizacion 5. La mayoria de las
iInteracciones son asimetricas
(el principio de la vida-cena)

El conejo corre mas rapido que el zorro,
porque el conejo corre por su vida,
mientras que el zorro corre sblo por su

cena.
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Generalizacidon 5. La mayoria de las
Interacciones son asimeétricas
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Fic. 1. Distribution of asymmetric speclalization In plant-pollinator interaction networks. Plots show the average spe-
cializatlon of Interaction pariners (p) vs. the degree of specialization (s). (a) An example to illustrate the inability of the
correlation coefficient to characterize asymmetric speclalization. Heurlistic data are shown for two communities with identical
correlation coefficlents (r = 0.4265), one with higher values of 5 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 polllnators (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 s} do not have reciprocally specialized interaction partners
(low values of p); a similar pattern was observed for all data sets (see Appendix B).

Vazquez & Aizen (2004) Ecology 85: 1251-1257
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Generalizacidon 5. La mayoria de las
Interacciones son asimeétricas
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Generalizacion 6. Las redes mutualistas
tienden a estar compartimentalizadas
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Tedrica 10: Esquema conceptual

* Modelos de organizacion comunitaria

Ecologia: Teorica 10
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Gremios: grupos de especies que
pueden competir por recursos
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Cascadas troficas
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in this coastal
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Fig. 3. The magnitude of bird exclusion effects on leaf-
chewer damage (squares) and mean leaf size (diamonds) of
Nothofagus purilio saplings in dry and wet forest sites. Effect
sizes were estimated using the log response ratio, L = In (X%/
Xc). Positive values indicate thart bird exclusion increased leaf
damage, whereas negative values indicate that exclosures
reduced mean leaf size (including both insect damaged and
intact leaves). The diagram shows the direct (solid arrows)
and indirect (dashed arrow) effects involved in the trophic
cascade; birds were assumed to decrease either the abun-
dance or activity of leaf-chewing insects.

Fuente: Mazia et al. (2009)
Austral Ecol. 34: 359-367
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Tedrica 10: Esquema conceptual

* |Importancia comunitaria: especies clave y especies
dominantes

Ecologia: Teorica 10
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Importancia de las especies

« Especies clave: sus actividades determinan la
estructura comunitaria, su impacto es grande
relativo a su abundancia

« Especies dominantes: son las mas importantes
en abundancia o biomasa

Ecologia: Teorica 10
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Especies clave vs. dominantes

There are no similar \
terms to describe rare
or common species
that have low
community impacts. )

Keystone species

Community impact of species

Relative biomass of species

Copyright © 2008 Pearson Education, Inc.
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Especies clave
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Especies clave

1970s and 1980s 1990s and 2000s

Sea otters ABUNDANT

The apex predator
in this coastal
ecosystem has
changed over the
past 40 years.
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Especies dominantes

1

. 3 b e

SN = 1

Jarilla (Larrea divaricata) en Villavicencio




Cambio en la dominancia con la
adicidon de nutrientes

Dominance in these boreal
forest plant communities can
be completely changed by
nutrient additions.
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Cambio en la dominancia con la
depredacion
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The larger species can remove more of
the phytoplankton by their filter feeding.
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Tedrica 10: Esquema conceptual

 Estabilidad comunitaria

Ecologia: Teorica 10
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Tipos de estabilidad

/If the environment A
changes, community

A4 is replaced by No matter how the
community A, or

community C.
- Y 4

environment changes,
community D
maintains itself.

Any community attribute
Any community attribute

L 2R 2

X y Z Range of environments
(a) Range of environments (b)
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Tipos de estabilidad

Figure 20.7 Various aspects of stabiliry,
used in this chapter to describe

commumnties, illustrated here in a

figurative way. In the resilience diagrams,

X marks the spot from which the
community has been displaced.
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ldeas sobre estabilidad comunitaria

« MacArthur (1955) y Elton (1958): Mas especies mas
estabilidad

 May (1972): Mas especies menos estabilidad en
ecosistemas “tedricos”

e Yodzis (1981) y otros: Los ecosistemas reales son
estables a pesar de su riqueza

« McCann et al. (1998): Las interacciones débiles
estabilizan las redes troficas

Ecologia: Teorica 10
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Elton: complejidad = estabilidad

e  “‘E| balance de comunidades simples de
REGREEES  plantas y animales es mas facilmente

AND PLANTS

alterado que el de las mas complejas;
es decir, mas sujeto a oscilaciones
destructivas en poblaciones, y mas
vulnerable a las invasiones.”

C. S. Elton (1958: 145) The Ecology of
Invasions by Plants and Animals
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MacArthur y Watt: complejidad =

estabilidad

MacArthur (1955): mayor niumero de
presas mayor estabilidad poblacional

{ml

L]

Watt (1964): mayo nimero de 1
presas menor estabilidad i

poblacional " ‘J\_

Fuente: Pimm (1991) The Baldteless¥ Natgre® Chicago
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Figure 4.1, Two opposing argu-
ments for the possible relation-
ships between population variabil-
ity and the degree of polyphegy:
{a} MacArthur's suggestion that
monophagous species (left) should
be more variable than polypha-
pous species (right) becapse they
will decrease most when one prey
species declines in abundance and
(h) Watt’s contrasting argument
that palyphagous species may be
more variable because they may
b ahle to reach higher numbers
during perinds when their preda-
tors fail to control their densitices,
Circles represent species, and lines
represent trophic interactions be-
tween species, such that species
higher on the page feed on species
beneath them. The species for
which we measure the population
variphility i shaded. Arrows indi-
cate which trophic interactions are
most important in determining the
density of the species of interest.
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May: complejidad = inestabilidad

s(mC)" < 1: estabilidad
s(mC)"? > 1: inestabilidad

“The central point remains that, if we contrast
simple few-species mathematical models with
the analogously simple multispecies models,
the latter are in general less stable.”

R. M. May (1974) Stability and Complexity in Model
Ecosystems. Princeton
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Pimm y Lawton (y varios mas):
complejidad = inestabilidad

Peszenl Pescacd

Pedua|

~EHEEEE

T

i & %

an

bil

10

o L re

i

mr g

0.1%

FAatirn Bimes

Figure 2.6, Distribution of
FedErn tigmes [roam nearly
iveir iBsniecamd mesdils of
ibres food-weh comfi=ura-
e {2k, four traphic beyv-
s, ORE Species pir fewel;
(b, thees trophic levels,
with twa spickis of the -
w5t trophic bevel; snd (c)
two irophkc levels, wilh
three spechts At the ower
teophic bevel, The number
on il part of the fpnere
represewls the perceniags
il ndels with returm lmes
in excess of 150 llme s,
(The timw units are arhi-
[PREY ood ane ihise 2sed (o
qmli.l'!-‘ the rabes of ¢hange
of the species densities. )
[ refurm Liones were cal-
culsted as the reciprocals of
the kzngesd cipemaiue af
pach medels imteraction
matris: For delagle, s =
pendix equestion (A2, (Ke-
drawn [rom Plenm and
Lawtom 1977}

Fuente: Pimm & Lawton (19ZFAMatire268: 329-331
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Yodzis: preguntemos a la madre
naturaleza...

“Encuentro que la estabilidad (en el sentido de una
tendencia a volver al supuesto equilibrio luego de
una perturbacion pequena) es mucho mas
probable si las fuerzas de interaccion son elegidas
segun la naturaleza de los organimos que
componen cada red trofica y no en forma
estrictamente aleatoria.”

P. Yodzis (1981) Nature 289: 674-676
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En la naturaleza, muchas
interacciones son debiles y |
pocas fuertes, y eso z
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En la naturaleza, muchas
interacciones son debiles y
pocas fuertes, y eso
estabiliza a las comunidades
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Estabilidad comunitaria

aiz

Ecosystern stability {r/o}

Figure 1| Dependence of temporal stability of each plot on experimentally
imposed species-number treatment. a, Ecosystem temporal stability for
the decade from 1996 to 2005 was an increasing function of the number of
planted species. Ecosystem stability is the ratio of mean plot total biomass to
its temporal standard deviation, determined after detrending. The
regression line and its 95% confidence interval are shown (untransformed
data: Fy 159 = 43.7, P < 0.0001). To reduce the difference in y axis scale
between the two parts of this figure, a single data point (species number of
16, ecosystem stability of 15.76) is not shown but was included in all
analyses. b, Plot-average species temporal stability, determined with species
biomass data for 2001-2005, was a declining function of the number of
planted species. The regression curve and 95% confidence intervals are
based on a fit of log(species stability) on log{species number), with

Fi,150 = 72.3, P < 0.0001. TR
g 4 8 12 16

Species=number treatment

Species stability (u/i)
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Estados multiples alternativos

Alternate stable Transient Alternate stable
state states state

STATE IV

|

Fire with many :

shrub seedlings and!
resprouted trees

Cotryright © 2003 Tease Cauention. ine

(b)

Copyright & 2009 Pearsan Education, Inc.
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Estados multiples alternativos

Pre-Columbian landscape
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Figure I. Schematic representation of the pre-Columbian (upper
panel) and the current (lower panel) distribution of dominant
vegelation structures in the central Chilean landscape.
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Estados multiples alternativos

(a) (b)
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Figure 2. The response of semi-arid vegetation to increased grazing pressure may be discontinuous due to the presence of alternative stable
states (panel a). In the absence of grazing vegetation. biomass is relatively high. The effect of a gradual increase in grazing is minor until a
critical threshold ( F ) 1s reached. at which time the vegetation biomass collapses to a low level. Recovery from this state is difficult because the
low-biomass state and the high-biomass state (upper and the lower branches of the curve ) represent alternati ve attractors for intermediate grazing
pressures. Only when grazing pressure is reduced below another low critical level ( F;) does the high-biomass state recover. To see how effects of
grazing and water availability may interact, the position of the two bifurcation points ( i and F; ) is plotted as a function of water availability { panel
b). Under drier conditions, critical grazing rates for collapse (F;) and for recovery ( Fy) of vegetation are assumed to be lower. An implication is
that not enly areduction in grazing pressure, but also a rainy El Nifio event may potentially trigger vegetation recovery provided that it enhances
water availability sufficiently to pass the critical level ( ;). The dotted arrows illustrate that exclusion of herbivores coinciding with an increase in
water availability due to an El Nifio event may bring the system over the critical threshold to induce vegetation recovery. even if those two factors
by themselves would be insufficient to trigger the switch. (Reproduced, with permission, from Holmgren and Scheffer 2001, © Springer- Verlag.)
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Tedrica 10: Esquema conceptual

« Biografia de islas

Ecologia: Teorica 10
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Biogeografia de islas: relacion
especies-area
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Biogeografia de islas: Modelo de
equilibrio de MacArthur y Wilson

Rates of immigration and
extinction are expressed
as number of species per
unit of time.

Rate

species pool

\

No. of species present
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Biogeografia de islas: Modelo de
equilibrio de MacArthur y Wilson

Rates of immigration and
extinction are expressed

Rate (per species)

as number of species per
unit of time.

Near islands Small islands

A
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%,

No. of species present
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Biogeografia de islas: Relacion
especies-energia
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Tedrica 10: Recapitulacion

Las redes troficas permiten estudiar la influencia de la
depredacion como fuerza organizadora de las comunidades

El estudio de los gremios permite evaluar la influencia de la
compentencia a nivel comunitario

Las especies pueden variar en su importancia comunitaria

La estabilidad comunitaria depende en forma compleja del
numero de especies y sus conexiones troficas

La biogeografia de islas es una teoria histéricamente
importante que intentd explicar la variacion de la biodiversidad
en archipiélagos mediante procesos de colonizacion y extincion
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