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I Network-based approaches in ecology

Networks are graphical representations of systems
composed of multiple elements (nodes) variably
connected through links

(‘Yoon et al. 2015, Gonzalez et al. 2017)



I Modularity

Describes the tendency of nodes to cluster into modules

(Newman 2004, 2006, Newman and Girvan 2004)
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(Gilarranz et al. 2017, Kolchinsky et al. 2015, Alcalde Cuesta et al. 2016, Grilli et al. 2016 )



Test of modularity A(

» Model system: rocky intertidal macroalgal assemblages N -
dominated by Ericaria amentacea

« Can modular structure in spatial networks constraint the . Cleared nodes = 0% E. amentacea

9
spread of algl turfs’ - : Uncleared nodes > 100% E. amentacea

\Links - 50% E. amentacea

Modular networks consisting of:

- 1 perturbed module

- 2 unperturbed modules




I Hypotheses

External nodes Focal nodes
Unperturbed Modules Unperturbed Modules
H1. The Focal node inside the Perturbed Cleared nodes
Module was subject to a higher pressure from
algal turfs than:
o Edge nodes in Unperturbed Modules
o Focal nodes in Unperturbed Modules A > A

HZ2. The buffering effect of modularity on turf
propagation was expected to increase with the
distance from the Cleared nodes

Focal node

Edge nodes
Perturbed Module

Unperturbed Modules




| Metacommunity model
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I Experimental design & sampling

B Cleared nodes > 0% E. amentacea (30 cm x 30 cm)
|| Uncleared nodes = 100% E. amentacea (30 cm x 30 cm)
X Links = 50% E. amentacea (120 cm x 20 cm)






Model
simulations
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Experimental results

» Algal turfs successfully colonized cleared nodes

» F-P nodes displayed a larger cover of algal turfs than all
the other nodes in the unperturbed modules

» The increase of algal turfs within uncleared nodes was
associated with an opposite trend in the abundance of E.
amentacea

Unperturbed Modules Unperturbed Modules
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Buffering effects
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Buffering effect

Difference between algal turf increase in the F-P node and in nodes outside the perturbed module
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‘ Distance = 1
‘ Distance = 2

» The spread of algal turfs was significantly buffered throughout
the whole experiment at both distances

» Significant difference in buffering effects was observed
between topological distances in 2022
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| Concluding remarks

» Experimental results partially supported the second hypothesis (that the buffering effec
increase with distance from cleared nodes)

» Model simulations and experimental results showed that modularity limited the spread
turfs within the perturbed module (H1) e

» The buffering effect of modularity can operate under real, but variable envirc
conditions ¢

networks and to guide the identification of priority areas for conservation




Thank you

Email address > caterina.mintrone@phd.unipi.it
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Metacommunity model

Algal turf dynamics

Local
dynamics
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f(Tk) = T'TTk <1 — K_’;> + Wr — aTTka
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Settlement of propagules
from the water column

Vegetative
propagation
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Rate of vegetative
propagation
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Metacommunity model
E. amentacea dynamics
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Percentage cover of algal turfs
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Model
simulations

5

—
——
—

w
o

Buffering effects
N
Q
®

[ERN
o

First'year Second yearThird' year

Buffering effect: difference between algal turfs increase in the F-
P node and in nodes outside the perturbed module
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Percentage cover of algal turfs
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Results of Linear Mixed Effect Models (LMEM) of algal turf abundance using
focal nodes in the perturbed modules (F-P) as reference (Intercept).

Fixed effects Mean at the last year Temporal trend
Coefficient (SE) Coefficient (SE)
(Intercept) YEP 58.63 (7.58) ***  ygpxyvear  14.36(3.75) ***
F-U Yru -44.98 (8.72) ***  YpuxvYear -12.85(4.37) **
E-U YEU -34.25 (7.96) ***  ypuxyYear -9.61(3.99)*
Ext-U Yextu  -41.07 (7.96) ***  ypxtuxvear -11.38(3.99) **

Results of Linear Mixed Effect Models (LMEM) of E. amentacea abundance
using focal nodes in the perturbed modules (F-P) as reference (Intercept).

Fixed effects Mean at the last year Temporal trend
Coefficient (SE) Coefficient (SE)
(Intercept) YFpP 40.00 (8.74) ***  Yppxyear -16.66 (4.18) **x
F-U Yru 45.50 (10.64) ***  ypyxyear 14.25(5.12) **
E-U YEU 34.74 (9.71) ***  ypuxyYear 10.30 (4.67) *
Ext-U Yextu ~ 44.84 (9.71) ***  ypxtUuxYear 14.03 (4.67) **
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