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The Original EcoSphere® is the world's first totally enclosed ecosystem - a
complete, self-contained and self-sustaining miniature world encased in glass...
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The Original EcoSphere® is the world's first totally enclosed ecosystem - a
complete, self-contained and self-sustaining miniature world encased in glass...

EcoSpheres have an average life expectancy of two years.
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BIODEPTH

(Biodiversity and Ecological Processes in Terrestrial Herbaceous Ecosystems)
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(Biodiversity and Ecological Processes in Terrestrial Herbaceous Ecosystems)
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Cedar Creek THEHZEER (Kennedy et al. 2002)

r’=0.28
P<0.001

Total invader cover (cm?)
Number of invaders, n

Maximum invader plant size
Median invader plant size

15 20 25 0 5 10 15 20 25
Plot diversity treatment, Sp

T A)AEREIRVRZIZEVWTE N -1 {FEER

FEHMDELD (1~24F8) R EYVDEBT T H147TDOE
Oy & #EfE

‘B TOyhZ14E D5 EiEMEANERIIZEAL, 2
A DR BEE L

EREYORBMNZWVIEE, NEBODEAZZITIK
W EANBAL M




TIX, TFEMIICEWLTAE

KT HDIEATEEMN ?




“..we consider a simple mathematical model for a many-
predator-many-prey system, and show it to be in general less
stable, and never more stable, than the analogous one-
predator-one-prey system.” Math. Biosci. 12, 59-79 (1971).

Robert May
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Energetics, Patterns of Interaction Strengths,
and Stability in Real Ecosystems

Peter C. de Ruiter,* Anje-Margriet Neutel, John C. Moore

Ecologists have long been studying stability in ecosystems by looking at the structuring
and the strengths of trophic interactions in community food webs. In a series of real
food webs from native and agricultural soils, the strengths of the interactions were
found to be patterned in a way that is important to ecosystem stability. The patterning

consisted of the simultaneous occurrence of strong ““top down” effects at lower trophic HEERREIIRELIZFESLTLNS

levels and strong ‘“‘bottom up’ effects at higher trophic levels. As the patterning

resulted directly from the energetic organization of the food webs, the results show that A

energetics and community structure govern ecosystem stability by imposing stabilizing 100

patterns of interaction strengths. Ili Iiﬂ [
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Fig. 1. Material flow diagram of the food web from the conventional practice of the Lovinkhoeve
Experimental Farm (72). Species were aggregated into functional groups (28). For each group /, the data
used to calculate the interaction strengths (74) are given in (square brackets) the sequence biomass (B,,
kg ha™?), specific death rate (g, year ™), assimilation efficiency (a), and production efficiency (o). Feeding
rates of group j on group / (F;, kilograms per hectare per year) 13) are given near their respective arrows
(parentheses).
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Building trophic modules into a persistent food web

Michio Kondoh'

Faculty of Sclence and Technology, Ryukoku University, 1-5 Yokotanl, Seta Oe-cho, Otsu 520-2194, Japan; and Japan Sclence and Technology Agency,

4-1-8 Honcho, Kawaguchl 332-0012, Japan

Edited by Robert D. Holt, Unliversity of Florida, Galnesvllle, FL, and accepted by the Editorlal Board September 11, 2008 (received for review June 18, 2008)

Understanding what maintains species and perpetuates their co-
existence in a network of feeding relationships (the food web) is
of great importance for biodiversity conservation. A food web can
be viewed as consisting of a number of simple subunits called
trophic modules. Intraguild predation (IGP), in which a prey and its
predator compete for the same resource, is one of the best-studied
trophic modules. According to theory, there are two ways to yield
a large persistent system from such modules: (i) to use persistent
subunits as building blocks or (ii) to arrange the subunits in a way
that externally supports the nonpersistent subunits. Here, | show
that the complex food web of the Caribbean marine ecosystem is
constructed in both ways. | show that IGP modules, which convey
internal persistence because of the fact that prey are superior
competitors for the resources, are overrepresented in the Carib-
bean ec The other dules, consisting of competitively
inferior prey, are not persistent in isolati H , competi

tively inferior prey in these modules tend to receive more advan-
tage from extra-module interactions, which allows persistence of
the IGP module. In addition, those exterior interactions tend to be
provided by intrinsically persistent IGP modules to prevent cascad-
ing extinction of interacting IGP modules. The food web can be
viewed as a set of interacting modules, nonrandomly arranged to
enhance the maintenance of biodiversity.

community persistence | complex network | Interaction strength
network motif | Intragulld predation

promotes persistence are overrepresented; (i) that IGP modules
with an internal structure that could not persist in isolation are
allowed to persist by virtue of exterior interactions with the
surrounding community; and (i) that the external interactions
are provided by intrinsically persistent IGP modules to prevent
the cascading breakdown of the IGP modules. This study pro-
vides the basis to understanding a complex food web as a set of
interacting simple modules, nonrandomly arranged to enhance
the maintenance of biodiversity.

Results and Discussion

Classification of IGP Module Based on Their Maintenance Mechanisms.
A necessary condition for the existence of equilibrium with all
species present in an IGP module (termed hereafter “feasibility
condition”) is given by:

T, Tc _Br Bc

Qpp+  QRC Qrp+ Qgc+

Il

where T; is the mass-specific respiration rate of speciesi (i = R,
C, P); aji, the functional response of predator i to prey j; Bi, the
net effect of trophic interactions with the species other than R,
C, and P on species i; and asterisks indicate values at equilibrium
(see Materials and Methods). This condition does not necessarily
assume that the community is maintained at the equilibrium.
Feasibility is necessary for persistence of IGP modules even

when species coexist in unstable conditions (16. 24). Ti/ag:* is the

Log R* of IGPrey [Log (Te/ Cter)]

3 4

Log R* of IGPredator [Log (Ts/ Clas)]

Fg. 3. Compensation of Intrinsic nonpersistence by extra-module forces.
Log R* of IGPredator Is plotted agalnst log R* of IGPrey. The broken line
represents the equality that [log R* of IGPredator] = [log R* of IGPrey], the
dots belowwhich are Intrinsically persistent because the prey Is competitively
superior. The red and blue dots are for modules where extrinsic forces pro-

mote persistence or not, respectively.

PNAS | October 28,2008 | vol 105 | no.43 | 16631-16635
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FiG. 9. Community food-web diagrams for Cafio Maraca
during three seasons (LT = 0; link threshold is defined in
Table 1). The 1op predator during the wet season was the fin-
nipping piranha, Serrasalmus irritans (Characidae). The top
predator during the transition and dry seasons was the mucus-
feeding catfish, Ochmacanthus alternus (Trichomycteridac).
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